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Abstract

Purpose To determine the safety, the maximal tolerated

dose, and to assess for any clinical activity of pomalido-

mide given to patients with advanced solid tumors.

Patients and methods Patients with incurable solid

tumors were enrolled. Two different dosing schedules were

explored. In Cohort A patients were given pomalidomide

once daily for 21 days followed by a 7 day rest. For Cohort

B additional patients were recruited to receive pomalido-

mide given once daily for 28 consecutive days. Dose-

limiting toxicity was defined as Cgrade 3 non-hematolog-

ical toxicity that occurs during cycle 1 and that does not

resolve to Bgrade 1 by day 35. Subjects must have received

optimal symptomatic treatment for Cgrade 3 nausea,

vomiting, or diarrhea to be considered a DLT. Grade 4

transaminitis was considered to be a DLT while grade 3

transaminitis must be present [7 days to be a DLT. Grade

3 febrile neutropenia was considered a DLT. Grade 4

neutropenia, without a fever, was a DLT if the neutropenia

did not improve to Bgrade 1 by day 35 of cycle one.

Platelet count B25,000/mm3 must improve to C75,000/

mm3 by day 35 of cycle one in order not to be considered a

DLT. If a patient did not complete one cycle of therapy, for

reasons other than a DLT, a replacement subject was added

to the same cohort level.

Results A total of 40 patients were enrolled. In Cohort A,

three patients received pomalidomide at 5 mg daily with-

out any significant toxicity. Two patients in the 10 mg

cohort experienced dose-limiting toxicities of two episodes

of grade 3 dyspnea and one grade 4 neutropenia. Six

patients were then enrolled at the 7 mg daily of pomalid-

omide, and no dose-limiting events were observed. In

Cohort B, 29 patients were enrolled and the maximal tol-

erated dose was 4 mg once daily. Stable disease in a

variety of tumors was observed.

Conclusions Pomalidomide was well tolerated and the

recommended phase II dosing schedules are 7 mg daily

given for 21 days followed by a 7-day rest or pomalido-

mide 4 mg given on an uninterrupted daily schedule.
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Translational relevance

Pomalidomide (CC-4047) is an IMiD� immunomodulatory

analogue of thalidomide that displays equivalent anti-

angiogenic activity, but an increase in stimulation of

apoptosis, inhibition of cellular COX-2 production, and

inhibition of cellular TNF-alpha production. Pomalidomide

has also been shown to stimulate antibody-dependent

cytotoxic T-cell activity. Since pomalidomide addresses

numerous mechanisms of growth inhibition it is being

evaluated for use for patients with advanced carcinomas,
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multiple myeloma, and myelofibrosis. This trial was

undertaken to determine the maximal tolerated dose of

single agent pomalidomide given to patients with advanced

solid tumors. Two different dose schemas were explored

and the recommended phase II dosing schedules are 7 mg

daily given for 21 days followed by a 7-day rest or

pomalidomide 4 mg given on an uninterrupted daily

schedule. Overall pomalidomide was well tolerated and

future trials evaluating pomalidomide in solid tumors need

to be explored.

Introduction

Thalidomide is FDA approved for the treatment of multiple

myeloma and erythema nodosum leprosum. Thalidomide

has a variety of mechanisms of action including having

anti-angiogenic properties [1]. Thalidomide also affects the

immune and inflammatory response by inhibiting NF-jB

and decreasing tumor necrosis factor alpha production

[2–5].

Pomalidomide (CC-4047) is an IMiD� immunomod-

ulatory analogue of thalidomide that, on an equi-molar

basis in vitro, displays equivalent anti-angiogenic activ-

ity, about eightfold greater activity in stimulation of

apoptosis, at least tenfold greater activity in inhibition of

cellular COX-2 production and over 4,000-fold greater

activity in inhibition of cellular TNF-alpha production

relative to thalidomide [6]. Pomalidomide has also been

shown to stimulate antibody-dependent cytotoxic T-cell

activity. Since pomalidomide addresses numerous mech-

anisms of growth inhibition it is being evaluated for use

for patients with advanced carcinomas, multiple mye-

loma, and myelofibrosis. The initial phase I trial of this

agent was performed in patients with relapsed or

refractory multiple myeloma. A total of 24 patients were

enrolled on this study and 4/24 (17 %) develop a

thrombotic event. Significant clinical activity was seen,

and the maximum tolerated dose (MTD) and recom-

mended phase II dose were 2 mg daily without inter-

ruption [7].

As the MTD and toxicities of this agent may differ in the

multiple myeloma and in solid tumor patient population, it

was imperative to perform a phase I trial in patients with

solid tumors and to explore other potential schedules.

Furthermore, pomalidomide can induce apoptosis in both

hematological and solid tumor models mainly through NK

cell activation [8]. This phase I study was thus undertaken

to determine the toxicity, maximal tolerate dose, and to

assess for any clinical efficacy of pomalidomide given for

21 days with 7 days off (Cohort A) and a separate cohort

given the study drug 28 consecutive day (Cohort B) for

patients with advanced solid tumors.

Materials and methods

Patient eligibility

Patients with histologically confirmed solid tumors not

amenable to standard therapy were eligible. Other inclusion

criteria included age C18 years, life expectancy of at least

three months, and radiographic or clinical evidence of

measurable or evaluable disease by Response Evaluation

Criteria in Solid Tumors (RECIST) criteria [9]. Initially at

the study opening patients with an Eastern Cooperative

Oncology Group performance status 0–2 were eligible.

However, due to myelosuppression observed the protocol

was amended to allow only patients with ECOG perfor-

mance status of 0–1. Patients with tumors involving their

central nervous system tumors must be on a stable or

decreasing dose of systemic steroids prior to enrolling onto

study. Since there is a concern about thrombo-embolic

events while on IMiDs patients with central nervous system

disease must agree to a low dose aspirin or similar anti-

platelet medication while receiving study drug. Collection

and analysis of pharmacokinetic data was not performed in

this study.

Females of child-bearing potential must use two reliable

forms of contraception simultaneously or practice absti-

nence from heterosexual intercourse for at least 28 days

prior to starting study medication, during treatment, and for

at least 28 days after study medication ends. Females of

child-bearing potential with regular menstrual cycles must

have two negative pregnancy tests prior to enrolling and

every 28 days until completion of study. Women with

irregular menstrual cycles the pregnancy test is weekly for

the first 28 days and then every 14 days while until study

discontinuation. If a pregnancy test becomes positive the

study drug would immediately be discontinued. Male

patients agreed to use a latex condom during sexual contact

with females of child-bearing potential.

Study exclusion criteria included any serious medical or

psychiatric illness that would place the patient at unac-

ceptable risk or prevent the subject from signing the

informed consent. At least 28 days must have elapsed since

prior cytotoxic chemotherapy, and at least 14 days from the

use of prior radiation therapy or thalidomide, lenalidomide,

or structurally related compounds. Patients who experi-

enced a desquamating rash from thalidomide, lenalido-

mide, or structurally related compounds were ineligible.

Exclusion criteria also included absolute neutrophil

count \1,500/mm3, platelet \75,000/mm3, hemoglo-

bin\9 gm/dl, alanine aminotransferase (ALT) or aspartate

aminotransferase (AST) C3 times the upper limit of

normal, peripheral neuropathy C2, or ongoing infection.

Patients with uncontrolled hypercalcemia, hypocalcemia,

glycosemia, or thyroid disorders were also ineligible.
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Treatment plan

This is was a phase I, open-label, staggered, sequential dose

escalation study to determine the maximal tolerated dose

(MTD) and overall safety profile of pomalidomide when

used by patients with advanced solid tumors. The initial

cohort received pomalidomide for 21 days and 7 days off

(Cohort A) for a 28 day cycle. Once the MTD for Cohort A

was determined a second cohort (Cohort B) was started. The

patients in Cohort B received pomalidomide uninterrupted

daily for 28 day cycles. Patients were then dose escalated as

until the maximal tolerated dose was established.

Patients were enrolled in cohorts of three and no intra-

patient dose escalation was allowed. Pomalidomide was

dispensed as capsules in a 1.0, 2.0, or 5.0 mg where

appropriate (see Table 1). If two or more DLTs are

observed then the maximal tolerated dose has been excee-

ded. If none of the 3 subjects experience a DLT then the

subsequent patients are enrolled into the next higher dose

level. If one patient has a DLT then that dose cohort is

expanded to six subjects. If only one of the six patients have

a DLT then the subsequent patients will be enrolled at the

next higher dose level. If two of the six patients have a DLT

then the MTD has been exceeded and the lower dose level

would be evaluated to define the MTD. Dose reductions

were required for any patient with a DLT or at the discretion

of the investigator if he/she felt the reduction was in the

patient’s best interest. To gain more experience with

pomalidomide given to patients with advanced solid tumors

a total of 18 patients were enrolled at the MTD of Cohort B.

Toxicity and response evaluation

The baseline evaluation included a physical exam, ECOG

performance status, tumor measurements, clinical staging,

laboratory tests (complete blood count with differential,

serum chemistry, and liver function tests), and serum

pregnancy test. On day 1 of each cycle the patient had a

physical exam, performance status, and laboratory evalu-

ations. During cycle 1 on days 8, 15, and 22 laboratory

evaluations and toxicity assessments were performed. In

cycle two and beyond the laboratory evaluations and tox-

icity assessments were performed only on days 1 and 15.

Adverse events were graded using the National Cancer

Institute Common Terminology Criteria for Adverse

Events Version 3.0.

Dose-limiting toxicity was defined as Cgrade 3 non-

hematological toxicity that occurs during cycle 1 and that

does not resolve to Bgrade 1 by day 35. Subjects must have

received optimal symptomatic treatment for Cgrade 3

nausea, vomiting, or diarrhea to be considered a DLT.

Grade 4 transaminitis was considered to be a DLT, while

grade 3 transaminitis must be present[7 days to be a DLT.

Grade 3 febrile neutropenia was considered a DLT. Grade

4 neutropenia, without a fever, was a DLT if the neutro-

penia did not improve to Bgrade 1 by day 35 of cycle one.

Platelet count B25,000/mm3 must improve to C75,000/

mm3 by day 35 of cycle one in order not to be considered a

DLT. If a patient did not complete one cycle of therapy, for

reasons other than a DLT, a replacement subject was added

to the same cohort level.

Tumor assessment and serum markers (if applicable)

were assessed after every two cycles and at the completion

of the study. Disease response and progression were eval-

uated by RECIST criteria [9].

Dose modification and treatment guidelines

Dose reductions of pomalidomide were allowed for any

patient who developed a dose-limiting toxicity during cycle

1 or during subsequent cycles that the investigator deems in

the interest of patient safety. Guidelines for dose discon-

tinuation of pomalidomide included for any grade 3 or 4

cardiac arrhythmia, desquamating skin rash, neuropathy,

allergic reaction, or hypersensitivity. For grade 2, 3, or 4

thrombosis pomalidomide could be held and restarted at

the investigator’s discretion and resumed only after the

patient was started on anti-coagulation. For clinical hypo-

or hyper-thyroidism study drug was to be held and restarted

after thyroid function was stabilized with medical inter-

vention. For grade 2 toxicities of hypersensitivity, allergy,

neuropathy, non-desquamating skin rash, or cardiac

arrhythmia pomalidomide was held until the toxicity was

Bgrade 1 and the dose was reduced by one level.

In the occurrence of hematologic toxicities of a Cgrade 3

neutropenia or thrombocytopenia study drug was held until

toxicity was Bgrade 2 and the dose of pomalidomide was

reduced by one level. For Cgrade 3 anemia study medica-

tion was held until hemoglobin was within 0.5 mg/dl of

normal and pomalidomide was reduced by one dose level.

A new cycle of therapy could resume if any pomalido-

mide-related allergy, hypersensitivity, or cardiac arrhyth-

mia had resolved to Bgrade 1 severity. Subjects were

Table 1 Dose escalation schema

Dose level Dose (mg) No. of patients No. of courses

Cohort A

1 5 3 5

2 10 2 2

2A 7 6 15

Cohort B

1 3 9 29

2 5 2 2

2A 4 18 39
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removed from study if a serious adverse event at the

judgment of the investigator, lack of therapeutic effect,

withdrawal of consent, lost to follow-up, protocol viola-

tion, or patient death.

Statistical analysis

Subjects who received study medication were included in

the safety analysis. Safety data included adverse events,

laboratory data, vital signs, physical exam findings, and

electrocardiograms. Patients were enrolled in cohorts of

three or six in an expanded cohort. Thus, for each MTD,

common toxicities (occurring in C30 % of patients) would

rarely be unobserved (P = 0.11), and very common toxic-

ities (occurring in 50 % of patients) would almost never be

missed.

Results

Patient characteristics

Forty-two patients signed consent; however, only 40

patients were enrolled and received at least one dose of

study drug from March 2007 to February 2010. Patient

characteristics are depicted in Table 2. There were 37

patients with an Eastern Cooperative Oncology Group

(ECOG) performance status (PS) of 0 or 1, and only 3 with

an ECOG PS of 2. All patients had received prior systemic

chemotherapy and or hormonal therapy. The tumor types

enrolled are also shown in Table 2. The most common

tumor types included colon (8), sarcoma (5), prostate (4),

and 2 each of adrenal, breast, head and neck, hepatocel-

lular, melanoma, ovarian, and thyroid. All patients were

evaluable for toxicities.

Hematological toxicities

Hematological toxicities are depicted in Table 3. For

Cohort A hematological toxicities were common; grade 3/4

neutropenia was observed in 7 cases (64 %) of patients

with the majority being grade 3. No febrile neutropenic

episodes occurred. Of importance is no patient developed

grade 3 or 4 thrombocytopenia. Grade 1 and 2 hemato-

logical toxicities were common.

In Cohort B, where pomalidomide was given on a

continuous dosing schedule, hematological toxicities were

seen at a similar rate. Nineteen of 29 patients (66 %)

developed grade 3 or 4 neutropenia. However, in this

cohort, 2 deaths occurred both presumably from neutro-

penic sepsis. In addition, one patient developed grade 4

thrombocytopenia not seen in Cohort A. Grade 1 and 2

hematological toxicities were again quite common.

Non-hematological toxicities

Non-hematologic toxicities are depicted in Table 4. In both

cohorts, fatigue was the most common grade 3/4 event with

no obvious differences between the cohorts. Rash was very

commonly seen with 62 and 45 % of patients developed

some grade of rash on cohorts B and A, respectively. Grade

3 rash, however, was uncommon with 3 instances seen in

Cohort B. Other grade 3 toxicities include one instance of

pulmonary embolism. One patient experienced worsening

of a baseline peripheral neuropathy.

In Cohort A eight of the eleven patients started more

than one cycle (median, 2 and range, 1–5). In cycle two and

beyond there were no study drug-related grade 4 or 5

toxicities. However, there were seven grade 3 toxicities

including two episodes of fatigue, and one each of catheter-

related thrombosis, lower extremity edema, leucopenia,

lymphopenia, and neuropathy. There was one dose reduc-

tion beyond cycle one for pomalidomide. This patient was

in the 7 mg cohort level and experienced a grade 3 dysp-

nea, and the pomalidomide was reduced to 5 mg.

In Cohort B, 21 of the 29 patients started more than one

cycle (median, 2 and range, 1–10). For cycle 2 and beyond

there were five grade 3 toxicities consisting of anorexia,

fatigue, neuropathy, neutropenia, and rash. In cycle two

and beyond in Cohort B there were no grade 4 or 5

toxicities.

Response

For Cohort A 11 patients were enrolled but only 9 com-

pleted one cycle (28 days) of therapy. Two patients were

not reviewed for response secondary each having in cycle

one DLTs. Of the remaining 9 patients, eight had pro-

gressive disease and one patient with castrate-resistant

advanced prostate cancer had stable disease by RECIST

criteria and was on therapy for five cycles. This patient’s

prostate-specific antigen (PSA) level had decreased by

25 % while receiving study medication. For Cohort B there

were five patients with stable disease for 3 cycles (chlo-

roma, melanoma, non-small cell lung cancer, seminal

vesicle tumor, and unknown primary) with the remainder

of the patients having progressive disease.

Discussion

Pomalidomide is being evaluated in patients with myeloma,

myelofibrosis, and solid tumors. In clinical trials with mul-

tiple myeloma pomalidomide has demonstrated clinical

activity. The main toxicities of pomalidomide in patients with

myeloma consist of myelosuppression and thrombosis

[7, 10]. Pomalidomide is also evaluated in myelofibrosis with
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significant activity observed in patients with a JAK2V617F

(24 vs. 0 %; P = 0.03) mutation [11, 12].

In our clinical trial of 40 patients with advanced solid

tumors two different dosing regimens were explored. In

Cohort A patients were given pomalidomide for 21 con-

secutive days with 7 days off, and in Cohort B patients

were given pomalidomide without interruption. The main

toxicities observed during cycle 1 were neutropenia, lym-

phopenia, thrombocytopenia, and anemia. Two patients in

Cohort B expired with febrile neutropenia while taking

pomalidomide. Non-hematologic grade 3 or 4 toxicities

included pulmonary embolism, fatigue, anorexia, dyspnea,

and neuropathy.

One phase I study of pomalidomide in combination with

gemcitabine in patients with metastatic pancreatic cancer has

been published. The most common grade 3 or 4 toxicities

observed were neutropenia, deep vein thrombosis and ane-

mia [13]. Of interest in that study pomalidomide was given at

its maximum dose of 10 mg for 21 days on a 28 day sche-

dule and the authors recommended this dose for future

studies. We do not recommend this dose but rather 7 mg

daily for 21 days on an every 28 day schedule. It should be

noted that on the study of Infante et al. 22 % of the patients

had a grade 3 thromboembolic event while on our phase I

study only one episode of pulmonary embolism occurred.

Stable disease based on RECIST criteria occurred in a

patient with prostate cancer, chloroma, melanoma, non-small

cell lung cancer, seminal vesicle tumor, and unknown pri-

mary. Of interest is that one patient with hormone-refractory

prostate cancer had a significant reduction in PSA. Poma-

lidomide has been shown to inhibit osteoclast formation by

down-regulation of PU.1 [14]. It has been suggested that

pomalidomide might be a valuable drug for targeting tumors

with osteoclastic activity. Pomalidomide has also been shown

to have immunomodulatory effects and given the recent

Table 2 Patient characteristics

Characteristics Number of patients

Total 40

Assessable for toxicity 40

Age (years)

Median 56

Range 20–85

Sex

Male 25

Female 15

Ethnicity

White 34

Black or African-American 6

Performance status

ECOG 0 13

ECOG 1 24

ECOG 2 3

Tumor types

Colon 8

Sarcoma 5

Lung 4

Pancreas 4

Prostate 2

Adrenal 2

Breast 2

Hepatocellular 2

Melanoma 2

Thyroid 2

Ovary 2

Head and neck 2

Othera 3

a Other includes one patient each with malignancies of the kidney,

spermatic cord, and cervix

Table 3 Worst grade hematological toxicities

Toxicity Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%)

Cohort A (n = 11)

Anemia 1 (9) 0 0 0

Febrile neutropenia 0 0 0 0

Lymphopenia 2 (18) 2 (18) 2 (18) 0

Neutropenia 1 (9) 3 (27) 6 (55) 1 (9)

Platelets 3 (27) 2 (18) 0 0

Toxicity Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%) Grade 5 (%)

Cohort B (n = 29)

Anemia 4 (14) 1 (3) 9 (31) 0 0

Febrile neutropenia 0 0 0 0 2 (7)

Lymphopenia 2 (7) 5 (17) 1 (3) 0 0

Neutropenia 0 2 (7) 11 (38) 8 (28) 0

Platelets 3 (10) 1 (3) 0 1 (3) 0
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approval of immunomodulating therapy with sipuleucel-T in

prostate cancer, it is conceivable that this maybe one mech-

anisms of action of pomalidomide in prostate cancer.

In conclusion, the recommended phase II dosing

schedules of pomalidomide are 7 mg daily given for

21 days followed by a 7-day rest or pomalidomide 4 mg

Table 4 Worst grade

non-hematological toxicities

a Occurrence of dose-limiting

toxicity during cycle 1

Toxicity Grade 1 (%) Grade 2 (%) Grade 3 (%) Grade 4 (%)

Cohort A (n = 11)

Albumin 1 (9) 0 0 0

ALT 1 (9) 0 0 0

AST 1 (9) 0 0 0

Anorexia 1 (9) 1 (9) 1 (9) 0

Constipation 1 (9) 1 (9) 0 0

Diarrhea 1 (9) 0 0 0

Nausea 2 (18) 0 0 0

Vomiting 2 (18) 0 0 0

Dizziness 1 (9) 1 (9) 0 0

Dyspnea 0 0 1 (9)a 0

Fatigue 3 (27) 2 (18) 3 (27) 0

Hypocalcemia 1 (9) 1 (9) 0 0

Hypokalemia 1 (9) 0 0 0

Hypomagnesium 2 (18) 0 0 0

Muscle weakness 0 1 (9) 0 0

Neuropathy 1 (9) 0 1 (9) 0

Puritis 1 (9) 1 (9) 0 0

Rash 1 (9) 4 (36) 0 0

Rigors 1 (9) 0 0 0

Pulmonary embolism 0 0 1 (9)a

Cohort B (n = 29)

Albumin 0 0 1 (3) 0

ALT 3 (10) 1 (3) 0 0

AST 1 (3) 0 0 0

Anorexia 6 2 (7) 0 0

Constipation 1 (3) 1 (3) 0 0

Diarrhea 0 0 0 0

Nausea 2 (7) 0 2 (7) 0

Vomiting 1 (3) 2 (7) 0 0

Dehydration 0 0 4 (14) 0

Dizziness 0 0 0 0

Dyspnea 2 (7) 3 (10) 1 (3) 0

Fatigue 9 (31) 4 (14) 2 (7) 2 (7)

Hypocalcemia 0 0 0 0

Hypokalemia 0 0 1 (3) 0

Hypomagnesium 0 0 0 0

Hypophosphatemia 0 0 1 (3) 0

Muscle weakness 0 0 0 0

Neuropathy 5 (17) 1 (3) 0 0

Pruritis 3 (10) 1 (3) 0 0

Rash 9 (31) 6 (21) 3 (10) 0

Urticaria 1 (3) 0 0 0

Rigors 0 0 0 0

Hyperthyroidism 1 (3) 0 0 0

Thrombosis 0 0 0 2 (7)
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given on an uninterrupted daily schedule. Future studies

with pomalidomide as a single agent, or in combination

therapy, in advanced solid tumors, such as prostate and

non-small-cell lung cancer, should be considered.
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