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Abstract
Multiple myeloma is quite uncommon in the young population. We performed a retrospective review in our database from 2006
to 2015 to examine the clinical features, outcomes and survival of multiple myeloma patients ≤40 years old. Among 312 newly
diagnosed patients we found sixteen (5.1%) who were 40 years old or younger. Their characteristics including M-protein type,
genetical alterations, clinical symptoms and disease stage were as various as those in the older population. All but two young
patients underwent autologous stem cell transplantation after the induction treatment. Their response to treatment did not differ
markedly from the older patients. We also compared the survival data of patiens ≤40 years and > 40 years old. The 5-year
progression-free survival were 48% and 35%, the 5-year overall survival were 83% and 53% respectively, the latter showing a
significant advantage for the younger population. 70% of the young patients received maintenance or consolidation therapy after
the initial treatment. Although several effective new therapies have been introduced recently, there is still an unmet need for
curative treatment options for young and fit multiple myeloma patients.
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Introduction

Multiple myeloma (MM) is characterized by abnormal prolif-
eration of plasma cells that infiltrate the bone marrow or form
solitary tumor (plasmacytoma). It accounts for 10% of all
hematological malignancies and represents 1% of all cancers.
It mainly affects the elderly population, the mean age at diag-
nosis is 65 years. The incidence varies from 2 to 15 / 100.000,
however, the disease is more common in people of African
origin [1]. The main symptoms and complications can be
summarized by the acronym „CRAB^: C as hypercalcaemia,
R as renal failure, A as anaemia, B as bone lesion [2]. Multiple
myeloma is still considered as an incurable disease, its clinical
course is characterized by remissions and relapses. However,
thanks to the novel therapeutic approaches that incorporate the
administration of proteasome inhibitors, immunomodulatory
agents, monoclonal antibodies and stem cell transplantation,
the survival results of MM patients have significantly

improved recently [3]. Nowadays the 5-year overall survival
(OS) rates can vary from 40 to 82%, while the progression-
free survival rates vary from 24 to 55%, respectively [1]. The
patients’ prognosis is influenced by several risk factors which
include both host- and tumor-dependent factors. The most
important host-derived factor is age. Elderly patients are often
frail and have significant comorbidities which may result in
treatment-related toxicities and dose delays. On the other
hand, younger patients are expected to tolerate any therapies
better, although „real young^ people represent only a very
small proportion of all MM cases [4].

The objective of this study was to describe presenting fea-
tures and outcomes of multiple myeloma patients ≤40 years
and to compare their survival data to the older MM
population.

Methods

Patients

Patients who were 40 years or less and diagnosed with multi-
ple myeloma at our institute between 01 January 2006 and 31
December 2015 were included in this study. The diagnosis of
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multiple myeloma was established according to the relevant
International Myeloma Working Group (IMWG) criteria.
Those patients who had monoclonal gammopathy, smoldering
myeloma or solitary plasmacytoma were excluded from the
trial. Genetical alterations were examined with the fluores-
cence in situ hybridization (FISH) method. The treatment they
received was administered according to the current recom-
mendations of the national myeloma working group.
Response to treatment and progression were assessed using
the IMWG criteria.

Statistical Analysis

Examining the survival rates, overall survival (OS) was deter-
mined by consideration of death events due to any reasons,
while progression-free survival (PFS) was determined by con-
sideration of relapses or disease progression that indicated
further treatment. Descriptive statistical analysis was used to
charactarize the patient populations. Normality of the param-
eters were examined applying the Wilk-Saphiro test.
Comparing two groups, F probe and t test were administered
by normal distribution of the parameters, otherwise the non-
parametrical Mann-Whitney test was applied. Differences
were significant if probability level was less than 5%
(p < 0.05). Survival rates were calculated using the Kaplan-
Meier’s method, while the survival data were compared using
the log-rank test.

Results

Among 312 multiple myeloma patients there were six-
teen (5,1%), ten males and six females who were
40 years old or younger at the time of diagnosis.
Eight patients had IgG, three patients has IgA-type dis-
ease, three had light-chain myeloma and two of the had
non-secretory disease. FISH test was performed in elev-
en patients, hyperdiploidity was detected in six, t(4;14)
in three and del(17p) in two cases, respectively. The
most common ‘CRAB’ symptom was bone disease
(fourteen cases), followed by hypercalcaemia (three
cases), anaemia (two cases) and kidney failure (two
cases). Five patients had two or more CRAB symptoms.
The distribution of the ISS disease stages was the fol-
lowing: seven patients had stage 1, five patients had
stage 2 and four patients had stage 3 disease at the time
of diagnosis. Regarding the induction treatment, twelve
patients received bortezomib-containing regimens in-
cluding VTD (bortezomib, thalidomide, dexamethasone),
PAD (bortezomib, doxorubicine, dexamethasone), CyBorDex
(cyclophosphamide, bortezomib, dexamethasone) or VTD-
PACE (bortezomib, thalidomide, dexamethasone, cisplatina,
doxorubicine, etoposid, cyclophosphamide), two patients

recieved thalidomide-dexamethasone and two patients
recieved VAD (vincristine, doxorubicine, dexamethasone)
protocol. Two patients died because of progressive disease
during the period of induction treatment, one of them
had primary plasma cell leukaemia. Fourteen patients
underwent autologous peripheral stem cell transplanta-
tion (APSCT), the conditioning regimen was high-dose
melphalan (200 mg/m2) in all cases. Ten patients were
administerred consolidation or maintenance therapy after
the APSCT, that included either bortezomib-based com-
binations or monotherapies (thalidomide or interferon)
(Table 1).

Altogether 294 patients underwent APSCT in our institute
within the 10 years’ period, 132 of them (45%) were diag-
nosed and treated in other hospitals beforehand. We compared
our young patients’ treatment results to those patients’ data
who received APSCT but were older than 40 years at the time
of diagnosis. The results are shown in Table 2. There were no
significant differences found between treatment results, how-
ever, young patients were more likely to receive maintenance
or consolidation therapies.

We also compared the survival data of patiens ≤40 years
and > 40 years old. The 5-year overall survival were 83% and
53%, the 5-year progression-free survival were 48% and 35%,
respectively. The Kaplan-Maier survival curves are shown on
Figs. 1 and 2.

Discussion

Multiple myeloma is a disease of the elderly population with a
peak incidence in the seventh decade of age. Patients younger
than 40 years old are estimated to represent only 2% of all
patients [5]. Cheema et al. reported thirty-eight cases (5.8%)
who were ≤ 40 years of age at the time of diagnosis among
646 multiple myeloma patients who underwent autologous
stem cell transplantation at the Mayo Clinic [6]. We found
sixteen young patients in the whole population diagnosed with
multiple myeloma at our institute within a 10 years’ period
and this ratio (5.1%) is higher than in other centers. Young
MMpatients used to be thought to have more indolent courses
of the disease presenting with multiple solitary or
extramedullary plasmacytomas, more osteolytic lesions, but
fewer infiltrating plasma cells within the bone marrow [7,
8]. However, Blade et al. reported a cohort of 72 patients
younger than 40 years old who had the very same clinical
features as the older population [9]. Jurczyszyn et al. pub-
lished a multi-institutional case-control study in which they
compared the characteritics and outcomes of MM patients
aged 21–40 versus 41–60 years. In their large cohort, they
could analyze the data of 173 young patients and found a
higher incidence of lytic bone lesions among them than in
the older group [10]. The same working group found 52

I. Pál et al.420



Ta
bl
e
1

C
lin

ic
al
ch
ar
ac
te
ri
st
ic
s
of

yo
un
g
m
ul
tip

le
m
ye
lo
m
a
pa
tie
nt
s

Pa
tie
nt

Se
x

A
ge

at
di
ag
no
si
s

T
im

e
of

di
ag
no
si
s

M
-p
ro
te
in

F
IS
H

IS
S

C
R
A
B

In
du
ct
io
n
th
er
ap
y

A
PS

C
T

1
fe
m
al
e

40
Ja
n
20
06

ka
pp
a
lig

ht
ch
ai
n

no
td

on
e

1
bo
ne

V
A
D

ye
s

2
m
al
e

40
M
ar

20
06

Ig
G
ka
pp
a

no
td

on
e

2
bo
ne

V
A
D

ye
s

3
fe
m
al
e

34
M
ar

20
08

Ig
G
ka
pp
a

no
td

on
e

1
bo
ne

T
ha
l/d

ex
no

4
fe
m
al
e

39
M
ar

20
09

Ig
A
la
m
bd
a

no
td

on
e

1
bo
ne

PA
D

ye
s

5
m
al
e

31
Se
pt

20
09

Ig
G
la
m
bd
a

no
td

on
e

2
bo
ne

T
ha
l/D

ex
ye
s

6
fe
m
al
e

37
M
ar

20
10

Ig
A
la
m
bd
a

hy
pe
rd
ip
lo
id

2
bo
ne

an
ae
m
ia

V
T
D

ye
s

7
fe
m
al
e

40
Ju
l2

01
2

Ig
A
ka
pp
a

de
l1
7p

2
bo
ne

V
T
D

ye
s

8
m
al
e

38
Ju
l2

01
3

la
m
bd
a
lig

ht
ch
ai
n

hy
pe
rd
ip
lo
id

3
ki
dn
ey

V
T
D

ye
s

9
m
al
e

38
A
ug

20
13

ka
pp
a
lig

ht
ch
ai
n

hy
pe
rd
ip
lo
id

3
bo
ne
,k
id
ne
y
hy
pe
rc
al
ca
em

ia
V
T
D

ye
s

10
m
al
e

40
D
ec

20
13

Ig
G
ka
pp
a

de
l1
7p

1
bo
ne

V
T
D

ye
s

11
m
al
e

34
D
ec

20
14

Ig
G
la
m
bd
a

t(
4;
14
)

2
bo
ne

V
T
D

ye
s

12
m
al
e

40
Fe
b
20
15

Ig
G
la
m
bd
a

t(
4;
14
)

3
bo
ne

hy
pe
rc
al
ca
em

ia
V
T
D

ye
s

13
fe
m
al
e

37
A
ug

20
15

no
n
se
cr
et
or
y

hy
pe
rd
ip
lo
id

1
bo
ne

V
T
D

ye
s

14
m
al
e

39
N
ov

20
15

no
n
se
cr
et
or
y

hy
pe
rd
ip
lo
id

1
bo
ne

V
T
D

ye
s

15
m
al
e

40
D
ec

20
15

Ig
G
ka
pp
a

t(
4;
14
)

3
ki
dn
ey

pl
as
m
a
ce
ll
le
uk
ae
m
ia

V
T
D
-

PA
C
E

no

16
m
al
e

40
D
ec

20
15

Ig
G
ka
pp
a

hy
pe
rd
ip
lo
id

1
bo
ne

an
ae
m
ia

hy
pe
rc
al
ca
em

ia

V
T
D

ye
s

Pa
tie
nt

R
es
po
ns
e
to

1s
tl
in
e
th
.

PF
S
af
te
r
A
PS

C
T
(m

on
th
s)

C
on
so
lid

at
io
n
th
er
ap
y

M
ai
nt
en
an
ce

th
er
ap
y

N
um

be
r
of

re
la
ps
es

Fu
rt
he
r
tr
ea
tm

en
t

O
S
(m

on
th
s)

A
liv

e

1
V
G
PR

57
no

th
al
id
om

id
e

3
V
el
/D
ex

ca
rf
ilz
om

ib
le
na
lid

om
id
e

14
3

ye
s

2
V
G
PR

23
no

th
al
id
om

id
e

2
V
el
/D
ex

ca
rf
ilz
om

ib
13
5

no

3
pr
og
re
ss
io
n

de
at
h

0
N
A

N
A

0
N
A

17
no

4
P
R

24
V
el
/D
ex

no
2

V
el
/D
ex

le
na
lid

om
id
e

10
5

ye
s

5
C
R

72
V
T
D

in
te
rf
er
on

0
no

99
ye
s

6
P
R

8
no

bo
rt
ez
om

ib
1

ca
rf
ilz
om

ib
le
na
lid

om
id
e

46
no

7
V
G
PR

27
V
T
D

th
al
id
om

id
e

0
no

65
ye
s

8
pr
og
re
ss
io
n
de
at
h

0
N
A

N
A

0
N
A

6
no

9
V
G
P
R

32
V
el
/D
ex

no
0

no
52

ye
s

10
V
G
P
R

17
V
el
/D
ex

no
2

ca
rf
ilz
om

ib
le
na
lid

om
id

da
ra
tu
m
um

ab
48

ye
s

11
V
G
PR

24
no

th
al
id
om

id
e

0
no

36
ye
s

12
V
G
PR

16
no

in
te
rf
er
on

0
no

34
ye
s

13
C
R

13
no

no
0

no
28

ye
s

Multiple Myeloma of the Young – a Single Center Experience Highlights Future Directions 421



patients who were ≤ 30 years of age, 22% of them presenting
with light chain-only disease [11]. In the Mayo Clinic cohort,
higher rates of plasma cell leukaemia and renal failure were
found under 40 years of age [6]. In our patients, the ratio of
ISS stages was more or less of equipartition and the most
common CRAB finding was bone lesion, however, no statis-
tical analysis could be performed due to the low number of
cases. Only one patient presented with primary plasma cell
leukaemia. Ludwig et al. were the first who analyzed
citogenetical alterations in multiple myeloma patients younger
than 50 years old and found no difference from older popula-
tion in the frequency of any cytogenetic abnormality [8].
However, the Polish group detected higher incidence of ad-
verse genetical alterations in patients aged 21–40 years [10].
We performed FISH tests in only ten patients and as a result
both standard and high-risk alterations were available.

All of our young patients were considered as potential can-
didates of autologous stem cell transplantation, however two
of them passed away shortly after the establishment of diag-
nosis because of primary refractory disease / plasma cell leu-
kaemia. The induction treatment they received was concor-
dant with the current recommendations of the IMWG: VAD
protocol was administered until 2007 then thalidomide and
bortezomib-based regimens were prefered. Former publica-
tions reported on only conventional chemotherapies adminis-
tered in young MM patients before APSCT [8, 9]. The re-
sponse to primary treatment (induction + APSCT) was not
significantly diferrent between the younger and older popula-
tion. However, both progression-free and overall survival re-
sults were more favorable in the cohort of patients ≤40 years.
Authors from the Mayo Clinic reported same survival results
after APSCTamong young and older myeloma patients [6], on
the other hand, Ludwig et al. found older age as an adverse risk
factor in terms of the life expectancy of newly diagnosed MM
patients [8]. Thus, we have to underline that both of the latter
studies were published before the era of novel therapies. The
more recent publicaton by Jurczyszyn et al. reported on similar
overall response rates in younger and older patients (79 vs
83%) after novel agent-based therapies, however patients aged
21–40 years were found to have significantly more favorable
five- and ten-year overal survival results (83% vs 67% and 56%
vs 39%, respectively) than the group aged 41–60 years. [10]

Treatment results and survival data of multiple myeloma
patients have significantly improved since the introduction of
new drugs including proteasome inhibitors, immunomodula-
tory agents and monoclonal antibodies [12]. However, despite
the encouraging results, myeloma is still considerred as an
uncurable disease characterized by remissions and relapses.
While the prolongation of lives of elderly people seems to
be a good compromise, clinicians may not accept anything
but complete cure for young patients. Still, there is no specific,
widely-accepted treatment protocol available for young MM
patients, studies rather focus on high-risk cases [13, 14]. ThereT

ab
le
1

(c
on
tin

ue
d)

Pa
tie
nt

R
es
po
ns
e
to

1s
tl
in
e
th
.

PF
S
af
te
r
A
PS

C
T
(m

on
th
s)

C
on
so
lid

at
io
n
th
er
ap
y

M
ai
nt
en
an
ce

th
er
ap
y

N
um

be
r
of

re
la
ps
es

Fu
rt
he
r
tr
ea
tm

en
t

O
S
(m

on
th
s)

A
liv

e

14
V
G
P
R

13
no

no
0

no
25

ye
s

15
pr
og
re
ss
io
n
de
at
h

0
N
A

N
A

0
N
A

1
no

16
PR

4
no

no
1

le
na
lid

om
id
e

12
ye
s

A
bb
re
vi
at
io
ns
:
V
A
D
:
vi
nc
ri
st
in
e,

do
xo
ru
bi
ci
ne
,
de
xa
m
et
ha
so
ne
;
T
ha
l
/
D
ex
:
th
al
id
om

id
e,

de
xa
m
et
ha
so
ne
;
V
T
D
:
bo
rt
ez
om

ib
,
th
al
id
om

id
e,

de
xa
m
et
ha
so
ne
;
V
T
D
-P
A
C
E
:
bo
rt
ez
om

ib
,
th
al
id
om

id
e,

de
xa
m
et
ha
so
ne
,c
is
pl
at
in
a,
do
xo
ru
bi
ci
ne
,c
yc
lo
ph
os
ph
am

id
e,
et
op
os
id
e;
V
G
PR

:v
er
y
go
od

pa
rt
ia
lr
em

is
si
on
,P

R
:p

ar
tia
lr
em

is
si
on
,C

R
:c
om

pl
et
e
re
m
is
si
on

I. Pál et al.422



are several approaches targeting this population that include
tandem autologous transplant, several generations of total
therapies and administration of new drugs. Consolidation
and maintenance therapies also seem to be reasonable ap-
proaches to prolong remission periods. Unfortunately, unlike
from chronic myeloid leukaemia, there is no perfect mainte-
nance treatment in multiple myeloma as tolerability and side
effects are strong limiting factors. Recently, the most accepted
maintenance therapy is the administration of lenalidomide
[15] Seven of our long-term survival patients received some
kind of maintance therapy after APSCT that included thalid-
omide, bortezomib or interferon as lenalidomide was not
available in our institute.

Allogeneic stem cell transplantation is considered as the
only curative treatment method in multiple myeloma, howev-
er, its role is still controversial. Due to the high mortality rates,
it is still offered as a kind of ‘end-of-the-road’ option for
refractory-relapsing patients. As reduced intensity condition-
ing strategy is not eligible for myeloablation, a preceeding
autologous stem cell transplantation is neccessary to perform
and high-dose therapy is required before allografting. Mir
et al. found only 24 months’ median overall survival among
those patient who underwent allogeneic stem cell transplanta-
tion at the Mayo Clinic and the 10 year OS was only 8%. [16]
However, long-term survival results after allogeneic stem cell
transplantation have been recently found to be superior com-
pared to the tandem autologous setting [17]. None of our
young MM patients have undergone allogeneic transplanta-
tion so far, the main reasons were either the lack of consent
or non-eligibility. However, we are planning to consider this
treatment modality for high-risk patient who relapse shortly
after the autologous stem cell support.

Our study’s main limitation is that we processed the data of
a relatively small number of patients within a single institu-
tion. However, our results may highlight that though the ratio
of young cases is small, there is an unmet need for new ther-
apies that provide complete cure or at least long-term remis-
sion for fit multiple myeloma patients. The introduction of
novel drugs to the early treatment line may result in increasing
number of minimal residual disease (MRD) negative cases
and markedly polonged survival.

Compliance with Ethical Standards

Ethical Statement All procedures performed in studies involving hu-
man participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964
Helsinki declaration and its later amendments or comparable ethical
standards.

Table 2 Comparison of results of patients ≤40 years and > 40 years
who underwent autologous stem cell transplantation

age ≤ 40 years
(n = 14)

age > 40 years
(n = 278)

p

male 9 147 0.453

female 5 131

response to treatment

CR +VGPR 10 182 0.270

PR 3 67

progression 1 29

Post-APSCT treatment 10 56 0.006

(maintenance, consolidation)

Progression within
2 years after APSCT

yes 4 126 0.386

no 10 133

death 3 97 0.260

alive 11 163

5-year PFS 48% 35% 0.795

5-year OS 83% 53% 0.047

Multiple Myeloma of the Young – a Single Center Experience Highlights Future Directions

Fig. 1 Progression free survival of patients aged < and > 40 years

Fig. 2 Overall survival of patients aged < and > 40 years
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