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Pomalidomide–dexamethasone in refractory multiple
myeloma: long-term follow-up of a multi-cohort phase II
clinical trial
S Ailawadhi1, JR Mikhael2, BR LaPlant3, KM Laumann3, S Kumar4, V Roy1, D Dingli4, PL Bergsagel2, FK Buadi4, SV Rajkumar4, R Fonseca2,
MA Gertz4, P Kapoor4, T Sher1, SR Hayman4, AK Stewart2, A Dispenzieri4, RA Kyle4, WI Gonsalves4, CB Reeder2, Y Lin4, RS Go4, N Leung4,
T Kourelis4, JA Lust4, SJ Russell2, AA Chanan-Khan1 and MQ Lacy4

Despite therapeutic advances, multiple myeloma remains incurable, with limited options for patients with refractory disease. We
conducted a large, multi-cohort clinical trial testing various doses and treatment schedules of pomalidomide and dexamethasone
(Pom/dex) in patients with refractory multiple myeloma. Overall, 345 patients were enrolled to six cohorts based on number and
type of prior lines of therapy, pomalidomide dose and schedule. Median prior lines of therapy were three with near universal prior
exposure to proteasome inhibitors and/or immunomodulatory drugs. A confirmed response rate of 35% was noted for all cohorts
(range 23–65%) with higher responses in cohorts with fewer prior lines of therapy. Median time to confirmed response was
⩽ 2 months and the longest progression-free survival and overall survival seen in any cohort were 13.1 and 47.9 months,
respectively. Observed adverse reactions were as expected, with myelosuppression and fatigue being the most common
hematologic and non-hematologic adverse events (AEs), respectively. Longer durations of treatment and response, higher response
rates and fewer AEs were noted with the 2 mg pomalidomide dose. This is the longest follow-up data for Pom/dex in refractory
multiple myeloma and will help shape the real-world utilization of this regimen.
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INTRODUCTION
Treatment of multiple myeloma has evolved significantly over the
years. Immunomodulatory drugs (IMiDs) have emerged as a
cornerstone therapeutic strategy in myeloma, with utilization in
several different regimens and lines of therapy over the course of
a patient’s treatment. Recent data from several randomized
clinical trials have shown that a combination of three drugs
(triplet) is superior to two drugs (doublet) in significantly
improving progression-free survival (PFS) and in some cases
overall survival (OS).1–5 With the improvement in efficacy and
emergence of newer classes of drugs, many of these triplet
regimens are being used relatively early on in disease manage-
ment. At the same time, there is evidence to suggest that longer
duration of therapy utilizing a maintenance treatment strategy is
more beneficial in improving patient outcomes.6 As such, disease
that is refractory to novel agents, especially IMiDs and proteasome
inhibitors, which are the backbone of all established triplet
regimens, is being encountered more frequently and earlier in the
life of a myeloma patient. Multiple myeloma that is relapsed and/
or refractory to proteasome inhibitors and IMiDs carries a poor
prognosis even in the absence of conventional adverse risk
prognostic markers and remains a challenge.7–9

The use of pomalidomide, an IMiD with higher in vitro potency
than both thalidomide and lenalidomide, has been reported
as a single agent10,11 as well as in combination with
dexamethasone11–17 in patients with relapsed and/or refractory

myeloma. We report on a multi-cohort phase II clinical trial of
different doses and schedules of pomalidomide in combination
with low-dose dexamethasone (Pom/dex) in patients with
refractory multiple myeloma and provide the longest follow-up
provided in a prospective clinical trial utilizing this regimen.

MATERIALS AND METHODS
Eligibility
Patients were eligible to enter the study if they had relapsed or were
refractory to therapy. Eligibility criteria based on prior treatment were
defined depending on the treatment cohort the patients were accrued to,
including: refractory myeloma with o3 prior regimens of treatment;
myeloma refractory to prior lenalidomide; myeloma refractory to prior
lenalidomide and bortezomib; and refractory myeloma without any limit
on prior regimens of treatment. Induction therapy followed by autologous
stem cell transplant and consolidation was considered one regimen.
Patients were required to have measurable disease defined as by
International Myeloma Working Group.18 Patients also needed a platelet
count 475× 109/l, absolute neutrophil count 41.0 × 109/l and creatinine
o2.5 mg/dl. All previous cancer therapy must have been discontinued
⩾ 2 weeks before study registration. Patients with uncontrolled infection,
another active malignancy, deep vein thrombosis that had not been
therapeutically anticoagulated, Eastern Cooperative Oncology Group
performance score of 3 or 4, grade 3 or 4 peripheral neuropathy, pregnant
or nursing women, women of child-bearing potential who were unwilling
to use a dual method of contraception and men who were unwilling to use
a condom were excluded. The study was approved by the Mayo Clinic
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Institutional Review Board in accordance with federal regulations and the
Declaration of Helsinki and was registered at http://ClinicalTrials.gov,
number NCT00558896.

Treatment schedule
The trial included six treatment cohorts with pomalidomide administered
orally at a dose of 2 mg daily (three treatment cohorts) or 4 mg daily (three
treatment cohorts). Pomalidomide was given on days 1–28 of a 28-day
cycle in five of the treatment cohorts and on days 1–21 of a 28-day cycle in
one cohort. Dexamethasone was given orally at a dose of 40 mg daily on
days 1, 8, 15 and 22 of each cycle. The different cohorts based on prior
treatment regimens, starting dose and schedule of pomalidomide are
shown in Table 1. Patients also received aspirin 325 mg once daily for
thromboprophylaxis, but were allowed to substitute full-dose antic-
oagulation with either low-molecular-weight heparin or warfarin at
physician discretion.
Dose adjustments were permitted based on toxicity as follows:

pomalidomide was to be permanently discontinued in the event of a
grade 4 rash, neuropathy or hypersensitivity, and grade 3 or higher
bradycardia or cardiac arrhythmia. It was progressively reduced for other
related grade 3 or higher adverse events (AEs) to dose levels of 2 or 4 mg
for 21 days of each 28-day cycle. Subsequent dose reductions were done in
1 mg increments for the 4 mg cohorts until a dose of 2 mg for 21 days of
each 28-day cycle was reached. Dose reductions required subsequent to a
2 mg dose for 21 days of each 28-day cycle were then done in 0.5 mg
increments. When grade 3 or 4 AEs occurred prior to day 15 of a cycle and
resolved to grade 2 or lower before day 28 of the cycle, pomalidomide was
resumed at the next lower dose level, with the next cycle continuing at the
reduced dose level. For grade 3 or 4 AEs occurring on or after day 15 of a
given cycle, pomalidomide was held for the remainder of the cycle and
reduced by one dose level beginning with the next cycle. Dose reductions
were permitted for dexamethasone-related toxicity, by lowering the dose
of dexamethasone progressively to 20, 12, 8 and 4 mg once weekly.
Therapy was discontinued permanently in patients unable to tolerate the
lowest doses of pomalidomide or dexamethasone. In the absence of grade
3 or higher toxicity, the daily dose of pomalidomide could be increased at
physician discretion to 4 mg in patients who had not achieved a 25%
reduction in serum or urine monoclonal protein levels after two cycles of
therapy or who had previously responded and had rising serum or urine
monoclonal protein levels. Among patients who had a previous dose
reduction, escalation was allowed as long as there was no current grade 3
or 4 toxicity.

Response and toxicity criteria
Responses were assessed according to the then-published criteria of the
International Myeloma Working Group.18

The National Cancer Institute Common Terminology Criteria for Adverse
Events, version 3, was used to grade AEs as well as to assign perceived
attribution to the study treatment regimen. Toxicity was defined as AEs at
least possibly related to treatment.
We were interested in specifically looking at responses among high-risk

patients. High risk was defined, according to the published criteria at the
time of primary analysis of the trial,18 as cytogenetic studies (hypodiploidy
or karyotypic deletion of chromosome 13), fluorescent in situ hybridization
(presence of translocations t(4;14) or t(14;16) or deletion 17p) or plasma
cell labeling index ⩾ 3%.

Statistical design and analysis
The primary end point for all the cohorts was the confirmed overall
response rate (ORR= stringent complete response, very good partial
response or partial response). Cohorts 1–5 used a one-stage binomial
design or a one-stage design with an interim analysis based on a Simon
design. Accrual within any cohort did not halt while waiting for interim
analysis and patient accrual to the cohorts was done in a sequential
manner, with patients accrued to a subsequent cohort after the previous
one was complete. For cohort 6, a total of 120 evaluable patients were
enrolled to show that a 90% confidence interval (CI) for confirmed
response rate would lie above 26% if 24 or more responses were observed.
Secondary end points included OS, PFS, duration of response (DOR) and AE
profile. Exact binomial CIs were constructed for the primary end point of
confirmed response. The distributions of (1) OS time (time from study
entry to death), (2) PFS time (time from study entry to the earlier of
disease progression or death) and (3) DOR (time from first documentation
of response until disease progression in patients who achieved a
response), were estimated using the method of Kaplan–Meier. Simple
descriptive statistics were used to summarize the adverse event (AE)
profile and baseline patient characteristics. The relationship between
prognostic factors and response (responder vs non-responder) was
evaluated by Fisher’s exact tests. Cox proportional hazards models
were used to evaluate the impact of multiple factors simultaneously
on time to progression, where the branch and bound algorithm of
Furnival and Wilson was used to identify factors for the final
multivariable model.

RESULTS
Patient population
Overall, 345 patients were accrued to the study from 1 November
2007 to 31 March 2012. These included 60, 34, 35, 35, 61 and 120
patients accrued sequentially to the 6 cohorts, respectively. The
cohort treatment characteristics and accrual periods are detailed
in Table 1. Two of the patients were inevaluable (one each from
cohorts 5 and 6), leading to 343 patients in the final analysis.
Patient characteristics are presented in Table 2. The median time
from diagnosis to enrollment on study was variable among the
cohorts, with the shortest time since diagnosis noted in patients
on cohort 5 (refractory to o3 prior regimens, 4 mg; 38.4 months)
and the longest in patients on cohort 4 (refractory to lenalidomide
and bortezomib, 4 mg; 71.6 months). The median number of prior
therapies across all cohorts was 3 (range 1–14) with the highest
number in cohorts with patients refractory to bortezomib and
lenalidomide (dual-refractory). More than 90% of patients in every
cohort had prior exposure to proteasome inhibitors and/or IMiDs
while more than two-thirds of patients had prior stem cell
transplant. High-risk disease19 was noted in 43.7% patients overall
(n= 146), with as high as 60% in cohort 4.

Follow-up
Treatment characteristics and patient follow-up data on study are
summarized in Supplementary Table 1. The median number of
cycles administered was 5 (range 1–89), with the highest, 11.5

Table 1. Treatment cohorts

Cohort (n) Prior regimens of treatment Starting dose of
pomalidomide (mg)

Pomalidomide schedule in
each 28-day cycle

Accrual period

1 (60) Refractory to o3 prior regimens 2 Days 1–28 Nov 2007–Aug 2008
2 (34) Refractory to len 2 Days 1–28 Nov 2008–April 2009
3 (35) Refractory to len and bort (dual-refractory) 2 Days 1–28 May 2009–Nov 2009
4 (35) Refractory to len and bort (dual-refractory) 4 Days 1–28 Nov 2009–Apr 2010
5 (61) Refractory to o3 prior regimens 4 Days 1–28 May 2010–Nov 2010
6 (120) Refractory to any prior regimens 4 Days 1–21 Apr 2011–Mar 2012

Abbreviations: bort, bortezomib; len, lenalidomide.
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cycles in cohort 1 (2 mg, refractory and o3 prior regimens) and
the lowest, 3 cycles in cohort 4 (4 mg, dual-refractory). The most
common cause for treatment discontinuation (69.7%) was disease
progression. The median follow-up for all living patients was
64.4 months (range 1.2–104.1 months). Overall, 47% patients had

treatment delays. Of the 388 total events of treatment delays, 62%
were secondary to AEs, primarily grade 3 or 4 neutropenia.
Thromboprophylaxis was given with 325 mg of aspirin in 85% of
treatment cycles and full-dose anticoagulation was administered
with heparin or Coumadin in the rest.

Table 2. Baseline patient characteristics

2 mg 28-day
refractory o3

(N=60)

2 mg Len
refractory
(N=34)

2 mg
Bort/Len refractory

(N= 35)

4 mg
Bort/Len refractory

(N= 35)

4 mg 28-day
refractory o3

(N= 60)

4 mg days
1–21

(N= 119)

Total
(N=343)

Age (years)
Median 65.5 61.5 62 61 65.5 65 64
Range 35–88 39–77 39–77 45–77 32–82 36–85 32–88

Gender
Female 24 (40%) 10 (29.4%) 8 (22.9%) 14 (40%) 21 (35%) 46 (38.7%) 123 (35.9%)
Male 36 (60%) 24 (70.6%) 27 (77.1%) 21 (60%) 39 (65%) 73 (61.3%) 220 (64.1%)

ECOG PS
0 30 (50%) 15 (44.1%) 13 (37.1%) 13 (37.1%) 38 (63.3%) 62 (52.1%) 171 (49.9%)
1 24 (40%) 14 (41.2%) 18 (51.4%) 18 (51.4%) 21 (35%) 53 (44.5%) 148 (43.1%)
2 6 (10%) 5 (14.7%) 4 (11.4%) 4 (11.4%) 1 (1.7%) 4 (3.4%) 24 (7%)

Race
White 57 (95.0%) 32 (94.1%) 31 (88.6%) 29 (82.9%) 56 (93.3%) 110 (92.4%) 315 (91.8%)
Non-White 3 (5.0%) 2 (5.9%) 3 (8.6%) 4 (11.4%) 2 (3.3%) 8 (6.8%) 22 (6.5%)
Not reported/unknown 0 0 1 (2.9%) 2 (5.7%) 2 (3.3%) 1 (0.8%) 6 (1.7%)

Diagnosis to on study (months)
Median 45.6 62.1 57 71.6 38.4 51.1 52.6
Range 9.1–192.5 8.4–179.2 11.7–248.5 13.3–206.3 3.8–84.4 6.1–286.3 3.8–286.3

Cytogenetics
Missing 60 14 1 2 0 1 78
Normal 0 8 15 12 33 56 124
Abnormal 0 11 13 17 21 44 106
Not done 0 1 6 4 6 18 35

FISH
Missing 60 13 1 3 1 4 82
Normal 0 2 0 1 3 8 14
Abnormal 0 7 25 26 45 88 191
Not done 0 12 9 5 11 19 56

FISH results
13q- 0 12 3 4 6 25 50
17p- 4 6 5 7 7 27 56
t(11;14) 0 0 7 6 9 24 46
t(4;14) 1 1 3 6 3 10 24
t(14;16) 3 0 0 2 1 56 11
Other 0 6 20 23 43 77 169

Lytic lesions present 40 (66.7%) 29 (85.3%) 27 (77.1%) 21 (60%) 40 (66.7%) 81 (68.1%) 238 (69.4%)
Beta-2-microglobulin, high 55 (93.2%) 32 (97%) 34 (100%) 35 (100%) 56 (93.3%) 112 (95.7%) 324 (95.9%)
PCLI⩾ 3% 8 (14.8%) 7 (29.2%) 10 (37%) 8 (28.6%) 6 (12.2%) 26 (29.5%) 65 (24.1%)
mSMART high risk 19 (31.7%) 14 (42.4%) 15 (55.6%) 21 (60%) 17 (28.3%) 60 (50.4%) 146 (43.7%)

No. of prior therapies
Median 2 3.5 6 6 2 4 3
Range 1–3 1–14 3–9 2–11 1–3 1–12 1–14

Prior radiation therapy 23 (38.3%) 18 (52.9%) 12 (34.3%) 12 (34.3%) 15 (25%) 41 (34.7%) 121 (35.4%)

Prior systemic therapy
Thalidomide 28 (46.7%) 13 (38%) 22 (63%) 20 (76.9%) 13 (21.7%) 61 (51.7%) 129 (37.7%)
Lenalidomide 21 (35%) 34 (100%) 35 (100%) 35 (100%) 60 (100%) 115 (96.6%) 300 (87.5%)
Bortezomib 20 (33%) 20 (59%) 35 (100%) 35 (100%) 28 (46.7%) 103 (87.3%) 241 (70.1%)

Prior stem cell transplant 39 (65%) 23 (67.6%) 27 (77.1%) 28 (80%) 46 (76.7%) 81 (68.1%) 244 (71.1%)
Autologous 39 23 25 27 46 80 240
Allogeneic 1 1 2 0 3 5 12
Unknown 0 0 1 1 0 0 2

Abbreviations: Bort, bortezomib; ECOG, eastern cooperative oncology group; FISH, fluorescent in situ hybridization; Len, lenalidomide; mSMART, Mayo
Stratification of Myeloma and Risk-Adapted Therapy; PCLI, plasma cell labeling index; PS, performance status.
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Efficacy
ORR (partial response or better) for all cohorts analyzed together
was 35% (95% CI: 30–40%). In various cohorts it ranged from 23%
(cohort 5; 2 mg, dual-refractory) to 65% (cohort 1; 2 mg, refractory
with o3 prior regimens; Supplementary Figure 1). In general,
higher response rates were seen in cohorts 1 and 5, both of which
had patients with o3 prior regimens of treatment. complete
response or stringent complete response were seen in at least 1
patient in all of the cohorts except cohort 3 (2 mg, dual-refractory).
Among all cohorts, response rates were evaluated separately
for patients with high-risk disease, with the highest rate (74%)
seen in cohort 1 (2 mg, refractory with o3 prior regimens). Details
of patient outcomes along with response rates are shown in
Table 3.
Median time to a confirmed partial response or better was

2 months or less in all cohorts (range 0.8–14.8 months). The largest
cohort (cohort 6) where pomalidomide was administered in
accordance with its current Food and Drug Administration
approval had a median time to response of 1.1 months (range
0.8–8.8 months). Median DOR varied from 3.9 months (95% CI:
1.8–14.5) in cohort 4 (4 mg, dual-refractory) to 36.5 months (95%
CI: 9.4–72.2) in cohort 5 (4 mg, refractory with o3 prior regimens).
The cohorts that were less heavily pre-treated (cohorts 1 and 5)
had a longer median DOR than the others.
The median PFS was 3.5 months (95% CI: 2.2–6.7) in cohort 4

(4 mg, dual-refractory) and as high as 13 months (95% CI: 7.8–22)
in cohort 1 (2 mg, refractory with o3 prior regimens). In cohort
6 the median PFS was 4.3 months (95% CI: 2.9–5.1; Figure 1a).
The median OS ranged from 9.2 months (95% CI: 5.5–21.3)
in cohort 4 (4 mg, dual-refractory) to 47.9 months (95% CI: 35.4–
66.7) in cohort 1 (2 mg, refractory with o3 prior regimens).
Cohort 6 had a median OS of 13.4 months (95% CI: 10.4–16.2;
Figure 1b).
We performed an analysis by prior lines of therapy across all

cohorts, which showed better responses in less heavily pre-treated
patients, ranging from 24% in those with ⩾ 4 to 66% in those
with 1 prior lines of therapy. Another subgroup analysis was
done by dose, comparing all patients treated with 2 mg (n= 129)
to those treated with 4 mg of pomalidomide every 21 days
(n= 119) or continuously (n= 95) (Supplementary Table 2). The
ORR was highest in the 2 mg group (45%) and lowest in
4 mg/21-day group (24%). We noted that the median duration
of treatment was also longest in the 2 mg group (7.4 months,
range: 0.6–82.6 months) and shortest in the 4 mg/21-day
group (3.3 months, range: 0.3–45.8 months). Similarly, the median
DOR was longest in the 2 mg group (17.8 months, 95% CI: 12–
30.6) and shortest in the 4 mg/21-day group (10.2 months, 95% CI:
6.4–36.7). Other predictors of response across all groups analyzed
together included absence of 17p− abnormality (P= 0.02),
absence of t(4;14) abnormality (P= 0.02), low beta-2-
microglobulin (P= 0.004), lactate dehydrogenase within normal
limit (P= 0.001), plasma cell labeling index 1o (P+0.01), no prior
lenalidomide exposure (Po0.001), no prior bortezomib exposure
(Po0.001) and hemoglobin ⩾ 10 g/dl (P= 0.003). In a multivariate
analysis looking at factors associated with a longer time to
progression in all patients grouped together, we noted that
absence of 12q− on fluorescent in situ hybridization (hazard ratio
(HR) 1.44, 95% CI: 1.04–2.0; P= 0.03), ⩽ 3 prior regimens of therapy
(HR 1.48, 95% CI: 1.12–1.97; P= 0.006). Lactate dehydrogenase
within normal limits (HR 1.73, 95% CI: 1.31–2.29, Po0.001) and no
prior bortezomib exposure (HR 1.66, 95% CI: 1.22–2.29; P= 0.001)
were significant.
Specifically comparing outcomes in patients with high-risk

(N= 146) and standard-risk (N= 188) disease, the median PFS
for the high-risk group was 4.3 months (95% CI: 2.8–5.5) as
compared to 7.4 months (95% CI: 6.2–9.3) in the standard-risk
group (Figure 2a). A similar effect was seen for OS, where the

high-risk group had a median OS of 12.8 months (95% CI: 11–16.3)
as compared to 35.1 months (95% CI: 26.4–43.5) for the
standard-risk group (Figure 2b). We further performed a subset
analysis of patients with del17p within the high-risk group across
all cohorts (n= 56). The ORR for these patients was 21% with a
median OS of 11.8 months (95% CI: 9.2–18.5) and median PFS of
3.0 months (95% CI: 1.9–5.3).In an attempt to afford comparison
with other large, current data sets, we attempted an analysis by
Revised International Staging System (R-ISS) but some patients
did not have all the variables available as the study did not collect
the data specifically and spanned a period when all the
components of the R-ISS were not necessarily assessed. Available
information on R-ISS by treatment cohort is presented in Table 2.
PFS by R-ISS ranged from median 10.2 months (95% CI: 6.9–22.2)
for stage I to median 2.8 months (95% CI: 1.9–3.2) for stage III.
Similarly, median OS ranged from median 50.1 months (95%
CI: 32.6–not attained) for stage I to median 4.8 months (95% CI:
2.8–10.3) for stage III.

Adverse events
The treatment was overall well tolerated across all cohorts. AEs
consisted primarily of myelosuppression. Grade 3 or 4 hematolo-
gic AEs regardless of attribution occurred in 71% of patients in all
the cohorts (range 53–83%). In general, the cohorts utilizing 4 mg
pomalidomide had a higher incidence of hematological AEs with
the exception of cohort 3 (2 mg, refractory to lenalidomide and
bortezomib) where they were seen in 83% of patients; highest
among all cohorts. Grade 3+ non-hematological AEs regardless of
attribution were seen overall in 59% of the patients and were less
frequent than hematologic AEs except in cohort 1, where they
were slightly more frequent (72 versus 63%). When considering at
least possible attribution of AEs to pomalidomide, overall 65%
patients had grade 3 or 4 hematologic and 36% patients had
grade 3+ non-hematologic toxicities. The most common of all
grade 3+ hematologic toxicities was neutropenia, seen more
frequently in the cohorts utilizing 4 mg dose of pomalidomide
(57%) than those using the 2 mg dose (45%). Similar trends were
seen for anemia, lymphopenia, leukopenia and thrombocytopenia,
although these were much less frequent than neutropenia and
were not seen consistently in all the treatment cohorts. The most
common non-hematologic toxicity was fatigue with grade 3 or 4
fatigue occurring in 9% of patients among all cohorts. Pomalido-
mide dose was modified in 195 patients (57%) while dexametha-
sone dose was modified in 136 patients (40%) in all the cohorts.
The majority of these were secondary to AEs, most commonly due
to neutropenia. There were a total of 12 episodes of deep vein
thrombosis noted in all cohorts (regardless of attribution), with
patients given therapeutic anticoagulation using low-molecular-
weight heparin or Coumadin after the thrombosis was diagnosed.
Among patients on all cohorts, a total of 11 cases (regardless of
attribution), of second primary malignancies were noted. These
included seven cases of non-melanoma skin cancer (two
squamous cell carcinomas and five basal cell carcinomas) and
one case each of cholangiocarcinoma, malignant melanoma,
myelodysplastic syndrome and ductal carcinoma in situ of the
breast. There were a total of 12 deaths reported in patients while
on treatment and of these 3 were considered at least possibly
associated with study treatment. The cause of death for all the 3
cases was reported as febrile neutropenia and infection, source
not otherwise specified. AEs for all treatment cohorts are outlined
in Table 4 and Figure 3.

DISCUSSION
This multi-cohort clinical trial explores various schedules and
doses of Pom/dex in multiple myeloma patients with varying
disease and prior treatment characteristics, and demonstrates
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the safety and efficacy of this regimen across all cohorts
evaluated. We have previously reported early results from
cohorts 112 and 2,17 and combined results from cohorts 3 and 4
(2 mg/4 mg dose in patients dual-refractory),13 but this
report provides updated results for these cohorts as well. This
clinical trial with all its treatment cohorts presents one of the
largest experiences with Pom/dex and certainly the longest
follow-up reported so far in patients with refractory multiple
myeloma.

Evaluating various treatment cohorts included in the trial, we
noted the highest response rates (partial response or better) as
well as clinical benefit (stable disease or better) in patients who
were less heavily pre-treated (cohorts 1 and 5), suggesting
increased benefit from pomalidomide, a more potent IMiD, when
used earlier in the patient’s treatment paradigm for myeloma. This
was true despite the fact that ~ 80% of patients in cohort 1 and all
the patients in cohort 5 had been treated with an IMiD previously,
some of them with both, thalidomide and lenalidomide. This

Figure 1. (a) PFS by study cohort. (b) OS by study cohort.
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suggests the better efficacy of pomalidomide even in IMiD-
refractory patients when used relatively earlier in the treatment.
These results replicate findings from previously reported
trials11,14,15,20 and also help establish the efficacy of pomalidomide
in thalidomide and lenalidomide refractory patient. Similar to the
higher response rates, the median OS and PFS were also noted to
be highest in these cohorts with patients who had o3 prior
regimens of treatment. Considering all patients, we noted a longer
median duration of treatment, a higher DOR and higher ORR in

the 2 mg cohorts, potentially due to better tolerability of the
smaller dose, especially in the continuous regimen.6 This is
suggested by the lower AE rate, especially the hematological AEs
in the 2 mg treatment cohorts (Table 4) and is supported by other
trials with longer duration of therapy providing better patient
outcomes.6 Grouping the patients by pomalidomide dose did
show that patients in the 2 mg group had lesser prior exposure to
IMiDs, especially lenalidomide, and patients in the 4 mg/21-day
group had a slightly higher prevalence of high-risk disease with

Figure 2. (a) PFS by myeloma risk category. (b) OS by myeloma risk category
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other characteristics being rather similar (Supplementary Table 2).
Nevertheless, this finding is intriguing as the 4 mg dose of
pomalidomide is approved by the Food and Drug Administration
for treatment of multiple myeloma in the United States, and
questions the current paradigm of drug development, where
typically the maximally tolerated dose is selected rather than the
minimally effective dose.
We have previously reported on the bortezomib and

lenalidomide refractory patients (cohorts 3 and 4) from this
trial.13 A longer follow-up in this report shows 37% survival at
18 months in both cohorts, which is expectedly inferior to the
other cohorts in this trial, nevertheless, it shows the efficacy of
Pom/dex in this double-refractory population, which has
traditionally had an extremely poor outcome.9 Previous trials
that have specifically reported on the outcomes of these double-
refractory patients showed a median PFS of 3.8 months and a
median OS of 13–14 months for these patients.11,14 We noted a
superior median PFS (6.3 months) and OS (14.7 months) for the
double-refractory patients in cohort 3 (2 mg dose) while cohort
4 (4 mg dose) had findings closer to the previously reported
trials (median PFS: 3.5 months and median OS: 9.2 months).
Results from either of our treatment schedules are superior to a
large analysis by the International Myeloma Working Group,
which showed a median OS of 9 months only in patients with
disease refractory to bortezomib and who had relapsed
following, were refractory to or were ineligible to receive
an IMiD.9 Our results show Pom/dex to have an ORR of
29% in double-refractory patients treated with the currently
Food and Drug Administration-approved dose of pomalidomide
(4 mg), which is close to that reported by previous clinical trials
of Pom/dex20 and close to that seen with newer agents,

including monotherapy with daratumumab, an anti-CD38
antibody.21

Several clinical trials have now shown that Pom/dex is an
effective regimen for patients with relapsed and/or refractory
multiple myeloma (Table 5). Our large, multi-cohort clinical trial
with the longest reported follow-up helps understand the
positioning of Pom/dex in the continuum of management of
myeloma patients, especially with a larger selection of agents and
classes of drugs available at present, as well as in special
populations that may no longer be candidates for some of the

Table 4. Adverse events

2 mg 28-day
refractory o3

(N= 60)

2 mg Len
refractory
(N= 34)

2 mg Bort/Len
refractory
(N= 35)

4 mg Bort/Len
refractory
(N= 35)

4 mg 28-day
refractory o3

(N= 60)

4 mg days
1–21

(N=119)

Total
(N= 343)

Adverse events regardless of attribution
Grade 3+ adverse events (%) 52 (87) 24 (71) 32 (91) 33 (94) 48 (80) 99 (83) 288 (84)
Grade 4+ adverse events (%) 16 (27%) 9 (26) 11 (31) 16 (46) 24 (40) 45 (38) 121 (35)
Grade 5 adverse events (%) 4 (7) 1 (3) 0 2 (6) 2 (3) 3 (3) 12 (3)
Grade 3+ heme adverse events (%) 38 (63) 18 (53) 29 (83) 28 (80) 44 (73) 86 (72) 243 (71)
Grade 4+ heme adverse events (%) 11 (18) 6 (18) 10 (29) 15 (43) 18 (30) 37 (31) 97 (28)
Grade 3+ non-heme adverse events (%) 43 (72) 18 (53) 24 (69) 21 (60) 31 (52) 67 (56) 204 (59)
Grade 4+ non-heme adverse events (%) 9 (15) 6 (18) 1 (3) 4 (11) 9 (15) 20 (17) 49 (14)

Adverse events considered at least possibly related to treatment
Grade 3+ adverse events (%) 47 (78) 20 (59) 27 (77) 28 (80) 43 (72) 87 (73) 252 (73)
Grade 4+ adverse events (%) 9 (15) 6 (18) 8 (23) 13 (37) 18 (30) 39 (33) 93 (27)
Grade 5 adverse events (%) 2 (3) 0 0 0 0 1 (1) 3 (1)
Grade 3+ heme adverse events (%) 35 (58) 17 (50) 25 (71) 26 (74) 41 (68) 80 (67) 224 (65)
Grade 4+ heme adverse events (%) 7 (12) 5 (15) 8 (23) 13 (37) 16 (27) 35 (29) 84 (24)
Grade 3+ non-heme adverse events (%) 31 (52) 8 (24) 10 (29) 10 (29) 18 (30) 45 (38) 122 (36)
Grade 4+ non-heme adverse events (%) 4 (7) 1 (3) 0 1 (3) 2 (3) 13 (11) 21 (6)

Grade 3+ adverse events at least possibly related to treatment seen in 410% patients within a cohort
Anemia 3 (5%) 5 (15%) 5 (14%) 7 (20%) 7 (12%) 32 (27%) 59 (17%)
Lymphopenia 4 (7%) 1 (3%) 10 (29%) 12 (34%) 18 (30%) 11 (9%) 56 (16%)
Neutropenia 30 (50%) 13 (38%) 15 (43%) 20 (57%) 34 (57%) 67 (56%) 179

(53%)
Thrombocytopenia 2 (3%) 4 (12%) 4 (11%) 6 (17%) 3 (5%) 28 (24%) 47 (14%)
Leukopenia 13 (22%) 8 (24%) 10 (29%) 17 (49%) 19 (32%) 46 (39%) 113

(33%)
Fatigue 11 (18%) 5 (15%) 1 (3%) 2 (6%) 3 (5%) 9 (8%) 31 (9%)

Abbreviations: Bort, bortezomib; Len, lenalidomide.

Figure 3. Adverse Events Occurring in at least 10% of Patients on
the Study.
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more commonly used agents like bortezomib or lenalidomide.
Previous reports that Pom/dex may improve health-related quality
of life in patients with relapsed and/or refractory myeloma22,23

and our report of the efficacy of this regimen when used in
relatively less heavily pre-treated patients despite refractory
disease, supports using the convenient, all-oral Pom/dex as a
preferred regimen for refractory myeloma so that other regimens
or drugs may remain options for subsequent therapy in this so far
incurable disease.
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