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Abstract

Background

Gastrointestinal (Gl) cancers are common and fatal. Improved cancer-directed therapies,
with thier substantial role in improving cancer-specific survival, may increase non-cancer
mortality—including cardiovascular mortality—in these patients.

Aim

To identify the risk factors of cardiovascular mortality in Gl adenocarcinoma patients.

Methods

Data of Gl adenocarcinoma patients were gathered from the Surveillance, Epidemiology,
and End Results database. We used Pearson’s chi-square test to assess the relationships
between categorical variables. We used the Kaplan-Meyer test in the univariate analysis
and Cox regression test for the multivariate analysis.

Results

Among 556,350 included patients, 275,118 (49.6%) died due to adenocarcinoma, 64,079
(11.5%) died due to cardiovascular causes, and 83,161 (14.9%) died due to other causes.
Higher rates of cardiovascular mortality were found in patients > 50 years (HR, 8.476; 95%
Cl, 7.91-9.083), separated (HR, 1.27; 95% Cl, 1.184-1.361) and widowed (HR, 1.867; 95%
Cl, 1.812—-1.924), patients with gastric (HR, 1.18; 95% ClI, 1.1—1.265) or colorectal AC (HR,
1.123; 95% ClI, 1.053—1.198), and patients not undergone surgery (HR, 2.04; 95% Cl,
1.958-2.126). Lower risk patients include females (HR, 0.729; 95% Cl, 0.717-0.742),
blacks (HR, 0.95; 95% CI, 0.924-0.978), married (HR, 0.77; 95% Cl, 0.749-0.792),
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divorced (HR, 0.841; 95% CI, 0.807—0.877), patients with pancreatic AC (HR, 0.83; 95% Cl,
0.757-0.91), and patients treated with chemotherapy (HR, 0.416; 95% CIl, 0.406—-0.427).

Conclusions

Risk factors for cardiovascular mortality in Gl adenocarcinoma include advanced age,
males, whites, separated and widowed, gastric or colorectal adenocarcinoma, advanced
grade or advanced stage of the disease, no chemotherapy, and no surgery. Married and
divorced, and patients with pancreatic adenocarcinoma have a lower risk.

1. Introduction

Gastrointestinal (GI) cancers constitute a major part of cancer cases and cancer-related deaths
[1]. Most GI cancers has a poor prognosis because they are usually diagnosed at a late stage [2,
3]. In 2020, GI cancers caused more than 3.5 million deaths and 5 million new cancer cases
[4]. Colorectal cancer (CRC) is the most common GI cancer and the third most common can-
cer of all organs. It caused more than 1.9 million new cases and 935,000 deaths in 2020 [4]. Its
incidence rises in countries with high human development index [5]. Risk factors for CRC
include older age, family history, alcohol consuming, smoking, obesity, lack of exercise, and
some dietary factors including red and processed meat, while suggested protective dietary fac-
tors include fruits and vegetables containing natural fibers [6, 7].

Other common GI cancers include stomach, liver, esophageal, and pancreatic cancers. Gas-
tric cancer is the fifth most common and fourth-most fatal malignancy [4]. Risk factors for
stomach cancer include male sex, H. pylori infection, tobacco consumption, and atrophic gas-
tritis [8, 9].

Primary liver cancer is the sixth among cancers regarding incidence and the third regarding
mortalities [4]. The two commonest types of liver cancer are hepatocellular carcinoma (HCC)
and intrahepatic bile duct cancers (cholangiocarcinoma) [4]. The risk factors for liver cancer
include hepatitis B and hepatitis C virus infections, male sex, chronic liver disease, alcohol con-
sumption, smoking, type 2 diabetes, liver cirrhosis, and aflatoxin-contaminated foods [4, 10—
12]. Esophageal cancer is the seventh most common cancer and the sixth in cancer-caused
mortalities. Its two main histological types, squamous cell carcinoma (SCC) and adenocarci-
noma (AC), vary in their geographic distribution and risk factors [4]. The esophagus’s adeno-
carcinoma usually affects the lower part of the esophagus and the gastroesophageal junction
[13]. It is less common than squamous cell carcinoma, but it surpasses SCC in western coun-
tries and has higher mortality rates [4, 13, 14]. Risk factors for esophageal adenocarcinoma
include chronic gastroesophageal reflux, Barret’s esophagus, and obesity [14].

Generally, cancer death rates have declined, and rates of survival have increased due to
advances in cancer therapies [15, 16]. This improvement of survival may increase the inci-
dence of non-cancer—including cardiovascular—mortality [17, 18]. Assessment and monitor-
ing of cardiovascular risk in cancer patients should start before cancer treatment to decrease
the burden of cardiovascular diseases in these patients [19]. Monitoring should continue dur-
ing and after treatment to detect expected cardiotoxic treatment side effects [19, 20]. Identifi-
cation of patients at higher cardiovascular risk is important for effective control of morbidity
and mortality [19]. Ignoring cardiovascular monitoring and cardiovascular side effects may
cause serious conditions (as stroke and myocardial infarctions) that prevent continuation of
optimal cancer therapy [19]. Many cancer therapies—including radiation and
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chemotherapeutics—are considered as cardiovascular risk factors [19, 21-23]. So, cardiovascu-
lar assessment and cardiovascular disease prevention in cancer patients should start at cancer
diagnosis, continue while they are receiving their therapy, and continue through their lifetime
[19].

There is little information in the literature about cardiovascular mortality in patients with
GI adenocarcinomas. The risk factors of cardiovascular mortality in these patients need to be
identified. In this retrospective study, we aim to identify the incidence and the risk factors
associated with cardiovascular mortality in patients with GI adenocarcinomas registered in the
Surveillance, Epidemiology and End Results (SEER) database.

2. Methods
2.1. Study population and study design

In this retrospective cohort study, we collected data of the patients with GI adenocarcinoma
from the SEER database, which holds data of cancer patients in the United States and is an
authoritative source for cancer statistics. We extracted data using the SEER*Stat (version 8.3.8)
and included patients from 1975 to 2015. Patients were followed up until death or until 2016.

2.2. Ethics statement

Data registered in the SEER database is freely released and available upon requesting access to
the database. Besides, cancer is reportable in the United States. So, this study did not require
informed consents from patients whose data were used in the study.

2.3. Data collection

Data of the dependent and the independent variables were extracted from the SEER program.
Dependent variables of interest included: 1) CV mortality (mortality due to aortic aneurysm
and dissection, atherosclerosis, cerebrovascular diseases, diseases of the heart, hypertension,
and other diseases of arteries, arterioles, or capillaries). 2) Adenocarcinoma mortality. 3)
Other mortalities. Independent variables included age, sex, race, marital status, primary site of
the disease [esophagus, stomach, small intestine, colon and/or rectum, anus, liver, pancreas
and GI tract not otherwise specified (NOS)], stage of the disease (localized, regional, distant
and unstaged), grade of the cancer, chemotherapy, radiation therapy and cancer directed

surgery.

2.4. Statistical analysis

All analyses in this study were conducted using SPSS software for windows (version 26.0). We
assessed the relationships between categorical variables using Pearson’s chi square test [24]. To
assess the effect of the independent variables on the overall, cardiovascular-specific and adeno-
carcinoma-specific survival months; we conducted a univariate analysis using the Kaplan-
Meyer test [25]. We presented data of the univariate analysis as median (months) and 95%
confidence interval (CI). To assess the effect of the independent variables on the overall, car-
diovascular-specific and adenocarcinoma-specific mortality; we conducted a multivariate anal-
ysis using the Cox regression test [25]. We presented data of the multivariate analysis as
hazard ratio (HR) and 95% CI. To assess the probability of cardiovascular diseases (CVDs) in
the total study population, we used the binary logistic regression analysis [26] and presented
data as odds ratio (OR) and 95% CI. In any analysis, we considered the effect significant when
P-value is less than 0.05.
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3. Results
3.1. Study population characteristics

We included 556,350 GI adenocarcinoma patients in our study. The mean age at diagnosis of
the included participants was 67.41 + 12.66 years, and 54% of the study population are males.
Of the included participants, a total of 408,675 (73.4%) participants died: 261,435 (47%) died
due to adenocarcinoma, 64,079 (11.5%) died due to CV causes, and 83,161 (14.9%) died due to
other causes. Heart diseases made up the majority of CV causes of mortality (49,058 patients,
76.6% of CV mortalities, and 8.8% of the total study population). Colorectal AC patients com-
prised 76.1% of included participants, followed by gastric (9%), pancreatic (6.2%), esophageal
(4.1%), hepatobiliary (3.5%), small intestinal (0.9%), GI tract NOS (0.1%) and anal AC (0.1%).
Table 1 shows the details of clinicopathologic characteristics of the total study population and
of each studied mortality-specific group.

3.2. Univariate analysis of overall survival, cardiovascular-specific survival,
and adenocarcinoma-specific survival

The median overall survival was equal for patients < 50 years and for patients > 50 years (19
months). It was higher in females (20 months) than in males (19 months). It was higher in
white race (20 months) than in black (16 months) and other races (19 months). It was higher
in married patients (22 months) than in single (15 months), separated (20 months), divorced
(17 months) and widowed patients (17 months). As expected, it was inversely related to tumor
grade (28 months with grade I and 8 months in grade IV) and tumor stage (52 months in local-
ized and 7 months in distant and in unstaged tumor). It was higher in patients treated with
surgery (30 months) than patients with no cancer-directed surgery (4 months). It was lower in
patients treated with chemotherapy (19 months) than those who were not (20 months). It was
similar in patients treated with beam radiation and those not treated by radiation (19 months),
but it was lower in patients treated with other types of radiation (18 months). Regarding the
site of AC; the median overall survival was higher in colorectal (30 months) than anal (19
months), esophageal, small intestinal (9 months), gastric, hepatobiliary (8 months), pancreatic
(5 months), and non-specified GI adenocarcinoma (1 month).

The median cardiovascular-specific survival was higher in pateints < 50 years than in
patients > 50 years (108 vs 62 months), in females than in males (67 vs 57 months), in other
races than in white and black (65 vs 63 and 44 months, respectively), in married than in single,
separated, divorced, and widowed patients (75 vs 46, 64, 53, and 50 months, respectively). It
was inversely related to the tumor grade (73 months in grade I vs 35 months in grade IV) and
stage (74 months in localized vs 6 months in distant). It was higher in patients treated with sur-
gery than not treated (70 vs 4 months), and in patients not treated with radiotherapy than
treated with beam or other types of radiation (63 vs 55 and 44 months, respectively), while the
effect of chemotherapy was insignificant (65 vs 61 months, P = 0.063). Regarding the site of
AG; colorectal AC had the longest median CV-specific survival (68 months), followed by small
intestinal, gastric, anal, hepatobiliary, esophageal and pancreatic AC (28, 22, 20, 15, 12 and 3
months, respectively).

Median AC specific survival was higher in patients < 50 years than in patients > 50 years
(17 vs 12 months), in males than in females (13 vs 12 months), in other races than in white and
black races (14 vs 12 months), in married than in single, separated, divorced, and widowed (14
vs 11, 13, 12 and 9 montbhs, respectively). It was inversely related to the tumor stage (25 months
in localized vs 7 months in distant), but its relation with the tumor grade was not regular
(higher in grade II than in grades I, IIT and IV; 17 vs 15, 8 and 7 months, respectively). It was
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higher in patients treated with surgery than not (19 vs 4 months), in patients treated with che-
motherapy than not (16 vs 9 months), and in patients treated with beam radiation than in
patients treated with other types of radiation or not treated with radiation (16 vs 15 and 11
months, respectively).

Table 2 shows the details of the univariate analysis results. S1 File shows the survival curves
for cancer-specific and for cardiovascular-specific mortalities with different variables.

3.3. Multivariate analysis of overall mortality

The hazard of overall mortality in patients with GI adenocarcinoma was higher in

patients > 50 years compared with patients < 50 years (HR, 1.72; 95% CI, 1.698-1.741), black
compared with white patients (HR, 1.034; 95% CI, 1.023-1.044), separated (HR, 1.058; 95%
CI, 1.028-1.089) and widowed (HR, 1.342; 95% ClI, 1.327-1.357) compared with single
patients. The hazard was higher in patients with regional (HR, 1.582; 95% CI, 1.569-1.595),
distant (HR, 4.471; 95% ClI, 4.426-4.516), or unstaged disease (HR, 1.904; 95% CI, 1.872—
1.938) compared with localized; and in patients with grade II (HR, 1.057; 95% CI, 1.045-
1.068), III (HR, 1.36; 95% CI, 1.344-1.376), or IV (HR, 1.459; 95% CI, 1.42-1.498) compared
with grade I tumor. The hazard was higher in patients not treated by surgery (HR, 2.541; 95%
CL, 2.513-2.57).

The hazard of overall mortality was lower in females (HR, 0.847; 95% CI, 0.841-0.853),
races other than black and white compared with white (HR, 0.842; 95% CI, 0.832-0.852), mar-
ried (HR, 0.85; 95% CI, 0.841-0.859) and divorced (HR, 0.953; 95% CI, 0.94-0.967) compared
with single patients, patients treated with chemotherapy compared with not (HR, 0.623; 95%
CIL 0.618-0.627), patients treated with beam (HR, 0.872; 95% CI, 0.858-0.885) or other types
of radiation (HR, 0.901; 95% CI, 0.857-0.946) compared with no radiation therapy.

Regarding the site of the AC; higher overall mortality hazards were associated with gastric
(HR, 1.052; 95% CI, 1.033-1.07), hepatobiliary (HR, 1.445; 95% CI, 1.414-1.477), pancreatic
(HR, 1.496; 95% ClI, 1.468-1.523), and non-specific GI adenocarcinoma (HR, 1.328; 95% CI,
1.225-1.439) compared with esophageal AC. Lower hazards were associated with colorectal
(HR, 0.649; 95% CI, 0.639-0.66) and anal AC (HR, 0.802; 95% CI, 0.728-0.882) compared
with esophageal AC. Small intestinal AC had similar hazard as esophageal AC (HR, 1.01; 95%
CL, 0.976-1.046) (Table 3).

3.4. Multivariate analysis of cardiovascular specific mortality

The hazard of CV mortality in GI adenocarcinoma patients was higher in patients > 50 years
compared with patients < 50 years (HR, 8.476; 95% CI, 7.91-9.083), separated (HR, 1.27; 95%
CI, 1.184-1.361) and widowed (HR, 1.867; 95% CI, 1.812-1.924) compared with single
patients, patients with regional (HR, 1.124; 95% CI, 1.105-1.143), distant (HR, 1.064; 95% CI,
1.026-1.102) or unstaged disease (HR, 1.439; 95% CI, 1.372-1.509) compared with localized
stage, patients with grade IIT (HR, 1.058; 95% CI, 1.028-1.089) or IV (HR, 1.157; 95% ClI,
1.068-1.255) tumor compared with grade I, and in patients not treated with surgery compared
with patients treated with surgery (HR, 2.04; 95% CI, 1.958-2.126).

The hazard of CV mortality was lower in females (HR, 0.729; 95% CI, 0.717-0.742), black
(HR, 0.95; 95% CI, 0.924-0.978) and other races (HR, 0.708; 95% CI, 0.685-0.732) compared
with white race, married (HR, 0.77; 95% CI, 0.749-0.792) and divorced (HR, 0.841; 95% CI,
0.807-0.877) compared with single patients, patients with grade II of the disease compared
with grade I (HR, 0.966; 95% CI, 0.943-0.989), and in patients treated with chemotherapy
compared with patients not treated with chemotherapy (HR, 0.416; 95% CI, 0.406-0.427).
Treatment with beam or other types of radiation had no significant effect on CV mortality.
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Table 2. Univariate analysis using Kaplan Meier test.

Variables Adenocarcinoma survival  ~P- | Cardiovascular survival P- Total survival P-
months, median (95% CI)  value months, median (95% @ value months, median value
I (95% CI)
Age < < <
0.001 0.001 0.001
< 50 years 17 (16.677-17.323) 108 (94.915-121.085) 19 (18.646—
19.354)
> 50 years 12 (11.91-12.09) 62 (61.166-62.834) 19 (18.862-
19.138)
Sex < < <
0.001 0.001 0.001
Male 13 (12.884-13.116) 57 (55.873-58.127) 19 (18.836-
19.164)
Female 12 (11.87-12.13) 67 (65.767-68.233) 20 (19.798-
20.202)
Race < < <
0.001 0.001 0.001
White 12 (11.903-12.097) 63 (62.102-63.898) 20 (19.852—
20.148)
Black 12 (11.738-12.262) 44 (41.238-46.762) 16 (15.683-
16.317)
Others 14 (13.668-14.332) 65 (61.237-68.763) 19 (18.55-19.45)
Marital status < < <
0.001 0.001 0.001
Single 11 (10.763-11.237) 46 (43.552-48.448) 15 (14.712—
15.288)
Married 14 (13.878-14.122) 75 (73.746-76.254) 22 (21.812-
22.188)
Separated 13 (12.205-13.795) 64 (56.38-71.62) 20 (18.926-
21.074)
Divorced 12 (11.7-12.3) 53 (49.791-56.209) 17 (16.624-
17.376)
Widowed 9 (8.838-9.162) 50 (48.75-51.25) 17 (16.733-
17.267)
Primary site < < <
0.001 0.001 0.001
Esophagus 8 (7.818-8.182) 12 (10.137-13.863) 9(8.819-9.181)
Gastric 7 (6.868-7.132) 22 (19.695-24.305) 8 (7.856-8.144)
Small intestine 9 (8.434-9.566) 28 (19.026-36.974) 9 (8.423-9.577)
Colorectal 19 (18.856-19.144) 68 (67.137-68.863) 30 (29.793-
30.207)
Anal 18 (15.471-20.529) 20 (11.915-28.085) 19 (16.841-
21.159)
Hepato-biliary 7 (6.766-7.234) 15(11.85-18.15) 8 (7.767-8.233)
Pancreatic 5(4.898-5.102) 3(2.193-3.807) 5 (4.899-5.101)
GIT NOS 2 (1.582-2.418) - 1(0.729-1.271)
Grade < < <
0.001 0.001 0.001
I 15 (14.636-15.364) 73 (70.425-75.575) 28 (27.365-
28.635)
I 17 (16.857-17.143) 64 (63.008-64.992) 26 (25.797-
26.203)
III 8(7.91-8.09) 48 (45.931-50.069) 10 (9.886-
10.114)
(Continued)
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Table 2. (Continued)

Variables Adenocarcinoma survival P- | Cardiovascular survival  P- Total survival P-
months, median (95% CI) value = months, median (95% @ value months, median value
CI) (95% CI)
v 7 (6.632-7.368) 35 (26.333-43.667) 8 (7.555-8.445)
Stage < <
0.001 0.001
Localized 25 (24.538-25.462) 74 (72.867-75.133) 52 (51.453-
52.547)
Regional 20 (19.82-20.18) 65 (63.735-66.265) 28 (27.756—
28.244)
Distant 7 (6.925-7.075) 6 (5.471-6.529) 7 (6.926-7.074)
Unstaged 6 (5.773-6.227) 9 (7.869-10.131) 7 (6.755-7.245)
Chemotherapy < 0.063 <
0.001 0.001
No 9(8.886-9.114) 61 (60.106-61.894) 20 (19.796-
20.204)
Yes 16 (15.872-16.128) 65 (62.717-67.283) 19 (18.849-
19.151)
Radiation < 0.007 <
therapy 0.001 0.001
No 11 (10.901-11.099) 63 (62.136-63.864) 19 (18.851-
19.149)
Beam radiation 16 (15.805-16.195) 55 (51.946-58.054) 19 (18.761-
19.239)
Other types of 15 (13.808-16.192) 44 (20.04-67.96) 18 (16.72-19.28)
radiation
Surgery < < <
0.001 0.001 0.001
Yes 19 (18.869-19.131) 70 (69.171-70.829) 30 (29.803-
30.197)
No 4 (3.941-4.059) 4(3.67-4.33) 4 (3.942-4.058)

CI = confidence interval. GIT = gastrointestinal tract. NOS = not otherwise specified.

https://doi.org/10.1371/journal.pone.0262013.t002

Regarding the site of AC, gastric (HR, 1.18; 95% CI, 1.1-1.265) and colorectal AC (HR,
1.123;95% CI, 1.053-1.198) had higher hazards of CV mortality, while pancreatic AC had
lower hazard (HR, 0.83; 95% CI, 0.757-0.91) compared with esophageal AC. Hazards in small
intestinal (HR, 1.019; 95% ClI, 0.898-1.157), anal (HR, 1.196; 95% CI, 0.9-1.588), hepatobiliary
(HR, 1.017; 95% CI, 0.931-1.111), and non-specific GI adenocarcinoma (HR, 1.096; 95% CI,
0.695-1.726) were similar to that of the esophageal AC (Table 3).

3.5. Multivariate analysis of adenocarcinoma-specific mortality

The hazard for adenocarcinoma-specific mortality was higher in patients > 50 years compared
with younger patients, black compared with white patients, widowed compared with single
patients, patients with regional, distant or unstaged disease compared with localized stage,
patients with grade II, IIT or IV compared with grade I tumor, and patients not treated with
cancer directed surgery. The hazard was lower in females, races other than black and white
compared with white, married and divorced compared with single patients, patients treated
with chemotherapy compared with not, and in patients treated with beam or other types of
radiation compared with no radiation. Separated patients had similar hazard as single. Regard-
ing the site of the AC; higher AC-mortality hazard was associated with gastric, hepatobiliary
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Table 3. Multivariate analysis using Cox regression test.

Variables Total Regression =~ Adenocarcinoma = Regression = Cardiovascular = Regression
mortality, = coefficient = mortality, HR (95% coefficient mortality, HR coefficient
HR (95% CI) (95% CI)
CI)

Age, reference (< 50 years)

> 50 years 1.72 (1.698- 0.542 1.245 (1.228- 0.219 8.476 (7.91- 2.137
1.741)° 1.262)° 9.083)°

Sex, reference (male)

Female 0.847 -0.166 0.916 (0.908— -0.088 0.729 (0.717- -0.316
(0.841- 0.924)° 0.742)°
0.853)°

Race, reference (white)

Black 1.034 0.033 1.074 (1.061- 0.072 0.95 (0.924- -0.051
(1.023- 1.088)° 0.978)°
1.044)°

Others 0.842 -0.172 0.907 (0.894-0.92)° -0.097 0.708 (0.685— -0.345
(0.832- 0.732)°
0.852)°

Marital status, reference

(single)

Married 0.85 (0.841- -0.163 0.895 (0.884- -0.111 0.77 (0.749- -0.261
0.859)° 0.906)° 0.792)°

Separated 1.058 0.056 1.016 (0.98-1.053) 0.016 1.27 (1.184- 0.239
(1.028- 1.361)°
1.089)°

Divorced 0.953 (0.94- -0.048 0.974 (0.957-0.991)* -0.027 0.841 (0.807- -0.173
0.967)° 0.877)°

Widowed 1.342 0.294 1.189 (1.172- 0.173 1.867 (1.812- 0.624
(1.327- 1.206)° 1.924)°
1.357)°

Primary site, reference

(esophagus)

gastric 1.052 0.05 1.068 (1.048- 0.066 1.18 (1.1-1.265)° 0.165
(1.033- 1.089)°
1.07)°

small 1.01 (0.976- 0.01 1.001 (0.962-1.041) 0.001 1.019 (0.898- 0.019

intestine 1.046) 1.157)

colorectal 0.649 -0.432 0.568 (0.557— -0.566 1.123 (1.053- 0.116
(0.639— 0.578)° 1.198)°
0.66)°

anal 0.802 -0.221 0.776 (0.693— -0.254 1.196 (0.9-1.588) 0.179
(0.728- 0.868)°
0.882)°

hepatobiliary 1.445 0.368 1.509 (1.473- 0.411 1.017 (0.931- 0.017
(1.414- 1.546)° 1.111)
1.477)°

pancreatic 1.496 0.402 1.553 (1.522- 0.44 0.83 (0.757-0.91)° -0.186
(1.468- 1.584)°
1.523)°

GIT NOS 1.328 0.283 0.763 (0.684— -0.27 1.096 (0.695- 0.091
(1.225- 0.852)° 1.726)
1.439)°

Stage, reference (localized)

Regional 1.582 0.459 2.454 (2.424- 0.898 1.124 (1.105- 0.117
(1.569- 2.485)° 1.143)°
1.595)°

(Continued)
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Table 3. (Continued)

Variables Total Regression = Adenocarcinoma = Regression = Cardiovascular = Regression
mortality, = coefficient = mortality, HR (95% coefficient mortality, HR coefficient
HR (95% CI) (95% CI)
CI)

Distant 4471 1.498 8.166 (8.056- 2.1 1.064 (1.026- 0.062
(4.426- 8.278)° 1.102)°
4.516)°

Unstaged 1.904 0.644 3.159 (3.091- 1.15 1.439 (1.372- 0.364
(1.872- 3.228)° 1.509)"
1.938)°

Grade, reference (grade I)

11 1.057 0.055 1.092 (1.076- 0.088 0.966 (0.943- -0.035
(1.045- 1.108)° 0.989)*
1.068)"

111 1.36 (1.344- 0.308 1.497 (1.474—1.52)b 0.403 1.058 (1.028- 0.057
1.376)° 1.089)°

v 1.459 (1.42- 0.378 1.607 (1.556— 0.474 1.157 (1.068- 0.146
1.498)° 1.658)° 1.255)°

Chemotherapy, reference

(no/unknown)

Yes 0.623 -0.474 0.663 (0.657- -0.412 0.416 (0.406— -0.876
(0.618- 0.669)° 0.427)°
0.627)°

Radiation therapy, reference
(no radiation)

Beam 0.872 -0.137 0.887 (0.872— -0.12 0.942 (0.881- -0.06
radiation (0.858- 0.902)° 1.006)
0.885)°
Other types 0.901 -0.105 0.929 (0.879-0.981)* -0.074 0.844 (0.693- -0.169
of radiation (0.857- 1.028)
0.946)°
Surgery, reference (surgery
performed)
No 2.541 0.933 2.507 (2.476- 0.919 2.04 (1.958- 0.713
(2.513- 2.538)° 2.126)°
2.57)°

CI = confidence interval. HR = hazard ratio. GIT = gastrointestinal tract. NOS = not otherwise specified. “P < 0.01.
b
P < 0.001.

https://doi.org/10.1371/journal.pone.0262013.t003

and pancreatic AC, while lower AC-mortality hazard was associated with colorectal, anal and
non-specific GI adenocarcinoma compared with esophageal AC. Small intestinal AC had simi-
lar hazard as esophageal AC (Table 3).

3.6. Binary logistic regression of cardiovascular mortality

Among patients with GI adenocarcinoma, higher probability of CV disease was associated
with age > 50 years compared with age < 50 years (OR, 5.917; 95% CI, 5.518-6.345); married
(OR, 1.054; 95% CI, 1.022-1.087), separated (OR, 1.465; 95% CI, 1.356-1.582), and widowed
(OR, 0.904; 95% CI, 0.864-0.945) compared with single patients; and beam radiation therapy
compared with no radiation (OR, 1.204; 95% CI, 1.123-1.291). Lower probability of CV dis-
ease was associated with female sex (OR, 0.857; 95% CI, 0.841-0.873), black (OR, 0.872; 95%
CI, 0.845-0.899) and other races (OR, 0.709; 95% CI, 0.685-0.735) compared with white,
divorced status compared with single (OR, 0.904; 95% CI, 0.864-0.945), regional (OR, 0.854;
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95% CI, 0.838-0.871) and distant (OR, 0.27; 95% CI, 0.261-0.279) stages compared with local-
ized disease, grade II (OR, 0.787; 95% CI, 0.767-0.809), III (OR, 0.75; 95% CI, 0.727-0.775) or
IV (OR, 0.635; 95% CI, 0.582-0.692) compared with grade I tumor, chemotherapy compared
with no or unknown history of chemotherapy (OR, 0.411; 95% CI, 0.401-0.422), and no sur-
gery compared with cancer directed surgery (OR, 0.689; 95% CI, 0.661-0.718). Types of radia-
tion other than beam had no significant effect on the probability of CV disease (Table 4).
Regarding the site of the AC; higher CV disease probability was associated gastric (OR,
1.256; 95% CI, 1.168-1.352), colorectal (OR, 1.928; 95% CI, 1.804-2.061), and anal AC (OR,
1.453; 95% CI, 1.071-1.972), while lower probability was associated with hepatobiliary (OR,

Table 4. The probability of cardiovascular disease using binary logistic regression test.

Variables Cardiovascular, OR (95% CI) Regression coefficient
Age, reference (< 50 years)
> 50 years 5.917 (5.518-6.345)" 2.137
Sex, reference (male)
Female 0.857 (0.841-0.873)" -0.316
Race, reference (white)
Black 0.872 (0.845-0.899)° -0.051
Others 0.709 (0.685-0.735)" -0.345
Marital status, reference (single)
Married 1.054 (1.022-1.087)° 0.261
Separated 1.465 (1.356—1.582)b 0.239
Divorced 0.904 (0.864—0.945)b -0.173
Widowed 1.777 (1.72—1.836)b 0.624
Primary site, reference (esophagus)
gastric 1.256 (1.168-1.352)° 0.165
small intestine 1.042 (0.912-1.191) 0.019
colorectal 1.928 (1.804-2.061)° 0.116
anal 1.453 (1.071-1.972)° 0.179
hepatobiliary 0.695 (0.634-0.762)" 0.017
pancreatic 0.562 (0.512-0.618)° -0.186
GIT NOS 0.927 (0.593-1.449) 0.091
Stage, reference (localized)
Regional 0.854 (0.838-0.871)° 0.117
Distant 0.27 (0.261-0.279)" 0.062
Unstaged 1.014 (0.963-1.067) 0.364
Grade, reference (grade I)
11 0.787 (0.767—0.809)b -0.035
1l 0.75 (0.727-0.775)° 0.057
v 0.635 (0.582—0,692)b 0.146
Chemotherapy, reference (no/unknown)
Yes 0.411 (0.401—0.422)b -0.876
Radiation therapy, reference (no radiation)
Beam radiation 1.204 (1.123-1.291)° -0.06
Other types of radiation 1.008 (0.819-1.241) -0.169
Surgery, reference (surgery performed)
No 0.689 (0.661—0.718)b 0.713

CI = confidence interval. OR = odds ratio. GIT = gastrointestinal tract. NOS = not otherwise specified. “P < 0.05.

°p < 0.001.

https://doi.org/10.1371/journal.pone.0262013.t004
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0.695; 95% CI, 0.634-0.762) and pancreatic AC (OR, 0.562; 95% CI, 0.512-0.618) compared
with esophageal AC. Small intestinal (OR, 1.042; 95% CI, 0.912-1.191) and non-specific GI
adenocarcinoma (OR, 0.927; 95% CI, 0.593-1.449) had similar probability as esophageal AC
(Table 4).

4. Discussion

We analyzed data of 556,350 patients with adenocarcinoma at any site of the GI tract and its
accessory glands. We found that gastric and colorectal adenocarcinomas (ACs) have higher
CV mortality rates, while pancreatic AC has a lower CV mortality rate compared with esoph-
ageal AC. Anal, small intestinal and hepatobiliary ACs have CV mortality rates similar to that
of the esophageal AC. Independent patients’ characteristics associated with higher CV mortal-
ity rates include older age at diagnosis (> 50 years), male sex, white race, separated and wid-
owed statuses, non-localized disease stages (regional, distant and unstaged disease), grades III
and IV of the tumor, no or unknown history of chemotherapy and no history of cancer-
directed surgery. Protective factors include married and divorced statuses, and grade II of the
disease. Radiation therapy has no predictive value for CV mortality.

Our results revealed that older age, male sex, and no cancer-directed surgery are indepen-
dent risk factors for CV mortality in GI adenocarcinoma patients. These findings agree with
the findings of a previous study on CRC patients [27]. This may be due to the large doses of
cardiotoxic cancer therapies that may have been used in patients not undergone surgery. The
same study identified black race as an independent risk factor for CV mortality in patients
with CRC [27], but our results showed that it is a protective factor from CV mortality. This
may be because they included patients registered between 2010 and 2014 only, which indicates
a short period of follow-up in their study [27]. Another study found that older age, male sex,
black race, chemotherapy, advanced grade, and advanced stage are risk factors for CRC-spe-
cific mortality [28]. For non-cancer mortality, the same study identified older age, male sex,
advanced grade and advanced stage as risk factors while chemotherapy was protective [28]. A
previous study on gall bladder adenocarcinoma patients stated that older age, black race, and
advanced grade of the tumor are risk factors for adenocarcinoma mortality; and that older age,
advanced grade of the tumor, and chemotherapy are risk factors for non-cancer mortality [29].
Cardiovascular deaths were the commonest among non-cancer deaths in patients with CRC in
a previous SEER based study, which agrees with our findings [30].

Previous studies stated that CV mortality is higher in cancer patients compared with the
general population [31-34]. This finding was also reported in patients with CRC [27, 35],
breast cancer [36, 37], and in children and young cancer patients [17, 38]. The risk of non-can-
cer mortality remained high in cancer patients for many years after diagnosis [17]. The
increased CV mortality in these patients may be due to the use of cardiotoxic cancer-directed
therapies, which may lead to impaired CV function and increase the CV mortality risk [39,
40].

For total mortality in GI adenocarcinoma patients, risk factors included older age, male sex,
black race, separated and widowed statuses, non-localized disease stages (regional, distant,
unstaged), higher disease grades (grades II, III, IV), no or unknown history of chemotherapy,
no radiation therapy and no history of cancer-directed surgery. Protective factors included
races other than black and white, married and divorced statuses, chemotherapy, radiotherapy
and surgery. Regarding the site of adenocarcinoma; gastric, hepatobiliary and pancreatic ade-
nocarcinoma had higher mortality rates, while colorectal and anal adenocarcinomas had lower
mortalities compared with the esophageal AC. The mortality rate in small intestinal AC was
similar to that of the esophagus.
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Previous studies on patients with GI adenocarcinomas (including colorectal, small intesti-
nal and pancreatic ACs) agree that advanced disease stage (including lymph node invasion
and distant spread) and advanced tumor grade are risk factors for overall mortality [41-44].
Patient-related risk factors included advanced age, unmarried status, and non-white races
[41-45]. Surgical treatment was found to be a protective factor in small intestinal and pancre-
atic ACs [42-44].

A study on pancreatic AC stated that male sex is another risk factor [45], but a study on
small intestinal AC reported that sex has no predictive value for mortality [43]. This may be
due to the relatively small number of small intestinal AC patients included in that study [43].
The same study stated that small intestinal AC has a worse prognosis than colorectal AC,
which coincides with our results [43].

For adenocarcinoma-specific mortality, risk factors included older age, male sex, black
race, widowed state, non-localized stages of the disease (regional, distant and unstaged),
advanced grade (grades I, III and IV), no chemotherapy, no radiotherapy and no surgery per-
formed. Protective factors included races other than black and white, and married and
divorced statuses. Gastric, hepatobiliary, and pancreatic adenocarcinomas had higher mortali-
ties, while colorectal and anal carcinomas had lower mortalities than esophageal and small
intestinal adenocarcinomas.

Previous SEER-based studies on small intestinal AC agree that older age, advanced disease
stage and grade, and unmarried status are risk factors for cancer-specific mortality, while per-
formed surgery is protective [44, 46]. A study that included Chinese patients with small intesti-
nal AC found that lymph node invasion was the only significant risk factors for cancer-specific
mortality in this group [46].

This study has the strengths of the large sample size and the high-quality data. These factors
help identification of the independent risk factors and generalization of the results. However,
it is limited to the retrospective study design and the lack of some data that may have affected
the cardiovascular health and disease, for example, the family history, dyslipidemia and diabe-
tes. It also depends on data from different health care facilities that may have different levels of
care.

5. Conclusion

Among patients with GI adenocarcinoma; those with higher risk for CV mortality include
older patients, males, white, separated and widowed, patients with gastric or colorectal adeno-
carcinoma, patients with advanced grade or advanced stage of the disease, patients not treated
with chemotherapy and those not undergone cancer-directed surgery. The lower risk was
found in married, divorced patients, and patients with pancreatic adenocarcinoma.
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