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In a previous study, we reported on the safety and efficacy
of low-dose (0.5 mg) pomalidomide and prednisone and
pomalidomide alone (2 mg/day), for the treatment of anemia
associated with myelofibrosis (MF). The current study exam-
ined the value of low-dose pomalidomide alone. The main
eligibility criterion was transfusion-dependency or hemoglobin
o10 gm per 100 ml. Anemia response was assessed by
International Working Group criteria. Pomalidomide (0.5 mg/
day) was given to 58 patients (median age 68 years); 46 (79%)
were transfusion-dependent and 42 were JAK2V617F positive.
Anemia response was documented only in the presence of
JAK2V617F (24 vs 0%; P¼ 0.03) but was not further affected by
mutant allele burden (P¼0.39); 9 of the 10 anemia respon-
ders became transfusion independent. Anemia response in
JAK2V617F-positive patients was predicted by the presence of
pomalidomide-induced basophilia in the first month of therapy
(38 vs 6%; P¼ 0.02) or absence of marked splenomegaly (38 vs
11%; P¼ 0.05). A total of 14 (58%) of 24 patients with a platelet
count of p100�109 cells/l experienced a 450% increment in
platelet count. There were no spleen responses. Grade 3 or 4
thrombocytopenia/neutropenia occurred in 2% / 0% of patients.
Low-dose pomalidomide is effective in the treatment of anemia
associated with JAK2V617F-positive MF; response is predicted
by early drug-induced basophilia.
Leukemia (2011) 25, 301–304; doi:10.1038/leu.2010.254;
published online 5 November 2010
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Introduction

Pomalidomide is an immunomodulatory drug that is structurally
related to both lenalidomide and thalidomide. All three drugs
display anti-angiogenic, anti-TNF-a and T-cell modulatory activ-
ity, but the precise mechanism of their therapeutic activity is
poorly understood.1 Lenalidomide and thalidomide, in combina-
tion with dexamethasone, are Food and Drug Administration
approved for use in relapsed and newly diagnosed multiple
myeloma, respectively.2–4 Single-agent lenalidomide is approved
for use in the treatment of transfusion-dependent anemia in low/
intermediate-1 myelodysplastic syndromes with del(5q).5

Thalidomide, lenalidomide and pomalidomide have all been
used in the treatment of primary, post-polycythemia vera or post-
essential thrombocythemia myelofibrosis (MF). In this regard,
higher doses (100–400 mg/day) of thalidomide were associated
with an increased adverse dropout rate.6–8 Low-dose (50 mg/day)
thalidomide in combination with prednisone is better tolerated,

and it alleviates anemia in approximately a quarter of treated
patients with MF.9–13 However, as a single agent, the anti-
anemia activity of thalidomide is limited and long-term use has
been associated with neuropathy. Lenalidomide (5–10 mg/day)
with or without prednisone also improves anemia in approxi-
mately 25% of patients with MF, but the drug’s utility is limited
by its association with substantial myelosuppression.14–16

Lenalidomide is most useful in del(5q)-associated MF.17

The maximum tolerated dose of pomalidomide was 2 mg/day
in relapsed or refractory multiple myeloma18 and 3 mg/day in
MF.19 At 2 mg/day, the drug, in combination with dexametha-
sone, has shown remarkable activity in relapsed multiple
myeloma, including patients refractory to either lenalidomide
or bortezomib.20 In a phase-2 randomized study (n¼ 84),
pomalidomide either alone (2 mg/day) or in combination
with prednisone (0.5 or 2 mg/day) was shown to be safe (no
neuropathy and o10% severe myelosuppression) and effective
(25% response rate) in treating anemia associated with MF.21

In the current study, we evaluated single agent low-dose
(0.5 mg/day) pomalidomide therapy in MF patients with anemia
and looked for predictors of response.

Patients and methods

This was a single center study supported by Celgene Corpora-
tion, Summit, NJ, USA. Approval for the study was obtained
from the Mayo Clinic Institutional Review Board and informed
consent was obtained from all study patients. The study is
registered at ClinicalTrials.gov (no. NCT00669578). Eligibility
criteria included diagnosis of primary, post-polycythemia vera
or post-essential thrombocythemia MF,22 a hemoglobin level
of o10 gm per 100 ml or presence of red cell transfusion
dependency (defined as documentation of transfusion of at least
two units of packed red blood cells, for a hemoglobin level of
o8.5 gm per 100 ml, during the 4-week period before study
entry), an absolute neutrophil count X1� 109 cells/l, a platelet
count X20� 109 cells/l, a creatinine level p2 mg per 100 ml,
direct bilirubin level o2� the upper limit of normal and blood
transaminase level p3� the upper limit of normal unless
attributed to extramedullary hematopoiesis. Patients who failed
prior therapy with lenalidomide or thalidomide were eligible for
the study, whereas those with history of deep vein thrombosis or
pulmonary embolism in the year before study entry were not.

Oral pomalidomide (0.5 mg) was administered daily and a
28-day therapy constituted a cycle of treatment. After six cycles
of treatment at 0.5 mg/day, it was allowed to increase the dose
to 2 mg/day in the absence of drug side effects. Response was
assessed by the International Working Group for Myeloproli-
ferative Neoplasms Research and Treatment criteria.23 Toxicity
was assessed by the National Cancer Institute Common
Terminology Criteria for Adverse Events version 3. Statistical
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analyses were performed using Stat-View (SAS Institute,
Cary, NC, USA). Differences in the distribution of continuous
variables between categories were analyzed by either Mann–
Whitney U- or Kruskal–Wallis test. A w2 test was used to
compare categorical variables.

Results

A total of 58 patients were enrolled into the current study
and their baseline characteristics are depicted in Table 1. All
58 patients belonged to high or intermediate-2 risk category
according to the Dynamic International Prognostic Scoring
System24 and 79% of the patients were red cell transfusion-
dependent at the time of study entry. A total of 42 (72%) patients
were positive for JAK2V617F.

A total of 49 (84%) patients completed at least three cycles of
pomalidomide therapy; the reasons for treatment discontinua-
tion, in the first three months of therapy, in the remaining
nine (16%) patients, were disease progression (n¼ 3), lack of
therapeutic effect (n¼ 5) and gastrointestinal bleeding not
attributed to protocol treatment (n¼ 1). At the time of this
writing, the total number of adverse events that were at least
possibly related to pomalidomide therapy was 19 (33%). Grade
3 or 4 adverse events were infrequent (7%; Table 2). Specifi-
cally, there were no occurrences of thrombosis and only 1 (2%)
patient had grade 1 neuropathy possibly related to the study
drug. Grade 3/4 neutropenia or thrombocytopenia occurred in 0
and 2% of the patients, respectively. A more than 50 or 100%

increase in absolute basophil count occurred in 58 and 48% of
the patients, respectively, during the first month of therapy, but
was not associated with any ill-effects. None of the patients
stopped treatment because of adverse events. To date, four
deaths have been documented: one acute myeloid leukemia
(B4 months off therapy because of disease progression), one
cryptococcal meningitis and sepsis (B4 weeks off therapy
because of acute illness) and two unknown causes (B2 weeks
and 4 months off therapy because of lack of response or
streptococcal viridans sepsis, respectively).

In all, 10 (17%; CI 8–27%) patients achieved an anemia
response as per International Working Group for Myeloproli-
ferative Neoplasms Research and Treatment criteria; 9 of the 10
anemia responders became red blood cell transfusion indepen-
dent. Among patients who received Xthree cycles of pomali-
domide therapy, the anemia response rate was 20% (95% CI
9–32%); median time to response was 2.3 months (range 1–4.6)
and median duration of response to date was 8.3þ months
(range 5.5–12.8þ months). There were no correlations between
anemia response and age (P¼ 0.75), sex (P¼ 0.7), leukocyte
count (P¼ 0.74), platelet count (P¼ 0.06), cytogenetic risk
category (P¼ 0.73), MF subtype (primary vs post-ET vs
post-PV; P¼ 0.2) or the Dynamic International Prognostic
Scoring System score (P¼ 0.17).24 Instead, anemia response
was significantly associated with the presence of JAK2V617F
(24 vs 0%; P¼ 0.03), absence of marked splenomegaly (29 vs
7%; P¼ 0.04) and occurrence of drug-induced basophilia
(450% increase in absolute basophil count) in the first month
of therapy (27 vs 4%; P¼ 0.02) (Table 3). Among the 42
JAK2V617F-positive cases, anemia response was not further
affected by mutant allele burden (P¼ 0.39), but was significantly
higher in the absence of marked splenomegaly (38 vs 11%;
P¼ 0.05) or presence of drug-induced basophilia (38 vs 6%;
P¼ 0.02). In contrast, cytogenetic risk category (P¼ 0.96) or
leukocytosis (P¼ 0.27) did not affect anemia response.

Pomalidomide therapy also resulted in a 450% increase in
platelet count in 14 (58%) of 24 patients with baseline platelet
count of p100� 109 cells/l, whereas it had little effect on
leukocyte count, serum lactate dehydrogenase level or spleen size
(0% response rate by International Working Group for Myelopro-
liferative Neoplasms Research and Treatment criteria). Among the
14 patients with platelet response, median platelet count increased
from 82� 109 cells/l (range, 32–100) to 160� 109 cells/l (range,
61–332). Platelet response was documented in 6 (86%) of 7
anemia responders and 8 (47%) of 17 anemia non-responders
(P¼ 0.08). Platelet response did not correlate with MF sub-
type (P¼ 0.30), cytogenetic risk category (P¼ 0.35), spleen size
(P¼ 0.47), leukocytosis (P¼ 0.48), JAK2 mutational status
(P¼ 0.71) or drug-induced basophilia (P¼ 0.52).

Table 1 Baseline clinical and laboratory features of 58 patients
with myelofibrosis who received low dose (0.5 mg/day) pomalidomide

Parameter Number (%)

Total number of study patients 58 (100)
Median age, years 68
Range 45–87

Males 44 (76%)
Myelofibrosis subtype

Primary 46 (79%)
Post-ET 7 (12%)
Post-PV 5 (9%)

DIPSS24a

Int-2/high 42 (72%)/16 (28%)

Number of transfusion-dependent
patients at base line

46 (79%)

Leucocyte count median, � /109 cells/l 7.3
Range 1.5–180.9
Platelet count median, � /109 cells/l 136
Range 20–1233
Spleen size X10 cm, nb 27 (49%)
Number of JAK2V617F-positive patients 42 (72%)
Number of patients with abnormal cytogeneticsc 23 (42%)

Cytogenetic risk category25

Favorable/unfavorable 46/9

Abbreviations: DIPSS, dynamic international prognostic scoring
system; ET, essential thrombocythemia, PV, polycythemia vera.
aDIPSS for primary myelofibrosis; for practical purposes, DIPSS was
used here to also risk stratify post-polycythemia vera and post-
essential thrombocythemia myelofibrosis.
bSpleen size available in 55 patients (three were status post
splenectomy at study entry).
cCytogenetic information available in 55 patients (three had insufficient
metaphases).

Table 2 Adverse events as per the National Cancer Institute
Common Terminology Criteria in 58 patients with myelofibrosis
treated with pomalidomide 0.5 mg/day

Adverse events All grades Grade 1 or 2 Grade 3 or 4

AE (probable/possible)
related to pomalidomide

19 (33%) 15 (26%) 4 (7%)

Anemia 5 (8%) 2 (3%) 3 (5%)
Thrombocytopenia 6 (10%) 5 (9%) 1 (2%)
Neutropenia 4 (7%) 4 (7%) 0
Fatigue/asthenia 2 (4%) 2 (4%) 0
Increase in serum
alkaline phosphatase

1 (2%) 1 (2%) 0

Neuropathy (on the
basis of symptom)

1 (2%) 1 (2%) 0
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Discussion

The current study demonstrates the safety and therapeutic value
of single agent low-dose pomalidomide in the treatment of
anemia associated with JAK2V617F-positive MF, especially in
the absence of marked splenomegaly. The latter is consistent
with the lack of effect of the drug on splenomegaly and raises
the prospect of combination therapy with other drugs with
favorable effect on splenomegaly such as hydroxyurea or JAK
inhibitors. Such an approach is specially appealing, considering
the fact that low-dose pomalidomide was not myelosuppressive
and might instead be associated with improved platelet count.
We currently do not have a cogent explanation for the effect
of JAK2 mutational status on anemia response and the issue
is further confounded by the lack of additional effect from
mutant allele burden. It is possible that JAK2V617F-negative MF
includes a disease spectrum that is biologically different than
mutation-positive disease. The observation that pomalidomide
response might be predicted by the presence or absence of early
drug-induced basophilia carries substantial practical value and
facilitates dynamic treatment decision making. Incidentally,
there was no additional benefit in terms of anemia response
from increasing the pomalidomide dose to 2 mg/day; this was
done in 16 patients with lack of response at the 0.5 mg/day dose
level. Regardless, the value of low-dose (0.5 mg/day) pomali-
domide is currently being evaluated in an international phase-3
randomized study.

Conflict of interest

The authors declare no conflict of interest.

References

1 Bartlett JB, Dredge K, Dalgleish AG. The evolution of thalidomide
and its IMiD derivatives as anticancer agents. Nat Rev Cancer
2004; 4: 314–322.

2 Weber DM, Chen C, Niesvizky R, Wang M, Belch A,
Stadtmauer EA et al. Lenalidomide plus dexamethasone for
relapsed multiple myeloma in North America. N Engl J Med
2007; 357: 2133–2142.

3 Dimopoulos M, Spencer A, Attal M, Prince HM, Harousseau JL,
Dmoszynska A et al. Lenalidomide plus dexamethasone for
relapsed or refractory multiple myeloma. N Engl J Med 2007;
357: 2123–2132.

4 Rajkumar SV, Hayman S, Gertz MA, Dispenzieri A, Lacy MQ,
Greipp PR et al. Combination therapy with thalidomide plus
dexamethasone for newly diagnosed myeloma. J Clin Oncol 2002;
20: 4319–4323.

5 List A, Dewald G, Bennett J, Giagounidis A, Raza A, Feldman E
et al. Lenalidomide in the myelodysplastic syndrome with
chromosome 5q deletion. N Engl J Med 2006; 355: 1456–1465.

6 Barosi G, Grossi A, Comotti B, Musto P, Gamba G, Marchetti M.
Safety and efficacy of thalidomide in patients with myelofibrosis
with myeloid metaplasia. Br J Haematol 2001; 114: 78–83.

7 Abgrall JF, Guibaud I, Bastie JN, Flesch M, Rossi JF, Lacotte-Thierry L
et al. Thalidomide versus placebo in myeloid metaplasia with
myelofibrosis: a prospective, randomized, double-blind, multi-
center study. Haematologica 2006; 91: 1027–1032.

8 Ochonisky S, Verroust J, Bastuji-Garin S, Gherardi R, Revuz J.
Thalidomide neuropathy incidence and clinico-electrophysiologic
findings in 42 patients. Arch Dermatol 1994; 130: 66–69.

9 Elliott MA, Mesa RA, Li CY, Hook CC, Ansell SM, Levitt RM et al.
Thalidomide treatment in myelofibrosis with myeloid metaplasia.
Br J Haematol 2002; 117: 288–296.

10 Mesa RA, Steensma DP, Pardanani A, Li CY, Elliott M, Kaufmann
SH et al. A phase 2 trial of combination low-dose thalidomide and
prednisone for the treatment of myelofibrosis with myeloid
metaplasia. Blood 2003; 101: 2534–2541.

11 Barosi G, Elliott M, Canepa L, Ballerini F, Piccaluga PP, Visani G
et al. Thalidomide in myelofibrosis with myeloid metaplasia:
a pooled-analysis of individual patient data from five studies. Leuk
Lymphoma 2002; 43: 2301–2307.

12 Marchetti M, Barosi G, Balestri F, Viarengo G, Gentili S, Barulli S
et al. Low-dose thalidomide ameliorates cytopenias and spleno-
megaly in myelofibrosis with myeloid metaplasia: a phase II trial.
J Clin Oncol 2004; 22: 424–431.

13 Barosi G. Myelofibrosis with myeloid metaplasia. Hematol Oncol
Clin North Am 2003; 17: 1211–1226.

14 Tefferi A, Cortes J, Verstovsek S, Mesa RA, Thomas D, Lasho TL
et al. Lenalidomide therapy in myelofibrosis with myeloid
metaplasia. Blood 2006; 108: 1158–1164.

Table 3 Baseline and post-treatment parameters of 10 patients with myelofibrosis who responded to treatment with low dose (0.5 mg/day)
pomalidomide

Sex/age MF
subtype

JAK2V617F
status

Spleen
size (cms)

Karyotype Pre-treatment
hemoglobin (g/dl)

Post-treatment
hemoglobin (g/dl)a

Response duration
(months)

M/66 Primary Pos. 7 47,XY, +14[10]/
94, idemx2[1]/46,XY[9]

8.2 11.3 8.3+

F/59 Primary Pos. 1 46,XX, del(20)(q11.2q13.3)
[14]/ 46,XX[1]

7.5 9.8 8.2+

M/78 Post-PV Pos. 21 46,XY, del(20)(q11.2q13.3)
[19] /46, XY[1]

Tx-dependent 9.2 7.4+

M/63 Primary Pos. 0 46, XY[16] Tx-dependent 9.1 12.8+
M/72 Primary Pos. 8 46, XY[20] Tx-dependent 9.1 12.2+
M/70 Primary Pos. 1 46, XY[20] Tx-dependent 9.2 9.2+
M/86 Primary Pos. 0 46,XY, del(20)(q11.2q13.1)

[1]/46,XY[29]
Tx-dependent 10 8.3+

M/51 Primary Pos. 6 43,XY, �2, �6, �10, del(20)
(q11.2q13.3)[1]/46,XY[5]

Tx-dependent 9.2 5.5b

F/76 Primary Pos. 0 46, XX[30] Tx-dependent 10.7 6.6b

M/61 Post-PV Pos. 12 46,XY, del(7)(p13p15)[10]/
46,sl,del(20)(q11.2q13.1)[9]/
47,sd11,+8[1]

Tx-dependent 11.1 8.2+

Abbreviations: F, female, M, male, MF, myelofibrosis; Pos., positive; PV, polycythemia vera.
aBest hemoglobin response.
bLost response.
All responses signified improvement in anemia according to the International Working Group for Myelofibrosis Research and Treatment criteria.

Pomalidomide and myelofibrosis
KH Begna et al

303

Leukemia



15 Mesa RA, Yao X, Cripe LD, Li CY, Litzow M, Paietta E et al.
Lenalidomide and prednisone for myelofibrosis: Eastern Coopera-
tive Oncology Group (ECOG) phase-2 trial E4903. Blood 2010.
(in press).

16 Quintas-Cardama A, Kantarjian HM, Manshouri T, Thomas D,
Cortes J, Ravandi F. et al. Lenalidomide plus prednisone results in
durable clinical, histopathologic, and molecular responses in
patients with myelofibrosis. J Clin Oncol 2009; 27: 4760–4766.

17 Tefferi A, Lasho TL, Mesa RA, Pardanani A, Ketterling RP,
Hanson CA. Lenalidomide therapy in del(5)(q31)-associated
myelofibrosis: cytogenetic and JAK2V617F molecular remissions.
Leukemia 2007; 21: 1827–1828.

18 Schey SA, Fields P, Bartlett JB, Clarke IA, Ashan G, Knight RD et al.
Phase I study of an immunomodulatory thalidomide analog,
CC-4047, in relapsed or refractory multiple myeloma. J Clin
Oncol 2004; 22: 3269–3276.

19 Mesa RA, Pardanani AD, Hussein K, Wu W, Schwager S,
Litzow MR et al. Phase1/-2 study of pomalidomide in myelo-
fibrosis. Am J Hematol 2010; 85: 129–130.

20 Lacy MQ, Hayman SR, Gertz MA, Dispenzieri A, Buadi F, Kumar S
et al. Pomalidomide (CC4047) plus low-dose dexamethasone as
therapy for relapsed multiple myeloma. J Clin Oncol 2009; 27:
5008–5014.

21 Tefferi A, Verstovsek S, Barosi G, Passamonti F, Roboz GJ,
Gisslinger H et al. Pomalidomide is active in the treatment of
anemia associated with myelofibrosis. J Clin Oncol 2009; 27:
4563–4569.

22 Swerdlow SH, Campo E, NL H et al. WHO Classification of
Tumors of Haematopoietic and Lymphoid Tissues. 4th edn.
International Agency for research on Cancer (IARC): Lyon,
France, 2008.

23 Tefferi A, Barosi G, Mesa RA, Cervantes F, Deeg HJ, Reilly JT et al.
International Working Group (IWG) consensus criteria for treat-
ment response in myelofibrosis with myeloid metaplasia, for the
IWG for Myelofibrosis Research and Treatment (IWG-MRT). Blood
2006; 108: 1497–1503.

24 Passamonti F, Cervantes F, Vannucchi AM, Morra E, Rumi E,
Pereira A et al. A dynamic prognostic model to predict survival in
primary myelofibrosis: a study by the IWG-MRT (International
Working Group for Myeloproliferative Neoplasms Research and
Treatment). Blood 2010; 115: 1703–1708.

25 Hussein K, Pardanani AD, Van Dyke DL, Hanson CA, Tefferi A.
International Prognostic Scoring System-independent cytogenetic
risk categorization in primary myelofibrosis. Blood 2010; 115:
496–499.

Pomalidomide and myelofibrosis
KH Begna et al

304

Leukemia


	A phase-2 trial of low-dose pomalidomide in myelofibrosis
	Introduction
	Patients and methods
	Results
	Table 1 Baseline clinical and laboratory features of 58 patients with myelofibrosis who received low dose (0.5thinspmg/day) pomalidomide
	Table 2 Adverse events as per the National Cancer Institute Common Terminology Criteria in 58 patients with myelofibrosis treated with pomalidomide 0.5thinspmg/day
	Discussion
	Conflict of interest
	References
	Table 3 Baseline and post-treatment parameters of 10 patients with myelofibrosis who responded to treatment with low dose (0.5thinspmg/day) pomalidomide




