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Chronic lymphocytic leukemia (CLL) exhibits heterogeneous clinical courses, with many patients 
experiencing indolent disease requiring minimal intervention, whereas others develop aggressive forms 
characterized by high-risk genetic features or early relapse, which are associated with shorter sur
vival,1-13 especially in time-limited therapies and in relapsed/refractory patients. Targeted therapies, 
including Bruton tyrosine kinase inhibitors (BTKis) and BCL-2 inhibitors, significantly improved out
comes for these patients.2,5,7,8,14,15 Nevertheless, optimal timing for retreatment is unclear, and stra
tegies to achieve long-term control of high-risk CLL need to be defined.

Current treatment guidelines recommend initiating therapy in patients with advanced or symptomatic 
disease16 and using minimal residual disease (MRD) status for clinical evaluation, recognizing its 
growing role as a surrogate end point in trials.16 In clinical trials, MRD assessment is used for response 
assessment with the aim of achieving undetectable MRD (uMRD). Achieving uMRD is associated with 
prolonged progression-free survival and overall survival.15,17-22 Although MRD is not routinely used in 
clinical practice, its potential to guide treatment decisions, particularly in high-risk patients,16 is gaining 
attention.

Given the poor outcomes of relapsed high-risk CLL, with short progression-free survival and overall 
survival,3,10,11,23-25 we adopted a strategy of early intervention in selected patients to achieve sus
tained disease control. This retrospective analysis reports our experience using MRD levels to trigger 
retreatment with anti-CD20 antibodies in patients with high-risk CLL after prior therapy. We hypoth
esized that initiating anti-CD20 treatment triggered by rising MRD levels before clinical relapse could 
proactively improve long-term outcomes in these patients.

This single-center case series included 12 patients with high-risk CLL who experienced MRD relapse 
after prior treatment. High-risk CLL was defined by complex karyotype (≥3 cytogenetic abnormalities), 
TP53 abnormalities (del(17p) or TP53 mutations), and/or early relapse (disease progression within 2 
years after the end of induction treatment). MRD levels were assessed using 4-color flow cytometry, 
with uMRD defined as <1 CLL cell in 10 000 leukocytes. MRD relapse was defined as the presence of 
≥1 CLL cell in 10 000 leukocytes (detectable MRD [dMRD]) after prior CLL therapy.

Upon MRD relapse, patients were (re-)treated with obinutuzumab or rituximab, depending on previous 
exposure and tolerability to previous therapies. The objective of this study was to evaluate whether this 
could delay clinical relapse over an extended time period.

Adverse events (AEs) and serious AEs were considered treatment related when reported from the start 
of MRD-triggered retreatment until 28 days after the last dose of treatment or at the physician’s 
discretion.

The 12 patients included in the study represented a heterogeneous group regarding prior therapies and 
genetic risk factors. Patient characteristics are detailed in Table 1. Six patients (50%) had del(17p), 4 
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(33%) had TP53 mutations, 2 (17%) had complex karyotype, and 2 
(17%) had experienced early relapse. Previous treatments included 
chemoimmunotherapy (n = 7), venetoclax with (n = 1) or without 
obinutuzumab (n = 2), ibrutinib (n = 1), or a combination of ven
etoclax, obinutuzumab, and ibrutinib (n = 1). The duration from 
uMRD to dMRD after treatment ranged from 2.5 months to 8.8 
years. The duration from MRD ≤1% to MRD relapse with MRD >1% 
after induction treatment ranged from 0.4 months to 17.1 years.

Upon MRD relapse, patients were re-treated with obinutuzumab 
(n = 8), rituximab (n = 3), or a combination of both (n = 1). All 
patients (100%) experienced a reduction in MRD levels to <1% of 
leukocytes after retreatment, with a median duration of MRD ≤1% 
of 2 years. All patients (100%) experienced a reduction in MRD 
levels to <10–4 after retreatment, with a median duration of uMRD 
of 10.7 months. Seven patients (58%) required additional treat
ment for clinical relapse: venetoclax (n = 2), BTKi (n = 1), or 
venetoclax plus BTKi (n = 4). Two patients (17%) received allo
geneic stem cell transplantation due to Richter transformation or 
due to CLL progression. Time to next treatment varied, ranging 
from 0 months to 15.8 years after induction treatment, with a 
median time of 2.3 years.

The swimmer plot (Figure 1A) illustrates the long-term control of 
MRD levels for each patient, demonstrating that MRD-triggered 
retreatment with anti-CD20 antibodies was effective in maintaining 
disease control in many cases, with some patients achieving pro
longed remission without requiring further treatment. With a median 
observation time of 14 years, 2 patients died due to CLL progres
sion/Richter transformation. Overall survival is depicted in Figure 1B.

Seven treatment-related AEs were reported in 3 patients (25%), 
including 5 AEs (71%) of Common Terminology Criteria grade ≥
3. Five hematologic AEs were reported, including anemia (n = 2) 
and neutropenia (n = 3). A total of 21 serious AEs were reported in 
8 patients (67%), with 2 (17%) defined as treatment related 
(pleural/pericardial effusion and infusion-related reaction). Two 
deaths occurred due to disease progression. An overview of AEs 
is provided in Table 2.

This case series reports an approach to proactively manage 
patients with high-risk CLL by MRD-guided retreatment with anti- 
CD20 antibodies before clinical relapse. We demonstrate that 
patients with high-risk CLL features, including TP53 abnormalities, 
complex karyotype, and early relapse, could benefit from this MRD- 
triggered intervention.

The results suggest that this approach can effectively reduce MRD 
levels and potentially delay clinical relapse in selected patients. 
Concurrent with International Workshop on CLL guidelines, MRD 
assessment is recommended for clinical evaluation and as a sur
rogate end point in clinical trials. By monitoring MRD levels and 
initiating therapy at the time of dMRD, before clinical disease pro
gression, we could achieve long-term disease control in the majority 
of patients, some for more than a decade. Therefore, we propose 
that dMRD can serve as a biomarker to identify patients with high- 
risk CLL benefiting from early therapeutic intervention with anti- 
CD20 antibodies. This strategy represents an approach aiming for 
deep remissions as opposed to continuous treatment until pro
gression, a key consideration when balancing efficacy with long- 
term toxicity.

One of the most striking findings was the prolonged uMRD 
duration in some patients after MRD-triggered retreatment, with 
some individuals remaining in remission for up to 8.8 years without 
further therapeutic intervention. This suggests that MRD-driven 
anti-CD20 therapy may not only delay the need for subsequent 
treatments but also offer the potential for long-term disease con
trol, if not cure, in certain high-risk patients with CLL. This con
trasts with continuous treatment with BTKis, in which the 
acquisition of resistance mechanisms over time is concerning.

Despite these interesting findings, we acknowledge several limitations, 
including the small sample size, retrospective design, variable MRD 
assessment time points, and lack of a control group. The study did not 
evaluate quality of life, and frequent MRD-monitoring may increase the 
burden on patients and health care resources. Without a control 
group, we cannot rule out the potential risk of overtreatment in patients 
who might have remained clinically stable despite rising MRD levels.

Table 1. Patient characteristics

Patient no. Age at first CLL treatment, y Definition of high risk Anti-CD20 Ab Previous CLL therapy

1 61 hCKT* G, R FCR

2 66 POD <1 year R FCR

3 52 del17p, TP53mut G GIVe

4 61 del17p, TP53mut G GIVe

5 74 del17p, TP53mut, CKT G BIG

6 92 del17p G BIO

7 70 del17p* G MCP

8 80 TP53mut, CKT* G, R BR

9 86 hCKT* G, R BR

10 74 CKT* G, R FCR

11 74 del17p R BIO

12 63 POD <1 year R FCR

hCKT included ≥5 cytogenetic aberrations, and CKT included ≥3 and <5 cytogenetic aberrations. 
Ab, antibody; B, bendamustine; C, cyclophosphamide; CKT, complex karyotype; F, fludarabine; G, obinutuzumab; hCKT, high complex karyotype; I, ibrutinib; MCP, mitoxantrone, 

chlorambucil, and prednisolone; mut, mutated; O, ofatumumab; POD, progression of disease after end of therapy; R, rituximab; Ve, venetoclax.
*High-risk features were assessed at clinical progression after induction treatment.
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Figure 1. MRD kinetics and survival. (A) Swimmer plot representing the different therapies and MRD levels (<1% and ≥1% CLL cells of all leukocytes) over time for 12 

patients with high-risk CLL. (B) Kaplan-Meier curve depicting the OS of the 12 observed patients, with median OS time not reached. mAb, monoclonal antibody; OS, overall 

survival.
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However, the results support the hypothesis that an MRD- 
triggered management strategy may improve outcomes in 
selected high-risk patients with CLL. Based on this, we plan to 
design a prospective trial to validate the concept of MRD-guided 
retreatment compared to standard treatment triggered by clinical 
relapse and test various MRD thresholds for initiating retreatment.

This retrospective case series demonstrates the potential of MRD- 
guided retreatment with anti-CD20 antibodies in high-risk patients 
with CLL. This approach showed promise in reducing MRD levels 
and delaying clinical relapse, with some patients achieving very 
long remissions in a situation usually defined by short sur
vival.3,10,11,23-25 All patients experienced a reduction in MRD levels 
to <1% of leukocytes after retreatment. The duration of uMRD 
ranged from 2.5 months to 8.8 years. MRD-guided retreatment 
with anti-CD20 antibodies shows promise as a proactive strategy 
for managing high-risk CLL, potentially enabling long-term disease 
control. Further research is needed to define the role of this 
approach in clinical practice.
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Table 2. Overview on (treatment-related) AEs and serious AEs

CTCAE terminology SAEs, n (%) AEs, n (%) CTC grade Related to anti-CD20 Ab (%)

Neutropenia 1 (8) 4 1/1 (100)

Pneumonia 4 (33) 3 00/4 (0)

Pleural/pericardial effusion 1 (8) 3 1/1 (100)

Colorectal carcinoma 1 (8) 3 00/1 (0)

Atrial fibrillation 1 (8) 3 00/1 (0)

Autoimmune hemolytic anemia 1 (8) 3 00/1 (0)

Sepsis 1 (8) 3 00/1 (0)

Acute kidney injury 1 (8) 3 00/1 (0)

Herpes zoster 1 (8) 3 00/1 (0)

Hyponatremia 1 (8) 3 00/1 (0)

Neutropenia 2 (17) 3 2/2 (100)

Richter transformation 1 (8) 3 00/1 (0)

Neuritis vestibularis 1 (8) 3 00/1 (0)

Anemia 2 (17) 3 2/2 (100)

Infusion-related reaction 1 (8) 3 1/1 (100)

Chronic cutaneous GVHD 1 (8) 3 00/1 (0)

Pyoderma gangrenosum 1 (8) 3 00/1 (0)

Femoral head necrosis 1 (8) 3 00/1 (0)

Basal cell carcinoma 1 (8) 2 00/1 (0)

Bronchopulmonary infection 2 (17) 1 2/2 (100)

Total 21 7

CTC, Common Terminology Criteria; CTCAE, Common Terminology Criteria for AEs; GVHD, graft-versus-host disease; SAEs, serious AEs.
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