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Summit, NJ, USA; nDepartment of Hematology, University of Turin, Turin, Italy

ABSTRACT
Renal impairment (RI) is a major comorbidity in patients with multiple myeloma (MM). Here we
present the pooled safety and efficacy analysis of three clinical trials (MM-002, MM-003, and MM-
010) of pomalidomideþ low-dose dexamethasone (POMþ LoDEX) in patients with moderate RI
(creatinine clearance [CrCl]� 30 to <60 mL/min) and without RI (� 60 mL/min). Trial protocols
were approved by the institutional review board of each site involved. Patients with RI were older
than patients without RI, although other baseline characteristics were similar. The dosing and
safety profile of POMþ LoDEX was similar across RI subgroups. Median overall response rate, pro-
gression-free survival, time to progression, and duration of response were not significantly differ-
ent between RI subgroups. However, patients with vs. without RI had significantly shorter median
overall survival (10.5 vs. 14.0 months, respectively; p¼ .004). This analysis demonstrates that
POMþ LoDEX is a safe and effective treatment for patients with moderate RI. The trials were reg-
istered at ClinicalTrials.gov as NCT00833833 (MM-002), NCT01311687 (MM-003), and
NCT01712789 (MM-010) and at EudraCT as 2010-019820-30 (MM-003) and 2012-001888-78 (MM-
010).
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Introduction

Renal impairment (RI) is a major comorbidity in
patients with multiple myeloma (MM),[1] and approxi-
mately 20% to 40% of patients present with RI at time
of diagnosis.[2–4] Additionally,� 25% to 50% of
patients with MM experience some level of RI through-
out the course of their disease,[5,6] which is the out-
come of disease chronicity and progression that is
worsened by age, and of comorbidities that are associ-
ated with older age and are unrelated to MM.[3] The
presence of RI is of prognostic value;[1] patients with
MM and RI experience poorer overall survival (OS),

with a 2- to 4-fold higher risk of death in patients with
moderate to severe RI.[3] Although RI can be man-
aged,[7] reversal of RI has been observed in many
patients receiving active and novel anti-MM treatment
options.[3,6,8–10] However, the majority of patients
with MM experience relapse and/or develop refractory
disease,[11,12] and higher mortality is still observed,
even in patients who achieve normalization of renal
function during treatment.[8,13]

The IMiDVR immunomodulatory agent pomalidomide
(POM) has demonstrated direct anti-myeloma and
immunomodulatory effects, including in lenalidomide
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(LEN)-resistant cells.[14] Pivotal trials evaluating POM
plus low-dose dexamethasone (LoDEX) demonstrated
safety and efficacy in patients with relapsed/refractory
multiple myeloma (RRMM; MM-010 trial; [15]) as well
as extended survival outcomes vs. POM alone (MM-002
trial; [16]) and vs. high-dose dexamethasone (HiDEX;
MM-003 trial; [17]). These results led to the approval of
POMþ LoDEX in both the United States and European
Union for the treatment of RRMM in patients who
have experienced failure of treatment with LEN and/or
bortezomib (BORT; [18,19]).

Although measuring the glomerular filtration rate
(GFR) is a more accurate method to assess renal function,
assessment of serum creatinine levels continues to be
used when the calculation of GFR is not feasible.[20,21]
Creatinine clearance (CrCl), a measure of how rapidly
creatinine is renally excreted, is used in clinical practice
to estimate GFR with either the Cockcroft-Gault or
Modification of Diet in Renal Disease Study (MDRD)
mathematical formula.[20,21] The Cockcroft-Gault esti-
mation is routinely used and accounts for serum creatin-
ine (mg/dL), age, weight, and sex. The MDRD method
additionally normalizes to a standard body surface area
and can add a factor for African American race. Many tri-
als exclude patients with RI, but the MM-002, MM-003,
and MM-010 trials included patients with moderate
RI,[15–17] although the number of patients with RI
enrolled in each trial was limited.

Patients with MM and RI require dose adjustment
for LEN as it is predominantly excreted unchanged via
the kidneys.[22,23] However, POM is extensively
metabolized, with limited renal clearance,[24] and the
safety and efficacy in patients with RI is not known.
Here we present results of a pooled analysis that
allows for a robust examination of the safety and effi-
cacy of POMþ LoDEX in patients with moderate RI
across the three clinical trials.

Materials and methods

Study design and participants

Detailed descriptions of methods used in the MM-002,
MM-003, and MM-010 trials have been previously pub-
lished.[15–17] Institutional review boards at each enroll-
ing site approved the relevant trial protocol before
initiation. The trials were registered at ClinicalTrials.gov
as NCT00833833 (MM-002), NCT01311687 (MM-003), and
NCT01712789 (MM-010) and at EudraCT as 2010-019820-
30 (MM-003) and 2012-001888-78 (MM-010). All patients
included in this pooled analysis received POM 4 mg on
days 1 to 21 of a 28-day cycle, and dexamethasone
40 mg (if aged �75 years) or 20 mg (if aged >75 years)
on days 1, 8, 15, and 22 of a 28-day cycle.

The inclusion and exclusion criteria were similar for
the MM-002, MM-003, and MM-010 trials.[15–17]
Eligible patients with RRMM were aged �18 years and
had received �2 prior therapies, including �2 cycles of
LEN or BORT, alone or in combination. Refractoriness
to LEN and BORT (or intolerance of BORT) was allowed
in the MM-002 trial and was required in the MM-003
and MM-010 trials. For all trials, patients must have
had documented disease progression during or within
60 days of their last treatment.

The patients with CrCl <45 mL/min (MM-003 and
MM-010) or serum creatinine �3.0 mg/dL (MM-002)
were excluded from the trials. Additional laboratory
exclusion criteria included absolute neutrophil count
<1000/lL (MM-002, MM-003) or <800/lL (MM-010)
and platelet count <75,000/lL (< 30,000/lL for
patients with �50% plasma cells of nucleated bone
marrow cells). The patients with peripheral neuropathy
grade �2 were also ineligible.

In this pooled analysis, baseline CrCl was calculated
for all patients using the Cockcroft-Gault formula.[25]
Patients were grouped according to RI status, with
moderate RI defined as CrCl �30 to <60 mL/min and
absence of RI defined as CrCl �60 mL/min.

Assessments

Overall response rate (ORR) was defined as partial
response (PR) or better based on International
Myeloma Working Group (IMWG) criteria and calcu-
lated as the number of patients with a confirmed
response divided by the number of efficacy-evaluable
patients. Progression-free survival (PFS) was defined as
the time from randomization to the first documenta-
tion of disease progression or death from any cause
based on investigator assessments. Time-to-response
(TTR) was defined as the interval between randomiza-
tion and achievement of� PR. Duration of response
(DOR) was defined as the time from achievement
of� PR to first evidence of disease progression or
death from any cause. OS was defined as the time
from randomization to the time of death from any
cause. Adverse event (AE) severity was graded accord-
ing to the National Cancer Institute Common
Terminology Criteria for Adverse Events.[15–17]
Statistical comparisons (p values) were calculated using
Fisher’s exact test for ORR and log-rank test for PFS,
OS, TTP, and DOR.

Role of the funding source

Celgene Corporation funded this analysis, and partici-
pated in study design, data collection, data analysis,
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and data interpretation. Funding for editorial assistance
was provided by Celgene Corporation.

Results

Patients

A total of 355 patients with moderate RI and 713
patients without RI were analyzed. Although CrCl
<45 mL/min was an exclusion criterion for MM-003
and MM-010, 106 of the 355 patients with moderate RI
had CrCl �30 to <45 mL/min (often from a post-
screening sample obtained predose on cycle 1 day 1).
Although the median time since diagnosis was 5.3
years in both patient subgroups, patients with moder-
ate RI were older compared with patients without RI
(median age, 70 vs. 63 years, respectively) and had
more advanced disease (Table 1).

Safety

Although patients with moderate RI were older than
those without RI, the safety profile of POMþ LoDEX
was similar across RI subgroups. The most common
grade 3/4 AEs for patients with moderate RI vs.

without RI were neutropenia (46.7% vs. 49.6%), anemia
(36.5% vs. 29.1%), infections (32.2% vs. 34.4%), and
thrombocytopenia (23.1% vs. 23.0%; Table 2). The fre-
quency of grade 3/4 deep vein thrombosis/pulmonary
embolism was �2.5% in both subgroups (2.3% in
patients with moderate RI and 1.4% in patients without
RI). Grade 3/4 peripheral neuropathy was infrequent
(0.9% and 0.8% in the patients with moderate RI and
without RI, respectively).

Renal function did not appear to impact POM dos-
ing (Table 3). There were similar frequencies of discon-
tinuations (7.1% vs. 6.3%), dose reductions (25.1% vs.
23.4%), and interruptions (66.4% vs. 66.6%) due to AEs
between subgroups of patients with moderate RI vs.
without RI. The average daily dose (4.0 mg/day) and
median relative dose intensity (0.9) were the same
between RI subgroups. The median treatment duration
was slightly shorter for patients with moderate RI vs.
those without RI (4.0 vs. 5.1 months).

Efficacy

The ORR was not significantly different in patients with
moderate RI vs. those without RI (30.4% vs. 33.8%,

Table 2. Grade 3/4 AEs.
With moderate RI Without moderate RI

MM-002
(n¼ 37)

MM-003
(n¼ 93)

MM-010
(n¼ 221)

Overall
(n¼ 351)

MM-002
(n¼ 68)

MM-003
(n¼ 203)

MM-010
(n¼ 438)

Overall
(n¼ 709)

Most frequent grade 3/4 AEs (> 5%), %
Neutropenia 40.5 48.4 47.1 46.7 39.7 48.8 51.6 49.6
Febrile neutropenia 2.7 5.4 4.1 4.3 2.9 11.3 6.2 7.3
Thrombocytopenia 16.2 20.4 25.3 23.1 19.1 22.7 23.7 23.0
Anemia 24.3 39.8 37.1 36.5 19.1 29.6 30.4 29.1
Infections 43.2 30.1 31.2 32.2 45.6 30.0 34.7 34.4
Pneumonia 24.3 18.3 12.2 15.1 23.5 9.9 12.8 13.0
Grade 3/4 AEs of interest, %
DVT/PE 2.7 1.1 2.7 2.3 2.9 1.5 1.1 1.4
PN 0 1.1 0.9 0.9 0 1.5 0.7 0.8

AE: adverse event; DVT: deep vein thrombosis; PE: pulmonary embolism; PN: peripheral neuropathy; RI: renal impairment.

Table 1. Baseline characteristics.
With Moderate RI Without Moderate RI

MM-002
(n¼ 37)

MM-003
(n¼ 93)

MM-010
(n¼ 225)

Overall
(n¼ 355)

MM-002
(n¼ 68)

MM-003
(n¼ 205)

MM-010
(n¼ 440)

Overall
(n¼ 713)

Median age (range), years 66 (34–84) 69 (41–84) 72 (46–88) 70 (34–88) 62 (46–80) 61 (35–80) 63 (37–85) 63 (35–85)
ECOG, %a

0 18.9 38.7 37.8 36.1 35.3 35.6 46.8 42.5
1 70.3 37.6 50.7 49.3 55.9 49.8 43.9 46.7
2 10.8 22.6 11.6 14.4 8.8 14.1 9.1 10.5

ISS stage, %
I 0 10.8 19.1 14.9 0 34.6 28.2 27.3
II 0 36.6 25.3 25.6 0 39.5 29.3 29.5
III 0 49.5 35.1 35.2 0 21.0 20.7 18.8
Missing 100 3.2 20.4 24.2 100 4.9 21.8 24.4

Median time since diagnosis
(range), years

5.8 (1.4–18.1) 5.5 (0.6–30.0) 5.0 (0.7–28.2) 5.3 (0.6–30.0) 5.2 (1.1–17.9) 5.3 (0.8–21.9) 5.3 (0.6–21.4) 5.3 (0.6–21.9)

ECOG: Eastern Cooperative Oncology Group; ISS: International Staging System; RI: renal impairment.
aOne patient with moderate RI in MM-010 trial and 1 patient without moderate RI in the MM-003 trial had missing ECOG performance status; one patient
without moderate RI in the MM-010 trial had ECOG performance status 3.
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respectively; p¼ .299; Figure 1). For patients with vs.
without moderate RI, median PFS was 3.8 months
(95% CI: 2.9, 4.6 months) vs. 4.6 months (95% CI: 4.4,
5.5 months; p¼ .070), respectively (Table 4). The
median TTP was 4.6 months (95% CI: 3.8, 4.9 months)
vs. 5.3 months (95% CI: 4.6, 5.8 months; p¼ .302),
respectively, in patients with moderate RI vs. those
without RI. Patients with moderate RI experienced a
median DOR of 6.9 months (95% CI: 5.8, 8.8 months)
vs. 7.6 months (95% CI: 6.5, 8.8 months; p¼ .435) for
patients without RI. Median OS was significantly
shorter for patients with moderate RI, 10.5 months
(95% CI: 8.9, 11.5 months) vs. those without RI, 14.0
months (95% CI: 12.4, 15.2 months; p¼ .004).

Discussion

RI is a common comorbidity and cause of end-organ
damage in patients with MM in whom it is associated
with poorer clinical outcomes.[1,3] In an effort to better
understand the impact of RI on safety and efficacy of
POMþ LoDEX, we analyzed the patients with moderate
RI in the MM-002, MM-003, and MM-010 trials. Our
analysis demonstrates that POMþ LoDEX is a

well-tolerated and effective treatment option in
patients with moderate RI.

Efficacy of POMþ LoDEX appeared to be indepen-
dent of RI status, with similar median PFS, median TTP,
and median DOR observed for patients with and with-
out moderate RI. Although considerable overlap was
observed in the individual trials, in the pooled analysis
median OS was shorter in patients with moderate RI
vs. patients without RI. This result is consistent with
the shorter OS previously reported in a retrospective
analysis of patients with MM and moderate to severe
RI.[3] In the controlled study MM-003, POMþ LoDEX
still showed an OS benefit in RI patients compared
with HiDEX.[26]

As expected, the most common grade 3/4 AEs were
hematologic (neutropenia, anemia, and thrombocyto-
penia) and infections. The frequency of these AEs was
generally similar between the 2 RI subgroups analyzed,
suggesting that moderate RI did not have a significant
impact on tolerability of POMþ LoDEX.

Dose modifications and the need for dose reduc-
tions due to RI are a concern of treating physicians.
However, unlike LEN, POM is extensively metabolized,
and only approximately 2% of the parent drug is elimi-
nated via the renal route.[24] Therefore, the pharmaco-
kinetic profile of POM [24] as well as previous clinical
studies [27–30] provide substantial evidence for the
approved dosing of POM. Importantly, recently pub-
lished consensus recommendations also support the
use of the approved dosing of POM for treatment of
patients with mild to moderate RI.[31]

Previous subanalyses of patients with RI from MM-
002 and MM-003 demonstrated safety and efficacy
similar to that observed in the overall patient popula-
tions,[29,30] although there were comparatively few
patients in these intratrial analyses. This pooled ana-
lysis provided the opportunity to more comprehen-
sively assess the safety and efficacy of POMþ LoDEX in
a larger population of patients with MM and RI. One
limitation is that the exclusion of patients with severe
RI from MM-002, MM-003, and MM-010 prevents an
analysis of this subgroup here. Additionally, we did not

Figure 1. Overall response rate (ORR) in patients with baseline
renal impairment (RI; creatinine clearance [CrCl]� 30 and
<60 mL/min) and without baseline RI (� 60 mL/min). CR: com-
plete response; PR: partial response; sCR: stringent complete
response; VGPR: very good partial response.

Table 3. POM dose intensity and dose modifications due to AEs.
With moderate RI Without moderate RI

MM-002
(n¼ 37)

MM-003
(n¼ 93)

MM-010
(n¼ 221)

Overall
(n¼ 351)

MM-002
(n¼ 68)

MM-003
(n¼ 203)

MM-010
(n¼ 438)

Overall
(n¼ 709)

Median average daily
dose (range), mg/day

4.0 (2.1–4.0) 4.0 (2.6–4.0) 4.0 (1.6–4.0) 4.0 (1.6–4.0) 4.0 (1.6–4.2) 4.0 (2.1–4.0) 4.0 (2.2–4.0) 4.0 (1.6–4.2)

Median relative dose
intensity (range)

0.9 (0.5–1.2) 0.9 (0.4–1.3) 0.9 (0.2–1.3) 0.9 (0.2–1.3) 0.9 (0.2–1.2) 0.9 (0.3–1.2) 0.9 (0.2–1.2) 0.9 (0.2–1.2)

Median Tx duration (range), mo 4.2 (0.5–47.8) 3.6 (0.1–21.4) 4.6 (0.1–25.1) 4.0 (0.1–47.8) 5.7 (0.1–47.6) 4.6 (0.1–20.1) 5.5 (0.2–28.3) 5.1 (0.1–47.6)
Discontinuations due to AE, % 5.4 10.8 5.9 7.1 10.3 6.9 5.5 6.3
Reduction due to AE, % 32.4 28.0 22.6 25.1 25.0 26.6 21.7 23.4
Interruption due to AE, % 73.0 66.7 65.2 66.4 63.2 66.0 67.4 66.6

AE: adverse event; RI: renal impairment; Tx: treatment.
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perform pharmacokinetic analyses in the pooled
patient population. However, pharmacokinetics is
being assessed in 2 ongoing trials, MM-008 and MM-
013, which are investigating POMþ LoDEX for the
treatment of RRMM in patients with severe RI.[32,33]
Investigators are evaluating POM 2 vs. 4 mg in the
dose-escalation component of MM-008, and prelimin-
ary analysis shows that the pharmacokinetics of POM
in patients with severe RI and no or mild RI are similar
with both doses.[32] Although additional patients and
follow-up are required to more conclusively demon-
strate the impact of 2 vs. 4 mg POM in patients with
RRMM and severe RI, preliminary data from the MM-
008 trial also indicate that POM dose reduction is not
required, even in patients with severe RI,[32] support-
ing 4 mg as the appropriate dose in these patients.

In this larger analysis, dose reductions and modifica-
tions were similar between the 2 RI subgroups.
Although comparison between POMþ LoDEX and a
comparator arm was not feasible because each trial
had different or no comparators, this more robust ana-
lysis provides support for POM 4 mg as a safe, effect-
ive, and overall appropriate dose, even in patients with
moderate RI.
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