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Abstract

Patients with transplant-ineligible relapsed and refractory multiple myeloma (RRMM)
have a short life expectancy, especially when they have failed both the proteasome
inhibitor and immunomodulator therapies. This study aimed to assess the efficacy
and safety of pomalidomide, cyclophosphamide, and dexamethasone (PCd) in elderly
patients with RRMM. This phase 2 clinical trial recruited 55 elderly patients with
RRMM. The patients underwent a 28-day treatment cycle: pomalidomide (4 mg/day
on days 1-21, administered orally) and cyclophosphamide (400 mg/day on days 1, 8,
and 15; administered orally) plus dexamethasone. The median (range) age of the
patients was 73.3 (64-86) years, and 8 (14.5%) patients who were > 80 years old.
Eight (14.5%) and 31 (56.4%) patients exhibited stage Ill (revised international staging
system) and frail status (simplified frailty scale), respectively. The overall response
rate (ORR) and clinical benefit rate (CBR) of PCd therapy were 58.2% and 72.7%,
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and mortality.

1 | INTRODUCTION

Over the last few years, there has been a marked improvement in the
survival outcomes of patients with multiple myeloma (MM). This is
mainly due to the development of novel therapeutic agents, such as
first-in-class proteasome inhibitor (bortezomib) and immunomodula-
tory drugs (IMiDs) for relapse and refractory MM (RRMM).22 How-
ever, patients with RRMM who have undergone multiple lines of
therapy exhibit a poor prognosis.® There was a rapid increase in the
number of patients with RRMM who were refractory to bortezomib
and lenalidomide. Thus, second generation IMiDs were developed and
approved for treating RRMM. Previously, the combination of
pomalidomide, cyclophosphamide, and dexamethasone (PCd) was
used to treat patients with RRMM who were not responsive to at
least two prior treatments with bortezomib and lenalidomide.*> How-
ever, there was a need for improving the treatment efficacy for
RRMM. Hence, pomalidomide in combination with other drugs, such
as bortezomib, carfilzomib, or daratumumab was evaluated for
treating RRMM.1° These drug combinations exhibited good treat-
ment response rates and improved the survival outcomes of patients.
These regimens have been fully approved and are considered a new
standard of care for patients with RRMM. Recently, the combinations
(ELOQUENT-3) or (ICARIA) plus
pomalidomide and dexamethasone (PomDex) have resulted in good

of elotuzumab isatuximab
treatment outcomes in patients with MM, in whom the treatment
with lenalidomide and proteasome inhibitor had failed.”** Now, novel
agents in combination with PomDex may be beneficial but are too
costly. These combination therapies can increase the cost of the drugs
as compared to that of the PomDex or PCd regimen. However, there
are no data comparing the cost-effectiveness of PCd with that of
other combination treatments with pomalidomide or other novel ther-
apeutic agents. Pelligra et al reported that PomDex may be a cost-
effective treatment option relative to daratumumab or carfilzomib
monotherapy in patients that were heavily pretreated with RRMM.12
On the contrary, Gong et al have presented different results, showing
that daratumumab is costeffective for RRMM as compared to
pomalidomide.*3

Globally, the median age at which MM is diagnosed is around
70 years. Most patients with RRMM are diagnosed at the age of 75 to
80 years when they are frail. The multidrug combination therapy para-

digm increases drug toxicity, which can be a limiting factor for treating

respectively. The median PFS and median overall survival (OS) were 6.90 months
(95% ClI, 4.7-9.0) and 18.48 months (95% Cl, 9.4-27.6), respectively. The incidence
rate of grade > 3 non-hematological toxicities was 70.8%. In particular, the incidence
rate of primary infection was 45.4%, including 21.8% for pneumonia, 9.0% for sepsis,
and 14.6% for febrile neutropenia. In conclusion, PCd is an effective regimen for
elderly patients with RRMM who had failed both bortezomib and lenalidomide treat-

ments, but in whom the treatment-associated infection is the main cause of morbidity

elderly patients with RRMM. Additionally, the effectiveness of combi-
nation therapy has not been demonstrated in elderly patients with
RRMM. The efficacy of PCd therapy may not be markedly different
from that of other reported therapies based on triplet PomDex combi-
nation with novel therapeutic agents. However, the safety profile of
the triplet combination remains unclear, particularly in elderly patients
with RRMM. The efficacy of PCd therapy among elderly patients with
RRMM who are not responsive to bortezomib and lenalidomide treat-
ments has not also been evaluated. Hence, this study aimed to evalu-
ate the efficacy and safety of PCd therapy in elderly patients with
RRMM who had failed to prior bortezomib and lenalidomide
treatments.

2 | METHODS

21 | Patients

This open-label, multicenter, non-randomized phase 2 trial was under-
taken in 14 centers in South Korea between May 2015 and
November 2017. The eligible patients had undergone two or more
prior lines of therapy, including both bortezomib and lenalidomide in
combination with bortezomib, melphalan, and prednisone (VMP) as
the front-line therapy. This was followed by lenalidomide and dexa-
methasone (Rd) or thalidomide-containing treatment as the second
line or more, in accordance with Health Care Insurance System of
South Korea. The relapsed and refractory (Rel/Ref) disease was
defined following the International Myeloma Working Group (IMWG)
guidelines.®>'* The primary end-point of the study was median
progression-free survival (PFS). The secondary response and survival
rates were assessed according to the IMWG criteria.>'* Additionally,
measurable disease was defined by the presence of one of the follow-
ing parameters: serum monoclonal protein 20.5 g/dL; urine monoclo-
nal protein >200 mg/24 h; or serum free light chain 210 mg/dL and
abnormal serum free light chain ratio. The patients exhibited an East-
ern Cooperative Oncology Group (ECOG) performance status of 0-2
and serum creatinine levels of <3 mg/dL. Cytogenetic risk was deter-
mined by the conventional cytogenetics or fluorescence in situ hybrid-
ization (FISH). The high risk factors included t(4;14), 17p deletion, t
(14;16), t(14;20), gain(1q), del (13), and nonhyperdiploidy, whereas
standard risk factors included t(11;14), t(6;14) and all the others.'®
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TABLE 1 The clinical characteristics of patients enrolled in this study

Variables All patients (N = 55)
Age (years) median [range] 73.3 [64.4-85.6]

>80 8(14.5)

<80 47 (85.5)
Sex (%) Male 33 (60.0)

Female 22 (40.0)
ECOG (%) 0 13(23.6)

1 4 (61.8)

2 8(14.5)
Comorbidity (%) <2 7 (67.3)

22 8 (43.6)
Frailty Nonfrail 4 (32.7)

Frail 1(56.4)
Subtype (%) 18G, k or A 22 (40.0)

IgA, x or A 10 (18.2)

Light chain disease 7 (12.7)

Others 3(5.5)

NA 13(23.6)
B2MG (mg/L) median [range] 3.6 [1.7-17.6]
CrCl (mL/min) median [range] 54.1 [15.6-102.6]
LDH (%) Normal 29 (55.8)

Abnormal 19 (36.5)

NA 4(7.7)
Cytogenetic risk (%) Standard 33 (60.0)

High 11 (20.0)

NA 1(20.0)
ISS (%) Stage | 0 (36.4)

Stage Il 7 (30.9)

Stage Ill 4 (25.5)

NA 4(7.3)
R-1SS (%) Stage | 3(23.6)

Stage Il 0 (54.5)

Stage Il 8(14.5)

NA 4(7.3)

[

Time from diagnosis to pomalidomide

treatment (years)

median [range]

2.66[0.92-7.14]

Median number of treatment line median [range] 3[3-7]

>2 prior treatments N (%) 18 (32.7)

Response to prior therapy, N (%) Refractory or Rel/Ref to lenalidomide 49 (89.1)
Refractory or Rel/Ref to bortezomib 40 (72.7)
Refractory to both bortezomib and 39 (70.9)

lenalidomide

Cause of discontinuation (%) Total 49 (89.1)
Disease progression 28 (50.9)
Withdrawal of consent 9 (16.4)
Toxicity 5(9.1)
Death 7(12.7)

Abbreviations: p,MG, B, microglobulin; CrCl, Creatinine clearance; ECOG, Eastern Cooperative Oncology Group performance status; Frailty, simplified frailty
scale; ISS, international staging system; LDH, lactate dehydrogenase; NA, not assessed; Rel/Ref, relapse and refractory; R-ISS, revised international staging system.
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Moreover, patients must exhibit an absolute neutrophil count (ANC)
>1 x 107/L2 and platelet count 250 x 10°/L (230 x 10°/L if myeloma
involvement in the bone marrow was >50%). A washout period of
2 weeks prior to cycle one on day 1 from the prior therapies was
required. All the patients provided written informed consent as per
institutional guidelines. This study was approved by the institutional
review board and was registered at clinicaltrials.gov under National
Clinical Trial number NCT03242460 (PORYQOU).

2.2 | Treatment and assessment

Patients underwent a 28-day treatment cycle; pomalidomide
(4 mg/day on days 1-21, orally) plus dexamethasone (40 mg/day on
days 1, 8, 15, and 22, orally). The dose of dexamethasone was
reduced to 20 mg/day in patients older than 75 years. Cyclophospha-
mide (400 mg/day flat dose) was administered orally on days 1, 8, and
15. A first dose reduction of dexamethasone (20 or 10 mg/day on
days 1, 8, 15, and 22) was recommended when a minimal response
(MR) was achieved 3 months post-PCd therapy initiation and when
stable disease (SD) status was achieved 6 months post-PCd initiation.
A second dose reduction (10 mg/day dexamethasone or 50 mg/day
prednisone on days 1, 8, 15, and 22) was recommended as per the
treatment scheme shown in Figure S1. The treatment was continued
until progressive disease (PD) status was achieved or when unaccept-
able toxicity was observed. Pomalidomide was temporarily interrupted
for patients with grade = 4 neutropenia, febrile neutropenia, or throm-
bocytopenia, grade 23 venous thromboembolism, constipation,
peripheral neuropathy, rash, and all other grade > 3 treatment-related
adverse events. The dose modifications for cyclophosphamide were
at the investigator’s discretion, while pomalidomide dose reduction
was based on the toxicity grades. Additionally, 100 mg aspirin was
administered daily for thromboprophylaxis. The granulocyte colony-
stimulating factor was administered to patients with ANC of less than

1 x 10°/L. Most patients used prophylactic antibiotics (levofloxacin)

TABLE 2 Multivariate analysis for PFS and OS

Characteristics N
B2MG (mg/L) <4.8 35
24.8 16
R-ISS Stage | 13
Stage Il 30
Stage Il 8
Response to previous lenalidomide treatment Refractory 11
Responsive 44
Best response <VGPR 38
>VGPR 16

and anti-viral agents (acyclovir) to prevent infection related complica-
tions. The use of bisphosphonates, transfusion support, and other
approved supportive strategies was allowed as per routine standard

care in each institution.

2.3 | Statistical analysis

The primary endpoint of the study was the median PFS. The secondary
endpoints were the overall response rate (ORR), overall survival (OS),
and drug toxicities. The PFS and ORR were based on the investigator’s
assessment of treatment response and PD status in accordance with
the IMWG criteria.2® The number of subjects were calculated using the
exponential mean power analysis of the PASS statistical program. This
study had 81% power to detect the differences between the null
hypothesis median PFS of 4.0 months,*” and the alternative hypothesis
median PFS of 7.5 months in the two-sided test with 5% significance
level (alpha). The recruiting number was 49 and the final calculated
number was 55 with 10% dropout rate. The patient demographics and
the clinical data were analyzed using numerical and graphical epidemio-
logical/statistical methods. Frailty was classified using the simplified
frailty scale instead of the IMWG frailty index because this study did
not record Activities of Daily Living/Instrumental Activities of Daily Liv-
ing (ADL/IADL) data.*®'? The PFS and OS were analyzed using the
Kaplan-Meier methodology, and the log-rank test was used for group
comparison (univariate analyses). We also conducted multivariate anal-
ysis using Cox proportional hazards regression to analyze the indepen-
dent prognostic impact of the variables on PFS and OS. A P value of
.05 was considered the limit of significance unless otherwise specified.
We used maximally selected log-rank statistics in the maxstat function
of the R software (version 3.3.2) to identify the optimal threshold for
assessing the survival outcomes of creatinine clearance (CrCl) and beta
2 microglobulin (82MG). In this study, the optimal thresholds for CrCl
and B2MG were 39.8 mL/min and 4.8 mg/L respectively. The results

were analyzed using SPSS and R software. The toxicities were

PFSHR [95% Cl] P value OSHR [95% Cl] P value
1 (Ref)) 1 (Ref))

1.10[0.41-2.90] 856 0.60[0.17-2.14] 426
1 (Ref.) 1 (Ref.)

0.95 [0.41-2.21] 902 1.43 [0.44-4.63] 555
2.49 [0.62-9.94] 197 13.68 [1.76-106.18] 012
1 (Ref)) 1 (Ref))

0.25 [0.09-0.64] .004 0.58 [0.19-1.79] 0.343
1 (Ref.) 1 (Ref))

0.22 [0.09-0.57] .002 0.39 [0.12-1.25] 0.115

Abbreviations: f,MG, B, microglobulin; ClI, confidence interval; HR, hazard ratio; OS, overall survival; PFS, progression-free survival; ref, reference; R-ISS,

revised international staging system; VGPR, very good partial response.
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characterized and graded according to the National Cancer Institute

Common Terminology Criteria for Adverse Events v 4.0.

3 | RESULTS

3.1 | Patient characteristics

The demographic and baseline disease characteristics of 55 patients
included in this study are presented in Table 1. The median age of the
patients was 73.3 years (range: 64-86 years). Among the patients, eight
patients (14.5%) were aged 280 years. Among the 55 patients, 24 (32.7%),
and 31 (56.4%) patients were classified as nonfrail and frail, respectively.
Most of the patients (51 patients) could be categorized according to the
risk using the revised international staging system (R-ISS). There were
14 (25.5%) and 8 (14.5%) patients with stage Ill MM based on ISS and R-
ISS, respectively. The median duration from diagnosis to starting PCd ther-
apy was 2.66 years (range: 0.92-7.14 years) and the median number of
treatment lines was 3 (range: 3-7). All patients had received prior treat-
ment with lenalidomide and bortezomib (100%). Among the study
patients, 40 (72.7%) were refractory or Rel/Ref to bortezomib and

TABLE 3 Summary of the most

Grade TEAE (N = 55)
commonly reported TEAE

49 (89.1%) were refractory or Rel/Ref to lenalidomide. There were no
patients who used other novel agents such as carfilzomib, daratumumab
as previous treatment. At the last follow-up, only sixpatients (10.9%) of
the total 55 patients underwent treatment. The discontinuation of therapy
was due to disease progression, consent withdrawal, toxicities, and death
in 50.9,16.4,9.1, and 12.7% of the patients, respectively.

3.2 | Efficacy

The ORR and clinical benefit rate (CBR) of PCd therapy were 58.2% and
72.7%, respectively. The responses to PCd therapy based on the
investigator’s assessment are shown in Table S1. Complete response
(CR) was observed in 7.3% of the patients. The median time to the best
response was 1.73 months (range 0.89-12.53). The time to the best
response in 41 (74.5%), 7 (12.7%), 5 (9.1%) and 1 (1.8%) patients was
before 3 months, after 3 months, after 6 months, and after 12 months,
respectively. About two-thirds of the patients had ORR according to two
prior treatment lines vs greater than two treatment lines (Table S1). The
ORR of patient responsive (including Rel/Ref) to prior lenalidomide and
bortezomib treatments was 63.6% and 57.7%, respectively. The ORR of

Hematologic adverse events (%)

Anemia
Neutropenia

Thrombocytopenia

Non-hematologic adverse events (%)

Constipation

Fatigue

Muscle cramp
Peripheral neuropathy
Dyspnea
Nausea/anorexia
Neurologic disorder
Peripheral edema
Insomnia

Skin rash

Diarrhea

Kidney injury
Cardiac events
Electrolyte imbalance

DVT and/or PE

Adverse events of special interest (infection)

Pneumonia
Sepsis

Febrile neutropenia

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 All grades
12 (21.8) 10(18.2) 5(9.1) 1(1.8) 0(0.0) 28 (50.9)
10(18.2) 11(20.0) 10(182) 1(1.8) 0(0.0) 32(58.2)
13(23.6) 11(20.0) 7(12.7)  3(5.5) 0(0.0) 34 (61.8)
8(14.5) 7(12.7) 0(0) 0 (0) 0(0) 15(27.3)
8(14.5) 3(5.5) 1(1.8) 0(0) 0(0) 12(21.8)
6(10.9) 2(3.6) 4(7.3) 0(0) 0(0) 12 (21.8)
8(14.5) 3(5.5) 0(0) 0(0) 0(0) 11 (20)
6(10.9) 3(5.5) 1(1.8) 0 (0) 0(0) 10 (18.2)
4(7.3) 3(5.5) 1(1.8) 0(0) 0(0) 8(14.5)
3(5.5) 2(3.6) 3(5.5) 0(0) 0(0) 8(14.5)
4(7.3) 0(0) 2(3.6) 0(0) 0(0) 6(10.9)
4(7.3) 2(3.6) 0(0) 0 (0) 0(0) 6(10.9)
2(3.6) 1(1.8) 1(1.8) 0(0) 0(0) 4(7.3)
1(1.8) 3(5.5) 0(0) 0(0) 0(0) 4(7.3)
1(1.8) 2(3.6) 0(0) 0(0) 0(0) 3(5.5)
0(0) 1(1.8) 1(1.8) 0(0) 1(1.8) 3(5.4)
0(0) 2(3.6) 0(0) 0(0) 0(0) 2(3.6)
1(1.8) 0(0) 0(0) 0(0) 0(0) 1(1.8)
1(1.8) 5(9.1) 7(12.7) 1(1.8) 4(7.3) 18(32.7)
2(3.6) 4(7.3) 1(1.8) 2(3.6) 2(3.6) 11 (20.0)
0(0) 0(0) 7(12.8) 1(1.8) 0(0) 8(14.5)

Abbreviations: DVT, deep vein thrombosis; LFT, liver function test; PE, pulmonary embolism; TEAE,
treatment-emergent adverse event.
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patient refractory to prior lenalidomide and bortezomib treatments was 0.72-37.55 months). The median PFS and median OS for all patients
36.4% and 66.7%, respectively. These are described in Table S2. The were 6.90 months (95% Cl, 4.7-9.0; Figure 1A) and 18.48 months (95%
median follow-up duration of this study was 11.51 months (range; Cl, 9.4-27.6; Figure 1B), respectively.
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FIGURE 1 Kaplan-Meier analysis of progression-free survival (PFS), A and overall survival (OS), B, of all elderly patients with relapsed and
refractory multiple myeloma (RRMM) refractory to both lenalidomide and bortezomib treatments. PFS and OS based on the treatment response,
C and D, and prior response to lenalidomide treatment, E and F
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3.3 | Risk factors for PFS and OS

The univariate analysis (Table S3) revealed that the median PFS exhibited
significant difference based on p2MG levels (<4.8 vs 24.8 mg/L; 7.63 vs
3.85 months, P = .003, Figure S2C), R-ISS risk (stage | vs Il vs lll; 8.35 vs
6.94 vs 2.99 months, P = .035, Figure S2E), best response (<very good
partial response (VGPR) vs >VGPR; 4.60 vs 25.28 months, P < .001,
Figure S1C), and response to previous lenalidomide (primary refractory
vs responsive (including Rel/Ref); 2.53 vs 7.36 months, P = .044,
Figure S1E). The median OS exhibited significant differences based on R-
ISS risk (stage | vs Il vs llI; not-reached [NR] vs 17.85 vs 5.10 months,
P = .010, Figure S2F), and best response (<VGPR vs 2VGPR;
16.01 months vs NR, P = .016, Figure S1D).The median PFS was not
significant based on the number of treatment lines (two treatment lines
vs more than two treatment lines; 6.90 vs 6.02 months, P = .630,
Figure S2A), bortezomib refractory status (primary refractory vs respon-
sive (including Rel/Ref); 3.22 vs 6.90 months, P = .613), age (<80 vs
>80 years; 3.62 vs 6.94 months, P = .669), and frailty (nonfrail vs frail;
6.71vs 7.36 months, P =.293).

The multivariate analysis (Table 2) revealed that the independent
prognostic factors for PFS included responsiveness to prior lenalidomide
treatment (refractory vs responsive [including Rel/Ref]; hazard ratio
[HR], 0.25; 95% confidence interval [Cl], 0.09-0.64; P = .004), and best
response (<VGPR vs >VGPR; HR, 0.22; 95% Cl, 0.09-0.57; P = .002).
The independent risk factors for OS included R-ISS stage Il MM (stage
I'vs Il vs II; HR, 1.43; 95% Cl, 0.44-4.63; P = .555 vs 13.68; 95% Cl,
1.76-106.18; P =.012).

3.4 | Adverse events

The treatment-emergent adverse events (TEAESs) are shown in Table 3.
The most common grade 3 or 4 hematological adverse events were neu-
tropenia (20.0%), anemia (10.9%), and thrombocytopenia (18.2%). The
most common grade 3 or more non-hematological adverse events were
pneumonia (21.8%), febrile neutropenia (14.6%) and sepsis (9.0%). The
seven deaths recorded during the study period were due to pneumonia
(four cases), sepsis (two cases), and cardiac arrest (one case). The inci-
dence rate of deep vein thrombosis was 1.8%. The median time to the
initial dose reduction of pomalidomide and cyclophosphamide was 4.5
and 8.1 months, respectively. Pomalidomide treatment was interrupted
due to hematological and non-hematological toxicities in 13 and
29 patients, respectively. Additionally, cyclophosphamide treatment was
interrupted due to hematological and non-hematological toxicities in
11 and 10 patients, respectively. (Table S4).

4 | DISCUSSION

In this study, transplant-ineligible elderly patients treated with PCd
who had failed both lenalidomide and bortezomib treatments showed
ORR (58.2%) and PFS and OS (6.9 months and 18.5 months, respec-
tively). Several studies had used PomDex as a salvage regimen for

patients with RRMM.>72% |n the MM-003 trial, San Miguel et al,'”
reported the median PFS and OS of 4.0 months and 12.7 months,

respectively, and in the STRATUS study, Dimopoulos et al,2°

reported
similar results with the median PFS and OS of 4.6 months and
11.9 months, respectively. Baz et al,” reported the median PFS and
OS of 4.4 months and 16.8 months, respectively in patients treated
with PomDex alone, although the dose and treatment schedule was
slightly different in these studies.

There are several studies that have evaluated the effect of PCd
therapy on patients with RRMM, although these studies used a differ-
ent dose and interval of cyclophosphamide administration.>?*"2% Baz
et al,” reported an ORR and PFS of 65% and 9.5 months, respectively,
in 34 patients who were Rel/Ref to multiple lines of treatment includ-
ing lenalidomide, and underwent PCd therapy (400 mg/day, oral
administration of cyclophosphamide on days 1, 8, and 15). Garderet
et al,2* reported higher ORR (85%), PFS rate (2-year PFS, 68.4%), and
OS rate (2-year OS, 92.6%) for transplant-eligible patients who under-
went PCd therapy with a lower dose of cyclophosphamide (300 mg/
day on days 1, 8, 15, and 22) at first relapse after progression on
lenalidomide maintenance. Larocca et al,* administered pomalidomide
at a dose of 1-2.5 mg/day, cyclophosphamide at 50 mg every other
day, and prednisone at 50 mg every other day during six treatment
cycles for 28 days, followed by pomalidomide prednisone mainte-
nance therapy. The ORR, median PFS, and 1-year OS rate were 51%,
10.4 months, and 69%, respectively. Trudel et al,%® reported a single-
center retrospective study of PCd for RRMM in a real-life setting. A
total of 49 patients treated with pomalidomide (4 mg once daily,
administered orally on days 1-21 of each 28-day cycle), cyclophospha-
mide (300 mg/day, administered weekly on days 1, 8, 15, and 22), and
dexamethasone (40 mg, administered weekly on days 1, 8, 15, and
22). The ORR was 76%, including 27% very good partial response and
the estimated median PFS was 7.3 months. Our study demonstrated
that PCd therapy can result in similar response rates and relatively
shorter survival outcomes as compared to the previous reported stud-
ies.*>21 This could have been due to several factors, including a high
number of frail (56.4%) and heavily treated patients who had received
more than two lines of prior chemotherapy (32.7%). The independent
prognostic factors for PFS were achieving VGPR, and responsiveness
(including Rel/Ref) to prior lenalidomide treatment. Previous prospec-
tive studies using PCd,*> have reported that the prognostic factors
for PFS are the number of prior therapies, f2MG levels, old age, and
extent of treatment response. Moreover, Larocca et al demonstrated
that the median PFS in patients refractory to lenalidomide was lower
than that in patients at relapse. These results concurred with those of
this study, especially the extent of response and responsiveness to
prior lenalidomide treatment.

In this study, many adverse events were observed, including pneu-
monia and sepsis. These adverse events and deaths are critical issues in
clinical trials and clinical practice. The treatment with pomalidomide
results in both hematological (long-term neutropenia) and non-
hematological toxicities. The MMO0O3 study and several other studies on
PCd have also revealed the high incidence of neutropenia and non-

hematological toxicities, including pneumonia and sepsis.*#>*”2* Thus,
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although the PCd therapy has higher response rates and better survival
outcomes, it is associated with frequent and severe toxicities. As this
study included many elderly and frail patients as compared to the other
PCd studies, old age may have contributed to an increased incidence of
infection-related toxicities, including pneumonia and sepsis. Hence,
initial dose adjustments and active dose modifications during PCd treat-
ment are important for reducing the toxicities and improving treatment
outcomes.

Novel therapeutic agents, such as bortezomib, carfilzomib, daratu-
mumab, isatuximab or elotuzumab are combined with the PomDex
combination.”?1124 These drugs have exhibited similar response rates
and survival outcomes as compared to the other reported PCd studies,
including this study. The ORR of patients undergoing PCd therapy was
>50%. Additionally, the patients who underwent PCd therapy exhibited
better survival outcomes than the patients who underwent PomDex
therapy. However, the cost of these novel therapeutic agents is very high
as compared to cyclophosphamide.

In summary, this study has demonstrated that PCd therapy is an
effective and a relatively inexpensive strategy for the elderly patients
with RRMM who had failed both bortezomib and lenalidomide treat-
ments. The superior survival outcomes of PCd therapy were associ-
ated with better treatment response (2VGPR), and responsiveness to
prior lenalidomide treatment (responsive (including Rel/Ref)). How-
ever, there were a large proportion of frail patients among elderly
patients with MM and relatively high incidence rates of infection in
this study. Therefore, early dose modification of cyclophosphamide
and pomalidomide with prevention measures for infections should be
considered to improve the treatment outcomes and to decrease

toxicities.
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