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Abstract
Background: Despite the longer survival achieved in multiple myeloma (MM)

patients due to new therapy strategies, a concern is emerging regarding an

increased risk of secondary primary malignancies (SPMs) and how to characterize

those patients at risk. We performed a retrospective study covering a 28‐year fol-
low‐up period (1991‐2018) in a tertiary single institution.

Material and Methods: Data of 403 MM patients were recorded and compared

with the epidemiologic register of the population area covered by our centre, cal-

culating the standardize incidence ratio (SIR) for the different types of SPMs

diagnosed in the MM cohort. Fine and Gray regression models were used to iden-

tify risk factors for SPMs.

Results: Out of the 403 MM patients, 23 (5.7%) developed SPMs: 13 therapy‐
related myeloid (TRM) malignancies (10 of them (77%) myelodysplastic syndrome

(MDS), 1 acute lymphoid leukaemia and 9 solid neoplasms. In the MM cohort, the

relative risk of MDS was significantly higher than in the general population. Sur-

vival of patients with TRM malignancies was poor with a median of 4 months from

the diagnosis, and most of them showed complex karyotype. Within the MM subset,

multivariable analysis showed a higher risk of TRM malignancies in patients that

previously received prolonged treatment with lenalidomide (>18 months).

Conclusions: Though the improvement in MM outcome during the last decades

is an unprecedented achievement, it has been accompanied by the rise in TRM

malignancies with complex cytogenetic profile and poor prognosis that are in the

need of an improved biologic and therapeutic approach.
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1 | INTRODUCTION

Major advancements in the treatment of multiple myeloma
(MM), such as high‐dose melphalan followed by

autologous stem cell transplant (ASCT), and the recent
introduction of novel therapies as immunomodulatory drugs
(IMIDs) or proteasome inhibitors (IPs) have notably
improved the outcome of MM patients.1 Despite this major
achievement, a concern is emerging regarding the increased
risk of secondary primary malignancies (SPMs) and how to
characterize those patients at risk.
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A raised rate of developing SPMs in MM patients has
been reported previously, and the estimated incidence of
SPMs in this setting ranged between 2 and 10%.2–4

Regarding therapy‐related myeloid (TRM) neoplasms, a
higher incidence of myelodysplastic syndrome (MDS) and
acute myeloid leukaemia (AML) has been described during
prolonged treatment with melphalan.5 Nilsson et al.
reviewed previous published t‐MDS/t‐AML post‐MM,
finding that they were characterized by an alkylating
agent–induced MDS/AML‐cytogenetic profile: complex
karyotypes, hypodiploidy, and certain genomic aberrations,
standing out loss of chromosomes 5, 7, and 17, deletions
of 12p, and monosomy 18.6

Recently, it has been suggested a relationship between
SPMs and treatment with lenalidomide.7–9 However,
reports regarding TRM neoplasms in lenalidomide treated
patients are uneven.10–12 The aims of this study, performed
in a well annotated series of MM patients, with a pro-
longed follow‐up, were as follows: i) to analyse the inci-
dence and characteristics of SPMs in the whole cohort
comparing its data with a general population registry; ii) to
determine differences in SPMs occurrence with the emer-
gence of new therapies; iii) to test for SPMs risk factors
within a competitive risk model.

2 | MATERIAL AND METHODS

2.1 | Patients and definitions

We retrospectively reviewed the medical records of patients
with MM diagnosed in our institution between 1991 and
2015. In patients from whom written informed consent was
not obtained, due to death or loss of follow‐up, data were
anonymised and de‐identified prior to analysis, in agree-
ment with our Institutional Review Board protocols.

We have recorded demographical data such as gender,
age, smoking habit and obesity (defined as a body mass
index (BMI) ≥30 kg/m2). MM was diagnosed according to
the International Myeloma Working Group guidelines.13,14

Patients were studied from diagnosis until time of last visit,
death or loss of follow‐up. We have considered whether
patients received treatment based on lenalidomide and its
duration (less than 6 months, between 6 and 18 months or
more than 18 months). Also, we have recorded if they
received thalidomide‐, bortezomib‐, anthracyclines‐ or mel-
phalan‐ based treatments, or in those eligible, bone marrow
transplantation procedure. We also assessed whether
patients received radiotherapy as supportive treatment for
pain control or to prevent progression of localized or extra-
medullary disease. Haematological toxicity during the fol-
low‐up was classified according to the National Cancer
Institute’s Common Terminology Criteria for Adverse
Events (CTCAE), 3.0. version.15

Prior or synchronous neoplasms and SPMs were defined
using the CIE‐10 classification, excluding benign neoplasm
and nonmelanoma skin cancer. Diagnosis of a solid neo-
plasm was verified by histology, and disease stages were
classified according to TNM. Haematological SPMs were
diagnosed according to the 2016 WHO classification.16

Information about cytogenetic profile was also recorded.

2.2 | General population registry

Data available in the Servicio Murciano de Salud Health-
care System are routinely collected for administrative pur-
poses. The Department of Epidemiology of the Región de
Murcia Health Service is authorized to manage these data-
bases within the rules of the Spanish Privacy Policy. An
anonymous Unique Patient Number for every individual
is used. Standardized protocols of deterministic record
linkage are applied, to create and update the clinical his-
tory of patients for the evaluation of epidemiological
studies.

2.3 | Statistics

To estimate an increase in SPMs occurrence in our
patients, we compared the incidence rate found in our MM
patients with the expected in the general population of the
same area applying an age and sex standardization. Patient‐
years for age‐stratification (5‐year age‐groups) was defined
as the time in years from the diagnosis of MM to the date
of death, date of diagnosis of SPMs, date of loss of follow‐
up or the end of study (1 May 2018), whichever came first.
General population incidence rates from 2003 to 2007 for
each stratum were multiplied by their respective accumu-
lated patient‐years‐at‐risk to estimate the overall expected
cancer cases in that cohort of MM patients. We calculated
the standardized incidence ratio (SIR) by dividing the
observed number of SPMs cases by the expected number
based on the general population rates.

Fine and Gray regression models were used to identify
risk factors for SPMs. Subdistribution hazard ratios
(SHRs), corresponding 95% confidence intervals (CI) and
p‐values were calculated. The SHRs was assessed consider-
ing either haematological malignance or solid neoplasm
development as the dependent variable. We use a competi-
tive risk model in order to considered the risk of death
from other reasons different to SPMs,17 and the following
factors as covariates: gender, age at MM diagnosis (≤ or >
65 y.o.), smoking habit, obesity, prior or synchronous neo-
plasm, treatment with lenalidomide less than 6 months,
during 6‐18 months or more than 18 months, thalidomide,
anthracyclines, melphalan, bortezomib, radiotherapy, bone
marrow transplantation and haematological toxicities grade
3 or 4 as anaemia, neutropenia and thrombocytopenia
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during treatment. Finally, we set up a multivariate model
with all factors considered to be relevant (ie, sex, anti‐mye-
loma‐therapy, haematological toxicity). We favour a clini-
cal‐relevance approach by moving factors forward into the
multivariate model. Finally, p‐values < 0.05 were consid-
ered statistically significant. Statistical analyses were per-
formed using SPSS of Windows software (Statistical
Package for the Social Sciences version 15.0, SPSS Inc.,
Chicago, IL, USA) and Stata 14.2 for Windows (Stata Cor-
poration, College Station, TX).

3 | RESULTS

3.1 | Incidence and characteristics of SPMs
in the MM cohort in the context of a general
population registry

With a median age at diagnosis of 66 years (range 24‐90),
four hundred and three MM patients were identified
between 1991 and 2015 and included in the analysis. With
a slight female predominance (53%) in the whole cohort,
31 patients (7,7%) reported a malignancy antecedent to
MM diagnosis, and 2 patients (0,5%) a synchronous one.
Baseline clinical characteristics and synchronous neoplasms
are summarized in Table 1 and Supplementary Material
Table S1, respectively.

Concerning treatment, 44% of patients received bone
marrow transplantation as consolidation treatment. During
the follow‐up, 59% of patients received, at least, a second
line of treatment at relapse or progression. The median
number of lines of treatment was 2 (range 1‐7), and the
distribution of the different drugs received throughout the
natural history of the disease and follow‐up were as fol-
lows: thalidomide (16%), lenalidomide <6 months (14%),
lenalidomide between 6‐18 months (16%), lenalidomide
>18 months (5%), anthracyclines (37%), melphalan (84%)
and bortezomib (62%). Overall, 280 patients (69%)
received novel therapies. In addition, radiotherapy was
administered in 23% of the patients.

During the course of therapy, 48% of patients devel-
oped haematological grade 3 or 4 toxicities: anaemia
(36%), thrombocytopenia (20%) and/or neutropenia
(30%).

Median follow‐up was 40 months (range 1‐293). During
this period, 23 patients developed SPMs (5.7%), including
haematological SPMs, as therapy‐related myeloid (TRM)
malignancies, as follows: MDS (n = 10), myeloprolifera-
tive neoplasms (n = 1), and AML (n = 2) and ALL (n =
1). The origin of solid malignancies included: rectum (n =
2), kidney (n = 2), stomach (n = 1), colon (n = 1), gall-
bladder (n = 1), lung (n = 1) and metastases of unknown
origin (n = 1). Gender distribution is provided in the Sup-
plementary Material Table S2.

Remarkably, one patient aggregated 3 tumors.
She had an antecedent of breast cancer, devel-
oped a MM and, later on, a myelodysplastic
syndrome with excess of blasts.

Compared to the general population, we observed a sta-
tistically significant increase in the risk of MDS, even
when adjusting by gender: O/E (10/0.275); SIR = 36.29
(IC 95% 17.28‐62.26). On the other hand, no differences
have been found in other malignancies. Relative risks are
reported in Table 3.

3.2 | Therapy‐Related Myeloid Neoplasms in
MM patients

Additional data from the TRM malignancies reported
herein are described in Table 2. The median age at TRM
diagnosis was 70 years (range 51‐84), and the median time
from MM diagnosis to develop a TRM neoplasm was 49

TABLE 1 Baseline characteristics of the study patients

n = 403

Male 190 (47%)

Median age (range), years 66 (24‐90)

Median BMI kg/m2 28

Smoking habit 114 (28%)

Prior malignant neoplasm 31 (7.7%)

Synchronous malignant neoplasm 2 (0.5%)

Paraprotein subtype

IgG 212 (52.6%)

IgA 111 (27.5%)

Immunoglobulin light chain 66 (16.3%)

No secretor 5 (1.2%)

IgD 1 (0.2%)

IgM 1 (0.2%)

Plasma cell myeloma 7 (2%)

Durie‐Salmon staging

I 61 (15.2%)

II 120 (29.8%)

III 213 (52.8%)

No data 9 (2.2%)

International Staging System

1 95 (23.6%)

2 97 (24.1%)

3 111 (27.5%)

No data 100 (24.8%)

Abbreviations: BMI, body mass index.
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TABLE 2 Main features of patients with therapy‐related myeloid malignancies

N°

Patient Sex

MM diagnosis

date and

Age (years)

Cytogenetics At

MM diagnosis

5Previous

treatment

Duration of treatment

with lenalidomide

(months) Radiotherapy

TRM

malignanciy

Diagnosis

1 Female 12/12/1995

(39)

NA VBMCP/VBAD, 2

ASCT, VAD,

ASCT,

TCD, VCD, LD, V

5 No MDS with excess

blasts

2 Male 15/09/1995

(52)

NA VBMCP/VBAD,

ASCT, IFN‐α
No treatment

with

lenalidomide

Yes MDS with excess blasts

3 Female 06/11/1998

(55)

NA VBMCP/VBAD,

IFN‐α, VBMCP/

VBAD, ASCT

No treatment

with

lenalidomide

Yes CMML

4 Male 10/03/1999

(60)

46,XY,

del(20)(q12)

[12]/46,XY[8]

MP, VAD, ASCT No treatment

with

lenalidomide

No MDS with excess blasts

5 Female 16/01/2004

(55)

NA VBMCP/VBAD,

ASCT,

LD, VCD,

Daratumumab

15 Yes MDS with excess blasts

6 Female 06/08/2007

(61)

46, XX (20) VBMCP/VBAD/V,

ASCT

No treatment

with

lenalidomide

Yes MDS with multilineage

dysplasia

7 Male 09/05/2012

(63)

NA BVP, ASCT, LD,

VRD

28 Yes MDS with excess blasts

8 Male 01/08/2010

(77)

NA VMP, LD, VP, TD,

VTD, MP, LD

27 No Myelofibrosis

9 Female 02/02/2012

(67)

NA BVP, LD 10 No MDS with excess blasts

10 Male 01/02/2012

(71)

NA VMP, LD 41 No MDS with

excess blasts

11 Male 02/11/2010

(69)

NA PAD, LD, VMP 7 No AML with myelodysplasia

‐related changes

12 Female 06/11/2015

(83)

46,XX[20] MP No treatment

with

lenalidomide

No MDS‐RS

13 Female 01/12/2012

(72)

NA VMP, L 47 No AML

Abbreviations: AML, acute myeloid leukaemia; ASCT, autologous stem cell transplant; BVP, bendamustine, bortezomib, prednisone; CMML, chronic
myelomonocytic leukaemia; CR, complete remission; IFN‐α interferon alpha; L, lenalidomida; LD, lenalidomida, dexamethasone; MDS, myelodysplastic syndrome;
MDS‐RS, myelodysplastic syndrome with ring sideroblasts SC, supportive care; MP, melphalan, prednisone; NA, non available; PAD, bortezomib, doxorubicin,
dexamethasone ; PR, parcial remission; RIC‐Allo HCT, reduced intensity conditioning allogeneic hematopoietic stem cell transplantation; SC, supportive care; SD,
stable disease; TCD, thalidomide, cyclophosphamide, dexamethasone ; TD, thalidomide, dexamethasone; TRM, therapy‐related myeloid; V, bortezomib; VAD,
vincristine, adriamycin, dexamethasone ; VBMCP/ VBAD, vincristine, carmustine (BCNU), cyclophosphamide, melphalan, prednisone/vincristine, carmustine
(BCNU), adriamycin, dexamethasone; VBMCP/ VBAD/V, vincristine, carmustine (BCNU), cyclophosphamide, melphalan, prednisone/vincristine, carmustine
(BCNU), adriamycin, dexamethasone/ velcade; VCD, bortezomib, cyclophosphamide, dexamethasone; VMP, bortezomib, melphalan, prednisone; VP, bortezomib,
prednisone; VRD, bortezomib, lenalidomida, dexamethasone; VTD, bortezomib, thalidomide, dexamethasone; 5‐Aza, 5‐Azacitidine
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Date of TRM

Malignancy

and Age (years)

Cytogenetics At TRM Malignancy

diagnosis

MM Status At

TRM diagnosis

Time from MM

diagnosis

(months)

TRM

malignancy

Treatment

Survival from

TRM

malignancy

diagnosis

(months)

Cause of

Death

08/10/2008 (51) 46,XX,‐4,‐5,+11, del(11)(q22), der
(18),+mar (20)

Progression 154 SC 1 Infection

06/07/2003 (60) 44 (XY) ‐3,‐4,‐4,‐5,
‐7,‐10,‐20,‐21+5 mar [18]/46(XY)

[2]

CR 94 RIC‐Allo HCT 4 Acute

Pulmonary

Embolism

01/09/2009 (66) 52,XX, del(5)(q13q33), add(6)

(p22),+8, +8,+8,+11,+11,

+21,+mar (20)

PR 130 Hydrea 7 Infection

15/01/2003 (64) 46,XY,‐5,del(5)(q13q33),+8,add(11)
(pter),‐15,+mar[15]/46,XY[5]

CR 46 SC 4 Infection

01/02/2018 (69) 44,XX,‐ 3 der(3;7)(q12;p10),der(5)t

(3;5)(p13;q14),add(12)(p11.2),‐20
[9]/45,idem, +mar[3]/44,ídem,dic

(12;20)(p11.2;q13)[6]/46,XX[3]

CR 168 SC 2 Infection

12/05/2016 (70) 46,XX (20) CR 105 5‐Aza 34 AML

Progression

10/10/2015 (67) 43,XY,‐1,‐5,‐12,
‐13,‐17,+3mar[11]/46,XY[9]

CR 41 5 Aza/RIC‐Allo
HCT

15 Infection

10/04/2014 (81) 46,XY, (20) SD 44 SC 4 Infection

05/03/2016 (71) 48,XX(del5)(q13q33),del(7)

(q22),+8,+mar[21]/46 XX[4]

PR 49 SC 4 AML

Progression

23/03/2016 (76) 46,XY,‐3,‐5,‐7,‐10,
‐18,‐22,+6mar[18]/46,XY[2]

CR 49 5‐Aza 5 AML

Progression

10/03/2014 (73) 43, X, ‐Y, der(1)del (1)(q23)t(1;9)
(q23;p23), del(5)(q14q33), ‐7, der
(9)t(1,9), del(10)8q23)(15)/46,XY

(5)

PR 40 SC 1 Infection

11/04/2017 (84) 46,XX[20] CR 17 SC 9 Alive

01/04/2018 (78) 47,XX,del(5)(q31q35),‐6,‐
21,+mar1,+mar2,+mar3[20]

CR 64 5‐Aza 1 Alive
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months (range 17‐168). Ten patients (77%) presented with
complex karyotype at diagnosis. The prognostic was poor,
with a median time of survival from diagnosis of 4 months
(range 1‐34). The two main causes of death were infection
(64%) or AML progression (27%).

Among the 280 patients that received novel therapies
during the course of the disease, 10 (3.6%) developed
TRM malignancies. Three (2.4%) out of 123 patients who
did not receive novel therapies, developed a TRM malig-
nancy.

3.3 | TRM neoplasm development risk
factors within a competitive risk model

Fine and Gray multivariate regression analysis showed a
significant increase of risk for developing TRM malignan-
cies in patients who received prolonged treatment with
lenalidomide (>18 months) (SHRs 10.499 (95% CI 1.503‐
73.318); P = 0.018). The results of the multivariate analy-
sis are shown in Table 4.

4 | DISCUSSION

The data obtained within this study reflect the incidence of
SPMs in patients with MM during a long period of follow‐
up, including a comparison of the incidence rates with the
registered data in our general population. Interestingly, the
long follow‐up allowed us to characterize, clinically and
cytogenetically, the TRM incidence attributed to the rela-
tively recent introduction of new agents. Of note, we found
an approximately 4 years latency from diagnosis. On the
other hand, complex cytogenetics and poor outcomes were
the most common features within this subset. That latency
period explains why 9 out of 13 TRM neoplasms were
diagnosed in the last period of follow‐up: from 2014 to
2018. In other words, 69% of the TRM neoplasms

diagnosed during a 28‐year follow‐up, were diagnosed in
the last 4 years, raising a clear need to confirm and address
this particular issue in MM patients.

Previous studies have described an increased risk of
SMPs in MM patients, notably the development of MDS/
AML.18,19 The association between the development of
TRM neoplasms and the treatment with lenalidomide in
patients with MM is a matter of debate, with contradictory
results reported.10–12,20 Differences in the design of these
studies might account for those discrepancies, with the lack
of SPMs incidence/follow‐up in those cases in which
lenalidomide was discontinued, as the major limitation in
the clinical trial setting. In our study, long‐term lenalido-
mide treatment (for more than 18 months) demonstrated to
increase the risk of developing TRM malignancies with a
statistically and independent significance within a competi-
tive risk multivariate model. It is remarkable that in our
study no patients were treated with lenalidomide plus

TABLE 4 Fine and Gray multivariate regression analysis of risk
factors associated to the development of Therapy‐Related Myeloid
Neoplasms

Multivariate Analysis
HR (IC 95%); P

Gender (female) 2.856 (0.346‐23.578); 0.330

Bone marrow transplantation 2.427 (0.261‐22.529); 0.435

Anthracyclines 0.149 (0.109‐2.028); 0.153

Radiotherapy 2.677 (0.751‐9.539); 0.129

Melphalan 0.310 (0.020‐4.672); 0.398

Bortezomib 0.986 (0.949‐10.253); 0.991

Lenalidomide >18 months 10.499 (1.503‐73.318); 0.018

Thrombocytopenia grade 3‐4 0.857 (0.372‐19.737); 0.923

Neutropenia grade 3‐4 1.175 (0.037‐36.471); 0.927

Anaemia grade 3‐4 8.223 (0.872‐77.505); 0.066

TABLE 3 Relative risk for each neoplasm by gender

Male Female Both sexes

Haematological malignancies

Myelodysplastic Syndrome (n = 10) 34.26 (IC 95% 10.81‐70.87) 38.56 (IC 95% 12.17‐79.77) 36.29 (IC 95% 17.28‐62.26)

Myeloproliferative neoplasms (n = 1) 15.93 (IC 95% 0.01‐62.44)

Acute leukaemia (n = 3) 7.82 (IC 95% 0.74‐22.43) 5.06 (IC 95% 0‐19.83)

Solid neoplasms

Stomach (n = 1) 2.73 (IC 95% 0‐10.69)

Colon (n = 1) 0.99 (IC 95% 0‐3.89)

Rectum (n = 2) 5.53 (IC 95% 0.52‐15.84)

Gallbladder (n = 1) 9.65 (IC 95% 0‐37.82)

Lung/bronchus (n = 1) 0.55 (IC 95% 0‐2.17)

Kidney (n = 2) 8.01 (IC 95% 0.76‐22.97)
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melphalan at the same time. Moreover, most of the patients
were treated with lenalidomide for less than 6 months (n =
55, 14%) or between 6 and 18 months (n = 64, 16%). Only
21 patients (5.2%) were treated with lenalidomide for more
than 18 months; however, 4 out of those 21 patients (19%)
developed a therapy‐related myeloid neoplasms. A signifi-
cant association does not imply causation. Whether the pro-
longed treatment with lenalidomide favours the emergence
of TRM neoplasms due to achieving a longer survival or a
direct carcinogenetic effect is still unresolved. The similari-
ties of the cytogenetic profile of TRM neoplasms after
lenalidomide with those described after the use of alkylat-
ing agents would support the first hypothesis. On the other
hand, we and others did not find bortezomib‐based regi-
mens to be associated with a higher rate of TRM neo-
plasms, a fact favouring the second scenario.21

According to our data, complex karyotype is the most
frequently alteration in TRM malignancies in patients trea-
ted for a previous MM. In another population‐based study
focused on SPMs during the lenalidomide‐dexamethasone
regimen in relapsed/refractory MM patients 5 out of 6
patients who developed a therapy related AML/MDS had
complex cytogenetics.10 With regard to survival, in a previ-
ous large population‐base study of MM patients the median
time of survival after diagnosed AML/MDS was 2.4
months.22, even shorter than that of 4 months found in our
cohort.

Population‐based studies are necessary to estimate the
incidence, characteristics and risks factors associated to
TRM malignancies in the setting of MM patients. Long
term follow‐up, a large well‐annotated series of patients
and comparing incidence rates of cancer with a same area
general population registry are the strengths of our study.
We acknowledge that the main caveat is the lack of cyto-
genetics at MM diagnosis in 10 out of 13 patients who
developed TRM neoplasms in the follow‐up. In this regard,
Mitelman et al., showed that the distribution of the number
of anomalies and ploidy levels, as well as the frequency of
most of the investigated aberrations differed significantly,
and that these features often could be used to distinguish
between MM and t‐MDS/t‐AML.6,23 However, the MM
CR status at TRM neoplasm diagnosis in 6/10 of the com-
plex karyotype cases, and the expansion of those exact
altered metaphases in the 2 MDS cases when progressed to
AML are strong arguments to countermeasure that study
weakness.

In summary, although the improvement in the survival
of the MM during the last decades is an unprecedented
achievement, the introduction of those new procedures and
therapies has lead to the emergence of new health‐relates
issues, such as the development of TRM malignancies with
poor cytogenetic profile that at the present moment lack a
satisfactory approach.
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