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Introduction:

Achieving undetectable measurable residual disease (uUMRD) following treatment has shown significant prognostic value in
several hematological malignancies. In chronic lymphocytic leukemia (CLL), uMRD is associated with improved outcomes in
the era of chemoimmunotherapy (CIT). However, the role of measurable residual disease (MRD) in the context of novel agents
such as Bruton tyrosine kinase inhibitors (BTKi) and/or BCL2 inhibitors (e.g. venetoclax) is uncertain. To address this question,
we conducted a systematic review of the literature and performed a comprehensive meta-analysis of trials that included novel
agents to evaluate the association between MRD status after treatment and PFS in patients with CLL.

Methods:

We conducted a comprehensive search of PubMed, EMBASE, Scopus, and Web of Science focusing on CLL trials reporting
MRD and its association with PFS. Results were independently screened by two reviewers. Inclusion criteria included prospec-
tive phase 3 trials involving a novel agent in one of the treatment arms, while studies with incomplete information on MRD
status related to PFS, reviews, abstracts, and retrospective analyses were excluded. The initial search identified 185 studies
in PubMed and 402 studies in EMBASE. After applying prespecified criteria, a total of 10 phase 3 trials were included in our
analysis. We extracted sample size, patient age, follow-up time, time point and tissue of MRD assessment, MRD cut-off and
rate, performance status and molecular status when available. We only considered treatment arms with complete MRD in-
formation. The comparison involved patients who achieved uMRD with those exhibiting detectable MRD. When available,
hazard ratios (HR) and confidence intervals (Cl) were used to evaluate the relationship between MRD status and PFS. If not,
we used Kaplan-Meier (KM) curves from both uMRD and MRD subgroups and extracted the coordinates points of the curves
using Digitizelt software (version 2.5.10, |. Bormann) and using the number at risk provided we estimated the HRs and Cls. A
meta-analysis was performed using a random effects model from the R package metafor (Viechtbauer, W. (2010). Conducting
meta-analyses in R with the metafor package. Journal of Statistical Software, 36(3), 1-48). The pooled hazard ratio estimates,
and the corresponding 95% Cl and prediction intervals (Pl) were reported. Funnel and Baujat plots were generated to as-
sess study heterogeneity and bias. All analysis was performed using R version 4.1.2 (R Foundation for Statistical Computing,
Vienna, Austria).

Results:

A total of 10 phase 3 trials, encompassing 14 treatment arms and involving 3152 patients, met the stringent inclusion criteria.
All but one study used a uMRD cut-off of < 0.01%. Detailed information on the treatment arms and key trial characteristics
is presented in Table 1. Notably, ten treatment arms were derived from first-line treatment trials, while the remaining arms
pertained to the relapsed/refractory population. Only two trials (4 treatment arms) assessed MRD using next generation se-
quencing (NGS), while the rest used multicolor flow cytometry (MFC) (9 treatment arms) and allele-specific oligonucleotides
polymerase chain reaction (ASO-PCR) (2 treatment arms). All but 3 trials assessed MRD in both bone marrow (BM) and pe-
ripheral blood (PB). One trial (2 treatment arms) was excluded from the met-analysis due to higher MRD cut-off. All studies
included in the meta-analysis measured uMRD (<0.01) versus MRD. The PFS pooled HR estimate for achieving uMRD at 0.01
cut off from the meta-analysis was 0.32 (95% CI [0.22, 0.45]), with minimal bias observed on the Funnel Plot.

Conclusions:
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In this comprehensive meta-analysis, comprising 9 phase 3 trials, achieving uMRD was strongly associated with PFS. These
findings further establish the prognostic role of MRD in CLL management and its potential use as a surrogate marker in clinical
trials. As the body of evidence on MRD in CLL continues to grow, it becomes imperative to standardize the optimal time point,
methodology, and tissue for MRD assessment. Substantial heterogeneity in these aspects underscores the necessity for unified
guidelines to ensure the accurate and consistent evaluation of MRD status in clinical practice.
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Figure 1. Forest plot of hazard ratios in individual studies for PFS
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MURANO PB and ASO-PCR and i Relapsed or
John F Seymar 2022 BM MFC End of treatment 194 Venetoclax and rituximab 64.5 (28-83) 59.2 47.9 efractary =0.01
Fludarabine,
E1912 12 months after iy 3
Xin Victoria Wang 2021 PB MFC randerizalion 122 cyclnphrﬁzsih:::;de and 57 (28-69) 43 303 First line <0.01
ILLUMINATE PB and 245 i S
Carol Moreno 2022 BM MFC After cycle 9 13 Ibrutinib and obinutuzumab 70 (47-87) 45 38 First line = 0.01
iLLUMINATE PB and Chlorambucil and TR
Carl Moreio 2022 BM MFC After complete response 116 Gbinituzuriab 72 (40-86) 45 25 First line =0.01
HELIOS PB and Ibrutinib, bendamustine and Relapsed or
G Fraser 2018 BM MFC After complete response = 288 rituximab B4 (31-86) 351 28.2 refractory = 0.01
HELIOS PB and . I Relapsed or
G Fraser 2018 BM MFC After complete response = 289 | Bendamustine and rituximab 63 (36-83) 345 6.2 refractory = 0.01
CLL-11 FPB and 3 months after end of Chlorambucil and A
Valentin Goede 2014 BM ASO-PCR Soatoan 238 L 74 (39-B8) - 36.5 First line < 0.01
| After complete or partial [
GENUINE PB and rkel - _— Relapsed or
Jeff P Sharman 2021 BM MFC respun::cr;asgmnmg 64 Ibrutinib and ublixutimab 66 (62-74) 416 421 refractory <0.01
GAIA/CLL-13 PB and 15 months after Chemeoimmunotherapy or S
Barbara Eichhorst | 202° BM MFC randomization 926 | enetoclax based therapy - 38 a9z Firstle =0
GREEN PB and B4 days after last Obinutuzumab and L
5 Stilgenbauer 4018 BM MEC treatment dose 154 bendamustine 69{42-83) 328 59:4 Firstline <0:09
GLOW 2023 BM NGS 3 months afler end of | 445 Ibrutinib and venetoclax 71 (47-93) 34.1 51.9 First line <0.01
Talha Munir | treatment
GLOW 3 months after end of Chlorambucil and T
Talha Munir 2023 BM NGS treatment 105 clinubuzarmab 71 (57-B&) 341 171 First line < 0.01
CLL-14 3 months after end of Venetoclax and it
Othman Al-Sawaf | 2021 BM NGS Waatnant 216 obinitairiab 72 (67-TT7) 52.4 40 First line < 0.0001
CLL-14 3 months after end of Chlorambucil and T
_ Othman Al-Sawaf 2021 BM NGS treatment 216 obinutuzumab 72 (66-7T7) 52.4 7 First line < 0.0001
Table 1. Trials and treatment arms that fulfilled the inclusion criteria
Study and Treatment uMRD MRD Hazard Ratio [95% CI]
MURANO, Ven + Ritux 93 56 —— 0.28 [0.13, 0.60]
E1912, FCR 37 85 — 0.26 [0.09, 0.72]
iLLUMINATE, Chlb + Obinu 29 87 —a— 0.29[0.14, 0.62]
iLLUMINATE, Ibr + Obinu 43 70 —a— 0.46 [0.20, 1.07]
HELIOS, Benda + Ritux 18 271 —a—  0.91[0.47,1.76]
HELIOS, lbr + Benda + Ritux 76 213 bl 0.55[0.27,1.15]
CLL-11, Chib + Obinu 87 144 —— 0.16 [0.08, 0.32]
GENUINE, Ibr + Ubli 27 37 —_— 0.11 [0.02, 0.49]
GAIA CLL-13, All treated patients 648 184 HilH 0.20 [0.14, 0.30]
GREEN, Benda + Obinu 94 64 —— 0.19 [0.06, 0.58]
GLOW, Chlb + Obinu 18 87 i 0.52 [0.19, 1.38]
GLOW, Ibr + Ven 55 51 -4 0.40[0.09, 1.77]
RE Model (Q = 25.51, df = 11, p = 0.01; I = 55.6%) - | 0.32[0.22, 0.45]
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