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Abstract

Background Chronic lymphocytic leukemia (CLL) is a B-cell malignancy primarily diagnosed in older adults. For
younger patients, treatment options often include regimens based on fludarabine, cyclophosphamide, and rituximab;
however, at least 20% of patients exhibit resistance to these therapies. lbrutinib, a covalent Bruton’s tyrosine kinase
(BTK) inhibitor, has demonstrated enhanced safety compared to conventional treatments. This meta-analysis
examines the efficacy and safety of ibrutinib in managing relapsed/refractory CLL.

Method Relevant keywords were used to conduct a comprehensive search across online databases, including
PubMed, Scopus, and Google Scholar. Data related to complete response (CR), overall response rate (ORR), and
adverse events were extracted to evaluate the efficacy and safety of ibrutinib treatment. The results were presented in
forest plots illustrating event rates and risk ratios with 95% confidence intervals (Cl), while heterogeneity was assessed
using I statistics. Funnel plots were employed to examine potential publication bias visually.

Result Twenty-one studies were included in this meta-analysis. Ibrutinib as a single-agent treatment was associated
with a 9% complete response (CR) rate (95% Cl: 5-14%) and a 77% overall response rate (ORR) (95% Cl: 70-83%).
When combined with other agents, ibrutinib achieved a CR rate of 21% (95% Cl: 9-41%) and an ORR of 84% (95%

Cl: 80-88%). Adverse events were not significantly correlated with treatment outcomes. Funnel plots indicated no
significant publication bias.
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Conclusion Single-agent ibrutinib has proven to be an effective therapy for patients with relapsed/refractory CLL.
However, combining ibrutinib with other agents has demonstrated enhanced treatment efficacy. Further studies are
needed to evaluate the safety profile of this therapeutic regimen thoroughly.

Keywords |brutinib, Refractory CLL, Chronic lymphocyte leukemia, Relapsed CLL, Meta-analysis

Background

Chronic lymphocytic leukemia (CLL), a B-cell malig-
nancy, continues to be an incurable disease. It is charac-
terized by a proliferation of CD19+, CD5+, and CD23+
cells within the bone marrow, lymph nodes, spleen, and
peripheral blood [1]. This disease predominantly affects
the elderly, with a median age at diagnosis of 72 years.
Between 2016 and 2020, the incidence rate of CLL was
4.6 per 100,000 individuals per year, with mortality
rates highest among adults aged 75 and older, at 1.1 per
100,000 per year [2].

Despite advancements in therapeutic interventions
over the past decade, CLL continues to lack a defini-
tive cure. The current standard treatment approach for
chronic CLL involves observation, though some studies
suggest early intervention measures may be effective [3].
For younger CLL patients, chemoimmunotherapy, partic-
ularly with the FCR regimen (fludarabine, cyclophospha-
mide, rituximab), has traditionally served as the first-line
treatment option [4]. Given that the median age at diag-
nosis for CLL patients is 72 years, many individuals are
ineligible for chemoimmunotherapy due to advanced
age and comorbidities. Additionally, at least 20% of CLL
patients develop a chemo-refractory disease or resistance
to targeted therapies, and approximately 10% progress
to an aggressive lymphoma subtype known as Richter’s
transformation [5].

Hopefully, recent advances in understanding the bio-
logical mechanisms underlying CLL have begun to
inform clinical practice. Among these innovations are
B-cell receptor (BCR) inhibitors, specifically Bruton
tyrosine kinase (BTK) inhibitors, which offer promising
therapeutic potential [4]. The BCR pathway is fundamen-
tal in regulating cellular processes vital for the survival
and function of both normal and malignant B cells [6]. In
CLL, dysregulated BCR signaling significantly drives dis-
ease progression, primarily by activating protein tyrosine
kinases (PTKs) such as Lyn, Syk, and BTK. These PTKs
display heightened activity and expression, facilitating
malignant B cells’ unchecked proliferation and survival.
This comprehension has driven progress in creating tai-
lored inhibitors for these kinases. Among these, BTK is
particularly noteworthy as a therapeutic target. Upon
BCR stimulation, BTK activation initiates downstream
signaling pathways that activate transcription factors
critical for B-cell growth and differentiation [7-9].

Ibrutinib is a groundbreaking, oral, covalent, and irre-
versible inhibitor of BTK, designed to selectively bind to

the cysteine residue CYS-481 at BTK’s active site, thereby
effectively suppressing its enzymatic activity. Addition-
ally, by blocking autophosphorylation at Tyr-223, ibru-
tinib disrupts downstream BCR signaling, ultimately
inhibiting the proliferation and survival of malignant cells
in CLL [7-9]. This targeted mechanism of action distin-
guishes ibrutinib as a valuable treatment option in the
management of CLL. As the first once-daily, oral, cova-
lent BTK inhibitor, ibrutinib has demonstrated enhanced
efficacy and a more favorable safety profile compared
to conventional chemoimmunotherapy regimens for
both relapsed/refractory (R/R) and treatment-naive CLL
patients [10]. Despite its clinical advantages, the treat-
ment is associated with certain adverse effects due to off-
target kinase inhibition. This leads to discontinuation in
approximately 16—24% of patients and dose adjustments
in 13-23% of cases due to toxicity [11].

This systematic review and meta-analysis represents
the first comprehensive evaluation aimed at rigorously
assessing ibrutinib’s efficacy and safety profile in treat-
ing CLL. By synthesizing and analyzing data across mul-
tiple studies, we aim to provide a critical, evidence-based
examination of ibrutinib’s therapeutic impact, including
its benefits and potential risks. Significant heterogene-
ity in previous studies on ibrutinib, including variations
in patient populations, study designs, and treatment
outcomes, underscores the need for this meta-analysis
to synthesize these diverse findings. This work offers
a clearer understanding of ibrutinib’s role in CLL man-
agement, thereby supporting informed clinical decision-
making and identifying areas where further research may
be warranted.

Method

This systematic review and meta-analysis aimed to assess
the real-world outcomes of ibrutinib in patients with
relapsed or refractory CLL. Conducted in accordance
with PRISMA guidelines, this study employed a rigorous
protocol that included standardized checklists for com-
prehensive study searching and screening processes. The
systematic review protocol was registered on the Open
Science Framework (https://osf.io/dupky/) to enhance
transparency and methodological integrity, ensur-
ing adherence to high standards in research design and
reporting.


https://osf.io/dupky/
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Table 1 Search strategy of current systematic review and meta-
analysis
Search
engine
PubMed

Search strategy Results  Time

((ibrutinib[Title/Abstract]) OR
(imbruvica[Title/Abstract]) OR
(PCI-32765[Title/Abstract]) OR (BTK
Inhibitor[Title/Abstract]) OR (Bru-

ton’s Tyrosine Kinase Inhibitor(Title/
Abstract]) OR (Bruton Tyrosine Kinase
Inhibitor[Title/Abstract]) OR (ITK
inhibitor[Title/Abstract]) OR (interleukin-
2-inducible kinase inhibitor[Title/
Abstract]) OR (interleukin-2 inducible
kinase inhibitor[Title/Abstract])) AND
((cll[Title/Abstract]) OR (Chronic lympho-
cytic leukemia[Title/Abstract]))

((TITLE-ABS-KEY (chronic AND lympho-
cytic AND leukemia) OR TITLE-ABS-KEY
(cl)) AND ((TITLE-ABS-KEY (ibrutinib)
ORTITLE-ABS-KEY (imbruvica) OR TITLE-
ABS-KEY (pci 32765) OR TITLE-ABS-KEY
(btk AND inhibitor) OR TITLE-ABS-KEY
(bruton’s AND tyrosine AND kinase AND
inhibitor) OR TITLE-ABS-KEY (bruton AND
tyrosine AND kinase AND inhibitor) OR
TITLE-ABS-KEY (itk AND inhibitor) OR
TITLE-ABS-KEY (interleukin-2-inducible
AND kinase AND inhibitor) OR TITLE-
ABS-KEY (interleukin-2 AND inducible
AND kinase AND inhibitor)))

1679 Aug
11th,
2023

Scopus 3221 Aug
11th,

2023

Search strategy

We conducted a comprehensive search across multiple
online databases, including PubMed, Scopus, and Google
Scholar, utilizing relevant MeSH terms and keywords.
Additionally, the references of pertinent articles were
reviewed to ensure the inclusion of all eligible studies.
The detailed search strategy is presented in Table 1.

Study selection

A comprehensive systematic search identified a total of
5328 studies. After the automatic removal of duplicates,
3909 unique studies remained. Two independent review-
ers (R.K. and A.G.) screened the titles and abstracts to
exclude irrelevant articles, resolving any disagreements
through discussion. This initial screening excluded 3322
studies, leaving 587 studies for full-text assessment.

The full texts of the remaining studies were evaluated
against the predefined inclusion criteria, which were:
(1) publication in English, (2) a sample size of at least 20
participants, (3) the use of ibrutinib as monotherapy or
in combination as a first-line treatment, (4) inclusion of
refractory CLL patients, and (5) provision of sufficient
data on at least one primary outcome, such as overall
survival (OS), overall response rate (ORR) or complete
response (CR). Studies not meeting these criteria were
excluded.

Page 3 of 13

Following a detailed review, 566 studies were excluded
due to non-relevant outcomes, resulting in a final set of
21 studies with a cumulative sample size of 4,821 partici-
pants. These studies, published between 2014 and 2023,
were included for in-depth analysis. The study selection
process is illustrated in Fig. 1.

Data extraction and quality assessment

Quality assessment was independently conducted by
two reviewers (N.M. and M.B.) using the Cochrane tool
for randomized controlled trials (RCTs) and the Joanna
Briggs Institute (JBI) tool for cohort studies. Any dis-
agreements were resolved through discussion. Two
additional authors (H.K. and S.S.A.) performed data
extraction from the included studies. Extracted data
encompassed: (1) study details—region, year, and num-
ber of participants; (2) patient characteristics—age, sex,
and group size; and (3) outcomes—counts for OS, ORR.

Statistical analysis

The primary outcomes evaluated in this study included
OS, CR, and ORR. To further explore the safety profile,
a meta-analysis was conducted to assess adverse events
(AEs) across different doses of ibrutinib compared to
control groups, along with a separate analysis specifically
examining its use in combination therapy. A random-
effects model was applied for studies with significant het-
erogeneity (I*>50% or P<0.1); otherwise, a fixed-effect
model was used. Publication bias was evaluated using
Begg’s funnel plot and Egger’s test, and sensitivity anal-
ysis was conducted to assess the robustness of the find-
ings. All analyses were performed using Comprehensive
Meta-Analysis software (CMA) software, version 3.0.

Result

Baseline characteristic

Among the 21 studies, a total of 4,821 participants were
included. These studies comprised eight RCT [12-16],
twelve cohort studies [17-27], and one case series [28].
The United States of America [16, 19, 23, 26-28], Japan
[24], Italy [21], Sweden [25], France [20], Poland [18],
China [15], Turkey [17], and multiple countries [12-14,
22, 29-32] were all locations where this research was
carried out. The age of the patients varied from 21 to
90 years. All these studies investigated the effects of
ibrutinib in patients with CLL, where participants were
administered a standard daily dose of 420 milligrams of
ibrutinib. The details of these studies are summarized
in Table 2, which presents the characteristics of the
included studies.

Monotherapy
OS Pooled estimates of OS in relapsed/refractory CLL
treated with ibrutinib monotherapy were calculated. It is
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Fig. 1 PRISMA diagram of the study selection process in this systematic review and meta-analysis. A comprehensive search across PubMed and Scopus
databases, and Google Scholar, supplemented by citation tracking, yielded a total of 5,328 records, from which 1,419 duplicates were removed. Following
title and abstract screening, 587 studies met the initial criteria for further review. Ultimately, 21 articles were included in the final analysis, with additional

records excluded due to irrelevance to the study’s focus

shown that pooled OS was 0.56 (95% CI: 0.49-0.63), with
a low heterogeneity (12: 0%) (Fig. 2A). Moreover, Eggers’s
test for asymmetry (p: 0.04) and the funnel plot showed
significant evidence of publication bias (Fig. 2B).

CR The pooled estimate for CR in relapsed/refractory
CLL patients treated with ibrutinib monotherapy was
0.09 (95% CI: 0.05-0.14), with high heterogeneity (I2:
80.92%) (Fig. 3A). Moreover, Eggers’s test for asymmetry
(p: 0.08) and the funnel plot showed no evidence of publi-
cation bias (Fig. 3B).

ORR The pooled ORR for ibrutinib monotherapy in
relapsed/refractory CLL patients was 0.77 (95% CI: 0.69—
0.83), with substantial heterogeneity (I12: 87.83%) (Fig. 4A).
Publication bias was not detected, as demonstrated by
Egger’s test (p: 0.087) and the funnel plot (Fig. 4B).

Combination therapy

CR In relapsed/refractory CLL patients receiving ibruti-
nib combination therapy, the pooled estimate of CR was
0.21 (95% CI: 0.09-0.41), showing high heterogeneity
(I>=84.00%) (Fig. 5A). Assessment for publication bias
using Egger’s test (p = 0.098) and a funnel plot revealed no
significant bias (Fig. 5B).

ORR The pooled ORR for relapsed/refractory CLL
patients treated with ibrutinib in combination therapy
was 0.84 (95% CI: 0.80—0.88), also with high heterogeneity
(I*=83.18%) (Fig. 6A). Publication bias assessment using
Egger’s test (p=0.953) and a funnel plot indicated no bias
(Fig. 6B).

Adverse events (AEs)

Grade 3 and 4 adverse events Three studies compris-
ing 325 patients reported on grade 3 and 4 AEs, yielding
a pooled risk ratio of 0.91 (95% CI: 0.58—1.44) with high
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Firstauthor Study Participants  Country Female  Age Type of the outcome Adverse events
(year) design (%) Median therapy
(range)

Younes etal. RCT 141 Multinational 38 65 (54-71) Combination CR, ORR Neutropenia, Anemia,

(2019) [12] therapy Thrombocytopenia, Rash,
HTN

Fraser et al. RCT 578 Multinational Not Not Combination CR, ORR Not specified

(2020) [13] specified  specified therapy

Hillmen etal. RCT 652 Multinational 282 Not Monotherapy CR, ORR Neutropenia, Anemia,

(2023) [14] specified Thrombocytopenia, Diar-
rhea, HTN, Hemorrhage,
Pneumonia, URTI

Huangetal. RCT 160 China 294 66 (21-87) Monotherapy CR, ORR Neutropenia, Anemia, Diar-

(2017) [15] rhea, Thrombocytopenia,
Asthenia/Fatigue, Rash,
Nausea, URTI

Brownetal. RCT 391 USA Not 67 Combination CR, ORR Neutropenia, Anemia,

(2015) [16] specified therapy Thrombocytopenia,
Asthenia/Fatigue, Diarrhea,
Nausea, Pneumonia, URTI

Gogeretal.  Cohort 32 Turkey 364 65 (51-80) Monotherapy CR, ORR Neutropenia, Anemia,

(2020) [17] Thrombocytopenia,
Lymphocytosis, Diarrhea,
Hemorrhage, Pneumonia

Pula et al. Cohort 171 Poland 444 63 (39-85) Monotherapy CR, ORR Neutropenia, Thrombocy-

(2020) [18] topenia, AF, Diarrhea, Rash,
HTN, Nausea, Hemorrhage,
Pneumonia, URTI

Akhtaretal.  Cohort 144 USA Not Not Monotherapy ~ CR, ORR Not specified

(2017) [19] specified  specified

Michallet Cohort 56 France 36 48 (35-64) Monotherapy CR, ORR Not specified

etal. (2019)

[20]

Broccoliet al. Cohort 46 Italy 326 62 (33-79) Monotherapy CR, ORR, Not specified

(2021) [21] 0S

Bonfiglio Cohort 98 Multinational 347 66 (33-86) Monotherapy CR, OS Not specified

etal. (2023)

[22]

Byrd et al. Cohort 132 US.A 22 64 (37-82) Monotherapy CR, ORR Neutropenia, Thrombocy-

(2015) [23] topenia, Lymphocytosis,
Asthenia/Fatigue, AF, Diar-
rhea, HTN, Pneumonia

Omi et al. Cohort 323 Japan 346 72(33-92)  Monotherapy =~ ORR Thrombocytopenia, Lym-

(2022) [24] phocytosis, AF, Hemorrhage

Hanssonet  Cohort 97 Sweden Not 69 Monotherapy ORR Neutropenia, AF, Diarrhea,

al. (2015) specified Hemorrhage

[25]

Brownetal. Cohort 33 USA 16.7 62 (41-82)  Monotherapy ~ ORR Not specified

(2015) [26]

Wierda etal. Cohort 19 US.A Not 60 (50-77) Combination CR, ORR Neutropenia, Anemia,

(2020) [27] specified therapy AF, Diarrhea, Rash, HTN,
Pneumonia

Burgeretal. Case-series 40 US.A 35 63.2 (35-82) Combination CR Neutropenia, Anemia, As-

(2014) [28] therapy thenia/Fatigue, AF, Diarrhea,
Nausea, URTI

Brownetal. RCT 652 Multinational 315 67 (35-90) Monotherapy ORR Neutropenia, Diarrhea, HTN,

(2023) [29] URTI, Covid-19

Byrd et al. Cohort 132 Multinational 258 66.5 (37-84) Monotherapy  CR,OS Neutropenia

(2020) [30]

HTN, Pneumonia
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First author Study Participants  Country Female  Age Type of the outcome Adverse events
(year) design (%) Median therapy

(range)
Byrd et al. RCT 533 Multinational 268 66 (28-89)  Monotherapy ~ ORR HTN, AF, Infection
(2021) [31]
Munir et al. RCT 391 Multinational 32 67 (37-90) Monotherapy ORR Neutropenia
(2019) [32] HTN, Pneumonia, AF

Abbreviations: CR complete response; ORR overall response rate; AF atrial fibrillation; HTN hypertension; RCT randomized controlled trial; URT/ upper respiratory tract

infection; OS overall survival

A
Study name for each study Event rate and 95% CI
Event Lower Upper
rate limit limit
Broccoli 2021 0583 0419 0.731
Bonfiglio 2023  0.571 0431  0.701
Byrd 2020 0554 0457 0648
0564 0492 0634 |

-10.00 -6.00 0.00 5.00

B Funnel Plot of Standard Error by Logit event rate

Standard Error

10.00

Loght event rate

Fig. 2 A Forrest plot of pooled OS rate in patients treated with ibrutinib. B Funnel plot of pooled OS rate in patients treated with ibrutinib

heterogeneity (I* =85.29) (Fig. 7A). Egger’s test for asym-
metry (p=0.693) and a funnel plot suggested no evidence
of publication bias (Fig. 7B).

Neutropenia The pooled risk ratio for neutropenia,
based on three studies with a total of 325 patients, was
0.92 (95% CI: 0.62-1.37), showing low heterogeneity
(I’=11.78) (Fig. 8A). Publication bias was not observed,
as indicated by Egger’s test (p =0.159) and the funnel plot
(Fig. 8B).

Anemia The pooled risk ratio for anemia, reported in
three studies including 325 patients, was 1.67 (95% CI:
0.81-3.44), with moderate heterogeneity (I*=42.61)
(Fig. 9A). No evidence of publication bias was detected,
based on Egger’s test (p=0.406) and the funnel plot
(Fig. 9B).

Thrombocytopenia For thrombocytopenia, the pooled
risk ratio was 1.50 (95% CI: 0.58-3.86), derived from
three studies including 325 patients, with low heteroge-
neity (I>=29.96) (Fig. 10A). Egger’s test (p=0.975) and
the funnel plot showed no indication of publication bias
(Fig. 10B).

Diarrhea The pooled risk ratio for diarrhea was 1.05
(95% CI: 0.72—-1.52), based on three studies including 325
patients, with low heterogeneity (I*=29.96) (Fig. 11A).
However, Egger’s test (p=0.005) and the funnel plot indi-
cated significant evidence of publication bias (Fig. 11B).

Discussion

In this comprehensive systematic review and meta-anal-
ysis, we aimed to evaluate the impacts of ibrutinib on
patients diagnosed with R/R CLL. This analysis included
4821 participants selected from 21 studies. The data
analysis indicates that administering ibrutinib as a sin-
gle-agent therapy to patients diagnosed with R/R CLL
yielded noteworthy rates of OS, CR and ORR. Moreover,
the co-administration of ibrutinib with other pharma-
cological treatments notably enhanced both the CR rate
and ORR.

In our assessment, ibrutinib as monotherapy demon-
strated satisfactory effectiveness in managing patients
suffering from CLL. Our analysis found that in patients
with R/R CLL treated with ibrutinib as a monotherapy,
the rate of CR increased by 9% (95% CI: 5-14%). Addi-
tionally, the study noted a notable increase in the ORR
among patients with R/R CLL who received ibrutinib as
a single-agent therapy, reaching 77% (95% CI: 70—-83%).
A study conducted by Brown et al. [26] evaluated the effi-
cacy of ibrutinib compared to ofatumumab in patients
with previously treated chronic lymphocytic leukemia/
small lymphocytic lymphoma (CLL/SLL). Their dem-
onstration showed that brutinib significantly improved
Progression-free survival (PES), OS, and ORR compared
to ofatumumab in patients with CLL/SLL. As evalu-
ated by the investigator, the highest ORR for ibrutinib
against ofatumumab was 90% versus 25%. This included
8% of patients on ibrutinib attaining Partial response
(PR) with lymphocytosis and 6% obtaining complete
response. Also, Michallet et al. [20] undertook a study to



Karimi et al. BMC Pharmacology and Toxicology (2025) 26:43

Page 7 of 13

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
A rate  limit  limit
Hilmen2022 0014 0005 0.044
Gocer 2020 0286 0072 0673
Pula 2020 0175 0125 0.240
Akhtar 2017 0.043 0014 0125
mishallet 2019 0.304 0198 0.435
Broccoli 2021 0.028 0004 0.173
Bonfiglio 2023 0.102 0.043 0.223
Byrd 2023 0.069 0033 0.138
Huang 2017 0.038 0014 0.096
Byrd 2020 0.099 0054 0174
Munir 2019 0.108 0.071 0.160
0.090 0055 0.144
-10.00 -5.00 0.00 5.00 10.00
Funnel Plot of Standard Error by Logit event rate
B
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Fig. 3 A Forrest plot of pooled CR rate in patients treated with ibrutinib. B Funnel plot of pooled CR rate in patients treated with ibrutinib

assess the effectiveness of ibrutinib as a salvage therapy
after allo-HSCT in 56 patients with CLL. Their investi-
gation unveiled a documented ORR of 71% in people
who were administered ibrutinib. Out of the individuals
in this group, 41% showed a PR, while 30% achieved CR.
Following the results of the previous studies, Goger et al.
[17] revealed that ibrutinib is a practical therapy choice
for CLL and other B-cell lymphomas due to its favorable
side effect profile and notable rates of complete or par-
tial response. In their investigation involving 32 patients,
of whom 11 were diagnosed with CLL, the researchers
observed an ORR of 85.6%. This encompassed a CR rate

of 28.5% and a PR rate of 57.1% during the final assess-
ment of treatment with ibrutinib.

The findings of our study closely align with the results
of three distinct studies carried out by Pula et al. [18],
Byrd et al. [23], and Broccoli et al. [21] regarding the
effectiveness of ibrutinib in treating CLL. Pula et al. [18]
conducted observational research with a cohort of 171,
in which they documented an ORR of 77.2%. Out of the
total group, 30 individuals (17.5%) experienced a CR,
while 62 patients (36.3%) experienced a PR to the treat-
ment, demonstrating significant effectiveness. Byrd et
al. [23] examined how treatment-naive CLL patients
responded to single-agent ibrutinib, finding that 84%
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Statistics for each study

A Study name
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Event rate and 95% CI

Event Lower Upper
rate limit limit
Hillmen 2022 0625 0557 0.688 .
Gocer 2020 0.857 0.419 0.980 -
Pula 2020 0.772 0.703 0.829 [ |
Omi 2022 0644 0.576 0.706 | ]
Akhtar 2019 0.743 0.628 0.832 [ |
mishallet 2019 0714 0.583 0.817 [ |
Broccoli 2021 0972 0.827 0.996 L]
Hansson 2015 0.804 0.713  0.871 [ |
Byrd 2023 0901 0826 0.946 ]
Huang 2017 0538 0.443 0.630 F
Brown 2023 0.742 0691 0.786 [ ]
Munir 2019 0913 0.864 0.945 ]
0.768 0.695 0.828 i
-10.00 -5.00 0.00 5.00 10.00
B Funnel Plot of Standard Error by Logit event rate
0.0
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Fig. 4 A Forrest plot of pooled ORR in patients treated with ibrutinib. B Funnel plot of pooled ORR in patients treated with ibrutinib

had an ORR. Among the individuals in this group, 23%
obtained CR, while 55% showed a PR, highlighting the
significant effectiveness of the treatment in this particu-
lar demographic. Broccoli et al. [21] investigated the last-
ing efficacy of ibrutinib in patients with CLL, analyzing
the results according to the order in which the drug was
given. The ORR among patients who received ibrutinib as
their initial treatment was 100%, consisting of one case of
CR and nine cases of PR. In patients receiving ibrutinib
as a second or later line of therapy, the ORR was 97.2%,
comprising one case of CR and 34 cases of PR, highlight-
ing consistent and favorable responses across different
stages of disease progression.

Additionally, our analysis revealed OS rate of 56.4%
(95% CI: 49.2-63.4%), highlighting the consistent efficacy

of ibrutinib monotherapy in improving survival out-
comes among patients with CLL across various treatment
settings. This finding is further supported by previous
studies. Broccoli et al. [21] reported that the median OS
was not reached for patients treated with ibrutinib as a
frontline therapy, while those in R/R settings achieved
a median OS of 4.9 years, emphasizing its effectiveness
even in advanced disease stages. Bonfiglio et al. [22] rein-
forced the survival advantages associated with long-term
ibrutinib use in a real-world setting. Similarly, Byrd et
al. [30] documented a 7-year OS of 84% in the frontline
setting and 55% in R/R cases, demonstrating the durable
benefits of ibrutinib monotherapy across various treat-
ment contexts. Collectively, these findings affirm the
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Fig. 5 A Forrest plot of pooled CR rate in patients treated with ibrutinib combination therapy. B Funnel plot of pooled CR rate in patients treated with

ibrutinib combination therapy

A
Event Lower Upper and 95% Cl

rate limit limit

Wierda 2020 0.947 0.706 0.993

Younes 2019 0.611 0446 0.754

Fraser 2020 0.872 0.828 0.906

Brown 2015 0.933 0.769 0.983 —=
0.843 0.800 0.879 [

-1.00-0.500.00 0.50 1.00

Funnel Plot of Standard Error by Logit event rate

B .

Standard Error

3 2 el 0 1 2 3

Logit event rate

Fig.6 A Forrest plot of pooled ORR in patients treated with ibrutinib combination therapy. B Funnel plot of pooled ORR in patients treated with ibrutinib

combination therapy

consistent and significant survival benefits provided by
ibrutinib monotherapy in the management of CLL.
However, specific investigations yield results that differ
from our observed outcomes in assessing the effective-
ness of ibrutinib for CLL. Hillmen et al. [14] compared
zanubrutinib with ibrutinib in R/R CLL/SLL patients.

They found that zanubrutinib had a higher ORR (78%;
95% CI: 72—83%) than ibrutinib (62%; 95% CI: 55—69%).
Following our analysis, we found that co-administering
ibrutinib alongside other pharmacological treatments
increases the CR rate by 21% (95% CI: 9-41%). Moreover,
the study highlighted a significant rise in the ORR among
patients with R/R CLL who were treated with ibrutinib
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and 4 in patients treated with ibrutinib monotherapy
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Fig. 9 A Forrest plot of pooled risk ratio for anemia in patients treated with ibrutinib monotherapy. B Funnel plot of pooled risk ratio for anemia in pa-

tients treated with ibrutinib monotherapy

in combination with other medications. Co-administra-
tion of ibrutinib alongside other medications resulted in
an 84% increase in the ORR (95% CI: 80—-88%). Wierda
et al. [27] conducted a Phase II clinical study to evaluate
the effectiveness of a combination therapy incorporat-
ing ibrutinib and venetoclax as the initial treatment for
CLL, and they demonstrated statistically significant out-
comes. They found that 97% of the 164 enrolled patients
had a significant ORR (95% CI: 93—-99%), and 76 patients
achieved CR, accounting for 46% (95% CI: 39-54%) [27].

In a five-year longitudinal study, Fraser et al. [13] investi-
gated the efficacy of a combined regimen involving ibru-
tinib and bendamustine plus rituximab among patients
diagnosed with R/R CLL/SLL. The findings revealed a
notable escalation in the CR rate, achieving 40.8%. More-
over, the cohort treated with ibrutinib alongside ritux-
imab exhibited a marked enhancement in the ORR at
87.2%, significantly surpassing the 66.1% seen in the pla-
cebo plus rituximab group (p<0.0001). Despite further
inquiries investigating the concurrent use of ibrutinib
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Fig. 11 A Forrest plot of pooled risk ratio for diarrhea in patients treated with ibrutinib monotherapy. B Funnel plot of pooled risk ratio for diarrhea in

patients treated with ibrutinib monotherapy

alongside rituximab [28] yielding notable findings, the
combination of ibrutinib with nivolumab [12] in patients
with relapsed CLL did not demonstrate a statistically sig-
nificant CR rate comparable to previous studies.

Ibrutinib’s side effects were evaluated in three studies,
which included 325 individuals. The events in Grades 3
and 4 exhibited no significant differences but displayed
substantial variation, necessitating additional exami-
nation. Neutropenia, anemia, and thrombocytopenia
showed consistent patterns, suggesting a uniform effect.
Anemia tended to increase risk, while the difference was
not statistically significant. The risk of diarrhea, despite
minor variation, was affected by publication bias. These
findings emphasize the importance of conducting thor-
ough assessments, particularly of severe events and
nuanced observations on anemia, while considering the
potential bias in published data on diarrhea. Further
comprehensive investigations are essential for gaining a
more profound understanding.

This systematic review and meta-analysis employed a
comprehensive search across multiple databases, mini-
mizing selection bias and ensuring the inclusion of rel-
evant studies. Despite filling a significant gap in the
literature by evaluating the impact of ibrutinib on CR

and ORR in patients with R/R CLL, the study has certain
limitations. Notably, the substantial heterogeneity among
the included studies constrained the analyses. Variations
in treatment regimens, with each study utilizing distinct
combination therapies, posed challenges for direct com-
parisons and limited the feasibility of detailed subgroup
analyses. Furthermore, incomplete reporting of survival
outcomes in some studies restricted the assessment of
survival data, with only PFS and OS metrics available in
several cases. Future research is recommended to vali-
date these findings and strengthen the results by achiev-
ing greater statistical robustness.

Conclusion

Single-agent ibrutinib showed significant efficacy with a
9% complete response rate and an impressive 77% overall
response rate for R/R CLL patients. The co-administra-
tion of ibrutinib with other therapies led to a significant
21% rise in the rate of complete response and a remark-
able 84% increase in the overall response rate. Evaluat-
ing ibrutinib’s adverse effects revealed varying trends in
Grade 3 and 4 events while highlighting consistent neu-
tropenia, anemia, and thrombocytopenia patterns. Nev-
ertheless, the differences in results and the heterogeneity
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in comparisons with other medications or combinations
emphasize the need for additional research to improve
treatment methods for patients with R/R CLL, focusing
on both effectiveness and adverse effects.
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