
Alternate day pomalidomide retains anti-myeloma effect
with reduced adverse events and evidence of in vivo
immunomodulation

Multiple myeloma remains an incurable disease despite recent

advances in therapy and supportive care. Median survival is

reported to be 3–5 years using conventional chemotherapy

(Dispenzieri & Kyle, 2005; Smith et al, 2006). Increased

understanding of myeloma biology has led to the novel

application of existing agents and the development of new

therapies (Anderson, 2003). Both intrinsic genetic mutations

of the myeloma cell and extrinsic interactions with the bone

marrow microenvironment lead to aberrant proliferation,

survival and migration of the malignant plasma cells (Hallek

et al, 1998; Hideshima et al, 2004; Bergsagel et al, 2005).

Constitutive activation of the JAK/STAT (Janus kinase/signal

transducers and activators of transcription), MEK/MAPK

[mitogen-activated protein (MAP) kinase/extracellular signal-

regulated kinase kinase/MAP kinase], PI3K (phosphoinositide-

3 kinase)/Akt and nuclear factor (NF)jB signalling pathways

are associated with stimulation of proliferative pathways, cell

cycle regulation, inhibition of pro-apoptotic proteins, upreg-

ulation of anti-apoptotic proteins and increased expression of

adhesion molecules (Hideshima et al, 2005). Adhesion

of myeloma cells to stromal cells leads to further upregulation

of these signalling pathways and secretion of a number of

cytokines, e.g. interleukin-6, insulin-like growth factor-1 and

vascular endothelial growth factor, that are associated with

further upregulation of proliferation, apoptosis and migration

pathways. This increased understanding of myeloma patho-

physiology has led to the development of new treatment

approaches.

The observation that bone marrow microvascular density

was increased in myeloma patients and the knowledge that

thalidomide has anti-angiogenic activity led to the initial use of

this drug in myeloma (D’Amato et al, 1994; Vacca et al, 1994;

Singhal et al, 1999). However, thalidomide is associated with

significant dose- and duration-dependent toxicity (Schey et al,
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Summary

We previously reported that daily dose pomalidomide (CC-4047),

a thalidomide analogue, has excellent anti-myeloma activity but is

associated with myelosuppression and deep vein thrombosis. We report

here a phase 1 study to determine the maximum tolerated dose (MTD) of

pomalidomide at 1 mg, 2 mg, 5 mg and 10 mg on alternate days (ad).

Twenty patients with relapsed myeloma were treated. Grade 4 neutropenia

occurred in all patients receiving 10 mg and the MTD was defined as 5 mg

ad. No thrombotic events were observed. Pomalidomide was continued

following the 4-week MTD study in 17/20 patients for a median of

14 months. 10% of patients had a complete response and >50% reduction in

paraprotein was achieved in 50% of subjects. Progression-free survival was

10Æ5 months and median overall survival was 33 months. A significant rise

was observed in the proportion of CD8+ cells. Alternate day pomalidomide

was associated with a marked reduction in the incidence of thrombosis whilst

maintaining excellent anti-myeloma activity. This trial provides further

in vivo evidence that pomalidomide modulates the immune system in

myeloma patients. Phase 2 studies to further assess the optimal schedule of

administration and anti-myeloma activity of this agent are planned.

Keywords: myeloma, pomalidomide, CC-4047, thalidomide analogue,

immunomodulation
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2003; Glasmacher et al, 2006; Mileshkin et al, 2006; Richard-

son et al, 2006). Somnolence, constipation and peripheral

neuropathy are reported to occur in 56%, 54% and 28%

respectively, of patients receiving thalidomide (Glasmacher

et al, 2006). Furthermore a prospective study observed a rise in

the incidence of peripheral neuropathy from 38% after

6 months to 73% following 12 months of thalidomide therapy

(Mileshkin et al, 2006). Analogues of thalidomide have been

developed with the aim of enhancing the anti-tumour activity

whilst reducing the toxic effects of thalidomide (Muller et al,

1999). The two lead compounds, Revlimid
TM

(Lenalidomide,

CC-5013) and pomalidomide (CC-4047, formerly known as

Actimid) (Celgene Corporation, Warren, NJ, USA), have

undergone clinical testing (Richardson et al, 2002; Schey et al,

2004). In vitro studies have demonstrated that these drugs have

potent immunomodulatory activity with enhanced anti-

tumour necrosis factor alpha (TNFa) activity and T-cell

co-stimulation compared with thalidomide (Haslett et al,

1998; Corral et al, 1999; Muller et al, 1999). They have also

been observed to have anti-angiogenic properties in several

in vitro and animal models (Dredge et al, 2002; Lentzsch et al,

2002). In addition they have a direct toxic effect on myeloma

cells (Hideshima et al, 2000), induce apoptosis via the caspase-

8/death receptor pathway (Mitsiades et al, 2002), reduce

adhesion molecule expression and pro-survival cytokine sig-

nalling (Gupta et al, 2001) and may augment anti-myeloma

natural killer cell activity (Davies et al, 2001). Clinically,

lenalidomide has been reported to be well tolerated and to

have anti-myeloma activity when given as a single agent or in

combination with dexamethasone (Hideshima et al, 2000;

Mitsiades et al, 2002; Richardson et al, 2002, 2006; Dimopo-

ulos et al, 2005; Weber et al, 2006). Importantly, the use of

alternate day lenalidomide has been reported to be associated

with less toxicity when compared with daily dosing, however,

efficacy appeared to be reduced (Barlogie et al, 2004).

We have previously reported a phase 1 study of the related

thalidomide analogue pomalidomide (Schey et al, 2004). The

maximum tolerated dose (MTD) according to the schedule and

dose escalation outlined in this study was defined as 2 mg daily.

Dose-limiting toxicities (grade 4 haematological, grade 3/4

non-haematological) included neutropenia in 25% patients at a

median of 3 weeks after starting therapy and deep vein

thrombosis in 16%. Grade 1/2 non-haematological toxicities

occurred in <25% patients and resolved without treatment

[Grade 1 skin toxicity: 21%, grade 1 neurological toxicity: 16%,

grade 2 gastrointestinal (GI) toxicity 16%]. Sixty-seven per cent

of patients experienced a 25% or greater fall in paraprotein

with 17% of patients achieving an immunofixation negative

complete response (CR) (Blade et al, 1998). The median

duration of therapy was 28 weeks. Pharmacokinetic studies

carried out on daily pomalidomide administration observed

peak plasma concentration of drug at 3 h after administration

and a plasma half life of about 8 h (Schey et al, 2004).

The current study examines whether alternate day dosing

of pomalidomide reduces treatment-associated toxicity, in

particular thrombotic events and myelosuppression, whilst

maintaining its anti-myeloma efficacy. The effect of pomalid-

omide on lymphocyte subsets was also examined.

Methods

Study objectives

The primary study objective was to evaluate the safety and

toxicity profile of pomalidomide given on alternate days at

doses of 1–10 mg alternate days (ad) to patients with relapsed/

refractory myeloma. Secondary objectives were to evaluate

disease response and assess the changes in lymphocyte subsets

at 1-month post-therapy and correlate these changes to disease

response.

Study design

A standard dose escalation study design was performed to

identify the MTD at the following dose levels: 1, 2, 5 and

10 mg ad. Three patients were enrolled at each dose level, with

a maximum of six patients assigned to each dose level,

depending on dose-limiting toxicity (DLT). DLT was defined

to be at least grade 3 non-haematological toxicity, or grade 4

haematological toxicity using National Cancer Institute (NCI)

common toxicity criteria (http://ctep.cancer.gov/forms/

CTCv20_4-30-992.pdf) during the first 4 weeks of treatment.

If one of three patients in any cohort developed a DLT then a

further three patients were entered at that dose level to a

maximum of six patients per dose level. If no subsequent DLT

was observed the next cohort were entered at the next dose

level. If two or more patients developed a DLT at a given dose

level, the previous dose level was identified as the MTD.

Following definition of the MTD a further four patients were

entered at the MTD. Patients were evaluated prior to study

enrolment and weekly for the first month and monthly

thereafter. Evaluation included medical history, physical

examination, adverse events query and concomitant medica-

tion use, and laboratory testing (blood chemistry, haematol-

ogy, urinalysis). Severity of adverse experiences, including any

clinical laboratory and vital sign abnormalities, were evaluated

using common toxicity criteria (http://ctep.cancer.gov/forms/

CTCv20_4-30-992.pdf).

Following the first 4 weeks of study, patients who had not

experienced disease progression or non-haematological DLT

were eligible to continue on treatment. Patients who expe-

rienced a Grade 4 haematological toxicity but had haemato-

logical recovery following withdrawal of pomalidomide were

allowed to continue with therapy at the previous dose level.

Treatment was discontinued following occurrence of a serious

adverse event potentially related to pomalidomide. Patients

who developed grade 3/4 haematological toxicity during the

expanded access phase had therapy temporarily discontinued

until resolution of the neutropenia with subsequent resump-

tion of pomalidomide at a lower dose. This expanded access
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programme was modified after the study had started to allow

the addition of dexamethasone (20 mg ad day 1–4, 15–18)

for those patients who had had no response after 12 weeks or

who had developed progressive disease (PD). Patients were

assessed monthly after the initial 28 d until withdrawal from

study. Full informed consent was obtained from all patients

with the approval of the Local Research Ethics Committee

and in accordance with the principals of the Helsinki

Declaration.

The investigators and Celgene representatives designed the

study. Grant support was received by the study centre from the

sponsor; all authors agreed with the publication of results and

there were no limits on the content of the article.

Patient selection

Patients with progressive myeloma who had received at least

one prior cycle of chemotherapy and a measurable monoclonal

component (i.e. a quantifiable serum or urine paraprotein)

were eligible for entry. Patients were able to receive concurrent

bisphosphonate therapy but must have received no other

chemotherapy, including corticosteroids, within 30 d of the

start of therapy. Local radiotherapy for symptom relief of

previously recognised myeloma deposits was allowed. Patients

were not eligible if they had a serum creatinine >200 lmol/l,

baseline platelet count <20 · 109/l or absolute neutrophil

count (ANC) <1 · 109/l. In addition, patients with grade 3

peripheral neuropathy, a history of other malignancy within

3 years or other clinically active co-morbid medical conditions

within 6 months or less and not controlled by medication were

also excluded from study. Full informed consent was obtained

from all patients.

Treatment

Patients were entered in cohorts of 3 at increasing doses of

pomalidomide, starting at 1 mg and increasing to 2 mg, 5 mg

or 10 mg ad.

Response assessment

Modified European Group for Blood and Marrow Translant

response criteria were used (Blade et al, 1998). CR was defined

as complete disappearance of paraprotein with immunofix-

ation-negative serum and urine, very good partial response

(VGPR): >75% reduction in serum paraprotein, partial

response (PR): 50–75% reduction in serum paraprotein,

minimal response (MR): 25–50% reduction in serum para-

protein, stable disease (SD): less than 25% change in baseline

serum paraprotein, PD: >25% rise in serum paraprotein.

Adverse events were graded according to NCI common

toxicity criteria (Version 2.0, Bethesda, MD, USA http://

ctep.cancer.gov/forms/CTCv20_4-30-992.pdf). All patients

who developed grade 4 haematological toxicity underwent

bone marrow examination.

Lymphocyte subset analysis

Samples were collected at initiation of treatment and 1 month

thereafter for lymphocyte subset analysis.

Venous blood was collected into EDTA vacutainers (Becton

Dickinson UK Ltd, Oxford, UK). Lymphocyte subsets were

analysed using an EPICS XL flow cytometer and the automated

TetraONE system (Beckman Coulter, High Wycombe, Bucks,

UK). Briefly, whole blood was mixed 1:10 with Cyto-Stat

TETRA chrome CD45-FITC/CD4-RDI/CD8-ECd/CD3-PC5

or Cyto-Stat TETRA chrome CD45-FITC/CD56-RDI/CD19-

ECD/CD3-PC5 with Immunotech CD16 (all Beckman

Coulter) and incubated for 10 min in the dark at room

temperature. Red cell lysis was then performed using a Multi-

Q-prep and Immunoprep (Beckman Coulter). Flow cytometric

analysis of the samples used TetraChrome software (Beckman

Coulter); to ensure purity, lymphocyte assessment was carried

out on CD45 bright/low side scatter cells. Absolute count

enumeration was obtained with comparison to Flow count

Fluorospheres (Beckman Coulter). Immunotrol Control Cells

were analysed with each assay run (Beckman Coulter). Total

lymphocyte count, CD3+, CD3+CD4+, CD3+CD8+,

CD3)CD19+, CD3)CD16+ CD56+ cells were evaluated. Indi-

vidual subset percentages were calculated as a proportion of

the total lymphocyte count [CD3%, CD4%, CD8%, B cell%, %

of natural killer cells (NK%)].

Statistical analysis

This was a standard phase 1 design to identify the MTD. If the

true DLT rate was 5% the probability of dose escalation was

0Æ97.

The change in mean haematological parameters over time

was assessed using the paired student t-test. Categorical

changes in haematological parameters observed over 4 weeks

were compared to response category using the Chi-square

test. The association between baseline, 4-week and the

change in these parameters with the maximal percentage

change in paraprotein was analysed using the Pearson r

correlation method. A result was assumed significant if

P < 0Æ05.

Kaplan–Meier probability estimates of progression-free

and overall survival were produced using GraphPad Prism

Software Version 4.03 (GraphPad Software Inc., San Diego,

CA, USA).

Results

Twenty patients were entered into the study with a median age

at entry of 58 years (range 34–75 years) (Table I). Eleven

patients were women and nine were men, with a median of

3Æ7 years from diagnosis (range 1Æ7–14Æ5 years). The patients

had received a median of four prior lines of therapy (range 1–7)

and this included prior melphalan in 19/20 (95%), cortico-

steroids in 18/20 (90%), anthracyclines in 16/20 (80%), high
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dose therapy with autologous stem cell support in 13/20

(65%), thalidomide in 17/20 (85%) and bortezomib in 2/20

(10%). Patients received a median of 40 weeks of study

treatment (1–121 weeks). Three patients received 1 mg ad,

four received 2 mg ad, 10 received 5 mg ad and three received

10 mg ad.

Adverse events

Dose limiting toxicity. The MTD was defined by DLT that

occurred within the first 4 weeks of treatment. All 20 patients

were eligible for assessment for DLT. Grade 4 neutropenia

occurred in 3/3 patients who received 10 mg ad (Table II). The

neutropenia resolved within 4 weeks in two of these patients

and 6 weeks in the other patient. Bone marrow examination

was carried out in all three patients. In each case there was

reduced haemopoiesis but all stages of maturation were

present in the myeloid series and there was no evidence of

progressive myeloma. All three patients who discontinued

treatment because of neutropenia were able to restart

pomalidomide at a reduced dose on the expanded access

programme. No other grade 4 haematological or grade 3/4

non-haematological toxicity occurred. The MTD was defined

as 5 mg ad.

Other toxicity. Grade 3 neutropenia occurred in 3/10 (30%)

patients who received 5 mg ad, 2/4 (50%) who received 2 mg

ad and 1/3 (33%) who received 1 mg ad (Table II).

Neutropenia resolved in all patients following temporary

cessation of pomalidomide. No patients required growth

factor support and no neutropenic sepsis was observed.

Grade 3 thrombocytopenia occurred in two patients, one

receiving 1 mg ad and one 10 mg ad. Grade 2 GI toxicity

(constipation) occurred in 4/20 (20%) patients. Grade 1

toxicities are shown in Fig 1. These all resolved spontaneously

with no recourse to medical therapy. The only reported

neurological toxicity occurred in two patients who reported

tremor. These resolved within 2 weeks and did not necessitate

withdrawal from therapy. No thromboembolic events were

reported. Of note, 11/20 (55%) patients developed no

toxicity.

Expanded access. Seventeen out of 20 patients entered into the

study continued on pomalidomide after the initial 4-week

study to define MTD. Three patients discontinued therapy

after 4 weeks, two because of PD and one patient withdrew

consent after 2 weeks. This patient reported no side effects

whilst on study. The median time on therapy for those patients

continuing after 4 weeks was 14 months (range 1–31 months).

The three patients who received 10 mg ad but then

developed grade 4 neutropenia restarted therapy at 5 mg ad.

Overall, at the start of expanded access 13/17 patients were

receiving 5 mg ad, 3/17 2 mg ad and 1/17 1 mg ad.

Toxicity during expanded access. Nine of 17 patients developed

Grade 3/4 neutropenia during the expanded access

programme. In all patients the neutropenia resolved within

4 weeks of withdrawing the drug without recourse to growth

factors and without developing serious infection. Neutropenia

occurred in 8/13 patients receiving 5 mg ad, all of whom

restarted treatment on 2 mg ad following resolution of

neutropenia. Four of these patients subsequently developed

a further episode of neutropenia requiring a further reduction

of pomalidomide to 1 mg ad. 1/3 patients receiving 2 mg ad

pomalidomide developed neutropenia requiring dose

reduction. There were no other grade 3/4 haematological or

non-haematological toxicities during the expanded access

programme.

Table I. Patient characteristics at study entry.

Characteristic No. of patients

Number of patients 20

Age (years)

Median 58

Range 34–75

Time from diagnosis (years)

Median 3Æ7
Range 1Æ27–14Æ5

Male:female 9:11

Paraprotein subtype

Ig G 15

Ig A 4

Ig D 1

Prior lines of chemotherapy

Median 4

Range 1–7

Previous HDT/SCT 13 (65%)

Previous thalidomide 17 (85%)

Mean (± SD)

Haemoglobin, g/l 107 (± 15)

Total white cell count, ·109/l 3Æ8 (± 1Æ3)

Neutrophil count, ·109/l 2Æ1 (± 0Æ9)

Platelet count, ·109/l 153 (± 80)

Serum creatinine, mmol/l 89 (± 24)

Serum calcium, mmol/l 2Æ34 (± 0Æ2)

Serum albumin, g/l 34 (± 5)

Serum b2-microglobulin* 3Æ79 (± 2Æ2)

*Data available for 10 patients.

HDT/SCT, High dose therapy with autologous stem cell transplant.

Table II. Haematological dose-limiting toxicity: neutropenia.

Dose (mg) No. of patients

No. of patients

Grade 3 Grade 4

1 3 1 0

2 4 2 0

5 10 3 0

10 3 0 3

Overall 20 6 3

M. J. Streetly et al
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Responses

Pomalidomide monotherapy. All patients were evaluated for

response. One patient withdrew consent after 2 weeks and did

not complete 4 weeks of therapy. This patient had no response

at the time of withdrawal. The overall response rate (>50%

reduction in paraprotein) to pomalidomide monotherapy was

50%. 2/20 (10%) patients attained an immunofixation negative

CR, 6/20 (30%) achieved VGPR, 2/20 (10%) had PR, 1/20 (5%)

had MR and 6/20 (30%) had stabilisation of their disease. 2/20

(10%) patients had PD (Table III) both of whom had received

1 mg ad. The median time to maximum response for those

achieving MR or better was 7 months (range 3–14 months).

Progression-free survival for single agent pomalidomide was

10Æ5 months at a median follow-up of 35 months (Fig 2A).

Addition of dexamethasone. Dexamethasone was added to

pomalidomide in nine (41%) patients, in two because of

prolonged non-responsive disease and in seven because of

disease progression. Addition of dexamethasone occurred at a

median of 23 weeks (range 15–90 weeks) from the start of

therapy and patients received a median of five cycles of

dexamethasone. Of the two patients who received

pomalidomide + dexamethasone for prolonged non-

responsive disease one attained a MR and one patient had

no response. Three of the seven patients who received

dexamethasone for PD had previously achieved VGPR, 2/7

achieved PR, 1/7 had MR and 1/7 had disease stabilisation.

Following the addition of dexamethasone, 2/7 achieved VGPR,

1/7 achieved PR and 3/7 had stabilisation of disease whilst 1/7

failed to respond. The addition of dexamethasone led to best

ever response in 4/9 patients.

Discontinuation of therapy. Fourteen out of 20 patients have

now discontinued pomalidomide. This was due to PD in 11

patients, withdrawn consent in one patient, pyrexia of

unknown origin (PUO) in one patient and transverse

myelitis in one patient. The patient who developed PUO had

a relapsing and remitting fever and had had similar episodes

whilst receiving bortezomib therapy. The development of

transverse myelitis was not felt to be due to pomalidomide,

Fig 1. Non-haematological grade 1 and grade 2 events. Bar chart to show all non-haematological grade 1 or 2 events that occurred for patients

(n = 20) receiving pomalidomide during the 4-week dose-finding study.

Table III. Responses to pomalidomide.

No. of

patients

Maximum response (No. of patients)

CR VGPR PR MR SD PD

Overall 20 2 6 2 1 7 2

Starting dose (mg)

1 3 0 0 1 0 0 2

2 4* 1 1 0 0 1 0

5 10 1 4 0 0 5 0

10 3 0 1 1 1 0 0

Dose at maximum response (mg)

1 5 0 1� 1 0 1� 2

2 7* 1 1§ 1– 1 2** 0

5 8 1 4�� 0 0 3 0

10 0 0 0 0 0 0 0

*One patient withdrew consent after 2 weeks and is not eligible for

response assessment.

�One patient reduced from 2 mg ad to 1 mg ad at 18 weeks.

�One patient reduced from 5 mg to 2 mg at 12 weeks and to 1 mg at

15 weeks.

§One patient reduced from 5 mg ad to 2 mg ad at 18 weeks.

–Patient reduced from 10 mg to 5 mg ad at 7 weeks and then to 2 mg

ad at 14 weeks.

**One patient reduced from 10 mg ad to 5 mg ad at 7 weeks and then

to 2 mg ad at 15 weeks.

��One patient reduced from 10 mg ad to 5 mg ad at 7 weeks.

CR, complete response; VGPR, very good partial response; PR, partial

response; MR, minimal response; SD, stable disease; PD, progressive

disease.
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however, therapy was discontinued, the patient having

achieved a CR. The time to treatment failure was 10 months

(Fig 2B).

Mortality. Eleven out of 20 patients have died. The cause of

death was PD in 10 of these patients and unknown in one

patient. This patient had ceased pomalidomide 20 months

prior to death following the development of transverse myelitis

and had relapsed from complete remission 2 months prior to

death; however, no further information was available as to the

cause of death. With a median follow-up of 35 months the

median overall survival was 35Æ9 months (Fig 2C).

Changes in haematological parameters and association with

responses. Haemoglobin, total white blood count (WBC),

ANC, platelets and lymphocyte subsets (CD3, CD4, CD8,

NK, B cells) were available at baseline and 4 weeks for 18/20

patients. Mean results at baseline, at 4 weeks and the change

over 4 weeks are displayed in Table IV and Fig 3. 12/18, 17/18

and 18/18 patients had a significant decline in haemoglobin

level (P < 0Æ05), total white cell count (P < 0Æ0001) and

neutrophil count (P < 0Æ00001), respectively. The platelet

count of 12/18 patients increased but this did not reach

(A)

(B)

(C)

Fig 2. Progression free survival, time to treatment failure and overall

survival for patients treated with pomalidomide. Kaplan–Meier plots

to show survival times. (A) Progression-free survival for patients

treated with pomalidomide (n = 19; median 10Æ5 months; censored

for addition of dexamethasone). (B) Time-to-treatment failure for

patients treated with pomalidomide (n = 20; median 10 months; not

censored for addition of dexamethasone). (C) Overall survival of

patients treated with pomalidomide (n = 20; median 35Æ9 months; not

censored for addition of dexamethasone).

Table IV. Changes in haematological parameters and lymphocyte

subsets after 4 weeks.

Baseline 4 weeks Change

Mean (± SD) Mean (± SD) Mean (± SD)

Haemoglobin (g/l) 107 (17) 100 (17) )07Æ0 (14)*

Total White blood

cell count (·109/l)

3Æ8 (1Æ3) 2Æ7 (1Æ4) )1Æ1 (0Æ9)*

Neutrophil count

(·109/l)

2Æ1 (0Æ9) 1Æ1 (0Æ6) )1Æ0 (0Æ7)*

Platelet count

(·109/l)

153 (80) 181 (121) 28 (78)

Total Lymphocytes

(·109/l)

1Æ14 (0Æ51) 1Æ17 (0Æ67) )0Æ04 (0Æ49)

CD3% 72Æ5 (12Æ6) 77Æ2 (12Æ5) 4Æ7 (5Æ6)*

CD3 (·109/l) 0Æ829 (0Æ432) 0Æ879 (0Æ555) 0Æ049 (0Æ363)

CD4% 28Æ9 (10Æ3) 29Æ6 (9Æ1) 0Æ7 (5Æ7)

CD4 (·109/l) 0Æ324 (0Æ195) 0Æ329 (0Æ232) 0Æ005 (0Æ083)

CD8% 41Æ0 (12Æ7) 45Æ3 (14Æ3) 4Æ2 (5Æ4) *

CD8 (x 109/L) 0Æ476 (0Æ307) 0Æ527 (0Æ353) 0Æ051 (0Æ265)

B % 13Æ1 (9Æ2) 7Æ8 (6Æ0) )5Æ3 (6Æ0)*

B (·109/l) 0Æ156 (0Æ155) 0Æ075 (0Æ060) )0Æ081 (0Æ110)*

NK% 14Æ2 (8Æ4) 14Æ9 (9Æ3) 0Æ7 (4Æ5)

NK (·109/l) 0Æ143 (0Æ089) 0Æ162 (0Æ152) 0Æ019 (0Æ110)

CD4/CD8 ratio 0Æ827 (0Æ502) 0Æ774 (0Æ507) )0Æ053 (0Æ280)

*Indicates significance at P < 0Æ05.

WBC, White blood count; CD, Cluster of differentiation; B, B cell;

NK, Natural Killer Cell; SD, standard deviation.
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statistical significance. The total lymphocyte count fell in 11/18

patients [P = not significant (ns)]. There was a significant fall

in the B cell percentage in 16/18 patients (P = 0Æ002) and

absolute B cell number in 14/18 (P = 0Æ007). The CD3+

percentage and CD8+ percentage both increased in 15/18

patients (P = 0Æ003, P = 0Æ004 respectively) and this was

accompanied by a rise in the absolute CD3+ and CD8+

count in 8/18 and 9/18 patients (P = ns). The CD4+

percentage and absolute count rose in 10/18 and 8/18

patients (P = ns). The ratio of CD4+:CD8+ cells fell in 9/18

patients and remained the same in 3/18 patients (P = ns). The

NK cell percentage increased in 11/18 patients (P = ns) and

this was accompanied by an increase in absolute NK cell

number in 7/18 (P = ns). Using Spearman correlation analysis

there was a significant association between the fall in B cell

percentage and increase in CD3 percentage (P = 0Æ004,

r2 = 0Æ41) and a trend toward B cell and CD8 percentage

change (P = 0Æ06, r2 = 0Æ20) but there did not appear to be an

association between the B cell percentage fall and change in

CD4 percentage or total lymphocyte count.

In the group of 18 patients for whom baseline and 4 week

parameters were available, 1/18 achieved CR, 6/18 VGPR, 2/18

achieved PR, 1/18 MR, 6/18 had SD and 2/18 had PD as

maximum single agent response to pomalidomide. The

potential association between baseline characteristics and sig-

nificant paraprotein response (in this analysis significant

response defined as >50% reduction in paraprotein) was

examined. A CD8+ percentage greater than the mean (41%)

was associated with a PR or better in 8/18 patients and this was

statistically significant (P = 0Æ02). There was a trend toward an

association between CD4+ greater than the mean (28%) or

absolute NK cells less than the mean (<0Æ143 · 109/l) and

paraprotein reduction of 50% (P = 0Æ06) but there were no

other associations between baseline characteristics and response

detectable. The association between change in these parameters

over 4 weeks and maximum disease response of PR or better was

also examined. There was a significant association between a fall

in paraprotein >50% at 4 weeks and a maximal paraprotein

reduction >50% (P = 0Æ02). 6/18 patients had a rise in

haemoglobin level following 4 weeks of treatment with poma-

lidomide and this was associated with a maximum response of

PR or better in 5/6 patients (P = 0Æ05). A response of PR or

better was not associated with changes in other parameters.

We also analysed the correlation between haematological

parameters (Hb, WBC, ANC, lymphocytes, CD3+%, absolute

CD3+, CD4+%, absolute CD4+, CD8+%, absolute CD8+, B cell

%, absolute B cells, NK %, absolute NK cells and CD4+/CD8+

ratio) at baseline, and at 4 weeks, and the absolute change over

4 weeks of pomalidomide treatment and maximal percentage

change in paraprotein. Using a Pearson correlation method

there was no correlation between any baseline characteristic

and percentage change in paraprotein. However there was a

significant negative association between B cell percentage or

absolute B cell count at 4 weeks and maximal percentage

change in paraprotein (P = 0Æ05 and P = 0Æ03 respectively). As

expected, there was a significant association between the

change in paraprotein percentage at 4 weeks and the maximal

change in paraprotein (P = 0Æ0005) but no other significant

correlations between the degree of change in parameter and

percentage change in paraprotein could be detected.

Fig 3. Pomalidomide induced changes in lymphocyte subsets. Patients received pomalidomide from day 1 (1–10 mg alternate days). Lymphocyte

subsets were analysed on day 1 and day 28. Scatter plots are shown for lymphocyte parameters at baseline and after 4 weeks of pomalidomide

treatment for 18 patients. The y-axis represents absolute count or lymphocyte subset percentage as percentage of total lymphocytes as indicated. The

horizontal bar represents the mean for the group. Statistically significant changes are indicated with an asterisk (*P £ 0Æ05). NK, natural killer cells.
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Discussion

Pomalidomide, (CC-4047), is one of several potent, small

immunomodulatory molecule derivatives of thalidomide

developed to improve the efficacy and reduce the toxicity of

the parent molecule. Pomalidomide has significant anti-TNFa
activity in vitro and is 5000-fold more potent than thalidomide

and 10-fold more potent than lenalidomide (Corral et al, 1999;

Muller et al, 1999). In addition, it stimulates T-cell prolifer-

ation, enhances interleukin-2 and interferon-c production.

Treatment of myeloma cells with pomalidomide in-vitro is

associated with apoptosis induction via caspase-8, reduction of

proliferation, inhibition of NFjB activation, reduction of

stromal cell stimulatory cytokine secretion and angiogenesis

inhibition (Hideshima et al, 2000; Gupta et al, 2001; Mitsiades

et al, 2002). Pomalidomide administered to patients with

myeloma in a phase 1 dose escalation study as a single agent in

a daily dosing schedule was reasonably well tolerated with

excellent disease responses seen (Schey et al, 2004). However,

grade 3/4 neutropenia developed in 58% of patients and deep

venous thrombosis in 16%. We therefore undertook a second

dose-finding study using alternate day administration with the

aim of reducing toxicity.

The DLT when used on alternate days was myelosuppres-

sion. Grade 4 neutropenia occurred in all patients who

received the highest dose of 10 mg ad. There were no other

grade 4 neutropenic events and no grade 3/4 non-haemato-

logical events. The MTD was therefore defined as 5 mg ad.

Grade 3 neutropenia developed in 6/17 (35%) patients who

received a lower dose of pomalidomide. Neutropenia resolved

in all patients upon temporarily withholding therapy within

4 weeks without requiring growth factor support and no

infective episodes occurred during the period of neutropenia.

All patients were able to restart therapy at a lower dose. No

patients withdrew from therapy as a result of recurrent or

extended neutropenia.

Thromboembolic disease remains a potentially serious

adverse event in patients with myeloma. In a retrospective

analysis from a single institution, 9Æ9% of patients (2Æ5% newly

diagnosed and 7Æ4% relapsed/refractory disease) developed a

thromboembolic event at a median of 1 month following

treatment (Srkalovic et al, 2004). The incidence of venous

thromboembolism in association with the use of single agent

thalidomide or lenalidomide is low and has been reported in

up to 5% of patients (Singhal et al, 1999; Hussein, 2006;

Richardson et al, 2006). Interestingly, the use of combination

therapy, especially with dexamethasone, appears to increase

this risk (Dimopoulos et al, 2005; Hussein, 2006; Knight et al,

2006). In this phase 1 study, there were no deep vein

thromboses reported either for patients who received single

agent pomalidomide or those who subsequently received

pomalidomide and dexamethasone. Routine thromboprophy-

laxis was not administered in this study. This supports the

suggestion that the risk of deep vein thrombosis associated

with the use of immunomodulatory drugs (IMids) is increased

in de novo disease or combination treatment with steroids,

erythropoietin or anthracyclines (Knight et al, 2006). The

pathogenesis is unknown although a number of theories have

been proposed including acquired activated protein C resis-

tance, raised levels of factor VIII and von Willebrand factor,

endothelial activation and alteration of thrombomodulin

(Kaushal et al, 2002; Zangari et al, 2002; Minnema et al,

2003; Corso et al, 2004). We previously examined markers of

endothelial, platelet, fibrinolysis and coagulation activation in

patients who received daily doses of pomalidomide and found

treatment did not modify any of these factors (Streetly et al,

2005). Given the short half-life of pomalidomide, the lack of

thrombotic complications observed in the alternate day

scheduling may throw some light on the pathogenesis of the

thromboembolic complications reported with this class of

agents. As with warfarin-induced skin necrosis, a transient

procoagulant/anticoagulant imbalance may develop on initi-

ating pomalidomide (Stewart et al, 1999). This may be further

exaggerated in protein C deficiency, leading to a relative

hypercoagulable state. Other hypercoagulable conditions, such

as protein S deficiency, resistance to activated protein C,

antithrombin deficiency and lupus anticoagulants may also be

associated. The short serum half-life of pomalidomide (7 h)

and the increased time between dosing may allow time for

coagulation factor levels to return to normal levels with the

alternate day regimen and might be the reason why no

thromboembolic phenomena were identified. We were unable

to test this hypothesis in this study but we intend to explore

this further in future studies. Other treatment-related toxicity

was mild and infrequent. Grade 2 constipation occurred in

20% of patients and was successfully managed with laxatives.

Notably, neurological complications were limited to transient

tremor in 2/20 patients and there was no reported somnolence.

No patients were withdrawn as a result of pomalidomide-

related toxicity and 17/20 patients continued on therapy after

the initial 4-week study period for a median 13 months.

Responses to novel agents have been extremely encouraging.

In phase 1/2 trials of single agent lenalidomide, responses in

heavily pretreated patients ranged from 14% to 18% achieving

PR or better and up to 6% CR (Richardson et al, 2002;

Barlogie et al, 2004). Similarly, for bortezomib, a PR was

reported in up to 28% and CR or near CR in up to 10%

(Richardson et al, 2002, 2003, 2006). We previously deter-

mined that pomalidomide as a single daily dose induced a 50%

or greater reduction in paraprotein in 54% of patients and

17% achieved a CR (Schey et al, 2004). The response rates with

alternate day pomalidomide are encouraging, especially as the

subjects were heavily pretreated with a median of four prior

treatments including 65% having a previous stem cell trans-

plant and 85% prior thalidomide. 50% of those treated had at

least a 50% reduction in paraprotein with 10% of patients

achieving a CR; and 40% achieved at least a VGPR. Responses

were observed at all dose levels examined although both

patients who developed early PD were treated on the lowest

dose cohort. Responses were durable with a progression-free
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survival of 10 months, which is similar to that observed with

daily pomalidomide. Dexamethasone has been shown to

enhance the anti-myeloma effects of thalidomide, lenalidomide

and bortezomib in-vitro and in-vivo (Richardson et al, 2002,

2003). Nine patients (41%) in the current report received

dexamethasone in addition to pomalidomide. 3/7 (42%)

patients who received dexamethasone for PD had at least

a 50% paraprotein fall and the addition of dexamethasone led

to a best ever response in 4/9 (44%) patients.

An important mechanism of action of the IMids is T-cell

co-stimulatory activity (Corral et al, 1999). In addition, NK

cells from patients treated with lenalidomide have anti-

myeloma specificity (Davies et al, 2001), whilst a recent

abstract publication observed that patients with chronic

lymphocytic leukaemia responded to lenalidomide if their

baseline NK cell count was above a certain threshold

(Padmanabhan et al, 2006). We have previously observed a

pomalidomide-induced increase in serum interleukin-12 and

soluble interleukin-2 receptor levels accompanied by a switch

from resting to activated T-cell phenotype (Schey et al, 2004).

The current study has shown an increase over a 4-week period

of treatment with pomalidomide in absolute CD3, CD4, CD8

and NK cell counts in 38–50% of patients and a significant

increase in CD8 cells as a proportion of the total lymphocyte

population, with a corresponding decrease in both the absolute

number and proportion of B cells. Interestingly this contrasts

with the increased CD4 T cell percentage and CD4/CD8 ratio

observed during lenalidomide therapy (Richardson et al,

2006). We observed a statistically significant correlation

between both the 4-week B cell percentage and the absolute

count and the percentage change in paraprotein; however, we

could detect no other response correlations. This represents

further in vivo evidence that treatment with IMids is associated

with changes in T/NK cell levels in myeloma patients.

Although no firm conclusions can be drawn from this small

phase 1 study these observations warrant further investigation

in a larger study. Although we observed increases in both T cell

subsets and NK cells we did not examine functional changes

that are likely to have further importance.

We report here a phase 1 dose escalation study of the

thalidomide analogue pomalidomide. The drug was well

tolerated with reduced toxicity compared to daily dosing

whilst maintaining excellent responses. In particular, no

thrombotic events were observed during the study, which

may shed some light onto the pathogenesis of this as yet

unexplained phenomenon. This also suggests that, given the

potential complications of long term anticoagulation therapy,

routine prophylaxis with anticoagulants should only be offered

to those with additional predisposing risk factors or a history

of thromboembolic disease for those receiving alternate day

pomalidomide. Although this is a small study and was

designed to assess toxicity, the observed responses were

excellent. The addition of dexamethasone rescued a significant

proportion of relapsed patients, suggesting it is a useful

adjunctive therapy and may improve overall responses when

used in combination. However a comparative study between

lenalidomide when administered daily or on alternate days

demonstrated reduced toxicity but reduced efficacy for those

patients who received alternate day treatment (Barlogie et al,

2004), suggesting that further studies to compare daily and

alternate day pomalidomide dosing at a fixed dosage level

should be explored to confirm efficacy. Alternatively, other

dosing regimes, such as that used with lenalidomide (21 d of

therapy out of 28 d) also warrant study. The use of other

chemotherapy agents, e.g. cyclophosphamide, or other novel

therapies, such as bortezomib in combination with pomalid-

omide and dexamethasone, offer other strategies for further

improving responses. In addition the study of in-vivo lym-

phocyte subsets indicates that the immunomodulatory activity

of this novel agent may be an important mechanism of action

of this promising new compound and suggests an important

potential role when used in combination with other agents.
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