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Abstract. Background: To our knowledge there are no
population-level studies on the association between non-
treatment-related myelodysplastic syndrome (MDS) and
subsequent primary solid tumors. Materials and Methods:
Adult patients diagnosed with non-treatment-related MDS
were selected from the SEER 18 database and the risk of
subsequent primary solid tumor was calculated. Results: A
total of 40,780 patients with a diagnosis of MDS were
reported in the SEER 18 registry during 2001 to 2011. In
these patients, 2,111 subsequent primary solid tumors were
diagnosed with an observed/expected (O/E) ratio of 1.16 and
an absolute excess risk of 26.86 per 10,000. Diagnosis of
subsequent solid tumor was most likely immediately after
diagnosis of MDS or within 1 year of diagnosis. Conclusion:
The risk of diagnosis of primary solid tumor malignancy in
adult patients with de novo MDS is significantly higher
compared to the general population. It is unclear whether
this is due to detection bias or underlying pathophysiology.

Myelodysplastic syndromes (MDS), caused by derangements in
hematopoiesis, may occur de novo, secondary to malignancy, as
treatment-related MDS or because of exposure to certain toxins.
Presentations range from indolent disease to transfusion-
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dependent disease and conversion to acute leukemia. MDS is a
disease primarily of the elderly (1), thus its prevalence is
thought to be increasing. Recent analysis estimated the
incidence at 103 per 100,000 in the population aged 65 years
and older (2). Thus, MDS represents a large economic burden,
especially in patients requiring frequent supportive therapies (3).

The diagnosis of MDS relies primarily on cytological and
histological evaluation of peripheral blood and bone marrow
in addition to high clinical suspicion. There are two major
classification systems primarily in use: French-American-
British (FAB) classification (4) and the more recently
updated World Health Organization (WHO) classification
(5). The WHO classification differs from the FAB in that it
accounts for genetic abnormalities del(5q) and splicing factor
3b subunit 1 (5). Recent studies have implicated mutations
in gene splicing mechanisms and epigenetic regulators as
important prognostic indicators, although not yet included in
any classification systems (6, 7).

In an analysis published in the 1992 by Sans-Sabrafen et
al., 155 patients with a known diagnosis of primary MDS
had a significantly higher incidence of tumors than the
general population, 21 of them presenting with malignant
solid tumors (8). An additional case study of six patients
with primary MDS and an additional second primary
malignancy revealed all six with a normalization of
cytopenia post treatment of their co-existing malignancy (9).

MDS became reportable to the Surveillance, Epidemiology,
and End Results (SEER) Program (the United States cancer
surveillance program) in 2001. This database represents
approximately 26% of the US population including nine
states (New Mexico, Hawaii, Utah, Iowa, Connecticut,
Greater California, Kentucky, Louisiana, New Jersey), five
metropolitan areas, and the Alaska Native Tumor Registry. A
study published in 2007 based on the SEER 17 data from
2001 to 2003 investigating incidence and survival of patients
with MDS in the United States, found more than 10,000 cases
diagnosed annually, with the 3-year survival rate at about
35% (10). To our knowledge, there have been no population-
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based studies investigating the association between de novo
MDS and incidence of solid tumors.

Materials and Methods

Population. Data for adult patients diagnosed with non-treatment-
related MDS were retrieved from the SEER 18 database. The term
"myelodysplastic syndrome and other myeloproliferative" in the
International Classification of Childhood Cancer (ICCC) site recode
extended ICD-O-3/WHO 2008 (2010 updates to the leukemia and
lymphoma codes in the SEER database) and found 57,548 cases.
The ICCC-3 classifies tumors into 12 main diagnostic groups with
47 subheadings. These categories are designed to be consistent with
the genetic and pathological categorizations of the WHO (11-14).
This classification applies the codes, rules and morphology of the
ICD-0-3 and is continuous with previous classifications (14). ICCC-
3 also includes previously excluded subgroups including group 1d,
‘myelodysplastic and other myeloproliferative disorders’, rarely
found in children, included, however, for the benefit of population-
based studies and databases.

The WHO published its recommendations for the classification
of MDS in 2016 (5). The WHO’s recommendations classify MDS
into i) MDS with single lineage dysplasia, ii), MDS with
multilineage dysplasia iii) MDS with ringed sideroblasts (single or
multilineage dysplasia, iv) MDS with isolated 5q deletion, v) MDS
with excess blasts-1 or 2, vi) MDS unclassified.

Data analysis. The SEER database was queried for total and
primary MDS cases from 2001-2011. Rate, frequency and life
expectancy of primary MDS were identified for all patients
diagnosed with MDS, totaling 115,096 patients and these were
stratified by race and sex. Out of the total, 40,780 cases were
analyzed for development of primary solid tumor (PST) and
included only cases that were primary diagnoses, without a prior
cancer diagnosis, thus therapy-related cases were excluded. The risk
of malignant PST was calculated in these patients using a primary
standardized incidence ratio (MP-SIR) analysis in the SEER Stat
software (Surveillance Research Program, National Cancer Institute
SEER STAT software, seer.cancer.gov/seerstat version 8.3.2). Due
to the multiplicity of solid tumor categories in the SEER database
(119 types), a confidence level of a=0.001 was used to reduce the
possibility of false positives from a multiple comparisons problem.
The observed/expected (O/E) ratio and confidence intervals (CI)
organized by solid tumor location, namely esophagus, ascending
colon, liver, lung/bronchus, urinary system, kidney, kidney/renal
pelvis, colon/rectum/anus, respiratory system, digestive system and
urinary system. These tumor subtypes were organized by latency
from time of MDS diagnosis. Latency of 0 months was taken as
synonymous with the simultaneous diagnosis of MDS and PST. The
latency periods of 0, 1-5, 6-11, 12-59 and >60 months were
calculated for differences in O/E ratio, subcategorized by tumor
location. The data were stratified by sex, age at diagnosis, race and
absolute excess risk (AER) per 10,000 population. The AER is an
absolute measurement which correlates to the excess cancer events.

Results

A total of 115,096 patients with ‘myelodysplastic syndrome
and other myeloproliferative diseases’ and 40,780 patients
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Table 1. Demographics of patients diagnosed with primary solid tumor
(PST) subsequent to diagnosis of myelodysplastic syndrome (MDS).

Value

Total number of patients with MDS in cohort
Gender, n (%)

40,780

Male 22,453 (55.1%)

Female 18,327 (44.9%)
Race, n (%)

White 34,151 (83.7%)

Black 3,203 (7.9%)

Other 2,840 (7.0%)

Total number of PST
Gender, n (%)
Male
Female
Age at diagnosis of PST
Median (range)

2,111

1,297 (61.4%)
814 (38.6%)

76.37 (0-98)

with MDS as a primary diagnosis were reported in the SEER
18 registry from 2001 to 2011. Demographics of the
population by gender and race are shown in Table I. The
racial profile of the MDS cohort consisted of 83.74% White,
7.85% Black and 6.96% other. In this population, a total of
2,111 primary solid tumors were diagnosed with a total O/E
ratio of 1.16, and an absolute excess risk of 26.86 per 10,000
(95% CI=1.07-1.24, p<0.0001). Out of 94 possible regions
of origin for solid tumors, 13 were associated with prior
diagnosis of MDS at the p<0.10 level, spanning primary
solid tumor locations in the digestive system, esophagus,
ascending colon, liver and biliary system, respiratory system,
male genital system, prostate, urinary system, and kidney
(Table II). At the p<0.001 level, solid tumors of the digestive
system, malignancies of the liver, gallbladder, intrahepatic
bile duct and other biliary organs; liver alone; respiratory
system, lung, bronchus, trachea, mediastinum and other
respiratory organs; lung and bronchus; kidney and renal
pelvis; and kidney alone were significantly more likely after
a diagnosis of MDS (Table II). The mean age at diagnosis of
MDS was 76.37 years (0-98 years) and mean follow up
duration of patients was 15.80 months (0-120+ months).

PST and latency period. Patients were significantly more
likely to be diagnosed with PST simultaneously with MDS
(O/E 2.3) or within 11 months (O/E 1.22). The latency periods
from 1 to 10 years from the diagnosis of MDS did not show
any statistically significant increase in observed versus
expected diagnosis of PST SPM of any origin. PST SPMs
originating in the colon and rectum were more common than
expected in 0-0 and 1-5 month time periods, but not overall.
Likewise, tumors originating in the stomach were more
common than expected in the first 1-5 months, but not at any
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Table II. Risk of diagnosis of primary solid tumor (PST) subsequent to diagnosis of myelodysplastic syndrome (MDS) by patient sex and solid

tumor location.

95% CI

Event Type O/E Lower Upper p-Value AER
All Solid Tumors

Total 1.16 1.07 1.24 0.0001 26.86

Male 1.19 1.06 1.33 0.0027 28.34

Female 1.14 1.03 1.24 0.0057 25.27
Digestive system 1.34 1.17 1.53 <0.0001 14.39
Esophagus 1.74 0.99 2.81 0.0371 1.68
Ascending colon 1.63 1.03 244 0.0262 223
Liver, gallbladder, intrahep bile duct and other biliary 2.29 1.65 3.08 <0.0001 6.17
Liver 3.13 2.16 438 <0.0001 5.78
Respiratory system 141 1.22 1.63 <0.0001 13.97
Lung, bronchus, trachea, mediastinum and other respiratory organs 143 1.23 1.66 <0.0001 13.77
Lung and bronchus 1.43 1.23 1.66 <0.0001 13.81
Male genital system 0.8 0.65 0.97 0.0286 —6.37
Prostate 0.8 0.65 0.98 0.0329 -6.27
Urinary system 1.22 0.99 1.49 0.0562 448
Kidney and renal pelvis 1.72 1.23 2.33 0.0009 43
Kidney 1.81 1.29 248 0.0004 441

AER, Absolute excess risk calculated as cancers per 10,000 person-years.

other time. However, several tumor sites were more common
than expected, both overall and in the first 6 months, including
tumors of the digestive system; kidney; kidney and renal
pelvis; liver; lung; lung, bronchus, trachea, mediastinum, and
other respiratory organs; respiratory system; male genital
system; and prostate. Notably, tumors originating in the liver
were more common than expected from 0-119 months post-
MDS diagnosis and tumors of the lung and bronchus were
more common 0-59 months post-MDS diagnosis.

PST and sex. Our MDS cohort, totaling 40,780 individuals,
consisted of 55.06% males and 44.94% females. Out of the
total 2,111 cases of non-treatment related MDS diagnosed
with PST, 1,297 were male and 814 were female. Diagnosis
of any PST was significantly more likely in men and women
simultaneously with (0 months latency) or within 6 months
of (0-5 month latency) diagnosis of MDS. Females were
diagnosed with more PSTs originating from any solid organ
than expected, relative to Males (O/E 1.19 versus 1.14).
Specifically, Female individuals had higher than expected
diagnoses of solid tumors, relative to Male individuals,
originating in the digestive system, kidney, kidney and renal
pelvis, liver, and urinary system, while Males had higher
than expected diagnoses of PSTs in the esophagus;
esophagus; liver, gallbladder, intrahepatic bile duct and
other biliary organs; lung, lung and bronchus, and lung,
bronchus, trachea, mediastinum and other respiratory
organs; respiratory system; and, of course, in the male
genital system and prostate.

PST and age/sex. Our findings concurred with the findings
of previous studies (1, 2, 8, 10). The elderly population had
a higher incidence of MDS, with the majority of cases
occurring in the 60+ age group, mean age of diagnosis at 75
years (Tables I and II). The rate of MDS was higher in males
from all age distributions, with the 85+ category having the
largest differential (M: rate 98.43, F: rate 44.48). The
incidence of MDS by age and gender scales roughly
exponentially, with a small peak at 1-4 years old (113 cases;
62 cases M, 51 cases F) followed by an exponential increase
from 64 cases (31 cases M, 33 cases F) in the 5-9 years-old
age range, reaching a peak at the 85+ age range with 8,910
cases (4,521 cases M, 4,398 cases F). Of all cases, 18.9%
were reported in individuals less than 65 years old and
81.1% were reported in individuals 65 years of age or older.

Bias. Although we were able to control for age, sex, race and
prior history of chemotherapy, due to limitations in reporting
in the SEER database, we were unable to control for other
known risks for MDS such as exposure to benzene, smoking,
and obesity (13).

Discussion

Previous studies of smaller scale have indicated a higher
incidence of malignant tumors in patients with MDS (8),
however, to our knowledge this is the first population-based
study to evaluate the incidence of diagnosis of solid tumors
in patients with a primary diagnosis of MDS in the United
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States. Our findings of the MDS cohort correlated with
previous population-based studies showing that the incidence
of MDS increases with advanced age (10, 15), with the
majority aged over 60 years, with highest incidence in
patients over 75 years old, and is greatest in White males.

An interesting difference from previously published SEER
database studies is the higher rates of MDS found in both
males and females. One explanation could be the more recent
classification system of the ICCC-3 which incorporates a
broader definition and may be including populations which
had been missed with the ICD-03 coding system.

In a 2007 study based on the SEER 17 registry, patients
diagnosed with MDS from 2001-2003, 998 out of 7131 (14%)
were found to have had other primary tumors diagnosed prior
to MDS diagnosis, with the most common solid tumor sites
being the prostate (19.9%) and breast (16.5%). There was a
median time from diagnosis of first to second primary tumor of
4.5 years (10). Those findings contrast with our study, which
found the greatest incidence of solid tumors to be
simultaneously with diagnosis of MDS, with prostate having an
O/E ratio of 0.8 (p<0.001, 95% CI=0.65-0.98, AER=-0.627).
This outlines the difference between patients with a known
diagnosis of a PST who later develop primary MDS from
patients with known MDS who then are diagnosed with a PST.

As breast and prostate cancer are of high prevalence and
incidence in the general population, the finding is less likely to
be causally related to de novo MDS, itself. It is possible that
as patients are diagnosed and treated for a PST, their anemia
could be either directly or indirectly related to the tumor itself
or to the treatment for the tumor, rather than the suspicion of
primary MDS, therefore accounting for the prolonged latency
period. Malignancies of the liver and kidney were the most
significantly noted for being diagnosed with MDS. Females
had a much higher O/E ratio of kidney and liver cancer than
males, with the highest at the 0-month latency. The reason for
this difference is not known. One explanation for this
dramatically higher incidence of diagnosis of PST immediately
after or simultaneously with diagnosis of de novo MDS is
detection bias. Undoubtedly, individuals who receive a primary
malignant diagnosis are more likely to receive additional
testing that may reveal a second diagnosis.

In an intriguing study of 131 patients who developed MDS
or leukemia after treatment for a PST, there was no time
difference noted in relationship to whether the patient had
surgery alone or use of chemotherapy to the development of
MDS or leukemia. The cytogenetic risk distribution was
similar for the patients treated with chemotherapy or
chemotherapy/radiation compared with patients who had
surgery alone (15). From this observation, we postulate a
potential causal association between MDS and the
development of PST may be one of cytogenetic risk, rather
than chemotherapy-induced mutations or a paraneoplastic
etiology. This could explain the outcome in the previously
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mentioned case series of six patients in whom cytological
abnormalities resolved after treatment for PST (9).

Recently, mutations affecting components of the spliceosome
have been identified to be involved in both MDS and PST. In a
study of 582 samples from patients with a myeloid malignancy,
209 were found to have identifiable spliceosome mutations, the
highest percentage being in the group with refractory anemia
and ringed sideroblasts (86%) (16). MDS spliceosome
mutations have been identified in patients with tumors of the
breast (17-19), lung (20) and pancreas (21).

Further studies are needed to understand the etiology of
these associations and even more importantly, their
implication in screening and treatment. A genomic study of
patients with treatment-related acute myeloid leukemia
(AML) and MDS found that a history of chemotherapy may
not in fact cause related mutations. In that study, the same
percentage of mutations were found in patients with de novo
and treatment-related AML. The same 7TP53 mutations
present in patients with treatment-related AML and MDS
were present in samples prior to chemotherapy (22).

Looking forward, our population-level study may assist
in understanding the biological relationship between MDS
and PST, may inform screening protocols for identifying
higher-risk populations, and may inspire further studies for
the identification of novel cytogenetic markers of both MDS
and PST.
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