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Abstract
Background: The  survival  outcome  for  primary  cardiac  malignant  tumors 
(PMCTs) based on race has yet to be fully elucidated in previously published lit-
erature. This study aimed to address the general long- term outcome and survival 
rate differences in PMCTs among African Americans and Caucasian populations.
Methods: The 18 cancer registries database from the Surveillance, Epidemiology, 
and End Results (SEER) Program from 1975 to 2016 were utilized. Ninety- four 
African American (AA) and 647 Caucasian (CAU) patients from the SEER regis-
try were available for survival analysis. The log- rank test was used to compare the 
difference in mortality between two populations and presented by the Kaplan– 
Meier  curves. A  multivariate Cox  proportional hazards  regression was  used  to 
determine the independent predictors of all- cause mortality.
Results: The overall 30- day, 1- year, and 5- year survival rates were 74%, 44.3%, 
and 16.6%, respectively, with a median survival of 10 months. There was no sig-
nificant difference in survival rate between the two races (p- value = 0.55). The 
1- year survival rate improved significantly during the study timeline in the AA 
population (13.3% during 1975– 1998, 40.9% during 1999– 2004, 50% during 2005– 
2010, and 59.7% during 2011– 2016, p- value = 0.0064). Age of diagnosis, type of 
tumor, disease stage, and chemotherapy administration are the main factors that 
predict survival outcomes of PMCT patients.  Interactive nomogram was devel-
oped based on significant predictors.
Conclusions: PMCTs have remained one of the most lethal diseases with poor 
survival outcome. Survival rate improved during the timeline in AA patients, but 
in general, racial differences in survival outcome were not observed.
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1   |   INTRODUCTION

Primary malignant cardiac tumors (PMCTs) are uncommon 
conditions  with  varying  clinical  presentation  and  histo-
pathology.  Based  on  the  autopsy  data,  the  incidence  is  es-
timated from 0.3% to 0.7% of all heart cancer diagnoses.1– 3 
Sarcomas remain the most common diagnosed histology of 
PMCTs, which accounts for between 62% and 75% of PMCTs, 
followed by lymphoma and mesothelioma.3– 5 Furthermore, 
the prevalence of PMCTs has increased over the past four de-
cades, especially non- Hodgkin lymphoma type.4,6 Noticeably, 
patients  who  received  chemotherapy  and  surgery  had  sig-
nificantly better long- term survival when compared to those 
who did not. Typically, patients with PMCTs commonly ex-
perience a long period of clinical silence before they endorse 
one of the following manifestations: obstruction of the intra- 
cardiac  flow,  interference with  the valvular components or 
the conducting system, and systemic embolism. Additionally, 
patients diagnosed with PMCTs have a poor prognosis if left 
untreated with a 1- year survival rate of only 10%.3 Hence, a 
high index of clinical suspicion and careful investigation are 
warranted when dealing with PMCT patients.

Available  data  show  that  African  Americans  have 
higher incidence and mortality rate of all combined ma-
lignancies  when  compared  to  Caucasian  population.7 
These differences have been attributed  to  several  factors 
including socioeconomic status, health behaviors, health 
insurance,  and  genomic  diversity.8,9  Interestingly,  recent 
advance  in  genome- wide  association  studies  have  also 
contributed  to  our  understanding  of  cancer  susceptibil-
ity and provided novel  insights  into racial differences  in 
the risk of cancer type and cancer- related phenotypes.8,10 
To the best of our knowledge, due to the infrequent diag-
noses and extreme rarity of PMCTs, little is known about 
the racial differences in clinical characteristics, and mor-
tality rate in patients with PMCTs. Furthermore, previous 
studies have also not yet provided the online clinical tool 
that could serve as a quick prognosis reference based on 
well- documented clinical risk factors. Therefore, our pres-
ent study was designed to (1) provide a long- term survival 
outcome for PMCTs and address the survival differences 
among races and (2) develop a dynamic nomogram incor-
porating demographic, clinical characteristics, and histol-
ogy data for assessing the probability of all- cause mortality 
during follow- up using the database from the Surveillance, 
Epidemiology,  and  End  Results  (SEER)  Program,11  the 
largest cancer database in the United States.

2   |   MATERIALS AND METHODS

The  SEER  18  registries  custom  database  was  used  to 
search  for  PMCTs  cases  from  1975  to  2016  without  age 

restriction. SEER is considered the gold standard for data 
quality among cancer registries in the United States and 
globally  with  near- complete  case  identification  and  a 
95%  annual  rate  of  follow- up  to  determine  the  survival 
rate. SEER registries collect patient demographics, clini-
cal  characteristics,  tumor  characteristics,  and  survival 
data representing 28% of  the USA population.12 The  fol-
lowing demographic and clinical variables were collected 
for each patient: age, gender, region, race, month/year of 
diagnosis,  historic  stage,  type  of  tumor,  treatment  fields 
(radiotherapy  and  chemotherapy),  overall  survival  (OS) 
status, and OS time. Institutional review board approval 
was not required because SEER 18 data are deidentified 
and publicly available.

2.1  |  Statistical analysis

Continuous  variables  are  expressed  as  mean  ±  stand-
ard  deviation  (SD)  for  normal  distributions  and  me-
dian  (interquartile  range)  for  non- normal  distributions. 
Normality was tested using skewness, kurtosis, visual in-
spection of the histogram, and the Q– Q plot. Categorical 
data were presented as frequency, and a comparison be-
tween groups was performed using the Chi- squared test 
or the Fisher's exact test as appropriate. The t- test or the 
Mann– Whitney U test was performed to compare differ-
ences between two groups for normally and non- normally 
distributed  variables,  respectively.  The  Kaplan– Meier 
curve and the log- rank test were computed to analyze the 
difference  in  mortality  between  African  American  and 
Caucasian populations. A multivariate Cox proportional 
hazards regression was used to determine the independ-
ent  predictors  of  all- cause  mortality.  Proportionality  as-
sumptions  of  the  Cox  regression  models  were  assessed 
using Schoenfeld residuals. The dfbeta values were used 
to examine influential observations. Hazard ratios (HRs) 
are presented as mean and 95% confidence intervals (CIs). 
A two- sided p- value of <0.05 was considered statistically 
significant. The statistical analysis was performed using R 
software, version 4.0.3 (The R Foundation).

3   |   RESULT

3.1  |  Baseline demographics and clinical 
characteristics in AA and Caucasians

From  the  SEER  database,  a  total  of  826  patients  were 
confirmed  with  PMCTs  based  on  the  above  inclusion 
criteria.  Caucasians  (CAU)  and  African  Americans 
(AA)  account  for  89.7%  of  the  study  population.  As 
compared  to  CAU,  AA  were  diagnosed  at  a  younger 
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age  (median  age  of  46  vs.  56).  In  the  AA  group,  half 
of  the  patients  were  diagnosed  at  the  age  between  18 
and 50 while in the CAU group, the age of diagnosing 
is extended up to 80 (Figure 1). There were no gender 
differences within and between racial groups  (46% vs. 
54%, p- value = 0.91). In terms of staging, most AA pa-
tients were diagnosed at advanced stages of the disease 
(stages III and IV, 68%) while CAU patients were diag-
nosed either at stage I or stage IV (178 patients, 68%). 
The most common histology of the tumor was sarcoma, 
followed  by  lymphoma  and  mesothelioma  (55%,  24%, 
and  6.3%,  respectively).  The  histological  distribution 
was not significantly different between the two popula-
tions (Table 1).

The  30- day,  1- year,  and  5- year  survival  rates  were 
similar between the two populations (74.1%, 43.9%, and 
13.3%,  respectively,  in  AA  patients  vs.  74%,  44.3%,  and 
17%  in  CAU).  No  significant  difference  in  survival  rate 
was found between AA and CAU patients (p- value = 0.55, 
Figure 2). In addition, in both groups, lymphoma had the 
most favorable outcome, followed by sarcoma and meso-
thelioma (Figure 3A,B). Noticeably, among AA patients, 
patient  survival  was  improved  significantly  over  the 
study periods with 1- year survival rates at 13.3% during 

1975– 1998,  40.9%  during  1999– 2004,  50%  during  2005– 
2010,  and  59.7%  during  2011– 2016  (p- value  =  0.0064; 
Figure 4A). This trend was not observed among CAU pa-
tients (p- value = 0.42; Figure 4B).

3.2  |  Predictive model of mortality in 
AA and Caucasians

The  30- day,  1- year,  and  5- year  survival  rates  for  the 
entire population were 74%, 44.3%, and 16.6%,  respec-
tively,  with  a  median  survival  of  10  months.  The  im-
pacts of various clinical data on all- cause mortality are 
presented  in  Table  2.  Age  of  diagnosis,  type  of  tumor, 
stage of the disease, and chemotherapy administration 
were significant predictors of mortality. Regarding his-
tological  subtypes,  lymphoma  was  associated  with  the 
most  favorable  survival  outcome  of  PMCTs,  with  a  5- 
year  survival  rate of 35% while  sarcoma and mesothe-
lioma  were  the  most  lethal  with  5- year  survival  rates 
of 9% and 8%,  respectively. Furthermore,  compared  to 
patients  in  stage  I and stage  II of  the disease, patients 
at stage III and stage IV had a 59% higher probability of 
death (HR = 1.59, 95% CI: 1.18– 2.13, p- value = 0.002). 

F I G U R E  1  Gender differences among age groups. Proportion of men and women patients with PMCTs among age group: (A): 
Caucasian and (B): African American patients
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T A B L E  1   Demographics and baseline clinical characteristics

Variable Overall (N = 741) African American (N = 94) Caucasian (N = 647) p- value

Age, years 54 (38– 70) 46 (32– 62) 56 (39– 72) <0.001

Age group (%)

<18 30 (4.0%) 6 (6.4%) 24 (3.7%) 0.007

18– 50 298 (40%) 48 (51%) 250 (39%)

51– 65 173 (23%) 23 (24%) 150 (23%)

66– 80 158 (21%) 14 (15%) 144 (22%)

>80 82 (11%) 3 (3.2%) 79 (12%)

Sex (%)

Female 343 (46%) 43 (46%) 300 (46%) 0.912

Male 398 (54%) 51 (54%) 347 (54%)

Region (%)

Midwestern 99 (13%) 15 (16%) 84 (13%) <0.001

Northeastern 104 (14%) 12 (13%) 92 (14%)

Southern 132 (18%) 40 (43%) 92 (14%)

Western 406 (55%) 27 (29%) 379 (59%)

SEER historic stage (%)

Localized 141 (21%) 13 (14%) 128 (21%) 0.055

Regional 131 (19%) 24 (27%) 107 (18%)

Distant 183 (27%) 29 (32%) 154 (26%)

Unstaged 232 (34%) 24 (27%) 208 (35%)

Staging (%)

I 84 (28%) 8 (19%) 76 (29%) 0.091

II 54 (18%) 6 (14%) 48 (18%)

III 48 (16%) 12 (28%) 36 (14%)

IV 119 (39%) 17 (40%) 102 (39%)

Type of tumor (%)

Sarcoma 411 (55%) 53 (56%) 358 (55%) 0.053

Lymphoma 178 (24%) 14 (15%) 164 (25%)

Mesothelioma 47 (6.3%) 7 (7.4%) 40 (6.2%)

Other 105 (14%) 20 (21%) 85 (13%)

Radiation (%)

No 623 (84%) 82 (87%) 541 (84%) 0.372

Yes 118 (16%) 12 (13%) 106 (16%)

Chemotherapy (%)

No 399 (54%) 52 (55%) 347 (54%) 0.763

Yes 342 (46%) 42 (45%) 300 (46%)

Radiation and surgery (%)

No 672 (91%) 87 (93%) 585 (90%) 0.512

Yes 69 (9.3%) 7 (7.4%) 62 (9.6%)

Diagnostic confirmation (%)

Histology 641 (87%) 80 (85%) 561 (87%) 0.834

Cytology 48 (6.5%) 6 (6.4%) 42 (6.5%)

Othera 52 (7.0%) 8 (8.5%) 44 (6.8%)

(Continues)
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Additionally, chemotherapy administration was associ-
ated with a 44% reduction in mortality compared with 
patients who did not receive chemotherapy (HR = 0.56, 
95% CI: 0.42– 0.76, p- value < 0.001). The dynamic nom-
ogram  for  predicting  all- cause  mortality  using  age  of 
diagnosis, type of tumor, stage of the disease, and chem-
otherapy administration was developed and can be ac-
cessed online at https://normo gram.shiny apps.io/Cardi 
ac_Malig nant_Tumor/

4   |   DISCUSSION

The  main  findings  of  this  analysis  are  that  (1)  no  sig-
nificant  difference  in  survival  rate  between  African 
American  (AA)  and  Caucasian  (CAU)  populations  was 
demonstrated; (2) the survival rate improved significantly 
during the study timeline in the AA population; and (3) 
type of tumor, disease stage, and receiving chemotherapy 
were main prognostic predictors of survival outcome.

There  has  been  limited  literature  on  the  progno-
sis  difference  in  PMCTs  between  the  AA  and  CAU 
populations due to modest diagnosed cases (less than 
100 cases).13– 15 The present study addressed this gap 

by  analyzing  the  large- scale  national  cancer  regis-
try  over  the  past  four  decades  and  extracting  these 
differences and reporting their influence on survival 
outcomes  in  PMCTs.  AA  patients  were  diagnosed 
at  a  younger  age  (mean  ages  were  46  vs.  56,  p- 
value < 0.001) and had a more advanced stage of the 
malignancy  (stages  III  and  IV  accounted  for  almost 
70% of  the cases), while malignancy was detected at 
either the early stage (29% patients at stage I) or the 

Variable Overall (N = 741) African American (N = 94) Caucasian (N = 647) p- value

Survival (%)

Alive 114 (15%) 14 (15%) 100 (15%) 0.892

Dead 627 (85%) 80 (85%) 547 (85%)

Note: Continuous variables are expressed as mean ±standard deviation with normal distribution or median and interquartile range with non- normal 
distribution.
Abbreviation: SEER, Surveillance, Epidemiology, and End Results
aClinical, direct visualization, radiography only, and unknown

T A B L E  1   (Continued)

F I G U R E  2  Survival comparison of PMCTs between Caucasian 
and African American patients

F I G U R E  3  Survival rate differences by tumor types (A) in 
African American patients and (B) in Caucasian patients

https://normogram.shinyapps.io/Cardiac_Malignant_Tumor/
https://normogram.shinyapps.io/Cardiac_Malignant_Tumor/
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advanced stage (40% at stage IV) in the CAU patients, 
albeit  the  difference  in  the  stage  of  diagnosis  was 
randomly  detected.  The  reason  for  this  observation 
remains unknown, although genetic predisposition16 
and environmental exposure17 could be a part of   the 
underlying mechanism. We did not observe any sur-
vival  outcome  differences  based  on  race  in  patients 
with PMCTs. Interestingly, the survival rate improved 
significantly  in  the  AA  population  during  the  study 
timeline  and  was  not  observed  in  the  CAU  popula-
tion.  This  difference  could  be  explained  by  a  more 
aggressive response to the treatment of AA given the 
treatment is often driven by genetic factors.

In terms of histology findings, three of the most com-
mon tumor types were sarcoma (55%), lymphoma (24%), 
and  mesothelioma  (6.3%).  These  pathological  etiologies 
were not significantly different between the two popula-
tions, which are consistent with previous studies.6,18 The 
Epstein– Barr virus- induced lymphoproliferative disorders 
may develop secondary to AIDS or cardiac transplantation 
has been suggested as a possible underlying pathological 
mechanism.19

The  overall  survival  month  and  1- year  survival  rate 
from the national registry in our study are similar to prior 
observations6 and slightly worse than registries at tertiary 
centers. Simpson L. and colleagues at the Mayo Clinic re-
ported in 34 patients a median survival of 15 months in 
non- metastasis  patients  and  5  months  in  metastasis  pa-
tients. Sultan20 also  reported a greater 30- day  (81.2% vs. 
74%) and smaller 5- year survival rates (11.5% vs. 16.6%). 
Our larger sample size (826 vs. 747) may provide a possi-
ble explanation for this difference. In terms of histological 
results, our findings are consistent with prior studies.4,6,21 
Sarcoma remains the most common finding but also car-
ries the worst prognosis. Our 5- year survival rate of sar-
coma is slightly smaller than in the analysis from Oliveira6 
(9%  vs.  11%).  A  longer  timeline  and  larger  sample  size 
could also be a rationale for elucidating these differences. 
Furthermore, using the SEER database, we were able to 
identify  independent  predictors  of  all- cause  mortality 
including age, tumor type, disease stage, and chemother-
apy administration death and developed dynamic nomo-
grams  to estimate  the probability of mortality  following 

T A B L E  2   Hazard ratio of PMCT patients

Characteristic HR 95% CI p- value

Age 1.02 1.01– 1.03 <0.001

Race

Black Ref

White 0.86 0.59– 1.26 0.433

Gender

Female Ref

Male 0.98 0.75– 1.29 0.901

Type of tumor

Lymphoma Ref

Mesothelioma 6.48 2.49– 16.9 <0.001

Sarcoma 2.86 1.92– 4.27 <0.001

Staging

Stages I & II Ref

Stages III & IV 1.59 1.18– 2.13 0.002

Radiation

No Ref

Yes 0.92 0.66– 1.29 0.644

Chemotherapy

No Ref

Yes 0.56 0.42, 0.76 <0.001

Year period

1999– 2004 Ref

2005– 2010 1.37 0.84, 2.23 0.214

2011– 2016 1.30 0.79, 2.13 0.302

Abbreviations: CI, confident interval; HR, hazard ratio; ref, reference.

F I G U R E  4  Survival rate comparison by timelines (A) in 
African American patients and (B) in Caucasian patients
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diagnosis  using  those  parameters.  This  convenient  tool 
should  enhance  effective  patient– clinician  communica-
tion as well as shared decision- making.

5   |   LIMITATIONS

This  study  assumed  the  SEER  database  with  a  large 
cancer registry as a highly reliable source of epidemio-
logic information. However, there are some limitations 
in our study worthy of mention. First, the accuracy of 
the database could be a confounding factor that poten-
tially biases our study due  to human error during  the 
data collection. Second, different reclassification of pa-
thology findings since 2010 could be an important fac-
tor  when  explaining  the  racial  difference.  Lastly,  the 
small  number  of  available  time  survival  in  the  more 
lethal  tumor  types  including  sarcoma  and  mesotheli-
oma could over or underestimate the true survival esti-
mate of each population. Future research is warranted 
to build on our understanding of rare cardiac diseases 
like PCMTs.

6   |   CONCLUSIONS

PMCTs  have  remained  one  of  the  most  lethal  diseases 
with  poor  survival  outcome.  Our  study  showed  that  ra-
cial  differences  in  survival  outcome  were  not  observed; 
however,  survival  rate  improved  during  the  timeline  in 
AA patients but not in CAU patients. Furthermore, online 
dynamic nomogram using age, tumor type, disease stage, 
and  chemotherapy  administration  would  enhance  effec-
tive  patient– clinician  communication  as  well  as  shared 
decision- making.
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