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In the EMN01 trial, the addition of an alkylator (melphalan or
cyclophosphamide) to lenalidomide-steroid induction therapy was
prospectively evaluated in transplant-ineligible patients with multiple

myeloma. After induction, patients were randomly assigned to mainte-
nance treatment with lenalidomide alone or with prednisone continu-
ously. The analysis presented here (median follow-up of 71 months) is
focused on maintenance treatment and on subgroup analyses defined
according to the International Myeloma Working Group Frailty Score.
Of the 654 evaluable patients, 217 were in the lenalidomide-dexametha-
sone arm, 217 in the melphalan-prednisone-lenalidomide arm and 220 in
the cyclophosphamide-prednisone-lenalidomide arm. With regards to
the Frailty Score, 284 (43%) patients were fit, 205 (31%) were interme-
diate-fit and 165 (25%) were frail. After induction, 402 patients were eli-
gible for maintenance therapy (lenalidomide arm, n=204; lenalidomide-
prednisone arm, n=198). After a median duration of maintenance of 22.0
months, progression-free survival from the start of maintenance was 22.2
months with lenalidomide-prednisone vs. 18.6 months with lenalido-
mide (hazard ratio 0.85, P=0.14), with no differences across frailty sub-
groups. The most frequent grade ≥3 toxicity was neutropenia (10% of
lenalidomide-prednisone and 21% of lenalidomide patients; P=0.001).
Grade ≥3 non-hematologic adverse events were rare (<15%). In fit
patients, melphalan-prednisone-lenalidomide significantly prolonged
progression-free survival compared to cyclophosphamide-prednisone-
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Introduction

In the last decade, the increased use of novel agents as ini-
tial therapy for multiple myeloma (MM) significantly
improved overall survival (OS) in patients ineligible for
autologous stem-cell transplantation (ASCT).1 In Europe,
two triplet regimens – bortezomib-melphalan-prednisone
and melphalan-prednisone-thalidomide – are considered
standards of care for elderly patients ineligible for ASCT.2,3
Recently, based on the results of the MM020 trial, a new
doublet regimen with no alkylating agent was introduced
as a new standard for the treatment of transplant-ineligible
patients with newly diagnosed MM. That study prospec-
tively compared outcomes of patients treated with melpha-
lan-prednisone-thalidomide vs. lenalidomide and low-dose
dexamethasone (Rd), and found that Rd until disease pro-
gression improved progression-free survival (PFS) and OS,
as compared with melphalan-prednisone-thalidomide.4 The
phase III trial MM-015 showed that melphalan-prednisone-
lenalidomide (MPR) followed  by  maintenance with
lenalidomide significantly prolonged PFS, as compared with
melphalan-prednisone or MPR without maintenance.5
Maintenance therapy with lenalidomide improves out-

come and its role has been extensively investigated both
in ASCT-eligible and -ineligible patients. A recent meta-
analysis of three randomized phase III trials confirmed PFS
and OS advantages for lenalidomide maintenance after
ASCT vs. placebo or observation. In the MM-015 trial, eld-
erly patients were treated with lenalidomide as induction
and maintenance, which reduced the risk of progression
by 51% compared to lenalidomide as induction without
maintenance.5 In the Myeloma XI trial, lenalidomide
maintenance reduced the risk of progression by 56% in
comparison with observation.6 Moreover, in this trial both
ASCT-eligible and -ineligible patients benefited from
lenalidomide maintenance.
The advantage of adding steroids to immunomodulato-

ry drugs during maintenance therapy is unclear. In young
patients eligible for ASCT, after a median follow-up of 41
months, median PFS and OS did not differ significantly
between patients treated with lenalidomide plus pred-
nisone or lenalidomide alone. No data are available from
elderly patients ineligible for ASCT.7
The choice of best treatment for each patient is trouble-

some, especially in elderly patients, since they represent a
heterogeneous population in terms of both physical and
psycho-social functioning. Furthermore, it is now accept-
ed that chronological and biological ages may not corre-
spond, and that the presence of frailty, comorbidities and
disabilities can affect therapy endurance. The OS of frail
patients is impaired due to toxic side effects from first-line
treatment which may preclude second-line treatment,
with third-line therapies in >80-year old MM patients
being extremely rare. The “one size fits all” is no longer a

suitable approach, and many recommendations suggested
that fit patients may benefit from triplet regimens, while
intermediate-fit and frail patients may benefit from dou-
blet regimens.8,9 There are no data from prospective trials
supporting these recommendations and a formal compar-
ison between an alkylator-containing triplet regimen vs. an
alkylator-free doublet regimen, both including lenalido-
mide, has not yet been performed.
The EMN01 study was designed to compare the PFS of

patients treated with triplet vs. doublet induction regimens
and the PFS following maintenance treatment with
lenalidomide-prednisone vs. lenalidomide alone.
Furthermore, before treatment, a geriatric assessment to
assess patients’ frailty status according to the International
Myeloma Working Group (IMWG) Frailty Score was per-
formed. With this analysis, after more than 5 years of fol-
low-up, we would like to report the safety and efficacy of
maintenance treatment in our patients and to perform a
post-hoc analysis according to frailty status in both induc-
tion and maintenance treatment arms.

Methods

Study design
The study was conducted in 58 Italian and nine Czech centers

between August 2009 and September 2012. The details of this
multicenter randomized (1:1:1) phase III trial have already been
reported and are updated here after a median follow-up of 71
months for survivors.10 Briefly, 662 newly diagnosed (ND)MM
patients ineligible for high-dose therapy plus ASCT because of age
(≥65 years) or coexisting comorbidities were enrolled. The study
was approved by the institutional review boards at each of the
participating centers and registered at ClinicalTrials.gov
(NCT01093196). All patients gave written informed consent
before entering the study, which was performed in accordance
with the Declaration of Helsinki.

Per protocol, patients were stratified by age (≤75 vs. >75 years).
Based on the recent IMWG geriatric score that stratifies patients
according to their frailty status (fit, intermediate-fit, and frail),11 a
post-hoc analysis including age (≤75 vs. 76-80 vs. >80 years),
comorbidities (according to the Charlson score) and
cognitive/physical status (according to the Activities of Daily
Living and the Instrumental Activities of Daily Living scores) was
conducted (Online Supplementary Table S1).

Procedures
Six hundred fifty-four patients were randomly assigned to

receive induction (Online Supplementary Figure S1) with nine 28-
day cycles of Rd (n=217) or MPR (n=217) or cyclophosphamide-
prednisone-lenalidomide (CPR) (n=220). Rd patients received
lenalidomide 25 mg/day for 21 days; dexamethasone 40 mg on
days 1, 8, 15, 22 in patients 65-75 years old and 20 mg in those >75
years of age. MPR patients received lenalidomide 10 mg/day for

lenalidomide (hazard ratio 0.72, P=0.05) and lenalidomide-dexamethasone (hazard ratio 0.72, P=0.04).
Likewise, a trend towards a better overall survival was noted for patients treated with melphalan-pred-
nisone-lenalidomide or cyclophosphamide-prednisone-lenalidomide, as compared to lenalidomide-dex-
amethasone. No differences were observed in intermediate-fit and frail patients. This analysis showed
positive outcomes of maintenance with lenalidomide-based regimens, with a good safety profile. For the
first time, we showed that fit patients benefit from a full-dose triplet regimen, while intermediate-fit and
frail patients benefit from gentler regimens. ClinicalTrials.gov registration number: NCT01093196.



21 days; oral melphalan 0.18 mg/kg for 4 days in patients 65-75
years old and 0.13 mg/kg in those >75 years of age; prednisone 1.5
mg/kg for 4 days. CPR patients received lenalidomide 10 mg/day
for 21 days; oral cyclophosphamide 50 mg every other day for 28
days in patients 65-75 years old and 50 mg every other day for 21
days in those >75 years of age; prednisone 25 mg every other day.
After induction, patients were randomized to receive maintenance
treatment with lenalidomide alone (R) 10 mg on days 1-21 every
28 days, or in combination with prednisone (RP) 25 mg every
other day continuously. After the inclusion of the first 120
patients, the protocol was amended to increment the doses of
lenalidomide and cyclophosphamide in patients 65-75 years old in
the CPR group, due to negligible toxicities in comparison with
those in the two other treatment arms. Therefore, the CPR induc-
tion schedule was changed to lenalidomide 25 mg/day for 21 days
and oral cyclophosphamide 50 mg/day for 21 days. 

Statistical analysis
Updated analyses were performed using data collected on

October 31, 2017. All the results were evaluated on an intention-
to-treat basis. For univariate analyses, the time-to-event curves
were estimated using the Kaplan–Meier method and compared
using the log-rank test. Time to event was expressed as median or
as 5-year Kaplan–Meier estimate. The Cox proportional hazards
model was used to estimate the hazard ratio (HR) values and the
95% confidence intervals (95% CI). Data were analyzed as of
May 2018 using R (v3.1.1). 

Results

A total of 654 patients were randomly assigned to
receive induction with Rd (n=217) or MPR (n=217) or CPR
(n=220) (Online Supplementary Figure S1). Baseline demo-
graphics and disease characteristics were previously
reported10 and were well balanced among the three
groups. The median age was 73 years in the Rd and CPR
arms, and 74 years in the MPR arm. Twenty-five percent
of patients were classified as frail and these patients were
evenly distributed among the treatment arms. A total of
402 patients completed the assigned induction treatment
and were randomly allocated to receive maintenance with
RP (n=198) or R (n=204) (Online Supplementary Figure S1,
Table 1 for baseline characteristics). 
The median follow-up for survivors was 71 months

from enrollment. Progression or death occurred in 177
patients (82%) in the Rd arm, 166 (76%) in the MPR arm,
and 194 (88%) in the CPR arm. The median PFS was 18.6
months with the doublet and 20.8 months with the triplet
combinations (HR 1.05, 95% CI: 0.87-1.25, P=0.62)
(Online Supplementary Figure S2). The median OS was 61.5
months with doublet and 65.7 months with triplet regi-
mens (HR 1.09, 95% CI: 0.87-1.37, P=0.47). Comparing
the three arms separately, the median PFS was 18.6
months in the Rd arm, 22.2 months in the MPR arm and
18.9 months in the CPR arm (MPR vs. CPR: HR 0.78, 95%
CI: 0.63-0.96, P=0.02; MPR vs. Rd: HR 0.84, 95% CI: 0.68-
1.04, P=0.11) (Figure 1A). The median time to next treat-
ment (TNT) was 23.8 months in the Rd arm, 28.7 months
in the MPR arm and 23.8 months in the CPR arm (MPR vs.
CPR: HR 0.79, 95% CI: 0.64-0.98, P=0.03; MPR vs. Rd: HR
0.82, 95% CI: 0.66-1.02, P=0.07) (Figure 1B). The median
progression-free survival 2 (PFS-2) was 41.2 months in the
Rd arm, 40.2 months in the MPR arm and 40.8 months in
the CPR arm (MPR vs. CPR: HR 0.90, 95% CI: 0.72-1.14,

P=0.40; MPR vs. Rd: HR 0.94, 95% CI: 0.74-1.19, P=0.63)
(Figure 1C). Death occurred in 115 patients (53%) in the
Rd arm, 108 (50%) in the MPR arm and 107 (49%) in the
CPR arm. The median OS was 61.5 months with Rd, 65.2
months with MPR and 66.4 months with CPR (MPR vs.
CPR: HR 1.03, 95% CI: 0.79-1.35, P=0.83; MPR vs. Rd: HR
0.93, 95% CI: 0.72-1.22, P=0.61) (Figure 1D). The sub-
group analysis of induction treatment in patients with
standard- and high-risk cytogenetics showed the same
trends observed in the overall population (Online
Supplementary Figure S3).
A post-hoc analysis according to patients’ frailty was

performed (Figure 2). In fit patients, an advantage with the
triplet regimen MPR was detected: the median PFS was
21.2 months in patients treated with Rd, 25.6 months in
the MPR arm and 21.7 months in patients given CPR
(MPR vs. CPR: HR 0.72, 95% CI: 0.52-1.00, P=0.05; MPR
vs. Rd: HR 0.72, 95% CI: 0.52-0.99, P=0.04) (Figure 2A).
The median OS was 50.2 months in the Rd group, shorter
than in both the MPR (79.9 months) and CPR groups (82.9
months) (MPR vs. CPR: HR 1.11, 95% CI: 0.72-1.71,
P=0.65; MPR vs. Rd: HR 0.75, 95% CI: 0.50-1.12, P=0.16)
(Figure 2B). In intermediate-fit patients, no advantage of
one regimen over the others was found: the median PFS
was 16.6 months in the Rd arm, 20 months in the MPR
arm and 20.9 months in the CPR arm (Figure 2C). The
median OS was not reached in the Rd arm, was 60.8
months in the MPR arm and was 66.7 months in the CPR
arm (Figure 2D). Not even in frail patients was one regi-
men found to be superior to another: the median PFS was
18.2 months in the Rd arm, 21.5 months in the MPR arm
and 13.8 months in the CPR arm (Figure 2E). The median
OS was 48.2 months with Rd, 44.7 months with MPR and
40.5 months with CPR (Figure 2F). 
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Table 1. Demographics and baseline characteristics of the patients
receiving maintenance treatment.
Patients’                         Lenalidomide (R)                 Lenalidomide-
characteristics                      (n=204)               prednisone (RP) (n=198)

Age range, years                             50-89                                        65-87
Median, years                                  73                                              73
>75 years, n (%)                      61 (30%)                                 64 (32%)
Sex (male), n (%)                      86 (42%)                                105 (53%)
Karnofsky score                            60-100                                      60-100
Median                                              90                                              90
<80, n (%)                                 37 (18%)                                 43 (22%)
Fitness                                                                                                    
Fit, n (%)                                   101 (50%)                                91 (46%)
Intermediate-fit, n (%)          63 (31%)                                 58 (29%)
Frail, n (%)                                40 (20%)                                 49 (25%)
Creatinine clearance,                        
mL/min                                           30-168.9                                    30-150
Median, mL/min                               72                                              70
International Staging System score
I, n (%)                                       65 (32%)                                 65 (33%)
II, n (%)                                      92 (45%)                                 88 (44%)
III, n (%)                                    47 (23%)                                 45 (23%)
Cytogenetic abnormalities by FISH                                                 
Data available, n (%)               163 (80%)                               162 (82%)
Data missing, n (%)                  41 (20%)                                 36 (18%)
High risk*, n (%)                       36 (18%)                                 37 (19%)

* At least one among deletion 17p [del(17p)], translocation (4;14) [t(4;14)] or translo-
cation (14;16) [t(14;16)]. FISH: fluorescence in situ hybridization.



During maintenance, 31% of patients in the RP group
and 20% of patients in the R group had an improvement
in their quality of response. In the RP group, the partial
response (PR)  rate increased from 87% to 95%, the very
good PR (VGPR) rate from 33% to 58%, and the complete
response (CR) rate from 5% to 9%. In the R group, the PR
rate increased from 83% to 88%, the VGPR rate from
33% to 47%, and the CR rate from 2% to 7%.
After a median follow-up of 62 months from the ran-

dom assignment to maintenance treatment arms, progres-
sion or death occurred in 153 patients (77%) in the RP
group and in 164 (80%) in the R group. The median PFS
was 22.2 months with RP and 18.6 months with R (HR

0.85, 95% CI: 0.68-1.06, P=0.14) (Figure 3A). The median
TNT was 32.4 months with RP and 29.8 months with R
(HR 0.95, 95% CI: 0.75-1.20, P=0.67) (Figure 3B). In both
groups, maintenance therapy delayed the median time to
next therapy (clinical progression) by approximately 10
months in comparison with the median PFS (biochemical
progression). The median PFS-2 was 53.3 months with RP
and 42.3 months with R (HR 1.04, 95% CI: 0.80-1.35,
P=0.79) (Figure 3C). Death occurred in 92 patients (46%)
in the RP group and 78 (38%) in the R group. The median
OS was 72.3 months with RP and not reached with R ther-
apy (HR 1.21, 95% CI: 0.89-1.64, P=0.22) (Figure 3D).
Subgroup analysis of maintenance treatment in patients
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Figure 1. Survival outcomes according to induction treatment arm. (A) Progression-free survival, (B) time to next treatment, (C) progression-free survival 2 and (D)
overall survival are shown. All time to events were calculated from the time of random assignment to induction treatment arms. MPR: melphalan-prednisone-lenalido-
mide; CPR: cyclophosphamide-prednisone-lenalidomide; Rd: lenalidomide-dexamethasone; PFS: progression-free survival; PFS-2: progression-free survival 2; TNT:
time to next treatment; OS: overall survival; HR: hazard ratio; CI: confidence interval; P: P value.
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Figure 2. Post-hoc analysis according to frailty status in patients treated with different induction treatments. (A, B) Progression-free survival (PFS) (A) and overall
survival (OS) (B) in fit patients according to treatment arm. (C, D) PFS (C) and OS (D) in intermediate-fit patients according to treatment arm. (E; F) PFS (E) and OS
(F) in frail patients according to treatment arm. All time to events were calculated from the time of random assignment to induction treatment arms. MPR: melpha-
lan-prednisone-lenalidomide; CPR: cyclophosphamide-prednisone-lenalidomide; Rd: lenalidomide-dexamethasone; HR: hazard ratio; CI: confidence interval; P: P
value.

A B

C D

E F



with standard- or high-risk cytogenetics showed the same
trends observed in the overall population (Online
Supplementary Figure S4).
A post-hoc analysis according to patients’ frailty was

also performed for the maintenance phase (Figure 4) and
no significant advantage of one regimen over the other
was found. In fit patients, the median PFS from start of
maintenance was 24.4 months with RP and 19.6 months
with R (HR 0.84, 95% CI: 0.60-1.16, P=0.29) (Figure 4A).
Not even in intermediate-fit and frail patients was one reg-
imen found to be superior to the other (Figure 4C, E). No
difference in OS was detected (Figure 4B, D, F). 
Safety profiles of induction were reported in the initial

analysis.10 Briefly, the most frequent grade ≥3 toxicities
were hematologic. At least one grade ≥3 hematologic
adverse event was reported in 29% of patients treated

with Rd, 68% of those treated with MPR and 32% of
patients treated with CPR (P<0.001). The rate of at least
one grade ≥3 non-hematologic adverse event did not
exceed 31% in any of the three arms. The most frequent
grade ≥3 non-hematologic toxicities were infections (9%
with Rd, 11% with MPR and 6.5% with CPR), constitu-
tional adverse events (5% with Rd, 9.5% with MPR and
3.5% with CPR) and cardiac toxicities (6% with Rd, 4.5%
with MPR and 6% with CPR); no significant differences
were detected among the three arms. The rate of discon-
tinuation due to adverse events was similar in the three
arms: 14% in the Rd arm, 18% in the MPR arm and 15%
in the CPR arm. Lenalidomide was reduced in 16% of
patients treated with Rd, 21% of those treated with MPR
and 18% of CPR-treated patients, without significant dif-
ferences among the three arms.
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A B
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Figure 3. Survival outcomes according to maintenance treatment arm. (A) Progression-free survival, (B) time to next treatment, (C) progression-free survival 2 and
(D) overall survival. All time to events were calculated from the time of random assignment to maintenance treatment arms (_m). R: lenalidomide; RP: lenalidomide-
prednisone; PFS: progression-free survival; PFS-2: progression-free survival 2; TNT: time to next treatment; OS: overall survival; _m: from the random assignment to
maintenance treatment arms; HR: hazard ratio; CI: confidence interval; P: P value.
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Figure 4. Post-hoc analysis according to frailty status in patients treated with different maintenance treatments.  (A, B) Progression-free survival (PFS) (A) and over-
all survival (OS) (B) in fit patients according to treatment arm. (C, D) PFS (C) and OS (D) in intermediate-fit patients according to treatment arm. (E, F) PFS (E) and
OS (F) in frail patients according to treatment arm. All time to events were calculated from the time of random assignment to maintenance treatment arms (_m). R:
lenalidomide; RP: lenalidomide-prednisone; PFS_m: progression-free survival from the random assignment to maintenance treatment arms; OS_m: overall survival
from the random assignment to maintenance treatment arms; HR: hazard ratio; CI: confidence interval; P: P value.



The incidence of at least one hematologic adverse event
was similar in fit, intermediate-fit and frail patients. The
rate of non-hematologic adverse events as well as the rate
of discontinuation due to adverse events increased with
worsening of fitness status (Online Supplementary Table
S2). Data from each induction treatment group are pre-
sented in Table 3. Frail patients receiving the alkylating-
containing regimens had the highest rate of discontinua-
tion due to adverse events.
During maintenance, the most frequent grade ≥3 toxi-

city was neutropenia, which occurred in 10% of RP and
21% of R patients (P=0.001) (Table 2). Grade ≥3 non-
hematologic adverse events were rare and occurred in
<15% of patients. The proportion of patients requiring
dose discontinuation due to adverse events during main-
tenance was 18% in the R arm and 21% in the RP arm.
The proportion of patients requiring dose reduction dur-
ing maintenance was 9% in the RP arm and 16% in the
R arm (P=0.05). Fifteen cases of second primary malig-
nancies were recorded: six (3%) in the RP group and nine
(4%) in the R group. All second primary malignancies
were solid tumors. 
In the RP group, 133 patients required a second line of

therapy: 94 (71%) received bortezomib, 3 (2%) thalido-
mide or lenalidomide, 17 (13%) other chemotherapy, 16
(12%) died before starting treatment and 3 (2%) were lost
to follow-up. In the R group, 138 patients required a sec-
ond line of therapy: 102 (74%) received bortezomib, 3
(2%) thalidomide or lenalidomide, 21 (15%) other
chemotherapy, 7 (5%) died before starting treatment and
5 (4%) were lost to follow-up.
The incidences of at least one hematologic and non-

hematologic grade ≥3 adverse events were similar in fit,
intermediate-fit and frail patients. Frail patients had the
highest rate of discontinuation due to adverse events; a
trend towards a higher discontinuation due to adverse
events was found in frail vs. fit patients (Online
Supplementary Table S2). Data in each maintenance treat-
ment group are presented in Table 4. 

Discussion

One of the aims of this analysis was to compare RP vs.
R alone as maintenance treatment after induction therapy. 
While the use of maintenance therapy is a standard

approach in young ASCT-eligible patients with newly
diagnosed MM, its use in elderly MM patients after induc-
tion treatment is more debated.

In our trial, both maintenance regimens improved the
quality of response and produced a time from biochemical
to clinical relapse of approximately 10 months. Indeed, as
recently described, even when neoplastic plasma cells
become lenalidomide-refractory, the immunomodulatory
effect of lenalidomide on immune cells may help prolong
disease control.12 A trend toward a slight improvement of
PFS in the RP arm was noted as compared to R alone,
while OS data were still immature after only 170 deaths
(42% of patients). 
Regarding safety, maintenance treatment with both reg-

imens was feasible with grade ≥3 non-hematologic
adverse event rates of less than 15%. The only difference
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Table 2. Grade ≥3 adverse events during maintenance treatment.
Grade ≥3 adverse events   Lenalidomide (R)    Lenalidomide-prednisone 
                                                  (n=204)                     (RP) (n=198)

Hematologic                                                                                     
At least one event                           46 (23%)                            26 (13%)
Anemia                                                4 (2%)                                 4 (2%)
Neutropenia                                     43 (21%)                            19 (10%)
Thrombocytopenia                           4 (2%)                                 5 (3%)

Non-hematologic                                                          
At least one event                           22 (11%)                            28 (14%)
Cardiological                                      2 (1%)                                      1
Acute myocardial infarction              1                                           1 
Other                                                      1                                           0
Vascular                                               5 (2%)                                 4 (2%)
Deep vein thrombosis/                  2 (1%)                                 3 (2%)
thromboembolism

Renal                                                         1                                      2 (1%)
Dermatological                                  2 (1%)                                 3 (2%)
Infectious                                           2 (1%)                                 4 (2%)
Pneumonia                                            0                                           1
Bronchitis                                              1                                           1
Sepsis                                                     0                                           1
Other/not specified                            1                                           1
Nervous                                               2 (1%)                                 7 (4%)
Second primary malignancies       9 (4%)                                 6 (3%)
Hematologic                                         0                                           0
Solid                                                   9 (4%)                                 6 (3%)
Other                                                   9 (4%)                                 5 (3%)
Discontinuation due              36 (18%)                            41 (21%)
to adverse events

Table 3. Grade ≥3 hematologic adverse events, non-hematologic adverse events, treatment discontinuation due to adverse events and toxic
deaths during induction treatment according to patients’ frailty status.
Treatment arm (n)                                                       CPR                                                     MPR                                                       Rd
                                                                                (n=220)                                               (n=211)                                                (n=212)
Frailty Score class (n)                                      Fit         Intermediate       Frail                   Fit        Intermediate-       Frail                     Fit       Intermediate-     Frail
                                                                             (98)            -fit (69)            (53)                  (88)             fit (76)             (47)                    (94)           fit (57)           (61)
Hematologic AE G ≥3, n (%)                      31 (32)          23 (33)          17 (32)            62 (70)          46 (61)           35 (74)              26 (28)         13 (23)         22 (36)
Non-hematologic AE G ≥3, n (%)             22 (22)          22 (32)          22 (42)            22 (25)          22 (29)           22 (45)              24 (26)         15 (26)         24 (39)
Discontinuation due to AE, n (%)               8 (8)              9 (13)           16 (30)            10 (11)          17 (22)           10 (21)               9 (10)           9 (16)          12 (20)
Death due to AE, n (%)                                 1 (1)                  0                 7 (13)                1 (1)              2 (3)               2(4)                   1 (1)             1 (2)             4 (7)

CPR: cyclophosphamide-prednisone-lenalidomide; MPR: melphalan-prednisone-lenalidomide; Rd: lenalidomide-dexamethasone; AE: adverse events; G: grade; n: number; %: per-
centage.



between treatment arms was the most frequent grade ≥3
neutropenia in the R arm compared to RP, which did not
translate into a higher infection rate. One of the possible
explanations of this finding is based on the effect of pred-
nisone on neutrophils.13 Glucocorticoid therapy inhibits L-
selectin expression on neutrophils that are more prone to
enter the bloodstream, delays the migration of circulating
neutrophils into tissues, produces a direct antiapoptotic
effect on these cells and prompts the release of young neu-
trophils from the bone marrow leading to an increased
peripheral blood neutrophil count.
While dose discontinuation was not different in the RP

and R arms, patients treated with R alone more often
required dose reductions, which slightly impaired the effi-
cacy of maintenance treatment.
The treatment goal in elderly MM patients is not a trivial

issue and international guidelines suggesting personalized
treatment according to patients’ frailty status are currently
based on expert opinions, without the availability of high-
quality evidence.8,9 With all the limitations of a post-hoc
analysis, this is the first analysis to show that fit patients
benefit from a full-dose triplet regimen while intermediate-
fit and frail patients benefit from gentler regimens.
Indeed, fit patients treated with MPR induction showed

a statistically significant PFS advantage over those treated
with CPR or Rd. Intermediate-fit and frail patients did not
show any PFS benefit from one regimen over the others.
A higher hematologic adverse event rate was noted

with MPR induction compared to induction with the
other regimens.
After the protocol amendment, introduced because of

negligible adverse events, the dose of cyclophosphamide
was increased. Nevertheless, despite the amendment,
cyclophosphamide could still have been underdosed as
compared to the dose delivered in other cyclophos-
phamide-containing regimens used in younger patients.14,15
This issue could have mitigated the impact on PFS of the
addition of cyclophosphamide to lenalidomide-steroid
doublets even in fit patients.
Hematologic adverse events were not dependent on

patients’ frailty status, while the rate of non-hematologic
adverse events was correlated to the fitness status but not
to the type of induction regimen. Indeed, physicians’ lim-
itations to treat frail patients effectively are based on the
patients’ reduced organ function reserve leading to a high-
er rate of non-hematologic toxicity, rather than on the
hematologic toxicity that is mainly dependent on the
treatment itself, as observed with the melphalan-contain-
ing regimen in this study.

As expected, frail patients experienced the highest dis-
continuation rate due to toxicity, and discontinuation was
more frequent among patients receiving the alkylator-con-
taining regimens than among those treated with the Rd
doublet. It is, therefore, reasonable to support the choice
of a full-dose alkylator-containing triplet regimen in fit
patients, in order to prioritize the efficacy. Conversely,
intermediate-fit and frail patients could benefit from a
gentler regimen, since a better safety profile should be pur-
sued in the absence of an advantage in PFS or OS.
In the FIRST trial, a retrospective proxy algorithm

(which calculated data from questionnaires on medical
history and quality of life) was used to estimate the
IMWG Frailty Score.16 In that post-hoc analysis, continu-
ous Rd was compared to an alkylator-containing triplet
regimen; however, differently from our analysis, the novel
agent used in the control arm was the first-generation
immunomodulatory drug thalidomide. Indeed, in that
analysis continuous Rd produced longer PFS and OS com-
pared to melphalan-prednisone-thalidomide across all
frailty subgroups, with the greatest benefits observed in fit
patients. No lenalidomide-containing triplet regimens
were included in that trial.
Despite the limitations of inter-trial comparisons, Rd

induction produced a shorter PFS in our study than in the
FIRST study (26 months with continuous Rd and 21
months with Rd given for 18 months).17 Of note, in that
trial Rd was given for a fixed duration of 18 months or
continuously, while in our trial Rd was given only for 9
months as induction treatment and then both mainte-
nance regimens included lenalidomide given at a lower
dose (10 mg instead of 25 mg) and lower steroid doses or
no steroids at all, depending on the treatment arm. The
same observation, with the same limitations of inter-trial
comparisons, can also be applied to the control arm of the
more recent MAIA study, in which a median PFS of 31.9
months was obtained with continuous Rd (even longer
than the PFS obtained in the FIRST study with an identical
regimen).18
However, the role of continuous, full-dose treatment vs.

full-dose induction followed by low-dose maintenance in
frailty-defined populations of elderly patients remains an
open issue. 
Recently, initial results from a randomized phase III trial

comparing continuous Rd vs. Rd induction followed by
lenalidomide maintenance (Rd-R) in intermediate-fit
patients were reported.19 Notably, in this population of
patients, continuous Rd did not produce an advantage in PFS
compared to Rd-R (15.5 months vs. 18.3 months). On the
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Table 4. Grade ≥3 hematologic adverse events, non-hematologic adverse events, treatment discontinuation and toxic deaths during maintenance
treatment according to patients’ frailty status.
Treatment arm (n)                                                                Lenalidomide (R)                                                   Lenalidomide-prednisone (RP)
                                                                                                    (n=204)                                                                           (n=198)

Frailty Score class (n)                                                        Fit           Intermediate-fit             Frail                                  Fit                 Intermediate-fit             Frail
                                                                                                (101)                   (63)                        (40)                                (91)                          (58)                        (49)
Hematologic AE G ≥3, n (%)                                         24 (24)               13 (21)                   9 (22)                            10 (11)                      6 (10)                    10 (20)
Non-hematologic AE G ≥3, n (%)                                12 (12)                 5 (8)                     5 (12)                            12 (13)                      9 (16)                     7 (14)
Discontinuation due to AE, n (%)                                16 (16)                9 (14)                   11 (28)                           14 (15)                     16 (28)                   11 (22)
Death due to AE, n (%)                                                    2 (2)                   1 (2)                      2 (5)                               2 (2)                         2 (3)                       4 (8)

AE: adverse events; G: grade; n: number; %: percentage.



other hand, event-free survival (progression or death from
any cause/lenalidomide discontinuation/hematologic grade
4 or non-hematologic grade 3-4 adverse events) was signifi-
cantly better in the Rd-R arm than in the continuous Rd arm. 
These results suggest that at least in intermediate-fit eld-

erly patients with NDMM, treatment intensity during the
maintenance phase can be de-escalated with no negative
impact on outcome.
The EMN01 trial enrolled patients from 2009 to 2012;

thereafter, less toxic and more effective combinations
began to be available. For instance, the addition of borte-
zomib to Rd led to a clinically meaningful improvement in
PFS and OS in NDMM patients without intent for imme-
diate ASCT, irrespective of the patients’ age.20 In NDMM
patients, the addition of the anti-CD38 monoclonal anti-
body daratumumab to bortezomib-melphalan-prednisone
or Rd doubled PFS, with mild and manageable toxicity.18,21
Besides, studies exploring the addition of a monoclonal
antibody to the bortezomib-Rd combination are ongoing
with very promising early results.22
Contextualizing our data, quadruplet or triplet regimens

containing monoclonal antibodies, immunomodulatory
drugs and/or proteasome inhibitors may be the best choic-
es for fit, elderly patients. However, there is still the need
for safety and efficacy data on selected intermediate-fit
and frail populations receiving new combinations at full or
reduced doses. As an example, in the MAIA trial, continu-
ous daratumumab-Rd significantly prolonged PFS com-
pared to continuous Rd, but a higher incidence of infec-
tions and a lower lenalidomide cumulative dose due to
dose reduction/discontinuation were noted in the daratu-
mumab-Rd arm.23 Regarding maintenance, data about
combinations of monoclonal antibodies plus
immunomodulatory drugs outside of the context of con-
tinuous therapy are not currently available in elderly
patients. In the experimental arm of the ALCYONE trial,
daratumumab monotherapy after induction therapy with
the daratumumab-bortezomib-melphalan-prednisone
quadruplet was well tolerated and improved the duration
and depth of response.24 A longer follow-up of these two
studies will inform us about the safety of monoclonal anti-
body maintenance and the feasibility of long-term treat-
ment with monoclonal antibodies plus immunomodulato-
ry drugs in elderly patients.
Our analysis has some limitations. The trial was

designed to show superiority of a three-drug induction
regimen over a two-drug induction regimen in the overall
population, and thus the study power was not enough to
detect a statistically significant difference in the frailty
subgroups. However, the outcome differences between
treatment arms in fit patients were high enough to reach
significant levels.
Moreover, our analysis based on the frailty status was

not pre-specified, but the geriatric assessment adopted to
calculate the IMWG Frailty Score was obtained from the
enrolled patients before the start of therapy. Although
patients’ allocation to treatment arms was not stratified by
IMWG Frailty Score, the stratification by age led to a uni-
form distribution of fit, intermediate-fit, and frail patients
across treatment arms. 
In conclusion, this trial showed that the triplet MPR pro-

longed PFS compared to gentler regimens in elderly fit but
not in intermediate-fit and frail MM patients. In interme-
diate-fit and frail patients, in the absence of differences in
terms of efficacy, safety must be prioritized. Maintenance
with lenalidomide-based regimens led to good outcomes
with a good safety profile. 
These data provide the basis for personalized treatment

according to a patients’ frailty status. Different combina-
tions of new-generation immunomodulatory drugs, protea-
some inhibitors and monoclonal antibodies should be eval-
uated in fit, intermediate-fit and frail patients to confirm
these observations. Novel compounds with a good safety
profile in combination with a lenalidomide-based mainte-
nance treatment should also be explored in elderly patients.
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