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Abstract

Colorectal cancer (CRC) is considered a significant public health concern worldwide, with substantial morbidity and
mortality rates. In Thailand, several campaigns have been implemented to address this issue, such as the establishment of local
treatment centers. The Cancer Center of Hatyai Hospital (CCHH) is the latest cancer center affiliated with a tertiary public
hospital in the southernmost part of Thailand. However, a systematic assessment of cancer treatment outcomes, including those
for CRC patients, has yet to be conducted. Therefore, the current study utilized a retrospective analysis approach to elucidate
the survival probability of CRC patients treated at CCHH. A secondary data analysis was conducted using electronic medical
records (EMRs), and the selected data were validated and filtered by a certified oncologist and pharmacist. Time-to-event
analysis was used to model survival probability across subgroups, and visualized using Kaplan-Meier (KM) plots.
Additionally, restricted mean survival time (RMST) analysis was performed to estimate the 3-year survival time of this patient
cohort, with an estimated survival time of 24.8 months. The univariate Cox proportional hazards (PH) model was used as an
exploratory analysis to identify the influence of clinical variables on survival outcomes. Subsequently, a multivariable Cox
PH model was constructed with a set of selected variables. T2 tumor status, the presence of distant metastasis, ECOG score of
4, and poorly differentiated tumor were identified as the strongest predictors of reduced survival among the included variables.
As such, this study provides practical insights based on real-world data regarding cancer survivorship and the survival
outcomes of CRC patients treated at a public hospital. Additionally, it offers a snapshot of the recent implementation of an
early diagnosis campaign.

Keywords: clinical characteristic; colorectal cancer, early diagnosis, electronic medical records; survival analysis

Abbreviation Table A1 Cont.
Table A1 Abbreviations used throughout the study Abbreviation Explanation
Abbreviation Explanation BMI Body Mass Index
ALB Albumin BUN Blood Urea Nitrogen
ALT Alanine Aminotransferase CCHH Cancer Center of Hatyai Hospital
AST Aspartate Aminotransferase CEA Carcinoembryonic Antigen
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Abbreviation Explanation
CI Confidence Interval
CR Creatinine
CRC Colorectal Cancer
ECOG Eastern Cooperative Oncology Group
EMRs Electronic Medical Records
HB Hemoglobin
HCT Hematocrit
HR Hazard Ratio
KM Kaplan-Meier
LYMP.L Lymphocytes
M Metastasis
N Nodes
oS Overall Survival
PH Proportional Hazards
PMN.N Polymorphonuclear Neutrophils
RMST Restricted Mean Survival Time
T Tumor
WBC White Blood Cells

1. Introduction

Colorectal cancer (CRC) is the third most
commonly diagnosed cancer worldwide, following
lung and breast cancer, and the second leading cause
of cancer-related deaths, with 916,000 cases reported
in 2020 (Olyani et al., 2023; Tan et al., 2024). The
prevalence and mortality rates of CRC are rising
in many low- and middle-income countries, including
Thailand, where cases are frequently diagnosed at an
advanced stage (Tiankanon et al., 2021; Muhamad
et al., 2023; Wongseree et al.,, 2023). A report by
Lohsiriwat et al., (2020) summarized the current status
of CRC in Thailand, indicating that CRC ranks as the
third most common cancer, accounting for 11% of the
country's total cancer burden. Accurately predicting
the prognosis of CRC patients enable the development
of personalized treatment plans and supports the
implementation of effective public health programs. A
precise treatment plan can reduce financial burdens,
minimize drug side effects, improve patients' quality
of life, and increase survival rates (Xie et al., 2024).

Theoretically, the survival rates of cancer
patients serve as crucial indicators of the effectiveness
of cancer-specific treatments, and the impact of
preventive and survivorship programs (Li et al., 2019;
Le et al, 2021). In Asian countries, the overall
survival (OS) rate for patients with CRC has shown
little improvement in recent decades, with the 5-year
OS rate remaining around 60% (Moghimi-Dehkordi,
& Safaee, 2012; Le et al., 2021). However, survival
rates vary quite significantly across countries, ranging

from 36.87% in Thailand (Phimha et al., 2019; Le et
al., 2021) to 73.00% in Japan (Tamakoshi et al., 2017;
Le et al., 2021). Literature indicates that limitations in
cancer epidemiology and survival data often stem
from the lack of comprehensive surveillance systems
and the poor quality of cancer statistics across
responsible organizations (Le et al., 2021). Survival
analysis, with its core objective of estimating survival,
is primarily used to evaluate outcomes and prognosis
in oncology studies, including those focused on CRC.
It commonly involves graphical presentations, such as
Kaplan-Meier (KM) plots, along with statistical
inferences to differentiate research outcomes, identify
key covariates, and compare survival probabilities
across groups. Therefore, enhancing data quality
could improve the predictive capabilities of survival
analysis and enable further integration with machine
learning for more advanced prognostic modeling
(Modi et al., 2020; Ali-Gombe et al., 2021).

In Thailand, multiple oncological studies on
CRC have provided valuable insights into prognostic
factors, particularly in advanced-stage CRC (Laohavinij
et al., 2010) and have assessed overall and stage-specific
survival among CRC patients (Kittrongsiri et al., 2020).
Similarly, other research has attempted to explore
the clinical characteristics and disease outcomes of
patients with stage I to III CRC to validate factors
influencing treatment outcomes and potential
complications among patients treated at Siriraj Hospital,
Thailand (Techawathanawanna et al., 2012). Several
other studies with a similar approach, aiming to achieve
a deeper understanding and enhance predictive or
prognostic capabilities, have been published focusing
on the Thai population, as mentioned in previous
literature (Pongnasuwan, & Chantharakhit, 2023).
However, studies specifically examining the southern
Thai population are still limited.

Hatyai is one of the most populated districts in
southern Thailand. As a tertiary hospital with strong
ties to a medical school, Hatyai hospital has become a
leading medical institution, treating a wide range of
patients from across the southern region, including
cancer patients. In late 2021, the Cancer Center of
Hatyai Hospital (CCHH) was established as a
dedicated facility focused on providing treatment for
both local and regional cancer patients. As the center
is still in its early stages, treatment outcomes for
cancer patients, particularly those with CRC, remain
unclear. Therefore, this study aims to assess the
survival probability of CRC patients treated at CCHH,
serving as a preliminary feasibility study. The
findings will offer a brief overview of the recently



MASAE ET AL.
JCST Vol. 15 No. 3, July - September 2025, Article 123

implemented early diagnosis campaign and the timely
initiation of systemic treatment for CRC patients.
Additionally, these data could offer a practical model
for countries or clinical settings where early
intervention is possible but advanced targeted
therapies are not widely accessible.

2. Objectives

This study aims to:

1. Estimate the overall survival rate of CRC
patients,

2. Examine the clinical characteristics of patients
diagnosed with CRC,

3. Identify factors influencing survival outcomes
in CRC patients.

3. Materials and Methods
3.1 Data Collection

This retrospective cohort study was conducted
at CCHH. Electronic medical records (EMRs) of
patients diagnosed with CRC were reviewed and
included in the analysis. Data were collected in 2021,
tracking patient information from the start of
treatment until the completion of the first follow-up
after a successful treatment cycle. The EMRs were
reviewed, compiled, and validated for completeness
by a certified oncologist and pharmacist, and cross-
checking by research assistants. The inclusion criteria
were: 1) patients diagnosed with CRC; 2) patients
enrolled in CCHH; 3) patients with a complete EMRs
from the first follow-up visit onward; and 4) patients
for whom the date of mortality was clearly recorded
in the EMRs, if applicable. The exclusion criteria
were: 1) patients with incomplete or missing key
clinical data; 2) patients lost to follow-up before any
outcome could be observed; and 3) patients whose
date of diagnosis or date of event was ambiguous or
inconsistently recorded in the EMRs.

3.2 Statistical Analysis

Survival analysis is a key statistical method
used to examine the time until a significant event,
such as death or disease progression. Two commonly
used techniques in survival analysis are the KM
method and the Cox proportional hazards (PH) model
(Pawar et al., 2022). The KM method estimates the
survival probability of CRC patients over time,
providing an understanding of how long patients
survive at different time points. The survival function
is calculated as follows:

S@) = S(ti.1)(1-di/ny)

where:

S(t;) is the probability of surviving until time ¢, with
S(0)=1 (the survival probability at the start of the
study is 1),

n; is the number of patients who are alive or cencored
just before time #;_;,

d; is the number of events at time ¢, ;, with d,=0 (the
number of events at the start of the study is 0).

By applying this method to CRC patient data,
survival probabilities can be determined at various
stages of the disease and compared survival across
different patient groups, such as patients at early
versus advanced stages of CRC. In addition, the Cox
PH model can be used to analyze the impact of variables
such as age, gender, and biopsy differentiation on
survival, to help identify key risk factors influencing
patient outcomes. Together, these methods allow for
a comprehensive understanding of CRC survival, and
provide valuable insights for clinical decision-making
and public health strategies.

The Cox PH model equation for CRC patients
would be:

h(@[X) = hy@exp(B X, +B,X>+... 45 X,)

where:

h(t|X) is the hazard function for CRC patients
at time t,

hy(t) is the baseline hazard (hazard when all
predictors are zero),

S pﬁz’ ﬁn are the coefficients for the
predictor variables X, X,,..., X, (e.g., body mass
index (BMI), hemoglobin (HB), hematocrit (HCT),
white blood cells (WBC), and cancer stage).

The PH assumption of the Cox model was
evaluated using the Schoenfeld residual test to
determine whether the effects of covariates on hazard
rates remained constant over time. Univariate Cox
analyses were first conducted, followed by adjusted
multivariable analysis to estimate hazard ratios (HRs)
while accounting for potential confounders. Variables
for the adjusted model were selected based on prior
literature, biological plausibility, clinical relevance,
and data availability within the study dataset. Although
some covariates did not meet the PH assumption or
showed no statistical significance in univariate
analysis, they were retained in the multivariable
model due to clinical importance. Additionally,
variables that produced non-interpretable estimates in
univariate analysis - such as those affected by sparse
data or quasi-separation - were excluded from
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univariate reporting but included in the adjusted
model when deemed clinically relevant.

Given the 3-year data collection period and
substantial patient censoring, this study employed the
restricted mean survival time (RMST) approach to
accurately capture the 3-year survival outcome. In
studies with heavy censoring, especially toward the
end of follow-up, median survival time can be
difficult to estimate or imprecise. In contrast, RMST
provides a more informative measure of average
survival within a fixed period.

Descriptive statistics were used to summarize
the baseline clinical characteristics of the patients.
KM analysis was employed to estimate and plot
survival probabilities based on relevant variables. For
subgroup analyses, survival distributions were
compared using the log-rank test. Exploratory
analyses were conducted using univariate Cox PH
models to examine the impact of various covariates on
survival. A multivariable Cox PH model was
subsequently built based on the meaningful clinical
variables identified in the prior exploratory analysis
and log-rank test, allowing for adjustment of potential
confounders. Data processing and analysis were
performed using R version 4.4.3 along with the
relevant computational packages.

3.3 Ethics Consideration

This research received ethical approval from the
Research Ethics Committee of Hatyai Hospital,
Songkhla Province, Thailand, ensuring compliance with
ethical guidelines and standards (HYH EC 017-68-01).

4. Results

Table 1 presents the baseline characteristics of
a cohort of 99 patients, comprising 40 females and 59
males. The mean age of patients was 66.2 years (SD
= 12.2), indicating a predominantly older patient
population. The median age was 68.0 years, with an
age range spanning from 37.0 to 93.0 years. The
majority of patients are aged 65 or older (57.6%),
while 30.3% fall within the 51-64 age group. The
mean BMI was 21.5 kg/m? (SD = 3.8), with a median
of 21.5 kg/m? and a range from 14.1 to 33.9 kg/m2.
Most patients had a normal BMI (54.5%). The mean
HB level was 11.3g/dL, with 26.3% of patients
classified as having low HB. HCT averaged 34.1%,
with 36.4% below the normal range. The mean ALB
level was 3.7 g/dL; 24.2% had low ALB, and 7.1%
were unspecified. AST had a mean of 23.2 U/L, with
18.2% showing elevated levels. WBC count averaged
8,580 cells/pL, with 21.2% above the normal range.

Mean PMN.N was 66.0%, with 43.4% below normal.
LYMP.L averaged 24.1%, with 12.1% classified as
low. Regarding lifestyle factors, most patients
reported no history of smoking (61.6%) or alcohol
consumption (71.7%). A smaller proportion were
identified as former smokers (23.2%) or former
alcohol users (20.2%), while current smoking and
drinking were reported by 11.1% and 6.1% of
patients, respectively. These findings suggest a
relatively low prevalence of current tobacco and
alcohol use in the study population. A significant
majority of patients do not have a family history of
cancer (93.9%). In terms of cancer staging, 46.5%
were at stage III, and 26.3% are at stage IV. The
ECOG performance status shows that most patients
have a score of 0 or 1, indicating good health status.
Biopsy results show that the majority of patients have
well differentiated (52.5%) or moderately differentiated
(41.4%) adenocarcinomas, while a smaller proportion
(4.1%) have poorly differentiated tumors.

Table 1 Baseline demographic and clinical characteristics
of colorectal cancer patients treated at CCHH (N = 99)

Characteristics Overall (N =99)
Sex

Female 40 (40.4%)

Male 59 (59.6%)
Age (year)

Mean (SD) 66.2 (12.2)

Median [Min, Max] 68.0[37.0, 93.0]
Age group

<50 12 (12.1%)

51-64 30 (30.3%)

> 65 57 (57.6%)
BMI (kg/m?)

Mean (SD) 21.5(3.8)

Median [Min, Max] 21.5[14.1, 33.9]
BMI group

Normal 54 (54.5%)

Overweight to obese

18 (18.2%)

Underweight 27 (27.3%)
HB (g/dL)

Mean (SD) 11.3(2.2)

Median [Min, Max] 11.3[5.8,17.1]
HB group

Low 26 (26.3%)

Normal to high 73 (73.7%)
HCT (%)

Mean (SD) 34.1(6.1)

Median [Min, Max] 33.6[19.1, 56.8]
HCT group

Low 36 (36.4%)

Normal to high

63 (63.6%)
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Table 1 Cont.

Characteristics Overall (N =99) Characteristics Overall (N =99)
ALB (g/dL) Smoking group
Mean (SD) 3.7 (0.6) Current 11 (11.1%)
Median [Min, Max] 3.8[1.7,4.6] No 61 (61.6%)
ALB group Former 23 (23.2%)
Low 24 (24.2%) Not specified 4 (4.1%)
Normal to high 68 (68.7%) Alcohol drinking group
Not specified 7 (7.1%) Current 6 (6.1%)
AST (U/L) No 71 (71.7%)
Mean (SD) 232 (11.1) Former 20 (20.2%)
Median [Min, Max] 20.5[1.9, 67.0] Not specified 2 (2.0%)
AST group Cancer stage
Low 74 (74.7%) I 6 (6.1%)
Normal to high 18 (18.2%) 11 21 (21.2%)
Not specified 7 (7.1%) 111 46 (46.5%)
WBC (cells/pL) v 26 (26.3%)
Mean (SD) 8,580 (3,710) ECOG score
Median [Min, Max] 7,520 3,330, 25,200] 0 37 (37.4%)
WBC group 1 46 (46.5%)
Low 78 (78.8%) 2 8 (8.1%)
Normal to high 21 (21.2%) 4 3 (3.0%)
PMN.N (%) Not specified 5 (5.0%)
Mean (SD) 66.0 (12.9) Biopsy adenocarcinoma
Median [Min, Max] 66.0 [29.0, 95.0] specify group
PMN.N group Well differentiated 52 (52.5%)
Low 43 (43.4%) Moderately differentiated 41 (41.4%)
Normal to high 55 (55.6%) Poorly differentiated 4 (4.1%)
Not specified 1 (1.0%) Not specified 2 (2.0%)
LYMP.L (%) Family history of any cancer
Mean (SD) 24.1 (11.9) No 93 (93.9%)
Median [Min, Max] 24.0 [2.0, 54.0] Yes 4 (4.1%)
LYMP.L group Not specified 2 (2.0%)
Low 12 (12.1%)
Normal to high 87 (87.9%)
Kaplan-Meier Curve with 3-Year RMST
.00
L
0.75 —
3-year RMST = 248 months =
025]
‘ : ° *® Menths o @ ® “
Number af risk
LE; - 99 74 60 43 ® 26 3
[ [] 12 ) ) 42
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Figure 1 Kaplan-Meier survival curve for the entire colorectal cancer patient cohort (N = 99), with restricted mean survival
time (RMST) calculated over a 3-year follow-up. Patient-at-risk table shown beneath the curve.
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Figure 2 Kaplan-Meier survival curves stratified by significant clinical factors: (A) Cancer stage, (B) ECOG performance
score, (C) Tumor biopsy differentiation, and (D) Serum albumin level. P-values derived from log-rank tests.

Figure 1 illustrates the survival probability of
the patient cohort using the RMST approach, with the
survival curve indicating that more than 50% of
patients remained alive over the 3-year follow-up
period. According to the analysis, the 3-year RMST
for this patient cohort was 24.8 months. The number
of patients at risk declined from 99 at baseline to 74 at
6 months, 60 at 12 months, 43 at 24 months, and 3 at
42 months, reflecting events and censoring over time.
Subsequent subgroup analyses based on the log-rank
test (Figure 2) revealed significant differences in
survival probabilities associated with variables such
as albumin level, cancer stage at baseline, ECOG
performance status, and biopsy differentiation.

As described in the Methods, the PH
assumption was evaluated using the Schoenfeld
residual test. Supplementary Figure S1 provides an
example of the Schoenfeld residual test applied to
several variables. However, quasi-separation was
observed in the cancer stage variable, primarily due to
the absence of events in one subgroup (stage I). This
resulted in non-interpretable HR estimates in both
univariate and multivariable Cox models. Therefore,
the cancer stage was excluded from the regression

analyses to avoid misleading conclusions. To address
the exclusion of this variable from the regression
models, the 3-year RMST was additionally calculated
for each cancer stage subgroup, as well as for
subgroups of other relevant variables, and the results
are presented in Supplementary Table S1. This offers
further numerical insight into survival differences
across subgroups.

Table 2 summarizes the HRs and adjusted HRs
(aHRs) for the variables analyzed in this study. In this
analysis, significant associations with increased HR
were identified for ECOG scores of 2 (HR = 4.71,
95% CI: 1.64 - 13.5; p = 0.004) and 4 (HR = 23.1,
95% CI: 5.74 - 92.6; p <0.001), as well as unspecified
ECOG scores (HR = 3.84, 95% CI: 1.24 - 11.9; p =
0.019). Additional significant associations were
observed for poorly differentiated biopsy results (HR
=4.75,95% CI: 1.54 - 14.7; p = 0.007), unspecified
biopsy differentiation (HR = 9.64, 95% CI: 1.19 -
77.8; p = 0.033), N2 lymph node status (HR = 2.50,
95% CI: 1.12 - 5.55; p = 0.025), presence of
metastasis (M1) (HR =4.76, 95% CI: 2.58 - 8.78; p <
0.001), normal-to-high WBC counts (HR =2.37,95%
CI: 1.24 - 4.54; p = 0.009), and normal-to-high
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PMN.N levels (HR = 1.87,95% CI: 1.01 - 3.48; p =
0.048). Conversely, normal-to-high ALB levels were
significantly associated with a reduced risk of events
(HR =0.46, 95% CI: 0.25 - 0.87; p=0.017).

In the adjusted analysis, aHRs were estimated
by including relevant variables, as described in the
Methods section. Factors that remained independently
associated with increased hazard were ECOG scores
of 4 (aHR = 17.5, 95 % CI: 4.50 - 68.0; p < 0.001),
poor biopsy differentiation (aHR = 7.73, 95 % CI:
2.65-22.5; p<0.001), T2 status (aHR = 25.4, 95 %
CI: 6.98-92.4;p<0.001) and M1 status (aHR =17.7,
95 % CI: 9.02 - 34.7; p < 0.001). Additionally, several
other factors reached statistical significance only after
adjustment. These included male sex (aHR = 0.36,
95% CI: 0.18 - 0.73; p = 0.005), older age groups (51
- 64 years: aHR = 5.89, 95% CI: 2.92 - 11.9; > 65
years: aHR = 12.6, 95% CI: 6.53 - 24.2; both p <
0.001), normal-to-high HCT levels (aHR = 0.39, 95%
CI: 0.21 - 0.74; p=0.004), normal-to-high ALB levels
(aHR =0.25,95% CI: 0.13 - 0.50; p < 0.001), normal-
to-high PMN.N levels (aHR = 6.85, 95% CI: 3.39 -
13.8; p <0.001), and N2 status (aHR = 2.07, 95% CI:
1.07 - 3.98; p=0.03).

5. Discussion
Cancer remains one of the most challenging
non-communicable diseases that humankind has yet

to fully overcome. A major factor hindering treatment
outcomes is cancer heterogeneity and its dynamic
evolution over time. Cancer types can vary significantly
in molecular biology, resulting in diverse treatment
responses. Our understanding of each cancer type may
not keep pace with the global cancer burden observed
across communities. Accordingly, this CRC-focused
study adopts a bottom-up approach to assess overall
survival probability and explore potential phenotypic
markers may predict disease outcomes.

CRC patients enrolled at CCHH, one of the newest
cancer centers at the southernmost government-
funded institution, demonstrated a 3-year RMST of
24.8 months, with approximately 50% of patients
surviving up to three years. Interestingly, the patient
cohort had an equal gender distribution, despite
statistics showing that men are at higher risk of
developing this cancer than women. Nevertheless, the
overall survival rates reported in this study align with
findings from several previous studies (Monkhan et
al., 2023). However, variations in survival rates were
observed across different subgroups. The log-rank
test revealed significant differences in survival
probabilities, particularly associated with ALB level
and ECOG score. Furthermore, an exploratory
univariate Cox PH analysis demonstrated that various
baseline characteristics significantly influenced the
risk of events, as detailed in the results section.

Table 2 Univariate and multivariable Cox proportional hazards regression analyses of factors associated with survival in

colorectal cancer patients.

L. Univariate Multivariable
Characteristics
HR 95% CI p-value aHR 95% CI p-value

Sex

Female 1.00 - 1.00 -

Male 0.91 0.50, 1.66 0.8 0.36 0.18,0.73 0.005
Age group

<50 1.00 - 1.00 -

51-64 0.88 0.28,2.72 0.8 5.89 2.92,11.9 <0.001

>65 1.29 045, 3.68 0.6 12.6 6.53,24.2 <0.001
ECOG score

0 1.00 - 1.00 -

1 1.50 0.74, 3.04 0.3 0.81 0.43,1.54 0.5

2 4.71 1.64,13.5 0.004 1.78 0.67,4.70 0.2

4 23.1 5.74,92.6 <0.001 17.5 4.50, 68.0 <0.001

Not specified 3.84 1.24,11.9 0.019 1.18 0.41,3.41 0.8
Smoking group

No 1.00 -

Current 0.90 0.34,2.32 0.8 Not included

Former 1.02 0.51, 2.06 >0.9

Not specified 0.00 0.00, Inf >0.9
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Table 2 Cont.

L. Univariate Multivariable
Characteristics
HR 95% CI p-value aHR 95% CI p-value

Alcohol drinking group

No 1.00 -

Current 0.94 0.29, 3.08 >0.9 Not included

Former 1.36 0.66,2.78 0.4

Not specified 0.00 0.00, Inf >0.9
Family history of any cancer

No 1.00 - 1.00 -

Yes 0.39 0.05,2.82 0.3 1.7 0.23,12.9 0.6

Not specified 0.00 0.00, Inf >(0.9 0.00 0.00, Inf >(0.9
Biopsy adenocarcinoma specify group

Moderately differentiated 1.00 - 1.00 -

Well differentiated 1.43 0.75,2.73 0.3 242 1.28,4.58 0.007

Poorly differentiated 4.75 1.54,14.7 0.007 7.73 2.65,22.5 <0.001

Not specified 9.64 1.19,77.8 0.033 0.06 0.01, 0.51 0.01
T

Tl 1.00 - 1.00 -

T2 3.20 0.33,31.0 0.3 25.40 6.98,92.4 <0.001

T3 2.19 0.30, 16.2 0.4 3.44 1.78, 6.63 <0.001

T4 4.00 0.53, 30.3 0.2 5.13 2.61,10.1 <0.001
N

NO 1.00 - 1.00 -

N1 1.74 0.70, 4.35 0.2 0.87 0.41,1.88 0.7

N2 2.50 1.12,5.55 0.025 2.07 1.07,3.98 0.03
M

MO 1.00 - 1.00 -

M1 4.76 2.58,8.78 <0.001 17.7 9.02, 34.7 <0.001
BMI group

Normal 1.00 - 1.00 -

Overweight to obese 1.88 0.85,4.13 0.12 1.11 0.52,2.37 0.8

Underweight 1.77 0.90, 3.49 0.1 0.58 0.29, 1.16 0.12
HB group

Low 1.00 - 1.00 -

Normal to high 0.66 0.35,1.27 0.2 1.74 0.87,3.50 0.12
HCT group

Low 1.00 - 1.00 -

Normal to high 0.56 0.31, 1.02 0.057 0.39 0.21,0.74 0.004
WBC group

Low 1.00 - 1.00 -

Normal to high 2.37 1.24,4.54 0.009 0.6 0.27,1.35 0.2
PMN.N group

Low 1.00 - 1.00 -

Normal to high 1.87 1.01,3.48 0.048 6.85 3.39,13.8 <0.001
LYMP.L group

Low 1.00 - 1.00 -

Normal to high 0.71 0.30, 1.68 0.4 0.68 0.25, 1.81 0.4
Monocyte group

Low 1.00 - Not included

Normal to high 0.60 0.23,1.52 0.3
Eosinophil group

Low 1.00 - Not included

Normal to high 0.86 0.46, 1.58 0.6
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L. Univariate Multivariable
Characteristics
HR 95% CI p-value aHR 95% CI p-value
BUN group
Low 1.00 - Not included
Normal to high 0.72 0.36, 1.45 0.4
Creatinine group
Low 1.00 - Not included
Normal to high 0.62 0.30, 1.25 0.2
ALB group
Low 1.00 - 1.00 -
Normal to high 0.46 0.25,0.87 0.017 0.25 0.13,0.50 <0.001
AST group
Low 1.00 - Not included
Normal to high 1.14 0.53,2.48 0.7
ALT group
Low 1.00 - Not included
Normal to high 0.38 0.12,1.23 0.11
CEA group
Low 1.00 - Not included
Normal to high 1.23 0.56,2.71 0.6

Note: HR = hazard ratio, aHR = adjusted hazard ratio, CI = confidence interval

The association between elevated WBC and
PMN.N levels aligns with previous literature, as these
parameters likely reflect the occurrence of
inflammation in  cancer-related inflammatory
processes (Weng et al., 2022). Elevated WBC has
been reported as a poor prognostic factor in several
cancer types, often linked to unfavorable outcomes
(Mabuchi et al., 2011). On the other hand, the ECOG
score is used to assess a patient's ability to carry out
daily activities while living with cancer. In this study,
higher ECOG scores (greater than 1) indicate
increased frailty and a greater likelihood of poorer
survival outcomes. This finding serves as concrete
evidence-consistent with previous literature in cancer
patients-that a low ECOG score is associated with
better survival outcomes and functions as an
independent prognostic factor in this patient cohort
(Haus et al., 2020). However, one particular group-
where the ECOG score was not specified exhibited a
significant association with worse outcomes in the
univariate Cox PH analysis (HR = 3.84, 95% CI: 1.24
- 11.9, p = 0.019), although this association was not
significant in the adjusted analysis. Additionally, the
log-rank test for this group showed a trend toward
poorer survival probability compared to patients with
an ECOG score lower than 1. These patients may have
corresponded to ECOG 3, though no definitive
evidence supports this assumption. The absence of
ECOG scores and other unspecified variables reflects
the limitations inherent in real-world data, where

complete data collection cannot always be guaranteed
(Grimberg et al., 2021; Tang et al., 2023). However,
this limitation also presents an opportunity to
advocate for improved data curation by the
organization that owns the data. Enhanced data
collection will be crucial for improving predictive
accuracy and enabling more robust data utilization in
future analyses.

Following the univariate Cox PH analysis, an
adjusted multivariable analysis was conducted.
Several variables remained significant in the adjusted
analysis, including ECOG score of 4, poorly
differentiated tumor biopsy, metastasis status, and T2
tumor status, each significantly associated with
increased hazard. However, some variables-such as
T2 tumor status-produced imprecise aHRs, as
indicated by extremely wide 95% CI, likely due to
quasi-separation caused by a very small number of
events in the reference group. To provide additional
insight and address limitations outlined in the Results
section, the 3-year RMST was calculated for each
variable in the dataset. These findings are presented in
Supplementary Table S1. Accordingly, interpretation
of the aHRs should be interpreted with caution,
particularly in cases where data sparsity may have
compromised estimate precision. Notably, some
variables that were not statistically significant in
univariate analysis became significant in the
multivariable model, likely due to the adjustment for
confounding effects. This highlights the importance
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of accounting for potential interactions among
variables, especially in the context of real-world data,
where complex relationships may not be apparent in
isolated comparisons. Nevertheless, based on the
findings from the adjusted analysis, the Cox
regression model identified the top four strongest
predictors of increased mortality, ranked from highest
to lowest aHR, as T2 tumor status, distant metastasis,
ECOG score of 4, and poorly differentiated tumor
biopsy. In contrast, several variables, such as WBC
count and ALB level, that showed significant
associations in the univariate analysis did not retain
significance in the adjusted model, suggesting that
their apparent effects may have been confounded by
other factors.

The strength of the current study lies in its use
of real-world data, offering findings that accurately
reflect the current patient demographic. The southern
Thai population exhibits distinct characteristics
compared to other regions of the country. Therefore,
these findings may support the development of
tailored public health strategies for this population,
enabling more precise and effective healthcare
planning and policy implementation. Long-term data
collection with ongoing survival analysis is
recommended to further explore additional
dimensions of this patient cohort and others treated at
the cancer center. Additionally, implementing
machine learning once sufficient data are accumulated
could yield deeper clinical insights, enhancing
decision-making and personalized care.

Despite the aforementioned strengths, it must
be acknowledged that this study has several
limitations. First, the relatively small sample size may
limit the statistical power and generalizability of the
findings. This limitation partly stems from the single-
center design, which restricted the pool of eligible
patients. Second, the three-year data collection period
may not capture long-term survival trends or disease
progression. A multicenter study involving a larger
and more diverse population would be essential to
provide a broader perspective and enable adjustments
for region-specific differences, thereby strengthening
the validity and applicability of future research.

6. Conclusion

CRC patients treated at CCHH exhibited
prognostic factors consistent with prior literature,
such as ECOG score and baseline WBC. The 3-year
RMST for this patient cohort was 24.8 months. This
analysis identified several predictors strongly
associated with reduced survival, including T2 tumor
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status, distant metastasis, ECOG score of 4, and
poorly differentiated tumor biopsy. Despite these
findings, careful consideration is warranted when
interpreting certain estimates, as wide confidence
intervals reflect limited precision due to sparsity in the
reference group.
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Figure S1 Schoenfeld residual plots used to assess the proportional hazards assumption in selected covariates for Cox
regression

Table S1 Subgroup analysis of restricted mean survival time (RMST) over 3 years by clinical and demographic variables

Characteristics Subgroups 3-year RMST (in months)
Sex Male 25.6
Female 22.6
<50 23.5
Age group 51-64 27.2
> 65 23.1
Normal 26.6
BMI group Overweight to obese 21.0
Underweight 21.4
Low 20.5
HB group Normal to high 25.8
Low 20.9
HCT group Normal to high 26.5
Low 26.9
WBC group Normal to high 15.9
Low 28.8
PMN.N group Normal to high 21.5
Low 20.0
LYMP.L group Normal to high 25.2
Monocyte grou Low 18.6
yie group Normal to high 25.1
. . Low 24.2
Eosinophil group Normal to high 25.0
Low 223
BUN group Normal to high 25.1
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Table S1 Cont.

Characteristics Subgroups 3-year RMST (in months)
Creatinine group Low p 18.5
Normal to high 25.9
Low 19.0
ALB group Normal to high 26.1
Low 24.4
AST group Normal to high 22.9
Low 23.1
ALT group Normal to high 30.5
Low 27.0
CEA group Normal to high 26.1
1 35.8
Cancer stage Il 27.6
111 28.2
v 13.5
0 29.4
1 24.5
ECOG score 2 14.5
4 241
Not specified 143
Tl 28.7
T T2 19.7
T3 26.0
T4 20.7
NO 29.2
N NI 23.9
N2 22.0
MO 28.8
M MI 13.7
Current 26.5
Smoking group No 23.4
Former 24.1
Not specified 35.8
Current 27.7
I No 24.4
Alcohol drinking group Former 222
Not specified 35.8
Well differentiated 24.2
Biopsy adenocarcinoma specify group Moderfdtely dlfferentlated 27.0
Poor differentiated 12.3
Not specified 3.94
Yes 27.1
Family history of any cancer No 24.0
Not specified 35.8
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