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A total of 129 symptomatic patients with multiple myeloma (MM) who underwent

analyzed. The 4-year overall survival (OS) of patients with maintenance (nh = 82) was
80%, whereas that of patients without maintenance (n = 47) was 72% (p = 0.426).
The 4-year progression-free survival (PFS) of patients with maintenance was 38%,

whereas that of patients without maintenance was 27% (p = 0.088). Multivariate
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1 | INTRODUCTION

NAKAYA ET AL.

analysis revealed that an International Staging System score >2 was associated with
worse PFS (hazard ratio 1.62, p = 0.043). Among the 129 patients, two were excluded
owing to early relapse, 50 patients achieved complete response (CR), and 77 patients
failed to achieve CR. Patients who achieved CR showed better 4-year PFS than those
who failed to achieve CR (41% vs. 30%, p = 0.027); however, 4-year OS was not dif-
ferent (76% vs. 82%, p = 0.971). In patients who achieved CR, 4-year OS with/without
maintenance was 74%/81% (p = 0.357), 4-year PFS with/without maintenance was
42%/40% (p = 0.954). In patients who failed to achieve CR, the 4-year OS with/without
maintenance was 97%/91% (p = 0.107), and 4-year PFS with/without maintenance
was 36%/16% (p < 0.001). In patients who failed to achieve CR, maintenance signif-
icantly improved the PFS. Maintenance after HDT/ASCT can prolong PFS in patients
who fail to achieve CR in real-world settings.

KEYWORDS
autologous stem cell transplantation, lenalidomide, maintenance therapy, retrospective, symp-
tomatic multiple myeloma

High-dose chemotherapy with autologous stem cell transplantation
(HDT/ASCT) has been a standard therapy for newly diagnosed symp-
tomatic patients with multiple myeloma (MM) aged < 65 years. This
approach significantly improves outcomes; however, most patients
experience disease progression. Therefore, continuous therapies such
as consolidation and maintenance have been developed to maintain
long-term disease control. Multiple randomized studies have demon-
strated the efficacy of continuous therapies.

Continuous thalidomide therapy has mostly been studied in large
studies. These studies showed prolonged progression free survival
(PFS)/overall survival (OS) [1]7[3]. Long-term use of thalidomide is also
associated with significant neuropathy, which limits its use in mainte-
nance therapy [4,5].

Lenalidomide has also been studied for maintenance therapy and
is currently a standard agent. Three large trials, CALGB 100104 [6],
IFM 2005-02 [7], and GIMEMA RV-209 [8], have evaluated the role of
lenalidomide in maintenance therapy. All studies revealed a significant
improvement in the PFS. Only CALGB100104 revealed an improve-
ment in OS, while the other two studies failed to reveal it. Meta-
analysis of these three studies estimated that both OS and PFS were
prolonged [9]. Myeloma Xl is the latest and largest study of lenalido-
mide, which revealed animprovement in PFS[10]. This study confirmed
that lenalidomide maintenance improved PFS in high-risk patients. All
studies demonstrated common adverse events, including neutropenia
and an increased risk of secondary malignancy.

Bortezomib has fewer randomized controlled trials (RCTs) on main-
tenance therapy. The HOVON-65/GMMG-HDA4 trial is the first study
to be referenced [11]. The induction therapies were bortezomib-
based regimens and maintenance therapies were either thalidomide

or bortezomib. Patients with bortezomib maintenance showed a

better response than those with thalidomide. Although this is not an
accurate head-to-head comparison, the results support the efficacy
of bortezomib as maintenance therapy, suggesting that bortezomib
might be beneficial in high-risk group [12]. GEMO5MENQS65 was a
phase Il trial that compared the combination of thalidomide and borte-
zomib, thalidomide monotherapy, and interferon. Combination therapy
showed longer PFS, but not OS[13].

Owing to these previous studies, maintenance has recently been
considered standard care. Several guidelines outside Japan recom-
mend maintenance therapies [14][16]. However, the optimal agent,
dose, combination, and duration have not yet been established. In
Japan, it has been clinically acceptable, although the Japanese guide-
lines describe that maintenance should be performed within trials [17].
Therefore, maintenance was performed using various methods. We
retrospectively analyzed the significance of maintenance therapy in
real-world patients with symptomatic MM registered with the Kansai

Myeloma Forum (KMF), a study group for plasma cell dyscrasias.

2 | PATIENTS AND METHODS

The KMF, a study group comprising 73 facilities in the Kansai region of
Japan, was established in 2012 to register clinical data of patients with
all types of plasma cell dyscrasias to retrospectively analyze treatment
strategies and their outcomes. By December 2017, KMF registered the
clinical data of 2764 patients with plasma cell dyscrasias, of whom 129
had received HDT/ASCT for symptomatic MM between June 2012 and
November 2017.

All patients received bortezomib-based regimens as induction ther-
apy. All transplantations were initial ones. Maintenance therapy is
defined as long-term continuous therapy initiated within 6 months

after HDT/ASCT or therapy, which was intentionally administered by



NAKAYAET AL.

WILEY 122

TABLE 1 Characteristics of patients with/without maintenance

Category or

Variable [reference] statistics

Age (y/o) Median (range)
Gender (%) [Women] Men
1SS (%) |
Il
1
PS (%) [< 2] >2
M protein (%) 18G
IgA
BJP
gD
Majority of free light chain (%) [1] x
Response after ASCT (%) [< CR] >CR
Response after ASCT (%) [< VGPR] >VGPR

Observational period (y) Median (range)

Without
Maintenance maintenance
(n=82) (n=47) p-value
58 (36-74) 59(31-72) 0.772
55 57 0.887
40 44 0.054
43 28
17 28
15 13 0.839
65 55 <0.001
11 32
23 13
1 0
68 62 0.449
32 53 0.039
80 87 0.486
3.9(0.3-8.4) 3.8(0.3-7.1) 1.000

Note: 1gG M protein is the most frequent in both groups. However, in patients without maintenance, IgA M protein is observed more frequently than in
those with maintenance (32% vs. 11%). Approximately 32% of patients with maintenance and 53% of patients without maintenance have achieved CR after
ASCT.Abbreviations: ASCT, autologous stem cell transplantation; BJP, Bence Jones protein; CR, complete response; ISS, International Staging System; PS,

performance status; VGPR, very good partial response.

the attending physician as maintenance therapy. This study was con-
ducted as per the ethical principles of the Declaration of Helsinki and
was approved by the institutional review boards of all institutions par-
ticipating in the KMF.

3 | STATISTICAL ANALYSIS

Continuous and categorical variables were summarized as median
(range) and percent, respectively. In two-group comparisons, Fisher’s
exact test and Wilcoxon’s rank-sum test were used for continuous and
categorical variables, respectively. OS was calculated as the period
from the date of ASCT to the event of interest. PFS was defined as
the period from the date of ASCT to disease progression or death due
to any cause. In the subgroup analysis, patients were divided into two
groups according to their response after HDT/ASCT. To avoid overes-
timation, landmark analysis was adopted. The landmark was put on
3 months after the ASCT. The OS/PFS was calculated from the land-
mark point to the event of interest, adjusted gender (men), M protein,
and performance status (PS). Survival curves were created using the
Kaplan-Meier method, and differences were evaluated using the log-
rank test. Univariate and multivariate analyses were performed using
the Cox proportional hazards model, and hazard ratios, 95% confidence
intervals, and p values were calculated. Variables that were significant
in univariate regression analysis, existing prognostic factors such as
age (> 60 years vs. < 60 years), gender (male vs. female), International
Staging System (ISS) (>2 vs. < 2), PS (>2 vs. < 2), 1gG M protein, and

maintenance presence or absence were used as explanatory variables
in the multivariate model. All statistical tests were two sided, and sta-
tistical significance was set at p < 0.05. The 95% confidence interval
for the annual OS/PFS and rates was calculated using Greenwood’s for-
mula. All statistical analyses were performed using EZR (Saitama Med-
ical Center, Jichi Medical University, Saitama, Japan), which is a graph-
ical user interface for R version 2.13.0 (R Foundation, Vienna, Austria)
[18]. More precisely, a modified version of R Commander (version 1.6-
3) was designed to incorporate statistical functions frequently used in

biostatistics.

4 | RESULTS

4.1 | Patients’ characteristics

From June 2012 to November 2017, 129 patients who under-
went HDT/ASCT with symptomatic MM were registered in the KMF
database. Of the 129 patients, 82 received maintenance therapy. The
median observational period was 3.9 years (range, 0.3-8.4 years). The
clinical characteristics of the study patients are summarized in Table 1.
The median age of patients with maintenance was 58 years (range,
36-74 years), and that of patients without maintenance was 59 years
(range, 31-72 years). Among all the patients, 1IgG M protein was the
most frequent. However, among patients without maintenance, 32%
of them had IgA, whereas 11% of patients with maintenance had IgA
(p=0.002).
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(A) Overall survival
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(B) Progression-free survival
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FIGURE 1 Overall survival and progression-free survival. (A) The 4-year OS of patients with maintenance (red) is 80% (95% Cl: 68-88%). The
4-year OS of patients without maintenance (black) is 72% (95% Cl: 56-83%) (p = 0.426). Survival is calculated from the transplant day. (B) The
4-year PFS with maintenance (red) is 38% (95% Cl: 26-50%). The 4-year PFS without maintenance (black) is 27% (95% Cl: 15-41%) (p = 0.088).

Survival is calculated from the transplant day

4.2 | Maintenance regimens

Eighty-two patients received maintenance therapy. Among them, 76%
(n = 62) received immunomodulator-based regimens. Of these, 33
patients received low-dose lenalidomide (5-15 mg) plus dexametha-
sone, 26 received low-dose lenalidomide monotherapy, and three
patients received thalidomide. There were 24% patients who received
proteasome inhibitor (Pl)-based regimens. Two patients received
bortezomib triplet regimens, 14 patients received bortezomib plus
dexamethasone, and four received bortezomib monotherapy. Among
the 82 patients, seven were ongoing, while 75 patients discontinued
treatment. The most frequent reason for discontinuation was disease
progression (n = 37; 46%), followed by CR (n = 15; 18%), adverse
events (n = 11; 13%), patient refusal (n = 4; 5%), and treatment plan
(n=4; 5%). Among patients who had adverse events (n = 11), three had
a severe infection, three had fatigue, one patient had peripheral neu-
ropathy, one had a skin rash, one had secondary malignancy (lung can-
cer), and two patients were unknown.

4.3 | Outcome

The 4-year OS of patients with maintenance was 80% (95% Cl: 68-
88%), and that of patients without maintenance was 72% (95% ClI:
56-83%) (p = 0.426) (Figure 1A). The 4-year PFS of patients with
maintenance was 38% (95% Cl: 26-50%), and that of patients with-
out maintenance was 27% (95% Cl: 15-41%) (p = 0.088) (Figure 1B).
Approximately 32% of patients with maintenance and 53% without
maintenance achieved CR after HDT/ASCT (p = 0.030). The median

duration of maintenance for patients who achieved CR was 23 months.

Concerning secondary malignancy, a patient with maintenance therapy
developed lung cancer, whereas another without maintenance therapy

developed pancreatic cancer.

4.4 | Prognostic factors

The results of univariate analysis were showed in Supplementary
Table 1. Multivariate analysis was performed to identify risk factors
(Table 2). An ISS > 2 was an independent predictor of PFS (hazard ratio
1.62,95% Cl: 1.02-2.59,p = 0.043).

4.5 | Subgroup analysis
451 | Characteristics and landmark analysis for the
patients with/without CR

In patients without maintenance, 53% of patients without maintenance
therapy achieved CR after HDT/ASCT. We assumed that the response
after HDT/ASCT may have influenced the efficacy of maintenance ther-
apy. Therefore, we divided the patients into two groups: patients who
achieved CR (n = 50) and those who failed to achieve CR (h = 77). We
placed the landmark point of 3 months after ASCT to avoid selection
bias. Two patients were excluded owing to early relapse. A total of 127
patients were included in the analysis.

The clinical characteristics of the patients are shown in Table 3.
There were 24% of patients with CR who had a PS score >2, whereas it
was 8% in patients without CR (p = 0.003). Seventy percent of patients
without CR had IgG, and 46% of patients with CR had IgG. On the
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TABLE 2 Result of multivariate Cox regression analysis for OS and PFS

Overall survival

Progression-free survival

Variable Category Hazard ratio 95% Cl

Age (y/o) >60 1.46 0.74-2.86
Gender Men 181 0.89-3.68
ISS >2 1.48 0.75-2.91
PS >2 0.29 0.08-1.01
M protein 1gG 0.55 0.28-1.10
Maintenance + 0.92 0.46-1.82

p-value Hazard ratio 95% CI p-value
0.277 1.07 0.69-1.67 0.765
0.101 1.27 0.83-1.96 0.275
0.264 1.62 1.02-2.59 0.043
0.052 0.80 0.43-1.48 0.474
0.090 0.83 0.52-1.31 0.415
0.807 0.70 0.45-1.08 0.106

Note: An ISS >2 predicted worse PFS, while other factors failed to predict OS and PFS.Abbreviations: Cl, confidence interval; ISS, International Staging System;

OS, overall survival; PFS, progression-free survival; PS, performance status.

TABLE 3 Characteristics of patients who achieved CR and failed to achieve CR

Variable [reference] Category or statistics

Age (y/o) Median (range)
Gender (%) [Women] Men
1SS (%) |

1l

1
PS (%) [< 2] >2
M protein (%) 1gG

IgA

BJP

IgD
Majority of Free light chain (%) [1] x

Observational period (y) Median (range)

>CR (n=50) <CR(n=77) p-value
60 (36-74) 58 (31-74) 0.879
44 64 0.007
46 40 0.666
36 38

18 22

24 8 0.003
46 70 <0.001
30 12

24 17

0 1

66 65 1.000
4.0(0.4-6.7) 3.9(0.3-8.4) 0.141

Note: Approximately 24% of the patients achieved CR with a PS >2. IgG M protein is the most frequent in both groups. IgG M protein is observed more
frequently in patients who failed to achieve CR, whereas IgA protein is seen more frequently in those who achieved CR.
Abbreviations: BJP, Bence Jones protein; CR, complete response; ISS, International Staging System; PS, performance status.

contrary, 30% of patients with CR had IgA, and 12% of patients with-
out CR had IgA (p < 0.001).

The OS/PFS was calculated from the landmark point to the event of
interest, adjusted gender (men), M protein, and PS. The 4-year OS was
not different between patients who achieved CR and those who did not
(76% vs. 82%, p = 0.971) (Figure 2A), whereas 4-year PFS revealed a
significant difference (41% vs. 30%, p = 0.027) (Figure 2B). To evalu-
ate the efficacy of maintenance therapy, we analyzed the 4-year OS
and PFS of patients who achieved CR and those who did not. The
4-year OS of patients with CR was 74% (95% Cl: 56-97%) with mainte-
nance therapy and 81% (95% Cl: 65-100%) without maintenance ther-
apy (p = 0.357) (Figure 3A). The 4-year OS of patients without CR was
97% (95% Cl: < 1-100%) with maintenance therapy and 91% (95%
Cl: < 1-100%) without maintenance therapy (p = 0.107) (Figure 3B).
The 4-year PFS of patients with CR was 42% (95% Cl: 25-70%) with
maintenance therapy and 40% (95% Cl: 23-69%) without maintenance
therapy (p = 0.954) (Figure 4A). The 4-year PFS of patients without CR
was 36% (95% Cl: 24-57%) with maintenance therapy and 16% (95%
Cl: 6-45%) without maintenance therapy (p < 0.001) (Figure 4B).

5 | DISCUSSION

Although our results failed to show the efficacy of maintenance ther-
apy after HDT/ASCT, it reflected the outcome in a real-world setting.
Moreover, in patients without maintenance, 53% of them had achieved
CR after HDT/ASCT. This indicates that the physician in charge might
feel that it is not necessary to administer maintenance therapy to
patients who have achieved CR after HDT/ASCT. Our subgroup anal-
ysis supports this hypothesis. In our subgroup analysis, patients were
divided into two groups: those who achieved CR or those who failed to
achieve CR. The latter group showed a statistically significant improve-
ment in PFS with maintenance therapy.

The notable point of our study is that we have patients who dis-
continued maintenance as they achieved CR. In RCTs, maintenance
continues until disease progression occurs. As the purpose of main-
tenance is clearer in a real-world setting, physicians discontinued
maintenance when the goal was achieved. Among the patients who
stopped maintenance therapy (n = 15), seven relapsed after discon-

tinuing maintenance while eight remained in CR. Owing to the small
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FIGURE 2 Overall survival and progression-free survival according to response after ASCT, adjusted gender [men], PS, and M protein
(landmark analysis). (A) The 4-year OS of patients who achieved CR (black) is 76% (95% Cl: 64-91%). The 4-year OS of patients who failed to
achieve CR (red) is 82% (95% Cl: 73-91%) (p = 0.971). Survival is calculated from 3 months after ASCT (landmark point). (B) The 4-year PFS of
patients who achieved CR (black) is 41% (95% Cl: 29-60%). The 4-year PFS of patients who failed to achieve CR (red) is 30% (95% Cl: 20-46)

(p=0.027)

(A) Overall survival in patients achieved CR
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FIGURE 3 Overall survival according to response in patients with/without maintenance, adjusted gender [men], PS, and M protein (landmark
analysis). a. The 4-year OS of patients who achieved CR with maintenance (red) is 74% (95% Cl: 56-97%). The 4-year OS of patients without
maintenance (black) is 81% (95% Cl: 65-100%) (p = 0.357). b. The 4-year OS of patients who failed to achieve CR with maintenance (red) is 97%
(95% Cl: < 1-100%). The 4-year OS of patients without maintenance (black) is 91% (95% Cl: < 1-100%) (p = 0.107)

number of cases, we cannot conclude the pros and cons to discontinue
maintenance.

Another important finding suggests a challenge that should be
addressed in the near future. During the period of this study, several
novel stronger agents were developed. We included 83 patients who
relapsed after HDT/ASCT (53 patients with maintenance and 30 with-
out maintenance). Twelve percent of them were treated using carfil-
zomib (n = 10), 12% received ixazomib (n = 10), and 9% received dara-
tumumab (n = 7) as salvage therapy. The use of new novel agents as sal-

vage therapy for relapse after HDT/ASCT might have a strong impact

on OS in the current study. This might be one reason why we failed
to reveal a difference in 4-year OS. We tried to analyze survival from
relapse after maintenance; however, the number of patients was too
small and the observation period was too short. Therefore, we shall
analyze it when more cases are accumulated in the future.

Moreover, all patients who received ixazomib were switched from
lenalidomide maintenance. It must be easy to change oral agents from
oral agents in outpatient services. Ixazomib has been studied as a main-
tenance therapy, and its efficacy has been confirmed [19]. However,

it has not been officially approved for use in maintenance during the



NAKAYAET AL.

WILEY -2

(A) Progression-free survival in patients achieved CR
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FIGURE 4 PFSaccording to response in patients with/without maintenance, adjusted gender [Men], PS, and M protein (landmark analysis). a.
The 4-year PFS of patients who achieved CR with maintenance (red) is 42% (95% Cl: 25-70%). The 4-year PFS of patients without maintenance
(black) is 40% (95% Cl: 23-69%) (p = 0.954). (B) The 4-year PFS of patients who failed to achieve CR with maintenance (red) is 36% (95% Cl:
24-57%). The 4-year PFS of patients without maintenance (black) is 16% (95% Cl: 6-45%) (p < 0.001)

study period. It may become an alternative agent for maintenance ther-
apy owing to its convenience as an oral agent and its mechanism of
actionas aPl.

Another question arises: Is maintenance therapy necessary in the
presence of new novel agents? It might not be too late to start new
novel agents after relapse. We will have to evaluate the necessity of
maintenance therapy in the new novel agent era.

The most frequent reason for discontinuation was disease progres-
sion following adverse events. The frequency of adverse events was
similar to that reported in previous reports. Secondary malignancies
were observed in only two patients. A patient with maintenance devel-
oped lung cancer, while another without maintenance developed pan-
creatic cancer. As most of our patients received alkylating free induc-
tion (bortezomib-based regimens), this might account for this small
preference for secondary malignancy.

Our study had several limitations. First, this was a retrospective
study, and relatively few patients were analyzed. Second, owing to the
registry, detailed information, such as surface markers and chromoso-
mal abnormalities, was difficult to collect. Therefore, we were unable
to identify high-risk patients. Third, we defined the maintenance ther-
apy which was started within 6 months after HDT/ASCT. There must
be an immortal bias. However, actual number of the patients who died
during the period was three. Therefore, we think the immortal bias
hardly influence the result. Fourth, it has been reported that a mini-
mal residual disease (MRD) is important to predict outcomes [20]; how-
ever, multiparameter flow cytometry has only been approved in Japan;
therefore, our patients lacked these data. Owing to the limitation of
MRD information, the CR was the only surrogate marker of the resid-
ual amount of the myeloma clone in this study. In the future, MRD may
become a decision-making marker for maintenance after HDT/ASCT.

Here, we report the evaluation of maintenance therapy after
HDT/ASCT for transplant-eligible MM patients in a real-world setting.
Although our results failed to show the efficacy of maintenance of OS

and PFS, the subgroup analysis showed that patients who failed to

achieve CR improved PFS with maintenance therapy. Our results indi-
cate that physicians’ thinking patterns and outcomes of maintenance
inthe real world. Further investigations are required to assess the opti-
mal strategy of maintenance, the influence of MRD, and posttreatment
for relapse after HDT/ASCT.
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