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Myeloproliferative Disorders

Introduction

Myeloproliferative neoplasms, including primary myelofi-
brosis (MF) and MF evolving from a pre-existing myelopro-
liferative neoplasm (post-polycythemia vera-MF and post-
essential thrombocythemia-MF), are myeloid progenitor
cell–derived conditions characterized by bone marrow fibro-
sis, osteosclerosis and pathological angiogenesis.1,2 Over the
last 3 decades many therapies have been evaluated in MF,
including JAK inhibitors (e.g., ruxolitinib, fedratinib, pacri-
tinib), immunomodulatory drugs (e.g., thalidomide, lenalido-
mide), DNA methyltransferase inhibitors (e.g., 5-azacyti-
dine, decitabine), chemotherapeutic agents (e.g, hydrox-
yurea, cladribine), and biologic-response modifiers (e.g.,
androgens, erythropoietin).3 Unfortunately, no one therapy
has demonstrated an ability to produce complete remissions
or even rapid and consistent reversal of fibrosis in many
patients with MF. 
The discovery of the JAK2V617F mutation in MF, resulting in

constitutive activation of the JAK-STAT pathway, led to the
development of the potent and selective JAK1/2 inhibitor rux-
olitinib. Ruxolitinib greatly reduces the signs and symptoms
associated with MF, reducing spleen size, promoting weight
gain, improving performance status and controlling constitu-
tional symptoms, leading to prolonged survival; in selected
patients it can, after prolonged therapy, decrease the degree of

marrow fibrosis.4-7 Based on the positive outcomes in two
phase III studies (COMFORT-I, COMFORT-II)8,9 ruxolitinib
was approved for use in the USA in patients with intermedi-
ate- or high-risk MF. While ruxolitinib significantly abrogates
splenomegaly and constitutional symptoms, it has little to no
effect on improving erythropoiesis in patients with MF.
Furthermore, some patients achieve a less than optimal
response to ruxolitinib while others lose a response after
some time. Alternative therapeutic approaches, including the
development of rational combinations with ruxolitinib to
concurrently target other potential drivers of MF may over-
come these therapeutic hurdles.
Thalidomide, lenalidomide and pomalidomide are

immunomodulatory agents that have been demonstrated to
improve anemia, thrombocytopenia and splenomegaly in
selected patients with MF.10-18 Lenalidomide is a derivative of
thalidomide and is more effective and less toxic than thalido-
mide.19 This improved safety profile has made lenalidomide
an attractive choice for combination regimens in multiple
myeloma,20,21 myelodysplastic syndrome22 and high-risk
myelodysplastic syndrome/acute myeloid leukemia.23,24 In MF,
lenalidomide alone or in combination with prednisone elicits
response rates of approximately 30%,13,14,18 and was particular-
ly effective at improving erythropoiesis. Furthermore, in a
study of 40 patients treated with lenalidomide plus pred-
nisone, 91% and 100% of evaluable patients who had a clin-
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Ruxolitinib and lenalidomide may target distinct clinical and pathological manifestations of myelofibrosis and pre-
vent therapy-related worsening of blood cell counts. To determine the efficacy and safety of the combination in
patients with myelofibrosis, patients were given 15 mg ruxolitinib orally twice daily in continuous 28-day cycles,
plus 5 mg lenalidomide orally once daily on days 1-21. Thirty-one patients were treated, with a median follow-
up of 28 months (range, 12 – 35+). Due to failure to meet the predetermined efficacy rules for treatment success
the study was terminated early. Simultaneous administration of ruxolitinib and lenalidomide was difficult: 20 of
the 23 dose interruptions occurred within the first 3 months of therapy. Lenalidomide was interrupted in all 20
cases. Fourteen patients (45%) were completely off lenalidomide within 3 months of initiation. Responses were
noted in 17 patients (55%). The median time to response was 1.8 months (range, 0.4 – 31). All responses were
International Working Group for Myelofibrosis Research and Treatment–defined clinical improvement in palpable
spleen size. One spleen responder also met the criteria for clinical improvement in hemoglobin. The response rate
was higher (73%) among patients who did not require early dose interruption than among those who required
early interruption (45%). Improvements in bone marrow fibrosis and serial reductions in lactate dehydrogenase
>50% were noted in 17% and 50% of evaluable responders, respectively. Alternate approaches such as sequential
dosing need to be evaluated when considering novel combination strategies for myelofibrosis. This trial was reg-
istered with clinicaltrials.gov identifier: NCT01375140
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ical response had reductions in bone marrow fibrosis and
JAK2 allele burden, respectively.14 These types of improve-
ments warrant further evaluation of lenalidomide in com-
bination with other active drugs in MF.
The combination of lenalidomide and ruxolitinib may

target distinct clinical and pathological manifestations of
MF as well as prevent therapy-related worsening of blood
cell counts, allowing proper administration of ruxolitinib
in high-risk MF patients with significant cytopenias at
presentation. We, therefore, sought to evaluate the effica-
cy and safety of this combination in patients with MF in a
phase 2 study. To our knowledge this is the first published
report of a clinical trial testing a JAK2 inhibitor in combi-
nation with another agent.

Methods

Eligibility
Patients ≥18 years of age with a diagnosis of MF requiring ther-

apy;25 including previously treated, relapsed, refractory, or if newly
diagnosed, with intermediate or high risk according to the
International Working Group for Myelofibrosis Research and
Treatment (IWG-MRT) dynamic-international prognostic scoring
system (D-IPSS) criteria (risk factors: age >65 years, presence of
constitutional symptoms, hemoglobin <10 g/dL, white blood
count >25×109/L, and circulating blast cells ≥1%).26 Other eligibili-
ty criteria included Eastern Cooperative Oncology Group per-
formance status ≤2; serum creatinine ≤2.0 mg/dL; serum direct
bilirubin <2.0 times the upper limit of the normal range; blood
transaminase level ≤3 times the upper limit of the normal range;
absolute neutrophil count ≥1.0×109/L and platelet count
≥50×109/L. Patients with thromboembolic disease (i.e., deep vein
thrombosis or pulmonary embolism) within 6 months of study
entry or known hypercoagulability syndrome were not eligible.
Patients must not have been treated with growth factors, cytotox-
ic chemotherapeutic agents, corticosteroids, or experimental ther-
apy for at least 14 days or five half-lives, whichever was longer,
prior to study enrollment. Women of childbearing age must have
had a negative pregnancy test and all patients were required to use
effective methods of contraception during study participation. All
patients signed an informed consent form and the protocol was
approved by the Institutional Review Board at MD Anderson
Cancer Center.

Treatment schedule
Ruxolitinib and lenalidomide were given in 28-day cycles, with

15 mg ruxolitinib given orally twice daily continuously and 5 mg
lenalidomide given orally daily on days 1-21 of each cycle. In our
previous phase 2 study of lenalidomide given at a dose of 10
mg/day on days 1-21 of a 28-day cycle in combination with a
tapering dose of prednisone for the first three cycles, there was an
overall response rate of 30% for anemia and 42% for
splenomegaly. However, grade 3 to 4 neutropenia, anemia, and
thrombocytopenia occurred in 23 (58%), 17 (42%) and 5 patients
(13%), respectively. Twenty-four patients (60%) had their
lenalidomide dose reduced to dose level −1 (5 mg/day on days 1-
21) predominantly because of myelosuppression. These data sug-
gested that the 10 mg/day dose of lenalidomide would result in
prohibitive myelosuppression when combined with ruxolitinib. A
dose of 5 mg/day dose of lenalidomide was, therefore, chosen for
this combination. The doses of ruxolitinib and lenalidomide could
be reduced based on adverse events, or escalated in patients with
proliferative disease (Table 1). Ruxolitinib and lenalidomide were
continued for at least 6 months unless significant toxicity was

observed, to account for the delayed time to response observed
with biologic agents. If drug-related grade 3 or 4 non-hematologic
toxicity was attributable to one or both of the drugs, that particu-
lar drug(s) was interrupted for the remainder of the cycle. The
offending agent could be resumed at the next lower dose level in
subsequent cycles after resolution of toxicity to grade ≤1. Patients
who developed a platelet count ≤35×109/L or an absolute neu-
trophil count ≤0.5×109/L during a cycle of therapy had one dose
level reduction for subsequent cycles. Patients could be given the
next higher dose level if: no dose interruptions or dose reductions
were needed in the preceding two cycles; the current cycle and
prior cycle were not delayed due to toxicity; the platelet count was
≥100×109/L and absolute neutrophil count was ≥1.0×109/L; they
did not develop new onset transfusion dependency; and if they
had sub-optimal benefit defined as <50% reduction in spleen
length from baseline and/or no improvements in cytopenia. Low-
dose aspirin prophylaxis was recommended for patients with a
platelet count >75×109/L to reduce the risk of thrombosis. Details
of the patients’ evaluation on study are included in the Online
Supplementary Data. 

Study design
This study was designed as a two-stage (MiniMax), prospective,

single center, phase II trial. The primary efficacy endpoint of the
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Table 1. Dose modification table.
Dose Level                    Ruxolitinib bid                    Lenalidomide qd
                                  (Daily continuously)        (Days 1-21 every 28-days)

Dose Level +2                              20                                                  10
Dose Level +1                              20                                                   5
Level 0                                            15                                                   5
Dose Level –1                              10                                                   5 
Dose Level –2                               10                             5 mg every other day x 10
Dose Level –3                                5                              5 mg every other day x 10 

Table 2. Patients’ characteristics (n=31).
Characteristic                                                      Number (%)/ median

Age (years)                                                                                  66 [37-82]
Male                                                                                                  18 (58)
ECOG PS 0,1                                                                                   29 (94)
Diagnosis
Primary MF                                                                                 15 (48)
Post-PV MF                                                                                 12 (39)
Post-ET MF                                                                                  4 (13)

Splenomegaly                                                                                 28 (90)
Hemoglobin, g/dL                                                                    11.0 [8.9-17.5]
White blood cell count x 109/L                                            19.0 [4.3-124.9]
Platelets x109/L                                                                         250 [27-1898]
Peripheral blood blasts ≥ 1%                                                     15 (48)
JAK2V617F mutated                                                                            26 (84)
Karyotype
Diploid                                                                                         18 (58)
Abnormal                                                                                    12 (39)
Indeterminate                                                                             1 (3)

Prior treatment                                                                            21 (72%)

ECOG PS: Eastern Cooperative Oncology Group Performance Status; PV: polycythemia
vera; ET: essential thrombocythemia.
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trial was IWG-MRT-defined objective response rate, including
complete remission, partial remission or clinical improvement,
within 6 months of study initiation.27 The combination would be
considered unpromising if ≤35% of patients achieved an objective
response, which in general corresponds to the objective response
rate with single-agent ruxolitinib.8,9 The smallest proportion of
patients achieving a response that would support subsequent stud-
ies was 50%. Given the response rates stated above, if the proba-
bility of inappropriately accepting a poor therapy is 10% (α=0.1),
a total sample size of 49 patients would result in 80% power
(β=0.2).
The study included one interim analysis after 31 evaluable

patients had been observed for at least 6 months to permit early
stoppage if there was strong evidence that the study regimen was
inactive. If ten or fewer patients responded to the combination
therapy after being treated for 6 months or discontinued due to
excessive toxicity or lack of efficacy, then the study would be ter-
minated. Those patients who stopped receiving one of the two
study drugs due to safety reasons were counted as failures in the
efficacy analysis. If 11 or more treatment successes were observed
in these 31 patients, an additional 18 patients would be accrued.
After 49 patients had been accrued, if 21 or fewer patients
responded to the combination therapy or discontinued due to
excessive toxicity, the therapy would be declared ineffective. The
patients were simultaneously monitored for toxicity. 

Results

Thirty-one patients with primary, post-polycythemia
vera-MF or post-essential thrombocythemia-MF with ane-
mia were enrolled. The patients’ characteristics are sum-
marized in Table 2. Twenty-one patients (68%) had
received a median of two prior therapies (range, 1-3) for
MF. Eleven patients (35%) had received hydroxyurea
alone, five (16%) had received anagrelide and hydroxy -
urea, seven (23%) had received interferon (pegylated-
interferon in 3 cases and interferon-α in 4), three (10%)
had received DNA methyltransferase inhibitors, two (6%)
had received thalidomide, one had received danazol, and
five had received a variety of investigational therapies
(including 2 investigational agents in 1 patient): AZD1840
(JAK1/2 inhibitor), LY2784544 (selective JAK2 inhibitor),
IPI-926 (oral hedgehog inhibitor), AB0024 (humanized
monoclonal antibody against lysyl oxidase-like 2), one
patient received both BMS911543 (selective JAK2
inhibitor) and CYT387 (JAK1/2 inhibitor). Of 30 patients
with available pretreatment cytogenetic analyses, 14
(40%) had an abnormal karytotype, including del(20) in
seven patients, del(13) in three, del(6) in two, del(5)/del(7)
in one, and inv(9) in one. Six patients were defined as
high-risk, 11 as intermediate-2 risk and 14 as intermediate-
1 risk according to the D-IPSS criteria.28

Concomitant administration of ruxolitinib
and lenalidomide 
Simultaneous administration of ruxolitinib and lenalido-

mide was difficult: 23 patients required a dose interruption
with or without dose decrease due to toxicity. On the
other hand, six patients required a dose increase of one or
both drugs due to lack of satisfactory efficacy. Dose-inter-
ruptions occurred early, with 20 of the 23 dose interrup-
tions occurring within 3 months of initiation of the com-
bination. Only six of these 20 patients were able to restart
lenalidomide. Thus, 14 patients (45% of all the study

patients) were completely off lenalidomide within 3
months of initiation of therapy. The details of dose adjust-
ments/interruptions and the reasons for dose
adjustment/interruption are given in Table 3.

Response to ruxolitinib and lenalidomide therapy
Twenty-five patients (81%) remain alive after a median

follow-up of 28 months (range, 12-35+ months); 16
patients remain on study with a median time on study of
26 months (range, 13-35+). The median time on study
was 20 months (range, 1-35+ months) and the median
number of cycles administered was 22 (range, 1-37+
cycles). Of the 31 patients enrolled, 17 patients (55%)
achieved an IWG-MRT-defined response. No complete or
partial responses were documented. All 17 responses
included clinical improvement in palpable spleen size,
including 100% spleen reduction (i.e. non-palpable
spleen) in seven patients and ≥50% spleen reduction in
ten patients. Responses occurred in ten of 21 (48%) previ-
ously treated patients and seven of ten (70%) untreated
patients (P=0.28). Responses occurred in 17/28 (61%) JAK
inhibitor-naïve patients and 0/3 patients previously treat-
ed with a JAK inhibitor. The two patients previously
treated with thalidomide did not respond. The median
time to clinical improvement in spleen size was 1.8
months (range, 0.4-31 months). Delayed responses were
seen more frequently than would be expected with single
agent ruxolitinib, with six of the responses occurring ≥6
months after initiation of therapy. Responses have been
durable, with a median response duration of 19 months
(range, 3-32+ months). Thus far, only two of the respon-
ders have come off study due to disease progression her-
alded by elevated bone marrow blasts (1 after 22 months
and the other after 24 months of therapy). Among the
patients who achieved clinical improvement in spleen
size, one also achieved an IWG-MRT-defined clinical
improvement in hemoglobin (sustained improvement in
hemoglobin ≥2 g/dL that was maintained for >8 weeks).
The time to clinical improvement in hemoglobin was 28
months and the response was maintained for 6 months.
None of the patients had a baseline platelet count <100 x
109/L. Thus, none of the patients was evaluable for IWG-
MRT-defined clinical improvement in platelet counts.
The median time on study for all patients who responded
was 28 months (range, 18-35+ months), with a median of
31 cycles (range, 21-37+ cycles). At this time, 15 of the
patients who responded remain on therapy: 11 are taking
both drugs and four are taking ruxolitinib only. The four
patients who remain on study on ruxolitinib alone were
taking the combination at the time of response; lenalido-
mide was subsequently discontinued in all four patients
due to myelosuppression. As these four patients were on
the combination at the time of response it is possible that
they achieved therapeutic benefit from the addition of
the lenalidomide. Furthermore, these patients continue to
be monitored on study. Hence, we included these patients
in the response and endpoint analysis.
Although an IWG-MRT-defined response was achieved

in 17 patients, only seven patients met the predetermined
definition of efficacy: response to the combination within
6 months of initiation without discontinuation of one of
the study drugs. Six patients who achieved the response
after 6 months and ten patients who had discontinued
lenalidomide at the time of response due to drug-related
toxicities were counted as failures in accordance with the
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predefined efficacy analysis. Since fewer than ten patients
met the predetermined efficacy rules for treatment suc-
cess the study was terminated after the accrual of 31
patients.

Impact of combination therapy on response
The ability to receive the combination of ruxolitinib and

lenalidomide influenced the response rate. As noted in
Table 3, only 11 patients did not require a dose interrup-
tion within 3 months of initiation of therapy. Eight of the
11 patients (73%) who did not require early dose interrup-
tion achieved a response as compared to 11 of 20 (45%)
who required a dose interruption within the initial 3
months (P=0.26). The median time to response (2.5
months versus 1.4 months, P=0.5) and median response
duration (22.1 months versus 16.7 months) were not signif-
icantly different between the patients who did not require
early dose interruption and those who did. Similarly, the
overall survival was not different between the two groups
(28 versus 29 months). 

Molecular, cytogenetic, bone marrow fibrosis, 
and cellularity changes
Of the 14 JAK2V617F-positive patients who responded, six

had serial measurements of JAK2V617F allele burden available
for review. Five patients (83%) had a reduction in the
JAK2V617F allele burden from baseline and stable levels were
noted in one patient. The reduction in the JAK2V617F allele
burden was less than 50% in all cases. The median time to

first documented reduction was 3 months. All five patients
were on both drugs at the time of documented reduction. 
A response was noted in 12 of 17 patients with diploid

cytogenetics, and five of 14 patients with cytogenetic
abnormalities. Of the five responders with aberrant cyto-
genetics at enrollment none achieved a cytogenetic remis-
sion. The median baseline European Myelofibrosis
Network (EUMNET)29 fibrosis score among the 17
patients who responded was MF-2 (MF-3 in 4, MF-2 in 11,
MF-1 in 1). Serial evaluation of bone marrow fibrosis was
available in 12 of the 17 patients who responded. Only
two of the 12 (17%) had a documented reduction in EUM-
NET fibrosis score, one from MF-2 to MF-1 after 27
months and the other from MF-2 to MF-0 after 20 months
on therapy. Both of these patients had an initial interrup-
tion of lenalidomide but were able to restart at the same
dose of lenalidomide and were taking both drugs at the
time of documented improvement in bone marrow fibro-
sis. Furthermore, six of the 12 (50%) patients who
responded and had assessable bone marrow specimens
had reductions in bone marrow cellularity. The median
bone marrow cellularity before treatment was 98% and
the best median cellularity after treatment was 50%,
including a >50% reduction in three of the patients. Serial
reductions in lactate dehydrogenase levels were noted in
15 of the 17 (88%) patients who responded, including a
>50% reduction in nine (53%). The median time to >50%
reduction in lactate dehydrogenase was 8 months. A
>50% reduction was noted in eight of 11 (73%) respon-

Ruxolitinib in combination with lenalidomide in MF
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Table 3. Dose modifications on protocol.
Dose modification N (%)/ Lenalidomide Ruxolitinib

Median [Range] N (%) N (%)

No dose modification 2 (6)
Dose-interruption 23 (75)
Median time to first interruption 56 [4-360]
Dose interruption within initial 3 months 20 (87)*
Drugs interrupted 23 (100) 7 (30)
Drug dose reduced 9 (40)
Drugs continued at same dose 7 (30)

Reasons for dose interruption
Low platelets 8 4
Low absolute neutrophil count 3 1
Anemia 3
Diarrhea 3
Financial constraints 2
Deep vein thrombosis 1
Skin rash 1 1
Transaminitis 1
Arthralgia/fever 1 1

Dose increase 6 (19)
Median time to first increase 83 [14-200]
Dose increase within initial 3 months 3 (50)
Drugs increased 0 6 (100)

Reasons for dose increase
Leukocytosis 2
Suboptimal response 2
Thrombocytosis 1
Progressive splenomegaly   1

*Only six of these 20 patients (30%) were able to restart lenalidomide. Thus, 14 patients (45% of the study population) were off lenalidomide within the first 3 months.

© Ferr
ata

 S
tor

ti F
ou

nd
ati

on



ders who continued on both drugs compared to only one
of four patients who continued on ruxolitinib alone. 

Toxicity
The most common non-hematologic toxicities involved

the gastrointestinal system, including diarrhea in eight
patients (grade 3 in 1), nausea and vomiting in three (all
grade 1 or 2), abdominal pain in three (all grade 1 or 2) and
constipation in three (all grade 1 or 2). Grade 3 or 4 myelo-
suppression was noted in 16 patients. Five patients experi-
enced grade 3 or 4 non-hematologic toxicity (irrespective of
attribution), including diarrhea, edema, transaminitis, biliru-
binemia, and acute kidney injury. Two patients discontin-
ued treatment due to drug-related toxicities including grade
2 persistent nausea and grade 3 diarrhea. One episode of
lower extremity thrombosis was noted. Three deaths were
documented (two on study and one after discontinuation of
treatment) and were attributed to pneumonia in one
patient, kidney failure in one, and possible stroke in one. 
Of the 15 patients who have come off study, three did

so because of concurrent disease (lymphoma, emphyse-
ma, and pericarditis with renal failure), two, who initially
responded, because of disease progression, two because of
myelosuppression (grade 4 anemia and grade 3 thrombo-
cytopenia), three because of refractory disease, two
because of toxicities (grade 2 persistent nausea and grade
3 diarrhea), one because of persistent and severe lower
extremity cellulitis, one because of non-compliance, and
one for financial reasons. Among the 16 patients who
remain on study, ten are still taking both ruxolitinib and
lenalidomide and six are taking ruxolitinib only. None of
the patients is taking only lenalidomide. The ruxolitinib
dose ranges from 10 mg bid to 25 mg bid continuously, and
the lenalidomide dose ranges from 5 mg daily to 15 mg
daily for 21 days of the 28-day cycle. 

Discussion

In our study, the combination of lenalidomide and ruxoli-
tinib elicited an IWG-MRT-defined spleen response (≥50%
reduction in spleen size by palpation) in 57% of patients, at
any time point during the study conduct. Long-term follow
up of patients treated with ruxolitinib in the phase 3 COM-
FORT-1 study revealed similar results: 59% of patients
(91/155) originally randomized to ruxolitinib achieved a
≥35% reduction in spleen volume (corresponding to ≥50%
reduction in spleen size by palpation) at any time during the
study follow-up.30 Responses were durable, with a median
response duration of 19 months, and to date only two
patients have lost their response. IWG-MRT-defined clinical
improvement in hemoglobin concentration was noted in
only one patient. Unfortunately, symptom assessment was
not part of the therapy evaluation. 
Concomitant initiation and continuation of both drugs

was difficult due to toxicity with most discontinuations
occurring early when the hematologic toxicities were at
their peak: two-thirds of patients required interruption of
either lenalidomide or both drugs within 3 months of initi-
ation. The main reasons for early interruption were myelo-
suppression (70%) or gastrointestinal toxicities attributable
to lenalidomide (15%). In cases in which the toxicity was
more attributable to one agent that agent was discontinued
e.g. diarrhea, deep vein thrombosis and skin rash were
more likely attributable to lenalidomide. Ruxolitinib likely

plays a more central role in the treatment of myelofibrosis.
Thus, when toxicities occurred that could not be clearly
attributed to either of the drugs (e.g. myelosuppression)
ruxolitinib was preferentially continued and lenalidomide
was the first drug to be interrupted, as was done in all 23
cases that needed interruption. The specific reasons for
lenalidomide and ruxolitinib interruptions are listed in Table
3. Seventy percent of the patients who required an early
interruption were unable to restart lenalidomide, resulting
in 45% of the patients being treated on single-agent ruxoli-
tinib within the first 3 months. Among the patients who did
not require early interruption, eight of 11 (73%) achieved a
response, suggesting that the combination - when deliver-
able – might be associated with an improved response rate.
This appeared to be associated with reductions in bone
marrow cellularity and lactate dehydrogenase but, disap-
pointingly, not with improvements in anemia and bone
marrow fibrosis or a decrease in JAK2V617F allele burden.
This is the first clinical trial to determine the feasibility

and efficacy of combining a JAK inhibitor with another dis-
ease-modifying agent in MF. An improved understanding of
the complex pathobiological mechanisms underlying MF
and a better understanding of the downstream mediators of
the JAK-STAT pathway suggest that rationally selected
combinations may achieve a degree of disease modification
that has so far eluded single agent JAK inhibitor therapy.31 In
addition to our study presented here, a number of combina-
tion studies with ruxolitinib are currently ongoing. The goal
of these combinations is to enhance responses by targeting
non-JAK-STAT drivers of MF, to address therapeutic limita-
tions of JAK2 inhibitors, or to alleviate the anti-JAK2-medi-
ated myelosuppression. Enhanced response may be
obtained by combining ruxolitinib with drugs that target
multiple levels of the JAK2 signaling cascade as being tested
in ongoing trials in combination with the Pi3K-inhibitor
BKM-120 (NCT01730248) or drugs that inhibit parallel pro-
survival pathways such as the histone deacetylse-inhibitor
pracinostat (NCT02267278) or panabinostat
(NCT01693601, NCT01433445), Hedgehog-inhibitor
LDE225 (NCT01787552) and DNA methyltransferase
inhibitors azacytidine (NCT01787487) and decitabine
(NCT02076191). Similarly, agents such as PRM-1 and GS-
6624, which have been shown to reverse bone marrow
fibrosis in preclinical models, are being evaluated in combi-
nation with ruxolitinib (NCT01981850, NCT01369498). In
addition to our study with lenalidomide, other agents such
as pomalidomide and danazol may improve hematopoiesis
thereby mitigating JAK2 inhibitor-mediated myelosuppres-
sion and are being evaluated in combination with ruxoli-
tinib (NCT01644110, NCT01732445).
Our current experience with the lenalidomide-ruxolitinib

combination teaches us that although there is likely a clini-
cal benefit from combining other agents with JAK2
inhibitors, the cumulative or overlapping toxicities (e.g.
myelosuppression), optimal dosage and treatment schedule
need to be carefully evaluated. A sequential rather than con-
comitant approach could be considered when contemplat-
ing combination regimens with ruxolitinib, which may fur-
ther increase the response rate and tolerability of such com-
binations. For example, a run-in phase with ruxolitinib for 3
months followed by a cautious introduction and gradual
escalation of lenalidomide could improve the tolerability
and efficacy of this combination. We are currently exploring
such an approach in ongoing novel combination strategies
at our institution (NCT01787487, NCT02267278). 
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