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Purpose: Ruxolitinib is an oral Janus kinase (JAK) 1/JAK2 inhibitor approved in the US for
the treatment of intermediate- or high-risk myelofibrosis (MF). Because thrombopoietin and
erythropoietin signal through JAK2, dose-dependent cytopenias are expected with treatment.
In the COMFORT-I (COntrolled Myelofibrosis study with ORal JAK inhibitor Treatment I)
trial, these cytopenias were effectively managed with dose adjustments. These analyses were
conducted to evaluate the relationship between ruxolitinib titrated doses and changes in platelet
count and hemoglobin level as well as efficacy measures.

Patients and methods: COMFORT-I was a randomized, placebo-controlled trial in
309 patients with intermediate-2 or high-risk MF and a platelet count =100 x 10°/L. Ruxolitinib
starting doses were 15 and 20 mg twice daily (bis in die [BID]) for patients with baseline platelet
counts of 100-200 x 10°/L and >200 x 10°/L, respectively. Percentage changes from baseline
to week 24 in spleen volume and MF-related symptoms were assessed in subgroups defined by
final titrated dose (average daily dose during weeks 21 to 24).

Results: The median final titrated doses for patients starting at doses of 15 and 20 mg BID
were 10 and 20 mg BID, respectively, at week 24. Most dose reductions occurred in the first
8—12 weeks of treatment and coincided with decreases in platelet count and hemoglobin level.
Subsequently, platelet counts stabilized and hemoglobin levels gradually returned to near baseline
levels (red blood cell transfusion rates followed a similar trend). Final titrated doses of =10 mg
BID were associated with clinically meaningful improvements in MF-related symptoms that
were comparable across doses, while marginally greater reductions in spleen volume were
observed at higher doses.

Conclusion: This COMFORT-I analysis shows that dose-dependent cytopenias were effec-
tively managed with ruxolitinib dose adjustments, and titrated doses of =10 mg BID were
associated with clinically meaningful reductions in spleen volume and symptom improvement
at week 24.

Keywords: COMFORT-I, dose titration, JAK2 inhibitor, myelofibrosis, ruxolitinib,
treatment-related cytopenias

Introduction

Myelofibrosis (MF) is a life-threatening chronic myeloproliferative neoplasm (MPN).!
The median age at diagnosis is around 65 years,>* and the estimated survival time for
patients with advanced MF is 5 years or less, depending on the number of risk factors.*
Although the natural history of MF is highly variable, typical manifestations are spleno-
megaly, which may be massive; cytopenias, particularly anemia and thrombocytopenia;
and debilitating symptoms, which commonly include fatigue, fever, night sweats,
pruritus, weight loss, early satiety, and abdominal pain.>* MF may develop de novo
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(primary MF) or evolve from two other MPNs: essential
thrombocythemia and polycythemia vera.” Irrespective of the
etiology of MF, the pathobiology of the disease is primarily
characterized by dysregulation of the Janus kinase (JAK)/
signal transducer and activator of transcription (STAT) sig-
naling pathway.®

The oral JAK1/JAK?2 inhibitor ruxolitinib (Jakafi®; Incyte
Corporation, Wilmington, DE, USA) is currently the only
therapy approved in the US,” Canada,'® and Europe!! for the
treatment of patients with MF. In two randomized Phase II1
studies, COMFORT (COntrolled Myelofibrosis study with
ORal JAK inhibitor Treatment)-I'> and COMFORT-IL,"
ruxolitinib demonstrated efficacy in reducing splenomegaly,
alleviating MF-related symptoms, and improving quality-
of-life measures compared with placebo (COMFORT-I)
or best available therapy (COMFORT-1I). In addition,
a survival advantage in patients randomized to ruxolitinib
was observed in both trials.'!* The most common adverse
events were anemia and thrombocytopenia.'>"* Given the
essential role of JAK2 in erythropoiesis and thrombopoi-
esis,'® these dose-dependent cytopenias were expected on-
target effects of ruxolitinib. To minimize treatment-related
cytopenias, COMFORT-I and COMFORT-II study designs
incorporated a patient-management strategy that included
the use of different starting doses based on platelet count
at baseline, mandatory dose reductions and treatment inter-
ruptions based on predefined changes in platelet count and
absolute neutrophil count (ANC), and the use of red blood
cell (RBC) transfusions for anemic patients at the discretion
of the treating investigator. Consequently, discontinuations
for anemia or thrombocytopenia were rare.'>!3

The present COMFORT-I data analysis was performed to
assess the relationship between final titrated doses of ruxolitinib
(defined as the average daily dose from week 21 to week 24)
and reductions in spleen volume and symptom scores from
baseline to week 24, and to describe the time course of platelet
counts, hemoglobin levels, and white blood cell (WBC) counts
in patients who participated in the COMFORT-I trial.

Patients and methods
Study design and patients

The study design and patient characteristics of the
COMFORT-I trial have been described.!? In brief, COMFORT-1
was a randomized, placebo-controlled, Phase III trial of
ruxolitinib that enrolled 309 patients with intermediate-2 or
high-risk MF and a platelet count =100 x 10°%L. The pri-
mary end point was the proportion of patients with a 35% or
greater reduction in spleen volume from baseline to week 24.

A secondary end point was the proportion of patients who
achieved a 50% or greater reduction in total symptom score
(TSS) from baseline to week 24.'2

Assessments

Spleen volume was measured by magnetic resonance imag-
ing or computed tomography. MF-related symptoms were
assessed using the modified Myelofibrosis Symptom Assess-
ment Form (MFSAF) version 2.0 daily diary.'>!” The elec-
tronic diary contains seven questions, which pertain to three
abdominal symptoms (abdominal discomfort, pain under
the ribs on the left side, early satiety), three nonabdominal
symptoms (night sweats, pruritus, muscle/bone pain), and
inactivity. Symptoms were rated from 0 (absent) to 10 (worst
imaginable). TSS is defined as the sum of the scores for all
individual symptoms except inactivity. Abdominal TSS
and cytokine TSS are defined as total score for all abdomi-
nal symptoms and nonabdominal (ie, cytokine-related)
symptoms, respectively. Fatigue was assessed using the
self-administered Patient-Reported Outcomes Measurement
System (PROMIS) fatigue score.!”

Dose adjustments and monitoring

of blood cell counts

Ruxolitinib starting doses in COMFORT-I were 15 mg twice
daily (bis in die [BID]) for patients with a baseline platelet
count of 100-200 x 10°/L and 20 mg BID for those with a
baseline platelet count greater than 200 x 10°/L."? Doses
could be increased if patients did not achieve protocol-defined
spleen responses and had an adequate platelet count and
ANC. Dose reductions were required for protocol-defined
decreases in the platelet count. Administration of ruxolitinib
or placebo was interrupted if the platelet count decreased
to less than 50 x 10°/L or ANC was less than 0.5 x 10%/L.
Treatment could be resumed and doses could be increased
after platelet count and/or ANC had recovered to acceptable
predefined levels, as described previously.'> Assessment of
blood cell counts was recommended at least once a week if
the platelet count was lower than 100 x 10°/L or ANC was
lower than 1 x 10%/L, and at least twice a week if the platelet
count was lower than 50 x 10°/L or the ANC was lower than
0.5 x 10%/L. The use of growth factors, such as granulocyte
colony-stimulating factor and erythropoietin-stimulating
agents, was not permitted during the study.

Analyses
To determine the relationship between ruxolitinib titrated
dose and treatment efficacy at week 24, patients randomized
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to treatment with ruxolitinib were stratified in five subgroups
based on the average final titrated dose from week 21 to
week 24: 5 mg or less BID (total daily dose =10 mg),
10 mg BID (total daily dose >10-20 mg), 15 mg BID
(total daily dose >20-30 mg), 20 mg BID (total daily
dose >30-40 mg), and 25 mg BID (total daily dose >40 mg).
Percentage changes from baseline to week 24 in efficacy
parameters, including spleen volume, TSS, abdominal TSS,
cytokine TSS, individual symptom scores, and PROMIS
fatigue score, were evaluated in these subgroups as well as
in the placebo group.

Mean percentage changes in platelet counts, WBC count,
ANC, and hemoglobin levels from baseline over time were
evaluated in the ruxolitinib group (by starting dose) and in
the placebo group. Percentage change in hemoglobin level
from baseline over time was also evaluated in patients who
did not receive RBC transfusions or dose adjustments during
the first 24 weeks of the study.

Results

In COMFORT-I, 155 patients were randomized to rux-
olitinib, and 154 were randomized to placebo.? A total of
136 patients in the ruxolitinib group completed 24 weeks
of treatment. Of those patients, 43 had a baseline platelet
count of 100-200 x 10°/L and started with a dose of 15 mg
BID, whereas 93 had a baseline platelet count greater than
200 x 10°/L and started with a dose of 20 mg BID.

A platelet count 100-200 x 10°/L (n=43),
starting dose of 15 mg BID

Ruxolitinib dose adjustments

At week 24, 77% of patients with a baseline platelet count
of 100-200 x 10°/L and 39% of those with a baseline
platelet count greater than 200 x 10%/L had a reduced rux-
olitinib dose relative to their starting dose. The starting and
final titrated doses differed for approximately 70% of all
ruxolitinib-treated patients (Figure 1), and dose adjustments
typically occurred within the first 8—12 weeks of the study.
The median final titrated dose at week 24 was 10 mg BID
for those starting at 15 mg BID and 20 mg BID for those
starting at 20 mg BID.

Relationship between final titrated

dose and efficacy of ruxolitinib

Because ruxolitinib dose adjustments occurred mainly during
the first 8-12 weeks after treatment initiation, the efficacy
of ruxolitinib at week 24 was in large part a reflection of the
titrated dose and not the starting dose. Therefore, changes in
spleen volume and symptoms were evaluated by the average
daily dose received during the 4 weeks prior to the 24-week
assessment. This analysis showed that final titrated doses
of ruxolitinib of 10 mg BID or higher were associated with
median reductions in spleen volume from baseline to week 24
of 31%—41%, with slightly greater efficacy observed at higher
doses (Table 1). Patients with final titrated doses of 5 mg
BID or less achieved a more modest improvement in spleen
volume, with a median reduction from baseline to week 24

B Platelet count >200 x 10°/L (n=93),
starting dose of 20 mg BID
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Figure | Distribution of patients per final titrated dose for patients starting ruxolitinib at |5 mg twice daily (bis in die [BID]) (A) versus 20 mg BID (B).
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Table | Median percentage change from baseline to week 24 in spleen volume and total symptom scores by final titrated ruxolitinib

dose in COMFORT-I

Final titrated dose®

Median % Placebo =5 mg BID 10 mg BID 15 mg BID 20 mg BID 25 mg BID
change® n=106 n=21 n=30 n=24 n=40 n=21
Spleen volume 9.2 -10.4 -30.8 -35.9 -384 —40.9
TSS 14.6 -17.5 =71.1 -59.6 -67.7 —66.2
Abdominal TSS 10.1 —-11.7 —-80.6 -76.5 -65.2 =711
Cytokine TSS 20.4 —6.8 774 -73.7 -62.9 —43.7

Notes: Abdominal TSS includes symptom scores for abdominal pain, pain under left ribs, and early satiety; cytokine TSS includes symptom scores for night sweats, itching,
and bone/muscle pain; TSS is the sum of these six individual symptom scores. *A negative value indicates improvement; *final titrated dose was defined as the average daily

dose from week 2| to week 24.

Abbreviations: COMFORT, COntrolled Myelofibrosis study with ORal JAK (Janus kinase) inhibitor Treatment; BID, bis in die (twice daily); TSS, total symptom score.

of 10.4%. In contrast, patients in the placebo group had a
9.2% median increase in spleen volume (Table 1).

Median reductions in TSS were similar at titrated doses of
10 mg BID and higher (60%—71% improvement) (Table 1).
Similar results were obtained for abdominal and cytokine
TSS (Table 1). Overall, symptom improvements associated
with ruxolitinib doses of 5 mg BID or less were more modest
than those achieved with doses of 10 mg BID or higher, and
patients in the placebo group experienced symptom worsen-
ing (Table 1). An analysis of individual MFSAF symptom
scores and the PROMIS fatigue score confirmed that a final
titrated dose of 10 mg BID was associated with maximal or
near-maximal reductions in symptom scores compared with
higher doses, with the exception of pruritus, which showed
greater improvements at higher doses (Table 2).

Changes in platelet count over time

Individual dose adjustments were implemented in response
to changes in platelet count, and as expected, based on the
findings reported previously,'? the greatest decrease in platelet

count was observed within the first 8 weeks. By week 8,
patients with a baseline platelet count of 100-200 x 10%/L
had a 25% mean decrease in platelet count (mean + standard
deviation, 145429 x 10°/L at baseline to 109+46 x 10°/L at
week 8), whereas those with a baseline platelet count greater
than 200 x 10°/L had a 43% mean decrease in platelet count
(416£191 x 10°/L to 234£146 x 10°/L). However, after
these initial decreases, platelet counts generally stabilized
(Figure 2). Furthermore, with careful patient monitoring
(ie, at least weekly hematology parameters for platelet
count <100 x 10°/L) and dose adjustments, only one patient
in the ruxolitinib group discontinued for thrombocytopenia.

Changes in hemoglobin level over time

Mean changes in hemoglobin level in patients random-
ized to ruxolitinib were characterized by a temporary
decrement with a nadir around weeks 812 (Figure 3A). At
week 12, hemoglobin levels (mean = standard deviation) in
patients with a baseline platelet count of 100-200 x 10°/L
and greater than 200 x 10%/L decreased from baseline by

Table 2 Median percentage change from baseline to week 24 in symptom scores of the MFSAF TSS and PROMIS fatigue scale by final

titrated ruxolitinib dose

Final titrated dose®

Median % change Placebo =5 mg BID 10 mg BID 15 mg BID 20 mg BID 25 mg BID
n=106 n=21 n=30 n=24 n=40 n=21
MFSAF individual symptom scores®
Abdominal pain 7.7 -3.1 —86.1 —64.0 —64.2 —67.7
Pain under left ribs -7.7 -343 -92.9 —-83.6 —69.1 —69.7
Early satiety 18.9 7.5 —-61.5 -75.4 —65.9 —64.6
Night sweats 14.9 -25.5 -79.3 -96.8 -80.0 =777
Pruritus -3.7 12.8 -75.0 -100.0 -89.3 -93.3
Bone/muscle pain 12.3 10.2 -73.1 —443 -59.3 -22.1
PROMIS fatigue score® 5.6 -7.2 -26.9 —14.2 -25.2 —-16.8

Notes: “Final titrated dose was defined as the average daily dose from week 2| to week 24; ®a decrease in score indicates improvement.
Abbreviations: BID, bis in die (twice daily); MFSAF, modified Myelofibrosis Symptom Assessment Form; PROMIS, Patient-Reported Outcomes Measurement Information

System; TSS, total symptom score.
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Figure 2 Mean percentage change from baseline (BL) in platelet counts over time.
Note: *Error bars represent standard error of the mean.
Abbreviation: BID, bis in die (twice a day).

approximately 10% and 12%, respectively, to 9.4+1.4 g/dL
and 9.6%+1.7 g/dL. After week 12, hemoglobin values in the
two subgroups gradually recovered, reaching new steady-
state levels approximately 5% below baseline by weeks 24-36
(Figure 3A). In COMFORT-I, RBC transfusions were
optional in patients who developed anemia, and as previ-
ously reported, the proportion of patients receiving RBC
transfusions increased after treatment initiation and then
declined to levels observed in the placebo group.'? To assess
the effects of RBC transfusions as well as study discontinu-
ations on hemoglobin levels over time, a separate analysis
was conducted that included only patients who received
no postbaseline RBC transfusions and completed the first
24 weeks of the study. This analysis included 17 patients with
baseline platelet counts of 100200 x 10°/L and 46 patients
with baseline platelet counts greater than 200 x 10°/L. Mean
percentage changes in hemoglobin levels over time in this
patient group (Figure 3B) were similar to those seen in the
analysis of all patients, regardless of transfusion status or
time of discontinuation (Figure 3A). During this time frame
of the primary analysis, only one patient discontinued for
anemia in the ruxolitinib group.

16

20 24 30 36

Weeks

Changes in WBC count and ANC

over time

Overall, patients tended to have elevated WBC counts and
ANCs at baseline (Figure 4A and B). Few patients had
low counts (>90% of patients had grade 0 leukopenia or
neutropenia at baseline). In patients with starting plate-
let counts of 100-200 x 10°/L, the mean WBC count
(£ standard deviation) decreased during the first 4 weeks
of ruxolitinib therapy by 23%, from 21.3£22.1 x 10°/L at
baseline to 16.3£18.1 x 10%L at week 4. In patients with
starting platelet counts greater than 200 x 10%/L, the mean
WBC count (£ standard deviation) decreased by 42%, from
22.1£17.8 x 10%/L at baseline to 12.8+£9.2 x 10°/L at week 4.
Counts remained stable thereafter (Figure 4A). Changes
in ANC followed a similar trend (Figure 4B). Mean WBC
count and ANC slightly increased in the placebo group
(Figure 4A and B). Because mean WBC count and ANC
were elevated at baseline, decreases in counts with ruxolitinib
generally resulted in a trend toward normalization. At the
time of the primary analysis, 5.8% of patients randomized
to ruxolitinib and 2.0% randomized to placebo experienced
grade 3 or 4 leukopenia; 7.1% randomized to ruxolitinib
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A Starting platelet count (x10°/L) Starting dose Median final dose
20 - -@- >200 20 mg BID 20 mg BID
100-200 15 mg BID 10 mg BID
15 —— =100 Placebo Placebo
10
5 -

Mean percentage change in
hemoglobin concentrations*

_15 -
_20 T T T T T T T T T 1
BL 2 4 6 8 12 16 20 24 30 36
Weeks
B Starting platelet count (x10°%L) Starting dose Median final dose
20 -@- >200 20 mg BID 20 mg BID
100-200 15 mg BID 10 mg BID
15 —A— =100 Placebo Placebo
10

Mean percentage change in
hemoglobin concentrations*

=20 T T T T T T T 1
BL 2 4 6 8 12 16 20 24

Weeks

Figure 3 Mean percentage change from baseline (BL) in hemoglobin levels over time in all patients (A) and in patients who received no red blood cell transfusions and
completed the first 24 weeks of the study (B).

Note: *Error bars represent standard error of the mean.

Abbreviation: BID, bis in die (twice a day).
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Placebo

Figure 4 Mean white blood cell (WBC) count (A) and mean absolute neutrophil count (ANC) (B) over time.

Note: *Error bars represent standard error of the mean.
Abbreviation: BID, bis in die (twice a day).

and 2.0% randomized to placebo experienced grade 3 or 4
neutropenia.'?

Discussion and conclusion

In COMFORT-I, dose reductions were part of a strategy
to manage treatment-related cytopenias. Although dose
adjustments were common early in the course of the study,
the vast majority of patients eventually attained stable

doses associated with stabilization of platelet counts and
recovery of hemoglobin levels to near baseline values. As
previously reported, monthly rates of grade 3 or 4 throm-
bocytopenia and anemia followed a similar trend, increas-
ing during the first 8 weeks and subsequently returning
to rates similar to placebo.!? In addition, although RBC
transfusion rates increased with ruxolitinib during the
first 8 weeks compared with placebo, they subsequently

OncoTargets and Therapy 2014:7
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declined and reached rates similar to those seen with
placebo by week 36.'

The majority of patients treated with ruxolitinib in
COMFORT-I achieved a final titrated dose of 10 mg or
higher, including a majority of patients with baseline platelet
counts of 100200 x 10%/L. Our results indicate that final
titrated doses (average daily dose during weeks 21-24) of
10 mg BID or higher were associated with clinically mean-
ingful reductions in spleen size and improvements in MF-
related symptoms, including fatigue, night sweats, pruritus,
bone/muscle pain, and abdominal symptoms. In addition,
maximal improvement in symptoms (with the exception
of pruritus) was seen at final titrated doses of 10 mg BID,
whereas further reduction in spleen volume was seen with
higher doses. Our findings are supported by preliminary
results from an ongoing study of patients with MF and base-
line platelet counts of 50-100 x 10%/L. After starting with
a dose of 5 mg BID, patients could receive higher doses,
provided that they maintained adequate platelet counts.'®
The majority of patients (with available data) were receiving
doses of 10 mg BID or higher by week 24. At this time, the
proportions of patients who achieved at least a 35% reduc-
tion in spleen volume and at least a 50% reduction in TSS
(33% and 36%, respectively) approached the corresponding
numbers for the ruxolitinib group in the COMFORT-I study
population (42% and 46%, respectively).'

The management of cytopenias in COMFORT-I involved
careful monitoring of blood counts, and therefore dose adjust-
ments could be implemented in a way that minimized large
declines in hematology parameters that would necessitate
dose holds or the receipt of less optimal doses. The utility
of this strategy was most evident in the group of patients
starting with a lower baseline platelet count. This group
experienced the greatest percentage of dose reductions, yet
many were able to continue treatment at a stable and effica-
cious dose. Although initial dose increases were optional
in COMFORT-I (for inadequate efficacy), these analyses
suggest that aggressive dose increases early in the course of
therapy should be reserved for those patients able to maintain
adequate platelet counts.

In conclusion, our findings suggest that careful patient
monitoring and appropriate ruxolitinib dose titration as
needed is an effective approach to optimizing treatment
benefit for patients with MF. Because inhibition of JAK2
is expected to result in dose-dependent cytopenias, it is
important to consider that new-onset or worsening ane-
mia and thrombocytopenia during ruxolitinib therapy
may not be a sign of worsening of the underlying disease.

These treatment-related cytopenias tend to occur early in
the course of treatment, and appropriate management may
contribute to better patient outcomes. Additional follow-up
from COMFORT-I will further our understanding of these
outcomes with longer-term therapy.
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