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Novelty statements: 
1. What is the new aspect of your work?
• Outcomes of PVd at first relapse have not been reported in patients with mutliple myeloma and poor prognostic characteristics who were previously treated with lenalidomide, a 
clinically relevant patient population with a high unmet need.

2. What is the central finding of your work?
• The benefit of PVd at first relapse in lenalidomide-pretreated patients was independent of the following poor prognostic factors: advanced age, renal impairment, and high-risk 
cytogenetic abnormalities.

3. What is (or could be) the specific clinical relevance of your work?
• The findings of this analysis continue to support the use of pomalidomide immediately after lenalidomide failure in early treatment lines and will help inform treatment decisions for 
patients with poor prognostic factors.  
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1  | INTRODUC TION

Patients with multiple myeloma (MM) have experienced improved 
outcomes in recent years with the introduction of novel agents and 
combinations, yet the disease remains incurable, and treatment of 
patients with clinically relevant prognostic factors requires careful 
consideration.1,2 Patients with MM are predominantly older adults 
(median age at diagnosis, 66 years), and advanced age is associated 
with a lower survival rate, in part due to comorbidities and frailty, 
which can greatly impact the ability to tolerate current therapies.3-

5 Renal impairment (RI) is also a common characteristic of patients 
with MM that confers a worse prognosis.6 The incidence of RI is 
20% to 30% at MM diagnosis and increases throughout the disease 
course.7 Patients with RI have a higher disease burden and poorer 
outcomes than patients with normal renal function.6,8 Furthermore, 
patients with high-risk cytogenetic abnormalities, such as del(17p), 
t(4;14), or t(14;16), have shorter survival than those with standard-
risk cytogenetic profiles.9-11

For patients with newly diagnosed MM, lenalidomide-based 
therapy until disease progression is a standard treatment.12,13 
Accordingly, patients for whom the benefits of lenalidomide have 
been exhausted early in the course of treatment are in need of 
proven options for subsequent therapy.13 Pomalidomide, an oral 
immunomodulatory agent, has demonstrated antimyeloma activity 
in the context of lenalidomide resistance and is the only agent that 

has been extensively studied in patients previously treated with 
lenalidomide, including those who received pomalidomide immedi-
ately after lenalidomide.14-17 Pomalidomide has also demonstrated 
antimyeloma activity synergistic with multiple agents, supporting its 
integration into novel triplet regimens.16,18-23 The combination of po-
malidomide, bortezomib, and dexamethasone (PVd) was approved in 
the European Union and other countries on the basis of the findings 
of the registrational phase 3 OPTIMISMM study in lenalidomide-
pretreated patients (70% with lenalidomide-refractory disease) with 
relapsed or refractory MM (RRMM) in early lines of therapy (median 
of two prior lines of therapy).17,24,25 Progression-free survival (PFS) 
was significantly improved with PVd vs bortezomib and dexametha-
sone (Vd) alone (median, 11.2 vs 7.1 months; hazard ratio [HR], 0.61 
[95% CI, 0.49-0.77]; P  <  .0001).17 A subanalysis of OPTIMISMM 
demonstrated the benefit of PVd at first relapse (median PFS, 20.7 
vs 11.6 months with Vd; HR, 0.54 [95% CI, 0.36-0.82]; P =  .0027), 
including immediately after frontline lenalidomide treatment failure 
and other common first-line interventions.17,26

The importance of prognostic factors in determining optimal an-
timyeloma therapy was considered when we performed a post hoc 
subanalysis of the OPTIMISMM trial to investigate the efficacy and 
safety of PVd vs Vd at first relapse (ie, after only one prior line of 
therapy) by age (≤65 vs >65 years), baseline renal function (creati-
nine clearance [CrCl] <60 vs ≥60 mL/min), and high-risk cytogenetic 
abnormalities.
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Abstract
Objective: We evaluated the efficacy and safety of pomalidomide, bortezomib, and 
dexamethasone (PVd) vs bortezomib and dexamethasone (Vd) by age, renal function, 
and high-risk cytogenetic abnormalities in lenalidomide-pretreated patients with mul-
tiple myeloma at first relapse.
Methods: OPTIMISMM was a phase 3, multicenter, open-label, randomized study 
(NCT01734928; N = 559). The primary endpoint was progression-free survival (PFS).
Results: Overall, 226 patients had received one prior line of therapy. PVd signifi-
cantly prolonged PFS vs Vd in patients aged ≤65 years (median, 22.0 vs 13.1 months; 
P = .0258) and >65 years (median, 17.6 vs 9.9 months; P = .0369). Median PFS in pa-
tients with renal impairment (RI; creatinine clearance <60 mL/min) was 15.1 months 
with PVd vs 9.5 months with Vd (hazard ratio [HR], 0.67 [95% CI, 0.34-1.34]). In pa-
tients without RI, median PFS was 22.0 vs 13.1 months (HR, 0.45 [95% CI, 0.27-0.76]). 
In patients with high-risk cytogenetics, median PFS was 14.7 vs 9.9 months (HR, 0.39 
[95% CI, 0.13-1.17]). PVd significantly improved overall response rate vs Vd in all sub-
groups. The safety profile of PVd was consistent with previous reports.
Conclusions: These findings confirmed the benefits of PVd at first relapse, including 
in patients with poor prognostic factors.
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2  | METHODS

2.1 | Study design and patients

The randomized, open-label, controlled, phase 3 OPTIMISMM trial 
was conducted at 133 hospitals and research centers in 21 coun-
tries.17 Details of participants, study treatments, and procedures 
have been reported previously.17 Patients aged ≥18  years who 
had a diagnosis of MM, measurable disease, Eastern Cooperative 
Oncology Group performance status of ≤2, one to three prior regi-
mens (including at least two cycles of lenalidomide therapy), and 
investigator-determined progressive disease were enrolled. Patients 
with disease refractory to lenalidomide (including those who received 
lenalidomide in their last prior regimen) or bortezomib (defined as 
bortezomib-treated patients with disease that had progressed on 
or within 60  days of bortezomib administration on a once-weekly 
schedule or at a dose of <1.3  mg/m2 of body surface area) were 
eligible. Patients exposed to bortezomib were ineligible if they had 
progressive disease during treatment or within 60 days of the last 
dose of a bortezomib-containing regimen administered at 1.3 mg/m2 
of body surface area twice weekly. Other key exclusion criteria were 
CrCl <30  mL/min requiring dialysis, grade ≥3 peripheral neuropa-
thy, or grade 2 peripheral neuropathy with pain. All patients pro-
vided written informed consent. The study protocol was approved 
by the institutional review board or central or local ethics commit-
tee at each participating site. The study conformed to the principles 
of Good Clinical Practice according to the International Council for 
Harmonisation requirements and the Declaration of Helsinki. The 
trial is registered with ClinicalTrials.gov (NCT01734928).

As previously reported, patients were randomized 1:1 to receive 
PVd or Vd using a validated interactive response technology sys-
tem.17 Randomization was stratified based on age (≤75 vs >75 years), 
number of previous regimens (one vs more than one), and concentra-
tion of β2-microglobulin at screening (<3.5 vs 3.5-5.5 vs >5.5 mg/L). 
Treatment assignments were not masked.

2.2 | Treatments

Treatment was administered in 21-day cycles until disease progres-
sion or unacceptable toxicity. Patients in the PVd group received 
pomalidomide 4 mg/day orally on days 1 to 14. All patients received 
bortezomib 1.3  mg/m2 intravenously until protocol amendment 1 
(March 27, 2014); then patients received either intravenous or sub-
cutaneous bortezomib on days 1, 4, 8, and 11 of cycles 1 through 8 
and on days 1 and 8 of cycles 9 and beyond. Dexamethasone was 
given orally (20 mg for patients aged ≤75 years; otherwise, 10 mg) 
on the days of and after bortezomib administration.

Bone marrow samples for qualitative cytogenetic assessment 
by fluorescence in situ hybridization were collected at screening 
and complete response. High-risk cytogenetics were defined as the 
detection of at least one of the following abnormalities: del(17p), 
t(4;14), or t(14;16).

2.3 | Outcomes and assessments

The primary endpoint was PFS in the intention-to-treat population 
as assessed by an independent review committee. Prespecified sec-
ondary endpoints were overall survival, overall response rate (ORR) 
as assessed by International Myeloma Working Group criteria, dura-
tion of response, and safety. Data for overall survival were not ma-
ture at the planned interim analysis (data cutoff, October 26, 2017). 
Time to response (TTR) was an exploratory endpoint. Adverse events 
were graded according to the National Cancer Institute Common 
Terminology Criteria for Adverse Events (version 4.0 or higher) and 
were summarized by system organ class and preferred term.

2.4 | Statistical analysis

Primary, secondary, and exploratory analyses were conducted in 
the intention-to-treat population, which comprised all randomized 
patients. Safety analyses were conducted in the safety population, 
consisting of all patients who received at least one dose of study 
medication. Efficacy analyses in the subgroups were not adjusted 
by stratification factors. PFS was estimated using the Kaplan-Meier 
method. The treatment effect (measured by HR and 95% CI) was 
compared using a Cox proportional hazards model and a log-rank 
test with a two-sided P value. Fisher's exact test was used to com-
pare responses. SAS software (version 9.2; SAS Institute Inc, Cary, 
NC, USA) was used for statistical analysis.

3  | RESULTS

3.1 | Patients

Results from the intention-to-treat population of OPTIMISMM, con-
sisting of 559 patients, have been previously published.17 A total of 
226 patients who had received only one prior line of therapy were 
included in this subgroup analysis (Table 1). Of these, 100 patients 
(44.2%) were aged ≤65 years (49 in the PVd group and 51 in the Vd 
group), and 126 (55.8%) were aged >65 years (62 in the PVd group 
and 64 in the Vd group). CrCl <60 mL/min at baseline was reported 
in 63 patients (27.9%; 35 in the PVd group and 28 in the Vd group), 
and CrCl ≥60 mL/min was reported in 163 patients (72.1%; 76 in the 
PVd group and 87 in the Vd group). High-risk cytogenetic abnormali-
ties were detected in 32 patients (14.2%; 18 in the PVd group and 
14 in the Vd group). Within each subgroup, baseline characteristics 
were generally well balanced between treatment arms. Patients with 
RI (CrCl <60 mL/min) were older, more likely to have International 
Staging System stage III disease at study entry, and less likely to 
have undergone prior autologous stem cell transplant than those 
with normal renal function (CrCl ≥60 mL/min) at baseline. Among pa-
tients with high-risk cytogenetic abnormalities, patients in the PVd 
group were younger than those in the Vd group (median age, 59.5 vs 
65.5 years) and less likely to be male (44.4% vs 57.1%).
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3.2 | Patient disposition and treatment exposure

At data cutoff (October 26, 2017), treatment was ongoing in 34 
and 39 patients aged ≤65 and >65  years, respectively, with most 
patients receiving PVd (Table 2). Patients who received PVd had a 
longer treatment duration and more treatment cycles than those 
who received Vd, with patients aged ≤65 years having more treat-
ment exposure than patients aged >65 years. A similar patient dis-
position was noted in the renal function subgroups, with treatment 
ongoing in 21 and 52 patients with baseline CrCl <60 and ≥60 mL/
min, respectively (Table 2). Both treatment duration and number of 
cycles with PVd were greater than with Vd, regardless of renal func-
tion. However, patients with normal renal function tended to have 
greater exposure to PVd than those with RI, whereas exposure to 
Vd was generally similar between the two renal function subgroups. 
Among patients with high-risk cytogenetic abnormalities, seven and 
three patients were still receiving PVd and Vd, respectively. Similar 
to the other patient subgroups, median treatment duration in this 
subgroup was longer and the median number of cycles received was 
higher with PVd than with Vd (Table 2).

Across all subgroups, progressive disease was the most common 
reason for treatment discontinuation (Table 2). Other common rea-
sons for discontinuation (>10% in any subgroup or treatment arm) 
included adverse events, withdrawal of consent, and death.

3.3 | Efficacy in age groups

Median PFS and ORR were significantly higher with PVd vs Vd at 
first relapse, irrespective of age. Median PFS was 22.0 months with 
PVd vs 13.1 months with Vd in patients aged ≤65 years (HR, 0.49 
[95% CI, 0.26-0.93]; P  =.0258) and 17.6 vs 9.9  months in patients 
aged >65 years (HR, 0.57 [95% CI, 0.34-0.97]; P =.0369) (Figure 1A).

The ORR was 89.8% vs 54.9% with PVd vs Vd (P <.001) in pa-
tients aged ≤65 years and 90.3% vs 54.7% (P <.001) in patients aged 
>65 years (Table 3). PVd led to deeper responses than Vd, with higher 
rates of very good partial response (VGPR) or better in patients aged 
≤65  years (65.3% vs 17.6%) and >65  years (58.1% vs 26.6%). The 
median TTR was 1.0 month with PVd vs 1.4 months with Vd in the 
≤65 years subgroup (P =.042) and 1.0 vs 0.9 month in the >65 years 
subgroup (P =.524). PVd also led to more durable responses than Vd, 
but the differences were not significant (Table 3).

3.4 | Efficacy in renal function groups

PVd given at first relapse improved median PFS vs Vd in patients 
with RI at baseline, but the difference was not statistically signifi-
cant (15.1 vs 9.5  months with Vd; HR, 0.67 [95% CI, 0.34-1.34]; 
P = .2530). A significant improvement in PFS was observed with PVd 
vs Vd in patients with normal renal function at baseline, with a me-
dian of 22.0 vs 13.1 months (HR, 0.45 [95% CI, 0.27-0.76]; P = .0020) 
(Figure 1B).

Furthermore, PVd significantly improved the ORR vs Vd, regard-
less of renal function status. Patients with CrCl <60 mL/min achieved 
an ORR of 91.4% with PVd vs 53.6% with Vd (P < .001; Table 3). The 
ORR was 89.5% with PVd vs 55.2% with Vd in patients with CrCl 
≥60 mL/min (P <  .001). Rates of VGPR or better (with PVd vs Vd) 
were 54.3% vs 21.4% in patients with CrCl <60 mL/min and 64.5% 
vs 23.0% in those with CrCl ≥60  mL/min at baseline. The median 
TTR was 1.2 months with PVd vs 0.8 month with Vd in patients with 
CrCl <60 mL/min (P =.007) and 1.0 vs 1.4 months in patients with 
CrCl ≥60 mL/min (P = .024). The duration of response with PVd and 
Vd was not significantly different in either renal function subgroup.

3.5 | Efficacy in patients with high-risk cytogenetic 
abnormalities

In patients with high-risk cytogenetic abnormalities treated at first 
relapse, median PFS was 14.7 months with PVd vs 9.9 months with 
Vd (HR, 0.39 [95% CI, 0.13-1.17]; P = .0802) (Figure 1C).

The ORR was significantly improved with PVd vs Vd, with a rate 
of 94.4% vs 57.1% (P = .027). VGPR or better was achieved by 72.2% 
of patients who received PVd vs 35.7% of patients who received Vd 
(Table 3). The TTR and duration of response were not significantly 
different with PVd vs Vd in this patient subgroup.

3.6 | Safety

In all subgroups and treatment arms, the most common grade 3/4 
hematologic treatment-emergent adverse events (TEAEs) were neu-
tropenia, thrombocytopenia, and anemia (Table 4). The most common 
grade 3/4 non-hematologic TEAEs were infections, including pneumo-
nia. In patients aged >65 years, infections, neutropenia, and throm-
bocytopenia were the most frequent grade 3/4 TEAEs with PVd; in 
patients with RI, infections, neutropenia, and anemia were the most 
common. The most common grade 3/4 TEAEs with Vd were thrombo-
cytopenia and infections, irrespective of age and renal function status. 
In patients with high-risk cytogenetic abnormalities, the most com-
mon grade 3/4 TEAEs with PVd were neutropenia and infections.

4  | Discussion

The results of this post hoc subanalysis of OPTIMISMM demon-
strated improved efficacy with PVd vs Vd treatment at first relapse, 
including in patients with clinically relevant prognostic factors such 
as older age, RI, and high-risk cytogenetic abnormalities. In patients 
aged >65 years, treatment with PVd significantly reduced the risk 
of disease progression or death by 43% compared with Vd alone 
(P =  .0369). Trends toward longer PFS with PVd were noted in pa-
tients who had CrCl <60 mL/min at baseline (33% risk reduction) and 
in those with high-risk cytogenetics (nearly 5  months of improve-
ment and 61% risk reduction). However, treatment differences were 

 16000609, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejh.13706 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [29/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



     |  77RICHARDSON et al.

TA
B

LE
 1

 
Ba

se
lin

e 
ch

ar
ac

te
ris

tic
s 

of
 p

at
ie

nt
s 

w
ho

 re
ce

iv
ed

 o
ne

 p
rio

r l
in

e 
of

 th
er

ap
y 

by
 a

ge
, r

en
al

 fu
nc

tio
n,

 a
nd

 h
ig

h-
ris

k 
cy

to
ge

ne
tic

 a
bn

or
m

al
iti

es

Ch
ar

ac
te

ris
tic

A
ge

d 
≤6

5 
y

A
ge

d 
>

65
 y

Cr
Cl

 <
60

 m
L/

m
in

Cr
Cl

 ≥
60

 m
L/

m
in

H
ig

h-
ris

k 
cy

to
ge

ne
tic

s

PV
d 

(n
 =

 4
9)

Vd
 (n

 =
 5

1)
PV

d 
(n

 =
 6

2)
Vd

 (n
 =

 6
4)

PV
d 

(n
 =

 3
5)

Vd
 (n

 =
 2

8)
PV

d 
(n

 =
 7

6)
Vd

 (n
 =

 8
7)

PV
d 

(n
 =

 1
8)

Vd
 (n

 =
 1

4)

A
ge

, m
ed

ia
n 

(ra
ng

e)
, y

58
 (2

9-
65

)
59

 (2
7-

65
)

73
 (6

6-
87

)
71

.5
 (6

6-
89

)
74

 (5
7-

82
)

73
 (5

7-
89

)
62

 (2
9-

87
)

64
 (2

7-
81

)
59

.5
 (3

8-
77

)
65

.5
 

(5
5-

84
)

>
65

 y
, n

 (%
)

0
0

62
 (1

00
)

64
 (1

00
)

32
 (9

1.
4)

24
 (8

5.
7)

30
 (3

9.
5)

40
 (4

6.
0)

6 
(3

3.
3)

7 
(5

0.
0)

>7
5 

ye
ar

s,
 n

 (%
)

0
0

16
 (2

5.
8)

18
 (2

8.
1)

14
 (4

0.
0)

11
 (3

9.
3)

2 
(2

.6
)

7 
(8

.0
)

1 
(5

.6
)

1 
(7

.1
)

M
al

e,
 n

 (%
)

31
 (6

3.
3)

24
 (4

7.
1)

36
 (5

8.
1)

33
 (5

1.
6)

15
 (4

2.
9)

9 
(3

2.
1)

52
 (6

8.
4)

48
 (5

5.
2)

8 
(4

4.
4)

8 
(5

7.
1)

EC
O

G
 P

S,
 n

 (%
)

0
35

 (7
1.

4)
35

 (6
8.

6)
32

 (5
1.

6)
24

 (3
7.

5)
18

 (5
1.

4)
11

 (3
9.

3)
49

 (6
4.

5)
48

 (5
5.

2)
13

 (7
2.

2)
9 

(6
4.

3)

1
14

 (2
8.

6)
14

 (2
7.

5)
27

 (4
3.

5)
35

 (5
4.

7)
16

 (4
5.

7)
14

 (5
0.

0)
23

 (3
2.

9)
35

 (4
0.

2)
5 

(2
7.

8)
5 

(3
5.

7)

2
0

2 
(3

.9
)

3 
(4

.8
)

5 
(7

.8
)

1 
(2

.9
)

3 
(1

0.
7)

2 
(2

.6
)

4 
(4

.6
)

0
0

IS
S 

st
ag

e,
 n

 (%
)a

I
32

 (6
5.

3)
38

 (7
4.

5)
33

 (5
3.

2)
31

 (4
8.

4)
16

 (4
5.

7)
8 

(2
8.

6)
49

 (6
4.

5)
61

 (7
0.

1)
10

 (5
5.

6)
5 

(3
5.

7)

II
12

 (2
4.

5)
9 

(1
7.

6)
21

 (3
3.

9)
18

 (2
8.

1)
11

 (3
1.

4)
8 

(2
8.

6)
22

 (2
8.

9)
19

 (2
1.

8)
7 

(3
8.

9)
4 

(2
8.

6)

III
5 

(1
0.

2)
4 

(7
.8

)
8 

(1
2.

9)
15

 (2
3.

4)
8 

(2
2.

9)
12

 (4
2.

9)
5 

(6
.6

)
7 

(8
.0

)
1 

(5
.6

)
5 

(3
5.

7)

Ti
m

e 
si

nc
e 

M
M

 d
ia

gn
os

is
, 

m
ed

ia
n 

(ra
ng

e)
, y

3.
0 

(1
.0

-8
.5

)
3.

4 
(0

.6
-1

2.
8)

3.
0 

(0
.2

-1
0.

8)
3.

1 
(0

.4
-1

1.
1)

2.
6 

(0
.6

-1
0.

8)
3.

0 
(0

.6
-1

2.
8)

3.
1 

(0
.2

-9
.0

)
3.

1 
(0

.4
-1

1.
1)

2.
3 

(0
.2

-9
.0

)
3.

2 
(1

.5
-6

.5
)

C
rC

l <
60

 m
L/

m
in

, n
 (%

)
3 

(6
.1

)
4 

(7
.8

)
32

 (5
1.

6)
24

 (3
7.

5)
35

 (1
00

)
28

 (1
00

)
0

0
4 

(2
2.

2)
3 

(2
1.

4)

Cy
to

ge
ne

tic
s,

 n
 (%

)a

N
on

-h
ig

h 
ris

kb
23

 (4
6.

9)
23

 (4
5.

1)
35

 (5
6.

5)
33

 (5
1.

6)
19

 (5
4.

3)
14

 (5
0.

0)
39

 (5
1.

3)
42

 (4
8.

3)
0

0

H
ig

h 
ris

kb
12

 (2
4.

5)
7 

(1
3.

7)
6 

(9
.7

)
7 

(1
0.

9)
4 

(1
1.

4)
3 

(1
0.

7)
14

 (1
8.

4)
11

 (1
2.

6)
18

 (1
00

)
14

 (1
00

)

M
is

si
ng

 o
r N

E
14

 (2
8.

6)
21

 (4
1.

2)
21

 (3
3.

9)
24

 (3
7.

5)
12

 (3
4.

3)
11

 (3
9.

3)
23

 (3
0.

3)
34

 (3
9.

1)
0

0

Pr
ev

io
us

 tr
ea

tm
en

t, 
n 

(%
)

LE
N

49
 (1

00
)

51
 (1

00
)

62
 (1

00
)

64
 (1

00
)

35
 (1

00
)

28
 (1

00
)

76
 (1

00
)

87
 (1

00
)

18
 (1

00
)

14
 (1

00
)

BO
RT

41
 (8

3.
7)

37
 (7

2.
5)

26
 (4

1.
9)

30
 (4

6.
9)

12
 (3

4.
3)

17
 (6

0.
7)

55
 (7

2.
4)

50
 (5

7.
5)

11
 (6

1.
1)

11
 (7

8.
6)

SC
T

43
 (8

7.
8)

33
 (6

4.
7)

13
 (2

1.
0)

21
 (3

2.
8)

4 
(1

1.
4)

8 
(2

8.
6)

52
 (6

8.
4)

46
 (5

2.
9)

11
 (6

1.
1)

8 
(5

7.
1)

Re
fr

ac
to

ry
 d

is
ea

se
, n

 (%
)

LE
N

 re
fr

ac
to

ry
27

 (5
5.

1)
26

 (5
1.

0)
37

 (5
9.

7)
39

 (6
0.

9)
24

 (6
8.

6)
16

 (5
7.

1)
40

 (5
2.

6)
49

 (5
6.

3)
13

 (7
2.

2)
8 

(5
7.

1)

BO
RT

 re
fr

ac
to

ry
6 

(1
2.

2)
4 

(7
.8

)
5 

(8
.1

)
3 

(4
.7

)
2 

(5
.7

)
2 

(7
.1

)
9 

(1
1.

8)
5 

(5
.7

)
3 

(1
6.

7)
1 

(7
.1

)

A
bb

re
vi

at
io

ns
: B

O
RT

, b
or

te
zo

m
ib

; C
rC

l, 
cr

ea
tin

in
e 

cl
ea

ra
nc

e;
 E

CO
G

 P
S,

 E
as

te
rn

 C
oo

pe
ra

tiv
e 

O
nc

ol
og

y 
G

ro
up

 p
er

fo
rm

an
ce

 s
ta

tu
s;

 IS
S,

 In
te

rn
at

io
na

l S
ta

gi
ng

 S
ys

te
m

; L
EN

, l
en

al
id

om
id

e;
 M

M
, m

ul
tip

le
 

m
ye

lo
m

a;
 N

E,
 n

ot
 e

va
lu

ab
le

; P
Vd

, p
om

al
id

om
id

e,
 b

or
te

zo
m

ib
, a

nd
 d

ex
am

et
ha

so
ne

; S
C

T,
 s

te
m

 c
el

l t
ra

ns
pl

an
t; 

Vd
, b

or
te

zo
m

ib
 a

nd
 d

ex
am

et
ha

so
ne

.
a A

t s
tu

dy
 e

nt
ry

.
b H

ig
h 

ris
k 

w
as

 d
ef

in
ed

 a
s 

th
e 

pr
es

en
ce

 o
f d

el
(1

7p
), 

t(4
;1

4)
, a

nd
/o

r t
(1

4;
16

). 
N

on
-h

ig
h 

ris
k 

w
as

 d
ef

in
ed

 a
s 

th
e 

ab
se

nc
e 

of
 h

ig
h-

ris
k 

cy
to

ge
ne

tic
 a

bn
or

m
al

iti
es

.

 16000609, 2022, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/ejh.13706 by R

eadcube (L
abtiva Inc.), W

iley O
nline L

ibrary on [29/02/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



78  |     RICHARDSON et al.

not statistically significant likely because of the small sample sizes in 
both of these subgroups. Importantly, the ORR was significantly im-
proved with PVd vs Vd in all subgroups reported here. Furthermore, 
patients with an elevated risk for poor outcomes achieved deep re-
sponses with PVd; the rate of VGPR or better was more than double 
the rate with Vd.

The safety profile of PVd was consistent with that seen in pre-
vious reports of OPTIMISMM, with neutropenia, thrombocytope-
nia, and infections (mainly pneumonia) noted as the most common 
grade 3/4 TEAEs, regardless of age, renal function, and high-risk 
cytogenetics. The safety of PVd was encouraging in patients aged 
>65 years, who are typically considered frail and less likely to tol-
erate novel antimyeloma regimens.5 Importantly, the safety profile 
was consistent with early-phase studies of PVd in which the propor-
tion of younger patients was higher.27

To our knowledge, this subanalysis of OPTIMISMM is the first 
report to describe efficacy and safety outcomes at first relapse 
in the context of prior lenalidomide exposure and clinically rele-
vant prognostic factors in a large phase 3 trial. Early-line data in 
this setting were recently reported from the phase 2 MM-014 
(NCT01946477) trial of pomalidomide, dexamethasone, and dara-
tumumab given after one or two prior treatment lines containing 
lenalidomide (75% of patients had lenalidomide-refractory MM).28 
The ORR was 74.2% in patients aged >65 years (n = 62). Response 
rates were also promising regardless of baseline renal status, with 
an ORR of 85.7%, 90.9%, and 74.7% in patients with CrCl ≥30 to 
<45 (n  =  7), ≥45 to <60 (n  =  11), and ≥60  mL/min (n  =  79), re-
spectively. Furthermore, a small subgroup of 20 patients with high-
risk cytogenetic abnormalities, del(17p), t(4;14), and/or t(14;16), 
achieved an ORR of 55.0%.

The post hoc results of OPTIMISMM reported here build on 
recent evidence from patient subgroups with poor prognostic fac-
tors treated with US Food and Drug Administration–approved 
pomalidomide-based regimens, albeit in later lines of therapy.18,19 
The randomized phase 3 ICARIA-MM (NCT02990338) trial inves-
tigated isatuximab, pomalidomide, and dexamethasone (Isa-Pd) vs 
Pd in lenalidomide-pretreated patients (median of three prior lines 
of therapy; 93% had lenalidomide-refractory disease)29). Compared 
with Pd, Isa-Pd demonstrated longer PFS in patients aged ≥65 years, 
patients with RI, and patients with high-risk cytogenetic abnormal-
ities, that is, del(17p), t(4;14), or t(14;16). Isa-Pd also demonstrated 
improved ORRs and deeper responses vs Pd in these poor prog-
nostic patient subgroups.30-32 Grade ≥3 TEAEs with Isa-Pd were 
more common in older patients than in younger patients.32 In the 
phase 2 ELOQUENT-3 (NCT02654132) trial that led to approval of 
elotuzumab, pomalidomide, and dexamethasone in RRMM, 99% of 
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F I G U R E  1   Kaplan-Meier estimates of PFS in subgroups of 
patients with only one prior line of therapy (A) by age, (B) by renal 
function at baseline, and (C) by high-risk cytogenetic abnormalities. 
CrCl, creatinine clearance; HR, hazard ratio; PFS, progression-free 
survival; PVd, pomalidomide, bortezomib, and dexamethasone; Vd, 
bortezomib and dexamethasone
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patients were previously treated with lenalidomide (median of three 
prior lines of therapy) and 87% had disease refractory to lenalido-
mide.33 A PFS analysis in predefined subgroups demonstrated a 
benefit with elotuzumab, pomalidomide, and dexamethasone over 
Pd in patients aged ≥65 years and those with high-risk cytogenetic 
abnormalities, that is, del(17p), t(4;14), or t(14;16)33.

Other phase 3 trials investigating addition of a third agent to 
Vd in early-line treatment include CASTOR (daratumumab plus Vd; 
NCT02136134),34,35 BOSTON (selinexor plus Vd; NCT03110562),36 
and BELLINI (venetoclax plus Vd; NCT02755597).37 However, these 
studies had small proportions of lenalidomide-pretreated patients 
(42% in CASTOR, 38% in BOSTON, and not specified in BELLINI) 
or patients who received only one prior line of therapy (20% in 
CASTOR, 49% in BOSTON, and 46% in BELLINI) and did not include 
subgroup analyses at first relapse in patients who were exposed to 
lenalidomide.35-37

The current subanalysis may be limited by the small sample size 
of each subgroup, particularly for the RI and high-risk cytogenetics 
subgroups, and lack of power to provide definitive statistical evi-
dence.38 Additionally, the frailty of older patients was not assessed 

because OPTIMISMM began patient enrollment 3 years before the 
publication of the International Myeloma Working Group frailty 
score system39; however, the reproducibility of the results across 
age groups and in each subanalysis support the translation of these 
findings to real-world clinical practice.40

In conclusion, the results of this subanalysis of OPTIMISMM 
demonstrated that the benefit of PVd at first relapse in lenalidomide-
pretreated patients is independent of important clinical characteris-
tics that impact treatment choices. Moreover, these data continue 
to show the effectiveness of pomalidomide after relapse from or 
resistance to lenalidomide, indicating the benefit of maintaining 
continuous immunomodulation. The findings of this analysis add to 
the growing body of data supporting the use of pomalidomide im-
mediately after lenalidomide failure in early treatment lines and can 
help clinicians make informed treatment decisions for patients with 
RRMM and poor prognostic factors.
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TA B L E  4   Grade 3/4 TEAEs in patients who received one prior line of therapy by age, renal function, and high-risk cytogenetic 
abnormalities

Grade 3/4 TEAEs, n 
(%)a

Aged ≤65 y Aged >65 y CrCl <60 mL/min CrCl ≥60 mL/min
High-risk 
cytogenetics

PVd 
(n = 49)

Vd 
(n = 48)

PVd 
(n = 62)

Vd 
(n = 62)

PVd 
(n = 35)

Vd 
(n = 28)

PVd 
(n = 76)

Vd 
(n = 82)

PVd 
(n = 18)

Vd 
(n = 14)

Hematologic

Neutropenia 24 (49.0) 3 (6.3) 16 (25.8) 8 (12.9) 8 (22.9) 3 (10.7) 32 (42.1) 8 (9.8) 10 (55.6) 2 (14.3)

Febrile neutropenia 2 (4.1) 0 1 (1.6) 0 1 (2.9) 0 2 (2.6) 0 0 0

Thrombocytopenia 13 (26.5) 9 (18.8) 9 (14.5) 14 (22.6) 4 (11.4) 6 (21.4) 18 (23.7) 17 (20.7) 2 (11.1) 6 (42.9)

Anemia 7 (14.3) 6 (12.5) 5 (8.1) 1 (1.6) 5 (14.3) 2 (7.1) 7 (9.2) 5 (6.1) 2 (11.1) 2 (14.3)

Non-hematologic

Infectionsb 15 (30.6) 7 (14.6) 17 (27.4) 10 (16.1) 10 (28.6) 5 (17.9) 22 (28.9) 12 (14.6) 6 (33.3) 2 (14.3)

Pneumonia 6 (12.2) 3 (6.3) 4 (6.5) 3 (4.8) 6 (17.1) 2 (7.1) 4 (5.3) 4 (4.9) 3 (16.7) 2 (14.3)

Peripheral sensory 
neuropathy

7 (14.3) 1 (2.1) 3 (4.8) 3 (4.8) 2 (5.7) 1 (3.6) 8 (10.5) 3 (3.7) 1 (5.6) 0

Hypokalemia 6 (12.2) 1 (2.1) 0 2 (3.2) 1 (2.9) 1 (3.6) 5 (6.6) 2 (2.4) 3 (16.7) 0

Hyperglycemia 5 (10.2) 4 (8.3) 4 (6.5) 5 (8.1) 1 (2.9) 0 8 (10.5) 9 (11.0) 1 (5.6) 1 (7.1)

Fatigue 5 (10.2) 1 (2.1) 4 (6.5) 2 (3.2) 2 (5.7) 2 (7.1) 7 (9.2) 1 (1.2) 0 1 (7.1)

Pulmonary 
embolism

4 (8.2) 0 2 (3.2) 0 2 (5.7) 0 4 (5.3) 0 2 (11.1) 0

Non-cardiac chest 
pain

3 (6.1) 1 (2.1) 1 (1.6) 0 0 0 4 (5.3) 1 (1.2) 2 (11.1) 1 (7.1)

Congestive heart 
failure

2 (4.1) 2 (4.2) 0 0 0 0 2 (2.6) 2 (2.4) 2 (11.1) 0

Diarrhea 2 (4.1) 2 (4.2) 6 (9.7) 4 (6.5) 3 (8.6) 3 (10.7) 5 (6.6) 3 (3.7) 1 (5.6) 1 (7.1)

Acute kidney injury 2 (4.1) 1 (2.1) 4 (6.5) 0 4 (11.4) 1 (3.6) 2 (2.6) 0 1 (5.6) 0

Abbreviations: CrCl, creatinine clearance; PVd, pomalidomide, bortezomib, and dexamethasone; TEAE, treatment-emergent adverse event; Vd, 
bortezomib and dexamethasone.
aReported as preferred terms in ≥10% of patients in any arm of any subgroup, except for febrile neutropenia.
bInfections reported as system organ class.
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