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Summary

Background—Disease-related symptoms impair the quality of life of countless patients with
chronic lymphocytic leukemia (CLL) who do not require systemic therapy. Currently available
therapies are not specifically aimed at symptom control. Because stimulation of the B-cell receptor
activates Janus kinase (JAK)-2 in CLL cells and the JAK2 inhibitor ruxolitinib improves
symptoms of patients with myelofibrosis, we hypothesized that ruxolitinib would improve disease-
related symptoms in CLL patients.

Methods—Ruxaolitinib (10 mg twice daily) was administered to symptomatic CLL patients who
did not require systemic therapy for CLL. Scores on the brief fatigue inventory (BFI), CLL
module of the MD Anderson symptom inventory (MDASI) and symptom-associated interference
in daily activities (interference score; IS), were assessed prior to treatment and after 3 months of
treatment. Plasma cytokine/chemokine levels were measured at baseline and at 3 months.
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Findings—Forty-one CLL patients (25 untreated and 16 previously treated) were enrolled.
Thirty-two (78%) of the participants experienced >20% reduction in the average BFI score or in
the average MDASI score. 59% of the participants had =2 units reduction in worst fatigue score in
24 hours as assessed by the BFI. The mean percentage reductions in BFI, MDASI, and IS scores
were >42% (p<0.0001). Improvements in the three symptom scores correlated with reductions in
levels of IL-6, C-reactive protein, CXCL10, osteopontin, TNF-a, ICAM-1/CD54, VCAM-1/
CD106, and beta-2 microglobulin. Furthermore, treatment with ruxolitinib increased and then
decreased lymphocyte counts to baseline levels or lower. Grade 3/4 cytopenias were recorded in
three patients.

Interpretation—In CLL patients, ruxolitinib significantly improved disease-related symptoms,
reduced cytokine and chemokine levels, and increased and then decreased lymphocyte counts,
likely through mobilization followed by apoptosis of CLL cells. Further studies aimed at testing
the therapeutic efficacy of ruxolitinib in CLL are warranted.

Funding—Supported by the Incyte Corp., MD Anderson Cancer Center Support Grant
CA016672 and Award Number P01 CA049639 from the National Cancer Institute.
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INTRODUCTION

A significant number of patients with chronic lymphocytic leukemia (CLL) who do not meet
the international working group on CLL (iwCLL) 1 criteria for treatment of CLL experience
fatigue and/or other disease-related debilitating symptoms that significantly impair their
quality of life (QoL) and bring about severe distress and depression.2=> Disease-associated
symptoms such as fatigue, low-grade fever, night sweats, and weight loss are associated with
elevated circulating levels of inflammatory cytokines and/or chemokines. Most symptomatic
patients are treated with supportive care measures that provide little clinical benefit. As a
consequence, a small fraction of patients with severe QoL impairment are offered systemic
therapy for CLL.L. Our group has previously assessed the symptoms of 126 consecutive
patients with CLL. The most severe symptoms were fatigue, disturbed sleep, drowsiness,
distress, and difficulty remembering. About 70% of patients presented with a significantly
abnormal symptom score. 6

Inflammatory cytokines induce disease-related symptoms’ in a variety of neoplastic
diseases, 8 including hematologic malignancies such as primary myelofibrosis®19 and

CLL. 11 Elevated levels of TNF- a, IL-1B, IL-6, IL-1RA, and IFN-a were previously
reported to significantly correlate with cancer associated fatigue, depression, night sweats. 12
The role of cytokines and chemokines in the initiation, maintenance, and progression of
CLL has been the subject of intense research over the past two decades, 13 as elevated
plasma cytokine levels!? correlate with unfavorable clinical outcome in patients with
CLL.13
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We recently found that stimulation of the B-cell receptor (BCR) of CLL cells activates the
Janus kinase (JAK)-2/signal transducer and activator of transcription (STAT)-3 pathway and
that the JAK1/2 inhibitor ruxolitinib inhibits the phosphorylation of JAK2 and STAT3 on
tyrosine residues of these cells, inducing their apoptosis. 14 Ruxolitinib is known to reduce
the levels and inhibit the effects of a number of cytokines, chemokines, and hematopoietic
growth factors, providing significant clinical benefits. In patients with myelofibrosis,
ruxolitinib alleviates symptoms, improves QoL, and reduces spleen size and tumor

burden. 1° Similarly, ruxolitinib was found to improve symptoms and decrease inflammation
biomarkers such as the acute phase reactant C-reactive protein (CRP) in patients with
steroid-refractory graft-versushost disease!® or pancreatic cancer. 17 Therefore, we sought to
investigate the effect of ruxolitinib on disease-related symptoms in patients with CLL.

PATIENTS AND METHODS

Patient enrollment and treatment

This prospective, single arm, single institution, phase Il clinical trial designed to test the
effect of ruxolitinib on disease-related symptoms of patients with CLL was approved by The
University of Texas MD Anderson Cancer Center institutional review board and supported
by Incyte Corporation (clinicaltrials.gov identifier number NCT02131584). All patients in
this study were enrolled between 15" September 2014 to 20t September 2015. Informed
consent (verbal and written) was obtained in accordance with institutional guidelines and the
Declaration of Helsinki. Patients with previously untreated or previously treated CLL that
did not require therapeutic intervention according to the iwCLL guidelines! were eligible.
CLL patients with performance status < 2 were eligible. According to the 2008 iwCLL
guidelines, active disease should be considered if there is significant fatigue, defined as
ECOG performance status 2 or worse and inability to work or perform usual activities). All
participants were assessed for disease-related symptoms!® by using their medical history and
the symptom questionnaires including the brief fatigue inventory (BFI), the CLL module of
the MD Anderson symptom inventory (MDASI), and the symptom interference scale (IS) of
the MDASI. The MDASI is widely used in evaluating the most prevalent cancer-related
symptoms in both liquid and solid tumors and has been validated in CLL®. The BFI has been
used to assess fatigue in myelofibrosisl?, whereas both the BFI and MDASI scoring systems
have been used in leukemia and lymphomas studies?? and BFI was used to assess the effect
of ruxolitinib on symptom scores of patients with myeloproliferative neoplasms treated with
ruxolitinib. 21 The symptom assessment tools are presented in Supplement file, page 1-2. 22
Symptoms were rated on a 0 to 10 scale (10 most severe), symptom interference was also
rated on a 0 to 10 scale (10 interferes completely), and symptomatic patients with a baseline
average symptom severity scale score of 2 points or greater on BFI scale were enrolled in the
study. Patients were taken off study if they experienced no improvement in their symptoms.
Patients who responded, continued treatment for up to 2 years based on the clinical
judgment of the treating physician.

Ruxolitinib was administered orally at 10 mg twice daily, and dose adjustment (escalation or
deescalation) was allowed. Symptom scores were assessed at baseline and after 2 weeks and
3 months of treatment. The primary endpoints of the trial was improvement in the average

Lancet Haematol. Author manuscript; available in PMC 2018 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Jain et al.

Page 4

fatigue score (BFI) from baseline at time of enrollment to 3 months of treatment and/or a 2
point reduction in patients’ rating of their “worst fatigue” in the last 24 hours, assessed
according to the BFI score. Improvement in MDSAI score and disease response assessment
were the secondary endpoints of the study. Participants with >20% reduction in the average
BFI, MDASI, or IS scores or =2 units reduction in the patient’s rating of their “worst
fatigue” in the last 24 hours, were considered responders. For continuous calculations, we
used all available observations and responder-based analyses. Adverse events were reported
in accordance with the leukemiaspecific adverse event recording and reporting guidelines.

Correlative studies

Plasma cytokine and chemokine levels—The effect of ruxolitinib treatment on
plasma levels of cytokines and chemokines, known to be reduced by ruxolitinib in patients
with myelofibrosis treated with ruxolitinib, 23 was assessed by analysis with a multiplex
cytokine array (customized biochip array; Randox Biosciences, County Antrim, U.K.) at
baseline and at 3 months of treatment. Correlative studies were conducted in accordance
with the research protocol. The array included 24 cytokine/chemokines and we have
analyzed only those cytokines/chemokines which were possibly relevant to CLL
microenvironment.

Fractionation of peripheral blood low-density cells—Participants’ peripheral blood
cells were fractionated by using Ficoll Hypaque 1077 (Sigma-Aldrich, St. Louis, MO).
Fractionated cells were used immediately or frozen for additional studies. More than 90% of
peripheral blood CLL cells were CD5*/CD19* lymphocytes.

IL-6 levels in CLL cells—Changes in interleukin (IL)-6 levels were determined by
western immunoblotting in peripheral blood cells obtained from CLL patients prior to and 3
months into treatment. Mouse anti-human IL-6 antibodies (Sigma-Aldrich) were used as
previously described. 24

Chemokine and cytokine mRNA expression in CLL cells—To determine whether
treatment with ruxolitinib affected expression of cytokine/chemokines in CLL cells,
peripheral blood cells obtained from four randomly selected patients who showed a response
to ruxolitinib were subjected to analysis for various cytokine and chemokine mRNAs. Total
RNA was isolated from these cells by using Trizol (Ambion/Life Technologies, Waltham,
MA). Quality and RNA concentration were assessed by an ND-1000 spectrophotometer
(NanoDrop Technologies, Wilmington, DE). cDNA was synthesized from 5 pg samples of
total RNA with the SuperScript strand synthesis system for polymerase chain reaction (PCR;
Invitrogen/Life Technologies, Waltham, MA). An RT2 Profiler PCR array (Qiagen,
Valencia, CA) analysis was performed in accordance with the manufacturer’s instructions by
using the 7900HT fast realtime (RT) PCR system (Applied Biosystems, Foster City, CA).
The array’s results were validated by quantitative RT-PCR using the TagMan gene
expression assay for CCL2, CCL5, CXCR5, IL-8, and GAPDH according to the
manufacturer’s instructions. Samples were analyzed in triplicate, and relative quantification
was determined by the comparative Ct method.
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Because plasma level of CRP, in addition to cytokines and chemokines, has been found to
correlate with disease burden, 25 and beta-2 microglobulin (B2M) is an established
prognostic indicator in CLL, we also measured changes in the levels of CRP and p2M
during treatment with ruxolitinib.

Statistical analysis

RESULTS

The average BFlI, IS, and MDASI scores i.e. the means of the fatigue severity scores and the
fatigue interference scores from the BFI and the total symptom severity scores from the
MDASI from baseline to 2 weeks and 3 months of treatment were calculated and waterfall
plots were generated showing subject-level changes across all subjects. Changes in plasma
levels of cytokines and chemokines over the same period were analyzed for all participants,
and a linear regression analysis was performed to estimate the association between changes
in cytokine/chemokine plasma levels and percentage change in symptom scores at 3 months.
Log?2 of fold change was calculated as change from baseline values for the levels of
cytokines and chemokines. The subset (composite) of cytokines produced largest adjusted
R-square for the percent change of BFI, Interference, or MDASI using a linear regression
model. The composite was calculated at subject level, which was a linear combination of the
best subset of 10 cytokines using the slopes from the linear regression model as the
coefficients. All statistical analyses were carried out by using SAS version 9.2 statistical
software (Stata Corp. LP, College Station, TX).

Role of the funding source—The study sponsor for this study was Incyte Pharma. The
clinical trials was designed by ZE. The supporters reviewed provided drug and partial
financial support for the conduct of the study. The supporters had no role in the final
inference of the analysis. All authors had access to the raw data. The corresponding author
had full access to all of the data and the final responsibility to submit for publication.

Patient characteristics

Overall, 41 CLL patients (25 previously untreated and 16 previously treated) who did not
require systemic therapy according to the iwCLL criteria were enrolled on the study. The
disease characteristics of the participants at the time of enrollment are presented in Table 1.
As expected, the majority of these patients had favorable disease characteristics, such as
early Rai stage, low expression of Zap-70/CD38, low 2M level, and absence of deletion
17p and mutated /gVH. Fatigue, lack of energy, and night sweats were the most common
presenting symptoms. The median follow-up interval from enrollment was 11.3 months
(IQR 5.3 months), and the median duration of ruxolitinib intake was 7.7 months (IQR 6.0
months). Twenty-four participants took ruxolitinib for =6 months and continued to
demonstrate consistent improvement in symptoms. The participants’ comorbidities and
clinical status prior to starting ruxolitinib therapy are depicted in supplemental file page 3-4.
Since none of the patients met the criteria for treatment and none had a significant disease
burden, we could not systematically assess disease response.
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Effect of ruxolitinib on symptom scores

Mean (SD) of absolute scores at baseline were 5.5 (1.7), 4.3 (2.5), 3.0 (1.7) and 7.3 (1.4) for
BFI, IS and MDASI and worst fatigue in 24 hours respectively. The average symptom scores
of all 41 participants were calculated as mean percentage change from baseline at 2 weeks
and 3 months. Overall, 78% of participants (n=32) had =20% reduction in the average BFI
and 59% (24 out of 41) had =2 unit reduction in the worst fatigue in last 24 hours
(Figure-1A-B). 40% of the participants had >20% reduction in the average IS, or MDASI
scores. At 3 months, the mean percentage change in the BFI score was 44.3% (SD=35%,
p<0.0001). The mean percentage change in the IS score was 43.4% (SD=51.5%, p<0.0001).
Similarly, the mean percentage change in the MDASI score was 42.1% (SD=37.4%,
p<0.0001; Figure 1B). At 2 weeks, the mean percentage changes in the BFI, MDASI, and IS
scores were 29.3% (SD=34.7%, p<0.0001), 11.2% (SD=67.8%, p=0.012), and 26.2%
(SD=50.5%, p=0.0009), respectively. Overall, at 3 months, there was a significant
improvement in the severity of fatigue and symptoms interfering with daily activities and a
decrease in the severity of CLL-related symptoms compared to baseline. Remarkably, >50%
improvement was noted in specific symptom scores including fatigue that interfered with
enjoyment of life or mood and/or walking ability in the last 24 hours, improved mood and/or
relations with other people improvement in the feeling of being sad or not feeling well at its
worst (Supplemental file page 5-6).

To explore further, we did a subset analysis to compare the changes in symptom scores at 3
months with respect to the participants’ treatment status. The BFI and IS scores showed
more pronounced improvement at 3 months in previously treated participants than in
untreated participants (mean percentage change in BFI, 51% (£ 28) vs 40% (+ 39); mean
percentage change in 1S, 50% (£ 41 vs 39% =+ 57.3; p=0.23), whereas the mean percentage
changes in the MDASI score were similar [43% (£ 35) vs 41% (z 39) ; p=0.93)].

Effect of ruxolitinib on plasma cytokine and chemokine levels

To determine whether ruxolitinib treatment affected the participants’ plasma cytokine and/or
chemokine levels, we assessed those levels prior to and at 3 months of ruxolitinib treatment
(Supplemental file page 12) Plasma cytokine and chemokine levels were high prior to
treatment, as previously reported. 13 Three months into therapy, the levels of the acute phase
reactant CRP, and IL-6, IL-1RA, ICAM1, IP- 10/CXCL10, MIP-1B/CCLA4, osteopontin,
TNF-a, and CXCL13/BCAC1 were significantly reduced (Supplemental file pages 7-8).
Notably, levels of IL-6, CRP, and CCL4 were reduced by >0.50 fold (p<0.05). Remarkably,
participants with previously untreated disease had more pronounced reductions in cytokine/
chemokine levels, particularly CRP, IL-6, and CCLA4.

To determine whether CLL cell IL-6 levels were affected by ruxolitinib treatment, frozen
peripheral blood low-density cells obtained prior to treatment and 3 months into treatment
from four participants who showed a response to the treatment were analyzed for IL-6 by
western immunoblotting. As shown in Supplemental file page 13, ruxolitinib treatment
significantly reduced IL-6 levels. Furthermore, as shown in Supplemental Figure 2 and
Supplemental file page 14, the expression of chemokine and cytokine mRNAs in CLL cells
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from the same four participants was reduced after 3 months of ruxolitinib treatment
compared to baseline, although the levels varied among these patients.

Correlation between symptom scores and plasma cytokine/chemokine levels

Because cancer-related symptoms are associated with increased cytokine levels8 and
because ruxolitinib treatment improved CLL-related symptoms and reduced cytokine and
chemokine plasma levels, we analyzed whether there was a correlation between the mean
percent reduction in symptom score (mean score calculated from all items within the
individual questionnaires) and cytokine/chemokine levels. Using a multivariable regression
analysis, we found that a composite of plasma levels of CRP, IL-6, IP- 10/CXCL10,
osteopontin, TNF-a, ICAM1, and VCAML, that produced the highest adjusted R? value of
0.4246 in the regression model (Table 2), linearly correlated with the reduction in the
participants” symptom scores Supplemental file page 15 (Figure 3A-D).

Effect of ruxolitinib on blood cell counts and p2M levels

Because cytokine and chemokine levels are known to correlate with disease burden and
prognosis, 13 we also assessed the effect of ruxolitinib treatment on absolute lymphocyte
count (ALC), WBC count, platelet count, and hemoglobin level, as well as p2M level. As
shown in Figure 4, treatment with ruxolitinib induced a rise in ALC which over time
returned to baseline levels or lower. The rise and fall in ALC was more pronounced in
previously untreated participants. A bimodal distribution of ALC was noted however the
number of patients whose counts were available at this time point is relatively small. A
similar pattern of change was noted in WBC count (Supplemental file page 17).
Computerized tomography performed in three participants showed a reduction in lymph
node size by 5%, 6% and more than 50% at 3 and 8 months of treatment, respectively,
suggesting that lymphocyte redistribution increased ALC and WBC counts. Only 3 patients
underwent CT scans by physician’s choice for unrelated reasons. Because pre-enrolment
workup was not aimed at assessing disease burden, we could not assess the effect of
ruxolitinib on lymphocyte compartmental distribution. We also noted that plasma p2M
levels fell below baseline levels and remained low thereafter (Supplemental file page 17) and
that the reduction in p2M level was less pronounced in previously treated participants.
Platelet counts also increased and then stabilized. However, hemoglobin levels were reduced
below baseline levels in a majority of participants (10% decrease compared to the baseline).
Nevertheless, these participants did not require red blood cell transfusions. Conversely, the
absolute neutrophil count declined below baseline levels and recovered and stabilized over
time (not shown).

Causes of discontinuation and adverse effects of ruxolitinib therapy

Overall, 21 participants discontinued ruxolitinib (Supplemental Table 5). The most common
causes of ruxolitinib discontinuation were disease progression (n=5) and lack of response
(n=5); other causes were miscellaneous, including worsening myasthenia gravis and HHV-6
infection, dizziness and tinnitus, low platelet count, and weight gain and joint pain (n=4);
participant choice (n=3); and loss of response (n=4). One participant died of new-onset
progressive myasthenia gravis associated with preexisting HHV-6 infection. Two
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participants were taken off study because of progressive lymphocytosis, worsening anemia,
and lymphadenopathy, that according to the attending physician, required systemic therapy.
Three participants were taken off study because of lymphocytosis and fatigue who
concerned the patients and their physicians. They went on to receive systemic therapy. Only
2 participants discontinued ruxolitinib before the 3 month assessment. One participant
discontinued treatment because of lack of response and the other due to worsening fatigue.

Generally, ruxolitinib was well tolerated. All ruxolitinib-related adverse effects are depicted
in Table-3. Only three participants discontinued ruxolitinib because of side effects that were
probably related to ruxolitinib. Those included dizziness and tinnitus, low platelet count,
weight gain, and joint pain. One participant experienced grade 3 insomnia, two had grade 3
hypertension, one had grade 3 febrile neutropenia, one had a lung infection, and one had
grade 4 neutropenia. The death of one participant from progressive myasthenia-induced
neuromuscular failure was associated with pre-existing HHV-6 infection and was most likely
unrelated to ruxolitinib, although ruxolitinib can be associated with atypical infections or
reactivate latent viruses.

DISCUSSION

In this study, we have shown that treatment with the JAK1/2 inhibitor ruxolitinib
significantly alleviated disease-related symptoms, as assessed by three different symptoms
scores, in both previously treated and untreated CLL patients. Disease related symptoms
such as fatigue, night sweats, weight loss, joint pain, depression, and/or other constitutional
symptoms compromise the QoL of patients with CLL. 35 Inflammatory cytokines can
induce disease related symptoms®3 and their high levels correlate with unfavorable
prognosis. 11 We recently found4 that stimulation of the BCR induces phosphorylation of
JAK?2, and that the JAK2 inhibitor ruxolitinib induces apoptosis of BCR-stimulated CLL
cells. Activation of the JAK/STAT pathway results in overproduction of cytokines and
chemokines in a variety of neoplastic or inflammatory diseases. 2/ Fatigue in patients with
cancer could be caused by anemia or elevated levels of pro-inflammatory cytokines.
Although ruxolitinib induced a 10% drop in hemoglobin levels, patient’s symptoms
improved, suggesting that elevated cytokine levels induced fatigue in CLL patients.
Nevertheless, because this is a single arm study and the variability in symptom scores was
not assessed, a placebo effect in improving symptoms could not be completely ruled out. We
did not check any patients for deviations on their symptom scores, and could not determine
the fluctuation in the symptom scores. However the large magnitude of symptom score
changes and the fact that significant differences were observed at three months and not at
two weeks, mitigate the likelihood of a placebo effect. Furthermore, although the R2 of BFI
score was only 0.076, statistically significant improvements in other symptom scores
including MDASI, and worst fatigue suggest that ruxolitinib does improve symptoms in
patients with CLL.

Treatment with ruxolitinib decreased plasma levels of cytokines and chemokines in most of
the participants, and this reduction correlated with improvement in symptom scores. The
improvement in symptom scores correlated with reductions in the levels of IL-6, CRP,
MIP-1B (CCL4), and CXCL10, all of which play a role in the pathogenesis of CLL. 13
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Osteopontin levels were elevated prior to ruxolitinib treatment and suppressed during
treatment, suggesting that, like leukemic lymphoblasts, CLL cells’ adherence to their
microenvironment28 is enhanced by osteopontin; this finding also suggests that ruxolitinib-
induced reduction in osteopontin levels contributed to the mobilization of CLL cells. Like
CRP, B2M levels were reduced by ruxolitinib treatment. B2M is an established prognostic
factor in CLL, and reduction in B2M levels is associated with prolonged progression-free
survival. 2% Recent studies demonstrated that activation of JAK and its downstream signal
transducer and activator of transcription (STAT) pathway affects the levels of CXCL12/
CXCR420, 31 and CCL2 chemokines32. Treatment with ruxolitinib suppressed the
expression of several chemokine and cytokines, suggesting that gene expression in CLL
cells mobilized from their microenvironment33 is different from that of steady state
circulating CLL cells. Unlike steady state peripheral blood CLL cells, CLL cells mobilized
from their microenvironment by ruxolitinib expressed lower levels of chemokines and
cytokines.

Like ibrutinib3* and other BCR signaling inhibitors, 35 ruxolitinib decreased lymph node
size and increased peripheral blood lymphocyte counts, likely by reducing chemokine levels
and mobilizing CLL cells from bone marrow and lymph nodes into the peripheral blood.
After several months of treatment, lymphocyte counts returned to, or dropped below,
baseline level. This redistribution of CLL cells34, 35 followed by reduction in peripheral
blood lymphocyte counts implies that ruxolitinib might exert a therapeutic effect, possibly
by inducing apoptosis of mobilized CLL cells. 14 However, because our trial was designed to
assess the effect of ruxolitinib on patients’ symptom and patients with a significant disease
burden were not included, these preliminary observations should be taken with caution.
Nevertheless, our data suggest that studies aimed at assessing the therapeutic effects of
ruxolitinib in CLL are warranted.

Like in our study, ibrutinib was found to affect the levels of STAT3 target genes in ovarian
cancer cells36 however the mechanism of this observation is not fully understood. Cytokines
whose levels are increased in CLL are produced as a result of activation of the JAK/STAT
pathway by the transcription factor nuclear factor (NF)-xB. NF-xB is constitutively
activated in CLL37 and is further activated following stimulation of the BCR. 38 NF-xB
activates several cytokines such as IL-6 that binds to its corresponding receptor and activate
JAK1 and/or JAK2, 39 both of which are inhibited by ruxolitinib. Indeed, we found that
treatment with ruxolitinib reduced IL-6 protein and chemokine mRNA levels in CLL cells
from a subset of the participants, with variation among them. Because mRNA levels were
analyzed only in 4 patients, we could not assess whether cytokine mRNA levels correlated
with their protein levels. The reduction in chemokine and cytokine levels correlated with
symptom improvement, suggesting that cytokines that induced symptoms were produced by
CLL cells or were released as a result of the interaction between CLL cells and accessory
cells!1, and contributed to CLL-related symptoms as observed in other neoplasms, during
disease progression. 10

The symptom assessment scores we used in our study have been utilized in evaluating
symptoms of patients with hematologic malignancies and other neoplasms. 22 The
significant improvement in symptoms assessed concomitantly by these three scoring systems
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suggests that excessive activation of JAK1/2 might induce fatigue and a variety of
symptoms, including reduced energy level, impaired mood, and depression, consistent with a
recent study showing that the JAK/STAT pathway is involved in activating synaptic plasticity
in the hippocampus. 40

Among the 21 participants who came off study in only nine patients treatment was
discontinued because of lack of symptomatic improvement or toxicity. Five patients were
taken of study mainly because of an increase in peripheral blood lymphocyte count.
Remarkably, following an initial increase, ALC was decreased in the majority of the 24
participants who continued ruxolitinib treatment beyond 6 months, suggesting that, similar
to ibrutinib, ruxolitinib induces redistribution and then apoptosis of CLL cells. 34 A similar
observation was made by Spaner et al,, 41 who administered ruxolitinib to 13 CLL patients
deemed unfit to receive chemoimmunotherapy and found that the increase in ALC was
associated with a reduction in lymphadenopathy. In Spaner’s trial ruxolitinib was
administered to patients with significant disease burden whereas our trial was designed to
assess symptom control in patients not requiring systemic therapy for CLL. Patients’
characteristics were therefore very different and the clinical course was different in the two
trials.

In summary, our study demonstrated that ruxolitinib significantly reduced the levels of
fatigue and other disease-related symptoms in patients with CLL and that improvement in
symptoms correlated with reductions in levels of cytokines/chemokines, CRP, and p2M.
Like BTK inhibitors, ruxolitinib increased and then decreased peripheral blood lymphocyte
counts, probably because of redistribution followed by apoptosis of CLL cells. An optimal
strategy to treat fatigue and disease related symptoms in patients with CLL who do not need
systemic therapy should be addressed in larger studies. Although ruxolitinib is effective and
likely reduces disease burden, adverse effects of prolonged treatment with kinase inhibitors
and their high cost are concerning. Another possible difference between ibrutinib based
study and our study could be in the dropout rate of patients which is lower in the treatment
protocols than in symptom control protocols in which convenience and adherence to
protocol requirements are factored in. Further studies to investigate our findings and explore
the effects of ruxolitinib on CLL tumor burden are warranted.
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Refer to Web version on PubMed Central for supplementary material.
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a)

b)

d)

Systematic Review
Did you do a systematic review as part of the planning for this trial? - Yes

If yes, please provide details of databases searched, search terms used, any
restrictions on search, etc. How did you select and combine the evidence? -
We did a thorough systematic review of symptom control in cancer especially
in leukemia patients before we finalized the manuscript. We searched
Medline and PubMed between Jan 1, 1990, and June 1, 2016, with the search
terms “CLL", “chronic lymphocytic leukemia”, “ruxolitinib”, “symptom
control”, “cytokine in cancer” for publications in English. We identified
relevant research articles (mentioned in reference section) checking for
symptom control in cancer and ruxolitinib in myelofibrosis, which formed

the basis for this study.

What is the existing evidence in this area of research, and how did you
identify it? - We identified relevant research articles (mentioned in reference
section) checking for strategies to control symptoms in cancer patients, effect
of JAK-2 inhibitors in symptom control, CLL, myelofibrosis, which formed
the basis for this manuscript.
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a)

b)

Interpretation

How does the present trial fit into that evidence? — We could not find any
previously published data on ruxolitinib in CLL patients for symptom control
in patients not requiring systemic therapy.

What do the findings of all the trials and the present trial mean? — Since there
was no comparative study for symptom control in CLL, we believe that our
findings are novel and provide an effective strategy to control symptoms in
patients with CLL.

What are the clinical implications of your findings? What should clinicians
do now? — Our study demonstrated that ruxolitinib significantly reduced the
levels of fatigue and other disease-related symptoms in patients with CLL
and that improvement in symptoms correlated with reductions in levels of
cytokines/chemokines, CRP, and p2M. Like BTK inhibitors, ruxolitinib
increased and then decreased peripheral blood lymphocyte counts, probably
because of redistribution followed by apoptosis of CLL cells. An optimal
strategy to treat fatigue and disease related symptoms in patients with CLL
who do not need systemic therapy should be addressed in larger studies.
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Research in context
Evidence before this study

We searched Medline and PubMed specifically for original research articles published on
CLL and symptom control and symptom control in cancer. We also looked into JAK-2
inhibition and cytokine/chemokine levels in patients with different cancers. We identified
relevant research articles (mentioned in reference section) which have demonstrated the
efficacy of ruxolitinib in clinical trials in myelofibrosis. We identified relevant research
articles which have demonstrated the efficacy of ruxolitinib in improving clinical
symptoms of patients with myelofibrosis.

Added value of this study

This study provides insight into symptom control in patients with CLL, who do not
require systemic therapy. We have previously reported that ruxolitinib can induce the
apoptosis in CLL cells and that activation of B cell receptor on CLL cells can activate
Jak-2. We have shown that ruxolitinib significantly improved fatigue and other disease
related symptoms in patients with CLL not requiring systemic therapy and ruxolitinib
induced decrease in symptom burden significantly correlated with reduction in levels of
inflammatory cytokines and chemokines. Furthermore, we have shown that ruxolitinib
may have an effect as a therapy in CLL since patients can have a lymph node shrinkage
and a corresponding increase in lymphocyte counts similar to what is observed with other
kinase inhibitors in CLL.

Implications of all the available evidence

We found that ruxolitinib has a potential to develop further as an agent for symptom
control in patient with CLL. Our data suggest that Ruxolitinib also has a potential to be
used to treat patients with CLL.
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Figure 1. (A-B). Ruxolitinib treatment reduces symptom scores of patients with CLL
Waterfall plot showing the mean percentage change from baseline to 3-month scores on BFI

(brief fatigue inventory), MDASI (CLL module of the MD Anderson symptom inventory),
IS (symptom-associated interference in daily activities) and worst fatigue in 24 hours on BFI
scale. Each vertical line represents an individual participant. Significant reductions in
symptom scores were observed after ruxolitinib treatment (P<0.0001 in all three scoring
systems). The proportion of participants with >20% reduction in BFI and/or MDASI score
was 78% (32 of 41).
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Figure 2. Ruxolitinib induced mobilization of CLL cells from lymph nodes to the peripheral

blood

Ruxolitinib treatment increased and then decreased absolute lymphocyte counts (ALC) of
CLL patients. Mean changes in peripheral blood ALC are depicted. Overall, ALC increased
initially and then decreased. Previously treated participants showed a dampened response
compared to previously untreated participants.
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Participant characteristics

Characteristic | Measure/Category | Overall
Age, years | Median (IQR) | 57 (11)
WBC x109/L | Median (IQR) | 13.9 (13.0)
ALC 109/ | Median (IQR) | 7.5 (18.0)
A 1-2 (%) 100%

Rai stage

3-4 (%) 0%

<30 % 67%
CD38

>30% 33%

Negative 73%
Zap-70

Positive 27%

<4 93%
B2M (mg/L)

>4 %

Mutated 64%
IGHV mutation®

Unmutated 36%

dell7p 0

delllq 3

Trisomy12 10
FISH result, n

dell3q 14

Negative 12

not done 2

Diploid 24

Others 2
Karyotype, n

Complex 0

not done 15

Previously untreated | 25
Treatment status, n )

prior treated 16

Table 1

Page 19

WBC, white blood cell count; ALC, absolute lymphocyte count; B2M, beta-2 microglobulin; M, mutated; UM, unmutated; FISH, fluorescence in

situ hybridization

*
There were 16 patients with ALC < 5000 (4 were previously untreated, and 12 were previously treated)

N
Six patients had Rai stage 0, 7 had Rai stage 1 and 2 had Rai stage 2.

Overall, mutation status of IGVH was available in 31 patients. 18 were previously untreated (5 were UM and 13 M) while 13 patients were
previously treated (6 were UM and 7 were M).
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Composite of cytokine and chemokine plasma levels that best correlate with the MDASI score using a

Table 2

multivariable regression model

Dependent Independent Variables ( Log2 fold-change from | Coefficient | Type 3 R?
Variable baseline to month 3) P-value
Percentage Intercept ™ 41.71141 0.13 0.4246
reduction from
baseline to Month 3 | C-reactive protein -10.56035 | 0.32
in the MDASI score
Intercellular adhesion molecule 1 (CD54) 17.59391 0.072
IFN-vy -induced protein 10 (IP-10; CXCL10) 16.31205 0.0034
Interleukin-6 (1L-6) 9.98691 0.079
Osteopontin —-8.13491 0.018
Tumor necrosis factor-a -18.67772 | 0.057
Vascular adhesion molecule-1 (VCAM-1) -21.90617 0.13

*
Intercept refers to the point at which reductions in symptom scores and the selected cytokine levels had zero fold change.
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Adverse effects likely related to Ruxolitinib

Table 3

Grade 1-2 | Grade 3-4
Specific Adverse Events

No. | % | No. | %
Neutropenia 1 2 2 5
Hypertension 3 - 2 5
Insomnia 5 - 1 2
Tinnitus and Dizziness 6 - 1 -2
Thrombocytopenia 1 2 1 2
Weight gain 3 7 - -
Joint pain 3 7 - -
Diarrhea 7 17 - -
Headache 6 - -
Nausea 6 - -
Sinus congestion 4 - -
Palpitations 1 2 - -
Cognitive disturbance (reversible) 1 2 - -
Anxiety 2 5 - -
Cough 3 7 - -
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