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ABSTRACT

ARTICLE HISTORY

A small proportion of patients with multiple myeloma (MM) are diagnosed at a very young age.
The clinicopathological characteristics and prognosis of these patients are not well known. This
analysis included 52 patients diagnosed with MM at the age of 30 years (range: 8–30 years).
68% of patients had International Scoring System (ISS) 1 MM; 22% presented with the light
chain-only disease, and 48% with elevated serum lactate dehydrogenase (LDH). 85% of patients
were treated with novel agents, and 62% received front-line autologous stem cell transplantation
(ASCT). Overall response rate (ORR) to front-line treatment and ASCT were 71% and 90%,
respectively. The group was followed-up for the median period of 86 months. The median overall survival (OS) was 166 months (95% CI: 53–222), with 5-year OS rate of 77% (95% CI:
61.0–87.9). This findings suggest that the prognosis in young MM patients may be as good if
not better than in the general population of MM patients.
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Introduction
Multiple myeloma (MM) results from neoplastic proliferation of plasma cells. The disease, representing
approximately 1% of all malignancies and approximately 10% of hematological malignancies, is typically
diagnosed at an older age, with a median age of
70 years [1]. The incidence of MM has been increasing
over time, primarily due to population aging [1]. The
implementation of novel therapies and autologous
stem cell transplantation (ASCT) has likely contributed
in the observed improvement in survival rates [2].
A small proportion of MMs are diagnosed at
younger age, before 40 (approximately 2%) or even
under 30 years of age (0.3%) [3,4]. Given the low incidence of the early-onset MM, the clinicopathological
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characteristics and prognosis of these patients are not
well known, and available evidence originates primarily from individual case reports or small series [5–9].
Nevertheless, some previous studies, including a multicenter analysis conducted recently by our group, demonstrated that prognosis in individuals diagnosed with
MM before 40 years of age may be better than in
older MM patients [10–13]. It is not clear whether this
survival benefit results from the lack of comorbidities
and the higher proportion of younger patients being
eligible for ASCT, or is also associated with more favorable prognostic factors.
In this study, we performed a retrospective analysis
of the disease characteristics, treatment responses, and
survival in a group of 52 newly diagnosed patients
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with MM at the age of 30 years or younger. This is the
largest study reporting on patients diagnosed with
MM at a very young age.

Methods
Case selection
Between 1989 and 2016, patients with a proven diagnosis of symptomatic MM established according to the
relevant International Myeloma Working Group consensus criteria, aged 30 years or younger, were identified
from the medical records at the participating institutions. The patients with asymptomatic/smoldering MM,
as well as those who were too ill to receive any treatment were not included in the analysis. Pathological
reports were reviewed by expert hematopathologists at
the participating institutions. The study protocol was
reviewed and approved by the Institutional Review
Board of each participating institution.

Data analysis
Clinical data were gathered from the medical records of
patients fulfilling the inclusion criteria. The list of analyzed parameters included age at diagnosis, sex, paraprotein isotype, International Scoring System (ISS) for
MM (ISS 1, 2, and 3, for cases diagnosed after 2006),
presence of cytogenetic abnormalities determined by
means of fluorescence in situ hybridization (FISH):
del(17/17p), t(4;14), amp(1q21), del(13q), and t(11;14),
estimated glomerular filtration rate (eGFR), plasma
hemoglobin concentration, serum concentrations of calcium, albumin and beta-2 microglobulin, serum lactate
dehydrogenase (LDH) level (elevated vs. normal), radiological evidence of lytic lesions, front-line anti-MM treatments and therapeutic responses, and overall survival
(OS). Treatment outcomes were classified as complete
response (CR), very good partial response (VGPR), partial
response (PR) and no response (NR, both stable and
progressive disease) [14]. Moreover, overall response
rate (ORR), that is, the proportion of all responses  PR,
was calculated. OS was defined as the time in months
from MM diagnosis to last follow-up or death.

Statistical analysis
The chi-square test and Mann–Whitney U-test were
used to compare categorical and continuous variables,
respectively.
For
the
survival
analysis,
the
Kaplan–Meier method was used to generate survival
curves, which were then compared using the log-rank
test. The Cox proportional-hazard regression method

was used to fit univariate models, the results of which
are reported as hazard ratios (HRs) with 95% confidence intervals (95% CIs). Variables with >20% of
missing data were not included in the survival analysis.
All reported p values are two-sided, and were considered significant if less than .05. Calculations and
graphics were obtained using the statistical software
Statistica version 10.0 (StatSoft, Tulsa, OK, USA).

Results
In all, 52 patients with a confirmed diagnosis of MM
established at the age of 30 years or younger were
included in the analysis, among them one with the
diagnosis established at 8 years of age. The median age
at the time of MM diagnosis was 28 years (range: 8–30).
There was a male predominance in the series, with a
male to female ratio 2.1 to 1 (35:17). The majority of
patients (32/47, 68%) diagnosed after 2006 presented
with ISS 1 MM. Five patients diagnosed in 1989–2006
and lacking information about the ISS stage presented
with MM with Durie-Salmon stage I (n ¼ 1), IIIA (n ¼ 2),
and IIIB (n ¼ 2). The proportions of subjects with IgG
and non-IgG isotypes were 55% and 45%, respectively.
At the time of MM diagnosis, 13/43 (30%) patients had
hemoglobin concentrations no greater than 10 g/dL, 4/
22 (18%) presented with eGFR 60 mL/min, 6/42 (14%)
with serum calcium 2.65 mmol/L, 11/41 (27%) with
serum albumin 3.5 g/dL, and 6/41 (15%) and 5/41
(12%) with beta-2 microglobulin 3.5–5.5 mg/mL and
>5.5 mg/mL, respectively. Elevated concentrations of
LDH were found in 19/40 (47.5%) patients, and lytic
lesions in 36/44 (82%) patients (Table 1).
Cytogenetic profiles were available in less than 50%
of the study group. The most commonly found abnormality was del(13q) (8/26, 31%) (Table 2).
Therapeutic responses and survivals were analyzed
only for a subset of 37 patients diagnosed after 2006,
who received front-line monotherapy or combined
therapy with novel agents: proteasome inhibitors (PIs),
immunomodulators (IMIDs), and/or were subjected to
front-line ASCT. The largest proportion of patients (25/
33, 76%) received double therapy, most often PIs combined with a conventional chemotherapy. 21/34 (62%)
patients received consolidation ASCT; this subset
included one patient who received allogeneic stem
cell transplantation. CR, VGPR, PR, and NR rates for the
34 patients who were evaluable for response were
38%, 12%, 21%, and 29%, respectively, with ORR (CR/
VGPR/PR) of 71% (Table 3).
The study group was followed-up for the median
period of 86 months (95% CI: 45–121). The median OS
was 166 months (95% CI: 53–222), with 5-year OS rate
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Table 1. Clinical characteristics of 52 patients diagnosed with
MM at 30 years of age or younger.
Characteristic
Age at diagnosis (years)
Age at diagnosis 28 years
Male sex
Paraprotein isotype
IgG
Non-IgG
Light chain only
IgA
Non-secretory
ISS staging
ISS stage 1
ISS stage 2
ISS stage 3
Lytic lesions
Hemoglobin (g/dL)
Hemoglobin 10 g/dL
eGFR (mL/min)
eGFR 60 mL/min
Calcium (mmol/L)
Calcium 2.65 mmol/L
Albumin (g/dL)
Albumin 3.5 g/dL
Beta-2 microglobulin (mg/mL)
Beta-2 microglobulin 3.5–5.5 mg/mL
Beta-2 microglobulin >5.5 mg/mL
Elevated LDH level
Europe
United States
Other

Whole group
(n ¼ 52)

Survival analysis
(n ¼ 37)

28 (8–30)
24/52 (46%)
35/52 (67%)

28 (8–30)
18/37 (49%)
23/37 (62%)

27/49 (55%)
22/49 (45%)
11/49 (22%)
9/49 (18%)
1/49 (2%)

19/37 (51%)
18/37 (49%)
8/37 (22%)
7/37 (19%)
1/37 (3%)

32/47 (68%)
7/47 (15%)
8/47 (17%)
36/44 (82%)
12.0 (3.7–17.3)
13/43 (30%)
91 (24–219)
4/22 (18%)
2.4 (1.7–4.2)
6/42 (14%)
4.1 (1.3–5.3)
11/41 (27%)
2.3 (1.1–15.9)
6/41 (15%)
5/41 (12%)
19/40 (47.5%)
36/52 (69%)
12/52 (23%)
4/52 (8%)

20/34 (59%)
6/34 (18%)
8/34 (23%)
30/33 (91%)
11.5 (3.7–17.3)
13/34 (38%)
87 (24–219)
3/17 (18%)
2.4 (1.7–4.2)
6/33 (18%)
3.9 (1.3–5.1)
10/32 (31%)
2.4 (1.1–15.9)
5/30 (17%)
5/30 (17%)
18/31 (58%)
23/37 (62%)
10/37 (27%)
4/37 (11%)

Results presented as medians (ranges) or numbers (percentages).
Other includes Brazil and Hongkong.

Table 2. Cytogenetic characteristics of 52 patients diagnosed
with MM at 30 years of age or younger.
Cytogenetic abnormalities

Whole group
(n ¼ 52)

Survival analysis
(n ¼ 37)

Non-hyperdiploidy
del(17/17p)
t(4;14)
amp(1q21)
del(13q)
t(11;14)

19/21 (90%)
2/21 (10%)
0/20 (0%)
2/17 (12%)
8/26 (31%)
1/20 (5%)

18/20 (90%)
2/20 (10%)
0/18 (0%)
2/15 (13%)
8/23 (35%)
1/18 (6%)

Results presented as numbers (percentages).

of 77% (95% CI: 61.0–87.9) (Figure 1). None of the analyzed variables (age 28 years, male sex, non-IgG isotype, ISS stage 2/3 vs. 1, presence of lytic lesions,
hemoglobin 10 g/dL, calcium 2.65 mmol/L, albumin
3.5 g/dL, beta-2 microglobulin >5.5 mg/mL, elevated
LDH level, double/triple vs. single therapy, ASCT vs.
non-ASCT, and CR/VGPR to front-line treatment) were
significant predictors of OS on univariate analysis
(Table 4).

Discussion
This is the largest published analysis to
patients, including patients 30 years or
diagnosed with MM, which included 52
and showed a median OS of approximately

date in
younger
patients
14 years.

3

Of note, a survey of the Surveillance, Epidemiology
and End Results (SEER-18) database between 2000 and
2013 identified only 85 individuals aged 30 years or
younger [15]. The vast majority of previous studies
analyzing ‘younger’ patients with MM included persons
older than 30 years; usually with age cutoff values of
40, 45, or 50 years [7,9–11,13,16,17]. Although these
studies included individuals younger than 30 years,
this age group constituted only a small proportion of
the analyzed cohorts. The only exception was the
study conducted by Blade et al. [8] that included 10
patients below 30 years of age. However, this study
was conducted before the introduction of
novel treatments.
To define a more contemporary cohort of individuals, we analyzed treatment responses and survivals
solely in the subset of 37 patients who had been diagnosed with MM after the implementation of novel
therapies in 2006. In all, 21 patients from this subset
received induction therapy with PIs, alone, or in combination with IMIDs and/or conventional chemotherapy; others were treated with IMIDs with/without
conventional chemotherapy. Additionally, 21 patients
were subjected to front-line ASCT. ORR to induction
therapy plus ASCT amounted to 90%, with 43% CR.
These results are similar to those obtained in our previous study of 173 MM patients aged 21–40 years [13],
also treated exclusively with novel agents, and consistent with the findings reported Cheema et al. [9] for a
group of 38 MM patients between 29 and 40 years of
age. Post-ASCT ORRs obtained in these two studies
amounted to 82% and 79%, respectively.
The 5-year OS rate (77%, 95% CI: 61.0–87.9%)
observed in our current study is higher than a 5-year
survival rate reported for 15- to 29-year-old MM
patients recorded in the SEER-18 database (5-year OS:
64%, 95% CI: 49.9–74.4). Even higher 5-year OS rate
(83%) was also documented in our recent study of
patients diagnosed with MM at 21–40 years of age
[13]. In contrast, 5-year OS rates recorded in previous
studies of patients with early-onset MM treated with
conventional chemotherapy did not exceed 50%
[7,8,10,11]. Analysis of the SEER-18 data implies that 5year OS rates in patients younger than 30 years are
substantially higher than in persons aged 60 years or
older, the age group with the highest incidence of
MM (64% vs. 30%) [15]. Also, the majority of previous
studies demonstrated that survival in younger patients
with MM is better than in older persons [10–13].
While most reports indicate that the clinical and
laboratory characteristics of younger persons with MM
resemble those found in a general population of MM
patients, there seem to be some exceptions. For
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Table 3. Front-line treatment for MM with responses in 34 patients diagnosed at 30 years of age
or younger, who received novel agents and/or ASCT, and were evaluable for response.
Treatment

Number (%)

CR (%)

VGPR (%)

PR (%)

NR (%)

Chemo only
PI only
IMID only
Chemo-PI
Chemo-IMID
PI-IMID
Chemo-PI-IMID
Chemo þ ASCT
Single therapy
Double therapy
Triple therapy
Double or triple therapy
Front-line ASCT
W/o front-line ASCT

4 (12%)
1 (3%)
2 (6%)
13 (38%)
6 (18%)
6 (18%)
1 (3%)
1 (3%)
8 (23.5%)
25 (73.5%)
1 (3%)
26 (79%)
21 (62%)
13 (38%)

2 (50%)
0 (0%)
1 (50%)
5 (38%)
2 (33%)
3 (50%)
0 (0%)
0 (0%)
3 (37.5%)
10 (40%)
0 (0%)
10 (38%)
9 (43%)
4 (31%)

1 (25%)
1 (100%)
0 (0%)
1 (8%)
1 (17%)
0 (0%)
0 (0%)
0 (0%)
2 (25%)
2 (8%)
0 (0%)
2 (8%)
4 (19%)
0 (0%)

1 (25%)
0 (0%)
0 (0%)
2 (15%)
2 (33%)
0 (0%)
1 (100%)
1 (100%)
2 (25%)
4 (16%)
1 (100%)
5 (19%)
6 (29%)
1 (8%)

0 (0%)
0 (0%)
1 (50%)
5 (38%)
1 (17%)
3 (50%)
0 (0%)
0 (0%)
1 (12.5%)
9 (36%)
0 (0%)
9 (35%)
2 (10%)
8 (62%)

CR: complete response; VGPR: very good partial response; PR: partial response; ORR: overall response rate; NR: no
response; PI: proteasome inhibitor; IMID: immunomodulator; MA: monoclonal antibody; ASCT: autologous stem cell
transplantation.
Chemo: cyclophosphamide, bendamistine, adriamycin, vincristine, cisplatin, carmustine, used as the following regimens: VAD, VBCMP-VBAD, VMBCP and VDL-PACE.

Figure 1. OS estimates in 35 patients diagnosed with MM at 30 years of age or younger.

Table 4. Univariate analysis for OS in 35 patients diagnosed
with MM at 30 years of age or younger.
Univariate analysis
Variable
Age 28 years
Male sex
Non-IgG isotype
ISS stage 2 or 3 vs. 1
Lytic lesions
Hemoglobin 10 g/dl
Calcium 2.65 mmol/L
Albumin 3.5 g/dL
Beta-2 microglobulin >5.5 mg/mL
Elevated LDH level

HR (95% CI)
1.16
0.32
1.01
3.19
0.66
2.00
0.37
0.85
0.00
1.67

(0.29–4.64)
(0.08–1.32)
(0.25–4.06)
(0.74–13.76)
(0.08–5.55)
(0.49–8.18)
(0.04–3.22)
(0.18–4.11)
(0.33–8.38)

p value
.84
.12
.99
.12
.70
.33
.37
.84
1.00
.53

example, our series included twice as much men as
women (male to female ratio: 2.1 to 1); male to female
ratio in general population of MM patients approximates 1.5 to 1, but some published evidence suggests
that the proportion of male patients may decrease significantly with the age of MM diagnosis [7–9,11,13].
Furthermore, our group included at least 60% of
patients diagnosed with ISS 1 MMs. Higher incidence
of the ISS 1 disease in younger patients with MM was
also previously reported by Cheema et al. [9] and
Ludwig et al. [12]. In the studies conducted by these
authors, the proportion of ISS 1 MMs diagnosed in
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individuals younger than 40 years corresponded to
41% and >50%, respectively. Meanwhile, general
population of MM patients typically includes 25% diagnosed with ISS 1 disease, along with 35% and 40%
with ISS 2 and ISS 3 MMs, respectively.
Our series included 22% of patients with light chain
MM. Similar prevalence of the light chain MM (21%)
was also reported previously by Cheema et al. [9] in a
group of MM patients younger than 40 years. Even
larger proportions of the light chain MM cases were
documented by Blade et al. [7,8] among patients who
had been diagnosed with MM under 30 (50%) and
40 years of age (32%). In turn, Corso et al. [10] and
Ludwig et al. [11] demonstrated that the prevalence of
the light chain MM in patients diagnosed before
50 years of age was significantly higher than in older
persons (12% vs. 8% and 13% vs. 10%, respectively).
Nearly half (49%) of MM patients included in our
series presented with elevated serum concentrations
of LDH. This proportion was markedly higher than in
previous studies of patients younger than 40 years
(21%–32%) [11–13]. However, it is still unclear if the
elevated level of LDH can be considered a specific feature of early-age MM. In our previous study, elevated
concentrations of this enzyme were more common in
patients older than 40 years, and Ludwig et al. [11] did
not find any age-specific differences in the prevalence
of elevated LDH levels of MM patients. Nevertheless,
another study conducted by the same group demonstrated an inverse correlation between the age of MM
diagnosis and the serum concentration of LDH [12].
The incidence of hypercalcemia and renal failure was
documented in 15% and 19% of MM patients, respectively. These proportions were similar to those documented in our previous study of patients diagnosed
with MM at 21–40 years of age (16% and 25%, respectively) [13]. Two large retrospective analyses did not confirm that younger age at the diagnosis predisposed to
hypercalcemia and renal failure in MM patients [10–12].
Analyzing the results of this study, one should consider its potential limitations, related to its retrospective character and lack of protocol standardization. This
refers primarily to the incompleteness of some clinical
and laboratory data, especially cytogenetic characteristics of MM, as well as to the heterogeneity of treatment protocols. As a result, we were unable to identify
any significant predictors of OS in our series. Another
important inherent weakness of a retrospective study
is selection bias. Our series included only patients who
received therapy, and all individuals who were too sick
to be treated (11 patients, among them 5 diagnosed
after 2006) were not subjected to the analysis.
Interpreting our findings, one should remember that
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inclusion of untreated patients would likely drastically
change the overall prognosis. Furthermore, although
probably the largest examined to date, our sample
was still too small for any definitive conclusions
regarding prognosis in early-onset MM.
This study showed that prognosis in patients diagnosed with MM before 30 years of age may be at least
as good as in the general population of MM patients,
probably due to implementation of novel agents and
ASCT in the majority of cases.
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