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Abstract 

Background The Chronic Lymphocytic Leukemia (CLL) treatment strategies have 

transitioned from chemotherapy and chemoimmunotherapy to chemo-free regimens. 

Frequentist network meta-analysis allows for both direct and indirect comparisons between 

different treatments. 

Methods Randomized controlled trials assessing first-line treatments were included. 

Outcomes were progression-free survival (PFS), overall survival, undetectable minimal 

residual disease (MRD), objective response rate, and adverse events. Studies with comparable 

characteristics also underwent subgroup analysis, stratifying by age, comorbidities, IGHV 

status, and cytogenetic abnormalities. 

Results 30 eligible trials involved 12,818 patients and 30 treatments were included. 

Acalabrutinib demonstrated a PFS advantage over ibrutinib and obinutuzumab-venetoclax 

(OV) in patients over 65 years old or with unmutated IGHV. In younger patients with 

comorbidities, Acalabrutinib-Obinutuzumab (AO) had superior PFS compared to Ibrutinib-

Obinutuzumab (IO), Ibrutinib-Venetoclax (IV), and OV. For older patients with comorbidities, 

Acalabrutinib and AO both outperformed OV without significant difference between them. 

MRD-guided IV surpassed OV in patients without comorbidities. IO exhibited extended PFS 

benefits compared to OV in patients with mutated IGHV or with del(17p) and/or TP53 

mutations. IV and IO have lower neutropenia rates than OV. IV have fewer infections than 

Acalabrutinib and AO. AO causes less diarrhea than IV but more headaches than IO and OV. 

OV has lower hypertension rates than IO. IV has fewer arthralgia than AO. For any grade 

secondary primary neoplasms, IV and OV is less than AO.  
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Conclusion Tailored chemo-free regimens can be selected based on age, comorbidities, IGHV 

status, and cytogenetic abnormalities to optimize treatment outcomes while considering 

different response spectra.  
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Introduction 

Chronic Lymphocytic Leukemia and Small Lymphocytic Lymphoma (CLL/SLL) is the most 

common leukemia in the US, around 200,000 individuals are affected, with 2023 estimates 

indicating 18,740 new cases and 4,490 deaths[1]. The median age at diagnosed is 70. The 5-

year survival rate for CLL/SLL is about 90%, with a 10-year rate of approximately 82%. 

Initially, 70%-80% of patients require no treatment until they have evidence for progressive 

or symptomatic disease [2]. The unique characteristics of CLL/SLL, its chronic nature, and its 

high incidence rate warrant extensive attention. 

 

In December 2015, the first-in-class drug Ibrutinib (Ibru) creates possibilities for an era of 

chemotherapy-free management of CLL/SLL. The treatment landscape for CLL/SLL is 

currently undergoing a significant transformation, moving away from traditional 

chemotherapy and chemoimmunotherapy (CIT) to embrace chemo-free approaches. The first-

line treatment options for CLL/SLL that have been explored in clinical trials include Bruton's 

Tyrosine Kinase (BTK), B-cell lymphoma (BCL2) proapoptotic inhibitor, monoclonal Anti-

CD20 Antibodies, and chemotherapies. Recent maturation and publication of trial data for 

chemo-free regimens have revealed notable efficacy disparities between chemo-free 

approaches and conventional CIT, yet direct comparisons among chemo-free regimens remain 

scarce. This evolution poses a challenge for clinicians in selecting the optimal initial treatment 

strategy, given the broad range of options. The latest NCCN guidelines for naïve CLL/SLL, 

without delineating a prioritized treatment hierarchy, but recommend Acalabrutinib ± 

Obinutuzumab (Acala/AO), Venetoclax-Obinutuzumab (OV), and Zanubrutinib (Zanu), 

suitable for patients with or without TP53 mutation/del(17p). The ESMO guidelines, last 
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updated in 2021[3], lack recent data on chemo-free regimens, showing a requirement for the 

most recent information in this rapidly evolving treatment landscape. 

 

The application of network meta-analysis has provided a strategic approach for addressing 

clinical dilemmas. The choice of CLL/SLL as the research subject is feasible and has profound 

clinical significance. CLL/SLL, being the most common B-cell malignancy, boasts a notably 

high clinical trial success rate (7.3% from phase I to FDA approval), surpassing the rates 

observed in solid tumors (5.7%)[4]. This abundance of data makes CLL/SLL an ideal 

candidate for network meta-analysis. The market for CLL/SLL, now exceeding ten billion 

dollars, has undergone a revolutionary transformation with the introduction of target inhibitors, 

marking a paradigm shift towards chemotherapy-free regimens. Through network meta-

analysis, this study quantitatively compares the clinical efficacy and toxicity of different 

regimens in CLL/SLL patients. It not only offers new insights for future clinical trials but also 

provides strategic positioning to address unmet clinical needs in the billion-dollar market. 

 

Our study thoroughly assesses both the efficacy, characterized by progression-free survival 

(PFS), overall survival (OS), objective response rate (ORR), and undetectable minimal 

residual disease rate (uMRD), and safety, defined by the incidence of 30 selected adverse event 

(AE) terms. It encompasses an analysis of 30 trials, comparing the outcomes of 30 distinct 

treatments among 12,818 treatment naïve CLL/SLL patients. Notably, the study delves into 

identifying optimal treatment regimens, providing precise recommendations tailored to disease 

characteristics, risk factors, and comorbid conditions, thereby refining treatment strategies for 

CLL/SLL. This research significantly contributes to key debates in CLL/SLL first-line 
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treatment by 1) deepening insights into the role of CIT in the chemo-free era, 2) identifying 

the preferred BTK inhibitor for initial treatments rather than second-line therapy, and 3) 

evaluating BTK-based combinations versus BTK monotherapy. The study also 4) contrasts 

continuous BTK-based combinations with time-limited Venetoclax therapies, and 5) 

investigates distribution differences in adverse events across various treatment regimens, 6) 

exclude weaker treatment options from preferred regimens in guidelines, considering different 

age groups, comorbidities, and molecular genetic profiles, aiding in the selection of the optimal 

therapy option. 

  

Methods 

This network meta-analysis was reported in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analysis statement. This systematic review has been registered 

in PROSPERO (CRD42023445683). 

 

Search strategy 

Systematic literature searches were conducted separately on Medline (via Ovid), Embase (via 

Ovid), Cochrane Central Register of Controlled Trials (via Wiley), and ClinicalTrials.gov 

(classic version), and WHO ICTRP on 2nd August 2023. The search strategy (Supplementary 

Table 1) consisted of subject headings and keyword terms for the concepts of CLL/SLL; 

treatment-naive, first line, or untreated; and drugs recommended for first-line therapy, taken 

from British and US Guidelines[1, 5]. The terms for CLL and SLL were adapted from 

Kreuzberger et al[6]. In Medline, the Cochrane Highly Sensitive Search Strategy for 

identifying randomized trials in MEDLINE: sensitivity-maximizing version (2008 revision) 
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was used. In Embase, the CENTRAL RCT filter was used. Embase searches were limited to 

conference abstracts published from 2020 onwards. In ClinicalTrials.gov, results were limited 

to studies with results. No other limits or filters were used. Reference lists of relevant articles 

were scrutinized. To include complete and updated outcomes, abstracts of ongoing 

randomized controlled trials from several of the most important international conferences 

(American Society of Clinical Oncology, European Society of Medical Oncology, American 

Society of Hematology, and European Society of Hematology). During the peer-review period, 

we also conducted manual literature searches and updates, up to February 2024. The results 

underwent deduplication in EndNote. Trial registrations without results from Cochrane 

CENTRAL, WHO ICTRP and ClinicalTrials.gov were manually removed before screening. 

 

Eligibility criteria and selection process 

Included studies were: 1) Trials enrolling patients with documented CLL/SLL requiring 

treatment based on iwCLL criteria[2]. 2) Trials comparing two or more different first-line 

treatments. 3) Trials reporting on at least one of the following clinical outcomes: PFS, OS, 

ORR, uMRD. Response assessments conformed to iwCLL guidelines[1, 2]. Safety adverse 

events were defined and graded according to the National Cancer Institute’s common 

terminology criteria for adverse events (NCI-CTCAE) and classified using the Medical 

Dictionary for Regulatory Activities classification system (MedDRA). 4) Phase II/III 

randomized controlled trials. 

 

Exclusion criteria involved: 1) The study subjects includes both treatment-naïve individuals 

and those with relapsed/refractory conditions, which may introduce potential biases. 2) 
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Treatments used for maintenance, consolidation, or investigating dosage and sequence. 3) 

Small samples less than 20. 

 

All study periods and follow-up durations were considered, including updated data from 

mature or long-term follow-ups. Titles and abstracts were screened, and the full text of 

potentially eligible articles were assessed for final inclusion by two independent reviewers. 

 

Data collection 

Data regarding trial details (e.g., study ID, first author, publication year, patient numbers and 

characteristics), treatments, outcomes, and adverse events were extracted into a spreadsheet 

by two independent reviewers. Preference was given to survival data assessed by an 

independent review facility to mitigate assessment bias. Treatment-related adverse events 

were prioritized, and if unspecified, all adverse events were considered. ClinicalTrials.gov and 

other sources were evaluated for recent and complete data. We reached out to study authors 

and pharmaceutical companies for clarification or unreported crucial data. 

 

Study risk of bias assessment 

Two reviewers utilized the Cochrane Risk of Bias Tool to evaluate biases within individual 

studies, focusing on factors like random sequence generation, allocation concealment, blinding, 

incomplete outcome data, selective reporting, and other possible biases. Ultimately, each study 

was scored for risk of bias as low, high, or unclear. 

 

Data synthesis and statistical analysis 
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Before conducting comparisons, we performed similarity matching based on the clinical trial 

patient characteristics to ensure comparability among the included studies and to mitigate 

biases in the meta-analysis. We reported hazard ratios (HR) for survival outcomes such as PFS 

and OS, and odds ratios (OR) for binary outcomes including ORR, uMRD, and adverse events 

(AE), along with their corresponding 95% confidence intervals (CI). Empirical and simulation 

studies suggest that both frequentist and Bayesian approaches in network meta-analysis often 

yield overlapping results. Therefore, we opted for a frequentist network meta-analysis in this 

study. Network plots were produced for each outcome to visualize network geometry and node 

connectivity. We estimated effect sizes for categorical and survival outcomes using the 

Mantel-Haenszel method for ORs and either fixed or random effects models for HRs based on 

heterogeneity, with 95% confidence intervals calculated using the DerSimonian-Laird method. 

Missing information was imputed using approximate or exact adjustment methods as 

described by Gerta et al[7]. The frequentist method uses P-scores to rank treatments, which 

measure the certainty that one treatment is better than another treatment, averaged over all 

competing treatments, using the Netmeta R package[8, 9]. Heterogeneity between studies was 

assessed using the Q test and I2 statistic, with statistical significance set at a P value of 0.05. 

Heterogeneity was classified as low, moderate, or high for estimated I2 values under 25%, 

between 25% and 50%, and over 50%, respectively. Fixed-effects models were used when 

heterogeneity was low to moderate, while random-effects models were employed otherwise. 

We employed the Separate Indirect from Direct Evidence method to detect inconsistencies 

between direct and indirect evidence in the network meta-analysis. This method utilizes a 

back-calculation approach, incorporating the proportion of direct evidence in the computation 
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of indirect evidence, as described by König et al[10]. Additionally, transitivity was assessed 

using descriptive statistics for study types and demographic characteristics.  

 

Subgroup analysis  

To enhance the comparability of enrollment criteria among the studies and to ascertain the 

optimal efficacy of various treatment regimens within precision subjects, subgroup analyses 

were performed, stratifying patients according to age, comorbidities, IGHV mutational status, 

and cytogenetic abnormalities. Those over 65 years old are defined as elderly, while those 

under 65 are considered young, as defined in most studies. Unfit is defined as being over 65 

years old or having comorbidities. Cytogenetic abnormalities at diagnosis considered include 

deletion 17p (del(17p)) and/or TP53 mutation, deletion 11q (del(11q)), deletion 13q (del(13q)), 

and complex karyotype. The complex karyotype is defined by the presence of three or more 

distinct chromosomal abnormalities. Notably, del(17p), del(11q), TP53 mutations, unmutated 

IGHV, and complex karyotype are identified as unfavorable prognostic factors in CLL/ SLL. 

Conversely, del(13q) and mutated IGHV are considered favorable factors. These features 

provide critical prognostic insights regarding survival and time to progression in patients 

undergoing chemoimmunotherapy-based treatments. The impact of these prognostic variables 

in patients receiving targeted therapies remains less clearly defined. 

 

The study aims to thoroughly evaluate a wide range of AEs, categorizing them into treatment 

discontinuation, dose reductions exceeding 20%, and adverse events of any grade or those 

grade 3 or higher. AEs includes neutropenia, infections, hypertension, skin disorders, tumor 
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lysis syndrome, secondary primary neoplasms, atrial fibrillation, bleeding events, arthralgia, 

diarrhea, anemia, headaches, infusion-related reactions, and thrombocytopenia.  

 

Sensitivity analysis, reporting bias assessment and evidence confidence assessment 

For the sensitivity analysis, the robustness of the conclusions was evaluated by altering the 

effect size models (for instance, switching from fixed-effect to random-effects models), and 

considering the removal of studies identified as having a high risk of bias. The evaluation of 

publication bias will entail scrutinizing funnel plots for asymmetries potentially arising from 

variations in study size or other influences, suggesting the presence of publication bias. When 

the number of included studies exceeds 10, statistical approaches will incorporate Egger's 

regression test and Begg's rank correlation test, which are tools capable of quantifying the 

magnitude of bias and determining its statistical significance. The certainty of evidence across 

six key domains—within-study bias, reporting bias, indirectness, imprecision, heterogeneity, 

and inconsistency—is assessed employing the CINeMA framework. 

 

Result 

Study selection and characteristics 

A total of 33 randomized controlled clinical trials were identified as eligible for inclusion 

(Figure 1, Table 1). However, due to the inability of three studies to form a network within the 

closed loop, the network meta-analysis ultimately included 30 eligible trials, involving 12,818 

patients, and encompassing 30 different treatments. Bias risk assessments indicate that most 

studies are at low risk (Supplementary Figure 1). The majority of trials included were 

published in prestigious journals such as The Lancet, NEJM, Lancet Oncology, and the Journal 
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of Clinical Oncology with high quality. This research revealed over 500 new positive results 

comparing the efficacy and safety of 30 regimens in different subgroup analysis, previously 

unreported by any head-to-head clinical trials (Figure2-3, Supplementary Figures 31, 

Supplementary Table 59-61). 

 

Chemotherapy regimens include FC (Fludarabine, Cyclophosphamide), F (Fludarabine), Clb 

(Chlorambucil), CC (Cladribine, Cyclophosphamide), B (Bendamustine), CMC (Cladribine, 

Mitoxantrone, Cyclophosphamide), and 2-CdA (Cladribine). Targeted therapy encompasses 

OIV (Obinutuzumab, Ibrutinib, Venetoclax), Zanu, RV (Rituximab, Venetoclax), R 

(Rituximab), OV, Len (Lenalidomide), IV (Ibrutinib, Venetoclax), IV MRD (MRD-guided 

IV), IR (Ibrutinib, Rituximab), IO (Ibrutinib, Obinutuzumab), Ibru, AO, Alemtuzumab, and 

Acala. BTK inhibitors include Ibru, Acala, and Zanu. Chemoimmunotherapy options include 

R-Clb (Rituximab, Chlorambucil), O-Clb (Obinutuzumab, Chlorambucil), FR (Fludarabine, 

Rituximab), FCR, FCM-R (Fludarabine, Cyclophosphamide, Mitoxantrone, Rituximab 

500mg), FCM-miniR (Fludarabine, Cyclophosphamide, Mitoxantrone, Rituximab 100mg), 

FC plus alemtuzumab, BR (Bendamustine, Rituximab), CIT (age less than 65 years received 

FCR, others received BR), and Ofa-Clb (Ofatumumab, Chlorambucil). 

 

UK FLAIR is a phase 3 adaptive trial. Initially, it compared IR and FCR in CLL. However, in 

2017, the trial was amended to include two additional groups: Ibru and IV-MRD. Since there 

was no direct comparison between IV-MRD and IR, we divided UK FLAIR into two separate 

studies for clarity in our presentation.  
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Network meta-analysis in the overall subjects 

The PFS of AO in the overall subjects significantly superior to all chemo-free regimens and 

CITs, except the MRD-guided IV and IV regimens (AO vs Ibru, HR 0.19, 95%CI 0.12-0.32; 

AO vs Zanu, HR 0.23, 95%CI 0.13-0.43; AO vs OV, HR 0.34, 95%CI 0.22-0.53; AO vs IO, 

HR 0.56, 95%CI 0.32-0.98). The monotherapy of Acala also provides PFS benefit compared 

to Zanu (HR 0.4, 95%CI 0.22-0.72), Ibru (HR 0.33, 95%CI 0.2-0.53), and OV (HR 0.59, 

95%CI 0.39-0.88). AO vs. IO involved only one node transmission. The PFS of IV (HR 0.53, 

95%CI 0.32-0.87) and IV-MRD (HR 0.43, 95%CI 0.22-0.85) were superior to OV. For OS, 

AO (HR 0.44, 95%CI 0.23-0.87), and IV (HR 0.35, 95%CI 0.16-0.78) were comparable to 

FCR, and IV-MRD (HR 0.32, 95%CI 0.12-0.87) were comparable to Zanu, in providing OS 

benefit. The OS data of AO, IV, and Zanu come from patients with comorbidities, and the OS 

data of IV-MRD and FCR come from patients younger than 75 years old without comorbidities, 

which may present certain heterogeneity. The uMRD of Ibru monotherapy was lower than AO, 

IO, IV-MRD, and OV (Supplementary Table 3-6, Supplementary Figure 2). 

 

Network meta-analysis in old patients or with severe comorbidities 

The SEQUOIA, ELEVATE-TN, CLL14, Glow, iLLUMINATE, CLL11, and Complement1 

trials exclusively enrolled patients with comorbidities, with no age restrictions. The A041202, 

CLL5, RESONATE, and ORIGIN trials only included elderly patients aged over 65. Other 

studies had enrollment criteria of no comorbidities but may allow patients over 65 years of 

age; if so, we aggregated the subgroup data of patients older than 65 from these studies 

(Supplementary Table 2,7-19, Supplementary Figure 3-9). 
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In patients older than 65 years or with severe comorbidities, the PFS of Acala was superior to 

that of Ibru (HR 0.32, 95%CI 0.19-0.53), OV (HR 0.64, 95%CI 0.42-0.97), and Zanu (HR 

0.43, 95%CI 0.22-0.83). The PFS of AO was superior to IO (HR 0.56, 95%CI 0.32-0.98), OV 

(HR 0.37, 95%CI 0.24-0.58), and Zanu (HR 0.25, 95%CI 0.13-0.49). Additionally, the PFS of 

IV was superior to OV (HR 0.57, 0.34-0.96) and Zanu (HR 0.38, 95%CI 0.19-0.79). The direct 

(HR 1.72, 95%CI 1.16-2.56) and pooled estimates (HR 1.72, 95%CI 1.16-2.55) of PFS for 

Acala vs. AO were consistent. The pooled HR for overall OS among Acalabrutinib vs. AO 

was HR 1.44 (95%CI 0.92-2.27), consistent with the direct comparison results (HR 1.45, 

95%CI 0.92-2.28). 

 

To further compare the applicability of various regimens in patients with severe comorbidities, 

we divided this subject into younger and older groups, using 65 years as the threshold. The 

PFS of AO was always greater than OV (any age: HR 0.4, 95%CI 0.25-0.63; younger: HR 

0.08, 95%CI 0.02-0.31; older: HR 0.3, 95%CI 0.13-0.68). In younger patients, the PFS of AO 

showed a benefit compared to IO (HR 0.08, 95%CI 0.02-0.34) and IV (HR 0.08, 95%CI 0.01-

0.49). In older patients, the PFS of Acalabrutinib also showed a benefit compared to OV (HR 

0.45, 95%CI 0.21-0.97). 

 

Network meta-analysis in patients without severe comorbidities 

After excluding studies that only enrolled patients with severe comorbidities, we categorized 

the population into any age, younger than 65 years, and older than 65 years. IV-MRD provided 

superior PFS (HR 0.31, 95% CI 0.15-0.66) but ORR (OR 0.34, 95% CI 0.14-0.82) and uMRD 

(OR 0.41, 95% CI 0.23-0.73) compared to OV. Chemo-free regimens, including Ibrutinib (HR 
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0.52, 95%CI 0.32-0.84), OIV (HR 0.3, 95%CI 0.13-0.69), and OV (HR 0.4, 95%CI 0.19-0.83), 

showed superior PFS benefit compared to chemoimmunotherapy FCR in patients older than 

65 years without severe comorbidities (Supplementary Table7-12, Supplementary Figure 3-9).  

 

Network meta-analysis in patients with mutated IGHV  

BTK-CD20 combination AO (HR 0.23, 95%CI 0.06-0.84) and IO (HR 0.18, 95%CI 0.04-0.75) 

were comparable to Ibru in providing PFS benefits. The PFS of IO, rather than AO, was 

superior to both IV (HR 0.28, 95%CI 0.08-0.95) and OV (HR 0.27, 95%CI 0.07-0.99). 

Compared to FCR, the PFS of AO (HR 0.18, 95%CI 0.05-0.65) and IO (HR 0.14, 95%CI 0.03-

0.58) demonstrated a significant PFS advantage (Supplementary Figure 10, Supplementary 

Table 20-21). 

 

Network meta-analysis in patients with unmutated IGHV 

Both monotherapy Acala and combination AO provide PFS benefit compared to Ibru, IV, IR, 

OV, and Zanu. While no difference between Acala and AO from the direct (HR 1.59, 95% CI 

0.99-2.55) and pooled estimate (HR 1.54, 95% CI 0.96-2.48). Compared to FCR, both Acala 

(HR 0.15, 95%CI 0.08-0.27) and Ibru (HR 0.5, 95%CI 0.3-0.83) provide benefit PFS 

(Supplementary Figure 10, Supplementary Table 22-23). 

 

Network meta-analysis in patients with del (17p) and/or TP53 mutation 

Due to many trials excluding this high-risk subject, only a limited number of patients were 

included. A notable positive finding in our research is that the PFS of IO was superior to OV 

(HR 0.23, 95%CI 0.05-0.97) (Supplementary Figure 11, Supplementary Table 26). 
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Network meta-analysis in patients with del (11q)  

The OIV demonstrated a significant PFS advantage over Zanu (HR 0.2, 95%CI 0.05-0.81). 

Acala showed superiority over FCR (HR 0.14, 95%CI 0.02-0.97) (Supplementary Figure 11, 

Supplementary Table 24). 

 

Network meta-analysis in patients with del (13q) or complex karyotype 

IV-MRD showed PFS benefit compared to BR in patients with no obvious significant PFS 

benefit among in patients with complex karyotype, despite the P-score of AO rank the first. 

IV-MRD demonstrated a PFS benefit compared to BR in patients with del(13q). Among 

patients with a complex karyotype, no clear significant PFS benefit was observed among Acala, 

AO, OV, Zanu, and OIV, even though the P-score of Acala/AO ranked the highest 

Supplementary Figure 11, Supplementary Table 25-27). 

 

Adverse events (Supplementary Table 28-57, Supplementary Figure 12-26) 

The incidence of grade 3 or higher adverse events for Zanu is significantly lower than that for 

Acala, AO, IO, IV, and OV. The incidence of grade 3 or higher adverse events for Acala is 

also lower than that for IO, IV, and OV. The OIV regimen was associated with increased 

occurrences of dose reductions exceeding 20% and treatment discontinuations due to AEs 

relative to Zanubrutinib.  

 

In terms of neutropenia across all grades and specifically for grade 3 or higher, Zanu 

demonstrated lower incidence rates in comparison to Acala, Ibru, IO, IV, AO, and OV. The 
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incidence of neutropenia with IV was inferior to that observed with OV (Any grade: OR 0.5, 

95% CI 0.26-0.98; Grade ≥3: OR 0.5, 95%CI 0.26-0.97). For any grade or Grade ≥3, the 

incidences of thrombocytopenia in Zanu were lower than IO, OV, and AO. For any grade 

infections, the incidence was higher in Acala/AO compared to Zanu, Ibru, IV, and IR. The 

incidence rate of Ibru was lower than that of IO (OR 0.24, 95%CI 0.08-0.69) and OV (OR 

95%CI 0.38,0.21-0.7).  

 

The IV regimen exhibited a higher incidence of Grade ≥3 diarrhea compared to Acala, I, AO, 

and OV, with OV showing a greater incidence than both Ibru and Zanu. Acala/AO recorded a 

higher frequency of headaches than IO and OV. Furthermore, Grade ≥3 hypertension was less 

common in Acala/AO than in Ibru, with Ibru monotherapy presenting a higher incidence than 

both IO and OV. Arthralgia of any grade was more prevalent in AO than in IV. Additionally, 

IV demonstrated a lower occurrence of any grade secondary primary neoplasms relative to 

Acala/AO. 

 

Regarding infusion-related reactions of any grade, IV had a lower incidence compared to IO 

and OV, with IO in turn registering fewer instances than OV. Lastly, the incidence of Grade 

≥3 rash was notably higher in Ibru than in OV and RV, delineating a distinct profile of adverse 

effects across the treatment regimens. 

 

Heterogeneity Assessment and Publication Bias 

Our assessment indicated low to moderate heterogeneity in over half of the comparisons (31/48) 

across various outcomes. The consistency model fit was similar to the inconsistency model 
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(Supplementary Table 58). Funnel plot analysis and Egger's test suggested no evident 

publication bias across various outcomes(Supplementary Figure 27-30). After the removal of 

high-risk trials, the robustness of results was also detected in the comparisons of the remaining 

treatments. 

 

 

Discussion 

To our knowledge, this network meta-analysis includes the largest number of naive CLL/SLL 

patients, incorporating 30 eligible trials and a total of 12,818 patients across 30 different 

treatments. Studies with comparable characteristic were subject to further subgroup analysis. 

This research revealed over 500 new positive results comparing the efficacy and safety of 30 

regimens in different subgroups, previously unreported by any head-to-head clinical trials 

(Supplementary Figure 31).  

 

There are some network meta-analyses focused on CLL published before. Yin and Liu et al.  

[11, 12] focused solely on treatments involving BTK inhibitors and didn't make a distinction 

between treatments for newly diagnosed patients and those already treated, which might lead 

to bias. Rizzuto et al. [13] aimed to analyze first-line treatments through a Molecular-Biology-

Driven approach. They combined IR and IO into one group, but we found efficacy differences 

between these two CD20 antibodies. Their research was also limited by its scope, covering 

only 9 studies and 11 treatments, and offered a limited comparison of side effects. Our study 

adds comparisons of new regimens IV, MRD-guided IV, RV, and Zanu. Moreover, many 

network analyses published before 2021 lacked updates on new regimens [14-17], especially 
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those including BCL2 and BTK inhibitors, which have been published mostly in the last two 

years and represent significant progress, like the GAIA-CLL13[18], NCRI FLAIR[19], and 

UK FLAIR[20] studies. Acalabrutinib or Zanubrutinib are non-inferior or superior to ibrutinib 

in R/R CLL/SLL based on PFS [21, 22], with lower toxicity and no significant OS difference, 

but there are no head-to-head studies comparing different BTK inhibitors in the first-line 

setting. Additionally, most of these studies focused on specific groups of patients or single 

classes of treatments, missing a broader and more systematic review of treatments for newly 

diagnosed CLL/SLL patients. This gap highlights the need for a more up-to-date and 

comprehensive study that looks at a wider range of treatments and their outcomes. 

 

Generally, the NCCN, ESMO, and BSH guidelines recommend 

Acala/AO/OV/Zanu/Ibru/FCR, without providing a specific ranking. Our study has 

undertaken a detailed exploration and identified new insights. Patients over 65 years and/or 

with comorbidities might benefit more from Acala and IV, as the PFS are superior to 

OV/Zanu/Ibru, with no significant difference in PFS and OS between Acala and AO. IO 

demonstrated a PFS benefit compared to IR in patients older than 65 years, indicating 

differences among CD20 antibodies—a novel finding of our study. 

 

For patients under 65 years with comorbidities, our findings indicate that the PFS for AO 

exceeds that of IO, IV, and OV. Direct comparisons from ELEVATE-TN have shown that the 

PFS associated with Acala is inferior to that of Acala with AO. The uMRD of Acala is also 

inferior to AO. Given that the SEQUOIA study has not yet reported the efficacy of Zanu in 
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the subgroup of patients younger than 65, we have justification to recommend AO over Acala, 

IO, IV, and OV, with Zanu also being a viable option. 

 

For patients without comorbidities, we found that the PFS of IV-MRD was superior to OV. 

Since the ELEVATE-TN and SEQUOIA studies only included subjects with comorbidities, 

there are no comparable data for Acala, AO, or Zanu. Based on these findings, we believe it is 

reasonable to recommend IV-MRD, and consider Acala, Zanu, and AO regimens as viable 

options. 

 

For patients with mIGHV, our findings indicate that the PFS of AO and IO is greater than that 

of Ibru and FCR, with IO also surpassing IV and OV. Direct comparisons from ELEVATE-

TN suggest no significant difference in PFS between Acala and AO. Therefore, Ibru/IV/OV 

are not prioritized treatment options. 

 

For patients with umIGHV, we discovered that the PFS of Acala and AO is superior to Ibru, 

IV, IR, OV, and Zanu. Similar to mIGHV, there is a lack of OS data for comparison among 

these treatments. Both direct comparisons from ELEVATE-TN and estimates from network 

meta-analyses indicate no significant difference in PFS between Acala and AO. Thus, Acala 

and AO are good options. 

 

Patients with del(17p)/TP53 mutations, known for their poor prognosis and lower response 

rates, are often excluded from direct comparative studies. Our results demonstrate promising 

efficacy of IO compared to OV; a finding not explicitly recommended in current guidelines. 
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There is a lack of comparable data for IV. Del(17p)/TP53 mutations impair the sensitivity to 

drugs that depend on functional p53. Results from phase I clinical trials have shown that, 

compared to patients without del(17p), those with del(17p) have a shorter PFS when treated 

with Venetoclax[23]. Although Anderson et al. found that Venetoclax potently induces rapid 

onset apoptosis of CLL cells in vitro and in vivo, independent of TP53 function[24], the 

preferential use of BCL2 inhibitors in such high-risk groups still warrants further validation in 

the future. We would not prioritize recommending the OV regimen. Due to the small samples 

in this subgroup, a further large cohort for validation is warranted for this heavily worse 

prognosis subjects. 

 

Regarding the efficacy comparison among the three BTK inhibitors, Zanu vs. Ibru and Acala 

vs. Ibru involved a two-node transmission, whereas the comparison of Acala vs. Zanu 

necessitated navigating through a four-node transmission. The comparison between AO and 

IO required only a single node transmission. The baseline data from ELEVATE-TN, 

SEQUOIA, Resonate-2, A041202, and CLL11 are comparable for these comparisons. We 

classify the evidence level for Acala vs. Ibru and Zanu vs. Ibru as moderate, while the evidence 

level for Zanu vs. Acala is considered low. Acala is shown to offer superior progression-free 

survival (PFS) over Ibru in patients with comorbidities, especially in older patients, and those 

with unmutated IGHV. 

 

The spectrum of AE varies markedly among different treatment regimens. This meta-analysis 

facilitates a comprehensive factorial analysis of the AE profiles related to both monotherapy 

and combination therapies. The Acala/AO regimens are associated with higher incidences of 
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headaches, arthralgia, and secondary primary malignancies, with the addition of 

Obinutuzumab further increasing the risk of thrombocytopenia and infections. Ibru presents a 

higher risk of bleeding, hypertension, and rash, and its combination with Obinutuzumab also 

elevates the risk of thrombocytopenia and infections. Zanu is characterized by lower rates of 

anemia, neutropenia, thrombocytopenia, infections, and diarrhea but a higher incidence of 

hypertension. IV, being an all-oral treatment regimen, offers easier administration compared 

to OV, with diarrhea being its most significant toxicity. OV is associated with higher 

occurrences of neutropenia, thrombocytopenia, infusion-related reactions, and tumor lysis 

syndrome. When selecting treatments, it is imperative to consider comorbidities, concurrent 

medications, and the spectrum of AE to prevent overlapping toxicities. 

 

Continuous BTK inhibitor-base combinations or time-limited Venetoclax containing therapy, 

which is preferable? Fixed-duration regimens include OV, IV, and VR, with OV and VR 

lasting one year, and IV for 15 months. The continuous treatment regimens include AO, IO, 

and various BTK monotherapies. Prior to our network meta-analysis, there was no compelling 

data comparing IV to OV and IV to VR. IV represents an all-oral treatment regimen, while 

Obinutuzumab is an intravenous drug. The OV regimen is associated with a high incidence of 

adverse reactions related to intravenous infusion, making IV a simpler practical option. This 

article provides new evidence elevating IV/IV-MRD as preferred treatment options, especially 

in patients without severe comorbidities and those with IGHV-unmutated status. 

 

Owing to numerous studies excluding patients with del17p deletion or TP53 mutation, the 

cohort size available for analysis within this high-risk subgroup remains constrained. 
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Furthermore, not all therapeutic regimens are represented in each subgroup analysis.  

Occasionally, even when data exist, they form isolated nodes that preclude network formation 

for comparative purposes. Consequently, achieving a comprehensive ranking within each 

subgroup analysis is unfeasible. All analyzed data derive from published clinical trials, rather 

than individual patient-level data. We conducted pairing based on the baseline characteristics 

of each study, allowing only matched studies to proceed to further subgroup analysis. The 

corroborative analysis of both the overall subjects and various subgroups reinforced the 

stability of the results.    

 

Tailored chemo-free regimens can be selected based on age, comorbidities, IGHV status, and 

cytogenetic abnormalities to optimize treatment outcomes while considering different 

response spectra. In the absence of extensive direct evidence from randomized clinical trials 

for most chemo-free regimens, this study uses matched indirect comparisons and network 

estimates to evaluate the efficacy and safety of various treatments. It significantly contributes 

by addressing key questions in CLL/SLL therapy, providing high-level, evidence-based 

recommendations for clinical practice, and highlighting the evolving landscape of cancer 

therapy relevant to various tumor types. The research exemplifies factorial analysis applied to 

multi-drug combinations and emphasizes the urgent need for future direct head-to-head trials 

to confirm these findings in well-defined precision subjects. 
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Figure 1: Workflow for Study Search and Selection. The process of literature screening, 

inclusion, and exclusion followed the PRISMA (Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses) guidelines. 

 

Figure 2: Forest plot comparing efficacy among chemo-free regimens with significant 

clinical significance. Only data meeting all three criteria were included: high-quality and 

moderate-quality new insights from our meta-analysis, not previously reported by any head-

to-head clinical trial, and the comparative group remains relevant and continues to be 

considered one of the standard treatment regimens. Additional data were accessible for 

supplementary materials. 

 

Figure 3: Forest plot comparing safety among chemo-free regimens with significant 

clinical significance. Only data meeting all three criteria were included: high-quality and 

moderate-quality new insights from our meta-analysis, not previously reported by any head-

to-head clinical trial, and the comparative group remains relevant and continues to be 

considered one of the standard treatment regimens. Additional data were accessible for 

supplementary materials. 
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Table 1 | Baseline characteristics of studies included in the network meta-analysis. 

Study  Intervention  Comparison  
Sample size 

(No) 
Median age  

del 17p%, del 11q%, 

del 13q%,  

IGHV Mutation %; 

Unmutated 
TP53 mutated Comorbidities 

 

GAIA-CLL13 [18] 

1. OIV 

2.OV 

3.VR 

CIT (FCR/BR) 

231 vs 229 vs 

237 vs 229 

(150/79) 

60 vs 62 vs 62 vs 

61 

0 vs 0 vs 0 vs 0; 13.9 vs 

19.2 vs 19 vs 17.9; 45.5 

vs 41 vs 47.7 vs 44.1 

43.7 vs 39 vs 40.1 vs 

41.5; 53.2 vs 57 vs 56.5 

vs 57.2  

0 vs 0 vs 0 vs 0 No 

 

 

 

E1912 [25-27] 
 

IR FCR 354 vs 175 58 vs 57 
0.6 vs 0; 22.2 vs 22.3; 

34.2 vs 33.1 
25 vs 38.3; NA 91 vs 97 NA  

NCRI FLAIR [20, 28] IV MRD FCR 260 vs 263 62 No; 20.6; 31.4 37.6; 56.9 NA No  

FLAIR [20] IR FCR 386 vs 385 63 vs 62 No; NA; 36 vs 34 38 vs 38; 50 vs 50 1 vs 1 No  

CLL10 [29, 30] BR FCR 279 vs 282 61.0 vs 62.1 NA; 23 vs 24; 53 vs 55 
32.2 vs 44.7；67.8 vs 

55.3 
NA No  

ADMIRE [31, 32] FCM-R FCR 108 vs 107 63 vs 61  
4.6 vs 8.4; 18.5 vs 16.8; 

NA 
38 vs 30.8 NA No  

ARCTIC [33] FCM-miniR FCR 100 vs 100 63 vs 63 
3 vs 4; 20 vs 10; 31 vs 

30 
31 vs 30 NA No  

Knauf et al [34, 35] B Clb 162 vs 157 63.0 vs 63.6 NA NA NA No  

CAM307 [36] Alemtuzumab Clb 149 vs 148 59.0 vs 60.0 
7.7 vs 7.2; 16.1 vs 22.3; 

23.1 vs 24.5 
NA NA No  

CALGB 10404 [37] FCR FR 110 vs 123 60 vs 61 
90 vs 89; 94 vs 93; 50 

vs 50 
NA NA No  

CLL3 [38] CC FC 211 vs 212 58 vs 59 
15 vs 19; 25 vs 19; 24 

vs 25 
NA NA No  

CLL8 [39-41] FCR FC 408 vs 409 61 vs 61 
7 vs 10; 27 vs 22;54 vs 

60 
37 vs 37; 63 vs 63 72 vs 62 No  

HOVON68 [42] FC-alemtuzumab FC 133 vs 139 42.8 
11 vs 13; 23 vs 27; 18 

vs 9 
17 vs 6;78 vs 81 NA No  

CALGB9011 [43] F Clb 179 vs 193  64 vs 62 NA NA NA No  
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CLL2007FMP [44] FC- alemtuzumab FCR 83 vs 82  57 vs 57 
 0 vs 0;  20.48 vs 

19.51; NA 

39.76 vs 45.12; 60.24 

vs 54.88 
NA No  

E2997 [45] FC F 141 vs 137 61 vs 61 
10 vs 9; 24 vs 16; 43vs 

38 
0 vs 1.8 NA No  

Eichhorst [46] FC F 180 vs 182 58 vs 59  NA NA NA No  

CLL2 [47] 2-CdA 
1. CC 

2. CMC 

166 vs 162 vs 

151 
61 vs 63 vs 59  NA NA NA 

No  

No  

CLL4 [48] FC 
1. F               

2. Clb    

196 vs 194 vs 

387 
65 vs 64 vs 65 NA NA 12 vs 9 vs 19 

No  

No  

SEQUOIA [49-51] Zanubrutinib BR 241 vs 238  70 vs 70 
1 vs 0; 18 vs 19; 56 vs 

54 
NA; 53 vs 52 6 vs 6 Yes  

ELEVATE-TN [26, 

52, 53] 

1. AO 

2.A 
O-Clb 

179 vs 179 vs 

177 
70 vs 70 vs 71 

9.5 vs 8.9 vs 9; 17.3 vs 

17.3 vs 18.6 

57.5 vs 66.5 vs 65.5; 

NA 
11.7 vs 10.6 vs 11.9 Yes 

 

 

CLL14 [54-57] OV O-Clb 216 vs 216 71 vs 72 
6.7 vs 8.1; 18.3 vs 17.1; 

NA 
39.9 vs 38; 59.1 vs 60.5 9 vs 10.9 Yes  

GLOW [58, 59] IV O-Clb 106 vs 105 71 vs 71  No; 18.9 vs 17.1; NA 
25.5 vs 25.7; 51.9 vs 

51.4 
7 vs 2 Yes  

iLLUMINATE [60, 

61] 
IO O-Clb 113 vs 116 70 vs 72 12 vs 16; 12 vs 19; NA 38 vs 47;62 vs 53 12 vs 15 Yes  

CLL11 [62, 63] 
1. O-Clb  

2. R-Clb 
Clb 

333 vs330 vs 

118 
74 vs 73 vs 72 

8 vs 5 vs 10; 16 vs 14 vs 

15; 29 vs 33 vs 28 
36 vs 34 vs 36    NA Yes 

 

 

 

Complement 1 [64, 

65] 
Ofa-Clb Clb 221 vs 226 69 vs 70 

5 vs 8；19 vs 11；57 vs 

51 
43 vs 44；57 vs 56 NA Yes  

A041202 [66, 67] 
1. I 

2. IR 
BR 

182 vs 182 vs 

183 
71 vs 71 vs 70 

8 vs 5 vs 6；18 vs 19 vs 

21; 36 vs 36 vs 36 

58 vs 63 vs 61；42 vs 

37 vs 39 

16/174 vs 15/168 vs 

20/168 
No  

CLL5 [68] F Clb 93 vs 100 71 vs 70 
7 vs 6; 19 vs 10; 

undefined 
33 vs 41; 67 vs 59 NA No  

RESONATE-2 [69-

72] 
Ibrutinib Clb  136 vs 133 73 vs 72 No; 22 vs 21; 22 vs 30 33 vs 33; 48 vs 47 12 vs 3 No  
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ORIGIN [73] Len Clb 225 vs 225 72 
8.4 vs 7.1; 19.1 vs 18.7; 

55.1 vs 55.1 

39.6 vs 35.1; 54.7 vs 

57.8 
NA No  

Abbreviations: Chemotherapy regimens include FC (Fludarabine, Cyclophosphamide), F (Fludarabine), Clb (Chlorambucil), CC (Cladribine, Cyclophosphamide), B (Bendamustine), 

CMC (Cladribine, Mitoxantrone, Cyclophosphamide), and 2-CdA (Cladribine). Targeted therapy encompasses OIV (Obinutuzumab, Ibrutinib, Venetoclax), Zanu (Zanubrutinib), RV 

(Rituximab, Venetoclax), R (Rituximab), OV (Obinutuzumab, Venetoclax), Len (Lenalidomide), IV (Ibrutinib, Venetoclax), IR (Ibrutinib, Rituximab), IO (Ibrutinib, Obinutuzumab), I 

(Ibrutinib), AO (Acalabrutinib, Obinutuzumab), Alemtuzumab, and A (Acalabrutinib). Chemoimmunotherapy options include R-Clb (Rituximab, Chlorambucil), O-Clb (Obinutuzumab, 

Chlorambucil), FR (Fludarabine, Rituximab), FCR (Fludarabine, Cyclophosphamide, Rituximab), FCM-R (Fludarabine, Cyclophosphamide, Mitoxantrone, Rituximab 500mg), FCM-

miniR (Fludarabine, Cyclophosphamide, Mitoxantrone, Rituximab 100mg), FC plus alemtuzumab, CIT (age less than 65 years received FCR, others received BR), BR (Bendamustine, 

Rituximab), and Ofa-Clb (Ofatumumab, Chlorambucil).  
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2430 potentially 
eligible articles 

identified through 
database search

258 potentially eligible 
articles identified 

through other source

1847 screened by 
tittle and abstract

1661 excluded

186 full-text articles 
assessed for eligibility

132 excluded
• 65 abstract only, 

with no result
• 21 single arm 
• 24 without eligible 

population
• 9 consolidation or 

maintenance therapy
• 2 sample size less 

than 20
• 13duplicate report

52 articles included

841 duplicates excluded

57 articles included
33 trials for systematic review

30 trials for network meta-analysis

5 Updated search (up to 
Feb 2024
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