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INTRODUCTION
Dear editors, Dong et al. [1] recently showed in the SEER-
Medicare database that non-Hispanic Black patients (NHBP)
with multiple myeloma (MM) older than 65 years have better
survival outcomes than age-matched non-Hispanic White
patients (NHWP) when receiving similar treatments. Despite a
median age of diagnosis of 69 years, 10% of patients develop
MM before age 50. These younger patients usually present with
favorable disease status and can tolerate more intensive
treatment, leading to a longer survival than their older
counterparts [2, 3]. A few studies have examined outcomes
and disease characteristics in the younger MM patient popula-
tion [3, 4], with evidence that young NHWP and NHBP generally
outlive older patients within their racial group [5], but none
have evaluated survival differences between races. Our study
fills this gap by specifically investigating the impact of race and
cytogenetic abnormalities in patients with MM diagnosed
before age 50.

METHODS
258 individuals under 50 years of age diagnosed with MM
between 1992 and 2019 at The Ohio State University
Comprehensive Cancer Center, in Columbus, Ohio were
included in a retrospective single-center study, approved by
The Ohio State University Institutional Review Board
(2019C0091). Data pertaining to patient demographics and
MM characteristics were collected in a coded database. High-
risk chromosomal abnormalities (HRCA) were defined as the
presence of 1q21+, t(4;14), t(14;16), t(14;20), or del(17p).
Descriptive statistics were used to summarize patient and
disease characteristics; chi-square or Fisher’s exact, and
Wilcoxon rank-sum tests were used to compare distributions
of characteristics between NHBP and NHWP. The endpoints of
the studies were overall survival (OS) and progression-free
survival (PFS). OS was calculated from the date of diagnosis or
first transplant to the date of death, censoring those alive at last
known follow-up. PFS was calculated from the date of diagnosis
or first transplant to date of disease progression or death
(whichever occurred first), censoring those without progression
at the date of last clinical assessment. OS/PFS rates were
estimated using Kaplan–Meier method. Log-rank tests were
used to test survival functions, while Cox proportional models
to evaluate the association between patient characteristics and

OS/PFS. Stata 16 was used for all the analyses and all the tests
were 2-sided with type I error at 0.05.

RESULTS
In our institutional database, we identified 258 individuals who
developed MM before age 50 (median age= 46; range: 17–50
years) who were either NHBP (60/258, 23.3%) or NHWP (198/258,
76.7%). Patient and disease characteristics are summarized in
Supplementary Table S1. The median length of follow-up was 7.8
years. In all, median OS was 9.4 years (95% CI: 7.6–12.5 years),
which is longer than the reported OS in older MM patients [2, 3].
Most of the patients were male (131/198, 66.2% of NHWP and 34/
60, 56.7% of NHBP), presented with International Staging System
(ISS) stage I disease (66/198, 40.0% of NHWP and 23/60, 48.9% of
NHBP), and had IgG disease (89/198, 44.9% of NHWP and 32/60,
53.3% of NHBP). 23/198 NHWP (11.6%) and 2/60 NHBP (3.3%) were
diagnosed with MM between 1992 and 2002, while the remaining
233 patients (175/198, 88.4% of NHWP and 58/60, 96.7% of NHBP)
were diagnosed after January 2003 (P= 0.08). MM was the most
common presentation, with 45/198 NHWP (22.7%) and 10/60
NHBP (16.7%) presenting with extramedullary myeloma (EMM) or
primary plasma cell leukemia. Of the 210 patients with fluores-
cence in situ hybridization (FISH) studies at diagnosis, most of the
patients (111/159, 68.9% of NHWP and 36/51, 73.5% of NHBP) had
no HRCA, 49 (37/159, 23.0% of NHWP and 12/51, 24.5% of NHBP)
had one HRCA, and 14 (13/159, 8.1% of NHWP and 1/51, 2.0% of
NHBP) had more than 2 HRCAs. NHWP had a statistically
significant predominance of del(13q) compared with NHBP (62/
159, 39.0% of NHWP and 10/51, 19.6% of NHBP; P= 0.01). Of 221
patients with available family history, 101/172 NHWP (58.7%) and
21/49 NHBP (42.9%) had at least one family member affected by
any type of cancer (P= 0.05), including 6/172 NHWP (3.5%) and 1/
49 NHBP (2.0%) with family history of MM or precursor forms
(P= 0.99). Moreover, 22/176 NHWP (12.5%) and 1/50 NHBP (2.0%)
had a second malignancy (Supplementary Table S2), either before
or after MM diagnosis (P= 0.03), with 4/22 cases of non-
melanoma skin cancers in NHWP. This difference was not retained
after stratifying by time of occurrence (before MM diagnosis,
P= 0.70; after MM diagnosis, P= 0.08). Finally, 79/193 NHWP
(40.9%) and 28/58 NHBP (48.2%) were either active or former
smokers at time of MM diagnosis (P= 0.37).
Most of the patients (115/198, 58.1% of NHWP and 37/60, 61.7% of

NHBP) received induction therapy with bortezomib (V), lenalidomide
(R), and dexamethasone (D) either as double or triple therapy (VD-
RD-VRD), while 83/198 NHWP (41.9%) and 23/60 NHBP (38.3%)
received other induction regimens, including chemotherapy or other
combinations. In our cohort, NHWP and NHBP underwent transplant
at similar rates (185/198, 93.4% of NHWP and 53/60, 88.3% of NHBP;
P= 0.11) and maintenance therapy was started in 95/185 NHWP
(51.4%) and 21/53 NHBP (43.4%; P= 0.31).
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Median PFS from diagnosis was 3.2 years (95% CI: 2.8–4.3) in
NHWP versus 5.9 years (95% CI: 3.0–6.2) in NHBP (HR= 0.76, 95%
CI: 0.53–1.09, P= 0.13), as shown in Fig. 1A and Supplementary
Table S3. Median PFS from first transplant was 2.4 years (95% CI:
1.8–3.5) in NHWP versus 3.3 years (95% CI: 2.0–5.8) in NHBP
(HR= 0.76, 95% CI: 0.52–1.11, P= 0.15), as shown in Fig. 1B and
Supplementary Table S3. The impact of race on PFS became
statistically significant in patients who received VD-RD-VRD as
induction regimen (Supplementary Fig. S1A, B), with median PFS
from diagnosis of 3.4 years (95% CI: 2.6–4.4) in NHWP versus 6.2
years (95% CI: 4.0-not reached (NR)) in NHBP (HR= 0.59, 95% CI:
0.36–0.96, P= 0.03) and median PFS from first transplant of 2.7
years in NHWP (95% CI: 1.8–3.5) versus 6.0 years (95% CI: 3.3-NR) in
NHBP (HR= 0.55, 95% CI: 0.32–0.95, P= 0.03). PFS from diagnosis
or from first transplant were not significantly different between
NHBP and NHWP who received other therapies as induction
regimen (Supplementary Fig. S1C, D).
We then observed an inferior median OS from diagnosis of 8.6

years (95% CI: 6.9–12.1) in NHWP, while OS was NR (95% CI: 7.4-NR) in
NHBP (HR= 0.58, 95% CI: 0.36–0.93, P= 0.02), as shown in Fig. 1C.
5-year OS in NHBP was 86% (95% CI: 73–93%) compared with 66%
(95% CI: 58–72%) in NHWP (Supplementary Table S4). NHWP also
had an inferior median OS from first transplant of 7.3 years (95% CI:
5.5–11.4) versus NR (95% CI: 6.1-NR) in NHBP (HR= 0.63, 95% CI:
0.39–1.02, P= 0.06), as shown in Fig. 1D and Supplementary Table
S4. Similarly, in the subgroup of patients who received VD-RD-VRD
induction, OS from diagnosis (HR= 0.46, 95% CI: 0.23–0.93, P= 0.03)
or first transplant (HR= 0.53, 95% CI: 0.26–1.08, P= 0.08) were

inferior in NHWP compared with NHBP (Supplementary Fig. S1E, F),
while no difference in OS was noted using other induction regimens
(Supplementary Fig. S1G, H). 5/198 NHWP (2.5%) and 0/60 NHBP (0%)
died of complications of their second malignancy. Excluding all 23
patients (22 NHWP and 1 NHBP) with a second malignancy
(Supplementary Fig. S2), OS from diagnosis remained inferior in
NHWP compared with NHBP (HR= 0.60, 95% CI: 0.37–0.97, P= 0.03),
suggesting that the second malignancy did not affect the outcomes
of our studies. Other variables associated with OS were similar to
patients older than 50 years [6], such as ISS stage III and the presence
of t(4;14), 1q21+, and del(17p).
The presence of del(13q) was prognostically negative

towards OS in all (n= 159) NHWP (HR= 2.74, 95% CI:
1.77–4.24, P < 0.001, Supplementary Fig. S3A), in NHWP
(n= 99) treated with VD-RD-VRD regimen (HR= 2.70, 95% CI:
1.49–4.89, P= 0.001, Supplementary Fig. S3C) and in NHWP
(n= 60) treated with other induction therapies (HR= 2.87, 95%
CI: 1.50–5.51, P= 0.002, Supplementary Fig. S3E). The prognos-
tic impact of del(13q) was instead borderline or not statistically
significant towards OS in all (n= 51) NHBP (HR= 2.96, 95% CI:
0.91–9.63, P= 0.06, Supplementary Fig. S3B), in NHBP (n= 34)
treated with VD-RD-VRD induction (HR= 4.64, 95% CI:
0.85–25.48, P= 0.07, Supplementary Fig. S3D), and in NHBP
(n= 17) treated with other induction therapies (HR= 1.72, 95%
CI: 0.36–10.89, P= 0.43, Supplementary Fig. S3F). In the multi-
variable analysis, after controlling for ISS stage III, HRCA,
del(13q), and type of induction, the impact of race on OS was
no longer significant (HR= 0.79, 95% CI: 0.42–1.49), suggesting
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Fig. 1 Outcomes of non-Hispanic White patients (NHWP) and non-Hispanic Black patients (NHBP) with MM diagnosed before age 50. Top
panel: Kaplan–Meier curves of progression-free survival (PFS) from diagnosis in n= 258 patients (A) or from first transplant in n= 238 patients
(B). Bottom panel: Kaplan–Meier curves of overall survival (OS) from diagnosis in n= 258 patients (C) or from first transplant in n= 238
patients (D). P log-rank p-value, HR Hazard Ratio, CI Confidence Interval, NR not reached.
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that the favorable OS outcome seen in young NHBP can be due
to a reduced incidence of high-risk features.

DISCUSSION
To our knowledge, this is the first study in the era of novel therapies
to specifically evaluate the impact of race on outcomes for patients
with MM before age 50. Despite being a single-center study, our
patient and disease characteristics are representative of the typical
MM population, with NHB individuals comprising 23% of the study.
We observed that NHBP younger than 50 had statistically longer

OS from diagnosis compared with NHWP, in agreement with recent
studies focused on patients with MM over the age of 65 [1, 7]. Earlier
studies reported inferior or similar survival outcomes [8–11] in the
NHBP population, but mainly included older patients treated before
the introduction of novel therapies [8], or with reduced access to
standard-of-care induction regimens or frontline autologous stem
cell transplant [9–11]. In our cohort, NHBP and NHWP underwent
comparable induction therapy regimens and received transplant and
maintenance therapy at similar rates. In the subgroup analysis based
on induction regimen, we observed that VD-RD-VRD regimens were
especially beneficial in terms of PFS and OS in NHBP compared with
NHWP, while race did not impact PFS or OS in patients treated with
alternative regimens.
We identified fewer HRCA features in NHBP, like prior studies

[12]. Del(13q) was more common in NHWP and was negatively
prognostic, independent of induction regimen, towards OS in
NHWP, but not in NHBP. This suggests a more indolent course
for young NHBP or possibly racial differences in the prognostic
role of del(13q) in young patients with MM, contributing to
better PFS and OS with the use of VD-RD-VRD therapies.
In our cohort, NHWP had a greater incidence of all second

malignancies and a trend toward more second primary malig-
nancies (SPM) compared with NHBP. The etiology of SPM in MM is
likely multifactorial due to host, disease, and treatment-related
factors [13]. Small studies revealed that the specific types of SPM
often vary by race and NHWP tend to have more SPM than NHBP
[14, 15]. Except for one patient, all the patients with SPM in our
study underwent at least one transplant, with 5/13 cases of
hematological second malignancies developing after anti-MM
treatment. Therefore, the presence of SPM in young MM patients
should be further evaluated in larger cohorts, given the
hypothetical concern of genetic predisposition or anti-MM
therapies as triggers for SPM in young patients with MM.
This study has some limitations. Firstly, only individuals who

consented to be part of our MM registry were included in the
study, therefore subjecting our study to selection bias. Race was
also self-reported by the patients. Secondly, this was a
retrospective analysis conducted at a single institution. The
global incidence of MM in patients younger than age 50 is low;
thus, to sufficiently power the study, patients treated over a
broad time span (1992–2019) were included. The paradigm of
MM treatments drastically evolved during this interval and
almost 40% of our entire cohort did not receive VD-RD-VRD as
their induction strategy. In those patients, race did not impact
survival outcomes, underlining the importance of utilizing
modern treatment regimens in all patients. Additionally, this
study was not designed to investigate differences in social
determinants of health or access to care; however, those
variables might contribute to our results on MM survival.
In summary, NHBP diagnosed with MM before age 50 have

longer PFS and OS than age-matched NHWP, when treated with
similar therapies and VD-RD-VRD regimens. These findings,
together with the reduced prevalence of high-risk features at
diagnosis, underline the importance of providing standard-of-
care therapies to NHBP to improve long-term outcomes.
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