
Abstract. Background: Improving therapies means longer
survival for multiple myeloma (MM) patients. We hypothesized
that these patients are at an increased risk for a secondary
malignancy. Objectives: (i) To investigate the epidemiology and
site-specific risk of second primary cancers (SPCs) in patients
with MM (ii) To investigate the factors affecting survival in MM
patients with SPCs. Design: This was a retrospective cohort
study employing data available in the US Surveillance
Epidemiology and End Results (SEER) database. Subjects:
Adult patients (>18 years) where MM was the first of two, or
more primary cancers, such that the diagnosis of MM and the
SPC was separated by at least 1 month. Results: The age-
adjusted rate SPCs in MM was 0.22 per 100,000 (95%
CI=0.05-2.1). The incidence of SPCs was higher in patients
aged ≥70 years, men and blacks. Age, gender and race were
significant predictors for the occurrence of SPCs in MM. The
risk of solid malignancies was significantly decreased (SIR:
0.94, 95% CI=0.89-0.99), while that of lymphohematopoieitc
(LAHM) malignancies increased in MM (SIR: 1.68, 95% CI=
1.46-1.92). 5-year relative survival among MM patients with
SPCs was higher in blacks (54.6%, 95% CI=49.5-59.4) than
whites (53.8%, 95% CI=51.3-56.3) or other races (49.9%,
95% CI=39.8-59.3). Multivariate analysis revealed that race,
site of SPC and year of diagnosis were independent predictors
of survival among MM patients with SPCs. Conclusion: MM
patients are at a higher risk of a second LAHM. 

Multiple myeloma (MM) is the second most common
hematological malignancy in the United States with an
estimated 20,580 new cases diagnosed in 2009 and 10,580
people dying from it in the same year (1). The disease is
characterized by proliferation of malignant B-lymphocytes
(plasma cells) that produce abnormal immunoglobulin (Ig)-
related proteins whose levels are elevated in the serum, and
which are excreted in the urine (19). The survival of patients
with MM has significantly improved over the years, in large
part-due to autologous stem cell transplants and the
introduction of novel pharmacological agents (3, 24). 

It is estimated that there are currently more than 11
million cancer survivors in the US, nearly 880,300 (i.e. about
8%) who have been diagnosed with one or more new second
primary malignancies. This has opened a new area of
preventive medicine, one that is aimed at an increased active
surveillance of patients already diagnosed with one type of
cancer, for the early detection of a new primary malignancy.
Studies have shown that while the overall lifetime risk of a
second primary cancer (SPC) is low among cancer survivors
as a whole (about 14%), this risk is significantly higher in
certain groups of patients. The factors that have been
suggested to influence the risk of a SPC include the site and
histological type of the first primary, age at the time of
diagnosis of the first primary cancer, environmental
influences, genetic factors and type of therapy given for the
first primary tumor (1). The prognostic significance of SPCs
has also been highlighted by several studies that have shown
that SPCs are significant determinants of survival in multiple
malignancies including male breast (20), colon (17), gastric
(18), esophageal and other head and neck cancers (5, 6). 

Although MM has been reported to occur together (i.e.
synchronously) with other cancers (2, 4, 12, 16), only a few
population-based studies have reported the occurrence of
metachronous second malignancies in these patients. Dong
and Hemminki for instance, reported in a study from Sweden
that MM patients are at higher risk of developing non-
Hodgkin’s lymphoma (7). Storm and Prener on the other hand
reported that MM patients in Denmark had a significantly
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lower overall risk of developing a second malignancy (23). A
study from Australia reported that while patients with MM
were not at a significant overall risk of developing a second
malignancy, there was an increased risk of a second cancer in
the urinary bladder (11). However, no data exist on the
incidence of SPCs in patients with MM in the United States
and the possible prognostic impact of a second malignancy
in these patients. Identification of such an association would
be important from both the public health perspective and from
the standpoint of understanding the pathogenesis of multiple
primary malignancies in the same individual. Knowledge of
the risk of SPCs at specific sites is the first key step in
planning an active surveillance strategy for MM patients to
detect a new primary malignancy. Correlative studies on
occurrence of SPCs also provide a clue to investigate the
molecular and genetic mechanisms involved in the occurrence
of multiple primary malignancies in certain patients. 

In the present study, we investigated the incidence of SPCs
in patients with MM using data from the Surveillance,
Epidemiology and End Results (SEER) database.
Furthermore, we sought to compare the effect of SPCs on the
overall survival of MM patients. The study has important
implications for streamlining the active surveillance of
patients diagnosed with MM and understanding the biology
underlying the occurrence of SPCs in this malignancy.

Materials and Methods
Population selection. The United States National Cancer Institute's
SEER program collects data on patients with multiple malignancies
(15). Seventeen registries participate in the SEER initiative. The
information contained in the SEER database includes demographic
data (place of birth, place of residence, age, race, gender and marital
status at the time of diagnosis), description of the neoplasm (date
of diagnosis, primary site, laterality, morphology and extent of
disease), first course of cancer direct therapy (surgery, radiation) and
follow-up. The database is considered to be a standard-of-quality
among cancer databases worldwide. We queried the SEER database
for patients with MM (ICD code: 9732/3) and one/more second
primary cancers (SPC) who were diagnosed between January 1973
and December 2008. Only cases where MM was the first of two or
more primary malignancies were selected. Patients in whom the
only mention of a diagnosis of MM was the one made at autopsy or
in the death certificate, were excluded. Any SPC diagnosed within 
1 month of MM was also excluded.  

Statistical analysis. Data from the SEER database were retrieved
using the SEER*Stat version 6.5.2 (http://seer.cancer.gov/seerstat/).
Statistical analysis was performed using the PASW Statistics 18
software program (Release 18.0, SPSS Inc, IL, USA). Patients were
stratified by age, gender, race, site, year of diagnosis of SPC and
latency period (time elapsed between the diagnosis of MM and that
of the SPC). The standardized incidence ratio (SIR ratio) which is
the ratio of the number of observed cases of cancer in the
population of cancer survivors divided by the number of cancers
expected in the same population was used as an indicator of risk
of SPC. The risk of SPCs was examined from 1 month to >20 years

after the diagnosis of MM. Two kinds of risk were measured a) risk
of second primaries at all sites - termed as the “overall risk” and
b) risk of a second malignancy at a specific site (termed as “site-
specific risk”). All calculations were made with 95% confidence
limits (p<0.05). 

To determine the survival time in patients with SPCs, we used the
variable “survival time in months” which records the survival as
measured from the time of diagnosis of the SPC to either death or loss
of follow-up. Age at diagnosis of the SPC and interval between the
diagnosis of MM and the SPC were considered as continuous
variables, while gender, race, year of diagnosis and site of SPC were
considered as categorical variables. A two-tailed Student’s t-test or a
two-way analysis of variance (ANOVA) was used to compare the
mean values for continuous variables while a chi-square test was
applied to categorical variables. Kaplan Meier survival analysis was
used to examine the effect of individual factors on the survival of SPC
patients. A Cox proportional hazards test, employing forward stepwise
logistic regression, was used for multivariate analysis of factors
affecting survival of SPC patients. Multinomial regression analysis was
used to determine whether specifc factors could predict the occurrence
of SPCs in MM. A p-value <0.05 was considered significant.

Results
Patients’ characteristics. A total of 3,245 cases where MM
was the first of one or more SPCs were recorded in the
SEER database. The age-adjusted incidence of MM with
one/more SPCs was estimated to be 0.22 per 100,000 (or 2.2
per 1 million) with a 95% CI of 0.05-2.1 (adjusted to the
2000 US Standard population). In contrast, the age-adjusted
rate of MM as the only primary cancer was 4.31 (±0.03) per
100,000 (95% CI=4.26-4.36). The age adjusted rate of SPCs
(±SE) increased with age, being highest in those aged 70
years and older at the time-of-diagnosis (1.29±0.05 per
100,000). The rates were also higher for men than for
women (0.3±0.01 and 0.15±0.01 per 100,000 respectively),
and for blacks than for whites or other races (0.54±0.03,
0.20±0.01 and 0.11±0.01 per 100,000 respectively, Figure
1A). There was an increase in the number of SPCs from
1974 until 2000, followed by a decline (Figure 1B). In terms
of absolute number of cases, the majority of patients (43%)
with SPCs were aged between 65-79 years (Figure 1C),
whites (78%, Figure 1D) and males (60%, Figure 1E).  

Multiple factors affect the risk of second primary cancers in
MM patients. Multinomial regression analysis revealed that
age (at the time of diagnosis of SPC), gender and race were
significantly associated with the risk of developing a SPC.
Specifically, blacks, males, and patients ≥71 years at the time
of diagnosis were significantly more likely than their
comparable groups (i.e. whites/other races, females and those
<70 years at diagnosis) in developing a SPC (Table I). 

As demographic factors can also influence the risk of
development of cancers at specific anatomic sites, we next
investigated the site-specific risk of SPCs in MM patients
stratified by these factors.
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While the overall number of SPCs in MM patients was not
significantly different from that in the general population (SIR:
0.99, 95% CI=0.95-1.04, p=N.S.), the number of solid second
primary malignancies was significantly lower than that
expected in these patients (SIR: 0.94, 95% CI=0.89-0.99,
p<0.05). The number of lymphatic and hematological
malignancies on the other hand were significantly higher than
expected (SIR: 1.68, 95% CI=1.46-1.92). Specific sites where
the risk of a second solid primary malignancy was decreased
included the hypopharynx, esophagus, female breast and
prostate. On the other hand, the risk of an SPC in the skin
[excluding basal (BCC) and squamous cell carcinoma (SCC)],
urinary bladder and kidneys was significantly increased. The
risk of leukemias was increased, particularly that of acute
lymphoblastic leukemia (ALL), acute myeloid leukemia
(AML) and chronic myeloid leukemia (CML) (Table II). 

Race, age, time elapsed between the diagnosis of MM and
the SPC and the year of diagnosis (of SPC) were significant
determinants of the risk of development of a SPC in the
lymphohematopoietic system (LAHM). Blacks were at a
higher (but non-significant) risk of developing a second
LAHM, compared to other races. Compared to those aged
≥71 years, younger patients were at a significantly lower risk
of developing another LAHM. The risk of a second LAHM
was highest in the first year after the diagnosis of MM (HR
3.26 for the 1st 6 months and 4.37 for the next 6 months,
p<0.001). This risk decreased but remained significant even
after 5 years (HR 1.49 for 1-5 years, p=0.04). 

A. Age attained at diagnosis of SPC and site-specific risk of
SPCs. Based on their age at the time of diagnosis of the second
malignancy, patients were divided into three groups: 0-29 years,
30-59 years and ≥60 years. No patient was <30 years old at the

time of diagnosis of the second malignancy (Table III). Patients
who were between 30-59 years old had a slightly increased (1.2-
fold,) while those older than 60 had no significant change in the
risk of SPCs. The risk of LAHMs however was increased in
both age groups (2.4 and 1.6 fold respectively).

B. Gender. Males were characterized by a significantly (1.6-
fold) increased risk of LAHMs, specifically leukemias (AML
and ALL) and lymphomas (non-Hodgkin’s lymphoma).
While the overall risk of solid SPCs was not increased, the
risk of a second primary cancer in the kidney was
significantly increased in this group (Table III). 

There was no significant increase in the overall risk of SPCs
in females (Table III). However, in a window of time between
10 and 20 years after the diagnosis of MM, the risk of SPCs
was elevated 1.36-fold (data not shown). Furthermore, the risk
of a second hematological malignancy (specifically AML and
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Table I. Multinomial regression analysis of factors associated with risk
of SPCs in MM.

Factor H.R. 95% CI p-Value p-Value 
for H.R. (of final 

model)**

Race
White 1.18 0.93-1.50 0.16 <0.0001
Black 1.61 1.25-2.08 <0.0001
Others 1.0 (reference) -

Gender
Male 1.51 1.36-1.66 <0.0001 <0.0001
Female 1.00 (reference)

Age group at diagnosis
0-50 years 0.18 0.13-0.24 <0.0001 <0.0001
51-70 years 0.68 0.62-0.75 <0.0001
≥71 years 1.00 (reference) -

**The final model was able to correctly classify the patients into those
with only 1 primary vs. those with two or more primary cancers, with an
accuracy of 100%.

Table II. Site-specific risk of second primary cancers in MM.

Site of second malignancy O (SIR) 95% CI

All sites 1,657 (0.99) 0.95-1.04
All solid tumors 1,394 (0.94)*a 0.89-0.99
All lymphatic and hematopoietic diseases 214 (1.68)* 1.46-1.92
Oral cavity and pharynx 31 (0.79) 0.54-1.13
Digestive system 392 (1.05)b 0.95-1.16
Liver, GB IHBD, EHBD, other biliary 28 (1.00) 0.67-1.45
Respiratory system 257 (0.91) 0.80-1.02
Bones and joints 1 (0.71) 0.01-4.25
Soft tissue including heart 4 (0.6) 0.16-1.53
Skin excluding BCC and SCC 58 (1.43)* 1.09-1.85
Breast 128 (0.76)*c 0.63-0.90
Female genital system 66 (0.92) 0.71-1.17
Male genital System 256 (0.75)*d

Urinary bladder 103 (1.16) 0.95-1.41
Kidney 52 (1.51)* 1.13-1.98
Renal pelvis 2 (0.53) 0.06-1.90
Ureter 3 (1.16) 0.23-3.38
Eye and orbit 2 (0.94) 0.11-3.40
Brain and other nervous system 23 (1.52) 0.96-2.28
Endocrine system 13 (1.25) 0.66-2.13
Lymphoma 75 (1.26) 0.99-1.57
Leukemia 133 (3.07)*e 2.57-3.64
Mesothelioma 7 (1.60) 0.64-3.29
Kaposi Sarcoma 5 (3.30)* 1.06-7.69
Miscellaneous 38 (0.82) 0.58-1.13

*p<0.05; O-observed number of cases; SIR-standardized incidence ratio
(=ratio of the observed to the number of expected cases); aRisk of SPC
in the hypopharynx significantly decreased (SIR: 0.0), bRisk of SPC in
the esophagus was significantly decreased (SIR: 0.35), while that in the
small intestine increased (SIR: 2.03), cRisk of female breast cancer
significantly decreased (SIR: 0.76), dSignificantly decreased risk of SPC
in the prostate (SIR: 0.75), eRisk of leukemia (SIR: 3.07), acute
lymphocytic leukemia (SIR: 5.48), acute myeloid leukemia (SIR: 7.01),
chronic myeloid leukemia (SIR: 2.26), other leukemias (SIR: 6.33)
significantly increased.



CML) was significantly increased between 5 and 20 years
after the diagnosis of MM, but not before or after that. 

C. Race. Although none of the three racial groups (whites,
blacks and other races) had a significant change in the
overall risk of SPCs compared to the general population
(Table III), the risk of a second malignancy in solid organs

was decreased by about 9% in whites, but not in other races.
Furthermore, a comparison of the site-specific risk of SPCs
in the three groups revealed certain interesting differences.
While whites had an increased risk of skin cancer and a
decreased risk of prostate and female breast cancer, blacks
experienced an increased risk of a second malignancy in the
small intestine and kidneys. Patients belonging to the other
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Table III. Effect of age attained, gender and race on the site-specific risk of SPCs in multiple myeloma.

Site of second malignancy Age attained at diagnosis of SPC Gender Race

0-29 years 30-59 years ≥60 years Males Females White Black Others
O (SIR) O (SIR) O (SIR) O(SIR) O (SIR) O (SIR) O (SIR) O (SIR)

All sites 0 (0.0) 166 (1.2)* 1,491 (0.98) 1,011 (0.97) 646 (1.0) 1,273 (0.97) 314 (1.1) 70 (1.2)
All solid tumors 0 (0.0) 138 (1.1) 1,256 (0.92)* 866 (0.92) 528 (0.96) 1,057 (0.91)* 278 (1.05) 59 (1.1)
All lymphatic and hematopoietic diseases 0 (0.0) 25 (2.4)* 189 (1.62)* 122 (1.6)* 92 (1.83) 177 (1.7) 29 (1.55)* 8 (1.98)
Oral cavity and pharynx 0 (0.0) 6 (1.1) 25 (0.75) 25 (0.87) 6 (0.6) 21 (0.7) 9 (1.4) 1 (0.75)
Digestive system 0 (0.0) 27 (1.1) 365 (1.05)b 218 (0.99)g 174 (1.1) 300 (1.05) 75 (1.1)q 17 (0.95)*s

Liver, GB IHBD, EHBD, other biliary 0 (0.0) 6 (2.5) 22 (0.9) 17 (0.98) 11 (1.0) 17 (0.9) 5 (0.99) 6 (2.1)t

Respiratory system 0 (0.0) 23 (0.99) 243 (0.9) 175 (0.9) 8 (0.9) 191 (0.88) 55 (0.98) 11 (1.2)
Bones and joints 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.3) 0 (0) 1 (0.9) 0 (0) 0 (0)
Soft tissue including heart 0 (0.0) 1 (1.3) 3 (1.51) 2 (0.5) 2 (0.77) 3 (0.6) 1 (0.94) 0 (0)
Skin excluding BCC and SCC 0 (0.0) 10 (1.8) 48 (1.4)*c 37 (1.33) 21 (1.7)* 54 (1.4)*m 3 (3.6) 1 (2.95)
Breast 0 (0.0) 21 (0.92) 107 (0.8)*d 1 (0.5) 127 (0.76)*k 92 (0.7)*n 29 (1.1) 7 (1.2)
Female genital system 0 (0.0) 10 (1.11) 56 (0.9) - 66 (0.9) 54 (0.9) 11 (0.95) 1 (0.4)
Male genital system 0 (0.0) 13 (0.7) 243 (0.75)*e 256 (0.75)*h - 179 (0.7)o 64 (0.9) 13 (1.3)
Urinary bladder 0 (0.0) 10 (2.1) 93 (1.1) 81 (1.2) 22 (1.2) 89 (1.14) 11 (1.4) 5 (1.5)
Kidney 0 (0.0) 9 (2.3)* 43 (1.4)* 39 (1.65)* 13 (1.2) 36 (1.34) 14 (2.2)* 2 (1.8)
Renal pelvis 0 (0.0) 0 (0.0) 2 (0.6) 0 (0) 2 (1.5) 1 (0.3) 1 (2.9) 0 (0)
Ureter 0 (0.0) 0 (0.0) 3 (1.2) 1 (0.6) 2 (2.5) 3 (1.3) 0 (0) 0 (0)
Eye and orbit 0 (0.0) 0 (0.0) 2 (1.1) 1 (0.8) 1 (1.2) 2 (0.96) 0 (0) 0 (0)
Brain and other nervous system 0 (0.0) 1 (0.5) 22 (1.7) 14 (1.5) 9 (1.5) 21 (1.6) 1 (0.7) 1 (2.6)
Endocrine system 0 (0.0) 3 (1.3) 10 (1.3) 7 (1.6) 6 (0.99) 10 (1.23) 1 (0.7) 2 (2.6)
Lymphoma 0 (0.0) 8 (1.4) 67 (1.2) 48 (1.4)*i 27 (1.10) 62 (1.22) 10 (1.6) 3 (1.3)
Leukemia 0 (0.0) 15 (5.2)*a 118 (2.92)*f 69 (2.5)*j 64 (4.1)*l 109 (2.98)*p 19 (3.45)*r 5 (4.6)*u

Mesothelioma 0 (0.0) 0 (0.0) 7 (1.7) 7 (1.9) 0 (0) 5 (1.3) 2 (5.3) 0 (0)
Kaposi Sarcoma 0 (0.0) 3 (5.8)* 2 (2.0) 4 (3.2) 1 (4.0) 4 (3.4) 1 (3.4) 0 (0)
Miscellaneous 0 (0.0) 3 (1.1) 35 (0.8) 18 (0.7) 20 (0.9) 28 (0.8) 7 (0.82) 3 (1.9)

*p<0.05; O-observed number of cases; SIR- standardized incidence ratio (ratio of the observed to the number of expected cases); aSignificantly
increased risk of acute non-lymphocytic leukemia (ANLL, SIR: 10.1), myeloid and monocytic leukemias (SIR:8.5), acute myelogenous leukemia
(AML, 10.6); bSignificantly decreased risk of second primary cancer in the esophagus (SIR: 0.44); cRisk of non-epithelial skin cancers (excluding
melanomas) is significantly increased (SIR: 2.8); dSignificantly decreased risk of second primary cancer in the female breast (SIR: 0.73); eRisk of
second primary cancer in prostate significantly decreased (SIR: 0.75); fThe risk of acute lymphoblastic leukemia (SIR: 5.3), ANLL (SIR: 6.9), AML
(SIR: 6.8), chronic myeloid leukemia (SIR: 2.1) and other leukemias (SIR: 6.3) is significantly increased while that of chronic lymphocytic leukemia
is significantly decreased (SIR: 0.12); gRisk of SPC of the esophagus significantly decreased (SIR: 0.46); hRisk of SPC of the prostate significantly
decreased (SIR: 0.75); iRisk of NHL as a SPC significantly increased (SIR: 1.4); jRisk for ALL (SIR: 6.0), ANLL (SIR: 6.0), AML (SIR: 5.6) and
other leukemias (SIR: 6.5) was significantly increased while that for CLL was significantly decreased (SIR: 0.08); kRisk of SPC in the female breast
significantly decreased (SIR: 0.76); lRisk of ANLL (SIR: 9.00), AML (SIR: 9.3), Chronic myeloid leukemia (SIR:4.3) and other leukemias (excluding
lymphocytic leukemias and MAML, SIR: 6.1) significantly increased; mRisk of non-epithelial skin cancers significantly increased (SIR: 2.9);
nSignificantly increased risk of female breast cancer (SIR: 0.7); oSignificantly decreased risk of second primary cancer (SPC) in the prostate (SIR:
0.7); pSignificantly increased risk of non-lymphocytic leukemias (SIR: 5.4), chiefly acute non-lymphocytic leukemias (ANLL, SIR: 7.3), acute
myelogenous leukemia (AML, SIR: 7.2), chronic myeloid leukemia (CML, SIR: 2.31) and other acute leukemias [excluding lymphocytic leukemias
and MAMLs (myeloid and monocytic leukemias), SIR: 9.5]. Also, significantly decreased risk of lymphocytic leukemias (SIR: 0.45), chiefly chronic
lymphocytic leukemia (SIR: 0.19); qSignificant increase in the risk of a small intestine SPC (SIR: 4.1) while the risk of esophageal SPC is
significantly decreased (SIR: 0.0); rRisk of ALL (SIR: 16.2); ANLL (SIR: 6.7) and MAMLs (SIR:5.2) and other leukemias (excluding lymphocytic
leukemias and MAMLs, SIR: 6.2). Among MAMLs, risk of AML is significantly increased (SIR: 6.82); sRisk of SPC of the colon, rectum and anus
significantly decreased (SIR: 0.34); tSignificant increase in the risk of liver SPC (SIR: 3.22); usignificantly increased risk of ANLL (SIR: 5.4).



races had a significant reduction in the risk of a colon, rectal
and anal SPC. Notably, the risk of leukemias was increased
in MM patients of all races (Table III). 

Prognostic impact of SPCs in MM patients. Having
determined the incidence and site-specific risk of SPCs, we
next sought to investigate their effect on prognosis in MM
patients. The overall 1- and 5-year relative survival of MM
patients with SPCs was 88.5% (95% CI 87.2%-89.7%) and
53.8% (95% CI=51.6%-55.9% respectively). Both 1- and 5-
year survival declined with advancing age. Blacks had a
slightly higher (not statistically significant) 5-year relative
survival compared to whites. There was, however, no
significant difference in either the 1- or 5-year relative
survival between males and females (Table IV). 

Univariate analysis also revealed that advanced age, race,
site of SPC and year of diagnosis but not gender or time

elapsed between the diagnosis of MM and the SPC were
predictors of survival in patients with SPCs (Table V). A
multivariate analysis revealed that the site of the SPC, race
and the year of diagnosis were independent predictors of
survival in SPC patients (Table VI). 

Discussion

Second primary cancers have emerged in recent years as
important determinants of morbidity and mortality among
cancer survivors. In the present study, we sought to
investigate the incidence of SPCs in MM, the risk factors
that predict their occurrence and to determine their effect on
survival. The results of our analysis suggest that the risk of
LAHMs is significantly increased while that of a solid
tumors is significantly decreased in these patients. 

ANTICANCER RESEARCH 32: 4507-4516 (2012)

4512

Table IV. Relative survival and age of onset of SPCs in MM patients with one or more SPCs.

Relative survival Age of onset of SPC

1 year 95% CI 5 year 95% CI Mean (±SE) Median Range p-Value (ANOVA)

All cases 88.5% 87.2-89.7 53.8% 51.6-55.9

Race
White 89.3% 87.8-90.7 53.8% 51.3-56.3 72.4±0.3 73.0 39-101 <0.0001
Black 86.1% 82.7-88.9 54.6% 49.5-59.4 69.2±0.5 69.5 34-96
Others 84.4% 76.6-89.8 49.9% 39.8-59.3 69.17±0.5 72.5 57-89
AI/AN* 88.9% 56.7-97.6 52.3% 22.9-75.2 71.2±2.6 74.0 53-83
Chinese 88.4% 62.8-96.8 46.5% 22.1-67.8 74.2±2.2 72.5 62-84
Japanese 86.2% 57.7-96.1 33.2% 34.6-81.4 73.2±2.6 74.0 57-84
Filipino 82.0% 64.0-91.5 44.8% 25.7-62.2 77.1±1.8 78.0 65-89
Hawaiian 74.4% 43.6-90.0 39.9% 14.7-64.5 69.9±2.2 68.5 57-86
Korean 61.0% 12.2-89.0 N/C 67.5±6.5 67.5 61-74
Vietnamese 85.0% 23-98.2 38.7% 4.4-74.9 76.5±1.5 76.5 75-78
Asian India/Pakistani 100% N/C 65.4% 10.0-92.4 76±14.4 76.0 66-86
Samoan 100% N/C 50.8% 0.5-91.6 59.5±2.5 59.5 57-62

Gender
Male 88.4% 86.6-90.0 53.9% 51-56.7 71.5±0.3 72.0 34-101 0.068
Female 88.6% 86.5-90.4 53.7% 50.4-57.0 72.3±0.4 73.0 39-97

Age
35-39 years 88% 66.7-96 75.1% 51.1-88.5
40-44 years 90% 74.9-96.0 72.3% 54.8-83.9
45-49 years 95.4% 88.3-98.2 70.8% 59.6-79.5
50-54 years 92.3% 87.3-95.4 73.2% 65.5-79.5
55-59 years 94.7% 91.1-96.8 65.1% 58.4-71.0
60-64 years 92.9% 89.6-95.2 60.7% 54.9-66.0
65-69 years 90.2% 87.1-92.6 54.9% 49.9-59.6
70-74 years 87.8% 84.4-90.5 49.1% 43.9-54.2
75-79 years 86.1% 82.2-89.1 42.8% 37.2-48.3
80-84 years 81.3% 75.2-86.0 41.5% 32.7-49.9
85+ years 72.7% 62.8-80.4 29.9% 17.8-42.8

N/C: Could not be calculated, *AI/AN: American Indian/Alaskan Native.



While there are no specific studies investigating the
occurrence of SPCs in MM, several population-based studies
have investigated the occurrence of SPCs in hematological
malignancies. The report of a 20-year-long study on the risk
of SPCs among patients with various known primary
malignancies from Victoria noted that the overall risk of
SPCs was not increased in MM patients. However, there was
a significant increase in the risk of bladder cancer in these
patients . The converse however was not true (i.e. patients
with bladder cancer were not at a higher risk of developing
MM) (11). Storm and co-workers, in an study among Danish
patients with LAHMs, reported that the risk of both solid and
hematological SPCs was significantly decreased in MM
(relative risk 0.8, relative to the general population) (23). We,
however, observed that while the overall the risk of SPCs
was not significantly affected, risk of solid malignancies
decreased and that of hematological malignancies increased

in MM patients. One possible explanation is that similar
molecular mechanisms may drive the development of
different hematological malignancies. These factors may be
influenced by local and environmental factors including
hormones, environmental factors, dietary habits and genetics.
Unraveling the underlying mechanisms would help design
better surveillance strategies in MM patients.

We observed that black race, age <70 years at the time of
diagnosis of the SPC, and the location of an SPC in the skin
were factors that predicted a longer survival in MM patients
with SPCs. Waxman and colleagues recently reported that
while the age at onset of SPCs was lower for blacks than
whites (65.7 years vs. 70.0 years, p<0.0001), and the
incidence two-fold higher, MM-specific survival was better in
blacks than in whites (25). This is similar to our observation
that MM was diagnosed about 2.8 years earlier in blacks than
in whites. Their mean survival was also about 8.5 months
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Table V. Kaplan Meier analysis of factors affecting survival in MM with SPCs.

Patient group Total N Censored Median (±SE) Mean (±SE) Log-Rank test 
(N, %) survival survival (Mantel-Cox)

Age at diagnosis
0-50 yrs 39 (2.3%) 11 (28.2%) 20±7.2 25.3±4.3 0.010
51-70 yrs 695 (40.2%) 127 (18.3%) 15.0±1.15 32.2±1.8
≥71 yrs 996 (57.6%) 102 (10.2%) 11.0±1.05 25.9±1.2

Gender
Male 1,048 (60.6%) 136 (13%) 12±0.96 28.3±1.3 0.76
Female 681 (39.4%) 104 (15.2%) 15±1.27 28.3±1.7

Race
White 1,308 (75.7%) 172 (13.1%) 12±0.9 26.8±1.1 0.004
Black 346 (20%) 57 (16.5%) 16±1.9 35.3±2.5
Others * 75 (4.3%) 11 (14.7%) 11±3.3 25.7±4.3

Organ system**
GU 488 93 (19%) 17±1.6 32.4±2.0 0.004
LH 227 33 (14.5%) 11±1.4 26.1±3.1
GI 433 39 (9%) 9±0.96 24.5±1.9
Bone, soft tissue, CNS and orbit 37 3 (8.1%) 18±4.5 21.8±3.4
Respiratory 264 15 (5.7%) 13±1.8 26.9±2.1
Skin 63 13 (20.6%) 22±4.8 42.9±8.1
Endocrine 175 36 (20.6%) 15±2.2 30.2±3.1

Year of diagnosis
1974-1978 75 0 (0%) 6±1.4 24.4±4.8 <0.0001
1979-1983 159 0 (0%) 6±0.95 20.4±3.2
1984-1988 220 0 (0%) 8±1.7 21.8±2.1
1989-1993 299 3 (1%) 11±1.6 24.3±1.9
1994-1998 295 17 (5.8%) 15±1.8 31.5±2.5
1999-2003 303 43 (14.2%) 15±1.9 28.6±2.2
2004-2008 377 177 (46.9%) 24±2.7 38.9±3.1

Months elapsed***
0-6 291 34 (11%) 12±2.3 25.6±2.1 0.40
7-12 166 17 (10%) 15±2.2 25.1±2.7
13-60 798 104 (13%) 14±1.1 28.1±1.4
≥61 453 81 (18%) 12±1.4 31.7±2.4

N: Number of patients, Multiple myeloma (MM), second primary cancer (SPC), *American Indian/AK Native, Asian/Pacific Islander; **sites of
occurrence of SPCs,***between diagnosis of MM and the SPC, genitourinary (GU), lymphohematopoietic (LH), gastrointestinal (GI).



longer in blacks than in whites. An earlier age of onset could
be one of the factors underlying the longer survival observed
in blacks, possibly owing to greater number of patients being
able to tolerate stem cell transplant and chemotherapy. 

Although the female gender has been reported to be
associated with shorter overall survival in MM (10), we did not
observe such a trend among patients with SPCs. Overall
survival was, however, higher in patients diagnosed with SPCs
in and after 1994 compared to those diagnosed earlier, possibly
due to advancements in diagnostic and therapeutic modalities.

We also observed that the organ system where an SPC
arose had a significant impact on survival of MM patients.
Specifically, survival was lower if the SPC arose in the bone,
soft tissues, CNS or orbits and highest if it arose in the skin.
Furthermore, patients with genitourinary or endocrine tumors
had a longer survival than those with gastrointestinal and
lymphohematopoeitic malignances. Studies in other tumors
(e.g. retinoblastoma (8)) have also shown that deaths in
patients with secondary malignancies depend, among other
things, on the site of the second primary and the treatment
given for the first primary tumor. The differences observed
in specific patient groups could be a useful aid to help
clinicians maintain a high index of suspicion in a particular
patient for SPCs at a specific site. Whether the

aggressiveness of the SPC is more or less compared to the
same tumor occurring as a primary malignancy, however, is
unknown and will need to be explored.

An interesting observation in our study was that patients of
Asian origin (Indian, Pakistani, Chinese, Filipinos, Vietnamese
and Japanese) had a higher mean age of development of the
SPC compared to whites, blacks or others. Furthermore, they
had a similar 1-year but shorter 5-year survival than the other
three ethnic groups (Table IV). While their numbers are too
few to permit an in-depth analysis, genetic, dietary,
environmental, cultural and lifestyle factors are likely to
influence their later diagnosis and hence shorter survival.
Studies involving cancer registries from the Asian countries
will help answer this question in the future. 

It is notable that patients who developed MM were at a
significantly higher risk of developing another lymphatic or
hematopoietic malignancy (Table II). Particularly, there was an
increased risk of leukemias but not of lymphomas. Among
leukemias, the risk of ALL, AML and CML was significantly
increased (Table II). Regression analysis revealed that the factors
that increased the risk of a second LAHM were male gender,
black race and age ≥71 years at the time of diagnosis (Table I).
A key question is how is the occurrence of MM and leukemias
connected? A report by Garipidou and colleagues described a
complex Philadelphia chromosome that contained translocations
between chromosomes 9, 14 and 22 and involved the locus
coding for the lambda light chain on 22q11. The patient in this
case developed MM after being initially diagnosed with CML 7
months back. It was also suggested that imatinib (used in treating
CML), which has a small stimulatory effect on MM cells in vitro
could have triggered the development of MM (9). It is unclear
however if the reverse is possible, i.e. patients with a similar
genetic pattern developing MM prior to a CML. Familial
clustering of MM (in child) with CML (in mother) has been
reported although the mechanism is unclear (26). AML has been
described to occur following long term alkylating therapy for
MM (21), and in certain case reports to occur concurrently with
MM (14, 22). A study from Sweden found that first-degree
relatives of MM patients had a significantly higher risk of
developing MM, ALL and bladder cancer (13). These studies
suggest a link between MM and leukemias, but further dissection
of the underlying genetics is awaited. 

In conclusion we have observed that MM patients are at a
significantly higher risk of a second LAHM and at a lower
risk for a solid organ SPC. Black race, male gender and
advanced age are risk factors that predict the occurrence of
SPCs in MM patients. Race, site of the SPC and year of
diagnosis of SPC but not age, gender or time elapsed
between MM and the SPC were independent predictors of
survival in these patients. The results of our study suggest
the need for closer surveillance of at-risk MM patients for
the development of SPCs and for further research into the
molecular pathways underlying the occurrence of SPCs. 
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Table VI. Multivariate analysis of factors that influence overall survival
in patients with MM and SPCs.

Variable* H.R. (95% CI) p-Value

Organ system 0.014
GU system 1.0 (reference)
LH system 1.14 (0.96-1.36) 0.13
GI system 1.25 (1.08-1.43) 0.002
Bones, soft tissue, CNS and orbits 1.17 (0.82-1.67) 0.38
Respiratory system 1.14 (0.97-1.33) 0.11
Skin 0.79 (0.59-1.07) 0.14
Endocrine 1.09 (0.89-1.33) 0.37

Race 0.003
Black 1 (reference)
White 1.23 (1.08-1.41) 0.002
Others 1.39 (1.05-1.84) 0.021

Year of diagnosis <0.0001
1974-1978 1 (reference)
1979-1983 1.08 (0.81-1.43) 0.60
1984-1988 0.99 (0.76-1.30) 0.98
1989-1993 0.93 (0.72-1.20) 0.58
1994-1998 0.77 (0.60-1.00) 0.05
1999-2003 0.81 (0.63-1.06) 0.12
2004-2008 0.59 (0.45-0.77) <0.0001

Hazards ratio (H.R.), confidence interval (CI), second primary cancer
(SPC), genitourinary (GU), Lymphohematopoietic (LH), gastrointestinal
(GI), central nervous system (CNS). *Age at diagnosis of SPC was not
retained in the final model.
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