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Introduction

Multiple myeloma (MM) is a neoplasm that affects older 
adults, especially males (1,2). In recent years, the incidence 
of MM is increasing. MM is a disease of the elderly, with an 
increase in the median age at the time of diagnosis from 70 
to 74 years in the past 50 years. Only 15% of the patients 
are 40 years of age or below at the time of diagnosis (3). 
More and more patients have shown a profound and lasting 
response to changing regimens.

Over the past decades, survival of patients with MM has 

improved since the availability of novel immunomodulatory 
drugs, including thalidomide, lenalidomide, pomalidomide, 
and proteasome inhibitors, such as bortezomib and 
ixazomib, combined with the increased usage of high-dose 
therapy before autologous stem cell transplantation (ASCT) 
(2,4-8). The median overall survival (OS) for patients with 
the favorable-risk disease treated with modern therapies 
now exceeds 10 years both in randomized clinical trials and 
studies based on national cancer registries (9).

With improvements in survival, a relatively new clinical 
challenge that has emerged is the risk of long-term 
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complications, especially in second malignancy cases (2,10). 
Large population-based studies suggest that the risk of a 
second primary malignancy (SPM) is 26% higher in patients 
with MM relative to the general population (11). Several 
studies have reported the incidence of multiple malignancies 
in which MM as first primary malignancy; however, there 
is limited data regarding MM as a SPM. Therefore, this 
study aimed to determine the time trends in the incidence 
of MM, as well as the incidence and survival of patients 
with MM as the SPM in Jiangsu Province Hospital between 
2009 and 2017. We present this article in accordance with 
the STROBE reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-23-2336/rc).

Methods

Study population

The study included a total of 794 patients with MM who 
were diagnosed at Jiangsu Province Hospital between 2009 
and 2017, among which 16 patients were diagnosed with the 
second primary tumor. Multiple malignancies refer to the 
diagnosis of two or more tumors of different histology in 
the same individual. The SPM is usually defined as another 
independent malignancy that occurs more than 6 months 
after the diagnosis of the first primary malignancy. Clinical 
information, including age and sex, as well as the site, 
stage, treatment, and OS of different tumors, was obtained. 
Comorbidity scores were calculated using the Charlson 
comorbidity index. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013). The 
study was approved by the Ethics Committee of the First 
Affiliated Hospital of Nanjing Medical University (No. 

2021-SR-247). Because the medical records were obtained 
from previous clinical diagnosis, the exemption of informed 
consent was approved by the Ethics Committee of the First 
Affiliated Hospital of Nanjing Medical University.

Follow-up was done by inpatient/outpatient medical 
records and telephone calls as at December 31, 2021.

Statistical analysis

Statistical analyses were done using Stata 11.0 software 
package. Kaplan-Meier survival analysis was performed 
to determine the survival curve, while a log-rank test was 
used to determine OS. OS was defined as the time interval 
between the date of diagnosis of the first malignancy to the 
date of death or the date of the last follow-up. All P values 
were bilateral and considered statistically significant when 
they were less than 0.05.

Results

A total of 794 patients with MM were diagnosed among 
7,921 patients with hematologic malignancy between 
2009 and 2017. The incidence of MM in hematological 
malignancies showed an annual upward trend, increasing 
from 9.3% [2009–2011] to 10.8% [2015–2017] (Figure 1A).  
The median age of the patients newly diagnosed with 
MM increased from 61 years [2009–2011] to 63 years 
[2015–2017] (Figure 1B). Figure 1C reveals that the annual 
incidence of MM was much higher in men than in women. 
The male-to-female ratio of patients with MM was 5:3 
between 2009 and 2011 but increased to 5:4 between 2015 
and 2017.

Among the 794 patients with MM, 21 (2.6%) were 
diagnosed with multiple malignancies. The clinical 
characteristics are shown in Table 1. Five cases of MM were 
the first primary malignancy, 16 cases were secondary to 
solid tumor and hematological malignancy, and the clinical 
characteristics of 21 patients with multiple malignancies 
are shown in Table 2. Five cases of MM as the first primary 
malignancy developed SPM, including cancers of the lung 
(n=1), kidney (n=1), thyroid (n=1), bile duct (n=1), and 
vocal cord (n=1). The MM in 16 patients were the SPM 
commonly secondary to cancers of the lung (n=4), colon 
(n=3), breast (n=3), and others (n=6) (Figure 2).

Of the 16 patients with MM as the SPM, seven patients 
developed an MM within 3 years of diagnosis, seven after 
5 years, and three after >10 years. Nine (56.3%) patients 
developed a SPM within 5 years and 13 (81.3%) patients 
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developed a second malignancy within 10 years after 
diagnosis of the first primary malignancy.

Three patients with MM developed the disease after 
hematological malignancies, two after chronic neutrophil 
leukemia, and one after diffuse large B-cell lymphoma. The 
median age of these patients at the time of diagnosis of MM 
was 78 years (range, 77–80 years). The male-to-female ratio 
was 2:1 and the median time between the two hematological 
malignancies was 62 months (range, 25–240 months).

Among the 16 patients with MM as the SPM, seven 
patients were treated with chemotherapy in the first primary 
tumor regimen, one with radiotherapy, and another with 
traditional Chinese medicine. Subsequently, six patients 
with MM were treated with bortezomib, 12 patients were 
treated with immunomodulators, five patients were treated 
with lenalidomide, and seven patients were treated with 
thalidomide. None of the 16 patients underwent autologous 

hematopoietic stem cell transplantation. Nearly half of 
the patients underwent maintenance therapy. Among the 
16 patients with MM who had no multiple malignancies 
from the 773 patients cohort (16 patients with MM as 
the SPM and five patients as the first primary malignancy 
excluded), all were treated with immunomodulators, mostly 
thalidomide (n=15). Except for three patients, most of 
the patients did not undergo autologous hematopoietic 
stem cell transplantation. More than half of the patients 
underwent maintenance therapy. Nine patients relapsed for 
more than or equal to two times (Table 3).

In our cohort of 16 patients with MM as a SPM,  
4 (25.0%) patients died. Among them, one patient 
developed a third malignancy (myelodysplastic syndrome) 
after MM as the SPM. The survival time after the 
hematological malignancy was 64 months and the survival 
time after the third malignancy was 15 months.

Figure 1 Characteristics of patients. (A) Proportion of MM in 
hematologic malignancy. (B) Mean ages of patients with newly 
diagnosed MM and (C) gender-specific patients with MM for the 
period of 2009–2017. MM, multiple myeloma.

Table 1 Characteristics of MM patients with and without multiple 
malignancies

Covariates
MM  

(n=794)

Without multiple 
malignancies 

(n=773)

With multiple 
malignancies 

(n=21)

Age (years), n

≤35 8 8 0

36–60 330 328 2

61–80 431 412 19

>80 25 25 0

Gender, n

Male 462 446 16

Female 332 327 5

Year of diagnosis, n

2009–2011 158 152 6

2012–2014 250 246 4

2015–2017 386 375 11

Comorbidity score†, n

0 572 572 0

1 152 140 12

2 52 46 6

3 16 13 3

4 2 2 0
†, according to Charlson Comorbidity Index. MM, multiple 
myeloma.
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The median survival of patients with MM as the second 
primary malignant was 24.5 months (range, 1–95 months). 
The patients with MM who had no multiple malignancies 
had a significantly longer survival (median, 46.5 months; 
range, 17–132 months; P=0.04) (Figure 3).

Table 2 Characteristics of MM patients with multiple malignancies

Covariates
MM as first primary 
malignancy (n=5)

MM as SPM  
(n=16)

Age (years), median [range] 70 [46–72] 73 [58–80]

Gender, n

Male 5 11

Female 0 5

Subtype, n

IgG 1 6

IgA 0 2

Light chain type 2 2

NA 2 6

ISS disease stage, n

I 0 2

II 2 0

III 1 9

NA 2 5

Cytogenetics†, n

Normal karyotype 3 11

TP53 deletion 0 2

1q21 gain 0 4

13q14 deletion 0 1

14q32/IgH translocation 0 1

NA 2 3

Interval between first and second cancer (months), n

0–36 3 7

37–60 0 2

61–120 1 4

≥121 1 3
†, some patients have multiple cytogenetic abnormalities at 
the same time. MM, multiple myeloma; SPM, second primary 
malignancy; IgG, immunoglobulin G; IgA, immunoglobulin 
A; NA, not available; ISS, International Staging System; IgH, 
immunoglobulin heavy chain.

Figure 2 The first tumor sites of 16 patients with MM as the SPM. 
CNL, chronic neutrophil leukemia; DLBCL, diffuse large B cell 
lymphoma; LC, lung cancer; TC, thyroid cancer; CRC, colorectal 
cancer; BC, breast cancer; GC, gastric cancer; MM, multiple 
myeloma; SPM, second primary malignancy.

Table 3 Treatment of MM patients with or without multiple 
malignancies

Covariates
MM as SPM 

(n=16)
MM without multiple 
malignancies (n=16)

Treatment†, n

Immunomodulatory drugs 12 16

Bortezomib 6 11

Melphalan 1 3

Immunomodulatory drugs†, n

Lenalidomide 5 5

Thalidomide 7 15

Pomalidomide 0 2

ASCT, n

Yes 0 3

No 16 13

Maintenance therapy, n

Yes 7 9

No 9 7

Relapse, n

Yes 3 12

No 13 4
†, some patients used multiple drugs simultaneously or used 
multiple drugs consecutively. MM, multiple myeloma; SPM, second 
primary malignancy; ASCT, autologous stem cell transplantation.
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Discussion

MM is a hematological malignancy caused by the clonal 
expansion of plasma cells, accounting for 1–2% of all cancers 
and 10–17% of hematological malignancies (8,12,13). The 
disease remains essentially incurable (14). MM accounted 
for 10% of hematological malignancies in this study. The 
incidence of MM varies by sociodemographic status, with 
the highest rate in high-income countries (4–6 per 100,000) 
and a 10-fold difference between countries with the lowest 
and highest rates (15,16). The incidence of MM has 
increased over time due to aging (3,17). In Denmark, the 
incidence rates for men and women increased by six folds in 
73 years through 2016. The male rates are 50% higher than 
the female rates; however, the increase in both is parallel (1).  
A large retrospective study in Sweden reported that the 
median diagnostic ages for MM in men and women were 
71 and 73 years, respectively (5). In international data, the 
median age at onset of MM is 66–70 years (18). Our data 
show that the median age of onset of MM is 62 years, which 
is slightly younger than those in European countries. The 
male 5-year survival increased from 24% [1967–1971] to 
54% [2012–2016] (8). Fifty percent of the patients achieved 
a complete response, which increased to 78.1% after 
ASCT. The median progressive-free survival and OS post-
transplantation were 30 and 202 months, respectively (13). 
Several studies have reported that the survival of patients 
with MM has increased with the introduction of new drugs 
for MM (19,20). As the OS of patients with MM improves, 
the incidence of SPM in long-term complications increases 
(7,21). Since the risk of death is increased when compared 
to patients with MM who had no secondary malignancy, 
patients with SPM should receive standardized treatment to 
prolong their survival (22,23).

Multiple primary malignancies are relatively rare 

malignancies, which refer to two or more primary 
malignancies occurring simultaneously or successively in 
the same patient (24,25). The first case of multiple primary 
malignancies was reported in 1923. In a retrospective 
analysis of more than 1.1 million patients with cancer, the 
prevalence of multiple primary malignancies was in the 
range of 0.73–11.7% (25). The risk of secondary malignancy 
is likely to be similar in younger and older patients with 
MM. However, because young patients with MM tend to 
survive longer than elderly patients, secondary malignancy 
can also occur and be diagnosed in young patients. Patients 
with MM have longer survival, so it is of interest to evaluate 
the survival of patients with MM who have a secondary 
malignancy; however, there is a paucity of data in this 
area. A Swedish study showed that patients with MM who 
had a secondary malignancy had a higher risk of death 
than patients with MM but with who had no secondary 
malignancy (26). The treatment of MM, especially with 
high-dose chemotherapy, alkylating agents (mefalen), and 
the immunomodulatory agent lenalidomide, is associated 
with an increased risk of SPMs (17,26-28). Reece et al. 
reported that 2.6% of 230 patients with relapsed/refractory 
MM who received lenalidomide-based therapy developed 
secondary myelodysplastic syndromes/acute myeloid 
leukemia (29). In addition, 1.8% of the patients with 
MM presented with SPMs after 5–14 years in a cohort of  
10,551 patients with MM (30).  In a recent meta-
analysis, both clinical trials and retrospective studies 
showed that ASCT and maintenance therapy with the 
immunomodulator lenalidomide increased the risk of 
developing a SPM by 6.9% after 5 years (2,17,31). Similarly, 
another study showed that patients with MM had a 6.1% 
incidence of SPM at 20 years; however, the overall rate 
was not higher than that of the general population (32). 
Krishnan et al. found that the overall cumulative incidence 
of SPM in patients with MM receiving lenalidomide after 
ASCT was 11.2% in 10 years (33).

There are many related studies on SPMs after MM; 
however, research on the occurrence of MM as the second 
primary tumor is rare. In a retrospective study involving a 
total of 475 patients with MM, Wang et al. reported that 
the incidence of MM as the second primary malignant 
tumor was 3.8%. Most primary malignancies occurred 
before the diagnosis of MM, the majority of which were 
neoplasms in the early stage and had a good prognosis (34). 
Munker et al. also reported that 14.7% of patients with 
MM already had preexisting cancer and the overall median 
survival of patients with MM who had no other malignancy 

Figure 3 OS of patients with MM as the secondary malignancy 
and without multiple malignancies. OS, overall survival; MM, 
multiple myeloma.
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was 36.5 months. The overall median survival of patients 
who had MM or in whom different cancers developed 
was 21.4 months from the time of diagnosis of MM  
(P≤0.044) (24). Although a variety of primary malignancies 
are in the early stage and have a good prognosis, patients 
with MM combined with the primary malignancy have 
a poor prognosis. In this study, it was reported that the 
incidence of MM as the second primary malignant tumor 
was 2% and that the survival of patients with MM who 
had multiple malignancies was shorter than that of patients 
with MM who had no multiple malignancies, which is 
statistically significant and similar to the results in previous 
reports.

There are some limitations to this study. Since this is 
a retrospective study with a long study period durable 
time, the retrospective design prohibited controlling for 
the type and number of therapies each patient received. 
Moreover, this study belongs to a single-center study. 
The number of MM cases is limited, and the incidence of 
multiple malignancies is low, so the number of multiple 
malignancies cases analyzed in this study is limited. For 
the moment, MM remains an incurable disease for the vast 
majority of patients (10,19). The introduction of new drugs, 
including proteasome inhibitors and immunomodulators, 
has significantly improved the prognosis of patients with 
MM. Since the survival of patients with MM, in general, 
is increasing (35,36), SPM accounts for an increasing 
proportion of the overall cancer burden (37). The exact 
underlying biological mechanism remains unclear and 
may be related to genetic susceptibility, non-genetic 
related factors (such as age), and treatment-related factors. 
Some researchers have found that heredity may play an 
important role in mechanistic underpinnings. Meanwhile, 
a significantly increased risk of SPM was observed among 
patients who were carriers of the retinoblastoma 1 (RB1) 
mutation. The RB1 gene inhibits the production and 
secretion of interleukin-6 (IL-6), which may lead to the 
proliferation of myeloma clones (34).

Conclusions

Since patients with MM as a secondary malignancy have 
shorter survival and a high mortality rate, monitoring these 
patients after the first primary malignancy may lead to the 
early diagnosis of the SPM and an increase in the diagnosis 
rate of the SPM. Early diagnosis of SPM is particularly 
important to improve treatment outcome and survival.
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