Cancer Chemotherapy and Pharmacology (2021) 87:673-679
https://doi.org/10.1007/500280-021-04245-x

ORIGINAL ARTICLE q

Check for
updates

Phase | study of JAK1/2 inhibitor ruxolitinib with weekly paclitaxel
for the treatment of HER2-negative metastatic breast cancer

Filipa Lynce'® . James T. Williams'? . Meredith M. Regan’ - Craig A. Bunnell' - Rachel A. Freedman' -
Sara M. Tolaney' - Wendy Y. Chen' - Erica L. Mayer' - Ann H. Partridge' - Eric P. Winer' - Beth Overmoyer'

Received: 18 November 2020 / Accepted: 5 February 2021/ Published online: 14 February 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH, DE part of Springer Nature 2021

Abstract

Purpose Preclinical studies support the JAK2—STAT3 signaling pathway as a key driver in CD44+4 CD24— “stem-cell-like”
breast cancer cells. Ruxolitinib is an orally bioavailable JAK1/2 inhibitor. We aimed to identify the recommended phase 2
dose (RP2D) of ruxolitinib in combination with paclitaxel in patients with HER2-negative metastatic breast cancer (MBC).
Methods Eligible patients had HER2-negative MBC and had received <3 chemotherapy regimens for advanced disease.
Patients received oral ruxolitinib (10-25 mg bid) in a 3 +3 dose escalation design in combination with weekly paclitaxel
80 mg/m? in a 3-week cycle. The primary objective was to determine the maximum tolerated dose (MTD) and the RP2D.
Results Nineteen patients received protocol therapy (mean age 52 years). Eight (42%) had triple-negative breast cancer and
11 (58%) had hormone receptor-positive disease; 12 (63%) had visceral disease. Ten (53%) patients had not received prior
treatment for advanced disease. Patients received a median number of 5 cycles of combination therapy (range 1-12) and five
patients continued single-agent ruxolitinib. The MTD of ruxolitinib was 25 mg bid when combined with paclitaxel, and the
RP2D for the combination was 15 mg bid. Thirteen (68%) patients required dose reductions or holds. Most frequent toxici-
ties reported of any grade were neutropenia (50%) and anemia (33%). There were no grade 4/5 toxicities attributed to study
drug. Four (21%) patients had PR, 12 (63%) had SD and three (16%) had PD as their best response.

Conclusion The combination of ruxolitinib and weekly paclitaxel was well tolerated with evidence of clinical activity. Further
analysis of this combination is ongoing (NCT02041429).

Trial registration NCT(02041429. Date of registration: January 22, 2014.
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Introduction

Preclinical studies support the JAK2-STAT3 signaling
pathway as a key driver in CD44+ CD24— “stem-cell-like”
breast cancer cells [1]. JAK2-STAT3 pathway inhibition
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Ruxolitinib is an orally bioavailable JAK1/2 inhibitor,
previously evaluated in patients with both hematologic
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malignancies as well as solid tumors [4-6]. The agent is
approved by the U.S. Food and Drug Administration for use
in intermediate and high-risk myelofibrosis, as second-line
therapy in JAK2-positive myeloproliferative disorders such
as polycythemia vera, and steroid-refractory acute graft-
versus-host disease [7-9]. The most common toxicities
associated with ruxolitinib are thrombocytopenia, anemia,
leukopenia, dizziness, bruising and headache, of which the
majority are grade 1-2 and managed by dose reduction or
interruption. In a study in advanced pancreatic cancer of
combination full-dose capecitabine with ruxolitinib or pla-
cebo (15 mg bid), grade 3 or higher adverse events were
similar in the ruxolitinib (74.6%) and placebo (81.7%)
groups [6]. A recent phase II trial of single-agent ruxoli-
tinib in patients with metastatic triple-negative breast can-
cer failed to meet the primary endpoints with no objective
responses observed and a median progression-free survival
of 1.2 months [4]. Expected hematologic toxicity was iden-
tified and no new toxicity signals were observed. Lack of
efficacy could in part be explained by the absence of chemo-
therapy administered with the targeting agent ruxolitinib.
Preclinical studies show that ruxolitinib synergistically inter-
acts with paclitaxel in human ovarian cancer cells [10].

Here, we report the results of a phase I study of the
combination of ruxolitinib and paclitaxel in patients with
HER2-negative metastatic breast cancer (MBC). The bio-
logic rationale for this combination was based on in vitro
data [10] and after the recommended phase 2 dose (RP2D)
was determined, the intended development plan was to
proceed with a preoperative phase II study of ruxolitinib
in combination with weekly paclitaxel for the treatment of
triple-negative IBC led by the Translational Breast Cancer
Research Consortium (TBCRC; NCT02876302).

Patients and methods

This study was approved by the Dana-Farber/Harvard Can-
cer Center Institutional Review Board (DF/HCC#13-494;
NCT02041429) and informed consent was obtained from
all subjects.

Patients

Patients were required to have histologically confirmed
metastatic or unresectable HER2-negative breast cancer.
Eligibility criteria included either measurable or evaluable
disease; <3 prior chemotherapies for advanced disease;
age > 18 years; life-expectancy >3 months; Eastern Coop-
erative Oncology Group (ECOG) performance status <2;
and adequate end organ function. Both men and women were
allowed to participate and those who were pregnant were
excluded.
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Study design and objectives

We conducted a single-center (Dana-Farber Cancer Insti-
tute, Boston, USA), open-label, phase I study utilizing a
3+ 3 dose escalation design for ruxolitinib in combina-
tion with standard dose weekly paclitaxel in patients with
HER2-negative MBC. If a dose-limiting toxicity (DLT)
was observed in one of the three patients in a cohort, then
three additional patients were added. If no further DLTs
were observed, then the next cohort using a higher dose of
ruxolitinib opened. The maximum tolerated dose (MTD)
was identified as the level below the cohort where DLT
occured in > two patients within the cohort.

The primary objective of the study was to determine
the MTD of ruxolitinib in combination with standard dose
weekly paclitaxel. Because our goal was to test this com-
bination in the preoperative setting where dose intensity
of chemotherapy cannot be compromised, we selected
the RP2D as the dose that could allow administration of
more than 80% of the paclitaxel dose without need for
dose reduction during 4 cycles (12 weeks) of combina-
tion therapy. Secondary objectives included evaluation of
the safety and tolerability of ruxolitinib when adminis-
tered in combination with paclitaxel, and to describe the
response and progression of disease per RECIST vl1.1.
Disease response was assessed radiographically every 2
cycles (6 weeks).

Given that pharmacokinetic (PK) and pharmacody-
namic (PD) information is well known for ruxolitinib and
paclitaxel [11, 12], and there is no plausible basis for PK
or PD interaction, formal evaluation of PK/PD was not
conducted, in accordance with the recommendations from
the Clinical Trial Design Task Force of the NCI Investiga-
tional Steering Committee [13].

Treatment

Ruxolitinib was provided by Incyte Pharmaceuticals and
commercially available paclitaxel was used as standard
of care in MBC. In a 3 +3 dose escalation design, oral
administration of ruxolitinib was initiated at 10 mg bid
with paclitaxel 80 mg/m? IV on days 1, 8, and 15 of a
21-day cycle. Patients were pre-treated as per institutional
standards. There were specified dose modification and
delays for paclitaxel planned in the protocol.

Treatment for all patients consisted of repeating 21-day
cycles with treatment continuing as long as the regimen
was tolerated, and the patient did not meet discontinuation
criteria. Patients who completed 4 cycles of combination
paclitaxel and ruxolitinib and achieved partial response or
stable disease had the opportunity to continue single-agent
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ruxolitinib at the same twice daily dose, with a treatment
cycle remaining at 21 days. Single-agent ruxolitinib could
continue until disease progression or unacceptable toxicity.

Assessments

Safety and tolerability were assessed by monitoring adverse
events, measuring vital signs, physical examinations and
clinical laboratory testing weekly for the first 3 weeks and
then every cycle (i.e., 3 weeks). Adverse events were graded
according to the National Cancer Institute’s Common Termi-
nology Criteria for Adverse Events (CTCAE) v4.0. Response
was determined by radiographic disease assessments (RECIST
v1.1) with computerized tomography (CT) of the chest, abdo-
men, and pelvis with oral and IV contrast +bone scan every
2 cycles.

DLT was defined based on 2 cycles of therapy, and included
the following: (a) delay in ability to administer paclitaxel for
more than 2 weeks due to toxicity; (b) grade >3 non-hema-
tologic, non-hepatic organ toxicity not attributed to disease
progression or another clearly identified cause, with the excep-
tion of alopecia, grade 3 nausea, vomiting, or diarrhea that
resolves to grade <1 within 3 days, grade 3 fasting hypergly-
cemia that resolves to grade <1 within 7 days and grade 3
fasting hyperglycemia within 3 days of glucocorticoid use; (c)
grade >4 thrombocytopenia lasting >24 h or associated with
clinically significant bleeding; (d) grade >4 neutropenia last-
ing >4 days or accompanied by fever (oral or tympanic tem-
perature > 100.4 °F or 38.0 °C); (e) grade >4 anemia; and (f)
grade >3 total bilirubin, hepatic transaminase (ALT or AST),
or alkaline phosphatase (ALP) lasting > 72 h; patients with
grade 2 hepatic transaminase at baseline as a result of liver
metastases, only hepatic transaminase > 10.0 X the upper limit
of normal (ULN) lasting > 72 h will be considered a DLT and
patients with grade 2 ALP at baseline as a result of bone or
liver metastasis, only ALP > 10 X ULN lasting > 72 h will be
considered as DLT

Statistical methods

All patients who initiated treatment were included in the safety
analyses. Characteristics, treatment and clinical outcomes were
summarized descriptively. Time to progression was defined
from date of registration until documented progression of
disease by RECIST vl1.1 or censored at the date of last re-
imaging. The distribution of time to progression was estimated
by Kaplan—Meier method.

Results
Patients

A total of 20 patients with HER2-negative MBC were
enrolled between February 3, 2014 and May 6, 2014
(Table 1). One patient who enrolled at dose level 1 never
received treatment on study, and therefore, was excluded
from further analysis. The mean age was 52 years at
enrollment and all patients had an ECOG performance sta-
tus of either 0 (79%) or 1 (21%) at baseline. Eleven (58%)
patients had hormone receptor-positive breast cancer and 8
(42%) had triple-negative (negative estrogen, progesterone
and HER?2 receptor) disease. Twelve (63%) patients had
visceral disease at the time of enrollment. Twelve (63%)
patients had received prior endocrine therapy in the meta-
static setting. Nine (47%) patients had received prior lines
of chemotherapy for the treatment of metastatic breast can-
cer, including 2 (11%) patients who received 2 prior lines
and 2 (11%) who received 3 prior lines of chemotherapy in
the advanced setting. Ten (53%) patients received taxanes

Table 1 Patient demographics and baseline characteristics

Characteristic Total=19 N (%)
Mean age (years, range) 52 (33-75)
Race and ethnicity

White non-Hispanic 19 (100%)
Sex

Female 19 (100%)
ECOG performance status

0 15 (79%)

1 4 (21%)
Prior lines of chemotherapy for MBC

0 10 (53%)

1 5 (26%)

2 2 (11%)

3 2 (11%)
Received prior endocrine therapy for MBC 12 (63%)
Received prior adjuvant chemotherapy 14 (74%)
Received prior adjuvant endocrine therapy 8 (42%)
Hormone receptor status

Estrogen and/or progesterone receptor positive 11 (58%)
Triple negative (estrogen, progesterone receptor 8 (42%)

and HER2 negative)

Measurable disease present at baseline 15 (79%)
Visceral disease 12 (63%)
Disease in breast/lymph nodes/soft tissue 13 (68%)
Bone metastasis 8 (42%)

ECOG Eastern Cooperative Oncology Group, HER2 human epider-
mal growth factor receptor 2, MBC metastatic breast cancer
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in the peri-operative setting and 3 (16%) in the advanced
setting.

Dose escalation and subject disposition

Ruxolitinib and standard dose weekly paclitaxel were well
tolerated among treatment groups (Table 2). The MTD of
ruxolitinib was 25 mg bid in combination with full-dose
weekly paclitaxel. One DLT of grade 3 osteonecrosis of the
jaw occurred at 20 mg bid and was attributed to bisphos-
phonate use. At 10 mg and 15 mg bid doses of ruxolitinib,
there were no dose modifications for the first 4 cycles of
ruxolitinib given with concurrent weekly paclitaxel. In the
cohort treated with 20 mg bid ruxolitinib, 43% patients
received full-dose ruxolitinib during 4 cycles. One patient
in each cohort at 10, 15 and 20 mg bid doses had one dose

reduction of paclitaxel due to grade 2 neuropathy (cycle 11),
grade 3 anemia (cycle 5) and grade 3 hyponatremia (cycle
4), respectively. There were two paclitaxel dose reductions
at the 25 mg dose level, one due to infection associated with
neutropenia and another due to neutropenia. The RP2D for
ruxolitinib in combination with full-dose weekly paclitaxel
was determined to be 15 mg bid to allow for maximal con-
sistent dosing of paclitaxel and ruxolitinib during 4 cycles
(12 weeks) of combination therapy.

The median number of cycles of combination ruxoli-
tinib and weekly paclitaxel received was 5 (range 1-12)
(Table 3). Ten (53%) patients discontinued study treat-
ment due to disease progression. Six patients (32%)
discontinued study treatment within 4 cycles due to
adverse events: one patient experienced grade 3 anemia,
three patients reported grade 1-3 fatigue, one patient

Table 2 Dose escalation of ruxolitinib with standard dose weekly paclitaxel

Cohort Ruxolitinib (Rux)  Number Status  Dose reduction of ruxolitinib % full-dose Dose reduction
po bid + paclitaxel  of subjects _“ B ruxolitinib of paclitaxel
80 mg/m? IV enrolled First dose reduction Second during 4
weekly (mg bid) dose cycles of
rf:duc— paclitaxel
tion (%)
0 Rux=10 3 No DLT None None 100 1—cycle 11
Rux=15° 42 NoDLT 1-cycle 5¢ None 100 1—cycle 5
2 Rux =20 7¢ I DLT 1-cycle 1 1—cycle 2 1-cycle 10 43 l—cycle 4
3—cycle 2
1-cycle 4
3 Rux =25 6 NoDLT l-cycle 1—cycle 5 2—cycle 4 1—cycle 6 50 l—cycle 3 1
1 1-cycle cycle 6
2 l-cycle 3
1-cycle 5

2One patient enrolled and never received treatment. Excluded from further analysis

"RP2D = 15 mg bid (allowing for maximal consistent dosing during 4 cycles of combination therapy)

“Seven patients were enrolled at dose level 2, as one patient did not have 2 cycles to observe DLT, ceasing study after 1 dose of pacli-

taxel + 3 days rux because of progressive disease (non-RECIST)

d«]_cycle 5” means that one patient experienced a first dose reduction on cycle 5

po taken orally, IV intravenous, bid twice daily, DLT dose-limiting toxicity

Table 3 Subject disposition and status

Number of subjects

Paclitaxel + ruxolitinib

Ruxolitinib continuation

Enrolled and treated 19

Total number of cycles (21-day) 111

Primary reason for discontinuation from study treatment
Adverse event 6 (32%)
Disease progression 10 (53%)
Subject/physician decision 3 (16%)

Adverse event resulting in discontinuation from
study treatment

Anemia (grade 3)-1 fatigue (grade 1-3)-3 neutropenia (grade 2)—1
osteonecrosis of the jaw (DLT)-1

5
38

1 (20%)
4 (80%)

Edema (grade 1)

DLT dose-limiting toxicity
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experienced grade 2 neutropenia and one patient dis-
continued treatment due to developing osteonecrosis of
the jaw that met crtieria for a DLT. Five patients contin-
ued single-agent ruxolitinib after completing 4 cycles of
combination therapy, for an additional cumulative total of
single-agent ruxolitinib equaling 38 cycles. Two patients
received one additional cycle (corresponding to a total of
5 cycles of ruxolitinib), one patient received three, one
patient received four and one patient with triple-nega-
tive IBC completed an additional 29 cycles of single-
agent ruxolitinib before discontinuation due to disease
progression.

Table 4 Toxicities (CTCAE v4.0) (regardless of attribution)

Safety

There were no grade 5 adverse events observed. There was
one grade 4 adverse event (neutropenia) and one grade 3
DLT (osteonecrosis of the jaw) not attributed to study
treatment. Table 4 lists the worst toxicities described by
CTCAE v4.0, regardless of the attribution. The most com-
mon adverse events were neutropenia and anemia with eight
patients experiencing grade 3/4 neutropenia and five patients
experiencing grade 3/4 anemia (Table 4). The most frequent
non-hematologic toxicities reported and attributed to rux-
olitinib were edema (n=4), transaminitis (n=2), dyspnea
(n=1) and dyspepsia (n=1), all being grade 1-2. Of the

Worst CTCAE v4.0
grade

Grade 1

Grade 2

Grade 3 Grade 4 n

Hematologic
Anemia -
Thrombocytopenia
Neutrophil count decreased 2

Gastrointestinal
Constipation 3
Diarrhea
Dyspepsia -
Gastroesophageal reflux disease
Mucositis oral
Nausea

[NSIEEN I ST

Vomiting
Nervous system disorders

—

Peripheral sensory neuropathy

—

Peripheral motor neuropathy
Other

Edema limbs

Fatigue

N O W

Upper respiratory infection
Urinary tract infection

Alanine aminotransferase increased
Aspartate aminotransferase increased
Anorexia

Hyperglycemia

Depression

Dyspnea

Alopecia

Nail ridging

Rash maculo-papular

Scalp pain

—_— NN = NN W W W NN

Lymphedema

—_— N W =

|
|
NSEENCR SIS R L

|
|
N

|

|
— W
~

|
|
W N W W LW W W W R NN W

Data are presented as n (%). Although patients may experience more than one event per system organ class and preferred term, each patient is

counted once for the worst CTCAE grade

CTCAE Common terminology criteria for adverse events
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cumulative total of 111 cycles of combination ruxolitinib
and paclitaxel received, 32 (29%) cycles had ruxolitinib
doses withheld [21 (19%)] or reduced [11 (10%)]. Five
(26%) patients discontinued paclitaxel due to toxicity, with
anemia, neutropenia, fatigue, or neuropathy being the rea-
sons reported.

Efficacy

Measurable disease was present in 15 of 19 patients, 4 (21%
overall; 27% of those having measurable disease) patients
had partial disease responses (PR) and 12 (63%) had sta-
ble disease (SD). Disease progression as best response was
noted in three patients (16%). Patients who achieved a PR
received a median of 8.5 cycles of combination therapy.
The overall median time to tumor progression (TTP) was
25 weeks. Of the five patients who continued single-agent
ruxolitinib following four cycles of combination therapy,
four discontinued treatment due to progression of disease
following a median duration of 3.5 cycles of ruxolitinib.
Only one patient discontinued single-agent ruxolitinib
because of toxicity. This occurred after one cycle and was
due to the development of grade 1 edema.

Discussion

In this phase I trial, the combination of ruxolitinib and
weekly paclitaxel was found to be tolerable, with a RP2D of
ruxolitinib of 15 mg bid identified as the dose that allowed
for maximal consistent dosing of paclitaxel and ruxolitinib
during 4 cycles (12 weeks) of combination therapy. The
most frequently observed adverse events were hematologic
(neutropenia and anemia) which is consistent with the pre-
scribing information for ruxolitinib, although can also be
associated with paclitaxel [14]. No new major toxicity sig-
nals were identified. Within the limits of this phase I study,
the median TTP was 25 weeks, with four (21%) patients
achieving PR and 12 (63%) achieving SD. The majority of
patients in this study group had received prior systemic treat-
ment and 63% of patients had known visceral disease at time
of enrollment.

Interestingly, one patient with triple-negative inflamma-
tory breast cancer remained on study therapy for 40 cycles
(11 combination, 29 ruxolitinib alone) before disease pro-
gression. Inflammatory breast cancer is an aggressive form
of locally invasive breast cancer that accounts for 2-5%
of all invasive breast cancer [15, 16]. Overall, 55-85% of
patients with IBC present with local metastases to axillary
and/or supraclavicular lymph nodes and 20-40% present
with distant metastatic disease [17]. The JAK2-STAT3
signaling pathway has been identified as a key driver of
CD44+CD24— “stem-cell-like” breast cancer cells, a
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hallmark of IBC, therefore supporting the investigation of
JAK?2 inhibition in the treatment of IBC [2].

The extent of locoregional disease in IBC necessitates the
use of preoperative chemotherapy. However, optimal neoad-
juvant chemotherapy regimens have yet to be determined.
Inferior survival rates demand ongoing investigation into
novel treatment regimens. Based on the safety results of this
study, a phase II randomized trial of combination ruxoli-
tinib and paclitaxel for the treatment of triple-negative IBC
(NCT02876302) conducted by the TBCRC was initiated and
is ongoing. Our hypothesis is that the addition of ruxolitinib
to standard chemotherapy will target the JAK/STAT3 path-
way, inhibit its activation leading to decrease in survival/
activation of CD44+4+CD24— cells, and result in a decrease
in the subsequent development of metastasis. The primary
endpoint of this phase II trial is a biologic response, mean-
ing whether the tumor demonstrates a reduction in pSTAT3
activity defined as a change in pStat3 scoring between base-
line samples and post-ruxolitinib biopsy samples.

In summary, ruxolitinib in combination with standard
dose weekly paclitaxel was well tolerated and warrants fur-
ther investigation in the treatment of breast cancer, particu-
larly in inflammatory breast cancer.
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