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Abstract

Background: Adenocarcinoma is the most common type of gastric cancer that has shorter survival than other types of gastric
cancer. The death of patients with this type of cancer may be due to the progression of cancer or other related causes.
Objectives: The aim of this study is to determine the factors affecting death due to the cancer progression in gastric cancer patients
with the diagnosis of adenocarcinoma, using competing risk models.
Methods: This retrospective cohort study was performed on 306 gastric cancer patients diagnosed with adenocarcinoma referring
to Imam Khomeini clinic in Hamadan from 2002 to 2017. Death due to the cancer progression was considered an interest event
and death due to without progression as a competing event. To determine the effect of covariates on hazard, the cause-specific and
subdistribution hazard regression models were used. Data analysis was performed, using R3.6.1 software and cmprsk and survival
packages.
Results: The mean (SD) age of patients was 62.3 (12.5) years and 74.3% were male. The effect of the stage, the number of involved
lymphomas, and the type of treatment were significant on the hazard of death due to the disease progression in both cause-specific
and subdistribution hazard models.
Conclusions: The results showed that most deaths occur in the first 3 years of follow-up. The higher stage and higher number of
lymph nodes have increased the hazard of death but supplementary treatment significantly decreased the hazard of death due to
cancer progression in adenocarcinoma gastric cancer patients in both competing risk models.
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1. Background

Glands in the human body are responsible for secret-

ing hormones, enzymes, and other various substances.

When the cells of these normal glands grow out of control,

they are called adenocarcinoma. Gastric adenocarcinoma

is the most common type of gastric cancer, which is preva-

lent in 95% of patients with gastric cancer (1, 2). Gastric

cancer is the 5th leading cause of cancer and the 3rd main

cause of cancer deaths, accounting for 7% of all cancers and

9% of cancer deaths. In 2012, 950000 people worldwide

had this type of cancer, which killed 723000 people (3). Ac-

cording to the latest reports from the Ministry of Health,

adenocarcinoma in Iran is considered to be the deadliest

type of gastric cancer, and people with this type of cancer

have a shorter life expectancy than other types of gastric

cancer (4). Adenocarcinoma is the most common patho-

logical type of cancer (5). Recent studies have shown a rela-

tionship between metabolic syndrome and increased risk

of gastric adenocarcinoma (6).

In standard survival data, only one event is expected,

and individuals experience only one event until the end

of the study. Many studies of survival factors in gastric

cancer patients with only one cause of death have been

reported, in which standard survival methods to evaluate
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survival, including Kaplan-Meier (KM), log-rank test, and

Cox or parametric regression models have been used (7-10).

In some survival studies, there may be several occurrences

of interest to the researcher, some of which are the ter-

minal causes of the event; following their occurrence, the

follow-up of patients at the time of this type of event will

end (such as death due to the progression or due to other

causes). Some of the causes of events are non-terminal

(such as local recurrence or distant recurrence); following

their occurrence, follow-up will continue until the patient

experiences the terminal event or will be censored at the

end of the study. In this case, semi-competing risks are

used to analyze these types of survival data (11, 12). Factors

affecting relapse and death in patients with gastric can-

cer have been evaluated in the presence of semi-competing

risks with different models (13, 14).

However, in many medical studies, there may be sev-

eral causes for each individual to end the study, and all

causes are terminal events (such as death due to disease

progression or death due to other causes). And only the

time and type of the first event for each individual should

be recorded, and the other events should be considered

"competing events"; this type of multiple events is called

competing risks. As the analysis of this type of data us-

ing conventional methods of survival analysis, including

KM or log-rank in the presence of competing risks, leads

to an overestimation of the hazard, appropriate methods

should be used. In this regard, 2 commonly-used methods

of analysis of competing risk include cause-specific hazard

and subdistribution hazard regression (15, 16).

Buzzoni et al. (2015) performed a study on gas-

tric adenocarcinoma patients that randomly divided into

chemotherapy and no chemotherapy groups to compare

the cumulative incidence function (CIF) of local recurrence

in the two groups, in which distant metastatic events, sec-

ondary malignancies, and death were considered compet-

ing events. Also in this study, the incidence of local re-

currence, secondary malignancies, and death was consid-

ered competing risks to compare the incidence of distant

metastasis in the two groups (17).

In a study conducted by Kim et al., on patients with gas-

tric and esophageal cancer, the incidence and mortality of

each cancer were assessed, and mortality due to cancer-

unrelated causes was considered a competing event in

each cancer. In this study, the Cox proportional hazard

(PH) model was used to evaluate the effects of covariates

and, if the PH was not assumed, a logistic regression model

for specific times would be used to evaluate covariates on

cancer-related death (18).

Kubota et al. assessed the survival and its associated

factors in gastric cancer in the presence of competing risks.

In their study, death due to cancer was considered the in-

terest event, and death due to other causes was considered

the competing risk (19).

Kim et al. (2016) investigated the effect of eradication

of Helicobacter pylori on long-term survival after distal gas-

trectomy in patients with gastric cancer. In this study, peri-

toneal recurrence was considered an interest event, and

local, regional, distant, and death events were considered

competing events (20).

In a study by Kubata et al. (2014), they examined the

prognostic significance of postoperative complications in

gastric cancer patients. In their study, the subdistribution

regression model was used for cancer-specific mortality

and death because other causes were considered a compet-

ing event (19).

A study by Strong et al. (2013) compared disease-

specific survival in the United States and Korea after resec-

tion for node-negative early gastric cancer. To estimate and

compare the cumulative rate of disease-specific mortality,

mortality due to other causes or unknown causes were con-

sidered competing events. In this study, the multivariate

regression model was used to assess the effect of the coun-

try on disease-specific survival after controlling for impor-

tant prognostic factors (21).

In another study, Strong et al. (2015) compared the sur-

vival of gastric cancer patients between the United States

and China. In his study, death due to cancer was consid-

ered to be the interest event, and death due to other causes

was considered a competing risk. They used multivariate

competing risk analysis to assess risk factors for death due

to cancer (22).

Thus, given that there are two common regression

models in the presence of competing risks for modeling

the effect of covariates on the hazard of the outcome or

modeling the effect of covariates on the cumulative inci-

dence function. The first one is the cause-specific hazard

regression model, which allows estimating the effect of

the covariates on the rate of occurrence of the outcome in

those subjects, who are currently event-free, and also it is

better suited for addressing etiologic questions. The sec-

ond one is the subdistribution regression hazard model,

which allows estimating the effect of covariates on the ab-

solute risk of the outcome over time and is better suited

for estimating a patient’s clinical prognosis (15, 16). Also,

a previous study identified risk factors for death in gastric
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patients without considering the cause of death and used

classical survival methods.

2. Objectives

This study aimed at evaluating the factors affecting the

hazard of death due to cancer-related with taking into ac-

count competing events in patients with gastric adenocar-

cinoma using cause-specific and subdistribution hazards

regression models.

3. Methods

In this study, 306 patients with gastric adenocarci-

noma at Imam Khomeini clinic were studied in Hamadan

Province, in the west of Iran, from 2001 to 2017. The

collected data included demographic characteristics, in-

cluding age at diagnosis, gender, clinical and pathological

characteristics, tumor differentiation, stage of the disease,

and treatment [surgery, chemotherapy (CT), radiotherapy

(RT)]. The survival status of patients was followed up, using

patient referrals and telephone calls.

Follow-up was continued from the date of diagnosis

to the date of death or up to the end of the study. Gas-

tric cancer-specific survival was defined as the date of di-

agnosis to the date of death due to cancer progression

cause. All patients who lost the follow-up (because of

migration, missing or changing in contact information,

and so on), as well as patients who remained alive at the

end of the study in December 2017, were considered cen-

sored. Also, patients who experienced competing events

(in this study died without cancer progression or un-

known causes) were coded as censored cases, too. This

study was approved by Hamadan University of Medical Sci-

ences (code: project number 9711237184 with the specific

Ethics ID code IR.UMSHA.REC.1397.835).

Survival times were calculated from the date of diag-

nosis till death due to cancer progression or other causes,

and patients who did not die by the end of the study were

considered censored. The primary interest outcome in

this study was death after progression to cancer metasta-

sis (considered cancer-related death) and patients’ death

without progression of disease was considered a compet-

ing event (considered unrelated cancer death); 162 pa-

tients died by the end of the study (115 patients died after

cancer progression and 47 patients without metastasis).

3.1. Statistical analysis

The incidence of death due to cancer progression and

other causes was estimated, using CIF. Overall survival was

compared with the log-rank test. The log-rank test is a

large-sample chi-square test that provides an overall com-

parison of the KM curves (23). Crude cumulative incidence

curves (CICs) were estimated in categories of each covari-

ate, using CIF, and compared using the Gray test that is

analogous to the log-rank test (24). The cause-specific haz-

ards regression model was used to assess risk factors on

instantaneous hazard and the subdistribution hazard re-

gression model developed by Fine and Gray was applied to

estimate the hazard ratio for cumulative incidence mortal-

ity (25). All analyses were conducted, using R3.6.1 software

and cmprsk and survival packages. P-value < 0.05 was set

statistically significant.

4. Results

The mean (standard deviation) and the median age of

patients were 62.3 (12.5) and 63 years (range, 24 - 92 years);

234 (76.5%) patients were male. Patient characteristics and

comparison of survival and cumulative incidence of death

due to cancer progression were presented in Table 1.

The results of the log-rank test showed that the loca-

tion of metastasis, type of treatment, surgery type, stage,

and involved lymphoma had a significant effect on survival

(Table 1). Also, based on the Gray test, the difference of

cumulative incidence of mortality was statistically signifi-

cant in the levels of the location of metastasis, type of treat-

ment, stage, and involved lymphoma.

Figure 1 showed that the mortality risk due to cancer

progression was higher than other causes of death. Up to

65% of patients experienced death related to progression

over 3 years after diagnosis, 46% of whom were due to pro-

gression of cancer and 19% were due to other cause. Re-

garding the relationship between survival and CIF, survival

probability was estimated for 1, 2, 3, 4, 5, and 10 years as pre-

sented in Table 2.

Using cause-specific and subdistribution hazards re-

gression models, risk factors for cancer progression in the

presence of competing risks were estimated. The results of

both regression models are presented in Table 3.

The results in Table 3 showed that in both models, tu-

mor stage, type of treatment, and the number of involved

lymph nodes were a significant risk factor in the hazard

of death due to cancer progression. Patients with all treat-

ments (CT & RT & surgery) considerably reduced the haz-

ard of death. In patients with more than 2 involved lymph

Int J Cancer Manag. 2021; 14(6):e103402. 3
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Table 1. Characteristics of Gastric Cancer Patients with Adenocarcinoma Tumor and Comparison of Deaths by Different Causes a

Variables No. (%) Cancer-Related Death Other Cause of Death Log-rank Test Gray Test

Gender 0.6 0.55

Male 234 (76.5) 87 38

Female 72 (23.5) 28 9

Age at diagnosis 0.4 0.62

≤ 50 53 (17.3) 21 5

51 - 75 214 (69.9) 76 31

> 75 39 (12.7) 18 11

Tumor grade 0.2 0.1

Good 27 (8.8) 9 4

Moderate 69 (25.5) 22 11

Poor 74 (24.2) 29 12

Unknown 136 (47.5) 1 4

Metastasis location < 0.01 < 0.01

Liver 69 (22.5) 47 0

Other 40 (13.1) 26 0

Unknown 197 (64.4) 42 47

Type of treatment < 0.01 0.02

CT 127 (44.9) 52 18

Surgery 7 (2.5) 4 0

CT & RT 24 (8.5) 5 7

CT & Surgery 94 (33.3) 33 10

All three 31 (11) 6 7

Surgery type 0.03 0.17

Total 51 (38.9) 17 6

Subtotal 31 (23.7) 8 8

Partial or distal 49 (37.4) 13 4

Disease stage < 0.01 0.035

1 - 3 45 (14.7) 0 16

4 181 (59.2) 115 0

Unknown 80 (26.1) 0 31

Tumor location 0.3 0.54

Cardia 40 (13.1) 15 7

Body 41 (13.4) 17 8

Antrum 38 (12.4) 13 10

Other 23 (7.5) 19 3

Unknown 164 (53.5) 51 19

Involved lymphoma < 0.01 < 0.01

≤ 2 55 (18) 12 12

> 2 46 (15) 15 8

Unknown 205 (67) 88 27

a Log-rank test: for comparison of survival in categorical groups; Gray test: for comparison of cumulative incidence of categorical of groups.
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Safari M et al.

1.0

0.8

0.6

0.4

0.2

0.0

Pr
o

b
ab

il
it

y

Time (Month)

0 20 40 60 10080 120 140

Cancer.Related

Other Causes

Figure 1. Estimation of cumulative incidence function for each cause of death in gastric cancer patients with adenocarcinoma tumor

Table 2. Estimation of 1, 2, 3, 4, 5, and 10-years Cumulative Incidence (95% CI) and Survival Probability (95% CI) in Adenocarcinoma Gastric Cancer Patients, Using CIF in
Difference Competing Event

Time (y) CIFCancer-Related CIFOther-Cause CIFTotal Survival (1-CIFTotal)

1 0.25 (0.2, 0.3) 0.08 (0.04, 0.1) 0.33 (0.26, 0.38) 0.67 (0.62, 0.74)

2 0.4 (0.34, 0.46) 0.14 (0.1, 0.19) 0.54 (0.46, 0.62) 0.46 (0.38, 0.53)

3 0.46 (0.39, 0.53) 0.19 (0.13, 0.24) 0.65 (0.56, 0.73) 0.35 (0.27, 0.44)

4 0.47 (0.41, 0.54) 0.21 (0.15, 0.26) 0.68 (0.6, 0.77) 0.32 (0.23, 0.41)

5 0.53 (0.45, 0.6) 0.23 (0.16, 0.29) 0.76 (0.65, 0.85) 0.24 (0.15, 0.35)

10 0.59 (0.48, 0.69) 0.3 (0.17, 0.43) 0.89 (0.72, 1) 0.11 (0, 0.28)

nodes, the hazard of death was 1.5 times higher, and the

mortality hazard in patients with stage 4 was more than 2

times lower.

5. Discussion

The current study aimed at evaluating factors affect-

ing the hazard of death in patients with gastric adenocar-

cinoma, who died from cancer progression in the presence

of other competing mortality risks, using cause-specific

and subdistribution hazards models. As in other studies,

in this study, the ratio of women to men was 1/3, and al-

though the hazard ratio of cancer-related death in men

was higher in both regression models, the effect of gender

was not significant on the hazard of death due to cancer

progression similar to other studies (9, 26, 27).

Mean (SD) age at diagnosis was 62.3 (12.5) years old

(range: min = 24 and max = 92). Consistent with other stud-

ies, as the age at diagnosis increases, the hazard of death

increases (9, 13) but in the current study its effect was not

significant on the hazard of death.

In this study, 1, 3, and 5 survival rates in the presence

of competing risks were 67.4. 35.4 and 24.9%, respectively,

which have been estimated more than other studies (8, 9,

26-28). This may be because the Kaplan-Meier curve under-

estimates the survival probability in the presence of com-

peting risks. Therefore, in this study, the CIF was used to

estimate the survival rate, in which the underestimation

Int J Cancer Manag. 2021; 14(6):e103402. 5
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Table 3. Evaluation of Risk Factors on Death Due to Cancer Progression in Gastric Cancer Patients with Adenocarcinoma Tumor in the Presence of Competing Risks Using
Subdistribution and Cause-Specific Hazard Regression Model

Variables
Subdistribution Cause-Specific Hazard Ratio (95% CI)

Hazard Ratio (95% CI) P-Value Hazard Ratio (95% CI) P-Value

Gender

Female 1 1

Male 1.14 (0.74 - 1.77) 0.55 1.12 (0.73 - 1.72) 0.54

Age at diagnosis

≤ 50 1 1

51 - 75 0.96 (0.59 - 1.55) 0.86 1.04 (0.64 - 1.68) 0.37

> 75 1.4 (0.64 - 2.27) 0.57 1.48 (0.79 - 2.79) 0.85

Cancer grade at diagnosis

Well differentiated 1 1

Moderately differentiated 0.82 (0.37 - 1.83) 0.87 0.74 (0.34 - 1.64) 0.43

Poorly differentiated 1.06 (0.49 - 2.27) 0.66 1.03 (0.49 - 2.18) 0.49

Undifferentiated 0.45 (0.1 - 2.16) 0.87 0.48 (0.1 - 2.22) 0.68

Treatment type

CT 1 1

CT & RT 0.36 (0.14 - 0.89)* 0.03 0.33 (0.13 - 0.83)* 0.03

CT & Surgery 0.8 (0.54 - 1.2) 0.28 0.74 (0.48 - 1.13) 0.16

CT & RT & surgery 0.29 (0.13 - 0.66)* 0.003 0.25 (0.11 - 0.58)* 0.01

Surgery type

Total 1 1

Subtotal 0.66 (0.3, 1.45) 0.3 0.7 (0.3, 1.6) 0.15

Partial or distal 0.82 (0.42, 1.61) 0.56 0.78 (0.88, 2.53) 0.25

Tumor location

Cardia 1 1

Body 1.27 (0.66, 2.45) 0.47 1.38 (0.69, 2.77) 0.18

Antrum 0.82 (0.39, 1.71) 0.59 0.82 (0.39, 1.72) 0.67

Other 1.12 (0.6, 2.12) 0.71 1.04 (0.52, 2.05) 0.88

Involved lymphoma

≤ 2 1 1

> 2 1.52 (1.09, 3.14) * 0.04 1.48 (1.15, 4.18)* 0.02

Unknown 2.91 (1.63,5.19)* 0.001 3.1 (1.69, 5.66)* 0.001

Disease stage

1 - 3 1 1

4 2.9 (1.7, 6.8)* 0.001 2.2 (1.6 - 6.3)* 0.001

Abbreviayion: CI, confidence interval.

problem obtained by Kaplan-Meier seems to be resolved.

As expected, the results of our study showed that the

mortality risk from cancer-related was higher than the

other causes (Figure 1). Also, as depicted in Table 2 and

Figure 1, the most incidence of death occurred within the

first 3 years of follow-up (about 46% of death due to cancer-

related and 19% other causes); likewise, the 5-years cumu-

lative incidence of cancer-related mortality (due to cancer

6 Int J Cancer Manag. 2021; 14(6):e103402.
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progression and other causes) was 52.5 and 22.6%, respec-

tively. Strong et al. showed that the cumulative incidence

of cancer-related death in Chinese patients was 53% (22).

The similarity of these two studies may be due to the simi-

larity of demographic and clinical characteristics. The cu-

mulative incidence of 5-years mortality due to other causes

in Chinese patients was 2%, which is different from the

present study (22). The reason for this difference may be be-

cause, in the present study, patients whose cause of death

was unclear were considered to have passed away due to

other causes. In the other study on the United States, the 5-

years incidence of cancer-related and other causes of death

was 32 and 10%, respectively, which is significantly differ-

ent from the present study (22). The difference between

these findings may be due to the clinical and demograph-

ical characteristics affecting the cumulative incidence in

these two studies. Although the median age of diagnosis

in the present study was lower than that of the American

patients (63 vs. 69 years), in the present study, this variable

was not effective and many clinical risk factors influencing

survival in this study significantly differed from American

patients. In addition, the majority of patients were diag-

nosed in advanced stages of the disease (almost 59.2% of

patients diagnosed with stage IV disease), but in the Amer-

ican patients, just 5% of the patients were diagnosed in

stage IV (22).

In the present study, the cumulative incidence of 10-

year cancer-related mortality was 89%. In Morais et al.’s

(2017) study in Portugal with primary gastric cancer pa-

tients, the 10-year cumulative incidence of death was 69.5%

(29). Also, in another study by Morais et al. (2018), the 10-

year cumulative incidence of mortality in second primary

cancer patients was about 56% (30). The high 10-years inci-

dence of mortality in this study has pertained to late diag-

nosis of disease, high stage of the tumor along with metas-

tasis to other organs, and ineffectiveness of treatment in

this situation.

In this study, the use of complementary therapies had a

significant effect on reducing the risk of death due to can-

cer progression, in which the risk of death reduced more

than 70% in patients receiving all treatments (surgery, ra-

diotherapy, and chemotherapy). In two meta-analysis stud-

ies aimed at summarizing the effects of treatment on the

survival of patients with gastric cancer, the combination of

treatments was effective and reduced the risk of death by

20 to 30%. Other studies have also confirmed these results

(8-10, 26, 31, 32). In the study of Zhang et al. (2019), the effect

of surgery, chemotherapy, and chemo-radiotherapy on the

risk of mortality from cancer progression in gastric ade-

nocarcinoma patients based on a subdistribution model

was significant (33). Sun et al. (2019) conducted the mor-

tality risk in patients who were not treated with surgery

and chemotherapy increased 1.6 and 2.5 times, respectively.

Although the risk of death increased in patients who did

not receive radiotherapy, this increase was not significant

(34). The effectiveness of the first treatment in reducing

mortality risk in the present study compared to other stud-

ies could be due to the majority of patients receiving com-

plementary treatments. As regards, 98% of the patients in

this study received chemotherapy and about 50% received

surgery. Also, more than 50% of patients in the present

study received at least two types of treatment.

In the present study, because of cancer progression,

the number of involved lymphomas had a significant ef-

fect on the hazard of death, and as the number of involved

lymphomas increased, the hazard of death significantly in-

creased. In most studies, this variable was identified as an

independent risk factor (19, 26, 28, 35). As the disease stage

and metastasis to other organs are associated with lymph

node involvement, the higher disease stage affected higher

involved lymph nodes. As shown in the descriptive results

of this study, the majority of patients were diagnosed in ad-

vanced stages of the disease; so, the effect of this factor on

the risk of death due to cancer progression was not unex-

pected.

The stage in both the cause-specific and subdistribu-

tion models had a significant effect on the risk of death

due to cancer, so the risk of death in stage 4 was more than

twice that of stage 2 - 3. In Kim’s study (2016), the risk of

death in stage 4 was more than 9 times (18). Also in the

study of Hamashima (2015), the disease stage considerably

increased the risk of death due to the progression of gas-

tric cancer (36).

Other variables in this study had no significant effect

on mortality hazards. Although the hazard of death was

different in levels of risk factors in both methods (Table

3), these differences were not statistically significant in the

presence of other variables.

Due to the retrospective nature of this study, the first

limitation was the incompleteness of some information

such as pathology reports and history sheets for some pa-

tients. And the second was the unknown recording of the

causes of death or even multiple causes of death for some

patients due to lack of contact information or changing

the phone number might affect the analysis results.

Int J Cancer Manag. 2021; 14(6):e103402. 7
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5.1. Conclusions

If both competing risk models indicate a significant

association between covariates and the hazard, as in this

study, there is a real effect between covariate and hazard

of interest event. But, if the two models provide different

results, the researchers should specify the research goals.

In general, the subdistribution hazard is most suitable for

the prediction of a survival probability, while the cause-

specific approach is appropriate for etiological studies.

Acknowledgments

We appreciate of vice-chancellor of Hamadan Univer-

sity of Medical Sciences.

Footnotes

Authors’ Contribution: Safari M and Roshanaei Gh and

Mahjub H designed the study, interpreted findings and

prepared manuscript; Abbasi M collected the data, Es-

maeili H analyzed and interpreted findings and prepared

manuscript.

Conflict of Interests: No conflict of interest is declared.

Ethical Approval: Specific Ethics ID code

IR.UMSHA.REC.1397.835.

Funding/Support: This study was a part of Ph.D. thesis of

the first author and it was supported by Hamadan Univer-

sity of Medical Sciences, Hamadan, Iran(Project Number:

9711237184).

References

1. Kasper DL, Harrison TR. Harrison’s principles of internal medicine. 16th

ed. New York, USA: McGraw-Hill; 2005.

2. Sadock BJ, Sadock VA. Kaplan & Sadock’s comprehensive textbook of psy-

chiatry. 7th ed. Philadelphia, USA: Lippincott Williams & Wilkins Pub-

lishers; 2000.

3. World Health Organization.WorldCancer Report 2014. Geneva, Switzer-

land: World Health Organization; 2014.

4. Ministry of Health and Medical Education. [Death in four provinces of

Iran]. Tehran, Iran: Ministry of Health and Medical Education; 2000.

Persian. Available from: https://behdasht.gov.ir/.

5. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global can-

cer statistics.CACancer J Clin. 2011;61(2):69–90. doi: 10.3322/caac.20107.

[PubMed: 21296855].

6. Lin Y, Ness-Jensen E, Hveem K, Lagergren J, Lu Y. Metabolic syn-

drome and esophageal and gastric cancer. Cancer Causes Con-

trol. 2015;26(12):1825–34. doi: 10.1007/s10552-015-0675-4. [PubMed:

26450604].

7. Roshanaei G, Ghannad MS, Jafarabadi MA, Faradmal J, Sadighi S. Prog-

nostic impact of risk factors in patients with gastric cancer in Iran.

Asian Pac J Cancer Prev. 2011;12(11):3005–8. [PubMed: 22393980].

8. Roshanaei G, Kazemnejad A, Sadighi S. [Survival estimating follow-

ing recurrence in gastric cancer patients and its relative factors].

Koomesh. 2011;12(3):223–8. Persian.

9. Roshanaei G, Sadighi S, Safari M, Faradmal J. [Estimated survival

time in gastric cancer patients and its associated factors]. Koomesh.

2012;14(1). Persian.

10. Roshanaei G, Safari M, Baghestani AR, Sadighi S. [Assessment of the

survival risk factors in patients with gastric cancer in Cancer Institute

of Imam Khomeni Hospital between 2003-2007]. J AdvMedBiomedRes.

2012;20(80):40–50. Persian.

11. Hsieh JJ, Huang YT. Regression analysis based on conditional like-

lihood approach under semi-competing risks data. Lifetime Data

Anal. 2012;18(3):302–20. doi: 10.1007/s10985-012-9219-3. [PubMed:

22407536].

12. Peng L, Fine JP. Regression modeling of semicompeting risks data.

Biometrics. 2007;63(1):96–108. doi: 10.1111/j.1541-0420.2006.00621.x.

[PubMed: 17447934].

13. Roshanaei G, Kazemnejad A, Sadighi S. Assessment of risk factors af-

fecting recurrence of patients with gastric cancer in the presence of

informative censoring in Iran. Asian Pac J Cancer Prev. 2011;12(9):2443–

6. [PubMed: 22296398].

14. Roshanaei G, Kazemnejad A, Sadighi S. Determination of affected

risk factors on time to recurrence and death in patients with post-

operative gastric cancer using copula function. J Res Health Sci.

2014;14(1):52–6. [PubMed: 24402851].

15. Haller B, Schmidt G, Ulm K. Applying competing risks regres-

sion models: An overview. Lifetime Data Anal. 2013;19(1):33–58. doi:

10.1007/s10985-012-9230-8. [PubMed: 23010807].

16. Wolbers M, Koller MT, Stel VS, Schaer B, Jager KJ, Leffondre K,

et al. Competing risks analyses: Objectives and approaches. Eur

Heart J. 2014;35(42):2936–41. doi: 10.1093/eurheartj/ehu131. [PubMed:

24711436]. [PubMed Central: PMC4223609].

17. Buzzoni R, Bajetta E, Di Bartolomeo M, Miceli R, Beretta E, Fer-

rario E, et al. Pathological features as predictors of recurrence after

radical resection of gastric cancer. Br J Surg. 2006;93(2):205–9. doi:

10.1002/bjs.5225. [PubMed: 16363019].

18. Kim YI, Cho SJ, Lee JY, Kim CG, Kook MC, Ryu KW, et al. Effect

of helicobacter pylori eradication on long-term survival after dis-

tal gastrectomy for gastric cancer. Cancer Res Treat. 2016;48(3):1020–

9. doi: 10.4143/crt.2015.264. [PubMed: 26582396]. [PubMed Central:

PMC4946357].

19. Kubota T, Hiki N, Sano T, Nomura S, Nunobe S, Kumagai K, et al. Prog-

nostic significance of complications after curative surgery for gastric

cancer.AnnSurgOncol. 2014;21(3):891–8. doi: 10.1245/s10434-013-3384-9.

[PubMed: 24254205].

20. Kim G, Chen E, Tay AY, Lee JS, Phua JN, Shabbir A, et al. Extensive

peritoneal lavage after curative gastrectomy for gastric cancer (EX-

PEL): Study protocol of an international multicentre randomised con-

trolled trial. Jpn JClinOncol. 2017;47(2):179–84. doi: 10.1093/jjco/hyw153.

[PubMed: 28173154].

21. Strong VE, Song KY, Park CH, Jacks LM, Gonen M, Shah MA, et al. Com-

parison of disease-specific survival in the United States and Korea af-

ter resection for early-stage node-negative gastric carcinoma. J Surg

Oncol. 2013;107(6):634–40. doi: 10.1002/jso.23288. [PubMed: 23192297].

[PubMed Central: PMC4180518].

22. Strong VE, Wu AW, Selby LV, Gonen M, Hsu M, Song KY, et al. Differ-

ences in gastric cancer survival between the U.S. and China. J Surg

Oncol. 2015;112(1):31–7. doi: 10.1002/jso.23940. [PubMed: 26175203].

[PubMed Central: PMC4667726].

23. Prentice RL, Kalbfleisch JD, Peterson A, Flournoy N, Farewell VT, Bres-

low NE. The analysis of failure times in the presence of competing

risks. Biometrics. 1978;34(4):541–54. [PubMed: 373811].

8 Int J Cancer Manag. 2021; 14(6):e103402.

https://behdasht.gov.ir/
http://dx.doi.org/10.3322/caac.20107
http://www.ncbi.nlm.nih.gov/pubmed/21296855
http://dx.doi.org/10.1007/s10552-015-0675-4
http://www.ncbi.nlm.nih.gov/pubmed/26450604
http://www.ncbi.nlm.nih.gov/pubmed/22393980
http://dx.doi.org/10.1007/s10985-012-9219-3
http://www.ncbi.nlm.nih.gov/pubmed/22407536
http://dx.doi.org/10.1111/j.1541-0420.2006.00621.x
http://www.ncbi.nlm.nih.gov/pubmed/17447934
http://www.ncbi.nlm.nih.gov/pubmed/22296398
http://www.ncbi.nlm.nih.gov/pubmed/24402851
http://dx.doi.org/10.1007/s10985-012-9230-8
http://www.ncbi.nlm.nih.gov/pubmed/23010807
http://dx.doi.org/10.1093/eurheartj/ehu131
http://www.ncbi.nlm.nih.gov/pubmed/24711436
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4223609
http://dx.doi.org/10.1002/bjs.5225
http://www.ncbi.nlm.nih.gov/pubmed/16363019
http://dx.doi.org/10.4143/crt.2015.264
http://www.ncbi.nlm.nih.gov/pubmed/26582396
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4946357
http://dx.doi.org/10.1245/s10434-013-3384-9
http://www.ncbi.nlm.nih.gov/pubmed/24254205
http://dx.doi.org/10.1093/jjco/hyw153
http://www.ncbi.nlm.nih.gov/pubmed/28173154
http://dx.doi.org/10.1002/jso.23288
http://www.ncbi.nlm.nih.gov/pubmed/23192297
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4180518
http://dx.doi.org/10.1002/jso.23940
http://www.ncbi.nlm.nih.gov/pubmed/26175203
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4667726
http://www.ncbi.nlm.nih.gov/pubmed/373811


Safari M et al.

24. Gray RJ. A class of K-sample tests for comparing the cumulative inci-

dence of a competing risk. Ann Stat. 1988;16(3):1141–54.

25. Fine JP, Gray RJ. A proportional hazards model for the subdistribu-

tion of a competing risk. J Am Stat Assoc. 1999;94(446):496–509. doi:

10.1080/01621459.1999.10474144.

26. Barfei F, Abbasi M, Khodabakhshi R, Gohari MR. [Survival analysis of

patients with adenocarcinoma gastric cancer in Fayazkhsh hospital,

Tehran]. Razi Journal of Medical Sciences. 2014;21(123):1–9. Persian.

27. Roshanaei G, Rostampour F, Javadi MR, Behnoud S, Sabouri GM. De-

termination of risk factors affecting survival of patients with gastric

adenocarcinoma in Hamadan, Iran.Middle East J Cancer. 2016;7(3):125–

9.

28. Adham D, Abbasgholizadeh N, Abazari M. Prognostic factors

for survival in patients with gastric cancer using a random

survival forest. Asian Pac J Cancer Prev. 2017;18(1):129–34. doi:

10.22034/APJCP.2017.18.1.129. [PubMed: 28240020]. [PubMed Cen-

tral: PMC5563089].

29. Morais S, Antunes L, Bento MJ, Lunet N. Risk of second primary can-

cers among patients with a first primary gastric cancer: A population-

based study in North Portugal. Cancer Epidemiol. 2017;50(Pt A):85–91.

doi: 10.1016/j.canep.2017.08.007. [PubMed: 28843176].

30. Morais S, Antunes L, Bento MJ, Lunet N. Second primary gastric can-

cers in a region with an overall high risk of gastric cancer. Gac

Sanit. 2020;34(4):393–8. doi: 10.1016/j.gaceta.2018.08.010. [PubMed:

30527910].

31. Li H, Zhu F, Cao Y, Zhai L, Lin T. Meta-analyses of randomized tri-

als assessing the effect of neoadjuvant chemotherapy in locally

advanced gastric cancer. J Clin Oncol. 2010;28(15 suppl):4042. doi:

10.1200/jco.2010.28.15_suppl.4042.

32. Ronellenfitsch U, Schwarzbach M, Hofheinz R, Kienle P, Hohen-

berger P, Jensen K, et al. Meta-analysis of preoperative chemotherapy

(CTX) versus primary surgery for locoregionally advanced adenocar-

cinoma of the stomach, gastroesophageal junction, and lower esoph-

agus (GE adenocarcinoma). J Clin Oncol. 2010;28(15 suppl):4022. doi:

10.1200/jco.2010.28.15_suppl.4022.

33. Zhang X, Yang J, Huang Q, Lyu J. Prognostic factors in patients with

gastric adenocarcinoma using competing-risk analysis: A study of

cases in the SEER database. Scand J Gastroenterol. 2019;54(8):1015–21.

doi: 10.1080/00365521.2019.1649456. [PubMed: 31382800].

34. Sun Z, Liu H, Yu J, Huang W, Han Z, Lin T, et al. Frequency and progno-

sis of pulmonary metastases in newly diagnosed gastric cancer. Front

Oncol. 2019;9:671. doi: 10.3389/fonc.2019.00671. [PubMed: 31417862].

[PubMed Central: PMC6683847].

35. Keyhanian S, Zakerihamidi M, Chehregosha F, Saravi MM, Saravi S, Sar-

avi A. [Frequency of lymph node involvement in patients with gastric

cancer in Ramsar Imam Sajjad hospital from 2010-2015]. Pajoohandeh.

2016;21(5):313–9. Persian.

36. Hamashima C, Shabana M, Okamoto M, Osaki Y, Kishimoto T. Sur-

vival analysis of patients with interval cancer undergoing gastric

cancer screening by endoscopy. PLoS One. 2015;10(5). e0126796. doi:

10.1371/journal.pone.0126796. [PubMed: 26023768]. [PubMed Central:

PMC4449213].

Int J Cancer Manag. 2021; 14(6):e103402. 9

http://dx.doi.org/10.1080/01621459.1999.10474144
http://dx.doi.org/10.22034/APJCP.2017.18.1.129
http://www.ncbi.nlm.nih.gov/pubmed/28240020
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5563089
http://dx.doi.org/10.1016/j.canep.2017.08.007
http://www.ncbi.nlm.nih.gov/pubmed/28843176
http://dx.doi.org/10.1016/j.gaceta.2018.08.010
http://www.ncbi.nlm.nih.gov/pubmed/30527910
http://dx.doi.org/10.1200/jco.2010.28.15_suppl.4042
http://dx.doi.org/10.1200/jco.2010.28.15_suppl.4022
http://dx.doi.org/10.1080/00365521.2019.1649456
http://www.ncbi.nlm.nih.gov/pubmed/31382800
http://dx.doi.org/10.3389/fonc.2019.00671
http://www.ncbi.nlm.nih.gov/pubmed/31417862
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6683847
http://dx.doi.org/10.1371/journal.pone.0126796
http://www.ncbi.nlm.nih.gov/pubmed/26023768
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4449213

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Statistical analysis

	4. Results
	Table 1
	Figure 1
	Table 2
	Table 3

	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

