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“Since all models are wrong the scientist must be alert to what is importantly wrong.  
It is inappropriate to be concerned about mice when there are tigers abroad.” 

 
Box, G.E.P. 1976.  

Science and Statistics. Journal of the American Statistical Association. 71:791-99. 
 
 
 
 
 
 
 
 
 

“Good reporting is not an optional extra; it is an essential component of research.” 
 

Altman D.G., Simera I., Hoey J., Moher D., Schulz K. 2008. 
EQUATOR: reporting guidelines for health research. Open Medicine. 2(2):e49-50.
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1. Zusammenfassung 
 
Time-to-event Analysen, oder Ereigniszeitanalysen, sind methodologisch anspruchsvoll, un-
terliegen spezifischen Grundannahmen und ihre Effektschätzer, insbesondere das Hazard Ra-
dio (HR), sind nicht immer einfach zu interpretieren. Frühere Untersuchungen wiesen auf deut-
liche Einschränkungen bei der Berichterstattung zu Ereigniszeitanalysen in Studienpublikatio-
nen hin. Autoren von Evidenzsynthesen stehen also vor besonderen Herausforderungen, 
wenn sie Ereigniszeitendpunkte aus randomisierten Studien (RCTs) in Meta-Analysen ein-
schließen. Ziel dieses Promotionsprojekts war es, diese Herausforderungen anhand von drei 
meta-epidemiologischen Studien erstmalig zu charakterisieren und gezielte Handlungsanlei-
tungen zu entwickeln, um den Umgang mit ihnen zu erleichtern. 
 
Eine meta-epidemiologische Studie demonstrierte deutliche Unterschiede in den Eigenschaf-
ten, Methoden und der Berichterstattung von 217 Meta-Analysen von Ereigniszeitendpunkten 
in den insgesamt 100 eingeschlossenen systematischen Reviews. Große Einschränkungen 
zeigten sich bei der Berichterstattung zu den untersuchten Endpunkten sowie zu allgemeiner 
und Ereigniszeit-spezifischer Reviewmethodik. Besonders selten berücksichtigten die Revie-
wautoren jene RCT-Merkmale, welche Einfluss auf die Zuverlässigkeit von Ereigniszeitanaly-
sen nehmen können, etwa die informative Zensierung und nicht-proportionale Hazards.  
Eine zweite meta-epidemiologische Studie untersuchte systematisch die Eigenschaften, Me-
thoden und Berichterstattung von 315 Ereigniszeitanalysen in 235 RCTs, die in Meta-Analysen 
von Ereigniszeitendpunkten eingeschlossen gewesen sind. Diese Arbeit demonstrierte erheb-
liche Variabilität in der Methodik der RCTs, zum Beispiel bei den verfügbaren Ereigniszeitda-
ten, wie HRs, Plots und P-Werten. Besonders große Einschränkungen wurden hier zum Bei-
spiel bei der Berichterstattung zu Endpunkten, Zensierung und dem Follow-Up deutlich. Auch 
in den RCT-Publikationen selbst wurden Studieneigenschaften mit Einfluss auf die Zuverläs-
sigkeit der Ereigniszeitanalysen nur selten berücksichtigt.  
Schließlich untersuchte eine dritte meta-epidemiologische Studie die Berechnung absoluter 
Effektmaße (z.B. natürliche Häufigkeiten oder die Number-needed-to-treat) von Meta-Analy-
sen zu Ereigniszeitendpunkten in 96 Cochrane Reviews. Sie zeigte, dass diese Schätzer häu-
fig falsch bezeichnet und teilweise so berechnet wurden, dass sich die Effektrichtung des zu-
grundeliegenden, gepoolten HRs umkehrte. 
Um den identifizierten Problemen entgegenzuwirken, wurden zwei systematische Leitlinien 
nach den Standards der Grading of Recommendations Assessment, Development and Evalu-
ation (GRADE) Working Group entwickelt. Eine dieser Leitlinien befasst sich mit dem Umgang 
mit informativer Zensierung in Evidenzsynthesen, stellt Methoden zur Erkennung eines ent-
sprechen Verzerrungsrisikos in Studienpublikationen vor und erklärt, wie die Beurteilungen für 
einzeln Studien in einen Evidenzkörper übersetzt werden können. Die zweite GRADE Leitlinie 
erörtert Alternativen zur Berechnung absoluter Effekte für Time-to-event Endpunkte und dis-
kutiert die Auswahl geeigneter Variablen sowie mögliche Einschränkungen der einzelnen Be-
rechnungsansätze. 
 
Die Arbeiten dieser Dissertation zeigen erhebliche Probleme in Meta-Analysen von Ereignis-
zeitendpunkten, den Publikationen ihrer eingeschlossenen RCTs und der Kommunikation ihrer 
Ergebnisse. Gezielte Leitlinien sollen nun einigen der festgestellten Mängel entgegenwirken, 
um so die Durchführung und die Berichterstattung von Evidenzsynthesen zu Ereigniszeitend-
punkten und schließlich auch die Entscheidungen, die auf ihnen basieren, zu verbessern.  
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2. Summary 
 
Time-to-event analyses are methodologically challenging, subject to distinct assumptions and 
their associated effect estimators, in particular the hazard ratio (HR), are not always straight-
forward to interpret. Previous studies suggest considerable limitations in the reporting of time-
to-event analyses in study publications. Authors of evidence syntheses therefore face certain 
challenges when they include time-to-event analyses from randomized trials (RCTs) in their 
meta-analyses. 
The aim of the projects composing this dissertation was to characterize these challenges for 
the first time by means of three meta-epidemiological studies and to develop targeted meth-
odological guidance to support authors of evidence syntheses in dealing with them. 
 
A meta-epidemiological study of 217 meta-analyses in 100 systematic reviews revealed sig-
nificant differences in the characteristics, methods and reporting of time-to-event outcomes 
between the assessed reviews. Major limitations were found, for example, in the reporting of 
outcome definitions as well as general and time-to-event specific review methods. Review au-
thors rarely considered characteristics of their included RCTs that may affect the reliability of 
time-to-event analyses, for example, informative censoring and non-proportional hazards. 
A second meta-epidemiological study systematically assessed the characteristics, methods 
and reporting of 315 time-to-event analyses in 235 RCTs included in meta-analyses of time-
to-event outcomes. It demonstrated considerable variability in the methodology of the RCTs, 
for example, in the available types of time-to-event data, such as HRs, plots and P-values. 
Major limitations were evident, for instance, in the reporting of outcome definitions, censoring 
and follow-up data. In the RCT publications, trial characteristics affecting the reliability of time-
to-event analyses were rarely considered and discussed.  
A third meta-epidemiological study examined the calculation of absolute effects (e.g., natural 
frequencies, number-needed-to-treat) to present the results of meta-analyses of time-to-event 
outcomes from a total of 96 Cochrane reviews. The study revealed that the corresponding 
estimates were often mislabeled and frequently calculated in a way that the direction of the 
effect of the underlying pooled HR was reversed. 
 
To address the identified problems, two systematic guidelines were developed according to 
the standards of the Grading of Recommendations Assessment, Development and Evaluation 
(GRADE) Working Group.  
One of these guidelines illustrates how to deal with informative censoring in evidence synthe-
ses, presents methods for determining a corresponding risk of bias in trial publications and 
explains how judgements for individual trials can be translated to a body of evidence.  
The second GRADE guideline presents alternatives for calculating absolute effects for time-
to-event outcomes, discusses the selection of appropriate variables and possible limitations of 
each calculation approach. 
 
Based on three meta-epidemiological studies, this dissertation revealed significant problems 
with time-to-event analyses in meta-analyses of current evidence syntheses, in the publica-
tions of their included RCTs and in the communication of their results. Targeted guidance 
should now counteract some of the identified shortcomings in order to improve the conduct 
and reporting of meta-analyses of time-to-event outcomes in the future and thus ultimately the 
decisions based on them.  
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3. Introduction 

3.1. Time-to-event outcomes 

3.1.1. Time-to-event outcomes and analyses 
For researchers interested in the effect of an intervention on a dichotomous outcome, such as 
the occurrence of a certain event, outcome analysis using time-to-event methods offers signif-
icant advantages over binary outcome analysis. Unsurprisingly, the number of clinical research 
articles addressing time-to-event outcomes has steadily increased over the last years (1).  
Binary outcomes, such as relative risks, compare how often an event (e.g., death) or composite 
of events (e.g., death or relapse) occurs within a defined period of time. Time-to-event out-
comes in addition consider the time from a given starting point until the respective events occur 
(2-5).  
 
Consider, for example, a comparison of two treatments for individuals suffering from a highly 
fatal disease. All study participants might have died after a follow-up period of 10 years. Com-
paring the outcome all-cause death by binary analysis as crude rates after ten years will show 
no difference between the treatment groups (e.g., there are 100 individuals in each arm: 
(100/100)/(100/100) = 1). Comparing all-cause death as a time-to-event outcome, however, 
reveals a number of early deaths in the control group and that only few, if any, individuals lived 
close to the end of follow-up, whereas in the experimental group the overall probability of dying 
was lower throughout the entire follow-up period. Even though in both groups all individuals 
deceased after ten years, treatment in the experimental group appears justifiably beneficial 
with time-to-event analysis. 
 
With limited observation times in most clinical trials, it is rarely possible to observe the occur-
rence of a defined outcome event in the entire enrolled population. For some study partici-
pants, the exact time point of the event of interest will be unknown. Data from individuals with 
unknown event times, referred to as censored data, are included by time-to-event analysis by 
default (2, 6, 7). 1 If, for instance, the outcome under study is death, then time-to-event analysis 
allows to include the information that some individuals were still alive at the end of follow-up. 
Through incorporating censored data, time-to-event analysis makes use of all available follow-
up data and so increases the power of statistical analyses. It enables trialists to compare data 
of participants with variable follow-up times in a fair manner, which is particularly relevant for 
clinical trials with often staggered recruiting times (2, 3, 5, 8, 9).  
 
Although they are often referred to as survival analyses, the target outcome events of time-to-
event analyses are not limited to death or its absence. Any dichotomous event or combination 
of events, negative and positive, constitutes a possible outcome (3). It is critical, however, to 
consider whether a given time-to-event analysis addresses the occurrence of an event, for 
example, the probability for an event P, or its absence (1–P) (10, 11). 

 
1 The type of censoring most relevant in clinical trials, with a defined starting point of allocation, is right 
censoring, which I will describe by “censoring” in this dissertation. Right censoring occurs when the 
exact time point of the event of interest is unknown because the observation has ended (“the event is 
to occur on the right side of a plot”). Left censoring, referring to unclarity when exactly and whether the 
event has occurred before an individual’s observation has begun, and interval-censoring, that is unclarity 
when an event has occurred exactly within a defined interval (e.g., between two points of a clinical 
assessment) are well elaborated by Kleinbaum and Klein 2012 (3) and Lagakos 1979 (6). 
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Figure 1: Exemplary Kaplan-Meier plot. Survival curve from a RCT comparing the outcome invasive disease-free 
survival with neratinib or placebo in individuals with advanced renal cell carcinoma. The authors present survival 
probabilities at different time points and show the number of individuals at risk and the total number of censored 
individuals up to given follow-up time point below the plot (adapted from Martin et al. 2017 (12), p. 1694, with 
permission (granted in June 2024), and presented in Goldkuhle et al. 2019 (2), p. 134). 

 

3.1.2. Kaplan-Meier method and statistical tests 
Amongst the manifold methods available to draw statistical inference from time-to-event data, 
the method by Kaplan and Meier is particularly popular (5, 9, 13, 14). It allows to calculate 
median event times and time point specific event probabilities as well as the presentation of 
event probabilities over time in form of Kaplan-Meier plots (see figure 1 for an example) (2, 
14). 
 
Event probabilities for individuals are defined by the conditional probability of experiencing the 
event of interest at a certain time or within a time interval, given that the event has not yet 
occurred (see exemplary equation for a survival function in equation 1) (3, 5, 9, 14). Time-
intervals give Kaplan-Meier plots their typical step wise appearance and their property as a 
“step function”. Each drop represents the occurrence of an event in one or more (resulting in 
a steeper drop) individuals at risk, while the steps represent the event probability within each 
interval.2 The population at risk excludes those who experienced the event or ceased from the 
observation and were censored up to the time-interval. The intervals continue until no individ-
uals remain under risk, thereby creating a continuous curve (3, 5, 9, 15). 
 

 
2 If the outcome of interest is the probability of the absence of an event at a given time, e.g., survival or 
progression-free survival, the occurrence of an event, e.g., death or disease progression, is indicated 
by a drop in the curve. This is common, e.g., in oncology research (figure 1). Whereas, if the outcome 
of interest is the probability of an event at a given time, e.g., mortality or disease progression, the oc-
currence of events is indicated by a rise. This is common, e.g., in cardiology (see also equation 1). 
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Illustration of the Kaplan-Meier survival function 
T = Survival time 
t = Specific value for T 
S(t) = Survival function = P(T>t) = Probability of being alive at time t, e.g., probability to survive 
10 years is T>t = 10 
S(t-1) = Probability of being alive at time t-1 
n = Number of individuals known to be event-free before time point t, excluding individuals who 
experienced events or were censored = number of individuals at risk to experience the event 
at time t 
d = Number of events at time t 
 

𝑆(𝑡) = 𝑆(𝑡 − 1) (1 −
𝑑
𝑛+
	 

 
For illustration, the formulation of the Kaplan-Meier function presented here represents a sur-
vival function where S(t=0) = 1 and the probability of not having experienced the event up to a 
certain time point t is of interest. 
The Kaplan-Meier function can also be expressed for the cumulation of events with a rising 
probability of experiencing an event of interest and S(t=0) = 0, e.g., the probability of having 
experienced a relapse of disease up to time t. 
Equation 1: Kaplan-Meier survival function (adapted from Kleinbaum and Klein 2012 (3) and Clark et al. 2003 (9)). 

 
The Kaplan-Meier method is non-parametrical and does not require any assumptions about 
the underlying distributions of the event times, for example, the survival times, in the analyzed 
groups. Even though adjustment is technically possible, it is predominately performed in a 
univariate fashion (4). This flexibility makes it attractive for a wide range of situations, particu-
larly for those with unknown or unpredictable event distributions in the population of interest. 
Kaplan-Meier estimates can be extended by confidence intervals (CI), which grow wider as 
the observation time increases, because the sample size, the individuals at risk, continuously 
reduces through events and censoring (5, 16).  
 
Extending the descriptive nature of Kaplan-Meier estimates, multiple statistical tests allow to 
compare event time distributions between groups. Particularly common is the log-rank test, 
which, like the Kaplan-Meier method, is non-parametrical and predominately performed in a 
univariate fashion (see p-value in figure 1 for an example) (4, 5). 
It compares between two or more Kaplan-Meier event time distributions the number of statis-
tically expected events, if there were no difference between the groups, to the number of ac-
tually observed events summed over time (5, 9).3 
Manifold alterations of the log-rank test are available, for example, with adaptive weights or 
higher weighting of events during earlier or later follow-up (17). The application of such tests 
depends on the analytical context, but the standard log-rank test is most popular in trial publi-
cations and most relevant to meta-analysis authors (9). 
 

 
3 The total observed (O) and expected events (E) per group g are, in form of (Og-Eg)2/Eg, added over all 
compared groups and compared to a c2 distribution with g-1 degrees of freedom (5, 9). 
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3.1.3. Cox proportional hazards regression model and other methods 
If adjustment for covariates is required, researchers commonly lean to the Cox proportional 
hazards regression model (18). In clinical trials, the exposure to treatment and its impact on 
the distribution of event times, e.g., survival times, is often the most important covariate. Other 
relevant covariates, such as age, disease stage or performance status, can be included in the 
model depending on the question of interest (19). 
The Cox model’s central advantage for between group comparisons is that it allows to produce 
a quantitative estimate of the difference in effects between two groups in form of the HR (see 
figure 1) (3, 4).  
 
The HR expresses the ratio of the hazard functions of the compared groups. Hazard functions 
can be derived from survival functions (see equation 2). They can be interpreted as the mo-
mentaneous probability of a defined event given that the event has not yet occurred up to that 
time point or time-interval, e.g., death right at a certain time point in individuals who are still 
alive at that time. Although their precise interpretation is rather probabilistic, for simplicity, haz-
ard rates have been explained as incidence rates or as velocities, which represent the mo-
mentaneous speed of the rate at which the outcome events occur (3, 8, 20).4  
 
Definition of the hazard function and its relation to the Kaplan-Meier survival function 
T = Survival time 
t = Specific value for T 
S(t) = Survival function 
h(t) = Hazard function = Hazard at time interval t = Momentaneous probability to experience 
the event at time t, if it has not occurred to that time point 
 

			ℎ(𝑡) = lim
!"	→	%

𝑃(𝑡 ≤ T < 𝑡 + Δ𝑡	|T ≥ 𝑡)
Δ	𝑡

= −
𝑑
𝑑𝑡
[log 𝑆(𝑡)]			 

 
Note that d in this equation does not represent the number of events at time t (as in equation 
1), but that d/dt represents the derivative of logS(t) with regard to time t. 
Equation 2: Definition of the hazard function (adapted from Kleinbaum and Klein 2012 (3) and Clark et al. 2003 (9)). 

 
The HR is interpreted as the relative difference in the momentaneous probability to experience 
the event of interest throughout follow-up. If a HR < 1 expresses a larger rate of events in the 
comparator group in the denominator, a HR of 0.5, for example, represents a reduction of the 
risk of the event throughout follow-up in the experimental group by half (21). 
The HR is not always straightforward to interpret and often simplified as a risk ratio (9). Hazard 
ratios and risk ratios are equal only when the event times and the censoring rates are not 
included in the calculation of the HR. This would be the case, for example, in a trial situation 
where all individuals begin their observation interval at the same point in time and provide 
complete follow-up data for their foreseen observation period (2). 

 
4 The correct interpretation of hazards, according to Spruance et al. 2004 (8), is not one of velocity or 
“speed”, as distance per time, but rather the “rate of events per person-time” (8) which “can only be 
inferred in a probabilistic sense from the occurrence of events in a population of at-risk individuals during 
a follow-up time interval” (8). Accordingly, HRs are not directly interpretable as a relative difference in 
the velocity of an event occurring after or at a time point, but rather as the odds that an event will occur 
in one group before it will occur in the other group. A HR of 2 is thereafter interpreted as a 67% chance 
that the event will first occur in group in the numerator of the HR, rather than in the group in the denom-
inator of the HR (8). 
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By its properties, the Cox model is semiparametric and consists of a baseline hazard that does 
not follow a fixed distribution of event times in the compared groups (3-5). This allows to derive 
HRs, as log HRs, from the model’s coefficients without the necessity to determine the baseline 
hazard function, as visible in equations 3 (4, 22).  
This flexibility makes the Cox model the predominant choice of regression analysis in current 
clinical trials to address time-to-event outcomes (8, 23-25). Alternative regressions models that 
produce HRs, namely the regression model proposed by Fine and Gray (26), are relevant 
under certain situations and are mentioned in chapter 3.2.3 of this dissertation. 
 
Cox proportional hazards regression model structure, example and proportional haz-
ards assumption 
h(t) = Hazard function 
h0 as baseline hazard = Hazard if all covariates (Xi)=0,  
b1, b2, … bi = Coefficients measuring the effect of the covariates 
X1, X2, …, Xi = Covariates, e.g., treatment groups, age groups, etc. 
𝜃	= Constant over t 
 
1. Definition of the Cox model for a single individual or group: 
 

ℎ(𝑡) = ℎ%(𝑡) × 𝑒𝑥𝑝&!'!(&"'"(⋯(&#'#			 
 
2. Definition of the Cox model hazard ratio (HR) for two individuals or groups X* and X: 
 

HR =
ℎ(𝑡, 𝑋∗)
ℎ(𝑡, 𝑋)

= 𝑒𝑥𝑝&!('!∗	,'!)	(	&"('"∗	,'")	(	…	(	&#/'#
∗	,'#0 

 
3. Example with two treatment groups (X* = experimental, X = comparator) and a single binary 
predictor variable, e.g., a treatment indicator (experimental with X1* = 1, comparator with X1 = 
0): 
 

HR =
ℎ123145617"89(𝑡)
ℎ:;63848";4(𝑡)

= 𝑒𝑥𝑝&(123145617"89,:;63848";4)		 

 
4. Definition of the proportional hazards assumption of the Cox model HR 
 

h(𝑡, 𝑋∗)
h(𝑡, 𝑋)

= 𝜃	 

And  
h(𝑡, 𝑋∗) = 𝜃ℎ(𝑡, 𝑋)			 

Equations 3: Definition of the Cox model, the Cox model hazard ratio, example and definition of the proportional 
hazards assumption (adapted from Kleinbaum and Klein 2012 (3), Bradburn et al. 2003 (19) and Clark et al. 2003 
(9)). 

Finally, besides non-parametric methods and the semi-parametric Cox model, time-to-event 
outcome analysis can be conducted in a parametrical fashion, using models which also allow 
to calculate HRs. In such cases, the hazard functions are assumed to follow a defined statisti-
cal distribution (4, 19, 27, 28).5 

 
5 Prominent distributions in the parametrical modelling of event functions include, for example, expo-
nential distributions and log-Normal distributions as well as the Weibull and the Gompertz distributions, 



 8 

Possible, alternative analysis options for time-to-event data that do not produce HRs are ac-
celerated failure time models or the estimation of the restricted mean survival time (RMST) (4, 
28, 30, 31).6 Their estimates are not frequently presented in current clinical trials and available 
meta-analyses are based, almost univocally, on Cox model HRs. Particularly the RMST might 
become increasingly relevant in meta-analyses for certain situations, as discussed later in this 
dissertation. 

3.2. Methodological challenges of time-to-event analyses 
Despite their attractiveness in terms of statistical power and flexibility as well as their wide-
spread application clinical research, time-to-event analyses are associated with methodologi-
cal difficulties. 

3.2.1. Censoring 
The central assumption to consider censored data in time-to-event analytic methods is that 
censoring occurs non-informative. Non-informative describes that the censoring time point of 
an individual must not hold any information regarding her or his event time (3, 6, 7, 32, 33). 
More practically relevant are the assumptions of random and independent censoring (3).7 Cen-
soring is considered random and independent when the ideal, but hypothetical distribution 
function of event times, if all individuals were observed until their events, and the hypothetical 
censoring distribution, if all individuals were censored, are independent (2, 3, 6). 
Potentially more straightforward: censoring must occur in such a way that the event probability 
of those whose observation time is censored is representative for those who remain under 
observation until the event of interest or until administrative closure of the trial (2). 

 
which incorporate characteristics that make them particularly attractive for modelling survival times (4, 
9, 29). Parametrical modelling of time-to-event outcomes is not further discussed in this dissertation for 
several reasons: first, because it is of lesser importance in clinical trials, e.g., because of limited flexibility 
(parametrical models require assumptions about the underlying distributions and endanger misspecifi-
cation) as well as a lack of standardisation and routine in clinical trial methodology (13, 27). Second, 
because pooling of estimates from parametrical survival models in meta-analyses is not common prac-
tice. Nevertheless, if the chosen distribution for a parametrical model well fits the target distributions, 
the resulting estimates are more informative, precise and more powerful than corresponding non-para-
metrical estimates (4). 
6 The restricted mean survival time (RMST) uses the area under a Kaplan-Meier curve, from beginning 
of the observation time up to a defined time point, the “restriction time”, as estimate (28). For a survival 
curve, where the outcome is death, e.g., the RMST presents the cumulative survival of a group from 
beginning of an observation to the restriction time point. A difference between groups can be presented 
as difference in RMST, which is interpretable as the cumulative duration of expected survival that is 
gained (or lost) with one treatment or the other.  
7 The three assumptions of censoring are conceptually challenging and their interpretation as well as 
their relation differ in the literature. Very often the terms are used interchangeably. Kleinbaum and Klein 
(3) provide definitions and examples in their book. Clark et al. 2003 (32) describe informative censoring 
simply as “(…) when individuals are lost to follow-up for reasons that may relate to their (unknown) 
outcome”. 
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Figure 2: Different mechanisms of censoring. Individuals enter trial follow-up at different time points due to stag-
gered trial recruiting. “End-of-study censored” individuals might or might not experience the outcome event of inter-
est beyond their observations. “Loss to follow-up censored” individuals are censored before the administratively set 
end of study follow-up. A competing event precludes the observation of the outcome event of interest (adapted from 
Goldkuhle et al. 2019 (2), p. 130). 

 
Non-problematic censoring can almost ever be assumed in case of administrative censoring, 
for example, with an administratively defined end of follow-up due to trial closure. Staggered 
enrollment of trial participants leads to variable observation times between individuals and var-
iable censoring times of those who did not experience the outcome event during the observa-
tion period (2). Such censoring is often regarded as end of study censoring (see figure 2) and 
will not result in bias, because there is no association between censoring and the probability 
of the outcome event (7, 33). 
 
Loss to follow-up censoring, on the other hand, introduces a potential risk for biased trial results 
(2, 7, 33-35). Loss to follow-up censoring summarizes the manyfold reasons for censoring that 
occur before the administratively set ending of trial follow-up (2, 7). That is because censoring 
for withdrawal or exclusion is more likely related to the censored individual’s risk of the outcome 
event (35).  
Consider, for example, individuals who experienced severe side effects during a clinical trial. 
It can be reasonably assumed that individuals with a serious adverse event are generally more 
susceptible to the event death, for example, because of general frailty or age. Censoring indi-
viduals for severe side effects in an analysis of all-cause death is therefore associated with an 
individual’s increased probability to experience the event of interest, death. 
Such censoring constitutes a potential source of bias and will, for example, if occurring to a 
considerable degree in one trial arm, lead to overestimation of the survival in the respective 
arm (2). Similar problems arise if trial participants become so severely ill that they are no longer 
able to attend follow-up appointments, drop out from the trial and are censored (36). 
On the other hand, individuals who benefit substantially from a treatment may decide to dis-
continue relevant follow-up dates and withdraw. In this case, the probability of events such as 
death will likely be decreased for censored individuals, resulting in bias towards the opposite 
trial arm (2, 35). 
 
Informative censoring has been classified as a form of selection bias that occurs when the 
individuals included in the analysis differ from the eligible population. In case of informative 
censoring, selection takes place after random allocation, e.g., because of differential loss to 

Participant 1

Participant 2

Participant 3

Participant 4

Participant 5

End of study

= Event of interest = Censored = Enrollment/ Beginning of observation = Competing event

Experienced event

End of study censored
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Competing event
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follow-up between trial arms (36). Unfortunately, as censoring results from absence of outcome 
data and the event time of affected individuals is effectively non-detectable, the actual impact 
of censoring on outcome analyses remains unobservable (2, 7). Simulation studies have, how-
ever, demonstrated the potential bias through informative censoring on outcome estimates and 
that the extend of bias depends primarily on the overall degree and early time points for cen-
soring (2, 35, 37-39).  

3.2.2. Proportional hazards 
Another peculiarity of time-to-event analysis results from the properties of the HR (see chapter 
3.1.3). Hazard ratios do not include a function of time. As relative effect measures, they con-
stitute an average ratio of the hazard rates of the compared groups over the entire follow-up 
duration (4, 40). Consequently, they do not account for the distribution of outcome events within 
the assessed treatment arms (3, 20). 
To draw valid conclusions, the relation of the hazard functions that comprise the HR are re-
quired to be proportional and constant over time – an assumption referred to as the propor-
tional hazards assumption of the HR (see equation 3.4) (5, 41). The Cox model is generally 
referred to as the Cox proportional hazards model (5). 
 

 
Figure 3: Illustrative example of non-proportional hazards. Non-proportional and not constant relationship of the 
hazard function of two hypothetical treatment groups, chemotherapy and immunotherapy, in comparison. Note 
that the curves represent the hazard (h) of each treatment arm over time t (roughly adapted from Kleinbaum and 
Klein 2012 (3), p. 125). 

 
Common situations in clinical trials that leave the proportional hazards assumption in question 
occur, for example, when intervention effects change over time (13, 17, 21, 41).  
Consider, as a hypothetical example, two oncological treatments, chemotherapy and a novel 
immunotherapy, that are compared in their effects on overall survival (see figure 3). Suppose 
that chemotherapy is associated with earlier, treatment-associated side effects and mortality, 
while it leads to constant survival of some individuals. The hazard function, the momentaneous 
probability to die at a time point for individuals alive up to that time point, of the chemotherapy 

t (months)

htreatment(t) 

1 2

hchemotherapy

himmunotherapy

ℎ!""#$%&'()*+, " = 1
ℎ-'("%&'()*+, " = 1 < 1 ℎ!""#$%&'()*+, " = 2

ℎ-'("%&'()*+, " = 2 ≈ 1
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group will change over time. The hazard will be larger right after treatment due to treatment 
associated and potentially fatal side effects but will then decrease and eventually reach a con-
stant rate in later follow-up because treatment leads to constant survival of a subpopulation of 
individuals. Immunotherapy, on the other hand, is not associated with immediate, potentially 
fatal adverse events, but with a linear distribution of the event death. With immunotherapy, the 
hazard rate remains fixed throughout follow-up. 
The relation of both hazard rates is not by any means constant and changes depending on the 
time point of follow-up. While comparing treatments after a short follow-up period (time point 1 
in figure 3) might show a large benefit with immunotherapy, a later comparison (time point 2 in 
figure 3) might indicate a lesser difference or even no difference at all (17). 
 
In general, possible deviations from the proportional hazards assumption frequently occur 
when treatments with different therapeutic mechanisms are compared, for example, surgical 
versus non-surgical interventions (13, 42, 43). Yet, they might also arise simply from post-
baseline selection, for instance, when high-risk individuals in one treatment arm remain free of 
a negative event due to the efficacy of the treatment, while in the arm with less efficacious 
treatment they experience the event early during follow-up (40, 41, 43). Other factors that are 
associated with non-proportional hazards emphasized in the literature include factors related 
to trial design, such as the duration of follow-up and the use of composite outcomes (13, 44, 
45). 
 
The consequence of a deviation from the proportional hazards assumption is primarily the time 
dependency of the HR (20, 43, 44, 46). Since the HR is most straightforwardly interpreted as 
an average over a follow-up period, it is strongly depending on the length of this period (20, 
44, 47, 48). Although its interpretation and transferability are difficult, a HR under non-propor-
tional hazards can still be useful for comparisons strictly considering its time-dependency (20, 
47).8 
 
There are several methods available to assess the proportional hazards assumption, differing 
in their complexity (3). The simplest assessment is by visual inspection of available survival 
curves. Crossing curves at early or mid-follow-up, when a considerable proportion of the pop-
ulation remains under risk, will inevitably show that the relation of the hazard rates between 
the compared groups changes over time and that the HR is not constant (HR > 1 à HR < 1). 
Statistical assessments of proportional hazards, including log-log event plots and tests based 
on Schoenfeld residuals, are limited to situations where individual participant data is available 
(44, 50). 
 
For clinical trials with outcomes disagreeing with the proportional hazards assumption, alter-
native analysis strategies have been suggested, including the RMST, alterations of the Cox 
model, for example, with time-dependent covariates, and splitting of follow-up into individual 
segments during which the assumption holds (3, 45-48). 
 

 
8 Because the log-rank test is conceptually testing the null hypothesis that the HR between the compared 
groups indicates no difference (H0: HR = 1), it also requires proportionality of hazards and loses in power 
in case of deviations (9, 17, 43, 44, 47, 49). 
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3.2.3. Competing events 
The methodological issues that are previously discussed can be considered entirely specific 
to time-to-event analysis. Yet, there are several problems with influence on the validity of time-
to-event estimates that are not limited to, but particularly relevant for time-to-event outcomes. 
That is, inter alia, because the longitudinal nature of time-to-event data allows specific analyt-
ical procedures, for example, alternative models or sensitivity analyses, which are not available 
for other types of outcome analyses. 
 
Such an issue are competing events, or competing risks. Competing events preclude or se-
verely alter the probability of the occurrence of the outcome event(s) under study (see figure 
2) (3, 28, 51-53). As a consequence, individuals cannot experience only the event of interest 
alone but might experience one of multiple different events: the event of interest or one or more 
potential competing events (22, 53, 54). 
Examples for competing events include the death of a participant in the analysis of a non-fatal 
outcome event, for example, relapse of disease in oncology or myocardial infarction in cardio-
vascular research, or death from any other cause where cause-specific death is under study, 
for example, cardiovascular death if cancer-related death is studied (3, 22, 52, 55). Competing 
events are not always fatal, but can also involve events such as hospital discharge in surgical 
trials or vaccination when time to infection is studied (56).  
A frequently encountered strategy to avoid issues with competing events in clinical trials are 
combined outcomes incorporating potential competing events (57). Prominent examples are 
progression-free survival and time-to-treatment failure in the oncological literature or major 
adverse cardiovascular events (MACE), which include all-cause death by definition (57). 
 
Even though competing events are principally relevant for all types of outcomes, they take a 
significant role in time-to-event analysis because they are often dealt with using time-to-event 
analytic techniques (3, 52). 
Regular Kaplan-Meier analysis allows to include individuals who experience competing events 
by treating them as censored observations (3). Previous research has identified that “naïve” 
censoring of competing events is relatively prominent in current clinical trials, for example, in 
oncology or trials in high-impact journals (52, 58-60). Recall that censoring occurs under the 
presumption that the event time in an individual cannot be observed, but the event might still 
occur at some point in time. Competing events are fundamentally different: an individual who 
dies from a stroke cannot die from a myocardial infarction anymore, irrespective of whether 
follow-up would have been extended (22, 52).9  
Furthermore, since the probability of competing events such as death or a serious adverse 
events is often associated with the outcome event of interest, censoring for competing events 
will inevitably be informative and result in an overestimation or underestimation of relative ef-
fects, depending on the circumstances (22, 52, 54, 60).10  

 
9 Conceptually, because of the non-informative censoring assumption, the Kaplan Meier method with 
censoring individuals for competing events estimates the event probability without the possibility of the 
competing event to occur (22). 
10 Assuming the independence of the distribution of the event of interest and the distribution(s) of the 
competing event(s), Kaplan-Meier estimates with censored competing events are sometime interpreted 
as describing the probability of the event in a hypothetical world (or “population” (56)), where the com-
peting event does not exist. That is, because through censoring and its underlying assumption of inde-
pendence, individuals who are censored are theoretically still able to experience the event of interest. 
Such an interpretation is seldom of use in clinical trials (56, 60). The resulting estimates of competing 
event censored Kaplan-Meier analyses are sometimes referred to as marginal event (or survival) esti-
mates (60). 
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The suggested alternative to the Kaplan-Meier method for estimating the absolute risk of the 
event of interest at a given time point in presence of competing events are cumulative inci-
dence functions (52, 56, 60). They allow to produce the probability of the event of interest of 
individuals who have, until a defined time point, not experienced the event or a competing 
event and who are therefore still able to experience an event of any type (22, 52). Because 
they depend on both the probability of the event of interest as well as the probability of the 
competing event(s), cumulative incidence functions estimate the event probability while taking 
into account the possible occurrence of competing events (22, 53). This is contrast to Kaplan-
Meier estimates, which only take into account the probability of the event of interest (53). 
Cumulative incidence curves allow to present event curves similar to Kaplan-Meier curves as 
well as median event times and time point specific event probabilities (3, 52, 53). As an alter-
native to the log-rank test in competing event settings, Grey’s test has been suggested to test 
the “equality of cumulative incidence curves between groups” (52). 
 
Cox models with censored competing events are referred to as cause-specific hazard models 
(60). When individuals with competing events are censored, hazard functions describe the 
momentaneous rate of the event of interest for those who have not yet experienced the event 
of interest or the respective competing event(s), for example, the momentaneous rate of dis-
ease relapse in individuals who have, until that point in time, not yet relapsed or died (22).11  
 
To estimate event incidences under competing events an alternative proportional hazards re-
gression model by Fine and Gray has been suggested (22, 52). Fine and Gray’s model makes 
estimations on the subdistributional hazards function. While the Cox models cause-specific 
hazard describes the rate of events in individuals who have neither experienced the event of 
interest nor the competing events, the subdistributional hazard describes the rate of events in 
individuals who have not experienced the event of interest, while still including those with com-
peting events amongst the individuals under risk (22).12 The subdistributional hazard de-
scribes, for example, the momentaneous rate of the outcome event disease relapse in individ-
uals who have previously died and those have not yet relapsed from disease. 
 
Previous research has indicated that adequate analytical techniques for the analysis of com-
peting events are underused in current clinical trials and that trial outcomes with potential com-
peting events are often not adequately interpreted (52, 56, 58-60). 

3.2.4. Treatment switching 
Treatment switching describes the situation when individuals allocated to one trial arm receive 
the intervention that is by randomization designated for another treatment arm. For instance, 
participants receive or have access to an experimental treatment although they had been as-
signed to the control arm or vice versa (62-67). Like competing events, it is common in clinical 

 
11 A more technical explanation is provided by Koller et al. 2012 (60), who explain that, under competing 
events, the Cox model constitutes a “multi state model(s) with initial state 0 and two absorbing states 1 
(event of interest) and 2 (competing event), with the transition intensity from the initial state to either of 
the two absorbing states determined by the cause-specific hazards (hazard)1(t) and (hazard)2(t). The 
cause-specific hazard for 1, the event of interest, can then be interpreted as the momentary force that 
draws a subject out of state 0 into state 1” (60). 
12 Due to its relation to the cumulative incidence function, which is analogous to the relation of the 
Kaplan-Meier function and the Cox models cause specific hazard, subdistributional hazard functions 
depend on the hazard for the event of interest as well as the hazards of potential competing events (22, 
52). A technical explanation of the Fine and Gray regression model, including its relation to the cumula-
tive incidence function, is provided by Austin et al. 2016 (61). 
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trials and an issue not unique to time-to-event analysis. Yet, time-to-event analysis allows for 
specific adjustment and sensitivity analyses, which are possible because of the longitudinal 
nature of time-to-event data.  
 
Treatment switching can be observed in oncology (here also commonly termed “cross-over”), 
where participants are offered the experimental anti-cancer drug upon disease progression 
(see figure 4) (65, 67), as contamination in screening studies, where participants in the control 
group might seek screening outside of the trial (68), or in surgery, where participants in the 
experimental group undergo the standard procedure based on the surgeons’ decision (62, 64). 
It is also transferable to the issues of rescue medication, dose (de-)escalation or alteration, 
cessation from treatment and reception of third treatments in trial arms (69). 
Such occurrences impose a challenge for the interpretation of trial comparisons and are some-
times interpreted as a limitation in RCT design or execution and as a risk of bias (70-72). 
 

 
Figure 4: Example for issues with treatment switching in oncology. When interpreting a hypothetical trial comparing 
sunitinib (blue) to interferon-alpha (yellow) for the treatment of renal cell carcinoma two different outcome effects 
might be of interest: a comparison effect had all individuals stayed on their initially allocated treatment (i.) or a 
comparison effect where individuals who relapse under interferon-alpha have the option to receive sunitinib (ii.). A 
trial performed in accordance with situation ii. will not provide direct evidence for situation i., but may still provide 
useful evidence under certain considerations (adapted from Goldkuhle et al. 2023 (63), p. 43). 

 
How treatment switching in a trial affects its results depends primarily on the trialists, who, 
corresponding (or eventually not corresponding) with their question of interest, select a 
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principle of analysis: intention-to-treat or per protocol (63, 71, 73).13 This question of interest 
has also been described as the type of causal treatment effect of interest to those conducting 
and analyzing a trial (70). 
 
Trialists interested in the “effect of assignment to the treatments in comparison”, irrespective 
of what occurs past the assignment, will lean to the intention-to-treat (or as randomized) prin-
ciple (71, 73). Trial participants are analyzed in their randomly allocated trial arms, irrespective 
of their degree of adherence or which treatment they finally received throughout the trial (75, 
76). Intention-to-treat is particularly relevant for those addressing the effects of treatments on 
the population level and under routine conditions (75). 
In a situation where individuals randomized to the control arm receive the experimental trial 
intervention at some point of follow-up, for example, because of disease progression in onco-
logical trials, such individuals will be analyzed in the control arm (see situation ii. in figure 4). 
The proceeding is robust, because the randomization is kept, yet the actual effect of the inter-
ventions will remain unknown. If the experimental intervention is beneficial or harmful in both 
groups alike, a potentially visible group difference tends to diminish towards the null (70). An 
opposing effect of the intervention in both groups, on the other hand, will result in an under- or 
overestimation of the treatment effect (70). 
The interpretation of trial estimates from intention-to-treat analyses depends strongly on the 
course of treatment of the individuals after randomization, including alternative interventions 
and the degree of adherence. The applicability of such estimates to clinical decision making 
depends on the similarity of the trial treatment courses and the target situation (63, 75). 
 
Trial authors interested in the effect of an intervention when all individuals received and ad-
hered to treatment in accordance with the foreseen treatment protocol, also referred to as the 
“effect of treatment”, lean to the per protocol principle (70, 71, 73, 75, 76). More illustratively, 
for an individual, per protocol analyses address the question “What effect of treatment can I, 
as a patient, expect, if I take treatment perfectly according to the treatment plan?”. 
Naïve per protocol analyses include only trial participants that received treatment in accord-
ance with their initially allocated group and exclude individuals who deviate from the protocol 
to a certain degree, for example, who received the comparator intervention (such as in situation 
i. in figure 4). (75). The exclusion of participants from the analysis, however, reduces statistical 
power and requires that the protocol violations leading to exclusion occur completely at ran-
dom, which is not plausible in most situations and will consequently result in biased estimates 
(74, 75). 
With time-to-event data, it is possible to censor observations of individuals who received a 
treatment initially allocated to a comparator trial arm. Switching of participants to a different 
treatment, for example, because of disease progression, will almost inevitably be associated 
with their outcome probability and may lead to issues of informative censoring (74). 
 
To address the constraints of per protocol analyses, multiple procedures are available to adjust 
for prognostic factors that differ between those who complete the study in accordance with the 
treatment protocol and those who don’t (65, 67, 73-75, 77-83). Such procedures can be applied 
for all sources of censoring (discussed in chapter 7.4.2.2). In the context of treatment 

 
13 For an introduction to issue of treatment switching in clinical trials, particularly oncological trials, I 
suggest the article by Köhler et al. 2018 (74). For details on the interpretation of treatment switching in 
clinical trials under different conditions, I recommend the article by Mansourina et al. 2017 (70) and the 
elaboration of the associated questions or causal effects of interest accompanying the Risk of Bias 2.0 
tool by Sterne et al. 2021 (71). 
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switching, their application is particularly common, for example, in the oncological literature, to 
model a relative effect that would have been observed, if all individuals had remained on their 
allocated treatment (77-82, 84).14 The procedures require the availability of individual partici-
pant time-to-event data and underly strong assumptions (74, 77). 

3.3. Evidence syntheses, systematic reviews and meta-analyses 

3.3.1. Evidence syntheses and systematic reviews 
Particularly in health sciences, with an ever-increasing body of literature, decision makers, 
health care providers and patients alike depend on syntheses of the available research to 
derive adequate evidence-based decisions (85, 86). Elliott et al. 2021 (87) define evidence 
synthesis as the “process of identifying and combining data across studies to create a clear 
understanding of a body of research”. 
Evidence syntheses take a wide range of functions in health care decision making, e.g., as 
ground for individual health care questions or to provide an evidence base for clinical guide-
lines, health economic evaluations and decision analyses (87, 88). The most common source 
of evidence in this context are research data originating from primary studies (88, 89).  
 
Amongst evidence syntheses, the term “systematic review” is sometimes used to characterize 
an individual research design, which according to authors or the Cochrane Handbook, “[…] 
collate evidence that fits pre-specified eligibility criteria in order to answer a specific research 
question. They aim to minimize bias by using explicit, systematic methods documented in ad-
vance with a protocol” (90).15 To date, a diverse landscape of systematic reviews is available, 
amongst which reviews addressing intervention effects are most common. Adapted methods 
exist, for example, for reviews on questions of exposure, prevalence, prognosis or diagnostic 
test accuracy (85, 86, 90). While standard systematic review methods synthesize RCT results, 
multiple adaptations also exist for data from a range of primary study designs, including non-
randomized or observational studies, diagnostic test accuracy studies, prognostic model and 
factor studies as well as preclinical studies (85, 90, 91). The methods and principles underlying 
systematic reviews are generally applicable to all forms of evidence syntheses which rely on 
study data (88). 
 
This dissertation addresses time-to-event analysis specific issues that predominately arise in 
systematic reviews of RCTs. Yet, many of the issues touched are transferable to other review 
types which involve time-to-event outcomes, especially prognostic reviews and reviews based 
on observational studies. Furthermore, many of the issues assessed in the following work are 
applicable to other types of evidence syntheses which originate from systematic review meth-
ods, such as clinical guidelines, health economic evaluations and decision analytic models. 
 

 
14 For a detailed description of methods such as inverse probability censoring weighting, rank preserving 
structural failure time and iterative parameter estimation, which are not limited to adjustment for treat-
ment switching but are available for various situations with informative censoring, please see the articles 
by Ishak et al. 2014 (77), Henshall et al. 2016 (67) and Köhler et al. 2018 (74). Otherwise, I refer to 
chapter 7.4.2.2 of this dissertation. 
15 The Cochrane Handbook is the most renowned resource of evidence synthesis methodology. 
Cochrane, formerly the Cochrane Collaboration, as an organization is considered, as of today, a leader 
in methodological advancement of systematic reviews. Systematic reviews produced by Cochrane have 
been acknowledged as gold standard (88). For detailed information on systematic reviews and their 
methods, I suggest the Cochrane Handbook, which can be accessed through: www.train-
ing.cochrane.org/handbook (89).  
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Systematic reviews of interventions address a clearly defined clinical question formulated ac-
cording to the established People/Participants-Interventions-Comparators-Outcomes (PICO) 
scheme (92): 
 

• People/ Participants: Who are the individuals that are addressed, for example, adults 
suffering from early-stage Hodgkin lymphoma (93)? 

• Interventions: What is the experimental treatment that is compared, including its way 
of application and other treatment related factors, for example, radiotherapy in combi-
nation with chemotherapy (93)? 

• Comparators: What is the control treatment that is compared, including its way of ap-
plication and other treatment related factors, for example, chemotherapy alone (93)? 

• Outcomes: Which outcomes are of interest, including their definition, for example, 
overall survival or all-cause death, progression-free survival and adverse events 
(93)? 

 
Central features of all systematic reviews are a systematic search for relevant literature from 
medical databases or other data sources, clearly defined in- and-exclusion criteria, a system-
atic selection process and a summary of the identified information (86, 88). In addition, the 
process involves a critical evaluation of the identified data, for instance, in form of Risk of Bias 
and Grading of Recommendations Assessment, Development and Evaluation (GRADE) as-
sessments (as discussed in chapters 3.3.3 and 3.3.4).  
Quantitative core of evidence syntheses are meta-analyses, which, under given circum-
stances, combine the outcome effect estimates of individual trials to a common estimate (see 
the next chapter 3.3.2). 
If performed rigorously and under consideration of possible restraints, systematic reviews with 
meta-analyses of RCTs have frequently been considered the most reliable type of evidence 
for treatment comparisons (94, 95). 
 
A central source of systematic reviews is Cochrane, or the Cochrane Collaboration, which 
publishes highly standardized and methodologically elaborate systematic reviews. Besides re-
nowned systematic reviews, Cochrane produces widely utilized guidance, such as the 
Cochrane Handbook, review tools, such as the Risk of Bias tool, and continuously develops 
all steps of systematic review production in various working groups of international methodol-
ogists (71, 72, 89).  
 
Precondition for the reliability and usefulness of systematic reviews and meta-analyses is their 
transparent reporting. An established and generally accepted reporting standard exists in form 
of the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) guide-
line, which comprises 27 individual items over the entire review process (85). 
Multiple adaptions of the PRISMA guideline for diverse types of systematic reviews have been 
developed, for example, for reviews based on diagnostic test accuracy studies, individual par-
ticipant data meta-analyses and scoping reviews (96-98). A guideline for systematic reviews 
with meta-analyses of time-to-event outcomes is currently lacking (99). 

3.3.2. Meta-analysis 
Meta-analyses pool data from two or more separately analyzed populations in order to draw 
more confident and elaborate conclusions (85). Quantitative synthesis of trial results increases 
the sample size and results in higher statistical power and precision of estimates and tests (88, 
90). Furthermore, pooling data from variable populations can increase the generalizability of 
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findings and allows to assess the consistency of intervention effects across populations, or 
occasionally the lack thereof (88). These advances require the rigorous performance the un-
derlying systematic reviews, the meta-analyses as well as the quality and reliability of any 
underlying data (90). 
 
Meta-analysis can be performed based on individual participant data or with already aggre-
gated trial result estimates. Even though individual participant data meta-analyses are consid-
ered as the gold standard, conducting them requires access to primary study data, greater 
statistical expertise and, usually, more resources (100, 101).16 This is why most meta-analyses 
published today rely on aggregate data (86). Compared to meta-analyses of individual partic-
ipant data, aggregate data meta-analyses tend to favor the experimental intervention, but per-
form similar particularly with larger population sizes and/ or higher rates of outcome events 
(101). 
 

 
Figure 5: Exemplary forest-plot. Forest-plot of a meta-analysis addressing the outcome “overall survival” in a meta-
analysis. The experimental treatment is clearly favored by the pooled HR (<1), as indicated by the diamond at the 
bottom of the plot. A HR <1 indicates a lower rate of deaths during follow-up in the experimental group (trial data 
hypothetical; created with RevMan 5 (102)). 

 
Aggregate data meta-analyses combine effect estimates from multiple trials to an average 
weighted by the variability of the individual estimates. Trials with a lower variability, in form of 
a lower variance, for instance, with larger populations and/or numbers of events, are assigned 
higher weights (see the standard error of example trial 3 compared to the remaining trials in 
figure 5). 
Which variability is considered in the analysis depends on the meta-analysis model that is 
used. Random effects models consider the variability within individuals of the population under 
study (the within study (error) variance) and between the assessed trials (the between-study 
variance). Fixed effects models only consider the variability within individuals of the studied 
population (103, 104). In consequence, random effects models acknowledge that results can 
differ between the considered trials and can be randomly distributed amongst them. Meta-
analysis estimates the mean of the distribution of the effect sizes (105). Fixed effects models 
(or common effects models), on the other hand, estimate a common effect across studies and 
assume that the available data represent this common, true effect. 
Both give similar pooled results if there is no variability (or heterogeneity) between the trials in 
the meta-analysis. However, random effects models generally tend to produce wider CIs and 

 
16 Meta-analyses of individual participant data assemble primary data from multiple trials and allow to 
perform primary analytic procedures to the resulting data set, while respecting cluster effects of the data. 
Particularly for time-to-event analyses such data is useful as it allows, besides the performance of one’s 
own survival models, a wide range of additional analytic options, e.g., competing event analyses and 
adjustment for censoring. For more information on individual participant data meta-analyses, I recom-
mend the PRISMA-IPD Statement (97). 
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assign relatively higher weights to smaller studies (those with greater variability) than fixed 
effects models (103, 104).17 
 
The choice of the meta-analytic procedure depends on the type of effect estimate under study. 
Time-to-event data meta-analyses are usually performed by pooling individual trial HRs to a 
single HR weighted across trials. The most prominent method to pool HRs is the inverse vari-
ance method, which is also implemented in the popular systematic review software package 
RevMan (see figure 1) (102, 104). The method requires for each eligible trial a HR or its loga-
rithm (log(HR)) as well as the variance or standard error of either the HR, which can also be 
derived from reported CIs, or its logarithm (106). Inverse variance methods are available for 
random and fixed effects models (104, 107, 108). 
Alternative methods for pooling of time-to-event data include the fixed effects model suggested 
by Peto or the random effects meta-analysis by the Hartung-Knapp-Sidik-Jonkman method 
(104, 109, 110).18 To account for the between-study variance, random effects meta-analyses 
require an estimate of this variance, for which several methods are available (103, 109, 111). 
 
Necessary for the adequate interpretation of results from aggregate data meta-analyses is an 
assessment of the degree and potential sources of the between-study variance. The variability 
of results between trials in this context is also often referred to as statistical heterogeneity, 
resulting from the differences in the populations, interventions and/ or outcomes (clinical het-
erogeneity) and the methodological variation between trials (methodological heterogeneity) 
(104).  
As available statistical test, the Chi2 test allows to assess whether the visible variability be-
tween trials of a sample is compatible with chance alone (104). The I2 value, which can be 
derived from the Chi2 test statistic, allows to quantify the degree of between-study variability 
that is attributable to statistical heterogeneity rather than chance (104). Both procedures are 
frequently used, but underly certain limitations, are only feasible in defined situations and re-
quire adequate interpretation.19  
 
In presence of heterogeneity between studies, but also in case of further interest in potential 
subgroup effects, subgroup analyses with aggregate data meta-analyses are possible by strat-
ifying an identified trial sample by participant characteristics, such as age or severity of dis-
ease, or intervention related characteristics, such as application or dosing differences. Individ-
ual meta-analysis of the resulting trial strata then allows to explore potential effect modification 
between subgroups (104, 112, 113). Likewise, sensitivity analyses are possible by stratifying 
the included studies according to trial-related characteristics, such as study quality or publica-
tion dates, to assess potential methodological heterogeneity. This requires a sufficient number 
of included trials and differences amongst them which allow stratification (104).  
Statistical tests for subgroup differences are available (104). If the set of included trials is large, 
meta-regression allows to assess the influence of certain trial characteristics on the pooled HR 
(104). 

 
17 In their article, Borenstein et al. 2010 (103) give a more technical introduction to random and fixed 
effects models as well as their influence on inverse variance meta-analyses. 
18 For a detailed elaboration of the methods of meta-analysis, I suggest “Chapter 10: Analysing data and 
undertaking meta-analyses” of the current version of the Cochrane Handbook (89). 
19 For a detailed explanation of the role assessment of heterogeneity between studies in meta-analyses 
I recommend the article by Higgins et al. 2002 (112). 
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3.3.3. Risk of Bias 
As previously highlighted, a central feature of every evidence synthesis is the critical assess-
ment of the evidence under consideration. The validity of evidence syntheses is particularly 
susceptible to misleading trial results resulting from bias, which refers to systematically dis-
torted results (70, 114, 115). Bias in RCTs might arise due to limitations in trial planning and 
conduct and/ or from failure to establish safeguards against bias, and leads to over- or under-
estimation of effects (114, 115). Previous research has shown, for example, that trials with 
inadequate generation of the randomization sequence, failure in allocation of randomization 
concealment or lack of blinding tend to overestimate treatment effects as compared to trials 
with implemented safeguards against bias (116, 117). 
Bias in trial results must be distinguished from statistical or random error, which decreases 
with higher statistical precision, for instance, due larger sample sizes or higher numbers of 
events, and is reflected in the widths of an estimates associated CI (115).  
 
Multiple tools have been developed to formalize the risk of bias assessment of evidence from 
RCTs, amongst which the tools provided by Cochrane are most widely used (71, 72, 86, 114, 
118). Cochrane provides both a traditional tool (Risk of bias) and an updated version (Risk of 
Bias 2.0). Irrespective of slight differences in terminology and conceptualization, both tools 
focus on five domains that might introduce bias in trial outcomes (71, 72):20 
 

• Selection bias (or “Bias arising from the randomization process“) results from a sys-
tematic difference in the characteristics and the distribution of prognostic factors in 
individuals of the compared groups (36, 70, 89, 115). 

• Performance bias (“Bias due to deviations from the intended interventions”) results 
from a systematic difference in the access or exposure to care or other associated 
factors between groups (89, 115). 

• Attrition bias (“Bias due to missing outcome data”) results from a systematic differ-
ence in individuals who are lost-to-follow-up, withdraw or are otherwise excluded from 
the trial between groups (89, 115).  

• Detection bias (“Bias in measurement of the outcome”) results from a systematic dif-
ference of measurement and detection of the outcomes between the compared 
groups (89, 115). 

• Selective outcome reporting bias (“Bias in selection of reported results”) results from 
a systematic difference in outcomes of a trial that were a-priori specified and/ or as-
sessed and those that were published (89, 115). 

• Other factors that could introduce bias, for example, stopping trials early for benefit or 
conflicts of interest (89, 114, 115). 

 
Based on these potential sources of bias, conductors of evidence syntheses derive structured 
judgements of a low, high or unclear risk of bias for an associated domain of the risk of bias 
tools and subsequently a study outcome (71, 89). 
 
Various potential sources of bias due to time-to-event specific study limitations exist (36, 39, 
56, 58, 62, 70, 77, 119, 120). As described previously, informative censoring constitutes a pos-
sible source of selection bias resulting, for example, from loss to follow up or censoring for 

 
20 Mansournia et al. 2017 (70) provide a conceptual elaboration of the respective bias domains using 
causal inference methods. 
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competing events or treatment switching (discussed in chapter 3.2.1. and 3.4.3) (2, 36, 63, 
71). 

3.3.4. Certainty of evidence (GRADE) 
The GRADE approach is widely used in evidence syntheses, systematic reviews and interna-
tional clinical guidelines to communicate the results of meta-analyses and to determine the 
certainty of an overall body of evidence for a defined PICO question (121, 122). It is mandatory 
for reviews published by Cochrane and implemented in guidelines, for example, by the World 
Health Organization, the European Commission and the German Arbeitsgemeinschaft der 
Wissenschaftlichen Medizinischen Fachgesellschaften (123).  
 
For systematic reviews, the GRADE approach provides a formal rating of the certainty that a 
pooled effect estimate is correct and/ or located relative to defined effect thresholds (122, 124, 
125). For clinical guideline questions, it provides a rating that the available evidence is appro-
priate to determine the strengths of a defined guideline recommendation (122, 124, 125). 
To rate the certainty in a body of evidence consisting of RCTs, the approach distinguishes five 
domains that reduce one’ certainty:21 
 

• Study limitations (risk of bias, as discussed in chapter 3.3.3) refer to limitations in the 
design or conduct in the underlying trials resulting in a systematic deviation of trial re-
sults from the truth (114, 126). 

• Indirectness refers to a deviation of the population, interventions or outcomes that are 
studied in the trials of a body of evidence from the target situation to which the evi-
dence is to be applied (63, 127). 

• Imprecision refers to the degree of random or statistical error associated with an ef-
fect estimate. In GRADE, judgements of imprecision have standardly been based on 
the 95% CIs. The CIs boundaries are compared to defined effect thresholds, such as 
the null effect, if one is interested in the question “is there any effect at all”, or the so 
called minimally important difference, which is defined by patient preference and ad-
dresses the question “is the visible effect important”. If the CI crosses the defined 
threshold(s), the estimate is considered imprecise regarding a judgement of the loca-
tion of the effect relative to the defined threshold(s) (128-130). 

• Inconsistency refers to the consistency of the magnitude of relative intervention ef-
fects across the included trials in a body of evidence and is analogous to the concept 
of between-study heterogeneity. If the differences in effects between trials cannot be 
explained, for example, by differences in the population or interventions (assessed 
through subgroup analyses) or factors such as trial characteristics, quality or setting 
(assessed through sensitivity analyses), this results in reduced certainty or might re-
quire the exclusion certain trials from the body of evidence (113). 

• Publication bias is based on the observation that trials with positive results are pub-
lished more often, earlier and more accessible (131, 132). When negative studies are 
missed, a pooled effect estimate for a body of evidence will be skewed, often favoring 
the intervention (131, 132). The available GRADE guidance suggests critical assess-
ment of certain trial characteristics, i.e., caution in case of large numbers of smaller 

 
21 Detailed guidance for the application of the GRADE approach as well as its underlying concepts is 
available in form of the GRADE guidelines series which is published in the Journal of Clinical Epidemi-
ology: www.jclinepi.com/content/jce-GRADE-Series.  
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trials and commercial funding, as well as the use of statistical and visual methods, 
such as the funnel plot (132).22 

 
The approach also recognizes factors that may increase the certainty in a body of evidence, 
given that it has not been reduced previously. These factors include particularly large effects 
(e.g., a relative risk >2 or <0.5), evidence for a dose response relationship and residual con-
founding that plausibly leads to an underestimation of the visible effects (134). 
 
Following a structured approach, GRADE users derive judgements in and across the above-
described domains and so rate their certainty in an individual outcome of a body of evidence. 
These judgements range from high certainty (further research is unlikely to alter the confidence 
in the respective estimate) to very low certainty (any estimate of effect is very uncertain) (124). 
 
To ensure the comprehensible and transparent communication of the evidence in relation to 
its associated certainty, systematic reviews and clinical guidelines include GRADE Summary 
of Findings tables and related formats (e.g., Evidence Profiles) (135-137). Key elements of 
these formats include for each individual outcome:  
 

• The certainty of evidence rating derived via the GRADE approach 
• The pooled relative effect that was derived through meta-analysis 
• A measure of absolute risk, which is occasionally calculated from the pooled relative 

effect and a measure of the population baseline or control risk23 
 

Additional information that is presented includes the precisely formulated PICO question, def-
initions of each presented outcome, the underlying sample sizes and numbers of trials and 
footnotes that elaborate the presented values and judgements (135-137).  
Multiple studies have indicated the benefits of Summary of Findings tables and related formats 
to communicate the results of evidence syntheses (139-141). They are mandatory for reviews 
published by Cochrane. 
 
The GRADE approach and its associated products, including Summary of Findings tables and 
Evidence Profiles, are developed and constantly adapted within the GRADE Working Group. 
The working group is formed by international experts, including, but not limited to, renowned 
scientists from the field of clinical-epidemiology, medicine, epidemiology and biostatistics. 
All GRADE related publications, which include GRADE guidance and concept articles, must 
be accepted through a highly formalized process, that includes small- and large-group discus-
sions at official GRADE Working Group meetings and votes during which the content of a novel 

 
22 A funnel plot relates the magnitude of the individual effect estimates of trials in a body of evidence to 
their precision. Asymmetries in the distribution of trials on the plot (which should have the form of a 
reverse funnel), particularly in absence of smaller, less precise trials with negative effects, can suggest 
a potential risk of publication bias in the evidence at hand. That is because in absence of publication 
bias, with increasing precision, trials should distribute closer around the pooled effect estimate. Statisti-
cal tests for asymmetry exist. Yet, interpretation of the funnel plot remains subjective and is, according 
to the Cochrane Handbook, not suggested if less than ten trials are included. Manyfold alternative sta-
tistical approaches are available and are, for example, described in the Cochrane Handbook (138) and 
the corresponding GRADE guideline (132, 133). 
23 The presentation of absolute effects estimates, such as natural frequencies or risk differences, in 
addition to a pooled relative effect ensures adequate interpretation of the magnitude of effects in relation 
to a population and/ or control risk, allows risk stratification according to different baseline risk groups 
and prevents common problems that are associated with relative effect estimates, in particular their 
overinterpretation (138). 
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article must be accepted by at least 80% of the attending GRADE Working Group members 
(142, 143). 

3.4. Challenges of time-to-event analyses in evidence syntheses 

3.4.1. Recalculation of data from trial publications 
As previously described, meta-analyses of time-to-event outcomes are commonly performed 
by pooling HRs from multiple individual trials to derive a common HR. Established software 
packages for meta-analysis require for each trial a HR or log(HR) and its variance or CI (102). 
Unfortunately, such data is not always presented in trial publications with time-to-event anal-
yses (23-25, 144).  
 
In difference to binary relative effect measures, i.e., risk ratios or odds ratios, which can be 
straightforwardly calculated based on the number of events and the total number of analyzed 
individuals in each trial arm, time-to-event summary measures require more elaborate recal-
culation methods. These methods are based on the relationships between the HR/ log(HR), 
the hazard function, the survival function, in form of Kaplan-Meier curves and estimates, and 
the log-rank test, with its O–E events, log-rank variance and p-value, which are discussed in 
chapter 3.1 (106, 145-156).  
 
A renowned resource for the recalculation of time-to-event summary data from trial publications 
is provided by Tierney et al. 2007 (106).24 The authors distinguish approaches that are based 
on reported information from approaches based on Kaplan-Meier curves. The different meth-
ods differ in their required data, their complexity as well as in their validity (106, 153, 154, 157). 
Approaches based on reported information make use of available summary statistics from trial 
time-to-event analyses with or without additional information. Direct methods use, as previ-
ously reported, summary statistics such as the HR, the log HR, the O–E events and their var-
iances. They are associated with less uncertainty than indirect methods which rely, for exam-
ple, on the log-rank p-value, the number of events and/ or the number of analyzed individuals 
in each trial group (101, 151, 157, 158). Factors that affect the validity of indirect recalculation 
methods include the trial size, the relative treatment effect as well as the pattern of censoring 
(157, 158). 
 
Methods for recalculation of time-to-event data based on Kaplan-Meier plots utilize the pre-
sented event probabilities to either derive a summary HR or to approximate individual partici-
pant data, which can then be included in one’s own time-to-event analyses. 
The prominent Kaplan-Meier plot-based approach described by Parmar et al. 1998 (151) and 
Tierney et al. 2007 (106) allows to calculate a summary effect measure by combining individual 
HRs derived for separate time-intervals of a Kaplan Meier curve. Interval-specific HRs and 
variances are estimated from each interval’s number of event-free individuals at the interval 
start, number of censored individuals, number of individuals at risk and number of events, 
which can be obtained from the information available in the plot. 
If a number of individuals at risk for specific follow-up time points is reported along the Kaplan-
Meier plot (see figure 1), the necessary information to be derived from the curves to calculate 

 
24 The article provided by Tierney et al. 2007 (106) provides a well-established collection of recalculation 
methods, which I recommend for a practical overview. It is published together with an Excel spreadsheet 
that helps to perform each method, e.g., the Kaplan-Meier plot-based approaches. 
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interval-specific HRs reduces to the number at risk during the interval as well as the number 
of events, assuming constant censoring within the interval (106).  
The approach is similar to the method proposed by Williamson et al. 2002 (156), allowing a 
more liberate selection of intervals, not limited to intervals where a number of individuals at 
risk reported in the plot. 
 
Other complex methods, such as the approach suggested by Guyot et al. 2012 (145), allow to 
approximate event times for individual participants throughout follow-up. This method relies on 
digitization of a presented curve as well as on information such as the number of individuals 
at risk at certain time points and the overall number of events. With this information, the ap-
proach seeks to derive the underlying time-to-event data parameters of the Kaplan-Meier 
equations that are graphically represented in the plot (145). 
There are several additional sophisticated approaches, such as incorporating information from 
censoring marks on published curves or approaches that extend and improve available meth-
ods by fitting curves that correspond to the recalculated data (146-149, 152, 153, 155, 159). 
Besides calculation of summary effect estimates, the secondarily derived individual participant 
data enables to assess the number of censored individuals in each arm over time as well as 
sensitivity analyses and statistical tests for the proportional hazards assumption (see chapter 
3.2.2), which are not possible with aggregate data (44). 
A critical prerequisite of all Kaplan-Meier plot-based approaches is, however, the availability of 
curves in appropriate resolution that allows digitization. In addition, they substantially rely on 
additional information, such as the number of individuals at risk at sufficient time points and 
the reporting or marking of censored individuals along the curves (106, 145). 
 
These methods allow authors of evidence syntheses to recalculate summary data from various 
sources and thus to substantially extend the data available for their meta-analyses. It remains 
unexplored to date, which of the described approaches find uptake in current systematic re-
views and which primary trial time-to-event data is actually used. 

3.4.2. Reporting issues in time-to-event analyses of studies and trials  
Authors of evidence syntheses, in particular those who perform aggregate data meta-analyses, 
critically rely on published information to obtain data for their analyses, interpret their findings 
and critically assess the available evidence. Previous research has indicated that the reporting 
of studies and trials which include time-to-event analyses occurs with certain limitations (2, 23-
25, 144, 160-162). Is has been shown, for example, that general methodological information, 
such as the definitions for the analyzed outcomes, the intervals under observations (i.e., their 
start and end points), relevant information on events and follow-up as well as information that 
is relevant to assess the methods of statistical analysis (e.g., model building and validation) 
are often not or only inadequately presented. 
The same applies for time-to-event outcome specific information. Study and trial publications 
often lack important details on censoring and time-to-event analysis specific assumptions and 
show deficient or conflicting result data as estimates and in Kaplan-Meier curves (2, 23-25, 
144, 160-162).  
 
Despite the currently available evidence, it is yet to be clarified which challenges authors of 
evidence syntheses face in clinical trial publications that they include for meta-analysis. Fur-
thermore, it is currently unknown how review authors might deal with these limitations when 
they synthesize, report and interpret their results (162).  
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3.4.3. Issues that affect the certainty of time-to-event meta-analyses 
The methodological hardships that are associated with time-to-event analysis, informative cen-
soring, proportional hazards and issues such as competing events and treatment switching, 
discussed in previous chapters of this dissertation, are extensively studied in the currently 
available literature, but only for trial analyses. 
How they translate to the evidence synthesis level, how evidence synthesis authors deal with 
them and how they should be ideally dealt with is, however, largely unclear. Particularly for 
authors of meta-analyses that are based aggregate time-to-event data, these issues might 
cause considerable problems. That is because, in the absence of individual participant data, 
they must rely on published information and will rarely be able to perform distinct analyses, for 
example, by imputing data under reasonable assumptions (2, 126). 
 
Informative censoring, as previously discussed, has been reported as a potential source of 
“Bias due to missing outcome data” in the explanation of the Risk of bias 2.0 tool provided by 
Cochrane. For the detection of informative censoring in trial publications the tool specifies: 
“Either differences in rates of censoring or differing reasons for censoring may provide evi-
dence that censoring was informative” (Sterne et al. 2019 (71)).25 
Yet, if not reported explicitly by trialists in their publications, it is unclear how to identify and 
consider this time-to-event specific risk of bias. A particular problem arises because censoring 
is a regular component of the analytical procedure. Individuals that are censored for informa-
tive reasons, in particular loss to follow-up censoring, may in most situations be reported as 
included in the analysis. In survival plots, given that they are reported and censoring is marked 
on the plot, end of study and loss to follow-up censoring cannot be distinguished (2, 71). Even 
though in the exemplary survival curve in figure 1, the number of censored individuals is ex-
plicitly reported together with the number of individuals at risk, it is unclear for which reasons 
the respective individuals were censored. 
In absence of sufficient guidance, it is questionable whether authors of current evidence syn-
theses are aware of this time-to-event specific source of bias and, if so, how they identify, judge 
and report a potential bias in their publications (2). 
 
Methodological research has indicated that the assumption of proportional hazards might fail 
frequently in clinical trials (44). It is currently unclear, however, how such a failure in one or 
more trials should be dealt with in meta-analyses and how it affects the certainty in pooled 
estimates. 
As described in chapter 3.2.2, a failure of the assumption of proportional hazards will lead to 
a time-specificity of the respective trial HR (41). While a HR from a single trial might still be 
interpretable as restricted to the respective follow-up time, interpreting a pooled HR from indi-
vidual trials with variable follow-up durations is substantially complicated.  
Assume, for example, a hypothetical meta-analysis of trials that assess immunotherapy versus 
chemotherapy in individuals who suffer from a certain cancer, a question that is also used as 
an example in chapter 3.2.2. Some trials in that body of evidence might have ended their 
follow-up earlier and, as previously described, their results indicate a clear benefit of immuno-
therapy with regard to mortality. Other trials might have followed-up their included individuals 
for a longer duration and therefore show that the benefit was less clear. The differing effect 
estimates between the trials will inevitably lead to between-study heterogeneity in the meta-

 
25 The statement stems from the online explanation of the tool, available from: 
drive.google.com/file/d/19R9savfPdCHC8XLz2iiMvL_71lPJERWK/view (p. 42; published 22.08.2019; 
last accessed: 24.05.2024) 



 26 

analysis. How to interpret this heterogeneity and how to incorporate a failure of the proportional 
hazards assumption into judgements about the certainty of meta-analysis results remains, 
however, unclear to date. Exploring failures of the proportional hazards assumption and vari-
able follow-up between trials as a cause of heterogeneity by sensitivity analyses might consti-
tute a plausible option. Others have argued that non-proportional hazards in one or more trials 
of a body of evidence will result in over- or underestimation of meta-analysis results and thus 
creates a risk of bias (44). 
 
Additional challenges arise because the assessment of proportional hazards for individual tri-
als in a meta-analysis is often hampered, if such an assessment is not clearly reported in trial 
publications. A rough visual inference on the assumption can be drawn from the course of the 
Kaplan-Meier curves. As reported in section 2.2.2, crossing curves, for example, could indicate 
a failure of the assumption under certain circumstances. Such an assessment is, however, not 
always applicable or conclusive. More complex statistical methods to assess the proportional 
hazards assumption in underlying trials require recalculating individual participant data under 
application of the afore mentioned procedures (section 2.4.1) (44, 145). This demands, how-
ever, the availability of sufficient data in trial publications. 
At this point, it remains unclear whether and how review authors test the assumption of pro-
portional hazards in their included trial time-to-event analyses and which consequences they 
draw for their analyses if, for instance, they perform sensitivity analyses or utilize alternative 
effect measures. 
 
As highlighted previously, empirical evidence for the prevalence of competing events and treat-
ment switching in current clinical trials and their effect on trial estimates exists (52, 58, 59, 62, 
67, 70, 78). Yet, literature on problems with competing events or treatment switching, their 
effect and interpretation in meta-analyses based on aggregate data is currently absent or con-
flicting. While competing events are not mentioned in established resources for review authors 
today, the handling of treatment switching simply as a risk of bias has been drawn into question 
(63, 71).  
Furthermore, as discussed in chapter 3.2.3 and 3.2.4, if standard time-to-event analytical pro-
cedures, in particular Cox models, are applied to derive effect estimates in trials that are af-
fected by either of these issues, the resulting estimates require a distinct interpretation: hazard 
ratios under competing events are best interpreted as cause-specific hazards, while the inter-
pretation of treatment switching largely depends on the effect of interest to the trialists, the 
intention-to-treat or the per protocol effect.  
Given these complications, the lack of empirical investigation and guidance on competing 
events and treatment switching in meta-analyses of aggregate data could critically affect the 
quality of current evidence syntheses. 
 
Finally, additional time-to-event specific problems in evidence syntheses might exist that are 
of particular interest to authors but have not been highlighted yet. Even in absence of method-
ological literature, it is plausible that systematic review authors mention such issues in their 
own publications, which has, however, not been assessed to date. 

3.4.4. Interpretation of hazard ratios from meta-analyses 
To this point, the discussed issues around time-to-event analyses in evidence syntheses have 
primarily focused on analytical hardships. Yet, there are additional challenges particularly as-
sociated with the quantitative outputs of meta-analyses, especially with their adequate inter-
pretation and communication. 



 27 

As previously indicated, the HR as a relative effect measure may lead to overinterpretation of 
visible treatment effects (138, 163, 164). Leading organizations in health care, including 
GRADE and Cochrane, therefore suggest absolute effect measures, for example, risk differ-
ences or a number-needed-to-treat, in addition to relative effects to communicate the results 
of quantitative analyses (136, 137, 165, 166).  
In absence of individual participant data, absolute effect measures for time-to-event outcomes 
are usually calculated based on the pooled HR, which is combined with an absolute population 
or control group risk. Because the pooled HR is not time point specific, authors of evidence 
syntheses must select adequate time points for their calculation and must navigate certain 
pitfalls (166).  
 
Furthermore, as outlined in chapter 3.1.3, the HR itself is not always straightforward to inter-
pret. Additional challenges arise if it is utilized to assess outcomes such as overall survival and 
progression-free survival (10, 11). In difference to all-cause mortality and/or relapse of disease, 
overall survival and progression-free survival are not referred to as their representing event, 
but rather the absence of them. Because the HR is usually calculated based on the hazard 
functions for events in the compared groups, this might lead to confusion and endangers 
flawed interpretation. Issues might arise, for example, when a pooled HR is used to calculate 
an associated absolute effect. That is, because the baseline or control-group risk included in 
the calculation can either represent the risk of an event in the population or its absence (10, 
11). 
Despite these possible pitfalls, the interpretation of the HR and the calculation of absolute 
effects in evidence syntheses with aggregate data meta-analyses of time-to-event outcomes 
have not yet been assessed. 

4. Objectives 
 
Authors of evidence syntheses who are interested in the effects of interventions on time-to-
event outcomes face a great variety of difficulties when meta-analyzing data, interpreting re-
sults, formulating conclusions and communicating their findings. 
These difficulties have, however, not been systematically assessed to date and concrete guid-
ance on how to identify, assess and interpret them is lacking. 
 
The objectives of this project were therefore:  
 
1) To systematically explore how the authors of current evidence syntheses in form of sys-

tematic reviews perform meta-analyses of time-to-event outcomes based on aggregate 
data, which challenges they face and how they interpret and report their results (papers 
1, 2 & 3). 

 
2) To develop targeted guidance for the inclusion of time-to-event outcomes in evidence 

syntheses to support review authors in adequately reporting their proceeding and their 
results, and in optimally communicating their certainty in them (papers 4 & 5). 
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Figure 6: Graphical presentation and connection of the papers included in this dissertation. 

 
 

• In-depth investigation of characteristics and challenges of meta-analyses of time-to-event 
outcomes in current evidence syntheses

• Clarification of the need for and focus of guidance

Meta-analyses of time-to-event outcomes are associated with distinct challenges, e.g.: 
• Complex methods and assumptions
• Limited reporting of time-to-event outcomes and analyses in study publications
• Difficult interpretation and presentation of results

Characteristics, methods and 
reporting of systematic reviews 
that include meta-analyses of 

time-to-event outcomes

Method: 
Meta-epidemiological study

Paper 1

Characteristics, methods and 
reporting of trials included in 

meta-analyses of time-to-event 
outcomes

Method: 
Meta-epidemiological study

Paper 2

Presentation of results of 
meta-analyses of time-to-event 
outcomes in form of absolute 
effects in systematic reviews

Method:
Meta-epidemiological study

Paper 3

Guideline for handling 
informative censoring as a 
study-limitation in evidence 

syntheses

Method:
GRADE guideline

Paper 4

Guideline for presenting the 
results of meta-analyses of 

time-to-event outcomes in form 
of absolute effects

Method:
GRADE guideline

Paper 5

Not yet systematically assessed:
• Characteristics, methods and reporting of evidence syntheses with time-to-event 

outcomes and their included trials 
• Extent and nature of associated challenges

• Improved quality of meta-analyses of time-to-event outcomes
• Improved decisions based on evidence syntheses with time-to-event outcomes

On time-to-event outcomes in evidence syntheses of randomized controlled trials: 
methods, challenges and guidance 
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5. Description of the interconnected papers 
 
As shown in figure 6, the papers included in this dissertation can be divided into two groups: 
meta-epidemiological studies and systematic guidance articles that build on the insights gen-
erated during these studies. 
 
To determine how authors currently perform meta-analyses of time-to-event outcomes, which 
specific challenges they might face, how they deal with these challenges and how they report 
their results and evaluations, requires a general exploration of current evidence syntheses. 
Following a meta-epidemiological approach, a large sample of methodologically up-to-date 
systematic reviews that include meta-analyses of time-to-event outcomes based on aggregate 
data from RCTs was systematically identified and assessed. Besides general characteristics 
of the reviews and their review methodology, a particular interest was in all time-to-event spe-
cific methods, analyses and additional evaluations, for instance, sensitivity analyses as well 
as risk of bias and certainty of the evidence ratings. Target of this sub-project was to charac-
terize the current proceeding with and reporting of meta-analyses of time-to-event outcomes 
in order to establish an evidence base for further investigation. A second target was to identify 
potential negative as well as best-practice examples that inform the development of guidance. 
 
Conclusive judgements about the challenges that authors of evidence syntheses face when 
they conduct their meta-analyses of time-to-event outcomes require the clarification of the con-
ditions in their included trials. 
For this reason, an in-depth assessment of general and time-to-event specific methods and 
reporting of RCTs included in meta-analyses of a random sub-sample of the afore selected 
systematic reviews was performed. This assessment included trial and trial outcome specific 
data, for instance, general characteristics and methods, outcome definitions, time-to-event 
specific methods, available data as well as trial characteristics that might affect the validity of 
time-to-event analyses. Furthermore, relevant data on the handling and reporting of these par-
ticular trial characteristics in review publications were included, for example, which data the 
review authors included from trials, whether they mentioned potential shortcomings and how 
they addressed them. Together with the results of the first sub-project, this approach allowed 
a comprehensive view on the conditions in RCTs and their uptake in systematic reviews. As in 
the previous work step, the sub-project builds an evidence base for targeted guidance. 
 
Finally, as previously emphasized, not only the methodological complexities of time-to-event 
analyses in meta-analyses, which were assessed in the previous two subprojects, require a 
critical assessment, but also how review authors communicate the findings of their analyses. 
This includes the adequate interpretation of the HR, i.e., the direction of its effect, and the 
correct calculation of absolute effect estimates. 
Therefore, a comprehensive assessment of a large sample of oncological Cochrane reviews 
was performed. The sample consisted of methodologically up-to-date systematic reviews with 
a high prevalence of time-to-event outcomes, which, because of the mandatory presentation 
of GRADE Summary of Findings tables in Cochrane reviews, should present absolute effect 
estimates based on their pooled HRs. It was assessed whether the absolute effect estimates 
were calculated and reported correctly and whether the review authors provided additional 
details on their calculations. Besides conclusions on the frequency of correct and incorrectly 
calculated absolute effects for time-to-event outcomes, the results of this sub-project allowed 
to elicit reasons for potential problems and to build a basis for targeted guidance that supports 



 30 

review authors in adequately interpreting time-to-event outcomes and calculating the associ-
ated absolute effects. 
 
The previous three meta-epidemiological studies provide a thorough investigation of the char-
acteristics, challenges and reporting of current meta-analyses of time-to-event outcomes in 
evidence syntheses. They elicit the potential as well as possible examples for additional guid-
ance. 
Two time-to-event specific issues in evidence syntheses were found most striking and were 
backed by practical examples and sufficient methodological literature to inform the develop-
ment of guideline articles: informative censoring and the calculation absolute effects. 
For these two issues, targeted guideline articles were developed within the GRADE Working 
Group. As highlighted in chapter 3.3.4, the GRADE Working Group is formed by a group of 
international experts in clinical epidemiology and GRADE guidance is developed systemati-
cally with a highly structured approach. The development of guidance articles is embedded in 
continuous discourse of experts within iterative small- and large group discussions, which en-
sures the high quality and applicability of GRADE guidance (126). The two guidance articles 
form the remaining sub-projects of this dissertation.  
 
The consortium of sub-projects that constitute this dissertation should now achieve the over-
reaching project goal: to improve the quality of evidence syntheses with meta-analyses of time-
to-event outcomes and to positively influence the decisions that are informed by them.   
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6. Papers included in this dissertation 
 

  
Figure 7: Graphical abstract for paper 1 (167). 

Exploring the characteristics, methods and reporting of systematic reviews with meta-
analyses of time-to-event outcomes: A meta-epidemiological study (Paper 1)

Characteristics, reporting and methods of systematic reviews with meta-analyses of time-to-
event outcomes based on aggregate data

Meta-epidemiological study (systematic search (02/2017-08/2020))
• 50 Cochrane reviews
• 50 non-Cochrane systematic reviews (Core Clinical Journals)
• ≥1 meta-analysis based on hazard ratio (HR)
• Duplicate data extraction on review and review time-to-event outcome level

100 reviews à 217 analyzed time-to-event outcomes 
• Overall survival (41%; 89/217 outcomes)
• Progression-free survival (18%; 39/217 outcomes)

Goldkuhle M, et al. Exploring the characteristics, methods and reporting of systematic reviews with meta-analyses of time-to-event 
outcomes: a meta-epidemiological study. BMC Medical Research Methodology. 2024;24(1):291.

Variable and partially deficient reporting of systematic reviews with meta-analyses of 
time-to-event outcomes 

Review handling of trial 
characteristics with relevance 
for time-to-event meta-analyses

Additional analyses
(e.g., sensitivity analyses, 

meta-regression)

Specific consideration
(e.g., bias assessments, 

study exclusion)

Mentioned
in results or discussions

Missing outcome data 12% 79% 67%

Variable follow-up between trials 12% 4% 27%

Treatment switching 3% 4% 15%

Competing events - 2% (1/60) 3% (2/60)

Informative censoring - 3% 2%

Proportional hazards - - -

Review methods and reporting

Outcomes • Outcome definition reported 48% (104/ 217 outcomes)

• All-cause death part of outcome 57% (124/217 outcomes)

Meta-analysis • Inverse variance random-effects model 57% (57/100 reviews)

General methods • Included analyses types reported 35% (35/100 reviews) 
• Mostly intention-to-treat

• Covariate adjustment of trials reported 13% (13/100 reviews)
• Mostly adjusted and unadjusted or 

adjusted preferred before unadjusted

Time-to-event specific 
methods

• Sources of time-to-event data reported 
per review

78% (78/ 100 reviews)
• HR and confidence intervals: 64%
• Collection of methods: 46%
• …

• Sources of time-to-event data reported 
per outcome

18% (18/100 reviews)
• HR and confidence intervals: 9%
• Survival curves: 7%
• …
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6.1. Characteristics, methods and reporting of systematic reviews that 
include meta-analyses of time-to-event outcomes (Paper 1) 

6.1.1. Publication status 
This article was published in October 2024 in the journal BMC Medical Research Methodology 
(167).  
The work shares of the individual participants and their involvement in this paper are detailed 
in appendix 11.1.1. 
 
Results of this article were presented at the 24th Congress of the German Network for Evi-
dence-based Medicine in Potsdam (168) and at the 27th Cochrane Colloquium in London, UK, 
(169) in 2023 (chapter 9.4). 

6.1.2. Synopsis (167-169) 
Building on the implications elaborated in the introduction, a meta-epidemiological study was 
conducted to systematically assess the characteristics, methods and reporting of meta-anal-
yses of time-to-event outcomes in current systematic reviews (167-169). 
 
This systematic assessment was performed according to an a-priori published protocol 
(osf.io/5qxbd). It included a sample of 100 systematic reviews with at least one pairwise meta-
analysis of aggregate data from RCTs that addressed a time-to-event outcome based on the 
HR. Methodologically specialized review types, such as network meta-analyses, were ex-
cluded. Fifty eligible Cochrane reviews were identified from the Cochrane Database of Sys-
tematic Reviews and systematically selected in a backwards fashion starting with the most 
recent publication (08/2020). This ensured a methodologically advanced and up to date sam-
ple of systematic reviews which could also provide possible best-practice examples. A corre-
sponding sample of systematic reviews published in Core Clinical Journals, a MEDLINE filter 
limiting the search to the most relevant journals to physicians according to the U.S. National 
Library of Medicine (170), was identified through a systematic search on Medline (08/02/2021). 
From the collection of reviews published in Core Clinical Journals, 50 additional reviews were 
randomly selected, stratified by publication years, so that the final sample for the assessment 
comprised 100 systematic reviews. 
 
For the included reviews and each of their individual time-to-event outcomes, data on review 
characteristics (e.g., publication dates, populations, interventions, comparisons, outcomes and 
trials), the analyzed time-to-event outcomes (e.g., definitions, composition, and presentation), 
general review methodology (e.g., analysis types, adjustment for covariates, meta-analysis 
methods), time-to-event-specific methods (data basis and recalculation of outcome data) and 
handling of specific trial characteristics relevant to time-to-event analysis (e.g., variable follow-
up, competing events, informative censoring, proportional hazards and their interpretation) 
were extracted. Data on the results of the analyses (e.g., relative effects and their interpreta-
tion) were also extracted as well as their reporting and the presentation of the results as abso-
lute effects. In agreement with methodological standards, the selection of reviews and the ex-
traction of data were performed in duplicate by two researchers (171). The statistical analysis 
was performed descriptively. 
 
The 100 eligible systematic reviews included a total of 217 individual time-to-event outcomes 
for which meta-analyses were performed. Most of the reviews assessed oncological research 
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questions, followed by questions on cardiovascular diseases, whilst the most frequently en-
countered review outcomes were overall survival and progression-free survival. 
The results of the systematic assessment demonstrate that the reporting of systematic reviews 
with meta-analyses on time-to-event outcomes occurs inconsistent and occasionally inade-
quate. Outcome definitions, for example, were available for less than half of the total 217 as-
sessed review outcomes. General review methodology, such as the types of trial analyses 
included in reviews (e.g., by intention-to-treat, per protocol) or the covariate adjustment status 
of included trial estimates, were reported in only few of the 100 reviews. Time-to-event data 
were obtained from trial publications with great variability, both in the number of different data 
sources and in the methodological depth of the respective recalculation procedures, i.e., rang-
ing from the inclusion of reported HRs to the recalculation of individual patient data from 
Kaplan-Meier plots. 
Particularly deficient were the discussion and consideration of trial characteristics that affect 
the validity of time-to-event analyses, such as variable follow-up between studies, informative 
censoring, competing events, treatment switching and proportional hazards. With few excep-
tions, the respective characteristics were only seldomly included in additional assessments, 
such as sensitivity analyses or risk of bias assessments, or discussions by the review authors. 
 
This work is the first to systematically assess the reporting of time-to-event analyses at the 
review level. A central implication of its findings is the need to increase the reporting quality of 
the corresponding evidence syntheses (see chapter 7.4.11). Furthermore, it raises the im-
portance of an assessment of the conditions that review authors face with regard to time-to-
event analyses in the trial publications they include in their syntheses (see paper 2). 

6.1.3. Full manuscript (167) 
The supplementary material accompanying this manuscript is provided in appendix 11.1.2. 
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Abstract
Background Time-to-event analysis is associated with methodological complexities. Previous research identi!ed 
"aws in the reporting of time-to-event analyses in randomized trial publications. These hardships impose challenges 
for meta-analyses of time-to-event outcomes based on aggregate data. We examined the characteristics, reporting 
and methods of systematic reviews including such analyses.
Methods Through a systematic search (02/2017-08/2020), we identi!ed 50 Cochrane Reviews with ≥ 1 meta-analysis 
based on the hazard ratio (HR) and a corresponding random sample (n = 50) from core clinical journals (Medline; 
08/02/2021). Data was extracted in duplicate and included outcome de!nitions, general and time-to-event speci!c 
methods and handling of time-to-event relevant trial characteristics.
Results The included reviews analyzed 217 time-to-event outcomes (Median: 2; IQR 1–2), most frequently overall 
survival (41%). Outcome de!nitions were provided for less than half of time-to-event outcomes (48%). Few reviews 
speci!ed general methods, e.g., included analysis types (intention-to-treat, per protocol) (35%) and adjustment 
of e$ect estimates (12%). Sources that review authors used for retrieval of time-to-event summary data from 
publications varied substantially. Most frequently reported were direct inclusion of HRs (64%) and reference to 
established guidance without further speci!cation (46%). Study characteristics important to time-to-event analysis, 
such as variable follow-up, informative censoring or proportional hazards, were rarely reported. If presented, 
complementary absolute e$ect estimates calculated based on the pooled HR were incorrectly calculated (14%) or 
correct but falsely labeled (11%) in several reviews.

Exploring the characteristics, methods 
and reporting of systematic reviews 
with meta-analyses of time-to-event 
outcomes: a meta-epidemiological study
Marius Goldkuhle1*, Caroline Hirsch1, Claire Iannizzi1, Ana-Mihaela Zorger1, Ralf Bender2, Elvira C. van Dalen3, Lars 
G. Hemkens4,5,6,7, Ina Monsef1, Nina Kreuzberger1† and Nicole Skoetz1†
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Background
Systematic reviews of time-to-event analyses, also 
referred to as survival analyses, provide fundamental 
evidence in many !elds of research [1]. In randomized 
controlled trials (RCTs) and non-randomized studies 
alike, time-to-event outcomes combine the occurrence 
of events with information about how long they took to 
occur, considering the observation time of participants 
with and without an event (censored observations). Par-
ticularly relevant for medical research, e.g., in oncology 
or cardiology, this allows analyzing longer-term out-
comes or outcomes which might occur in all participants 
at some point, such as death [2, 3]. Prominent measures 
of time-to-event data include Kaplan and Meier sur-
vival plots and probabilities, and the hazard ratio (HR) 
for between-group comparisons [1, 4]. For trial-level 
data, HRs are commonly calculated using the Cox pro-
portional hazards regression model, which allows the 
consideration of relevant covariates [4]. Aggregate data 
meta-analyses pool HRs from individual RCTs.

Common methods of time-to-event analysis assume 
non-informative censoring, requiring that the distribu-
tions of event times and censoring times do not provide 
any information about each other [4]. In many circum-
stances, this is most vividly explained by the less restric-
tive assumption of random censoring: censoring should 
occur as if those censored were randomly drawn, which 
is questionable, for instance, when censoring occurs for 
adverse events or other reasons related to the interven-
tion [2, 4, 5]. "e Cox model assumes at least approxi-
mate proportionality of the hazards of the compared 
groups over time [4, 6, 7]. If violated, the HR is best inter-
preted as an average over the observed period, which 
might a#ect the between-study heterogeneity in meta-
analyses of trials with variable follow-up durations [8]. 
Other challenges include competing events (like death) 
that may preclude the event of interest [9, 10], treatment 
switching [11, 12] and the poor reporting in trial publi-
cations [13–18]. Furthermore, the HR as relative e#ect 
measure is not always straightforward to interpret and 
might endanger exaggerated interpretation of treatment 
e#ects [19, 20]. "is is why leading organizations in evi-
dence synthesis recommend complementary absolute 
e#ect estimates, e.g., natural frequencies, risk di#erences 
or the number-needed-to-treat, calculated based on the 
pooled HR, as additional presentation of results [21–24].

To foster prioritization of remedial actions and further 
research, this meta-epidemiological analysis explored 
characteristics, reporting and methods of systematic 
reviews including time-to-event meta-analyses per 
review and per analyzed time-to-event outcome.

Methods
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) checklist´s 
adaption to meta-epidemiological research [25]. "e 
project is registered under: osf.io/5qxbd.

Eligibility criteria
We included systematic reviews of interventions with 
at least one pairwise meta-analysis based on aggregate 
data from RCTs. Reviews must have meta-analyzed a 
minimum of two trials evaluating a health-related time-
to-event outcome using the HR. We considered any peer-
reviewed full-text review published in English on any 
intervention type, medical !eld or setting. We excluded 
network meta-analyses, previous versions of updated 
reviews and co-publications of Cochrane reviews (CR).

Identi!cation and selection of reviews and studies
We chose an overall sample size of 100 reviews, 50 CR 
and 50 Non-Cochrane reviews (nCR), to represent a 
diverse and methodologically up-to-date landscape 
of systematic reviews. We systematically selected CR 
according to our inclusion criteria in a backwards fash-
ion starting with publications in August 2020 from the 
Cochrane Database of Systematic Reviews. To iden-
tify a representative sample of nCR published during 
the publication timeframe corresponding to all eligible 
CR (28/02/2017 to 18/08/2020), an experienced infor-
mation specialist (IM) developed a search strategy for 
Medline/Ovid (Table A1, Additional File 1; search date: 
08/02/2021). To ensure the relevance of the included 
nCR, we limited our search to systematic reviews pub-
lished in Core Clinical Journals, as de!ned by the U.S 
National Library of Medicine [26].

Titles and abstracts were screened and potentially eli-
gible reviews selected based on their full text publications 
by two authors (MG, NK) independently. Discrepancies 
were resolved by discussion and, if necessary, by involv-
ing a third author (NS). We identi!ed more poten-
tially eligible nCR and selected, strati!ed by publication 
year, a random sample of 50 nCR published within the 

Conclusions Our !ndings indicate that limitations in reporting of trial time-to-event analyses translate to the review 
level as well. Inconsistent reporting of meta-analyses of time-to-event outcomes necessitates additional reporting 
standards.
Keywords Systematic review, Meta-analysis, Time-to-event outcomes, Survival analysis, Reporting quality, 
Quantitative analysis
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publication time of the CR. !e random selection was 
performed by a third author not involved in the selec-
tion of reviews and extraction of data by using a random 
numbers generator.

Our assessment was limited to meta-analyses of out-
comes under the main review comparison, which was 
in case of multiple comparisons the "rst comparison 
reported in the abstract. We did not assess any sub-
group or sensitivity analyses. When the total and subto-
tal results for an individual eligible meta-analysis were 
reported, we extracted data on the total summary mea-
sure only. For feasibility, we excluded comparisons with 
one or more time-to-event meta-analyses that included 
more than 20 trials.

Data extraction
All extractions were performed in duplicate by two 
authors (NK, CI, CH, AB, MG) (25 reviews extracted 
independently, 75 reviews double-checked after su#-
cient agreement). !e data extraction sheet was devel-
oped a priori, piloted, and implemented on the data 
management platform Ninox (ninox.com). It was devel-
oped based on experience from previous methodologi-
cal surveys of systematic reviews and based on published 
proposals for the reporting of time-to-event analyses in 
study publications [14, 15, 20, 27]. Any potential discrep-
ancies were resolved by discussion and, where necessary, 
by involving a third author (NS). We provide our com-
plete extraction sheets, including all items, their descrip-
tions and response options in the appendix (Table A2, 
Additional File 1).

Statistical analysis
Data are analyzed descriptively by means of absolute and 
relative frequencies for categorical data and medians, 
means and variability measures for continuous data.

We anticipated considerable di$erences in the handling 
of time-to-event speci"c trial characteristics between 
systematic review types (CR vs. nCR) and between dif-
ferent outcomes. Cochrane reviews are published under 
strict accordance with the Cochrane Handbook and 
without wording restrictions [22]. Because of these dis-
tinctions, we report our "ndings strati"ed by CR and 
nCR, even though our primary intent is not to compare 
review types. In addition, we present our "ndings strati-
"ed into three outcome categories in appendix tables that 
extend the data included in the text: Overall survival/all-
cause mortality, composite outcomes including all-cause 
mortality and outcomes not including all-cause mortal-
ity, because of their di$erent susceptibility to competing 
events, measurement robustness and relative importance.

Results
We provide a %ow diagram (A3), a description of our 
search results (A4) and a list of all included reviews (A5) 
in the appendix (Additional File 1).

Characteristics of included reviews
!e majority of reviews were published in 2017 and most 
frequently addressed oncological research questions in 
adults at advanced clinical stages and compared biolog-
ics/drugs to biologics/drugs (Table  1; extended data in 
appendix-table A6, Additional File 1).

!ey included a median of "ve studies (interquartile 
range (IQR) 4–8) with a median of four studies (IQR 3–7) 
in time-to-event outcome analyses. !e median over-
all population was 1722 participants (IQR 978–4390) 
with 811 participants (IQR 308–2876) in time-to-event 
meta-analyses.

Analyzed time-to-event outcomes
Reviews reported overall a median of "ve (IQR 4–8) 
outcomes, containing a median of two (IQR 2–2) time-
to-event outcomes in their methods sections. Median 
"ve (IQR 3–6) outcomes and a median (IQR 1–2) of two 
time-to-event outcomes were analyzed quantitatively in 
meta-analyses. In several reviews, not all time-to-event 
outcomes mentioned in the methods were analyzed, 
primarily because the included trials did not assess the 
respective outcome. !e most frequently planned time-
to-event outcomes were overall survival, all-cause death 
or death from any cause in 89% and progression-free 
survival in 39% of reviews. !ey were also the most com-
monly analyzed outcomes. !e majority of reviews (69% 
(69/100 reviews); CR: 92% (46/50 reviews), nCR: 46% 
(23/50 reviews)) selected a time-to-event outcome as pri-
mary outcome, which commonly was overall survival, all-
cause mortality or death from any cause (appendix-table 
A7, Additional File 1).

Overall, the reviews analyzed 217 individual time-
to-event outcomes (Table  2; extended data in appen-
dix-table A7, Additional File 1). If grouped by outcome 
type, 41% (89/217 outcomes) of analyzed outcomes 
solely addressed the outcome event all-cause death, i.e., 
overall survival or all-cause mortality, 29% (63/217 out-
comes) were composite outcomes that included all-cause 
death as outcome event, e.g., progression-free survival, 
and 30% (65/217 outcomes) were outcomes that did not 
include all-cause death. Outcome de"nitions were pro-
vided for less than half (48% (104/217 outcomes); CR: 
83% (77/93 outcomes), nCR: 22% (27/124 outcomes)) 
of all review time-to-event outcomes. 22% (47/217 out-
comes) of outcomes were composite outcomes for which 
composing events were commonly reported. Starting 
points of follow-up for individual outcomes were not 
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Reviews Overall 
(N = 100)

Cochrane 
(n = 50)

Non-Cochrane 
(n = 50)

Publication
Publication year 2017 36% (36) 36% (18) 36% (18)

2018 28% (28) 28% (14) 28% (14)
2019 18% (18) 18% (9) 18% (9)
2020 18% (18) 18% (9) 18% (9)

Journal Impact Factor 2021 Median (IQR) 11.87* 4.41 (3.33–6.18)
Mean (Range) 11.87* 6.37 (1.817–35.86)

Update of previous review 27% (27) 50% (25) 4% (2)
Multiple comparisons 28% (28) 44% (22) 12% (6)
Population
Medical !eld Neoplasms 82% (82) 86% (43) 78% (39)

Circulatory system 11% (11) 4% (2) 18% (9)
Other 7% (7) 10% (5) 4% (2)

Medical condition Breast cancer 13% (13) 10% (5) 16% (8)
Colorectal cancer 9% (9) 8% (4) 10% (5)
Non-small cell lung cancer 8% (8) 6% (3) 10% (5)
Prostate cancer 6% (6) 12% (6) 0% (0)
Other 7% (7) 62% (31) 64% (32)

Age group# Adults 96% (96) 98% (49) 94% (47)
Comparisons

Biologics/ drug vs. Biologics/ drug 37% (37) 24% (12) 50% (25)
Surgical procedure vs. Surgical procedure 7% (7) 8% (4) 6% (3)
Biologics/ drug vs. Supportive/ Optimal care 4% (4) 4% (2) 4% (2)
Biologics/ drug vs. Observation 4% (4) 0% (0) 8% (4)
Other 48% (48) 64% (32) 32% (16)

Outcomes
Planned outcomes Median (IQR) 5 (4–8) 7 (5–8) 4 (3–5)

Mean (Range) 5.79 (1–15) 6.82 (3–12) 4.67 (1–15)
TTE outcomes in methods Median (IQR) 2 (2–2) 2 (2–3) 2 (2–2)

Mean (Range) 2.39 (1–12) 2.17 (1–4) 2.62 (1–12)
OS, ACM or death from any cause 89% (89) 88% (44) 90% (45)
Progression-free survival 44% (44) 36% (18) 52% (26)
Disease-free survival 13% (13) 16% (8) 10% (5)
Myocardial infarction 5% (5) 0% (0) 10% (5)
Stroke 5% (5) 0% (0) 10% (5)
Other§ 72% (72) 74% (37) 70% (35)
Unclear/ Not reported 5% (5) 2% (2) 3% (3)

Outcomes analyzed Median (IQR) 5 (3–6) 5 (4–6,75) 4 (2,25–5)
Mean (Range) 4.83 (1–12) 5.34 (1–12) 4.32 (1–12)

TTE outcomes analyzed Median (IQR) 2 (1–2) 2 (1–2) 2 (2–2)
Mean (Range) 2.23 (1–12) 1.92 (1–4) 2.54 (1–12)
OS, ACM or death from any cause 89% (89) 84% (42) 94% (47)
Progression-free survival 39% (39) 26% (13) 52% (26)
Disease-free survival 10% (10) 10% (5) 10% (5)
Myocardial infarction 6% (6) 0% (0) 12% (6)
Stroke 5% (5) 0% (0) 10% (5)
Other 78% (78) 70% (35) 86% (43)

TTE outcome(s) in methods not among analyzed 11% (11) 20% (10) 2% (1)
Reasons for di"erence Outcome not in trial(s) 7% (7) 14% (7) 0% (0)

No TTE data in trial(s) 2% (2) 2% (1) 0% (0)
Not pooled due to heterogeneity 1% (1) 2% (1) 0% (0)
Not reported 1% (1) 0% (0) 2% (1)

Table 1 Summary of review characteristics
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regularly de!ned, but if they were, it most often was 
randomization.

Results of time-to-event meta-analyses were typically 
(54% (118/217 outcomes)) reported as absence of event 
only, e.g., survival, as opposed to reporting of results 
as events, e.g., death. Some review authors reported 
the same outcome inconsistently as event and absence 
thereof, few explained their decision. Outcomes not 
including all-cause death were most frequently reported 
as events (appendix-table A7, Additional File 1).

General methodological characteristics of reviews and 
their time-to-event outcome analyses
Less than half (43% (43/100 reviews); CR: 72% (36/50 
reviews), nCR: 14% (7/50 reviews)) of reviews reported 
the primary trial analysis (e.g., intention-to-treat, per 
protocol, etc.) that was preferred for meta-analysis 
(appendix-table A8, Additional File 1). Review authors 
preferred analyses according to the intention-to-treat 
approach in all cases. "e actually included analy-
sis principles, also commonly per intention-to-treat, 

Table 2 Characteristics of time-to-event outcomes in reviews
Reviews TTE 

outcomes
Overall 
(N = 100)

Cochrane 
(n = 50)

Non-Co-
chrane 
(n = 50)

Overall
(N = 217)

Cochrane 
(n = 93)

Non-Co-
chrane 
(n = 124)

TTE outcome de!nitions provided 55% (55) 80% (40) 30% (15) 48% (104) 83% (77) 22% (27)
Composite TTE outcomes Yes 39% (39) 42% (21) 36% (18) 22% (47) 24% (22) 20% (25)

Unclear/ Not reported 28% (28) 12% (6) 44% (22) 14% (30) 8% (7) 19% (23)
Composite events described for composite outcome 87% (34) 90% (19) 83% (15) 87% (41) 91% (20) 84% (21)
All-cause death part of outcome Yes 91% (91) 86% (43) 96% (48) 57% (124) 65% (60) 52% (64)

Unclear 31% (31) 14% (7) 48% (24) 14% (31) 8% (7) 19% (24)
Death as competing event possible Yes 29% (29) 40% (20) 18% (9) 29% (64) 28% (26) 31% (38)

Unclear 31% (31) 16% (8) 46% (23) 15% (32) 10% (9) 19% (23)
Outcomes reporting as events or absence Absence of event only 61% (61) 48% (24) 74% (37) 54% (118) 53% (49) 56% (69)

Event only 24% (24) 26% (13) 22% (11) 37% (81) 30% (28) 43% (53)
Both (with reasoning) 5% (5) 10% (5) 0% (0) 5% (10) 11% (10) 0% (0)
Both (without reasoning) 8% (8) 12% (6) 4% (2) 4% (8) 6% (6) 2% (2)

Follow-up start in outcome de!nitions Randomization 32% (32) 48% (24) 16% (8) 32% (70) 57% (53) 14% (17)
Allocated treatment 2% (2) 2% (1) 2% (1) 2% (4) 2% (2) 2% (2)
Enrollment 2% (2) 2% (1) 0% (0) 3% (6) 6% (6) 0% (0)
Not applicable (e.g., 
start of follow-up not 
reported)

62% (62) 46% (23) 82% (41) 62% (135) 32% (30) 85% 
(105)

Abbreviations ACM = all-cause mortality, HR = hazard ratio, IPD = individual participant data, OS = overall survival, TTE = time to event

Reviews Overall 
(N = 100)

Cochrane 
(n = 50)

Non-Cochrane 
(n = 50)

Not applicable 89% (89) 80% (40) 98% (49)
Sample size
Included studies Median (IQR) 5 (4–8) 5 (3–10) 6 (4–8)

Mean (Range) 6.69 (2–24) 7.12 (2–24) 6.26 (2–19)
Total population Median (IQR) 1722 (97–4390) 1415 (572–4022) 1866 (1395–4526)

Mean (Range) 3877 (170–56004) 2795 (170–13216) 4911 (343–56004)
Not reported 12% (12) 14% (7) 10% (5)

Studies in TTE-MA Median (IQR) 4 (3–7) 4 (2–6) 5 (4–7)
Mean (Range) 5.25 (2–19) 5.05 (2–19) 5.40 (2–19)

Population in TTE-MA Median (IQR) 811 (308–2876) 711 (177–2327) 1042 (698–3173)
Mean (Range) 5745 (181–38723) 2656 (181–13949)§ 8985 (482–38723)
Not reported 23% (49) 8% (7) 34% (42)

Abbreviations IQR = interquartile range, MA = meta-analysis, TTE = time-to-event

* All CR share the impact factor of the Cochrane Database of Systematic Reviews; # One CR included children and adults, for three nCR no information was provided. 
§ None of the analyzed outcomes under “Other” were used in more than four reviews. § This number exceeds the upper range of the total review population, since 
the review including the respective analysis did not report a total review population)

Table 1 (continued) 



 39 

Page 6 of 12Goldkuhle et al. BMC Medical Research Methodology          (2024) 24:291 

were reported in 38% (38/100 reviews; CR: 54% (27/50 
reviews), nCR: 22% (11/50 reviews)) of reviews. Few 
reviews (15% (15/100 reviews); CR: 26% (13/50 reviews), 
nCR: 4% (2/100 reviews)) reported if they used adjusted 
or unadjusted e!ect estimates from trials for meta-anal-
yses. "e most frequent options were eligibility of both, 
analyses adjusted for covariates or unadjusted analyses 
only. Handling divergently adjusted e!ects was sporadi-
cally reported: e.g., as potential source of heterogeneity 
between trials or as combined in the same analysis, and 

discrepancies in adjustment of e!ects were seldomly 
mentioned. None of the reviews compared covariate 
adjusted and unadjusted trial estimates.

To address statistical heterogeneity between trials, 
review authors commonly reported subgroup analyses or 
a random-e!ects meta-analysis (Table 3). Time-to-event 
data was most frequently pooled with random-e!ects 
models and the inverse variance method.

Table 3 General methodological characteristics of time-to-event outcome meta-analyses in reviews
Reviews Overall 

(N = 100)
Cochrane 
(n = 50)

Non-Cochrane 
(n = 50)

Methods to pool time-to-event data speci!ed in review methods
Random-e!ects model Inverse variance 38% (38) 48% (24) 28% (14)

Hartung-Knapp-Sidik-Jonkman 2% (2) 0 (0%) 2% (2)
Not reported 6% (6) 4% (2) 8% (4)

Fixed-e!ect model Inverse variance 7% (7) 12% (6) 2% (1)
Other (Peto or Mantel-Haenszel) 3% (3) 4% (2) 2% (1)
Not reported 1% (1) 0% (0) 2% (1)

Either, depending on heterogenity Inverse variance 15% (15) 18% (9) 12% (6)
Mantel-Haenszel or inverse variance 3% (3) 0% (0) 6% (3)
Not reported 22% (22) 22% (11) 22% (11)

Both (e.g., one as sensitivity analysis) Inverse variance 5% (5) 4% (2) 6% (3)
Other* 2% (2) 0% (0) 4% (2)
Not reported 5% (5) 6% (3) 4% (2)

Model and method not reported 2% (2) 2% (1) 2% (1)
Heterogeneity parameter speci"cation# DerSimonian-Laird 31% (27) 22% (9) 39% (18)

Paule-Mandel 2% (2) 0% 4% (2)
Not reported 66% (58) 78% (32) 57% (26)

Methods to pool time-to-event data used in results (e.g., indicated in forest plot)
Random e!ects Inverse variance 57% (57) 72% (36) 42% (21)

Not reported 11% (11) 0% (0) 22% (11)
Fixed-e!ect Inverse variance 24% (24) 24% (12) 24% (12)

Peto 2% (2) 2% (1) 2% (1)
Not reported 4% (4) 0% (0) 8% (4)

Both (e.g., one as sensitivity analysis) Inverse variance 4% (4) 2% (1) 6% (3)
Not reported 2% (2) 0% (0) 4% (2)

Model and method not reported 1% (1) 2% (1) 0% (0)
Handling of heterogeneity
Heterogeneity handling per review Subgroup analyses 59% (59) 80% (40) 38% (19)

Random-e"ects meta-analysis performed 55% (55) 54% (27) 56% (28)
No pooling if too heterogeneous 12% (12) 24% (12) 0% (0)
Meta-regression 7% (7) 4% (2) 10% (5)
Unclear/ Not reported 15% (15) 2% (2) 26% (13)

Heterogeneity handling per outcome Subgroup analyses 9% (9) 16% (8) 2% (1)
Subgroup analyses and meta-regression 2% (2) 4% (2) 0% (0)
Meta-regression 1% (1) 0% (0) 2% (1)
Shared frailty survival model (based on IPD) 1% (1) 0% (0) 2% (1)
Not reported per outcome 87% (86) 80% (40) 94% (47)

Abbreviations HR = hazard ratio IPD = individual participant data, MA = meta-analysis

* Other includes one review that reported the use of the inverse variance method under a random e!ects model and, in case of available data (O-E and variance) in 
trial publications, the Peto’s method for a "xed-e!ects model. It includes a second review that reported the use of the inverse variance method for random-e!ects 
meta-analysis and the Mantel-Haenzel method for a separate "xed-e!ects meta-analysis; # Applies to 87 reviews (CR: 41; nCR: 46) which reported to perform a 
random-e!ects model in their methods, either alone, depending on the degree of heterogeneity or together with a "xed e!ects model
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Time-to-event speci!c methods used in the included 
systematic reviews
Methods to obtain time-to-event summary data from 
included trials varied substantially (Table  4; extended 
data in appendix-table A9, Additional File 1). In 36% 
(18/50) of nCR no approaches to retrieve time-to-event 
data were reported. "e most frequently used methods 
were direct inclusion of available HRs in 64% (64/100 
reviews), particular sets of methods, e.g., those collected 
by Tierney [1] or Parmar [28], in 46% (46/100 reviews), 
and available log(HR)s with a standard error in 16% (16/ 
100 reviews) of reviews. Data sources, if reported for 
individual outcomes, were most frequently HRs and con-
#dence intervals, P-values with other information and 

survival curves. In total, 63% (63/100) of reviews reported 
at least one approach to recalculate summary time-to-
event data from trial publications, in contrast to 16% 
(16/100) reviews that reported only HRs and con#dence 
intervals. For individual review outcomes, 18% (18/100) 
of reviews reported any approach to recalculate summary 
time-to-event data. Review authors who reported direct 
inclusion of a HR or log(HR), most often did not provide 
further speci#cations of the eligible HR. Sporadic speci-
#cations include HRs from Cox models, log-rank tests or 
survival curves or HRs recalculated from median survival 
times.

Risk of bias assessments were predominately per-
formed with the Cochrane Risk of Bias 1 tool on study 

Table 4 Time-to-event speci!c methods applied in reviews
Reviews TTE 

outcomes
Overall 
(N = 100)

Cochrane 
(n = 50)

Non-Co-
chrane 
(n = 50)

Overall
(N = 217)

Cochrane 
(n = 93)

Non-
Co-
chrane 
(n = 124)

HR type eligible in reviews HR/ log(HR) not further speci!ed 91% (91) 94% (47) 88% (44) NA NA NA
HR/ log(H)R from Cox model 2% (2) 4% (2) 0% (0) NA NA NA
HR / log(HR) from Cox model, log-rank 
test and Kaplan Meier Curve

1% (1) 2% (1) 0% (0) NA NA NA

Not reported 6% (6) 0% (0) 12% (6) NA NA NA
HR types eligible per outcome HR/ log(HR) from Cox model 1% (1) 2% (1) 0% (0) 0% (1) 1% (1) 0% (0)

HR / log(HR) from median survival 
times and con!dence intervals

1% (1) 2% (1) 0% (0) 0% (1) 1% (1) 0% (0)

Unclear/ Not reported 98% (98) 96% (48) 100% 
(50)

99% 
(215)

98% (91) 100% 
(124)

Methods to obtain TTE data per review HR and con!dence intervals 64% (64) 66% (33) 62% (31) NA NA NA
Speci!ed set of methods (e.g., Tierney 
2007, Cochrane Handbook, etc.)

46% (46) 76% (38) 16% (8) NA NA NA

log(HR) and standard error 16% (16) 26% (13) 6% (3) NA NA NA
Survival curves 13% (13) 14% (7) 12% (6) NA NA NA
HR with other information (e.g., events 
per arm, total events, etc.)

10% (10) 16% (8) 4% (2) NA NA NA

P-value with additional information 
(e.g., total events, etc.)

8% (8) 8% (4) 8% (4) NA NA NA

Other* 11% (11) 14% (7) 8% (4) NA NA NA
Unclear/ Not reported 22% (22) 8% (4) 36% (18) NA NA NA

Recalculation of TTE data reported for 
outcome

18% (18) 34% (17) 2% (1) NA NA NA

Methods to obtain TTE data for 
outcome

HR and con!dence intervals 9% (9) 18% (9) 0% (0) 7% (16) 17% (16) 0% (0)

P-value together with additional infor-
mation (e.g., events, etc.)

4% (4) 8% (4) 0% (0) 5% (10) 11% (10) 0% (0)

Survival curves 7% (7) 12% (6) 2% (1) 5% (10) 10% (9) 1% (1)
Other# 6% (6) 12% (6) 0% (0) 5% (11) 12% (11) 0% (0)
Unclear/ Not reported 90% (90) 80% (40) 100% 

(50)
89% 
(193)

75% (70) 99% 
(123)

Abbreviations ACM = all-cause mortality, HR = hazard ratio, IPD = individual participant data, OS = overall survival, TTE = time to event

* Other includes, for example, individual participant data (recalculated or from publication), median survival times and time-point speci!c survival times; # Other 
includes, for example, HR with other information (e.g., events per arm, total events, etc.), time-point speci!c survival times, IPD recalculated or from publication and 
median survival times
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level. Time-to-event speci!c risk of bias criteria were 
applied in four CR, addressing informative censoring and 
competing events. Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) certainty 
of the evidence ratings were included in all CR and 14% 
(7/50 reviews) of nCR, none of which described crite-
ria one could consider time-to-event speci!c. 45% of 
all assessed time-to-event outcomes were included in 
GRADE Summary of Findings tables.

Results of meta-analyses
Table 5 presents the results of time-to-event meta-anal-
yses in included reviews. According to the con!dence 
intervals of individual time-to-event meta-analyses, most 
reviews included at least one analysis which showed sta-
tistically signi!cant or non-signi!cant e#ects in favor of 
the intervention as indicated by the review authors. Most 
analyses showed relative risk reductions between 1 and 
0.5 as indicated by their point estimates.

Regarding the directionality of the HR as a relative 
e#ect measure, in almost all reviews the pooled HRs were 
applicable to events, meaning that review authors consid-
ered occurrence of the event of interest as basis for their 
calculation, and a pooled HR ≤ 1 indicated a decreased 
risk. Inversion of trial HRs in accordance with the direc-
tion of the meta-analysis HR was reported for none of the 
time-to-event outcomes.

Handling of speci!c trial characteristics with relevance for 
time-to-event outcome analysis and interpretation
Heterogenous outcome de!nitions between trials were 
discussed in eight reviews (appendix-table A10, Addi-
tional File 1). Follow-up durations of included trials were 
frequently not speci!ed. If they were, most often, reviews 
(5%, 5/100) reported a required minimum duration for 
all review outcomes or, for individual time-to-event out-
comes, reported to use the longest follow-up available 
for each trial (8% (8/100 reviews)). Few reviews indicated 
how they dealt with potential varying follow-up between 

Table 5 Summary of time-to-event meta-analyses results in the included reviews
Reviews TTE 

outcomes
Overall 
(N = 100)

Cochrane 
(n = 50)

Non-Co-
chrane 
(n = 50)

Overall
(N = 217)

Cochrane 
(n = 93)

Non-Co-
chrane 
(n = 124)

Result* Favourable, statistically signi!cant 52% (52) 40% (20) 64% (32) 40% (86) 32% (30) 45% (56)
Favourable, statistically 
non-signi!cant

57% (57) 54% (27) 60% (30) 38% (83) 40% (37) 37% (46)

Unfavourable, statistically signi!cant 7% (7) 6% (3) 8% (4) 5% (10) 3% (3) 6% (7)
Unfavourable, statistically 
non-signi!cant

25% (25) 36% (18) 14% (7) 16% (35) 23% (21) 11% (14)

Direction of e"ect undetermined 
(HR = 1)

3% (3) 4% (2) 2% (1) 1% (3) 2% (2) 1% (1)

Size of HR point estimate > 2 5% (5) 6% (3) 4% (2) 3% (6) 4% (4) 2% (2)
< 2, >1 24% (24) 34% (17) 14% (7) 18% (38) 20% (19) 18% (19)
1 3% (3) 4% (2) 2% (1) 1% (3) 2% (2) 1% (1)
< 1, > 0.5 83% (83) 72% (36) 94% (47) 72% (156) 66% (61) 77% (95)
< 0.5 13% (13) 12% (6) 14% (7) 6% (14) 8% (7) 6% (7)

I2value Median (IQR) NA NA NA 5 (0–48.81) 0 (0–41.935) 20 (0–55.9)
Mean (range) NA NA NA 25.36 (0–97) 21.22 

(0–85.36)
28.55 
(0–97)

Not reported NA NA NA 3% (6) 1% (1) 4% (5)
HR for event or non event Event 98% (98) 98% (49) 98% (49) 99% (214) 99% (92) 98% (122)

Unclear 2% (2) 2% (1) 2% (1) 1% (3) 1% (1) 2% (2)
Interpretation of HR < 1# Decreased risk of event 96% (96) 96% (48) 96% (48) 98% (212) 98% (91) 98% (121)

Increased risk of event 2% (2) 2% (1) 2% (1) 1% (2) 1% (1) 1% (1)
Unclear 2% (2) 2% (1) 2% (1) 1% (3) 1% (1) 2% (2)

Trial HRs inverted Not reported 100% 
(100)

100% (50) 100% (50) 100% (217) 100% (93) 100% 
(124)

Abbreviations: HR = hazard ratio; IQR = interquartile range

* The designation “favourable/ unfavourable” is based on the review authors de!nition of the intervention, e.g., speci!ed in Summary of Findings tables, e.g., 
“favourable”, when they interpreted a HR < 1 as bene!cial for their designated intervention. It is based on the point estimate. # Interpretation of a HR < 1 as decreased/
increased risk of the event is based on the review authors designated intervention and their interpretation. If in their forest plot a HR < 1 for overall survival was 
reported as “favors the intervention”, for example, it was clear that the HR represents a decreased the risk of the event (death), even though it is referred to as absence 
of the event (overall survival) by the review authors
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trials, e.g., through sensitivity analyses or meta-regres-
sion. Some mentioned varying follow-up times in the 
results and discussion sections.

Some form of handling of missing outcome data in 
trials was mentioned in all CR and 48% (24/50 reviews) 
of nCR. Most review authors included it among risk 
of bias criteria and it was mentioned in the majority of 
reviews, but outcome speci!cally only in two CR. Infor-
mative censoring, competing events, in particular deaths 
as competing events, and treatment switching were 
reported as risk of bias criteria and otherwise mentioned 
in the results and discussion sections of singular reviews. 
"ree reviews described sensitivity analyses for treat-
ment switching, e.g., according to the rates of switchers. 
No review reported an assessment of the proportional 
hazards assumption of included time-to-event analyses.

Absolute e!ects for communication of "ndings
44% (44/100 reviews; CR: 80% (40/50 reviews), nCR: 8% 
(4/50 reviews)) of reviews used complementary absolute 
e#ect estimates (e.g., natural frequencies or risk di#er-
ences) that were calculated based on the pooled HRs to 
communicate the results of their time-to-event meta-
analyses (appendix-table A11, Additional File 1). None of 
the reviews reported the use of more complex and direct 
methods to estimate absolute e#ects for their meta-ana-
lyzed time-to-event outcomes, such as separate meta-
analyses of the risk di#erence, simulation or bivariate 
models incorporating a baseline risk in the meta-analysis 
[29]. In six reviews, authors did explicitly not calculate 
absolute e#ects because outcomes “were time-to-event 
outcomes”. Most frequently used were natural frequen-
cies, e.g., the number of participants experiencing an 
event until a given time-point among 1000 participants 
under observation. Baseline risks used to calculate abso-
lute e#ects were mostly applicable to events. In a third 
of reviews, the outcome descriptions did not match the 
absolute e#ect descriptions (e.g., overall survival used 
for result reporting throughout the review, but absolute 
e#ects reported as all-cause mortality). "e absolute 
e#ect description was adapted in seven CR with reason-
ing and in two reviews without any reasoning. Overall, 
correctly calculated and reported absolute e#ects were 
available in about a quarter (22% (22/100 reviews); CR: 
40% (20/50 reviews), nCR: 4% (2/50 reviews)) of reviews. 
Correctly calculated but discrepantly labeled absolute 
e#ects were available in 10% (5/50 reviews) of CR. "ey 
were incorrect in 12% (6/50 reviews) of CR, where a HR 
for events was multiplied with a baseline risk for absence 
of events. In 7% (7/100 reviews) of reviews the inter-
pretation of the absolute e#ect was unclear, because the 
direction of the baseline risk was not clear.

Discussion
In summary, the majority of reviews that included meta-
analyses of time-to-event outcomes addressed neoplasms 
and assessed all-cause mortality. Less than half of their 
analyzed outcomes were time-to event outcomes and 
outcome de!nitions for time-to-event outcomes were 
provided only in half of reviews.

"e eligible analyses, e.g., intention-to-treat or per pro-
tocol, or unadjusted or adjusted analyses, were not always 
reported and information regarding the actually included 
analyses was rarely given. Methods to obtain time-to-
event data varied substantially, prominently reported 
were direct inclusion of the HR and complete sets of 
recalculation methods, and were seldomly provided for 
individual outcomes.

In most cases the random-e#ects model was used for 
summarizing the estimated study treatment e#ects. 
"e most prominently used method was the DerSimo-
nian-Laird method [30]. Only in two reviews the Har-
tung-Knapp-Sidik-Jonkman (HKSJ) method was used, 
contrary to the recommendation of using HKSJ as stan-
dard approach for random-e#ects meta-analyses in the 
literature [31].

Although outcomes were most frequently presented 
in text as absence of event, the meta-analyzed HRs were 
almost entirely calculated based on rates of events and a 
HR < 1 indicated a lower risk in experimental arm. "e 
results of the assessed meta-analyses were predominantly 
favorable (in 78%). Absolute e#ects based on these results 
were common in CR, however, in some reviews these 
were described or calculated incorrectly.

Lastly, trial characteristics with relevance to time-to-
event outcome analysis, for example varying follow-up, 
adjusted/unadjusted e#ect estimates, informative cen-
soring, competing events, treatment switching and pro-
portional hazards, were only infrequently included in 
additional assessments (e.g., sensitivity analyses, risk of 
bias or certainty assessments) and seldomly mentioned 
throughout review texts at all.

To our knowledge, and in contrast to previous meth-
odological surveys of general systematic review methods 
and reporting, this is the !rst assessment of time-to-
event speci!c methods and time-to-event speci!c report-
ing of a sample of systematic reviews [27, 32]. For 
reporting of time-to-event analyses in study publications, 
several previous assessments found considerable limita-
tions: e.g., infrequent reporting of start and end points of 
the observation, censoring reasons, follow-up times and 
calculation, as well as exact numbers of events and cen-
sored observations [13–17]. Furthermore, assumptions 
of the models used, such as the proportional hazards 
assumption, were often not veri!ed or important details 
of statistical modelling were withheld [14, 16].
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!ese "ndings were con"rmed by a recent study that 
assessed trials included in meta-analyses of a random 
subset of the here analyzed reviews [33]. !e study iden-
ti"ed shortcomings in the reporting of time-to-event 
analyses in trial publications that are consistent with the 
limitations visible in review publications. !ese short-
comings relate to, for example, outcome de"nitions and 
trial characteristics relevant for the validity of time-to-
event analyses. Some items, such as the types of analyses 
(e.g., intention-to-treat) and the adjustment of estimates 
were more consistently reported in trial publications 
than in their including reviews. Limitations and discrep-
ancies in reporting of time-to-event analysis in trial pub-
lications introduce considerable di#culties for review 
authors. It seems reasonable to assume that the problem-
atic reporting at trial level has an impact on reporting on 
review level. However, the limited reporting in trial pub-
lications was hardly or not at all addressed in the reviews 
themselves.

Methodological guidance for including time-to-event 
data in aggregate data meta-analyses exists and authors 
should follow these guidelines [1, 22, 28]. Irrespective of 
whether lack and variability of reporting in many of our 
assessed items translates into a neglect of the respec-
tive issues, limited reporting in review publications 
endangers misinterpretation of e$ects and certainty 
therein. For example, in a few cases the directionality of 
the pooled HR was unclear, either because it remained 
unclear whether the HR was representative of events or 
the absence of events, or because it was unclear whether 
an HR < 1 favored the intervention or the comparator. At 
worst, this can lead to a misinterpretation of e$ects in the 
opposite direction.

To enhance the quality of systematic reviews including 
aggregate data meta-analyses of time-to-event outcomes, 
a central implication of our assessment is the need for 
reporting standards that extend the currently available 
general reporting guidance [23]. While reporting stan-
dards for study publications that report on time-to-event 
analyses have been proposed, e.g., by Altman et al. [15] 
and Abraira et al. [14], such standards are currently not 
available for systematic reviews. As a product of the here 
reported methodological study, a respective reporting 
guideline is currently in development [34]. In addition, 
focused methodological guidance could increase review 
conductors’ awareness for more speci"c hardships, e.g., 
informative censoring, competing events and propor-
tional hazards [5, 24]. Editors of biomedical journals 
also have a role in assuring the quality of the systematic 
reviews they publish. Without standards for the analysis 
and reporting of time-to-event outcomes in systematic 
reviews, they face certain di#culties. Future guidelines 
would therefore also be extremely helpful for them.

Variability in reported sources for time-to-event data in 
included reviews is a core "nding of our study. Exclusion 
of studies because of perceived insu#cient data does not 
only lead to less precise meta-analysis results but might 
also cause bias. !e variety of approaches to recalculate 
time-to-event summary data from primary trials is there-
fore a critical predictor of review quality. In addition, the 
robustness of individual recalculation methods should 
be considered, and hierarchical selection of approaches 
could be advised. A recent study, for example, compared 
survival curve-based approaches to published HR and 
found that the method to reconstruct individual par-
ticipant data by Guyot et al. [35] had the smallest bias 
and largest precision. Should established recalculation 
methods fail due to absence of data, it must be discussed 
whether to resort to less conventional methods. In an 
assessment of Cochrane reviews, Salika et al. [18] found 
that binary analysis of time-to-event outcomes could 
be feasible under low event probabilities. !ey suggest 
complementary log-log links as possible option for the 
case that only binary data are available. Particularly for 
situations with non-proportional hazards and for ease of 
interpretation, meta-analysis on the restricted mean sur-
vival time is an attractive option, which requires, how-
ever, recalculation of individual participant data using 
one of many available approaches [36].

Strengths and limitations
We provide an in-depth view on the current landscape 
of systematic reviews following rigorous, prespeci"ed 
methods. Duplicate performance of relevant steps and 
structured forms warrant robustness despite the consid-
erable extent of data. To deal with the large amount of 
data for extraction, we chose a two stage process: First, 
we extracted the data for 25 reviews in duplicate and 
then, with su#cient agreement (less than < 10% discrep-
ancy), we continued extracting data in a double-checked 
manner, with one project participant performing the 
extraction and a second independent project participant 
checking the extracted data in the review publications.

We aligned our sample on a "xed number of CR to 
ensure a view on methods and reporting in reviews from 
a well-established source often considered the gold-stan-
dard. !is may have led us to underestimate the size of 
the observed problems in the overall biomedical litera-
ture. For inference to the general landscape of systematic 
reviews, we included a large number of non-Cochrane 
reviews. We restricted the reviews to those published 
in Core Clinical Journals to ensure an elevated publica-
tion standard of the reviews, thereby also endangering 
possible underestimation of visible problems in relation 
to the overall literature. Because we identi"ed a larger 
number of potentially eligible non-Cochrane reviews 
and for feasibility of our endeavor under its set goals, we 
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drew a random sample from the non-Cochrane reviews 
strati!ed by publication years to meet the number of 
Cochrane reviews. To limit any potential selection bias, 
despite the application of the Core Clinical Journals !l-
ter, the random selection was performed independently 
by a project participant not involved in the selection of 
articles and extraction of data.

We limited our assessment to comparisons of ≤ 20 tri-
als for feasibility of a separate, independent analysis step, 
which could impact the results [33]. As the total number 
of excluded reviews was minimal, 3% CR and 5% nCR 
during full-text screening, we believe the impact to be 
minimal. Finally, and relevant for literature-based meth-
odological assessments in general, we must stress that 
review reporting does not necessarily correspond with 
review performance, e.g., regarding authors approaches 
to retrieve time-to-event data. Yet, reporting of analytic 
steps may re"ect their relative importance to authors 
and might constitute a su#cient surrogate for their 
performance.

Conclusions
We identi!ed variable and often insu#cient reporting 
of time-to-event speci!c features in current systematic 
reviews including aggregate data meta-analyses based on 
the HR. Review authors should rigorously utilize avail-
able methodological guidance for the conduct of their 
analysis. Reporting standards might improve the quality 
of respective reviews.
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6.2. Characteristics, methods and reporting of trials included in meta-
analyses of time-to-event outcomes (Paper 2) 

 
Figure 8: Graphical abstract for paper 2 (162). 

Meta-epidemiological review identified variable reporting and handling of time-to-event 
analyses in publications of trials included in meta-analyses of systematic reviews (Paper 2)

Characteristics, reporting and methods of time-to-event analyses in trial publications 
included in meta-analyses of time-to-event outcomes

Meta-epidemiological study (systematic search (02/2017-08/2020))
• 25 Cochrane reviews and 25 non-Cochrane reviews (Core Clinical Journals)
• All randomized trials in pairwise, hazard ratio (HR)-based meta-analyses
• Primary review outcomes and overall survival/all-cause mortality
• Duplicate extraction of review, trial and trial outcome data

235 trials included in meta-analyses à 315 individual trial time-to-event analyses 
• Overall survival: 64% (201/315 trial analyses)
• Progression-free survival: 17% (52/315 trial analyses)

Goldkuhle M et al. Meta-epidemiological review identified variable reporting and handling of time-to-event analyses in publications of 
trials included in meta-analyses of systematic reviews. Journal of Clinical Epidemiology. 2023;159:174-189.

• Variable and partially deficient reporting of trials included in meta-analyses of time-
to-event outcomes in systematic reviews

• Reporting deficiencies from trials continue at the review level

Trial characteristics relevant for 
time-to-event meta-analysis (n=235) Handling

Missing outcome data Reported: 40% (95) (e.g., excluded from analysis: 18%, censored: 11%, …)

Proportional hazards Tested: 14% (21/145 applicable)
Non-proportional 1% (3) vs. proportional 1% (2) vs. not reported 7% (16)

Competing events Reported: 11% (7/66 applicable) (e.g., cumulative incidence curve: 2%, …)

Treatment switching Reported: 1% (3/222 applicable) (e.g., sensitivity analysis: 1%, …)

Informative censoring Reported: <1% (1) (sensitivity analysis – results not shown)

Trial methods and reporting

Outcomes • Outcome definition reported 61% (192/315 trial analyses)

• Censoring reasons reported 41% (130/315 trial analyses)

• Follow-up start specified 56% (175/315 trial analyses)

Available for trial analyses (n= 315) Used in review (n=315)

• Available time-to-event data 
per trial

• Survival curves: 83% (263)
• Log-rank p-values: 76% (240)
• HR: 72% (226)
• Time-point specific survival: 46% (145)

• HR: 5% (15)
• P-values: 5% (15)
• Other: 8% (25)
• Not reported: 83% (260)

• Analyses types • Intention-to-treat: 70% (220)
• Per protocol: 8% (25)
• Modified intention-to-treat: 5% (15)
• As treated: 2% (7)
• Not reported: 23% (73)

• Intention-to-treat: 69% (216)
• Modified intention-to-treat: 5% (16)
• Other: 3% (8)
• Not reported: 24% (75)

• Adjusted analyses available • Adjusted: 27% (86)
• Stratified: 20% (62)
• Unadjusted: 17% (54)
• Not reported: 22% (70)
• Not applicable (No HR): 28% (87)

• Unadjusted: 25% (80)
• Stratified: 18% (56)
• Adjusted: 13% (41)
• Not reported: 44% (138)
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6.2.1. Publication status 
This article was published in July 2023 in the Journal of Clinical Epidemiology. 
 
The work shares of the individual participants and their involvement in this paper are detailed 
in appendix 11.2.1. 
 
Results of this article were presented at the 27th Cochrane Colloquium in London, UK, in 2023 
(172) and at the 25th Congress of the German Network for Evidence-based Medicine in Berlin 
2024 (173) (chapter 9.4). 

6.2.2. Synopsis (162, 172, 173) 
The second meta-epidemiological study assessed, as previously highlighted, the characteris-
tics, methods and reporting of trials included in meta-analyses of time-to-event outcomes in 
current systematic reviews (162, 172, 173).  
 
The study was also performed according to an a-priori registered protocol (osf.io/5qxbd). It 
assessed trials that were included in 50 systematic reviews (25 Cochrane reviews and 25 non-
Cochrane reviews from Core Clinical Journals), randomly selected from the reviews included 
in the meta-epidemiolocal study on review level (chapter 6.1).  
Data was extracted for trials included in meta-analyses of either the primary review outcome, 
as designated by the review authors, or the first mentioned time-to-event outcome in the review 
publication. In addition, data was extracted for meta-analyses of overall survival or all-cause 
mortality, when assessed as time-to-event outcomes, as these are generally considered the 
most relevant review outcomes.  
The data extraction at trial level and for each individual trial time-to-event outcome included 
information on trial characteristics (e.g., publication dates, outcomes), trial time-to-event out-
comes (e.g., definition, composition and presentation), numeric data (e.g., number random-
ized, number analyzed, loss to follow-up and competing events, follow-up), general trial meth-
ods (e.g., types of analyses, adjustment for covariates), time-to-event outcome-specific meth-
ods (e.g., time-to-event analyses), available time-to-event data (e.g., type of estimators, 
Kaplan-Meier or other survival plots and their presentation), results of time-to-event analyses 
and other study characteristics of particular relevance to time-to-event analyses (e.g., censor-
ing, competing events, treatment switching, proportional hazards) as well as their considera-
tion in trials (e.g., in additional analyses, such as sensitivity analyses). 
Data for systematic reviews that included these trials could be extracted from the review level 
data extraction (chapter 6.1). This allowed comparisons between the trial level and the review 
level data. Data for this sub-project were extracted in duplicate by two project participants and 
the statistical analysis was performed descriptively (171).  
 
The meta-epidemiological study included a total of 235 individual trials with 315 individual time-
to-event analyses that were included in relevant meta-analyses of the 50 selected systematic 
reviews. 
The assessment suggests serious limitations in the reporting of time-to-event analyses in trial 
publications. The study showed, for example, that outcome definitions, explanations of cen-
soring mechanisms and starting points of follow-up data were available for only 61%, 41% and 
56% of the assessed trial outcomes. General trial analysis specific information, such as the 
types of analyses and adjustment for each time-to-event analysis, was more frequently de-
scribed in trial publications, 77% and 78%, than in their associated reviews. Review authors 
reported the respective information for their included trial estimates in 75% and 50% of the 
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time. If reported, review authors most frequently included intention-to-treat analyses and un-
adjusted analyses. 
The types of time-to-event summary data that were available in trial publications for individual 
analyses varied significantly. Most commonly, trialists reported Kaplan-Meier plots, log-rank P 
values and HRs. Looking at which of these trial data the review authors included in their meta-
analyses showed that information on methods used to include individual trial estimates in re-
views was overall rarely reported. If reported, review authors most frequently used directly 
reported HRs or P values.  
Except for missing outcome data, trial characteristics with particular relevance for the reliability 
of time-to-event outcomes, such as informative censoring, treatment switching and propor-
tional hazards, were addressed only sporadically in the trial publications, for example, in addi-
tional analyses. The reporting quality of trials and their including reviews appears similar in this 
respect.  
 
Previous methodological research has indicated that time-to-event analyses are poorly re-
ported (4-8). Focusing on trials included in meta-analyses and taking into account the review 
level, this meta-epidemiological study now points to specific complications for review authors 
and emphasizes that that poor reporting of time-to-event analyses extends over several levels. 
The results suggest that the reporting of time-to-event outcomes in trial publications and the 
handling of possible limitations by review authors require improvement, for example, with re-
porting standards and targeted guidance (see chapter 7.4). 

6.2.3. Full-text publication 
The supplementary material accompanying this publication is provided in appendix 11.2.2. 
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Abstract

Objectives: Previous findings indicate limited reporting of systematic reviews with meta-analyses of time-to-event (TTE) outcomes.
We assessed corresponding available information in trial publications included in such meta-analyses.

Study Design and Setting: We extracted data from all randomized trials in pairwise, hazard ratio (HR)ebased meta-analyses of pri-
mary outcomes and overall survival of 50 systematic reviews systematically identified from the Cochrane Database and Core Clinical Jour-
nals. Data on methods and characteristics relevant for TTE analysis of reviews, trials, and outcomes were extracted.

Results: Meta-analyses included 235 trials with 315 trial analyses. Most prominently assessed was overall survival (91%). Definitions
(61%), censoring reasons (41%), and follow-up specifications (56%) for trial outcomes were often missing. Available TTE data per trial
were most frequently survival curves (83%), log-rank P values (76%), and HRs (72%). When trial TTE data recalculation was reported,
reviews mostly specified HRs or P values (each 5%). Reviews primarily included intention-to-treat analyses (64%) and analyses not
adjusted for covariates (25%). Except for missing outcome data, TTE-relevant trial characteristics, for example, informative censoring,
treatment switching, and proportional hazards, were sporadically addressed in trial publications. Reporting limitations in trial publications
translate to the review level.

Conclusion: TTE (meta)-analyses, in trial and review publications, need clear reporting standards. ! 2023 The Authors. Published by
Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Systematic review; Meta-analysis; Randomized trials; Time-to-event outcomes; Survival analysis; Reporting quality

1. Introduction

Researchers interested in effects of interventions on
longer-term outcomes or outcomes that occur in all partic-
ipants at some point often employ time-to-event (TTE)
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What is new?

Key findings
! We identified variable and often insufficient report-

ing of time-to-event outcomes and associated
methods in publications of randomized trials
included in aggregate data meta-analyses of cur-
rent systematic reviews.

! Limited reporting included critical information
such as outcome definitions, methods, and trial
characteristics relevant for assessing the certainty
of time-to-event analyses, for example, informative
censoring and proportional hazards. Available
time-to-event data varied substantially between
trial publications.

! Limitations in trial reporting translate to review
publications as well.

What this adds to what is known?
! Previous methodological research suggested short-

comings in the reporting of time-to-event outcomes
and analyses in study publications. Focusing on tri-
als included in meta-analyses, we showed that
these limitations have relevance for meta-
analyses in current systematic reviews.

What are the implications and what should be
changed?
! Trial authors should strictly adhere to available re-

porting guidelines for time-to-event analyses in
randomized trial publications. Reporting standards
for meta-analyses of time-to-event outcomes based
on aggregate data are urgently needed.

outcomes [1,2]. TTE analyses measure the occurrence of an
event, for example, death, disease progression, or wound
healing, together with the time until its occurrence and,
for individuals without an observed event (censored obser-
vation), accounts for their time under observation. Survival
plots and probabilities estimated by using the method by
Kaplan and Meier [3], hazard ratios (HRs) estimated by us-
ing the Cox model and various statistical tests, most prom-
inently the log-rank test, constitute the most frequently
used methods for TTE analyses [4,5]. Meta-analyses of
TTE outcomes from aggregate trial data are commonly per-
formed based on the HR, which, for individual trials, can be
included directly or derived from various data sources in
trial publications [4,6,7].

Because TTE analyses are complex, authors of evidence
syntheses depend on rigorous reporting in trial publications
to determine the credibility of their meta-analyses. Trial
HRs are frequently estimated by using Cox models which

assume at least approximate proportionality of the hazards
of compared groups (proportional hazards) over the obser-
vation time [5,8e10]. Missing outcome data, competing
events, and treatment switching impose challenges on inter-
pretation of the results, especially when they lead to naive
censoring of trial participants [1,11e15]. Finally, informa-
tion on more general analytical trial characteristics is
particularly relevant for TTE outcome meta-analyses and
their interpretation. Unfortunately, previous studies have
indicated that reporting of trials including TTE outcomes
is often deficient [16e21].

We explored the characteristics, methodology, and
handling of TTE analyses of trials included in meta-
analyses of current systematic reviews.

2. Methods

We report our assessment in accordance with an adap-
tion of the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses checklist to meta-
epidemiological research [22]. The project is registered un-
der: osf.io/5qxbd.

2.1. Eligibility criteria

We assessed publications of trials that were included in
systematic reviews with a meta-analysis based on aggregate
data from a minimum of two randomized controlled trials
that evaluated a health-related TTE outcome by means of
the HR. We did not impose limitations regarding interven-
tion types, medical fields, or settings, but reviews should
have been available as full-text articles published in En-
glish. Network meta-analyses, previous versions of updated
reviews, and co-publications of Cochrane reviews (CR)
were excluded.

2.2. Identification and selection of reviews and trials

The reviews were part of a separate study on the
handling of TTE outcomes in systematic reviews (Gold-
kuhle et al. 2023, submitted ). Briefly, we randomly selected
25 CR from a sample of CR until August 2020 and 25 non-
Cochrane reviews (nCR) from a corresponding sample pub-
lished during the same time (February 28, 2017 to August
18, 2020). nCR were identified in a systematic search per-
formed by an experienced information specialist (I.M.)
(Appendix A1; February 8, 2021) and limited to reviews
published in Core Clinical Journals, as defined by the US
National Library of Medicine, to ensure relevance of
included reviews [23].

We assessed primary review outcomes or, if not appli-
cable, the first TTE outcome reported in the abstract. If a
review included overall survival/all-cause mortality in a
TTE outcome meta-analysis, we included this analysis as
well, because it is often considered the most relevant
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outcome of a study. For feasibility, we excluded analyses
with more than 20 trials.

For the selected review outcomes, we identified all trial
publications from which TTE data were included in appli-
cable meta-analyses: Systematic reviews often cite multiple
publications of individual included trials. In such cases, we
prioritized publications and outcome data as reported by re-
view authors. Otherwise, we selected trial publications
including an HR and confidence interval that corresponded
to a review’s forest plot HR, or could be inverted accord-
ingly. If no corresponding trial HR was reported or if it
differed from the review reported trial HR in any of the
referenced trial publications, and other TTE data that were
reported could not be directly matched, we selected the
publication that corresponded in follow-up duration and
number of participants if possible. Where a corresponding
trial publication reported multiple sources of TTE data
and it was unclear which was selected by review authors,
we noted this information.

Selection took place in duplicate and independently
(N.K. and M.G.). Potential discrepancies were resolved
by consulting a third author (N.S.).

2.3. Data extraction and statistical analysis

All extractions were performed in duplicate by two au-
thors (N.K., C.I., C.H., A.B., and M.G.) with involvement
of a third author (N.S.) in case of potential discrepancies.
The data extraction sheet was developed and piloted a pri-
ori (Appendix A2). Data were analyzed descriptively by
means of absolute and relative frequencies for categorical
data and medians, means, and variability measures for
count data. To illustrate how review authors approached
items associated with those extracted on trial level, we pre-
sent data extracted for reviews in the tables along with
applicable trial level results.

3. Results

3.1. Search results for reviews and their included trials

A flow diagram (Appendix A3) illustrates our search.
The identified reviews included 235 trials in their pri-

mary and overall survival TTE outcome analyses, resulting
in 315 individual trial analyses of TTE outcomes included
in review meta-analyses. For outcomes of 18 trials, we did
not extract data because either TTE data were not available
in cited publications, or it was unclear which data were
included in the review, or publications were not accessible,
or data were received from a secondary source (Appendix
A4).

3.2. Characteristics of included reviews

Appendix Table A5 presents the characteristics of
included reviews in detail. Most reviews were published

in 2019, addressed questions on neoplasms, and compared
biologics/drugs to biologics/drugs. Reviews included a me-
dian of four studies (interquartile range [IQR] 2.25e5) and
1,521 participants (571e4,580.5) in TTE outcome meta-
analyses. They compared a median of five outcomes (IQR
4e8), among them a median of two (IQR 2e2) of TTE
outcomes.

3.3. Characteristics of trials included in review time-to-
event outcome meta-analyses

Most trials were published between 2011 and 2015
(Table 1). TTE data in reviews were predominately avail-
able in first full-text publications of trials and from trials
addressing superiority. When multiple publications were
cited and primary publications defined by the review au-
thors (e.g., by an asterisk in the list of references for indi-
vidual trials in Cochrane reviews), we most often located
applicable TTE data in these. Overall, the original publica-
tions of TTE data were completely clear for 89% (279/315
trial outcomes) of trial outcomes in that the trial HRs in re-
views corresponded to those in trial publications, or the
source was explicitly reported by review authors, or only
single publications were referenced.

The median population randomized per trial was 266
(IQR 120e620). For 44% (141/315 trial outcomes) of all
trial outcomes, the analyzed population differed from the
randomized population. If reported, the analyzed popula-
tion differed by a median of 2.3% (IQR 0.8%e7.5%) and
up to 63.3% of the randomized population. Trials analyzed
a median of 2 (IQR 2e3) TTE outcomes. Most prominent
TTE outcome per trial was overall survival or all-cause
mortality (91%; 214/235 trials). Few trials assessed safety
data with TTE methods.

3.4. Characteristics of trial outcomes included in this
assessment

Outcome definitions were provided for 61% (192/315
trial outcomes) assessed trial outcomes (Table 2). Death
as a competing event was possible in 11% (35/315 trial out-
comes) of trial outcomes. Planned reasons for censoring of
study participants were reported for less than half of trial
outcomes. Reasons were most frequently last known time
points of individuals being event-free and end of follow-
up. Loss to follow-up, alternative treatments, and
competing events were less often reported. Finally, a
follow-up starting point was given for 56% (175/315 trial
outcomes) of trial outcomes, which was most frequently
randomization.

3.5. Time-to-event methodological characteristics of the
trials included in review time-to-event outcome meta-
analyses

The most frequently available TTE results (Appendix
Fig. A6) for individual trial outcomes were HRs or log
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Table 1. Characteristics of trials included in the reviews time-to-event outcome meta-analyses

Domain

Trial Review

Overall
(N [ 235) Cochrane (n [ 102)Non-Cochrane (n [ 133)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

Publication

Publication year

!2000 9% (19) 18% (18) 1% (1) 24% (12) 44% (11) 0% (1)

2001e2005 14% (32) 15% (15) 13% (17) 34% (17) 36% (9) 32% (8)

2006e2010 20% (46) 25% (26) 15% (20) 48% (24) 60% (15) 36% (9)

2011e2015 31% (74) 25% (25) 37% (49) 64% (32) 52% (13) 76% (19)

2016e2020 27% (64) 18% (18) 35% (46) 54% (27) 36% (9) 72% (18)

Publication format

First full publication/NOS 84% (197) 76% (78) 89% (119) 100% (50) 100% (25) 100% (25)

Updated analysis 9% (20) 11% (11) 7% (9) 22% (11) 20% (5) 24% (6)

Abstract 4% (10) 8% (8) 2% (2) 14% (7) 20% (5) 8% (2)

Other (e.g., final analysis, letter) 3% (8) 5% (5) 3% (3) 16% (8) 20% (5) 12% (3)

Trial design

Superiority/NOS 87% (204) 83% (85) 89% (119) 96% (48) 92% (23) 100% (25)

Noninferiority 11% (27) 13% (13) 11% (14) 26% (13) 28% (7) 24% (6)

Equivalency 1% (3) 3% (3) 0% (0) 4% (2) 8% (2) 0% (0)

Other (i.e., equivalency, combined
analysis)

2% (4) 4% (4) 0% (0) 6% (3) 12% (3) 0% (0)

Data availability

Multiple references 31% (73) 61% (62) 8% (11) 60% (30) 76% (19) 44% (11)

Data in primary publicationa

Yes 29% (67) 55% (56) 8% (11) 58% (29) 88% (22) 28% (7)

No 3% (8) 8% (8) 0% (0) 14% (7) 28% (7) 0% (0)

No primary publication defined by
review authors

7% (17) 4% (4) 10% (13) 22% (11) 8% (2) 36% (9)

Single publication referenced 63% (147) 33% (34) 85% (113) 76% (38) 56% (14) 96% (24)

Origin of TTE data cleara,b

Review HR is trial HR 61% (143) 43% (44) 74% (99) 80% (40) 64% (16) 96% (24)

Reported by review authors 16% (38) 23% (23) 11% (15) 20% (10) 28% (7) 12% (3)

Single data source in cited
publication(s)

15% (35) 21% (21) 11% (14) 28% (14) 28% (7) 28% (7)

HR recalculated but source not
reported

12% (28) 18% (18) 8% (10) 40% (20) 56% (14) 24% (6)

Trial population

Sample size of randomized population

Median (IQR) 266
(120e620)

219
(108e605)

310
(149e627)

1,531
(499
e3,318)

593
(358
e1,692)

1,935
(1,473
e3,766)

Mean (range) 663
(20e17,160)

602
(20e8,113)

707
(40e17,160)

2,946
(83
e31,703)

2,216
(83
e10,988)

3,676
(349e31,703)

Not reported 6% (13) 10% (10) 2% (3) 18% (9) 24% (6) 12% (3)

Proportion of randomized
participants not in analysis (%)c

Median (IQR) 2.3 (0.8e7.5) 3.7 (1e10.9) 1.7 (0.5e4.8)

Mean (range) 9.1 (0e63.3) 7.4 (0e60.9) 10.7 (0e63.3)

Unclear/Not reported 10% (31) 14% (18) 7% (13) 36% (18) 32% (8) 40% (10)

All randomized analyzed 55% (174) 44% (58) 63% (116) 94% (47) 92% (23) 96% (24)

Outcomes in trial publication

Number of TTE event outcomes

(Continued )
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(HR)s, log-rank P values, and survival curves, in combina-
tion with time pointespecific survival probabilities, median
survival times, or both. Differences in available TTE data
types existed between outcomes of overall survival/all-
cause mortality, composite outcomes including death from
any cause, and outcomes not including death from any
cause (Appendix A7). Other data such as cumulative inci-
dence rates and observed-expected events were given
rarely. When reported, HRs were primarily calculated with
Cox models and sporadically from log-rank results or, for
example, Rank Preserving Structural Failure Time or Fine
and Gray models (Table 3; Appendix A7).

The included reviews only scarcely reported the used
sources of TTE data for an individual trial outcome; if
done, most often it was recalculation from HRs or P values,
with information such as events per trial arm.

For 79% (249/315 trial outcomes) of outcomes, trials
provided Kaplan-Meier curves, occasionally with the
censored individuals throughout follow-up and the individ-
uals at risk over time. Sporadically reported were cumula-
tive incidence curves and adjusted Kaplan-Meier curves. If
assessable, we perceived censoring as balanced, regarding
distribution over time and proportions, in 80% (96/120 trial
outcomes) of applicable trial outcomes.

3.6. General methodological characteristics of the trials
included in review time-to-event outcome meta-analyses

Analysis types available in trial publications for individ-
ual trial outcomes (Table 4; Appendix A8) were most often

intention-to-treat (ITT) analyses alone and most analyses
that were reported as ITT analyses were performed in the
complete allocated population.

Trial outcome analyses that were included in meta-
analyses of the reviews were mostly ITT analyses as
referred to by the trial conductors (69%; 216/315 trial out-
comes). Overall, more than half of trial outcome analyses
that were included in meta-analyses were clearly performed
in the complete allocated trial population, and in 88% (276/
315) of analyses, participants were analyzed in their allo-
cated arm.

If adjustment or stratification of trial outcome HRs was
reported, the most frequently available combinations in trial
publications for individual outcomes were a single HR that
was adjusted for baseline characteristics (12%; 39/315 trial
outcomes). An available HR was reported as unadjusted in
24% (54/228 trial outcomes) and as adjusted for 38% (86/
228 trial outcomes) of trial outcomes. Yet, frequently the
adjustment status of available HRs was not reported.

Trial outcome analyses that were included in meta-
analyses were mostly unadjusted (45%; 80/177 trial out-
comes) and 23% were adjusted (41/177 trial outcomes).
For 44% (138/315 trial outcomes), the adjustment status
could not be determined.

3.7. Trial results and results included in review time-to-
event outcome meta-analyses

The relative effect of HRs from trials included in TTE
outcome meta-analyses, as reported, for example, in forest

Table 1. Continued

Domain

Trial Review

Overall
(N [ 235) Cochrane (n [ 102)Non-Cochrane (n [ 133)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

Median (IQR) 2 (2e3) 2 (2e3) 2 (2e3)

Mean (range) 3.27 (1e49) 2.22 (1e6) 4.07 (1e49)

Not reported/Unclear 1% (3) 2% (2) 1% (1)

Assessed TTE outcomes

ACM/OS 91% (214) 87% (89) 94% (125)

Progression-free survival 37% (88) 16% (16) 54% (72)

Disease-free survival 19% (44) 31% (32) 9% (12)

Duration of response 8% (18) 0% (0) 14% (18)

Time to progression 7% (16) 7% (7) 7% (9)

Otherd 349 82 267

Safety data as TTE data 3% (8) 0% (0) 6% (8) 6% (3) 0% (0) 12% (3)

Abbreviations: ACM, all-cause mortality; HR, Hazard ratio; IQR, interquartile range; NOS, Not otherwise specified; OS, Overall survival;
TTE, time-to-event.

a These data must be interpreted as ‘‘trials including at least one outcome fulfilling the respective item, for example, 29% of trials included at
least one trial outcome for which data were available in the primary trial publication, as indicated by the review authors.

b Refers to whether the origin of time-to-event data for an extracted trial was completely clear and, if so, how. The origin was clear if the forest
plot HR and confidence interval in a review publication for an individual trial outcome corresponded to an HR and confidence interval reported for
that outcome in a respective trial publication, if the review authors explicitly reported the source of time-to-event data for that trial outcome [e.g., in
case of data recalculation] or if only a single source of time-to-event data for a trial outcome was available in any trial publication cited in a review.

c These data are presented per trial outcome: N 5 315 [CR: n 5 131; nCR: n 5 184].
d Other included, for example, cardiovascular death, event-free survival, relapse/recurrence-free survival, and myocardial infarction.
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Table 2. Characteristics of time-to-event outcomes defined and analyzed in the included trials

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
Cochrane
(n [ 131)

Non-Cochrane
(n [ 184)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

Trial outcomes included in
this assessment (Primary
and overall survival/all-
cause mortality review
outcomes)

ACM/OS 64% (201) 67% (88) 61% (113) 88% (44) 84% (21) 92% (23)

Progression-free survival 17% (52) 8% (11) 22% (41) 20% (10) 12% (3) 28% (7)

Disease-free survival 6% (20) 13% (17) 2% (3) 8% (4) 12% (3) 4% (1)

Local control 3% (10) 4% (5) 3% (5) 4% (2) 4% (1) 4% (1)

Stent failure 3% (8) 0% (0) 4% (8) 2% (1) 0% (0) 4% (1)

Othera 6% (20) 7% (10) 5% (10) 24% (12) 32% (8) 16% (4)

Primary trial outcome 42% (132) 37% (48) 46% (84) 76% (38) 76% (19) 76% (19)

Outcome definition provided 61% (192) 59% (77) 63% (115) Heterogenous definitions
mentioned

- 6% (3/50) in discussion
- 2% (1/50) in results

Composite outcome

Yes 26% (83) 19% (25) 32% (58)

No 70% (221) 76% (99) 66% (122)

Unclear 3% (11) 5% (7) 2% (4)

Outcome composites defined92% (76) 92% (23) 91% (53)

Outcome composites
consistent

Yes 42% (132) 52% (68) 35% (64) 62% (31) 64% (16) 60% (15)

No 5% (15) 5% (6) 5% (9) 16% (8) 16% (4) 16% (4)

Unclear 1% (3) 2% (3) 0% (0) 6% (3) 12% (3) 0% (0)

Not applicable 52% (165) 41% (54) 60% (111) 90% (45) 80% (20) 100% (25)

Death as competing event
possible

Yes 11% (35) 11% (14) 11% (21) 22% (11) 20% (5) 24% (6)

No 84% (264) 82% (108) 85% (156) 92% (46) 88% (22) 96% (24)

Unclear 5% (16) 7% (9) 4% (7) 26% (13) 28% (7) 24% (6)

Reasons for censoring
provided

Yes 41% (130) 33% (43) 47% (87) 74% (37) 68% (17) 80% (20)

Unclear/Not reported 59% (185) 67% (88) 53% (97) 96% (48) 96% (24) 96% (24)

Reasons for censoring

Participant last known
event-free

23% (72) 16% (21) 28% (51) 44% (22) 36% (9) 52% (13)

End of follow-up 15% (47) 14% (18) 16% (29) 50% (25) 40% (10) 60% (15)

Loss to follow-up 9% (28) 8% (11) 9% (17) 26% (13) 24% (6) 28% (7)

Otherb 6% (18) 2% (3) 8% (15) 28% (1) 12% (3) 40% (10)

Unclear 1% (2) 0% (0) 1% (2) 2% (1) 0% (0) 4% (1)

Follow-up start reported Follow-up start included in
any outcome definition

- 38% (19/50)
Randomization

- 4% (2/50) Allocated
treatment

(Continued )
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plots and including recalculated HRs, was predominately
favoring the intervention that was indicated by the review
authors (Appendix A9). As judged by 95% confidence in-
tervals, 26% (81/315 trial outcomes) of trial analyses were
statistically significantly favoring the review authors’
defined intervention. Results differed between CR and
nCR and between outcomes of overall survival/all-cause
mortality, composite outcomes including death from any
cause, and outcomes not including death from any cause
(Appendix A9). HRs which were directly reported in trial
publications by trial authors showed a similar distribution.

Where an HR was directly reported in a trial publication,
an HR ! 1 most often indicated a decreased risk of the
event in the intervention group (86%; 179/208 trial out-
comes) and it was predominantly calculated based on the
rate of events in each group (91%; 190/208 trial outcomes)
in difference to the rate of participants not experiencing the
event (absence of event).

HRs reported in the trial publications were directly
applicable to trial HRs in meta-analyses for 51% (120/
315 trial outcomes) of trial outcomes or had to be inverted
in 7% (23/315 trial outcomes). In several cases, an available
HR or its confidence interval differed from the HR in the
meta-analysis, for example, reviews explicitly reported
not to use a trial HR, or recalculated the confidence
interval.

3.8. Specific trial characteristics with relevance for
time-to-event analyses and interpretation

A measure of trial follow-up was available for 82%
(191/235 trials) of trials (Table 5; Appendix A10).

Respective measures were most frequently reported as sin-
gle measure across trial outcomes and only seldomly re-
ported specifically for an individual trial outcome.
Follow-up was predominately reported as median follow-
up across outcomes, and although seldomly reported, calcu-
lated as median survival including surviving/event-free in-
dividuals only.

Missing outcome data were reported per trial arm for
57% (134/235 trials) of trials. About a third reported no in-
formation at all. The remaining either reported information
across arms or for individual outcomes. If reported, median
missing outcome data per trial arm was most frequently less
than 5% of the allocated population, in several cases, how-
ever, also substantially higher (Appendix A10). Outcome-
specific missing outcome data were reported in few trials.
Handling of missing outcome data consisted most
frequently of entirely excluding or censoring respective in-
dividuals from the analysis. Regarding handling of poten-
tial informative censoring, one trial reported a sensitivity
analysis but did not show any results.

If death was as a potential competing event for an as-
sessed trial outcome, only few trials reported the number
of these potential competing events per arm (proportions in
Appendix A10). In response, trial authors presented survival
time distributions as cumulative incidence curves in 21%
(seven/33 trials) of applicable trials. In two of these trials, au-
thors used Fine and Gray regression to calculate HRs as well.

About a third of trials reported information regarding
receipt of the comparator treatment in the intervention
group or vice versa (treatment switching). Rates were most
frequently less than 10% of the allocated population; in
some cases, however, they exceeded 20% and 50%

Table 2. Continued

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
Cochrane
(n [ 131)

Non-Cochrane
(n [ 184)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

- 2% (1/50) Enrollment

Yes 56% (175) 53% (70) 57% (105) 80% (40) 68% (17) 92% (23)

No 34% (108) 35% (46) 34% (62) 82% (41) 72% (18) 92% (23)

Unclear 0% (1) 1% (1) 0% (0) 2% (1) 4% (1) 0% (0)

Not applicable 10% (31) 11% (14) 9% (17) 40% (20) 40% (10) 40% (10)

Follow-up start

Randomization 43% (135) 42% (55) 43% (80) 72% (36) 60% (15) 84% (21)

Allocated treatment 7% (22) 5% (6) 9% (16) 14% (7) 4% (1) 24% (6)

Other (e.g., enrollment,
previous treatment)

6% (18) 8% (10) 5% (9) 24% (12) 24% (6) 24% (6)

Not applicable 44% (139) 46% (60) 43% (79) 88% (44) 80% (20) 96% (24)

Abbreviations: ACM, all-cause mortality; IQR, Interquartile range; MACE, Major adverse cardiac events; MI, Myocardial infarction; OS, overall
survival; TIMI, Thrombolysis in myocardial infarction.

a Other included event-free survival, time to wound healing, event-free survival, major adverse cardiac events [MACE], thrombolysis in myocar-
dial infarction [TIMI] major bleeding, ‘‘composite of all-cause death, myocardial infarction or stroke’’, time to recurrence, biochemical relapse-free
survival, and time to death from prostate cancer.

b Other included alternative treatment, competing events, absence of postbaseline information, participant withdrawal or withdrawal of con-
sent, and inadequate outcome assessment.
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Table 3. Time-to-event specific methodological characteristics of trials included in the reviews time-to-event outcome meta-analyses

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
ACM/OS

(n [ 198)
Combined, including

ACM (n [ 77)
Not including
ACM (n [ 40)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

Time-to-event data
available for trial
outcomes in trial
publications

Time-to-event data Five most frequent
methods for TTE data

- 62% (31/50) HR and
CI

- 42% (21/50) Set of
methods (e.g., Tierney
2008 (4))

- 22% (11/50) Survival
curves

- 20% (10/50) log (HR)
and standard error

- 8% (4/50) HR and
other information

Survival curves 83% (263)85% (168) 90% (69) 65% (26) 92% (46) 84% (21) 100% (25)

P value (log-rank) 76% (240)75% (148) 87% (67) 63% (25) 94% (47) 92% (23) 96% (24)

HR or log (HR) 72% (226)68% (135) 95% (73) 45% (18) 90% (45) 80% (20) 100% (25)

Time-point specific
survival (per arm)

46% (145)48% (95) 49% (38) 30% (12) 82% (41) 76% (19) 88% (22)

Median survival (per
arm)

40% (125)39% (78) 51% (39) 20% (8) 58% (29) 56% (14) 60% (15)

Type of test unclear
or not reported

6% (20) 6% (12) 5% (4) 10% (4) 26% (13) 20% (5) 32% (8)

Othera 10% (33) 11% (22) 4% (3) 18% (8) 46% (23) 60% (15) 32% (8)

HR calculation HR included in meta-
analyses

- 88% (44/50) HR/log
(HR) NOS

- 6% (3/50) Other (HR/
log HR from Cox model
and HR/log (HR) from
Cox model, log-rank
test and Kaplan-Meier
curve)

Cox model 60% (188)57% (113) 75% (58) 43% (17) 86% (43) 72% (18) 100% (25)

Otherb 3% (9) 3% (6) 1% (1) 5% (2) 14% (7) 16% (4) 12% (3)

Unclear/Not
reported

11% (36) 10% (20) 19% (15) 2% (1) 42% (21) 40% (10) 44% (11)

No HR calculated 26% (82) 30% (59) 4% (3) 50% (20) 54% (27) 64% (16) 44% (11)

Survival plots for trial
outcomes in trial
publications

Survival plots

Kaplan-Meier 79% (249)81% (161) 88% (68) 50% (20) 92% (46) 84% (21) 100% (25)

Otherc 4% (14) 3% (6) 1% (1) 16% (7) 14% (7) 16% (4) 12% (3)

No, no graphs were
presented

17% (52) 16% (31) 10% (8) 33% (13) 60% (30) 64% (16) 56% (14)

Number at risk
reported

Yes 58% (184)55% (108) 78% (60) 40% (16) 88% (44) 76% (19) 100% (25)

(Continued )
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(Appendix A10). Six trials reported treatment switching as
trial protocol specified, otherwise as anticipated, for
example, sample size calculations, or explicitly excluded
the option. If treatment switching was reported, the most
prominent reason was related to the course of disease, for
example, disease progression. Additional analyses to deal
with treatment switching were reported only in single trials.

According to trial reporting, proportionality of hazards
for outcomes analyzed as HRs was assessed by statistical
tests, for example, log-log or Schoenfeld residuals, or by vi-
sual inspection of survival plots in 11% (19/166 trials) and
1% (two/166 trials) of trials. In only five trials, results of

these assessments were reported, thrice as nonproportional
and twice as reasonably proportional.

4. Discussion

4.1. Principal findings

The origin of included TTE data was determinable
through our investigation in almost all reviews, but only
rarely due to explicit reporting by review authors. Overall
survival was the most commonly used TTE outcome in

Table 3. Continued

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
ACM/OS

(n [ 198)
Combined, including

ACM (n [ 77)
Not including
ACM (n [ 40)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

No 27% (86) 33% (65) 13% (10) 25% (11) 58% (29) 64% (16) 52% (13)

Not applicable 14% (45) 13% (25) 9% (7) 33% (13) 56% (28) 56% (14) 56% (14)

Censoring reported Handling of
nonadministrative
censoring

- 2% (1/50) Mentioned
as bias criterion

Marked on plot 38% (119)37% (74) 49% (38) 18% (7) 68% (34) 64% (16) 72% (18)

On plot and with
individuals at risk

3% (11) 3% (5) 8% (6) 0% (0) 14% (7) 12% (3) 16% (4)

No 43% (136)45% (90) 34% (26) 50% (20) 80% (40) 80% (20) 80% (20)

Not applicable 16% (49) 15% (29) 9% (7) 33% (13) 62% (31) 68% (17) 56% (14)

Censoring balanced

Yes 30% (96) 31% (61) 40% (31) 10% (4) 66% (33) 64% (16) 68% (17)

No 8% (24) 6% (12) 14% (11) 3% (1) 28% (14) 20% (5) 36% (9)

Unclear 3% (9) 3% (5) 3% (2) 5% (2) 14% (7) 4% (1) 24% (6)

Not applicable 59% (186)61% (121) 43% (33) 80% (32) 88% (44) 92% (23) 84% (21)

Data recalculation from
trials reported in
reviews for an
individual trial
outcome

Data recalculation

HR and other
information (e.g.,
events)

5% (15) 4% (8) 1% (1) 15% (6) 4% (2) 4% (1) 4% (1)

P value and other
information (e.g.,
events)

5% (15) 6% (12) 3% (2) 3% (1) 8% (4) 12% (3) 4% (1)

Otherd 8% (25) 8% (16) 8% (6) 7% (3) 20% (10) 28% (7) 12% (3)

Not reported 83% (260)82% (162) 88% (68) 75% (30) 86% (43) 76% (19) 96% (24)

Abbreviations: AAR, Absolute risk reduction; ACM, All-cause mortality; CI, Confidence interval; HR, Hazard ratio; O-E, Observedeexpected;
OS, overall survival; NOS, Not otherwise specified; RMST, Restricted mean survival time; RPSFT, Rank Preserving Structural Failure Time.

a Other includes median cumulative incidence [per arm], mean and standard deviation per arm, O-E events [log-rank] or hazard rates, or
Wilcoxon-Gehan test.

b Other includes HR calculated from log rank tests, HR from Cox and RPSFT models, HR from Cox and time-dependent Cox models, Cox Markov
model, and Cox and Fine and Gray models.

c Other includes cumulative incidence curves, adjusted Kaplan-Meier curves and unclear type of curves.
d Other includes HR and confidence intervals, individual participant data [recalculated or from publication], survival curves, and time-point

specific survival times.
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Table 4. General methodological characteristics of trials included in the reviews time-to-event outcome meta-analyses

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
ACM/OS

(n [ 198)
Combined, including

ACM (n [ 77)
Not including
ACM (n [ 40)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

Trial outcome analyses
available in trial
publications

Eligible analyses
reported

- 42% (21/50) ITT
Included analyses
reported

- 20% (10/50) ITT
- 6% (3/50) ‘‘Analysis
not reported in trials’’

- 18% (9/50) ‘‘Not re-
ported for all trials’’

Available analyses

ITT 70%
(220)

68% (135)79% (61) 60% (24) 96% (48)96% (24) 96% (24)

Per protocol 8% (25) 8% (16) 8% (6) 8% (3) 40% (20)48% (12) 32% (8)

mITT 5% (15) 5% (9) 8% (6) 3% (1) 20% (10)8% (2) 32% (8)

As treated 2% (7) 2% (3) 3% (2) 5% (2) 8% (4) 0% (0) 16% (4)

Unclear/Not
reported

23% (73) 25% (50) 13% (10) 33% (13) 60% (30)72% (18) 48% (12)

Trial outcome analyses
included in review
meta-analyses

Included analysis

ITT 69%
(216)

67% (133)79% (61) 55% (22) 96% (48)96% (24) 96% (24)

mITT 5% (16) 5% (9) 6% (5) 5% (2) 18% (9) 8% (2) 28% (7)

Other (e.g., per
protocol, as
treated)

3% (8) 2% (5) 1% (1) 5% (2) 30% (15)28% (7) 32% (8)

Unclear/Not
reported

25% (78) 27% (53) 13% (10) 34% (15) 62% (31)72% (18) 52% (13)

Analysis in complete
population

Yes 55%
(174)

56% (110)55% (42) 55% (22) 96% (48)96% (24) 96% (24)

No 32%
(100)

31% (62) 31% (24) 35% (14) 70% (35)80% (20) 60% (15)

Unclear/Not
reported

9% (27) 9% (17) 9% (7) 7% (3) 14% (7) 28% (7) 40% (10)

Not applicable (e.g.,
subgroups only)

4% (14) 5% (9) 5% (4) 3% (1) 14% (7) 8% (2) 20% (5)

Analysis in allocated
arm

Yes 88%
(276)

88% (175)91% (70) 78% (31) 98% (49)96% (24) 100% (25)

No 0% (1) 0% (0) 0% (0) 3% (1) 2% (1) 0% (0) 4% (1)

Unclear/Not
reported

10% (38) 11% (23) 8% (7) 15% (8) 44% (22)60% (15) 28% (7)

Adjusted, unadjusted,
stratified analyses
available in trial
publications

Eligible covariate
adjustments

- 4% (2/50) Adjusted
only

(Continued )
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trials and reviews. Only around half of trials provided def-
initions for their assessed outcomes and few gave reasons
for censoring. Available TTE summary data for individual
trial outcomes consisted most frequently of a combination
of HRs, log rank P values, survival curves, and either me-
dian or time pointespecific survival times. Yet, data used
for recalculation of summary data in reviews were only sel-
domly reported for individual trial outcomes.

Analyses included in reviews most frequently used indi-
viduals in their allocated trial arms, but only little more

than half were clearly performed in the complete allocated
trial populations. Trial effect measures included in reviews
were mostly unadjusted for covariates, and information on
adjustment of available HRs was often not reported in trial
publications.

Numerical missing outcome data were available per trial
arm for little more than half of trials and only rarely for in-
dividual outcomes. Trial conductors often handled it by
excluding or censoring affected participants. For informa-
tive censoring, one trial indicated sensitivity analyses.

Table 4. Continued

Domain

Trial outcome Review

Handling in review
Overall

(N [ 315)
ACM/OS

(n [ 198)
Combined, including

ACM (n [ 77)
Not including
ACM (n [ 40)

Overall
(N [ 50)

Cochrane
(n [ 25)

Non-Cochrane
(n [ 25)

- 4% (2/50) Hierarchi-
cal (adjusted before
unadjusted)

- 4% (2/50) Unadjusted
only

- 2% (1/50) Both
- 2% (1/50) Hierarchi-
cal (unadjusted before
adjusted)

- 6% (3/50) Unclear
Stratified HRs eligible:
2% (1/50)
Handling differently

adjusted HRs

- 2% (1/50) Only
adjusted included,
others likely excluded

- 2% (1/50) Unadjusted
recalculated

- 8% (4/50) Unclear
Included adjustment
mentioned

- 2% (1/50) In results

Adjusted 27% (86) 25% (50) 36% (28) 20% (8) 62% (31)56% (14) 68% (17)

Stratified 20% (62) 18% (36) 29% (22) 10% (4) 36% (18)24% (6) 48% (12)

Unadjusted 17% (54) 17% (34) 17% (13) 18% (7) 54% (27)48% (12) 60% (15)

Unclear/Not
reported

22% (70) 21% (42) 34% (26) 5% (2) 54% (27)40% (10) 68% (17)

Not applicable (No
HR reported)

28% (87) 31% (62) 5% (4) 53% (21) 54% (27)64% (16) 44% (11)

Adjusted, unadjusted,
stratified analyses
included in review
meta-analyses

Covariate adjustment
of included analysis

Unadjusted 25% (80) 28% (56) 16% (12) 30% (12) 60% (30)68% (17) 52% (13)

Stratified 18% (56) 16% (31) 27% (21) 10% (4) 34% (17)20% (5) 48% (12)

Adjusted 13% (41) 12% (24) 16% (12) 13% (5) 44% (22)28% (7) 60% (15)

Unclear/Not
reported

44%
(138)

44% (87) 42% (32) 48% (19) 76% (38)72% (18) 80% (20)

Abbreviations: ACM, all-cause mortality; HR, hazard ratio; ITT, intention-to-treat; mITT, modified intention-to-treat; OS, overall survival.
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Table 5. Handling of specific trial characteristics with relevance for time-to-event outcomes in the trials included in the reviews time-to-event
outcome meta-analyses

Domain Trial (N [ 235) Review (N [ 50) Handling in review

Follow-up in trials

Follow-up measure available Foreseen follow-up time reported

- 8% (4/50) Longest follow-up
- 6% (3/50) Minimum duration of follow-
up required

- 4% (2/50) Maximum duration of follow-
up specified

Follow-up reported across outcomes 79% (185) 96% (48)

Follow-up reported for outcomes 3% (6) 10% (5)

No follow-up measure reported 19% (44) 44% (22)

Available follow-up measures Handling varying follow-up reported

- 10% (5/50) Sensitivity analyses (e.g.,
shorter/longer follow-up

- 12% (6/50) Other (e.g., metaregres-
sion, study exclusion, risk of bias)

- 2% (1/50) Unclear

Median 66% (154) 92% (46)

Minimum 25% (59) 56% (28)

Maximum 23% (53) 54% (27)

IQR/lower and upper range of IQR 18% (43) 56% (28)

Other, for example, mean, fixed time-
point, standard deviation

12% (29) 28% (14)

Follow-up calculation Varying follow-up mentioned

- 24% (12/50) In discussion
- 8% (4/50) In results,
- 6% (3/50) In results and in discussion

Median, surviving patients only 8% (19) 26% (13)

Median, all patients 5% (11) 16% (8)

Othera 5% (12) 18% (9)

Unclear/Not reported 62% (146) 86% (43)

Not applicable 20% (47) 46% (23)

Reported missing outcome data in trials

Reported per arm 57% (134) 98% (49)

Reported per outcome Handling missing data reported

- 68% (34/50) Mentioned as risk of bias
criterion in methods

- 40% (20/50) Contact with authors
- 8% (4/50) Sensitivity analyses (ac-
cording to rate missing)

- 4% (2/50) Single imputation

Yes 4% (9) 12% (6)

Complete/no loss at trial level 11% (26) 28% (14)

Complete/no loss at outcome level 3% (8) 12% (6)

No 84% (198) 100% (50)

Handling Missing data mentioned

- 56% (28/50) In results
- 8% (4/50) In results and discussion

Excluded from analysis 18% (42) 42% (21)

Censored 11% (26) 34% (17)

Complete/no loss at trial level 11% (25) 28% (14)

(Continued )
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Table 5. Continued

Domain Trial (N [ 235) Review (N [ 50) Handling in review

Single or multiple imputation 1% (2) 4% (2)

Unclear/Not reported 59% (139) 92% (46)

No missing data 3% (8) 12% (6)

Censoring in trials

Handling

Sensitivity analysis (results not
shown)

0% (1) 2% (1)

Death as competing event in trials

Handling reported

Yesb 3% (7) 10% (5) Handling of deaths as competing events
not reported or discussed.

No outcomes with death as competing
event assessed: 66% (33/50) of
reviews

No 25% (59) 54% (27)

Not applicable 86% (202) 92% (46)

Treatment switching in trials

Prespecified

Reported as not planned or allowed 4% (10) 10% (5) Handling treatment switching reported

- 2% (1/50) Mentioned as risk of bias
criterion in methods

- 2% (1/50) Presence reported for each
trial

- 2% (1/50) Sensitivity analysis (e.g.,
according to rate)

Reported as anticipated, for
example, protocol, sample size

3% (8) 12% (6)

Unclear/Not reported 93% (218) 94% (47)

Not applicable 0% (1) 2% (1)

Switching reasons Treatment switching mentioned

- 6% (3/50) In results
- 4% (2/50) In discussion

Course of disease (e.g., disease
progression)

12% (29) 32% (16)

Participant (e.g., choose to switch) 9% (20) 20% (10)

Otherc 11% (26) 28% (14)

Not reported 13% (30) 38% (19)

Not applicable 64% (151) 88% (44)

Handling reported

Yesd 1% (3) 2% (1)

No 93% (219) 98% (49)

Not applicable 8% (19) 18% (9)

Proportional hazards

Assumption tested Proportional hazards assessment not
reported

Test (e.g., log-log, Schoenfeld
residuals)

8% (19) 32% (16)

Visual inspection of curves 1% (2) 4% (2)

No 52% (124) 88% (44)

Not applicable (e.g., no HR) 29% (69) 52% (26)

Test results Handling nonproportional hazards not
reported

(Continued )
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Treatment switching was reported for about a third of trials,
with in some cases considerably high rates and most often
due to the participants’ disease. Proportional hazards were
assessed in 10% of trials, but results of such assessments
were even more seldomly reported.

4.2. Comparison to review level handling of time-to-
event data

Like their included trials, definitions of TTE outcomes
of interest were provided only in half of reviews. Relevant
follow-up information was infrequently defined. Although
reviews included predominately ITT analyses, eligible and
included analysis types as well as details on adjustment
of estimates were often not reported. Review methods to
obtain TTE data varied substantially, most present were
direct inclusion of the HR and complete sets of recalcula-
tion methods, and were only seldomly reported for an indi-
vidual outcome. In reviews respectively, trial characteristics
relevant to TTE analysis (e.g., variable follow-up, informa-
tive censoring, competing events, treatment switching, and
proportional hazards) were sporadically included in addi-
tional assessments (e.g., sensitivity analyses or certainty as-
sessments) and scarcely mentioned in review texts.

4.3. Strengths and limitations

We ensured robustness of our extraction results through
a priori developed forms and duplicate performance of rele-
vant steps. Nevertheless, we must acknowledge potential
limitations: first, we used random sampling to generate a
representative but manageable set of reviews. Second, we
aimed to extend our exploration to reviews often considered
the methodological gold standard and based our sample on
a fixed number of CR. We ensured relevance of the
included reviews through selecting nCR published in Core
Clinical Journals. Third, the limited number of included
systematic reviews led to imbalances between characteris-
tics of CR and nCR. These appear, however, typical for
comparisons of both and a comparison was not our primary
intent [24,25]. Fourth, we imposed a restriction to primary
and all-cause death including review outcomes which often

constitute a subgroup of outcomes that is reported with
greater rigor. Fifth, for feasibility, we limited our assess-
ment to comparisons of 20 trials. But, because the total
number of excluded reviews was small (2/74 [3%] CR
and 22/401 [5%] nCR during full-text screening), we as-
sume minimal impact.

4.4. Relation to other work

Previous studies support our findings of deficient report-
ing of TTE analysis-relevant information in trial publica-
tions, including the start and end points of observations,
censoring and follow-up information, assumptions, such
as proportional hazards in Cox models, and details on sta-
tistical modeling as well as numbers of events and censored
observations [16e20,26]. Batson et al. [19] discuss impli-
cations of limited trial-level reporting to meta-analysis
and particularly promote openness to alternative ap-
proaches when assumptions underlying the Cox model
HR are in question. Our assessment focusses on trials that
are included in TTE outcome meta-analyses and confirms
their findings. In addition, we show that insufficient trial re-
porting is also transferred to review publications.

Kahale et al. [23] assessed the handling of missing
outcome data in systematic reviews and trials included in
meta-analyses of dichotomous data and found that the
approach to missing outcome data was explained only in
little more than a third of their assessed trials. Determining
missing outcome data handling for TTE trial outcomes con-
stitutes a particular hardship. Available reporting does not
permit the distinction between loss to follow-up censoring
and censoring for administrative causes (e.g., end of
follow-up) so that trial participants with potential missing
outcome data can be excluded without visibly reducing
the analysis sample. We focused our extraction on explic-
itly reported handling of missing outcome data and assume
that in many of the ‘‘not reported’’ cases, lost individuals
were naively censored. Kahale et al. found that a minor pro-
portion of their assessed reviews consistently approached
missing outcome data in included trials in their analyses,
which agrees with our findings.

Table 5. Continued

Domain Trial (N [ 235) Review (N [ 50) Handling in review

Nonproportional 1% (3) 6% (3)

Reasonably proportional 1% (2) 4% (2)

Not reported 6% (16) 26% (13)

Not applicable 92% (216) 100% (50)

Abbreviations: CI, confidence interval; IQR, Interquartile range; LTFU, Loss to follow-up; RPSFT, Rank preserving structural failure time.
a Other included, for example, the reverse Kaplan-Meier method, median follow-up excluding censored individuals and mean follow-up.
b Handling of included cumulative incidence curves alone or together with a Fine and Gray model.
c Other included, for example, administrative [e.g., interim analysis], precondition [e.g., allergies], intervention related [e.g., adverse events],

and investigator/physician [e.g., physicians decision].
d Handling included, for example, rank preserving structural failure time models and sensitivity analyses, either treating crossovers as outcome

events or excluding crossovers.
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4.5. Explanations, implications, and further research

Limited reporting in trial publications imposes compli-
cations for all who rely on reported information to evaluate
the credibility of TTE outcome effects from trials, for
example, for meta-analyses. With the recently published
Consolidated Standards of Reporting Trials extension to
trial outcomes, in addition to general Consolidated Stan-
dards of Reporting Trials guidance, some of the reporting
issues we identified might improve, for example, appro-
priate outcome definitions and details on statistical
methods, handling of missing outcome data, and specifica-
tion of the analysis population [27]. Overall, trial authors
should adhere to available reporting guidelines and sugges-
tions, both for general outcome reporting as well as for
TTE outcome-specific information, for example, for sur-
vival curves [17,18,27e29].

In response to current reporting limitations on trial level,
review authors are encouraged to rigorously follow avail-
able guidance and to explicitly report deficiencies in trial
publications they encounter [4,6,7]. Still, additional guid-
ance and further research on the optimal translation of
TTE-related trial issues to meta-analyses of aggregate data
are needed.

5. Conclusion

The poor reporting of TTE outcomes and associated
methods in trial publications limits not only the usefulness
of these trials but also that of the systematic reviews and
meta-analyses relying on them.
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6.3. Presentation of results of meta-analyses of time-to-event outcomes 
in form of absolute effects in systematic reviews (Paper 3) 

  
Figure 9: Graphical abstract for paper 3 (11). 

6.3.1. Publication status 
This article was published in April 2019 in the Journal of Clinical Epidemiology. 
 
The work shares of the individual participants and their involvement in this paper are detailed 
in appendix 11.3.1. 
 
This paper was awarded with Cochrane’s Bill Silverman prize 2020 and is part of the consor-
tium of articles awarded with the German Network for Evidence-based Medicine’s David Sack-
ett prize 2021 (chapter 9.3). 

Methodological review showed correct absolute effect size estimates for time-to-event 
outcomes in less than one-third of cancer-related systematic reviews (Paper 3)

Calculation and reporting of hazard ratio (HR)-based absolute effect estimates in oncological 
systematic reviews

Meta-epidemiological study (systematic search (01/2011-12/2017))
• Cochrane intervention reviews on oncology questions
• Reporting of a HR for ≥1 outcome
• Providing a Summary of Findings table 

96 systematic reviews
• Hematological malignancies (22%; 12 reviews), breast cancer (13%; 12 reviews), cancer 

in general (4%; 4 reviews), …

Skoetz N*, Goldkuhle M* et al. Methodological review showed correct absolute effect size estimates for time-to-event outcomes in 
less than one-third of cancer-related systematic reviews. Journal of Clinical Epidemiology. 2019;108:1-9. (* contributed equally) 

• HR-based absolute effects in oncological Cochrane reviews were often incorrectly 
calculated or reported
• Review authors might have difficulties with the interpretation of HRs

Correctness of absolute effect (natural frequencies) calculation and reporting (N=96)

Correct calculation, correct reporting 29% (28 reviews)

Correct calculation, incorrect reporting 
Calculated effect based on events (e.g., all-cause death), but referred to 
outcome as event-free survival (e.g., overall survival) in review

24% (23 reviews)

Incorrect calculation
Calculated effect based on HR for events together with baseline risk for 
individuals being event-free

13% (12 reviews) 

Unclear calculation
Baseline risk for overall survival = baseline risk for progression-free 
survival

7% (7 reviews)

No HR-based absolute effects calculated
E.g., because “not possible due to time-to-event outcome” 27% (26 reviews)
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6.3.2. Synopsis (11) 
As previously outlined, the third meta-epidemiological study that is part of the consortium of 
papers in this dissertation focused on the calculation of absolute effect estimates for the results 
of meta-analyses of time-to-event outcomes (11, 174).  
 
The assessment was performed according to an a-priori registered protocol. It included a sam-
ple of Cochrane intervention reviews addressing oncological research questions and reporting 
a GRADE Summary of Findings (see chapter 3.3.4) with a pooled effect estimate for at least 
one time-to-event outcome. This sample was selected because oncological systematic reviews 
frequently address time-to-event outcomes and because Summary of Findings tables are man-
datory for Cochrane reviews. Such tables require the presentation of absolute effect measures, 
commonly either natural frequencies or a risk difference, calculated based on the HR and a 
baseline/ population risk estimate.  
A systematic search for the respective Cochrane reviews was conducted on the Cochrane 
Database of Systematic Reviews. The extracted data included, besides general review char-
acteristics, particularly the calculation and reporting of absolute effect estimates. 
 
Eligible systematic reviews must have presented absolute effect measures for the time-to-
event outcomes overall survival and disease/progression-free survival for at least one review 
question. The correctness of the reported absolute effects was then assessed by comparing 
the two: overall survival is, by definition, included in the composite outcome disease/progres-
sion-free survival, which measures the time to occurrence/progression of disease or all-cause 
death. A comparison of the baseline risk estimates that review authors chose for the calculation 
of their absolute effects allows to determine whether these estimates represent the risk of an 
event in the population (overall survival rate < progression/ disease-free survival rate) or its 
absence (overall survival rate > progression/ disease-free survival rate). As previously ex-
plained (chapter 3.1.3 and 3.4.4), HRs are commonly calculated based on the event rates in 
the compared trial arms. Usually, a HR < 1 represents a lower hazard rate of the event of 
interest in the experimental arm. If a baseline risk that represents the absence of event (e.g., 
survival) is multiplied with a HR calculated based on events (e.g., mortality) to derive the ab-
solute risk of the event in the experimental arm, this number will reverse the absolute effect 
and will falsely indicate that an inferior comparator group is beneficial. This phenomenon was 
used to determine if the review authors applied the correct calculation for their absolute effects 
in the selected reviews. Furthermore, it was assessed how the authors reported their outcomes 
(either as events, e.g., mortality, as absence of events, e.g., survival, or both, and whether they 
provided any reasoning for their decision), whether they reported additional information on the 
selection and source of applied baseline risks and whether the HR indeed was calculated 
based on rate of events.  
 
From 483 potentially eligible Cochrane reviews, 96 reviews corresponded to the specified in-
clusion criteria and most of them addressed hematological malignancies or breast cancer in-
terventions. 
In the seldom cases in which the review authors specified the origin of their baseline risk in 
footnotes along the Summary of Findings tables, this information was not sufficient to deter-
mine whether the baseline risks were applicable to the rate of events or absence of event in 
the population. 
Overall, in 29% of the review authors correctly calculated their absolute effects for time-to-
event outcomes and a HR for events was multiplied with a baseline risk applicable to the risk 
of events or reverse. In 24% of reviews, absolute effects were correct, yet the reporting of 
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review authors was inconsistent when they shuffled between reporting their outcomes as 
events and the absence thereof without any reasoning. 
Incorrect absolute effects were found in 13% of reviews, which occurred because authors 
falsely multiplied HRs for events and the baseline/ population rate of its absence or reverse. 
Finally, calculation was indeterminable in 7% of reviews, because the baseline rates were the 
same in both groups. In 27% of reviews no absolute effects for time-to-event outcomes were 
calculated, with the explicit reasoning that calculation was not performed because the out-
comes were time-to-event outcomes. 
 
Overall, this study highlighted serious flaws in the calculation of absolute effects of time-to-
event outcomes in a considerable number of Cochrane systematic reviews, which are widely 
considered as the gold standard. The results imply that the interpretation of the HR is not 
straightforward, at least for some review authors. This clearly demonstrated that additional 
guidance on the calculation of absolute effects for time-to-event outcomes is needed, poten-
tially also including alternative estimates to the commonly used (see paper 5). 
A central, direct implication of the project was the adaptation of the GRADEpro Guideline De-
velopment Tool (GDT) software’s (www.gradepro.org/) underlying statistical package. Previ-
ously, like several other meta-analysis programs, the software provided false absolute effect 
estimates when baseline risks for absence of events (e.g., survival) and HRs were used for 
calculation (175). 

6.3.3. Full-text publication 
The supplementary material accompanying this publication is provided in appendix 11.3.2. 
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Abstract

Objectives: To evaluate in how many cancer-related Cochrane reviews hazard ratio (HR)-based absolute effects in summary of findings
(SoF) tables have been correctly calculated and reported.

Study Design and Setting: We identified all Cochrane cancer intervention reviews that reported an HR for at least one outcome and
provided a SoF table, published between January 2011 and December 2017 in the Cochrane Database of Systematic Reviews.

Results: In 28 reviews (29%) of 96 included Cochrane reviews, absolute effects in the SoF tables were calculated in a correct manner.
In 23 reviews (24%), absolute effects had been correctly calculated, but there was no explanation given why authors calculated event-free
survival (e.g., overall survival) throughout the review but reported number of events in SoF tables (e.g., death). Twelve reviews (13%) pro-
vided incorrect absolute effects. For seven reviews (7%), it was unclear if absolute effects were correctly calculated. In 26 (27%) reviews,
no absolute effects based on the given HR were calculated.
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What is new?

Key findings:
! We identified errors in the presentation of absolute

effect measures in summary of findings (SoF) ta-
bles of cancer-related Cochrane reviews and
describe common pitfalls to avoid.

! The errors in calculation of hazard ratios can be
minimized if the review authors first assess direc-
tion of effect measure (event or nonevent) and then
accordingly calculate the respective corresponding
absolute effects. For example, the event that is
typically measured is mortality (death), but the
outcome reported is often overall survival (1- mor-
tality), which goes into opposite direction.

What this adds to what is known?
! The appropriate presentation of absolute effect size

estimates based on hazard ratios in SoF tables has
not been evaluated previously.

What is the implication, what should change now?
! There is an urgent need for additional training

materials and guidance for authors on how to
calculate and present absolute effects based on
time-to-event data.

1. Introduction

Absolute effect estimates are more understandable to pa-
tients, clinicians, and other users of systematic reviews than
relative effect measures and are the recommended effect
measure to communicate risks [1]. They reflect the clinical
importance of outcomes and can ground exaggerated
outcome perceptions of clinicians and patients, which
may occur if solely relative effects are reported [2e4]. Ab-
solute effects provide important supplementary information
that considers risk-specific control event rates over a given
time period. Absolute effect estimates are a routine part of
the user-friendly format of ’summary of findings" (SoF) ta-
bles or evidence profiles [5]. Reviews published by Co-
chrane, which is widely known for establishing
methodological standards for conducting and reporting
high quality systematic reviews, regularly include such
SoF tables. SoF tables are prepared according to the
GRADE guidance papers and can be calculated using soft-
ware products such as GRADEpro GDT (gradepro.org) or
MAGICapp (app.magicapp.org) [5].

In many fields of health care, in particular oncology, ana-
lyses that assess the time to a given event for one or several
groups of patients are commonly used. For patients with can-
cer, one of themost relevant outcomes is overall survival (OS).
It describes the survival time of patients until death for any

reason which occurs within a certain period of follow-up. In
addition, another outcome like progression-free survival
(PFS), that is the survival time without detectable worsening
of disease (progress, relapse, death) over a considered time-
period, is often assessed. This outcome measure provides
complimentary information for OS. Both outcomes are so
called time-to-event outcomes, as they involve the assessment
of both whether a particular event occurs, and alsowhen it oc-
curs [6]. To compare time-to-event outcomes of two groups of
patients, hazard ratios (HR)with corresponding confidence in-
tervals that provide relative effect size estimates are used.

The calculation of absolute effects based on HR is error
prone because both beneficial (event-free survival) and
adverse effects (events) can easily be confused and because
calculation of HR is based on difficult to interpret exponen-
tial functions. As there is currently no written guidance on
how to calculate absolute effects based on HR, and how to
best present these in SoF tables, it might be especially diffi-
cult for review authors to do this properly, as well as for
journal editors and peer reviewers to identify mistakes.
Another potential challenge arises around the consistent
definition of time-to-event outcomes across all parts of
the review including the abstract, results section, and the
SoF table. Because of that absolute effects based on re-
ported time-to-event outcomes are difficult to calculate,
present, and interpret. Although often the event is measured
(e.g., death), the event-free survival (e.g., OS) is reported
throughout individual studies and the corresponding sys-
tematic review, review authors must be aware to calculate
the respective absolute effect (for the event or for event-
free survival). Until a recent update (September 2018),
the GRADEpro GDT software allowed calculation of abso-
lute effects based on HR only for outcomes and baseline
risks corresponding to events (such as mortality) but not
for event-free survival (like overall survival).

In this methodological review, we evaluated in how
many current cancer-related Cochrane reviews absolute ef-
fects based on HR in SoF tables have been correctly calcu-
lated and reported.

2. Materials and methods

We report our methodological review according to the
Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) [7]. The project was conducted
according to an a priori developed protocol. As this is a
methodological review, it was not eligible for a registration
in the International Prospective Register of Systematic Re-
views (PROSPERO). The protocol can be accessed on
request from the review authors.

2.1. Eligibility criteria

Cancer-related Cochrane intervention reviews and over-
views of reviews were eligible for inclusion if they

2 N. Skoetz et al. / Journal of Clinical Epidemiology 108 (2019) 1e9
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provided an SoF table in which the effect size for at least
one time-to-event outcome based on a pooled HR was
included. Reviews in which an HR for an outcome was
given from a single study only were also eligible. Reviews
that reported HR from several studies for the same outcome
but did not pool the respective HR were excluded. This was
to ensure that only one single HR per outcome in the review
was reported, which could be used to calculate one corre-
sponding absolute effect estimate. The results for this
time-to-event outcome must have been mentioned in at
least one of the following sections: abstract, methods, or re-
sults. Therapeutic, preventive, or prophylactic intervention
reviews were eligible. Reviews not meeting all these
criteria were excluded. We excluded reviews in which ef-
fects were presented in risk ratios or odds ratios (ORs) only.
We used the original English version of each Cochrane re-
view for data extraction and assessment.

2.2. Study identification and selection

We systematically identified all Cochrane intervention re-
views that examined questions in the context of oncology,
irrespective of type of cancer, stage of disease, type of inter-
vention, outcomes assessed, or study design of included
studies. This was done by using the function: ‘‘Browse by
topic’’ and by choosing the following options: ‘‘Cancer’’
and ‘‘Stage: Review’’ in the Cochrane Database of System-
atic Reviews. This function is based on tags, which are
manually applied by the operators of the Cochrane Library.

The current version of SoF tables was first described in
2010, and the first GRADE guidelines were published in
2011 [5,8]. We did not expect any Cochrane Reviews to
include SoF tables before 2011. Therefore, we restricted the
included Cochrane Reviews to a 6-year period between
January 2011 and December 2017. In case a review was pub-
lishedmore than once during this time period, for example, as
primary publication and as an update, we included only the
most recent publication. Three authors (N.S., A.W., and
M.G.) independently screened titles, abstracts, and full texts
identified in the Cochrane Database of Systematic Reviews
for eligibility according to the inclusion criteria. Review
screening was carried out in one step because it is necessary
toview a review full text to assess the availability of SoF tables
and time-to-event outcomes. If any disagreement regarding
the inclusion of reviews occurred, the authors tried to resolve
it by discussion or involved another author (EvD) until
consensus was achieved.

2.3. Data extraction

All included reviewswere randomly allocated to eightmem-
bers of the research team (N.S., M.G., P.D., A.W., V.L., J.J.M.,
K.D., EvD) to be extracted independently in duplicate. In case
oneof these individualswas involved in thepublicationof a spe-
cificCochrane review (e.g., as an author ormember of the edito-
rial group), this particular review was reassigned to other,

nonconflicted members of the research team. We used a dedi-
cated pilot-tested extraction form. Any discrepancies during
data extractionwere resolved throughdiscussionor if necessary
with involvement of a third author.

To classify the baseline characteristics of the included
SRs, we extracted information on the cancer type (e.g.,
breast, lung, colorectal), but also ‘‘cancer in general’’ and
‘‘mixed’’ (multiple diseases, but not cancer in general)
and year of publication. To examine how absolute effects
were calculated, we extracted data for the first two time-
to-event outcomes, which were reported in a SoF table
and the description for these outcomes with corresponding
HR and their 95% confidence intervals as reported in ab-
stract, methods section, and/or results section. For Co-
chrane reviews in which a (pooled) HR was given, we
assumed that this effect measure and its associated confi-
dence intervals had been correctly calculated. We extracted
the first two HR outcomes because in cancer reviews these
are commonly OS and PFS. Overall survival as an outcome
measures includes only the single event "death", whereas
PFS includes the events "death," "progression," and
"relapse". Comparing the reported baseline risks for these
two outcomes allowed to determine whether the baseline
risks applied to events or event-free survival (as described
in the next paragraphs). In addition, we extracted the
description of the same outcomes as reported in the SoF ta-
ble and the absolute effects as well as information
regarding assumption of the underlying baseline risk. If
several SoF tables were included, we used data from the
first SoF table that listed an eligible time-to-event outcome.

For each outcome, we interpreted the meaning of an
HR ! 1, that is, whether this favored the control or inter-
vention arm, based on the choice of the event as docu-
mented in the methods section of the review. If absolute
effects were reported in the SoF table and review authors
provided information on how the control group risk had
been determined, we extracted this information. In case re-
view authors did not provide information on how they
determined the control group risk, we assessed whether
they used the number of people with the event (e.g., people
being dead at a specific time point) or the number of people
event-free (e.g., people being alive at a specific time point)
to calculate absolute effects for the intervention group. If at
least two HR outcomes, like OS and PFS, were reported in
the review, we compared the absolute numbers in the esti-
mated control group risk for both outcomes, as shown in
Figs. 1e3. If the absolute number for the outcome OS
(based on the event people being dead) was lower than
for the outcome PFS (based on the event people with pro-
gressive disease), we assumed authors had used number
of people being event-free to calculate absolute effects
for the intervention arm (see Fig. 1).

If the number was lower for OS than for PFS (see
Fig. 2), we assumed authors had used number of people
with the event to estimate the control group risk and calcu-
late numbers for the intervention arm.

3N. Skoetz et al. / Journal of Clinical Epidemiology 108 (2019) 1e9
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If the absolute numbers in both estimated control groups
were identical (see Fig. 3), it was impossible to judge
whether authors used absolute numbers of people with
event or people being event-free to determine control group
risk for their calculations. One would expect a higher over-
all number of people who survived compared to the number
of people who survived without progression (PFS), as OS is
based on deaths only, but PFS is the sum of people being
dead, with relapse, or progression.

In case authors reported event-free survival like OS and
PFS throughout the review but used number of events (i.e.,

people being dead or with progress) to calculate absolute
effects, we extracted information on how authors com-
mented on this in the SoF table like ‘‘Instead of OS, mor-
tality is reported in this SoF table, for technical reasons’’.

2.4. Recalculation of absolute effect size estimates

To check whether review authors calculated the abso-
lute effects from the HR outcome correctly, we recalcu-
lated absolute effects based on methods described by
Tierney et al. [9]. This article recommends using

Fig. 1. Extract from an exemplar SoF table. Numbers for the estimated control group risks are marked in red (for the outcomes overall survival and
the combined outcome progression-free survival). (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)

Fig. 2. Extract from an exemplar SoF table. Numbers for the estimated control group risks are marked in green (for the outcomes mortality and the
outcome sum of mortality, relapse, and progress). (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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event-free survival data to interpret HR using the
following formula:

These calculations were made based on the HR and
baseline risk estimates, which were reported in the Co-
chrane review.

3. Results

3.1. Search results

Asshown in the studyflowchart (seeFig. 4), our search led to
483 Cochrane reviews, which were determined to be cancer-
related. Study selection showed that 210 of these included an
SoF table and of these, 96 reported for at least one time-to-
event outcome an HR in the SoF table. The references of the
included Cochrane reviews are listed in the online Appendix.

3.2. General characteristics of included reviews

The vast majority of studies, 52 (54%), was published in
2017 or 2016, see also Appendix Table 1. Only one review,
without an update publication, has been published in 2011.
The largest number of reviews evaluated interventions for
hematological malignancies (21 reviews, 22%), 12 reviews

(13%) assessed interventions for patients with breast can-
cer, and four reviews (4%) evaluated ‘‘cancer in general’’.

No overviews of reviews were identified.
Five reviews (5%) reported only one outcome with an HR.

Ten reviews (10%) mentioned in a comment or footnote, how
they determined the baseline risk in the control group, but
none of this information was useful to evaluate whether re-
view authors used the number of people with an event or
the number of people being event-free to calculate absolute
effect size estimates. This was because authors did not report
whether the patients were alive or dead at the respective time
point. Also, transparent reporting of information where base-
line risk data is derived from was often missing.

3.3. Presentation of absolute effect estimates in
included reviews

Table 1 summarizes the presentation of absolute effect
estimates in the included reviews.

3.3.1. Absolute effects correctly calculated with consis-
tent labeling of outcomes throughout the review

Twenty-eight reviews (29%) correctly calculated abso-
lute effects and labeled the time-to-event outcomes in a

Fig. 3. Extract from an exemplar SoF table. Numbers for the estimated control group risks are marked in red (for the outcomes overall survival and
progression-free survival). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

Corresponding intervention risk; per 10005 ðexp½lnðproportion of patients event# freeÞ % HR&Þ % 1000; per 1000
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consistent manner throughout the review, that is, making a
clear distinction between people being event-free (e.g., peo-
ple alive at a specific time point) and people with an event
(e.g., people dead at specific time point). Accordingly,
time-to-event outcomes were labeled consistently
throughout abstract, methods, results section, and SoF table
of the respective reviews (see an example in Fig. 5).

3.3.2. Absolute effects correctly calculated but inconsis-
tent presentation of outcomes in SoF table and other
parts of the review

Twenty-three reviews (24%) correctly calculated the ab-
solute effects. However, there was inconsistency in how la-
bels for the time-to-event outcomes were used throughout
the review. In the SoF table, events (e.g., number of deaths)
were used to calculate the absolute effect, whereas in other
parts of the review, event-free survival (e.g., OS) was re-
ported, without any explanation in the comment section
as shown in Fig. 5, why the name of the outcome changed
within the review.

3.3.3. Incorrect calculation of absolute effects
Twelve reviews (13%) provided incorrect absolute effect

estimates. The underlying reason was that instead of

correctly entering the number of people with the event,
the review authors entered the number of people without
an event into calculation software, then applying the HR.
This led to incorrect results with less people instead of
more being alive in the favored arm (see Fig. 6). The review
authors reported these incorrect results in the SoF table on-
ly; none of the review authors reported these incorrect
numbers in the abstract, plain language summary, results,
or discussion section.

3.3.4. Unclear results
In seven reviews (7%), it was unclear how review au-

thors determined the control group risk and whether direc-
tion of results was correct. This was the case when the
control group risk for both outcomes of interest (e.g., OS
and PFS) was identical, as shown in Fig. 3.

3.3.5. No absolute effects calculated
Twenty-six reviews (27%) did not calculate an absolute

effect. However, five of these reviews reported mean sur-
vival ranges for both the control and intervention arm or
weighted mean survival with 95% confidence intervals in
the SoF table but without any explanation how these had
been calculated. Thus, their provenance remained unclear,
and it could not be judged whether they were correct or
incorrect.

4. Discussion

4.1. Principal findings

This methodological review shows that absolute effects
based on time-to-event outcomes are calculated correctly
and presented in a readily interpretable way in less than
one in three Cochrane reviews related to cancer (out of
96 reviews). In about every fourth review, the absolute ef-
fects were correctly calculated but the respective outcomes
were labeled inconsistently and potentially misleading
without any comment why authors calculated event-free
survival (e.g., OS) throughout the review but reported num-
ber of events (e.g., death) in SoF tables. Twelve percent
provided incorrect absolute effects in the SoF tables,
because inappropriate data were entered into the calculation
software. As the review authors did not report the results of
the incorrect calculations in the abstract, results section, or

Fig. 4. PRISMA flow diagram of Cochrane reviews.

Table 1. Presentation of absolute effect estimates in the included Cochrane reviews

Calculation of absolute effects and labeling of outcomes Cochrane reviews (N [ 96) Figure

Absolute effects correctly calculated 28 þ 23 (53%) 5

Consistent labeling of outcomes throughout the review 28 (29%)

Inconsistent labeling of outcomes throughout the review 23 (24%)

Absolute effects incorrectly calculated 12 (13%) 6

Unclear results 7 (7%) 3

No absolute effects calculated 26 (27%)
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conclusion, this error is not transferred to other sections of
the respective reviews. For 7%, it was completely unclear if
absolute effects were correctly calculated, because it was
unclear whether control group risk numbers described peo-
ple with event or people without event. In the remaining
27%, no absolute effect had been calculated at all.

4.2. Strengths and limitations of this methodological
review

We performed this methodological review based on an
a priori developed protocol. The strength to the validity
of our findings is based on a comprehensive search, a
screening process done in duplicate, a piloted data
extraction form, and data abstraction in duplicate. The
reliability of this work is ensured through adherence to
the review methods proposed by Cochrane and reporting
in accordance with the PRISMA standards. The small
sample size might have influenced our results; however,
at the date of the search, no more cancer-related Co-
chrane reviews including time-to-event outcomes
described as HR in a SoF table were available. Another

limitation is that we evaluated only cancer-related re-
views; therefore, our findings are directly applicable to
cancer reviews only. Cochrane reviews evaluating pa-
tients with other types of disease and time-to-event out-
comes should also be assessed, as these reviews might
report other outcomes like time to hospitalization, time
to discharge, or time to recovery, which could result in
different findings. Although the focus of this review
was on Cochrane reviews only, which has recently
mandated the inclusion of absolute effects and SoFs,
we expect similar issues to affect non-Cochrane reviews.
We evaluated 10 high-impact cancer journals publishing
systematic reviews within the same time period as
mentioned above but could not identify any review out
of 177 reporting absolute effects for HR outcomes or
presenting SoF tables (unpublished data).

4.3. Strengths and limitations in relation to other
methodological reviews

To date, there has not been other research directed to
the reporting of absolute effect size estimates specifically

Fig. 5. Extract from an exemplar SoF table. Numbers for the correctly calculated absolute effects and comments are marked in green, assuming the
HR ! 1 favors the intervention group. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of
this article.)
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for time-to-event outcomes in SoF tables. With regard to
its specific focus and relevance to all investigators using
time-to-event outcomes in SoF tables, our review is
unique.

Prior methodological work assessing the frequency of
reporting of absolute effects any outcome type systematic
review revealed that they are rarely reported. Alonso-
Coello et al. assessed 98 Cochrane and 104 non-Cochrane
systematic reviews, which were published in 2010 and
not limited to a certain field of disease. Overall only
36.1% of these reviews presented absolute effect estimates
for the most patient-important outcome. In 32 systematic
reviews that included SoF tables, all authors calculated ab-
solute effects. Twenty-nine of these reviews were Cochrane
reviews and three reviews were non-Cochrane reviews. The
relative effect measures on which the absolute effects were
based were primarily risk ratios or ORs; a smaller amount
of only 6.4% were calculated from HRs. If absolute effects
were reported, the source of the baseline risk applied for
calculation was often not given [10]. This is in accordance
with our findings showing sparse reporting of where base-
line risk data are derived from. Agarwal et al. performed
a methodological review to assess the frequency of report-
ing of absolute effects in the abstracts of systematic re-
views. They included 96 Cochrane and 94 non-Cochrane
reviews published in 2010 and revealed that absolute effects
were reported in the abstracts of 22.5% of the respective
systematic reviews. Again, the relative effect estimates cor-
responding to the calculated absolute effects where

predominantly relative risks and ORs, only a small number
(5.8%) were HR [2].

Our review demonstrated incorrect calculation and re-
porting of absolute effects based on HR in the SoF tables
of cancer-related Cochrane reviews. Prior work suggested
flaws in the calculation of absolute effects of clinical
studies. A review evaluating 734 randomized controlled tri-
als, published in high impact general medical journals of
which 373 investigated time-to-event outcomes, found that
only half of randomized controlled trials reporting number-
needed-to-treat or number-needed-to harm from such out-
comes used appropriate calculation methods [11]. Prior
studies have also addressed the challenge of calculating
numbers-needed-to-treat for time-to-event data in the
setting of competing risks and reviewed the potential issue
of varying follow-up times [12,13].

4.4. Meaning of this methodological review:
explanations, implications, and further research

Our methodological assessment shed light on the prob-
lems review authors face when they try to calculate abso-
lute effects based on time-to-event data in SoF tables.
There is currently no written guidance on calculating HR-
based absolute effects and how best to present them in
SoF tables. Therefore, it may be particularly difficult for re-
viewers to do this properly and also for journal editors and
peer reviewers to identify mistakes. This work demon-
strates the need for additional training and guidance of

Fig. 6. Extract from an exemplar SoF table. Numbers for the incorrectly calculated absolute effect, assuming that HR ! 1 favors the intervention
group. The incorrect numbers are marked in red. (For interpretation of the references to color in this figure legend, the reader is referred to the Web
version of this article.)
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review authors working with time-to-event data. A work-
shop addressing this issue was held at an international con-
ference already and further workshops are planned. Also,
additional training materials in the form of written mate-
rials, online modules, and webinars for review authors
and other GRADE users on how to calculate absolute ef-
fects are currently being developed and will soon be
disseminated. Moreover, the GRADEpro GDT software
has been adapted in September 2018 to provide review au-
thors the choice as to whether to enter the number of people
with events or number of people without events for the con-
trol group risk. This will allow better consistency of use of
outcomes throughout the review. In addition, there appears
need for additional oversight of review authors to identify
incorrect and misleading information before publication.

A further key aspect to consider is how review authors
should estimate the absolute risk in the control group for
time-to-event outcomes: should it be based on one study
or on all included studies or on data from representative
observational studies and which time point should be used?
Confidence intervals of calculated absolute effects do not
incorporate uncertainty in the assumed control risks and
are not considered by the calculation according to Tierney
et al. [6]. This is of special concern if we look at long-term
survival with a low or moderate mortality and a correspond-
ing high number of censored patients (i.e., a low number of
patients under risk and a high censoring rate). These as-
pects will be considered in another article.

5. Conclusion

Based on our systematic review, in less than one in three
cancer-related Cochrane reviews that included at least one
time-to-event outcome, absolute effect size estimates were
correctly calculated and appropriately reported. This was
due to missing comments and/or entering incorrect
numbers into the GRADEpro GDT software. There is an
urgent need for additional training materials and guidance
for review authors, editors, and peer-reviewers on how to
calculate and present absolute effects based on HR data.

Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.jclinepi.2018.12.006.
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6.4. Guidance for handling informative censoring as a study-limitation 
in evidence syntheses (Paper 4) 

   
Figure 10: Graphical abstract for paper 4 (2). 

 

Rating the certainty in time-to-event outcomes - Study limitations due to censoring of 
participants with missing data in intervention studies (Paper 4)

To develop a guideline for dealing with informative censoring as a study limitation (risk of 
bias) for time-to-event outcomes in trials

Grading of recommendations assessment, development and evaluations (GRADE) 
guidance
• Based on methodological research
• Standard iterative process: Membership consultation, feedback, presentations and 

iterative discussion at meetings of GRADE Working Group
• Final disputation (approval ≥80% of GRADE members): 06/2019 Hamilton, Canada

• Informative (depended) censoring as a time-to-event specific source of bias due to 
missing outcome data

• Time points and reasons for censoring in trials seldomly available to review authors

• Simulation: Recalculation of individual participant data from published survival curve and single 
imputation of hypothetical survival times for censored individuals

• Result: Substantial, unbalanced and early censoring alters outcome effects and conclusions

Goldkuhle M et al. GRADE Guidelines: 29. Rating the certainty in time-to-event outcomes-Study limitations due to censoring of 
participants with missing data in intervention studies. Journal of Clinical Epidemiology. 2021;129:126-37. 

Risk of bias from informative censoring of trial participants can be expressed in the study 
limitations (risk of bias) domain of the GRADE approach

Options for assessing risk of bias through informative censoring in randomized trials

Available data Data sources Indicators

Individual participant 
data

• Sensitivity analyses: Realistic assumptions 
and worst/ best case scenarios for survival 
times of censored observations

• Alteration in effect
• Alteration in conclusions, e.g., 

confidence interval

Recalculation of 
participant time-to-
event data 

• Recalculation with available methods: e.g., 
Tierney et al. 2007, Guyot et al. 2011

• Recalculation of number censored per time-
interval per trial arm • Substantial difference in proportion of 

censored observations between arms
• High frequency of early censoring in one 

armDistribution of 
censoring known or 
inferable

• Censoring markings on survival curves
• Reporting of censoring at given time-points 

per trial arm

• Number of individuals at risk over time with 
event rates over time per trial arm

Other reported 
information

• Number of missing outcome data reported 
per trial arm

• Reported reasons for missingness
• E.g., in flow-diagram

• Substantial difference in proportion
• Difference in reasons

Deriving judgements:
1.) For individual trial: Extend of risk of bias (e.g., substantial, critical), certainty of assessment
2.) Across trials: e.g., critical if ≥1 trial of critical risk of bias, consider weight of trial in meta-analysis
3.) Integrate judgment in general risk of bias judgment (e.g., blinding, allocation concealment)
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6.4.1. Publication status 
This article was published in January 2021 in the Journal of Clinical Epidemiology. 
 
The work shares of the individual participants and their involvement in this paper are detailed 
in appendix 11.4.1. 
 
This paper is part of the consortium of articles awarded with the German Network for Evidence-
based Medicine’s David Sackett prize 2021 (chapter 9.3). 

6.4.2. Synopsis (2) 
Informative censoring, elaborated in chapter 3.2.1, constitutes a time-to-event specific source 
of bias that is often neglected in evidence syntheses, as emphasized in the previously reported 
meta-epidemiological studies. Moreover, no formalized guidelines on how to identify a potential 
risk of bias in primary trial publications and how deal with the issue in evidence syntheses were 
available. 
The fourth article contributing to this dissertation is a guidance article systematically developed 
within and according to the standards of the renowned GRADE Working Group (2). It comple-
ments previous GRADE guidance that focusses on the assessment and consideration of bias 
through missing outcome data for binary and continuous outcomes in systematic reviews and 
evidence-based guidelines (126). 
 
The systematic methods required to develop GRADE guidelines are formalized elsewhere (see 
also chapter 3.3.4) (142, 143). In brief, the guideline was developed through iterative discus-
sions in face-to-face and digital meetings of internationally recognized experts. These included 
methodologists, biostatisticians and clinicians who have already made important contributions 
to the field. As basis, the development process as well as the guidance article require a con-
ceptual and theoretical elaboration of the problem, evidence to back the issue and practical 
examples that show how the proposed principles are to be applied. 
In addition, within this particular article, a straightforward modeling approach was used to 
demonstrate how loss to follow-up censoring can affect the estimates of trial outcomes: after 
recalculation of individual participant data from a suitable survival curve and confirmation of 
correct recalculation with help of the approach proposed by Guyot et al. 2012 (145), realistic 
event times were imputed for individuals with censored observations to simulate informative 
censoring. The resulting estimate indicated a loss of statistical significance of the original esti-
mate and increased uncertainty due to informative censoring. 
After its final presentation and disputation, the article was accepted for submission for publi-
cation by about 100 attending GRADE Working Group members at a GRADE meeting in Ham-
ilton, Canada.  
 
Besides a comprehensive theoretical background on the sources and potential impact of the 
issue, the guidance includes concrete suggestions for the identification potential informative 
censoring from reported trial information. 
Depending on the data from trial publications available to evidence synthesis authors, several 
sources are suggested: most straightforward for a judgement is the direct reporting of details 
on censoring with reasons per trial arm. If information on missing outcome data per trial arm 
is reported in sufficient detail, this data may also be helpful in some cases. Furthermore, if 
Kaplan-Meier plots are presented, censoring markings on or below curves (as in figure 1), the 
number of individuals at risk or information generated through recalculation of summary data 
can be applied for inference on the distribution of censoring in the compared trial groups. 
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Particular attention for informative censoring is required, for example, if censoring patterns 
between groups are not explainable by relative effects, if censoring occurs early in one group 
and/ or is apparently differently distributed across the follow-up time. In figure 1 of chapter 
3.1.1, an example that is also used in the article, the number of censored individuals reported 
below the curve is substantially higher in the neratinib group as compared to the placebo group 
across the entire follow-up period – while the number of individuals at risk is consequentially 
lower. The plot and the reported HR indicate, however, that treatment with neratinib consider-
ably improves the outcome invasive disease-free survival. Why the number of individuals at 
risk is lower in the preferred treatment group throughout the entire observation period would 
require further investigation and may pose a risk of bias (2, 12). 
Finally, the article describes how to derive and formalize judgments on the degree of concern 
regarding a risk of bias raised through potential informative censoring in a particular trial, how 
to translate this concern to a body of evidence of multiple trials and how to incorporate such 
summary judgements into an overall GRADE certainty of evidence rating.  
 
In line with the overall goals of this dissertation project, this GRADE guidance informs authors 
of evidence syntheses about an often-neglected methodological issue of time-to-event analy-
sis. It is intended to improve the communication of the results of meta-analyses of time-to-
event outcomes and their certainty in the future. 

6.4.3. Full-text publication 
The supplementary material accompanying this publication is provided in appendix 11.4.2. 
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Abstract

Objectives: To provide Grading of Recommendations, Assessment, Development, and Evaluation (GRADE) guidance for the
consideration of study limitations (risk of bias) due to missing participant outcome data for time-to-event outcomes in intervention
studies.

Study Design and Setting: We developed this guidance through an iterative process that included membership consultation, feedback,
presentation, and iterative discussion at meetings of the GRADE working group.

Results: The GRADE working group has published guidance on how to account for missing participant outcome data in binary
and continuous outcomes. When analyzing time-to-event outcomes (e.g., overall survival and time-to-treatment failure) data of partic-
ipants for whom the outcome of interest (e.g., death and relapse) has not been observed are dealt with through censoring. To do so,
standard methods require that censored individuals are representative for those remaining in the study. Two types of censoring can be
distinguished, end of study censoring and censoring because of missing data, commonly named loss to follow-up censoring. However,
both types are not distinguishable with the usual information on censoring available to review authors. Dealing with individuals for
whom data are missing during follow-up in the same way as individuals for whom full follow-up is available at the end of the study
increases the risk of bias. Considerable differences in the treatment arms in the distribution of censoring over time (early versus late
censoring), the overall degree of missing follow-up data, and the reasons why individuals were lost to follow-up may reduce the cer-
tainty in the study results. With often only very limited data available, review and guideline authors are required to make transparent
and well-considered judgments when judging risk of bias of individual studies and then come to an overall grading decision for the
entire body of evidence.
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Conclusion: Concern for risk of bias resulting from censoring of participants for whom follow-up data are missing in the underlying
studies of a body of evidence can be expressed in the study limitations (risk of bias) domain of the GRADE approach. ! 2020 Elsevier
Inc. All rights reserved.

Keywords: GRADE; Certainty of the evidence; Time-to-event outcomes; Survival analysis; Risk of bias; Loss to follow-up; Censoring missing data

1. Introduction

The Grading of Recommendations, Assessment, Devel-
opment, and Evaluation (GRADE) working group has
defined domains that can limit the certainty in a body of ev-
idence [1e6]. Within its study limitations domain (i.e., risk
of bias), the GRADE approach has issued guidance on how
to account for missing participant outcome data for binary
and continuous outcomes [6,7]. That guidance proposes
conducting sensitivity meta-analyses making assumptions
about the outcomes of participants with missing data, to test
the robustness of the findings of the primary meta-analysis
[7,8].

Although the basic principles for assessing risk of bias
associated with missing participant outcome data in binary
outcome analysis also apply to time-to-event analysis, there
are issues uniquely applicable to time-to-event outcomes.
In contrast to binary data analysis, time-to-event studies,
which assess not only whether an event of interest occurs
but also when it occurs, typically follow patients for vary-
ing periods of time. Because time-to-event analyses include
data from individuals with variable lengths of follow-up,
those for whom follow-up data becomes absent during
the study interval are typically treated in the same way as
those with regular follow-up until the end of the analysis
(i.e., they provided complete data). Therefore, we here refer
to missing follow-up data to characterize the situation when
information for an individual becomes absent at a time
point within the intended and prespecified observation
period. This article discusses GRADE rating of study lim-
itations associated with missing follow-up data when
dealing with time-to-event analysis.

2. Background

2.1. Time-to-event analysis and censoring

Time-to-event analysis is also often referred to as sur-
vival analysis, in which the ‘‘survival time’’ describes the
time until an event such as death occurs. The most promi-
nent methods to analyze time-to-event outcomes include
KaplaneMeier curves along with the log-rank test and
the Cox proportional hazards regression model [9,10].
Time-to-event outcomes are often described by survival
rates, defined as the probability that an individual will not
have experienced an event (e.g., ‘‘survived’’) up to a certain
time point or hazard rates, which can be interpreted as

instantaneous failure rates, meaning an individual’s likeli-
hood of experiencing an event (e.g., ‘‘death’’) at a certain
time point given that the event has not occurred up to this
time point.

The most prominently applied relative effect measure is
the hazard ratio, which is the ratio of hazards between two
groups. It is commonly obtained from the Cox proportional
hazards regression model, which adjusts for relevant cova-
riates and confounders. An unadjusted hazard ratio can also
be derived indirectly using other analytical techniques,
such as the KaplaneMeier method or the log-rank test
[10,11].

A core feature of time-to-event analysis is the consider-
ation of ‘‘censoring’’ which occurs when patients complete
their follow-up period without having experienced the
event of interest. Censored observations are included in an-
alyses to optimize the efficiency that time-to-event analysis
provides over binary data analysis [12]. If the time to an
event and censoring are not included in the calculation of
the (log) hazard ratio, it equals the (log) relative risk.

To include censored observations in time-to-event ana-
lyses, general methods of survival analysis require an
assumption of noninformative and independent censoring.
Violations of this assumption introduce risk of bias.
Appendix A1 provides a short review of the definition of
noninformative censoring and its relation to independent
censoring. In accordance with established training re-
sources for time-to-event analysts [13], we will use the
concept of independent and dependent censoring to
describe situations under which censoring may lead to
distortion of the analysis results.

Independent censoring occurs when censored partici-
pants and those remaining under observation have the same
probability of experiencing the event of interest, as if the
censored individuals were ‘‘randomly drawn’’ during the
course of follow-up [13,14]. An example for censoring
mechanisms independent from the survival time (and also
noninformative) is administrational closure of a study. Dif-
ferences in the observation times of participants then are
solely a result of the staggered study entry times and the
fixed study closure time (Fig. 1) [13,15].

When individuals are censored because of missing
follow-up data, this assumption is likely to be violated. Ex-
amples of such situations which may bias results include:

! Participants withdraw consent because of physical or
mental side effects of an intervention;
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What is new?

Key findings
! Analysis methods for time-to-event outcomes deal

with participants for whom outcome data are un-
available through censoring. Two types of
censoring, the end of study censoring and
censoring because of missing data (commonly
named loss to follow-up censoring), have to be
differentiated.

! Censoring of individuals with missing follow-up
data is likely to violate the assumption of indepen-
dence of censoring and increases the risk of biased
results.

! The magnitude of bias resulting from censoring of
participants with missing data depends on several
factors. An increasing degree of dependent
censored observations and difference among the
study arms increases the risk of bias.

What are the implications and what should be
changed?
! Often, reasons why individuals in studies were

censored and the time points of censoring are un-
available to systematic review and guideline au-
thors who therefore have to make risk of bias
judgments for primary studies based on the distri-
bution of censoring over time or the degree of
missing participant follow-up data.

! Systematic review and guideline authors need to
make GRADE judgments across the body of evi-
dence for study limitations resulting from
censoring of participants with missing data consid-
ering all available information, including the possi-
bility of carrying out sensitivity analysis by
assessing whether studies at high risk of bias or
studies in which there are concerns yield different
results.

! Participants are withdrawn from the observation and
censored after switching treatment as a result of pro-
gressive disease;

! Investigators fail to locate study participants.

2.2. Reporting time-to-event data and censoring in
primary studies

Flaws in reporting time-to-event analyses may complicate
their adequate appraisal by systematic review authors
including assessing risk of bias resulting from censoring
of individuals with missing follow-up data [16e19]. Subop-
timal reporting includes, but is not limited to outcome def-
initions, the extent and duration of follow-up, precision
measures such as the number of participants at risk at

certain time points, and details of statistical model building.
Authors often fail to precisely define censoring mecha-
nisms, omit the number of censored participants, and fail
to state why individual study participants were censored
[16e19].

Studies published in leading medical journals are not
immune to reporting limitations: for instance, one method-
ological study found inconsistency between the number of
participants reported in the text/tables as ‘‘lost before the
end of the study’’ and those assessed from KaplaneMeier
curves [20]. Prior work has specified minimal reporting
items for time-to-event analyses and survival curves
[17,18,21,22]. Appendix A2 outlines reporting require-
ments that allow systematic review and guideline authors
to assess possible risk of bias resulting from informative
censoring.

3. Methods

This guidance was developed by the members of the
GRADE working group. They included methodologists,
clinical epidemiologists, and biostatisticians with experi-
ence in systematic reviews and/or guideline development.
The group developed the guidance based on iterative dis-
cussions by e-mail, on conference calls, and at a GRADE
working group meeting in Manchester, UK, in October
2018. The final draft of the guidance was presented during
the GRADE working group meeting in Hamilton in June
2019 and was approved following the group’s standard
approval process.

4. Scope

This guidance aims to support systematic review and
guideline authors in the assessment of study limitations
(risk of bias) due to missing follow-up data for time-to-
event outcomes in intervention studies. We describe an
approach that takes a systematic reviewer perspective
relying on information that one could typically obtain from
only the trial report and its accompanying records. To
comply with well-known resources for systematic review
authors to assess the risk of bias in individual studies and
with reference to previous GRADE guidance for rating
the certainty of the evidence with focus on study limitations
(risk of bias), we refer to missing follow-up data as the un-
availability of follow-up data for individuals during the
study interval [6,23,24]. This includes all types of missing
data and situations in which the outcome status of study
participants becomes unavailable during the study period ir-
respective of the reason (e.g., patients not available or inap-
propriately excluded) [25,26].

The concerning risk of bias arises, for example, when in-
vestigators censor individuals for whom data are missing
and include them in the computation of effect measures
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in the same way as participants with independent censoring
(e.g., those whose follow-up ended appropriately at the end
of the data collection period). Systematic review and guide-
line authors seldom have information regarding the reasons
for censoring for each participant in every eligible study.
Consistent with well-known instructions for systematic re-
view authors, we therefore provide guidance that is primar-
ily aimed at detecting a potential bias in individual studies
[23,24]. Judgments on study level then inform the risk of
bias assessment for an overall body of evidence separately
for each outcome.

In accordance with previous GRADE guideline for
missing participant outcome data for binary and continuous
outcomes, we provide guidance for systematic review and
guideline authors who assess comparative clinical trials
based on aggregated data [7]. We differentiate the issue
of adequately accounting for loss to follow-up from that
of adherence to the intention-to-trea principle, which re-
lates to analyzing study participants with known data in
the groups to which they were allocated [7,27].

We focus on risk of bias in the outputs of the ‘‘standard’’
methods of survival analysis and the Cox model hazard ra-
tio as the single comparative relative effect size measure
[16e19]. Within the context of this guidance, we assume
that the primary study investigators and subsequently the
authors of meta-analyses have chosen the correct method
for analyzing competing events for the intended research
question.

5. How censoring participants with missing follow-up
data may affect the results of the study

5.1. Censoring of participants leading to overestimation
and underestimation of the survival probability

Similar to binary outcome analysis, the distortion of the
outcome probability of the group under study depends on
the outcome probability of those for whom data are
missing. When individuals who are more likely to experi-
ence the (negative) event of interest (e.g., death) are also
more likely to be missing (positive correlation between
the occurrence of the event and missingness of data), for
example, because they are more likely to be lost to
follow-up, the true survival probability of a study group
will inevitably be overestimated [12,23]. This means that
the corresponding true risk of the (negative) event occur-
rence will be underestimated. Such an association may
occur, for example, if participants with treatment-related
adverse events are no longer followed up and are censored
at the time of loss to follow-up.

On the other hand, in case of a negative correlation be-
tween the occurrence of the event and the probability of be-
ing censored, the true survival probability for a study group
may be underestimated (and the corresponding true event
risk overestimated) [23]. For example, underestimation of

the event-free survival probability will occur if in a study
comparing the impact of psychiatric interventions on
time-to-treatment failure participants in one arm benefit
so substantially that they fail to return and are therefore lost
from the study.

5.2. Effect of censoring of participants with missing
follow-up data on the hazard ratio

Factors that might result in a biased hazard ratio are the
frequency of the outcome event of interest, the treatment ef-
fect in terms of the distribution of the outcome event be-
tween the study arms, and the frequency and distribution
of censoring because of missing data (e.g., effect of inter-
vention on the frequency of loss to follow-up). As the
impact of dependent censoring on the hazard ratio cannot
be determined based on the observed data (because the true
outcome of censored individuals is not observable), quanti-
fications of the associated bias are difficult [15].

Nevertheless, the potential bias resulting from censoring
of missing follow-up data can be substantial, especially
when the outcome probability for those with missing data
is considerably increased. In studies evaluating antiretrovi-
ral treatment programs for HIV in settings with limited re-
sources, loss to follow-up rates are typically high.
Performing a systematic review and meta-analysis of
studies of such programs in which individuals lost to
follow-up were actively traced by telephone calls or social
networks; Brinkhof et al. [28] found that the mortality
among patients lost to follow-up was considerably
increased. In a subsequent study, Brinkhof et al. [29] then
used the mortality estimates from their previous systematic
review to impute representative mortality data for individ-
uals lost to follow-up in an evaluation of five antiretroviral
treatment programs in sub-Saharan Africa and found that
survival analysis ignoring increased mortality among par-
ticipants lost to follow-up greatly underestimated overall
mortality and leads to a biased evaluation of the programs.

In most situations, however, the reasons for censoring
and the associated prognosis will be unavailable to system-
atic review and guideline authors. Therefore, similar to as-
sessments of a risk of bias in binary data analysis, one has
to rely on the simplified principle that the higher the fre-
quency of dependent censoring of participants in relation
to the event rates and the greater the difference between
the groups, the higher the potential for biased results [6].
Simulations of single arm studies show that the degree of
bias is more strongly influenced by the overall proportion
of participants that are censored with an increased/
decreased risk of experiencing the outcome, rather than
the difference in the hazard of study participants who are
remaining at risk until the end of the observation period
and those who are censored [30]. Between-group compari-
son simulations show that the degree of bias in settings with
proportional hazards in Cox models is mainly enhanced by
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the overall degree and the early time points of censoring for
any reason [31].

5.3. Illustration of the uncertainty introduced through
early dependent censoring to comparisons

To illustrate the impact of early depended censoring
on survival analyses, we reconstructed individual partici-
pant data from the analysis of overall survival in a study
by Denis et al. [32] (see also section 6.1). In this study
example, the number of censored participants was
different between the groups, particularly in the begin-
ning of follow-up. Given the transparent reporting of
outcome and censoring events in the available survival
curve (Fig. 2), we were able to reconstruct event and
censoring time points for the individuals in each group
(see Appendix A3). Box 1 provides a detailed description
of the study example, and Appendix A3 provides a sum-
mary of our proceeding to reconstruct survival data. We
verified the consistency of our reconstructed data set with
the approach presented by Guyot et al. [33] that allows
recreating individual participant level data from published
survival curves by assuming constant censoring within a
given time interval and recalculated hazard ratios and
KaplaneMeier survival curves.

To demonstrate the impact of early censoring on the re-
sults, we considered a hypothetical scenario in which all
participants who were censored before 7 months of
follow-up experience the event 1 month after censoring,
that is these data are no longer censored but are counted
as events. This assumption represents the extreme case of
a very large positive correlation between early censoring
and the experience of the event of interest.

Appendix A4 Figures 1 and 2 show the KaplaneMeier
survival curves for the reconstructed data set and the hypo-
thetical scenario. The original hazard ratio resulting from
the authors’ analysis is 0.32 (95% confidence interval
(CI) 0.15 to 0.67). The hazard ratio resulting for the data

Box 1 Example 1: Denis et al. [32].

In a randomized trial comparing a web-mediated follow-up
strategy with routine surveillance for participants
suffering from lung cancer, the primary end point was
overall survival defined from random assignment to
death or to the last assessment of patient’s status when
the patient was censored. A hazard ratio between
groups was calculated using a Cox proportional hazards
model. A total of 133 participants were randomized, and
after exclusions of participants found after
randomization to be ineligible, 60 and 61 participants
were included in the modified intention-to-treat analyses
in the intervention and the control arms, respectively.
The number of reported deaths per arm was 11 vs. 26
and the number of relapses 34 vs. 36. The study was
closed early at an interim analysis by recommendation
of the independent data monitoring board.

The degree of censoring was not reported throughout the
study publication. However, an assessment of the
presented survival curve (Fig. 2) shows substantially
more censoring of participants in the experimental arm,
particularly during early follow-up. Despite the visible
survival benefits and the statistically significant hazard
ratio in favor of the intervention group, the number of
patients at risk is similar for both treatment arms at
months 5 and 10. This suggests that a similar number of
individuals who died in the control arm must have been
censored in the intervention arm. This severe imbalance,
despite randomization of the participants, introduces
high risk to bias due to censoring of participants with
missing follow-up data. In a hypothetical scenario,
where individuals lost to follow-up are more likely than
those who were not lost to follow up to die shortly after
censoring, the survival benefit shown by the hazard ratio
in the study is likely inflated and possibly inexistent.
Here, we would suspect a high risk of bias and, in a
situation where only one study is included in the body of
evidence or other included studies have similar
imbalances, we would consider rating down due to
study limitations for overall survival.

Fig. 1. Types of censoring: For participant 1, the occurrence of the outcome event is observable. Participants 2 and 3 are censored because of the ad-
ministrational closure of the study. The variation in their duration of follow-up and the differing censoring time points result from the staggered recruiting
phase of the study. Participant 4 is lost from the observation before the administrational ending of the study and censored for a different reason.
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we reconstructed from the published survival curve was
0.32 (95% CI 0.15 to 0.65) showing that our reconstructed
data set is nearly identical to the original one. The original
analysis indicates a substantial survival advantage for par-
ticipants in the experimental arm under the questionable
assumption of independent censoring.

Appendix A4 Figures 1 and 2 illustrate that a positive
correlation between early censoring and the experience of
the event of interest leads to an overestimation of the sur-
vival probability in both study arms. As more participants
in the intervention arm are censored before 7 months
compared with the control arm (26 participants vs. 19 par-
ticipants), the hazard ratio increases to 0.69 (95% CI 0.44
to 1.07) in the hypothetical scenario. This illustrates that
the effect estimation is biased if there is a positive correla-
tion between early censoring and the experience of the
event of interest and additionally a higher proportion of
censored participants in the intervention arm. Therefore,
there is a loss of certainty in the results of survival analyses
in the case of substantial censoring, particularly throughout
the early periods of follow-up and where no information is
available on the reasons for censoring.

6. Suggestions to assess risk of bias resulting from
censoring in an individual study

6.1. Identifying risk of bias due to censoring in
individual studies

To appropriately assess the potential bias for the study
results emerging from dependent censoring of participants
for whom follow-up data are missing, reasons why individ-
ual participants were censored for each outcome would be
helpful. When information regarding the number of
censored individuals with reasons together with the time
point of censoring are available, imputation procedures
based on assumptions, similar to those described in the
GRADE guidance article for missing outcome data within
binary data analysis, could be applied to assess the robust-
ness of effect measures to loss to follow-up [7].

Unfortunately, it is unlikely that review authors will be
able to obtain data on the reasons and time points for
censoring for study participants and the reporting of infor-
mation on missing data [34]. Nevertheless, before assessing
a potential bias, gathering all available information on
possible mechanisms for censoring, if possible from the

Fig. 2. KaplaneMeier curve for the outcome overall survival from the study by Denis et al. [32]. The vertical lines crossing the curves mark censored
events. The elliptical form indicates that the number of early censored individuals is higher in the experimental arm than the control arm. The
rectangular form shows that the number of participants at risk to experience the event for certain time points is reported below the curves for each
study arm and are similar for both groups at 5 and 10 months of follow-up, despite a more favorable survival probability in the experimental arm
[32]. Adapted from ‘‘Randomized Trial Comparing a Web-Mediated Follow-up With Routine Surveillance in Lung Cancer Patients’’ by Denis et al.,
2017, Journal of the National Cancer Institute, 109(9), p. 6. Copyright 2017 by Oxford University Press. Adapted with permission.
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primary study investigators themselves, is likely to be
helpful.

For an informed judgment of risk of bias resulting
from censoring of participants because of missing
follow-up data, both the degree and the distribution of
censoring among the study groups over time should be
available. In randomized trials with a valid randomization
process, censoring events resulting from treatment inde-
pendent covariates (independent censoring) should have
a similar distribution over time in both treatment arms.
An unequivocal difference in the distribution of individ-
uals lost to follow-up over time, for example, a high num-
ber of early censoring in one arm vs. late censoring in the
other, is likely to indicate dependence of these censoring
events.

Differences in early censoring are especially relevant
because they can be more easily associated with missing
follow-up data than ‘‘end-of-study censoring.’’ In the
absence of individual patient data, investigators will need
to rely on information about the study participants
throughout the course of the study that is available from
the reports. Most informative are survival curves and the
number of reported individuals at risk to experience the
outcome event across the study period.

It is a good practice, even though not consistently per-
formed, to indicate in the survival curves the time points
at which individuals were censored [16,22]. This is often
performed by study authors by marking censoring time
points on the survival curves, for example, as vertical
lines or as number of participants censored between
given time points displayed along the number of partici-
pants at risk for these time points. This information then
allows an assessment of whether censoring happened
early or late throughout the observation period and to
assess differences in this distribution between study arms.

Fig. 2 presents an example in which considerably more
participants are censored in the intervention arm during the
first month of the study as indicated by the vertical lines
crossing the survival curves of the treatment arms. Box 1
presents a detailed description of the example (see also sec-
tion 5.3).

If only a survival curve and the number at risk for partic-
ular time points are available and direct information on the
distribution of censoring is not presented (e.g., no censoring
marks on the curves) or assessable (e.g., single marks for
censoring not distinguishable on the curve due to high de-
gree of censoring), it is sometimes possible to estimate the
degree of participants censored for a certain time point by
comparing the visible survival benefits in the curves and
the number at risk for the reported time points [20]. In
Fig. 2, for example, at five and 10 months of follow-up,
the same or a similar number of participants at risk are re-
ported in both treatment arms (5 months: 37 vs. 36;
10 months: 19 vs. 19). Comparing this information with
the visible differences in survival probabilities in the
curves, noticeably favoring the experimental arm, allows

the conclusion that substantially more participants have
been lost to follow-up in the experimental than in the con-
trol arm. This is because after five and 10 months of follow-
up, approximately the same number of individuals who
experienced the event (death) in the control arm must have
been lost to follow-up in the experimental arm. Box 1 pre-
sents a detailed description of the example.

When authors report the number of individuals for
several time points together with the survival curves, estab-
lished methods to reconstruct summary time-to-event data
also allow approximations of the number of individuals
censored within certain time intervals [11,35]. When au-
thors provide the number of individuals at risk for a suffi-
cient number of time points, such procedures may also
conclusively support an assessment of the distribution of
censoring in the study arms over time. Considerable varia-
tion in the overall difference and a difference in the distri-
bution in terms of early versus late censoring between arms
can then confirm a high risk of bias and a critical limitation
to the effect estimator of a time-to-event outcome of an in-
dividual study allowing guideline authors to carefully and
transparently justify their decisions. Box 2 and Fig. 3 pro-
vide an additional illustrative example.

6.2. What to do when individual studies do not provide
the distribution of censoring over time

Review authors often find themselves in situations in
which they must assess potential risk of bias through
censoring of participants because of missing follow-up data
based on only very limited information [16e19]. When the
distribution of censoring over time in individual studies is
not clear, but there are serious imbalances in the number
of individuals for whom data are missing (e.g., individuals
lost to follow-up summarized in a study flow diagram) in
the study arms or the reasons for the absence of follow-
up data differ among arms (e.g., provided in a study flow
diagram), we suggest, in accordance with the risk of bias
2.0 tool, concern for a high risk of bias (‘‘probably yes’’)
for an individual study outcome [23,24]. To derive a deci-
sion, the instructions for risk of bias due to loss to
follow-up in binary data analysis from the GRADE guide-
line on study limitations (risk of bias) should be considered
[6]. For time-to-event analyses from individual studies that
do not report information regarding the distribution of
censoring over time, its degree, and reasons, we suggest
explicitly stating that a judgment was not possible because
the required information was absent.

6.3. Individual participant data would be desirable to
assess the risk of bias

Within-study sensitivity analyses for censoring, such as
best/worst-case scenarios and other imputation procedures,
require individual participant data. If data on individual
failure and censoring times and reasons are available,
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individual patient data meta-analyses for time-to-event out-
comes would allow for a more elaborate assessment of the
sensitivity of results to missing data issues.

For example, such analyses may be possible when data
for individuals lost to follow-up can be imputed based on
plausible assumptions for individuals for whom data are
missing [7]. Significant changes in the estimates could then

lead to decisions to rate down the certainty of evidence.
Available statistical tests for the independence assumption
also require additional data [37] and are usually impossible
to perform, when conducting a standard systematic review.
Simple quantification measures for the completeness of
follow-up in survival analyses also exist but are usually
not included in the study reports.

6.4. Rating the risk of bias resulting from censoring of
participants because of missing follow-up data and
deriving an overall judgment for an individual study

A judgment on the risk of bias associated with missing
data for time-to-event outcomes within GRADE should
be based on the principles outlined in previous guidelines
for rating the quality of the evidence addressing study lim-
itations (GRADE guideline 4), particularly with regard to
the risk of bias associated with missing participant outcome
data in a body of evidence for both binary and continuous
outcomes (GRADE guideline 17) [6,7]. The assessment
criteria specified in this guidance allow integration of
time-to-eventespecific differences (e.g., censoring of indi-
viduals for whom data are missing and those who ended
follow-up appropriately) and to support a decision on the
presence of a risk of bias.

Table 1 provides considerations that reviewers can use to
estimate the extent of the risk of bias introduced by
censoring of participants because of missing data in an in-
dividual study. To derive a decision on the impact of
missing follow-up data on the overall risk of bias for an
outcome in an individual study reviewers must consider
all other potential study limitations including lack of allo-
cation concealment or the lack of blinding following which
they can judge the risk of bias can follow usual GRADE
principles [6]. A crucial limitation in one risk of bias crite-
rion, which may include substantial differences in the de-
gree and distribution in the amount of early and late
censoring, or several criteria with some limitations, which
may include considerable difference in the overall degree
of censoring, may be sufficient to merit a judgment of a
serious limitation. A crucial limitation for one or more
criteria would result in a judgment of a very serious limita-
tion for the outcome of an individual study [6]. These judg-
ments should then inform an overall rating of the GRADE
risk of bias domain for a body of evidence.

7. Making an overall judgment for a body of evidence

To derive a judgment for the risk of bias domain across
studies in a body of evidence, reviewers should apply the
usual GRADE principles for study imitations [6]: no
serious limitations (do not rate down), if evidence comes
largely from studies at low risk of bias; serious limitations
(rate down one level), if evidence comes largely from
studies at high risk of bias; very serious limitations (rate

Box 2 Example 2: Martin et al. [36].

The randomized, double-blind, placebo-controlled
ExteNET study compared adjuvant neratinib and
placebo in patients with HER2-positive breast cancer
after standard locoregional treatment, trastuzumab, and
chemotherapy. The 5-year analysis of the primary end
point invasive disease-free survival which was defined
as time from randomization to first occurrence of
invasive disease and recurrences or all cause death
showed a significant benefit for the intervention. Hazard
ratios were derived from a Cox proportional hazards
model, and individuals were censored for the primary
end point when they did not reconsent for additional
follow-up at the date of their last physical examination,
if disease recurrence did not occur within the 2 years of
follow-up in this study or if they did not have a disease-
free survival event within the relevant time frame
(5.6 months). In each treatment arm, 1,420 participants
were randomized and included in the intention-to-treat
analysis.

While the study publication did not specify the proportion
of censored individuals and the respective reasons for
censoring, the survival curve for the primary outcome
(Fig. 3) shows severe imbalances in the number of
censored individuals. The number of censored
participants between the time points is reported
together with the number of participants at risk to
experience the event for certain time points below the
curves and for each study arm, respectively. The
percentages present the proportion of participants who
are event-free for the respective time points. The
number of censored individuals in the experimental arm
is substantially higher than in the placebo arm,
especially in the early observational period. This results
in a lower number of individuals is at risk, excluding
those who have experienced the event of interest or
were censored, at any time point thereafter in the
favored experimental arm. Assessing the times for the
beginning of accrual (July 9, 2009), the ending of accrual
(October 24, 2011), and the end of the 5 year follow-up
(March 1, 2017), one can be certain that the early
censoring events were due to loss to follow-up, and not
to ‘‘end-of-follow-up,’’ because the minimum complete
observation time was at least 5.4 years (from October
24, 2011 to March 1, 2017). Given the information
outlined previously, a judgment of high risk of bias for
this study due to censoring of participants because of
missing follow-up data is justifiable. In a hypothetical
situation, where a body of evidence for a certain
outcome consists solely of this example, we would
consider rating down for study limitations.
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down two levels), if evidence comes largely from studies at
very high risk of bias.

If studies vary in their risk of bias, and the results
differ in high and low risk of bias studies, reviewers
may base best evidence summaries on the lower risk of
bias studies [6]. In particular, in an appropriately large
set of studies, when the potential risk of bias due to
censoring of participants with missing lost to follow-up
data differs across studies, reviewers can conduct sensi-
tivity analysis to determine whether results differ in high
and low risk of bias studies. When results differ, re-
viewers should present best estimates from only low risk
of bias studies.

8. Discussion and further guidance for the assessment
of time-to-event evidence

For this guide, we chose the prior outlined definitions
and concepts, but they are not unassailable. Well-known re-
sources for the conduct of systematic reviews focus on the
hazard ratio as a relative effect measure to include time-to-
event data in meta-analyses [38]. Therefore, our guidance
focuses on the hazard ratio as the relative effect measure
for time-to-event analysis. In time-to-event analysis, certain
competing risk analyses require censoring of competing
events, meaning single or multiple events precluding the
occurrence of the event of interest [13,39].

Table 1. Decision support for judgments of a risk of bias through inappropriate censoring in an individual study

Indicators
Considerations for the risk of bias through censoring of participants with

missing follow-up data assessment in individual studies

Time point of censoring considerably different in both
arms (early versus late censoring)

Critical concern for high risk of bias as early censoring is more
likely to be due to missing data (e.g., loss to follow-up) as
opposed to the end of study censoring.

Censoring degree among arms diverging (overall number of censored
patients reported but distribution over time not known)

A high risk of bias is more likely as a different degree and differing
reasons for censoring are contradicting with a valid randomization
process and thus imply that missingness may depend on the
received intervention [23]

If reasons for censoring are reported (e.g., summarized in a study flow
diagram): Different reasons why data for individuals were missing
(e.g., were lost to follow-up) and different degree between arms.

Fig. 3. KaplaneMeier curve for the outcome invasive disease-free survival from the study by Martin et al. [36] (see Box 2). The number of indi-
viduals censored up to the respective time-points of follow-up is reported along the number of individuals at risk to experience the outcome at this
time point. The number of censored individuals is substantially higher in the neratinib arm throughout the follow-up period. The number of indi-
viduals at risk (excluding those who experienced the event or were censored) in the placebo arm is substantially higher than the number of indi-
viduals at risk in the neratinib arm. Nonetheless, the neratinib arm is shown to be beneficial by the HR (!1). Adapted from ‘‘neratinib after
trastuzumab-based adjuvant therapy in HER2-positive breast cancer (ExteNET): 5-year analysis of a randomized, double-blind, placebo-controlled,
phase 3 trial’’ by Martin et al., 2017, The Lancet Oncology, 18(12), p. 1694. Copyright 2017 by Elsevier. Reprinted with permission. HR, hazard
ratio.
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Nevertheless, such analyses remain susceptible to bias
due to censoring of participants because of missing
follow-up data when individuals are excluded from
follow-up and censored for other reasons. An exception oc-
curs when study authors applied competing risk analysis
methods to account for the particular reasons data are ab-
sent, e.g., loss to follow-up, in their primary analysis.

To illustrate the issues outlined in this guidance, we pre-
sent examples from randomized trials; some considerations
are, however, also applicable to nonrandomized studies
with control arms. In the absence of randomization, con-
founders may introduce bias because of an association be-
tween censoring time and the outcome of interest and the
control of such confounders plays a critical role [40]. We
acknowledge possible subsequent progress of the field
and will adapt this guidance as necessary.

A great variety of additional approaches to analyze time-
to-event data applies less frequently for primary analyses
and rarely finds their way into meta-analyses. Investigators
have proposed numerous analytic techniques to test the
sensitivity of single trial results to the dependence of
censoring, several of which are based on multiple imputa-
tion and account for the dependence of follow-up, taking
the distribution of survival events into account.

These approaches are not solely applicable to the Cox
model, but address Kaplan-Meier estimators, parametric
proportional hazards models, and other analysis techniques.
Practical applications of the methods show substantial bias
when the survival expectation of the censored individuals
alters in a negative or positive manner from the expectation
of the individuals remaining on the study [41e49]. Compu-
tationally, more advanced methods, including approaches
that explicitly allow for adjustment of dependent censoring
are based on strict assumptions, require detailed data and
are currently used only for exploratory purposes. When
the results of such procedures are available, they can sup-
port a judgment on the consequences of censoring [50e52].

Because the occurrence of adverse events is usually car-
ried out as binary data analysis in contingency tables,
censoring is an important threat to the validity of safety an-
alyses. However, when comparing adverse events among
study arms, all individuals should be observed for a similar
time period to allow a fair comparison of interventions.
Censoring of participants from individual study arms, for
example, because of competing events such as switching
treatment after disease progression, the results in varying
observation times among participants and subsequently in
diverging average times are at risk for adverse events.
Bender et al. [53] pointed out specific situations in which
the risk of bias due to inadequate analysis of adverse events
led to significant reductions of the certainty in the evidence
in evaluations to inform reimbursement decisions for new
drugs by relevant authorities in Germany as ‘‘greater harm
could not be excluded with sufficient certainty.’’ Analysis
of safety end points by means of appropriate time-to-
event analysis techniques should be common practice [54].
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6.5. Guidance for presenting the results of meta-analyses of time-to-
event outcomes in form of absolute effects (Paper 5) 

    
Figure 11: Graphical abstract for paper 5 (10). 

How to calculate absolute effects for time-to-event outcomes in Summary of Findings tables 
and Evidence Profiles (Paper 5)

To develop a guideline for calculating absolute effect estimates to present the results of 
meta-analyses of time-to-event outcomes

Grading of recommendations assessment, development and evaluations (GRADE) 
guidance
• Based on methodological research
• Standard iterative process: Membership consultation, feedback, presentations and 

iterative discussion at meetings of GRADE Working Group
• Final disputation (approval ≥80% of GRADE members): 09/2018 Manchester, UK

• Outcome results of systematic reviews are ideally presented in GRADE Summary of 
Findings tables

• GRADE Summary of Findings tables include absolute effect estimates calculated based 
on pooled relative effect estimates, e.g., a hazard ratio (HR), to avoid misinterpretation

Skoetz N, Goldkuhle M et al. GRADE guidelines 27: how to calculate absolute effects for time-to-event outcomes in summary of 
findings tables and Evidence Profiles. Journal of Clinical Epidemiology. 2020;118:124-31. 

Options for calculating absolute effect estimates for results of meta-analyses of time-to-event outcomes

Type of absolute 
effect

Example
Relative effect: HR 0.75 (95% CI 0.7 to 0.8) 
Baseline risk: 2% dead at 2 years

Options for calculation

Natural 
frequencies/ 
proportions

• Risk of death at 2-years with control: 20 
per 1000 people

• Risk of death at 2-years with 
intervention: 15 (14 to 16) per 1000 
people

Directly with available individual participant 
data from all trials
• Full uncertainty of absolute effect taken into 

account

Indirectly with HR and baseline risk (after 
Tierney et al. 2007):
• Only uncertainty of baseline risk taken into 

account
• Proportion event-free(intervention)                   

= Proportion event-free(control)HR
• Absolute risk(intervention)                               

= 1 - (1-absolute risk(control))HR

Risk difference
(Difference of natural 
frequencies)

• 5 fewer per 1000 people dead at 2 years 
(from 6 fewer to 4 fewer) who received 
intervention rather than control

Number-needed to 
treat
(Inverse of risk 
difference)

• 200 (166.7 to 250) people need to be 
treated with intervention rather than to 
control to avoid one death 

Median survival 
times

• Median survival with control: 60 months
• Median survival with intervention: 80 (75 

to 85.7) months

Median survival time(intervention) 
=  Median survival time(control)/ HR

Considerations regarding selection of baseline-risk
• Ideally from high-quality observational studies as external source
• Selected from Kaplan-Meier plot of comparator group of included trial
• Stratification by baseline risk groups (e.g., low and high if applicable) possible
• Do not extrapolate beyond applicability of pooled HR (e.g., HR up to 1.5 years, baseline risk 2 

years)
• Direction of baseline risk must correspond to direction of relative effect (either for risk of events 

(e.g., all-cause mortality) or absence of event/ event-free survival (e.g., overall survival))

Absolute effects are necessary to adequately communicate the results of meta-analyses of 
time-to-event outcomes – guidance for their calculation is now available
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6.5.1. Publication status 
This article was published in February 2020 in the Journal of Clinical Epidemiology. 
 
The work shares of the individual participants and their involvement in this paper are detailed 
in appendix 11.5.1. 
 
This paper is part of the consortium of articles awarded with the German Network for Evidence-
based Medicine’s David Sackett prize 2021 (chapter 9.3). 

6.5.2. Synopsis (10) 
The fifth article included in this dissertation is a GRADE guideline for the calculation of absolute 
effect estimates for time-to-event outcomes in meta-analyses (10). Presentation of meta-anal-
ysis results as absolute effects is critical for the comprehensible communication of the magni-
tude of the pooled relative effect estimates. As previously shown theoretically and empirically 
(chapter 3.3), the calculation of absolute effect estimates from pooled HRs is associated with 
certain complexities (11). A GRADE guideline tackling these difficulties therefore constitutes a 
valuable resource in order to improve the correct communication of evidence synthesis results 
of time-to-event outcomes. 
 
Like the GRADE guideline on informative censoring (chapter 6.4), this guideline was system-
atically developed following the previously elaborated process underlying all GRADE guideline 
articles (10, 142, 143). Similar to the previously elaborated GRADE guideline article, the guid-
ance was developed under continuous discussion with international experts in small- and large 
group meetings and involved the generation of conceptual and empirical evidence, which is 
provided through the meta-epidemiological study that addresses the calculation of absolute 
effect estimates in cancer-related Cochrane reviews (chapter 6.3) (11). The final guidance ar-
ticle was discussed and approved by about 60 attending members of the GRADE Working 
Group at a GRADE meeting in Manchester, UK. 
 
The article provides an in-depth elaboration of the role of absolute effect estimates to com-
municate the results of evidence syntheses. It presents important considerations for the inter-
pretation and presentation of the outputs of meta-analyses of time-to-event outcomes, includ-
ing the correct interpretation of the HR.  
The guidance gives detailed explanations for several different methods to calculate absolute 
effect estimates for meta-analyses of time-to-event outcomes: direct calculation methods for 
natural frequencies and the risk difference, which require individual participant data, and indi-
rect calculation methods, which use aggregate time-to-event data from the included trials or 
secondary evidence. The article also highlights the central considerations underlying these 
methods. These include, for example, rules for choosing adequate sources and time points to 
for baseline risks from internal control groups as well as explanations for selecting external 
sources of evidence.  
Potential shortcomings of the presented methods are also discussed. For instance, that most 
indirect methods cannot take into account the uncertainty of the baseline risk without more 
advanced statistical techniques. In consequence, absolute effect estimates are presented only 
with the uncertainty of the relative effects so that, for example, the calculated CIs represent 
the statistical uncertainty of the pooled HR alone. 
Finally, the guidance suggests and elaborates several options for alternative absolute effects 
for time-to-event outcomes, such as the number-needed-to-treat at a given time point, median 
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survival times or their difference between treatment groups, which may be more comprehen-
sible to certain groups of decision makers. 
 
This guideline is intended improve the calculation and presentation of absolute effect estimates 
for time-to-event outcomes in evidence syntheses and thus contribute to the overreaching goal 
of this dissertation, namely to improve meta-analyses of time-to-event outcomes in evidence 
syntheses and the decisions that are based on their results.  

6.5.3. Full-text publication 
The supplementary material accompanying this publication is provided in appendix 11.5.2. 
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Abstract

Objectives: To provide GRADE guidance on how to prepare Summary of Findings tables and Evidence Profiles for time-to-event out-
comes with a focus on the calculation of the corresponding absolute effect estimates.

Study Design and Setting: This guidance was justified by a research project identifying frequent errors and limitations in the presen-
tation of time-to-event outcomes in the Summary of Findings tables. We developed this guidance through an iterative process that included
membership consultation, feedback, presentation, and discussion at meetings of the GRADE Working Group.

Results: Review authors need to carefully consider the definition of the outcome of interest; although often the event is used as label for
the outcome of interest (e.g., death or mortality), the event-free survival (e.g., overall survival) is reported throughout individual studies.
Review authors should calculate the absolute effect correctly, either for the event or absence of the event. We also provide examples on how
to calculate the absolute effects for events and the absence of events for various baseline or control group risks and time points.

Conclusions: This article aids in the development of Summary of Findings tables and Evidence Profiles, including time-to-event out-
comes, and addresses the most common scenarios when calculating absolute effects in order to provide an accurate interpretation. ! 2019
Elsevier Inc. All rights reserved.

Keywords: GRADE guidance; Time-to-event outcomes; Hazard ratio; Absolute effects; Summary of findings table; Evidence Profile

1. Introduction

The GRADE approach provides a systematic and trans-
parent framework for rating the certainty of evidence and
moving from the evidence to a recommendation or deci-
sion. Therefore, the GRADE guidelines are highly relevant
for systematic review authors, health technology assess-
ment, and clinical practice guidelines developers [1]. The

assessment of the certainty of the evidence is presented in
GRADE Summary of Findings tables or GRADE Evidence
Profiles, together with absolute effect estimates for relative
effects [2,3]. A recent methodological systematic review
showed that review authors might have difficulties calcu-
lating absolute effects for time-to-event outcomes [4].

Analyses that assess the time to a given event for one or
several groups of patients are used in clinical studies in
some fields, in particular, oncology. These time-to-event
analyses are valuable, particularly when the event of inter-
est can occur at any point over an extended period of time
and the time till event occurrence carries important value. A
distinct feature of time-to-event analytic techniques is to

* Corresponding author. Tel.: þ49221 478 96651; fax: þ49221 478
96654.

E-mail address: nicole.skoetz@uk-koeln.de (N. Skoetz).

https://doi.org/10.1016/j.jclinepi.2019.10.015
0895-4356/! 2019 Elsevier Inc. All rights reserved.
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What is new?

Key findings
! The GRADE Working Group describes the

preferred approach for presenting absolute effects
for time-to-event outcomes in Summary of Find-
ings tables or Evidence Profiles and provides guid-
ance on how to avoid common pitfalls.

! Systematic review authors should be cautious
whether as event mortality (e.g., people being
dead) or survival (e.g., people who are alive) was
used in the considered publications.

! In most cases, the absolute effect will be estimated
indirectly from the hazard ratio and an adequate
baseline risk. If the estimation uncertainty of the
baseline risk is a relevant source of the total esti-
mation uncertainty, it should be taken into account
in the estimation of the absolute effect.

What is the implication and what should change
now?
! Systematic review authors and guideline devel-

opers are advised to use the herein presented ap-
proaches to derive and present absolute effects of
time-to-event outcomes, in order to support clinical
decision-making and healthcare recommendations
whenever they use the GRADE approach.

incorporate the censored information, which refers to infor-
mation from study participants who did not experience the
event of interest during the follow-up period. To compare
the effects of different interventions/management strategies
on time-to-event outcomes between two groups, hazard ra-
tios (HRs) with corresponding confidence intervals derived
from Cox regression models are routinely calculated as the
relative effect measure.

Although their use is not limited to the field of oncology,
the resulting Kaplan Meier curves, also referred to as sur-
vival curves are closely associated with oncology. For pa-
tients with cancer, one of the most relevant outcomes is
overall survival (OS). Progression-free survival (PFS),
disease-free survival (DFS), and event-free survival are also
often assessed outcomes as they provide complementary in-
formation to OS. In addition, time-to-event analyses can
describe outcomes other than survival, such as time to hos-
pital admission, time to passage of a ureteral stone, or time
to the occurrence of specified adverse events. These exam-
ples are time-to-event outcomes, as they involve the assess-
ment of both whether a particular event occurs, and also
when it occurred [5].

Absolute effect estimates (i.e., risk difference, the num-
ber needed to treat) provide important supplementary

information to relative effect estimates by considering the
control event rate over a given time period. As they take
into account the underlying baseline risk for the event of in-
terest in the study groups, absolute effect estimates are less
vulnerable to exaggerated effect interpretation than relative
effect estimates and allow a more appropriate assessment of
the clinical relevance of effects [6]. Especially the absolute
difference of events in both arms for one outcome at spe-
cific time points is essential for decision making and are
a routine part of GRADE Summary of Findings tables
and GRADE Evidence Profiles. They are automatically
calculated by GRADE’s official app GRADEpro GDT
(gradepro.org) [2,3]. The formula for calculation of the ab-
solute effects varies depending on whether the relative ef-
fect estimate is a risk ratio or hazard ratio [7].

As mentioned above, a recent methodological system-
atic review showed that less than 30% of oncological Co-
chrane Reviews calculated absolute effects for time-to-
event outcomes correctly and presented results in an easily
interpretable way [4]. The main source of error is the
confusion around whether the study authors describe the
proportion of participants with a given event (e.g., death
from any cause) or the proportion of participants who are
event-free (e.g., overall survival). Furthermore, interpreta-
tion of results in the Summary of Findings tables was
hampered by the lack of explanation of which baseline risk
(BLR) review authors used to estimate the absolute effect
or by entering incorrect numbers like the number of events
instead of numbers of patients being event-free into the
GRADEpro GDT software.

Given the above-described confusion and the lack of
written GRADE guidance available on how to calculate ab-
solute effects for time-to-event outcomes based on HR and
how to avoid common pitfalls, the members of the GRADE
time-to-event Working Group developed this guidance
incorporating feedback from methodologists and stake-
holders. The findings from a methodological review evalu-
ating the presentation of absolute effects from time-to-event
data in 97 cancer-related Cochrane reviews was presented
first at the GRADE meeting in 2017, in Rome, Italy. This
meeting was followed by two small group discussions dur-
ing the GRADE biannual meetings in Cape Town, South
Africa, 2017, and Bogota, Colombia, 2018, and one large
group discussion in Manchester, UK, 2018, involving more
than 80 international experts, where the paper was formally
approved. To prepare the presentations and incorporate the
feedback from the meetings, the group of authors met in a
60-minute online conference and came to a consensus
regarding this GRADE guidance.

2. Direct calculation of the absolute effect

It should be noted that when individual participant data
are available and if the risk difference is an appropriate
measure of the meta-analysis, the absolute effect of an
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intervention in individual trials can and should be estimated
directly based upon the individual participant data and not
indirectly via the estimates of the hazard ratio and the base-
line risk. Therefore, in this case, not only is the estimation
uncertainty of the hazard ratio taken into account, but the
full uncertainty of the absolute effect estimate is also auto-
matically taken into account.

In studies of time-to-event data, there is usually a stag-
gered entry of patients into the study leading to varying
follow-up times and censored observations. Sometimes,
studies have a recruitment period with a staggered entry
(say, for 1 year) and a fixed follow-up period for all pa-
tients, say for 2 years. In this case, you have complete ob-
servations for a period of 2 years. In the case of a single
study with individual participant data and complete obser-
vation for all patients at least for a minimum time period,
a specific time point with complete observations should
be chosen, and the corresponding 2 ! 2 table should be pre-
pared. The usual methods for binary data can be applied to
yield appropriate point and interval estimates for the risk
difference [8].

In the case of staggered entry of the patients over the
whole study duration, no adequate time period with com-
plete observation may be available. In the case of a single
study with individual participant data and incomplete
observation, reviewers should apply methods for survival
data. Methods based upon Kaplan-Meier curves [7,9] and
the Cox regression model [10e12] are available to perform
point and interval estimates for the risk difference at
different time-points.

Sometimes it might be useful to choose the risk differ-
ence as effect measure for the meta-analysis (e.g., in the
case of rare events and empty cells). In this case, a pooled
risk difference by means of the usual meta-analytic
methods represents an adequate measure of the absolute ef-
fect [13]. In all other cases, the estimation of the absolute
effect should be performed indirectly from the pooled
HR, and adequate estimation of the baseline risk.

3. Indirect calculation of the absolute effect

3.1. Assumptions for this guidance paper

For calculations of absolute effects from a pooled hazard
ratio (HR), we assume that the latter is correctly calculated
and applicable in the considered situation. Besides unad-
justed HRs, the HRs adjusted for prognostic factors can
also be used if the adjustment is performed adequately
for the considered research question.

3.2. Assumptions to estimate baseline risks

The baseline risk used to calculate absolute effect size
estimates should be appropriate for the individuals and their
characteristics to which it is intended to be applied to. Typi-
cally, the calculation of absolute effects in systematic

reviews is based on the baseline risk from included trials.
However, trials could enroll individuals with a higher than
average baseline risk as a way to increase their statistical
power, or they could include patients with a lower than
average baseline risk, as patients with comorbidities might
have been excluded.

3.3. Use of the baseline risk from an external source

Large, representative observational studies at low risk of
bias or systematic reviews of those studies may provide
adequate baseline event rates. This approach has been pre-
viously reported for binary outcomes using appropriate
observational studies, with defined prognostic markers for
different risk groups. If an appropriate estimate for the
baseline risk with 95% confidence interval (CI) is available
from an external source, for example, from an observational
study or registry, it is possible to estimate the absolute ef-
fect by taking the uncertainties of the HR and the baseline
risk estimates into account (see section 3.5). For represent-
ing multiple risk groups in the population, studies with
different baseline risks could be grouped accordingly (i.e.,
into risk groups like high, moderate, and low). For each risk
group, the baseline risk estimates of representative studies
could then be used to calculate the corresponding absolute
risks in the intervention arm. It must be noted that system-
atic review authors should not extrapolate the HR beyond
the follow-up period that it represents. For example, if
the (pooled) HR is calculated for a follow-up period of
1.5 years, a baseline risk at 1 year from an eligible obser-
vational study may be suitable to estimate a corresponding
absolute risk at 1 year. Whereas, the same HR should not be
extrapolated and applied together with a baseline risk for
5 years to estimate an absolute risk at 5 years. This is
because we have evidence that HR is constant only within
the period of 1.5 years. After this period, the HR could
potentially increase or decrease.

3.4. Use of the baseline risk from the control groups of
the included studies

If no suitable observational data are available to estimate
the baseline risk, data from Kaplan-Meier survival curves
from the control groups of the trials included in the system-
atic review may be used to estimate the baseline risk. An
option here is to select the curve from a trial representative
for the control group of interest that is estimated to be at
low risk of bias. It is as well an option to choose the curves
from multiple trials representing different baseline risk
groups (e.g., high, moderate, and low). Again, as mentioned
for observational studies, trials with different baseline risks
could be grouped, and effect estimates of representative tri-
als for each risk group could be used to calculate the abso-
lute effect for the intervention arm.

Oftentimes, toward the end of the reported observation
time, only a small number of patients may still be at risk,
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with most patients having either experienced the event of
interest or being censored. Therefore, the review authors
should ideally choose a time point from the middle of the
observation time of the respective Kaplan-Meier survival
curve rather than at the end. This recommendation requires,
however, that a sufficient number of events has happened
up to the chosen time. In case there is a high degree of
follow-up after this time point, meaning that none or only
a few individuals are censored for a later eligible time
point, it is possible to choose a later time point, where a
larger number of events may have occurred. The chosen
time point should be consistent across the different risk
groups and clearly reported. Here again, it is important to
point out that the HR should not be extrapolated and com-
bined with a baseline risk estimate for a time-period that it
does not represent (see section 3.3).

Sometimes, trials included in a meta-analysis, report on
HRs only without presenting survival curves and survival
rates at specific time points. In this case, no adequate esti-
mates for the control group risk can be extracted from these
trials and the observational data should be used to estimate
the control group risk.

3.5. Uncertainty of the baseline risk estimate

Comparable to guidance for the calculation of absolute
effects for binary data [14], only the uncertainty of the
pooled HR is taken into account when grading the certainty
of the body of evidence, not the uncertainty of the time
point from the Kaplan-Meier survival curve and the corre-
sponding baseline risk. The calculation of absolute effects
is, therefore, conditional, based on the assumption that a
given baseline risk is true.

As noted above, the baseline risk to estimate the abso-
lute effect comes ideally from appropriate large, represen-
tative observational studies at low risk of bias. If this
study is large, the standard error of the baseline risk esti-
mate may be quite small, so that this uncertainty is negli-
gible. In this case, the methods described in the next
section can be used to estimate the absolute effect by using
the baseline risk from the observational study.

However, in settings in which it appears important to take
the uncertainty of the baseline risk estimate into account,
which could be when the uncertainty of the baseline risk is
a relevant source of the total uncertainty [15], a general
method called Propagating Imprecision (PropImp) can be
used to estimate the absolute effects [16]. Preconditions are
that the baseline risk estimate comes from a source that is in-
dependent of the meta-analysis and that adequate point and
confidence intervals are available for the baseline risk and
the pooled HR. The computationally intensive PropImp
approach is described in detail elsewhere, and an MS Excel
sheet can bemade available to facilitate implementation [16].

If large, representative observational studies at low risk
of bias are not available, trials included in the meta-
analysis may then provide the estimates of baseline risks

[14]. In this case, the uncertainties of the baseline risk
and the relative effect are correlated. Thus, only complex
methods, including resampling, are available to take the un-
certainty of the baseline risk into account to construct a
valid confidence interval for the absolute effect [17]. How-
ever, it is not always necessary to take the uncertainty of the
baseline risk estimate into account. If the standard error of
the baseline risk estimate is small and the standard error of
the pooled HR is the main source of the total uncertainty,
the uncertainty of the baseline risk estimate is negligible.
Under these circumstances, we can also take up the condi-
tional view. Especially if we calculate the absolute effect
for different risk groups, it makes sense to present the
various absolute effects conditional on the corresponding
assumed baseline risks. In this case, it is sufficient to take
only the uncertainty of the pooled HR into account.

3.6. Transparent reporting

As suggested by Santesso et al. [18], transparent report-
ing of where baseline risk data come from is very impor-
tant. It should be clearly described in the explanatory
footnotes where the baseline risk comes from and which
specific time point has been chosen. The time-to-event
outcome and the corresponding absolute effects in the Sum-
mary of Findings table or Evidence Profile should be
labeled in a consistent manner throughout the review
(e.g., in the abstract, methods, and results section). The re-
viewers need to make a clear distinction between people
who are event-free (e.g., people alive at a specific time
point) and people with an event (e.g., people dead at a spe-
cific time point). If both, events and absence of events are
reported in different sections of the review, a clear explana-
tion is needed to avoid confusing the reader.

The calculated absolute effects should be reported in the
Summary of Findings table and in addition at least in the
abstract [19], as absolute effect estimates are more under-
standable to patients, clinicians, and other users of evidence
syntheses than relative effect measures and are the recom-
mended effect measure to communicate risks [20].

The specific time point of the baseline risk, which was used
to calculate an absolute effect size estimate, should be provided
rather than time ranges. Sometimes, review authors use the total
number of events observed across several included trials with
different follow-up durations to inform the baseline risk to esti-
mate the corresponding absolute effect size estimate. This is not
helpful tousers since clinical decision-making is basedoneffect
size estimates at a certain timepoint (e.g., 5 years or 60months),
and absolute effect size estimates will vary greatly depending
on the time-point chosen.

4. Estimating and presenting absolute effects

First, we suggest to clearly define what is meant by event
(e.g., people being dead) or by event-free survival (e.g.,
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people who are alive) and to estimate the desired proportion
by labeling clearly whether this is the proportion of patients
with event or patients being event-free (please see Fig. 1).

4.1. Calculations of absolute effects for event-free
survival (e.g., overall survival, progression-free
survival)

Calculation of absolute effects is based on methods as
described by Tierney et al. [5] under the assumption of pro-
portional hazards. Let pi, i 5 0,1, be the proportion of
event-free patients up to a given time point in the control
(i 5 0) and intervention group (i 5 1), respectively, and
HR the hazard ratio for the comparison of the hazard be-
tween the intervention and the control group (interven-
tion/control). Then the proportion of event-free patients in
the intervention group can be calculated as:

p1 5 expðlnðp0Þ#HRÞ 5 pHR0 :

As an example, a pooled HR of 0.42 (95% CI 0.25 to
0.72) is used, indicating a lower risk of death over time
in the intervention group. Estimating a proportion of

patients with event-free survival in the control group at
the time point 2 years of 0.9 we obtain:

p1 5 expðlnð0:9Þ#0:42Þ 5 :0:90:42 5 0:957:

This means that 96 of 100 people with this disease will
be alive with the experimental intervention at 2 years. Then,
the upper and lower confidence limits for the corresponding
intervention risk are obtained by replacing HR by their up-
per and lower confidence limits, respectively (e.g., replac-
ing 0.42 with 0.25, then with 0.72, in the example
above), according to the substitution method of Daly
(please see Fig. 2) [22].

4.2. Calculation of absolute effects for events (e.g.,
mortality)

For obtaining absolute effects for time-to-event out-
comes reported as events, such as mortality, a similar for-
mula can be used. Let ri, i 5 0,1, be the proportion of
patients with event up to a given time point in the control
(i 5 0) and intervention group (i 5 1), respectively (i.e.,

Fig. 1. Options to determine the definition and category of the event of interest (event [cumulative incidence] or non-event [survival]) of a time-to-
event outcome in the GRADEpro GDT software, which is used to create Summary of Findings tables and Evidence Profiles.

Fig. 2. Example: Calculations for event-free survival (overall survival) at two time points, based on an example in lung cancer patients [21]. In this
example, an HR ! 1 favors the intervention group, so more people will be alive in the intervention arm compared to the control arm. Please note
that the term ‘‘risk’’ in the column headings misleadingly addresses the ‘‘risk’’ of surviving.
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r0 is the baseline risk), then risk of an event in the interven-
tion group can be calculated by

r1 5 1! expðlnð1! r0Þ$HRÞ 5 1! ð1! r0ÞHR:

Fig. 3 gives an example of the presentation in
GRADEpro.

4.3. Graphical presentation

For supporting the interpretation of systematic review
results, the GRADEpro software provides the opportunity
to present review findings graphically in an interactive sum-
mary of findings table [23]. A feature of this format allows
visualizing a corresponding absolute effect for the compar-
ison of an intervention arm to a control arm for each
outcome. In six steps, the absolute number of events for a
specific time point in the control group (the baseline risk),
the estimated number of events in the intervention group,
the risk difference and the associated statistical uncertainty
are presented in an easily comprehensible way (please see
Fig. 4 for an example).

4.4. Calculation of numbers needed to treat based on
events or event-free survival

Numbers needed to treat with confidence intervals can
also be calculated as the inverse of the risk differences be-
tween intervention and control arm [24].

Risk difference: control group riskeintervention group
risk (95% CI [control group riskeupper CI; control group
riskelower CI])

Example from above for events (mortality at 2 years)
Risk difference: 45/100 (control group)e41/100 (95%

CI 37 to 44) (intervention group) 5 4/100 (95% CI 1/100
to 8/100)

1/Risk difference 5 25 (95% CI 12.5 to 100)
Meaning that 25 (13 to 100) people need to be treated to

avoid one death at 2 years.
Similar to the afore outlined calculations of absolute

effects utilizing the HR and corresponding baseline risk,
the number needed to treat is strongly depending on the
size of the chosen baseline risk [25]. Therefore, here,
we propose to present the numbers needed to treat and
the corresponding upper and lower confidence intervals

Fig. 3. Example: Calculations for events (mortality) at two time points, based on an example in lung cancer patients [21]. In this example, an
HR ! 1 favors the intervention group, so fewer people will be dead in the intervention arm compared to the control arm.

Fig. 4. Example: Graphical presentation of the absolute number of events in the control and the intervention arm at 2 yr in the interactive Summary
of Findings table, based on an example in lung cancer patients [21].
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across a range of baseline risks to represent different risk
groups.

4.5. Calculation of median survival time

Calculation of median (event-free) survival time while
applying the HR is one of the options presented in the paper
by Tierney et al. [5] for individual trials. This option might
be of great interest to patients, physicians, and stakeholders
for clinical decision-making, but user testing is needed.
One necessary condition is that the median survival time
has been reached in the control group, meaning that for
overall survival, 50% of the patients at risk already died.
For obtaining the median survival time in the intervention
group (MST1) from the median survival time in the control
group (MST0) and the pooled HR, the following formula
can be used (the calculation is based upon the assumption
that MST0 is fixed):

MST1 5 MST0=HR

As an example, we consider the pooled hazard ratio of
HR 5 0.42 (95% CI 0.25 to 0.72). In this case, HR ! 1 is
defined as favoring the intervention arm. Assuming amedian
survival time in the control group of 80 months, we obtain:

MST1 5 80months=0:425190:5months

Again, only the uncertainty of the HR is taken into ac-
count, not that of the median survival time. Upper and
lower confidence limits for the corresponding intervention
risk are obtained by replacing HR by their upper and lower
confidence limits, respectively (e.g., replacing 0.42 with
0.25, then with 0.72, in the example above).

The difference of the median survival times between the
intervention and the control group can be calculated
by MST1!MST0 5 190.5 months !80 months 5
110.5 months.

5. Summary

Absolute effect estimates, especially absolute risk
differences, provide essential information to guide clinical
decision-making and the formulation of healthcare
recommendations.

For time-to-event outcomes, the GRADE approach fo-
cuses on absolute effect estimates that are calculable from
a hazard ratio and an applicable baseline risk as these will
most frequently be available to the systematic review and
guideline authors. Thus, GRADE focusses on risk differ-
ences and, on occasion, the number needed to treat or me-
dian survival times. We here present several approaches
that are suitable to calculate the corresponding estimates
and accord to the available data. In situations were suffi-
cient data (e.g., IPD) or complete information for all study
participants for a fixed follow-up duration is available, we
advise review authors to use direct estimation methods,
which are outlined in this document. As these data are often

not available, we also guide review or guideline authors on
how to calculate absolute effects indirectly.

When calculating absolute effect estimates, review au-
thors must consider the direction of the effect (which inter-
vention is favored with an HR ! 1?) and whether the
cumulative incidence of the event or event-free survival is
reported, as given by the definition of the outcome. Au-
thors, as well as users of systematic reviews, should be
aware of potential mistakes in the calculation of absolute
effects and should include the direction of the relative effect
into their judgment.

6. Further considerations and unresolved issues

The GRADEpro GDT software has been adapted to pro-
vide systematic review authors and guideline developers
the opportunity to choose from the number of people with
a given event or without an event at a specific time point
when presenting absolute effect size estimates. This allows
consistency of reported outcomes throughout the review
and lets authors and guideline developers choose the format
that seems most suitable to questions at hand.

In this guidance paper, we focused only on the correct
calculation of absolute effects and interpretation of the di-
rection of effecteevent vs. event-free survival. There are
a number of unresolved issues related to meta-analyses of
time-to-event outcomes and grading the certainty of the ev-
idence body. The GRADE Working Group is aiming to
address the following issues in subsequent guidance:

" Time-to-event outcomes have features that typically
incorporate observations based on censoring [26].
Further challenging aspects are to assess the certainty
of the evidence for censoring mechanisms that are not
independent of the outcome leading to a potential risk
of bias.

" Treatment-switching is nowadays common in cancer
trials, which also might introduce bias in time-to-
event analyses. Assessment of this bias is particularly
difficult as the time points of switching are usually
not given. How to grade the certainty of the evidence
in case of treatment switching will be elucidated in
another guidance paper

" In competing risk settings, sometimes Kaplan-Meier
survival analyses are performed, which might overes-
timate a potential effect [27], which will also be the
focus of another paper.

" In cases where the proportional hazards assumption is
invalid, alternative effect measures to the HR, such as
the difference of the restricted mean survival time
(RSMT) between the groups, can be used [28].
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7. Discussion 

7.1. Short summary 
Included in this dissertation are three meta-epidemiological studies that systematically as-
sessed the characteristics, methods and reporting of time-to-event outcomes in current evi-
dence syntheses. 
 
A meta-epidemiological study of 217 meta-analyses of time-to-event outcomes performed in 
100 recent systematic reviews revealed great variability in the characteristics and methods 
between reviews and significant limitations in their reporting (167). For instance, outcome def-
initions were reported for less than half of the assessed review outcomes. Only limited infor-
mation on general review methods, including information on the relevant types of analyses and 
their adjustment for covariates, were available. Review authors obtained time-to-event data 
from trial publications using diverse methods, with additional variability in the complexity and 
the number of approaches per review.  
Particularly problematic appeared the consideration of trial characteristics that affect the relia-
bility of time-to-event analyses, for example, different follow-up durations amongst trials, in-
formative censoring, competing events, treatment switching and proportional hazards. Sel-
domly were these characteristics included in additional analyses, such as sensitivity analyses, 
or mentioned and discussed by the review authors. 
 
A second meta-epidemiological study systematically examined the characteristics, methods 
and reporting of 235 trials with 315 eligible trial time-to-event analyses included in meta-anal-
yses of time-to-event outcomes of a sample of the previously considered reviews (162). As for 
their including reviews, the meta-epidemiological study shows that trial time-to-event analyses 
are conducted with great variability in methods. They are associated with significant reporting 
limitations, such as for outcome definitions, censoring mechanisms and key data on trial follow-
up. Great variation was also found regarding the types of time-to-event data that were available 
in trial publications for individual analyses (e.g., HRs, Kaplan-Meier curves or log-rank P val-
ues). 
The reporting of some analytical aspects was more comprehensive in trial publications than in 
their including reviews. Connecting the data extracted for an individual trial with its including 
review showed, for example, that review authors rarely reported the types of time-to-event data 
they included in their reviews, even though the information was available in trial publications. 
Like their including reviews, trial publications only sporadically reported on characteristics rel-
evant to the reliability of time-to-event outcomes. Trialists seldomly performed additional anal-
yses to investigate the validity or robustness of time-to-event analyses. 
 
A third meta-epidemiological study assessed the calculation of absolute effect measures in a 
sample of 96 oncological Cochrane reviews (11). Absolute effect estimates in evidence syn-
theses, for example, risk differences, are calculated based on a pooled relative effect measure, 
in form of the HR, and a baseline- or population risk. 
The results of this meta-epidemiological study show that absolute effect estimates in current 
systematic reviews are often mislabeled, i.e., authors switch between reporting a single out-
come as event (e.g., mortality) and its absence (e.g., overall survival), and often incorrectly 
calculated. This miscalculation resulted, in some cases, in a reversal of the actual effect direc-
tion. In addition to a considerable risk for misinterpretation by untrained users, the results of 
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the meta-epidemiological study suggest problems of review authors in the interpretation of the 
effect measures from time-to-event analyses. 
 
Addressing the hardships identified in the previous three meta-epidemiological studies, tar-
geted guidance articles were developed according to the standards of the renowned GRADE 
Working Group. 
One of these guidelines addressed informative censoring, which refers to the censoring of 
study participants through mechanisms associated with the outcome event (e.g., loss to follow-
up or adverse events) and can be considered a time-to-event specific source of bias (2). 
In addition to a basic, conceptual background and theoretical elaboration of the problem, the 
article uses an imputation approach based on the recalculation of individual participant data 
from a published Kaplan-Meier curve to show how informative censoring affects trial estimates. 
The article then provides authors of evidence syntheses with methods to detect a potential risk 
of bias in underlying studies, for example, by using reported information or the distribution of 
censoring over the trial observation period. Finally, authors are equipped with approaches to 
incorporate their judgments for an individual trial into risk of bias judgements for a body of 
evidence and subsequently into judgments about the certainty in the evidence using the 
GRADE approach. 
 
A second GRADE guidance developed based on previously gathered empirical evidence ad-
dressed the calculation of absolute effect estimates for time-to-event outcomes (10). The arti-
cle provides a theoretical background and illustrates multiple approaches to calculate different 
types of absolute effects for time-to-event outcomes, either directly, based on individual partic-
ipant data, or indirectly, under use of the pooled HR and a baseline risk. The article also pro-
vides considerations about the optimal selection of variables for calculation, discusses limita-
tions of the individual approaches and suggests alternative absolute effect estimates that might 
ease the communication of time-to-event outcomes in selected situations. 

7.2. Strengths and limitations 
Several strengths as well as limitations associated with the works in this dissertation require 
more detailed elaboration. Strengths and limitations related to the individual projects are also 
discussed in the respective publications (2, 10, 11, 162, 167). 

7.2.1. Rigorous methodology 
All meta-epidemiological studies contributing to this dissertation were performed based on a-
priori developed protocols and followed methods that were piloted before the project start to 
assure their robustness and feasibility. 
Noteworthy protocol deviations occurred, for example, when it was not possible to the recal-
culate meta-analyses of time-to-event outcomes in the course of the meta-epidemiological 
studies because of deficient reporting in the assessed reviews. Another deviation occurred, for 
instance, when it was not possible to assess the calculation of absolute effects for time-to-
event outcomes in systematic reviews published in high impact factor journals, because no 
high-impact reviews reported absolute effect measures. 
Despite such slight and justified deviations, the a-priori specified project plans were overall 
adhered to (176, 177). 
 
The methods of the individual meta-epidemiological studies followed established standards for 
conducting systematic reviews and meta-epidemiological research (85, 89, 171). These stand-
ards include the systematic identification of the literature, a structured literature selection 
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process according to a-priori defined in- and exclusion criteria and extraction items that were 
tested for robustness. All relevant steps were performed in duplicate by a second researcher 
or at least double-checked independently, and conflicts were resolved under support by a third 
researcher. 
 
To ensure the transparency and replicability of the findings, all publications were reported in 
line with established requirements for systematic reviews and a specialized guideline for re-
porting meta-epidemiological research (85, 171).  

7.2.2. Potential limitations associated with assessments of reported information 
A central limitation of meta-epidemiological studies, including the studies in this dissertation, 
is their focus on reported information rather than directly investigating the conduct of trials or 
systematic reviews. In consequence, they might miss methodological errors that will often re-
main unpublished (23, 86). 
For some of the items assessed during the meta-epidemiological studies in this dissertation, it 
will remain unclear whether the authors of trials and evidence syntheses truly did not perform 
a necessary step, conduct a certain analysis or assess a potential problem, or whether they 
simply did not report their performance. For example, review authors may not have specified 
which methods they used for the recalculation of time-to-event data from trial publications, 
because all their included trials reported HRs and CIs. Other authors may not have addressed 
informative censoring, because they did not suspect a problem in any of their included trials. 
In difference to previous meta-epidemiological studies, the assessments performed within this 
dissertation examined reporting at both, the review level and the level of their included trials 
(23-25, 86, 144). In this way it was demonstrated, for example, that several methodological 
and reporting issues identified on trial level should have been addressed on review level but 
were not. Consequently, several problems evident in trials may translate to the review level. 
 
In meta-epidemiological assessments, reporting is a surrogate for the trialists’ and review au-
thors’ recognition of the issues addressed through the defined extraction items. Trial and re-
view authors might omit certain information because they do not consider it as important in a 
respective context. Review authors, for example, might not report the types of trial analyses 
included in a meta-analysis, because only intention-to-treat analyses from their included trials 
were available. They might not report additional analyses for informative censoring because 
they did not suspect any informative censoring in their included trials. 
This effect and the resulting loss of information is enhanced by strict wording limits of publish-
ing journals which demand to prioritize the reported information. In this dissertation, these con-
siderations primarily affect non-Cochrane reviews and trial publications. Cochrane reviews, on 
the other hand, are published with highly standardized reporting requirements and without a 
word limit (167). 

7.2.3. Potential limitations associated with the selection of the literature 
Cochrane reviews are often considered methodologically state-of-the-art and a gold standard 
amongst systematic reviews and are produced under support of a statistical methods unit. 
They constitute a considerably large source of data within this dissertation. 
In absence of established guidance for systematic reviews with meta-analyses of time-to-event 
outcomes, the inclusion of a large proportion of Cochrane reviews in the first meta-epidemio-
logical study was intended to identify possible best-practice examples (chapter 6.1). That was 
because the primary goal of the meta-epidemiological studies was to create an evidence base 
for future guidance and not to compare the quality of reporting amongst different types of 
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reviews. In direct comparison, however, Cochrane reviews showed more complete reporting 
than most of the systematic reviews published in Core Clinical Journals. At least to some de-
gree, this difference might be attributable to the absence of wording restrictions for Cochrane 
reviews (167). 
 
It is reasonable to assume that the non-Cochrane reviews were also performed and published 
with greater rigor, or at least subject to higher requirements, than the general landscape of 
systematic reviews. That is because they were selected through the Core Clinical Journals 
filter, which limits the systematic search to the most relevant journals to physicians according 
to the U.S National Library of Medicine (170). As a result, several of the non-Cochrane reviews 
were published in journals with higher impact factors than the Cochrane Database of System-
atic Reviews (167). 
 
Because the assessed Cochrane and non-Cochrane reviews very likely represent a sample of 
systematic reviews with increased standard, many limitations identified in the meta-epidemio-
logical studies might appear even more substantial in the general landscape of published sys-
tematic reviews. 

7.2.4. Potential limitations associated with the applicability of results 
Some limitations of the included meta-epidemiological studies relate to the applicability of their 
findings: first, most of the evidence presented in this dissertation was collected from systematic 
reviews of interventions. The eligibility criteria allowed to include systematic reviews on pre-
ventive questions as well, but other types of evidence syntheses which occasionally include 
time-to-event outcomes, particularly reviews of prognosis studies, were excluded. This is due 
to the fact that reviews of prognosis often do not include RCTs as their primary source of evi-
dence and because they apply different requirements to the calculated parameters. Review 
authors might, for example, consistently favor adjusted estimates for certain prognosis ques-
tions. 
Nonetheless, several of the reporting limitations revealed during this dissertation, such as lim-
ited information on informative censoring or competing events trial publications, also affect the 
validity of reviews of prognosis and other questions. 
 
Second, most of the assessed systematic reviews addressed oncological questions and less 
often, for example, questions in cardiovascular research. Even though the meta-epidemiolog-
ical study on absolute effects was limited to oncological systematic reviews, the other two 
studies did not impose any restrictions to clinical fields. The high proportion of oncological 
reviews reflects the great interest in time-to-event outcomes in oncology research. 
 
Third, overall survival was by far the most frequently assessed type of outcome within the 
included meta-epidemiological studies. Despite the overreaching importance as an outcome 
to patients and care givers alike, overall survival as a study outcome has unique properties: it 
is particularly robust, its timing will often be known or traceable from death records, it is objec-
tive and it is not susceptible to competing events (178). These properties and the general 
importance of the outcome must be considered when interpreting some of the here presented 
findings. They might lead, for example, to a more rigorous and complete reporting of the out-
come in systematic review and trial publications. In consequence some of the findings may 
overestimate the conditions for other types of outcomes. 
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7.2.5. Strengths and limitations associated with the presented guidance articles 
The guidelines developed as part of this dissertation fulfill all requirements imposed by the 
GRADE Working Group (142, 143). Their development followed an evidence-based approach, 
oriented on distinct problems in evidence syntheses with time-to-event outcomes. The devel-
opment process involved continuous discussions with a large group of experienced and inter-
nationally renowned scientists and required, after large group disputations and several open 
phases to comment on the articles, acceptance by the entire GRADE Working Group, which 
consist of more than 200 individuals.26  
This systematic, interdisciplinary and rigorous approach guarantees that the given recommen-
dations are accurate and applicable. Furthermore, it guarantees their wide reach. As of June 
2023, the guidance on the calculation of absolute effects for time-to-event outcomes and the 
guidance on informative censoring have been cited 54 and 6 times according to the journal 
websites (2, 10). 
 
Like their evidence base, provided through the meta-epidemiological studies, the applicability 
of the guidelines is somewhat limited to evidence from RCTs, particularly the GRADE guideline 
on informative censoring. That is because some of the suggested approaches to detect in-
formative censoring in trial publications rely on randomization and its effect on the distribution 
of censoring in the assessed groups. Despite this restriction, several of the principles that are 
highlighted in the guidance on informative censoring, for instance, the conceptual reasoning 
as well as the suggestions for deriving decisions, are largely applicable to other types of evi-
dence syntheses. 
The guidance for the calculation of absolute effect measures is applicable to and advised for 
all types of evidence syntheses which include a pooled HR. 
 
In the future, some of the suggestions in the guidelines might become obsolete, for example, 
because of methodological developments or because of changing reporting and publication 
practices. Under such circumstances, publications within the series of GRADE guidelines can 
be updated. 

7.3. Similar works 
Detailed discussions of similar works for each individual sub-project are included in the respec-
tive publications (2, 10, 11, 162, 167). 

7.3.1. Previous research on methodological problems in trials and their including 
evidence syntheses 

The two meta-epidemiological studies that addressed the characteristics, methods and report-
ing of time-to-event outcomes, are the first to assess such data on the level of systematic 
reviews and their included trials. In comparison to previous assessments, which address either 
the trial or review level, such an assessment allowed for more in-depths conclusions and en-
abled to show that reporting issues could translate from trial publications to review publications. 
 
In a previous study, Kahale et al. 2020 (179) chose a similar two-level approach to assess how 
missing outcome data in RCTs is handled in meta-analyses of binary outcomes in systematic 
reviews. According to their findings, and consistent with the here presented results for time-to-

 
26 Somebody at a GRADE meeting described the acceptance process of a GRADE guideline to me as 
“the hardest peer-review process there is”, which might be true, at least for the clinical epidemiology 
literature.  
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event outcomes, an approach to missing outcome data was explained only in about a third of 
review publications and only in a small proportion considered in additional review analyses, 
such as sensitivity analyses.  
 
Determining a potential risk of bias through missing outcome data for binary outcomes differs 
from considerations and approaches necessary for time-to-event data. This is because, as 
described previously in the background of this dissertation (chapter 3.2.1), individuals who are 
lost to follow-up in time-to-event analyses can simply be censored without reducing the total 
number of analyzed individuals. In consequence, individuals who are censored for potentially 
informative reasons cannot be distinguished from participants who provide end-of-study cen-
sored data, if not explicitly reported in trial publications. 
For the here presented meta-epidemiological studies, only reported information on missing 
outcome data in time-to-event analyses was extracted. Some of the cases where missing out-
come data was judged as “not reported” could indeed have censored affected participants 
(162). Specific approaches that allow to determine a risk of bias through informative censoring 
in absence of explicitly reported information are described in the GRADE guideline that is part 
of this dissertation (2).  

7.3.2. Previous research on the reporting of time-to-event analyses in trials 
Several previous meta-epidemiological assessments studied time-to-event analyses in study 
and trial publications, although none of these assessments focused on trials and studies actu-
ally included in meta-analyses (23-25, 144, 160, 161, 180, 181).  
The results of these assessments support the findings of variable and sometime insufficient 
reporting of trial time-to-event analyses seen in the here included meta-epidemiological stud-
ies. They found, for example, that important data on follow-up, including the start and ending 
points as well as the overall duration, and data on censoring, including the reasons and number 
of participants, are often omitted in trial and study publications (23-25, 144, 161, 162). Also in 
accordance with the here presented results is the common observation that important data on 
statistical analyses, such as on model building and on time-to-event specific assumptions, are 
often not provided (24, 144, 162). 
The meta-epidemiological studies presented in this dissertation extend these findings by 
demonstrating that several of the previously indicated problems also translate to review publi-
cations (162).  

7.3.3. Previous research on time-to-event analysis challenges in trials 
There are several methodological studies that address specific assumptions and methodolog-
ical hardships associated with time-to-event analysis in trials and studies, in particular (non-) 
proportional hazards, informative censoring and competing events. 
 
Rulli and colleagues in 2018 (44) assessed in how many of the currently published RCTs in 
oncology the proportional hazards assumption of the performed time-to-event analyses fails. 
For their assessment, they recalculated individual participant data from Kaplan-Meier plots of 
a sample of RCTs that compared interventions for lung cancer by using the approach of Guyot 
et al. 2012 (145). In almost every fifth of these trials, they found that the assumption of propor-
tional hazards did not apply, particularly in trials comparing interventions with different treat-
ment mechanisms (44). 
With a similar approach, Royston and colleagues in 2018 (182) found a failure of the propor-
tional hazards assumption in about a third of treatment comparisons with time-to-event out-
comes in publications of phase III clinical trials published in four central medical journals (182). 
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The here presented meta-epidemiological studies revealed that only in a minor proportion of 
trials included in meta-analyses of time-to-event outcomes, the trialists assessed the assump-
tion of proportional hazards. Of the trialists who assessed the assumption, several did not 
report or interpret their findings. None of the assessed systematic reviews reported an assess-
ment of the assumption in trials included for meta-analysis. 
As previously described (chapter 3.4.3), a failure of the proportional hazards assumption re-
sults in time dependency of the HR and might affect the certainty in pooled estimates from 
meta-analyses, for example, through introducing between-study heterogeneity. Literature on 
how a failure of the proportional hazards influences the results of meta-analyses is, however, 
currently lacking.  
 
Rosen et al. 2020 (183) investigated and compared the distribution of censored individuals in 
trial groups over time, using an approach similar the method to detect potential informative 
censoring in trial publications described in the GRADE guideline that is part of this dissertation. 
They systematically included several oncological RCTs that were published in a high impact 
journal. Eligible RCTs reported overall and progression-free survival of the compared groups 
as Kaplan-Meier plots and presented censored observations in the groups over time. 
By comparing the distribution of censored individuals in each plot, Rosen et al. 2020 (183) 
found a higher proportion of censored individuals in the comparator group at earlier follow-up, 
but a higher proportion of censored individuals in the experimental group during later follow-
up in a considerable number of their assessed RCTs. Based on their observations, they con-
cluded that a risk of bias may exist in several of the assessed RCTs, should individuals in the 
control group have been excluded from or left the group informatively and differentially to the 
experimental group (183).  
 
The analysis of time-to-event outcomes that are susceptible to competing events requires, as 
previously described in chapter 3.2.3, certain adaptations of the statistical analysis. Regular 
Kaplan-Meier estimates with censoring of competing events, for example, will be biased and it 
is advised to use cumulative incidence functions instead. Several previous studies assessed 
the prevalence and the potential impact of ignoring competing events when analyzing suscep-
tible time-to-event outcomes in RCTs. 
Van Walraven and colleagues in 2016 (59), for instance, found a risk for overestimation of 
intervention effects in almost half of a random sample of 100 trials which reported Kaplan-
Meier estimates for outcomes susceptible to competing events and were published in major 
clinical journals. For a large proportion of their assessable trials, they discovered a potential 
upwards bias through inadequate Kaplan-Meier analysis of at least 10%.  
Another study by Schumacher and colleagues from 2016 (58) also found a potential risk of 
bias through inadequate consideration of competing events for almost half of trials published 
in the New England Journal of Medicine in 2015 and that used time-to-event analysis methods 
for an outcome susceptible to competing events. 
 
These studies indicate that potential bias through inadequate handling of competing events is 
particularly prominent in trials addressing questions on cardiovascular diseases. Because on-
cology outcomes such as progression-, disease- and event-free survival include the competing 
event death by definition (see 3.2.3), the problem is less prominent in oncology trials. During 
the meta-epidemiological studies included in this dissertation, only a smaller proportion of the 
assessed systematic review outcomes, and accordingly of the assessed trials, were suscepti-
ble to competing events, which results from the circumstance that most reviews addressed 
oncological questions and the outcome overall survival.  
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Still, consistent with previous research, the meta-epidemiological studies of this dissertation 
found that competing event specific analyses were only seldomly reported for trials with out-
comes susceptible to competing events (162). Similarly, only few of the systematic reviews 
which actually included time-to-event outcomes at risk of bias through competing events men-
tioned them in their reviews, in risk of bias assessments or discussions. None of these reviews 
performed additional analyses for competing events (167). 

7.3.4. Previous research on the quality and reporting of evidence syntheses 
Currently available assessments of systematic reviews address general review characteristics, 
their reporting and their quality, but there are no assessments focusing on reviews including 
time-to-event outcomes (86, 176, 177, 184). 
The available assessments highlight substantial room for improvement, for example, regarding 
the consistent conduct of quality/ risk of bias assessments, the reporting of methods, the use 
of additional analyses, such as sensitivity analyses, and the consideration of trial characteris-
tics with influence on the validity of meta-analyses (86, 177).  
 
A systematic assessment of the methodological quality of systematic reviews in oncology pub-
lished in high-impact journals and the Cochrane Database of Systematic Reviews confirmed 
the often limited reporting of relevant review methods and additional analyses (176). 
These findings are in agreement with the conclusions of the meta-epidemiological study of 
systematic reviews in this dissertation, which also demonstrated problems in the reporting of 
general review methods, the conduct of additional, supporting analyses and the consideration 
of trial characteristics that affect the validity of meta-analyses (167). 

7.3.5. Previous research on absolute effects for meta-analysis results 
As recognized in the associated publication, the methodological study on absolute effect 
measures of time-to-event outcomes in cancer-related systematic reviews was one of the first 
studies to assess the correctness of absolute effects in evidence syntheses (11). 
 
Previous research looked at how often absolute effects were used to communicate meta-anal-
ysis findings in general and found that, except for reviews which include a GRADE Summary 
of Findings table and in particular Cochrane reviews, only few systematic reviews actually in-
clude respective estimates. In line with the results of the here presented meta-epidemiological 
study, it found that critical information about the baseline risk, which is necessary for the cal-
culation of absolute effect estimates from relative effects, is often absent (11, 185, 186).  
 
An assessment of the number-needed-to-treat in publications assessing pharmacological in-
terventions in high-impact journals, showed that meta-analyses were most frequent amongst 
the few articles which presented a number-needed-to-treat. Yet, over half of them calculated 
the measure with inappropriate methods (187). 
An assessment of RCTs in leading medical journals revealed that absolute effects in form of 
the number-needed-to-treat were derived with erroneous calculation methods in almost half of 
cases, if calculated for time-to-event outcomes at all (188).  
These findings are even more significant than the rate of 13% of Cochrane reviews with incor-
rect absolute effect measures identified in the meta-epidemiological study in this dissertation 
(187). 
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7.3.6. Available guidelines for time-to-event outcomes in evidence syntheses 
More general aspects of evidence synthesis with time-to-event outcomes are described in the 
Cochrane Handbook, which also includes a chapter dedicated to the performing meta-anal-
yses of time-to-event outcomes (89). Another central resource for the methods behind meta-
analyses of time-to-event outcomes is the collection of recalculation methods for time-to-event 
trial data provided by Tierney and colleagues in 2007 (106). Unfortunately, a comprehensive 
guide on time-to-event specific hardships in evidence syntheses, how to identify problems and 
incorporate them in analyses and conclusions, is currently lacking.  
 
As previously indicated, the explanation of the Risk of Bias 2.0 tool briefly mentions informative 
censoring amongst potential sources of bias due to missing outcome data (71).27 A detailed 
explanation of the issue, its identification and incorporation into certainty of evidence ratings 
is, however, missing. The GRADE guidance on informative censoring provided as part of this 
dissertation seeks to fill this gap. It complements other related GRADE guidance dealing with 
rating potential bias through missing outcome data for binary and continuous outcomes (126). 
Likewise, the GRADE guidance on the calculation of absolute effect estimates, which was also 
developed within this dissertation, contributes to the slowly growing body of guidance for meta-
analyses of time-to-event outcomes. A similar guidance has previously only been available for 
binary outcomes (136). 
For other time-to-event specific hardships in meta-analyses guidance is either available in form 
of single conceptual articles or completely absent. Future efforts must fill these gaps. 

7.4. Implications 
Project specific implications are discussed in the respective publications (2, 10, 11, 162). 

7.4.1. Implications for conductors of evidence syntheses 

7.4.1.1. Guidelines for systematic review reporting 
The projects included in this dissertation highlight the need for improvement in the conduct 
and reporting of current systematic reviews with meta-analyses of time-to-event outcomes (11, 
162).  
For systematic review reporting in general, the PRISMA guideline and its extensions provide 
a widely established standard (85). More rigorous adherence to its reporting items could im-
prove several of the problematic reporting elements identified in the presented meta-epidemi-
ological studies. The PRISMA guideline requires, for example, in-depth reporting of the as-
sessed review outcomes, data sources, risk of bias assessments and GRADE certainty of 
evidence. Other PRISMA items include details on the quantitative synthesis, such as the 
pooled effect measures, meta-analytic techniques and used trial estimates, how absent trial 
summary estimates were calculated and which additional analyses were planned. 
 
Time-to-event outcomes are associated with distinct difficulties, including challenging recalcu-
lation methods for summary data and unique assumptions. A reporting guideline that extends 
currently available PRISMA guidance by time-to-event specific items could improve review 
authors awareness of respective hardships and positively affect reporting. In form of the 
“Transparent reporting of meta-analyses of time-to-event outcomes based on aggregate data 
from RCTs of interventions (META-TTE reporting guideline)” such a guideline is currently under 

 
27 Informative censoring is briefly mentioned in the online explanation of the tool, available under: 
drive.google.com/file/d/19R9savfPdCHC8XLz2iiMvL_71lPJERWK/view (p. 42; published 22.08.2019; 
last accessed: 24.05.2024) 
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development and a product the here reported dissertation projects. The development of the 
guideline, which is based on an large survey of international experts, is registered at the EQUA-
TOR networks webpage for respective projects (189). A protocol is registered under: 
https://osf.io/j5bmw (99). 
Review authors should rigorously adhere to the currently available reporting standards and 
transparently report issues that affect time-to-event analyses until the guidance is imple-
mented.  

7.4.1.2. Guidance for meta-analyses of time-to-event outcomes and their certainty 
Guidance focusing on specific methodological issues related to time-to-event outcomes in ev-
idence syntheses is currently scarce, including appropriate meta-analysis methods and factors 
that affect the certainty of their results.  
As previously mentioned, the Cochrane Handbook gives some methodological advice on 
choosing time-to-event outcomes as effect measures for evidence syntheses (89). Other re-
sources for individual components of the evidence synthesis process exist, for example, 
through the established article by Tierney and colleagues from 2007 (106). Like several others, 
the article by Tierney et al. 2007 (106) focusses on the recalculation of time-to-event summary 
data from trial publications through various approaches (145-147, 151-155, 190).  
 
Resulting from this dissertation, the two GRADE guidelines for informative censoring and ab-
solute effect estimates provide some guidance for selected issues of time-to-event outcomes 
in evidence syntheses (2, 10). Yet, additional guidance for handling other specific difficulties of 
time-to-event analysis, such as proportional hazards and competing events, is needed (162, 
167). Guidance should be developed following an evidence-based approach and could be im-
plemented through the GRADE Working Group. In absence of guidance, review authors must, 
to their best knowledge, critically address and report trial characteristics that affect their cer-
tainty to inform their readers. 
 
The meta-epidemiological study of systematic reviews in this dissertation shows that available 
methodological guidance seems to have been neglected in several cases (167). Informative 
censoring, for example, is mentioned in the Risk of Bias 2.0 tool’s explanation, but was only 
seldomly discussed review publications (71). In a considerable number of reviews, the authors 
did not specify their effect of interest and the associated choice of trial analysis, such as inten-
tion-to-treat analyses if interested in the effect of assignment to an intervention. This reduces 
the transparency of their analytical proceeding considerably and limits the interpretability of 
the presented results (162, 167). 
 
Another often neglected recommendation relates to the choice of the appropriate methods for 
meta-analysis of time-to-event outcomes. For random-effect meta-analyses, methodological 
guidance by Cochrane advises to prefer the Hartung-Knapp-Sidik-Jonkman method over the 
methods by DerSimonian Laird (109, 167). Yet, most of the assessed reviews used the second 
method and only two reviews used the method by Hartung-Knapp-Sidik-Jonkman (167). Par-
ticularly in presence of heterogeneity between trials and with a low number of trials in a meta-
analysis, which was the case in multiple of the assessed systematic reviews, the Hartung-
Knapp-Sidik-Jonkman method leads to more conservative conclusions. That is because Der-
Simonian-Laird meta-analyses tend to inflate type I errors and to produce (too) narrow confi-
dence intervals (109). 
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Overall, review authors should more rigorously adhere to methodological guidance if it is avail-
able and those responsible for publication of systematic reviews may critically assess their 
adherence. 

7.4.1.3. Recalculation of summary data from trial publications 
As indicated previously, a considerable body of literature exists for the recalculation of time-to-
event summary data from study and trial publications, highlighting the great interest, but also 
the great importance of this field of research (145-147, 151-155, 190). The available ap-
proaches (see also chapter 3.4.1), range from rather simplistic calculations based on reported 
data to recalculation of individual participant data from Kaplan-Meier plots and then fitting 
curves for the retrieved data. Yet, as also indicated in the meta-epidemiological studies in-
cluded in this dissertation, there is a lack of comprehensive empirical evidence on which pro-
cedures to prefer and under which circumstances (162, 167).  
 
A previous study compared direct (using, e.g., O-E, log(HR), etc.) and indirect methods (using, 
e.g., log-rank p-values, number of events, etc.) based on reported information as well as the 
Kaplan-Meier plot-based approach presented by Tierney et al. 2007 (106) and Parmar et al. 
1998 (151). The study showed that direct methods should be preferred before indirect and 
finally plot-based approaches, which both tend to underestimate effects (157). This article does 
not incorporate novel, potentially more advanced recalculation methods which allow to derive 
individual participant data from curves and rely on digitization. 
 
Two methodological studies compared different plot-based approaches based on published 
Kaplan-Meier curves from trial publications or on simulation of respective data. They deter-
mined the method by Guyot et al. 2012 (145) as most reliable with regard to error from the 
originally reported HRs (153, 154). The studies did not include direct or indirect calculation 
methods from reported data. How more novel Kaplan-Meier plot-based approaches compare 
to indirect methods, for example, is therefore currently unknown. This might be particularly 
relevant since even more advanced methods including digitization (and potentially soon au-
tomatization) are, as visible on the available literature, continuously being developed (146-
149, 152, 159).  
 
Herbert and colleagues (191) recently proposed a decision algorithm for the selection of recal-
culation methods for summary time-to-event data from study and trial publications, irrespective 
of their design. They begin with directly reported data, if such data is not available, they suggest 
to recalculate data from indirect measures, then the approach by Guyot et al. 2012 (145) and 
finally suggest calculating the HR from median survival times, which ignores censoring (191). 
Compared to using data calculated from directly reported measures of time-to-event outcomes 
only, their proposed algorithm increased available study and trial HRs by 122% (191). 
A clear and generally established guidance on which recalculation methods to choose under 
which available data is needed. Such guidance should ideally include a hierarchy of ap-
proaches with regards to the lowest error to original trial effect estimates, like the algorithm 
proposed by Herbert et al. 2020 (191). Guidance could not only substantially support review 
authors, but also introduce necessary standards and potentially reduce the complexity that is 
still associated with some of the Kaplan-Meier plot-based recalculation methods, for example, 
through development of additional software. 
In the current absence of generally accepted decision aids, review authors should use all avail-
able methods to maximize the information in their meta-analyses and, however they decide for 
a procedure, explain their decision. That is, because the exclusion of trials from meta-analyses 
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because of supposedly unavailable time-to-event data introduces a risk for publication bias 
(99, 162, 167). 
 
Because excluding trials with unavailable time-to-event data from meta-analyses imposes a 
risk for publication bias, it is important to discuss if binary data should be included in a given 
meta-analysis in case of absent time-to-event data for an otherwise eligible trial (162, 167). In 
2022, Salika and colleagues (192) recalculated the meta-analyses of large sample of 
Cochrane reviews as binary odds ratios and as HRs. They found that odds ratios tended to be 
less conservative and to produce estimates which deviated stronger from the 1 than their HR-
based equivalents in some instances. They also found a different behavior of both outcome 
types regarding between-study heterogeneity, particularly with high event probabilities in the 
compared groups. Overall, they concluded that binary meta-analysis of time-to-event out-
comes might be feasible in situations with a low probability of the outcome event in included 
trials. If binary meta-analysis is necessary for certain time-to-event outcomes, they suggest 
the use of complementary log-log links to approximate HRs (162, 192). 

7.4.1.4. Alternatives to meta-analyses of hazard ratios 
Also given the complex interpretation of HRs (see also chapter 3.1.3), another strategy to 
maximize the use of time-to-event data from included trials is to select an alternative effect 
measure for meta-analysis. 
 
Michiels et al. 2005 (150), for example, assessed how pooled median survival times perform 
as a surrogate for pooled HRs from trials where HRs and additional information are not avail-
able. They compared median survival times and HRs derived from individual participant data 
and concluded that, because both measures show opposing treatment effects in number of 
meta-analyses, meta-analysis of median survival is not a feasible alternative to its HR-based 
counterpart. 
Building on the method by Michiels et al. 2005 (150) but in the setting of experimental studies, 
Hirst and colleagues in 2021 (193) found a similar proportion of diverging conclusions, alt-
hough they reasoned that such divergences only occurred in case of small treatment effects 
and in absence of statistically significant differences between groups. They concluded that 
even though pooled HRs and pooled median survival times do not perform perfectly similar, 
median survival still might constitute an option for large meta-analyses of smaller, imprecise 
experimental studies, if necessary. 
This discrepancy in conclusions could require further assessment. The here presented meta-
epidemiological studies of systematic reviews and trials required the presence of a pooled HR 
for eligibility. Thus, it was not possible to determine whether some systematic reviews authors 
could have used median survival times because of missing time-to-event summary data in trial 
publications. 
 
A currently more relevant alternative to the HR is the difference in the RMST. As previously 
highlighted in chapter 3.1.3, the RMST represents for each arm of a trial, the average time to 
an event, for example, survival, from a starting time point 0 to a defined time point. It is calcu-
lated as the area under the event or survival curve up to this defined time point (30, 46). The 
difference in the RMST allows to compare intervention effects between groups, can be statis-
tically tested and allows the calculation of CIs (30).  
Compared to HRs, the RMST brings two substantial advances. First, it is not associated with 
the proportional hazards assumption and associated statistical tests between groups remain 
valid under non-proportional hazards (30, 40, 47). Second, the interpretation of the RMST is 
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more straightforward, particularly the difference in the RMST between groups (“with treatment 
X you can expect on average 2 more years of survival as compared to treatment with Y”) (47). 
Following a randomized study design, Weir and colleagues in 2019 (194) randomized RCT 
authors and clinicians to three groups and presented them multiple RCT abstracts. The ab-
stracts were only altered between groups in that effects were presented either as HR only, as 
difference in the RMST only or as HR together with a difference in the RMST. They found that, 
compared with the HR only group, treatment effects in the other two groups were consistently 
interpreted as lower. Furthermore, they found that HRs were often incorrectly interpreted as a 
reduction in absolute risk (194). 
Calculation of the RMST requires individual participant level data which can be recalculated 
from aggregated data using Kaplan-Meier curves and the before illustrated approaches. Meta-
analyses of the difference in the RMST can then be calculated using the individual participant 
data of each included trial (145, 195, 196). Since such an approach is significantly more com-
plex than aggregate data meta-analysis based on the HR, the role of the difference in the 
RMST in current meta-analyses is rather limited, despite its advances. 

7.4.1.5. Implications for calculating absolute effect measures 
Absolute effect measures calculated based on the pooled HR are an important tool to compre-
hensively communicate the results of evidence syntheses with meta-analyses of time-to-event 
outcomes. 
 
Several of the miscalculated absolute effects that were identified in the meta-epidemiological 
study of absolute effects in cancer-related Cochrane reviews were likely attributable to a mis-
take in the popular guideline development software GRADEpro GDT (11, 175). The software’s 
function to automatically calculate absolute effect measures from a relative effect and a defined 
baseline risk did not recognize that authors might have included a baseline risk attributable to 
the frequency of the absence of an event (e.g., a survival proportion). When combined with a 
HR calculated based on the frequency of an event (e.g., deaths) in a population, this led to 
falsely opposing absolute effects. 
Based on the results of the here presented meta-epidemiological study, the mistakes in the 
software were corrected (11). With the now available GRADE guideline for absolute effects of 
time-to-event outcomes it can be assumed, that previous hardships in the calculation of re-
spective measures are diminished, and that more review authors might choose to present their 
pooled relative outcome effects together with an absolute effect measure. A general prerequi-
site is, of course, that evidence synthesis authors are aware of the guideline and use it when 
they conduct their reviews. It has therefore been included in the Cochrane Handbook (89).  
 
For calculating absolute effect measures based on pooled HRs, the GRADE guideline currently 
proposes risk differences, natural frequencies, the number-needed-to-treat and median sur-
vival times (10). Even though the positive effect of absolute effect estimates to communicate 
meta-analysis results is generally accepted, it is currently unclear which type of these absolute 
effects to use (163, 166, 197). 
In a large randomized experiment amongst individuals at risk of coronary heart disease, Car-
ling and colleagues in 2009 (164) found that patients presented with natural frequencies to 
communicate a risk reduction through statins were more confident in their understanding of 
the information and with their decision, as compared to patients who were presented other 
measures for the same effect, including relative risk reductions, absolute risk reductions and 
the number needed-to-treat. 
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7.4.1.6. Meta-analyses based on individual participant data 
This dissertation predominately addresses meta-analyses based on aggregate time-to-event 
data. Some of its components are also applicable to meta-analyses of individual participant 
data, in particular the GRADE guidance on the calculation of absolute effects. 
Besides greater reliability, as previously discussed in chapter 3.3.2, these types of meta-anal-
yses bring considerable advances over their aggregate data counterparts (101, 198). Meta-
analyses of time-to-event outcomes often require recalculation of primary data from trial pub-
lications based on assumptions that can be circumvented by available individual participant 
data (101). Furthermore, individual participant data allows authors to perform more elaborate 
analyses, for example, imputation procedures to assess informative censoring, regression 
modelling to assess between-study heterogeneity and competing event analyses (32, 101, 
199, 200). It allows to statistically assess the assumption of proportional hazards and, in case 
of a failure of the assumption, to perform meta-analysis of the difference in the RMST between 
groups or other appropriate analyses (195).  
Finally, as described in the GRADE guideline for calculating of absolute effects, individual par-
ticipant level data allows to calculate absolute effects, such as risk differences, directly and to 
account for the statistical uncertainty of the baseline risk, which is hardly possible with aggre-
gate data (10). 
Unfortunately, individual participant data is seldomly accessible to review authors and its re-
trieval often not feasible without immense effort. A trend towards data sharing with new data-
sharing models for clinical trials could improve this situation (201). 

7.4.2. Implications for trialists 

7.4.2.1. Guidelines for trial reporting 
Several implications for trialists who assess time-to-event outcomes arise from the projects 
conducted within this dissertation. Above all and particularly arising from the findings of the 
meta-epidemiological study of trials included in meta-analyses of time-to-event outcomes, is 
the need to improve the reporting of trials with time-to-event analyses. This is, as previously 
emphasized, in line with the implications of previous research (23-25, 144, 160, 161, 180, 181). 
 
Following a systematic assessment of the reporting of survival analyses in medical journals, 
Abraira et al. 2013 (144) proposed a list of minimal reporting items for published time-to-event 
analyses. Their list includes, but is not limited to, clear outcome definitions, with the type of 
assessed events and circumstances of censoring, sample sizes and the number of events, a 
valid quantification of the follow-up time and details regarding the statistical analyses, including 
estimates, comprehensive Kaplan-Meier curves and regression model building. 
Unfortunately, the results of the meta-epidemiological study that is part of this dissertation in-
dicate that their suggestions are not comprehensively adhered to in current RCTs included in 
time-to-event meta-analyses (144, 162).  
 
More recently, an extension to the established Consolidated Standards of Reporting Trials 
(CONSORT) became available. The CONSORT-Outcomes reporting guideline has great po-
tential to become an influential standard for trial outcome reporting amongst trialists, editors 
and publishers (162, 197, 202). Some of the issue identified for RCTs with time-to-event anal-
yses in the meta-epidemiological study of this dissertation, including a lack of detailed infor-
mation for each individual outcome, missing outcome data and the analysis types, are men-
tioned in the CONSORT-Outcomes guideline and might improve in future trial publications.  
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For the reporting of specific aspects of time-to-event analysis in trial publications, in particular 
for Kaplan-Meier plots, some guidance is available. In their article from 2002, Pocock and 
colleagues (181) present key reporting items for Kaplan-Meier curves. They call, for example, 
for consistent reporting of the number of individuals at risk for given time points and a presen-
tation of statistical uncertainty, such as a CI or SE, along the curves. A valuable addition to 
their suggestions, in line with the meta-epidemiological studies and the GRADE guideline on 
informative censoring of this dissertation, would be the presentation of censored observations 
over time on Kaplan-Meier curves and occasionally below for certain time points (figure 1).  
 
Morris et al. 2019 (15) present and have tested various design options for Kaplan-Meier plots 
that allow to follow the state of trial participants over time, by presenting sufficient numbers of 
individuals at risk and censored observations. They also suggest displaying the statistical un-
certainty of the plots over time (15). A more rigorous presentation of such data could signifi-
cantly enhance the usefulness of Kaplan-Meier plots for the conductors of evidence syntheses, 
for example, allowing more distinct recalculation of time-to-event data from trials. 
 
Unfortunately, not only the completeness of reporting appears to be a problem of Kaplan-Meier 
plots in trial publications, but also the correctness of their underlying data. Vervölgyi et al. 2011 
(160) compared the follow-up information reported in the texts of RCTs published in four high-
impact journals to the number of individuals lost to follow-up, which they retrieved from Kaplan-
Meier plots. They found a deviation of both numbers in 15% of trial publications, sometimes to 
a degree that could have affected conclusions. 
 
Additional, time-to-event analysis-focused reporting standards could positively influence the 
interpretability of trials with time-to-event analyses, could increase their usefulness in second-
ary analyses and increase the sustainability of clinical research in general.  

7.4.2.2. Additional analyses for time-to-event outcomes in trials 
Observations during the presented meta-epidemiological studies and the guideline articles 
suggest that trialists should make more use of additional analytical options to investigate the 
robustness of their time-to-event analyses. Multiple options are available and can be applied 
in meta-analyses when individual participant data is available, for example, to investigate po-
tential informative censoring. Available approaches can also be straightforwardly adapted to 
assess issues such as treatment switching and competing events. 
 
The most simplistic amongst these approaches is to impute survival times for censored indi-
viduals under realistic assumptions (32). As applied in the GRADE guideline for informative 
censoring, the easiest option is to select a time-frame of trial follow-up without end-of study 
censoring, for instance, the enrollment period or minimum follow-up, and to impute increased 
or decreased survival times for individuals censored during this time-frame as best- and worst-
case scenarios (2, 32). 
 
As already mentioned in 3.2.1, more advanced methods model situations if individuals had not 
been censored (or, e.g., “had they not switched treatment”) by using observed baseline-data 
and occasionally post-baseline data of participants (32). Prominent approaches include in-
verse probability censoring weighting, rank preserving structural failure time models as well as 
iterative parameter estimation (65, 67, 83, 203). 
Inverse probability censoring weighting, for instance, assumes a relationship between the ob-
servable data and the censoring distribution. Observed participant characteristics are used to 
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reconstruct HRs by weighting individuals who stay on their allocated treatment with the inverse 
of their probability of being censored (67, 77). Depending on the similarity of baseline and post-
baseline characteristics, the observations of individuals who provide complete data to an anal-
ysis are weighted with the inverse of their probability of being censored. Thereby they adjust 
for their censored counterparts: individuals with more similar characteristics to those who were 
censored, but who were not censored themselves, provide more data to the analysis. 
The approaches require that censoring can be completely explained by the participant char-
acteristics used to adjust for censoring. Besides their strong dependance on observable data, 
inverse censoring weighting and related methods assume constant treatment effects through-
out follow-up, which might often be implausible, and appropriate sample sizes, including a 
sufficient number of individuals with complete observations (77, 84). 
 
Critically considering the underlying assumptions, the outputs of such methods might be in-
formative to authors of evidence syntheses in some situations. A trial sensitivity analysis ad-
justing for possible treatment switching, for example, could support review authors interested 
in the per protocol effect, the effect of adherence to an intervention, when judging the risk of 
bias due to deviations from the intended interventions. 
The authors of a systematic review assessed during the here presented meta-epidemiological 
study on time-to-event outcomes in systematic reviews included a trial HR generated from a 
rank-preserving structural failure time model for competing events in a meta-analysis. Given 
their considerable assumptions, it is currently unclear how to deal with the outputs of such 
sensitivity analyses in evidence syntheses and further research is required. 

7.4.2.3. Assessing safety outcomes as time-to-event outcomes 
The outcomes examined during the meta-epidemiological studies of this dissertation were al-
most exclusively efficacy outcomes. Safety outcomes were analyzed using time-to-event anal-
ysis only in 3% (8/235) of the assessed trial publications and were instead often addressed 
using binary data analysis. 
 
For a fair comparison of treatments, the observation times of the compared groups should be 
equal. In safety analyses of trials, however, the observation times sometimes differ substan-
tially. They differ, for example, when observations of participants are ceased when they switch 
treatments, are incompliant or otherwise deviate from the trial protocol – or if one treatment is 
simply more effective and prolongs survival, thereby increasing the observation time for ad-
verse events (2, 204). Through censoring, time-to-event analysis allows to account for variable 
follow-up times between groups and should be more frequently used by trialists to assess 
safety outcomes (2, 204). 
Censoring of individuals who switch treatments, are noncompliant or otherwise drop out from 
the trial in time-to-event analyses of safety outcomes will result in a risk of bias, as it does in 
analyses of efficacy outcomes. Rather than simply adjusting for informative censoring as de-
scribed before, it is urged to continue the collection of safety data even after protocol violations 
occur and to provide adequate intention-to-treat analyses for safety outcomes (204). 
 
Often neglected, but particularly relevant in the analysis of safety outcomes are competing 
events. Think, for example, of the analysis of serious adverse events in the comparison of two 
treatments: a hypothetical experimental treatment improves progression-free survival (com-
monly referred to survival without progression or all-cause death) but is associated with a sub-
stantial risk of severe adverse events. Adverse events are assessable in the respective exper-
imental trial arm because individuals survived long enough to observe them. In the control arm, 
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however, because of higher rates of the competing event death, individuals did not survive 
long enough to prove the absence (or presence) of later severe adverse events.  
This introduces bias and reduces the power of safety analyses to identify relevant severe ad-
verse effects (205). Because the event death constitutes a competing event for adverse 
events, competing event analysis, including cumulative incidence estimators, cause-specific 
hazard models and subdistributional hazard models (chapter 2.2.3), for safety analyses is sug-
gested (26, 51, 205-207). In the trial publications included in the meta-epidemiological studies 
of this dissertation, such methods were not used. 

7.4.3. Implications for evidence users 

7.4.3.1. Interpreting quantitative effects 
As emphasized in chapter 3.4.4, relative effect measures, including the HR, endanger overin-
terpretation of treatment effects. In the previously mentioned study by Carling et al. 2009 (164), 
patients presented with a relative effect for statin effectiveness were more likely to opt for the 
treatment than patients who were presented the same effect in form of one of the multiple 
different absolute effect measures (138, 163, 164). When interpreting quantitative effects of 
treatments, it is therefore important to look at absolute effects in addition to relative effects 
(163, 208).  
Adequately interpreting illustrative absolute effect measures for time-to-event outcomes re-
quires clarifying the time point to which an absolute effect applies and to consider the source 
of its associated baseline risk. Baseline risks might differ, for instance, between trial popula-
tions with potentially higher risk or observational studies of the general population (10).  
The meta-epidemiological study on absolute effect measures in oncological Cochrane reviews 
of this dissertation showed incorrect calculation and missing additional information on absolute 
effects in a considerable number of Cochrane reviews. A second similar assessment in non-
Cochrane reviews was foreseen but not possible, because non-Cochrane reviews often pre-
sent no absolute effect at all (11). Even though the now available GRADE guidance on absolute 
effects may inform evidence synthesis authors and reduce their problems with absolute effects 
in the future, users must remain critical and check presented measures for plausibility. 
 
When interpreting effect estimates for time-to-event outcomes, in particular the HR, additional 
caution is required towards the direction of the effect estimates. As previously mentioned in 
chapter 3.4.4, the direction of effects can become especially confusing in the oncological liter-
ature. Oncological survival outcomes are reported as events (e.g., all-cause mortality, time to 
progression) and as absence of events (e.g., overall survival, progression-free survival), some-
times interchangeably (11, 167). In other fields, confusion can arise, for example, when the 
same publication reports on positive outcomes (e.g., time to hospital discharge, time to child 
delivery) and negative outcomes (e.g., time to preeclampsia). This is because, as shown dur-
ing the here presented meta-epidemiological studies, HRs are almost inevitably calculated for 
events and with the experimental treatment arm included in the numerator. For negative out-
comes a HR < 1 will suggest a lower rate of events and thus a benefit in the experimental 
group, while for positive outcomes a HR > 1 indicates a benefit in the experimental group. If 
established treatment options are compared, it is often not perfectly clear which of the com-
pared groups to consider as experimental group in the numerator, potentially leading to an 
inversion of the HR (10). 
The authors of some of the systematic reviews assessed in the here presented meta-epidemi-
ological studies included either a trial HR that was inappropriately inverted or a trial HR that 
should have been inverted as compared to other HRs included in their meta-analyses (162). 
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The most straightforward way to assess the direction of relative effects for evidence users are 
Kaplan-Meier or cumulative incidence curves, which show which group is favored for a respec-
tive outcome and allow to derive an appropriate interpretation of the associated HR. In situa-
tions where no plots are available, for example, in evidence syntheses, evidence users can 
simply compare the proportion of events in the respective comparator groups. 
 
Specialized result presentation formats, such as GRADE Summary of Findings Tables or Evi-
dence Profiles, allow evidence synthesis authors to communicate the quantitative strengths of 
effect estimates in different formats, such as numbers and symbols, and have been shown to 
improve the interpretability of effects for evidence users (139). 

7.4.3.2. Interpreting the certainty of time-to-event outcomes 
Besides critical consideration of the size and direction of presented quantitative effects, users 
of the evidence should pay attention to the (un)certainty associated with a given quantitative 
estimate. In evidence syntheses that report their results in form of GRADE Summary of Find-
ings tables or Evidence Profiles, the degree of the certainty of evidence can be straightfor-
wardly assessed from the respective symbols (e.g., ÅÅÅÅ represents high certainty). Addi-
tional footnotes explain the affected domain, as introduced in chapter 3.3.4, and the reasoning 
for rating down the certainty, if applicable (135). 
 
Unfortunately, except for the GRADE guidance on informative censoring that is part of this 
dissertation, no further guidance for time-to-event specific issues that might affect one’s cer-
tainty in a body of evidence is available to date. In absence of guidance, evidence users must 
be aware of the core assumptions of time-to-event analysis. 
A given HR, for example, may not be representative for time points other than the reported 
follow-up time. It should not be extrapolated beyond the follow-up, particularly if comparing 
treatments of differential mechanisms, because of the assumption of proportional hazards (10, 
40).  
 
There is also a substantial lack of guidance on interpreting outcomes that are susceptible to 
competing events. In absence of guidance, evidence users should be aware that specific sta-
tistical analyses should be used for competing events and, if regular time to event analysis is 
applied, the resulting estimates might underly a specific interpretation. If possible, users may 
seek help by someone with statistical expertise, in particular because previous research has 
indicated that even authors of articles including competing event analyses do occasionally not 
interpret their outcomes adequately (61). 

7.4.4. Implications for future research 

7.4.4.1. Improving reviewer expertise with time-to-event outcomes 
As previously discussed, methodological research has clearly demonstrated the problematic 
reporting of time-to-event analyses in trials. The meta-epidemiological studies in this disserta-
tion show that several of the problems identified in trial publications can also be found in their 
including reviews (162, 167). It is unclear whether and if so to which degree the inadequate 
reporting in systematic reviews resulted from inadequate trial reporting and how much might 
be attributable to, for instance, lacking expertise of review authors. 
 
As an implication of the meta-epidemiological study on absolute effects in Cochrane reviews 
(chapter 6.3), which showed problems in interpretation of time-to-event outcomes by review 
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authors, Cochrane dedicated a share of its CRG Networks Innovation Fund 2019 to the devel-
opment of additional resources on time-to-event outcomes in Cochrane reviews (174). A sub-
sequent survey amongst Cochrane stakeholders, prepared by the doctoral candidate and ac-
cepted as a poster at the 2020 Cochrane colloquium, asked Cochrane review authors for nec-
essary resources to improve their meta-analyses of time-to-event outcomes (209). According 
to the survey, authors primarily lacked materials on the assumptions underlying time-to-event 
analysis, the reconstruction of summary data from trials and the adequate interpretation of 
effects. The Cochrane review authors also claimed these issues as areas of their greatest 
uncertainty when conducting Cochrane reviews with time-to-event outcomes (209). 
 
It is likely that missing expertise in addition to absent or too complex guidance constitute bar-
riers for the adequate conduct and reporting of meta-analyses of time-to-event outcomes. Ad-
ditional research, including qualitative research, could elicit central obstacles and identify po-
tential for additional guidance and targeted training resources. 

7.4.4.2. Improving guidance on informative censoring in meta-analyses 
There is a substantial number of articles that discuss and quantitatively investigate censoring, 
including informative censoring, and its influence on the results and interpretability of clinical 
trials (6, 7, 33-35, 37, 38, 120, 210-215). Such assessments are, however, currently absent for 
the impact of censoring on meta-analyses.  
 
In an earlier study, Vale et al. 2002 (216) assessed the effects of adjusting for censoring on 
the pooled effect sizes, trial weights and between-study heterogeneity of meta-analyses using 
odds ratios. To calculate censoring-adjusted odds ratios from trials, they estimated the number 
of individuals at risk for a specific follow-up time point that was adjusted by a constant rate of 
non-informative censoring, calculated time points specific odds ratios and pooled the respec-
tive estimates. They compared their so derived pooled time point specific odds ratios to their 
non-censoring adjusted counterparts, which they calculated using trial odds ratios that only 
used the number of events at a specific time point and the total number of trial participants, 
instead of the time point specific number of individuals at risk. They found a considerable im-
pact of adjusting for censoring on effect estimates, with an average difference of 2,6% and up 
to 9% overestimation with unadjusted odds ratios. Furthermore, adjusting for censoring re-
sulted in lower weights of trials with lower duration of follow-up and reduced between trial 
heterogeneity. 
Despite these findings, there are currently no investigations on the impact of variable censoring 
patterns on HR-based meta-analyses, which incorporate censored data by default. 
 
There is also a lack of literature on potential informative censoring and established methods 
to quantify the impact of informative censoring on aggregate data meta-analyses. Such as-
sessments would, however, constitute an important background for risk of bias evaluations. 
While binary outcome analysis allows to perform sensitivity analyses by imputing reasonable 
values for individuals with missing data, a similar approach for time-to-event analyses would 
require individual participant level data, because of the time-dependency of censoring (2, 126). 
Methodological advancements that ease the recalculation of individual participant data from 
trial publications could substantially support evidence synthesis authors in assessing the influ-
ence of informative censoring on their meta-analyses. 
 
The type of censoring addressed in this dissertation and the associated projects is limited to 
right-censored data. As explained in chapter 3.1.1, footnote 1, other types of censored data 
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are interval-censored data and left-censored data. Because they are potentially less relevant 
in clinical trials with consistent assessment and observation of trial participants, their role in 
meta-analyses has not yet been emphasized in the literature. For distinct situations, they might 
be of relevance and at least require further discussion, for example, interval censoring as a 
potential source of between-study heterogeneity if trials with substantially different durations 
between participant follow-up assessments are combined (217).  

7.4.4.3. Future research on proportional hazards in meta-analyses 
Extensive methodological and theoretical literature on the assumption of proportional hazards 
in time-to-event analyses of trials is available (13, 40, 41, 43, 46, 50, 182, 218, 219). It is 
currently unclear, however, how to interpret and account for the assumption in meta-analyses 
and evidence syntheses. Future research on the concrete, quantitative effects of a failure of 
the proportional hazards assumption in included trials on meta-analyses, for instance, on be-
tween-study heterogeneity, is required. In addition, guidance on interpreting estimates and de-
riving decisions is needed, for example, whether to classify a failure of proportional hazards 
as a bias or consider it a source of heterogeneity. 
 
Rulli et al. 2018 (44), who assessed the proportional hazards assumption in lung-cancer RCTs 
by recalculating individual participant time-to-event data from curves, suggest applying their 
approach in meta-analyses. They point out a risk of over- and underestimation of effects if trial 
analyses with a failed proportional hazards assumption are included in meta-analyses. They 
recommend performing either sensitivity analyses excluding respective trials or to lean onto 
alternative effect measure for meta-analysis, such as time point specific event probabilities or 
the RMST (44). 
 
The difference in RMST as an alternative to the HR in situations with non-proportional hazards 
has been highlighted in the introduction of this dissertation (chapters 3.1.3, 3.2.3 and 7.4.1.4). 
Pooling of the difference in the RMST from multiple trials is possible but requires individual 
participant data so that its usefulness for meta-analyses based on aggregate data is currently 
limited (195, 196). Everest and colleagues in 2022 (196) compared RMST estimates derived 
from recalculated Kaplan-Meier curves to estimates from corresponding individual participant 
data. They found little deviation and bias, even in situation with Kaplan-Meier curves of lower 
quality. With methodological advances that ease the recalculation of individual participant data 
and more complete reporting in trial publications, as previously proposed, the RMST could 
become a more feasible effect measure for meta-analyses, that is robust and straightforward 
to interpret, particularly compared to the HR. 

7.4.4.4. Future research on competing events in meta-analyses 
Similar to the previously mentioned methodological issues, the body of literature for consider-
ing competing events in meta-analyses based on aggregate data is scarce, although some 
guidance exists for meta-analyses of individual participant data (200). 
In their article, Bonofiglio et al. 2016 (220) describe a computationally advanced approach for 
meta-analysis of competing event data by calculating cumulative incidence function ratios from 
aggregate trial result data and pooling them across trials, assuming a constant hazard of the 
groups over time. 
 
Irrespective of this work, it remains unclear which analytical procedures to apply in case of 
competing events in routine meta-analysis, in particular which trial estimates to use. The 
cause-specific HR, simply put the Cox proportional model HR with censored competing events, 
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is frequently used for meta-analysis under competing events. The results of such meta-anal-
yses require a distinct interpretation which has currently has not been discussed in the litera-
ture. Pooling of Fine and Gray subdistributional HRs, sometimes viewed as the more appro-
priate regression model for time-to-event data under competing events for certain instances 
(chapter 3.2.3), might require even more rigorous discussion (22). 
Although respective guidance is currently absent, in one of the systematic reviews assessed 
in the meta-epidemiological studies of this dissertation, review authors combined cause-spe-
cific HRs together with a HR from a Fine and Gray subdistributional hazards model in the same 
meta-analysis. They did not reason their decision (162). 
 
Future research on competing events in meta-analyses should investigate the quantitative ef-
fects of competing events on pooled estimates, clarify alternative analysis approaches and 
provide guidance on how to incorporate competing events in risk of bias and certainty of the 
evidence ratings.  

7.4.4.5. Future research on treatment switching in meta-analyses 
An extensive body of methodological literature is available that discusses how treatment 
switching affects trial results, how to interpret it and how to quantitatively assess its influence 
on trial estimates.  
Several articles propose approaches such as inverse probability censoring weighting or the 
rank preserving structural failure time to recalculate trial effects had participants not switched 
a specific treatment (chapter 7.4.2.2) (62, 67, 73-79, 81, 82, 221-223). As previously men-
tioned, these approaches require individual participant data and their value in meta-analyses 
has not been discussed yet. 
For meta-analyses of aggregate data, sensitivity analyses by excluding affected trials or meta-
regression allow to assess the robustness of results to treatment switching in included trials. 
Practical approaches to quantitatively investigate the impact of treatment switching on meta-
analyses of aggregate data are currently absent and an implication for future methodological 
research. 
 
Controversially discussed today is how to interpret treatment switching in trials in a body of 
evidence. Some have called for treating the reception of a comparator treatment in individuals 
initially allocated to a different treatment arm as a risk of bias, in particular for per protocol 
effects (71). Others argue that treatment switching constitutes a question of applicability or 
external validity (63). Recently, Wang et al. 2022 (118) performed a systematic assessment of 
all available risk of bias tools for RCTs. They listed all items of these tool and asked interna-
tional methods experts to classify these items as issues relating to bias or to other concepts, 
such as applicability, reporting quality and precision. Most of the experts classified the item 
“Whether there is crossover to the intervention” as an issue of applicability and not of bias. 
More theoretical discussion and methodological research could support settling this ongoing 
discourse and standardize certainty of evidence ratings of evidence syntheses affected by 
treatment switching. 

7.4.4.6. Future research on adjusted and unadjusted trial analyses in meta-analyses 
The two first reported meta-epidemiological studies of this dissertation found that the handling 
of covariate adjusted and unadjusted trial estimates differed substantially between the as-
sessed systematic reviews: in general, the adjustment of eligible trial estimates was seldomly 
reported in review publications. If reported, most reviews stated to include either both, adjusted 
and unadjusted effects, or only adjusted effect estimates, while for distinct outcomes, they 
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most often stated to include either unadjusted or adjusted estimates only. Review authors did 
not provide any reasonings for their preference. When looking at the adjustment status of the 
trial estimates in the respective trial publications, estimates included in the assessed meta-
analyses were most often unadjusted (162, 167). 
 
Some of these inconsistencies might result from the current absence of guidance on handling 
covariate adjusted estimates in meta-analyses. The Cochrane Handbook, as most central re-
source for the conduct of systematic reviews and meta-analyses, provides no information on 
whether to favor covariate unadjusted or adjusted estimates, or relevant factors, for meta-
analysis (89). In the chapter for choosing and computing effect estimates, the authors simply 
suggest that direct recalculation of effect estimates from trial reports might be necessary in 
situations “… when analyses have been performed to adjust for variables used in stratified 
randomization or minimization, or when analysis of covariance has been used to adjust for 
baseline measures of an outcome” (Cochrane Handbook chapter 6.3. “Extracting effect esti-
mates directly” (224)). This could be interpreted as a preference for unadjusted trial estimates. 
 
In their algorithm for selecting methods to recalculate time-to-event summary data from RCTs, 
but also from non-randomized study publications, Hebert et al. 2022 (191) suggest preferring 
adjusted over unadjusted estimates, if possible. Although they included only a minor proportion 
of RCTs in their assessment of the algorithm, they reasoned their preference with an increased 
generalizability of results. Yet, the criterion of generalizability might not apply for meta-analyses 
of RCTs. That is, because in case of a valid randomization procedure in the underlying trials, 
potential observable covariates in addition to non-observable confounders should be appro-
priately balanced between the compared groups. Even visible differences between baseline 
characteristics of the compared groups of individual trials should not constitute a problem to 
the validity of the RCTs and their including meta-analyses, as long as the differences are ex-
plainable by chance and not by failure of the randomization procedure (225, 226). 
 
Some argue that covariate adjustment in RCTs enhances statistical power, particularly with 
stratification and with strong prognostic baseline factors for the outcome of interest (226, 227). 
This requires an a-priori selection of applicable prognostic factors, best determined in the trial 
protocol (226). Pooling adjusted estimates from RCTs might increase the statistical power of 
the combined estimate and the ability to detect treatment differences if they exist, but could 
also result in increased between-study heterogeneity. 
 
There is currently no literature available that critically discusses and/ or suggests whether to 
prefer adjusted or unadjusted RCT estimates for meta-analyses and if it is feasible to include 
adjusted together with unadjusted estimates in the same analysis (227). Additional guidance 
for covariate adjustment in evidence syntheses is required and should optimally be informed 
by meta-epidemiological research. 
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8. Conclusion 
 
The here presented dissertation provides a comprehensive view on the characteristics, meth-
ods and challenges prevalent in current evidence syntheses that include time-to-event out-
comes. Two meta-epidemiological assessments, of systematic reviews and their included tri-
als, demonstrate inconsistent and sometimes deficient methods and reporting of meta-anal-
yses of time-to-event outcomes, and allow the interpretation that deficiencies might translate 
from trials to their including meta-analyses (162, 167). 
A third meta-epidemiological study demonstrated not only problems in the presentation of the 
results of meta-analyses of time-to-event outcomes in form of absolute effect estimates, but 
also indicated limited understanding of the HR by systematic review authors (11). 
 
To overcome these shortcomings, this dissertation included two systematically developed 
GRADE guidance articles, for informative censoring and the calculation of absolute effect es-
timates, that target some of the identified challenges and which should enhance the quality of 
meta-analyses of time-to-event outcomes in the future (2, 10). 
Nonetheless, several observed, but also unobserved challenges remain. Additional research 
on time-to-event specific and general methodological hardships in meta-analyses is required 
to inform additional guidance. Those who make decisions based on meta-analyses of time-to-
event outcomes should critically assess the available evidence.  
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11. Appendix 

11.1. Paper 1: Characteristics, methods and reporting of systematic re-
views that include meta-analyses of time-to-event outcomes 

11.1.1. Work shares 
 
Authors: Goldkuhle M, Hirsch C, Iannizzi C, Bora AM, Bender R, Van Dalen EC, Hemkens 
LG, Monsef I, Kreuzberger N, Skoetz N 
 
Contributions by the doctoral student: 
Ahead of this sub-project and before the beginning of the meta-epidemiological study, the doc-
toral student was involved in acquiring the necessary funding for the project, which were ulti-
mately obtained by Prof. Skoetz from the German Research Foundation (DFG): He developed 
the first draft of the grant application, outlined the project and established the project schedule. 
Both were subsequently reviewed and revised by Prof. Skoetz before submission. 
After successful application for funding, the meta-epidemiological study for this sub-project 
was designed under the doctoral student’s lead and his administration. He was responsible for 
the conceptualization of the sub-project and the development of all applied methods. All nec-
essary tools and resources, such as data extraction forms and the analysis plan, were devel-
oped by the doctoral student and then reviewed by Nina Kreuzberger and Prof. Skoetz. Ac-
cordingly, the project protocol was published under the doctoral students’ last authorship in a 
publicly available registry (osf.io/6825g/). 
 
During the course of the sub-project, the doctoral student selected relevant literature and, in 
form of the data extraction from systematic review publications, collected the relevant study 
data. The methodological standards of the project required a duplicate, independent perfor-
mance of all relevant project steps, in particular the literature selection and data extraction, 
which were thus additionally also supported by other project participants. Conflicts were re-
solved by a third independent project participant. The doctoral student analyzed the collected 
data and was responsible for their presentation and interpretation. These steps were reviewed 
by other project members for quality assurance. 
Finally, the doctoral student prepared the publication of the study, integrated all comments of 
the co-authors and revised the article according to the received peer review, again coordinating 
the advice of the co-authors. 
 
Co-author contributions: 
Prof. Skoetz supervised the appropriate and adequate performance of the meta-epidemiolog-
ical study. She supported the doctoral student in the conceptualization of the sub-project and 
in the development of its underlying methods. Furthermore, she resolved potential conflicts 
during literature selection and data extraction and revised the doctoral students drafts for the 
publication. Nina Kreuzberger (Cologne), Caroline Hirsch (Cologne), Claire Iannizzi (Cologne) 
and Ana-Mihaela Bora (Cologne) performed the required independent and duplicate review of 
the data extraction process, supported the data analysis and provided important comments on 
the manuscript for publication. Nina Kreuzberger screened the relevant literature inde-
pendently and in duplicate with the doctoral student. She was involved in the project’s concep-
tualization and the development of the methodology through providing important comments on 
the doctoral student’s original drafts. Therefore, she is the first author in the publicly available 
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study protocol. Prof. Ralf Bender (Cologne), Dr. Elvira van Dalen (Utrecht, Netherlands), and 
PD Dr. Lars Hemkens (Basel, Switzerland) also provided important comments for the concep-
tualization of the project and revised the drafts of the publication. The systematic database 
searches were conducted by the information specialist Ina Monsef (Cologne). 

11.1.2. Publication appendix
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Appendix 

Appendix A1: Complete search strategy for non-Cochrane reviews 

Medline on February 8th, 2021 

# Searches 

1 "time-to-event".tw,kf. 

2 "log rank".tw,kf. 

3 survival.tw,kf. 

4 hazard.tw,kf. 

5 Kaplan-meier estimate/ 

6 kaplan-meier.tw,kf. 

7 (method* adj1 (product* or limit*)).tw,kf. 

8 (cumulative* adj1 incidence*).tw,kf. 

9 outcome expectation.tw,kf. 

10 (cox adj2 (model* or proportional*)).tw,kf. 

11 proportional hazards models/ 

12 or/1-11 

13 (randomi?ed or placebo or randomly).ab. 

14 meta analysis.mp,pt. 

15 12 and 13 and 14 

16 limit 15 to dt=20170101-20200801  
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Appendix A2: List of extraction items 

Extraction items for reviews 

# Feld Options Description 

1 ID of the assessed 
reviews 

 Individual number of review 

2 Trial level 
extraction? Yes; No  

3 Type of assessed 
review Cochrane review; Non-Cochrane review  

4 Last name of first 
author 

  

5 Publication year   

6 If non-Cochrane 
review: Journal? 

 Please insert the full name of the journal that published 
the assessed review 

7 Review update?  Is this a review update? 

8 Medical field 

Infections and parasitic diseases;  
Neoplasms (oncological studies irrespective of the field are sorted into 
this category);  
Diseases of the blood, blood-forming organs and the immune 
mechanism;  
Endocrine, nutritional and metabolic diseases;  
Mental and behavioral disorders;  
Diseases of the nervous system;  
Diseases of the eye and adnexa;  
Diseases of the ear and mastoid process;  
Diseases of the circulatory system;  
Diseases of the respiratory system;  
Diseases of the digestive system;  
Diseases of the skin and subcutaneous tissue;  
Diseases of the musculoskeletal system and connective tissue;  
Diseases of the genitourinary system;  
Pregnancy, childbirth and the puerperium 

 
 

9 Multiple 
comparisons? Yes; No  

10 Comments on review 
information Comments on general review information  

11 Medical condition  

Medical condition of the assessed population 
 
e.g., Melanoma, 1st line, NSCLC, Squamous, 1st line, 
Brain Tumor WHO Grading II, 1st line 
 
"Not specified": if not particular stage of disease is 
defined, an eligibility criterion or otherwise identifiable 

12 Clinical stage  

Clinical stage of condition of assessed population 
 
E.g., primary occurrence of disease, primary recurrence 
of disease, multiple recurrences of disease, chronic 
disease etc. 

13 What was the 
assessed age group? Adults; Pediatric; Both; Not reported 

Adults if participants included with upper age limit in 
adult population (e.g., ≥18 years, ≥16 years) 
Pediatric if limited to youth population (e.g., <18 years) 
Both if explicitly not age limit applied 
 
Interpretation: „Adults“ = Adults or not otherwise 
reported (besides explicit reporting, age in included 
trials and relevance of disease in population feasible 
criteria for judgement) 

14 Experimental 
intervention 

Biologics/ drug; Surgical procedure; Medical devices; Behavioral 
intervention; Exercise intervention; Screening; Radiation; Absence of 
intervention; Other (please specify) 

If possible, choose experimental intervention reported 
in first Summary of Findings table, otherwise use 
experimental intervention specified in abstract 

15 Specify experimental 
intervention 

  

16 Control intervention 

Placebo; No treatment; Usual care; Biologics/ drugs; Surgical 
procedure; Medical devices; Behavioral intervention; Exercise 
intervention; Screening; Radiation; Other (please specify); Best 
supportive care/ Optimal medical care; Observation 

If possible, choose control intervention reported in first 
Summary of Findings table, otherwise use control 
intervention specified in abstract 

17 Specify control 
intervention 

  

18 
Comparator 
treatment 
considered? 

Yes (Control group received intervention); Yes (Experimental group 
received control); Yes (Both possible); No 

Reception of a comparator treatment in either 
intervention group explicitly considered? 

19 Planned outcome 
number 

 

Number of planned outcomes 
 
"Not clear" = if counting of outcomes not possible 
"Not reported" = no planned outcomes reported 
 
e.g., overall survival, progression-free survival, ... 
 
If "adverse events" with no further specification, please 
consider it as a single outcome, otherwise, count 
specification together with "Adverse events: ..., 
Adverse events: ..." 
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20 Planned TTE 
outcome number 

 

Number of planned time-to-event outcomes 
 
"Not clear" = if counting of outcomes not possible 
"Not reported" = no planned outcomes reported 
 
e.g., overall survival, progression-free survival, ... 
 
If "adverse events" with no further specification, please 
consider it as a single outcome, otherwise, count 
specification together with "Adverse events: ..., 
Adverse events: ..." 

21 List of planned TTE 
outcomes 

 

Please list the names of all outcomes that were to be 
assessed in the review as time-to-event outcomes 
 
Names only, no definition, e.g., overall survival, 
progression free survival; Outcomes initially planned to 
be assessed as time-to-event but analyzed as binary 
should here be counted as TTE 

22 Planned follow-up of 
review 

 

Specify time-frame if it was mentioned (including exact 
durations and minimum durations; please copy and 
paste a respective sentence or describe appropriately) 
 
Enter "Not reported" if no time-frame or any 
specification for follow-up duration was mentioned 
 
Enter "Unclear" otherwise 

23 Comments on PICO 
or time-frame 

 Comments regarding the review PICO or time-frame 

24 Studies in 
quantitative analysis 

 

Number of studies included in quantitative analysis 
 
If number included reported without specification use 
this number  
 
If number included in "qualitative synthesis" and 
"quantitative synthesis"/ meta-analysis are reported 
separately, please choose the number included in 
"quantitative synthesis"/ meta-analysis 
 
If necessary type: 
"Unclear" 
"Not reported" 

25 Total population in 
review 

 

Size (number) of the total population included in 
quantitative analysis? 
 
If number included reported without specification use 
this number  
 
If number included in "qualitative synthesis" and 
"quantitative synthesis"/ meta-analysis are reported 
separately, please choose the number included in 
"quantitative synthesis"/ meta-analysis 
 
If necessary type: 
"Unclear" 
"Not reported" 

26 Experimental 
population in review 

 

Size (number) of the experimental population included 
in the review? 
 
Only if number explicitly reported (number of 
participants in arms from forest plot relevant on review 
outcome level) 
 
If number included reported without specification use 
this number  
 
If number included in "qualitative synthesis" and 
"quantitative synthesis"/ meta-analysis are reported 
separately, please choose the number included in 
"quantitative synthesis"/ meta-analysis 
 
If necessary type: 
"Unclear" 
"Not reported" 

27 Control population 
in review 

 

Size (number) of the control population included in the 
review? 
 
Only if number explicitly reported (number of 
participants in arms from forest plot relevant on review 
outcome level) 
 
If number included reported without specification use 
this number  
 
If number included in "qualitative synthesis" and 
"quantitative synthesis"/ meta-analysis are reported 
separately, please choose the number included in 
"quantitative synthesis"/ meta-analysis 
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If necessary type: 
"Unclear" 
"Not reported" 

28 Number of outcomes 
analyzed 

 

Number of all outcomes analyzed 
 
Number of main meta-analyses, disregard narrative, 
sensitivity and subgroup analyses 
 
If necessary type: 
"Unclear" 
"Not reported" 

29 Number of TTE 
outcomes analyzed 

 

Number of outcomes analyzed as TTE outcomes 
 
Number of main meta-analyses only, disregard 
narrative, sensitivity and subgroup analyses; Outcomes 
that were initially planned to be assessed as TTE 
outcomes but analyzed as binary outcomes (e.g., due to 
data issues) in the review should NOT be counted here. 
 
If necessary type: 
"Unclear" 
"Not reported" 

30 Comments regarding 
the sample size 

  

31 HR / log(HR) in 
analysis 

HR/ log(HR) not further specified; HR/ log(HR) (Cox model); HR/ 
log(HR) (log-rank); HR/ log(HR) (parametric model); HR/ log(HR) 
(Calculated from Kaplan Meier); other (specify); unclear; not reported 

What types of hazard ratios/ log(HR)s did the review 
authors plan to include in their time-to-event meta-
analyses? 

32 Methods to obtain 
TTE data 

HR and confidence intervals; HR together with other information (e.g., 
events in each arm, total events, etc.); O & E or hazard rates on 
research and control arm; O-E together with logrank V; P-value 
together with additional information (e.g., events, total events, etc.); 
Survival curves; Specified particular set of methods (e.g., Tierney 2008, 
Cochrane Handbook, etc.); Unclear; Not reported; Other (specify); 
log(HR) and standard error; Median survival times; Time point specific 
survival times; IPD (recalculated or from publication) 

Methods the review authors specified to obtain time-to-
event data from trials to pool time-to-event outcomes 

33 
Comment 
comparative effect 
measures 

 Please make a comment if the authors specified other 
methods to calculate HRs (e.g., parametric models) 

34 Types of analysis for 
meta-analyses ITT; mITT; PP; As treated; Unclear; Not reported 

Types of analysis preferred to be included in main 
meta-analyses of review 
 
mITT = "justified" exclusion of participants post 
randomization (e.g., ineligible participants; exclusion 
before reception of study treatment 
 
 
Explicit preference or inclusion of presence/ absence of 
ITT in RoB assessments analyses can also give a hint 
on the target analysis of authors 

35 Types of analyses in 
meta-analyses 

ITT; mITT; PP; As treated; Unclear; Not reported; Other (specify); Not 
reported for all trials; Included trial(s) did not report type of analysis 

Was it explicitly reported which analyses from trials 
were included in meta-analyses of this review? 
 
Assessment on review level - if there is any 
specification of included analyses on review outcome 
level, please mark this item as „not reported“ and use 
respective field on review outcome level 
 
 
It should be clear and explicitly reported which type of 
analysis was included from which trial (analyses 
reported only for individual trials are counted as "not 
reported for all trials" 

36 

Adjusted, unadjusted 
or both types of 
effects in meta-
analyses 

Adjusted only; Unadjusted only; Hierarchical (unadjusted before 
adjusted); Hierarchical (adjusted before unadjusted); Both; Unclear; 
Not reported 

Did the review authors specify to include adjusted, 
unadjusted and/or both types of effects in the main 
meta-analyses of this review? 

37 
Handling of adjusted 
and unadjusted HR 
in meta-analysis 

Combined in meta-analysis; Sensitivity analysis (two separate 
analyses); Other (please specify); Mentioned as RoB criterion in 
methods; Not applicable (unadjusted/ adjusted not mentioned); Unclear; 
Not reported 

How did the authors plan to handle adjusted and 
unadjusted HRs in meta-analyses of this review? 

38 Stratified effects 
eligible? Yes; No; Unclear; Not reported 

Please indicate whether stratified effect measures (e.g., 
stratified HRs) were eligible for meta-analysis? 
 
Please choose yes only, if stratified effect measures 
where explicitly mentioned. 
Stratification can be seen as a form of adjustment. 
Not to be confused with randomization stratification or 
subgroup-analyses (analysis-results per stratum). 

39 Comments on handling of adjusted and unadjusted hazard ratios  

40 Methods to pool 
TTE data 

Inverse variance; Peto (fixed-effects) model; Other (specify); Unclear; 
Not reported 

Which methods were planned to pool time-to-event 
data? 
(irrespective whether reported in forest plot; data in 
forest plots is relevant for the assessment on review 
outcome level) 

41 Handling of 
heterogeneity 

Random-effects meta-analysis performed; Subgroup analyses; No 
pooling if too heterogeneous; Other; Unclear; Not reported 

How did the authors intent to handle heterogeneity 
between studies? 
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(Refers to planned handling of heterogeneity) 

42 TTE meta-analysis 
models 

fixed effects only; random effects only; mixed (either one as sensitivity 
analysis); fixed; and if not possible random effects; unclear; not 
reported 

Model type for time-to-event meta-analyses 

43 Other pooled TTE 
outcome measures 

none; median survival time; restricted mean survival time; rank 
preserving structural failure; other (please specify); relative risk 

Pooled analysis with other outcome measures besides 
HR for time-to-event outcomes? 
 
e.g., pooling of median survival times; standard error of 
the combined log(MST) 

44 Comments on meta-
analytic methods 

  

45 Dealing with varying 
follow-up 

Sensitivity analyses (e.g., studies with shorter/longer follow-up time in 
separate analysis); Exclusion of studies with divergent follow-up time; 
Mentioned as RoB criterion in methods; Other (please specify); Not 
applicable, pre-defined timing as inclusion criterion; Unclear; Not 
reported 

How did the authors intent to deal with varying follow-
up times between the included trials? 

46 
Comments on 
treating follow-up 
times 

 Comments regarding the treatment of variable follow-
up times 

47 Handling of 
competing events 

Subgroup analysis (e.g., according to competing event rate); Mentioned 
as RoB criterion in methods; Exclusion of trials above a certain rate of 
competing events; Other (please specify); Not applicable, no outcomes 
with potential competing events; Unclear; Not reported 

How did the review authors plan to deal with 
competing events in time-to-event analyses of included 
trials? 

48 
Comments on 
treating competing 
events 

 Comments regarding the treatment of competing events 
in the meta-analysis for this outcome 

49 Handling of MOD 

Recalculation where possible; Single imputation; Multiple imputation; 
Meta-regression; Sensitivity analyses (according to rate of missing 
values); Mentioned as RoB criterion in methods; Contact with authors; 
Other (please specify); Unclear; Not reported 

How did the authors intent to deal with missing 
outcome data in the included trials 

50 
Comments on the 
treatment of missing 
outcome data 

 Comments on the treatment of missing outcome data 

51 
Handling of non-
administrative 
censoring 

Sensitivity analysis (e.g., according to rate of censoring); Exclusion of 
trials (e.g., according to rate of censoring); Single imputation; Multiple 
imputation; Meta-regression; Mentioned as RoB criterion in methods; 
Other (please specify); Unclear; Not reported 

How did the review authors intend to deal with 
censoring for non-administrative reasons (informative 
censoring) in the time-to-event analyses of the included 
trials? 
 
Example for administrative reasons: end-of-study 
censoring 

52 

Comments on 
treating non-
administrative 
censoring 

 Comments on treating non-administrative censoring 

53 

Handling of 
comparator 
treatments in 
participants 

Complies with review PICO; No handling mentioned, probably ITT; 
Intention-to-treat; Per protocol; As treated; Sensitivity analysis (e.g., 
According to rate of participants); Mentioned as RoB criterion in 
methods; Other (please specify); Unclear; Not reported 

How did the review authors intend to deal with the 
reception of comparator treatments in trial participants? 

54 Comments on dealing with participants receiving comparator treatments Comments regarding the treatment of trial participants 
receiving comparator treatments 

55 Proportional hazards 
assessment 

Recalculation of IPD; Use of trial level tests; Use of other trial level 
data (e.g., visual inspection of survival curves); Both: trial level tests, if 
not provided inspection of curve; Unclear; Not reported;  

How did the authors intend to assess the proportionality of 
hazards in included trials? 

56 Handling non-
proportional hazards 

No action, all trials included regardless of prop. hazard assumption; 
Sensitivity analysis (e.g., according to degree of non-proportionality); 
Other (please specify); Not applicable (No assessment of 
proportionality reported); Unclear; Not reported 

How did the authors intend to deal with non-
proportional hazards in included trials? 

57 
Comments on 
proportionality of 
hazards 

 Comments on proportionality of hazards 

58 RoB tool no RoB assessment; RoB 1, study level; RoB 1, outcome level; RoB 2; 
Other 

Which tool did the authors intend to use to assess bias 
in included trials? 

59 TTE specific RoB 
assessment? Yes; No; Unclear; Not applicable (no RoB assessment) Did the authors intend to assess TTE specific trial 

characteristics in their RoB assessment? 

60 If yes or unclear, 
please specify (RoB) 

 If yes or unclear, please specify (RoB) 

61 Use of GRADE Yes; No  

62 TTE specific 
GRADE assessment? Yes; No; Unclear; Not applicable (no GRADE assessment) Did the authors intend to include time-to-event specific 

aspects in their GRADE rating? 

63 
If yes or unclear, 
please specify 
(GRADE) 

 If yes or unclear, please specify (GRADE) 

64 
Summary of findings 
tables for TTE 
outcomes? 

Yes; No  

65 Comments on risk of 
bias and GRADE 

 Comments on risk of bias and GRADE 

66 Competing events 
discussed? In results; In discussion; Not reported; Not applicable Did the authors discuss competing events and/or their 

potential impact on review results? 

67 
Heterogenous 
outcome definitions 
discussed? 

In results; In discussion; Not reported; Not applicable 
Did the authors discuss heterogeneity of outcome 
definitions among included studies and/or its potential 
impact on review results? 

68 
Difference in follow-
up times of trials 
discussed? 

In results; In discussion; Not reported; Not applicable 
Did the authors discuss differential trial follow-up for 
outcomes and/or their potential impact on review 
results? 
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69 MOD discussed? In results; In discussion; Not reported; Not applicable 
Did the authors discuss missing outcome data in 
included trials and/or its potential impact on review 
results? 

70 Non-administrative 
censoring discussed? In results; In discussion; Not reported; Not applicable 

Did the authors discuss censoring for non-
administrative reasons (informative censoring) and/or 
its potential impact on review results? 

71 

Reception of 
comparator 
treatments 
discussed? 

In results; In discussion; Not reported; Not applicable 
Did the authors discuss the reception of comparator 
treatments in trial participants and/or its potential 
impact on review results? 

72 
Adjusted or 
unadjusted estimates 
discussed? 

In results; In discussion; Not reported; Not applicable 
Did the authors discuss the inclusion of adjusted and 
unadjusted estimates for the same outcomes and/or its 
potential impact on review results? 

Abbreviations: HR = hazard ratio, ITT, = intention to treat, mITT = modified intention to treat, MOD = missing outcome data, MST = mean survival time, PICO = 
population-intervention-comparator-outcomes, RoB = risk of bias 

 

Extraction items for individual review time-to-event outcomes 

# Item Options Description 
1 Review ID  Review ID (number) assessable from Excel 

2 Review outcome  
Outcome ID (number) assessable from Excel 
 
Please use review description (without definition) 

3 Primary outcome? Yes; No; Not applicable (No primary/ secondary outcome defined) Was this outcome specified as a primary outcome of the 
review? 

4 Complete outcome 
definition 

 Please provide the complete definition of the outcome 

5 Composite outcome Yes; No; Unclear; Not reported 

Does this outcome include multiple outcome events? 
 
 
for example progression free-survival - progression, 
relapse and death from any cause 

6 Composite events 
described? 

Yes; No; Not applicable ("composite outcome" unclear or not 
reported) 

Were the outcome events composing this composite 
outcome described? 

7 All-cause mortality 
part of outcome? Yes; No; Unclear Was all-cause mortality a component of the assessed 

outcome? 

8 Competing events 
possible? Yes; No; Unclear 

Are competing events possible by definition of the 
outcome? 
 
Choose yes, e.g., if overall mortality was not part of the 
defined outcome 

9 Reported as event or 
absence of event? 

Event; Absence of event; Both (with reasoning); Unclear (both 
without reasoning, e.g., switching of reporting) 

Was the outcome reported as event (e.g., death, relapse) or 
absence of event (e.g., overall survival, progression-free 
survival)? 
 
Refers to the description of the outcome overall (e.g., in 
the methods section, headlines, etc.) 
 
(Presentation of the pooled results is assessed in a 
subsequent item) 

10 Follow-up pre-
specified? 

Time-specific (12 months, 2 year, 10 year, ...); Longest follow-up; 
Minimum duration of follow-up required; Maximum duration of 
follow-up specified; Not reported 

Was a duration of follow-up included in definition or 
otherwise pre-specified for the outcome? 

11 Start of outcome 
assessment defined Yes; No; Not applicable (e.g., outcome not defined); Unclear 

Was the start of outcome assessment for this outcome 
included in the outcome definition or otherwise 
prespecified in the statistical methods section? 

12 Outcome assessment 
start 

Randomization; Enrollment; Allocated treatment; Previous 
treatment (e.g., surgery); Other (specify); Not applicable (e.g., start 
of follow-up not reported); Unclear 

What was the defined or otherwise reported start time-
point of outcome assessment for this outcome? 
 
MG: 
Nachträglich eingefügt: Für bereits extrahierte: Wenn auf 
Basis der extrahieren Definitionen nicht nachverfolgbar 
bitte offen lassen (ich sollte es extrahiert haben) 

13 Field for commenting 
on outcome 

 
Field for commenting on the outcome (e.g., what was 
unclear, whether name changes occurred during the 
reviews (OS to All cause mortality), other irregularities, 
etc.) 

14 
Types of analyses 
ELIGIBLE for meta-
analysis 

ITT; mITT; PP; Other (please specify); Unclear; Not reported Please indicate what types of analyses (e.g., ITT, PP) were 
ELIGIBLE in the assessed meta-analysis 

15 
Types of analyses 
INCLUDED in meta-
analysis 

ITT; mITT; PP; Other (please specify); Unclear; Not reported 
Please indicate what types of analyses (e.g., ITT, PP) were 
INCLUDED in the assessed meta-analysis (as reported by 
the review authors) 

16 Comments on eligible 
or included analyses 

  

17 
Varying follow-up 
times handling 
specifically reported 

Yes; No Was handling of varying follow-up specifically reported 
for this outcome? 

18 Handling of varying 
follow-up times 

Sensitivity analysis (studies with shorter/ longer follow-up time in 
separate analysis); Exclusion of studies with divergent follow-up 
time; Other (please specify); Pre-defined timing as inclusion 
criterion; Not applicable 

Please indicate whether and how the authors dealt with 
varying follow-up times between the included trials for this 
meta-analysis 

19 Comments on variable 
follow-up times in 
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trials included in 
meta-analysis 

20 
Competing events 
handling specifically 
reported 

Yes; No 

Was handling of competing events specifically reported for 
this outcome? 
 
("No" also when competing events not possible) 

21 Handling of 
competing events 

Sensitivity analysis (e.g., according to competing event rate); 
Exclusion of studies above a certain rate of competing events; Other 
(please specify); No outcome with potential competing events 

Please indicate how the authors reported to or treated 
competing events in the meta-analysis of this outcome 

22 
Commenting on 
competing events in 
the meta-analysis 

 Comments on competing events in the meta-analysis of 
this outcome 

23 Missing data handling 
specifically reported Yes; No Was handling of missing data specifically reported for this 

outcome 

24 Handling of MOD 

Recalculation where possible; Contact with authors; Single 
imputation; Multiple imputation; Meta-regression; Sensitivity 
analyses (according to rate of missing values); Hierarchy of the 
above (please specify); Other or multiple (please specify) 

How did the authors treat missing outcome data in the 
meta-analysis of this outcome? 

25 Comments on MOD in 
the meta-analysis 

 Comments on missing outcome data in the meta-analysis 
of this outcome 

26 Censoring handling 
specifically reported Yes; No 

Was handling of censoring for non-administrative reasons 
reported specifically for this outcome? 
 
"Censoring" should explicitly be mentioned for a 
judgement 

27 
Treatment of 
censoring for non-
administrative reasons 

Sensitivity analysis (e.g., according to rate of censoring); Exclusion 
of trials (e.g., according to rate of censoring); Single imputation; 
Multiple imputation; Meta-regression; Other or multiple (please 
specify) 

Please indicate how the authors treated censoring of 
participants for non-administrative reasons (informative 
censoring) in the meta-analysis of this outcome 

28 

Comments on 
treatment of non-
administrative 
censoring 

 
Comments on the treatment of non-administrative 
(informative) censoring in the meta-analysis of this 
outcome 

29 
Comparator treatments 
handling specifically 
reported 

Yes; No Was handling the reception of comparator treatments 
specifically reported for this outcome? 

30 Treatment of 
comparator treatments 

Complies with review PICO; No handling mentioned, ITT; Per 
protocol analysis; Sensitivity analysis (e.g., According to rate of 
participants); Other or multiple (please specify) 

How did the authors treat the reception of comparator 
treatments in trial participants in the meta-analysis of this 
outcome 

31 
Comments on 
comparator treatments 
in meta-analysis 

 
Comments on the treatment of trial participants receiving 
comparator treatments in the meta-analysis for this 
outcome 

32 Absolute effect 
measures reported? 

Yes; No; Absolute effects explicitly not calculated ("e.g., not 
calculable because of TTE outcome") 

Where absolute effect measures based on the outcomes of 
this meta-analysis calculated and provided? 

33 Type of absolute 
effects 

Natural frequencies; Risk difference; NNT; Median survival or 
difference in median survival; Not applicable 

What type of absolute effects where calculated and 
reported? 

34 
Baseline risk 
applicable for events 
or absence of events 

Event; Absence of event; Unclear; Not applicable 

If a baseline risk (e.g., control group risk) was used for the 
calculation of absolute effects (e.g., in a SoF table), was it 
applicable for events or absence of events 
 
Event (e.g., death (mortality), relapse, etc.): Number of 
individuals with composite outcome (e.g., "relapse or 
death" (falsely: PFS)) HIGHER than single event outcome 
(e.g., "mortality" (falsely: OS)) (when composite is 
including the single event outcome) (e.g., "Relapse or 
death"/ PFS: 200 vs. "Mortality"/OS: 100) 
 
Absence of event (e.g., OS, PFS, EFS): Number of 
individuals with composite outcome (e.g., PFS (falsely: 
"relapse or death")) LOWER than single event outcome 
(e.g., OS (falsely: "mortality")) (when composite is 
including the single event outcome) (e.g., "Relapse or 
death"/ PFS: 800 vs. "Mortality"/OS: 900) 
 
Unclear: No reported or conflicting information which type 
of baseline risk was chosen (e.g., baseline risks from 
multiple sources so that the above rule does not apply, 
same baseline risk for different outcomes (e.g., OS=PFS), 
no comparison possible) 

35 

Description of 
outcome event or 
direction changed for 
calculation 

No (no changes); Yes (description changed with reasoning); Yes 
(description changed without reasoning); Yes (HR inverted, with 
reasoning); Yes (HR inverted, without reasoning); Unclear; Not 
applicable 

Was the description of the type of outcome event (absence 
of event to event (overall survival to all cause mortality) or 
the direction of the effect estimator (e.g., by inversion) 
changed for the calculation of absolute effects? 

36 Absolute effects 
correct? 

Yes; No; Correct calculation but wrong labeling; Unclear (e.g., not 
clear what the baseline risk is applicable for or unclear whether the 
HR corresponds to absence of events or events); Not applicable 

Were absolute effects calculated correctly for this 
outcome? 
 
(false labelling refers to e.g., mortality (event) labelled as 
overall survival (event-free)) 
 
Please check the SoF table first 

37 Absolute effects 
comment 

  

38 HR type specifically 
reported Yes; No 

Were the type or characteristics of the summarized hazard 
ratio (e.g., Cox, parametric model, log-rank, etc.) 
specifically described for this outcome? 

39 Summarized HR HR/ log(HR) not specified; HR/ log(HR) (Cox model); HR/ log(HR) 
(log-rank); HR/ log(HR) (parametric model); HR/ log(HR) Type of HR summarized in this analysis? 
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(Calculated from Kaplan Meier); Other (specify); Unclear; Not 
reported 

40 Comments on HR  Comments on the hazard ratio that was included in the 
meta-analysis 

41 Recalculation of HRs 
specifically reported Yes; No 

Did the authors report on whether and/or how they 
recalculated HRs specifically for this outcome? 
 
Choose "no" of only review level or no information was 
reported 

42 Retrieval of TTE data 

HR and confidence intervals; HR together with other information 
(e.g., events in each arm, total events, etc.); O & E or hazard rates on 
research and control arm; O-E together with logrank V; P-value 
together with additional information (e.g., events, total events, etc.); 
Survival curves; Other (specify); Not specified for this outcome; 
Unclear; Median survival times; Time-point specific survival times; 
IPD (recalculated or from publication); Reported, but method not 
clear 

How did the authors obtain time-to-event data to pool for 
this particular outcome? 

43 Method to pool TTE 
data 

Inverse variance method; Peto (fixed-effects) method; HKSJ 
(random-effects); Other (specify); Unclear; Not reported 

Which method was used to pool time-to-event data in this 
meta-analysis? 

44 Model used for meta-
analysis 

Fixed effects; Random effects; Both, one as sensitivity analysis; 
Unclear; Not reported Which model was used for this meta-analysis? 

45 
Heterogeneity 
handling specifically 
reported 

Yes; No 

Did the authors report on how they dealt with 
heterogeneity between studies specifically for this outcome 
 
Choose "no" of only review level or no information was 
reported 

46 Dealing with 
heterogeneity 

Random-effects MA; Subgroup analyses; Other (specify); Unclear; 
No heterogeneity 

How did the authors deal with heterogeneity between 
studies in the performed meta-analysis? 

47 Comment on handling 
heterogeneity 

 Comments on the handling of heterogeneity for this 
particular outcome 

48 
Proportional hazard 
handling specifically 
reported 

Yes; No 

Did the authors specifically report dealing with 
proportional hazards for this outcome? 
 
Choose "no" of only review level or no information was 
reported 

49 
Test for 
proportionality of 
hazards 

Recalculation of IPD; Use of trial level tests; Use of other trial level 
data (e.g., visual inspection of survival curves); Both: trial level 
tests, if not provided inspection of curve; No test of proportional 
hazards done; Unclear 

Please indicate whether and through which test the review 
authors assessed the proportionality of hazards in trials 
included in this meta-analysis 

50 
Non-proportionality of 
hazards indicated by 
tests? 

Yes; No; Not applicable; Unclear 

Did the test for proportionality that review authors 
performed indicate a problem with non-proportionality of 
hazards? 
 
(According to the review authors) 

51 
Dealing with (non-
)proportionality of 
hazards 

No action, all studies included regardless of prop. hazard 
assumption; Sensitivity analysis (e.g., According to degree of non-
proportionality); Other (please specify); Unclear; Not reported; Not 
applicable 

Please indicate whether and how the review authors dealt 
with the (non-)proportionality of hazards in the trials 
included in this meta-analysis 

52 

Comment on 
proportionality of 
hazards in trials 
included in this meta-
analysis 

  

53 
Adjusted and 
unadjusted HRs 
specifically reported 

Yes; No 

Did the authors report on the inclusion of adjusted and 
unadjusted hazard ratios specifically for this outcome? 
 
Choose "no" of only review level or no information was 
reported 

54 
Adjusted or 
unadjusted HRs 
included? 

Adjusted only; Unadjusted only; Hierarchical selection (unadjusted 
before adjusted); Hierarchical (adjusted before unadjusted); Both; 
Unclear 

Were adjusted or unadjusted hazard ratios included in this 
meta-analysis? 

55 
Dealing with with 
adjusted and 
unadjusted HR 

Combined in same meta-analysis; Sensitivity analysis (two separate 
analyses); Other (please specify); Not applicable 

Please indicate how the review authors dealt with adjusted 
and unadjusted hazard ratios in the conducted meta-
analyses 

56 
Comments on 
handling adjusted and 
unadjusted HRs 

 Comments on the treatment of adjusted and unadjusted 
hazard ratios in this meta-analysis 

57 Number of studies  
Number of studies included in this meta-analysis 
 
If not directly reported (e.g., in SoF), please recalculate 
from forest plot 

58 Participants in 
experimental arm 

 

Total number of participants in experimental arm of the 
assessed meta-analysis 
If not directly reported (e.g., in SoF), please recalculate 
from forest plot 
Empty field = "Not reported/ Unclear" 

59 Participants in control 
arm 

 

Total number of participants in control arm of the assessed 
meta-analysis 
 
If not directly reported (e.g., in SoF), please recalculate 
from forest plot 
Empty field = "Not reported/ Unclear" 

60 Total participants  
Total number of participants in control arm of the assessed 
meta-analysis 
 
Empty field = "Not reported/ Unclear" 
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61 
Comments on sample 
size and number of 
studies 

  

62 Pooled HR  What was the pooled hazard ratio for this outcome? 
63 Lower 95% CI  What was the lower 95% CI of the HR for this outcome? 
64 Upper 95% CI  What was the upper 95% CI of the HR for this outcome? 

65 Chi²  
What was the value of the Chi² statistic in the meta-
analysis for this outcome? 
 
Empty field = "Not reported/ Unclear" 

66 I²  
What was the value of the I² statistic for this outcome? 
 
Empty field = "Not reported/ Unclear" 

67 HR for events or 
absence of events 

Event; Absence of event; Inconsistently (e.g., "OS" in abstract or 
meta-analysis and "risk of death"/ "mortality" in results for the same 
HR); Reasonable variation (e.g., "mortality" in results and inverted 
to "OS" in SoF); Unclear 

Was the pooled hazard ratio reported as applicable for 
events or for absence of events (in the abstract, results 
section and (where applicable) SoF) 
 
Negative events (e.g., death), when HR <1 reported as 
beneficial 
Absence of negative event (e.g., OS, PFS) when HR >1 
reported as beneficial 
 
Positive event when HR >1 reported as beneficial 
Absence of positive event when >1 HR reported as 
beneficial 

68 
HR <1 an increased or 
decreased risk of event 
in experimental group 

Increased risk; Decreased risk; Unclear 
Does a hazard ratio <1 indicate an increased or decreased 
risk of the event in the group that is assessed as 
experimental group in the review publication? 

69 HRs inverted? Yes; Unclear; Not reported 
Did the authors describe that hazard ratios from trial 
publications were inverted to correspond to the direction of 
the hazard ratio in this meta-analysis? 

70 Comments on meta-
analysis results 

 Field for comments on the results of the meta-analysis 

71 Outcome in SoF Yes; No; Not applicable Was the assessed outcome presented in a summary of 
findings table? 

72 Overall GRADE 
rating High; Moderate; Low; Very low; Not applicable What was the overall GRADE rating for the assessed 

outcome? 

73 Study limitations 
rating 0; 0.5; 1; 2; Not applicable Did the review authors rate down for study limitations? 

74 TTE-specific study 
limitations Yes (specify); No; Unclear; Not applicable 

Did the review authors considerer TTE-specific study 
limitations in their GRADE assessment? 
 
"Not applicable" = No GRADE rating or not downgraded 
for this particular domain 
 
(e.g., naive inclusion of competing events or informative 
censoring) 

75 Imprecision rating 0; 0.5; 1; 2; Not applicable Did the review authors rate down for imprecision in their 
GRADE assessment? 

76 TTE-specific 
imprecision Yes (specify); No; Unclear; Not applicable 

Did the review authors consider TTE-specific sources of 
imprecision in their GRADE assessment? 
 
"Not applicable" = No GRADE rating or not downgraded 
for this particular domain 
 
 
(e.g., too short follow-up period; high rates of censoring; 
low number of overall events) 

77 Indirectness rating 0; 0.5; 1; 2; Not applicable Did the review authors rate down for indirectness? 

78 TTE-specific 
indirectness Yes (specify); No; Unclear; Not applicable 

Did the review authors consider TTE-specific sources of 
indirectness? 
 
"Not applicable" = No GRADE rating or not downgraded 
for this particular domain 
 
(e.g., inadequate handling of participants who receive a 
comparator intervention or the duration of follow-up) 

79 Inconsistency rating 0; 0.5; 1; 2; Not applicable Did the review authors rate down for inconsistency? 

80 TTE-specific 
inconsistency Yes (specify); No; Unclear; Not applicable 

Did the review authors consider TTE-specific sources of 
inconsistency 
 
"Not applicable" = No GRADE rating or not downgraded 
for this particular domain 
 
(e.g., proportional hazards in some of the included studies 
and non-proportional in others) 

81 

Comments on TTE-
specific aspects of the 
review authors' 
GRADE rating 

  

82 Competing events 
discussed? Yes; No; Not applicable Were competing events mentioned in the discussion? 

83 Competing events 
discussion 

 Comment on how competing events were discussed 

84 
Outcome 
heterogeneity 
discussed? 

Yes; No; Not applicable Was heterogeneity between outcome definitions mentioned 
in the discussion for this outcome? 
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85 
Outcome 
heterogeneity 
discussion 

 Comment on how heterogeneity was discussed 

86 Varying follow-up 
times discussed? Yes; No; Not applicable Were difference in the follow-up times of trials mentioned 

in the discussion for this outcome? 

87 Follow-up discussion  Comment on how varying follow-up among included trials 
was discussed 

88 
Adjusted or 
unadjusted HRs 
discussed? 

Yes; No; Not applicable Was the inclusion of adjusted and/or unadjusted hazards 
ratios in this meta-analysis mentioned in the discussion 

89 Adjusted and 
unadjusted discussion 

 Comment on how the inclusion of adjusted and/ or 
unadjusted hazard ratios was discussed 

90 MOD discussed? Yes; No; Not applicable Was missing outcome data in the included trials mentioned 
in the discussion for this outcome? 

91 MOD discussion  Comment on how missing outcome data was discussed 

92 Non-administrative 
censoring discussed? Yes; No; Not applicable 

Was non-administrative censoring (informative censoring) 
in the included trials mentioned in the discussion for this 
outcome? 

93 Censoring discussion  
Comment on whether censoring was discussed, in 
particular censoring for non-administrative reasons 
(informative censoring) 

94 
Reception of 
comparator treatments 
discussed? 

Yes; No; Not applicable 
Was the reception of comparator treatments in trial 
participants in the included trials mentioned in the 
discussion for this outcome? 

95 Comparator treatments 
discussion 

 Comment on how the reception of comparator treatments 
was discussed 

96 Other comments  Comments on the consideration of time-to-event specific 
aspects in the review discussion 

Abbreviations: CI = confidence interval, HR = hazard ratio, ITT, = intention to treat, mITT = modified intention to treat, MOD = missing outcome data, MST = 
mean survival time, PICO = population-intervention-comparator-outcomes, RoB = risk of bias 
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Appendix A3: Flow-diagram 
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Appendix A4: Search results 

Between December 2017 and August 2020, we identified 2164 CR (for summary see Flow 

diagram in A3). After screening titles and abstracts, we assessed the full texts of 74 CR. Fifty 

finally eligible CR were published from 28/02/2017 to 18/08/2020. For that timeframe, our 

search strategy identified 2613 records from Core Clinical Journals, of which we selected 401 

for full-text screening. Finally, we drew our random sample of 50 nCR from a total sample of 

308 eligible reviews.  
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Appendix A5: List of included reviews 

Cochrane reviews 

1. Ameratunga M, Pavlakis N, Wheeler H, Grant R, Simes J, Khasraw M. Anti‐angiogenic 
therapy for high‐grade glioma. Cochrane Database of Systematic Reviews. 2018(11). 
2. Arora M, Harvey LA, Glinsky JV, Nier L, Lavrencic L, Kifley A, et al. Electrical stimulation 
for treating pressure ulcers. Cochrane Database of Systematic Reviews. 2020(1). 
3. Bala MM, Celinska‐Lowenhoff M, Szot W, Padjas A, Kaczmarczyk M, Swierz MJ, et al. 
Antiplatelet and anticoagulant agents for secondary prevention of stroke and other thromboembolic 
events in people with antiphospholipid syndrome. Cochrane Database of Systematic Reviews. 
2017(10). 
4. Blank O, von Tresckow B, Monsef I, Specht L, Engert A, Skoetz N. Chemotherapy alone 
versus chemotherapy plus radiotherapy for adults with early stage Hodgkin lymphoma. Cochrane 
Database of Systematic Reviews. 2017(4). 
5. Bui KT, Willson ML, Goel S, Beith J, Goodwin A. Ovarian suppression for adjuvant 
treatment of hormone receptor‐positive early breast cancer. Cochrane Database of Systematic 
Reviews. 2020(3). 
6. Bulsara VM, Worthington HV, Glenny AM, Clarkson JE, Conway DI, Macluskey M. 
Interventions for the treatment of oral and oropharyngeal cancers: surgical treatment. Cochrane 
Database of Systematic Reviews. 2018(12). 
7. Chan DLH, Segelov E, Wong RSH, Smith A, Herbertson RA, Li BT, et al. Epidermal growth 
factor receptor (EGFR) inhibitors for metastatic colorectal cancer. Cochrane Database of Systematic 
Reviews. 2017(6). 
8. Chin V, Nagrial A, Sjoquist K, O'Connor CA, Chantrill L, Biankin AV, et al. Chemotherapy 
and radiotherapy for advanced pancreatic cancer. Cochrane Database of Systematic Reviews. 
2018(3). 
9. Chionh F, Lau D, Yeung Y, Price T, Tebbutt N. Oral versus intravenous fluoropyrimidines for 
colorectal cancer. Cochrane Database of Systematic Reviews. 2017(7). 
10. Claassen YHM, van der Valk MJM, Breugom AJ, Frouws MA, Bastiaannet E, Liefers GJ, et 
al. Survival differences with immediate versus delayed chemotherapy for asymptomatic incurable 
metastatic colorectal cancer. Cochrane Database of Systematic Reviews. 2018(11). 
11. Coleridge SL, Bryant A, Lyons TJ, Goodall RJ, Kehoe S, Morrison J. Chemotherapy versus 
surgery for initial treatment in advanced ovarian epithelial cancer. Cochrane Database of Systematic 
Reviews. 2019(10). 
12. Dalal A, Eskin‐Schwartz M, Mimouni D, Ray S, Days W, Hodak E, et al. Interventions for 
the prevention of recurrent erysipelas and cellulitis. Cochrane Database of Systematic Reviews. 
2017(6). 
13. Egger SJ, Willson ML, Morgan J, Walker HS, Carrick S, Ghersi D, et al. Platinum‐containing 
regimens for metastatic breast cancer. Cochrane Database of Systematic Reviews. 2017(6). 
14. El Moheb M, Nicolas J, Khamis AM, Iskandarani G, Akl EA, Refaat M. Implantable cardiac 
defibrillators for people with non‐ischaemic cardiomyopathy. Cochrane Database of Systematic 
Reviews. 2018(12). 
15. Fisher SA, Cutler A, Doree C, Brunskill SJ, Stanworth SJ, Navarrete C, et al. Mesenchymal 
stromal cells as treatment or prophylaxis for acute or chronic graft‐versus‐host disease in 
haematopoietic stem cell transplant (HSCT) recipients with a haematological condition. Cochrane 
Database of Systematic Reviews. 2019(1). 
16. Frost JA, Webster KE, Bryant A, Morrison J. Lymphadenectomy for the management of 
endometrial cancer. Cochrane Database of Systematic Reviews. 2017(10). 
17. Galaal K, Donkers H, Bryant A, Lopes AD. Laparoscopy versus laparotomy for the 
management of early stage endometrial cancer. Cochrane Database of Systematic Reviews. 2018(10). 
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18. Haun MW, Estel S, Rücker G, Friederich HC, Villalobos M, Thomas M, et al. Early palliative 
care for adults with advanced cancer. Cochrane Database of Systematic Reviews. 2017(6). 
19. Hickey BE, James ML, Daly T, Soh FY, Jeffery M. Hypofractionation for clinically localized 
prostate cancer. Cochrane Database of Systematic Reviews. 2019(9). 
20. Høeg BL, Bidstrup PE, Karlsen RV, Friberg AS, Albieri V, Dalton SO, et al. Follow‐up 
strategies following completion of primary cancer treatment in adult cancer survivors. Cochrane 
Database of Systematic Reviews. 2019(11). 
21. Hwang EC, Sathianathen NJ, Jung JH, Kim MH, Dahm P, Risk MC. Single‐dose intravesical 
chemotherapy after nephroureterectomy for upper tract urothelial carcinoma. Cochrane Database of 
Systematic Reviews. 2019(5). 
22. Janmaat VT, Steyerberg EW, van der Gaast A, Mathijssen RHJ, Bruno MJ, Peppelenbosch 
MP, et al. Palliative chemotherapy and targeted therapies for esophageal and gastroesophageal 
junction cancer. Cochrane Database of Systematic Reviews. 2017(11). 
23. Jeffery M, Hickey BE, Hider PN. Follow‐up strategies for patients treated for non‐metastatic 
colorectal cancer. Cochrane Database of Systematic Reviews. 2019(9). 
24. Jung JH, Risk MC, Goldfarb R, Reddy B, Coles B, Dahm P. Primary cryotherapy for 
localised or locally advanced prostate cancer. Cochrane Database of Systematic Reviews. 2018(5). 
25. Khan L, Soliman H, Sahgal A, Perry J, Xu W, Tsao MN. External beam radiation dose 
escalation for high grade glioma. Cochrane Database of Systematic Reviews. 2020(5). 
26. Kindts I, Laenen A, Depuydt T, Weltens C. Tumour bed boost radiotherapy for women after 
breast‐conserving surgery. Cochrane Database of Systematic Reviews. 2017(11). 
27. Küley‐Bagheri Y, Kreuzer KA, Monsef I, Lübbert M, Skoetz N. Effects of all‐trans retinoic 
acid (ATRA) in addition to chemotherapy for adults with acute myeloid leukaemia (AML) (non‐acute 
promyelocytic leukaemia (non‐APL)). Cochrane Database of Systematic Reviews. 2018(8). 
28. Kunath F, Jensen K, Pinart M, Kahlmeyer A, Schmidt S, Price CL, et al. Early versus deferred 
standard androgen suppression therapy for advanced hormone‐sensitive prostate cancer. Cochrane 
Database of Systematic Reviews. 2019(6). 
29. Lee A, Arasaratnam M, Chan DH, Khasraw M, Howell VM, Wheeler H. Anti‐epidermal 
growth factor receptor therapy for glioblastoma in adults. Cochrane Database of Systematic Reviews. 
2020(5). 
30. Majumdar A, Roccarina D, Thorburn D, Davidson BR, Tsochatzis E, Gurusamy KS. 
Management of people with early‐ or very early‐stage hepatocellular carcinoma. Cochrane Database 
of Systematic Reviews. 2017(3). 
31. Morrison J, Thoma C, Goodall RJ, Lyons TJ, Gaitskell K, Wiggans AJ, et al. Epidermal 
growth factor receptor blockers for the treatment of ovarian cancer. Cochrane Database of Systematic 
Reviews. 2018(10). 
32. Norman G, Christie J, Liu Z, Westby MJ, Jefferies JM, Hudson T, et al. Antiseptics for burns. 
Cochrane Database of Systematic Reviews. 2017(7). 
33. O'Carrigan B, Wong MHF, Willson ML, Stockler MR, Pavlakis N, Goodwin A. 
Bisphosphonates and other bone agents for breast cancer. Cochrane Database of Systematic Reviews. 
2017(10). 
34. Pasquali S, Hadjinicolaou AV, Chiarion Sileni V, Rossi CR, Mocellin S. Systemic treatments 
for metastatic cutaneous melanoma. Cochrane Database of Systematic Reviews. 2018(2). 
35. Patil CG, Pricola K, Sarmiento JM, Garg SK, Bryant A, Black KL. Whole brain radiation 
therapy (WBRT) alone versus WBRT and radiosurgery for the treatment of brain metastases. 
Cochrane Database of Systematic Reviews. 2017(9). 
36. Rai BP, Bondad J, Vasdev N, Adshead J, Lane T, Ahmed K, et al. Robotic versus open radical 
cystectomy for bladder cancer in adults. Cochrane Database of Systematic Reviews. 2019(4). 
37. Rosenberg JE, Jung JH, Edgerton Z, Lee H, Lee S, Bakker CJ, et al. Retzius‐sparing versus 
standard robotic‐assisted laparoscopic prostatectomy for the treatment of clinically localized prostate 
cancer. Cochrane Database of Systematic Reviews. 2020(8). 
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38. Saeaib N, Peeyananjarassri K, Liabsuetrakul T, Buhachat R, Myriokefalitaki E. Hormone 
replacement therapy after surgery for epithelial ovarian cancer. Cochrane Database of Systematic 
Reviews. 2020(1). 
39. Sathianathen NJ, Philippou YA, Kuntz GM, Konety BR, Gupta S, Lamb AD, et al. Taxane‐
based chemohormonal therapy for metastatic hormone‐sensitive prostate cancer. Cochrane Database 
of Systematic Reviews. 2018(10). 
40. Schmidt S, Kunath F, Coles B, Draeger DL, Krabbe LM, Dersch R, et al. Intravesical Bacillus 
Calmette‐Guérin versus mitomycin C for Ta and T1 bladder cancer. Cochrane Database of 
Systematic Reviews. 2020(1). 
41. Sim EHA, Yang IA, Wood‐Baker R, Bowman RV, Fong KM. Gefitinib for advanced non‐
small cell lung cancer. Cochrane Database of Systematic Reviews. 2018(1). 
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11.2. Paper 2: Characteristics, methods and reporting of trials included 
in meta-analyses of time-to-event outcomes 

11.2.1. Work shares 
 
Authors: Goldkuhle M, Hirsch C, Iannizzi C, Bora AM, Bender R, Van Dalen EC, Hemkens 
LG, Monsef I, Trivella, Kreuzberger N, Skoetz N 
 
Contributions by the doctoral student: 
This sub-project was funded through the previously described DFG grant, which was acquired 
under significant participation of the doctoral student. Similar to the previously described sub-
project, this meta-epidemiological study was managed and administrated by the doctoral stu-
dent. He was responsible for its conceptualization, design and the development of all methods 
of the study, as well as for the data extraction forms and the analysis plan. Similar to the pre-
viously described sub-project, the doctoral student was supported by other project participants 
who reviewed his initial drafts and provided important suggestions. The meta-epidemiological 
study was performed based on the same study protocol as the previously described sub-pro-
ject, which was primarily developed by the doctoral student and published under his last au-
thorship (osf.io/6825g/). 
The screening of the results of the systematic searches for eligible literature, the extraction of 
the relevant data and the preparation of study data for analysis were carried out by him. Fur-
thermore, the doctoral student analyzed and interpreted all study data. Due to projects quality 
standards, a duplicate check of relevant project steps was undertaken by independent project 
participants. Finally, the doctoral student was responsible for the presentation of the results, 
the drafts of the publication, their revision according to the comments of the project participants 
and their revision according to the received comments during peer review. 
 
Co-author contributions: 
This project was also supervised by Prof. Skoetz. She supported the doctoral student through 
her guidance in the design and development of the methodology for the project, as well as her 
advice on publication and her revision of all drafts. Nina Kreuzberger, Caroline Hirsch, Claire 
Iannizzi and Ana-Mihaela Bora extracted data independently and in duplicate, supported the 
analysis of the data and provided important recommendations on the drafts of the publication. 
Nina Kreuzberger was furthermore involved in screening of the literature searches and sup-
ported the conceptual design and development of the methodology. Prof. Ralf Bender, Dr. Elv-
ira van Dalen, PD Dr. Lars Hemkens, and Dr. Marialena Trivella (Oxford, United Kingdom) 
provided suggestions on the underlying concepts of the sub-project and commented on later 
versions of the publication. The systematic database search is based on Ina Monsef's search 
strategy for the previously described work. 
 

11.2.2. Publication appendix
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Appendix 

Appendix A1: Complete search strategy for non-Cochrane reviews 

Medline on February 8th, 2021 

# Searches 

1 "time-to-event".tw,kf. 

2 "log rank".tw,kf. 

3 survival.tw,kf. 

4 hazard.tw,kf. 

5 Kaplan-meier estimate/ 

6 kaplan-meier.tw,kf. 

7 (method* adj1 (product* or limit*)).tw,kf. 

8 (cumulative* adj1 incidence*).tw,kf. 

9 outcome expectation.tw,kf. 

10 (cox adj2 (model* or proportional*)).tw,kf. 

11 proportional hazards models/ 

12 or/1-11 

13 (randomi?ed or placebo or randomly).ab. 

14 meta analysis.mp,pt. 

15 12 and 13 and 14 

16 limit 15 to dt=20170101-20200801  
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Appendix A2: List of extraction items 

For a complete list of extraction items extracted for reviews and their assessed time-to-event 

outcomes, please see the appendix of Goldkuhle et al. 2023 (submitted). 

Extraction items for trials 

# Item Option Description 

1 Review ID   Individual ID (number) of review corresponding to the overall 
review sheet 

2 Trial ID   Individual ID (number) of trial (following alphabetical order 
from review) 

3 Review description of trial   
Description of trial in review (if only a reference is used, 
please choose last name of fist author and publication data of 
that reference) 

4 Other than primary publication 
Yes;  
No;  
Not applicable (e.g. no primary publication defined) 

Do you use another than the primary publication in the review 
for the assessment on overall trial level (e.g. because the 
review included time-to-event data is only reported in another 
publication)? 

5 Comment on publications of this trial   Field to comment on the publications of this trial in the 
review 

6 First author   

Last name of the first author of the trial publication at hand 
(primary publication or, if applicable, most recent referenced 
full text publication including relevant outcome data) 
 
Primary publication must include results data that was used in 
the review  
(If no result data for eligible outcomes included in publication 
that was labeled in review as "primary publication", please 
choose most current full-text publication with utilized result 
data) 

7 Publication year   

Date of trial publication at hand (primary publication or, if 
applicable, most recent referenced full text publication 
including relevant outcome data) 
 
Primary publication must include results data that was used in 
the review  
(If no result data for eligible outcomes included in publication 
that was labeled in review as "primary publication", please 
choose most current full-text publication with utilized result 
data) 

8 Journal   Full title of the journal 

9 Publication format 

Journal publication (first full publication or not otherwise 
reported);  
Journal publication (updated analysis);  
Journal publication (final analysis);  
Abstract (e.g. conference presentation);  
Registry entry;  
Clinical trial report;  
Other 

  

10 Trial PICO   Please enter the PICO of the trial as complete as possible 

11 Trial design 

Superiority trial or not otherwise specified;  
Non-inferiority trial;  
Equivalency trial;  
Other 

Was this trial designed as a non-inferiority trial, equivalence 
trial or any other design except superiority? 
 
If not explicitly reported choose "no" 

12 Experimental treatment type 

Biologics/drug;  
Surgical procedure;  
Medical devices;  
Radiotherapy;  
Behavioral intervention;  
Exercise intervention;  
Screening;  
Other (please specify) 

Which type of experimental treatment did the trial participants 
receive? 

13 Control treatment type 

Placebo;  
No treatment;  
Observation;  
Usual or best-supportive care;  
Biologics/drug;  
Surgical procedure;  
Medical devices;  
Radiotherapy;  
Behavioral intervention;  
Exercise intervention;  
Screening;  
Other (please specify) 

Which type of control treatment did the trial participants 
receive? 

14 Type of follow-up Median;  
Mean;  

Which type of follow-up measure(s) where reported for the 
overall trial population. 
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# Item Option Description 
Minimum follow-up;  
Maximum follow-up;  
IQR/ lower and upper range of IQR;  
95% CI of median;  
95% CI of mean;  
Standard deviation 
Fixed time-point of outcome measurement only;  
No indicator of follow-up reported;  
Follow-up reported for outcomes;  

 
Irrespective of whether in total or per arm 

15 Follow-up calculation   How was follow-up time calculated? 

16 Overall follow-up reported   Was a measure of duration of follow-up for the entire 
analyzed population reported in the trial publication? 

17 Median overall follow-up   
Median overall trial follow-up time (in months) 
 
Empty field = "Not reported" 

18 Follow-up reported per arm   Was a measure of follow-up for the population analyzed in 
each of the compared arms reported in the trial publication? 

19 Median experimental follow-up   
Median follow-up time in experimental group (in months) 
 
Empty field = "Not reported" 

20 Median control follow-up   
Median follow-up time in control group (in months) 
 
Empty field = "Not reported" 

21 Field for commenting on the PICO or 
follow-up in the assessed trial     

22 Total number of TTE outcomes   

What was the total number of outcomes compared in the trial 
as time-to-event outcomes? 
(quantitatively compared outcomes with relative effect 
measure only) 
 
If necessary type 
"Unclear" 
"Not reported" 

23 List of TTE outcomes   List of outcomes examined as TTE in this trial according to 
the assessed trial publication 

24 Safety data as TTE outcomes 

Yes;  
No;  
Unclear;  
Not reported;  
Not applicable (no safety outcomes reported) 

Where any adverse events (safety data) assessed with time-to-
event methodology? 

25 Experimental randomization ratio   Randomization ratio experimental arm (1:1 ="1"; 2:1 ="2", ...) 
26 Control randomization ratio   Randomization ratio control arm (1:1 ="1"; 1:2 ="2", ...) 

27 Randomized experimental participants   

What is the total number of participants randomized to the 
experimental group? 
 
Empty field = "Not reported" 

28 Randomized control participants   

What is the total number of participants randomized to the 
control group? 
 
Empty field = "Not reported" 

29 Total randomized participants     

30 Any missing outcome data per arm 
reported   

Was any missing outcome data reported for this trial per arm? 
 
(Including that there was NO missing data or similar 
statements!) 

31 Missing outcome data per arm reported 

Yes; 
No;  
Explicitly reported complete follow-up;  
Reported for individual outcomes;  
Reported across arms only;  
Explicitly reported no LTFU  

  

32 Total missing outcome data in 
experimental arm   

We extract individuals with missing outcome data (MOD) 
(individuals clearly have MOD based on RCT reporting), this 
includes but is not limited to: 
 
1.a: Individuals reported as with "Explained/ Unexplained 
LTFU", "Outcome not assessable", "Data not available", etc. 
1.b: All other reasons, if explicitly reported as not followed-
up, excluded, withdrawn, explicitly imputed, etc. 
1.c: Otherwise clear that outcome data collection (assessment 
of outcome events) was not possible for individuals for a 
given reason 
 
(CAVE: Censoring in TTE analysis allows to include 
individuals with MOD for some duration into the trial and 
thus the "denominator" (e.g. the first number of individuals at 
risk under a survival curve)) 
 
In case a number of individuals who discontinued treatment is 
reported (e.g. in Lancet flow-diagrams) - Please only extract 
numbers of participants for which it is clear that they could 
not contribute outcome data (e.g. reported as lost to follow-
up) 
 
If necessary type: 
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# Item Option Description 
"unclear" 
"not reported" 

33 Total missing outcome data in control 
arm   

We extract individuals with missing outcome data (MOD) 
(individuals clearly have MOD based on RCT reporting), this 
includes but is not limited to: 
 
1.a: Individuals reported as with "Explained/ Unexplained 
LTFU", "Outcome not assessable", "Data not available", etc. 
1.b: All other reasons, if explicitly reported as not followed-
up, excluded, withdrawn, explicitly imputed, etc. 
1.c: Otherwise clear that outcome data collection (assessment 
of outcome events) was not possible for individuals for a 
given reason 
 
(CAVE: Censoring in TTE analysis allows to include 
individuals with MOD for some duration into the trial and 
thus the "denominator" (e.g. the first number of individuals at 
risk under a survival curve)) 
 
In case a number of individuals who discontinued treatment is 
reported (e.g. in Lancet flow-diagrams) - Please only extract 
numbers of participants for which it is clear that they could 
not contribute outcome data (e.g. reported as lost to follow-
up) 
 
If necessary type: 
"unclear" 
"not reported" 

34 Number: Control treatment in 
experimental group   

How many individuals in the experimental group received the 
treatment assigned to the control group? 
 
Add number 
 
If necessary type: 
"Unclear" 
"Not reported" 

35 Number: Experimental treatment in 
control group   

How many individuals in the control group received the 
treatment assigned to the experimental group? 
 
Add number 
 
If necessary type: 
"Unclear" 
"Not reported" 

36 Comparator treatments protocol specified 

Yes, reported as protocol specified;  
Yes, reported as protocol amendment (after trial start);  
Otherwise reported as anticipated;  
Reported as not planned or allowed 
Other (specify);  
Unclear;  
Not reported;  
Not applicable;  

Was it explicitly reported that the reception of comparator 
treatments was protocol specified? 
 
Should be clear from the publication (information only 
reported in the protocol (not in appendix or publication) 
should not be counted) 

37 Comparator treatments in sample size 

Yes;  
Unclear;  
Not reported;  
Not applicable 

Was it reported that the reception of comparator treatments 
was included in sample size calculations? 

38 Comments on comparator treatments   Comments on the reception of comparator treatments in this 
trial 

39 Reason for comparator treatments 

Course of disease - related (e.g. disease progression);  
Pre-condition related (e.g. too obese, allergies);  
Intervention related (e.g. adverse events);  
Participant related (e.g. choose to switch);  
Administrative (e.g. interim analysis);  
Other (please specify);  
Unclear;  
Not reported;  
Not applicable 

For what reason did participants in the trial arms receive 
comparator treatments? 

40 
Field to comment on the number of 
participants who received comparator 
treatments 

    

41 TTE specific RoB items considered 

Yes (please specify);  
No;  
Unclear (please specify);  
Not applicable 

Did the review authors consider any time-to-event specific or 
related items in their risk of bias assessment for this trial? 

42 Comments on the risk of bias assessment   Comments on the risk of bias assessment of the authors on 
trial outcome level 

Abbreviations: CI = confidence interval; IQR = interquartile range; LTFU = loss-to-follow-up; MOD = missing outcome data; PICO = people-intervention-comparator-
outcome; RCT = randomized controlled trial; RoB = risk of bias; TTE = time-to-event 
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Extraction items for trial outcomes 

# Item Option Description 

1 Outcome ID  

Individual number of this outcome (for a hierarchy, see Excel 
sheet; e.g. OS = 1, PFS = 2, ...) 
 
Refers to the outcome in the review (e.g. if the review authors 
named their outcome progression-free survival, but included 
data on relapse-free survival from this trial in the very same 
meta-analysis, please use the outcome ID for PFS) 

2 Trial ID  Individual ID (number) of trial (following alphabetical order 
from review) 

3 Review ID  Individual ID (number) of review corresponding to the overall 
review sheet (assessable in Excel sheet) 

4 Trial outcome  
Trial outcome assessed in this column 
 
Please shorten: overall survival = OS; progression-free 
survival = PFS; disease free survival = DFS; etc 

5 TTE data used 

HR and confidence intervals;  
HR together with other information (e.g. events in each arm, 
total events, etc.);  
Observed and expected events or hazard rates on research and 
control arm;  
Observed - expected events together with log-rank V;  
P-value together with additional information (e.g. events, total 
events, etc.);  
Survival curves;  
Median survival times;  
Time-point specific survival times;  
IPD (recalculated or from publication);  
Reported, but method not clear;  
Other (specify);  
Not specified for this trial outcome;  
Unclear 

What type of time-to-event data were used for this outcome 
from the trial to include it in the review publication 
(according to the review authors)? 

6 Specification of recalculated TTE data  
Specification on how review authors recalculated time-to-
event data for this outcome from the trial to include it in the 
review publication 

7 HR from review  HR of this trial from the review (e.g. in Forest Plot) 

8 Lower 95% CI from review  Lower bound 95% CI of this trial from the review (e.g. in 
Forest Plot) 

9 Upper 95% CI from review  Upper bound 95% CI of this trial from the review (e.g. in 
Forest Plot) 

10 TTE specific RoB assessment? 
Yes (please specify);  
No;  
Unclear (please specify) 

Did the review authors consider any TTE specific trial 
characteristics in their outcome-specific rob assessment? 

11 Comments on the risk of bias assessment  Comments on the risk of bias assessment of the authors on 
trial outcome level 

12 

Trial level information: Please make sure that you extract the following data using a publication of this trial that includes the time-to-event data eligible for the review! 
 
If this publication is not the primary publication in the review it must be:  
-referenced in the review 
-include TTE outcome date applicable for the population and follow-up included in the review 
 
You might have to compare the data included in the review with the data in the referenced trial publications before data extraction.  
If you are unsure which publication to use, please discuss with the extraction team. 

13 Relevant TTE data in primary 
publication? 

Yes;  
No;  
Only single publication referenced in review;  
No primary publication highlighted 

Is there time-to-event data available in the primary trial 
publication that is applicable for the review? 
Refers to methodological and result data. Available result data 
should refer to the follow-up time-point in the review 
 
If no eligible time-to-event data is available, the extraction for 
trial_overall and trial_outcome must be performed using the 
publication with applicable time-to-event data 

14 Outcome data in referenced publications? Yes;  
No 

Result time-to-event (!) data for this outcome (e.g. HR, 
survival curves or any source used for recalculation in the 
review) available in the assessed trial publications referenced 
in the review? 
 
If no time-to-event result data for this outcome is available in 
the trial publications referenced in the review, the extraction 
STOPS for trial level outcome data 

15 Comment when data is not available  Please make a comment when and why data is not available in 
the primary publication/ publication at hand 

16 Was it clear where TTE data for this trial 
outcome was used from? 

Yes, reported by review authors for this trial outcome;  
Yes, HR corresponds to HR directly available in trial 
publication (slight deviations e.g. of upper CI due to statistical 
software should be considered);  
Yes, because only single source of TTE data in cited 
publication(s);  
Unclear, HR was recalculated but source not reported in 
review;  
Unclear, because publication where TTE event data for this 
trial outcome could be reported could not be identified (e.g. 
among the cited publications);  
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# Item Option Description 
No extraction possible, no TTE data in cited publications;  
No extraction possible, full text or publication where TTE 
data is reported is not accessible;  
No extraction possible, data received from secondary source 
(e.g. contact with authors);  
No extraction possible, completely unclear which/ whether 
data was included in review 

17 Primary trial outcome 
Yes;  
No;  
No primary/ secondary outcomes defined 

Was this outcome one of the primary outcomes of the trial? 

18 Outcome definition  Please provide the complete outcome definition from the trial 
publication 

19 Composite outcome 

Yes;  
No;  
Unclear;  
Not reported 

Was the outcome a combined outcome including several 
events of interests 
 
e.g. progression-free survival - progressive disease, overall 
mortality 

20 Composite outcomes described? 

Yes;  
No;  
Not applicable ("Composite outcome" unclear or not 
reported) 

Were the outcome events composing this composite outcome 
described? 

21 Outcome events consistent with review? 

Yes;  
No;  
Unclear;  
Not applicable 

Were the outcome events in the definition used in the trial 
consistent with the outcome definition in the review? 

22 Start of outcome assessment reported 

Yes;  
No;  
Unclear;  
Not applicable (e.g. outcome not defined) 

Was the start time-point of outcome assessment for this 
outcome reported (e.g. in the outcome definition or in the 
statistical methods section)? 

23 Outcome assessment start 

Randomization;  
Enrollment;  
Allocated treatment;  
Previous treatment (e.g. surgery);  
Other (specify);  
Not applicable (e.g. start of follow-up not reported);  
Unclear 

What was the defined or otherwise reported start time-point of 
outcome assessment for this outcome? 

24 Competing events possible? 
Yes;  
No;  
Unclear 

Are competing events possible by definition of the outcome? 
 
Choose yes, e.g. if overall mortality was not part of the 
defined outcome 

25 Censoring reasons reported? 
Yes;  
Unclear;  
Not reported 

Were any reasons for censoring individuals for this outcome 
reported? 
 
Censoring reasons are sometimes reported together with the 
definition of the outcome and sometimes in the statistical 
analysis section. 

26 Censoring reasons 

Participants last known to be event-free;  
End of follow-up;  
Loss to follow-up;  
Inadequate outcome assessment;  
Participant withdrawal or consent withdrawal;  
Alternative treatment;  
Treatment discontinuation;  
Other (specify);  
Unclear;  
Not applicable (no details on censoring reported for this 
outcome) 

What were the reasons for censoring for this outcome, if 
reported? 
 
Please choose the most applicable. 

27 Field for commenting on the outcome 
definition 

 Field for commenting on the outcome definition 

28 

"Which and what kind of time-to-event 
data was available in the trial 
publication?" 
 
Refers to all time-to-event data in trial 
publication 

  

29 Available time-to-event data 

HR or log(HR); 
Observed and expected events (log-rank) or hazard rates;  
P-value (log-rank);  
Survival curves;  
Restricted Mean Survival Time;  
Median survival times (per arm);  
Time-point specific survival rates (per arm);  
Median cumulative incidence (per arm);  
Time-point specific cumulative incidence (per arm);  
Greys Test;  
Wilcoxon-Gehan test;  
Mean and SD per arm;  
Other (specify);  
Type of test unclear or not reported 

What types of time-to-event data were available in the 
assessed trial publications for this outcome (excl. time-point 
specific or median survival times)? 

30 Methods for HRs 

Cox model;  
Fine and Gray;  
Parametric model (specify);  
Log-rank;  
Other (specify);  
No HR calculated;  

If hazard ratios (HR, log(HR), etc.) were available, which 
methods were used to calculate them? 
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# Item Option Description 
Unclear; Not reported 

31 Available types of analyses (e.g. ITT, PP) 

ITT;  
Modified ITT;  
Per-protocol;  
As treated;  
Unclear; not reported 

Which types of analyses are available (e.g. ITT or PP) in the 
trial publications for this outcome? 
 
Please use description by trial authors (e.g. if an analysis was 
labeled "ITT" and there were post randomization exclusions 
still use "ITT" and not "mITT". Whether it was "a real ITT 
analysis" is assessed in the next item.) 
 
Please choose all available analyses in the publication at hand 
(the type of analysis that was used in the review will be 
specified in the following) 

32 ITT analysis in complete population? 

Yes;  
No;  
Unclear;  
Not applicable (no ITT analysis mentioned, e.g. only mITT) 

If an analysis according to the ITT principle was described by 
the authors, was this analysis performed in the complete 
allocated trial population or were there post-randomization 
exclusions (e.g. participants did not receive the intended 
treatment, were mistakenly enrolled, did withdraw consent, 
died or developed the outcome of interest before treatment) 

33 (Un)adjusted/ (un)stratified HRs 
available? 

Unadjusted (univariate including treatment variables only);  
Adjusted, baseline characteristics;  
Adjusted, post-baseline exposure;  
Adjusted, but factors unclear/ not reported;  
Stratified, but factors unclear;  
Stratified, randomization stratification factors;  
Stratified, baseline characteristics;  
Other (please specify);  
Unclear;  
Not reported;  
Not applicable (no HR directly reported) 

Were unadjusted, adjusted and/ or stratified HRs available in 
the trial publications for this outcome and if adjusted for 
which factors? 
 
Please choose all available HRs in the publication at hand (the 
type of analysis that was used in the review will be specified 
in the following) 

34 (Un)adjusted/ (un)stratified P-values 
available? 

Unadjusted (univariate including treatment variables only);  
Adjusted, baseline characteristics;  
Adjusted, post-baseline exposure;  
Adjusted, but factors unclear/ not reported;  
Stratified, but factors unclear;  
Stratified, randomization stratification factors;  
Stratified, baseline characteristics;  
Other (please specify);  
Unclear;  
Not reported;  
Not applicable (no log-rank P-value directly reported) 

 

35 
Field to comment on methods (e.g. 
specify method to calculate relative effect 
measures) 

  

36 

Methods - Limited to outcome analysis 
included in meta-analysis 
 
"What was reported in the trial 
publication for the data included in the 
meta-analysis?" 
 
Refers to the outcome analysis included 
in the review meta-analysis only 

  

37 Type of analysis included in meta-
analysis 

ITT;  
modified ITT;  
per-protocol;  
as treated;  
unclear;  
not reported; 

Please indicate the analysis producing the estimate (e.g. HR, 
log-rank results, survival curves) included in the review meta-
analysis as labeled by the trial authors. 
 
Please use description by trial authors (e.g. if the analysis was 
labeled "ITT" and there were post randomization exclusions 
still use "ITT" and not "mITT". Whether it was "a real ITT 
analysis" is assessed in the next item.) 

38 Selected analysis in complete population? 

Yes;  
No;  
Unclear;  
Not reported;  
Not applicable (e.g. only subgroup analysis included in 
review) 

Was this analysis performed in the complete allocated trial 
population? 

39 Population analyzed in allocated arm? 

Yes;  
No;  
Unclear;  
Not reported 

Were individuals analyzed in the arm they were allocated too 
for this outcome analysis (except those who were excluded 
from the sample, e.g. because of mITT)? 

40 Pooled estimate unadjusted, adjusted or 
stratified? 

Unadjusted;  
Adjusted;  
Stratified;  
Unclear;  
Not reported 

Was the effect estimate that was pooled in the meta-analysis 
for this trial an unadjusted or adjusted estimate (applicable to 
any type of available effect measure, e.g. HR, Observed - 
expected, log-rank results, survival curves)? 
 
Survival curves and median/ time-point specific survival 
probabilities calculated with Kaplan-Meier or cumulative 
incidence are expected to be unadjusted - if explicitly reported 
otherwise, please indicate by comment 

41 Survival plots presented? 

Yes, Kaplan-Meier;  
Yes, cumulative incidence;  
Yes, other (please specify);  
No, no graphs were presented 

Were survival plots presented for the assessed analysis? 

42 Individuals at risk reported? Yes;  Was the number of individuals at risk over time reported 
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# Item Option Description 
No;  
Not applicable 

along the survival curve for the assessed analysis 

43 Censored observations presented? 

Yes, marked on the survival curve;  
Yes, reported together with the number of individuals at risk; 
No;  
Not applicable 

Were censored observations presented for the assessed 
analysis? 

44 Censoring balanced? Yes; No; Unclear; Not applicable 

Please make a judgement whether censoring was balanced 
between arms or pattern in the trial groups differed over time 
to a degree that is not corresponding to event rates 
 
No = More individuals censored in one trial arm compared to 
the other or pattern in groups differing over time to a degree 
that is not corresponding to event rates (e.g. early censoring in 
one group compared to late censoring in the other 

45 Proportional hazards tested? 

Yes, visual inspection of curves;  
Yes, statistical test (e.g. Log-log, Schoenfeld Residuals));  
No;  
Not applicable (e.g. no HRs calculated) 

Was the proportional hazards assumption tested for the 
assessed analysis by the trial conductors? 

46 Outcome of proportional hazards 
assessment 

Reasonably proportional; 
Non-proportional;  
Not applicable;  
Not reported 

What was the outcome of the authors assessment of 
proportional hazards for the assessed analysis? 

47 If analyzed population differs: 
Experimental individuals 

 

If the analyzed population differs from allocated population 
(e.g. "mITT", "PP or "as treated" analysis, separate adjusted 
analysis, exclusion for missing outcome data, ...): number of 
individuals analyzed in experimental arm 
 
If necessary type: 
"Unclear" 
"Not reported" 
"Not applicable" 

48 If analyzed population differs: Control 
individuals 

 

If the analyzed population differs from allocated population 
(e.g. "mITT", "PP or "as treated" analysis, separate adjusted 
analysis, exclusion for missing outcome data, ...): number of 
individuals analyzed in control arm 
 
If necessary type: 
"Unclear" 
"Not reported" 
"Not applicable" 

49 MOD specifically reported? 

Yes;  
No;  
Unclear;  
Complete follow-up/ no LTFU reported at trial level;  
Complete follow-up/ no LTFU visible on trial outcome level 

Missing outcome data specifically reported for this outcome 
analysis? 

50 MOD differing from "MOD of allocated 
population" 

Yes;  
No 

Does missing outcome data for this analysis differ from 
"missing outcome data for allocated population" (e.g. because 
of mITT, PP or as treated analysis, separate adjusted analysis, 
...): 
-Data not already excluded in analysis set 
-Irrespective of whether explicitly reported or not 
 
Use explicitly reported data before using data reported for 
"missing outcome data for allocated population" and 
subtracting the individuals excluded 
(e.g. mITT - individuals excluded before treatment) 

51 Comparator interventions specifically 
reported? 

Yes;  
No 

Reception of comparator interventions specifically reported 
for this outcome? 

52 Competing events in experimental group  

How many patients experienced a competing event in the 
experimental group? 
 
If necessary type: 
"Unclear" 
"Not reported" 
"Not applicable" 

53 Competing events in control group  

How many patients experienced a competing event in the 
control group? 
 
If necessary type: 
"Unclear" 
"Not reported" 
"Not applicable" 

54 Comments on sample size and numbers   

55 Events in experimental arm  

Number of events in experimental arm 
 
If necessary type: 
"Not reported" 
"Unclear" 

56 Events in control arm  

Number of events in control arm 
 
If necessary type: 
"Not reported" 
"Unclear" 

57 Final experimental number at risk  Final number at risk at last follow-up in experimental arm 
from curve that is applicable to analysis 
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# Item Option Description 
 
If necessary type: 
"Unclear" 
"Not applicable" (if not curves or no number at risk for this 
analysis are reported) 

58 Final control number at risk  

Final number at risk at last follow-up in control arm from 
curve that is applicable to analysis 
 
If necessary type: 
"Unclear" 
"Not applicable" (if not curves or no number at risk for this 
analysis are reported) 

59 Comments regarding the sample size   

60 Applicable HR  

Hazard ratio applicable to meta-analysis as reported in the 
trial publication (if HR reported as effect measure) 
 
Empty field = "Not reported/ unclear" 
NA = "Not applicable" 

61 Applicable lower 95% CI  

Lower 95% CI for the assessed analysis (if HR reported as 
effect measure) 
 
Empty field = "Not reported/ unclear" 
NA = "Not applicable" 

62 Applicable upper 95% CI  

Upper 95% CI for the assessed analysis (if HR reported as 
effect measure) 
 
Empty field = "Not reported/ unclear" 
NA = "Not applicable" 

63 HR <1 increased or decreased risk of 
event in experimental group 

Decreased risk;  
Increased risk;  
Unclear;  
Not applicable (e.g. no HR calculated) 

Does a HR <1 indicate an increased or decreased risk of the 
outcome in the group that is assessed as experimental group in 
the trial publication? 

64 HR for events or absence of events? 

Event;  
Absence of event;  
Unclear;  
Not applicable (e.g. no HR calculated) 

Is the respective HR from this trial publication applicable for 
events (e.g. death, relapse) or absence of events (e.g. overall 
survival, all cause mortality)? 

65 Applicable HR directly available 

Was inverted;  
Was pooled from multiple study arms (as reported in review);  
Other (specify);  
Not applicable (e.g. no HR calculated);  
HR(s) from study differ from HR in MA (HR likely 
recalculated) 

How did the review authors include this HR into the meta-
analysis? 
 
Is this HR directly available from the assessed trial 
publication or was it altered in any way by the review 
authors? (e.g. inverted, pooled from more than one 
experimental arm, etc.) 

66 Standard error  

Standard error (if HR not reported or not the appropriate 
effect measure) 
 
If necessary type: 
"Not reported" 
"Not applicable" 

67 Variance  Variance (log-rank; if HR not reported or not the appropriate 
effect measure) 

68 P-value  

P-value of statistical test of group comparison (logrank if not 
otherwise (e.g. Mantel-Hanezel, Cox) reported in comment 
field; if HR not reported or not the appropriate effect 
measure) 
 
Empty field = "Not reported/ unclear" 
NA = "Not applicable" 

69 Field for comments on effect measures  
Field for comments on effect measures (e.g. type of test, 
where necessary: Log-rank observed minus-expected events, 
etc.) 

70 Follow-up time specifically reported? Yes;  
No 

Information on duration of follow-up specifically reported for 
this outcome? 
 
"Specifically" could be outcome specific in primary 
publication/ publication at hand or in separate publication that 
includes data for this outcome 

71 Comments on trial outcome follow-up  Comments on trial outcome follow-up if reported specifically 

72 Missing data handling 

Censored;  
Excluded from analysis;  
Single imputation;  
Multiple imputation;  
Sensitivity analyses;  
No missing data; other (please specify);  
Unclear;  
Not reported;  
Not applicable (e.g. no effect measure calculated);  
Complete follow-up/ no LTFU reported at trial level 

How was missing data handled? 

73 Comment on MOD analyses  E.g. did the advanced methods to assess the robustness of 
results for this outcome towards MOD change interpretation? 

74 Advanced methods competing events 

Fine and Gray and cumulative incidence curves;  
Cumulative incidence curves;  
Other;  
No;  
Not applicable 

Were any advanced methods to assess the robustness of 
results for this outcome towards competing events used? 
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# Item Option Description 

75 Comment competing event methods  
E.g. did the advanced methods to assess the robustness of 
results for this outcome towards competing events change 
interpretation? 

76 Advanced methods informative censoring 

Rank preserving structural failure time;  
Inverse probability (censoring) weighting;  
Iterative parameter estimation;  
Multiple;  
Other;  
No;  
Not applicable 

Where any advanced methods to assess the robustness of 
results for this outcome towards informative censoring (non-
administrative censoring) used? 

77 Comment informative censoring methods  
E.g. did the advanced methods to assess the robustness of 
results for this outcome towards informative censoring (non-
administrative censoring) change interpretation? 

78 Advanced methods comparator 
treatments 

Rank preserving structural failure time;  
Inverse probability (censoring) weighting;  
Iterative parameter estimation;  
Multiple;  
Other;  
No;  
Not applicable 

Were any advanced methods to assess the robustness of 
results towards the reception of comparator treatments in trial 
participants used? 

79 Comment advanced methods comparator 
treatments 

 
E.g. did the advanced methods to assess the robustness of 
results towards the reception of comparator treatments in trial 
participants change interpretation? 

80 
Comments on time-to-event specific 
methods or alternative TTE analytic 
methods 

 

General comments on advanced time-to-event specific 
methods or alternative time-to-event analytic methods, that 
were included in the trial report 
 
(e.g. Inverse Probability (Censoring) Weighting applied to 
adjust for specific event, such as the reception of a relevant 
third intervention) 

Abbreviations: CI = confidence interval; HR = hazard ratio; ITT = intention-to-treat; IQR = interquartile range; IPD = individual participant data; LTFU = loss-to-follow-up; 
mITT = modified intention-to-treat; MOD = missing outcome data; PP = per protocol; RoB = risk of bias; SD = standard deviation; TTE = time-to-event 
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Appendix A3: Flow-diagram 
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11.3. Paper 3: Presentation of results of meta-analyses of time-to-event 
outcomes in form of absolute effects in systematic reviews 

11.3.1. Work shares 
 
Authors: Skoetz N*, Goldkuhle M*, Weigl A, Dwan K, Labonté V, Dahm P, Meerpohl JJ, 
Djulbegovic B, Van Dalen EC (*contributed equally) 
 
Contributions by the doctoral student:  
The article of this sub-project is published in shared first authorship of the doctoral student with 
Prof. Skoetz. After initiation of the meta-epidemiological study, the doctoral student designed 
the required data extraction schemes and respective forms together with Prof. Skoetz. He 
screened the literature and selected eligible evidence syntheses. Besides extracting relevant 
study data, the doctoral student coordinated the data extraction amongst all project participants 
and performed the analysis of the data. During the preparation of the publication, the doctoral 
student was responsible for the presentation of the data. In addition, he was involved in the 
first draft, extensively revised the later versions of the article and prepared it for publication. 
Finally, he was centrally involved in the acquisition of project participants and in contact with 
the co-authors. 
 
Co-author contributions: 
The project was initiated by Prof. Skoetz. Together with her, the doctoral student developed 
the tools for data analysis, selected relevant literature and extracted data. In addition, she too 
prepared the first draft of the publication and revised the article at later points. Other project 
participants with substantial impact on the project were the last author, Dr. Elvira van Dalen, 
who was also involved in the development of the data collection tools and supported the liter-
ature selection as well as the data extraction and analysis. She also revised the article. Aaron 
Weigl (Cologne, Germany), also selected the literature and extracted data. In addition, he sup-
ported the data analysis and the revision of the publication. The other co-authors (Prof. Philipp 
Dahm (Minnesota, USA), Prof. Benjamin Djulbegovic (Duarte, USA), Dr. Kerry Dwan (York, 
UK), Prof. Jörg Meerpohl (Freiburg, Germany), and Dr. Valerie Labonté (Freiburg, Germany) 
supported the data extraction and revision of the article. 

11.3.2. Publication appendix 
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Online Appendix  

Appendix-table 1: Baseline characteristics of included Cochrane Reviews 
 

 Cochrane reviews (n=96)  

Year last updated (Number of SR (%))  
2011 1 (1) 
2012 9 (9) 
2013 10 (10) 
2014 9 (9) 
2015 15 (16) 
2016 26 (27) 
2017 26 (27) 

Cochrane Group (Number of SR (%))  
Anaesthesia, Critical and Emergency Care 1 (1) 
Breast Cancer 12 (13) 
Childhood Cancer 3 (3) 
Cochrane Pain, Palliative and Supportive Care Group 1 (1) 
Colorectal Cancer 8 (8) 
Gynaecological, Neuro-oncology and Orphan Cancer 18 (19) 
Haematological Malignancies 23 (24) 
Hepato-Biliary 4 (4) 
Lung Cancer 4 (4) 
Oral Health 2 (2) 
Skin 2 (2) 
Upper GI and Pancreatic Diseases 14 (15) 
Urology 4 (4) 

Region (Number of SR (%))  
Africa 1 (1) 
Asia 10 (10) 
Australia/ New Zealand 11 (11) 
Europe 62 (65) 
North America 7 (7) 

South America 5 (5) 

Review type (Number of SR (%))  
Study-level data 87 (91) 
IPD 3 (3) 
Both 6 (6) 

Network Meta-Analysis (Number of SR (%)) 1 (1) 
Study type (Number of SR (%))  

RCT 87 (91) 
Non-RCT 2 (2) 
Both 7 (7) 

Disease (Number of SR (%))  
Bladder 2 (2) 
Brain 5 (5) 
Breast 12 (13) 
Cancer in general 4 (4) 
Cervical 2 (2) 
Colorectal 9 (9) 
Endometrial 3 (3) 
Oesophagus 4 (4) 
Gastric 4 (4) 
Head and neck 2 (2) 
Haematological 21 (22) 
Liver 2 (2) 
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 Cochrane reviews (n=96)  

Lung 4 (4) 

Melanoma 2 (2) 

Mixed 3 (3) 

Other 6 (6) 

Ovarian 7 (7) 

Pancreas 2 (2) 

Prostate 1 (1) 

Renal 1 (1) 

Intervention (Number of SR (%))  

Chemotherapy 28 (29) 

Hormone 2 (2) 

Mixed 5 (5) 

Multiple 2 (2) 

New drug 10 (10) 

Radiotherapy 10 (10) 

Supportive 23 (24) 

Surgery 15 (16) 

Thermal 1 (1) 

Population (Number of SR (%))  

Adult 89 (93) 

Paediatric 4 (4) 

Both 3 (3) 

Included studies (Median (IQR)) 7 

(3,25-12) 

Included patients (Median (IQR))  1999 

(551-4023) 

SR= systematic review, IPD= Individual Patient Data, 

RCT=randomised controlled trial, IQR= interquartile range 
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11.4. Paper 4: Guideline for handling informative censoring as a study-
limitation in evidence syntheses 

11.4.1. Work shares 
 
Authors: Goldkuhle M, Bender R, Akl EA, van Dalen EC, Nevitt S, Mustafa RA, Guyatt GH, 
Trivella M, Djulbegovic B, Schünemann H, Cinquini M, Kreuzberger N, Skoetz N 
 
Contributions by the doctoral student: 
This sub-project was initiated and conceptualized by the doctoral student under supervision of 
Prof. Skoetz. He established the background of the problem through an extensive review of 
the literature as well as theoretical evaluations. Subsequently, he presented the problem to the 
GRADE Working Group and confirmed with them the necessity of a GRADE guideline article. 
In addition to the general project administration, the doctoral student recruited the involved 
experts, including, but not limited to the co-authors of the article, and managed the communi-
cation amongst them.  
During the development process of the guideline, the doctoral student chaired all expert meet-
ings, presented examples for structured discussions, evaluated the discussion results and 
translated them into the guidance article. Together with his co-authors Nina Kreuzberger and 
Prof. Ralf Bender, he performed the imputation, which is part of the guideline article, and inter-
preted and presented its results. Finally, the doctoral student drafted the publication of the 
guideline and incorporated all comments from co-authors during several rounds of systematic 
revision.  
 
The GRADE Working Group policy requires that articles submitted under the name of the 
working group must be consented by all members. Respectively, any article in question must 
be approved by at least 80% of the participants in a face-to-face vote at an official meeting of 
the working group. The doctoral student presented and successfully defended the proposed 
guideline in Hamilton, Canada, to approximately 100 attendees. Finally, he revised the guide-
line publication in accordance with the peer reviewer comments and coordinated all additional 
notes from co-authors. 
 
Co-author contributions: 
The execution of the work was supervised by Prof. Skoetz. She, and also the other co-authors 
of the article, Prof. Ralf Bender (Cologne, Germany), Prof. Elie A Akl (Beirut, Lebanon), Dr. 
Elvira van Dalen, Dr. Sarah Nevitt (Liverpool, UK), Prof. Reem A. Mustafa (Kansas City, USA), 
Prof. Gordon Guyatt (Hamilton, Canada), Dr. Marialena Trivella (Oxford, UK), Prof. Benjamin 
Djulbegovic, Prof. Holger Schünemann (Hamilton, Canada), Dr. Michela Cinquini (Milan, Italy) 
and Nina Kreuzberger, participated in the structured discussions of the examples presented 
through the doctoral student and contributed important methodological expertise. They com-
mented on and consented to the first version of the publication and supported its revision. 

11.4.2. Publication appendix
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Appendix 

Appendix A1: Independent and non-informative censoring 

Non-informative censoring, as described by Lagakos (15), requires “that the time-point of a 

censoring event holds no information about an individual’s likelihood to experience the event 

of interest (its survival time)”. This means that the true distribution of the survival time, where 

no individual is lost from observation and individuals are observed until the event occurs, and 

the true censoring distribution, where the study ends before all subjects experience the event 

and censored individuals do not experience the event prior to the end of study, provide no 

information for each other. Informative censoring is sometimes referred to as a type of 

selection bias under the reasoning that loss to follow-up or withdrawal in randomized trials 

leads to selection after randomization, when certain participants due to certain measured or 

unmeasured characteristics or conditions may be less likely or more likely to be censored and 

as well less likely or more likely to experience the event of interest. In other words, the 

association of the risk of being censored and the risk of experiencing the event results from a 

common source of both risks (40). The definition of independent censoring is not equivalent 

to non-informative censoring and Lagakos (15) shows that dependent censoring is a special 

form of informative censoring, however, in most situations where the assumption of 

independent censoring is violated, the assumption of non-informative censoring is too (13).  
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Appendix A2: Reporting requirements for survival analysis that allow to assess the risk of 

bias due to censoring 

In order to assess the suitability of the independent censoring assumption by users, including 

systematic review and guideline authors, the methods in a primary study report should ideally 

provide detailed definitions of the assessed outcomes including the event(s) of interest, the 

time of origin and all conditions leading to censoring despite end-of observation (e.g. absence 

of the event at study closure, loss to follow-up or withdrawal due to competing events) (17, 

18). Standardized outcome definitions would here be highly preferable (19). With regard to 

the applied analysis methods we would demand that it is explicitly reported why the 

assumption of dependent censoring is feasible. When outcomes which include competing 

risks are assessed, we would require the application and reporting of appropriate methods, 

which will be outlined in a future guidance. The result section should hold the total events of 

interest and number of censored individuals in each of the study arms and the number of 

participants censored separately of those before the end the observational period including the 

individual reasons (17, 18). It is highly desirable that Kaplan-Meier curves, if feasible, are 

given for each of the assessed outcomes. In the curves, the time-points of censored events 

should be indicated as well as the number at risk below the curves for appropriate time-points 

(22). The number of censored individuals for certain time-points with an indication of 

censoring reasons is an option to enhance transparency. Lastly, the duration of follow-up for 

each study arm should be given and the calculation method should be clearly stated (55). 

  



 228 

 

3 
 

Appendix A3. Reconstruction of survival data to illustrate the impact of early dependent 

censoring 

To illustrate the impact of early dependent censoring on comparisons, we reconstructed 

individual participant data from the survival curves published for the analysis of overall 

survival in the article by Denis et al. (32). The study shows an unbalanced number of 

censored participants particularly during early follow-up, with more censored participants in 

the intervention arm compared to the control arm. Given the clear reporting in the survival 

curves, we were able to reconstruct outcome event and censoring time points for the 

individuals in each of the compared groups. We verified our proceeding with the algorithm 

presented Guyot et al. (33) that allows to reconstruct individual participant level data from 

published survival curves. The algorithm attributes a constant rate of censoring to intervals in 

between outcome events and time-points for which a number of individuals at risk is reported. 

It therefore works optimal assuming independent censoring. Under the objective of our 

illustration, we decided not to directly use the dataset resulting from the algorithm proposed 

by Guyot and colleagues but to work with individual patient data that we reconstructed 

directly from the published survival curve. Nevertheless, we used the data set produced under 

application of the algorithm to confirm the consistency of our manually extracted data by 

comparing the data points retrieved through both approaches.  

We extracted data with the software DigitizeIt (www.digitizeit.de), which allows to assign 

each point on the survival curve a corresponding time-point on the x-axis. We marked all 

declines of the curve as outcome event and all crosses as censoring time-points. The reported 

curve for the experimental arm was unclear for two censoring events in the first interval (0 to 

5 months) and the last interval (over 15 months) respectively, which were not directly 

identifiable on the curve, but must have occurred in these intervals as indicated by the number 

of individuals at risk. Similarly, for the curve representing survival in the control arm, two 
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censoring events were not identifiable within the first interval (0 to 5 months). For all 

scenarios we assumed the missing censoring events to have happened on the last possible 

time-point of this interval (4.99 and 18.99 months). In the so retrieved dataset, we modified 

the survival data of participants censored within the first seven months of follow-up to 

illustrate the impact of early dependent censoring. We present a hypothetical scenario where 

all participants censored prior to seven months of follow-up experience the outcome event one 

month after the original censoring. Subsequently, we calculated hazard ratios with the Cox 

proportional hazards model and present Kaplan-Meier survival curves. All statistical analyses 

were performed using the software R (56). We want to point out that our imputation does not 

claim to compare a difference in treatment effects, but to illustrate the loss of certainty that is 

introduced to survival analyses through a high degree of censoring particularly during the 

early period of follow-up. 
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Appendix A4. Reconstructed survival curves 

 

Appendix-figure 1: Kaplan-Meier survival curves calculated from the individual participant level 
data reconstructed from the analysis of overall survival in Denis et al. (32).  

 

Appendix-figure 2: Kaplan-Meier survival curve calculated from the individual participant level 
data reconstructed from the analysis of overall survival in Denis et al. (32). Participants who were 
censored prior to seven months of follow-up in both study arms were set to experience the outcome 
event one month after original censoring. 
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Appendix figure 1 
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