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ABSTRACT

Background

Systematic reviews are produced to inform health research and clinical practice, e.g.,
by identifying research gaps and by formulating recommendations in clinical practice
guidelines. Standardised methodology exists for the conduct of systematic reviews of
interventions. To answer clinically diverse research questions, new methods are
constantly being developed for the systematic synthesis of results from different types
of studies. Moreover, constant monitoring of newly available evidence, particularly in
clinical areas that are rapidly evolving, is important to ensure the currency of
systematic reviews.

Objective

The primary objective of this cumulative dissertation was to conduct systematic
reviews using new and complex systematic review methods, and to contribute to the
further development and refinement of these methods. Secondary objective was to
conduct clinically relevant systematic reviews to provide meaningful evidence that
can inform clinical practice and health care in oncology.

Methods

Two clinically relevant systematic reviews using novel and complex methodological
approaches were conducted:

Systematic review I: A systematic review with network meta-analysis and an adapted
living approach to evaluate and compare the benefits and harms of first-line
therapies for adults with advanced renal cell carcinoma.

Systematic review II: A systematic review with meta-analysis of prognostic factor
studies to explore the interim positron emission tomography (PET) scan result as a
prognostic factor in adults with newly diagnosed Hodgkin lymphoma.

Results

Methodological results

Systematic review I: The evidence for the currently recommended treatments and
important comparisons in this review stem from direct evidence from one trial per
comparison only. This is due to the great lack of head-to-head comparisons of the
many treatment options available. Statistical validation of the homogeneity and
consistency assumptions was not possible for every network meta-analysis, so the
validity of estimates is largely based on the transitivity assumption. When a strong
evidence base is missing, the results of a network meta-analysis, including the
ranking of treatments, should be interpreted with caution. The adapted living
approach, where monthly update searches were conducted during the conduct of the
review, was an appropriate method to maintain the currency of the evidence in such a
rapidly evolving treatment landscape.




Systematic review II: The greatest methodological challenges identified in
synthesising evidence from prognostic factor studies were that, firstly, searching for
prognosis studies is challenging due to insufficient indexing and missing search
filters that are specific and sensitive enough to identify prognostic factor studies.
Secondly, extracting and analysing outcome results was particularly difficult due to
incomplete reporting of important data in the, usually retrospective, studies. Thirdly,
available methods for the quality assessments had to be adapted to fit to the review
question. Lastly, methods for the certainty assessment of the evidence from prognosis
studies had to be developed during the conduct of the review as there was no official
guidance at that time.

The challenges encountered during the conduct of both reviews were discussed and
resolved through the involvement of methodological and clinical experts as co-
authors.

Clinical results

Systematic Review I: Combinations of novel therapies (e.g., a checkpoint inhibitor
with a tyrosine kinase inhibitor) appear to be superior to monotherapy with sunitinib
(a tyrosine kinase inhibitor) as first-line therapy in terms of survival for adults with
advanced renal cell carcinoma. However, these novel treatments may cause more
(serious) side effects. Moreover, the question on the potential impact of these novel
treatments on the quality of life of affected individuals remains unanswered.

Systematic Review II: Evidence was found on the prognostic ability of the interim
PET-scan result to predict survival in adults with Hodgkin lymphoma. It successfully
distinguishes between PET-negative people, who have a better outcome prognosis,
and PET-positive people, who have a worse outcome prognosis.

Conclusion

Future methodological research needs to further address these different challenges,
for example the challenges one encounters when trying to search for and identify
prognostic factor studies, or the limitations one encounters when underlying
assumptions of a network meta-analysis cannot be verified. When evidence from such
methodologically complex systematic reviews shall be used to inform clinical practice
guidelines and, thereby, health care decision making, all involved stakeholders need
to be aware of the methodological complexity and limitations behind the evidence
produced.



GERMAN ABSTRACT

Hintergrund

Systematische Reviews werden erstellt, um die Gesundheitsforschung und klinische
Praxis zu informieren, z. B. durch die Ermittlung von Forschungsliicken und die
Formulierung von Handlungsempfehlungen in Leitlinien. Fiir die Durchfiihrung von
systematischen Reviews zu Interventionen existieren standardisierte Methoden. Um
klinisch verschiedene Forschungsfragen zu beantworten, wird stetig an neuen
Methoden fiir die systematische Synthese von Ergebnissen aus unterschiedlichen
Studientypen gearbeitet. Dariiber hinaus ist eine stindige Uberwachung neu
verfiigbarer Evidenz, insbesondere in klinischen Bereichen, die sich rapide
weiterentwickeln, wichtig, um die Aktualitit von systematischen Reviews zu erhalten.

Ziel

Das primidre Ziel dieser kumulativen Dissertation bestand darin, systematische
Reviews unter Verwendung neuer und komplexer Methoden zu erstellen und damit
zur Weiterentwicklung und Verfeinerung dieser Methoden beizutragen. Das
sekundare Ziel bestand darin, klinisch relevante systematische Reviews zu erstellen,
die wichtige Erkenntnisse fiir die klinische Praxis und die Gesundheitsversorgung in
der Onkologie liefern.

Methoden
Es wurden zwei klinisch relevante systematische Reviews unter Verwendung von
neuen und komplexen methodischen Ansatzen erstellt:

Systematisches Review I: Ein systematisches Review mit Netzwerk-Metaanalyse und
einem adaptierten living Ansatz zur Untersuchung von Nutzen und Schaden von
Erstlinientherapien fiir Erwachsene mit fortgeschrittenem Nierenzellkarzinom.

Systematisches Review II: Ein systematisches Review mit Meta-Analyse von
prognostischen Faktor Studien, um das Interim Positronen-Emissions-Tomographie
(PET) Scan Resultat als prognostischen Faktor bei Erwachsenen mit neu
diagnostiziertem Hodgkin Lymphom zu untersuchen.

Ergebnisse

Methodische Ergebnisse

Systematisches Review I: Die Evidenz fiir die derzeit empfohlenen Therapien in
diesem Review stammt aus nur einer Studie pro Vergleich. Dies ist eine Folge des
groBen Mangels von direkten Vergleichen der vielen verfiigbaren
Behandlungsoptionen. Daher war die statistische Validierung der Homogenitats- und
Konsistenzannahmen nicht fiir jede Netzwerk-Metaanalyse moglich, so dass die
Giiltigkeit der Effektschitzer weitestgehend auf der Transitivititsannahme beruht. In




Ermangelung einer soliden Evidenzbasis sollten die Ergebnisse einer Netzwerk-Meta-
Analyse, einschlieBlich der Rangfolge der Behandlungen, vorsichtig interpretiert
werden. Der adaptierte living Ansatz, bei dem wihrend der Durchfiihrung des
Reviews monatliche Updatesuchen durchgefiihrt wurden, war eine geeignete
Methode, um die Aktualitit der Evidenz in einer sich so rapide entwickelnden
Behandlungslandschaft zu gewahrleisten.

Systematisches Review II: Die groBten methodischen Herausforderungen, die bei der
Evidenzsynthese von prognostischen Faktorstudien identifiziert wurden, waren
erstens, die Suche nach Prognosestudien aufgrund unzureichender Indexierung und
fehlender Suchfilter, die spezifisch und sensitiv genug sind, um prognostische
Faktorstudien zu identifizieren. Zweitens war es besonders schwierig,
Studienergebnisse zu extrahieren und zu analysieren, da wichtige Daten in den meist
retrospektiven Studien unvollstindig berichtet wurden. Drittens mussten die
verfiigbaren Methoden fiir die Qualitatsbewertung an die Fragestellung des Reviews
angepasst werden. SchlieSlich mussten Methoden fiir die Bewertung des Vertrauens
in die Evidenz aus Prognosestudien wiahrend der Review-Erstellung entwickelt
werden, da es zu diesem Zeitpunkt keine offizielle Anleitung gab.

Die Herausforderungen, die bei der Durchfiihrung von beiden systematischen
Reviews aufgetreten sind, wurden diskutiert und durch die Einbeziehung von
methodischen und klinischen Expertinnen und Experten als Co-Autorinnen und Co-
Autoren bewaltigt.

Klinische Ergebnisse
Systematisches Review I: Kombinationen von neuartigen Therapien (z.B. ein

Checkpoint-Inhibitor mit einem Tyrosinkinase-Inhibitor) scheinen einer
Monotherapie mit Sunitinib (ein Tyrosinkinase-Inhibitor) als Erstlinientherapie im
Hinblick auf das Uberleben von Erwachsenen mit fortgeschrittenem
Nierenzellkarzinom iiberlegen zu sein. Allerdings konnen diese neuartigen Therapien
und Kombinationen mehr (schwere) unerwiinschte Nebenwirkungen mit sich
bringen. Des Weiteren bleibt die Frage iiber die moglichen Auswirkungen dieser
Therapien auf die Lebensqualitdt von Betroffenen unbeantwortet.

Systematisches Review II: Das Interim PET-Scan Resultat ist ein geeigneter
prognostischer Faktor zur Vorhersage der Uberlebenswahrscheinlichkeit von
Erwachsenen mit Hodgkin Lymphom. Das Interim PET unterscheidet erfolgreich
PET-negative Personen, die eine bessere Prognose haben, von PET-positiven
Personen, die eine schlechtere Prognose haben.

Schlussfolgerung

Zukiinftig sollte die Methodenforschung die genannten Herausforderungen weiter
angehen, z. B. solche, auf die man bei der Suche und Identifizierung von
prognostischen Faktorstudien stoBt, oder jene, wenn die zugrunde liegenden
Annahmen einer Netzwerk-Metaanalyse nicht untersucht oder validiert werden



konnen. Wenn die Erkenntnisse aus methodisch komplexen systematischen Reviews
zur Erstellung von Empfehlungen in Leitlinien, und damit zur Entscheidungsfindung
im Gesundheitswesen herangezogen werden sollen, sollten sich alle Beteiligten der
methodischen Komplexitit sowie den Grenzen der gewonnenen Erkenntnisse
bewusst sein.
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CHAPTER 1

INTRODUCTION



Introduction

Evidence-based medicine has been defined as “the conscientious, explicit, and
judicious use of current best evidence in making decisions about the care of
individual patients” (1). The key components of evidence-based medicine are the
clinical evidence derived from systematic research on the one hand, and the
individual clinical expertise on the other hand (1, 2). Important to note is that one
never precludes the other. In fact, while clinical research is crucial for assessing, for
example, the effectiveness and safety of a therapeutic substance, the use of this
substance may be appropriate for one patient but inappropriate for the next.
Therefore, clinical expertise acquired from year-long experience in clinical practice is
necessary for considering the individual patient’s characteristics, preferences and
rights when taking a health care decision (1, 2). Ultimately, it is the treating
physician’s clinical expertise, combined with the patient’s individual wishes and
preferences as well as the available clinical research evidence that together shall be
used to take an informed health care decision.

Keeping up with the growing body of evidence in many clinical areas can be
challenging. In oncology, the number of clinical trials continuously increases. Most
clinical trials are carried out to compare the efficacy of different therapeutic or non-
therapeutic interventions for the treatment of certain illnesses. Most often, the
comparative efficacy of novel therapies and standard therapies (i.e., therapies that are
approved and most recommended) is assessed. While nowadays many different
treatments for different types of cancers are available, clinical research in oncology
increasingly focusses on the development of even more effective therapies while also
trying to minimise their harmful effects. Ultimately, this leads to a growing
availability of treatment alternatives that patients, their caregivers and treating
physicians as well as health systems can choose from. However, choosing a treatment
option requires informed decision-making, but it is not possible for one person alone
to review all literature on all the different available treatments to take an informed
decision on the possibly most effective one.

This is where systematic reviews come into play. The aim of a systematic review is to
combine and evaluate the evidence from primary research studies to answer a
specific, explicit, and clinically relevant research question (3). Systematic reviews are
systematic, transparent, and replicable in their methodology (2, 4), and they are
important for evidence-based decision-making in health care (3). Systematic reviews
even go beyond the provision of information about the effectiveness of a treatment or
a health care service; they also highlight research gaps where evidence is lacking and
research questions remain unanswered (4). Systematic reviews have become
indispensable for health research and practice. The systematic synthesis of results
from primary research studies combined with the critical appraisal of the quality of
these studies can shed light on important clinical questions, and enable increased and
fast access to relevant evidence for health professionals, patients and their caregivers,
and health policy makers (2). Moreover, systematic reviews have become essential for
developing and updating clinical practice guidelines (5). Over the past 35 years, the
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number of published systematic reviews and meta-analyses has increased
enormously. Between 1986 and 2015, 266,782 references on PubMed! were tagged as
systematic review and 58,611 references were tagged as meta-analysis? (6). While
wrong indexing of references has been a problem (6), these numbers still show the
value and importance that has been attributed to the summary of evidence in form of
systematic reviews (with or without meta-analysis).

In 1993, Cochrane3 (formerly the Cochrane Collaboration) was established, a British
not-for-profit organisation, which constitutes a global network of different
stakeholders who aim “to produce credible information that is free from commercial
sponsorship and other conflicts of interest” (3). Under the maxim “Trusted evidence.
Informed decisions. Better health.” (3), health and social care professionals, health
researchers and methodologists, patients and patient representatives as well as other
people interested in health matters have made it their mission to produce systematic
reviews that are clinically relevant, up to date and methodologically of high quality,
whilst also being accessible and informative to the general population (3). Ultimately,
the evidence derived from these systematic reviews shall be used to inform evidence-
based clinical practice guidelines as well as health policies (3). At focus during the
development of clinically relevant and up to date systematic reviews, published in the
Cochrane Library4, lies also the use and constant development and refinement of
rigorous systematic review methodology (3). Internationally, Cochrane reviews have
been recognised as the gold standard for producing high-quality and trusted
systematic reviews (7, 8).

The primary objective of this cumulative dissertation was to conduct systematic
reviews using new and complex systematic review methods to contribute to the
development and refinement of these methods. The secondary objective was to
conduct clinically relevant systematic reviews to provide meaningful evidence that
may inform clinical practice in oncology. To achieve these objectives, two
methodologically complex Cochrane systematic reviews were conducted.

1 PubMed, of the US National Library of Medicine, is a database of references and abstracts on life sciences and
biomedical topics, primarily accessing references from Medline5 (pubmed.ncbi.nlm.nih.gov/).

2 A meta-analysis is the statistical pooling and analysis of the results from multiple individual primary studies.

3 Cochrane’s official website: www.cochrane.org

4The Cochrane Library (www.cochranelibrary.com) is a collection of databases in medicine and other health
sciences. Furthermore, Cochrane systematic reviews and meta-analyses are published in the Cochrane Library.
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CHAPTER 2

BACKGROUND



Background
Systematic reviews of interventions
The PICO

A systematic review is based on a simple framework — the PICO — which is the
acronym for:

Population,
Intervention,

e Comparison, and
Outcome (3).

It is the basis of a review and defines the scope of its research question (3). The PICO
contains information about the population of interest that will be studied (e.g., people
with a specific condition); the intervention(s) of interest (usually a novel therapy or a
range of different therapies, e.g., novel therapeutic substances); the comparator of
interest (an alternative intervention, e.g., current standard therapy for the specific
condition of interest); and lastly, the outcome(s) that will be studied (e.g., overall
survival 5, progression-free survival ¢). Ultimately, the PICO helps authors of
intervention reviews in formulating a specific and clear research question, upon
which basis the inclusion and exclusion criteria for studies to be or not to be included
in the review can be determined. The research question of a standard systematic
review of interventions can be formulated, for example, as such: “How effective is
drug W (the Intervention) compared to drug X (the Comparator) in improving Y
(the Outcome) in people with indication Z (the Population)?”. 1deally, the PICO and
the review should be formulated and conducted, respectively, by a team of review
authors with different expertise, e.g., one or more co-authors who have clinical
expertise in the health topic of interest, and one or more co-authors with
methodological expertise in conducting systematic reviews. Moreover, different
stakeholders such as people affected by the condition of interest should be involved in
the review process (3).

The systematic in a systematic review

A systematic review requires the methods used to be formulated a priori, to be
explicit and reproducible (2); readers of a well carried-out systematic review should
be transparently informed about the methods used. For every systematic review in
planning, there are fundamental steps in the development process that should be
followed. In doing so, authors of systematic reviews can, in good conscience, present
a review that has been conducted using gold standards and, thereby, provide reliable
results about the effects of an intervention (2). Therefore, authors of a future review
should register the title of their proposed review and publish a protocol (within the
Cochrane Library for a Cochrane systematic review in planning) that fully stipulates

5 Overall survival (OS) is a direct measure of clinical benefit and universally accepted in clinical research and
practice. It is defined as the duration of patient survival after initiation of treatment.

6 Progression-free survival (PFS), also a universally accepted clinical endpoint, defined as the time from treatment
initiation until disease progression or relapse.
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the methods that will be used to conduct the review; or, for reviews planned to be
published in another scientific journal, prospectively register the review on the
international Prospective Register of Systematic Reviews? (PROSPERO). Registering
a planned review is not only relevant for being transparent about its methodology,
but also for ensuring the individuality of one’s own work by minimising the risk for
unplanned duplication of the same work. It has been a known problem that much
research in form of systematic reviews is repetitive as different investigators have
examined the same research question(s), arguing that their work is different from
others’ because it uses other methods or examines different outcomes (6).

Figure 1 broadly outlines the key steps in the methodology of a systematic review.
Future review authors should use the Cochrane Handbook for Systematic Reviews of
Interventions (3) (irrespective of whether the review is planned to be published in the
Cochrane Library, or in another scientific journal), where the methodology for the
conduct of different types of systematic reviews is described and explained in detail.
As shown in Figure 1, the key steps include, firstly, the definition of the research
question that involves formulating the PICO. Based on the PICO, the inclusion
criteria for studies to be included in the review, more specifically the types of studies
(e.g., randomised controlled trials [RCTs]), types of interventions (e.g., a novel
therapeutic intervention), types of comparators (e.g., a placebo) and types of
participants (e.g., adults with a specific condition) are set. Concurrently, exclusion
criteria for studies not suitable for answering the research question are also defined.
Secondly, a systematic electronic search for relevant literature (that is, primary
research studies to be included in the review) in medical databases such as
CENTRAL8 and MEDLINEY needs to be conducted by an information specialistz.
Information specialists develop search strategies' that are adapted to the PICO of a
review and to each database where studies will be searched for. Thirdly, using the
inclusion and exclusion criteria, the results of the literature search are screened using
the following steps: 1) title and abstract screening of references, a rather broad first
step in selecting potential studies that broadly fit the research question, while
excluding studies that do not address the PICO in any way, followed by 2) full-text
screening, a stringent and final selection of studies for the review, by obtaining and
reading the full-text article of each previously included reference and applying the
inclusion and exclusion criteria to decide upon final inclusion or exclusion of a study
into the review. Fourthly, extracting relevant data from the included studies,
including study characteristics and statistical results for the outcomes of interest that
were assessed in the study. Fifthly, using tools such as the Risk of Bias 2.02 (9) tool,
the methodological quality of each study included in the review needs to be assessed.

7 PROSPERO is an open access online registry where authors can register different types of reviews, thereby
providing an overview of systematic reviews in development (www.crd.york.ac.uk/prospero/).

8 The Cochrane Central Register of Controlled Trials (CENTRAL) contains journal articles of randomised and
quasi-randomised controlled trials (www.cochranelibrary.com/central/about-central).

9 MEDLINE is the National Library of Medicine's (NLM) primary bibliographic database containing journal
articles in life sciences and biomedicine (www.nlm.nih.gov/medline/medline overview.html).

10 An information specialist is a person trained in designing and running search strategies in electronic databases.
11 To systematically search for relevant studies, a sensitive search strategy including search filters (when available)
needs to be developed by experienced medical and health care librarians or information specialists.

12 Risk of bias 2.0 is a revised Cochrane tool for assessing the methodological quality of RCTs.
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There are different tools appropriate for different types of studies to assess their risk
of bias. Sixthly, synthesise the results extracted on the outcomes of interest, if
possible, quantitatively in a meta-analysis. A statistical pooling of results in form of a
meta-analysis is not always feasible or recommended (for example, in case of high
heterogeneity between studies or uncertainty in the published data). If pooling of
individual study results is not possible, study results should be reported and
synthesised narratively. Lastly, the certainty in the evidence needs to be assessed by
using the GRADE3 approach. This is particularly important when the evidence from
the systematic review shall be used for developing recommendations within clinical
practice guidelines; this is described in the sub-chapter How systematic reviews can
inform clinical practice on page 23.

Upon completion of these steps, write the review and report its results.

Step 1: Step 1b:
Define the PIFZO and Defme_lhe |n_cluslon & Slep 2:
research question of the exclusion criteria for Conduct a literature search
review studies

Step 3:
— Screen and select eligible
studies

|

Step 6:
Synthesize the evidence
quantitatively, qualitatively or
narratively

Step 7:
Assess the certainty of the +————
evidence

Step 5: Step 4:
Assess the methodological — Extract relevant data on
quality (risk of bias) of studies outcomes of interest

~

Write and report the review

Figure 1. Key steps in the conduct of a systematic review

To minimise bias in the review process and to avoid random errors, most steps of the
review process should be conducted by two review authors independently. For
example, for step five (the risk of bias assessment), two review authors should, firstly,
independently assess the risk of bias in each study included in the review. Secondly,
the review authors should compare their individual assessments. Identical
judgements can then be summarised; conflicting judgements should be discussed
and, if necessary, a third review author involved in the discussion to reach a
consensus and final judgement.

Pairwise meta-analysis and network meta-analysis

Pairwise meta-analysis

A systematic review summarises the evidence from primary research studies. Ideally,
this will include a quantitative, statistical synthesis in a pairwise meta-analysis. The
greatest benefit from a meta-analysis is that when there have been many individual
studies conducted to assess the same intervention, and if these studies provide

13 The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach is used to
grade the certainty in the evidence. It is mostly used in Cochrane reviews as well as in clinical guidelines to assess
the strength of the recommendations for clinical practice.
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conflicting evidence on its effectiveness, combining all individual results into one
meta-analysis can provide insightful results and help reach a conclusion.

A meta-analysis is conducted by, firstly, extracting relevant data on the outcomes of
interest (e.g., extracting the number of people randomised, the number of
participants experiencing the event of interest, and the corresponding effect
estimate). Secondly, the results from the studies on the outcome of interest are
pooled in a meta-analysis, provided that the studies are similar enough (e.g., in terms
of participants and interventions). Moreover, the interventions and comparators
need to be comparable across studies that are combined in the same meta-analysis. A
pairwise meta-analysis aims to compare one intervention to another intervention (the
latter is usually called the comparator). In Figure 2, this is illustrated using a simple
example. Results from multiple studies where participants received the same
intervention (here: ibuprofen) are compared to participants who have received the
same comparator (here: diclofenac); the outcome of interest being adverse eventst4.
To further ensure similarity and comparability between studies, review authors
should consider additional study and participant characteristics. For example, did the
participants in the included studies suffer from the same condition? Did they all
suffer from a chronic, or an acute condition? Did participants receive additional
medication, for example for co-morbidity? Were administration routes, frequencies
of administration and drug doses similar in participants receiving the same
intervention and participants receiving the same comparator? Did participants
receive the drugs for the same length of time?

Outcome: adverse effects

Intervention versus Comparator
(e.g., ibuprofen) (e.g., diclofenac)
Intervention Versus Comparator
(e.g., ibuprofen) (e.g., diclofenac)

Intervention versus Comparator

(e.g., ibuprofen) (e.g., diclofenac)

Figure 2. Illustration of a simple pairwise meta-analysis

14 Adverse event: an unexpected event (e.g., fatigue, or nausea) that occurs during treatment that may or may not
be related to the treatment itself. An adverse event can be mild, moderate, or severe.
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In Figure 3, the same example is illustrated in a forest plot!s using fictional data to
demonstrate how a simple pairwise meta-analysis of ibuprofen versus diclofenac. In
this fictional example, adults suffering from a condition causing pain were
investigated in the studies included in this analysis (in the figure named as studies 1,
2 and 3). In all three RCTs, participants were randomised to receive either ibuprofen
(e.g., 2x1600mg/day) or diclofenac (e.g., 2x50mg/day) to reduce pain; the outcome of
interest being adverse effects. Across studies, participants received the intervention
or comparator drug twice daily for a duration of 10 to 15 days, at the same dosage,
and the drugs were administered orally. The results of this fictional meta-analysis are
presented as a risk ratioz®.

ibuprofen diclofenac Risk Ratio Risk Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Study 1 19 140 28 152 36T% 0.66[0.39,1.13] —&T
Study 2 16 136 18 137 29.3% 0.85 [0.4E, 1.58] —
Study 3 24 160 18 161 341% 1.27[0.73, 223 —T
Total (95% CI) 446 450 100.0% 0.89[0.61, 1.31] L3
Total events a8 67

o 2 — - == - - R = I } 1 ]
Heterogeneity, Tau®=0.03; Chi*= 274, df= 2 {(P=0.25) F=27% 'D.D1 DH 1-0 1DD'

Testfor overall effect Z= 0.58 (F = 0.55) Favours ibuprofen  Fawvours diclofenac

Figure 3. Example of a pairwise meta-analysis (data are fictional)

In this fictional pairwise meta-analysis, three RCTs with a total of 896 participants
were included. Across studies, 59 events (i.e., adverse events) in total occurred across
the intervention groups (participants receiving ibuprofen) and 67 events in total
occurred across the comparator groups (participants receiving diclofenac). The
individual results of study 1 and study 2 show that less adverse events occurred in
participants who received ibuprofen, whereas in study 3, less adverse events occurred
in participants who received diclofenac. This is also reflected in the individual effect
estimates (the risk ratios) going into different directions in studies 1 and 2 versus
study 3. The overall result of this meta-analysis that pooled the individual effect
estimates shows a risk ratio of 0.89, with a 95% confidence interval'” of 0.61 to 1.31.
This means that participants receiving ibuprofen have a 11% lower risk to experience
adverse events. However, the range of the confidence interval is relatively wide and
includes the value “1”, which in statistical terms means that there is no significant
difference between the ibuprofen and diclofenac. This is, again, reflected in the
individual study results that show contradictory results for ibuprofen versus
diclofenac. Lastly, there is moderate heterogeneity between studies, which is reflected
in the 12 18 of 27%. It could be that there are important clinical differences between
participants. For example, some participants may suffer from a chronic condition,
whilst others experience an acute condition causing pain. In addition, it could be that

15 A forest plot is a visual illustration of a meta-analysis.

16 A risk ratio (RR) is a measure of the risk of a certain event to occur in one group (the intervention group)
compared to the risk of the same event to occur in another group (the control group). A RR that equals 1 means
that the risk is the same between the two groups. A RR of < 1 indicates a decreased risk for the intervention group
compared to the control group. A RR of > 1 indicates a decreased risk for the control group.

17 A 95% confidence interval (CI) represents a range of values where there is a 95% chance that the true effect will
lie within this range.

18 The 12 is a statistic that reflects the variation (i.e., heterogeneity) across the pooled studies in percentages.
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some participants received other medications (in cases of comorbidity), too.
Moreover, some participants in one study may have received the drugs for a duration
of 10 days, whilst participants of the other studies may have received the drugs for up
to 15 days. Hence, it is important to look out for clinical or methodological differences
between studies to minimise heterogeneity. If there is too much variation between
studies, it might be inappropriate to combine them in the same meta-analysis.

Network meta-analysis

In the previous sub-chapter, it was described how a pairwise meta-analysis works,
where one experimental intervention (intervention A) is compared to one comparator
intervention (intervention B), and the overall difference in effects between these two
interventions using evidence from multiple similar and comparable studies is
estimated. Imagining that there is a third intervention (intervention C) that in
another study was compared to intervention B, one could, again, conduct pairwise
meta-analysis and calculate the effects of intervention A versus intervention B in one
analysis, and the effects of intervention B versus intervention C in a second analysis.
However, there might be no such evidence from studies on the comparative
effectiveness of intervention A versus intervention C. In addition, even if there would
be evidence available for all three comparisons (A versus B, B versus C, and A versus
C), with so many interventions, the question arises which intervention is the best
regarding the outcome of interest: A, B, or C? Individual meta-analysis of each
comparison cannot answer this question. To answer this question, all available
interventions need to be combined in one single analysis to assess the comparative
effectiveness of these competing interventions. This aim is what constitutes a
network meta-analysis (10).

Network meta-analysis is a method that allows to combine multiple interventions
into one analysis and thereby, compare all interventions using what is called direct
and indirect evidence (10-13). Moreover, it is called a network meta-analysis because
a network of all available interventions is created (11). There are two advantages in
using a network meta-analysis compared to a pairwise meta-analysis. Firstly,
clinicians and patients are usually not only interested in how one therapeutic drug
performs in comparison to another therapeutic drug, but they are also interested in
which therapeutic drug works best (i.e., is the most effective and tolerable) when
there are multiple different drugs to choose from for treatment (11). Secondly, not all
interventions have been compared to one another in clinical trials; this scenario is
illustrated in Figure 4. The green lines illustrate that there is direct evidence from one
or more studies on the comparisons A versus B and B versus C, while the dashed red
line indicates that the comparison A versus C has not been investigated in any study.
This means that it is not possible to conduct a pairwise meta-analysis for intervention
A versus intervention C as there are simply no studies that investigated this
comparison. This is where a network meta-analysis comes into play.
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Intervention A Intervention B
(e.g., ibuprofen) (e.g., diclofenac)
I
I
I
I
|
|
|
]
Intervention C Intervention B
(e.g., aspirin) (e.g., diclofenac)

Figure 4. Illustration of a scenario where there is direct evidence for the
comparison intervention A versus intervention B, and intervention B versus
intervention C. There is no direct evidence for a comparison between
intervention A and intervention C

A network meta-analysis can provide information about comparisons of interventions
that have not been investigated in a clinical study by using indirect evidence (12). So-
called indirect evidence is created by estimating the relative effect of intervention A
versus intervention C by using the direct evidence that was obtained from the studies
comparing intervention A versus intervention B and intervention B versus
intervention C. Simply put, the effect estimates from the direct comparisons of A
versus B are subtracted from the direct comparisons of B versus C to obtain the
indirect treatment effect of A versus C (12). To compare two interventions to each
other for which there is no direct evidence available, they need to have one
comparator in common. In Figure 5, the common comparator of A and C is B; this is
illustrated by the blue (and green) lines.
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Intervention A Intervention B
(e.g., ibuprofen) (e.g., diclofenac)

Intervention B

(e.g., diclofenac)

d

Intervention C Intervention B
(e.g., aspirin) (e.g., diclofenac)

Figure 5. Illustration of a scenario where intervention A can be compared to
intervention C by the common comparator intervention B

There may be a great number of different drugs or interventions available for a
certain condition. Again, clinicians and patients are faced with deciding about the
best treatment option. In Figure 6, a network of interventions is shown where there is
direct evidence (green lines) for some comparisons, and indirect evidence (red
dashed lines) for other comparisons. In this network, all interventions are compared
to each other, one way and/or another by using direct and/or indirect evidence. For
example, while there is no direct evidence to compare intervention A with
intervention D, one could compare these two indirectly by using the evidence from
the direct routes of A versus B and B versus D, with intervention B being the common
comparator. The same can be seen in the indirect comparison of B versus E: from B
versus D to D versus E, the common comparator being intervention D. Such
comparisons, or routes, are called simple indirect evidence, as there is only one
intermediate treatment (13). However, there is also compound indirect evidence,
which is based on more than one intermediate treatment (13). Such an example
would be a comparison of intervention A versus intervention E. These two can be
compared by using the route of A versus B, B versus D, and D versus E; here, there
are two intermediate treatments, namely B and D.
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Intervention A
(e.g., ibuprofen)

/ \ \
/ \

Intervention C ,’ \‘ Intervention B
(e.g., aspirin) ,' ‘\ (e.g., diclofenac)
— - - / \ ”
\ / Ry \
\ / - ~ o - \
\ / PR <)
'

Intervention D
(e.g., naproxen)

Intervention E
(e.g., paracetamol)

Figure 6. Example of a network with several direct (green) and indirect (red)
comparisons

Ideally, a network contains so-called mixed evidence (13) where there is both direct
and indirect evidence available for intervention comparisons, thereby creating a
closed loop (see Figure 7). When mixed evidence is available, network meta-analysis
can simultaneously analyse all direct and indirect evidence available for all
comparisons in a network (13). Hence, depending on the overall evidence base, the
results from network meta-analysis may be derived from direct evidence alone,
indirect evidence alone, or from mixed evidence (13).

Criteria for conducting a network meta-analysis

To conduct a valid network meta-analysis (12), the following three assumptions need
to be met beforehand, of which the first two also apply to a pairwise meta-analysis:

v' Transitivity: the assumption that the studies in the network are similar
enough regarding clinical and methodological factors (12). Firstly, the
common comparator in comparisons such as intervention A versus
intervention B and intervention A versus intervention C, where intervention A
is the common comparator, should be similar (for example, in terms of
administration route or dosage of a substance). Secondly, other effect
modifiers such as the characteristics of the participants (for example the sex,
age, and clinical disease stage) should be similar. Transitivity can be assessed
by visually inspecting the distribution of these effect modifiers across
comparisons and studies (12).

v' Homogeneity: the assumption that there is no heterogeneity in the results
between trials included in the pairwise comparisons of a network (12). This
can be assessed statistically by using the I2 statistic as well as by visually
inspecting the forest plot.
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v' Consistency: the assumption that there is agreement between the direct and

indirect evidence about the comparisons under study (12, 14). Inconsistency
occurs when the available direct evidence and the estimated indirect evidence
disagree in their effect estimates of a comparison. Consistency can be checked
in so-called global and local approaches (11). In the global approach, the
consistency of the effect estimates of the different comparisons (from direct
and indirect evidence) across the entire network is checked using statistical
measures. In the local approach, consistency within a closed loop (see Figure
7) in a network is checked by examining whether the effect estimates of direct
and indirect comparisons agree (11). In a closed loop, each intervention has
been compared directly with both other interventions (here: A with B, A with C
and B with C) (14). Thus, each direct comparison can be supplemented by an
indirect comparison.

Intervention A
(e.g., ibuprofen)

/ \ \
/ \

Intervention C ,’ \_ Intervention B
(e.q.. aspirin) " ‘\ (e.g.. diclofenac)
- ”~
\ ~L %
\ !/ O~ 27\
\ / TS \
\ , Pt \
-~ - -
\ / PR ~J\

Intervention D
(e.g.. naproxen)

Intervention E
(e.g., paracetamol)

Figure 7. A network with a closed loop (A-B - C)
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The concept of living systematic reviews

A systematic review may be updated at some point after its publication. According to
the methods suggested in the Cochrane Handbook (15), published systematic reviews
should be assessed over time to identify whether an update of the review is needed.
This can be decided by determining the (continuing) relevance of the review question.
In addition, there may be new evidence (i.e., new study results) that could be
incorporated and that could have an impact on the review and change its findings
(15). However, updating a review particularly when years have passed after its initial
publication is time and resource constraining. To review authors, it is often
associated with a high workload comparable to the conduct of a new review from the
beginning (16).

Therefore, living systematic reviews (LSR) have become a new relevant approach
around the systematic review development. The aim of conducting a living systematic
review is to frequently update the review to incorporate newly identified evidence as
soon as it becomes available (16, 17). This is particularly important in clinical areas
where new research evidence emerges rapidly and may influence treatment
recommendations and/or health policies (16, 17). It can also be important in areas
where evidence is sparse or of low certainty, and new evidence is continuously
searched for to update a review and inform clinical practice as soon as possible (16).
Living systematic reviews differ from regular systematic review updates as the latter
are not usually planned for and may be conducted years after the initial review has
been published, leaving a large gap between the old and the new evidence (16). Upon
planning a living systematic review, however, review authors are determined and
committed to frequently update the review, and the frequency of updates and the
methods to do so are pre-defined (16, 18). A living systematic review can be updated,
for example, during a 12-month period after the publication of the baseline
systematic review (i.e., the first version of the systematic review). To decide whether
or not a living systematic review approach should be applied to a review, Simmonds
and colleagues (16) propose three criteria for consideration:

e the systematic review is important to evidence-based health decision-making;

e the certainty in the existing evidence is (very) low and new evidence may
change the findings of a review;

e the research field in the topic area of interest is rapidly evolving and
continuously producing new evidence (16).

To conduct a living systematic review, the standard methodology of systematic
reviews (see Figure 1 on p. 10) will be followed and repeated, and any form of
systematic review can be a living review (16). During the development of the protocol
for a new living systematic review, review authors need to take decisions about the
living systematic approach and clearly outline how frequently new studies (i.e., new
evidence) will be searched for (15). For example, monthly literature searches in
databases and trial registries could be conducted, while grey literature may be
searched for bi-monthly. With every literature search, the process of screening and
selecting eligible studies is repeated. However, Simmonds and colleagues (16) argue
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that newly identified evidence does not necessarily need to be incorporated into a
review immediately. In fact, inclusion into the review may be deferred until it is
obvious that the new study results will change the reviews’ conclusions (16). If new
studies are identified but results not immediately incorporated into the review,
readers of a review should also be transparently informed about the pragmatic
decisions that have been taken to defer inclusion of the newly identified studies (16).
Once review authors decide to incorporate the newly identified studies into the
review, the standard systematic review development process is repeated (i.e., data
extraction, risk of bias assessment, data analysis, and so forth; see Figure 1 on p. 10)
(16). Simmonds and colleagues further argue that, even if no new studies are
identified, readers of a review should be informed about the date of the last search
and that no new evidence has been identified (18).
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Systematic reviews of prognosis research studies

Prognosis in health sciences

The term prognosis can be described as foreseeing that a certain event, outcome, or
condition will occur or develop in the future (19, 20). Probably the most common
form of prognosis is the weather forecast. Meteorologists use several prognostic
factors such as the current temperature, humidity level, wind speed and wind
direction, that in combination form a prognostic model that allows foreseeing how
the weather will develop, for example, during the upcoming seven days. Accordingly,
the weather forecast is an aid to us when taking decisions about our attire and future
activities.

In medicine and health sciences, prognosis is concerned with the probability that an
individual will develop a certain health outcome (e.g., a certain type of cancer), or
experience a health-related event (e.g., death), after a certain period. Prognosis can
be made in healthy individuals who may be at risk to fall ill or develop a certain
health outcome. Likewise, a prognosis about the occurrence of a particular event can
be made for individuals who are already ill. Hence, different health-related outcomes
can be addressed in prognosis research: the risk of developing a certain disease, the
risk of, for example, death due to an already present disease, or the risk of disease
progression or relapse (19, 20).

Health-related prognosis can be best studied in people who have not been treated (for
a certain illness or health condition) before, as this allows for studying the natural
course of this disease or condition. Alternatively, it can be studied in people who have
received the same treatment regimen but without treatment modification during the
treatment (19, 20). Ultimately, prognosis can be best studied in a cohort presenting
similar characteristics under the same conditions during the study period, so that the
occurrence of the specific outcome or event predicted can be attributed to the
prognostic factor(s) under study (21).

Types of prognosis research studies

To better understand the different ways of prognosis in health sciences, the different
types of prognosis research need to be explained. There are four types of prognosis
research studies.

Overall prognosis research

In overall prognosis research, also termed fundamental prognosis research (19), the
following question is raised: “What is the likely outcome of people with a particular
health condition under current clinical practice?” (19). In this type of prognosis
research, prognosis is studied in a cohort of people with similar characteristics, for
example all presenting the same condition (e.g., men with prostate cancer), and by
using knowledge about current medical care standards for this specific condition. For
example, one could prognosticate the overall survival of people with this specific
health condition of interest (19). An example of a question about overall prognosis
could be: “What is the average five-year survival of men with prostate cancer?”

20



Prognostic factor research

In prognostic factor research, the following question is raised: “Which factor can be
associated with a specific health outcome for people with a specific health
condition?”. This type of prognosis does not simply provide an average estimate
about the likelihood (or risk) of an outcome to occur. It rather aims to provide a more
specific prognosis using a specific prognostic factor that may be associated with a
specific health event or outcome. A prognostic factor can be a clinical factor, such as a
characteristic of the disease or health condition under study. For example, in men
with prostate cancer, an important prognostic factor is the tumour volume, which is
associated with survival prognosis (22). It can also be a non-clinical factor, a patient
demographic such as age or sex (19, 20).

Prognostic model research

In prognostic model research, the following question is raised: “What is the
individual risk for a certain health outcome, based on a combination of different
prognostic factors?” (21). This type of prognosis research makes use of a combination
of prognostic factors that previously, in prognostic factor research, have been
identified to have some prognostic value (23). The added value of a prognostic model,
in comparison to an individual prognostic factor, is that the model can provide a
more accurate estimate on the likelihood of an individual to develop an outcome or to
experience a certain event. In addition, prognostic models can be adapted
individually by using multiple factors specific for an individual (e.g., age, sex and the
disease stage) and thereby provide an individual prognosis for each person affected
(23). Using the example of prostate cancer, clinically relevant prognostic factors are
the Gleason score (a grading system), the disease stage of the cancer according to the
TNM Classification of Malignant Tumours (TNM), and the residual tumour (R)
classification (24). A prognostic model may then be adapted individually by
combining these known prognostic factors and assessing them for every individual.

Stratified medicine research

Lastly, stratified medicine is the application of prognostic information to take an
informed therapeutic decision for an individual with a specific characteristic, or a
group of individuals that have a specific characteristic in common (25). In other
words, treatment regimens are adapted to the individual prognosis of a person
affected to reach the best health outcome possible. This can be achieved by using
prognostic information, such as an established prognostic model containing different
prognostic factors that altogether can prognosticate a certain health event or
outcome. The aim of stratified medicine is to provide the best adapted treatment for
an individual patient to prevent the occurrence of a specific health event or outcome.
Hence, prognosis research is fundamental for stratified medicine as it can aid
clinicians and patients in deciding on the most appropriate treatment to achieve the
best health outcome possible (25).
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Conducting a systematic review of prognostic factor studies

The steps that are outlined in Figure 1 (p. 10) can be applied one to one to a
systematic review of prognostic factor studies, with one exception. In systematic
reviews of prognostic factor studies, the PICOTS is formulated. The acronym
PICOTS stands for:

e Population,

e Index prognostic factor,

e Comparator prognostic factor,
e QOutcome,

e Timing, and

e Setting (26).

The difference to the PICO for a systematic review of interventions (p. 8) are the I, C,
T, and S. Instead of an intervention, one investigates an index (I) prognostic factor,
which is compared to a comparator (C) prognostic factor. In addition, there is a
timing (T) component, which is essential to prognostic factor research. Firstly, it
must be determined at which time point the prognostic factor under study will be
measured. Secondly, it must be determined for which point in time the outcomes are
to be predicted by the prognostic factor(s). Lastly, the setting (S) of where the index
prognostic factor will be used has to be determined (26).

Moreover, there are tools specifically developed for the conduct of systematic reviews
of prognosis studies. For example, to assess the risk of bias in prognostic factor
studies, the recommended tool is the Quality In Prognosis Studies (QUIPS) tool (27).
Generally, future review authors of systematic reviews of prognosis studies should
use the PROGRESS series (19) as a helpful guide.

As for meta-analysis, the pairwise meta-analysis approach (p. 10) is primarily used to
pool and analyse outcome data from prognostic factor studies.
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How systematic reviews can inform clinical practice guidelines
In vast developing clinical areas, where different treatment options become
increasingly available, it is essential to assess the comparative effectiveness, including
the benefits and harms, of the many alternatives (4). It becomes increasingly
challenging to patients and health care practitioners to find the most effective and
appropriate treatment option. While a systematic review summarises all available
evidence on the same intervention or health care service, it can only provide evidence
about the effectiveness of the specific intervention or health care service under
specific and ideal circumstances (4). From a clinical practitioner’s point of view,
however, the evidence is of most relevance when it is applicable to the real clinical
world, too (4). Moreover, while systematic reviews can provide information about
effectiveness, they do not intend to provide recommendations for or against the use
of a health care service in clinical practice (4). Instead, the findings from a systematic
review can be used to inform recommendations in clinical practice guidelines (4, 28).

Clinical practice guidelines are developed to summarise all available evidence on a
specific health condition, assess the quality of the evidence and ultimately, formulate
recommendations for the diagnosis, treatment and follow-up of that condition in an
understandable and practical way to aid health care decision-making in daily clinical
practice (4, 29). They are systematically developed guidelines that entail specific
recommendations for patients and their treating physicians on the use of different
health care services (e.g., a diagnostic tool or a specific treatment) in a specific clinical
situation or circumstance (29). However, they do not intend to replace individual
judgements that are dependent on individual characteristics or circumstances, but
they can, as the word itself indicates, guide health care decisions, for example when it
comes to choosing the most appropriate and effective health care service when there
are many alternatives to choose from (4, 28). The U.S. Institute of Medicine (IOM)
defines clinical practice guidelines as “statements that include recommendations
intended to optimise patient care that are informed by a systematic review of
evidence and an assessment of the benefits and harms of alternative care options”
(5). The development of clinical practice guidelines is initiated by professional
societies, who gather all important stakeholders to develop a clinical practice
guideline (4). This involves a multidisciplinary panel of different stakeholders,
including clinical experts, patients and patient representatives, and methodologists
experienced in the relevant research methods needed to evaluate the available
evidence and translate it into recommendations (4, 29, 30).

In the area of oncology, there are different international societies that develop clinical
practice guidelines, such as the American Society of Clinical Oncology (ASCO), the
European Society of Medical Oncology (ESMO), the National Comprehensive Cancer
Network (NCCN), or the German Guideline Program in Oncology (GGPO), to name a
few. The guidelines developed within these societies mainly differ in their
methodology in that some societies produce more evidence-based guidelines than
others (see next section Recommendations
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Most importantly, the guidelines are only applicable in the respective countries. For
example, the GGPO creates guidelines that are solely used in Germany. It can be the
case that some treatments that are approved and therefore recommended in the U.S.,
may not be approved by the relevant authorities in Germany. Hence, the
recommendations in these different international guidelines can differ to some
extent, even though addressing the same clinical topic.

Recommendations

Ideally, a high-quality clinical practice guideline entails recommendations that are
based on the available evidence (so-called evidence-based recommendations),
summarised and synthesised in high-quality systematic reviews (4, 5, 28, 30). If no
systematic reviews are available, the guideline panel can apply systematic methods to
synthesise evidence from individual studies that address the underlying research
question(s), and thus, evaluate the identified evidence using systematic review
methods (30). However, not every available health care service has been assessed, or
every research question addressed, in medical research. In cases where no evidence is
available, or when the few available evidence is of low or very low quality,
recommendations are formulated based primarily on the consensus of the involved
clinical experts and their expert opinions (so-called consensus-based
recommendations) (31). Important to note is that both forms of recommendations
require group consensus in the final development of the recommendations,
irrespective of whether there is an evidence-base or not (31). Hence, it is crucial that
the guideline panel, consisting of clinical and methodological experts who formulate
recommendations, is unbiased and free from any conflicts of interest (4, 32).

There are two underlying criteria to each recommendation that is being developed:
the certainty in the underlying evidence, and the strength of the recommendation (4).
The certainty in the evidence reflects the validity of the studies identified to answer
the underlying research question, and the certainty that the health outcome(s) of
interest addressed in that specific question will be reached (4). Rating the certainty in
the evidence is commonly done using the GRADE approach, as in systematic reviews
(30). The strength of a recommendation depends on the level of certainty in the
underlying evidence, the outweighing of benefits and harms of the health care service
in question, its clinical effect(s), patients’ preference(s) as well as its applicability and
feasibility in clinical practice (4, 30). The strength of a recommendation also clearly
indicates how important it is to adhere to the recommendation (4).
Recommendations may advise for or against the application of a health care service

(33).
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Cancer — a public health burden

To date, cancer is one of the leading causes of death worldwide (34). In 2019, the
World Health Organization (WHO) ranked cancer as the first or second leading cause
of death in 61% of countries, and the third or fourth leading cause of death in 12% of
countries, in people under the age of 70 years (34). In 2020, there were around 19.3
million new cancer cases in males and females, and around 9.9 million deaths across
both sexes worldwide, according to Globocan?9 (34, 35). Worldwide, males had a 19%
higher incidence of cancer, and 43% higher death rates compared to females.
However, these numbers vary in different regions of the world, and depend on the
distribution of the different cancer sites (34). As for the most common cancer sites in
2020, female breast cancer was the most common cancer site, followed by lung
cancer, as each had an incidence of more than two million new cases (breast cancer
making up 11.7%, and lung cancer making up 11.4% of all cancer cases) (34). Lung
cancer remains the leading cause of death among all cancers, with 1.8 million new
deaths in 2020 (34). This is particularly the case for males, whereas for females,
breast cancer is the leading cause of mortality (21). Across both sexes, the highest
incidence in cancer cases was observed in Asia, followed by Europe, Northern
America, Latin America and the Caribbean, Africa, and lastly, the Oceania (35).

Different social and economic factors contribute to this increase, combined with a
growing and ageing population (34). Statistics show that incidence rates for cancer
increase particularly when the Human Development Index20 (HDI) level in a country
increases, for both males and females (34). Moreover, cancer mortality in males is
about two-fold higher in countries with a higher HDI level compared to countries
with a lower HDI. However, little variation across HDI levels was observed for
females in terms of cancer mortality (34). To address this growing burden and to
inform diagnosis, treatment, and follow-up of cancer (in fact, any illness or health
condition), trusted clinical practice guidelines are required.

19 Globocan is a visualisation of cancer statistics by the Global Cancer Observatory (GCO), a web-based
platform for global cancer statistics (https://gco.iarc.fr/).

20 The Human Development Index (HDI) is a metric that measures three dimensions of human
development: 1) a long and healthy life (e.g., measured by life expectancy at birth), 2) knowledge (e.g.,
measured by (mean) years of schooling) and 3) a decent standard of living (e.g., measured by the Gross

National Income (GN) per -capita) (https://hdr.undp.org/data-center/human-development-
index# /indicies/HDI).
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Objectives

The primary objective of this cumulative dissertation was to conduct systematic
reviews using new and complex systematic review methods to contribute to the
development and refinement of these methods. The secondary objective was to
conduct clinically relevant systematic reviews to provide meaningful evidence that
may inform clinical practice in oncology.

This cumulative dissertation includes two Cochrane systematic reviews:

Systematic review I: First-line therapy for adults with advanced renal cell

carcinoma: a systematic review and network meta-analysis

The primary aim of this systematic review with network meta-analysis was to
evaluate and compare the benefits and harms of first-line therapies for adults with
advanced renal cell carcinoma, and to produce a clinically relevant ranking of
therapies (36). The secondary aims were to maintain the currency of the evidence by
conducting continuous update searches, using a living systematic review approach,
and to incorporate data from clinical study reports. In the main part of this
dissertation, a visual abstract of the review is provided on p. 30, and a written
summary (including text excerpts from the review) with main results is provided on
p. 31. The original manuscript of the systematic review as published in the Cochrane
Library can be found in Appendix i (Systematic review I).

Systematic review II: Interim-PET scan results for prognosis in adults
with Hodgkin lymphoma: a systematic review and meta-analysis of
prognostic factor studies

The aim of this systematic review with meta-analysis was to determine whether in
previously untreated adults with Hodgkin lymphoma receiving first-line therapy, the
interim positron emission tomography scan result can distinguish between those with
a poor prognosis and those with a better prognosis, and thereby predict survival
outcomes in each group (37). A visual abstract of the review is provided on p. 37, and
a written summary (including text excerpts from the review) with main results is
provided on p. 38. The original manuscript of the systematic review as published in
the Cochrane Library can be found in Appendix ii (Systematic review li).
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Dissertation projects

Systematic review I: First-line therapy for adults with
advanced renal cell carcinoma: a systematic review and network
meta-analysis

In the main body of this cumulative dissertation, a visual abstract (p. 30) and an
extensive summary (p. 31) of the review First-line therapy for adults with advanced
renal cell carcinoma: a systematic review and network meta-analysis (36) are
provided. The summary entails sentences and text excerpts from the original
manuscript, which can be found in Appendix i (Systematic review I).

Citation of the published article:

Aldin A, Besiroglu B, Adams A, Monsef I, Piechotta V, Tomlinson E, Hornbach C,
Dressen N, Goldkuhle M, Maisch P, Dahm P, Heidenreich A, Skoetz N. First-line
therapy for adults with advanced renal cell carcinoma: a systematic review and
network meta-analysis. Cochrane Database Syst Rev. 2023 May 4;5(5):CD013798.
doi: 10.1002/14651858.CD013798.pub2. PMID: 37146227; PMCID: PMC10158799.
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Visual abstract
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Summary and main results
This summary entails sentences and text excerpts from the original manuscript (see

Appendix i (Systematic review 1)).

Background

Description of the condition

In the U.S., kidney cancer accounts for 5% of all cancers in men and 3% of all cancers
in women (38); in comparison, it occurs for 3.5% of men and 2.4% of women in
Germany (39). The most common type of kidney cancer is renal cell carcinoma (RCC)
(40). With a 2:1 ratio, RCC develops predominantly in men and commonly after the
60th year of life (41). Besides male gender and age, additional risk factors include an
increased body mass index and active as well as passive smoking (39, 41-43).
Comorbidities associated with an increased risk for developing RCC include
hypertension, a history of kidney stones, or type 2 diabetes, amongst others (39, 41-

43).

The most common subtype of RCC is the clear cell type (75%), followed by the
papillary type (10%), and the chromophobe type (5%) (44, 45). Comparing all, the
clear cell type is associated with the worst prognosis (44, 45). Individuals with
advanced RCC are categorised into favourable, intermediate, or poor risk groups.
These are the risk groups as defined by the International Metastatic RCC Database
Consortium (IMDC) and the Memorial Sloan Kettering Cancer Center (MSKCC).

Description of the intervention

Before 2005, treatment options for advanced RCC were limited to immunotherapies
such as the cytokine therapies interferon-alpha and interleukin-L. However, these are
associated with many adverse events, and with partial or complete remission rates of
approximately 12%, they benefit only a small percentage of participants (46).
Nowadays, targeted therapies such as tyrosine kinase inhibitors, angiogenesis
inhibitors, and immune checkpoint inhibitors have emerged as an effective
alternative, and the benefit of standard targeted approaches, such as sunitinib or
temsirolimus, over cytokine therapies regarding mortality, quality of life, and adverse
events in advanced RCC has been indicated (47). Multiple drugs such as sunitinib,
sorafenib, bevacizumab, nivolumab, pazopanib, axitinib, cabozantinib, and
everolimus have been approved by the US Food and Drug Administration (FDA),
mostly for second-line therapy, but several of them have been approved for first-line
treatment as well.

Objectives

The primary objective of this systematic review with network meta-analysis was to
evaluate and compare the benefits and harms of first-line therapies for adults with
advanced RCC, and to produce a clinically relevant ranking of therapies.

The secondary objectives were to maintain the currency of the evidence and conduct
continuous update searches by using a living systematic review approach as well as to
incorporate data available from clinical study reports (CSRs).
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Methods

Criteria for considering studies for this review

Population Intervention Comparator Outcome(s)
- Adults (=18) with a Targeted therapy Sunitinib - Overall survival (OS)
confirmed diagnosis of
advanced RCC - Tyrosine kinase inhibitor - Quality of life (QoL)
(e.g., pazopanib, axitinib)
- Individuals without - Serious adverse
previous systemic - mTOR inhibitor events (SAEs)
anticancer therapy (e.g., temsirolimus,
everolimus) - Progression-free

survival (PFS)
- Angiogenesis inhibitor

(e.g., bevacizumab, - Adverse events (AEs)

lenvatinib)
- Number of
Immunotherapy participants who
discontinued
- Checkpoint inhibitor treatment due to an
(e.g., nivolumab, AE
ipilimumab)
- Time to initiation of
- Interferon first subsequent
anticancer therapy
- Interleukin (TFST)

Methods for the conduct of this systematic review

In accordance with the methods recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (3), the following steps were performed to
conduct this systematic review with network meta-analysis. More details on study
selection, data extraction, dealing with missing data, assessment of heterogeneity,
data synthesis (including direct and indirect comparisons in the network meta-
analysis) and other information can be found in the full manuscript.

I

II.

Electronic literature searches in relevant databases (i.e., CENTRAL,
MEDLINE, Embase); conference proceedings (American Society of Clinical
Oncology, European Society of Clinical Oncology); trial registries (ISRCTN,
EU Clinical Trials Register, Clinicaltrials.gov, WHO ICTRP). The searches
were conducted by an experienced information specialist. This step was
followed by screening of search results and study selection based on the
inclusion and exclusion criteria of the review.

Living systematic review considerations

A baseline search was conducted in February and October 2020. Starting from
December 2020, monthly update searches until April 2021 were conducted.
Together with the clinical experts on this review, it was decided to stop the
update searches in April 2021 to finalise data extraction and risk of bias
assessments. One final update search was conducted in February 2022, as
searches for intervention reviews should not be older than 12 months at
publication of the review.

Searching for Clinical Study Reports (CSR) parallel to the identified studies.
CSR were searched for on the following data platforms: the European
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Medicine Agency (EMA) clinical data platform
(clinicaldata.ema.europa.eu/web/cdp/home), the Yale University Open Data
Access (YODA) platform (yoda.yale.edu/), the Clinical Data Study Request
(CSDR) platform (clinicalstudydatarequest.com), and the Vivli platform
(vivli.org).
III. Data extraction (i.e., study characteristics, outcome data) using a data
extraction form developed specifically for this review.
IV. Risk of bias assessment, using the Risk of Bias 2.0 tool (9).
V. Data analyses, conducted by a statistician experienced in network meta-
analysis.
VI. Assessment of the certainty in the evidence (i.e. GRADE) using the methods
for network meta-analysis as proposed by Salanti et al (2014) (13).
VII. Creation of the Summary of Findings (SoF) tables and writing the text of the
review.

Except for the electronic searches (conducted by an experienced information
specialist) and the statistical analyses (conducted by an experiences statistician), all
steps in the review development process were conducted independently by at least
two review authors. Discrepancies were resolved through discussion and by involving
a third author.

Main results

Thirty-six RCTs with 15,177 female and male adult participants with advanced RCC
from 53 countries were included. More information on the included studies and
participants are reported in the manuscript. The results of the network meta-analyses
presented in this summary are the main results for the primary outcomes in the
combined risk groups. Separate results for the different risk groups as well as results
for secondary outcomes and subgroup and sensitivity analyses can be found in the
full manuscript.

Overall survival (OS)

For the combined risk groups, data from 21 trials with a total of 10,304 participants
were analysed. The network was not fully connected and consisted of three
subnetworks (see Visual abstract); subnetwork 1 included SUN as the main
comparator. Moderate between-study heterogeneity was observed (Q=1.81, df=1,
p=0.18; 12=44.6%, Tau2=0.0284). It was found that LEN+PEM may improve OS (HR
0.66, 95% CI 0.42 to 1.03, low certainty). The combinations NIV+IPI (HR 0.69, 95%
CI 0.69 to 1.00, moderate certainty, P-score: 0.83) and PEM+AXI (HR 0.73, 95% CI
0.50 to 1.07, moderate certainty, P-score: 0.78) probably improve OS when compared
to SUN alone (P-score: 0.47), respectively. It is uncertain whether CAB alone
improves OS (HR 0.84, 95% CI 0.43 to 1.64, very low certainty, P-score: 0.63) when
compared to SUN alone, and there is probably little or no difference in OS between
PAZ alone (HR 0.91, 95% CI 0.64 to 1.32, moderate certainty, P-score: 0.57) and SUN
alone. Comparison data was not available for AVE+AXI and NIV+CAB versus SUN,
respectively (see Visual abstract).
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Quality of life (QoL)

Analysing data was not feasible for QoL, so results were reported narratively. Results
for the different time points are reported for every scale where data was extractable
for. The time point of main interest in this review was QoL at the end of treatment
(see Visual abstract). Regarding the long-term results (results at the end of
treatment), all trials were overall judged to have a 'high risk of bias' mainly due to the
outcome assessors’ awareness of the assigned interventions, which is owed to the
nature of self-reported questionnaires and due to the trials' study design (open-label,
non-masked trials) as well as due to the high number of participants without outcome
data at the end of treatment. In most comparisons including SUN, across all scales,
participants in the experimental groups seemed to achieve a higher score in the post-
intervention assessments compared to participants in the comparator arm (see Visual
abstract).

One RCT measured QoL using FACIT-F (score range 0-52; higher scores mean better
QoL) and reported that the mean post-score was 9.00 points higher (9.86 lower to
27.86 higher, very low certainty) with PAZ than with SUN. Comparison data was not
available for PEM+AXI, AVE+AXI, NIV+CAB, LEN+PEM, NIV+IPI, and CAB alone
versus SUN, respectively.

Serious adverse events (SAE)

Serious adverse events were not consistently reported across trials. To be able to
meta-analyse results, SAEs were considered when the number of participants with at
least one SAE was reported; cumulated events were not considered. Serious adverse
events were assessed in 22 trials (18 two-arm trials, four three-arm trials), for a total
of 10,709 participants. The network was fully connected, and substantial
heterogeneity was observed in the network (Qtotai=15.40, df=6, p=0.017; Qwithin=3.44,
df=1, p=0.064; Qbetween=11.96, df=5, p=0.035; 12=61.0%, Tau2=0.0256). PEM+AXI
probably increase slightly the risk for SAEs (RR 1.29, 95% CI 0.90 to 1.85, moderate
certainty, P-score: 0.31), when compared to SUN alone (P-score: 0.59). The
combinations LEN+PEM (RR 1.52, 95% CI 1.06 to 2.19, moderate certainty, P-score:
0.17) and NIV+IPI (RR 1.40, 95% CI 1.00 to 1.97, moderate certainty, P-score: 0.23)
probably increase the risk for SAEs when compared to SUN alone, respectively. It is
uncertain whether CAB alone reduces or increases the risk for SAE (RR 0.92, 95% CI
0.60 to 1.43, very low certainty, P-score: 0.65) when compared to SUN alone, and
there is probably little or no difference in the risk for SAEs between PAZ alone (RR
0.99, 95% CI 0.75 to 1.31, moderate certainty, P-score: 0.59) and SUN alone.
Comparison data was not available for AVE+AXI and NIV+CAB versus SUN,
respectively (see Visual abstract).

Discussion

The results of this review mostly apply to people with clear cell RCC, as most trials in
this review included participants with the clear cell type, whereas other carcinomas
(non-clear cell or other subtypes) were underrepresented. Regarding the general
heterogeneity between trials, moderate heterogeneity within the network for the
outcome OS and substantial heterogeneity for the outcome SAE in the analyses of the
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combined risk groups was observed. This heterogeneity probably originates from the
slight differences in the included trials regarding some effect modifiers such as
histology type, some participants having received prior nephrectomy or radiotherapy,
differences in the sites of metastases, and the combination of all risk groups in the
analyses presented here.

Conclusion

Implications for practice

Particularly the evidence for currently recommended treatment options for the
different risk groups stems from evidence of one trial only; hence, the results of this
review should be interpreted with caution. Furthermore, before a decision is met
about a treatment option, the results of all outcomes should be taken into
consideration, meaning benefits and harms should be contrasted with one another.

Implications for research

For most intervention comparisons in this review, there was direct evidence from one
trial only. Furthermore, most interventions were compared to sunitinib only. More
direct evidence from head-to-head comparisons between all different available
interventions is needed to identify the most effective and safe treatment options for
the different risk groups of advanced RCC. Furthermore, the effect of these
interventions on the quality of life for people with advanced RCC needs to be
extensively researched.
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Systematic review II: Interim-PET scan results for prognosis
in adults with Hodgkin lymphoma: a systematic review and
meta-analysis of prognostic factor studies

In the main body of this cumulative dissertation, a visual abstract (p. 37) and an
extensive summary (p. 38) of the review Interim-PET scan results for prognosis in
adults with Hodgkin lymphoma: a systematic review and meta-analysis of
prognostic factor studies (37) are provided. The summary entails sentences and text
excerpts from the original manuscript, which can be found in Appendix ii (Systematic
review l1).

Citation of the published article:

Aldin A, Umlauff L, Estcourt LJ, Collins G, Moons KG, Engert A, Kobe C, von
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Visual abstract

Interim-PET scan result a prognostic factor for adults with Hodgkin lymphoma
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x Adverse events associated with the PET scan were not reported in any study.
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Summary and main results
This summary entails sentences and text excerpts from the original manuscript (see

Appendix ii (Systematic review I1)).

Background

Description of the condition

Hodgkin lymphoma (HL) is a cancer of the lymph nodes and the lymphoid system
with possible involvement of other organs such as the liver, lung, bones, or the bone
marrow (48). It is a comparatively rare disease, but one of the most common
haematological malignancies in young adults (49). With cure rates of 90%, it has
become curable for most individuals.

Hodgkin lymphoma is classified into early favourable, early unfavourable, and
advanced stage (50, 51). In Europe, the early favourable-stage group usually
comprises Ann Arbor stages I and II without risk factors. The early unfavourable-
stage group includes individuals with Ann Arbor stages I or II and one or more risk
factors. Most individuals with stages IIB, III or IV disease are included in the
advanced-stage risk group (52).

Description of the index (prognostic) factor

The prognostic factor of interest in this review was [18F]-fluorodeoxy-D-glucose
(FDG)-positron-emission-tomography (PET). The PET is an imaging tool for
identifying the state of FDG-avid tumours. It is used to monitor a tumour’s metabolic
activity, disease stage, and its progression. Therefore, it has become a standard
imaging tool for various cancers (53), and is used more and more for staging,
prognosis, treatment planning and response evaluation in individuals with HL (54-
61). Furthermore, it is widely accepted to use the PET in combination with a
computed tomography (CT), known as PET-CT (62), as it is argued to provide clearer
imaging and a more accurate measurement of nodal size (55).

To assess the grade of uptake and report the PET scan result, it is generally
recommended to use a five-point scale (59). Common criteria used to assess the PET
scan result are the 5-PS Deauville criteria (59): scores 1-3 indicate PET-negativity,
while scores 4-5 indicate PET-positivity (62).

The PET (and PET-CT) scan has been primarily used for the pre-treatment
assessment to determine the stage of the disease of an individual and, thereby, to
decide on the appropriate treatment regimen (55, 59). However, it has been argued
that the PET scan should also be conducted during active treatment, namely an
interim PET conducted after a few cycles of treatment (i.e., chemotherapy) have been
administered (54, 59). The result of the interim PET scan (i.e., PET-positive, or PET-
negative) is believed to be a good predictor of outcome, aiding the distinction
between individuals with a poor prognosis from those with a better prognosis.
Henceforth, the prognostic factor is referred to as interim PET.

Objective
The aim of this systematic review with meta-analyses was to determine whether in

previously untreated adults with HL receiving first-line therapy, interim PET scan
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results can distinguish between those with a poor prognosis and those with a better

prognosis, and thereby predict survival outcomes in each group.

Methods
Criteria for considering studies for this review
Population Index Comparator | Outcome(s) Timing Setting
(prognostic)
factor
- People with | Interim PET Not applicable | - Overall Interim PET Hospital/
classic HL, at scan result to this review | survival (OS) scan should be treatment
any stage of - Progression- conducted centre
the disease free survival during
- Newly (PFS) chemotherapy
diagnosed (after one, two,
D - PET- three or four
individuals iated
dergoin associlate Cycles of
lfli;lst—li%l o g adverse events | chemotherapy)
(AEs)
therapy
- Adults, as
defined in the The outcome
studies should be
measured
after a
minimum
follow-up of 12
months.

Methods for the conduct of the systematic review

The following steps to conduct this systematic review were performed in accordance
with the methods recommended in the Cochrane Handbook for Systematic Reviews
of Interventions (3).

I

II.

III.

Iv.
V.

VL

Electronic literature searches in relevant databases (i.e., CENTRAL,
MEDLINE, Embase); conference proceedings (American Society of
Haematology; European Haematology Association; International Symposium
on Hodgkin Lymphoma); and one trial registry (Clinicaltrials.gov). The
searches were conducted by an experienced information specialist. This step
was followed by screening of search results and study selection based on the
inclusion and exclusion criteria of the review.

Data extraction (i.e., study characteristics, outcome data) using a data
extraction form developed specifically for this review.

Risk of bias assessment, using the Quality in Prognostic Studies (QUIPS) tool
(27).

Data analyses, conducted by a statistician experienced in survival analyses.
Assessment of the certainty in the evidence (i.e., GRADE) using the methods
proposed by the GRADE Prognosis Working Group (63).

Creation of the Summary of Findings (SoF) tables and writing the text of the
review.

Except for the electronic searches (conducted by an experienced information
specialist) and the statistical analyses (conducted by an experiences statistician), all
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steps in the review development process were conducted independently by at least
two review authors. Discrepancies were resolved through discussion and by involving
a third author.

Main results

Twenty-three retrospective and prospective studies were included into this review,
with a total of 7,335 female and male adult participants with newly diagnosed
Hodgkin lymphoma (all disease stages). More information on the included studies
and participants are reported in the full manuscript. The results presented here are
the main results from univariable analyses of the outcomes of interest. Results from
subgroup and sensitivity analyses as well as narratively reported results from
multivariable analyses are reported in the main text of the manuscript.

Overall survival (OS)

Nine studies (eight observational studies and one randomised controlled trial (RCT))
with 1,802 participants were included in the meta-analysis for OS. There were 475
interim PET-positive and 1,327 interim PET-negative participants. Results from the
meta-analysis showed a clear advantage in OS for participants with a negative interim
PET scan compared to participants with a positive interim PET scan (hazard ratio
(HR) 5.09, 95% confidence interval (CI) 2.64 to 9.81, 12 = 44%, moderate certainty in
the evidence) (see Visual abstract).

Progression-free survival (PFS)

Fourteen studies (12 observational studies and two RCTs) with 2,079 participants
were included in the meta-analysis for PFS. There were 529 interim PET-positive and
1,550 interim PET-negative participants. Results from the meta-analysis showed a
clear advantage in PFS for participants with a negative interim PET scan compared to
participants with a positive interim PET scan (HR 4.90, 95% CI 3.47, 6.90, 12 = 45%,
very low certainty in the evidence) (see Visual abstract).

Adverse events (AEs)
None of the included studies reported AEs associated with the PET-scan.

Discussion

The results mostly apply to adults newly diagnosed with classic HL who receive a PET
scan in combination with a CT (PET-CT) after two cycles of chemotherapy (i.e., PET-
2). Most participants in the included studies received chemotherapy with ABVD
(Adriamycin/Doxorubicin, Bleomycin, Vinblastine and Dacarbazine), which is the
standard treatment regimen for early-stage disease. However, as therapy regimen
differ between participants according to their disease stage and other clinical or
individual characteristics, results should always be interpreted with caution for
different patient groups. Hence, this naturally restrains the applicability of the
evidence for all people with classic HL.

Most studies used the Deauville five-point scale (DS 1 - 5) for the evaluation of the
PET scans. However, different cut-off values were used for PET-positivity. Most
studies considered scores one to three (DS 1-3) for PET-negativity, and scores four to
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five (DS 4-5) for PET-positivity. In some studies, however, DS3 was also considered
and tested for PET-positivity. Results from these studies should be interpreted with
caution, as using a score of >3 can have an important impact on the results and
possibly introduce bias (64).

Conclusion

Implications for practice

The results from univariable meta-analyses in this review provided moderate
certainty evidence that the interim PET-scan result predicts OS, and very low
certainty evidence that it predicts PFS in people with HL. The evidence on the ability
of interim PET scan results to distinguish between individuals with a poor prognosis
(i.e., PET-positive) and individuals with a good prognosis (i.e., PET-negative) can aid
decision-making for clinicians and diagnosed individuals, and the evidence may
inform clinical practice guidelines for individuals with HL.

Implications for research

Thus far, the prognostic value of the interim PET scan result has mostly been
assessed in univariable analyses, where its prognostic ability of determining survival
outcomes in individuals with HL has been shown. However, it is important to assess
the independent prognostic value of the PET scan result against other established
prognostic factors for HL, such as age, sex, B symptoms or other relevant clinical and
individual factors in multivariable analyses as well. In such analyses, the independent
prognostic ability of the PET scan result, as well as its incremental value on top of
other prognostic factors, can be assessed (20).
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Discussion

The primary objective of this cumulative dissertation was to conduct systematic
reviews using new and complex systematic review methods, and to contribute to the
development and adaptation of these methods. Secondary objective was to conduct
clinically relevant systematic reviews to provide meaningful evidence that may inform
clinical practice in oncology.

To achieve these objectives, two Cochrane systematic reviews with different complex
methodological approaches were conducted and published in the Cochrane Library.
For the first systematic review (36) in this cumulative dissertation, a new approach
for living systematic reviews was proposed and applied, where during the conduct of
the review new evidence was continuously searched for in a systematic manner, and
newly emerged studies and study results were embedded into the review immediately
as they became available. Further peculiarities of this review included complex
statistical methods (network meta-analysis) and the use of the new Risk of Bias 2.0
tool. To conduct a clinically relevant systematic review, the benefits and harms of
first-line therapies for adults with advanced renal cell carcinoma (RCC) were
assessed. The second systematic review (37) within this cumulative dissertation was a
systematic review of prognostic factor studies. This review is an exemplar review as it
was the first systematic review with meta-analysis of prognostic factor studies
published in the Cochrane Library. Retrospective and prospective prognostic factor
studies were included in this review, and the methodological quality of the included
studies was critically appraised using the Quality in Prognostic Factor Studies
(QUIPS) (27) tool. The GRADE assessment for rating the certainty in the evidence
was conducted in close collaboration with the GRADE Prognosis Working Group. To
conduct a clinically relevant systematic review, the interim positron emission
tomography (PET) scan result (i.e., PET-positive, or PET-negative) was explored as a
prognostic factor in adults with Hodgkin lymphoma (HL).

Implications for systematic review methodology
In the following sections, implications for the methodology of systematic reviews with
network meta-analyses, systematic reviews with a living approach, and for systematic
reviews of prognosis studies are discussed. These implications were derived from the
challenges encountered and the experiences collected during the conduct of the two
systematic reviews (36, 37) within this cumulative dissertation.

Implications for systematic reviews with network meta-analyses

Checking and validating assumptions (homogeneity, consistency,
transitivity)

There were two main challenges to the present network meta-analysis. Firstly, there
was a great lack of available direct, head-to-head comparisons of the many different
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treatment options from primary studies. Secondly, most direct evidence stemmed
from only one source of evidence (i.e., only one trial) per comparison. Hence, the
expected additional benefit of the network meta-analytic approach is limited in this
systematic review. This challenged the methodology in this review through the fact
that the assumptions that need to be met for a network meta-analysis could not be
checked or validated for some analyses.

Homogeneity

The homogeneity assumption could not be tested and validated statistically for every
analysis in the present network meta-analysis. Heterogeneity statistics to validate the
assumption on homogeneity in a network meta-analysis (p. 16) could not be
calculated for seven analyses (in three outcomes) because in the respective networks,
each pairwise comparison was reported by a single trial only. In other words, there
was a great lack of primary studies that evaluated the same comparisons, and that
could have been incorporated into the evidence base had they been available. For two
analyses in the present network meta-analyses, where the direct evidence stemmed
from at least two trials, substantial heterogeneity (using I2) in the pairwise
comparisons was observed. This was probably because of some differences in clinical
effect modifiers (e.g., risk groups or histology types) in these analyses. However, for
most analyses in this review, heterogeneity statistics were calculated and little to no
heterogeneity was observed. It is important that heterogeneity in pairwise
comparisons is low, as otherwise high statistical heterogeneity can affect the
confidence in the results of the network meta-analysis (11). In cases where
heterogeneity is found, subgroup analyses for important effect modifiers can be
appropriate to see whether they are the source of this heterogeneity (65). Therefore,
in the present network meta-analysis, subgroup analyses were initially planned, for
example for different histology types, sex, sites of metastases, and others.
Unfortunately, subgroup analyses particularly of clinical characteristics was not
possible due to a great lack of reporting of such in the primary studies (36). However,
to minimise heterogeneity, analyses were conducted separately for the different risk
groups of RCC whenever possible (36).

Consistency

The assumption on consistency (p. 17) could also not be checked statistically for every
outcome. Consistency can be checked within a closed loop of direct evidence (see
Figure 7 on p. 17) by examining whether the effect estimates of direct and indirect
comparisons agree. This would have been possible if each intervention had been
compared directly with (at least) two other interventions, thereby creating a closed
loop where each direct comparison can be supplemented by an indirect comparison.
In the present network meta-analysis, closed loops were available only in six
analyses. There were small signs for inconsistency for one analysis. For all other
analyses, no or negligible signs for inconsistency were observed. Nevertheless, a great
lack of closed loops remains, but these are particularly important for the added value
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(or benefit) of network meta-analysis over conventional meta-analysis (14). When
closed loops are not available and the effect estimates for most comparisons are
based only on indirect estimates, it is particularly important that the transitivity
assumption holds for the comparator treatment (in this case SUN) (10).

Transitivity

The validity of the present network meta-analysis is largely based on the transitivity
assumption (p. 16). The distribution of important effect modifiers was examined
during data extraction as it is important that potential effect modifiers do not vary
substantially across studies; otherwise, a quantitative analysis using the network
meta-analytic approach would not be recommended (11). The studies included in the
present network meta-analysis (36) were similar regarding clinical and
methodological characteristics and it was assumed that the transitivity assumption
holds. A methodological characteristic that was accounted for was study design (i.e.,
all trials being RCTs). In addition, for cross over RCTs, only outcome data from the
first period (i.e., before cross over) was collected and considered for analyses to
ensure that data was comparable to data from parallel-group RCTs without planned
cross over. From a clinical point of view, transitivity was also given because all
interventions were administered via the same administration route across all trials,
and most interventions were administered at the same doses. Particularly the main
comparator in this review (SUN) was administered via the same route and at the
same dose in all trials that included that comparator (36). This is particularly
important because the relative effects for many comparisons are based only on
indirect estimates, where SUN was the common comparator (10). As for the included
participants, all had advanced RCC, and most participants had > 2 metastatic sites.
All participants were around the age of 60 years, and both sexes (males and females)
were included in each trial. All trials explored first-line treatment, and 80% of trials
included only treatment-naive participants. For the remaining trials, data was
extracted for the treatment-naive population whenever possible to ensure that data
was comparable. Eighteen trials included only people with clear cell carcinoma, and
14 trials mostly included people with clear cell carcinoma, whereas the remaining
four trials included non-clear cell carcinomas. In all trials but one, participants had
previously received a nephrectomy and in most trials, prior radiotherapy was
previously administered. Lastly, regarding the risk groups, separate analyses for the
different risk groups according to the different criteria (IMDC or MSKCC) were
conducted whenever possible in order for data to be even more comparable (36).

A network meta-analysis is considered valid when transitivity can be assumed,
meaning that there are no systematic differences in the comparisons, except for the
treatments themselves that are being compared (11). It should be possible that
participants can be, hypothetically, randomised to any of the treatments included in
the network meta-analysis (11). Besides checking and validating the assumptions for
a valid network meta-analysis, it is key that the network meta-analysis is accurately
planned and conducted, and that its findings are transparently reported (65).
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Reporting and analysis of ‘adverse events’

For the network meta-analysis in this cumulative dissertation (36), outcome data for
adverse events was analysed for only 50% of the included trials; hence, data from the
other half of included trials was not analysable due to inconsistent reporting of safety
data. It is crucial that in clinical trials, data on adverse events is collected in a
systematic manner (66, 67). It should entail definitions of the adverse events as well
as additional information such as on severity, timing of occurrence, mode of data
collection, planned analysis and reasons for the collection of specific adverse events
(66, 67). For the present network meta-analysis, a focus was laid on data that was
collected on the number of participants who experienced at least one adverse event;
instead of the number of events that occurred in total during the trial. Likewise, when
specific adverse events were reported (e.g., diarrhoea), data was collected on the
number of participants who experienced that specific adverse event at least once,
instead of data on cumulated events (i.e., when participants experienced diarrhoea
several times but at different severity levels) as this would have led to double
counting of participants. However, not all studies reported the number of
participants with at least one adverse event, and in some studies, it was simply
unclear which number was reported (i.e., the number of participants with at least one
event or the number of occurrences of an event). In addition, when participants of a
trial experience the same adverse event more than once, the highest severity grade
experienced for that specific event should be reported. In this review, some studies
reported only on severity grades 3 and 4 (which were of interested in this review),
while others reported all severity grades combined. However, important to note is
that for severity grading, all studies used the Common Terminology Criteria for
Adverse Events (CTCAE). Moreover, for this network meta-analysis, data was
collected on adverse events that were categorised as all-cause events. Instead, some
trials reported adverse events that were categorised as treatment-related by the
principal investigators. However, adverse events cannot be strictly traced back to the
treatment and may have other causes as well; a causal relationship to a treatment
may be possible but does not necessarily need to be the case (67). Some studies did
not clearly report whether all-cause or treatment-related events are being reported;
hence, these data were also not comparable. As for timing of outcome measurement,
the adverse events reported in the studies occurred during active treatment.
However, in most included trials, continuous therapy was provided, while in other
studies, therapy was provided for a fixed period. In such cases, the exact time points
of occurrence of adverse events most likely varied between trials. Lastly, it was also
found that varying terminology was used to report on this outcome, such as adverse
events, adverse effects, toxic effects, or safety.

Phillips and colleagues (67) conducted a review to explore analysis and reporting of
adverse events in RCTs. Their findings were similar to the findings in the present
review in that data collection, analysis and reporting of adverse events in clinical
trials is inconsistent and often lacked important and valuable information (e.g.,
method of data collection) (67). Due to the above mentioned reasons, a consequence
for the present network meta-analysis was that data from half of the included studies
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could not be used for network meta-analysis of adverse events, leaving a huge gap in
the evidence base for this outcome (36). Hence, making firm conclusions about the
safety profiles of the treatments is difficult and findings should be interpreted
cautiously (67). For future clinical trials, it is recommended that the extension of the
CONSORT?=! statement for reporting of adverse events in clinical trials is used by
clinical study investigators (66, 67).

Measurement and reporting of ‘quality of life’

Patient-reported outcomes, such as quality of life, are of utmost importance because
they provide information about direct treatment benefit and harm from the patients’
perspectives (68). They are particularly important for patients and clinicians when
making treatment choices, thereby outweighing the benefits and harms of a
treatment. In the present systematic review with network meta-analysis, it was found
that uniform outcome measurement and reporting of this outcome is needed (36). In
this review, 22 trials were included that measured quality of life. Across these trials,
25 different scales or subscales were used to measure different constructs related to a
person’s quality of life (e.g., pain or physical function) (68). Due to this high number,
scales for the measurement of quality of life were prioritised together with the co-
authors on this review who have clinical expertise in RCC, based on clinical relevance
in daily clinical practice. Creating a prioritisation or even hierarchy of patient-
reported outcome measurements can be a helpful method for selecting from multiple
available measurements (68). Thereby, for this review, five scales were prioritised
that particularly measured constructs related to kidney cancer or cancer in general,
such as kidney cancer symptoms, physical, social, emotional, and functional well-
being, or fatigue. Based on this prioritisation, 15 trials were identified that used the
scales of interest for this review. Ultimately, data was extracted only from seven
trials, as for the remaining eight trials, extracting results was not possible for
different reasons. For example, some studies reported that the outcome was
measured with a specific scale, but results could not be found anywhere (e.g., in the
publication or trial registry entry). Other methodologists have also observed that
studies often use several patient-reported outcome measurements within a study to
measure similar constructs. However, this has then led to selective outcome
reporting where study authors reported only a subset of all outcome measurements
initially used, based on their results (68). Another reason was that most data had to
be estimated from graphs, creating an important insecurity in the data. While data
was ultimately extracted from seven trials, neither network meta-analyses nor
pairwise meta-analyses were possible for this outcome as there was a great lack of
comparisons that entail at least one common comparator, so individual study results
could not be pooled. Moreover, important variation was identified regarding the
timing of measurement. All in all, these identified issues made pooling of results

2t The Consolidated Standards of Reporting Trials (CONSORT) statement is an evidence-based set of
recommendations for reporting of randomised controlled trials (https://www.consort-statement.org/)
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impossible or not feasible for this outcome. The lack of and variation in reporting
data for the outcome quality of life has left a huge gap in the evidence base for this
outcome in this review. The few evidence that was found was reported narratively
(36). Future systematic review authors who aim to synthesise evidence on a patient-
reported outcome should be aware of these issues. It is recommended to establish a
core set of outcome measurements for the review topic, ideally at protocol stage (68).
Moreover, future systematic review authors should consider contacting principal
study investigators to request outcome data, particularly when reporting bias is
suspected.

Implications for living systematic reviews
In this cumulative dissertation, a different approach to a living systematic review (p.

18) is proposed, where monthly update searches for relevant studies are already
conducted during the conduct of the baseline systematic review. As mentioned, living
systematic reviews are particularly important in clinical areas where new research
(i.e., clinical studies) is continuously conducted, and new study findings become
rapidly available. For example, in the research field of advanced renal cell carcinoma
(RCC), which was the clinical topic of the systematic review within this cumulative
dissertation (p. 29), new clinical trials are continuously conducted to assess the
effectiveness of the many available treatments for treating RCC. Hence, for this
review, a baseline search for relevant studies was conducted in all relevant medical
databases. This was then followed by monthly update searches in the same databases,
for a period of six months. The length of the search period and the date of the final
update search were discussed and set with clinical experts from the field. One
possible way to decide about a date for a final update search is by consulting clinical
experts who are aware of the current study landscape and relevant studies (or study
results) that may become available soon (i.e., within a few months). It may be feasible
or recommended to await these results to include them in the review. In addition,
relevant conferences, where new study results are usually first presented in public,
could also be awaited. The results from every monthly update search can then be
screened using standard systematic review methods. For this systematic review, with
every update search, newly published clinical trials were found and included, and
updated results from trials that were already included in the review have become
available as well. On the one hand, some studies provided updated outcome results
for a longer follow-up (usually the follow-up time pre-specified in the trial protocol),
as previously published results were interim results. On the other hand, some studies
have been just completed, for example, at the time of the first literature search for the
review, and results were not yet available at that time. With every update search, it
was found that new or updated study results have become available. Hence, the
continuous update searches allowed to find these and incorporate them into the
review. Using this approach, it was possible to continuously update the review by
incorporating the newest and most recent study results. With every update search,
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the data extraction and risk of bias assessments were also updated. One final update
search was conducted ten months later, because for systematic reviews conducted
within Cochrane, literature searches for intervention reviews should not be older than
12 months at publication of the review. The analyses were performed after the last
update search, and after data extraction and risk of bias assessments were finalised

(36).

Implications for systematic reviews of prognostic factor studies

Searching for prognostic factor studies

The first challenge encountered was in the identification and retrieval of prognostic
factor studies (37). There were no search filters (69) that were specific and sensitive
enough to identify prognostic factor studies. Hence, the search strategy used for the
present prognostic factor review (37) was also not specific and retrieved a high
number of studies to be screened. Several factors contributed to the difficulty of
identifying prognostic factor studies: a broad spectrum of different types of studies,
usually non-interventional and non-randomised studies produce prognostic factor
studies, although randomised controlled trials (RCTs) can also provide some
prognostic information; prognostic factor studies are usually not named as such; and
indexing of relevant terms is seldomly done, particularly due to an inconsistent use of
terminology (70, 71). Hence, it is difficult to identify prognostic factor studies in
electronic medical databases (70, 71). During the conduct of this systematic review
(37), it was the stringent screening and reading of all articles identified by the non-
specific search to identify prognostic factor studies where the interim PET scan result
was explored as a prognostic factor in people with Hodgkin lymphoma. To date,
although some search filters have been developed to identify prognostic factor
studies, their sensitivity (i.e., the proportion of relevant articles retrieved (72)) is still
low (770). As mentioned, prognosis studies most often are retrospective studies, which
have not been named as such and were not indexed as such in medical databases,
making it difficult to identify them. Moreover, this lack for using consistent prognosis
terminology and key words makes it even more difficult for search specialists to
develop an appropriate search strategy with a search filter that includes relevant
search terms on prognosis to achieve high sensitivity (70, 71).

Extracting data from prognostic factor studies

The second challenge encountered was that at the time of the conduct of the review,
there was no guidance available for extracting data from prognostic factor studies.
Therefore, a data extraction form specific to the PICOTS and objective of the
prognostic factor review was developed by the doctoral student, and in consultation
with the methodological co-authors on the review (37). The form was then pilot
tested by extracting data from a small sample of the included studies. The data
extraction form was further refined during several internal discussions between the

doctoral student and the co-authors about required adaptations. After several
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amendments of the form, two teams of two review authors independently extracted
all relevant data from all studies included in the review.

Critically appraising prognostic factor studies

The third challenge encountered was in the critical appraisal of the methodological
quality of studies. The doctoral student and co-authors used the recommended
Quality of Prognostic Factor Studies (QUIPS) tool (27) to assess the risk of bias in the
included studies. While this was a helpful tool, the doctoral student and co-authors
made some amendments to it (37). Firstly, a fourth rating, namely an "unclear' rating
that was not an option in the tool, was added as a fourth possible rating. Although
this can lead to potential biases in the assessment, this rating was only used when
relevant information was evidently missing, thereby making it difficult to make a fair
and transparent judgement for the respective study and risk of bias domain. The
doctoral student and co-authors felt that rating a domain as a ‘high risk of bias’ in
cases where data was missing for unknown reasons would be inappropriate.
Nevertheless, the doctoral student and co-authors advise against the use of the rating
"unclear' as a default option (37). Secondly, the QUIPS tool included a domain named
confounding. The doctoral student and the prognosis-experienced co-authors on the
review renamed this domain to other prognostic factors (covariates). This was done
to highlight the important distinction between confounding (the preferred term when
seeking estimates of the causal effect of a specific etiologic factor) and adjusting for
other important prognostic factors, namely covariates (advocated when seeking the
independent prognostic ability of index prognostic factors) (37). For example, in the
context of this prognostic factor review, the disease stage is a key factor that is
considered together with the interim PET scan result when decisions about treatment
adaptation are made in daily clinical practice (37, 73). Hence, the doctoral student
and the co-authors assessed studies that only included participants within one
disease stage (e.g., only early stages or only advanced stages of Hodgkin lymphoma)
to be at 'low risk of bias’, as such patient sampling can be considered as accounting
for disease stage as another prognostic factor (37). Likewise, studies that included
participants within all disease stages, but offered adjusted results including disease
stage as another prognostic factor, were also assessed to be at 'low risk of bias’ (37).
However, studies with participants of all disease stages, not accounting for disease
stage, were assessed to be at ‘high risk of bias’ in this domain (37).

Meta-analyses of prognostic factor studies

The fourth challenge encountered was in the pooling and analyses of study results
due to missing information and data from the included studies (37). After extracting
data from all included studies, the doctoral student contacted ten study authors (i.e.,
the principal investigators) to request additional data. In some instances, relevant
data such as effect estimates, sample sizes, number of events, the log rank p-value
and/or confidence intervals (CI), which are needed for statistical pooling of results,
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were not reported in the studies. If these could not be retrieved by contacting the
study authors, the experienced statistician, who was a co-author on the review, re-
calculated and estimated data by using an in-house calculator based on published
methods for recovering survival data, whenever possible (74-76). Only through these
extensive methodological approaches was it possible to conduct meaningful meta-
analyses in this review.

Assessing the certainty in the evidence from prognostic factor

studies

The last challenge encountered was in assessing the certainty in the evidence. During
the conduct of the review, there was no official guidance on rating the certainty in the
evidence from prognostic factor studies. In the present prognostic factor review, a
general approach that has been proposed for prognosis studies by the GRADE
working group was applied, suggesting that the starting point is one of high certainty
for observational studies (63). The GRADE assessment was conducted in close
collaboration with the GRADE Prognosis Working Group, particularly as three co-
authors on this review (FF, NK, NS), including the doctoral student at the time of the
review development, are members of this working group.

Implications for health research

Head-to-head comparisons of first-line therapies for adults with

advanced renal cell carcinoma
The research field on first-line therapies for adults with advanced renal cell

carcinoma (RCC) is a rapidly evolving field due to the continuously changing
treatment landscape that includes newer combinations of targeted therapies (i.e.,
tyrosine kinase inhibitors or angiogenesis inhibitors) and immunotherapies (i.e.,
checkpoint inhibitors). Hence, 19 ongoing trials were identified in the systematic
review (as of the gth of February 2022, date of the last update search). However, for
those substances and combinations that are currently recommended across the
different risk groups, such as LEN+PEM, NIV+CAB, NIV+IPI, AVE+AXI, PEM+AXI,
CAZ alone or PAZ alone, direct evidence from one trial only, respectively, was
identified. In addition, in all trials, these substances were all compared to sunitinib
(SUN) alone. What is needed, however, is more direct evidence from head-to-head
comparisons between all available substances and combinations to assess their
comparative effectiveness and, thereby, identify the most effective and safe treatment
options for the individual risk groups of advanced RCC. Due to this lack of direct
evidence, the additional benefit from the network meta-analytic approach in this
review is limited.

Prognostic models for adults with Hodgkin lymphoma

The results from the systematic review on the interim PET scan result as a prognostic
factor have shown the prognostic ability of the interim PET scan in univariable
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analyses for determining survival outcomes in people with Hodgkin lymphoma.
However, using one single factor is usually not sufficient to give a satisfactory
prediction about the occurrence of an event or outcome (20, 37). Therefore, clinicians
make use of multiple factors to provide an accurate prognosis on the course of a
disease (20, 37). There are additional established prognostic factors for Hodgkin
lymphoma, including age, gender, B symptoms, Ann Arbor disease stage, bulky
disease, albumin level, anaemia, and white blood cell count, amongst others (77-79).
In further research, multivariable analyses assessing the interim PET scan result and
additional prognostic factors are needed to explore the independent prognostic value
and the incremental value of the interim PET scan result on top of those additional
factors (20, 37). Furthermore, to optimise prognosis, prognostic models can be built
that consist of multiple prognostic factors that have been proven to be predictive of
outcome in adults with Hodgkin lymphoma. Such models are built for risk adaptation
and treatment stratification for people who present those specific factors included in
a prognostic model for a specific disease, and thereby enables more individualised
disease monitoring and treatment guidance. Using a combination of factors, rather
than one factor only, allows for a more individual and accurate estimate for a
patient’s risk to experience a certain health event or health outcome within a specific
period (20, 23, 37).

Implications for clinical practice

Informing recommendations on the treatment of advanced

renal cell carcinoma
The results of this review may inform treatment recommendations in clinical practice

guidelines for advanced RCC. Currently, for the first-line treatment setting, the
clinical practice guideline by the National Comprehensive Cancer Network (NCCN)
(80), the European Association of Urology (EAU) (81) and the German guideline (82)
suggest PEM+AXI as a treatment option across all risk groups (i.e., favourable-,
intermediate- or poor risk groups) (36). For the favourable risk group specifically, the
NCCN, ESMO and EAU guidelines also list LEN + PEM or NIV + CAB as options (36,
80, 81, 83). For intermediate- or poor risk groups, other options can be NIV + CAB,
LEN + PEM or NIV+IPI (36, 80-83). In addition, the German guideline and the
NCCN also suggest avelumab + axitinib (AVE + AXI) across all risk groups (36, 80,
82). In situations where immune checkpoint inhibitors cannot be administered or
tolerated, targeted therapy is another option (36). This can include PAZ alone for
IMDC favourable or intermediate + poor risk groups (81), and CAB or SUN for
intermediate- and poor-risk groups (36, 81). The NCCN guideline recommends CAB,
PAZ or SUN across all risk groups as possible options (36, 80). The German guideline
recommends BEV+IFN, PAZ, SUN or TIV for the favourable risk group; TIV, SUN,
PAZ, CAB, or BEV+IFN for the intermediate risk group; CAB, SUN, or alternatively
PAZ or temsirolimus (TEM) for the poor risk group (36, 82).
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Updated recommendations for the use of the interim PET scan
In 2021, the Federal Joint Committee (German: Gemeinsamer Bundesausschuss) in
Germany has published an updated decision on the use and reimbursement of the
PET (and combination of PET-CT) scan in adults with Hodgkin lymphoma (84). The
Federal Joint Committee has recognised the PET scan as an accepted procedure for
initial, interim and re-staging purposes of the disease during first- and second-line
therapy. Excluded from this, however, is the use of the PET scan in routine follow-up
of patients without a reasonable indication for relapse (84).

Long before this decision was taken, the German clinical practice guideline for the
diagnosis, treatment, and follow-up for adults with Hodgkin lymphoma (85) had
already formulated recommendations for the use of the PET scan during treatment
for interim and re-staging purposes. Different study results have contributed to the
formulation of such recommendations, including the results of the present systematic
review on the interim PET-scan result as a prognostic factor in adults with Hodgkin
Ilymphoma in this cumulative dissertation (37). In addition, recommendations for
treatment adaptation based on the interim PET scan result (i.e., PET-positive, or
PET-negative) were also formulated to achieve maximum efficacy of the treatment.
However, in former versions of the guideline, each recommendation for the use of the
PET scan for interim and re-staging purposes also included a CAVE warning that the
PET scan was not included in the catalogue of services provided by the statutory
health insurance; meaning a cost coverage was not guaranteed. However, after
publication of the updated decision by the Federal Joint Committee to allow for
reimbursement of the PET procedure, the recommendations within the clinical
practice guideline affected by this decision were immediately updated by the
guideline committee. Hence, the CAVE warnings were removed from the
recommendations in the updated version of the guideline (85). Basis for the updated
decision by the Federal Joint Committee were multiple study results by the German
Hodgkin Study Group22 that have proven the added value of the PET scan for initial,
interim and re-staging purposes (84), particularly on the advantages of treatment
adaptation based on the PET scan result.

Strengths and limitations of this cumulative dissertation
A key strength of this cumulative dissertation is that it followed high-quality
methodological and reporting standards for systematic reviews as proposed in the
Cochrane handbook (3). Where methods were not available or standardised yet, such
as for synthesising evidence from prognostic factor studies, this dissertation
contributed to the development and refinement of these methods by involving
methodological and clinical experts as co-authors on both reviews to cumulate
knowledge and experience, and to ensure methodological rigour during the conduct
of both reviews. As a result, the methodological findings from these reviews have
informed and may continue to inform the development of new methodological

22 The German Hodgkin Study Group is located at the Department I of Internal Medicine of the
University Hospital of Cologne and conducts clinical trials on the therapy of Hodgkin lymphoma.

Official website: https://en.ghsg.org/
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guidance. Each review included extensive discussions with methodological and
clinical experts (as co-authors) in person, via teleconferences or e-mail exchange
during different steps of the review development processes to discuss methodological
and clinical issues, and to find suitable and appropriate solutions to any issues that
arose during the review development processes. Moreover, during the conduct of
each review, each step in the review process was conducted independently by at least
two review authors, and through involvement of a third author, whenever necessary,
to reach a final consensus.

Challenges and limitations that were encountered during the conduct of both reviews
were thoroughly examined in the discussion of this cumulative dissertation. A key
limitation to be highlighted again is that of the systematic review with network meta-
analysis regarding the statistical validation of important assumptions, as reported in
the chapter Implications for systematic reviews with network meta-analyses on
page 43. The lack of evidence for direct comparisons of the various treatment options
has led to a lack of closed loop testing for consistency, and to missing heterogeneity
statistics for some outcomes. When a strong evidence base is missing, the results of
network meta-analyses, including the ranking of treatments, should be interpreted
with caution as they may be biased or misleading, given this lack of evidence.
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Conclusion

This cumulative dissertation provided important and valuable methodological
insights and implications for future systematic review authors through the conduct of
systematic reviews with three methodologically highly complex concepts: network
meta-analysis, living systematic review, and prognostic factor research. Moreover, it
provided evidence on two clinically important research questions, namely on the
benefits and harms of the available first-line treatment options for adults with
advanced renal cell carcinoma, and on the use of the interim PET scan result as a
prognostic factor for survival in adults with Hodgkin lymphoma. The challenges
encountered during the conduct of both reviews were discussed and resolved through
the involvement of methodological and clinical experts in the respective fields as co-
authors. Future methodological research needs to further assess and address these
different challenges, for example (but not limited to) the challenges one encounters in
searching and identifying prognostic factor studies, in repeatedly searching for and
incorporating new study results, or the limitations one encounters when conducting
network meta-analysis (e.g., validating the consistency assumption). When evidence
from such methodologically complex systematic reviews shall be used to inform
clinical practice guidelines and, thereby, health care decision making, all involved
stakeholders need to be aware of the methodological complexity and limitations
behind the evidence produced.
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ABSTRACT

Background

Since the approval of tyrosine kinase inhibitors, angiogenesis inhibitors and immune checkpoint inhibitors, the treatment landscape for
advanced renal cell carcinoma (RCC) has changed fundamentally. Today, combined therapies from different drug categories have a firm
place in a complex first-line therapy. Due to the large number of drugs available, it is necessary to identify the most effective therapies,
whilst considering their side effects and impact on quality of life (QoL).

Objectives

To evaluate and compare the benefits and harms of first-line therapies for adults with advanced RCC, and to produce a clinically relevant
ranking of therapies. Secondary objectives were to maintain the currency of the evidence by conducting continuous update searches, using
a living systematic review approach, and to incorporate data from clinical study reports (CSRs).

Search methods

We searched CENTRAL, MEDLINE, Embase, conference proceedings and relevant trial registries up until 9 February 2022. We searched
several data platforms to identify CSRs.

Selection criteria

We included randomised controlled trials (RCTs) evaluating at least one targeted therapy or immunotherapy for first-line treatment of
adults with advanced RCC. We excluded trials evaluating only interleukin-2 versus interferon-alpha as well as trials with an adjuvant
treatment setting. We also excluded trials with adults who received prior systemic anticancer therapy if more than 10% of participants
were previously treated, or if data for untreated participants were not separately extractable.

Data collection and analysis

All necessary review steps (i.e. screening and study selection, data extraction, risk of bias and certainty assessments) were conducted
independently by at least two review authors. Our outcomes were overall survival (0S), QoL, serious adverse events (SAEs), progression-
free survival (PFS), adverse events (AEs), the number of participants who discontinued study treatment due to an AE, and the time to
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initiation of first subsequent therapy. Where possible, analyses were conducted for the different risk groups (favourable, intermediate,
poor) according to the International Metastatic Renal-Cell Carcinoma Database Consortium Score (IMDC) or the Memorial Sloan Kettering
Cancer Center (MSKCC) criteria. Our main comparator was sunitinib (SUN). A hazard ratio (HR) or risk ratio (RR) lower than 1.0 is in favour
of the experimental arm.

Main results

We included 36 RCTs and 15,177 participants (11,061 males and 4116 females). Risk of bias was predominantly judged as being 'high'
or 'some concerns' across most trials and outcomes. This was mainly due to a lack of information about the randomisation process,
the blinding of outcome assessors, and methods for outcome measurements and analyses. Additionally, study protocols and statistical
analysis plans were rarely available.

Here we present the results for our primary outcomes 0S, QoL, and SAEs, and for all risk groups combined for contemporary treatments:
pembrolizumab + axitinib (PEM+AXI), avelumab + axitinib (AVE+AXI), nivolumab + cabozantinib (NIV+CAB), lenvatinib + pembrolizumab
(LEN+PEM), nivolumab + ipilimumab (NIV+IPI), CAB, and pazopanib (PAZ). Results per risk group and results for our secondary outcomes
are reported in the summary of findings tables and in the full text of this review. The evidence on other treatments and comparisons can
also be found in the full text.

Overall survival (0S)

Across risk groups, PEM+AXI (HR 0.73, 95% confidence interval (Cl) 0.50 to 1.07, moderate certainty) and NIV+IPI (HR 0.69, 95% Cl 0.69 to
1.00, moderate certainty) probably improve OS, compared to SUN, respectively. LEN+PEM may improve OS (HR 0.66,95% C1 0.42 to 1.03, low
certainty), compared to SUN. There is probably little or no difference in OS between PAZ and SUN (HR 0.91, 95% Cl 0.64 to 1.32, moderate
certainty), and we are uncertain whether CAB improves OS when compared to SUN (HR 0.84, 95% Cl 0.43 to 1.64, very low certainty). The
median survival is 28 months when treated with SUN. Survival may improve to 43 months with LEN+PEM, and probably improves to: 41
months with NIV+IPI, 39 months with PEM+AXI, and 31 months with PAZ. We are uncertain whether survival improves to 34 months with
CAB. Comparison data were not available for AVE+AXI and NIV+CAB.

Quality of life (QoL)

One RCT measured QoL using FACIT-F (score range 0 to 52; higher scores mean better QoL) and reported that the mean post-score was 9.00
points higher (9.86 lower to 27.86 higher, very low certainty) with PAZ than with SUN. Comparison data were not available for PEM+AXI,
AVE+AXI, NIV+CAB, LEN+PEM, NIV+IPI, and CAB.

Serious adverse events (SAEs)

Across risk groups, PEM+AXI probably increases slightly the risk for SAEs (RR 1.29, 95% CI 0.90 to 1.85, moderate certainty) compared to
SUN. LEN+PEM (RR 1.52, 95% CI 1.06 to 2.19, moderate certainty) and NIV+IPI (RR 1.40, 95% Cl 1.00 to 1.97, moderate certainty) probably
increase the risk for SAEs, compared to SUN, respectively. There is probably little or no difference in the risk for SAEs between PAZ and SUN
(RR 0.99, 95% CI 0.75 to 1.31, moderate certainty). We are uncertain whether CAB reduces or increases the risk for SAEs (RR 0.92, 95% ClI
0.60 to 1.43, very low certainty) when compared to SUN. People have a mean risk of 40% for experiencing SAEs when treated with SUN.
Therisk increases probably to: 61% with LEN+PEM, 57% with NIV+IPI, and 52% with PEM+AXI. It probably remains at 40% with PAZ. We are
uncertain whether the risk reduces to 37% with CAB. Comparison data were not available for AVE+AXI and NIV+CAB.

Authors' conclusions

Findings concerning the main treatments of interest comes from direct evidence of one trial only, thus results should be interpreted
with caution. More trials are needed where these interventions and combinations are compared head-to-head, rather than just to SUN.
Moreover, assessing the effect ofimmunotherapies and targeted therapies on different subgroups is essential and studies should focus on
assessing and reporting relevant subgroup data. The evidence in this review mostly applies to advanced clear cell RCC.

PLAIN LANGUAGE SUMMARY

Initial treatment for adults with advanced kidney cancer (renal cell carcinoma)
Abbreviations

« renal cell carcinoma (RCC)

+ avelumab (AVE)

« axitinib (AXI)

« cabozantinib (CAB)

«ipilimumab (IPI)
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« lenvatinib (LEN))

« nivolumab (NIV)

« pazopanib (PAZ)

+ pembrolizumab (PEM)
« sunitinib (SUN)

Key messages

+ When making treatment decisions, it is important to think about whether drugs lengthen life, and whether they decrease or increase
harmful side effects.

« The findings in this review apply mostly to advanced renal cell carcinoma (RCC) with a clear cell component.
What is advanced RCC, and how is it treated?

RCC is a type of kidney cancer. It is more common in older people and in men than in women. This is because age (=60 years) and male sex
put people at higher risk of getting it. Other risk factors include body weight, smoking, a history of kidney stones and high blood pressure.
More than half of people with RCC discover they have it from routine health check-ups, because many do not have symptoms in the early
stages. When symptoms appear, they can impact people's quality of life and day-to-day activities. Before 2005, drugs for treatment of
advanced RCC were few and treatments caused many side effects. Now, there are new types of drugs: immunotherapy (use people’s own
immune system to find and destroy cancer cells), or targeted therapy (interferes with molecules that are responsible for helping cancer
cells to grow, divide, and spread). Combinations of these drugs are used for therapy. With these drugs, people may live longer, with a good
quality of life and fewer or milder side effects. These drugs are evaluated in clinical studies with people with RCC.

What did we want to find out?

We wanted to use the most up-to-date information from clinical studies to measure the benefits and harms of different treatments for
people with advanced RCC. We also wanted to learn if the drugs worked better for some people than others.

What did we do?

We searched for studies that explored different drugs that are immunotherapies or targeted therapies. We examined these in adults (=18
years) with advanced RCC who receive their first therapy. We compared these drugs to the drug SUN, which is a widely used targeted drug
and a commonly used comparator drug in studies. We used a standardised process to assess the quality of the findings and our certainty in
them. We rated our certainty in the findings based on factors such as study methods, the number of participants in them, and the precision
of study results.

What did we find?

We found 36 studies with 4116 women and 11,061 men, around 60 years of age, with advanced RCC. Most people had =2 metastatic sites.
We found 22 drugs and 17 combinations of drugs that were measured in the studies. We also performed analyses for different risk groups
of advanced RCC. We present and discuss our results for the different risk groups, drugs and combinations in the main text of this review,
plus further outcomes. Below we present our main results for our primary outcomes, when all risk groups are combined. We focus on
selected drugs (and combinations) (PEM+AXI, AVE+AXI, NIV+CAB, LEN+PEM, NIV+IPI, CAB alone, PAZ alone) that are currently recommended
in international guidelines for the treatment of advanced RCC. We report their impact on survival, quality of life and serious side effects.

How long do people live?

People live an average of 28 months when treated with SUN. In comparison, people may live an average of 43 months with LEN+PEM,
probably 41 months with NIV+IPI, probably 39 months with PEM+AXI, and probably 31 months with PAZ alone. We are uncertain whether
people live an average of 34 months with CAB alone. We do not have information for AVE+AXI and NIV+CAB.

How do people rate their quality of life?

People who receive PAZ alone reported a higher level of quality of life than people who receive SUN, but we are uncertain about the findings.
We do not have information for PEM+AXI, AVE+AXI, NIV+CAB, LEN+PEM, NIV+IPI or CAB alone.

What is people’s risk for serious side effects?

People who receive SUN have an average risk of 40% for experiencing serious side effects. In comparison, the average risk is probably: 61%
with LEN+PEM, 57% with NIV+IPI, 52% with PEM+AXI, and 40% with PAZ. We are uncertain whether the risk is on average 37% with CAB
alone. We do not have information for AVE+AXI and NIV+CAB.

First-line therapy for adults with advanced renal cell carcinoma: a systematic review and network meta-analysis (Review) 3
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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What are the limitations of the evidence?

Cochrane Database of Systematic Reviews

More studies are needed where these new drugs (and combinations) are not only compared to SUN alone, but also to each other. We lack
information on the comparative benefits and harms of these drugs in different people, e.g. when comparing men with women, or different
histology types of RCC (e.g. clear cell type, papillary type, sarcomatoid type).

How up to date is this evidence?

We conducted our last search for studies in February 2022 and incorporated the most recent study results into this review.

First-line therapy for adults with advanced renal cell carcinoma: a systematic review and network meta-analysis (Review) 4
Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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SUMMARY OF FINDINGS

Summary of findings 1. Summary of findings table for all risk groups combined

First-line therapy for adults with advanced renal cell carcinoma

Population: people with a confirmed diagnosis of advanced renal cell carcinoma (combined risk groups) without previous systemic anticancer therapy

Setting: outpatient

Interventions: pembrolizumab + axitinib (PEM+AXI), avelumab + axitinib (AVE+AXI), nivolumab + cabozantinib (NIV+CAB), lenvatinib + pembrolizumab (LEN+PEM), nivolum-

ab +ipilimumab (NIV+IPI), pazopanib (PAZ), cabozantinib (CAB)

Comparator: sunitinib (SUN)

Effect estimates (hazard ratio (HR) or risk ratio (RR) < 1 favours intervention) and 95% confidence intervals (Cl).

Main comparator is SUN1

Outcomes Ne of partici- Intervention Relative effect  Anticipated Certainty of Interpretation of findings
pants the
(95% ClI) of the  absolute effects
(trials) in the evidence
network network meta-  (95% Cl)
analyses (GRADE)
Risk with Risk with
SUN1,2,3
intervention4
Overall survival (OS) 9705 PEM + AXI HR0.73 28.7 months 39.3 months SDPO PEM+AXI probably improve OS,
when compared to SUN.
(17 RCTs) (0.50t0 1.07)6 (26.8t057.4) moderated
- Network (sub.net'l) AVE + AXI nat ) ) )
included 19 pairwise
comparisons
NIV + CAB n.a.’ - - i,
. LEN + PEM HR 0.66 43.5 months ©DO0 LEN+PEM may improve OS, when
- Median follow-up compared to SUN.
across trials>: 32.2 (0.42to 1.03)6 (27.9t068.3) lowa, b
months
NIV+IPI HR 0.69 (0.69 to 41.6 months (28.7 ee®o NIV +IPI probably improve OS,
1.00)6 to 41.6) when compared to SUN.
C
- Median OS with SUN moderate
trials? in thi
across r.|a >7In this CAB HR 0.84 34.2 months B0 We are uncertain whether CAB
network: 28.7 months .
improves OS, when compared to
(043 to 164)6 (175 to 667) very lowd, e SUN.
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PAZ HR0.91 31.5 months B0 There is probably little or no differ-
ence in OS between PAZ and SUN.
(0.64 to 1.32)6 (21.7t0 44.8) moderatef
Quality of life (QoL) - PEM + AXI n.a.’ - - - -
AVE + AXI n.a.” - - - i,
We reported this out-
come narratively in NIV + CAB n.a.’ - - - -
this review. Here, long-
term results (i.e., at the LEN + PEM n.a.? - - - -
end of treatment) are
presented. NIV+IPI n.a.7 _ _ _ _
CAB n.a.’ - - - -
In the comparison PAZ
versus SUN, QOL was PAZ - The mean OneRCT (N=2) ®O00 We are uncertain whether PAZ
measured using FACIT- post-scoreof  reported that the compared to SUN improves quality
F.(score range 0-52; the control mean post-score  very low &h of life.
higher scores repre- group was of the interven-
sent better QoL). 29.5. tion group was
9.00 points high-
er (9.86 lower
to 27.86 higher)
than that of the
control group.

Serious adverse 10,709 PEM + AXI RR1.29 40.7% 52.5% BDDO PEM+AXI probably increase slightly
events (SAEs) the risk for SAEs, when compared
(22 RCTs) (0.90 to 1.85)6 (36.6t075.3) moderatef to SUN.

. 7 - - B,
- Network included 31 AVE + AXI n.a.
pairwise comparisons
NIV + CAB n.a.” - - i,
. . LEN + PEM RR 1.52 61.9% ®BPO LEN+PEM probably increase the
-Mean n?k W'.th SUN risk for SAEs, when compared to
across trials3 included (1.06 t0 2.19) (43.1t089.1) moderateb SUN.
in this network: 40.7%
NIV+IPI RR 1.40 57% 00 NIV+IPI probably increase the risk
for SAEs, when compared to SUN.
(1.00 to 1.97)6 (40.7t0 80.2) moderateb
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CAB RR0.92 37.4% B0 We are uncertain whether CAB re-
_ duces or increases the risk for SAE,
(0.60 to 1.43)6 (24.410 58.2) very lowb; when compared to SUN.
PAZ RR0.99 40.3% DDDO There is probably little or no differ-
ence in the risk for SAEs between
(0.75t0 1.316 (30.5t0 53.3) moderatef PAZ and SUN.
Progression-free sur- 11,737 PEM + AXI HR 0.68 9.2 months 13.5 months SOHO PEM+AXI probably improve slightly
vival (PFS) PFS, when compared to SUN.
(25 RCTs) (0.52t0 0.89)6 (10.3t0 17.7) moderateb
AVE + AXI 7 - - -
- Network (subnet 1) n.a.
included 27 pairwise ;
comparisons NIV +CAB n.a. - ) )
LEN + PEM HR 0.39 23.6 months BODO LEN+PEM probably improve PFS,
. when compared to SUN.
- Median follow-up (0.29 to 0.53)6 (17.3t031.7) moderateb
across trials3: 9.1
months NIV+IPI HR 0.89 10.3 months [ ICIC) There may be little or no difference
between NIV+IPl and SUN in im-
(0.68t0 1.16)6 (7.9t013.5) lowb; f proving PFS.
- Median PFS with SUN
across trials2 in this CAB HR 0.54 17.0 months SO0 CAB may improve PFS, when com-
. pared to SUN.
network: 7.9 months (0.3710 0.76)8 (12.1t0 24.9) lowb, d
PAZ HR 1.05 8.8 months [l T 10) There probably is little or no differ-
ence in PFS between PAZ and SUN.
(0.81t0 1.36)6 (6.8t011.3) moderatef
Adverse events (AEs) 6909 partici- PEM + AXI n.a.’ 70.6% - - -
(grade 3 or 4) pants
13 RCT AVE + AXI RR1.00 (0.92 to 70.6% SDPO There probably is little or no dif-
( ) 1.08)6 ference in the risk for AEs between
(64.9t076.2) moderateb AVE+AXI and SUN.

- Network included 19
pairwise comparisons
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- Mean risk with SUN

trials3 in thi NIV + CAB RR 1.07 75.5% 00 There probably is little or no dif-
across kr.la s |0n is ference in the risk for AEs between
network: 70.6% (0.97 to 1.17)6 (68.5t0 82.6) moderateb NIV+CAB and SUN.
LEN + PEM RR1.15 81.2% BODO LEN+PEM probably increase slight-
ly the risk for AEs (grade 3 or 4),
(1.06 to 1.25)6 (74.8t0 88.2) moderateb when compared to SUN.
NIV+IPI n.a.’ - - i,
CAB RR 1.04 73.4% OO We are uncertain whether CAB re-
, duces or increases the risk for AEs,
(0.83t01.31)6 (58.6t0 92.5) very lowb; ] when compared to SUN.
PAZ RR 1.02 72% ®BPO There probably is little or no dif-
ference in the risk for AEs between
(0.96 to 1.09)6 (67.7t0 76.9) moderateb PAZ and SUN.
Time to initiation of 861 PEM + AXI RR0.72 65%3 46.8% PO PEM+AXI may reduce the risk for
first subsequent ther- subsequent therapy, when com-
apy (LRCT) (0.64 t0 0.81)6 (41.6 t0 52.6) lowk pared to SUN.
886 AVE + AXI RR0.61 51%3 31.1% BDOO AVE+AXI may reduce the risk for
This outcome was not subsequent therapy, when com-
/ (1LRCT) (0.52 10 0.72)6 (26.5t036.7) lowk pared to SUN.
reported as a time-
to-event outcome. In- .
stead. authors of the 651 NIV + CAB RR0.57 33%3 18.8% OO We are uncertain whether NIV+CAB
trials reported the reduce the risk for subsequent
number of participants (1RCT) (0.44 10 0.75)6 (14.5t0 24.7) very lowb:k therapy, when compared to SUN.
who received subse-
quent anticancer ther-
apy after discontinua- 7, LEN + PEM RR 0.57 60%3 34.2% 3000 We are uncertain whether LEN
tion of trial treatment. .
+PEM reduce the risk for subse-
(1RCT) (0.48 t0 0.68)6 (28.8 t0 40.8) very lowb; k quent therapy, when compared to
SUN.
1096 NIV+IPI RR 0.86 70% 60.2% BDOO NIV+IPI may reduce the risk for
subsequent therapy, when com-
(1 RCT) (0.79 t0 0.94)6 (55.31t065.8) lowk pared to SUN.
151 CAB RR0.93 64% 59.5% elelele) We are uncertain whether CAB re-

duces or increases the risk for sub-
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(1 RCT) (0.74to0 1.16)6 (47.4t074.2) very lowb, k, j sequent therapy, when compared
to SUN.

- PAZ n.a.’ - - -

Cl: confidence interval; HR: hazard ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

1 Basis for the assumed risks

2 The risk of SUN for OS and PFS was obtained from the included trials in the networks, respectively, and estimated by calculating the mean of all available medians for SUN

3 Mean risk for AEs and SAEs, respectively, was estimated by dividing the total events under SUN-therapy by the total of participants treated with SUN across all trials in the
network. For TFST, the risk for SUN was calculated using the number of events / number of participants for SUN in the respective trial.

4 Methods of calculating the assumed risks in the intervention group:

- For OS and PFS: The median survival in the intervention group was calculated using the methods by Tierney 2007: Corresponding median survival in the intervention group (in
months) = comparator group median survival time (in months) divided by the HR. Upper and lower confidence limits for the corresponding intervention risk were obtained by
replacing HRs by their upper and lower confidence limits, respectively.

- For AEs and SAEs: The assumed risk in the intervention group was calculated with the formula available in the Cochrane Handbook. For the meta-analytic RR and assumed
comparator risk (ACR) the corresponding intervention risk is obtained per 1000: 1000 x ACR x RR. Upper and lower confidence limits for the corresponding intervention risk were
obtained by replacing RRs by their upper and lower confidence limits, respectively.

5 Median follow-up across trials in the networks for OS and PFS, respectively, was estimated by calculating the mean of all available medians

6 Only direct evidence from one trial.

7 Not applicable, comparison not available.

8 Only direct evidence from two trials.

a Downgraded by 1 level for imprecision because of a wide Cl and upper CI limit suggests no difference between interventions.

b Downgraded by 1 level for study limitations because the one trial contributing all direct evidence is at high risk of bias.

¢ Downgraded by 1 level for imprecision because upper CI limit suggests no difference between interventions.

d downgraded by 1 level for indirectness because in one trial, 7% of the total study population received previous systemic therapy.

e Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments, and evidence stems from only one trial
with 90 participants.

fDowngraded by 1 level for imprecision because of a wide Cl that favours either of the compared treatments.

9 Downgraded by 2 levels for study limitations due to a high risk of bias.

h Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments, and evidence stems from only one trial
with four participants analysed.

i Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments, and evidence stems from only one trial
with 157 participants.

J Downgraded by 2 levels for imprecision because of a wide Cl that includes values that favour either of the interventions, and the evidence stems from only one trial with 157
participants.

k Downgraded by 2 levels for indirectness due to indirect measurement of outcome of interest.
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0T

Summary of findings 2. Summary of findings table for the favourable risk groups (according to IMDC and MSKCC)

First-line therapy for adults with advanced renal cell carcinoma

Population: people with a confirmed diagnosis of advanced renal cell carcinoma (RCC) and a favourable risk according to the International Metastatic RCC Database Con-
sortium (IMDC) and Memorial Sloan-Kettering Cancer Center (MSKCC) risk models

Setting: outpatient

Interventions: pembrolizumab + axitinib (PEM+AXI), avelumab + axitinib (AVE+AXI), nivolumab + cabozantinib (NIV+CAB), lenvatinib + pembrolizumab (LEN+PEM), nivolum-
ab +ipilimumab (NIV+IPI), cabozantinib (CAB), pazopanib (PAZ)

Comparator: sunitinib (SUN)

Effect estimate (hazard ratio (HR) < 1 favours intervention) and 95% confidence intervals (Cl). Main comparator is SUN1

Outcomes Ne of partici- Intervention  Relative effect  Anticipated absolute effects Certainty of Interpretation of

pants (95% Cl) of the  (95% CI) the findings

. . network meta- .
(trlals) In the analyses Risk with Risk within. ~ vidence
networ 3
SUNL2 tervention (GRADE)

IMDC risk group
Overall survival (0S) 933 PEM + AXI n.a.” 43.25months - - -

(4 RCTs) AVE + AXI HR 0.66 65.4 months BHOO AVE+AXI may improve
i . - 0S, when compared to

Network (su.bnet 1) included 5 pair (0.36 to 1.22)6 (35.4t0120.0)  lowab SUN.
wise comparisons
- Median follow-up across trials4: 35 NIV + CAB HR 0.94 45.9 months DOOO We are uncertain
months whether NIV+CAB im-
(0.46 to 1.92)6 (22.5t093.9)  verylowa¢ prove or decrease OS,
when compared to
SUN.

- Median OS with SUN could not be
estimated from data of the included LEN + PEM HR1.15 37.7 months ©BO0 There may be little or
trials in this network. We used the re- no difference in OS be-
ported median survival from mdalc5 (0.55 to 2.40)6 (18.0t078.5)  lowd tween LEN+PEM and

for IMDC favourable risk groups

SUN.
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IT

NIV+IPI HR0.93 46.4 months 00 There probably is little
or no difference in 0S
(0.62 to 1.40)6 (30.8t069.7)  moderateb between NIV+IPI and
SUN.
CAB n.a.’ - - -
PAZ n.a.’ - - -
Serious adverse events Subgroup data not available.
Quality of life Subgroup data not available.
Progression-free survival (PFS) 933 PEM + AXI n.a.7 20.9 months - - -
- Network (subnet 1} included 5 pair- (4 RCTs) AVE +AXI HR0.71 294months @0 AVE+AXI may improve
wise comparisons (20.5t0 42.6) PFS, when compared
(0.49 to 1.02)6 lowa, e to SUN.
- Median follow-up across trials4: 35 NIV + CAB HR 0.58 36.0 months BDOO NIV+CAB may improve
months (22.5t0 58.0) PFS, when compared
(0.36 t0 0.93)6 lowa,f to SUN.
) ) o LEN + PEM HR 0.41 51.0months  e®eo LEN+PEM may im-
- Medlan PFS with SUN across trials2 in (34.3 to 74.6) prove PFS, compared
this network: 20.9 months (0.28 to 0.61)6 low af to SUN.
NIV+IPI HR 1.84 11.3 months SDPO NIV+IPI probably re-
duce PFS, when com-
(1.29t0 2.62)6 (7.81016.2) moderated pared to SUN.
CAB n.a.’ - - -
PAZ n.a.’ - - -
Adverse events (grade 3 to 4) Subgroup data not available.
Time to initiation of first subsequent  Subgroup data not available.
therapy
MSKCC risk group
Overall survival (OS) 594 PEM + AXI n.a.? 43.6 months - - -
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(4%

(2 RCTs)
; Network (su_bnet 1) included 3 pair- AVE + AXI nal ) )
wise comparisons
- Median follow-up across trials4: 26.6 NIV+CAB n.a.’ i i i
months
LEN + PEM HR 0.86 50.7 months clele) We are uncertain
- Median OS with SUN across trials2 in (22.6t0 114.7) whether LEN+PEM im-
this network: 43.6 months (0.38t01.93)6 very lowa, d prove 0S, when com-
pared to SUN.
NIV+IPI n.a.’? - - i,
CAB n.a.’? - - -
PAZ HR0.88 49.5 months B0 There may be little or
(36.0t069.2) no difference between
(0.63t0 1.21)6 lowa, b PAZ and SUN.
Serious adverse events (SAEs) Subgroup data not available.
Quality of life (QoL) Subgroup data not available.
Progression-free survival (PFS) 784 PEM + AXI n.a.’ 13.7 months - - -
(6RCTs) AVE + AXI n.a.’ - - -
- Network (subnet 1) included 7 pair-
wise comparisons NIV + CAB n.a.? - - -
LEN + PEM HR 0.36 38.0 months BOOO We are uncertain
. ea. (11.1to 124.5) whether LEN+PEM im-
- Median follow-up across trials4: 25 (0.11t0 1.23)6 very lowa, d prove PFS, when com-
months pared to SUN.
i 7 - - _
- Median PFS with SUN across trials2 in NIV+Pi n.a.
this network: 13.7 months
CAB n.a.’ - - -
PAZ na’t - . .
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Adverse events (grade 3 to 4) Subgroup data not available.

Time to initiation of first subsequent  Subgroup data not available.
therapy

Cl: confidence interval; HR: hazard ratio.

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.

Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is
substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.

Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.

1 Basis for the assumed risks

2 The risk of SUN for OS and PFS was obtained from the included trials in the networks, respectively, and estimated by calculating the mean of all available medians for SUN

3 Method of calculating the assumed risks in the intervention group for survival outcomes: The median survival in the intervention group was calculated using the methods by
Tierney 2007: Corresponding median survival in the intervention group (in months) = comparator group median survival time (in months) divided by the HR. Upper and lower
confidence limits for the corresponding intervention risk were obtained by replacing HRs by their upper and lower confidence limits, respectively.

4 Median follow-up across trials in the networks for OS and PFS, respectively, was estimated by calculating the mean of all available medians

5 Median OS with SUN could not be estimated from data of the included in this network. We used the reported median survival from mdalc for IMDC favourable risk groups, which
is comparable to MSKCC favourable risk groups under SUN therapy

6 Only direct evidence from one trial.

7 Not applicable, comparison not available.

a Downgraded by 1 level for study limitations because the one trial contributing all direct evidence is at high risk of bias.

b powngraded by 1 level for imprecision because of a wide Cl that includes values that favour either of the compared treatments.

¢ Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments, and evidence stems from only one trial
with 146 participants.

d Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments.

€ Downgraded by 1 level for imprecision because of a wide Cl and upper CI limit suggests no difference.

fDowngraded by 1 level for imprecision because evidence stems from only one trial with < 150 participants.

Summary of findings 3. Summary of findings for the intermediate and poor risk groups (according to IMDC and MSKCC)

First-line therapy for adults with advanced renal cell carcinoma

Population: people with a confirmed diagnosis of advanced renal cell carcinoma (RCC) and an intermediate or poor risk according to the International Metastatic RCC Data-
base Consortium (IMDC) and Memorial Sloan

-Kettering Cancer Center (MSKCC) risk models

Setting: outpatient
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Interventions: pembrolizumab + axitinib (PEM+AXI), avelumab + axitinib (AVE+AXI), nivolumab + ipilimumab (NIV+IPI), nivolumab + cabozantinib (NIV+CAB), lenvatinib +
pembrolizumab (LEN+PEM), cabozantinib (CAB), pazopanib (PAZ)

Comparator: sunitinib (SUN)

Effect estimate (hazard ratio (HR) < 1 favours intervention) and 95% confidence intervals (Cl). Main comparator is SUN1

Outcomes Ne of partici- Intervention  Relative effect Anticipated absolute effects Certainty of Interpretation of find-
pants (95% Cl) of the (95% ClI) the ings
. . network meta- .
(t’;als) in the analyses Risk with Riskwithin- ~ eVidence
networ| .3
SUNL2 tervention (GRADE)
IMDC risk groups
Overall survival (0S) 2908 PEM + AXI n.a.5 23.9 months - - -
(5 RCTs) AVE + AXI HR0.73 32.7 months SB00 AVE+AXI may improve
) . (21.5t0 49.8) 0S, when compared to
Ngtvyork (subngt 1) included 10 (0.48t0 1.11)6 lowd, b SUN.
pairwise comparisons
NIV + CAB HR 0.60 39.8 months DDDO NIV+CAB probably im-
(24.9 to 64.6) prove OS, when com-
- Median follow-up across trials#: (0.37t0 0.96)6 moderated pared to SUN.
35.1 months
LEN + PEM HR 0.55 43.4 months OO0 LEN+PEM probably im-
(26.3t0 72.4) prove OS, when com-
6 a
- Median OS with SUN across tri- (0.33t00.91) moderate pared to SUN.
als2 in this network: 23.9 months
NIV +IPI HR 0.65 36.8 months B0 NIV+IPI probably im-
(21.7t0 62.9) prove OS, when com-
(0.38t0 1.10)6 moderateb pared to SUN.
CAB HR 0.80 29.8 months BO00O CAB may improve slight-
ly OS, when compared
(0.42 to 1.52)6 (15.710 56.9) very lowa, to SUN.
PAZ n.a.> - - -

Quality of life

Subgroup data not available.

Serious adverse events

Subgroup data not available.
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Progression-free survival (PFS) 2908 PEM + AXI n.a.5 6.0 months - - -
(5RCTs) AVE +AXI HR 0.60 10.0 months ees0 AVE+AXI probably im-
- Network (subnet 1) included 11 6 prove PFS, when com-
7.1t013.9 a
pairwise comparisons (0.43t00.84) (7.1t013.9) moderate pared to SUN.
NIV + CAB HR0.48 12.5 months @BDO NIV+CAB probably im-
(8.7t0 17.6) prove PFS, when com-
- Median follow-up across trials#: (0.34t0 0.69)6 moderated pared to SUN.
34.5 months
LEN + PEM HR 0.36 16.6 months SDDO LEN+PEM probably im-
(11.1to 25.0) prove PFS, when com-
6 a
- Median PFS with SUN across tri- (0.24t00.54) moderate pared to SUN.
als2 in this network: 6.0 months
NIV +IPI HRO0.74 8.1 months DO There may be little or
no difference in PFS be-
(0.49to 1.11)6 (5.4t012.2) lowa, b tween NIV+IPl and SUN.
CAB HR 0.46 13.0 months SPBO CAB probably improves
PFS, when compared to
(0.27t0 0.79)6 (7.6t022.2) moderated SUN.
PAZ n.a. - - -
Adverse events (grade 3 or 4) Subgroup data not available.
Time to initiation of first subse-  Subgroup data not available.
quent therapy
MSKCC risk groups
Overall survival (0S) 3937 PEM + AXI n.a.> 18.2 months - - -
(7 RCTs) AVE + AXI a5 i i )
- Network included 15 pairwise
comparisons NIV + CAb n.a.5 - - -
LEN + PEM HR0.63 28.9 months 300 LEN+PEM probably im-
. e (21.2t0 39.6) prove OS, when com-
- Median follow-up across trials4: (0.46 to 0.86)6 moderated pared to SUN.

36.4 months
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NIV +IPI n.a.> - - -
- Median OS with SUN across tri-
als2 in this network: 18.2 months CAB n.a.> - - -
PAZ HR 0.89 20.4 months SDOO There may be little or
no difference in OS be-
(0.75 to 1.06)6 (17.2t024.3) lowa, b tween PAZ and SUN.
Quality of life (QoL) Subgroup data not available.
Serious adverse events Subgroup data not available.
Progression-free survival (PFS) 1522 PEM + AXI n.a.5 5.4 months - - -
(5RCTs) AVE + AXI a5 ] ] ]
- Network (subnet 1) included 10
pairwise comparisons NIV + CAB n.a.> - - -
LEN + PEM HR0.33 16.4 months SDDO LEN+PEM probably im-
. s (8.7t031.8) prove PFS, when com-
- Median follow-up across trials4: (0.17 t0 0.62)6 moderated pared to SUN.
25 months
NIV +IPI n.a.s - - _
- Median PFS with SUN across tri- CAB n.a.b5 - - _
als2 in this network: 5.4 months
PAZ n.a.> - - -

Adverse events (grade 3 or 4)

Subgroup data not available.

Time to initiation of first subse-
quent therapy

Subgroup data not available.

Cl: confidence interval; HR: hazard ratio.

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is

substantially different.

Low certainty: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.
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1 Basis for the assumed risks.

2 The risk of SUN for OS and PFS was obtained from the included trials in the networks, respectively, and estimated by calculating the mean of all available medians for SUN.

3 Method of calculating the assumed risks in the intervention group for survival outcomes: The median survival in the intervention group was calculated using the methods by
Tierney 2007: Corresponding median survival in the intervention group (in months) = comparator group median survival time (in months) divided by the HR. Upper and lower
confidence limits for the corresponding intervention risk were obtained by replacing HRs by their upper and lower confidence limits, respectively.

4 Median follow-up across trials in the networks for OS and PFS, respectively, was estimated by calculating the mean of all available medians.

5 Not applicable, comparison not available.

6 Only direct evidence from only one trial.

a Downgraded by 1 level for study limitations because the one trial contributing all direct evidence is at high risk of bias.

b Downgraded by 1 level for imprecision because of a wide Cl that favours either of the compared treatments.

¢ Downgraded by 2 levels for imprecision because of a very wide Cl that includes values that favour either of the compared treatments, and evidence stems from only one trial
with 157 participants.

d Downgraded by 1 level for imprecision because the evidence stems from only one trial with 157 participants.
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BACKGROUND

Description of the condition

In 2020, it was estimated that 431,288 people were diagnosed with
kidney cancer worldwide (ASCO 2022). The most common type of
kidney cancer is renal cell carcinoma (RCC) (ASCO 2021). In the
USA for example, kidney cancers account for 5% of all cancers
in men and 3% of cancers in women (American Cancer Society
2022). It is estimated that in 2022, 79,000 new cases of kidney
cancer (including the renal pelvis) will be diagnosed in the USA
(50,290 estimated new cases in men and 28,710 estimated new
cases in women) and that 13,920 people will die from this disease
(American Cancer Society 2022; Siegel 2022). Males are twice as
likely to be diagnosed with kidney cancer (with a lifetime risk for
developing kidney cancer being 2.02%), as compared to females
(with a lifetime risk for developing kidney cancer being 1.03%)
(American Cancer Society 2022). The number of deathsin the USAin
2022 is estimated to be 13,920: 8,960 for men and 4,960 for women
(American Cancer Society 2022; Siegel 2022). The five-year relative
survival rates of all stages (i.e. local, regional, distant) are estimated
at 76% (American Cancer Society 2022). For Germany, the Robert
Koch Institute reported a kidney cancer incidence of 14,830 new
cases in the year 2018, with an incidence rate of 15.4% in men
and 7.6% in women. The mortality rate due to kidney cancer was
4.5% for men and 1.9% for women (Robert Koch Institute 2021).
Moreover, kidney cancer was the most frequent tumour site for
3.5% of men and 2.4% of women in Germany (Robert Koch Institute
2021).For2022,the Robert Koch Institute predicts 14,500 new cases
of kidney cancer (36% in women and 64% in men).

With a 2:1ratio, RCC presents predominantly in men and commonly
develops after the 60th year of life (Rini 2009). Besides gender
and age, further risk factors include an increased body mass
index (BMI) (i.e. increased body weight) and active as well as
passive smoking (Capitanio 2019; Rini 2009; Scelo 2018; Robert
Koch Institute 2021). Important co-morbidity associated with an
increased risk for developing this type of kidney cancer include
hypertension, a history of kidney stones, type 2 diabetes, increased
use of certain analgesics such as non-aspirin non-steriodal anti-
inflammatory drugs, and several chronic liver and kidney diseases
(Capitanio 2019; Rini 2009; Robert Koch Institute 2021; Scelo 2018).
Physical activity is associated with a decreased risk of RCC (Robert
Koch Institute 2021). Other factors, which may be protectively
related to a risk for developing RCC, are fruit and vegetable and
moderate alcohol consumption (Capitanio 2019; Rini 2009).

Staging of RCC is performed in accordance with the Union
International Cancer Control (UICC) tumour, node, and metastasis
(TNM) classification system (UICC 2017). First, the TNM system is
used for classifying the tumour, where T stands for tumour (i.e. size
and extent of the tumour); N for nodes (i.e. whether the cancer
has spread to nearby lymph nodes); M for metastasis (i.e. whether
the cancer spread to other organs (e.g. bones, brain, lungs). Thus,
each category provides detailed information about the cancer, and
a number (i.e. 1, 2 or 3) is assigned to each category, with a higher
number indicating a more advanced cancer. Second, by combining
these three categories and assigning a number to each, the overall
cancer stage is determined (so-called group staging). Stages | to Il
are considered to be local or locoregional disease (depending on
the group staging according to the TNM system: stage | includes
T1; stage Il includes T2; stage Il includes T3 or T1-T3, and N1), and
stage IV, which involves tumour spread beyond the renal/Gerota's

fascia and/or distant metastases, to be advanced disease (stage IV
includes T4 or N2 or M1) (Brierley 2016; Escudier 2019). While the
overall five-year survival rates are approximately 76% (American
Cancer Society 2022), the rates decrease drastically to 71% amongst
individuals with locoregional disease (stage Il and lIl, i.e. when
the cancer has spread outside the kidney to nearby tissue and/or
nearby lymph nodes), and to 14% for those with metastatic disease
(stage IV, i.e. has spread to distant parts of the body) (ASCO 2022).
Around a third of those affected will present with advanced disease.
Furthermore, every fourth patient receiving treatment for localised
RCC (stage I) will relapse and eventually develop distant metastases
(??2?2Choueiri 2017b; Dabestani 2016; Sun 2011).

Renal cell carcinoma is characterised by a variety of subtypes,
the most common of which amongst adults are the clear cell
type (75%), the papillary type (10%), and the chromophobe type
(5%) (Lopez-Beltran 2009; Warren 2018). Of these three subtypes,
the clear cell type is associated with the worst prognosis (Lopez-
Beltran 2009; Warren 2018). For clear cell and papillary RCC, grading
with prognostic value is commonly done by the International
Society of Urological Pathology (ISUP) tumour grading system,
which is adopted by the World Health Organization (WHO) and,
therefore, also considered the ISUP/WHO grading classification
system (Delahunt 2019). The validity of the grading systems with
regard to the correlation of grade and outcome has not been shown
for other subtypes, but these systems can be applied for descriptive
purposes (Delahunt 2019). The ISUP/WHO grading system includes
four stages, with classification based on the nucleus of the tumour
cell: tumour cell nucleoli is absent or not clearly visible and
basophilic at 400x magnification (grade 1); tumour cell nucleoli is
clearly visible and eosinophilic at 400x magnification and visible
but not prominent at 100x magnification (grade 2); tumour cell
nucleoli is clearly visible and eosinophilic at 100x magnification
(grade 3); tumour showing extreme nuclear pleomorphism, tumour
giant cells and/or the presence of any proportion of tumour
showing sarcomatoid and/or rhabdoid dedifferentiation (grade 4)
(Delahunt 2019).

Renal cell carcinomas present in both local symptoms, including
haematuria or flank pain, and systemic symptoms evoked, inter
alia, through metastases. The latter may include, for example,
hypercalcaemia, hypertension, erythrocytosis (increased numbers
of red blood cells), and fever (Rini 2009). Nevertheless, renal
cell carcinomas primarily present asymptomatically, meaning that
today over half of renal cell carcinomas are discovered incidentally
(Escudier 2019). Once advanced, they are associated with many
symptoms, reduced health-related quality of life, and fatigue in
those affected, especially when the disease progresses (de Groot
2018). For example, in a qualitative survey 46% of 287 participants
reported psychiatric symptoms such as depressive symptoms and
post-traumatic stress disorder. Due to poor survival rates, advanced
renal cell carcinoma puts an immense burden on healthcare
systems (Thekdi 2015).

Individuals with advanced RCC are categorised into favourable,
intermediate, or poor risk groups. These are the common risk
groups as defined by the International Metastatic RCC Database
Consortium (IMDC) and the Memorial Sloan Kettering Cancer
Center (MSKCC). The IMDC model (also known as Heng's model)
determines the risk group based on the presence of six clinical
factors: <1 year from time of diagnosis to systemic treatment;
Karnofsky performance status < 80%; haemoglobin < lower limit of
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normal; corrected calcium > upper limit of normal; neutrophils >
upper limit of normal; platelets > upper limit of normal). For every
factor that applies, one point (+1) is added. The risk group is then
based on the total sum of points appointed (i.e., favourable risk
= 0 points, intermediate risk = 1 to 2 points, poor risk = 3 to 6
points) (www.mdcalc.com/). The MSKCC model (also known as the
Motzer model) includes five clinical factors: time from diagnosis to
systemic treatment <1 year; haemoglobin < lower limit of normal;
calcium >10 mg/dL (2.5 mmol/L); lactate dehydrogenase (LDH) >
1.5x upper limit of normal; Karnofsky performance status <80%).
The risk group is also based on the total sum of points appointed
(i.e.,favourable risk=0 points, intermediate risk = 1 to 2 points, poor
risk =3 to 5 points) (www.mdcalc.com/).

Description of the intervention

Before 2005, treatment options for advanced RCC were limited
to immunotherapies such as the cytokine therapies interferon
(IFN)-alpha and interleukin (IL)-L. These are associated with many
adverse events and with partial or complete remission rates
of approximately 12%, they benefit only a small percentage of
participants (Coppin 2004). Nowadays, targeted therapies such as
tyrosine kinase inhibitors, and immunotherapies, such as immune
checkpoint inhibitors, have emerged as an effective alternative,
and the benefit of standard approaches, such as sunitinib or
temsirolimus, over cytokine therapies with regard to mortality,
quality of life, and adverse events in advanced renal cell carcinoma
has been indicated (Unverzagt 2017). Multiple drugs such as
sunitinib, sorafenib, bevacizumab, nivolumab, pazopanib, axitinib,
cabozantinib, and everolimus have therefore been approved by
the US Food and Drug Administration (FDA), mostly for second-
line therapy, but several of them have been approved for first-
line treatment as well. However, further novel therapeutic options
could be associated with increased toxicities, which require
consideration within an organised framework (Qin 2018).

For the first-line treatment setting, the National Comprehensive
Cancer Network (NCCN) (Motzer 2022), the European Association
of Urology (EAU) (Ljungberg 2022), the European Society for
Medical Oncology (ESMO) guideline (Powles 2021), and the
German guideline (Leitlinienprogramm Onkologie) all recommend
the combination of pembrolizumab + axitinib (PEM + AXI) as
the treatment option across all risk groups (i.e. favourable-,
intermediate- or poor risk) for first-line therapy of advanced clear
cell RCC. In addition, for the favourable risk group, the guidelines
by NCCN, ESMO and EAU also list the combinations lenvatinib
+ pembrolizumab (LEN + PEM) or nivolumab + cabozantinib
(NIV + CAB) as additional options (Ljungberg 2022; Motzer
2022; Powles 2021). For the intermediate- or poor risk groups,
additional options can also be NIV + CAB, LEN + PEM or
nivolumab + ipilimumab (NIV + IPI) (Ljungberg 2022; Motzer
2022; Powles 2021). The German guideline also lists NIV+IPI as
an additional option for the intermediate or poor risk groups
(Leitlinienprogramm Onkologie). In addition, the German guideline
and the NCCN also suggest avelumab + axitinib (AVE + AXI)
across all risk groups (Leitlinienprogramm Onkologie; Motzer
2022). Recommendations are also provided for situations when
immune checkpointinhibitors cannot be administered or tolerated.
In such cases, targeted therapy is another option: pazopanib (PAZ)
for IMDC favourable or intermediate/poor risk groups (Ljungberg
2022), and additionally cabozantinib (CAB) or sunitinib (SUN)
for intermediate-, and poor-risk groups (Ljungberg 2022). The

NCCN guideline recommends CAB, PAZ or SUN across all risk
groups as possible options (Motzer 2022). The German guideline
recommends bevacizumab + interferon (BEV+IFN), PAZ, SUN or
tivozanib (TIV) for the favourable risk group; TIV, SUN, PAZ, CAB,
or alternatively BEV+IFN for the intermediate risk group; CAB, SUN,
or alternatively PAZ or temsirolimus (TEM) for the poor risk group,
in cases where checkpoint inhibitors cannot be administered or
tolerated (Leitlinienprogramm Onkologie). It should be noted that
the recommendations of the German guidelines and the EAU
guidelines are specifically for the IMDC risk groups.

Due to the high cost of targeted drugs and novel
immunotherapeutic agents in cancer care, the economic burden of
treatment of advanced RCC is enormous. Swallow 2018 reported
additional cost per month of overall survival of USD 49,000
for cabozantinib and USD 24,000 for nivolumab compared to
everolimus. On the other hand, Edwards 2018 analysed data
from more than 4000 relapsed participants and showed that
everolimus is cost-effective compared to best supportive care, with
an incremental cost-effectiveness ratio (ICER) of GBP 45,000 per
quality-adjusted life-year (QALY), as it is likely to be considered an
end-of-life treatment. They reported that cabozantinib compared
to everolimus might not be cost-effective, with an ICER of GBP
126,000 per QALY. In their economic analysis, nivolumab performed
even worse than cabozantinib, as it was more costly but less
effective.

How the intervention might work

In immunotherapy, which has as its primary aim to enhance
the response of the immune system to the tumour cells,
the classic, non-specific immunotherapeutic agents interleukin-2
(IL-2)—and especially interferon-alpha (INF-a)—have largely been
replaced by novel agents. More advanced immunotherapeutics
such as nivolumab, atezolizumab, and ipilimumab target specific
immune checkpoints. Together with its ligand 1 (PD-L1), the
programmed cell death protein 1 (PD-1) inhibits the immune
response, the release of cytokines, and the cytotoxic function of
T-cell lymphocytes (Harshman 2014). This PD-1—PD-L1 pathway
is used by most renal cell carcinoma tumour cells to avoid the
immune system (Aguiar 2018; Choueiri 2017b;?? Harshman 2014).
Nivolumab, a monoclonal antibody, directly targets and binds
the PD-1 receptor, thus stimulating the immune response against
cancer cells. Another monoclonal antibody, atezolizumab, targets
the PD-1—PD-L1 pathway by binding PD-L1, which then further
prevents interaction of the receptor and its ligand (Keir 2007).
Besides the PD-1—PD-L1 pathway, the cytotoxic T -ymphocyte-
associated antigen 4 (CTLA-4) pathway has gained relevance in
the treatment of renal cell carcinoma. The monoclonal antibody
ipilimumab targets the CTLA-4 receptor, which is responsible for the
regulation of tumour-specific T cell lymphocytes, and stimulates
the immune response by inhibiting the regulatory function of
CTLA-4 (Aguiar 2018; Sanchez-Gastaldo 2017).

Besides immunotherapeutic approaches, targeted therapies,
which are aimed directly at preventing the growth and/or spread
of cancer cells by targeting specific proteins or genes, are today
an integral component of the treatment of advanced renal cell
carcinoma. An effective target for such approaches is the vascular
endothelial growth factor (VEGF) pathway that affects tumour
angiogenesis, growth, and survival (Aguiar 2018). The monoclonal
antibody and angiogenesis inhibitor bevacizumab directly targets
and neutralizes VEGF. Another common target specifically used
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by tyrosine kinase inhibitors is the VEGF receptor (VEGFR). Its
neutralization inhibits angiogenesis as well. Because most tyrosine
kinase inhibitors do not focus on the VEGF pathway only, for
example to overcome resistance of the tumour to VEGFR inhibition
alone, many of them are considered multikinase inhibitors
(Aguiar 2018; Sanchez-Gastaldo 2017). This group includes the
agents sunitinib, sorafenib, pazopanib, axitinib, and cabozantinib
(Sanchez-Gastaldo 2017). Another important target for targeted
approaches in the treatment of renal cell carcinoma is the
mechanistic target of rapamycin (mTOR) pathway, which triggers
cell growths and division. More precisely, mTOR is itself part
of a protein complex which performs important tasks in cell
growth and proliferation and subsequently in tumour angiogenesis
and survival (Sabatini 2006). Both temsirolimus and everolimus
inhibit the function of mTOR, and by these means deactivate the
associated protein complexes (Sanchez-Gastaldo 2017). Among
the afore-outlined agents, combinations within and across groups
and mechanisms involved are common. INF-a, for example, is
used in combination with bevacizumab, and has shown lower
mortality rates as well as reduced side effects compared to INF-a
alone, whereas it has not shown a difference in combination with
temsirolimus compared to temsirolimus alone (Unverzagt 2017).

Why it is important to do this review

Our preliminary searches of the literature identified a great number
of trials, including many ongoing trials that will be completed
within the next years. In fact, we are aware of at least 36
published randomised controlled trials (RCTs) involving more
than 10,000 participants, as well as 19 ongoing trials that have
been registered in trial registries. This highlights the importance
of a living systematic review approach, which applies all the
detailed methods recommended by Cochrane, and is updated
and republished whenever new evidence relevant to the review is
identified (Elliott 2014). Such systematic and continuous updates
of the available evidence ensure that recent findings are rapidly
integrated into the body of evidence to support recommendations
given in guidelines and to contribute to an up-to-date and high-
grade decision support for effective therapeutic strategies for the
individual patient.

However, recommendations can be complicated when economic
arguments are introduced into discussions on the best strategy,
because the related costs differ enormously per treatment option.
This dissent provides the rationale for a network meta-analytic
approach to the existing evidence for all available first-line therapy
regimens. Although we are aware of several recently conducted
network meta-analyses, none of these have analyzed indirect
comparisons of all evaluable treatment options.

Lastly, as a critically necessary innovation within Cochrane, we
planned to integrate evidence identified from clinical study reports
(CSRs) into our systematic review and favoured this new source
of evidence, where available, over the journal publication of
eligible trials. Furthermore, as publication bias might influence all
subsequent analyses and conclusions, all potential relevant trial
registries were searched in detail to detect each conducted trial

harms of first-line therapies for adults with advanced renal cell
carcinoma (RCC), and to produce a clinically relevant ranking of
therapies.

The secondary objectives were to maintain the currency of the
evidence by conducting continuous update searches, using a living
systematic review approach, and to incorporate data from clinical
study reports (CSRs).

METHODS

Criteria for considering studies for this review
Types of studies

We included randomised controlled trials (RCTs), both parallel-
group RCTs and cross-over RCTs, in this review. For cross-over trials,
we only extracted data from the first treatment period. We excluded
cluster-RCTs as these do not fit with the aim of this review as we are
interested in treatment benefit and harmin individuals, rather than
in group effects. We also excluded quasi-randomised trials.

Where a clinical study report (CSR) for an individual eligible trial
was available, we extracted available data on trial design and trial
results from the CSR instead of the respective journal publications.

There was no limitation on trial eligibility with respect to the length
of follow-up in individual trials.

Types of participants

We included trials involving adult participants (18 years of
age or older) with a confirmed diagnosis of advanced renal
cell carcinoma and (RCC) without previous systemic anticancer
therapy, irrespective of gender and ethnicity of participants.
Because first-line therapy only relate to participants with
metastatic renal cell carcinoma, only trials including participants
with metastatic disease were eligible.

We also included trials with previously treated participants in
the total trial population if results for the previously untreated
participants were separately extractable. However, when sufficient
subgroup data were unavailable for untreated participants, we
still extracted results from the entire trial population if less than
10% of participants have received previous systemic anti-cancer
treatment.

Types of interventions

We included trials evaluating at least one of the following
therapeutics without restrictions on the dose, dosage form,
frequency, or duration of treatment, for example as shown below.

« Targeted therapy
o Tyrosine kinase inhibitor (e.g. sunitinib, sorafenib,
pazopanib, axitinib, cabozantinib, savolitinib, anlotinib)
o mTOR inhibitor (e.g. temsirolimus, everolimus)
o Angiogenesis inhibitor (e.g. bevacizumab, levantinib)
« Immunotherapy

evaluating eligible drugs. o Checkpoint inhibitors (e.g. atezolizumab, avelumab,
nivolumab, ipilimumab, pembrolizumab)

OBJECTIVES o Interferon

The primary objective of this systematic review with network meta- o Interleukin

analysis (NMA) was to evaluate and compare the benefits and * Placebo

First-line therapy for adults with advanced renal cell carcinoma: a systematic review and network meta-analysis (Review) 20

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= 3 Cochrane
st g Library

Cochrane Database of Systematic Reviews

« any combination of the above (e.g. nivolumab + ipilimumab,
avelumab + axitinib, pembrolizumab + axitinib)

We included trials evaluating at least one targeted therapy or
immunotherapy in at least one intervention arm to provide up-
to-date results. We excluded trials evaluating these agents in
an adjuvant setting. We also excluded trials that assessed the
comparison of interleukin versus interferon only. Instead, we only
included trials with interleukin and interferon when given in
combination with another substance (e.g. interferon-alpha (IFN-a)
+ bevacizumab) or when compared to another substance (e.g. IFN-
a versus sunitinib).

We analysed interventions for favourable-risk groups separately
from interventions for intermediate- and poor-risk groups
(intermediate- and poor-risk groups were combined). Moreover,
we analysed risk groups according to IMDC and MSKCC criteria
separately (see Differences between protocol and review). All
interventions were analysed using direct and indirect comparisons.
When no direct evidence from randomised trials was available, but
the trials were considered sufficiently similar with respect to the
participant population, indirect estimates of intervention effects
were obtained by means of network calculations. In the protocol of
this review, we pre-specified that different doses of the same drug
will be combined to single drug categories if these would differ.
However, most interventions were administered at the same dose
across trials (see Table 1 in Results).

We included sunitinib as our main comparator as it is a widely used
tyrosine kinase inhibitor and is often used as the comparator drug
in trials. For the transitivity assumption to hold true, we assessed
the administration routes, the dosage and the discontinuation rates
of this comparator in each trial (Salanti 2012). In the protocol of
this review we had pre-specified that we would create networks of
trials with the same administration route and average dose if these
would differ. However, in all included trials that assessed sunitinib,
the drug was provided via the same administration route (oral) and
the administration dose was 50mg/ day in all trials (see Table 1
in Results).

Types of outcome measures

We included all trials fulfilling the inclusion criteria defined above,
irrespective of the reported outcomes. To inform this review and
to ensure that we assess outcomes that are most relevant to
adults with advanced renal cell carcinoma, during the protocol
development of this review, patients and patient representatives
were invited in a two-hour session to discuss relevant outcomes
from their perspectives. The following outcomes and order of
outcomes (i.e., primary and secondary outcomes) were prioritised
together with the patients and patient representatives during the
workshop.

Primary outcomes

« Overall survival (0S), defined as the time from random
treatment assignment to death from any cause

o Quality of life (QoL), assessed with validated and reliable
instruments

« Serious adverse events (SAEs)*, assessed as the number of
participants with at least one event

We prioritised OS, QoL, and SAEs as our primary outcomes together
with the participants and patient representatives, who regarded

these outcomes as most relevant, and also because they are a direct
measure of treatment benefit. Furthermore, OS can be considered
the most robust endpoint as it does not require blinding.

*An adverse event that results in death or is life-threatening.

Secondary outcomes

« Progression-free survival (PFS), defined as the time interval
from randomisation to the first confirmed disease progression,
diseaserelapse, or death from any cause, or to the last time point
of follow-up

+ Adverse events (AEs), assessed as the number of participants
with at least one event

» Number of participants who discontinued study treatment due
to an AE

We included PFS as a secondary outcome as it is commonly used to
assess stable disease.

With regard to AEs, we assessed severity grades 3 and 4** in the
number of participants with at least one AE. We only extracted
data on AEs that were labelled as 'all-cause' AEs; hence, we did
not extract data when AEs were labelled as 'treatment-related". In
addition, we put a special focus on specific AEs that were regarded
as most relevant by the participants and patient representatives.
These included: hand-foot syndrome, fatigue, diarrhoea, vomiting,
loss off appetite, weight loss, mucous membrane damage
(generic term; we looked at mucosal inflammation and stomatitis
separately), insomnia, and depression. We extracted data for these
specific AEs separately.

In the protocol for this review, we had stated that we would,
additionally, extract all individual AEs reported in the included
studies, as well as their frequency of occurrence. However, this was
not feasible (see Differences between protocol and review).

**Severity grading according to Common Terminology Criteria
for Adverse Events (CTCAE). Trials usually report grades 3 and 4
together, and a severe AE (grade 3 or 4) does not necessarily need
to be considered serious.

« Time to initiation of the first subsequent anticancer therapy
(TFST), defined as the time from initiation of first-line
chemotherapy until the start of subsequent therapy or death

Method and timing of outcome measurement

We analysed OS and PFS as time-to-event outcomes, and included
results representing the longest follow-up time available. The
outcome TFST was not reported as a time-to-event outcome in the
included trials. Pooling of this outcome was not feasible, so we
report results narratively.

For QoL, we initially accepted all validated instruments, and
we would have calculated standardised mean differences (SMD)
instead of mean difference (MD) when scales used between trials
differed (see Measures of treatment effect). However, during the
conduct of this review, we decided to prioritise scales for the
assessment of this outcome because we initially identified a total
of 25 scales and sub-scales across trials that were used to assess
QoL. Due to this high heterogeneity, we decided to prioritise
scales that are most clinically relevant and used in clinical daily
practice. To prioritise QoL-scales, two review authors (AA, ET) first
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created a list of all scales that were reported in the included
trials, which was then provided to two co-authors with a clinical
background (AH, PD), who ranked them by assigning them to either
low priority, medium priority or high priority based on clinical
relevance. Prioritisation was further guided by a third clinician (PM)
on the author team and there was discussion amongst author team
members (AA, AH, ET, PM, PD) via teleconference. Ultimately, the
following scales were prioritised to extract data for QoL:

« the Functional Assessment of Cancer Therapy Kidney Cancer
Symptom Index - Disease Related Symptoms (FKSI-DRS);

« the European Organisation for Research and Treatment of
Cancer Quality of Life Questionnaire-C30 (QLQ-C30);

« the EuroQol Visual Analogue Scale (EQ-VAS);
« the Functional Assessment of Cancer Therapy General (FACT-G);

« the Functional Assessment of Chronic Illness Therapy Fatigue
(FACIT-F).

We grouped the measurement time points of QoL into those
measured directly after initiation of treatment up to four weeks
after initiation treatment, medium-term outcomes (1 month up to
12 months after initiation of treatment), and longer-term outcomes
(over one year after initiation of treatment). Where available, we
also extracted data at the end of treatment.

We included all other outcome categories for the observational
periods reported in the CSRs or trial publications. We planned to
include AEs and SAEs occurring during active treatment as well
as long-term AEs and SAEs. However, we were not able to extract
long-term AEs or SAEs, and we could also not group the timing of
outcome measurements as we had pre-specified in the protocol,
because in the publications of the trials it was not stated which time
points were being reported. Hence, for AEs and SAEs, we extracted
data for events that occurred during the time of treatment.

Outcomes to be included in GRADE summary of findings table

During the development of this protocol, participants and
patient representatives were invited to share their opinions
and perspectives regarding the most patient-relevant outcome
measures to be included in this review. The most relevant outcome
categories, to be included in summary of findings tables, were OS,
Qol, SAEs, PFS, AEs, and TFST.

Search methods for identification of studies

We adapted all search strategies for electronic database searches
and searching other sources from those suggested in the Cochrane
Handbook for Systematic Reviews of Interventions and in accordance
with the specified recommendations therein (Lefebvre 2019). We
applied no language restriction in order to reduce language bias. All
abstracts were available in English.

Electronic searches
Searching for clinical study reports

For this systematic review, the inclusion of trial design and
results data from clinical study reports (CSRs) was preferred
above the respective journal publications. The search method was
initiated by the identification of the sponsors of the included
clinical trials. This was done by referring to the clinicaltrials.gov
platform (www.clinicaltrials.gov/). After identification of the
respective sponsor, the possibility of a direct request for CSRs

was checked. Furthermore, the availability of the CSRs on
the manufacturer’s platform was verified. To complement the
search method, the following data platforms were enclosed
for the search of the CSRs: the European Medicines Agency
(EMA) ‘clinical data platform’ (clinicaldata.ema.europa.eu/web/
cdp/home), the Yale University Open Data Access (YODA) platform
(yoda.yale.edu/), the clinical data study request (CSDR) platform
(clinicalstudydatarequest.com), and the Vivli platform (https://
vivli.org). Initially, the FDA platform was intended to be included,
however it was indicated to have insufficient data, as the platform
remained in its pilot stage during the search process. The EMA
‘clinical data platform’ was searched for active substances of the
included clinical trials. This search offered an overview of all
available trials encompassing the respective active substances,
and subsequently we screened the search for the trials included
in this review and for available CSRs to these trials. The YODA
platform allows utilising the NCT (i.e. the clinicaltrials.gov registry
number) within the search process. This approach was exclusively
performed for this particular platform. The CSDR platform was
used to search and request for CSRs. The search process was done
by searching for active substances of the included clinical trials.
The CSDR platform only offers CSRs from its members; hence,
requests are also only possible to be made if the sponsor of all
included clinical trials is an official member of the platform. The
pharmaceutical company Bayer is excluded from this particular
case, as it is a member of the CSDR, however does not offer the
opportunity to take in requests. Two types of requests were offered
by the CSDR: 1. datasets that are not yet shared on the CSDR
platform and 2. trial documents only. Almost all requests that were
made throughout this search process included both types. In total,
21 requests were made, and 19 requests included both types. The
final platform utilised for this search method was Vivli. The search
process included searching for key terms such as “renal”, “kidney”,
and the active substances, and complementary the NCT was used
to find available CSR. One request on the Vivli platform was made.

Ultimately, we identified two CSRs to two trials (NCT00334282;
NCT00720941) and one scientific summary result to one trial
(NCT01064310) through the CSDR platform. The CSRs and the
scientific result summary were used for data extraction and to
inform risk of bias assessment.

Electronic database searches

We searched the following databases/sources to identify eligible
trials.

« Databases of medical literature:
o CochranelLibrary,includingthe Central Register of Controlled
Trials (CENTRAL), 2022 issue 02, see Appendix 1 and Appendix
2);
o MEDLINE (Ovid, from 1946 up to 9 February 2022,
see Appendix 3 and Appendix 4);
o Embase (from 1974 up to 9 February 2022, see Appendix
5and Appendix 6).
« Conference proceedings of annual meetings of the following
societies (included in CENTRAL):
o American Society of Clinical Oncology (ASCO);
o European Society of Medical Oncology (ESMO).

As publication bias might influence all subsequent analyses and
conclusions, we searched all potential relevant trial registries in
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detail to detect ongoing as well as completed studies that have not
yet been published. It is mandatory today for the type of studies
eligible for inclusion in this review to provide results at least in
the study registry (United States Congress 2007; World Medical
Association). When results were not published elsewhere, data
from the trial registries were extracted and analysed.

« Trial registries toidentify ongoing trials and results of completed
trials (up to 9 February 2022), see Appendix 7 and Appendix 8:
o ISRCTN registry (www.isrctn.com);
o EU Clinical Trials Register (www.clinicaltrialsregister.eu/ctr-
search/search);
o US National Institutes of Health Ongoing Trials Register
ClinicalTrials.gov (www.clinicaltrials.gov/);

Figure 1. Flow diagram

o WHO ICTRP
platform).

(https://www.who.int/clinical-trials-registry-

Living systematic review considerations

We first conducted baseline review searches in February and
October2020. Starting from December 2020, after publication of the
protocol for this review, we ran monthly update searches until April
2021 (Figure 1). Together with the clinical experts on this review,
we decided t