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Purpose  This study investigated the incidence of secondary malignancy in multiple myeloma (MM) patients compared with that in 
the general population using a population-based database covering all residents in Korea. 
Materials and Methods  Based on the national health insurance system in Korea, all people primarily diagnosed with MM between 
January 1, 2010 to December 31, 2018 were identified. A total of 9,985 MM patients aged ≥ 20 years in Korea were included.  
Results  Among them, 237 (2.4%) developed secondary malignancies by 2018. The standardized incidence rates (SIRs) of all sec-
ondary malignancies in MM patients were 0.87 (95% confidence interval [CI], 0.76 to 0.98), with a higher incidence of hematologic 
malignancies than in the general population with an SIR of 3.80 (95% CI, 2.61 to 5.00). The incidence rates of both lymphoid malig-
nancy (SIR, 3.56; 95% CI, 2.31 to 4.82) and myeloid malignancy (SIR, 3.78; 95% CI, 1.16 to 6.39) were higher in MM patients than 
in the general population. In contrast, a lower incidence of solid cancer was observed in MM patients than in the general population 
(SIR, 0.76, 95% CI, 0.65 to 0.86). There was no significant difference in survival in MM patients without secondary malignancies, with 
hematologic malignancy, and with solid cancer (p=0.413). 
Conclusion  MM patients had a greater risk of secondary malignancies, especially hematologic malignancies, than the general popu-
lation. Future studies with a focus on analyzing patients’ history, treatment details, and genetic information in various stages of MM 
patients are needed to better understand the mechanism behind this increased risk.
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Introduction

Multiple myeloma (MM) is a disorder of plasma cells that 
accounted for 0.9% of all cancer incident cases and 1.2% of 
cancer deaths in 2020 [1]. The treatment and prognosis of MM 
have shown remarkable progress compared to other types of 
cancer, especially in young patients [2,3]. The relative 5-year 
survival rate for patients with MM increased from 0.28 in 
the 1970s to 0.41 in the 21st century with the introduction 
of novel immunomodulatory agents and hematopoietic stem 
cell transplantation (HSCT) [4]. As survival has improved, 
the development of chronic diseases in MM patients, such 
as secondary primary malignancies (SPM), has emerged as a 
new clinical challenge. 

The powerful anticancer effect of a medication is one of 
the most important factors to consider when making deci-
sions for the treatment of malignancies. However, the potent 
efficacy of treatment modalities is a double-edged sword due 
to their simultaneous control of current malignancies and 

damage to other normal cellular systems. Especially for dis-
eases that most patients get cured of and survive long, such 
as Hodgkin lymphoma and pediatric acute lymphoblastic 
leukemia, judicious choice of treatment for balancing cancer 
cure and adverse effect are one of the important topics. In 
standard-risk myeloma, the expected median overall sur-
vival is approximately 10 years with stem cell transplanta-
tion and various novel agents [5]. In diseases such as MM, 
in which the expected median survival, despite its incur-
able nature, is relatively longer compared to other aggres-
sive malignancies, investigating later events of the treatment 
journey matters because of longer exposure to the various 
agents. The possible occurrence of SPM after or during MM 
treatment should be a concern for physicians. For this reason, 
meticulous analysis of the incidence rate and survival impact 
of SPM in patients with MM is imperative.

According to the review of the International Myeloma 
Working Group in 2017, the risk of SPM in MM patients has 
not increased as compared to the incidence rate from the pop-
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ulation cancer registry [6]. When observing stratified cancer 
types, hematologic second malignancies, including myelo-
dysplastic syndromes, acute myeloid leukemia, and non-
Hodgkin lymphoma, generally increased in MM patients, 
whereas the risk of solid secondary cancer has shown incon-
sistent results [6]. However, most studies have been con-
ducted in Western countries, with a few studies conducted 
in Asian countries. In addition, many studies are not recent 
and include MM patients diagnosed as far back as 2010 [6]. 
However, the few recent reviews that have been conducted 
demonstrated similar findings as previous reviews: a similar 
decreased risk of secondary solid cancer and an increased 
risk of hematologic SPM have been observed in MM patients 
[5,7]. 

Despite the lower incidence of MM in Asian countries as 
compared to that in Western countries, an increased pattern 
of MM incidence has been more prominent in Asian coun-
tries, and the highest increment has been observed in men 
aged 50 years or more in Korea [8]. Recently, a few studies 
on SPM have been reported in Taiwan [9,10], but the data 
on the Asian population remains limited. Therefore, this 
study investigated the incidence of SPM in MM patients as 
compared to that in the general population in Korea using a 
population-based database covering all residents in Korea. 

Materials and Methods

1. Study setting and study population
In Korea, a single and mandatory national health insur-

ance system (NHIS) provides coverage for health care utili-
zation for the prevention, diagnosis, treatment, prescription, 
and rehabilitation of diseases for the population. We used 
the NHIS - National Health Information Database (NHID) 
in Korea to identify all MM incident cases between January 
1, 2010 to December 31, 2018. Healthcare utilization and soci-
odemographic information (such as sex, birth year, residen-
tial area, income percentile, and occupation) were obtained 
from the NHIS-NHID [11]. 

To define MM cases, the International Classification of 
Diseases 10 (ICD-10) code C90.0, which indicates MM and 
malignant plasma cell neoplasms, was applied in combina-
tion with the code for rare and intractable diseases code to 
represent cancer. The rare and intractable diseases code is 
a special code in the NHIS to reduce the economic burden 
for diseases with high medical expenses by reducing copay-
ment; thus, the accuracy of cancer identification in combina-
tion with ICD-10 and rare and intractable diseases code is 
high [12]. The ICD-10 has been applied since 1995. Therefore, 
cancer identification, including MM, was not affected by the 
revision of the disease code. To identify people with a pri-

mary diagnosis of MM, the year 2009 was set as the wash-out 
period, and individuals who had utilized healthcare due to 
any cancer diagnosis or had received anticancer treatments 
before the date of the first diagnosis of MM were excluded. 
To exclude malignant plasma cell neoplasms other than 
MM, we excluded patients with codes other than C90.0. The 
codes for exclusion included plasma cell leukemia (C90.1), 
extramedullary plasmacytoma (C90.2), and solitary plasma-
cytoma (C90.3). In addition, patients with C90.1 within two 
months of the date they were first diagnosed with MM were 
also excluded [13]. Treatment for MM with autologous HSCT 
was defined by the codes used for surgical procedures the 
NHIS-NHID. If MM patients had a surgical code for autol-
ogous HSCT after their first diagnosis of MM, they were 
defined as individuals who had received autologous HSCT 
(SCT group); otherwise, they were defined as individuals 
who did not receive autologous HSCT (non-SCT group).

2. Definition of SPM after a diagnosis of MM
The incidence of SPM after a diagnosis of MM was defined 

by the ICD-10 codes for new malignancy (Any C codes) as 
the primary diagnostic code 180 days after their diagnosis of 
MM and more than one hospitalization and outpatient visit 
within 1 year after their first date of a diagnosis of a SPM. 
The malignancies within 180 days of a diagnosis of MM were 
considered co-prevalent with MM. SPMs were classified as 
hematologic malignancies [ICD-10 codes of C81-C96, except 
for MM (C90.0)] and solid malignancies (ICD-10 codes of 
C00-C80). The types of solid malignancies were further  
classified as gastrointestinal cancer (C15-C20), head and neck 
cancer (C01-C13, C30-C32, and C73), hepatobiliary cancer  
(C22-C25), breast cancer (C50), genitourinary cancer (C61- 
C67), gynecological cancer (C53), musculoskeletal and soft 
tissue cancer (C41, C44, and C49), thoracic cancer (C34, C37, 
and C78), or central nervous system cancer (C71). The types 
of hematologic malignancies were classified into either lym-
phoid malignancy (other hematologic malignancies other 
than myeloid cancer) or myeloid malignancy (C92). Lym-
phoid malignancies included Hodgkin lymphoma (C81), 
follicular lymphoma (C82), non-follicular lymphoma (C83), 
mature T/natural killer (NK)-cell lymphomas (C84), other 
and unspecified types of non-Hodgkin lymphoma (C85), oth-
er specified types of T/NK-cell lymphoma (C86), lymphoid 
leukemia (C91), leukemia of unspecified cell type (C95), and 
other and unspecified malignant neoplasms of lymphoid, 
hematopoietic and related tissue (C96). The myeloid malig-
nancy (C92) includes acute myeloblastic leukemia (C92.0), 
chronic myeloid leukemia (C92.2, C92.3), myeloid sarcoma 
(C92.4), acute promyelocytic leukemia (C92.5), acute myelo-
monocytic leukemia (C92.6), acute myeloid leukemia with 
11q23-abnormality (C92.7), other myeloid leukemia (C92.8), 
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acute myeloid leukemia with multilineage dysplasia (C92.9), 
and myeloid leukemia unspecified. The time to onset of the 
SPM was calculated from the MM index date and the first 
date of the diagnosis of a SPM. Myeloproliferative neoplasms 
without C-code by ICD-10 were not included.

3. Statistical analysis 
Demographic and clinical characteristics of all MM pati-

ents with and without the development of SPM after a diag-

nosis of MM were compared using chi-square statistics. The 
considered characteristics included sex, age group (20-49, 
50-59, 60-69, and ≥ 70 years), year of the diagnosis of MM, 
quartile of income, Charlson comorbidity index (CCI) score, 
and comorbidities associated with MM. The CCI score was 
identified based on codes of primary and secondary diagno-
ses using the ICD-10 diagnostic coding system proposed by 
Quan et al. [14,15], which had occurred 12 months before the 
date of MM diagnosis, as described in a previous study [15]. 

Table 1.  Demographic and clinical characteristics of multiple myeloma incident cases in Korea, stratified by secondary malignancy devel-
opment

	 Total
	 Secondary malignancy 	 Secondary malignancy 	

p-value
		  development	 non-development

Sex
    Male	 5,318 (53.3)	 155 (65.4)	 5,163 (53.0)	 < 0.001
    Female	 4,667 (46.7)	 82 (34.6)	 4,585 (47.0)	
Age (yr)				  
    20-49	 566 (5.7)	 12 (5.1)	 554 (5.7)	 0.220
    50-59	 1,715 (17.2)	 47 (19.8)	 1,668 (17.1)	
    60-69	 2,923 (29.2)	 79 (33.3)	 2,844 (29.2)	
    ≥ 70	 4,781 (47.9)	 99 (41.8)	 4,682 (48.0)	
Index year				  
    2010	 841 (8.4)	 32 (13.5)	 809 (8.3)	 < 0.001
    2011	 850 (8.5)	 30 (12.7)	 820 (8.4)	
    2012	 1,001 (10.0)	 38 (16.0)	 963 (9.9)	
    2013	 1,091 (10.9)	 35 (14.8)	 1,056 (10.8)	
    2014	 1,132 (11.4)	 36 (15.2)	 1,096 (11.3)	
    2015	 1,165 (11.7)	 25 (10.5)	 1,140 (11.7)	
    2016	 1,280 (12.8)	 22 (9.3)	 1,258 (12.9)	
    2017	 1,316 (13.2)	 16 (6.7)	 1,300 (13.3)	
    2018	 1,309 (13.1)	 3 (1.3)	 1,306 (13.4)	
Income (%)				  
    Lowest 25	 1,718 (17.2)	 26 (11.0)	 1,692 (17.4)	 0.004
    25-50	 1,589 (15.9)	 52 (21.9)	 1,537 (15.8)	
    50-75	 2,143 (21.5)	 46 (19.4)	 2,097 (21.5)	
    75-100	 3,961 (39.7)	 105 (44.3)	 3,856 (39.5)	
    Unknown	 574 (5.7)	 8 (3.4)	 566 (5.8)	
CCI score				  
    0	 3,137 (31.4)	 66 (27.9)	 3,071 (31.5)	 0.317
    1	 3,140 (31.5)	 77 (32.5)	 3,063 (31.4)	
    2	 2,031 (20.3)	 51 (21.5)	 1,980 (20.3)	
    3	 1,036 (10.4)	 32 (13.5)	 1,004 (10.3)	
    4+	 641 (6.4)	 11 (4.6)	 630 (6.5)	
Comorbidities associated with 
  multiple myeloma				  
    Renal failure	 1,489 (36.6)	 29 (32.6)	 1,460 (36.6)	 0.298
    Anemia	 2,404 (59.0)	 55 (61.8)	 2,349 (59.0)	
    Fractures	 59 (1.4)	 0 (	 59 (1.5)	
    Bacterial disease	 121 (3.0)	 5 (5.6)	 116 (2.9)	  

Values are presented as number (%). CCI, Charlson comorbidity index. 
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The weight for the CCI was an original weight ranging from 
1-6 [16]. Having primary and secondary diagnoses of renal 
injury or renal failure, anemia, bone fracture, or recurrent 
bacterial infections based on ICD-10 code within 12 months 
prior to the date of a diagnosis of MM was defined as comor-
bidities associated with MM. 

The SPM incidence rate in MM patients was presented as 
per 100,000 person-years. The follow-up person-years were 
calculated from the date of the diagnosis of MM to the date 
of the diagnosis of a SPM defined as above, date of death, or 
December 31, 2018, whichever came first. The SPM incidence 
rate of MM patients between 2010 and 2018 was compared 
with that of the Korea Central Cancer Registry during the 
same period through indirect standardization adjusted for 
sex and the 5-year age group. The Korea Central Cancer Reg-
istry is a population-based national cancer registry covering 
more than 96% of all cancers developed in Korea. The stand-
ardized incidence rate (SIR) for all SPMs, hematologic malig-
nancy, solid cancer, and site-specific cancers was presented 
using the following equation, and 95% confidence intervals 
(CIs) for the SIRs were estimated based on the Poisson distri-
bution. Through standardization, adjustment for age and sex 
distribution between patients with MM and general popula-
tion was performed.

Standardized    Observed number of cancer in MM patients
incidence rate= Expected number of cancer in MM paitents

A comparison of cancer incidence rate with the general 

population was performed after stratification by sex and 
autologous HSCT status. SPM incidence rate by the year 
in which MM was diagnosed (2010-2013 and 2014-2018) 
was considered. In addition, the survival probability of all 
patients without SPM development, and MM patients with 
secondary solid cancer and hematologic malignancies was 
compared by the Kaplan-Meier curve and log-rank test. All 
analyses were performed separately for the two sexes. SAS 
software ver. 9.4 (SAS Institute Inc., Cary, NC) was used for 
all statistical analyses.

Results

A total of 9,985 MM patients aged ≥ 20 years diagnosed 
between 2010 and 2018 in Korea were included. Of them, 
237 (2.4%) developed SPM by December 31, 2018 (Table 1). 
Among patients with MM with SPM development, the pro-
portion of males, earlier diagnosis, and highest income quar-
tile were higher compared to patients with MM without SPM 
development. The proportion of males was 65.4% and 53.0% 
in patients with MM with and without SPM development (p 
< 0.001). Patients diagnosed in the earlier period and with 
the highest income quartile level accounted for a higher pro-
portion of MM patients with SPM (p < 0.001 and p=0.004). 
The proportion of age group, CCI score, and presence of 
coexisting myeloma-defining events, including renal failure, 
anemia, and bone fracture, were not significantly different in 
MM patients with or without SPM.

Table 2.  Incidence rate and SIR of secondary malignancy in multiple myeloma patients compared with those of the general populationa)

Cancer site	 Incident rate (95% CI)b)	 Observed N 	 Expected N 	 SIR	 p-value

All	 1,035.4 (904.3-1,166.5)	 237	 272.9	 0.87 (0.76-0.98)	 0.020
Hematologic malignancy	 170.4 (117.0-223.8)	 39	 10.8	 3.80 (2.61-5.00)	 < 0.001
    Lymphoid malignancy	 135.4 (87.8-183.0)	 31	 8.7	 3.56 (2.31-4.82)	 < 0.001
    Myeloid malignancy	 34.9 (10.7-59.1)	 8	 2.1	 3.78 (1.16-6.39)	 0.038
Solid cancer	 865.0 (745.0-985.0)	 198	 262.1	 0.76 (0.65-0.86)	 < 0.001
    Gastrointestinal cancer	 205.3 (146.7-263.9)	 47	 85.3	 0.55 (0.39-0.71)	 < 0.001
    Head and neck cancer	 48.1 (19.7-76.5)	 11	 24.1	 0.54 (0.25-0.83)	 0.002
    Hepatobiliary cancer	 139.8 (91.4-188.2)	 32	 40.6	 0.79 (0.51-1.06)	 0.129
    Breast cancer	 13.1 (0.0-27.9)	 3	 13.2	 0.23 (0.00-0.49)	 < 0.001
    Genitourinary	 118.0 (73.5-162.5)	 27	 32.9	 0.82 (0.51-1.13)	 0.258
    Gynecology	 8.7 (0.0-20.8)	 2	 2.5	 0.80 (0.00-1.91)	 0.729
    Musculoskeletal and soft tissue	 52.4 (22.8-82.0)	 12	 9.7	 1.24 (0.54-1.95)	 0.498
    Thorax	 135.4 (87.8-183.0)	 31	 40.6	 0.76 (0.50-1.03)	 0.086
    CNS	 4.4 (0.0-13.0)	 1	 17.6	 0.06 (0.00-0.17)	 < 0.001
CI, confidence interval; CNS, central nervous system; SIR, standardized incidence ratio. A total of 30 cases of other solid cancer that could 
not be classified into specific group were not shown in table. Total follow-up period was 22,890.3 person-years. a)A total of 30 cases of other 
solid cancer that could not be classified into specific group were not shown in table. Total follow-up period was 22,890.3 person-years.  
b)Per 100,000 person-years
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Table 2 shows the SPM incidence rate and SIR of malig-
nancy in MM patients compared with those in the general 
Korean population. With follow-up of 22,890.3 years (mean 
follow-up of 2.3 years), the crude SPM incidence rate was 
1,035.4 (95% CI, 904.3 to 1,166.5). SPM comprised 39 hemato-
logic malignancies (incidence rate of 170.4; 95% CI, 117.0 to 
223.8) and 198 solid cancers (incidence rate of 860.5; 95% CI, 
745.0 to 985.0). Gastrointestinal cancer (205.3/100,000 per-
son-years), followed by hepatobiliary cancer (139.8/100,000 
person-years), lymphoid malignancy (135.4/100,000 person-
years), thoracic cancer (135.4/100,000 person-years), and 
genitourinary cancer (118.0/100,000 person-years) were the 
five most common incident cancers in MM patients. 

The SIRs of all SPM in MM patients were 0.87 (95% CI, 
0.76 to 0.98; p=0.020), showing lower cancer incidence in 
MM patients compared with those of the general population 
(Table 2). However, MM patients showed a higher incidence 
of hematologic malignancies than that in the general popula-
tion with an SIR of 3.80 (95% CI, 2.61 to 5.00; p < 0.001). The 
incidence rate of both lymphoid malignancy (SIR, 3.56; 95% 
CI, 2.31 to 4.82; p < 0.001) and myeloid malignancy (SIR, 3.78; 
95% CI, 1.16 to 6.39; p=0.038) were higher in MM patients 
than the general population. In contrast, a lower incidence of 
solid cancer was observed in MM patients than in the general 
population (SIR, 0.76; 95% CI, 0.65 to 0.86; p < 0.001). The 
SIR of site-specific solid cancer showed a lower incidence 
for most types of cancer in MM patients than in the general 
population. 

When stratified by sex or autologous HSCT treatment, the 
SPM incidence pattern in patients with MM compared with 
the general population was comparable. Stratified by sex, the 

SIRs of hematologic SPM, especially lymphoid malignancies, 
also were higher in patients with MM than the general pop-
ulation in both men and women with SIR of 3.26 (95% CI, 
1.75 to 4.77; p=0.003) and 3.74 (95% CI, 1.71 to 5.78; p=0.008), 
respectively (S1 Table). In myeloid malignancies, SIR was 
4.19 (95% CI, 0.83 to 7.53; p=0.062) in men and 2.56 (95% CI, 
0.00 to 6.12; p=0.389) in women were not statistically signifi-
cant due to very small number of cases. Most solid tumors 
SIRs were lower in both sex groups. Similarly, patients with 
MM without receiving autologous HSCT in men was higher 
for hematologic SPM (SIR, 3.28; 95% CI, 1.91 to 4.66; p=0.001 
for lymphoid; SIR, 4.33; 95% CI, 1.12 to 7.53; p=0.042 for mye-
loid). However, in female patients with MM who received 
autologous HSCT, the SIR of hematologic SPM was not sta-
tistically significant due to a very small number of cases (S2 
Table). 

The change of incidence rate of SPM by the year in which 
MM was diagnosed (2010-2013 and 2014-2018) is shown in 
Table 3. Despite of similar overall incidence rate (1,076.7 
per 100,000 person-year in 2010-2013 and 985.7 per 100,000 
person-years in 2014-2018), the incidence rate of most sites 
of solid cancer was higher in MM patients diagnosed in 
2010-2013 than those diagnosed in 2014-2018. Otherwise, the 
incidence rate of hematologic malignancies, especially lym-
phoid malignancy, was much higher in patients with MM 
diagnosed in 2014-2018 compared with those diagnosed in 
2010-2013, despite relatively shorter duration of chance for 
cancer development. 

When comparing survival probability in patients with MM 
according to SPM development (Fig. 1), the median survival 
time in patients without SPM, with hematologic SPM, and 

Table 3.  Secondary malignancy incidence rate in multiple myeloma patients, stratified by year (2010-2013 and 2014-2018)

Cancer site
	                                             2010-2013	  	                                             2014-2018

	 No. of cases	 Incidence rate (95% CI) 	 No. of cases	 Incidence rate (95% CI) 

All	 135	 1,076.7 (896-1,257.4)	 102	 985.9 (795.5-1,176.3)
Hematologic malignancy	 17	 135.6 (71.2-200.0)	 20	 193.3 (108.7-277.9)
    Lymphoid malignancy	 11	 87.7 (35.9-139.5)	 20	 193.3 (108.7-277.9)
    Myeloid malignancy	 6	 47.9 (9.6-86.2)	 0	 0 (
Solid cancer	 118	 941.1 (772.1-1,110.1)	 82	 792.6 (621.7-963.5)
    Gastrointestinal cancer	 32	 255.2 (166.9-343.5)	 15	 145.0 (71.7-218.3)
    Head and neck cancer	 10	 79.8 (30.4-129.2)	 3	 29.0 (0.0-61.8)
    Hepatobiliary cancer	 19	 151.5 (83.4-219.6)	 13	 125.7 (57.4-194.0)
    Breast cancer	 2	 16.0 (0.0-38.1)	 1	 9.7 (0.0-28.7)
    Genitourinary	 13	 103.7 (47.4-160)	 14	 135.3 (64.5-206.1)
    Gynecology	 0	 0 (	 2	 19.3 (0.0-46.1)
    Musculoskeletal and soft tissue	 9	 71.8 (24.9-118.7)	 5	 48.3 (6.0-90.6)
    Thorax	 12	 95.7 (41.6-149.8)	 19	 183.7 (101.2-266.2)
    CNS	 1	 8.0 (0.0-23.7)	 0	 0 (
CI, confidence interval; CNS, central nervous system.
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solid SPM was 3.92 years, 4.60 years, and 5.25 years. The 
8-year survival rate was estimated to be 27.2%, 16.6%, and 
21.5% in patients with MM without SPM, with hematologic 
SPM, and solid SPM, and there were no significant differ-
ences in survival rates between the three groups (p=0.413).

 

Discussion 

In this research, we analyzed a total of 9,985 Korean MM 
patients diagnosed between 2010 and 2018 and found 237 
SPM cases (2.4%) based on the NHIS-NHID. To the best of 
our knowledge, this is the largest Asian population-based 
study on SPM following the diagnosis of MM. SIRs of sec-
ondary hematologic malignancies were higher in patients 
with MM than in the general population in both lymphoid 
and myeloid malignancies. Among solid tumors, SIRs of sec-
ondary gastrointestinal tract malignancies, head and neck 
cancers, and breast cancer were significantly lower in MM 
patients. In sum, the total SIR of SPM compared with the 
general population was lower in MM patients. The survival 
difference between patients with SPM and without SPM was 
not observed. 

The abovementioned findings of our study are consistent 
results with previous reports. In large number of datasets 
researches, using California Cancer Registry data, Rosenberg 
et al. [17] reported among a total of 16,331 MM patients, a 
1.3% increased risk of hematologic SPM for 10 years after 
diagnosis, but not of solid tumors in MM patients who 
underwent autologous HSCT. Among previous studies ana-
lyzed Asian patients, Tzeng et al. [9] investigated 3,970 MM 
patients in Taiwan and reported an 11-fold greater incidence 
of hematologic malignancies and a 2-fold lower incidence of 
solid tumors in MM patients compared to those in the 15,880 
compared other cancer patients without MM. More recently, 
Liu et al. [10] reported 1.33% of the cumulative SPM inci-

dence in 14 years of follow-up data from 4,327 MM patients 
using the Taiwan National Cancer Registry and National 
Health Insurance Research databases. 

In our result, SIR of SPM showed similar patterns in pati-
ents who did not receive autologous HSCT and patients who 
received autologous HSCT (S2 Table). Several studies have 
indicated that long-term exposure to alkylators such as oral 
melphalan in patients with MM might be a relevant risk fac-
tor for SPM, and autologous HSCT with alkylating agents 
could be a risk factor for SPM in patients with lymphoma 
[5,18,19]. However, the incidence of SPM after autologous 
HSCT in MM reportedly did not increase in previous studies 
[6]. These findings support that the risk of SPM from once 
or twice exposure to high-dose intravenous melphalan for 
autologous HSCT in patients with MM should not be an 
obstacle in making clinical decisions. 

Among patients with the development of SPM, the pro-
portion of males, highest income quartile, and patients diag- 
nosed with MM earlier in the study period was higher. 
Longer time lags and follow-up periods after a diagnosis of 
MM could be more opportunities for the occurrence of SPM. 
However, in hematologic SPM, patients who were diagnosed 
with MM between the years 2014 and 2018 had a higher 
incidence rate than those who were diagnosed at the earlier 
period. This finding could be explained by various factors. 
MM has shown a trend of increasing incidence rate globally 
and in the Korean National registry data analysis, especially 
in men older than 50 years [8,20]. Extended survival dura-
tion and complexity of treatment as numerous novel agents’ 
development could provide more opportunities of arising 
SPM. As more novel drugs and anti-tumor mechanisms have 
been discovered, more complicated disturbances of the nor-
mal immune milieu and damages to the DNA repair system, 
and to the tumor microenvironment and malignant altered 
genes are being reported, which could be possible causes 

Fig. 1.  Survival curve for overall survival in multiple myeloma 
patients according to secondary malignancy development.
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Fig. 2.  Number of prescription of lenalidomide and VTd (bort-
ezomib, thalidomide, and dexamethasone) per year from 2010 
to 2018. 
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of SPM [5]. Furthermore, more cumulation of anti-myelo-
ma drugs and longer extension of total treatment duration 
including immune-modulating drug (IMiD) maintenance 
therapy could facilitate the growth of SPM.

Among IMiDs, lenalidomide has been indicated consist-
ently as a possible contributor to SPM development in sev-
eral large-scale randomized studies and meta-analyses [5,20-
24]. In our research, in the same context, lenalidomide might 
be an attributable factor for SPM because lenalidomide had 
been introduced to the clinical practice with being covered 
by NHIS in Korea since the year 2014. Since 2014, the expo-
sure to lenalidomide has dramatically increased in Korea 
(Fig. 2). Before 2014, the number of prescriptions of lenalido-
mide was less than 10 but steeply increased to 338 prescrip-
tions in 2014 and continuously increased. Patients with the 
highest upper quartile income presented more development 
of SPM. Although the efficacy of lenalidomide for relapsed 
or refractory MM was ascertained in 2007 [22], before the 
year 2014, except in clinical trials, many patients with lower 
income might have had difficulties affording lenalidomide-
based treatment, which eventually might have led to less 
exposure to lenalidomide.

As in Fig. 1, we could not identify the differences in sur-
vival between patients with MM with SPM and patients with 
MM without SPM. A recent study from the American Society 
of Clinical Oncology (ASCO) CancerLinq MM real-world 
data registry reported that longer median overall survival 
was observed in patients with MM subsequently diagnosed 
with an SPM [25]. This result is consistent with our findings. 
In the study by Cooper et al. [25], secondary malignancy site-
specific survival in patients with MM compared with patients 
with MM without secondary malignancy was presented. 
According to the result, improved survival was observed 
in patients with MM who developed non-melanoma cuta-
neous cancers, breast cancer, prostate cancer, non-Hodgkin 
lymphoma, diffuse large B cell lymphoma, and melanoma as 
secondary cancer. Survival was not different in patients with 
MM with colorectal cancer, acute lymphoblastic leukemia, 
or chronic lymphocytic leukemia compared with patients 
with MM without secondary cancer. Survival was worse in 
patients with MM diagnosed with acute myeloid leukemia 
and lung cancer compared with patients with MM with-
out secondary cancer [25]. Considering the shorter survival 
time of patients with MM, those who survived longer could 
develop secondary malignancy; thus, the survival probabil-
ity would not be different. 

Increased incidence of SPM without survival disadvantag-
es has been consistently observed in many previous studies 
[8,15,16,18,20,22]. Although lenalidomide therapy is associ-
ated with SPM development in MM, survival outcomes of 
patients who had SPM were not inferior to those of patients 

who did not. The survival gain from lenalidomide in various 
stages of MM has been clearly demonstrated in numerous 
phase III randomized control trials [22,26-29]. Although lena-
lidomide is one of the most used novel agents for MM, the 
survival benefit is greater than the risk of SPM-related death 
as the survival benefit of autologous HSCT outweighs the 
risk of death from SPM [17,19]. 

This study has several limitations. Due to the nature of 
national registry data, the association between SPM develop-
ment and exact anti-myeloma treatment intensity and sched-
ule could not be evaluated. However, our data could indicate 
the annual trend of SPM according to the practice pattern 
change such as the introduction of lenalidomide. Patient 
selection bias could exist because we excluded patients 
who presented with malignancies other than MM within 6 
months after the diagnosis of MM to sort out true SPM from 
pre-existing but undetectable malignancies. As such, patients 
who died within 6 months after the diagnosis of MM, imply-
ing that the disease progressed rapidly and the patients were 
fragile, could not be included in the survival analysis. How-
ever, we excluded plasma cell leukemia from the analysis 
to generalize patients and applied the CCI score to tell the 
fragility. Data on familial history, environmental factors and 
lifestyle associated with carcinogenesis, and genetic infor-
mation could not be collected. Due to the small number of 
SPM by each cancer type, the cancers were grouped into a 
wide range for SIR estimation and as hematologic and solid 
cancer for survival probability. Because MM has wide hetero-
genetic molecular features and dynamic evolution of muta-
tion through the developmental stages [16], future studies 
are needed to discover genetic alterations causing SPMs by 
combining large-scale registry data for each type of cancer 
and detailed genetic information. 

In conclusion, MM patients had a higher risk of SPM, espe-
cially hematologic malignancies. However, the survival dif-
ferences were not observed between patients with SPM and 
those without. Even though the survival benefit of recently 
developed treatment has been proven in various stages of 
MM, as the treatment indication of novel agents (including 
lenalidomide) has been extended to high-risk smoldering 
myeloma and maintenance therapy after autologous HSCT, 
the cumulative dose and duration of exposure will increase 
more. The potential risk of SPM in anti-myeloma treatment 
should be one of the major concerns for physicians. Consen-
sus or guidelines for surveillance may be needed for SPM, 
especially lymphoid malignancies. Future studies are war-
ranted converging patients’ history, treatment details, and 
genetic information in various stages of MM.
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