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Abstract 

To investigate why patients with CLL stop treatment prematurely, discontinuation patterns were evaluated 

using electronic medical record data. Among 1364 patients receiving first-line regimens, between 16.3% and 

34.5% discontinued, mainly related to adverse events and disease progression. Among 626 patients receiving 

second-line regimens, 30.1% to 50.0% discontinued, primarily due to adverse events. These findings highlight 
the continued need for tolerable CLL therapies. 
Introduction: This study assessed treatment discontinuation patterns and reasons among chronic lymphocytic 
leukemia (CLL) patients initiating first-line (1L) and second-line (2L) treatments in real-world settings. Materials and 

Methods: Using deidentified electronic medical records from the CLL Collaborative Study of Real-World Evidence, 
premature treatment discontinuation was assessed among FCR, BR, BTKi-based, and BCL-2-based regimen cohorts. 
Results: Of 1364 1L patients (initiated in 1997-2021), 190/13.9% received FCR (23.7% discontinued prematurely); 
255/18.7% received BR (34.5% discontinued prematurely); 473/34.7% received BTKi-based regimens, of whom 28.1% 

Abbreviation: 1L, first-line; 2L, second-line; BCL-2, B-cell lymphoma 2; BCRi, B-cell 
receptor inhibitor; BTKi, Bruton tyrosine kinases inhibitor; BR, bendamustine + ritux- 
imab; CIT, chemoimmunotherapy; CLL, chronic lymphocytic leukemia; CORE, CLL 
Collaborative Study of Real-World Evidence; CT, chemotherapy; ECOG, Eastern 
cooperative oncology group; FCR, fludarabine + cyclophosphamide + rituximab; 
IGHV, immunoglobulin heavy chain variable; MRD, minimal residual disease; N, 
number; SD, standard deviation; VG/VR, venetoclax with obinutuzumab or rituximab. 

1 Fred Hutch Cancer Center and University of Washington, Seattle, WA 
2 AbbVie, Inc., North Chicago, IL 
3 The Cancer Center at Lowell General Hospital, Lowell, MA 
4 Weill Cornell Medicine, New York, NY 
5 Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel 
Hill, Chapel Hill, NC 

6 John Theurer Cancer Center at Hackensack University Medical Center, Hackensack, 
NJ 
7 Wilmot Cancer Institute, University of Rochester Medical Center, Rochester, NY 
8 Dana-Farber Cancer Institute, Boston, MA 
9 Churchill Hospital, Oxford University, Oxford, UK 

10 Herbert Irving Comprehensive Cancer Center, Columbia University, New York, NY 
11 Novant Health Cancer Institute, Charlotte, NC 

12 CLL Program, Leukemia Service, Division of Hematologic Oncology, Memorial 
Sloan Kettering Cancer Center, New York, NY 
13 Rutgers Cancer Institute of New Jersey, New Brunswick, NJ 
14 Department of Internal Medicine, Center of Integrated Oncology Köln Bonn, 
University of Cologne, Cologne, Germany 
15 Hôpital Maisonneuve-Rosemont, Montreal, QC, Canada 
16 Cleveland Clinic, Cleveland, OH 

17 Lymphoma Program, Abramson Cancer Center, University of Pennsylvania, 
Philadelphia, PA 
18 Duke Cancer Institute, Duke University Medical Center, Durham, NC 

19 Analysis Group, Inc., Montreal, QC, Canada 

Submitted: Jan 12, 2023; Revised: Mar 14, 2023; Accepted: Mar 20, 2023; Epub: xxx 

Address for correspondence: Beenish S. Manzoor, PhD, MPH, Department GMH1, 
ABV1 – 3NW, 1 North Waukegan Rd., North Chicago, IL, 60064 
E-mail contact: beenish.manzoor@abbvie.com 

2152-2650/$ - see front matter © 2023 The Author(s). Published by Elsevier Inc. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by- 
nc-nd/4.0/ ) 
https://doi.org/10.1016/j.clml.2023.03.010 Clinical Lymphoma, Myeloma and Leukemia 2023 1 

Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation Patterns for Patients With Chronic Lymphocytic Leukemia in Real-World 
Settings: Results From a Multi-Center International Study, Clinical Lymphoma, Myeloma and Leukemia, https://doi.org/10.1016/j.clml.2023.03.010 

mailto:beenish.manzoor@abbvie.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.clml.2023.03.010
https://doi.org/10.1016/j.clml.2023.03.010


Treatment Discontinuation Patterns for Patients With CLL 

ARTICLE IN PRESS 

JID: CLML [mNS;April 17, 2023;10:45 ] 

discontinued prematurely; and 43/3.2% received venetoclax-based regimens, of whom 16.3% discontinued prema- 
turely (venetoclax monotherapy: 7/0.5%, of whom 42.9% discontinued; VG/VR: 36/2.6%, of whom 11.1% discontin- 
ued). The most common reasons for treatment discontinuation were adverse events (FCR: 25/13.2%; BR: 36/14.1%; 
BTKi-based regimens: 75/15.9%) and disease progression (venetoclax-based: 3/7.0%). Of 626 2L patients, 20/3.2% 

received FCR (50.0% discontinued); 62/9.9% received BR (35.5% discontinued); 303/48.4% received BTKi-based 

regimens, of whom 38.0% discontinued; and 73/11.7% received venetoclax-based regimens, of whom 30.1% discontin- 
ued (venetoclax monotherapy: 27/4.3%, of whom 29.6% discontinued; VG/VR: 43/6.9%, of whom 27.9% discontinued). 
The most common reasons for treatment discontinuation were adverse events (FCR: 6/30.0%; BR: 11/17.7%; BTKi- 
based regimens: 60/19.8%; venetoclax-based: 6/8.2%). Conclusion: The findings of this study highlight the continued 

need for tolerable therapies in CLL, with finite therapy offering a better tolerated option for patients who are newly 
diagnosed or relapsed/refractory to prior treatments. 

Clinical Lymphoma, Myeloma and Leukemia, Vol. 000, No.xxx, 1–12 © 2023 The Author(s). Published by Elsevier Inc. 
This is an open access article under the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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2 Cli
Introduction 

Treatment options for chronic lymphocytic leukemia (CLL) have
expanded considerably following the introduction of several targeted
agents that include small molecule inhibitors of B-cell recep-
tor (BCRi) signaling, such as Bruton Tyrosine Kinase inhibitors
(BTKis) including ibrutinib, acalabrutinib, zanubrutinib, as well as
B-cell lymphoma 2 (BCL-2) signaling (ie, venetoclax). 1-4 Despite
clinical efficacy, chemotherapy/chemoimmunotherapy (CT/CIT) is
typically associated with poor tolerability and high risk of infections,
particularly in patients with comorbidities. 5 , 6 The emergence of
targeted agents now offers clinicians viable chemotherapy-free treat-
ment options for patients, which is particularly relevant for patients
who are unfit for CT/CIT regimens (eg, the elderly and patients
with multiple comorbidities). 7 , 8 

Despite advances in the treatment landscape for CLL, patients
still discontinue treatment due to a variety of factors. 9 Although
targeted agents, compared to CT/CIT, have been generally well-
tolerated and effective, their use is not without challenges. 2 , 4 , 10-12

For example, there was some evidence that treatment response
with targeted agents could occur at a slower rate compared to
CIT and with a reduced portion of patients achieving complete
remission. 2 , 13 , 14 Furthermore, patients receiving targeted agents are
typically treated continuously until disease progression or intol-
erance, the latter of which is an important contributor to treat-
ment discontinuation. 9 , 11 , 15 , 16 Resistance to targeted agent treat-
ments relating to acquired Bruton tyrosine kinase (BTK) and
BCL2 mutations has also been demonstrated. 17 However, much of
the available evidence to date regarding treatment discontinuation
focused on early targeted agents. Results from a long-term follow-
up of participants from the multi-center, phase 3 RESONATE trial
reported that only a small portion of patients discontinued therapy,
often due to disease progression (53 out of 195 patients [27%])
and adverse events (grade ≥3; 23 out of 195 patients [12%]), 18

which further aligns with other assessments from the RESONATE
trials. 19-21 

Although prior studies have evaluated treatment discontinua-
tion of targeted agents, they have predominantly been clinical
trials or studies involving single centers or restricted geographic
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areas. 9 , 15 , 18-26 The few analyses of patients with CLL who were
treated with ibrutinib in clinical practice found that the most
common reasons underlying treatment discontinuation included
adverse events/intolerance. 9 , 14 , 27 

With the recent expansion of targeted therapies in the treat-
ment landscape for CLL, the goal of this study was to help fill the
current evidence gap by providing a characterization of the real-
world treatment patterns and reasons for treatment discontinua-
tion among patients with CLL who were treated with CT/CIT and
available BTKi and BCL-2 targeted agents in the first and second
lines of therapy from medical practices in 20 academic centers and
community-based practices from several countries. 

Methods 

Data Source and Study Design 

This study used deidentified electronic medical record data from
the CLL Collaborative Study of Real-World Evidence (CORE).
CORE is a retrospective, observational international study of
patients with CLL in the United States, Canada, Germany, and
the United Kingdom from 20 medical practices in academic and/or
community-based settings. 28 The CORE data include data on the
type of therapy received, including monotherapy and combination
therapies, as well as clinician responses regarding disease manage-
ment. 

The present analysis included data collected between June 1,
2018 and June 22, 2021. Adult patients were included if they were
diagnosed with CLL, initiated at least one line of therapy for CLL
on/after January 1, 2012 (excluding lines of therapy received as part
of a clinical trial). The analyses of treatment discontinuation in the
first line of therapy included patients who discontinued their treat-
ments in the first line of therapy, while the analyses of treatment
discontinuation in the second line of therapy included patients who
discontinued their treatments in the second-line of therapy. 

Study Measures and Analyses 
Treatment discontinuation patterns were characterized among

patients treated with CT/CIT and targeted agents across four
cohorts: fludarabine + cyclophosphamide + rituximab (FCR),
atterns for Patients With Chronic Lymphocytic Leukemia in Real-World 
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bendamustine + rituximab (BR), BTKi - based (eg, acalabrutinib,
and ibrutinib-based), and BCL-2 (ie, venetoclax - based) regimens.
Treatment discontinuation was operationally defined as ending
therapy for reason(s) other than the completion of the planned
duration of therapy, as recorded in the patient’s medical chart. For
the reasons of discontinuation that included severe adverse events,
the severity was Grade 3, 4, or 5 as recorded in the patient chart. 

This study was descriptive; no hypothesis testing was conducted.
Mean, median, interquartile range (IQR), and standard devia-
tion (SD) were used to summarize continuous variables; counts,
frequencies, and percentages were used to summarize categorical
variables. For cumulative incidence plots, Kaplan-Meier estimates
are presented. All analyses were performed using SAS version 9.4
and R version 3.4.2. 

Results 

Treatment Discontinuation in the First Line of Therapy 
A total of 1364 patients received first-line therapy. The most

common treatments were BTKi-based and BR regimens; 190
(13.9%) received FCR, 255 (18.7%) received BR, 473 (34.7%)
received BTKi-based regimens, and 43 (3.2%) venetoclax-based
regimens (venetoclax monotherapy: 7 [0.5%] patients; VG/VR: 36
[2.6%] patients). The remaining 403 (29.5%) patients received
a variety of therapies, such as monoclonal antibodies (eg, ritux-
imab), PI3Ki-based regimens (eg, idelalisib), and other CT/CIT
(eg, bendamustine, chlorambucil, chlorambucil + obinutuzumab,
fludarabine + rituximab, pentostatin + cyclophosphamide + ritux-
imab [PCR], rituximab + cyclophosphamide + vincristine) and
were excluded from the analysis. 

Of the patients who received first-line therapy with FCR,
BR, BTKi-based, and venetoclax-based regimens, the mean age
at diagnosis ranged across cohorts from 54.9 to 63.8 years
and the majority of patients were male (range: 63.9%-71.6%)
( Table 1 ). Among patients initiating first-line therapy, a higher
proportion of those receiving targeted agents tended to have
IGHV unmutated status (BTKi-based regimens: 40.8%; venetoclax-
based: 39.5%), del(17p)/TP53 abnormality (BTKi-based regimens:
37.2%; venetoclax-based: 34.5%) and at least 1 genetic aberra-
tion (BTKi-based regimens: 74.4%; venetoclax-based: 67.4%), such
as NOTCH1 (BTKi-based regimens: 16.5%; venetoclax-based:
45.5%). Further information regarding mutated disease is available
in Table 1 . 

Overall, the most common comorbidities at the initiation of the
first line of therapy, across all cohorts, were cardiovascular disorders
followed by endocrine/metabolic, respiratory, and musculoskeletal
disorders. The median (IQR) duration of follow up (ie, the obser-
vation period between the initiation of first-line therapy and the
earlier of date of last follow up visit, date of referral, or death)
was 54.6 (range: 22.1-87.6) months for FCR, 37.3 (range: 17.0-
62.5) months for BR, 16.6 (range:6.0-30.9) months for BTKi-based
regimens, and 7.4 (range: 4.7-13.1) months for venetoclax-based
regimen cohorts ( Table 1 ). 

Treatment was discontinued prematurely for 45 (out of 190
patients; 23.7%) patients in the FCR, 88 (out of 255 patients;
34.5%) patients in the BR, 133 (out of 473 patients; 28.1%)
patients in the BTKi-based regimen, and 7 (out of 43 patients;
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
Settings: Results From a Multi-Center International Study, Clinical Lymphoma,
16.3%) patients in the venetoclax-based regimen cohorts (veneto-
clax monotherapy: 3 out of 7 [42.9%]; VG/VR: 4 out of 36
[11.1%]; Table 2 ) although median follow-up at the time of analy-
sis was 7.4 months for these patients. The most common reason for
premature treatment discontinuation among patients in the FCR
(25 out of 190 patients; 13.2%), BR (36 out of 255 patients;
14.1%), and BTKi-based regimen cohorts (75 out of 473 patients;
15.9%) was adverse events, with more than 65% being selected
as severe (Grade 3, 4, or 5) adverse events in each cohort. For
patients in the FCR and BR cohorts, common adverse events
leading to premature treatment discontinuation included hemato-
logical abnormalities, such as neutropenia and thrombocytopenia
(FCR: 11 out of 190 patients [5.8%]; BR: 11 out of 255 patients
[4.3%]). For BR cohort, infusion-related reactions led to prema-
ture treatment discontinuation in 7 out of 255 patients (2.7%). For
patients in the BTKi-based regimen cohort, adverse events leading
to premature treatment discontinuation included: cardiac events (14
out of 473 patients [3.0%]); skin and subcutaneous tissue disor-
ders, such as rash (10 out of 473 patients [2.1%]); musculoskeletal
and connective tissue disorders (10 out of 473 patients [2.1%]); and
hemorrhage/bleeding (7 out of 473 patients [1.5%]). When looking
at the cumulative incidence of discontinuation in the BTKi-based
regimen cohort from the start of treatment, 12.8% of patients had
discontinued therapy due to an adverse event by 10 months; 19.2%
by 20 months, and 23.1% by 30 months ( Figure 1 ). Among patients
in the venetoclax-based regimen cohort, the most common reason
for premature treatment discontinuation (3 out of 43 patients;
7.0%) was disease progression ( Table 2 ). 

Treatment Discontinuation in the Second Line of 
Therapy 

A total of 626 patients received second-line therapy. The
most common second-line regimens were BTKi-based regimens,
venetoclax-based regimens, BR and FCR; 20 (out of 626 patients;
3.2%) patients received FCR, 62 (out of 626 patients; 9.9%)
patients received BR, 303 (out of 626 patients; 48.4%) received
BTKi-based regimens, and 73 (out of 626 patients; 11.7%) received
venetoclax-based regimens (venetoclax monotherapy: 27 [4.3%]
patients; VG/VR: 43 [6.9%] patients; other venetoclax-based
combinations: 3 [0.5%] patients). The remaining 168 patients
received other regimens (eg, other CT/CIT). 

In the second line of therapy, the mean age at 2L initiation ranged
from 59.4 to 67.9 years and the majority of patients were male
(64.7%-80.0%) ( Table 3 ). The median (SD) duration of follow up
from the initiation of second-line therapy (ie, the observation period
between the initiation of second-line therapy and the earlier of date
of last follow up visit, date of referral, or death) was 70.6 (33.0)
months for FCR, 61.5 (32.9) months for BR, 26.1 (19.5) months
for BTKi-based regimen, and 5.8 (9.3) months for venetoclax-based
regimen cohorts. Consistent with what was observed in first line of
therapy, similar trends were seen for del(17p)/TP53 abnormality in
BTKi-based and venetoclax-based regimens in second-line; however,
a higher proportion of patients initiating a venetoclax-based regimen
had an IGHV unmutated status (BTKi-based regimens: 19.6%;
venetoclax-based: 30.4%). Further information regarding mutated
disease is available in Table 3 . 
Clinical Lymphoma, Myeloma and Leukemia 2023 3 
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Table 1 Patient Demographics in the First Line of Therapy 

FCR BR BTKi a Venetoclax b 

N = 190 N = 255 N = 473 N = 43 
Demographics 

Age at diagnosis, (years) 
Mean ± SD (Median) 54.9 ± 9.3 (56) 62.5 ± 9.2 (63) 63.8 ± 10.7 (65) 61.0 ± 12.5 (62) 

Age at 1L initiation, (years) 
Mean ± SD (Median) 56.9 ± 9.5 (58) 65.1 ± 9.2 (66) 67.0 ± 10.4 (68) 64.0 ± 13.2 (65) 

Male, N (%) 136 (71.6%) 163 (63.9%) 313 (66.2%) 29 (67.4%) 
Country 

USA 153 (80.5%) 236 (92.5%) 451 (95.3%) 36 (83.7%) 
Canada 18 (9.5%) 1 (0.4%) 10 (2.1%) 0 (0.0%) 
Germany 11 (5.8%) 11 (4.3%) 11 (2.3%) 7 (16.3%) 
UK 8 (4.2%) 7 (2.7%) 1 (0.2%) 0 (0.0%) 

Year of initiation 

< 2014 90 (47.4%) 84 (32.9%) 6 (1.3%) 0 (0.0%) 
2014-2016 55 (28.9%) 101 (39.6%) 174 (36.8%) 2 (4.7%) 
2017-2019 45 (23.7%) 70 (27.5%) 276 (58.4%) 30 (69.8%) 
2020-2021 0 (0.0%) 0 (0.0%) 17 (3.6%) 11 (25.6%) 

Disease stage and performance status at 1L initiation, N (%) 

Rai stage, N (%) 
Stage 0 5 (2.6%) 14 (5.5%) 29 (6.1%) 0 (0.0%) 
Stage I or II 82 (43.2%) 83 (32.5%) 173 (36.6%) 21 (48.8%) 
Stage III or IV 77 (40.5%) 115 (45.1%) 209 (44.2%) 14 (32.6%) 
Not measured or Unknown 26 (13.7%) 43 (16.9%) 62 (13.1%) 8 (18.6%) 

ECOG, N (%) 
Grade 0-1 156 (82.1%) 186 (72.9%) 378 (79.9%) 34 (79.1%) 
Grade 2-4 6 (3.2%) 21 (8.2%) 34 (7.2%) 0 (0.0%) 
Not measured or Unknown 28 (14.7%) 48 (18.8%) 61 (12.9%) 9 (20.9%) 

IGHV at 1L initiation, N (%) 

Mutated a 37 (19.5%) 49 (19.2%) 89 (18.8%) 6 (14.0%) 
Unmutated 54 (28.4%) 60 (23.5%) 193 (40.8%) 17 (39.5%) 
Testing not performed 70 (36.8%) 89 (34.9%) 124 (26.2%) 9 (20.9%) 
Unknown 29 (15.3%) 57 (22.4%) 67 (14.2%) 11 (25.6%) 

Genetic aberrations at 1L initiation, N (%) 

At least one genetic aberration present c , d 109 (57.4%) 146 (57.3%) 352 (74.4%) 29 (67.4%) 
6q deletion or MYB mutation 2 (1.8%) 6 (4.1%) 19 (5.4%) 0 (0.0%) 
13q deletion or LAMP1 mutation 53 (48.6%) 69 (47.3%) 143 (40.6%) 11 (37.9%) 
11q deletion or ATM mutation 38 (34.9%) 46 (31.5%) 90 (25.6%) 4 (13.8%) 
Trisomy 12 26 (23.9%) 38 (26.0%) 98 (27.8%) 8 (27.6%) 
17p deletion or TP53 mutation 13 (11.9%) 20 (13.7%) 131 (37.2%) 10 (34.5%) 
NOTCH1 4 (14.3%) 0 (0.0%) 18 (16.5%) 5 (45.5%) 

No genetic aberration present 36 (18.9%) 52 (20.4%) 62 (13.1%) 4 (9.3%) 
Testing not performed or unknown 45 (23.7%) 57 (22.4%) 59 (12.5%) 10 (23.3%) 

Comorbidities e , N (%) 

Cardiovascular 49 (25.8%) 89 (34.9%) 194 (41.0%) 18 (41.9%) 
Endocrine/metabolic 27 (14.2%) 58 (22.7%) 129 (27.3%) 6 (14.0%) 
Musculoskeletal 15 (7.9%) 23 (9.0%) 60 (12.7%) 7 (16.3%) 
Psychiatric 15 (7.9%) 22 (8.6%) 54 (11.4%) 2 (4.7%) 
Renal 11 (5.8%) 38 (14.9%) 39 (8.2%) 4 (9.3%) 
Respiratory 22 (11.6%) 33 (12.9%) 48 (10.1%) 4 (9.3%) 
No known comorbidities f 83 (43.7%) 85 (33.3%) 137 (29.0%) 17 (39.5%) 

( continued on next page ) 
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Table 1 ( continued ) 

FCR BR BTKi a Venetoclax b 

N = 190 N = 255 N = 473 N = 43 
Duration of follow-up (mo) 

Mean ± SD 
[Q 1 ; Median; Q 3 ] 
(min-max) 

60.6 ± 46.5 
[22.1; 54.6; 87.6] 

(0.4-216.9) 

43.2 ± 31.9 
[17.0; 37.3; 62.5] 

(0.0-142.8) 

19.8 ± 16.2 
[6.0; 16.6; 30.9] 

(0.0-74.5) 

9.3 ± 6.7 
[4.7; 7.4; 13.1] 

(0.1-25.9) 
Treatment duration (mo) 

Mean ± SD 
[Q 1 ; Median; Q 3 ] 
(min-max) 

4.8 ± 2.9 
[3.9; 4.9; 5.7] 

(0.0-29.1) 

4.8 ± 5.0 
[3.1; 4.7; 5.4] 

(0.0-56.3) 

15.8 ± 14.5 
[4.6; 11.3; 24.2] 

(0.0-75.0) 

7.4 ± 5.8 
[3.0; 6.0; 11.3] 

(0.0-20.3) 

Abbreviations: BCL-2 = B-cell lymphoma 2 signaling; BR = bendamustine + rituximab; BTKi = Bruton tyrosine kinases inhibitor; ECOG = Eastern cooperative oncology group; FCR = fludara- 
bine + cyclophosphamide + rituximab; IGHV = immunoglobulin heavy chain variable; N = number; SD = standard deviation. 
a BTKi-based regimens included acalabrutinib- and ibrutinib-based treatments. 
b Venetoclax included BCL-2-based treatments (eg, venetoclax monotherapy). 
c Calculated out of patients who had a mutation or abnormality detected. 
d Patients may have had more than one genetic aberration identified (categories are not mutually exclusive). 
e Patients may have had more than one comorbidity identified (categories are not mutually exclusive). 
f Includes all patients without any comorbidities selected (category is mutually exclusive). 

Table 2 Treatment Status and Discontinuation Reasons in the First Line of Therapy 

FCR BR BTKi Venetoclax 
Monotherapy 

VG/VR 

N = 190 N = 255 N = 473 N = 7 N = 36 
Treatment status a 

Still on treatment 13 (6.8%) 22 (8.6%) 316 (66.8%) 4 (57.1%) 30 (83.3%) 
Completed planned duration 131 (68.9%) 143 (56.1%) 18 (3.8%) 0 (0.0%) 2 (5.6%) 
Premature discontinuation of therapy 45 (23.7%) 88 (34.5%) 133 (28.1%) 3 (42.9%) 4 (11.1%) 

Reason for treatment discontinuation 

b, c 

Adverse event 25 (13.2%) 36 (14.1%) 75 (15.9%) 0 (0.0%) 2 (5.6%) 
Severe adverse event d 17 (68.0%) 29 (80.6%) 49 (65.3%) 0 (0.0%) 1 (50.0%) 

Disease progression 7 (3.7%) 8 (3.1%) 30 (6.3%) 2 (28.6%) 1 (2.8%) 
Watchful waiting due to low or no disease activity 9 (4.7%) 32 (12.5%) 17 (3.6%) 0 (0.0%) 1 (2.8%) 

Abbreviations: BTKi = Bruton tyrosine kinases inhibitor; BR = bendamustine + rituximab; FCR = fludarabine + cyclophosphamide + rituximab; N = number; VG/VR = venetoclax with obinutuzumab 
or rituximab. 
a Treatment status was unknown for 1 patient receiving FCR, 2 patients receiving BR, and 6 patients receiving BTKi. 
b Multiple reasons may have been selected; categories are not mutually exclusive. 
c Other reasons for discontinuation also included: economic reasons, patient preference, non-severe adverse event, disease transformation, patient request, refractory to treatment, terminal illness or 
death due to CLL, and death unrelated to disease or therapy. 
d Severe adverse event indicates Grade 3, 4, or 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Treatment was discontinued prematurely for 10 (out of 20
patients; 50.0%) patients in the FCR, 22 (out of 62 patients;
35.5%) patients in the BR, 115 (out of 303; 38.0%) patients in
the BTKi-based regimen, and 22 (out of 73 patients; 30.1%) in the
venetoclax-based regimen cohorts (venetoclax monotherapy: 8 out
of 27 [29.6%]; VG/VR: 12 out of 43 [27.9%]; Table 4 ), although
median follow-up at the time of analysis was 5.8 months for these
patients. The most common reason for premature treatment discon-
tinuation in all cohorts was adverse events—ie, for FCR (6 out of
20 patients; 30.0%), BR (11 out of 62 patients; 17.7%), BTKi-
based regimen (60 out of 303 patients; 19.8%), and venetoclax-
based regimen (6 out of 73 patients; 8.2%) cohorts. For patients in
the FCR and BR cohorts, the most common adverse events leading
to premature treatment discontinuations were hematological abnor-
malities, such as neutropenia and thrombocytopenia (FCR: 2 out
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
Settings: Results From a Multi-Center International Study, Clinical Lymphoma,
of 20 patients [10.0%]; BR: 5 out of 62 patients [8.1%]). For
patients in the BR cohort, another common adverse event leading
to premature treatment discontinuation was infections and infesta-
tions including pneumonia (2 out of 62 patients [3.2%]). The most
common adverse events in the BTKi-based regimen cohort were
cardiac events (12 out of 303 patients [4.0%]), skin and subcuta-
neous tissue disorders, such as rash (6 out of 303 patients [2.0%]),
and infections and infestations including pneumonia (4 out of
303 patients [1.3%]). For patients in the venetoclax-based regimen
cohort, the most common adverse event was hepatoxicity (2 out of
73 patients [2.7%]). When looking at the cumulative incidence of
discontinuation in the BTKi-based regimen cohort from the start of
treatment, 13.5% of patients had discontinued therapy due to an
adverse event by 10 months, 20.7% by 20 months, and 24.4% by
30 months ( Figure 2 ). 
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Table 3 Patient Demographics in the Second Line of Therapy 

FCR BR BTKi a Venetoclax b 

N = 20 N = 62 N = 303 N = 73 
Demographics 

Age at diagnosis, (years) 
Mean ± SD (Median) 53.8 ± 9.6 (54) 60.1 ± 10.9 (60) 62.5 ± 9.9 (63) 62.4 ± 12.5 (63) 

Age at 2L initiation, (years) 
Mean ± SD (Median) 59.4 ± 7.7 (61) 65.9 ± 9.6 (65) 67.9 ± 9.9 (68) 66.8 ± 12.5 (68) 

Male, N (%) 16 (80.0%) 43 (69.4%) 196 (64.7%) 53 (72.6%) 
Country 

USA 18 (90.0%) 58 (93.5%) 261 (86.1%) 68 (93.2%) 
Germany 2 (10.0%) 2 (3.2%) 2 (0.7%) 1 (1.4%) 
UK 0 (0.0%) 2 (3.2%) 33 (10.9%) 4 (5.5%) 
Canada 0 (0.0%) 0 (0.0%) 7 (2.3%) 0 (0.0%) 

Year of initiation 

c 

< 2014 14 (70.0%) 33 (53.2%) 6 (2.0%) 1 (1.4%) 
2014-2016 4 (20.0%) 18 (29.0%) 156 (51.5%) 3 (4.1%) 
2017-2019 1 (5.0%) 10 (16.1%) 131 (43.2%) 55 (75.3%) 
2020-2021 0 (0.0%) 0 (0.0%) 6 (2.0%) 14 (19.2%) 

Disease stage and performance status at 2L initiation, N (%) 

Rai stage, N (%) 
Stage 0 3 (15.0%) 3 (4.8%) 16 (5.3%) 7 (9.6%) 
Stage I or II 6 (30.0%) 22 (35.5%) 110 (36.3%) 29 (39.7%) 
Stage III or IV 6 (30.0%) 26 (41.9%) 135 (44.6%) 34 (46.6%) 
Not Measured or unknown 5 (25.0%) 11 (17.7%) 42 (13.9%) 3 (4.1%) 

ECOG, N (%) 
Grade 0-1 15 (75.0%) 37 (59.7%) 212 (70.0%) 49 (67.1%) 
Grade 2-4 0 (0.0%) 5 (8.1%) 32 (10.6%) 11 (15.1%) 
Not measured or unknown 5 (25.0%) 20 (32.3%) 59 (19.5%) 13 (17.8%) 

IGHV at 2L initiation 

d , N (%) 

Mutated d 3 (20.0%) 2 (4.3%) 22 (11.3%) 6 (10.7%) 
Clan I gene 1 (33.3%) 0 (0.0%) 2 (9.1%) 1 (16.7%) 
IGHV4-34 0 (0.0%) 0 (0.0%) 1 (4.5%) 0 (0.0%) 
Unknown 0 (0.0%) 0 (0.0%) 8 (36.4%) 2 (33.3%) 

Unmutated 3 (20.0%) 6 (12.8%) 38 (19.6%) 17 (30.4%) 
Testing not performed 6 (40.0%) 29 (61.7%) 111 (57.2%) 28 (50.0%) 
Unknown 3 (20.0%) 10 (21.3%) 23 (11.9%) 5 (8.9%) 

Genetic aberrations at 2L initiation, N (%) 

At least one genetic aberration present e , f 7 (35.0%) 27 (43.5%) 130 (42.9%) 36 (49.3%) 
6q deletion or MYB mutation 1 (14.3%) 1 (3.7%) 5 (3.8%) 1 (2.8%) 
13q deletion or LAMP1 mutation 4 (57.1%) 16 (59.3%) 56 (43.1%) 20 (55.6%) 
11q deletion or ATM mutation 1 (14.3%) 10 (37.0%) 38 (29.2%) 11 (30.6%) 
Trisomy 12 2 (28.6%) 8 (29.6%) 27 (20.8%) 7 (19.4%) 
17p deletion or TP53 mutation 2 (28.6%) 8 (29.6%) 42 (32.3%) 9 (25.0%) 
NOTCH1 0 (0.0%) 0 (0.0%) 4 (10.3%) 5 (38.5%) 

No genetic aberration present 1 (5.0%) 5 (8.1%) 46 (15.2%) 3 (4.1%) 
Testing not performed or unknown 12 (60.0%) 30 (48.4%) 127 (41.9%) 34 (46.6%) 

Comorbidities g , N (%) 

Cardiovascular 3 (15.0%) 23 (37.1%) 105 (34.7%) 34 (46.6%) 
Endocrine/metabolic 0 (0.0%) 11 (17.7%) 61 (20.1%) 20 (27.4%) 
Musculoskeletal 4 (20.0%) 6 (9.7%) 27 (8.9%) 9 (12.3%) 

( continued on next page ) 
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Table 3 ( continued ) 

FCR BR BTKi a Venetoclax b 

N = 20 N = 62 N = 303 N = 73 
Psychiatric 1 (5.0%) 6 (9.7%) 27 (8.9%) 6 (8.2%) 
Renal 1 (5.0%) 8 (12.9%) 29 (9.6%) 7 (9.6%) 
Respiratory 0 (0.0%) 9 (14.5%) 27 (8.9%) 10 (13.7%) 
No known comorbidities h 12 (60.0%) 23 (37.1%) 98 (32.3%) 19 (26.0%) 

Duration of follow-up (mo) 

Mean ± SD 
[Q 1 ; Median; Q 3 ] 
(min-max) 

72.5 ± 33.0 
[55.7; 70.6; 91.3] 

(14.3-130.9) 

59.6 ± 32.9 
[38.5; 61.5; 80.3] 

(0.0-142.8) 

28.0 ± 19.5 
[11.5; 26.1; 41.2] 

(0.0-86.4) 

9.7 ± 9.3 
[2.5; 5.8; 15.0] 

(0.0-38.2) 
Treatment duration (mo) 

Mean ± SD 
[Q 1 ; Median; Q 3 ] 
(min-max) 

4.9 ± 3.6 
[2.7; 5.2; 6.1] 

(0.9-17.4) 

3.5 ± 1.8 
[2.0; 3.8; 5.0] 

(0.0-6.5) 

21.0 ± 18.8 
[4.2; 15.6; 35.1] 

(0.0-83.7) 

8.2 ± 8.8 
[1.9; 5.2; 11.6] 

(0.0-38.2) 

Abbreviations: BCL-2 = B-cell lymphoma 2 signaling; BR = bendamustine + rituximab; BTKi = Bruton tyrosine kinases inhibitor; ECOG = Eastern cooperative oncology group; FCR = fludara- 
bine + cyclophosphamide + rituximab; IGHV = immunoglobulin heavy chain variable; N = number; SD = standard deviation. 
a BTKi-based regimens included acalabrutinib- and ibrutinib-based treatments. 
b Venetoclax included BCL-2-based treatments (eg, venetoclax monotherapy). The venetoclax cohort includes both patients who received venetoclax monotherapy and those that were treated with 
VG/VR. 
c There were 6 patients for whom the date of second-line of therapy initiation was missing. 
d IGHV testing status at 2L initiation was not collected for data collected during the first round of data collection. 
e Calculated out of patients who had a mutation or abnormality detected. 
f Patients may have had more than one genetic aberration identified (categories are not mutually exclusive). 
g Patients may have had more than one comorbidity identified (categories are not mutually exclusive). 
h Includes all patients without any comorbidities selected (category is mutually exclusive). 

Table 4 Treatment Status and Discontinuation Reasons in the Second Line of Therapy 

FCR BR BTKi Venetoclax 
Monotherapy a 

VG/VR 

N = 20 N = 62 N = 303 N = 27 N = 43 
Treatment status b 

Still on treatment 0 (0.0%) 2 (3.2%) 171 (56.4%) 18 (66.7%) 30 (69.8%) 
Completed planned duration 10 (50.0%) 37 (59.7%) 14 (4.6%) 1 (3.7%) 1 (2.3%) 
Premature discontinuation of therapy 10 (50.0%) 22 (35.5%) 115 (38.0%) 8 (29.6%) 12 (27.9%) 

Reason for treatment discontinuation 

c , d 

Adverse event 6 (30.0%) 11 (17.7%) 60 (19.8%) 0 (0.0%) 5 (11.6%) 
Severe adverse event e 3 (50.0%) 8 (72.7%) 37 (61.7%) 0 (0.0%) 3 (60.0%) 

Disease progression 1 (5.0%) 3 (4.8%) 24 (7.9%) 2 (7.4%) 3 (7.0%) 
Watchful waiting due to low or no disease activity 3 (15.0%) 6 (9.7%) 9 (3.0%) 0 (0.0%) 3 (7.0%) 

Abbreviations: BTKi = Bruton tyrosine kinases inhibitor; BR = bendamustine + rituximab; FCR = fludarabine + cyclophosphamide + rituximab; N = number; VG/VR = venetoclax with obinutuzumab 
or rituximab. 
a Patients who received other venetoclax-based combination therapies have been excluded (ie, 3 patients). 
b Treatment status was unknown for 1 patient receiving BR and 3 patients receiving BTKi. 
c Multiple reasons may have been selected; categories are not mutually exclusive. 
d Other reasons for discontinuation also included: economic reasons, patient preference, non-severe adverse event, disease transformation, patient request, refractory to treatment, terminal illness or 
death due to CLL, and death unrelated to disease or therapy. 
e Severe adverse event indicates Grade 3, 4, or 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Discussion 

This real-world, multicenter, observational, international study
assessed treatment discontinuation patterns in the first and second
lines of therapy among patients with CLL. Despite advances in the
treatment landscape with respect to tolerability and efficacy, prema-
ture treatment discontinuations occurred across all types of therapies
analyzed in this study. 

Nearly one-third of patients treated with FCR/BR in both the
first and second lines of therapy discontinued therapy (23.7-34.5%
in the first line of therapy; 35.5%-50.0% in the second line
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
Settings: Results From a Multi-Center International Study, Clinical Lymphoma,
of therapy). The most common reason for premature treatment
discontinuations, except for the venetoclax-based regimen cohort
in the first line of therapy, was the presence of adverse event(s)
with the majority being severe (Grade 3, 4, or 5) adverse events.
In the first and second line of therapy, common adverse events
were hematological abnormalities among patients in the FCR and
BR cohorts. Among patients in the BTKi-based regimen cohort,
predominantly comprised of ibrutinib-based regimens, common
adverse events were cardiac, skin and subcutaneous tissue disorders
in first and second line of therapy and musculoskeletal disorders
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Figure 1 Time to treatment discontinuation 1 by reason: 2,3 First-line therapy with BTKi-based Regimens 
Abbreviations: BTKi = Bruton tyrosine kinases inhibitor. 
Notes : 
1 Kaplan-Meier estimates exclude 34 patients with missing information from the total sample size of 473. 
2 Multiple reasons may have been selected; categories are not mutually exclusive. 
3 Watchful waiting due to low or no disease activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 Cli
in first line only. Among patients in the venetoclax-based regimen
cohort in the second line of therapy, hepatoxicity was recorded,
whereas infections and infestations were recorded for patients in the
BR and BTKi-based regimen cohorts. When analyzing the cumula-
tive incidence of treatment discontinuation over time in the BTKi-
based regimen cohort, results demonstrate that discontinuations did
not occur exclusively at the treatment onset but continued across
time throughout a given line(s) of therapy. Taken together, these
findings suggest that there is an unmet clinical need for more
tolerable therapies in CLL. Novel agents, based on finite therapy
durations, may potentially offer a better tolerated option for newly
diagnosed or relapsed/refractory patients or reduce a time period
over which the patient is exposed to the risk of adverse events.
However, further studies with longer follow-up are warranted to
investigate this hypothesis. 

Unlike patients treated with FCR/BR or BTKi-based regimens,
for patients in the venetoclax-based regimen cohort, the most
common reason for premature treatment discontinuation in the
first line of therapy was disease progression (6.9%). In the second
line of therapy, in contrast to other regimens where between 18%
nical Lymphoma, Myeloma and Leukemia 2023 
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
Settings: Results From a Multi-Center International Study, Clinical Lymphoma,
and 30% patients discontinued therapy due to adverse events, only
six patients (8.2%) discontinued venetoclax-based regimens due
to adverse events despite baseline cardiac comorbidities and being
pretreated. The lowest proportion of patients that discontinued
treatment prematurely were of the venetoclax-based regimen cohort,
potentially suggesting that venetoclax could be better tolerated than
other agents, consistent with literature from clinical trials; however,
larger cohorts of patients will be needed to confirm these findings in
a broader population. 29-31 

Overall, the proportion of premature discontinuations, and the
fact that adverse events represented most commonly reported
reasons for discontinuation, together with the types of adverse events
leading to discontinuation, were consistent with what has been
previously reported in literature. For example, the proportion of
patients who discontinued FCR in the first line of therapy in this
study (23.7%) aligns with clinical studies 32 , 33 of premature treat-
ment discontinuations; in one phase 2 study, 23% of patients did
not complete the planned number of FCR cycles. 33 Similar to a
previously published real-world study 26 and across clinical trials, 32 , 33

adverse events represented one of the most commonly reported
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Figure 2 Time to treatment discontinuation 1 by reason: 2,3 Second-line therapy with BTKi-based regimens 
Abbreviations: BTKi = Bruton tyrosine kinases inhibitor. 
Notes : 
1 Kaplan-Meier estimates exclude 10 patients with missing information. 
2 Multiple reasons may have been selected; categories are not mutually exclusive. 
3 Watchful waiting due to low or no disease activity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

reasons for treatment discontinuation. Although direct comparisons
would be challenging to make due to differences in study design and
adverse event assessments 19 , 24 (eg, the current study only collected
information regarding what/how an adverse event was recorded in
the patients’ chart), this study did find that adverse events were
among the most common reasons for premature treatment discon-
tinuation. In addition, the types of adverse events that contributed
to premature treatment discontinuation, for both CT/CIT and
targeted agents aligned with what has been reported previously in
clinical trials 10 , 19 (eg, CT/CIT: infections [in FCR] 33 ; BTKi: bleed-
ing [in ibrutinib] 33 and atrial fibrillation [in ibrutinib]). Lastly, as
treatment discontinuation due to an adverse event in targeted agents
(ie, BTKi-based regimens) was observed in first- and second-lines of
therapy, these findings further highlight an unmet treatment need
in this patient population. 

In the evolving era of targeted agents for CLL, clinicians now have
a range of options that have the potential to help patients manage
their disease, which is particularly relevant in the relapsed/refractory
setting. 7 However, despite the array of available targeted thera-
pies, several questions remain unanswered, with the main question
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
Settings: Results From a Multi-Center International Study, Clinical Lymphoma,
focusing on the feasibility of fixed-duration treatment regimens. 11 

Targeted therapies have routinely required continuous treatment to
disease progression, which presents challenges to patients (eg, intol-
erance, cost burden) that can result in dose reductions or treat-
ment cessation. 9 , 11 , 34 Moreover, patients with advancing age and
increasing comorbidities may be especially apt to experience dimin-
ished tolerability of long-term treatments; as a result, targeted treat-
ment regimens with fixed duration could potentially be benefi-
cial for patients with CLL. 35 Rather than unplanned, premature
treatment discontinuations, the potential benefits associated with
well-tolerated fixed-duration regimens, particularly among patients
with CLL who are able to reach therapeutic milestones during
continuous treatment, may represent a unique therapeutic oppor-
tunity. 36 Recently, an analysis of the post-treatment follow-up of the
MURANO trial, 37 a phase 3 study that assessed the progression-free
survival benefit associated with fixed-duration (24 months) veneto-
clax + rituximab versus bendamustine-rituximab in patients with
relapsed/refractory CLL, found that at a median of approximately
10 months, only 12% (16 out of 130) of patients treated with fixed-
duration of venetoclax + rituximab progressed; 70% of patients
Clinical Lymphoma, Myeloma and Leukemia 2023 9 
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10 
maintained their achieved level of undetected minimal residual
disease (MRD); and among patients who achieved undetected
MRD, 98% of patients did not progress. 38 

As treatment options for CLL expand, additional studies are
warranted to further evaluate the feasibility and effectiveness of
fixed-duration treatment with targeted agents and the impact on
treatment discontinuation rates. These studies will require larger and
more diverse patient populations to assess the durability of treatment
response, as well as quality of life assessments to provide stakeholders
with an in-depth understanding of the benefits and risks associated
with shifting treatment paradigms. 

Limitations 

Although this study offers a recent characterization of treatment
discontinuation patterns among different cohorts of patients with
CLL across several therapeutic regimens, this study is subject to
limitations that are common to retrospective chart review analy-
ses. First, information reported is as recorded in patients’ charts and
entered by investigators across multiple centers with possible differ-
ences in interpretation of clinical data. Second, information regard-
ing the reasons for treatment discontinuation was solely based on
reasons recorded in patients’ charts. Lastly, the follow-up duration
captured in this study was relatively short, particularly for patients
who received targeted agents, specifically venetoclax, which may
limit the generalizability of treatment discontinuation practices.
Future studies with longer follow-up are warranted to further assess
treatment discontinuation practices over longer periods. Despite
these limitations, our study includes robust, clinician-adjudicated
data that has been collected following a rigorous data quality
process and provide important insights on real-world discontinu-
ation patterns in CLL. 

Conclusions 

Despite the relatively short duration of follow-up, similar prema-
ture treatment discontinuation patterns were observed in the first-
and second-line settings based on the type of treatment received.
Treatment with CT/CIT was commonly discontinued before
completion of the planned cycles of therapy. which suggests that
these treatment regimens could be difficult to tolerate. In contrast
to clinical trials, treat to progression BTKi-based regimens were
most often discontinued due to adverse events. The lowest discon-
tinuation rates for venetoclax-based regimens potentially suggests
that venetoclax could be better tolerated than other agents. Due to
limited information collected and small sample sizes, future studies
regarding venetoclax-based regimen discontinuation practices are
warranted in a larger patient population. Overall, the results of this
study highlight the unmet need for tolerable therapies in CLL, with
finite therapy duration specifically offering a better tolerated option
for patients who are newly diagnosed and for those who are relapsed
or refractory to prior treatments, which would limit continuous
exposure to treatment and may prevent treatment discontinuation
due to adverse events. 

Clinical Practice Points 
What is already known about this subject? 
Clinical Lymphoma, Myeloma and Leukemia 2023 
Please cite this article as: Mazyar Shadman et al, Treatment Discontinuation P
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 Despite advances in available treatment options, patients with
chronic lymphocytic leukemia (CLL) discontinue treatment for
a variety of reasons, with toxicity being one of common reasons. 

 Outside of clinical trials, there is limited evidence available regard-
ing treatment discontinuation of targeted agents. 

What are the new findings? 

 Of the 1365 1L patients, 190 (13.9%) received FCR, of whom
23.7% discontinued; 255 (18.7%) received BR, of whom 34.5%
discontinued; 481 (35.2%) received BCRi-based regimens, of
whom 28.3% discontinued; and 43 (3.1%) received venetoclax-
based regimens, of whom 16.3% discontinued. 

 The most common reasons for treatment discontinuation within
each respective first line cohort were adverse events (FCR: 13.2%;
BR: 14.1%; BCRi-based regimens: 15.8%) and disease progres-
sion (venetoclax-based regimens: 7.0%). 

 Of the 631 2L patients, 20 (3.2%) received FCR, of whom 50.0%
discontinued; 62 (9.8%) received BR, of whom 35.5% discon-
tinued; 313 (49.6%) received BCRi-based regimens, of whom
38.0% discontinued; and 73 (11.6%) received venetoclax-based
regimens, of whom 30.1% discontinued. 

 The most common reason for treatment discontinuation within
each respective second-line cohort was adverse events (FCR:
30.0%; BR: 17.7%; BCRi-based regimens: 20.1%; venetoclax-
based regimens: 8.2%). 

How might it impact on clinical practice in the foreseeable
future? 

 These results highlight the unmet need for tolerable thera-
pies in CLL, with finite therapy duration specifically offering a
better tolerated option for patients who are newly diagnosed or
relapsed/refractory to prior treatments, which would limit contin-
uous exposure to treatment and may prevent treatment discontin-
uation due to adverse events. 

Data Statement 
The data analyzed in this study are subject to Health Insurance

Portability and Accountability Act privacy restrictions and are not
publicly available. Deidentified data could be made available by the
corresponding author upon reasonable request. 

AbbVie is committed to responsible data sharing regarding the
clinical trials we sponsor. This includes access to anonymized,
individual, and trial-level data (analysis data sets), as well as other
information (eg, protocols, clinical study reports, or analysis plans),
as long as the trials are not part of an ongoing or planned regula-
tory submission. This includes requests for clinical trial data for
unlicensed products and indications. 

These clinical trial data can be requested by any qualified
researchers who engage in rigorous, independent, scientific research,
and will be provided following review and approval of a research
proposal, Statistical Analysis Plan (SAP), and execution of a
Data Sharing Agreement (DSA). Data requests can be submit-
ted at any time after approval in the US and Europe and after
acceptance of this manuscript for publication. The data will be
accessible for 12 months, with possible extensions considered.
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control over the final content. 
For more information on the process or to submit a request,
visit the following link: https://www.abbvie.com/our-science/
clinical- trials/clinical- trials- data- and- information- sharing/ 
data- and- information- sharing- with- qualified- researchers.html . 
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