
ORIGINAL ARTICLE

Pomalidomide, cyclophosphamide, and dexamethasone
for relapsed/refractory multiple myeloma patients
in a real-life setting: a single-center retrospective study
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Abstract
Pomalidomide dexamethasone is a standard of care for relapsed multiple myeloma (MM) patients who received at least two prior
lines of therapy, including both lenalidomide and proteasome inhibitors (PI). We report here a real-life single-center series of 49
consecutive patients with relapsed and refractory MM treated with the triplet pomalidomide cyclophosphamide dexamethasone
(PCD) combination. Themedian of prior lines of therapy was 3 and all patients were previously exposed to proteasome inhibitors
and lenalidomide. The overall response rate was 76%, including 27% very good partial response or better. With a median follow-
up of 16 months, the median progression-free survival (PFS) was 7.3 months and the median overall survival was not reached.
Regarding safety, most frequent toxicity was hematologic, including 37% grade 3–4 cytopenias. Nine patients (18%)
discontinued therapy due to adverse event. Our study confirms that PCD combination is feasible and results in favorable response
rate and PFS in comparison with pomalidomide dexamethasone alone.
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Introduction

The life expectancy of myeloma patients has doubled over the
past decades [1]. This outstanding improvement is predomi-
nantly due to the widespread use of novel agents, including
proteasome inhibitors (PI), immunomodulatory drugs
(IMiDs), and more recently monoclonal antibodies.
However, the outcome of patients whose disease became re-

fractory to PI and IMiDs remains poor, with a median overall
survival (OS) of nearly 1 year [2]. The large phase 3 random-
ized trial MM-003 lead to the approval of pomalidomide and
low-dose dexamethasone (Pd) for the treatment of patients
with relapsed and refractory myeloma who have received at
least two prior therapies, including both lenalidomide and
bortezomib [3]. In this trial, patients randomized in the Pd
arm achieved an overall response rate (ORR) of 31% and a
median progression-free survival (PFS) of 4 months. Similar
results were confirmed in the STRATUS trial (MM-010), a
phase 3b study that assessed the safety and efficacy of
pomalidomide plus low-dose dexamethasone in a large cohort
of 682 patients with relapsed or refractory multiple myeloma,
previously exposed to alkylator therapy and who failed treat-
ment with bortezomib and lenalidomide [4]. In order to im-
prove these results, the triplet oral combination pomalidomide
cyclophosphamide and dexamethasone (PCD) has been inves-
tigated [5–7]. In the present study, we report the safety and
efficacy of the PCD combination in 49 patients with relapsed
and refractory MM who have received at least two prior ther-
apies, including both lenalidomide and PI.
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Material and methods

Patients

We conducted a retrospective institutional review board–
approved analysis of all consecutive patients that fulfilled
the following criteria: (i) diagnosis of multiple myeloma ac-
cording to international criteria [8]; (ii) relapsed and/or refrac-
tory to at least two priors therapies, including lenalidomide
and PI; and (iii) treated with pomalidomide, cyclophospha-
mide, and dexamethasone. All patients were treated in our
institution (Hematology Department, University Hospital of
Nantes, France). For each patient, we collected baseline data
at the time of PCD therapy initiation including age, sex,
ECOG PS, isotype, renal function, cytogenetic by FISH (i.e.,
t(4;14) and 17p deletion), the presence of extramedullary dis-
ease, and prior therapies. Cytogenetic abnormalities were con-
sidered to be significant if detected in more than 10% of the
cells for fusions, and 20% for number abnormalities.

Treatment

The starting dose of PCD combination was as follows:
pomalidomide (4 mg once daily orally on days 1–21 of each
28-day cycle), cyclophosphamide (300 mg/day weekly on
days 1, 8, 15, and 22), and dexamethasone (40 mg weekly
on days 1, 8, 15, and 22). For patient above 75 years old or
patients with recorded grade 3–4 toxicity from prior cortico-
steroid therapy, the starting dose of dexamethasone was re-
duced to 20 mg weekly. All patients received deep venous
thrombosis (DVT) prophylaxis, either with aspirin or low-
molecular-weight heparin, according to their risk factors for
thrombosis. PCD was given until disease progression or un-
acceptable toxicity.

Statistical analysis

Response to treatment was determined according to the inter-
national criteria [9]. Progression-free survival (PFS) and OS
were calculated using the Kaplan-Meier method and com-
pared by the log-rank test from the first day of PCD therapy.

Results

Patient characteristics

From January 2015 to July 2018, 49 consecutive patients with
relapsed multiple myeloma previously treated with at least 2
prior lines of therapy including PI and lenalidomide were
treated with PCD at our institution. Patient characteristics are
summarized in Table 1. The median age was 66 years. Eight
patients (16%) were aged above 75 years. Nine (18%) patients

had high-risk cytogenetic (t(4;14) or 17p deletion). The medi-
an time from diagnosis to PCD therapy was 5 years (range,
0.5–17.5 years). The median number of prior therapies was 3
(range, 2–8). All patients were previously treated with
lenalidomide and a proteasome inhibitor. Thirty-nine (80%)
patients were refractory to lenalidomide. Twenty-eight (57%)
patients were refractory to PI including 17 (35%) patients
refractory to bortezomib. A double refractory status
(lenalidomide and PI) was identified in 21 (43%) patients.

Efficacy

Patients received a median number of 7 cycles of PCD (range,
1–32). The overall response rate (ORR) was 76%, including
27% very good partial response. Four patients achieved a
negative immunofixation. The median time to best response
was 3.6 months. Because bone marrow aspiration was not
rout inely done in pat ients achieving a negat ive
immunofixation outside clinical trials, no complete response

Table 1 Baseline characteristics at time of PCD therapy

n = 49

Median age, years (range) 66 (46–83)

Age > 75 ans 8 (16%)

Immunoglobulin isotype

Ig G 31 (63%)

Ig A 8 (16%)

Light chains 10 (21%)

International system staging

I 14 (29%)

II 26 (53%)

III 9 (18%)

High-risk FISH* 9 (18%)

17p deletion 4 (8%)

(4,14) translocation 5 (10%)

Extramedullary disease 4 (8%)

MDRD clearance < 50 ml/min 11 (22%)

Prior therapies

Median numbers of prior therapies (range) 3 (2–8)

Refractory to the last therapy 37 (76%)

Prior ASCT 35 (71%)

Prior Btz/refractory to Btz 45 (92%) / 17 (35%)

Prior Len/refractory to Len 49 (100%) / 39 (80%)

Len refractory as last line of therapy 16 (33%)

Prior Carf/refractory to Carf 14 (29%) / 11 (22%)

Double refractory to len and PI 21 (43%)

*Cytogenetic abnormalities were considered to be significant if detected
in more than 10% of the analyzed cells for fusions and 20% for number
abnormalities

FISH, fluorescence in situ hybridization; MDRD, modification of diet in
renal disease; Btz, bortezomib; len, lenalidomide; Carf, carfilzomib
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has been confirmed. The median follow-up since PCD treat-
ment initiation was 16 months. At the time of analysis
(February 2019), thirty-one (63%) patients have discontinued
PCD because of disease progression and nine (18%) patients
still remain on treatment. The estimated median PFS was
7.3 months (Fig. 1) and the estimated median OS was not
reached (Fig. 1b). Patients with high-risk cytogenetic (n = 9)
were found to have shorter median PFS (3.3 vs 7.9 months,
p = 0.0027) and shorter median OS (6.5 months vs not
reached, p = 0.003) in comparison with patients with
standard-risk cytogenetic. Non-responder patients (n = 12)
were found to have shorter median PFS (3 vs 8.4 months,
p < 0.0001) and shorter median OS (4.2 months vs not
reached, p = 0.0043) in comparison with patients who
achieved at least a partial response. Patients with
lenalidomide-refractory disease were found to have similar
median PFS and OS than patients who were not refractory to
lenalidomide. PFS and OS results for the different subgroups
of patients are represented in Fig. 2.

Safety

Nineteen patients (39%) required dose reduction for
pomalidomide and 14 patients (29%) required dose reduction
for cyclophosphamide due to grade 3 or 4 cytopenias.
Dexamethasone dose was decreased in 6 (11%) patients. The
most common adverse event was hematologic toxicity, re-
corded in 24 (49%) patients. Among these patients, 18
(37%) experienced grade 3–4 hematologic toxicity. Despite
risk-adapted DVT prophylaxis, 2 (4%) patients developed
thrombosis. No death related to toxicity was reported.

Overall, 9 (18%) patients stopped PCD therapy because of
adverse event: secondary primary malignancy (melanoma
(n = 1), gastro-intestinal cancer (n = 1)), grade 3 fatigue (n =
1), and grade 3/4 cytopenia (n = 6). Safety and efficacy results
are summarized in Table 2.

Discussion

This single-center retrospective study investigated the efficacy
of PCD in relapsed myeloma patients who received at least 2
prior lines of therapy including lenalidomide and PI. Patients
had advanced myeloma with a median number of 3 prior
therapies. Most patients (80%) had lenalidomide-refractory
disease and the majority of them had PI-refractory disease.
In this context, PCD therapy resulted in an ORR of 76% and
a median PFS of 7.3 months. These results compared favor-
ably with those obtained with Pd (ORR of 31% and median
PFS of 4 months) in a similar population of MM patients [3].
In our study, the benefit of PCD therapy in terms of PFS and
OS is mainly observed in patients without high-risk cytoge-
netic (t(4;14) and/or 17p deletion) and in patients who
achieved at least a partial response.

Only a few data investigating the efficacy of PCD in ad-
vancedMM patients previously treated with lenalidomide and
PI are available. In a phase 2 randomized study, Baz and
colleagues reported the efficacy of PCD in 34 patients with
relapsed myeloma [5]. The median number of prior therapies
was 4 and all patients were refractory to lenalidomide. In this
trial, pomalidomide was given at the dose of 4 mg (days 1 to
21 of a 28-day cycle) and cyclophosphamide was given
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Fig. 1 Progression-free survival and overall survival
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400 mg orally on days 1, 8, and 15. Patients received higher
dose of dexamethasone during the 4 first cycles (40 mg day 1
to 4 and 40 mg from day 15 to 18) and then 40 mg weekly.
PCD resulted here in an ORR of 65% and in a median PFS of
9.5 months. The main toxicity was hematologic, including

51% grade 3–4 neutropenia. Larocca and colleagues reported
a phase 1–2 study evaluating the efficacy of pomalidomide
(2.5 mg/day) in combination with cyclophosphamide (50 mg
every other day) and prednisone (50 mg every other day) in
relapsed myeloma patients (n = 55) [7]. The median number
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Fig. 2 Outcome according to cytogenetic risk, response, and
lenalidomide refractory status. PFS and OS according to cytogenetic
risk are represented in (a) and (b), respectively. PFS and OS according
to response to therapy are represented in (c) and (d), respectively

(responder patients are patients who achieved at least a partial
response). PFS and OS according to lenalidomide-refractory status are
represented in (e) and (f), respectively. len, lenalidomide
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of prior therapies was 3, and 67% of patients were refractory
to lenalidomide. In this trial, the ORR was 51% and the me-
dian PFS was 10months [6]. Taken together, the present study
and the 2 early-phase trial from Baz and Larocca indicate that
the addition of cyclophosphamide to pomalidomide improve
the ORR and median PFS in comparison with Pd alone in
advanced myeloma patients refractory to lenalidomide. In
our study, the median PFS (7.3 months) tends to be slightly
shorter than those obtained in the studies from Baz and
Larocca (9.5 and 10 months, respectively). However, it is
difficult to compare clinical data obtained from clinical trials
and data from real life. Indeed, real-life studies include more
unselected patients (i.e., the presence of renal failure, poor
performance status).

Recently, a phase 2 trial from the Intergroupe Francophone
duMyélome (IFM) group evaluated the efficacy and safety of
PCD in MM patients at first relapse. Forty-nine patients re-
ceived 8 cycles of PCD (pomalidomide 4 mg days 1–21, cy-
clophosphamide 300 mg weekly, and dexamethasone 40 mg
weekly) followed by Pd given until disease progression. For
these patients, the ORR was 84% and the median PFS was
24months. This promising efficacy results should therefore be

interpreted in the context of patients at first relapse, and not
refractory to lenalidomide.

In myeloma patients relapsing after bortezomib therapy and
refractory to lenalidomide, the addition of carfilzomib to
pomalidomide and dexamethasone has been also evaluated
[10, 11]. In these two phase 1 studies, carfilzomib was given
twice or once weekly with standard pomalidomide and dexa-
methasone schedule. The overall response rates were 50% and
62%, respectively. The median PFS were 7.2 and 10 months,
respectively. No adverse safety signals were reported. For the
treatment of relapsed myeloma patients who received at least 2
prior lines of therapy including lenalidomide and PI, the addi-
tion of monoclonal antibodies to pomalidomide and dexameth-
asone has also been reported. A large phase 1b study reported
the promising efficacy of pomalidomide dexamethasone and
daratumumab (Dara-Pd) in 103 patients with advanced MM
(median of 4 prior therapies, 20% refractory to lenalidomide)
[12]. The ORR was 60% and the median PFS was 8.8 months.
More recently, the randomized trial ELOQUENT-3 demon-
strated the superiority of pomalidomide dexamethasone and
elotuzumab (Elo-Pd) over Pd alone in 117 patients with re-
lapsed MM refractory to lenalidomide [13]. Patients in the

Table 2 Safety
Overall AE, n (%) Grade1/2, n (%) Grade 3/4, n (%)

Infection 8 (16%) 3 (6%) 5 (10%)

Neutropenia 22 (45%) 8 (16%) 14 (29%)

Thrombocytopenia 15 (31%) 9 (18%) 6 (12%)

Anemia 17 (35%) 10 (20%) 7 (14%)

Thrombosis 2 (4%) 2 (4%) 0

AE related to corticosteroids 7 (14%) 2 (4%) 5 (10%)

AE, adverse event

Table 3 Triplet pomalidomide-based combination for relapsed myeloma patients who received at least 2 prior lines of therapy including lenalidomide
and proteasome inhibitor

Study Treatment n Prior lines (median) Lenalidomide
refractory (%)

Previously exposed to
PI (Btz/Carf) (%)

ORR (%) PFS (months)

Present study PCD 54 3 81 93/27 72 6.5

Baz et al. PCD 34 4 100 71/38 65 9.5

Larocca et al. PCPred 55 3 67 84/0 51 10.4

Shah et al. KPD 32 6 100 97/0 50 7.2

Bringhen et al. KPD 57 2 100 96/0 62 10.3

Dimopoulos et al. Elo-Pd 60 3 90 100/15 53 10.3

Chari et al. Dara-Pd 103 4 20 98/33 60 8.8

Btz, bortezomib;Carf, carfilzomib;ORR, overall response rate; PFS, progression-free survival;PCD, pomalidomide cyclophosphamide dexamethasone;
PCPred, pomalidomide cyclophosphamide prednisone; Elo-Pd, elotuzumab pomalidomide dexamethasone; Dara-Pd, daratumumab pomalidomide
dexamethasone
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Elo-Pd arm had an improved ORR (53% vs 26%) and an
improved PFS (median 10.3 versus 4.7 months). Studies eval-
uating the efficacy of triplet pomalidomide-based combination
in relapsedmyeloma patients who received at least 2 prior lines
of therapy including lenalidomide and PI are summarized in
Table 3.

To the best of our knowledge, this study is the first report
evaluating the efficacy of the triplet PCD combination in MM
patients in a Breal-life^ setting. In relapsed MM patients who
received at least 2 prior lines of therapy including
lenalidomide and PI, the addition of cyclophosphamide to
pomalidomide and dexamethasone compared favorably to
Pd alone in terms of ORR and PFS. Even if triplet
pomalidomide-based combinations with monoclonal antibod-
ies are promising, such combinations are not yet approved.
PCD is therefore a manageable, cost-effective, and oral triplet
combination for relapsed MM patients eligible to Pd.
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