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Simple Summary: This prospective, multicenter study aimed to investigate the efficacy and safety of
a front-line treatment with the ibrutinib and rituximab combination in 146 unfit patients with chronic
lymphocytic leukemia (CLL). We observed an OR, CR, and 48-month PFS rates of 87%, 22.6%, and
77%, respectively. Responses with undetectable MRD were observed in 6.2% of all patients and 27%
of CR patients. TP53 disruption and B-symptoms revealed a significant and independent impact on
PFS. The 48-month cumulative treatment discontinuation rate due to adverse events in this patient
population was 29.1%. It was significantly higher in male patients, in patients aged ≥70 years, and
in those managed at centers that enrolled less than five patients. In conclusion, the ibrutinib and
rituximab combination was an effective front-line treatment for unfit patients with CLL. However, a
high rate of treatment discontinuations due to adverse events was observed in this unfit population.

Abstract: The GIMEMA group investigated the efficacy, safety, and rates of discontinuations of the
ibrutinib and rituximab regimen in previously untreated and unfit patients with chronic lymphocytic
leukemia (CLL). Treatment consisted of ibrutinib, 420 mg daily, and until disease progression, and
rituximab (375 mg/sqm, given weekly on week 1–4 of month 1 and day 1 of months 2–6). This
study included 146 patients with a median age of 73 years, with IGHV unmutated in 56.9% and TP53
disrupted in 22.2%. The OR, CR, and 48-month PFS rates were 87%, 22.6%, and 77%, respectively.
Responses with undetectable MRD were observed in 6.2% of all patients and 27% of CR patients.
TP53 disruption (HR 2.47; p = 0.03) and B-symptoms (HR 2.91; p = 0.02) showed a significant and
independent impact on PFS. The 48-month cumulative rates of treatment discontinuations due to
disease progression (DP) or adverse events (AEs) were 5.6% and 29.1%, respectively. AEs leading
more frequently to treatment discontinuation were atrial fibrillation in 8% of patients, infections in 8%,
and non-skin cancers in 6%. Discontinuation rates due to AEs were higher in male patients (HR: 0.46;
p = 0.05), patients aged ≥70 years (HR 5.43, p = 0.0017), and were managed at centers that enrolled
<5 patients (HR 5.1, p = 0.04). Patients who discontinued ibrutinib due to an AE showed a 24-month
next treatment-free survival rate of 63%. In conclusion, ibrutinib and rituximab combination was an
effective front-line treatment with sustained disease control in more than half of unfit patients with
CLL. Careful monitoring is recommended to prevent and manage AEs in this patient population.

Keywords: chronic lymphocytic leukemia; treatment; ibrutinib; rituximab; unfit; adverse events

1. Introduction

Chronic lymphocytic leukemia (CLL) is the most common leukemia in the adult
population. About 21,250 new cases of CLL have been estimated in the United States
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for 2021. CLL mainly affects aged subjects, with an average age at diagnosis of around
70 years [1]. During the last years, relevant advances in the understanding of the biologic
mechanisms associated with the proliferation and survival of CLL cells have led to the
clinical use of ibrutinib, a small molecule that inhibits the Bruton tyrosine kinase (BTK).
From the first studies, ibrutinib has been proven to be highly effective, regardless of age,
prior treatment, and high-risk biologic features of the leukemic cell [2,3]. After that, several
randomized trials demonstrated the superiority over chemoimmunotherapy of front-line
ibrutinib as a single agent, or combined with an anti-CD20 monoclonal antibody [4–7]. The
excellent therapeutic activity of this agent has revolutionized the treatment approach of
CLL, and today, ibrutinib is a standard of care for CLL patients of all ages, both in the
relapsed/refractory and in front-line settings. However, despite the excellent response
rates and prolonged responses, treatment discontinuation, mainly due to adverse events
(AE), is a relevant problem limiting the effectiveness of this agent [8–10].

Based on the improved outcomes observed with the addition of rituximab to chemother-
apy [11–14] and on the efficacy of ibrutinib and rituximab [15], the GIMEMA (Gruppo
Italiano Malattie EMatologiche dell’Adulto) group, in 2015, started a prospective, multicen-
ter study to investigate the safety and efficacy of a front-line treatment, consisting of six
courses of the ibrutinib and rituximab combination followed by ibrutinib single agent, in
unfit patients with CLL. Herein, we report the long-term results of this schedule in 146 unfit
patients with CLL, the safety profile of treatment, and the reasons and prognostic impact of
treatment discontinuation.

2. Methods
2.1. Patients

Between March 2015 and April 2017, 159 unfit patients with CLL were enrolled
in the GIMEMA LLC1114 study, a prospective, phase 2, multicenter, single-arm study.
Inclusion criteria included previously untreated CLL requiring treatment according to the
International Workshop on CLL (iwCLL) criteria [16]. Patients were defined as unfit in
the presence of a Cumulative Illness Rating Scale (CIRS) [17] score >6, and or a creatinine
clearance <70 mL/min.

In addition, the absence of Richter transformation, active infection, or secondary
malignancy was also required in patients enrolled in the study. The assessment of the
biologic profile included fluorescence-in-situ-hybridization (FISH) and the IGHV and TP53
mutation status as previously described [18,19].

2.2. Treatment

Treatment consisted of ibrutinib, 420 mg once daily given continuously, and rituximab,
375 mg/sqm, every week, on day 1 of month 1 and day 1 of months 2–6. Patients received
ibrutinib single agent until one of the following events disease progression or severe toxicity,
or for a maximum of 6 years.

All patients received Pneumocystis carinii prophylaxis with trimethoprim-sulfamethoxazole.

2.3. Response

The response was assessed according to the iwCLL criteria [16] 2 months after the last
administration of rituximab. The response assessment included clinical examination, PB
examination, BM aspirate and biopsy, and total body CT scan. In patients who achieved a
complete response (CR), a centralized assessment of MRD, in both the PB and BM, was per-
formed by an eight-color flow cytometry assay with a sensitivity of at least 10–4 according
to the internationally standardized European Research Initiative on CLL criteria [20]. MRD
was further assessed in PB and BM by allele-specific oligonucleotide polymerase chain
reaction (PCR) in patients in complete remission (CR) with undetectable MRD (uMRD) by
flow cytometry. The response was monitored every 6 months during the follow-up.
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2.4. Study Endpoints

The primary endpoint of the study was progression-free survival (PFS). The secondary
endpoints included the overall responses rate (ORR), the CR rate, the rate of CRs with
undetectable MRD (uMRD) in the PB and BM, overall survival (OS), and survival outcomes
according to the clinical and biological features of the patients. The safety profile and
reasons for permanent discontinuation of treatment were also analyzed. AEs were graded
according to the Common Terminology Criteria for Adverse Events, version 3 [21].

2.5. Statistical Analysis

Patients’ characteristics were summarized using cross-tabulations for categorical vari-
ables or using quantiles for continuous variables. In the univariate analysis, non-parametric
tests were performed for comparisons between groups (Chi-Squared and Fisher Exact test
in the case of categorical variables or response rate; Mann−Whitney and Kruskal−Wallis
tests in case of continuous variables). Survival distributions were estimated using the
Kaplan−Meier Product Limit estimator. Differences in survival curves were evaluated
using the Log-Rank test. Cox regression models were performed in univariate and multi-
variate analyses to assess the effect of clinical and biologic factors on PFS and OS. Hazard
ratios (HR) and a 95% confidence interval were reported as parameter results of the Cox
regression models. The multivariate models were all considered relevant.

Curves of the cumulative incidence of treatment discontinuations by specific causes
(e.g., adverse events) were estimated using the proper non-parametric method. The Gray
test was applied for comparing the curves of cumulative incidence and the Fine and Gray
regression model was used in the univariate and multivariate analyses to assess the effects
of covariates on the survival outcome in cases of competitive risks.

All analyses were analyzed on an Intention-To-Treat basis. All tests were two-sided, ac-
cepting p < 0.05 as indicating a statistically significant difference. Confidence intervals were
calculated at the 95% level. All of the analyses were performed using the SAS software (re-
lease 9.4; SAS Campus Drive, Cary, NC 27513, USA) and R system software (R Foundation
for Statistical Computing c/o Institute for Statistics and Mathematics, Wirtschaftsuniver-
sität, 1020 Wien, Austria). Details about data collection are reported in Supplementary
Figure S1.

2.6. Ethics

This study has been carried out according to the Helsinki Declaration and was ap-
proved by the Ethical Committees of all of the participating institutions. All of the partici-
pants gave their written informed consent. This study is registered at ClinicalTrials gov,
Identifier: NCT02232386.

3. Results

One hundred and fifty-nine CLL patients were enrolled in this study. The patient
disposition is described in Supplementary Figure S1. Thirteen patients were considered not
eligible and were excluded from the study before receiving any study drug (not eligible,
8; AE, 2; death, 1; refused treatment, 1; medical decision, 1). One hundred and forty-six
patients with a median follow-up of 49.1 months (IQR, 39.4–54) represent the intention-
to-treat population assessed for treatment response and safety. The baseline clinical and
biological characteristics of patients are summarized in Table 1. Briefly, the median age
was 73 years (range 37–88), the median CIRS score 6, the median creatinine clearance
62.7 mL/min, and 37.9% of the patients had an ECOG performance score of 1–2. Unmutated
IGHV status was observed in 56.9% of patients and TP53 disruption (del17p and/or TP53
mutation) in 22.2%.
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Table 1. Baseline clinical and biologic characteristics of patients.

Heading N (%)

No of patients 146

Gender
male 88 (60.3)

female 58 (39.7)

Age median (range) 73 (37–88)

Age
<70 yrs 47 (32.2)

≥70 yrs 99 (67.8)

B symptoms
present 26 (18.7)

absent 113 (81.3)

Binet Stage
A–B 92 (63.0)

C 54 (37.0)

B2M
normal 27 (25.2)

increased 80 (74.8)

LDH
normal 103 (71.0)

increased 42 (29.0)

CIRS
median (range) 6 (1–21)

≥8 6 (8)

CrCl, mL/min
median (range) 62.7 (0.80–152.00)

<70 mL/min 87 (64.0)

ECOG PS
0 90 (62.1)

1–2 55 (37.9)

Patients with IgG levels
>400 mg/dL 24 (17.5)

≤400 113 (82.5)

FISH aberrations

del13q 42 (29.1)

del 11q 21 (14.6)

trisomy 12 24 (16.7)

del 17q 13 (9.0)

no aberrations 44 (30.6)

TP53 disruption a present 32 (22.2)

absent 112 (77.8)

IGHV
unmutated 83 (56.9)

mutated 63 (43.1)
B2M—β2-Mmcroglobulin; LDH—lactate dehydrogenase; CIRS—Cumulative Illness Rating Scale score; CrCl—
creatinine clearance; ECOG PS—Eastern Cooperative Oncology Group performance-status; FISH—fluorescence in
situ hybridization; IGHV—immunoglobulin heavy-chain variable region gene; a Del17p and/or TP53 mutation.

3.1. Response to Treatment

Patients received a median number of six courses of the ibrutinib and rituximab
combination (range 1–6), and 137 (94%) completed the planned six courses of treatment.

Here, 127/146 patients (87%) achieved a response at the end of the ibrutinib and
rituximab combination. Responses were confirmed by CT scan and included a complete
response (CR/CRi) in 33 (22.6%) patients, a partial response (PR) in 76 (52.1%), and a PR
with lymphocytosis (PR-L) in 18 (12.3%).

In an ITT analysis, 9 of the 146 patients (6.2%) obtained a flow-cytometric uMRD at one
or more time points, three at the EOCT, and six during the follow-up. When the analysis
was restricted to the 33 patients with CR, the rate of patients with uMRD was 27.3% (9/33).
While uMRD was transient in five patients, in four (4/146, 2.7%; 4/33 patients with CR,
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12.1%) it persisted for 6, 52, 52, and 54 months. Three of the nine patients with uMRD by
flow-cytometry showed no residual disease in the PB also by ASO-PCR at one or more
time points.

Ten (6.9%) patients showed stable disease, one progressed (0.6%) while eight (5.5%) dis-
continued the ibrutinib and rituximab combination (adverse event, 7; second malignancy, 1).

3.2. Survival Analysis

Ten (6.9%) patients developed disease progression (CLL progression, 9; Richter syn-
drome, 1) with a 48-month PFS of 77% (95% CI 70.2–85.0) (Figure 1A).
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In the multivariate analysis, age (≥70 vs. <70 years), CIRS (≥8 vs. <8), Binet stage
(C vs. A/B), CrCl, ml/min (≥70 vs. <70), LDH (increased vs. normal), IGHV (unmutated
vs. mutated), and del 11q (present vs. absent) did not show a significant impact on PFS,
while B-symptoms and TP53 disruption emerged as the only independent factors associated
with a significantly shorter PFS (Table 2).

Table 2. Impact of baseline factors on progression-free survival: univariate and multivariate analysis.

Variables Univariate Analysis Multivariate Analysis

Hazard Ratio
(95% CI) p-Value Hazard Ratio

(95% CI) p-Value

Age
≥70 vs. <70 years 2.09 (0.91–4.82) 0.08 1.34 (0.51–3.54) 0.54

CIRS:
≥8 vs. <8 1.34 (0.54–3.31) 0.52 - -

Binet stage:
C vs. A/B 1.01 (0.50–2.07) 0.96 1.48 (0.63–3.52) 0.37

B symptoms:
present vs. absent 2.37 (1.10–5.11) 0.02 2.91 (1.18–7.17) 0.02

CrCl, mL/min
≥70 vs. <70 0.47 (0.19–1.17) 0.10 0.52 (0.19–1.49) 0.23

LDH
increased vs. normal 1.46 (0.70–3.04) 0.30 - -

IGHV
unmutated vs. mutated 1.75 (0.83–3.71) 0.13 1.54 (0.63–3.78) 0.34

Del 11q
present vs. absent 2.34 (1.03–5.32) 0.04 2.13 (0.76–5.98) 0.15

TP53 disruption
present vs. absent 1.74 (0.82–3.73) 0.15 2.47 (1.07–5.74) 0.03

CIRS—Cumulative Illness Rating Scale; CrCl—creatinine clearance; IGHV—immunoglobulin heavy-chain variable
region gene.
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Twelve patients died, seven because of an adverse event (AE; heart failure, 1; severe
infection, 5; liver failure, 1), four due to a second malignancy, and one due to disease
progression. The 48-month OS rate was 90% (95% CI 84.7–95.3; Figure 1B). High LDH
levels (p = 0.03), B symptoms (p = 0.03), and TP53 disruption (p = 0.04) showed a significant
impact on OS in the univariate analysis (Supplementary Table S1). However, none of these
factors maintained significance in the multivariate analysis.

3.3. Adverse Events

The type and severity of the AEs recorded in this study are described in Supplementary
Table S2. Grade 3–4 granulocytopenia, recorded in 27% of patients, was the most common
AE leading to dose reduction or transient treatment interruption. At the last follow-up,
the daily dose of ibrutinib received by the 80 patients still on treatment was 420 mg in 62
(77.5%), 280 mg in 14 (17.5%), and 140 mg in 5 (5%). Grade ≥3 infections were diagnosed
in 18% of patients, and included lower respiratory tract infections in 8%, with three cases
of lethal SARS-CoV-2 pneumonia. Any grade cardiovascular AEs were recorded in 30% of
patients and included atrial fibrillation in 16% (grade 3–4 atrial fibrillation, 6%). New-onset
hypertension was experienced by 13% of patients. Any grade bleeding disorders were
observed in 23% of patients. However, severe bleeding events were uncommon (5%) and
included cerebral hemorrhage in three cases. Other AEs frequently reported were any
grade myalgias and arthralgias (16%), diarrhea (14%), and skin rash (10%). A non-skin
second malignancy was diagnosed in 13 (9%) patients (gastric, 3; lung, 2; bladder, 2; breast,
1; mesothelioma, 1; neuroendocrine, 1; thyroid, 1; bowel, 1; hepatic, 1). No new safety
signals or unknown/unwitnessed deaths were recorded.

3.4. Adverse Events Leading to Permanent Treatment Discontinuation

The main reason leading to the permanent discontinuation of treatment was repre-
sented by an AE, recorded in 44 (30.1%) patients. Treatment discontinuations rates due
to AEs were 17.8% at 12 months, 23.3% at 24 months, 26.0% at 36 months, and 29.1% at
48 months. The median age of patients who discontinued ibrutinib permanently due to an
AE was 78 years (range 56.8–90.2).

Cardiovascular disorders were a common AE, leading to treatment discontinuation
(11% of the cases, including atrial fibrillation in 8%), followed by infections (8%), non-skin
cancers (6%), and cerebral hemorrhage, 3% (Supplementary Table S2). In the multivariate
analysis, the male gender was significantly and independently associated with a higher rate
of treatment discontinuations due to AEs (HR: 0.46; p = 0.05; Supplementary Table S3). Two
other factors showed a significant and independent impact on discontinuations caused by
AEs, aged older than 70 years (HR: 5.43; p = 0.002), and treatment managed at centers that
enrolled less than five patients (HR: 0.51, p = 0.04). Based on an age older than 70 years and
less than five patients enrolled by the referral centers, we identified three groups of patients.
In the low-risk group, which included patients with none of the above risk factors, the rate
of discontinuations was 11.8%; in the intermediate-risk group that included patients with
one of the two risk factors, the rate was 28.3%, while for patients of the high-risk group
who showed both risk factors, the rate of discontinuations was 52.5% (p = 0.001; Figure 2).
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3.5. Prognostic Impact of Treatment Discontinuation

At the time of the last follow-up, 80 (55%) patients, including 31 patients in CR
(31/80, 39%; 31/146, 21.2%), were still on ibrutinib, while 66 (45%) discontinued treatment
(Supplementary Figure S1). The 48-month cumulative rates of treatment discontinuation
due to disease progression, AEs, and second malignancies were 5.6%, 29.1%, and 6%,
respectively (Table 3 and Figure 3).
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Table 3. Reasons for treatment discontinuation.

Reason for
Treatment

Discontinuation

No.
Patients % Patients

48-Months
Cumulative

Incidence (95% CI)

Median Age,
Years (Range)

Disease
progression 10 6.8% 5.6% (1.5–9.6) 76 (57–85)

Adverse events 44 30.1% 29.1% (21.5–36.6) 78 (57–90)

Second
malignancies 9 6.2% 6.0% (1.9–10.1) 76 (56–81)

The 12-month survival rates of patients who permanently discontinued treatment due
to AE, second malignancy, and disease progression were 85% (95% CI: 74.6–96.9), 41.7%
(95% CI: 14.7–100.0), and 33% (95% CI: 11.0–98.1), respectively (p = 0.01; Figure 4).
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The 24-month next treatment-free survival rate of patients who discontinued ibrutinib
due to AE was 63% (Supplementary Figure S2).

4. Discussion

We investigated the benefit and safety of a front-line treatment with the ibrutinib and
rituximab combination in an unfit cohort of CLL patients, defined by a CIRS comorbidity
score >6 and/or a reduced renal function. The results of this study confirm the efficacy of
this schedule in 146 patients with CLL and with a median age of 73 years. Furthermore, 87%
of patients achieved a response, which included a CR in 22.6% of the cases. Moreover, 6.2%
of all patients and 27% of CR patients showed a response with uMRD by flow-cytometry.
Although the absence of a control arm limits the results of this study, the relatively high
CRs and PFS rates we observed, 77% at 48 months, were consistent with those of other trials
investigating the efficacy of ibrutinib-based treatments in the front-line setting [4–7,15–23].
The modulation of molecules interacting with the microenvironment produced by the
treatment may have favored the fast mobilization of CLL cells [24]. The low rate of disease
progressions observed in our study, 10%, further confirmed that the emergence of ibrutinib-
resistant subclones is rare in the front-line setting [4–7].
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In this study, PFS was not significantly influenced by IGHV mutational status. More-
over, del (11q) or the achievement of CR did not exert the same beneficial impact on PFS
described in other studies [25,26]. As observed in the Alliance trial [6], patients with TP53
showed an inferior PFS. That being said, the 48-month PFS of 65% was higher than observed
in the past with chemoimmunotherapy in this subset of patients, and is in line with that of
other studies with ibrutinib in patients carrying TP53 disruption [27,28]. A significantly
lower PFS was associated with the presence of B symptoms. This finding underlines the
unfavorable impact of symptomatic disease. In the study by Woyach et al., patients treated
with ibrutinib and rituximab showed a PFS similar to those who received single-agent
ibrutinib [6]. The PFS value we observed with ibrutinib and rituximab was not superior
to that described in other studies with an ibrutinib single agent [4,23]. This observation
further questions the benefit of adding rituximab to ibrutinib.

In this patient population, treatment discontinuations due to AE were frequent, with a
48-month cumulative rate of 29.1%. This was not an unexpected finding in patients already
older and unfit at baseline. In two trials that included younger patients, the discontinu-
ation rates due to AEs were 19.1% at 4 years and 21% at 5 years, respectively [8,22]. In a
retrospective analysis that included 616 patients with CLL, toxicities were also the most
common reason for treatment discontinuation [10]. Variable rates of ibrutinib discontinua-
tions have also been reported in real-world studies [29–33]. It is noteworthy that treatment
discontinuations rates due to AEs were lower with fixed-duration venetoclax combined
with obinutuzumab or rituximab [34,35].

An intriguing finding was the relatively high 12-month survival rate, 85%, and the
24-month next treatment-free survival, 63%, of patients who discontinued treatment due to
AE. Similar favorable outcomes have also been described in other studies [7,9,10].

Atrial fibrillation is a well-known AE associated with the use of ibrutinib [30]. The
rate of any grade atrial fibrillation was 16%, similar to that of other studies that included
older patients treated front-line with ibrutinib [4,6].

Atrial fibrillation was the reason for treatment discontinuation in 8% of patients, a
higher rate than previously reported [5,6,22,36]. The characteristics of our patient popu-
lation may have influenced the discontinuations rates due to atrial fibrillation and also
to infections, in 8%. The impact of ibrutinib on cellular immunity has been extensively
investigated, with conflicting results. While pre-clinical data described multiple inhibitory
effects of ibrutinib on the activity of natural killer cells and macrophages [37,38], recent
data suggest that ibrutinib may induce an in vivo immune modulation, with a TH2/TH1
shift in the peripheral blood lymphocytes that is more pronounced in IGHV unmutated
and CR patients [39].

A higher rate of discontinuations due to AEs was observed among male patients.
To the best of our knowledge, a relationship between sex and treatment discontinuation
due to AEs has not been reported in patients treated with ibrutinib. The higher incidence
of atrial fibrillation described in males may have had an impact on the increased rate of
discontinuations. Older age, over 70 years, and treatment managed at centers that enrolled
less than five patients were also associated with an increased rate of discontinuations due
to AEs. The presence of both risk factors was associated with a 52.5% discontinuation
rate. Older age plays an important role in developing AEs leading to treatment discontin-
uation. Increasing age is a risk factor for cardiovascular disorders, and the incidence of
most cancers also increases with age. Moreover, functions of the immune system decline
with age predisposing infections. As previously suggested [40,41], close collaboration
withardio-oncologists and infectious disease specialists should be considered in order to
avoid treatment discontinuations due to the toxicities of the targeted agents.

Long-term follow-up data from studies will allow for evaluating whether second-
generation BTK inhibitors or a time-limited therapy with venetoclax could be preferable in
unfit and older patients.
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5. Conclusions

In conclusion, this study shows that the ibrutinib and rituximab combination is an
effective front-line treatment with sustained disease control in more than half of unfit
and elderly patients with CLL. However, our data highlights the high rate of treatment
discontinuations due to AEs and suggests careful monitoring to prevent and manage AEs
in this patient population.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/cancers14010207/s1. Figure S1: Patients dispositions. Figure S2: Next treatment-free survival
for patients who discontinued ibrutinib due to an adverse event. Table S1: Impact of baseline factors
on overall survival: univariate analysis. Table S2: Adverse events. Table S3: Impact of clinical and
biologic characteristics of patients on treatment discontinuation due to adverse events: univariate
and multivariate analysis.
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OS Overall survival
IGHV ImmunoGlobulin heavy-chain variable region gene;
AE Adverse event
GIMEMA Gruppo Italiano Malattie EMatologiche dell’Adulto
B2M β2-Mmcroglobulin
LDH Lactate DeHydrogenase
CIRS Cumulative Illness Rating Scale score
CrCl Creatinine clearance
ECOG PS Eastern Cooperative Oncology Group performance-status
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