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Abstract

The Bruton’s Tyrosine Kinase (BTK) inhibitor ibrutinib has transformed the treatment of chronic
lymphocytic leukemia (CLL), leading to unprecedented improvements in progression-free and
overall survival for all patients, including those with poor prognostic features. The side effect
profile of ibrutinib is unique compared with chemoimmunotherapy and includes atrial fibrillation,
increased bleeding risk, and arthralgias/myalgias. Although common, arthralgias/myalgias and
their management are poorly described. We identified 214 patients with CLL treated with ibrutinib
(as a single agent or in combination) from 2011-2018 at the University of Pennsylvania. In this
cohort, 36% (76/214) of patients developed arthralgias/myalgias during follow-up with a median
onset of 34.5 months. Most events (79%) were Grade 1 or 2. Risk factors for developing
arthralgias/myalgias included younger age at start of ibrutinib, female sex, and ibrutinib use as
first treatment. Twenty-eight percent of patients with grade 1 or 2 toxicity continued ibrutinib and
had resolution of symptoms. Dose holds were frequently used to manage this toxicity and this
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strategy was more successful than dose reduction. Sixty-two percent of patients with grade 3
toxicity ultimately discontinued ibrutinib. Supportive care measures such as discontinuing statins
or use of non-steroidal anti-inflammatory drugs (NSAIDs), acetaminophen, or corticosteroids
were not used frequently enough in this cohort to evaluate their efficacy. Additional studies to
determine the mechanism of ibrutinib-related arthralgias/myalgias are needed to develop optimal
management strategies.

Micro-Abstract:

Ibrutinib-associated arthralgias/myalgias are a frequent adverse event which can occur late in the
treatment course and are mostly Grade 1 or 2. For patients with Grade 1 or 2 arthralgias/myalgias,
dose reductions can frequently mitigate the side effects and allow patients to continue on therapy,
while the majority of patients with Grade 3 toxicity ultimately discontinue therapy. Further study
is needed to determine their pathogenesis in order to develop best practice management strategies.
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INTRODUCTION

The treatment of chronic lymphocytic leukemia (CLL) has been transformed by the use of
inhibitors of B-cell receptor signaling. Ibrutinib is a first-in-class Bruton’s Tyrosine Kinase
(BTK) inhibitor that has resulted in improved progression-free survival (PFS) and overall
survival (OS) compared to monoclonal antibodies?, alkylating agents?, and
chemoimmunotherapy combinations.34 As a result, the United States Food and Drug
Administration has approved ibrutinib for treatment of CLL as a single agent in front-line
and relapsed-refractory settings 1:2°-7 as well as in combination with
chemoimmunotherapy® and obinutuzumab?3°.

Ibrutinib has a unique adverse effect profile compared to chemoimmunotherapy, with
toxicities that include atrial fibrillation10-12, increased bleeding risk,3:14, diarrhea, 1°
fatigue, hypertension6, and cytopenias.1’ In addition, arthralgias/myalgias is common
among CLL patients treated with ibrutinib in both upfront and relapsed/refractory (R/R)
settings and their incidence have been noted in both clinical trials and clinical practice. In
clinical trials and retrospective cohort studies, arthralgias and myalgias were reported in
11-36% of patients.1218-21 |n terms of ibrutinib intolerance, arthralgias and myalgias has
also been common reasons for discontinuation of ibrutinib 2223 However, the mechanisms
for ibrutinib-associated arthralgias/myalgias remain unknown. Moreover, there have been no
detailed descriptions regarding their presentation and limited guidance2* for their
management.

The objective of this study was to determine the incidence, timing, and risk factors for
arthralgias/myalgias among CLL patients treated with ibrutinib in clinical practice. In
addition, we evaluated management strategies and their outcomes.
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METHODS

Study Design

We conducted a retrospective cohort study of CLL patients treated with ibrutinib at the
University of Pennsylvania between January 1, 2011 and December 31, 2018. Demographic
information, medical diagnoses, laboratory results, medication prescriptions, and pathology
and radiology reports were collected from patients’ electronic medical records. The study
was approved by the University of Pennsylvania Institutional Review Board.

Study Patients

Outcomes

Patients were included if they had a diagnosis of CLL and were treated with ibrutinib.
Patients could have received treatment with at least one dose of ibrutinib in the front-line or
relapsed/refractory setting, or in combination with another agent. Patients were excluded if
they: 1) started ibrutinib prior to establishing care at the University of Pennsylvania, or 2)
received chimeric antigen receptor T (CART) cell therapy within 3-12 months of initiating
ibrutinib treatment since the effects of CART cells on arthralgias/myalgias remain unknown.

The primary outcome was arthralgias/myalgias, defined as the presence of arthralgias or
myalgias attributed to ibrutinib per treating physician. Grading was performed using
Common Terminology Criteria for Adverse Effect (CTCAE) version (Grade 1-3). If more
than one episode was recorded, the highest grade was used. We evaluated arthralgias/
myalgias as a composite outcome because of the difficulty in separating joint and
periarticular soft tissue and/or muscle symptoms. As secondary outcomes, we compiled and
evaluated the various management strategies utilized for arthralgias and/or myalgias, which
included dose adjustments, medication holds, and discontinuation, as well as the use of
acetaminophen, NSAIDs, corticosteroids, and Coenzyme Q10 (CoQ10), and their
effectiveness for alleviating symptoms. Overall response rate, progression free survival and
overall survival were evaluated as other secondary outcomes of interest.

Data Collection

Demographic and clinical data (age, sex, race, ethnicity, date of CLL diagnosis, date of start
of ibrutinib, number of prior therapies) were collected from patients’ electronic medical
records. Candidate prognostic factors included immunoglobulin heavy chain rearrangement
(IGHV) mutation status, fluorescence in situ hybridization (FISH) testing, karyotype, next
generation sequencing, Rai stage, history of joint pain and history of rheumatologic disease
as defined by International Classification of Diseases, Ninth and Tenth Revisions (ICD-9
and ICD-10) diagnoses and antecedent arthritis diagnosis. Medication data including
concomitant statin use and potency as defined by the American College of Cardiology, as
well as ibrutinib dose reductions/dose holds, use of NSAIDs/corticosteroids, and the
supplement CoQ10 were also captured. Electronic medical record data were abstracted by a
medical oncologist (J.M.R.), who adjudicated the presence of musculoskeletal toxicity
events, date of onset, and their grade (via CTCAE criteria). Response to ibrutinib was
assessed by 2018 International Workshop on CLL guidelines.2®
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Statistical Analysis

We first calculated the unadjusted incidence rate of arthralgias/myalgias. The Kaplan-Meier
estimator was used in a time to event analysis for the development of an initial event of
arthralgias/myalgias. Follow-up for development of arthralgias/myalgias ended at the earliest
time of reported arthralgias/myalgias per physician notes, date of discontinuation of
ibrutinib (for other toxicity or progression), at date of data extraction, or at the time of death.
Overall response rate was determined based on best response by International Workshop on
CLL guidelines.?> Progression free survival (PFS) was calculated based on the start date of
ibrutinib therapy to the date of documented progression, next treatment, or last follow up.
PFS was stratified by frontline ibrutinib use. Overall survival was calculated based on the
start date of ibrutinib to the date of last follow up or date of death. Log-rank tests were used
to test for differences in the distribution of time to onset of arthralgias/myalgias in relation to
individual covariables of interest including: older age (age =65, female sex, ibrutinib dose
(420 mg, 280 mg, 140 mg), ibrutinib as frontline therapy (vs. R/R), history of joint disease
defined by ICD9 code, history of autoimmune disease defined by ICD9 code, Rai stage, and
concurrent statin prescription.

Multivariable Cox regression analysis was used for adjusted analyses of potential risk factors
for incident arthralgias/myalgias. Variables were selected for inclusion in the final
multivariable model based on statistical significance of the log rank test included age, sex,
ibrutinib as frontline therapy, and history of autoimmune disease. Statistical significance was
evaluated at the two-sided alpha = 0.05 level. We also performed univariate analyses to
examine the risk of developing Grade 3 arthralgias/myalgias utilizing the same variables
chosen multivariate analysis of the entire cohort. Analyses were performed using Stata
version 14.2 (Stata Corporation; College Park, TX).

RESULTS

Characteristics of CLL Patients Treated with Ibrutinib

We identified 214 eligible patients for this study. The cohort (Table 1) was predominantly
male (70%) and Caucasian (94%). Sixty-two percent received ibrutinib as front-line therapy
(n=134), and the starting dose was 420 mg in 92% of patients (n=196). Eighty-six percent
received ibrutinib as monotherapy (n=185), while 14% received ibrutinib in combination
with another agent, most commonly rituximab (76%, n=22). Twenty-one percent of patients
had 17p deletion (42/196) and 33% had 11q deletion (40/121). Fifty-nine percent were
IGHV unmutated (58/98). Thirty-five percent were on a concurrent statin, of whom 34%
(n=26) had received high dose statin (as defined by American College of CardiologyZ5).
Seventeen percent had a documented history of prior joint issues and 8% had a history of a
rheumatologic disorder.

Incidence of Arthralgias/Myalgias

Among the 214 patients treated with ibrutinib, 76 patients (36%) developed a new or
worsening of arthralgias/myalgias while receiving treatment with ibrutinib (26.4 months
median follow up, IQR 15-38 months). The incidence rate was 0.26 events per person year.
Forty-seven percent of patients treated in the front-line setting developed arthralgias/
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myalgias, as compared to 30% treated for relapsed/refractory disease. Seventy-nine percent
of incident arthralgia/myalgia events were grade 1-2 (mild or moderate, n=60), and 21%
were grade 3 (severe, n=16). The Kaplan-Meier estimate of the median time to development
of arthralgias/myalgias was 34.5 months (Figure 1). For patients treated with frontline
ibrutinib, the Kaplan-Meier estimate of median time to development of arthralgias/myalgias
was 19.9 months and was greater than the maximum observed follow-up time for patients
with relapsed/refractory disease (Figure 2). Of the 76 patients experiencing arthralgias/
myalgias, median time to development was 7 months (IQR 2-16.7 mo).

Risk Factors for Arthralgias/Myalgias

In univariable analysis, age (<65 years), sex, ibrutinib use in the frontline and history of
autoimmune disorders were associated with developing arthralgias/myalgias (Appendix 1).
Concurrent statin use was not significantly associated with incident arthralgias/myalgias in
univariable analyses. In univariate analysis, female sex was the only covariate associated
with developing Grade 3 musculoskeletal toxicity (HR 2.73; 95% CI 1.02-7.34).

In a model adjusted for age (= 65 years vs. <65 years), sex, frontline ibrutinib use and
history of autoimmune disease (Table 2), incident arthralgias/myalgias were associated with
age <65 years (1.59; 95% ClI,1.01-2.5) female sex (HR, 2.0; 95% ClI, 1.31-3.35) and
ibrutinib use in the frontline setting (HR, 1.89 95% CI, 1.19-3.01). (Table 2). History of
autoimmune disease was non-statistically significantly associated with time to development
of arthralgias/myalgias (HR 1.78; 95% CI 0.91-3.49). (Table 2).

Management Strategies and Outcomes

Management strategies and outcomes for arthralgias/myalgias are described in Table 3.
Seventeen percent (7/41) were managed by holding ibrutinib (median hold duration, 12
days; IQR 3-17), and 37% (15/41) by ibrutinib dose reduction. Twenty-nine percent (12/41)
utilized both strategies and 17% (7/41) stopped ibrutinib altogether without re-challenge.
Dose hold without dose reduction was successful in 14% (1/7) of patients, while dose
reduction alone alleviated symptoms in 60% (9/15). Statins were discontinued in 8% (6/41)
patients, with improvement in symptoms noted in 83% of patients (5/6). Eleven percent
(8/76) of patients received corticosteroids of which the median dose was 40 mg (range 20-50
mg prednisone or equivalent) and the median duration 5.5 days (range 5-80 days). Eight
percent (6/76) received CoQ10 in conjunction with dose holds and dose reductions with
symptomatic improvement in 63% (5/8) and 50% (3/6), respectively. Twenty-seven percent
(20/76) of patients received NSAIDs and 12% (9/76) used acetaminophen with improvement
in 50% (10/20) and 22% (2/9) of patients, respectively. Eight percent (6/76) of patients
required opioid analgesics for pain management.

Arthralgias/myalgias resolved in 55% (42/76) of patients during the follow up period
(median follow up 26.4 months). Overall, no changes in ibrutinib therapy were made in 51%
(39/76) of patients and 54% (21/39) had spontaneous resolution of symptoms. Of these
patients, 71% (15/21) had Grade 1 arthralgias/myalgias. The most frequent management
strategy for the 16 patients with Grade 3 arthralgias/myalgias was the combination of dose
hold and dose reduction, which improved symptoms in 25% (2/8) patients. Ultimately, 63%
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of patients (10/16) with Grade 3 arthralgias/myalgias discontinued ibrutinib. The overall
discontinuation rate for arthralgias/myalgias was 22% (17/76). Management and outcomes
did not differ if arthralgias/myalgias occurred before or after 6 months.

In this cohort, 79/214 (36%) patients discontinued ibrutinib: 17/214 (8%) for toxicity related
to arthralgias/myalgias; 33/214 (15%) for other toxicity; 19/214 (9%) for disease
progression; 9/214 (4%) for transformation; 3/214 (1%) for other reasons. Overall response
rate (ORR) for the entire cohort was 82% [relapsed/refractory 78% (105/134); frontline 90%
(72/80)). At 24 months, 77% (n=165) of the whole cohort did not have disease progression.
Of patients who developed arthralgias/myalgias, seventy-six percent (58/76) of patients had
a partial response or partial response with lymphocytosis at the onset of symptoms. ORR
was 79% (60/76) at the time of development of arthralgias/myalgias. There was no
difference in PFS if patients were treated with ibrutinib for relapsed/refractory disease or in
the frontline setting in this cohort (HR 0.6, Cl 0.32-1.13 p=0.177). Overall survival of the
cohort was not reached at a median follow up of 26.4 months.

DISCUSSION

In this largest reported series focused on ibrutinib-associated arthralgias/myalgias, we
observed a high incidence of arthralgias/myalgias, which is consistent with results
previously reported in multi-center retrospective and clinical trial populations
(approximately 30-409%).1:2:20.23.27 The majority of the patients in our cohort had grade 1-2
toxicity (79%), with only 21% of patients developing grade 3 arthralgias/myalgias. The
median time to myalgias/arthralgias was 34.5 months by Kaplan-Meier analysis, which is
later than prior reports?! and indicates that this is a toxicity that should be monitored for
closely throughout the duration of ibrutinib treatment. We discovered several risk factors
associated with developing arthralgias/myalgias including younger age, female sex, and use
of ibrutinib as first treatment. While the number of patients who developed arthralgias/
myalgias who ultimately discontinued ibrutinib appears high (22% [17/76]), the total
discontinuation rate for the whole cohort is similar to the discontinuation rate for all
toxicities (8%[17/214]).

The associations of younger age (HR 1.59) and female sex (HR 2.0) with incident
arthralgias/myalgias is surprising and may suggest that ibrutinib may exacerbate arthralgias/
myalgias in patients who are prone to autoimmune phenomena 28:2° The reason for this
sexual dimorphism remains unknown, though there is evidence to suggest that women may
be more immunocompetent and have increased immune reactivity3°, Additionally, while
history of autoimmune disease not statistically significant (p=0.08) in this mutlivariable
model, our cohort may have been underpowered to detect this effect due to the small number
of patients with a known autoimmune condition in the cohort (n=18). Female sex was the
only risk factor for developing Grade 3 arthralgias/myalgias. Although the mechanism
remains unknown, this may represent an off-target effect of ibrutinib as suspected with other
ibrutinib-associated toxicities such as atrial fibrillation1931, A recent report has
demonstrated that approximately two-thirds of patients with ibrutinib-induced arthralgias/
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myalgias who were treated with the next-generation BTK, acalabrutinib, did not experience
recurrent symptoms supporting the hypothesis that arthralgias/myalgias toxicity is unlikely
related to BTK inhibition32,

We observed several management strategies used for ibrutinib-related arthralgias/myalgias
in this cohort. For some patients, the arthralgias/myalgias appeared to be self-limited,
particularly for those with mild (grade 1-2) arthralgias/myalgias toxicity. In this cohort, dose
reductions were the most successful strategy with more than half of patients experiencing
resolution of symptoms. Dose hold was utilized for patients with severe (grade 3) toxicity, as
recommended by package guidelines in 81% of these patients. Ultimately, 63% of patients
with grade 3 or severe toxicity discontinued ibrutinib, indicating that this subgroup of
patients may be intolerant to ibrutinib. The impact on long-term outcomes for this subgroup
should be studied further since PFS is improved with long-term use of ibrutinib compared to
those who discontinue for any reason 18:20.33.34 The yse of analgesics was overall low,
possibly due to underreporting of over-the-counter medication use 3° Notably, 50% of
patients who used NSAIDs reported improvements in arthralgias/myalgias. However, prior
reports have recommended avoiding these drugs because they may exacerbate the risk of
bleeding 24 In our cohort, no patient had a serious bleeding event.

Outcomes in our cohort were similar to those reported in prior clinical trials and
observational studies 1:21.22.27.36.37 ORR was higher for patients treated in the frontline
setting (90% vs. 78%). Median PFS was not reached for the entire cohort, nor was OS likely
due to the relatively short median follow up (26.4 months). It has previously been shown that
the outcomes for patients who discontinue ibrutinib because of toxicity are better than those
in patients who discontinue for disease progression or Richter’s transformation, 38392040
Comparisons of patient outcomes who discontinue ibrutinib for specific toxicities have never
been reported. It is unclear whether this is related to the underlying mechanism of toxicity
but warrants further study.

Based on our observations, we propose the following algorithm for the management of
ibrutinib-associated arthralgia/myalgias (Figure 3): if arthralgias/myalgias are grade 1 or 2
and do not interfere with activities of daily living (as reported by the patient), we
recommend continuing ibrutinib at current dose and monitoring closely for symptom
progression, as cases can resolve spontaneously. If symptoms affect activities of daily living,
clinicians should consider a dose reduction. If there is no improvement at a lower dose,
consider a further dose reduction or a dose hold until improvement in symptoms. If
symptoms recur with re-challenge after a dose hold, consider permanent discontinuation of
ibrutinib and use of alternative CLL directed therapies. For patients with grade 3 arthralgias/
myalgias, we recommend dose hold until resolution of symptoms. If symptoms resolve, we
recommend re-challenging with a lower dose of ibrutinib. If symptoms do not recur, we
suggest continuing the reduced dose of ibrutinib rather than attempting to escalate. If
symptoms recur, discontinue ibrutinib and consider other CLL-directed therapies.

Our study has several potential limitations. First, our cohort was from a single medical
center and was predominantly Caucasian and male. Thus, the results may not be
generalizable in other settings or other demographic groups. Second, misclassification or
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under-reporting of arthralgias/myalgias may have occurred. We minimized the risk of
outcome misclassification by having a medical oncologist review the medical records of all
patients to adjudicate and grade incident arthralgias/myalgias toxicity events. However, it is
still possible that some events might have been missed if they were not reported by the
patient or documented by the clinician. Finally, use of over-the-counter medications may
have been underreported.

In conclusion, our study highlights the frequency of ibrutinib-related arthralgias/myalgias,
occurring in 36% of treated patients. Time to developing arthralgias/myalgias was 34.5
months after starting ibrutinib. Of patient’s experiencing arthralgias/myalgias, most
developed at 7 months. Approximately half of grade 1-2 events were self-limited, and dose
reductions were successful in managing this toxicity for patients with persistent symptoms.
The majority of patients with grade 3 toxicity ultimately had to discontinue ibrutinib.
Younger age, female sex, use of ibrutinib as first treatment and response to ibrutinib were
significant risk factors for arthralgias/myalgias. Additional studies are needed to understand
the mechanisms of ibrutinib-related arthralgias/myalgias and to develop optimal
management strategies to maximize responses to ibrutinib.
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Appendix 1:

Univariate Cox Regression Analysis

Risk Factor Adjusted Hazard Ratio (95% Confidence Interval)
Age <65 years 1.92 (1.16-3.21)
Female sex 2.15 (1.34-23.45)
Front-line ibrutinib 2.31(1.41-3.79)
History of autoimmune disease 1.82(0.91-3.64)
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Clinical Practice Points:

Ibrutinib is a first-in-class BTK inhibitor which is FDA approved for use for the
treatment of chronic lymphocytic leukemia in the frontline and relapsed refractory
settings. Arthralgias/myalgias are a common side effect, but there are limited descriptions
on their management. We identified 214 patients with CLL treated with ibrutinib at a
single center. In this cohort, 36% (76/214) of patients developed arthralgias/myalgias
during follow-up with a median onset of 34.5 months. Most events (79%) were Grade 1
or 2. Risk factors for developing arthralgias/myalgias included younger age at start of
ibrutinib, female sex, and ibrutinib use as first treatment. From this cohort, we propose
the following management algorithm: for Grade 1-2 toxicity, if symptoms are not
affecting activities of daily living, continue ibrutinib at the current dose and monitor
closely for symptom progression, as cases can resolve spontaneously. If symptoms affect
activities of daily living, consider a dose reduction. If there is no improvement at a lower
dose, consider a further dose reduction or a dose hold until improvement in symptoms. If
symptoms recur with re-challenge after a dose hold, consider permanent discontinuation
and use of alternative CLL directed therapies. For patients with grade 3 arthralgias/
myalgias, we recommend dose hold until resolution of symptoms. If symptoms resolve,
we recommend re-challenging with a lower dose of ibrutinib. If symptoms do not recur,
we suggest continuing the reduced dose of ibrutinib rather than attempting to escalate. If
symptoms recur, discontinue ibrutinib and consider other CLL-directed therapies.
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Time to development of incident arthralgias/myalgias
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Characteristics of chronic lymphocytic leukemia patients at the time of initiation of ibrutinib treatment at the

University of Pennsylvania between January 1,2011 and December 31,2018 (n=214).

Characteristic

Overall (n=214)

Median age, years (IQR) | 67.3 (41-89)
Sex, n (%)
Male 149 (70%)

Race/ethnicity, n (%)

Caucasian 202 (94%)
African American 7 (3%)
Hispanic 2 (2%)
Other 1 (1%)
Ibrutinib dose, n (%)

420 mg 196 (92%)
280 mg 11 (5%)
140 mg 7 (3%)

Ibrutinib front line, n (%)

134 (62)%

Median Number of Prior therapies (IQR) *

1(1-7)

Ibrutinib monotherapy, n (%)

185 (86%)

Unfavorable cytogenetics, n(%o)
del(17p)
del(11q)

42 of 196 tested (21%)
40 of 121 tested (33%)

IGHV ™ n(%) (98 tested)

Unmutated 58(59%)
Mutated 31(32%)
Borderline 8(8%)
Polygenic 1(1%)
Complex Karyotype, n(%o) (148 tested) 25 (16%)
LDH > ULN ™ (118 tested) 88 (75%)

Rai stage, n (%)

0-2 109 (51%)
>3 105 (49%)
Concurrent statin use, n (%) 75 (35%)

- - . A AAA
Statin intensity
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Characteristic Overall (n=214)
Low 20 (27%)
Moderate 29 (39%)
High 26 (34%)
History of autoimmune disease 18 (8%)

*
Among non-first line patients

Hk
IGHV, Immunoglobulin heavy-chain variable region gene

Hokk

ULN, upper limit of normal

Hok kA

Among patients treated with statins, statin intensity per AHA/ACC Guidelines!
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Table 2:

Risk factors for incident musculoskeletal toxicities

Risk Factor Adjusted Hazard Ratio (95% Confidence Interval)
Age <65 years 1.59 (1.01-2.5)
Female sex 2.0 (1.31-3.35)

Front-line ibrutinib

1.89 (1.19-3.01)

History of autoimmune disease

1.78 (0.91-3.49)
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Table 3:

Avrthralgias/Myalgias Management and Outcomes

Arthralgias/Myalgias Management and Outcomes (n=76)
Intervention Improved Discontinued
No Change in Management 47% (35/76) | 19% (19/35)
Dose Reduction 42% (15/41) 60% (9/15) 13% (2/15)
Ibrutinib Hold 17% (7/41) 40% (1/7) 28% (2/7)
Hold and dose reduction 29% (12/41) 8% (1/12) 83% (10/12)
Discontinued without re-challenge 17% (7/41) _
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