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Background: Primary malignant cardiac tumors (PMCTS) are rare and tend to have a poor prognosis, due
to their aggressive biological behavior and the inadequate expertise with the disease. This article compares
the survival of patients with PMCT subtypes in the United States across age and treatment groups.
Methods: Data of 529 patients diagnosed with PMCTs were analyzed. Chi-squared test was used to assess
significance of the differences between proportions in demographic and tumor characteristics by age and
treatment. Cox regression analysis was used to estimate survival from the Surveillance, Epidemiology, and
End Results (SEER) follow-up data.

Results: Survival rates for PMCTs differed significantly between age groups, with patients younger than
20 years surviving significantly longer than those older than 80 years. The median survival times of all
patients with PMCTs were 22.5, 11, 5, and 1 month for ages less than 20, 20-50, 51-80, and greater than
80 years, respectively (global log-rank P=0.0026). In the treatment cohort, for all tumors [hazard ratio (HR)
1.52, P<0.001], sarcomas (HR 1.83, P=0.002), and other tumors (HR 2.24, P=0.017), survival was lower in
patients who did not receive treatment than in those who received only surgery. Survival after diagnosis of
sarcoma was lower in patients who received radiotherapy only than in those who received surgery only (HR
1.49, P=0.046). However, there was no significant association between treatment and survival for lymphoma
and mesothelioma.

Conclusions: This study confirms that PMCTs have limited treatment options and poor patient survival,
especially for elderly patients and patients who receive no treatment. And patients with PMCTs of any
age, whether treated or not, have poor survival rates. Techniques for early diagnosis and treatment may be

necessary. Surgical treatment should have a higher priority for future treatment of patients with sarcomas.
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Introduction

Primary malignant cardiac tumors (PMCTs) are rare and
tend to have a poor prognosis, due to their aggressive
biological behavior and the inadequate clinical expertise
with the disease (1). Over the past 40 years, the incidence and
survival of PMCTs appear to have increased in the United
States (US) (2,3). The most common histopathologic type
of PMCTTs is sarcoma, with lymphoma and mesotheliomas
accounting for a smaller fraction of cases (4).

When a primary cardiac tumor is highly suspected,
surgical resection is the mainstay of treatment for both
benign and malignant behaviors (5). Even though many
patients refuse surgery or other treatment due to their
poor general condition or the presence of significant
comorbidities, the available retrospective data suggest that
multimodality treatment (including surgery, chemotherapy,
and radiation) planned by a multidisciplinary team and
patient-tailored may improve the relapse-free survival
(RFS) and, in some cases, the overall survival (OS) (6).
However, due to the lower incidence and the difficulty
of early diagnosis of PMCTs, the data are limited and
are mostly based on single center studies, multicenter
studies with small sample sizes, case reports, and autopsy
studies (7-11). Nevertheless, almost nothing is known
on the mortality and survival rates of PMCTs currently,
particularly in different age and treatment groups. A small
number of other studies which have examined PMCTs
survival in the US have not reported death rates by either
age or therapy (12-15). Older ages are often associated
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with higher mortality and poor prognosis. Although
malignant cardiac tumors are more common in young
adults, the association between age and survival in patients
diagnosed with PMCT5s remains unclear (15-17).

In this report, we described the survival differences
between different ages and treatment strategies in specific
PMCTs subtypes using data from the population-based
US Surveillance, Epidemiology, and End Results (SEER)
cancer registries. We present this article in according with
the STREGA reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-23-1054/rc).

Methods
Study population

All data were extracted from 18 registries of SEER through
SEER*Stat software (version 8.3.4; https://seer.cancer.gov/
seerstat/) on 25 October 2018. The 18 cancer registries in
the US are as follows: Atlanta, Connecticut, Detroit, Hawaii,
Towa, New Mexico, San Francisco-Oakland, Seattle-Puget
Sound, Utah, Los Angeles and San Jose-Monterey, Rural
Georgia, the Alaska Native, Greater California, Kentucky,
Louisiana, New Jersey, and Greater Georgia. We used
SEER 18-Registry Research Data with Hurricane Katrina-
Impacted Louisiana Cases, November 2015 Submission
(1973-2013 varying) - Linked to County Attributes - Total
U.S., 1969-2014 Counties, National Cancer Institute,
Division of Cancer Control and Population Sciences
(DCCPS), Surveillance Research Program, released in
April 2016, based on the November 2015 submission. The
selection criteria were as follows: case selection (site and
morphology. primary site-labeled) = ‘C38.0-Heart’. A total
of 696 patients with PMCTs diagnosed from 1973 to 2013
were identified, among whom 52 patients were excluded
as they were lost to follow-up; 101 patients had secondary
malignancies or multiple primary tumors; data of 14 patients
were unavailable as to whether they received radiation
therapy (RT) or surgical treatment (Figure S1).

PMCTs subtypes

All PMCTs subtypes were selected and differentiated
using the International Classification of Childhood Cancer
(ICCC) site recode extended International Classification
of Diseases for Oncology, third edition ICD-0-3)/World
Health Organization (WHO) 2008. We used Codes IX, II,

and XII (a.5) for sarcomas, lymphomas, and mesotheliomas,
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respectively. Other PMCTs were defined as Codes I (e), III
(c.2), IV (b), VII (b), VIII (d.2), X (b.2), X (b.4), XI (£.10),
XII (b), and tumors which were not classified by ICCC or
in situ (‘Table S1).

Treatment

Patdients who received RT and surgery were identified based
on SEER variables. Receipt of RT was defined as beam
radiadon or radiation (NOS method or source not specified);
patients who did not receive RT treatment were defined
as none or refused; cancer-directed surgery was defined as
definitive in nature using SEER surgical codes. Receipt of
surgery was defined as surgery performed; patients who did
not receive surgery were defined as not recommended, patient
died prior to recommended surgery and recommended but
not performed (patient refused or unknown reason). Other
patients, where it was unclear whether they had received
surgery or RT, were excluded due to limited numbers (n=14).
However, since SEER does not include information on receipt
of chemotherapy and other treatment modalities, we could
not gather any information on the role of chemotherapy on
specific histopathologic types of PMCTs.

Outcomes and study cobort

Survival was defined as the time between diagnosis and
death till 31 December 2013. The SEER registries
calculated survival time in months based on active follow-up
for vital status. The cohort was divided into 4 age groups:
<20, 20-50, 51-80, and >80 years. We compared these
4 groups on the basis of the following patient demographic
variables: gender, race (white, black, or other), ethnicity
(Hispanic or non-Hispanic), subtype, year of diagnosis, and
therapy. Treatments cohorts were divided into the following
groups: surgery, radiation, surgery and radiation, and no
treatment. In this cohort, gender, age, race (white, black, or
other), ethnicity (Hispanic or non-Hispanic), subtypes, and
year of diagnosis were also compared respectively.

Statistical analysis

Chi-squared test was used to assess significance of the
difference between proportions in demographic and tumor
characteristics by age and treatment. Kaplan-Meier (KM)
product-limit estimates of OS probability were calculated
for all PMCTs and for each subtype by age and treatment
and compared with global log-rank tests. Cox proportional
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hazards regression was used to estimate hazard ratios (HRs)
and 95% confidence intervals (Cls) of death from any
cause, comparing each age group to the 20-50 years group
and comparing each treatment group to the surgery group
respectively. A P value of <0.05 was defined as statistically
significant. All standard statistical tests were performed with
SPSS 19.0 (IBM Corp., Armonk, NY, USA).

Ethics

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). All data were
extracted from SEER database of the USA. We obtained
the data application license on the SEER official website on
23 October, and signed a data use agreement.

Results
Population characteristics

A total of 529 patients were finally included in this
study. The different age categories were <20 years old
(34 patients; 6.4%), 20-50 years old (230 patients; 43.5%),
51-80 years old (221 patients; 41.8%), and >80 years old
(44 patients; 8.3%) (Table 1). There was male predominance
for patients diagnosed with PMCTs at <50 years old and
female predominance for patients diagnosed at >50 years
old (P=0.001). In all age groups, most patients were white
(72.1%) and non-Hispanic (82.8%). The majority of
PMCTs subtypes were sarcomas (n=315, 64.9%) in patients
>80 years old, but lymphomas (n=25, 56.8%) in patients
aged >80 years old (P<0.001). More diagnosed patient cases
were recorded during later years of the study as compared
to the earlier years.

In Table 2, all patients were grouped according to different
treatments. Of these patients, 193 (36.5%) received surgery,
49 (9.4%) received RT, 57 (10.8%) received a combination
of surgery and RT, and 230 (43.5%) received no treatment.
No significant difference was observed across gender, race,
ethnicity, and year of diagnosis among treatment groups.
Patients younger than 50 years or diagnosed with cardiac
sarcomas were more willing to accept active treatment
(P<0.001), whereas most patients older than 50 years or
diagnosed with lymphomas received no treatment (P<0.001).

Age-based survival

Survival data were available for 529 patients with PMCTs
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Table 1 Characteristics of included patients with PMCTs (N=529) by age: SEER, 1973 to 2013
Age group, n (%)
Variable P value
Total (n=529) <20 years (n=34) 20-50 years (n=230) 51-80 years (n=221) >80 years (n=44)

Gender 0.001
Male 288 (54.4) 20 (58.2) 144 (62.6) 105 (47.5) 19 (43.2)
Female 241 (45.6) 14 (41.2) 86 (37.4) 116 (52.5) 25 (56.8)

Race 0.019
White 413 (78.1) 25 (73.5) 175 (76.1) 175 (79.2) 38 (86.4)
Black 55 (10.4) 7 (20.6) 30 (13.0) 18 (8.1) NA
Others 61 (11.5) 2(5.9) 25 (10.9) 28 (12.7) 6 (13.6)

Ethnicity 0.002
Non-Hispanic 438 (82.8) 22 (64.3) 187 (81.3) 192 (86.9) 37 (84.1)
Hispanic 91 (17.2) 12 (35.3) 43 (18.7) 29 (13.1) 7 (15.9)

Subtype <0.001
Sarcoma 324 (61.2) 18 (52.9) 181 (78.7) 116 (52.5) 9 (20.5)
Lymphoma 122 (23.1) 7 (20.6) 24 (10.4) 66 (29.9) 25 (56.8)
Mesothelioma 32 (6.1) 1(3.0) 13 (5.7) 17 (7.7) 1(2.3)
Others 51(9.6) 8 (23.5) 12 (5.2) 22 (9.9) 9 (20.5)

Year of diagnosis 0.25
1973-1981 32 (6.1) 3(8.8) 17 (7.4) 11 (49.8) 1@2.3)
1982-1990 47 (8.9) 1(3.0) 24 (10.4) 20 (9.0) 2 (4.5)
1991-1999 82 (15.5) 5(14.7) 33 (14.4) 38 (17.2) 6 (13.6)
2000-2008 210 (39.6) 13 (38.2) 92 (40.0) 86 (38.9) 19 (43.2)
2009-2013 158 (29.9) 12 (35.3) 64 (27.8) 66 (29.9) 16 (36.4)

Surgery <0.001
Performed 250 (42.3) 20 (58.8) 128 (55.7) 93 (42.1) 9 (20.5)
Not performed 279 (52.7) 14 (41.2) 102 (44.3) 128 (57.9) 35 (79.5)

Radiation 0.006
Performed 106 (20.0) 5(14.7) 60 (26.1) 38(17.2) 3(6.8)
Not performed 423 (80.0) 29 (85.3) 170 (73.9) 183 (82.8) 41 (93.2)

PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results; NA, not applicable.

of known age and treatment. A total of 436 deaths occurred
over a median follow-up of 80 months. Survival curves
showed significant variation by age; median survival time
of patients with all PMCTs was 22.5, 11, 5, and 1 months
for patients aged <20 years, 20-50 years, 51-80 years, and
>80 years, respectively (global log-rank P=0.0026; Figure I).
Separately, survival after sarcomas and lymphomas diagnosis

© Journal of Thoracic Disease. All rights reserved.

varied significantly by age, with median survival of 17.5,
11, 4, and 1 months, respectively (P<0.0001; Figure I)
and 126, 15.5, 16, and 1 months, respectively (P=0.0073;
Figure 1) for <20 years, 20-50 years, 51-80 years, and
>80 years. In contrast, no significant difference was
observed in mesothelioma and others (P=0.62 and P=0.12).
After adjusting for gender, race, year of diagnosis,
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Table 2 Characteristics of included patients with PMCTs (N=529) by treatment: SEER, 1973 to 2013

Treatment group, n (%)

Variable P value
Total (n=529)  Surgery (n=193) Radiation (n=49) Surgery and radiation (n=57) No treatment (n=230)
Gender 0.184
Male 288 (54.4) 100 (51.8) 29 (59.2) 28 (49.1) 131 (57.0)
Female 241 (45.6) 93 (48.2) 20 (40.8) 29 (50.9) 99 (43.0)
Race 0.775
White 413 (78.1) 149 (77.2) 38 (77.5) 44 (77.2) 182 (79.1)
Black 55 (10.4) 19 (9.9) 4(8.2) 5(8.8) 27 (11.7)
Others 61 (11.5) 25 (13.0) 7 (14.3) 8 (14.0) 21(9.2)
Ethnicity 0.772
Non-Hispanic 438 (83.0) 157 (81.3) 43 (87.8) 46 (80.7) 192 (83.5)
Hispanic 91 (17.0) 36 (18.7) 6 (12.2) 11 (19.3) 38 (16.5)
Age at diagnosis, years <0.001
<20 34 (6.4) 18 (9.3) 3(6.1) 2 (3.5) 11 (4.8)
20-50 230 (43.5) 96 (49.7) 28 (57.1) 32 (56.1) 74 (32.2)
51-80 221 (41.8) 71 (36.8) 16 (32.7) 22 (38.6) 112 (48.7)
>80 44 (8.3) 8 (4.2) 2(4.1) 1(1.8) 33 (14.3)
Subtype <0.001
Sarcoma 324(61.2) 141 (73.0) 25 (51.0) 55 (96.5) 103 (44.8)
Lymphoma 122 (23.1) 20 (10.4) 19 (38.8) 2 (3.5) 81(35.2)
Mesothelioma 32 (6.1) 11 (5.7) 3(6.1) NA 18(7.8)
Others 51(9.6) 21 (10.9) 24.1) NA 28 (12.2)
Year of diagnosis 0.356
1973-1981 32 (6.1) 9 (4.7) 4(8.2) 7 (12.3) 12 (5.2)
1982-1990 47 (8.9) 12 (6.2) 7 (14.3) 6 (10.5) 22 (9.6)
1991-1999 82 (15.5) 28 (14.5) 8 (16.3) 7(12.3) 39 (17.0)
2000-2008 210 (39.6) 88 (45.6) 18 (36.7) 19 (33.3) 85 (36.9)
2009-2013 158 (29.9) 56 (29.0) 12 (24.5) 18 (31.6) 72 (31.3)

PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results; NA, not applicable.

ethnicity, subtype, and treatment, survival was longer for
patients aged <20 years (HR 0.49; 95% CI, 0.30 to 0.78;
P=0.002) compared with the 20-50 years group, but shorter
for patients aged >80 years (HR 1.83; 95% CI, 1.25 to
2.68; P=0.002) when all PMCTs were considered together
(Table 3). However, there was no difference in survival
between the 20-50 years and 51-80 years age groups
(HR 1.10; 95% CI, 0.89 to 1.37; P=0.36). Separately, for

sarcomas, younger age was associated with better survival,

© Journal of Thoracic Disease. All rights reserved.

with HR 0.54 (95% CI, 0.30 to 0.98; P=0.043), 1.49 (95%
CI, 1.16 to 1.92; P=0.002), and 3.90 (95% CI, 1.95 to 7.79;
P<0.001) for <20 years, 51-80 years, and >80 years when we
used patients aged 20-50 years as the reference category.
Similarly, patients aged <20 years had better survival after
being diagnosed with lymphomas (HR 0.07; 95% CI, 0.01
to 0.58; P=0.014), patients aged >80 years had worse survival
after being diagnosed with mesothelioma (HR 19.70; 95%
CI, 1.57 to 247.05; P=0.021), and patients aged 51-80 years
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Figure 1 Overall survival of patients with PMCTs according to subtype and age, from SEER (1973 to 2013). P values are from global log-

rank tests of the survival curves. PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results.

Table 3 HRs for mortality among patients with PMCTs comparing each age group to the 20-50 years group, SEER: 1973 to 2013

Age at All PMCTs Sarcoma Lymphoma Mesothelioma Others

diagnosis  HR'(95% CI) Pvalue HR*(95% Cl) Pvalue HR¥(95% Cl) Pvalue HR?(95% Cl) Pvalue HR¥(95% CI) P value

20-50 years Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref

<20 years 0.49 0.002 0.54 0.043 0.07 0.014 0.76 0.808 0.86 0.787
(0.30 t0 0.78) (0.30 to 0.98) (0.01 to 0.58) (0.08 to 6.99) (0.28 to 2.60)

51-80 years 1.10 0.36 1.49 0.002 0.67 0.223 0.87 0.761 2.26 0.046
(0.89 t0 1.37) (1.16 to 1.92) (0.35 to 1.28) (0.35 to 2.15) (1.02 to 5.02)

>80 years 1.83 0.002 3.90 <0.001 2.04 0.06 19.70 0.021 1.20 0.75
(1.25to 2.68) (1.95 t0 7.79) (0.97 to 4.31) (1.57 to 247.05) (0.39 t0 3.71)

T, adjusted by sex, race, year of diagnosis, ethnicity, subtype, therapy; *, adjusted by sex, race, year of diagnosis, ethnicity, therapy.
Others includes Il (c.2) PNET, IV (b) other peripheral nervous cell tumors, | (e) unspecified and other specified leukemias, VIl (b) hepatic
carcinomas, VIII (d.2) malignant chordomas, X (b.2) malignant teratomas: extracranial/extragonadal, X (b.4) yolk sac tumor: extracranial/
extragonadal, Xl (f.10) carcinomas of other specified sites, XlI (b) other unspecified malignant tumors, not classified by ICCC or in situ. HR
hazard ratio; PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results; Ref, referent; Cl, confidence

interval.
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Figure 2 Overall survival of patients with PMCTs according to subtype and treatment, from SEER (1973 to 2013). P values are from global

log-rank tests of the survival curves. PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results.

had worse survival after being diagnosed with any other
PMCTs (HR 2.26; 95% CI, 1.02 to 5.02; P=0.046) (1uble 3).

Treatment-based survival

In all PMCTS, there was no significant difference in survival
curves by treatment, with median survival times of 12, 12,
11, and 2 months for only surgery, only RT, surgery and
RT, and no treatment, respectively (global log-rank P=0.25;
Figure 2). However, for sarcomas, a significant variation in
survival by treatment was observed, with median survival
times of 12, 9, 11, and 2 months for only surgery, only RT,
surgery and RT, and no treatment, respectively (global log-
rank P=0.0057; Figure 2).

After controlling for age, sex, race, year of diagnosis,
ethnicity, and subtype, for all PMCTT5, we found that patients
who had no treatment had a worse survival (HR 1.52; 95%
CI, 1.22 to 1.89; P<0.001) compared to those who received

© Journal of Thoracic Disease. All rights reserved.

surgery only (7able 4). By subtype and treatment, patients
who received only RT had a 1.49-fold increased risk of death
(95% CI, 0.95 to 2.34; P<0.046), and those who received no
treatment had a 1.99-fold increased risk of death (95% CI,
1.51 to 2.62; P<0.001) compared to the only surgery group
after being diagnosed with sarcomas. Interestingly, in other
specific histologic types of PMCTs, patients who received no
treatment also had a worse survival (HR 2.24; 95% CI, 1.15
to 4.34; P=0.017) compared to those who received surgery
only. However, no significant association was observed
between treatments and survival for patients diagnosed with
lymphomas and mesothelioma (Zable 4).

Discussion

PMCT5 has a very poor prognosis and continues to pose a
therapeutic challenge to cardiac surgeons and oncologists
because of the technical difficulty involved in extensive

7 Thorac Dis 2023;15(8):4434-4444 | https://dx.doi.org/10.21037/jtd-23-1054
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Table 4 HRs for mortality among patients with PMCTs comparing each therapy to surgery group, SEER: 1973 to 2013

All PMCTs Sarcoma Lymphoma Mesothelioma Others

Treatment

HR' (95% CI) Pvalue HR*(95% Cl) Pvalue HR*(95% Cl) Pvalue HR*(95% Cl) Pvalue HR*(95% Cl) P value
Only surgery Ref Ref Ref Ref Ref Ref Ref Ref Ref Ref
Surgery and 1.05 0.765 1.10 0.571 NA 0.966 NA NA NA NA
radiation (0.76 to 1.46) (0.79 to 1.55)
Only radiation 0.92 0.642 1.49 0.046 1.05 0.916 1.70 0.485 0.75 0.74

(0.65 to 1.31) (0.95 to 2.34) (0.44 to 2.48) (0.38 to 7.55) (0.13t0 4.18)
No treatment 1.52 <0.001 1.99 <0.001 1.61 0.177 1.34 0.591 2.24 0.017

(1.22 to 1.89) (1.51 t0 2.62)

(0.81 t0 3.23)

(0.47 to 3.83) (1.15 to 4.34)

', adjusted by sex, race, age, year of diagnosis, ethnicity, subtype; *, adjusted by sex, race, age, year of diagnosis, ethnicity. Others
includes Il (c.2) PNET, IV (b) other peripheral nervous cell tumors, | (e) unspecified and other specified leukemias, VIl (b) hepatic
carcinomas, VIII (d.2) malignant chordomas, X (b.2) malignant teratomas: extracranial/extragonadal, X (b.4) yolk sac tumor: extracranial/
extragonadal, XI (f.10) carcinomas of other specified sites, XlI (b) other unspecified malignant tumors, not classified by ICCC or in situ. HR,
hazard ratio; PMCTs, primary malignant cardiac tumors; SEER, Surveillance, Epidemiology, and End Results; Ref, referent; Cl, confidence

interval; NA, not applicable.

cardiac resections and the aggressive biological nature of
the tumors (1,6). In this study, we analyzed the proportions
and survival of PMCT subtypes by age and treatment
using data from the largest cancer registry in the US. To
our knowledge, this is the first and most complete report
exploring the relationship between patient age, treatment,
and survival of PMCT. Several striking features are evident
in our results which have received limited prior attention.

Older ages have been shown to be associated with
poor survival of many malignant tumors such as
colorectal cancer (18), breast cancer (19), and prostate
cancer (20), which may be related to poor health status,
greater surgical risk, and advanced cancer status. Not
surprisingly, our analysis confirmed that increasing age was
also associated with worse survival for patients diagnosed
with PMCTs. After adjustment for patient clinical and
treatment characteristics, age older than 80 years old was
still associated with significantly higher all-cause mortality,
particularly in patients with cardiac mesotheliomas and
sarcomas. Moreover, this result was also consistent with our
previous finding that age older than 80 years is a major risk
factor for early death in PMCTs.

As the most frequent PMCTs, sarcoma can occur at
any age with no gender predominance (21). In this report,
we found a significantly better survival in patients aged
<20 years old compared with any other age group after
being diagnosed with sarcomas, which may be associated
with the tumor being diagnosed in its early stages, no
metastasis, better general condition and hence, lower
surgical risk. Similar results were also observed in patients
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with cardiac lymphomas. Clearly, variations of the
treatment approach in young versus elderly patients with
malignant tumors are present. In this study, evaluation of
PMCTs in the SEER registry indicates that the percentage
of patients that receive surgery drops from 56% to 9% for
patients aged <50 years versus >80 years and that of RT
drops from 25% to 7% for patients aged <50 years versus
>80 years. In our opinion, young patients should undergo
surgery to remove the tumor and restore the function of
the heart as soon as possible after a clear diagnosis, and
for elderly patients and in particular, patients aged over
70 years, individual life expectancy has to be weighed
against the potential harms and benefits from aggressive
treatment.

Radical surgery remains the mainstay of treatment
in PMCTs without infiltrated margins, so as to both
prevent local relapse and improve the survival. Currently,
chemotherapy, RT, or a combination of both are being used
as adjuvant therapy to decrease tumor size and facilitate
surgical resection of PMCTs (22,23). The Cleveland Clinic
has reported that patients who received multimodality
treatment had a better survival than patients treated with
surgery, RT, or chemotherapy only (24). Herein, for the first
time, we compared OS among multiple subtypes of PMCTs,
and we found that individuals who received no treatment
have worse survival. However, across all subtypes of PMCT5,
no significant difference was observed in OS between the
surgery only group, RT only group, and combined surgery
and RT group. RT plays a minor role in the management
of patients with cardiac sarcoma, primarily due to radiation-
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related cardiac toxicity and technical limitation. Consistently,
our findings showed a significant higher risk of death in
patients diagnosed with sarcomas who received RT only as
compared to the surgery only group. Another possibility is
that ionizing radiation may cause acute inflammation which
ultimately leads to pericarditis, and both coronary and
valvular heart disease (25).

Primary cardiac lymphoma is an extranodal type of non-
Hodgkin’s lymphoma exclusively located in the heart and/
or pericardium (26). For cardiac lymphomas, chemotherapy
is the main treatment, and surgery might be considered
only as a rescue treatment in a case of severe hemodynamic
impairment by a large mass. Herein, we have also provided
evidence that surgery has no significant effect in the
treatment of lymphoma. Similar results were also observed
in patients with cardiac mesothelioma. Although the no
treatment group did not achieve statistical significance when
compared with the surgical group, it still carries higher
mortality. A greater number of randomized clinical trials
and multicenter retrospective study with larger sample size
will be needed for further investigation.

Limitations

The study has the following limitations that need to be
considered while evaluating these results. Due to the
nature of a retrospective study and because the data in this
study were collected over 5 decades, there are unavoidable
confounding factors even after adjustments, such as
histopathologic classifications, diagnostic, treatment
modalities, and so on. Importantly, due to the low incidence
of PMCTTs, it was difficult to collect a larger number of
cases, so this study had to rely on public database data.
In addition, the SEER database does not publicize data
on chemotherapy and other treatment modalities, so this
study did not explore the role of chemotherapy on PMCTs
survival. Lastly, lack of information on the details of surgery
or RT and the mode of death also limits our understanding
of the natural course of PMCTs and thus are potential
confounders influencing survival analyses. Despite the
limitations of the research, no other data source can provide
such high numbers of PMCTs patients.

Conclusions

In conclusion, this study confirms the poor survival of
patients diagnosed with PMCTs at any age and with or
without treatment over the past 5 decades. However,
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significant differences were also observed in the
proportions of PMCTs subtypes and survival between age
and treatments subpopulations in the US. Patients who
received no treatment or of older ages often have worse
survival. Compared to RT or combination of radiotherapy
and surgery, only surgery appears to be a better choice
for patients with sarcomas. Future research is still needed
to better understand how these poor outcomes can be
improved.
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Supplementary

Table S1 Histopathology of PMCTs differentiate by the ICCC site

EER: Pri li t di
s rimary maignan: cardiac recode extended ICD-0-3/WHO 2008

tumors from 1973 to 2013

Sarcoma

Y 1X (d.8): Blood vessel tumors

IX(e): Unspecified soft tissue sarcomas

IX (d.6): Leiomyosarcomas

>»| Not actively followed (N=52)

1X (d.7): Synovial sarcomas

N=644 IX (b.1): Fibroblastic and myofibroblastic tumors

IX (d.11): Miscellaneous soft tissue sarcomas

¢ Second malignancies (N=88) IX (a): Rhabdomyosarcomas
* Multiple primary tumors (N=13)

IX (d.4): Liposarcomas

N=543 IX (d.5): Fibrohistiocytic tumors
Lymphoma
¢ Unknown whether performed Il (a): Hodgkin lymphomas
o surgery (N=10)
| o Unknown whether performed Il (b.1): Precursor cell lymphomas
radiation (N=4) Il (b.2): Mature B-cell lymphomas except Burkitt ymphoma
/
) Il (b.3): Mature T-cell and NK-cell ymphomas
Study cohort
(N=529) I (b.4): Non-Hodgkin lymphomas, NOS

I (c): Burkitt lymphoma
Figure S1 Flow diagram of patient selection. SEER, Surveillance,
Il (d): Miscellaneous lymphoreticular neoplasms

Epidemiology, and End Results.

I (e): Unspecified lymphomas

Mesothelioma

Others
Il (c.2): PNET
IV (b): Other peripheral nervous cell tumors
I (e): Unspecified and other specified leukemias
VII (b): Hepatic carcinomas
VIII (d.2): Malignant chordomas
X (b.2): Malignant teratomas: extracranial/extragonadal
X (b.4): Yolk sac tumor: extracranial/extragonadal
XI (f.10): Carcinomas of other specified sites
Xl (b): Other unspecified malignant tumors

Not classified by ICCC or in situ

PMCTs, primary malignant cardiac tumors; ICCC, International
Classification of Childhood Cancer; WHO, World Health
Organization.
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