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A Comparative Analysis of Treatment Types for Iranian
Gastrointestinal Cancer Patients
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Abstract

Objective: This study investigates the effects of different treatments on the survival of patients with gastrointestinal
cancer. One of the methods for causal inference, the doubly robust estimator, is easy to apply with complete data, but
becomes complex with incomplete or censored data. To overcome these challenges, we used pseudo-observations.
Methods: This historical cohort study included 602 patients residing in the provinces of Mazandaran and Golestan. The
patients were followed up over a period of approximately 11 years. To evaluate the effects of surgical, radiotherapeutic,
and chemotherapeutic treatments on survival, we used inverse probability weighting and the doubly robust estimator
using pseudo-observations. The survival and pseudo packages of the R software were used for model fitting. The efficacy
of the doubly robust estimator and inverse probability weighting was assessed by comparing survival estimates derived
from both methods across different treatment types. Result: In this study, there were 441 cases (73.26%) of deaths
from gastrointestinal cancer. Our analysis included three time points: the first year, the eighth year and the fifteenth
year. The results showed that the survival of patients with gastrointestinal cancer varied depending on the treatment
method. In particular, surgical treatment showed a significant impact on survival at all three time points. In contrast,
radiotherapy only showed a significant correlation at the first time point, while no significance was found at the two
subsequent time points. A significant correlation was found for chemotherapy at all three time points. Conclusion:
Using a doubly robust estimator with pseudo-observations is more efficient and simpler. Causal inference methods can
serve as evaluation tools for different treatments in patients with gastrointestinal cancer.

Keywords: Causal inference- Inverse Probability Weighting- Doubly Robust- Pseudo-observations

Asian Pac J Cancer Prev, 26 (8), 2965-2973

of certain risk factors, esophageal and stomach cancers are
on the rise again in Western countries. At the same time,
significant shifts in the prevalent types of stomach cancer
are observed in countries undergoing economic transition,

Introduction

Gastrointestinal cancers, including colorectal,
stomach, and esophageal cancers, represent a significant

medical and financial burden and cause the most new cases
and deaths worldwide each year. According to the latest
data, gastric cancer ranks fourth in overall mortality rate
and fifth in age-standardized incidence rate globally, with
approximately 1.1 million new cases occurring each year,
making it the fourth most common form of malignancy
worldwide [1]. In Asia, including Iran, the burden of
gastrointestinal cancers is particularly pronounced. For
instance, the Iranian Ministry of Health reports that
cancer is the third leading cause of mortality in Iran,
with gastrointestinal cancers accounting for over 60% of
cancer-related deaths. In developing countries, colorectal
cancer is the most common gastrointestinal cancer, while
esophageal and stomach cancers are more prevalent in
Western countries. However, due to the increasing burden

including regions within Iran. It is worth noting that all
cancers of the gastrointestinal tract can be identified by
precancerous lesions, and their development is strongly
linked to individual lifestyle habits [2]. Golestan Province
in northern Iran is recognized as a high-risk area for
gastrointestinal cancer, where these cancers often present
asymptomatically in their early stages and are diagnosed
at advanced stages, leading to poor prognoses [3, 4]. Early
mortality is a critical indicator used to evaluate screening
programs, early detection efforts, and prognostic factors
[5]. In recent years, substantial information has been
gathered regarding the epidemiology and burden of cancer
in various regions of Iran, aimed at examining cancer trends
across the country and designing strategic programs for
the health system [6]. This disease represents a significant

'Department of Biostatistics & Epidemiology, School of Health, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran.
’Department of Biostatistics & Epidemiology, School of Health and Infectious Ophthalmologic Research Center, Ahvaz Jundishapur
University of Medical Sciences, Ahvaz, Iran. *For Correspondence: saeed hesam65@yahoo.com

Asian Pacific Journal of Cancer Prevention, Vol 26 2965



Sushiyant Varnaseri et al

public health problem and profoundly impacts individuals,
families, and communities. The survival time of cancer
patients is typically measured as the time from diagnosis to
death, based primarily on clinical characteristics observed
in previous years and physicians’ medical expertise.
Studies in this area often focus on assessing the temporal
aspects of significant events, including patient mortality,
response to treatment, and disease recurrence [7]. In
conclusion, while gastrointestinal cancers pose a global
challenge, it is essential to highlight the specific context of
Asian countries like Iran, where these cancers contribute
significantly to morbidity and mortality. Addressing
this issue requires targeted public health strategies and
increased awareness of the risk factors associated with
these diseases.

A major obstacle in analyzing time-to-event data is
the occurrence of incomplete or censored data, which
can bias the results. Survival analysis techniques are
commonly employed to handle such censored observations
[8]. Among these, nonparametric estimators like the
Kaplan-Meier estimator are frequently used to assess
the survival function of populations receiving treatment.
When treatment allocation is not random and depends
on individual prognosis and baseline characteristics,
potential biases arise. In observational studies, the
subgroup receiving a particular treatment may exhibit
notable differences compared to the overall population
[9]. To address confounding factors, regression models
such as the Cox regression model are often utilized. While
these models can control for confounding, they primarily
provide conditional causal effects; researchers may be
more interested in average or marginal causal effects. Two
widely used methods for estimating marginal causal effects
are inverse probability weighting (IPW) and the g-formula.
The IPW method adjusts for the probability of receiving
a specific treatment, while the g-formula incorporates
both confounding variables and treatment variables in
a time-event model [10—14]. For cancer studies, various
statistical methods have been applied, including those
mentioned above along with others tailored to specific
types of cancer. The validity of [IPW relies on accurately
modeling all relevant intervening factors. Doubly robust
estimators that integrate both the g-formula and IPW
can enhance validity if at least one model is correctly
specified [15—17]. Another fundamental assumption in
survival analysis is the constancy of proportional risks
over the study duration. If this assumption cannot be
demonstrated, alternative methods must be employed.
While implementing doubly robust methods for complete
data is relatively straightforward, it becomes complex for
incomplete or censored data. Pseudo-observations can
help overcome these challenges by allowing conventional
causal inference methods to be applied at specified time
points where no participants are censored [18].

The aim of this study is to apply causal inference
methods — in particular the inverse probability weighting
method and the doubly robust method using pseudo-
observations of the survival function in the survival
time data of gastrointestinal cancer patients (gastric,
esophageal or colorectal cancer) to calculate the marginal
probability of survival and obtain the marginal survival
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curve. Additionally, this study aims to compare different
treatment methods to assess their effectiveness in
improving survival outcomes for these patients.

Materials and Methods

This study used data from patients diagnosed with
gastrointestinal cancer (colorectal cancer, esophageal
cancer and stomach cancer) who were followed up until
July 2017. These patients were enrolled between March
2002 and March 2007 in Mazandaran and Golestan
provinces. Data were obtained from the National Institute
of Health Research of Iran. The ward in which each patient
was living at the time of diagnosis was documented. In
2002, there were fifteen wards in Mazandaran and eleven
in Golestan. Ultimately, the study included a total of 602
patients. Variables examined included age at diagnosis,
gender, place of residence (rural vs. urban), smoking
habits, race (Turkmen vs. other), treatment modalities
(chemotherapy, radiotherapy and surgery) and type of
cancer (gastric, esophageal or colorectal). However, it is
important to note that the disease stage was not included
in the initial data collection due to limitations in accessing
comprehensive medical records. Patients were contacted
by telephone for follow-up. Initially, only the age at
diagnosis, sex, place of residence and type of cancer were
recorded as variables. Therefore, patients or their families
were interviewed at the end of the follow-up period to
obtain additional information. Any patients who could
not be reached or whose families were unresponsive
were excluded from the study. This approach ensured
that all patients diagnosed with gastrointestinal cancer
between 2002 and 2007 were followed up until 2017. To
be eligible for this study, the patient had to have lived in
one of the districts of Mazandaran or Golestan at the time
of diagnosis and have been diagnosed with gastrointestinal
cancer between 2002 and 2007.

Statistical analysis

The IPW and DR approaches and the use of pseudo-
observations are some of the important components that
we combine in our approach in this section. The software
used is R, specifically version 4.3.2. The packages utilized
include pseudo, geepack, and survival. A significance level
of 0.05 was considered.

Inverse Probability Weighting and Doubly Robust
estimator

The objective of causal inference is to assess the
average causal effect within a population, particularly
by examining the variations in average outcomes across
different treatment levels. Specifically, we define the
Average Causal Effect (ACE) as follows:

ACE =E(YY) —E(®Y?) (1)

Assuming our treatment consists of two levels, the
potential outcomes for each subject i (where i=1,2,...,
n.) are denoted as Y and Y.

The underlying mathematical framework for
establishing both assumptions and statistical models in



causal inference is based on the concept of potential
outcomes. In this framework, we consider that each
subject i in the target population has two possible values
for the outcome variable: Y’ , which represents the
outcome that would occur if the subject received treatment
1, and Yf’ , which indicates the outcome under treatment
0. Since each subject can belong to only one treatment
group, at least one of these potential outcomes remains
counterfactual and cannot be observed. Consequently, the
individual causal effect, typically expressed as ¥/ - Y’ , is
unobservable. Therefore, causal inference often centers
on estimating the average causal effect across the entire
population.

Consistency, positivity and conditional exchangeability
are the three necessary conditions to obtain a causal effect
in observational studies. The simplest method for dealing
with missing data is to restrict the analysis to complete
cases. A widely used technique to mitigate this bias is
IPW. First, propensity scores are derived by fitting an
appropriate model:

ps1i= P (Hi=11Q;) )

Assume that the response variable y, for patient i is
represented as a function of a binary treatment indicator,
H, , where H_ takes the value 0 for the control group and 1
for the active treatment group. Q. represent counfounding
variables. The IPW estimator:

n

o 1 Hiyi
I =—
! nz  Psyi 3)

i=1

Finally, the average causal effect is calculated using
the following formula [18].

_ 1 " Hy, 1 " Hy;
ACE =—§ ————§
PV " n - psii n - PSoi @
1= 1=

The doubly robust method can be implemented
utilizing the IPW estimator and outcome regression (OR
model) that refers to a statistical approach used to adjust
for confounding factors in the analysis of time-to-event
data, defined as E(y, [H,, V)= m (D,) (V,,B) specifically for
the variables y,, H,, and V.. Here, V_ represents a collection
of covariates associated with subject i. The term m (D,)
(V.B) indicates the expected outcome for subject i given
their covariates V; and parameters 3, conditional on their
treatment assignment D .

DR estimator can be constructed as [15].

)

pseudo-observations
The pseudo-survival probability for all individuals at
time ¢, is obtained:

" yiH; — (H; — psy(0)my (V,, B)
ps1(¥)

(6))

i=1

$L(®) = nSp (O — (n — DSTi(D) ©)
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Where h is treatment indicator and Sh (t) and Sh'i (t) are
the Kaplan-Meier estimator calculated with the complete
dataset, alongside the Kaplan-Meier estimator derived
from the dataset with individual i excluded [19].

Inverse Probability Weighting and Doubly Robust
estimator based on pseudo-observations

The IPW estimator can be constructed by substituting
y, by Shf (1) in (2) and yielding the following estimator:

1 " SL()H;

P == e

1 nz - DS1i (7)
=

Similarly, to construct a DR estimator [20] substitute
Y, by S, (1) in (5).

12 " SE@) Hy = (H; — psu(P)my (V;, B)

ps1i(7) ®)

i=1
Results

We used the doubly robust estimator and the inverse
probability weighting method to analyze data on gastric,
esophageal, and colorectal cancers obtained from the
Iran National Institute of Health Research in Mazandaran
and Golestan provinces of Iran. Our aim was to compare
three treatment methods: surgery, radiotherapy, and
chemotherapy, with their respective comparison groups
for the treatment of patients with gastrointestinal cancers.
Since the treatments were not randomized, a direct
comparison of the treatment groups may not be possible.
For each treatment method, we defined comparison groups
as follows:

1. Patients who received surgery compared to those
who did not receive surgery.

2. Patients who received radiotherapy compared to
those who did not receive radiotherapy.

3. Patients who received chemotherapy compared to
those who did not receive chemotherapy.

Baseline covariates included in the dataset were age
at diagnosis, sex, place of residence (rural vs. urban),
smoking habits, race (Turkmen vs. other), and type of
cancer (gastric, esophageal, or colorectal). Either the [PW
or the proposed DR approaches were applied to these
covariates to adjust the survival curve estimates.

In this study involving 602 patients, the average age
at diagnosis was 62.61 years, with a standard deviation of
13.84 years. Among the patients, 285 had gastric cancer
(47.33%), 175 had esophageal cancer (29.07%), and 142
had colorectal cancer (23.59%). In total, there were 441
deaths attributed to gastrointestinal cancer, representing
73.26% of the study cohort.

In the full dataset, the surgery group included 364
patients, while the comparison group for surgery consisted
of 238 patients. The radiotherapy group comprised
203 patients, with its corresponding comparison group
containing 399 patients. Lastly, the chemotherapy group
included 374 patients, and the comparison group for
chemotherapy comprised 228 patients.
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Table 1. Patient Characteristics at Diagnosis: Frequencies and Percentages by Treatment Modality (Surgery, Radiotherapy, Chemotherapy)

Covariate Total Surgery p-value Radiotherapy p-value Chemotherapy p-value
No Yes No Yes No Yes

Sex Male 392 (65.12%) 150 (63.03 %) 242 (66.48 %) 0.385 257 (64.41%) 135 (66.50%) 0.611 147 (24.42%) 245 (65.51%) 0.796
Female 210 (34.88 %) 88 (36.97 %) 122 (33.52%) 142 (35.59%) 68 (33.50%) 81 (13.46%) 129 (34.42%)

City Rural 319 (52.99%) 146 (61.34%)  173(47.53%) <0.001 213 (53.38%) 106 (52.22%) 0.786 132 (57.89%) 187 (50.00%) 0.060
Urban 283 (47.01%) 92 (38.66%) 191 (52.47%) 186 (46.62%) 97 (47.78%) 96 (42.11%) 187 (50.00%)

History No 391 (64.95%) 160 (67.23%) 231 (63.46%) 0.345 257 (64.41%) 134 (66.01%) 0.698 151 (66.23%) 240 (64.17%) 0.608
Yes 211 (35.05%) 78 (32.77%) 133 (36.54%) 142 (35.59%) 69 (33.99%) 77 (33.77%) 134 (35.83%)

Smoking No 464 (77.08%) 171 (71.85%) 291 (80.39%) 0.014 303 (75.94%) 161 (79.31%) 0.353 175 (76.75%) 289 (77.73%) 0.883
Yes 138 (22.92%) 67 (28.15%) 71 (19.61%) 96 (24.06%) 42 (20.68%) 53(23.25%)  85(22.73%)

Race Turkmen 65 (10.80%) 46 (19.33%) 19 (05.22%) <0.001 49 (08.14%) 16 (07.88%) 0.103 35(15.35%) 30 (08.02%) 0.006
Other 537(89.20%) 192 (80.67%) 345 (94.78%) 350 (58.14%) 187 (92.12%) 193 (84.65%) 344 (91.98%)

Surgery No 238 (39.53%) 238 (39.53%) 0 <0.001 183 (45.86%) 55 (27.09%) <0.001 138 (60.53%) 100 (26.74%)
Yes 364 (60.47%) 0 364 (60.47%) 216 (54.14%) 148 (72.91%) 90 (39.47%) 274 (73.26%)

Radiotherapy No 399 (66.28%) 183 (76.89%) 216 (59.34%) <0.001 399 (66.28%) 0 211 (92.54%) 188 (50.27%) <0.001
Yes 203 (33.72%) 55(23.11%) 148 (40.66%) 0 203 (33.72%) 17 (07.46%) 186 (49.73%)

Chemotherapy No 228 (37.87%) 138 (57.98%) 90 (24.73%) 211 (52.88%) 17 (08.37%) <0.001 228 (37.87%) 0 <0.001
Yes 374 (62.13%) 100 (42.02%) 274 (75.27%) 188 (47.12%) 186 (91.63%) 0 374 (62.13%)

Esophageal Yes 175 (29.07%) 137 (57.56%) 290 (79.67%) <0.001 303 (75.94%) 124 (61.08%) <0.001 158 (69.30%) 269 (71.93%) 0.491
Others 427(70.93%) 101 (42.44%) 74 (20.33%) 96 (24.06%) 79 (38.92) 70 (70.30%) 105 (07.28%)

Colorectal Yes 142 (23.59%) 9 (03.78%) 231 (63.46%) <0.001 310 (77.69%) 150 (73.89%) 0.299 206 (90.35%) 254 (67.91%) <0.001
Others 460 (76.41%) 229 (96.22%) 133 (36.54%) 89 (22.31%) 53 (26.11%) 22 (9.65%) 120 (32.09%)

Age Mean+SD 62.61+13.84 68.30=11.69 58.89+13.92 <0.001 64.36+13.08  59.19+14.66 <0.001 68.27£10.93  59.16+14.29 <0.001
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Figure 1. Adjusted Survival Curves for the Surgery
Group and Comparison Group (who did not receive
surgery) Using Inverse Probability Weighting (IPW) and
Doubly Robust (DR) Methods Compared to Unadjusted
Kaplan-Meier (KM) Curves
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Figure 2. Adjusted Survival Curves for the Radiotherapy
Group and comparison Group (who did not receive
radiotherapy) Using Inverse Probability Weighting
(IPW) and Doubly Robust (DR) Methods Compared to
Unadjusted Kaplan-Meier (KM) Curves

Table 2. The Median Survival Times and Confidence Intervals (CI) Based on various Demographic Variables and

Treatment Methods

Covariate Deat Median Std.eror 95% confidence interval Log-rank

Sex Male 148 (70.5%) 18 2.129 (13.826,22.174) 0.130
Female 293 (74.7%) 14 1.014 (12.012,15.988)

City Rural 252 (79.0%) 12 0.729 (10.570,13.430) 0.000
Urban 189 (66.8%) 21 3.096 (14.932,27.068)

History No 289 (73.9%) 15 1.171 (12.705,17.295) 0.528
Yes 152 (72.0%) 17 1.427 (14.204,19.796)

Smoking No 335 (72.2%) 15 1.043 (12.956,17.044) 0.326
Yes 106 (76.8%) 16 1.831 (12.412,19.588)

Race Turkmen 55 (84.6%) 18 1.184 (15.679,20.321) 0.002
Other 386 (71.9%) 11 1.612 (7.840,14.160)

Surgery No 217 (91.2%) 8 0.727 (6.574,9.426) 0.000
Yes 224 (61.5%) 32 4.768 (22.655,41.345)

Radiotherapy No 292 (73.2%) 12 1.156 (9.734,14.266) 0.008
Yes 149 (73.4%) 23 3.057 (17.008,28.992)

Chemotherapy ~ No 181 (79.4%) 10 1.101 (7.843,12.157) 0.000
Yes 260 (69.5%) 21 1.793 (17.486,24.514)

Table 1 shows the Patient characteristics across the
surgery and comparison groups, as well as the radiotherapy
and comparison groups, and the chemotherapy and
comparison groups. In the surgery group, significant
covariates at the 5% level included age, place of residence,
smoking habits, race, chemotherapy, radiotherapy
and cancer type (esophageal and colorectal). In the
radiotherapy group, the significant factors at the 5%
level included age, chemotherapy, surgery and cancer
type (esophageal cancer). In the chemotherapy group,
the significant covariates at the 5% level were age, race,

radiotherapy, surgery and cancer type (colorectal).

In this study, survival analysis was conducted using
the log-rank test as presented in Table 2 to compare
survival outcomes across different treatment groups. The
results indicated that there were statistically significant
differences between the two patient groups: Patients who
received surgery compared to those who did not receive
surgery Patients who received radiotherapy compared
to those who did not receive radiotherapy., and Patients
who received chemotherapy compared to those who
did not receive chemotherapy(p-value<0.001). These
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Table 3. Average Causal Effect (ACE) and Confidence Intervals (CI) Using Inverse Probability Weighting (IPW) and
Double Robust Approach (DR) for Surgical, Chemotherapy, and Radiotherapy Treatments at Time Points T=1, &,
and 15

Treatment Time Methods ACE CI
Surgery T=1 IPW 0.427 (0.3423,0.5137)
DR 0.4278 (0.3344,0.5212)
T=8 IPW 0.3232 (0.2513,0.3951)
DR 0.3243 (0.2542,0.3943)
T=15 IPW 0.3074 (0.2364,0.3783)
DR 0.3085 (0.2395,0.3775)
Chemotherapy T=1 IPW 0.1772 (0.0802,0.2741)
DR 0.1799 (0.1067,0.2531)
T=8 IPW 0.1407 (0.0656,0.2158)
DR 0.1355 (0.0752,0.1958)
T=15 IPW 0.132 (0.0558,0.2083)
DR 0.1264 (0.0648,0.1881)
Radiotherapy T=1 IPW 0.1841 (0.0136,0.3546)
DR 0.1818 (0.0796,0.2840)
T=8 IPW 0.0374 (-0.0262,0.1011)
DR 0.0423 (-0.0261,0.1107)
T=15 IPW 0.0014 (-0.0613,0.0640)
DR 0.0067 (-0.0594,0.0727)
o time of 21 months with 260 deaths, while those who
= ] : o S:;r;;:is}?: Sroup, K qnderwent radiotherapy experience a mean survival
\ — Chemo, IPW time of 23 months and 149 deaths. These results clearly
o | \\ comparison Group, IPW den.nonstrate. the positive impgct of various t}reatment.s on
= < o S::]';‘:r-isz': Group, DR patient survival and emphasize that these interventions
5 i significantly affect survival outcomes.
8 o 1“ We used both the IPW and DR approaches based on
= s W pseudo-observations. First, we fitted a Cox model that
2 B included conditioning therapy and the variables in Table
@ - }| 1 as covariates to estimate the average causal effect on the
s 7] \ . three-year overall survival probability. We then calculated
‘\ K the pseudo-observations at 15 years for each patient and
N L _ reported the three-year outcomes.
S - ‘?—-—-_ - : The time points T=1, T=8, and T=15 were chosen to
0 50 100 150 represent thrc?e distinct phases in the study: the early phase
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Figure 3. Adjusted Survival Curves for the Chemotherapy
Group and comparison Group(who did not receive
chemotherapy) Using Inverse Probability Weighting
(IPW) and Doubly Robust (DR) Methods Compared to
Unadjusted Kaplan-Meier (KM) Curves

results clearly demonstrate the positive impact of various
treatments on patient survival and emphasize that these
interventions significantly affect survival outcomes.

The Kaplan-Meier results indicate significant
differences in survival among the various treatment
groups. Notably, as presented in Table 2, the mean
survival time for patients undergoing surgical treatment
is reported to be 32 months with 224 deaths. In contrast,
patients receiving chemotherapy have a mean survival
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This approach allows us to capture changes in the risk of
death at different stages of the follow-up period, providing
a comprehensive understanding of how mortality risk
evolves over time.

In Table 3, the confidence intervals in the surgery group
were significant at all three time points. This observation
emphasizes the significant impact of the surgical group
on survival. The confidence intervals for the IPW and DR
approaches in the radiotherapy group were significant at
the first time point, but were not significant at time points
8 and 15. Interestingly, The confidence intervals in the
chemotherapy group are significant at all time points.

TheS‘h" () was calculated annually over a period of 15
years. Figures 1, 2 and 3 show the DR and IPW survival
curves after surgery, radiotherapy and chemotherapy
as well as the unadjusted curves (KM survival curves).
The adjusted survival curves for the treatment groups



that received surgery and chemotherapy at all three
time points, as well as for radiotherapy at the first time
point, showed similarities with the unadjusted curves.
In contrast, the adjusted survival curves for the control
group were significantly lower than the unadjusted
curves, indicating a significantly improved treatment
effect after the adjustments. The second term (m, (V,5")
of the DR estimator in formula (8) had little effect on the
estimates for either groups, so DR and IPW were quite
similar. In cases where there are few common significant
factors between the DR and IPW models, the influence
of the second term may be negligible. In both models,
only the colorectal factor in the surgical treatment, the
chemotherapy factor in the radiotherapy treatment, and
the colorectal and surgical factors in the chemotherapy
treatment showed statistical significance at the 5 percent
level. This observation may explain the similarity between
the inverse probability weighting and the doubly robust
estimates.

Discussion

In this paper, we propose the estimation of the
treatment effect (surgery, chemotherapy and radiotherapy)
using the IPW and the doubly robust DR approaches
based on pseudo-observations. In fact, we proposed
a method to eliminate confounding in the estimation
of survival functions based on pseudo-observations.
Because the application of the DR estimator to survival
data can be complex and computationally intensive, we
used pseudo-observations in our study. This study was
conducted using data from patients with gastrointestinal
cancer in Mazandaran and Golestan provinces in northern
Iran, with a follow-up period of 15 years. We examined
the risk of death in three different time periods: the
first, eighth and fifteenth year. In the surgery group, the
confidence intervals were significant in all three periods.
In the radiotherapy group, the confidence intervals were
only significant in the first period, while they were not
significant in years 8 and 15. In the chemotherapy group,
the confidence intervals were significant at all time points.

In agreement with Arterburn et al. [21], Giller et
al. [22], Rodriguez et al. [23], and Aghcheli et al. [24]
our study showed a significant association between
surgical interventions and time of death at all time points.
Consistent with the findings of Yang et al. [25] and Dixon
et al. [26] patients who had not received radiotherapy
had a higher risk of death than patients who had received
radiotherapy. This is consistent with the results of the
studies by Matthew et al. [27] Han K et al .[28] and
Brink et al. [29] which found a significant association
between radiotherapy and survival. In our study, although
individuals who had not received radiotherapy had a
higher risk of death in the first period, this association
was no longer significant in later periods. Our study also
found that individuals who had not received chemotherapy
had a higher risk of death across all time points, similar
to Kasuga et al. [30] , Graf et al. [31] and Smyth et al.
[32]. and in contrast to the results of A Hern et al. [33].

Limitations of this study include the lack of access to
precise information regarding the stage of the disease at
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diagnosis, which may lead to recall bias and inaccurate
estimates of the relationship between treatment variables
and survival. Additionally, the variables were collected
from patients or their families at the end of the follow-
up period, which may introduce information bias due to
the long intervals between diagnosis and data collection.
Therefore, it is suggested that future studies pay closer
attention to clinical variables and disease stages to achieve
more accurate and reliable results.

In conclusion, this study investigated the impact
of various treatment methods, including surgery,
radiotherapy, and chemotherapy, on the survival of
patients with gastrointestinal cancer in Mazandaran and
Golestan provinces. The findings indicate that surgery
had a significant effect on the survival of patients at all
follow-up time points, with surgically treated patients
exhibiting better survival compared to non-surgical
patients. Furthermore, radiotherapy showed a positive and
significant effect on survival only in the first year, while
in the eighth and fifteenth years, this effect significantly
diminished and became insignificant. On the other hand,
chemotherapy demonstrated a positive and significant
relationship with patient survival, with chemotherapy
patients showing higher survival rates.
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