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ABSTRACT. In women, cervical cancer ranks fourth in terms of mortality
and is the third most prevalent disease. It remains a significant concern among
clinicians in Malaysia; however, published works on the survival of cervical
cancer patients are somewhat scarce. Thus, this study aims to identify the
prognostic factors that significantly affect the risk of death in cervical cancer
patients using semi-parametric Cox proportional hazards regression analysis.
This study began with univariate and multivariate Cox proportional hazards
regression analyses, followed by a proportional hazards assumption test for
the preliminary final model. Data on cervical cancer patients treated at
Hospital Universiti Sains Malaysia (HUSM) between 2013 and 2017 were
utilized. In the univariate analysis, stage at diagnosis and primary treatment
were found to be statistically significant at the 5% level. In the multivariate
analysis, histologic type, stage at diagnosis, and distant metastasis were found
to be statistically significant. The proportional hazards assumption for each
variable in the preliminary final model is tested based on the scaled Schoenfeld
residuals. Accordingly, this study showed that patients with stage 1I-1V
adenocarcinoma-type cervical cancer treated at HUSM have the highest
likelihood of death from the disease.

INTRODUCTION

The disease's progression is often asymptomatic in its early stages, underscoring the importance of
regular screenings for timely detection. A study carried out in the northern state of Malaysia revealed
that 38.6% of women there had a Pap smear in the last five years, compared to 48.5% of women in the
southern state who visited outpatient clinics and had a Pap smear in the previous three years (Chin et
al., 2022; Mustafa et al., 2022; Norkhafizah & Norehan, 2019). The alarming statistics drive clinicians
worldwide to develop and implement various preventive strategies through early screening and creating
awareness about getting HPV vaccinations to improve women's overall health outcomes (Okunade,
2020; Small et al., 2017).

Survival analysis is one of the most common statistical techniques used to estimate the time
until an interesting event, such as death, disease relapse, the onset of an adverse reaction, or the
emergence of a new disease entity. This method examines time-based data, starting from a specific
origin time and ending when a specific endpoint event occurs (Rai et al., 2021). This approach to time-
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to-event series analysis was initially developed in the medical field and has since been extended to a
range of other fields, such as event history analysis in the social sciences, reliability theory in
engineering, and duration analysis in economics (Lanczky & Gyérfty, 2021).

Most survival analyses in cancer journals use some or all of the survival analysis methods, such
as Kaplan-Meier (KM) plots, log-rank tests, and Cox (proportional hazards) regression. The Cox
proportional hazards regression analysis is a method that researchers frequently use to investigate the
impacts that several variables may have on the time it takes for a specified event to occur (Tshewang et
al., 2021). Previous studies showed that the authors applied the Cox proportional hazards model to
investigate the impact of COVID-19 on the Mexican population, survival prediction in women newly
diagnosed with cervical cancer, and the prognosis of survival rates among several factors in inpatient
breast cancer cases in Indonesia (Salinas et al., 2020; Matsuo et al., 2019; Nadjib et al., 2018).

In Malaysia, there has been a scarcity of nationally representative published works on the
survival of cervical cancer. Therefore, this study aims to identify the prognostic factors that significantly
affect the risk of death in cervical cancer patients receiving treatments and clinically diagnosed at
Hospital Universiti Sains Malaysia (HUSM) in Kelantan, Malaysia, using the semi-parametric Cox
proportional hazards regression analysis.

MATERIALS AND METHODS
Source of Data

The cervical cancer data were obtained from Hospital Universiti Sains Malaysia (HUSM), located in
Kubang Kerian, Kelantan, Malaysia. This hospital serves as a referral facility for Malaysia's East Coast.
This study includes all patients who underwent at least one cervical cancer treatment at HUSM and were
histopathologically and clinically diagnosed with the disease between 2013 and 2017. Those who passed
away for various reasons were excluded. There are 132 patients in total; 70 (53%) of them are deceased,
and 62 (47%) are still alive. Ethical approval was obtained from the research ethics committee.

Definition of Key Medical Terms

Histologic type refers to the microscopic classification of cancer cells, such as squamous cell carcinoma
or adenocarcinoma, while distant metastasis describes the spread of cancer cells from the original tumor
site to distant organs or tissues in the body (Chin et al., 2022).

Statistical Analysis
Cox Proportional Hazard Regression Model

The prognostic model for cervical cancer patients is initiated using the Cox proportional hazards
regression model. The analysis is conducted to identify significant factors associated with the risk of
death in these patients. The proportional hazards model was first introduced by Cox (1972) and is known
as the Cox proportional hazards regression model. This model is the most commonly used model in the
analysis of survival data. It is also referred to as a semi-parametric model because no specific form of
the probability distribution is assumed for the survival time. Similarly, no assumptions have been made
regarding the actual form of the baseline hazard function hO(t), making the model more flexible and
applicable. The hazard function of the Cox proportional hazards regression model is given by equation
1.

h(t) = ho(t)exp(ﬁﬂﬁ + Baxy + 0+ .Bpxp) 1)

where the hazard function h(t) is dependent on a set of p covariates (x;, x; ..., x,), Where the impact is
measured by the size of the respective coefficients (81, B2, ..., Bp)-
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In the Cox proportional hazards regression model, § —parameters are estimated by maximizing
the partial log-likelihood function. Of the n observed survival times, suppose that there are D uncensored
times. Lett; < t, < -+ < tp denote the ordered D distinct event times (no ties between the event times).
The partial likelihood function of the Cox proportional hazards model may be written in equation 2.

exp 2’; Bixw)j
L(B) = T [“,: 1
Zier(t;) exp[2j=1 Bjx(i)j]

)

where X;); be the jth covariate associated with the individual whose failure time is t;. Meanwhile, R(t;)
consists of all individuals whose survival times are at least ¢;.

Schoenfeld Residual Tests

Based on the scaled Schoenfeld residuals, the proportional hazards assumption for each variable is
examined. In the meantime, the overall model is evaluated using the global Schoenfeld residuals test. If

the tests show statistical significance (p-value < 0.05), the proportional hazards assumption is violated.
From Collet (2023), the Schoenfeld residual denotes 7 ; may be obtained in equation 3 — 5:

Tpji = 5i{xji - dji} ®)
where x;; is the value of the jth explanatory variable, j = 1, ..., p for the ith subject in the study,

A ier(ey) Xjiexp(Brx1)
ji = ZleR(ti)exp([?/xl)

(4)

and R(t;) is the set of all individuals at risk at the time t. Meanwhile, the scaled Schoenfeld residuals
7pj; are the components of the vector

Tpji =T var(B)TPi ()

where 7 is the number of deaths among the n individuals, var(f) is the variance-covariance matrix of

!
the parameter estimates, and rp; = (rpu. Tpyy ...,rppl.) is the vector of Schoenfeld residuals for the ith
subject.

RESULTS AND DISCUSSIONS

In univariate analysis, each factor is analyzed using the Cox proportional hazards regression model to
identify the association between each covariate and the outcome individually. This analysis may also
provide a preliminary idea of which variables have possible prognostic importance. Table 1 shows that
the stage at diagnosis and primary treatment are statistically significant at the 5% level of significance.

All variables are further analyzed using the multivariate Cox proportional hazards regression
analysis. Independent variables that are significantly associated with the hazards of death of the cervical
cancer patients under study are selected based on the stepwise selection method, which involves
systematically adding or removing variables based on specific criteria. Forward selection begins with
no variables and adds them one at a time based on statistical significance, while backward elimination
starts with all candidate variables and removes the least significant ones. This selection method consists
of forward selection followed by the backward elimination process, with a p-value < 0.05 for variable
entry and a p-value > 0.10 for variable removal (Collet, 2023). At this step, the preliminary main effects
model is obtained. In the multivariate analysis, histologic type, stage at diagnosis, and distant metastasis
are found to be statistically significant.
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Table 1. The univariate Cox proportional hazards regression model.

Variables Coefficient Crude HR (95% CI) LR (df) p-value
Ethnicity

Non-Malay

Malay -0.1653 0.8476 (0.4312-1.6660) 0.22(1) 0.6382
Lymph node involvement

Negative

Positive -0.08687 0.9168 (0.5218-1.6113) 0.09(2) 0.7609
Histologic type

Squamous cell carcinoma

Adeno cell carcinoma 0.3219 1.3797 (0.8013-2.3760) 1.28(1) 0.2577
Age at diagnosis

<40

40-59 -0.4092 0.6642 (0.3194-1.3813)

>60 -0.6155 0.5404 (0.2277-1.2832) 2.97(2) 0.3962
Stage at diagnosis

-1l

n-1v 1.0176 2.7665 (1.4272-5.3621) 9.6(1) 0.0080
Primary Treatment

Surgery

Non-surgery 0.6360 1.889 (1.077-3.3123) 5.37(1) 0.0205
Distant Metastasis

No

Yes 0.3412 1.4143 (0.8001-2.3214) 1.18(1) 0.2769

Note: HR = Hazard Ratio, Cl = Confidence Interval, SE = Standard Error, LR = Likelihood Ratio,
df = degrees of freedom

The interaction between the covariates in the preliminary main effects model is checked by
adding the interaction term to the model. The interaction is not statistically significant at the 5% level
of significance. The preliminary final model is obtained after checking for the interaction. The results
are presented in Table 2. It has been found that the stage at diagnosis, histologic type, and distant
metastasis are significant prognostic factors that influence the risk of dying for these patients.

Table 2. The multivariate Cox proportional hazards regression model.

Adjusted HR

Variables Coefficient ~ SE (95% CI) p-value
Histologic type
Squamous cell carcinoma
Adeno cell carcinoma 0.5946 0.2897 1.8123(1.027-3.198) 0.0401
Stage at diagnosis
I-11
"n-1v 0.8643 0.2700 2.3734(1.398-4.029) 0.0014
Distant Metasis
No
Yes 0.7211 0.2636 2.056(1.227-3.448) 0.0062

Note: HR = Hazard Ratio, Cl = Confidence Interval, SE = Standard Error

This study found that the prognosis of cervical cancer depends significantly on the stage at
diagnosis. Patients diagnosed with advanced stages (stage 111-1V) of cancer have a higher risk of death
than those with early stages (stage I-11). This finding is also concurred with findings from other research
(Seifu et al., 2022; Mebratie et al., 2022; Manzour et al., 2022; World Health Organization, 2020; Juhan
et al., 2013). This study also found that histologic type significantly affects survival, as patients
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diagnosed with adenocarcinoma are identified to have a higher risk of dying compared to squamous cell
carcinoma, which is supported by previous findings from other research. For example, Liu et al. (2022)
found that adenocarcinoma had a significant negative impact on the prognosis of cervical cancer patients
studied.

Furthermore, Li et al. (2022) claimed that adenocarcinoma was associated with a worse
prognosis because those diagnosed with this histologic type were detected later and at more advanced
stages than those with squamous cell carcinoma. As for distant metastasis, the results indicated that
cervical cancer patients with distant metastasis were twice as likely to die compared to those without it.
This is in line with other studies, where cervical cancer patients with metastasis have a poor survival
rate (Singh et al., 2023; Zhou & Peng, 2020; Zhang et al., 2020).

The proportional hazards assumption for each variable in the preliminary final model is tested
based on the scaled Schoenfeld residuals. The global Schoenfeld residuals test is used to assess the
assumption for the overall model. These tests are performed using the function cox.zph from the survival
package (Therneau, 2014) in R software. The result is tabulated in Table 3. The global test indicates that
the proportional hazards assumption for the overall model is violated. Meanwhile, the scaled Schoenfeld
residuals test shows that the hazard for the distant metastasis variable is not proportional (p-value <
0.05). Therefore, the stratified Cox model might be adopted in future studies. The stage at diagnosis and
histologic type remain significant prognostic factors in the model. Meanwhile, distant metastasis can be
considered a stratification factor in the future stratified Cox model study.

Table 3. The proportional hazards assumption test results for the preliminary final model.

Variables p (rho) 2 p-value
Histologic type 0.0712 0.373 0.5416
Stage -0.1434 1.336 0.2477
Distant metastasis 0.2934 6.591 0.0102
Global NA 7.956 0.0419

Note: p (rho) = Correlation between scaled Schoenfeld residuals and time, ¥? =
Chi-square statistic

CONCLUSION

In this study, prognostic factors significantly affecting the risk of death in cervical cancer patients treated
at HUSM are identified using Cox proportional hazards regression analysis. The findings indicate that
cervical cancer patients treated at HUSM with stage I11-1V adeno cell carcinoma are at the greatest risk
of death from cervical cancer. Since the proportional hazard assumption was violated for distant
metastasis in the Schoenfeld residuals tests, a stratified Cox regression model should be considered for
future study. The results of the analysis will provide a better understanding of the survivorship and
hazards facing cervical cancer patients in Malaysia.
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