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Abstract
Introduction  Gastrointestinal cancers encompass malignant tumors of multiple digestive system organs in humans. 
Each type of digestive system cancer also contains different histological types, each of which has a distinct prognosis. 
The survival time of cancer patients has significantly extended with the development of modern medicine, allowing 
for primary cancers occurring more than once in a lifetime.

Methods  The study analyzed multiple primary gastrointestinal cancers, including esophagus, stomach, liver, 
gallbladder, small bowel, colon, rectum, and anus, based on the Surveillance, Epidemiology, and End Results 
(SEER) database from 2016 to 2019 in the United States. A total of 119,760 cases were included in this study. Each 
gastrointestinal cancer was analyzed separately based on the International Classification of Diseases for Oncology 
third edition (ICD-O-3) for the common histologic type. Meanwhile, based on the sequence of cancer occurrence in 
the patients, they were divided into the one primary (OP) group and the multiple primaries (MP) group. The multiple 
primaries group was further subdivided into the first of multiple primaries (FMP) group and the non-first of multiple 
primaries (NFMP) group. The Kaplan-Meier method with the log-rank test was used to analyze overall survival (OS), 
while the Cox regression model was used for univariate and multivariate analyses.

Results  The study enrolled nine organs of the digestive system and twenty histologic types of primary 
gastrointestinal cancers. The characteristics of patients in different groups with various cancers, overall survival of 

The impact of single and multiple 
occurrences, as well as the sequence 
of occurrences, of primary gastrointestinal 
cancer on overall survival: a comprehensive 
analysis based on the surveillance, 
epidemiology, and end results database in the 
United States from 2016 to 2019
Ziming He1 and Di Tang1*

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13690-024-01463-6&domain=pdf&date_stamp=2024-12-3


Page 2 of 12He and Tang Archives of Public Health          (2024) 82:232 

Text box 1. Contributions to the literature
1. As the number of cancer survivors continues to rise, greater attention 
has to be given to the subsequent occurrence of other primary cancers.
2. Medical professionals need to adopt a more macroscopic, long-term, 
and proactive plan for the treatment of cancer survivors who develop 
other primary cancers.
3. The differences in overall survival associated with varying sequences 
of occurrence for the same specific gastrointestinal cancer warrant 
further research.

Introduction
Gastrointestinal cancers are a series of common diseases 
that cause amount patient deaths worldwide. According 
to global statistics, colorectal cancer, gastric cancer, liver 
cancer, and pancreatic cancer have high incidence and 
mortality rates [1]. The digestive system originates from 
the endoderm and mesoderm germ layers during human 
development and is completed under unified regulation 
[2]. Therefore, there are many similarities in the histolog-
ical characteristics of digestive tract organs. In addition, 
the cellular components of digestive organs are complex, 
which can lead to various malignant tumors. It is essen-
tial to conduct comprehensive research on cancers in 
digestive organs.

As medical standards are being raised, the diagnos-
tic accuracy and opportunities for cancer patients to 
receive effective treatment are increasing. Many cancer 
patients have their survival time extended, but they may 
also face the challenge of developing multiple primary 
cancers throughout their lifetime. However, most stud-
ies and clinical trials focus on primary cancer patients 
who do not have any other cancers or are not undergo-
ing any other cancer treatments. More observation and 
research on patients with a history of cancer is necessary 
and meaningful.

The Surveillance, Epidemiology, and End Results 
(SEER) database is established by the National Cancer 
Institute in the United States of America (USA) using 
real-world population public medical data. The SEER 
database, as part of the national cancer surveillance and 
prevention project in the USA, is typically used to ana-
lyze risk factors and follow-up treatment outcomes in 
patients with primary tumors. As the database continues 

to be enhanced, some extensive studies have begun to 
emphasize the observation of overall survival (OS) and 
cancer type-specific risks of secondary primary cancer 
in prior cancer patients [3, 4]. Research on patients with 
multiple primary cancers has shown that a prior history 
of cancer significantly affects the occurrence and survival 
of subsequent cancers [5, 6]. A study on childhood and 
adolescent cancer survivors suggested that the risk of 
developing other primary gastrointestinal cancers signifi-
cantly increased from 1975 to 2015 compared to adults.

With advancements in medical care, the number of 
cancer survivors is steadily increasing. The number of 
cancer survivors occurring other primary cancers has 
also increased. These patient groups will be a key focus 
for future clinical strategies in cancer treatment. Our 
study focused on investigating the impact of the sequence 
in which primary gastrointestinal cancers (PGICs) occur 
on their prognosis. This is an area of research that has 
received less attention. We compared patients grouped 
with one primary (OP) and multiple primaries (MP) 
in gastrointestinal cancers. The MP group was further 
subdivided into first of multiple primaries (FMP) and 
non-first of multiple primaries (NFMP) (Table  1). This 
analysis contributes to predicting the prognosis of cancer 
survivors, establishing correct disease expectations, and 
guiding the implementation of more aggressive or con-
servative subsequent treatment strategies.

Methods
Data selection
Data was downloaded from the Surveillance, Epidemi-
ology, and End Results (SEER) database ​(​​​h​t​t​p​s​:​/​/​s​e​e​r​.​c​a​
n​c​e​r​.​g​o​v​/​​​​​)​. The protocol for data selection is outlined in 
Fig. 1. Each digestive system cancer included in the anal-
ysis underwent subgroup analysis based on the Interna-
tional Classification of Disease for Oncology third edition 
(ICD-O-3) to determine the common histologic type. 
The nine sites of the digestive system and their histologic 
types were selected as follows: (1) Liver, including hepa-
tocellular carcinoma (HCC) and intrahepatic cholangio-
carcinoma (ICC); (2) Gallbladder, including gallbladder 
adenocarcinoma (GBAC); (3) Pancreas, including pan-
creatic adenocarcinoma (PAC), pancreatic infiltrating 
duct carcinoma (PIDC), and pancreatic carcinoid tumor 
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(PCT); (4) Esophagus, including esophageal adenocarci-
noma (EAC) and esophageal squamous cell carcinoma 
(ESCC); (5) Gaster, including gastric adenocarcinoma 
(GAC), gastrointestinal stromal sarcoma (GISS), and 
gastric carcinoid tumor (GCT); (6) Small bowel, includ-
ing small bowel adenocarcinoma (SBA) and small bowel 
carcinoid tumor (SBCT); (7) Colon, including colon 
adenocarcinoma (COAD), colon papillary adenocarci-
noma (COPA), and colon carcinoid tumor (COCT); (8) 
Rectum, including rectal adenocarcinoma (READ), rectal 
papillary adenocarcinoma (REPA), and rectal carcinoid 
tumor (RECT); (9) Anus, including anal squamous cell 
carcinoma (ASCC) (see Tables 2 and 3 for details).

Statistical analysis
Statistical analysis was performed using IBM SPSS Sta-
tistics 26. The t-test was used for continuous variables, 
with a comparison of two groups using the Indepen-
dent-Samples T Test and a comparison of three groups 
using One-Way ANOVA. The Mann-Whitney U test 
was applied to compare skewed data. The chi-square test 
and Fisher’s exact test were applied to analyze categori-
cal variables. Some continuous variables were converted 
into categorical variables, while multiple categorical vari-
ables were transformed into binary variables. The OS was 
analyzed using the Kaplan-Meier method, and statisti-
cal significance was determined using the Log-rank test. 
The Cox regression model was used to evaluate the haz-
ard ratio and the 95% confidence interval of risk factors. 

Table 1  Supplementary explanation of patient groups
Groups Description
One primary (OP) Only one primary cancer in patients’ lifetime
Multiple primaries (MP) Multiple primary cancers in patients’ lifetime
First of multiple primaries (FMP) First primary cancer in the patients with multiple primary cancers
Non-first of multiple primaries (NFMP) Non-first primary cancer in the patients with multiple primary cancers

Fig. 1  The protocol for data selection based on the surveillance, epidemiology, and end results database in the United States from 2016 to 2019
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The p-value less than 0.050 was considered statistically 
significant.

Results
Patient characteristics
This retrospective study collected a total of 685,829 
cases from the SEER database, spanning from 2010 to 
2019. The raw data downloaded from the SEER database 
spans a period of ten years, from 2010 to 2019. Due to 
the registration of data regarding whether patients have 
distant metastases (including those in organs and lymph 
nodes) beginning in 2016, the patients analyzed in this 
article are from the years 2016 to 2019. Due to the sen-
sitive personal information of the patients involved, the 
SEER database does not provide specific dates, only 
monthly information. The diagnosis period is from Janu-
ary 1, 2016, to December 31, 2019, and the follow-up 
period ends on December 31, 2019. The latest data can 
be accessed by applying on the official SEER website ​(​​​h​
t​t​p​s​:​/​/​s​e​e​r​.​c​a​n​c​e​r​.​g​o​v​/​​​​​)​. After the removal of incomplete 
or non-compliant data, Table 1 shows a total of 119,760 
cases of gastrointestinal cancers and subgroups included 
in this study, based on the data selection criteria outlined 
in Fig. 1. Patients were divided into the OP group and the 
MP group. The MP group was further subdivided into the 
FMP group and the NFMP group based on the sequence 
of occurrence of the patient’s cancer. The summary of the 

Table 2  Cases of the analysis based on the Surveillance, Epidemiology, and end results database in the United States from 2016 to 
2019
Cancer type Total Total Event (%)1 Histologic type2 Event (%)3

Liver 80 547 5343 (6.6) hepatocellular carcinoma (HCC) 3969 (74.3)
intrahepatic cholangiocarcinoma (ICC) 1086 (20.3)

Gallbladder 10 465 1980 (18.9) gallbladder adenocarcinoma (GBAC) 1537 (77.6)
Pancreas 111 993 11 425 (10.2) pancreatic adenocarcinoma (PAC) 4962 (43.4)

pancreatic infiltrating duct carcinoma (PIDC) 3132 (27.4)
pancreatic carcinoid tumor (PCT) 2329 (20.4)

Esophagus 37 733 6061 (16.1) esophageal adenocarcinoma (EAC) 3856 (63.6)
esophageal squamous cell carcinoma (ESCC) 1749 (28.9)

Gaster 62 817 9984 (15.9) gastric adenocarcinoma (GAC) 5929 (59.4)
gastrointestinal stromal sarcoma (GISS) 1194 (12.0)
gastric carcinoid tumor (GCT) 849 (8.5)

Small bowel 21 188 5110 (24.1) small bowel adenocarcinoma (SBA) 1137 (22.3)
small bowel carcinoid tumor (SBCT) 3337 (65.3)

Colon 239 217 69 875 (29.2) colon adenocarcinoma (COAD) 52 952 (75.8)
colon papillary adenocarcinoma (COPA) 3450 (4.9)
colon carcinoid tumor (COCT) 3458 (4.9)

Rectum 104 381 24 165 (23.2) rectal adenocarcinoma (READ) 18 557 (76.8)
rectal papillary adenocarcinoma (REPA) 1327 (5.5)
rectal carcinoid tumor (RECT) 1954 (8.1)

Anus 17 488 3514 (20.1) anal squamous cell carcinoma (ASCC) 2996 (85.3)
Total 685 829 137 457 (20.0) 119 760 (87.1)
1 The numbers and proportion of patients with selected criteria
2 Relatively common histologic type according to ICD-O-3
3 The numbers of various histologic types and the percentage of the total events

Table 3  Abbreviations and International Classification of 
Diseases for Oncology third edition (ICD-O-3) of various 
gastrointestinal cancers
Abbreviations ICD-O-3*
ASCC: anal squamous cell carcinoma C210-C212, C218 807
COAD: colon adenocarcinoma C180, C182-C189 814
COCT: colon carcinoid tumor C180, C182-C189 824
COPA: colon papillary adenocarcinoma C180, C182-C189 826
EAC: esophageal adenocarcinoma C150-C155, C158-C159 814
ESCC: esophageal squamous cell 
carcinoma

C150-C155, C158-C159 807

GAC: gastric adenocarcinoma C160-C166, C168-C169 814
GBAC: gallbladder adenocarcinoma C239 814
GCT: gastric carcinoid tumor C160-C166, C168-C169 824
GISS: gastrointestinal stromal sarcoma C160-C166, C168-C169 893
HCC: hepatocellular carcinoma C220 817
ICC: intrahepatic cholangiocarcinoma C221 816
PAC: pancreatic adenocarcinoma C250-C254, C257-C259 814
PCT: pancreatic carcinoid tumor C250-C254, C257-C259 824
PIDC: pancreatic infiltrating duct 
carcinoma

C250-C254, C257-C259 850

READ: rectal adenocarcinoma C199, C209 814
RECT: rectal carcinoid tumor C199, C209 824
REPA: rectal papillary adenocarcinoma C199, C209 826
SBA: small bowel adenocarcinoma C170-C173, C178-C179 814
SBCT: small bowel carcinoid tumor C170-C173, C178-C179 824
*Available in the ICD-O-3 SEER Site/Histology Validation Lists (https:/​/seer.c​
ancer.g​ov/i​cd-o-3/)

https://seer.cancer.gov/
https://seer.cancer.gov/
https://seer.cancer.gov/icd-o-3/
https://seer.cancer.gov/icd-o-3/
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baseline comparison of patient characteristics in each 
group was presented in Fig.  2 (refer to Supplementary 
Table 1 for details).

Outcomes
The primary outcome was the OS of the patients. The 
first type of OS comparison was between the OP and MP 
groups for each histological type of gastrointestinal can-
cer. The further subgroup analysis of OS was conducted 
between the OP, FMP, and NFMP groups, with the latter 
two groups being separated from the MP group (Fig. 3).

Analysis of gastrointestinal cancers at various primary sites
Liver
This study included the first and second common pri-
mary liver cancers, HCC and ICC, respectively (Table 2). 
Patients in the OP group were generally younger than 
those in the MP group, while early-stage patients in the 
MP group were more than those in the OP group. The 
treatment strategies in the OP, FMP, and NFMP groups 
differed, but the overall systemic therapy ratio was not 
statistically significant. There were statistical differences 
in cancer metastasis and months from diagnosis to treat-
ment (MFDTT) between the OP, FMP, and NFMP groups 
(Fig.  2, Supplementary Table 1.1). The OS comparison 
between the OP group and the MP group was statistically 
significant in ICC but not in HCC. The MP group was 
divided into the FMP and the NFMP groups for further 
subgroup analysis of OS. Patients with HCC in the FMP 
group had better OS than those in the OP group, and 
patients with ICC either in the FMP group or the NFMP 
group had better OS (Fig. 3). After conducting univariate 

and multivariate analyses, we found that patients in the 
FMP group could serve as an independent lower risk fac-
tor for OS in patients with HCC or ICC (Figs.  4 and 5, 
Supplementary Table 2.1).

Gallbladder
GBAC was the most common subtype of gallbladder 
cancer, accounting for approximately 80% of gallblad-
der cancer cases eligible for this study (Table 2). Patients 
with GBAC in the MP group, including the FMP and 
NFMP group, were receiving more passive treatments, 
such as fewer surgical procedures of other regional/
distant sites (Surg Oth Reg/Dis), chemotherapy, and 
systemic treatments (Fig.  2, Supplementary Table 1.2). 
This therapy strategy might be related to poor OS in the 
GBAC patients, with no statistically significant differ-
ence between the OP and MP groups (Fig.  3). The uni-
variate and multivariate analyses conducted with the 
Cox regression model demonstrated that age, p-Grade 
(pathological-Grade), stage, and positive metastases were 
independent risk factors for OS (Figs.  4 and 5, Supple-
mentary Table 2.2).

Pancreas
The main histologic types of pancreatic cancers were 
PAC, PIDC, and PCT, with approximately 43%, 27%, and 
20% of the selected cases (Table 2). Patients with PAC in 
the MP group had better tumor related characteristics, 
such as a lower proportion of advanced stage tumors, a 
higher proportion of regional lymph node surgery (RLN-
Sur) with lower positive RLN, receiving a higher propor-
tion of systemic therapy, and fewer metastases. Thus, the 

Fig. 2  Characteristics of patients with various primary gastrointestinal cancers in the United States from 2016 to 2019. 1 The bold characteristics corre-
spond to the comparison between the OP and MP groups. 2 The non-bold characteristics correspond to the comparison between the OP, FMP, and NFMP 
groups. 3 Combined summary stage based on the SEER database, including localized, regional, and distant. ​(​​​h​t​​t​p​s​​:​/​/​s​​e​e​​r​.​c​​a​n​c​​e​r​.​g​​o​v​​/​s​e​e​r​s​t​a​t​/​v​a​r​i​a​b​l​e​s​/​s​e​
e​r​/​l​r​d​-​s​t​a​g​e​/​​​​​)​. *Variables highlighted in green are statistically significant

 

https://seer.cancer.gov/seerstat/variables/seer/lrd-stage/
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patients with PAC in the MP group, particularly in the 
FMP group, had a better OS than those in the OP group 
(Fig. 3).

Similar characteristics appeared in the PIDC patients 
with a lower proportion of advanced stage tumors, a 
higher proportion of RLN-Sur with lower positive RLN 
(Fig.  2, Supplementary Table 1.3). The OS of patients 
PIDC in the FMP group was better than those in the OP 

group. The PCT cases in this study showed that the OP 
group had more low-grade patients, but a higher propor-
tion of patients with advanced stage and metastases than 
the MP group. However, the patients with PCT in the OP 
group presented higher OS than those in the MP group, 
and the NFMP group particularly (Fig. 3).

Combined with the results of the univariate and mul-
tivariate analyses, we found that age, p-Grade, stage, 

Fig. 3  Overall survival of patients with various primary gastrointestinal cancers in the United States from 2016 to 2019
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and positive metastases were high-risk factors for OS, 
whereas the FMP in patients with PAC or PIDC was a 
low-risk factor for OS but not with PTC (Figs. 4 and 5, 
Supplementary Table 2.3).

Esophagus
The two most prevalent histological types of esophageal 
cancer were EAC and ESCC, accounting for approxi-
mately 64% and 29% of the selected cases, respectively 
(Table  2). The patients EAC in the MP group exhibited 
a higher proportion of patients with early-stage and age 
(≥ 60), as well as lower rates of positive RLN and metas-
tases, in comparison to the OP group. The subsequent 
subgroup analysis revealed that patients in the FMP 
group received a higher proportion of RLN-Sur, radiation 
therapy, and systemic therapy compared to the OP group 
(Fig. 2, Supplementary Table 1.4). Consequently, patients 
with EAC enrolled in the MP group had a superior OS 
compared to the OP group. The statistically signifi-
cant difference was observed between the OP and FMP 
groups (Fig. 3).

In patients with ESCC, the proportion of female 
patients in the MP group was higher than that in the OP 
group. The MP group had a higher proportion of patients 
with early-stage tumors, fewer metastases, and received 
chemotherapy and radiation therapy (Fig. 2, Supplemen-
tary Table 1.4). In the OS analysis, we found that the OS 

in the MP group, whether in the FMP or NFMP group, 
was better than that in the OP group (Fig. 3).

There were similarities and differences in the risk fac-
tors for OS in EAC and ESCC. The age, p-Grade, stage, 
and positive metastases were high-risk factors, while 
the FMP was found to be a low-risk factor in EAC and 
ESCC. In patients with EAC, the NFMP was regarded as 
a high-risk factor in multivariate analysis but not in the 
univariate analysis. Gender female was considered to be 
an independent low-risk factor in patients with ESCC 
(Figs. 4 and 5, Supplementary Table 2.4).

Gaster
The study examined three histologic types of gastric can-
cers, including GAC, GISS, and GCT, which accounted 
for approximately 59%, 12%, and 9% of cases, respec-
tively (Table 2). Patients with GAC exhibited various dif-
ferences in characteristics, except for gender, Surg Oth 
Reg/Dis, and radiation therapy between the OP and MP 
groups. Patients with GISS exhibited characteristic dif-
ferences in age, gender, chemotherapy, and systemic ther-
apy. Patients with GCT exhibited only a characteristic 
difference in age (Fig. 2, Supplementary Table 1.5).

Significant differences in OS were observed in the com-
parison between the OP and FMP groups in GAC, the 
OP and MP groups in GISS, the OP and NMP groups 

Fig. 5  Multivariate analysis of variables affecting overall survival in patients with various primary gastrointestinal cancers in the United States from 2016 
to 2019

 

Fig. 4  Univariate analysis of variables affecting overall survival in patients with various primary gastrointestinal cancers in the United States from 2016 
to 2019
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in GISS, and the OP and NFMP groups in GCT. All OP 
groups had better OS in the above comparison (Fig. 3).

Three types of gastric cancers possessed different inde-
pendent risk factors for OS. For patients with GAC, the 
high-risk factors were p-Grade, stage, positive metasta-
ses, and NFMP, and the low-risk factors were female and 
FMP. For patients with GISS, the high-risk factors for 
OS were age (≥ 60), positive metastases, and the NFMP. 
Among patients with GCT, the high-risk factors were 
p-Grade, positive metastases, and the NFMP (Figs. 4 and 
5, Supplementary Table 2.5).

Small bowel
The two most common histologic types of cancers in the 
small bowel were SBA and SBCT, with 1,137 cases (22%) 
and 3,337 cases (64%) included in this study (Table  2). 
Patients with SBA or SBCT in the MP group had a higher 
proportion of age (≥ 60), a higher proportion of advanced 
stage tumors, and a lower rate of positive RLN compare 
to the OP group (Fig.  2, Supplementary Table 1.6). In 
patients with SBA, the OS of the FMP groups was supe-
rior to that of the OP group. Regarding SBCT, the OP 
group demonstrated superior OS compared to the MP 
group (Fig. 3).

Age (≥ 60) and p-Grade were independent high-risk 
factors for OS in both SBA and SBCT. The stage and 
positive metastases were independent high-risk factors 
for OS in SBA, while the FMP was a low-risk factor. In 
regard to SBCT, the NFMP was a high-risk factor for OS. 
The advanced stage was found to be an independent low-
risk factor (Figs. 4 and 5, Supplementary Table 2.6).

Colon
Approximately 76%, 5%, and 5% of the selected cases 
of colon cancers were classified as COAD, COPA, and 
COCT, respectively (Table 2). Patients with COAD in the 
OP group exhibited statistically different characteristics 
compared to the MP group including a higher propor-
tion of patients under the age of 60, a higher proportion 
of low-grade and early-stage patients, a shorter MFDTT, 
and receiving more positive treatments. Nevertheless, 
the positive rates of RLN and metastases in the OP group 
were higher than those in the MP group (Table  4). The 
characteristic differences between the OP group and the 
MP group in patients with COPA were age, gender, race, 
p-Grade, stage, chemotherapy, systemic therapy, and pos-
itive rates of RLN. In regard to COCT, there were sev-
eral characteristic differences between the OP and MP 
groups, except for gender, race, Surg Oth Reg/Dis, and 
radiation therapy (Fig. 2, Supplementary Table 1.7).

The OS analysis of patients with these three types 
of colon cancers demonstrated that patients in the OP 
group obtained superior OS than those in the MP group, 
regardless of whether they were in the FMP or NFMP 

group (Fig. 3). Age (≥ 60), low p-Grade, advanced stage, 
and positive metastases were independent high-risk fac-
tors for OS in patients with COAD, COPA, or COCT. 
The FMP was an independent high-risk factor for OS in 
patients with COPA. Whereas the NFMP was an inde-
pendent high-risk factor for OS in patients with COAD, 
COPA, or COCT (Tables 5 and 6; Figs. 4 and 5, Supple-
mentary Table 2.7).

Rectum
The three types of rectal cancers enrolled in the study 
were READ, REPA, RECT, with approximately 77%, 6%, 
and 8% of the selected cases (Table  2). Patients with 
READ had various statistically different characteris-
tics between the OP and MP groups, except for gender, 
race, and p-Grade. Patients with READ in the OP group, 
in comparison to the MP group, had a lower proportion 
of patients over the age of 60 and several tumor-related 
characteristics including a higher proportion of low-
grade patients, a higher proportion of positive RLN and 
metastases, and a higher proportion of patients receiving 
positive treatments with shorter MFDTT. Similar charac-
teristic differences were observed in patients with RECT, 
excluding metastases, MFDTT, and radiation therapy. 
Patients with REPA in the OP group had a higher propor-
tion of RLN-Sur with a lower positive rate of RLN com-
pared to those in the MP group (Fig.  2, Supplementary 
Table 1.8).

According to OS analyses for patients with READ, 
REPA, or RECT, patients in the OP group exhibited 
superior OS than those in the MP group. Further sub-
group analysis revealed statistical differences in OS 
between the OP group and the NFMP group in READ, 
REPA, and RECT (Fig. 3). The univariate and multivari-
ate analyses demonstrated that age (≥ 60), non-white 
race, low p-Grade, advanced stage, positive metasta-
ses, and the NFMP were independent high-risk factors, 
while gender female was an independent low-risk factor 
for OS in patients with READ. In patients with REPA, we 
found that independent high-risk factors were age (≥ 60), 
advanced stage, positive metastases, and the NFMP, 
while independent low-risk factor was gender female. In 
regard to RECT, the independent high-risk factors for OS 
were low p-Grade, advanced stage, positive metastases, 
and the NFMP (Figs. 4 and 5, Supplementary Table 2.8).

Anus
The most common type of anal cancer that occurs in the 
anus is squamous cell carcinoma. The study comprised 
2,999 cases of ASCC, which accounted for 85% of the 
total cases of anal cancer (Table  2). Patients in the OP 
group received a lower ratio of RLN-Sur, had a lower rate 
of positive RLN, and received positive treatment such as 
radiation therapy and chemotherapy compared to the 
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MP group (Fig. 2, Supplementary Table 1.9). Hence, the 
OS of the OP group was significantly superior to that of 
the MP group. A subsequent subgroup analysis revealed 
a statistical difference in OS between the OP group and 
the NFMP group (Fig.  3). Gender was an independent 

risk factor for OS in ASCC, with females at low risk. Age 
(≥ 60), non-white race, advanced stage, positive metasta-
ses, and the NFMP were identified as high-risk factors for 
OS in patients with ASCC (Figs. 4 and 5, Supplementary 
Table 2.9).

Table 4  Characteristics of patients with colon adenocarcinoma (COAD) in various patient groups in the United States from 2016 to 
2019
Characteristics COAD

OP MP P

FMP NFMP
Age 12 698, 26 354 2126, 11 774 0.000
< 60, ≥ 60 823, 2639 1303, 9135 0.000
Sex 19 594, 19 458 6991, 6909 0.807
Male, Female 1856, 1606 5135, 5303 0.000
Race 29 754, 9298 11,424, 2476 0.000
White, Others 2738, 724 8686, 1752 0.000
p-Grade 3702,

28 717, 5987, 646
1408, 9949, 2283, 260 0.000

I, II
III, IV

324, 2557, 517, 64 1084, 7392, 1766, 196 0.000

Stage 13 444, 19 264, 6344 5599, 6666, 1635 0.000
Loc., Reg., Dis. 1272, 1768, 422 4327, 4898, 1213 0.000
RLN-Sur 36 856, 2196 13 159, 741 0.196
Yes, None/Unknow 3291, 171 9868, 570 0.221
Surg Oth Reg/Dis 2665, 36 387 846, 13 054 0.003
Yes, None/Unknow 258, 3204 588, 9850 0.000
Radiation 558,

38 454
188, 13 712 0.512

Yes, None/Unknow 62, 3400 126,
10 312

0.033

Chemotherapy 15 767, 23 285 4226, 9674 0.000
Yes, None/Unknow 1297, 2165 2929, 7509 0.000
Systemic therapy 14 880, 24 172 4011, 9889 0.000
Yes, None/Unknow 1243, 2219 2768, 7670 0.000
Regional lymph nodes 15 948, 21 394, 1710 4860, 8461, 579 0.000
Positive, Negative, N/A 1276, 2054, 132 3584, 6407, 447 0.000
Metastases 5907,

33 145
1493, 12 407 0.000

Positive, Negative 386, 3076 1107, 9331 0.000
MFDTT 0.67 ± 1.03 0.77 ± 1.14 0.000

0.79 ± 1.14 0.76 ± 1.15 0.000
Total 39 052 13 900 52 952

3462 10 438

Table 5  The univariate analysis of variables affecting overall 
survival in patients with colon adenocarcinoma (COAD) in the 
United States from 2016 to 2019
Variables COAD

P HR 95%CI
Age (< 60 vs. ≥ 60) 0.000 2.027 1.924–2.135
Sex (Male vs. Female) 0.751 0.994 0.956–1.033
Race (White vs. Others) 0.000 0.914 0.871–0.959
p-Grade (I/II vs. III/IV) 0.000 1.942 1.859–2.029
Stage
(Loc. vs. Reg./Dis.)

0.000 2.667 2.534–2.808

Metastases (No vs. Yes) 0.000 4.273 4.101–4.453
OP vs. FMP
vs. NFNP

0.070
0.000

0.928
1.395

0.856–1.006
1.332–1.460

Table 6  The multivariate analysis of variables affecting overall 
survival in patients with colon adenocarcinoma (COAD) in the 
United States from 2016 to 2019
Variables COAD

P HR 95%CI
Age (< 60 vs. ≥ 60) 0.000 2.363 2.241–2.492
Sex (Male vs. Female)
Race (White vs. Others) 0.065 0.955 0.910–1.003
p-Grade (I/II vs. III/IV) 0.000 1.551 1.484–1.622
Stage
(Loc. vs. Reg./Dis.)

0.000 1.865 1.765–1.970

Metastases (No vs. Yes) 0.000 3.800 3.636–3.972
OP vs. FMP
vs. NFNP

0.228
0.000

0.952
1.360

0.878–1.032
1.298–1.425
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Discussion
The study aims to analyze the sequence and outcome of 
PGICs based on the SEER database, which is a real-world 
population database. Many previous studies based on the 
SEER database have revealed the relationships between 
population characteristics and prognoses in various can-
cers. It is inevitable to consider real-life factors when 
studying risk factors related to diseases in the real world. 
A study involving nine major cancers in the SEER data-
base from January 2004 to December 2010 suggested that 
race and ethnicity were associated with the stage at diag-
nosis, treatment, and survival [7]. There are disparities 
in the customs and practices of diverse ethnic groups, as 
well as in the economic and medical conditions of their 
respective regions. An analysis of HCC based on the 
SEER database demonstrated that treatment delays were 
more common among Black patients and low-income 
communities [8]. As shown in Fig. 2 and Supplementary 
Table 1.1 of our study, the MFDTT of non-white patients 
with HCC was significantly longer than that of white 
patients with HCC. A study on gastric cancer revealed 
that race was associated with significant differences in 
anatomic subsite, subsite-specific distribution of risk fac-
tors (such as Helicobacter pylori), and occurrence sites of 
tumors [9]. The disparities in OS across races were not 
only related to racial differences, but also to variations in 
the treatment of comorbidities and diseases [10]. 

It is acknowledged that treatment therapy is a signifi-
cant factor affecting the prognosis of cancer. Previous 
studies have suggested that, in addition to surgery as 
a primary treatment, the application and sequence of 
radiotherapy and chemotherapy are independent risk 
factors for OS [11, 12]. Radiotherapy used before sur-
gery was found to be beneficial for patients with locally 
advanced esophageal cancer and obtained a better OS in 
patients with stage-III ESCC compared to radiotherapy 
administered after surgery [13, 14]. Furthermore, radio-
therapy has been reported to have the impact of reduc-
ing rectal cancer recurrence and second primary cancers 
by using radiation therapy before surgery [15]. Mean-
while, many researchers have realized that the sequence 
of treatments, such as surgery, radiotherapy, and chemo-
therapy, is closely related to the prognosis of primary and 
metastatic cancers [16, 17]. 

Cancer survivors have increased with the advance-
ment of modern medical technology, which means that 
more patients may experience multiple primary cancers 
during their lifetimes. Major studies based on the SEER 
database of cancer survivors have been conducted and 
are concerned [3, 4, 6, 18]. Human systems are com-
posed of multiple organs, which are closely related dur-
ing embryonic development. Organs of the same system 
exhibit both histological differences and similarities. A 
study on renal cancer suggested that first primary renal 

cell carcinoma could potentially affect the pathogenesis 
and clinical features of second primary glioblastoma [19]. 
There were indeed differences in prognosis among one 
primary only or first primary of multiple primaries and 
second primary or subsequent primary tumor in patients 
with malignant gliomas [20]. Another study on liver can-
cer showed that patients with the first primary HCC were 
still at a high risk of developing second primary malig-
nancies [5]. 

Our study demonstrated the characteristics and 
outcomes of patients with various PGICs in differ-
ent sequences of cancer occurrence. These differences 
between different groups include age, stage, p-Grade, 
treatment therapies, metastases, and MFDTT. It was 
reasonable that patients in the MP group were older 
than those in the OP group. Age over 60 was identified 
as an independent high-risk factor for most cancers in 
the study, with the exception of ICC, EAC, ESCC, GAC, 
GCT, and RECT (Figs. 4 and 5). The differences of other 
characteristics were influenced by numerous real-world 
factors, including the habits and customs of diverse pop-
ulations, the economic and medical levels of the regions, 
and the treatment intentions of various patient groups. 
Hence, our retrospective study focused on the influence 
of the sequence of patients with PGICs.

Our study found that patients in the FMP group or 
the NFMP group could serve as risk factors for OS in 
comparison to the OP group. FMP served as an inde-
pendent low-risk factor for OS in patients with several 
PGICs, including HCC, ICC, PAC, PIDC, EAC, ESCC, 
GAC, and SBA. NFMP served as a high-risk factor for 
OS in patients with most of cancers in the study, with the 
exception of HCC, ICC, PAC, PIDC, PCT, ESCC, and 
SBA. Combined with the OS of these gastrointestinal 
cancers in Fig. 3, patients with high mortality cancers in 
the FMP group seem to have superior OS to those in the 
OP group. However, patients in the FMP group were can-
cer survivors who might survive for relatively long time 
until other primary cancers occur. Further study ought 
to focus on the factors that contribute to the prolonged 
survival of these patients. Whether in certain patients 
with high-risk genes for cancers who also have signifi-
cant treatment sensitivity, including surgical treatment, 
chemotherapy, radiation therapy, and other systemic 
treatments. Furthermore, patients with high-mortality 
cancers like ICC and ESCC in the NFMP group also have 
better OS than those in the OP group. It is noted that the 
time of OS in the NFMP group counted from diagnosis of 
the cancer and not related to previous cancers.

As for PGICs with good OS shown in Fig.  3, the OP 
group exhibited better OS than the NFMP group in 
patients with GISS, SBCT, COAD, COPA, COCT, READ, 
REPA, RECT, or ASCC. The outcomes might be cor-
related with positive treatment therapies and desire in 
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patients with the initial diagnosis of cancer. At the same 
time, medical staff should realize that positive treatment 
therapies are beneficial for patients with multiple PGICs. 
Multiple factors may contribute to varying prognoses for 
patients in the NFMP group, including, but not limited 
to: (1) Received anticancer therapy, general condition 
and tolerance are poor. (2) Patients ' psychological bur-
den, economic ability, and other practical reasons affect 
follow-up treatment. (3) Medical personnel adopt a rela-
tively conservative treatment approach based on experi-
ences. (4) The patient’s tolerance to anticancer therapy 
leads to poor efficacy. (5) Patients are sensitive to anti-
cancer treatment and are able to survive the course of 
cancer with poor prognosis until they develop other pri-
mary cancer again.

With advancements in modern medical treatments, 
the number of cancer survivors is gradually increasing. 
In addition to the disease itself and the anticancer treat-
ments, treatment compliance is also a crucial factor that 
influences patient prognosis. This issue involves numer-
ous practical factors, including individual economic 
situation, transportation availability, regional healthcare 
standards, and medical insurance, among others. There-
fore, in subsequent real-world population studies, sub-
group analyses should consider not only factors such as 
race, gender, and age but also the baseline characteristics 
of patients that affect treatment compliance. Another 
interesting point is that in specific cancer types with poor 
prognoses, such as ICC, PAC, EAC, ESCC, patients in the 
MP group have better OS than those in the OP group. 
We believe that the possible factors include, but are not 
limited to: (1) The patient has a positive response to anti-
cancer treatments; (2) The patient demonstrates good 
treatment compliance; (3) Medical personnel adopt a 
proactive treatment philosophy. The above factors war-
rant further detailed research to improve the OS of can-
cer patients with poor prognoses.

When a patient develops other PGICs from only one 
PGIC, the survival time of the first PGIC is classified 
as the FMP in the MP, not in the OP. The survival time 
for other PGICs is calculated from the date of diagnosis 
and classified as the NFMP. In the SEER database, a few 
patients may be classified in both the FMP and NFMP 
groups simultaneously. Based on the “survival months” 
collected from the database, we found that the survival 
time of the FMP group includes that of the NFMP group. 
Previous studies have often focused on primary and sec-
ondary cancers. This study aims to conduct a preliminary 
analysis and comparison of patients with a primary can-
cer and those with multiple cancers (two or more pri-
mary cancers) in the digestive tract. The survival curves 
of the FMP group and the NFMP group differed from 
those of the OP group across various specific cancers 
(Fig. 3). This was determined by comparing the OP group 

with the MP group, the OP group with the FMP group, 
and the OP group with the NFMP group. Although there 
is an overlap in survival times between the FMP and 
NFMP groups, we believe that distinguishing between 
patients in the FMP and NFMP groups is essential for 
future prospective studies.

To the best of our knowledge, this is the first compre-
hensive analysis focusing on the sequences and outcomes 
of PGICs. There are still certain aspects that require 
enhancement in further research. The study retrospec-
tively collected numerous cases but lacked prospec-
tive cases. More precise subgroup analysis is needed for 
occurrence sequences of different cancers due to the 
inherent differences between the OP group and the MP 
group. Based on the comprehensive analysis of this study, 
further prospective studies could be conducted to focus 
on the influence of cancer occurrence sequences, treat-
ment selection for specific patients, and treatment sensi-
tivity in patients with multiple cancers.

Conclusion
Our study demonstrated that malignant tumors in the 
same site of the digestive system, but with diverse his-
tologic types, present different prognoses. This phe-
nomenon was also observed in patients with different 
sequences of PGICs. Patients with high mortality can-
cers in the FMP group may have potential factors, such 
as high treatment sensitivity, that could lead to improved 
OS. Patients with low mortality cancers in the NFMP 
group could benefit from positive treatment therapies. 
The sequence of cancer occurrences, subsequent detec-
tions, and establishing correct expectations for cancer 
treatment require greater concentration and research 
due to the rising number of cancer survivors. Further 
research, especially prospective studies, is meaningful in 
uncovering the potential factors that can contribute to 
the survival of cancer patients.
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