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Background-—No data are available on sex disparities in prevalence and survival for primary malignant cardiac tumors (PMCT). This
study aimed to compare male and female PMCT prevalence and long-term survival rates.

Methods and Results-—We utilized the Surveillance, Epidemiology, and End Results (SEER) 18 database from the National Cancer
Institute for all PMCTs diagnosed between 1973 and 2015. From a total of 7 384 580 cases of cancer registered in SEER, we
identified 327 men and 367 women with PMCTs. The majority (78%) of patients were white. Sarcoma was the most common type
of PMCT in both men and women (�60%). Individuals diagnosed with lymphoma exhibited better survival than those with other
types of PMCTs. Men were diagnosed at a younger age than women; however, there was no significant difference in overall survival
between the sexes. Men diagnosed with PMCT between the ages of 51 and 65 years demonstrated prolonged survival compared
with those diagnosed at younger or older ages. There was no difference in survival rates among women based on age at diagnosis.

Conclusions-—PMCTs are rare in both men and women. Tumors tend to be diagnosed at an earlier age in men compared with
women, but there is no sex disparity in survival rate. Sarcoma is the most common type of PMCT, and lymphoma is associated with
the highest survival rate among both sexes. ( J Am Heart Assoc. 2020;9:e014846. DOI: 10.1161/JAHA.119.014846.)

Key Words: cardiac tumors • malignancy • sex • Surveillance, Epidemiology, and End Results • survival rate

P rimary malignant cardiac tumors (PMCTs) are rare,
representing �10% to 25% of all primary cardiac

neoplasms. Individuals diagnosed with PMCTs typically face
a very poor prognosis.1,2 More than 50% of PMCTs are
sarcomas; the other 2 types of PMCT, lymphoma and

mesothelioma, are far less common. The prevalence of
PMCTs has increased over the past 5 decades. Interestingly,
the overall survival rate has also improved during this period.
Nevertheless, compared with extracardiac cancers, patients
with PMTCs have worse outcomes.1 The 1-year survival rate is
�10% without surgical resection.3

Sex disparities have been reported previously in the setting
of other cardiovascular diseases, such as valvular heart disease,
peripheral arterial disease, coronary artery disease, and
hypertrophic cardiomyopathy.1,2,4–6 However, the relationship
between sex and PMCT outcomes remains to be definitively
established. Although PMCT prevalence, demographics, surgi-
cal outcomes, and survival have been studied, survival differ-
ences between men and women remain to be investigated.1,7–9

We used the Surveillance, Epidemiology, and End Results
(SEER) 18 database—the largest cancer database in the United
States—to evaluate sex disparities in PMCT prevalence and
survival among individuals diagnosed between 1973 and 2015.

Methods
The SEER database is publicly available. Additional informa-
tion on the database, the method used in the analysis, and the
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materials will be made available on request for purposes of
reproducing the results or replicating the procedure.

We used SEER*STAT v8.2.1 (Division of Cancer Control
and Population Sciences, National Cancer Institute [Calverton,
MD] https://seer.cancer.gov) to extract data on PMCTs
diagnosed between 1973 and 2015 from the National Cancer
Institute’s SEER 18 database. SEER 18 obtains data from 18
cancer registries in the United States (San Francisco,
Connecticut, Detroit, California, Kentucky, Louisiana, New
Jersey, Greater Georgia, Hawaii, Iowa, New Mexico, Seattle,
Utah, Alaska, San Jose–Monterey, Los Angeles, Rural Georgia,
and Metropolitan Atlanta) who had a histologic and/or
radiographically confirmed diagnosis of PMCT. The SEER site
code C38.0 (heart) was used to identify cases with pathology
limited to the heart. The International Classification of
Diseases for Oncology, 3rd Edition (ICD-O-3; World Health
Organization 2008) was used as the primary diagnostic
criterion. ICD-O-3 is used in tumor registries for coding the
site (topography) and the histology of neoplasms. An index
registry was used to classify patients into various geographic
regions: Midwestern (Detroit and Iowa), Western (California,
Los Angeles, San Francisco, Hawaii, New Mexico, Seattle,
Utah, Alaska, and San Jose-Monterey), Southern (Rural
Georgia, Kentucky, Louisiana, Metropolitan Atlanta, and
Greater Georgia), and North Eastern (New Jersey and
Connecticut). The SEER registries continuously code and sub-
mit American Joint Committee on Cancer (AJCC) 6th and 7th
edition stages for all cancers diagnosed in 2010 and beyond;

patients diagnosed before 2010 are staged using the AJCC
6th edition only. The AJCC 6th edition was used in this study
to increase the sample size by including all patients diagnosed
before 2010. Exclusion criteria included (1) age <18 years, (2)
stage 0 or in situ tumor, (3) unknown site of primary tumor,
(4) patient deceased and cause of death unknown, and (5)
history of previous cancer. Figure 1 shows a flowchart for
patient selection. Institutional review board approval was not
required because SEER 18 data are deidentified and publicly
available.

Statistical Analysis
We performed a sex-specific analysis of the effect of age
group and tumor type (PMCT). The baseline characteristics
and group differences were compared using the Pearson v2

test for proportions.10,11 The Kaplan–Meier method was used
for survival analysis and the log-rank test for equality of
survival functions, including assessing survival differences.12

Continuous data were analyzed using a t test.11,13 P<0.05 was
deemed statistically significant in this study. All statistical
analyses were performed using Stata v14.2 (StataCorp).

Results
The SEER 18 database included a total of 7 384 580 cases
of cancer diagnosed between 1973 and 2015. We identified
327 men and 367 women with PMCTs (Figure 1). Patient
characteristics, tumor characteristics, and a comparison of
male and female survival are outlined in Table. There was a
statistically significant difference in the age at diagnosis;
specifically, the average age of diagnosis was younger in men
than women (Figure 2). The incidence of PMCT decreased
after age 50 years. Approximately 78% of all patients
diagnosed with PMCT were white; black patients represented
the second most frequently affected ethnic group. The overall
incidence of PMCTs was higher in men, regardless of race
(Figure S1).

More than half (60.2% of men and 54.4% of women) of the
patients with PMCT were diagnosed in the western part of the
United States. The histologic stage was not known in >30% of
the cases, and the clinical stage was unknown in approximately
half of the cases. Themost common type of tumor was sarcoma
(61.8% of women and 58% of men). The second and third most
common types of PMCT were lymphoma and mesothelioma,
respectively. Only about 18% of patients underwent radiation
therapy. Surgical resection was performed in 50.5% of women
and 43% of men with PMCT, and 11% of all patients with PMCT
underwent combination surgery and radiotherapy. The overall
prevalence of PMCTs was 0.005% for men and 0.004% for
women. Diagnostic confirmation of PMCT was established via

Clinical Perspective

What Is New?

• Primary malignant cardiac tumors present at a younger age
in men compared with women; however, no other sex
disparities are associated with these neoplasms.

• Sex has no effect on primary malignant cardiac tumor
survival.

• Among the subtypes of primary malignant cardiac tumors,
lymphoma is associated with the highest survival rate in
both men and women.

What Are the Clinical Implications?

• Primary malignant cardiac tumors are rare; however, these
tumors are associated with poor outcomes in both sexes.

• More than a quarter of men with primary malignant cardiac
tumors are diagnosed before age 50 years; therefore, a
prompt and thorough evaluation should be performed in
young men presenting with suspicious symptoms.

• Resection of primary malignant cardiac tumors may be
curative, and improved outcomes can be achieved through
early detection and surgical intervention.
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histology in �87% of patients. PMCT was diagnosed with
cytology, radiography, clinical evaluation, and direct visualiza-
tion in the remaining cases.

The overall survival rate was 17.7% for men and 15% for
women. Median overall survival by sex was 16 and 14 months
for men and women, respectively. However, the difference in
the survival rate was not deemed statistically significant, as
shown in Figure 3. The overall survival rate was highest
among individuals diagnosed between the ages of 18 and
50 years, regardless of sex (Figures S2 and S3). Sarcoma was
the most common type of PMCT (�60%), followed by
lymphoma, mesothelioma, and others. Lymphoma was asso-
ciated with the highest survival rate; the lowest survival rate
was observed among individuals diagnosed with mesothe-
lioma (Figure S4). Lymphoma was associated with prolonged
survival among both sexes (Figure 4A and 4B). There were no
statistically significant sex-specific differences in the
histopathology of the tumors (Table).

Statistically significant sex disparities in survival were not
observed. The sex difference in survival was also tested by sex
and age as an interaction term, with no difference in survival
(P=0.392). This was again tested by introducing an interaction
term between sex and tumor type, and similar results were
observed (P=0.850). Men diagnosed with PMCT between the
ages of 51 and 65 years demonstrated prolonged survival
compared with younger and older men (P=0.0103; Figure 4C).

There was no difference in survival among women based on
age at diagnosis.

Discussion
Our study describes the influence of sex on the baseline
characteristics, histopathology, staging, diagnosis, treatment,
and survival rate among patients diagnosed with PMCT.
PMCTs are exceedingly rare, accounting for only 0.008% of all
malignancies reported in the SEER database between 1973
and 2011.1 We evaluated new data added to the database
between 2011 and 2015 and found a modest increase in the
prevalence of PMCTs; these uncommon tumors now represent
0.009% of all cancers included in the SEER database. PMCTs
represent �9.4% of all primary cardiac tumors. Prevalence
peaks in the fifth decade of life.

We did not observe any significant sex disparity in long-
term survival; however, there was a slight female predilec-
tion in PMCT prevalence (52.9%). It has been hypothesized
that the increased prevalence of PMCTs among women is
due to exposure to chest radiation for breast cancer and the
established tumorigenic effect of estrogen.14,15 The mean
age of diagnosis was slightly younger among men than
women. White patients were disproportionately affected
compared with members of other ethnic groups. These
findings are consistent with previous investigations and may

En�re cohort in the SEER database from 1973 and 
2015 

(N=7 384 580)

Exclusion criteria:
• Age<18 years (N=56)
• Unknown Site of Primary Tumor

(N=103)
• Survival Time Missing (N=302)
• Not a First Tumor (N=9856)
• Unknown Cause of Death (N=1020)
• Race Unknown (N=201)
• Not a Diagnosis of PMCT (N=7 372

348)

Total Pa�ents Included in the final Analysis with 
primary malignant cardiac tumor

(N=694)

Male (N=367) Female (N=327)

Figure 1. Flow chart for the patient selection with exclusion criteria SEER:
Surveillance, Epidemiology and End Results.
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be related to underreporting due to racial inequities in
healthcare access.16 It is unknown if there are genetic or
environmental predispositions to explain this observation. No
difference was noted in the distribution of tumor type
between the sexes; the ratio of sarcomas, lymphomas, and
mesotheliomas was approximately equivalent. There was
also no significant sex difference in the type of treatment
provided.

Data were available for 3 distinct histologic subtypes of
PMCT: lymphoma, sarcoma, and mesothelioma. Of these,
sarcomas were the most common type (59.8%), followed

Table. Demographics and Baseline Characteristics in Patients
With PMCTs

Variable Female Male P Value

Age, y, mean�SD 57.5�19.1 52.6�18.5 0.001

Age group

18–50 115 (35.2) 183 (49.9) 0.001

51–65 87 (26.6) 84 (22.9)

66–80 84 (25.7) 64 (17.4)

>80 41 (12.5) 36 (9.8)

Race

White 254 (77.7) 291 (79.3) 0.583

Black 34 (10.4) 41 (11.2)

Others 39 (11.9) 35 (9.5)

Region

Northeastern 51 (15.6) 42 (11.4) 0.233

Midwestern 46 (14.1) 42 (11.4)

Western 178 (54.4) 221 (60.2)

Southern 52 (15.9) 62 (68.9)

SEER historic stages

Localized 70 (21.4) 68 (18.5) 0.738

Regional 65 (19.9) 71 (19.4)

Distant 84 (25.7) 95 (25.9)

Unstaged 108 (33.0) 133 (36.2)

Staging

I 31 (9.5) 38 (10.4) 0.432

II 29 (8.9) 23 (6.3)

III 19 (5.8) 25 (6.8)

IV 72 (22.0) 67 (18.3)

Unknown 176 (53.8) 214 (58.3)

Type of tumor

Lymphoma 78 (23.9) 100 (27.3) 0.748

Sarcoma 202 (61.8) 213 (58.0)

Mesothelioma 19 (5.8) 21 (5.7)

Other 28 (8.6) 33 (9.0)

Radiation

Yes 59 (18.0) 66 (18.0) 1.00

No 268 (82.0) 301 (82.0)

Surgery

Yes 165 (50.5) 158 (43.1) 0.051

No 162 (49.5) 209 (57.0)

Radiation and surgery 36 (11.0) 39 (10.6) 0.871

Diagnostic confirmation

Histology 287 (87.8) 319 (86.9) 0.814

Cytology 25 (7.7) 27 (7.4)

Continued

Table. Continued

Variable Female Male P Value

Clinical 4 (1.2) 3 (0.8)

Direct visualization 0 (0.0) 1 (0.3)

Radiography only 8 (2.5) 14 (3.8)

Unknown 3 (0.9) 3 (0.8)

Survival

Alive 49 (15.0) 65 (17.7) 0.333

Dead 278 (85.0) 302 (82.3)

Histopathology

Lymphoma 78 (43.8) 100 (56.2) 0.102

Sarcoma 202 (48.7) 213 (51.3) 0.588

Mesothelioma 19 (47.5) 21 (52.5) 0.752

Other 28 (45.9) 33 (54.1) 0.523

Data are shown as n (%) except as noted. PMCT indicates primary malignant cardiac
tumor; SEER, Surveillance, Epidemiology, and End Results.

16.6

12.5 12.1

5.91

26.4

12.1

9.22

5.19

0

5

10

15

20

25

30

18—50 51—65 66—80 >80

%

Female Male

Figure 2. Age at diagnosis for primary malignant cardiac
tumors, stratified by sex. There was statistically significant
difference in the incidence of PMCTs between the ages of 18
and 50. After 50 years, males had lower incidence compared with
females which was not statistically significant. SEER indicates The
Surveillance, Epidemiology, and End Results; PMCT, primary
malignant cardiac tumors.
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by lymphomas (25.6%) and mesotheliomas (5.8%). These
proportions are similar to those reported by Oliveira and
colleagues, 1 who observed that 64.8%, 27%, and 8% of
PMCTs were sarcomas, lymphomas, and mesotheliomas,
respectively. However, other investigators have described
a significantly lower prevalence of lymphomas.3,17,18 The
underlying cause of the increasing prevalence of lym-
phoma remains to be elucidated, but it has been
hypothesized that Epstein–Barr virus–induced lymphopro-
liferative disorders may develop secondary to AIDS or
cardiac transplantation.19

Approximately 50% of patients underwent surgery, which
has been established as the most effective therapy for
PMCTs.20,21 Less than 20% of patients underwent radiation
therapy; this may be due to the risk of radiation-induced
cardiac toxicity, which typically manifests as pericarditis or

Figure 3. Kaplan–Meier survival estimates for overall survival:
stratified by sex. There is no difference in overall survival between
both sexes.

A

C

B

Figure 4. Kaplan–Meier survival estimates by type of tumor. For males (A) and females (B), lymphoma has highest survival rate among all the
primary malignant cardiac tumors. C, overall survival for entire cohort by age group; (C) demonstrates that patients between 51-65 years have
the highest survival rate compared with other age groups.
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cardiomyopathy. Furthermore, sarcomas are not highly
radiosensitive, and thus a moderate level of radiotherapy is
minimally effective.22

PMCTs are generally associated with poor outcomes, and
only half of the patients in our analysis were alive at the end
of 25 months. However, survival was improved compared
with previous analyses.1 The age at diagnosis influenced the
survival of patients with PMCTs; 100-month survival was the
lowest in those aged >80 years. There were no significant
survival differences between men and women. Interestingly,
men demonstrated a significant difference based on age: men
diagnosed between the ages of 51 and 65 years survived
longer than their older and younger counterparts. In contrast,
female survival was unaffected by age at diagnosis. In a
comparison of the 3 main tumor types, there was a significant
survival advantage for individuals diagnosed with lymphoma.
It has been postulated that the improved outcomes among
individuals with lymphoma-type PMCTs were due to the
potential to achieve full recovery with combined surgery and
postoperative chemotherapy.23 Mean 5-year survival was
�40%, which represents a 1% decrease in survival in the
4 years between 2011 and 2015.1

This study utilized the SEER database, which is considered a
highly reliable source of epidemiologic information. Neverthe-
less, human error in data collection is unavoidable, and we
were unable to determine if mortality was specifically related
to PMCT or if other contributory factors were present.
Furthermore, we were also unable to determine whether
PMCTs with distant metastases affected the morality rate or if
mortality was caused by cardiovascular compromise (eg, lethal
arrhythmias, diminished cardiac index, or increased throm-
boembolic events in the setting of malignancy). The SEER
database also does not report specific chemotherapy regi-
mens; therefore, we were unable to control for the influence of
systemic toxicities of various chemotherapy regimens. As data
were collected over a longer period, it is conceivable that there
were confounders related to classification and/or treatment
modalities. Finally, “California data” include California exclud-
ing San Francisco, San Jose–Monterey, and Los Angeles.

Conclusions
PMCTs are rare and associated with poor prognosis. There
are no sex disparities in the distribution of PMCTs by type or
treatment modality. There is also no significant difference in
survival between men and women. Knowledge regarding the
influence of sex, age, and race on PMCT survival may help
facilitate the development of targeted therapies for at-risk
subgroups and help frame advance care planning conversa-
tions between patients and providers.

Disclosures
None.
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SUPPLEMENTAL MATERIAL 

 



Figure S1. Racial Difference in the Incidence of Primary Malignant Cardiac Tumors: 

Stratified by Sex. 

 

There was statistically significant difference between both sex and males had higher incidence of 

PMCTs in whites and blacks.  
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Figure S2. Overall Survival Rate in Males with Primary Malignant Cardiac Tumors: Stratified 
by Age. 

 
 
Highest survival rate was observed in patients who were diagnosed early in life.  
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Figure S3. Overall Survival Rate in Females with Primary Malignant Cardiac Tumors: Stratified 
by Age. 

 
Highest survival rate was observed in patients who were diagnosed early in life.  
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Figure S4. Overall Survival Rate by Tumor Type. 

 
 
Highest survival rate was observed in lymphoma while lowest survival rate was observed in 
mesothelioma. 
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