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Original Article

ABSTRACT

BACKGROUND
Gastric cancer (GC) is the fifth most common cancer and the third most common cause of 

cancer death worldwide. The aim of this study was to investigate the factors affecting the 
survival of patients with GC using the illness-death model (metastasis as an intermediate event).

METHODS
In this retrospective cohort study, 339 patients with GC who were referred to Shahid 

Bahonar and Afzalipour Hospitals in Kerman, Southeast Iran during 2001-2016 were 
included. Demographic, therapeutic, and clinical data were collected from the patients’ medical 
records. To evaluate the factors affecting patients’ survival and the relationship between the 
factors, the illness-death model (metastasis as an intermediate event) was used.

RESULTS
One, three, and five-year survival rates in patients with GC were estimated to be 63%, 

40%, and 30%, respectively. The results of analysis of illness-death model showed that 
age (HR = 0.98, 95% CI: 0.97- 0.99; p = 0.007) and histological grade (HR = 1.77; 95% 
CI: 1.68- 2.67; p =0.007) affected metastasis whereas history of cigarette smoking (HR = 
1.89; 95% CI: 1.08- 3.3; p = 0.02) and chemotherapy (HR = 0.63; 95% CI: 0.4-0.93; p = 
0.02) affected death hazard without metastasis. History of opium use (HR=2.11; 95% CI: 
1.17- 3.8; p = 0.002), family history of GC (HR = 2.48; 95% CI: 1.2-5.15; p = 0.01) and 
histological grade (HR = 1.85; 95% CI: 1.11- 3.08; p = 0.02) were identified as factors 
affecting death hazard in patients with metastasis.

CONCLUSION
According to the results, patients’ age at the time of diagnosis and histological grade 

have a significant effect on the occurrence of metastasis. In addition, using the disease-
death model, a complete understanding of the behavior and effects of the studied variables 
on different disease states can be realized.
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INTRODUCTION
Gastric cancer (GC) is the fifth most common cancer and 

the third leading cause of cancer death worldwide. The 
International Agency for Research on Cancer (IARC) 
announced that the standardized incidence rate of GC was 
11.1% per 100,000 people in 2018. The highest standardized 
incidence rate of GC was found in East Asia (22.4% per 
100,000 people). In this area, the highest mortality rate 
of GC was 15.9% per 100,000 people. In Iran, GC was 
the most common cancer in men (21.6% per 100,000 
people) and the second most commonly reported cancer in 
women (9.8% per 100,000) after breast cancer.1 Due to 
the limitations of diagnostic techniques for the diagnosis 
of GC in the early stages, the disease is diagnosed in the 
advanced stages or after metastasis.2,3 In the early stages 
of GC, surgery is used, and, if necessary, chemotherapy and 
radiotherapy are used for the treatment. In the advanced 
stages, all three treatment methods are used, but because 
of disease progression, they have no significant effect on 
the patients’ survival.2,4 Metastasis is one of the prognostic 
factors that reduces the survival of patients with GC. 
The survival rate of patients with metastasis is less than 
that of patients without metastasis.5 The survival rate of 
patients with GC varies from country to country. The 
5-year survival rate of patients with metastasis in South 
Korea and Iran was 20.8 and 0.06%, respectively.5,6 
Sometimes in clinical studies of cancer, more than one 
endpoint can be defined; for example, in breast cancer, the 
final endpoints can be defined as recovery, disease recur-
rence, metastasis, or death. The analysis of endpoints in 
classical survival is done separately, which is not useful, 
because it does not consider the relationships between 
possible events and endpoints.7 To solve this problem, 
multi-state models (MSMs) can be used. These models are 
based on a continuous random process that allows individuals 
to move through a limited number of states, including 
recovery, disease recurrence, metastasis, or death.7 8 The 
illness-death model (disability) is one of the varieties of 
MSMs, which is the generalization of the competitive 
hazard models.9 This model is used to examine the progression 
of chronic diseases and investigates the effects of intermedi-
ate events in medical research.10 Regarding intermediate 
events, MSMs provide a detailed description of the progression 
of the disease. On the other hand, these models help cancer 
researchers identify factors affecting the incidence of 

these events.4 A study was conducted by Von Cube and 
colleagues (2017) on the MSMs in the United States, 
which reported that these models were identified as the 
first useful steps in a comprehensive review of complex 
data.11 Other studies in the Netherlands and Iran showed 
that these models were useful in predicting the process 
and modeling the disease.7,12 To our knowledge, there is 
no study on the effect of metastasis on death, as a moderate 
event, in Iran. Therefore, in this study we aimed to evaluate 
the effect of different factors on the hazard of transfer 
between different disease states, considering metastasis 
as an intermediate event, using illness-death model in 
patients with GC in Kerman city, southeast Iran.

MATERIALS AND METHODS

Study population
In this retrospective cohort study, 339 patients with GC 

who were referred to Bahonar and Afzalipour Hospitals in 
Kerman city from 2001 to 2016 were examined. De-
mographic and clinical data were extracted from patients’ 
medical records. Patients’ survival status was recorded 
through patients’ medical records or telephone calls. 
The studied variables included age (year), sex, history 
of smoking (cigarette, opium, cigarette+opium, none), 
place of residence (rural and urban areas), family history 
of gastric cancer, therapeutic characteristics (surgery, che-
motherapy, and radiotherapy), clinical features including 
histological grade (well, moderate, poor), and type of pathology 
(adenocarcinoma, and others). The time (month) from diagnosis 
to death or metastasis, as well as from metastasis to death, 
was considered as response variables.

Statistical Analysis
Multi-state models (MSMs) include one or more starting, 

intermediate, and absorbing states. Patients, in a particular 
period of follow-up, can be only in one of these states, 
and in the case of any event, the patients’ state changes to 
another state, which is called transition. In the case of no 
event, patients will remain in their state.13 In this study, a 
three-state model (disease-metastasis-death) using semi-
parametric Cox model and Markov assumption with three 
states of disease (state 1), metastasis (state 2), and death 
(state 3) was used. The factors affecting the hazard of transition 
between states (state 1 → state 3), (state 1 → state 2), and 
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(state 2 → state 3) were investigated.
According to the Markov assumption, the hazard of 

transition to the next state depends only on the current 
state of the patient and does not depend on the elapsed 
time 14 (figure 1).

The following function represents the hazard rates (or 
transition intensity rates) for moving from state h to state 
j at times t and is defined as below:

ahj (t) = lim(∆t→t) 1/∆t p(patients move from stateh to 
state j in (t.t + ∆t |  h at t))  15                                                                       

To determine the important prognostic factors, the univariate 
Cox model was used for each transition, considering the 
significant level of 20%. Then these variables entered into 
the multi-state model. Finally, by using software R 3.5.1, 
mstate and msm packages, and backward method important 
variables affecting the hazard of transition between 

different states were significant at level 0.05 remained in 
the model. This study was approved by the Ethics Committee 
of Kerman University of Medical Sciences (ethics code: 
IR.KMU.REC.1397.175).

RESULTS
In this study, 339 patients with GC with a mean age 

of 62.84 ± 14.53 years (range: 21-90 years) at the time of 
diagnosis were included. Of these patients, 216 (63.7%) 
were male, 272 (80.2%) were urban residents, 31 (9.1%) 
had a history of cigarette smoking, and 64 (18.9%) had 
a history of opium use. The highest median survival rate 
belonged to rural patients, and the lowest one belonged to 
those with poor-grade tumors (table1).

The one, three, and five-year survival of patients with 
GC was 63%, 40%, and 30%, respectively. According to 
the Kaplan–Meier estimator, about 50% of the patients 
survived for 2 years or more (figure 2).

Table 2 summarizes the disease, metastasis, and death 
states. Of 339 patients with GC, 117 patients experienced 
metastasis (transition 1), 123 died (transition 2), and the 
rest remained in the same state. Of 117 patients with me-
tastasis in state 2, 74 died (transition 3), and 43 remained 
in the metastasis state.

The effect of different variables on the hazard of death 
without metastasis, the hazard of death with metastasis, 
and the hazard of metastasis are shown in table 3. The patients’ 
age at the time of diagnosis and tumor grade were the fac-
tors affecting the occurrence of metastasis (transition 1), 
and accordingly, the hazard of metastasis in patients with 
poor-grade tumor was 1.77 times higher than that in pa-
tients with moderate-grade tumor (HR = 1.77; 95% CI: 
1.68- 2.67; p = 0.007). Also, the hazard of metastasis was 
reduced to 0.02 with the increase of each year of the age 
of the patients (HR = 0.98, 95% CI: 0.97-0.99; p = 0.007). 
Regarding the factors affecting the hazard of transition 
2 (the hazard of death without metastasis), the variables 
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Table 1: Patient Demographics and Clinical Characteristics

Prognostic factors N (%)
Median of 

survival time 
(months)

Sex
Male 216 (63.7) 25.5

Female 123 (36.3) 24.5

Place of residence
Urban 272 (80.2) 24.4

Rural 67 (19.8) 36.6

History of smok-
ing

Cigarette 31 (9.1) 21.2

Opium 64 (18.9) 17.3

Cigarette +  
Opium 60 (17.7) 19.8

None 184 (54.3) 26.3

Surgery
Yes 274 (80.8) 26.1

No 65 (19.2) 21.2

Chemotherapy
Yes 135 (39.8) 27.4

No 204 (60.2) 19.6

Radiotherapy
Yes 46 (13.6) 35

No 293 (86.4) 22.6

Family history 
of GC

Yes 29 (8.6) 23

No 310 (91.4) 25.5

Histological grade

Well (G1) 11 (3.2) 35.8

Moderate 
(G2) 270 (79.6) 26.7

Poor (G3) 58 (17.1) 17.1

Morphology
Other 58 (17.1) 27.4

Adenocar-
cinoma 281 (82.9) 23

Metastasis
Yes 117 (34.5) 19.6

No 222 (65.5) 27.6

Table 2: Summary of the Number of Transitions for each State

State N to 
enter 3 (Death) 2 (Metastasis) 1(Disease) 

1 (Disease) 339 99 (29.2) 117 (34.5) 123 (36.3)

2 (Metastasis) 117 - 43 (36.8) 74 (63.2)

3 (Death) 197 - - -

Narimani Moghadam et al.
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of cigarette smoking and chemotherapy were statistically 
significant.

The hazard of death for cigarette smokers was 1.89 
times higher than those without a history of cigarette 
smoking (HR = 1.89; 95% CI: 1.08-3.3; p = 0.02). Also, 
the hazard of death in patients who underwent chemotherapy 
was 0.63 less than that in those who did not receive 
chemotherapy, indicating that the hazard of death was 
reduced by about 37% in these patients (HR = 0.63; 95% 
CI: 0.4-0.93; p = 0.02). In addition, opium use, familial 
history of gastric cancer, and tumor grade were the factors 
affecting the hazard of death in transition 3 (metastasis to 
death). The hazard of death in patients with metastasis and 
history of opium use was 2.11 times higher than that in 
those without a history of use opium (HR = 2.11; 95% CI: 
1.17-3.8; p = 0.002). Also, the hazard of death in patients 
with a family history of GC was 2.48 times higher than 
that in those without a family history of gastric cancer 
(HR = 2.48; 95% CI: 1.2-5.15; p = 0.01). The hazard of 
death in patients with poor-grade tumors was 1.85 times 
higher than that in those with moderate-grade tumors (HR 
= 1.85; 95% CI: 1.11-3.08; p = 0.02).

Figure 3 shows the transition probabilities for death 
and metastasis. The probability of metastasis increased by 
20 months after diagnosis, and its maximum rate was 37% 
on the 20th month. From month 20 to 50, the slope of the 
probability of metastasis was slightly declined and fixed 
after the 50th month. The hazard of death had an increasing 
trend, and the maximum rate was 90% on the 100th month 
after diagnosis.

DISCUSSION

In this study, the 5-year survival rate in patients with 
GC was 30%, which is relatively consistent with the results 
of a study by Roshanaei and colleagues (2011) in Iran 
(26%).16 However, the 5-year survival rate in Japan and 
South Korea was reported 54-58%.17 The discrepancy 
between the obtained results and those reported in developed 
countries can be due to the fact that in Iran, patients usually 
refer to physicians in the advanced stages of the disease; 
therefore, the treatments employed at this stage have less 
effect on the patients’ survival rate. In fact, early and 
timely diagnosis of the disease can improve the patients’ 
survival rate. Most studies have used survival standard 
models to identify factors affecting the survival rate of 
patients with GC.16,18 These models focus only on iden-
tifying factors affecting the time of death,4 while MSMs 
provide a better understanding of the disease process and 
its associated risk factors.19 In other words, using these 
models, the indirect effects of variables on the patients’ 
survival can be investigated.4,5

In the present study, metastasis was considered as an 
intermediate state, which can be used to identify factors af-
fecting the survival of patients with GC indirectly. According 
to the results, chemotherapy and cigarette smoking had 
a direct effect on the patients’ survival, while the degree 
of tumor differentiation and patients’ age had an indirect 
effect on the survival of patients. In other words, these 
variables were effective on the incidence of metastasis. 
In patients with metastasis, factors such as the family 
history of GC, degree of tumor differentiation, and opium 
use had an effect on the patients’ survival.

According to the results of the present study, the patients’ 
age at the time of diagnosis was one of the factors affecting 

Fig. 1: Illness-death model for Gastric Cancer Fig. 2: The transition probabilities for each event
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metastasis, so that with the increase of age at diagnosis, 
the hazard of metastasis decreased. In this study, patients 
with metastasis were mostly young adults who were referred 
to a physician in the advanced stages of the disease when 

other parts of the body are involved by metastasis. Therefore, 
paying more attention and providing care to patients 
with cancer at lower ages of metastasis and timely di-
agnosis are very important. A study on patients with GC 

Table 3: Estimated effects in Cox models for each transition

State 1→2 State 1→3 State 2→3

Variables
Crude

HR CI9)
p-value

Adjusted
HR, CI95%

p-value

Crude
HR, CI95%

p-value

Adjusted
HR, CI95%

p-value

Crude
HR, 

CI95%
p-value

Adjusted
HR, CI95%

p-value

Age
0.98 (0.97- 

0.99)
0.004

0.98 (0.97- 
0.99)
0.007

1.01 (0.99- 
1.02)
0.29

1.01 (0.99- 
1.02)
0.25

0.99 (0.98- 
1.01)
0.35

   1 (0.98- 1.02)
0.85

Sex (ref: male) Female
1.5 (0.59- 

1.28)
0.48

0.7 (0.45- 1.08)
0.11

1.22 (0.85-
1.75)
0.28

1.48 (0.96- 
2.29)
0.07

1.04 (0.6- 
1.56)
0.87

0.95 (0.51- 
1.78)
0.88

Place of residence 
(ref: urban) Rural

0.9 (0.71- 
1.72)
0.63

1.01 (0.65- 
1.58)
0.95

0.7 (0.43-
1.32)
0.15

0.76 (0.46- 
1.24)
0.27

1.15 (0.94- 
1.53)
0.62

1.14 (0.61- 
2.12)
0.67

History of smoking 
(ref: None)

Ciga-
rette

0.73 (0.35- 
1.51)
0.39

0.82 (0.38- 
1.76)
0.61

1.99 (1.14- 
3.48)
0.01

1.89 (1.08- 
3.3)
0.02

0.29 (0.07- 
1.2)
0.09

0.36 (0.08- 
1.53)
0.17

Opium
0.88 (0.54- 

1.44) 
0.62

0.91 (0.55- 
1.50)
0.71

1 (0.61- 
1.64)
0.97

1.07 (0.65- 
1.77)
0.78

2.11 (1.21- 
3.68)
0.008

2.11 (1.17- 3.8)
0.002

Ciga-
rette + 
Opium

0.97 (0.59- 
1.58)
0.9

0.81 (0.47- 
1.39)
0.45

1.04 (0.64- 
1.7)
0.85

1.33 (0.76- 
2.33)
0.32

1.04 (0.56- 
1.94)
0.9

1.08 (0.58- 
2.04)
0.79

Surgery (ref: Yes) No
1.03 (0.64- 

1.67)
0. 9

0.81 (0.55- 
1.51)
0.72

0.72 (0.47- 
1.09)
0.1

0.84 (0.54- 
1.33)
0.46

1.09(0.49- 
1.69)
0.76

0.97 (0.48- 
1.96)
0.94

Chemotherapy 
(ref: No) Yes

1.47 (1.02- 
2.12)
0.04

1.47 (0.97- 
2.22)
0.07

0.61 (0.42- 
0.9)
0.01

0.63 (0.4- 
0.93)
0.02

0.94 (0.6- 
2.04)
0.8

0.77 (0.44- 
1.36)
0.37

Radiotherapy
(ref: No) Yes

1.1 (0.68- 
1.78)
0.69

0.75 (0.43- 
1.31)
0.32

0.61 (0.35- 
1.07)
0.09

0.78 (0.4- 
1.53)
0.48

1.42 (0.79- 
2.55)
0.24

1.07 (0.46- 
2.51)
0.87

Family history 
(ref: No) Yes

1.09 (0.59- 
1.97)
0.79

0.88 (0.48- 
1.63)
0.69

0.88 (0.46- 
1.67)
0.89

1.1 (0.56- 
2.2)
0.95

2.76 (1.36- 
5.59)
0.005

2.48 (1.2- 5.15)
0.01

Histological grade 
(ref: G2)

Well
0.47 (0.11- 

1.91)
0.29

0.49 (0.11- 
1.97)
0.31

0.41 (0.24- 
1.78)
0.41

0.84 (0.3- 
2.33)
0.73

3.4 (0.81- 
14.26)
0.09

1.83 (0.41- 
8.24)
0.43

Poor
1.84 (1.21- 

2.77)
0.004

1.77 (1.68- 
2.67)
0.007

0.76 (0.44- 
1.3)
0.32

0.8 (0.46- 
1.4)
0.45

2.19 (1.32- 
3.62)
0.002

1.85 (1.11- 
3.08)
0.02

Morphology 
(ref: other) Other

1.24 (0.8- 
1.93)
0.34

1.15 (0.9- 1.75)
0.38

0.81 (0.5- 
1.31)
0.4

0.95 (0.59- 
1.68)
0.31

0.92 (0.52-
1.62)
0.76

0.88 (0.5- 1.45)
0.31

Abbreviation: N.S: non-significant: p-value > 0.05
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based on the standard survival models showed that with the 
increase of age, patients’ survival was reduced.18 However, 
in the present study, analysis of the MSMs revealed that 
age had no direct effect on the patients’ survival, and it 
had an indirect effect due to the occurrence of metasta-
sis. However, this variable had no significant effect on 
the hazard of death without metastasis. Other studies in 
the United States and China also investigated the effect 
of this factor on patients with metastasis and showed 
that the hazard of metastasis in young adults was higher 
than that in older people.20, 21 The findings of this study 
showed that the degree of tumor differentiation affected 
the hazard of metastasis and death with metastasis so 
that the hazard of death and metastasis in patients with 
poor-grade tumors was higher than that in those with 
moderate-grade tumors. This could be due to more 
malignant and dangerous cases and delayed diagnosis of 
the disease. The results of a study conducted in Iran using 
a standard survival model showed that tumor grade 
reduced the patients’ survival,16 which is consistent with 
the results of a study conducted in the United States on 
patients with metastasis.22 In the present study, chemo-
therapy was directly associated with increased survival 
of patients without metastasis. This relationship can be 
attributed to the better physical condition of these patients 
without metastasis, and their treatment was effective. 
Conversely, the results of a study by Samadi et al (2011) 
in Ardabil province, Iran, showed that there was no significant 
relationship between this factor and the patients’ survival 
rate. In this city, upper gastrointestinal cancer is the 
most common cancer and the cause of more than 50% of 
deaths, because patients refer to physicians in the advanced 
stages of the disease, therefore, the treatment of patients 
may not be effective.23 Other studies showed that che-
motherapy increased patients’ survival.24, 25 The present 
study showed that cigaret te smoking increased the haz-
ard of death in patients without metastasis. Several studies 
have shown that cigarette smoking reduces the survival 
of patients with GC. Also, evidence indicates that cigarette 
smoking is a risk factor for GC.26 The results of a study con-
ducted in Iran using the standard survival model showed 
that smokers are more at the hazard of death compared 
with non-smokers.23 On the other hand, a study in Japan 
showed that patients with a history of cigarette smok-

ing were directly at the hazard of death after surgery.26 The 
cause of reduced survival rate in smokers can be due to 
health behaviors, biological effects of cigarette smoking, and 
its non-genotoxic (epigenetic) effect, and genetic toxicity on 
tumor differentiation.27 It was also revealed that the family 
history of GC in patients with metastasis had a significant 
relationship with the increased hazard of death, which is 
consistent with the results of previous studies in Iran and 
other countries.28, 29 Conversely, a study in Korea showed 
that family history of GC was associated with a reduced 
hazard of death.30 This discrepancy can be attributed 
to the attitude and health behavior change of these pa-
tients so that patients with a family history of GC are 
more likely to be controlled and treated because of their 
concern.30 Opium is traditionally used in Iran and other 
Eastern Mediterranean countries. These areas have the 
highest incidence rate of GC and death in the world.31 
According to the results of this study, the opium use in 
patients with metastasis was associated with a reduction 
in the patients’ survival rate. The high consumption of 
opium in Iran, especially in Kerman, may be due to having 
contentious border with Afghanistan, as the most important 
opium producer in the world, which makes opium easy 
to access.32 Conversely, the results of the study in Iran 
using the Frailty model showed no significant relation-
ship between opium use and survival rate.33 

The limitations of the present study were incomplete 
information and a low sample size. On the other hand, 
the strength of this study is the results obtained using 
MSMs. According to the results, some variables, such as 
patients’ age and degree of tumor differentiation through 
the intermediate event (metastasis), indirectly affect the 
survival of patients, while in previous studies using standard 
models, these variables directly affected the patients’ survival. 
In other words, using MSMs, a complete understanding 
of the behavior and effects of the studied variables on the 
patients’ survival in different transitions can be provided.

CONCLUSION
According to the results obtained using the illness- 

death model, the degree of tumor differentiation and 
patients’ age had a significant effect on the hazard 
of metastasis. Also, family history of gastric cancer, 
opium use, and degree of tumor differentiation in pa-
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tients with metastasis had an effect on the hazard of 
death. Chemotherapy and cigarette smoking had a direct 
effect on the hazard of death. In addition, using the 
disease-death model, a complete understanding of the 
behavior and effects of the studied variables on different 
disease states can be realized.
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