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Abstract

High-dose chemotherapy followed by autologous stem cell transplantation (ASCT) is the standard treatment for symptomatic
multiple myeloma (MM) in patients under 65 years of age. However, the performing of ASCT in older patients > 65 years
without comorbidities or complications is controversial. Introduction of novel drugs, such as daratumumab, has improved
the long-term survival of patients with MM who are ineligible for ASCT. This retrospective study aimed to evaluate the
clinical significance of ASCT in older patients, even in the era of novel drugs. A total of 55 patients aged 65-74 years (15
ASCT recipients and 40 ASCT-ineligible patients) newly diagnosed with MM between March 2013 and October 2021 at our
institution were analyzed in this study. There were no significant differences in the 3-year overall survival (84.6% vs. 90.6%,
p=0.72) and progression-free survival (PFS) (61.2% vs. 75.1%, p=0.40) between ASCT recipients and ASCT-ineligible
patients. There was also no significant difference in complete response (CR) with minimal residual disease (MRD)-negative
rate between the two groups (27% vs. 33%, p=1.0). Multivariate analysis showed that CR was an independent predictor of
PFS (hazard ratio [HR], 0.26; 95% confidence interval, 0.08-0.76; p =0.01). In this retrospective study, despite patients who
were determined to be intolerant to ASCT, the non-ASCT group was non-inferior to the ASCT group in PFS and overall
response rate. The results of this study confirm that the significance of ASCT is diminishing in patients 65 years of age and
older because newer agents can achieve good responses without ASCT.

Keywords Autologous stem cell transplantation - Multiple myeloma - Older patients - Complete response - Progression-
free survival

Introduction

In the IFM 20009 trial, combination therapy with bortezomib,
lenalidomide, and dexamethasone (VRd) plus high-dose
chemotherapy followed by autologous stem cell transplant
(ASCT) was reported to be significantly superior to VRd alone
in terms of overall response rates (ORRs) and progression-
free survival (PFS) [1]. Furthermore, in the phase III
DETERMINATION trial, addition of ASCT to VRd induction
therapy with ongoing lenalidomide maintenance showed
prolonged PFS in the VRd plus ASCT group compared to
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that in the VRd alone group [2]. More than 30 years after
its introduction, high-dose chemotherapy followed by ASCT
remains the standard treatment for young patients under the
age of 65 with newly diagnosed multiple myeloma (MM)
according to the results of large randomized clinical trials
[1, 3]. In addition, numerous reports have shown the efficacy
and safety of ASCT in older MM patients over 65 years of
age [1-9].

In contrast, daratumumab, lenalidomide, and dexamethasone
(DRA) therapy have been recommended for newly diagnosed
MM patients who are not eligible for transplantation since 2019
in Japan. In the MAIA trial, the median PFS of DRd therapy
was not reached at 60 months, indirectly comparable to the
transplant group in the IFM 20009 trial mentioned above [10].

Patients between the ages of 65 and 74 are the most
common age group diagnosed with MM, accounting for 33%
of all MM patients [11], and ASCT for newly diagnosed MM
patients in this age group is currently controversial. This
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study aimed to evaluate the clinical significance of ASCT
in newly diagnosed MM patients over 65 years of age, even
in the era of novel agents, including anti-CD38 monoclonal
antibody (mAb).

Patients and methods

In this retrospective study, the medical records of 55 patients
newly diagnosed with MM at Shonan Kamakura General
Hospital between March 2013 and October 2021 were
analyzed. This study was approved by the Research Ethics
Committee of Shonan Kamakura General Hospital (ethics
committee approval number: TGE02003-024). All the patients
consented to the use of their medical records. This study was
performed in accordance with the institutional guidelines and
principles of the Declaration of Helsinki. We evaluated and
compared the ORRs, overall survival (OS), and PFS at 3 years
in the ASCT and non-ASCT (did not undergo ASCT) groups.
The minimal residual disease (MRD)-negative and transplant-
related mortality (TRM) rates were also evaluated.

In the ASCT group, seven patients received induction
therapy with bortezomib and dexamethasone (Bd) and eight
patients received induction therapy with VRd. Melphalan
(140 mg/m?) was the conditioning regimen administered to all
patients prior to ASCT. By contrast, in the non-ASCT group,
7 patients received daratumumab-based regimen, 17 patients
received Bd, 11 patients received VRd, and 5 patients received
lenalidomide and dexamethasone (Rd) as induction therapy.
The rationale for using the doublet regimen was patient prefer-
ence in the case of Rd therapy, while in the case of Bd therapy,
lenalidomide could not be administered from the beginning
owing to renal dysfunction. All patients provided informed con-
sent regarding ASCT; we did not actively recommend ASCT to
patients over 70 years of age, to those with performance status
(PS) 2 or higher, or to those who had complications of infec-
tion during induction therapy owing to potential adverse events.

Statistical analyses

OS was defined as the time from the start of the initial ther-
apy to death from any cause. Patients who had not relapsed,
progressed, or died were censored on the date of the last fol-
low-up. The Kaplan—-Meier method and a log-rank test were
used to estimate and compare 3-year OS and PFS. All tests
were two-sided, 95% confidence intervals (CI) were calcu-
lated, and p-values < 0.05 were considered statistically sig-
nificant. The y? test or Fisher’s exact test was used to assess
the differences in patient characteristics, including sex,
renal dysfunction, international staging system, response,
and recurrence in the ASCT or non-ASCT subgroups. The
Cox proportional hazards model was used for the univariate
and multivariate regression analyses. Statistical significance
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was set at p <0.05. All analyses were performed using EZR
(Saitama Medical Center, Jichi Medical University; http://
www.jichi.ac.jp/saitama-sct/SaitamaHP.files.statemedEN.
html; Kanda, 2012), which is a graphical user interface for
R (The R Foundation for Statistical Computing, version
2.13.0), and a modified version of R commander designed
to add statistical functions was used [12].

Results

We analyzed the data of 55 patients (15 ASCT recipients and
40 ASCT-ineligible patients). The median age of the patients
was 69.4 years (range 65-74), and the median observation
period was 38.2 (2.1-109) months. The reasons why 40
patients did not receive ASCT were as follows: 30 patients
declined transplantation, nine were excluded by the attend-
ing physician (two had comorbidities, three had poor perfor-
mance status (PS), and four had infections during induction
therapy), and one was a poor mobilizer. The clinical and
laboratory features of MM patients with or without ASCT
prior to treatment are summarized in Table 1. Patients in the
ASCT group were younger; the PS and MM subtypes did
not differ between the ASCT and non-ASCT groups. The
ISS, R-ISS, LDH at initial presentation, myeloma-related
events, and high-risk cytogenetic abnormalities (CA) were
also similar between the two groups.

The complete response (CR) rate before ASCT was 13%
and after ASCT 33%, but 60% of the patients in the ASCT
group achieved CR with consolidation therapy with novel
drugs after transplantation. The median time from diagnosis
to transplant was 5.1 months (range: 4.2-8.9). Retrospec-
tively, the median number of CD34™ cells was 2.5 X 10%/
kg (range; 2.0-6.0). The median day of neutrophil engraft-
ment was day 12 (range, 10-16), and the infection rate for
ASCT was 73%. Day + 100 ASCT TRM was 0%, and ASCT
could be safely performed in our hospital for older MM
patients > 65 years. In contrast, in the non-ASCT group, the
CR rate was 58%, similar to that in the ASCT group. Fur-
thermore, when comparing the ASCT (n=15), non-ASCT
with daratumumab (that received daratumumab early for up
to two lines; n=17), and non-ASCT without daratumumab
(n=23) groups, the non-ASCT with daratumumab group
had a significantly better CR rate (CR rates: ASCT group:
60%, non-ASCT with daratumumab group: 82.4%, non-
ASCT without daratumumab group: 39.1%).

The ORRs in ASCT groups and all non-ASCT group were
similar (p=1.00) (Table 2). Compared with the ASCT and
non-ASCT groups, 3-year OS and PFS were similar (OS:
84.6% vs. 90.6%; p=0.72, PFS: 61.2% vs. 75.1%; p=0.40)
(Fig. 1a, b). MRD was measured at the time of best response.
Similar to the CR rate, the CR MRD-negative conversion
rate was similar in both groups (27% vs. 33%, p=1.00).
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Table 1 Patient baseline disease

characteristics

ASCT W/o ASCT p value
N=15 N=40
Median age—yr (range) 66.7 (65-70) 70.7 (65-74) <0.001
Sex—mno. (%)
Male 6 (40.0) 24 (60.0) 0.231
Female 9 (60.0) 16 (40.0)
ECOG performance status—no (%)
0 12 (80.0) 22 (55.0) 0.31
1 1(6.7) 7(17.5)
>2 2(13.3) 11 (27.5)
Myeloma subtype—no (%)
IgG 11 (73.3) 28 (70.0) 1
IgA 2(13.3) 4 (10.0)
BIP 2(13.3) 7(17.5)
IgM 0 (0.0) 125)
International Staging System (ISS) stage—no. (%)
I 4(26.7) 9(22.5) 0.682
I 5(33.3) 19 (47.5)
1 6 (40.0) 12 (30.0)
Revised-ISS stage—no. (%)
I 4(26.7) 9(22.5) 0.717
I 9 (60.0) 21 (52.5)
I 2(13.3) 10 (25.0)
Lactate dehydrogenase > 230 U/l—no. (%) 2(13.3) 5(13.5) 1
Creatinine clearance < 30 ml/min—no. (%) 2(13.3) 12 (30.0) 0.304
History of bone lesions—no. (%) 10 (66.7) 27 (67.5) 1
Hemoglobin < 10 mg/dl—no. (%) 13 (86.7) 29 (72.5) 0.477
Hypercalcemia—no. (%) 2(13.3) 6 (15.0) 1
Free light chain clonality > 100—no. (%) 8 (53.3) 19 (47.5) 0.768
High-risk cytogenetic abnormalities 4(26.7) 14 (35.0) 0.749
t(4;14) 2(13.3) 7(17.5) 1
TP53 0(0.0) 7(17.5) 0.171
t(14;16) 2(13.3) 2(5.0) 0.298
Induction regimen
Bd 8 (53.3) 17 (42.5) 0.236
VRd 7(46.7) 11 (27.5)
DRd or DVMP 0 7(17.5)
Rd 0 5(12.5)
Consolidation regimen or 2nd line regimen
VRd 2(13.3) 0 0.03
DRd, DPd, or DBd 1(6.7) 16 (40.0)
ELd or EPd 1(6.7) 4 (10.0)
Rd or lenalidomide alone 5(33.3) 10 (25.0)
IRd or Ixazomib alone 3 (20.0) 4 (10.0)
KRd or weekly Kd 2(13.3) 1(2.5)
Other 1(6.7) 2 (5.0)

Bd bortezomib dexamethasone, VRd bortezomib lenalidomide dexamethasone, DRd daratumumab lena-
lidomide dexamethasone, DVMP daratumumab bortezomib melphalan prednisolone, Rd lenalidomide
dexamethasone, DPd daratumumab pomalidomide dexamethasone, DBd daratumumab bortezomib dexa-
methasone, ELd elotuzumab lenalidomide dexamethasone, EPd elutuzumab pomalidomide dexamethasone,
IRd ixazomib lenalidomide dexamethasone, KRd carfilzomib lenalidomide dexamethasone, Kd calfilzomib
dexamethasone
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Table 2 Best response and
minimal residual disease status

However, when the non-ASCT group was examined more
closely, the MRD-negative rate was 52.9% in the non-ASCT
with daratumumab group, and 4.3% in the non-ASCT with-
out daratumumab group; thus, the non-ASCT with daratu-
mumab group had a significantly better MRD-negative rate
than did the ASCT group (p =0.002). In the non-ASCT
group, MRD could not be fully examined because of the
numerous cases in which MRD was not measured. Accord-
ing to the multivariate analysis (Table 3), CR was an inde-
pendent predictor of PFS (hazard ratio [HR], 0.26; 95% ClI,
0.08-0.76; p=0.01), but ASCT was not an important factor
in multivariate analysis.

Discussion

In this study, the ORR, CR rate, 3-year OS/PFS, and MRD-
negative rates were similar between the ASCT and non-
ASCT groups in patients aged 65—75 years. ASCT was not
found to be significantly better in terms of response rates
or PFS; therefore, ASCT cannot be implied to be signifi-
cantly superior to non-ASCT. Notably, in this study, patients
who received early line anti-CD38 mAb treatment achieved
higher CR rates than those who did not receive ASCT,
whereas patients who did not receive anti-CD38 mAb treat-
ment did not have profound responses. In terms of patient
background, patients who could undergo ASCT were in gen-
erally good condition to tolerate ASCT, while those in the
non-ASCT group were in worse condition due to comorbidi-
ties, infections, and poor PS because many of them should
have avoided transplantation. In addition, among the high-
risk CA cases, TP53-positive cases were observed only in
the non-ASCT group. Nevertheless, the ASCT group was
not superior to the non-ASCT group in ORR and OS/PFS.
Multivariate analysis showed that ASCT did not contrib-
ute to prolonged PFS, and only CR achievement contributed
to PFS. CR was achieved in 60% of the cases in both groups.
In all other patients, with or without ASCT, achieving CR
appears to be the most important for prolonging the survival

ASCT n=15 W/o ASCT n=40
n (%) n (%)
After ASCT Best response Best response p value
response
Overall response 15 (100) 15 (100) 39 (97.5)
Complete response 4 (26.6) 9(60) 23 (57.5) 1
Very good partial response 8(53.3) 4(26.7) 13 (32.5)
Partial response 3 (20) 2(13.3) 3(7.5)
Stable disease 0 0 1(2.5)
Negative status for MRD 2 (15.3) 4(26.7) 10 (33) 1
MRD minimal residual disease
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Fig. 1 Outcomes of patients with MM who underwent ASCT or with-
out (w/0) ASCT. Overall survival (A), progression-free survival (B)



Annals of Hematology (2023) 102:1185-1191 1189

Table 3 Uniyariate ana?ysis Univariate analysis Multivariate analysis

and multivariate analysis of

prognostic factor for PFS Hazard ratio p value Hazard ratio p value
Age>70 1.23 (0.48-3.11) 0.65
Renal Cre>2 2.85(1.10-7.42) 0.03 0.84 (0.23-3.02) 0.79
Alb<3.5 1.71 (0.64-4.62) 0.29
LDH (> normal) 3.37 (0.92-12.3) 0.06 3.69 (0.85-16.0) 0.08
p2MG>3.5 4.20 (1.21-14.7) 0.02 2.98 (0.62-14.2) 0.16
ASCT 1.53 (0.56-4.15) 0.40
ISS=3 4.80 (1.88-12.3) 0.001 1.79 (0.52-6.06) 0.35
R-ISS=3 1.94 (0.91-4.14) 0.08
CR MRD negative 0.56 (0.15-19.9) 0.37
CR 0.36 (0.13-0.97) 0.04 0.26 (0.08-0.76) 0.01
No high-risk CA 3.28 (1.28-8.39) 0.01 2.18 (0.66-7.29) 0.20
Anti-CD38 mAb <2line 0.93 (0.30-2.96) 0.91

CR complete response, MRD minimal residual disease, CA chromosome abnormalities

of patients with MM, as shown in our study. In addition,
achieving undetectable MRD, especially in MM with high-
risk CA, can overcome the dismal prognosis [13]. In this
trial, the MRD-negative response rate was not significantly
different in the multivariate analysis because many patients
were not measured in the non-ASCT group. In our further
study, we will measure the MRD when CR is achieved, even
in patients who are ineligible for ASCT.

In this study, we found that ASCT can still be safely
performed in MM patients over 65 years, as previously
reported [4-9]. The CR rate in the ASCT group in this
study was 30% after transplantation but increased to 60%
with consolidation therapy. Additionally, in this study the
induction therapy was shorter in the ASCT group and the
time to transplant also tended to be shorter, which raised
the concern that the stem cell collection rate would drop.
Moreover, the pretreatment was reduced to conditioning
regimen owing to concerns about TRM. Even with a reduced
conditioning regimen at age 65 years or older, ASCT plus
novel drug consolidation therapy was highly effective and
similar to the IFM 2009 trial performed in younger patients
(CR rates in IFM 2009 ASCT group: 59%, our study: 60%)
[1]. Although it may be important to achieve a deep response
after transplantation, whether this will lead to prolonged
survival in the future remains controversial. The reason
why some patients in the ASCT group did not achieve CR
was that patients with less than very good partial response
(VGPR) after ASCT were given maintenance therapy with
lenalidomide or ixazomib without consolidation therapy
and worsened without achieving CR. This finding indicates
the importance of treatment aiming for a deep CR with
MRD negativity in patients with high VGPR levels after
ASCT, with combination therapy that employs novel
agents, including anti-CD38 mAbs, and/or carfilzomib for
consolidation therapy after ASCT.

The CR rate in the non-ASCT group was comparable to
that in the MAIA group (DRd: CR rate 51%, 58%) [9]. In the
non-ASCT group with patients 65 years and older, CR rates
and PFS were similar to or better than the results of ASCT
plus VRd therapy in younger patients in the IFM 20009 trial
(IFM 2009 ASCT: mPFS, 50 months; non-ASCT group in
this study: mPFS, 94.2 months) [1]. In the MAIA trial, 55%
of the patients were 65-74 years old, but 43% were 75 years
and older, with similar CR rates to what was obtained in the
ASCT group in this study; therefore, DRd therapy may have
a similar outcome as transplantation for fit patients even if
they are over 75 years old [10].

Berrotti et al. showed that PFS was superior in the ASCT
group than in the not-ASCT group for MM aged 65-74 years
which is roughly the same age range as in our study; how-
ever, first-line treatment in the most patients of not-ASCT
group in this study was bortezomib, melphalan, prednisone
(VMP), with only 2/46 patients receiving the daratumumab
base regimen [14]. This study is very different from our
study, which included many anti-CD38 mAbs that are
expected to respond better than bortezomib-based regimens.

Based on the results of this study, ASCT is becoming
less significant in patients older than 65 years, but alkylat-
ing agents with ASCT are important treatments for patients
with extramedullary disease (EMD) or plasma cell leukemia
(PCL), and ASCT should be performed whenever possible in
such cases [15—17]. It is necessary to consider which cases,
other than EMD-MM and PCL, should be aggressively
treated with ASCT.

This retrospective cohort study had some limitations.
First, our study used a retrospective design and may there-
fore be susceptible to disadvantages such as patient selection
bias. Furthermore, the treatment selection was left to the
physician, and there was no set protocol for selection. Never-
theless, our study is significant because the not-ASCT group
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may have had worse patient background conditions than the
ASCT group. Second, the relatively very small number of
patients included in each molecular risk subgroup may have
led to failure in distinguishing the prognostic differences
between the two groups. Further investigation in prospec-
tive studies will be needed. Third, post-transplant treatment
in the ASCT group was not standardized, which may have
affected post-transplant prognosis.

In conclusion, ASCT is becoming less significant in
patients older than 65 years because novel agents can achieve
a good response without ASCT. Achievement of CR with or
without ASCT appears to be most important for prolonging
the survival of patients with MM. Even in ASCT-ineligible
cases, combinations of novel agents such as daratumumab
can provide results comparable to those of ASCT. Still,
EMD-MM and PCL cases should be aggressively treated
with ASCT.

Author contribution All authors contributed to the study conception
and design. Material preparation, data collection, and analysis were
performed by Shuku Sato. The first draft of the manuscript was writ-
ten by Shuku Sato, and all authors commented on previous versions
of the manuscript. All authors read and approved the final manuscript.

Data availability The datasets generated during and/or analyzed dur-
ing the current study are available from the corresponding author on
reasonable request.

Declarations

Ethics approval This study was approved by the Research Ethics
Committee of Shonan Kamakura General Hospital.

Informed consent The patient himself/herself gives prior written
consent.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Attal M, Lauwers-Cances V, Hulin C, Leleu X, Caillot D, Escoffre
M et al (2017) Lenalidomide, bortezomib, and dexamethasone
with transplantation for myeloma. N Engl J Med 376:1311-1320.
https://doi.org/10.1056/NEJMoal611750

@ Springer

10.

11.

Richardson PG, Jacobus SJ, Weller EA, Hassoun H, Lonial S, Raje
NS et al (2022) Triplet therapy, transplantation, and maintenance
until progression in myeloma. N Engl J Med 387:132-147. https://
doi.org/10.1056/NEJMoma2204925

Child JA, Morgan GJ, Davies FE, Owen RG, Bell SE, Hawkins K,
Brown J, Drayson MT, Selby PJ (2003) High-dose chemotherapy
with hematopoietic stem-cell rescue for multiple myeloma. N Engl
J Med 348:1875-1883. https://doi.org/10.1056/NEIM0a022340
Ozaki S, Harada T, Saitoh T, Shimazaki C, Itagaki M, Asaoku H,
Kuroda Y, Chou T, Yoshiki Y, Suzuki K, Murakami H, Hayashi
K, Mina R, Palumbo A, Shimizu K, Japanese Society of Mye-
loma; European Myeloma Network (2014) Survival of multiple
myeloma patients aged 65-70 years in the era of novel agents
and autologous stem cell transplantation A multicenter retrospec-
tive collaborative study of the Japanese Society of Myeloma and
the European Myeloma Network. Acta Haematol 132:211-219.
https://doi.org/10.1159/000357394

Bashir Q, Shah N, Parmar S, Wei W, Rondon G, Weber DM, Wang
M, Orlowski RZ, Thomas SK, Shah J, Qureshi SR, Dinh YT,
Popat U, Anderlini P, Hosing C, Giralt S, Champlin RE, Qazil-
bash MH (2012) Feasibility of autologous hematopoietic stem
cell transplant in patients aged >70 years with multiple myeloma.
Leuk Lymphoma 53:118-122. https://doi.org/10.3109/10428194.
2011.606942

Kumar SK, Dingli D, Lacy MQ, Dispenzieri A, Hayman SR,
Buadi FK, Rajkumar SV, Litzow MR, Gertz MA (2008) Autolo-
gous stem cell transplantation in patients of 70 years and older
with multiple myeloma: results from a matched pair analysis. Am
J Hematol 83:614-617. https://doi.org/10.1002/ajh.21191
Wildes TM, Finney JD, Fiala M, Gao F, Vij R, Stockerl-Goldstein
K, Carson KR, Mikhael J, Colditz G (2015) High-dose therapy
and autologous stem cell transplant in older adults with multiple
myeloma. Bone Marrow Transplant 50:1075-1082. https://doi.
org/10.1038/bmt.2015.106

Merz M, Jansen L, Castro FA, Hillengass J, Salwender H, Wei-
sel K, Scheid C, Luttmann S, Emrich K, Holleczek B, Katalinic
A, Nennecke A, Straka C, Langer C, Engelhardt M, Einsele
H, Kroger N, Beelen D, Dreger P, Brenner H, Goldschmidt H,
GEKID Cancer Survival Working Group and the DRST (2016)
Survival of elderly patients with multiple myeloma — effect of
upfront autologous stem cell transplantation. Eur J Cancer 62:1-8.
https://doi.org/10.1016/j.ejca.2016.04.004

Garderet L, Beohou E, Caillot D, Stoppa AM, Touzeau C, Chre-
tien ML, Karlin L, Moreau P, Fontan J, Blaise D, Polge E, Gueye
MS, Ikhlef S, Marjanovic Z, Labopin M, Mohty M (2016) Upfront
autologous stem cell transplantation for newly diagnosed elderly
multiple myeloma patients: a prospective multicenter study. Hae-
matologica 101:1390-1397. https://doi.org/10.3324/haematol.
2016.150334

Facon T, Kumar SK, Plesner T, Orlowski RZ, Moreau P, Bahlis N,
Basu S, Nahi H, Hulin C, Quach H, Goldschmidt H, O’Dwyer M,
Perrot A, Venner CP, Weisel K, Mace JR, Raje N, Tiab M, Macro
M, Frenzel L, Leleu X, Ahmadi T, Wang J, Van Rampelbergh R,
Uhlar CM, Tromp B, Delioukina M, Vermeulen J, Usmani SZ
(2021) Daratumumab, lenalidomide, and dexamethasone versus
lenalidomide and dexamethasone alone in newly diagnosed mul-
tiple myeloma (Maia): overall survival results from a randomized,
open-label, phase 3 trial. Lancet Oncol 22:1582—-1596. https://doi.
org/10.1016/S1470-2045(21)00466-6

Lee HC, Ailawadhi S, Gasparetto CJ, Jagannath S, Rifkin RM,
Durie BGM, Narang M, Terebelo HR, Toomey K, Hardin JW,
Wagner L, Omel JL, Dhalla M, Liu L, Joshi P, Abonour R
(2021) Treatment patterns and outcomes in elderly patients with
newly diagnosed multiple myeloma: results from the Connect®
MM Registry. Blood Cancer J 11:134. https://doi.org/10.1038/
$41408-021-00524-1


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1611750
https://doi.org/10.1056/NEJMoma2204925
https://doi.org/10.1056/NEJMoma2204925
https://doi.org/10.1056/NEJMoa022340
https://doi.org/10.1159/000357394
https://doi.org/10.3109/10428194.2011.606942
https://doi.org/10.3109/10428194.2011.606942
https://doi.org/10.1002/ajh.21191
https://doi.org/10.1038/bmt.2015.106
https://doi.org/10.1038/bmt.2015.106
https://doi.org/10.1016/j.ejca.2016.04.004
https://doi.org/10.3324/haematol.2016.150334
https://doi.org/10.3324/haematol.2016.150334
https://doi.org/10.1016/S1470-2045(21)00466-6
https://doi.org/10.1016/S1470-2045(21)00466-6
https://doi.org/10.1038/s41408-021-00524-1
https://doi.org/10.1038/s41408-021-00524-1

Annals of Hematology (2023) 102:1185-1191

1191

12.

13.

14.

Kanda Y (2013) Investigation of the freely available easy-to-use
software ‘EZR’ for medical statistics. Bone Marrow Transplant
48:452-458. https://doi.org/10.1038/bmt.2012.244

Goicoechea I, Puig N, Cedena MT, Burgos L, Cordén L, Vidri-
ales MB, Flores-Montero J, Gutierrez NC, Calasanz MJ, Ramos
MM, Lara-Astiaso D, Vilas-Zornoza A, Alignani D, Rodriguez I,
Sarvide S, Alameda D, Garcés JJ, Rodriguez S, Fresquet V, Celay
J, Garcia-Sanz R, Martinez-Lopez J, Oriol A, Rios R, Martin-
Sanchez J, Martinez-Martinez R, Sarra J, Hernandez MT, de la
Rubia J, Krsnik I, Moraleda JM, Palomera L, Bargay J, Martinez-
Climent JA, Orfao A, Rosifiol L, Mateos MV, Lahuerta JJ, Blade
J, San Miguel J, Paiva B (2021) Deep MRD profiling defines
outcome and unveils different modes of treatment resistance in
standard- and high-risk myeloma. Blood 137:49-60. https://doi.
org/10.1182/blood.2020006731

Belotti A, Ribolla R, Cancelli V, Crippa C, Bianchetti N, Ferrari S,
Bottelli C, Cattaneo C, Tucci A, De La Fuente BC, Rossi G (2020)
Transplant eligibility in elderly multiple myeloma patients: pro-
spective external validation of the international myeloma working

15.

16.

17.

group frailty score and comparison with clinical judgment and
other comorbidity scores in unselected patients aged 65-75 years.
Am J Hematol 97:759-765. https://doi.org/10.1002/ajh.2579
Bansal R, Rakshit S, Kumar S (2021) Extramedullary disease
in multiple myeloma. Blood Cancer J 11:161. https://doi.org/10.
1038/s41408-021-00527-y

Dingli D, Ailawadhi S, Bergsagel PL, Buadi FK, Dispenzieri A,
Fonseca R et al (2017) Therapy for relapsed multiple myeloma:
guidelines from the mayo stratification for myeloma and risk-
adapted therapy. Mayo Clin Proc 92:578-598. https://doi.org/10.
1016/j.mayocp.2017.01.003

Gowin K, Skerget S, Keats JJ, Mikhael J, Cowan AJ (2021)
Plasma cell leukemia: a review of the molecular classification,
diagnosis, and evidenced-based treatment. Leuk Res 111:106687.
https://doi.org/10.1016/j.leukres.2021.106687

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1038/bmt.2012.244
https://doi.org/10.1182/blood.2020006731
https://doi.org/10.1182/blood.2020006731
https://doi.org/10.1002/ajh.2579
https://doi.org/10.1038/s41408-021-00527-y
https://doi.org/10.1038/s41408-021-00527-y
https://doi.org/10.1016/j.mayocp.2017.01.003
https://doi.org/10.1016/j.mayocp.2017.01.003
https://doi.org/10.1016/j.leukres.2021.106687

	Clinical significance of high-dose chemotherapy with autologous stem cell transplantation in the era of novel agents in patients older than 65 years with multiple myeloma
	Abstract
	Introduction
	Patients and methods
	Statistical analyses

	Results
	Discussion
	References


