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Abstract

Cancer remains a major public health concern in Ghana, and continuous evaluation of
survival outcomes is critical for informing clinical decision-making and health policy. This
study examined survival patterns among 394 cancer patients receiving care at the Cape
Coast Teaching Hospital, focusing on gender and treatment exposure, including che-
motherapy, radiotherapy and combined therapy, without directly comparing treatment
modalities. Kaplan-Meier analysis indicated broadly comparable median survival experi-
ences across gender and treatment groups, suggesting only minor differences in overall
survival patterns. The log-rank test showed a statistically significant difference in survival
between males and females (p-value = 0.0053), indicating that females had a higher likeli-
hood of mortality relative to males. Cox proportional hazards models, however, indicated
that females indeed had a higher risk of death compared to males but this was not statis-
tically significant (p-value = 0.263). The same conclusion was drawn when accounting for
treatment exposure to the gender groups. Time-varying Cox analyses further confirmed
that the effects of gender and its interaction with treatment remained stable over time,
with no significant time-dependent effects observed (p-values all >0.05). The results also
show that treatment types observed had similar survival curves. These findings suggest
that although unadjusted comparisons indicate potential gender differences, the hazard
of death, when adjusted for treatment, did not differ significantly by gender and no time-
dependent effects were detected. This underscores the importance of early diagnosis,
timely treatment initiation and equitable access to care. The study, however, highlighted
the need for larger, multi-center studies incorporating additional clinical and socioeco-
nomic variables, such as treatment and cancer type, cancer stage, among others, to help
better understand cancer survival dynamics in Ghana and the world at large.
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Introduction

Cancer remains a major global health challenge and one of the leading causes of morbidity and mortality worldwide. In 2020 alone, an esti-
mated 10 million cancer-related deaths occurred globally, accounting for approximately one in every six deaths and one out of every five
individuals get cancer in their lifetime [1, 2]. The most common cancers include breast, lung, colorectal and prostate cancers. Many cancer
deaths are associated with preventable risk factors such as tobacco use, harmful alcohol consumption, obesity, poor diet and physical
inactivity, while environmental exposures, particularly air pollution, further increase cancer risk, especially for lung cancer [3]. In low- and
middle-income countries, infections such as human papillomavirus and hepatitis viruses contribute to nearly one-third of cancer cases [4].
Importantly, a substantial proportion of cancers are curable when detected early and managed appropriately [5, 6].

Despite advances in genomic and bioinformatics technologies that have improved understanding of cancer biology, treatment outcomes
remain suboptimal for many malignancies, with limited knowledge on sustained therapeutic success [7]. Recent global disruptions, particu-
larly the COVID-19 pandemic, further compounded these challenges by delaying diagnoses, interrupting treatment services and forcing
health systems to ration limited resources, raising serious concerns about long-term cancer survival [8, 9]. Health system interventions,
including early detection and access to effective treatment, remain central to improving cancer survival [10]. Several innovations, such as
nanomedicine and immunotherapy, among others, aim to improve treatment precision, reduce adverse effects and enhance survival out-
comes, although their widespread clinical integration is still evolving [11, 12].

Evidence from national cancer control programs and studies by [13] in India, underscores the importance of systematic screening and early
diagnosis. For example, the implementation of the National Cancer Screening Program in Korea led to an increase in the 5-year relative
survival rate to 72.9% in 2022 [14]. Similarly, in developed countries such as the United States, reductions in smoking, earlier detection and
advances in targeted and immune-based therapies have contributed to declining cancer mortality; however, substantial racial and ethnic
disparities persist, with Native American and Black populations experiencing disproportionately higher mortality compared to White popula-
tions[15-18]. Most advanced countries have recorded an increase in cancer survival rates across most cancer types. In contrast, cancer sur-
vival outcomes in some other parts of the world remain poor [19]. This poor cancer outcome is due to limited access to screening, diagnostics
and treatment services. In India, for instance, fewer than 2% of married women have undergone cervical cancer screening, with utilisation
strongly influenced by socioeconomic and educational status [13].

In Ghana, cancer has emerged as a major public health burden as well, with comparatively poor survival outcomes. Breast cancer is the
most common malignancy among women, and prostate cancer is among the leading male cancers in urban registry data [20-22]. However,
patients frequently present at advanced stages, reducing treatment effectiveness and survival prospects [23-25]. Unlike countries such as
Korea and other developed settings that have implemented organised national cancer screening programs, Ghana currently does not have a
formal, population-based national cancer screening program. Research indicates that Ghana lacks organised screening guidelines or program
for early cancer detection, and screening activities remain largely opportunistic with very low uptake across the population, worsening can-
cer outcomes [26, 27]. Nevertheless, national public health efforts continue through various initiatives, including HPV vaccination rollouts,
cancer awareness campaigns, community-level education and facility-based screening activities, among others.

These factors, such as a lack of population-based national cancer screening program among others, contribute to delayed diagnoses, poor
treatment adherence and high mortality compared to high-income countries. Late presentation remains a critical determinant of poor sur-
vival. More than half of breast cancer patients in sub-Saharan Africa present at advanced stages, largely due to limited awareness and bar-
riers to care [28, 29]. Advanced-stage disease is strongly associated with worse prognosis, underscoring the importance of early detection
and timely treatment [30]. Survival also varies by treatment availability, and disparities in access to care contribute substantially to mortality
differences across regions [31].

Beyond clinical and system-level challenges, gender-based disparities play a major role in cancer outcomes, influencing not only how often
cancer occurs but also how patients respond to treatment and survive. Women and men differ in biological makeup, hormone profiles,
immune responses and other physiological characteristics that can affect the way cancer develops and progresses. These biological differ-
ences also influence how the body processes medicines. For example, women and men can metabolise drugs differently, which may affect
treatment tolerance, side effects and how well treatments are tolerated over time. Research shows that women are more likely than men to
experience severe treatment-related toxicities, which can reduce adherence to therapy and potentially worsen outcomes [32-34].
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In addition to biological differences, survival outcomes often vary by gender. Some studies show that women may have poorer survival in
certain cancers compared with men, partly due to delayed diagnosis, unequal access to care and disparities in health system interactions
[35]. On the other hand, men generally tend to have higher overall incidence and mortality for many cancers, a pattern linked to behavioural
risk factors (such as tobacco and alcohol use), occupational exposures and lower engagement with preventive healthcare services [36, 37].

The influence of gender on cancer outcomes is not limited to biology and behaviour; social and structural factors also play a critical role. In
low-resource settings, including many parts of sub-Saharan Africa, gender disparities are further amplified by socioeconomic barriers, limited
access to health services, poor health literacy and cultural influences that can delay care-seeking behaviours, particularly among women
[30, 38, 39]. These delays contribute to more advanced disease at diagnosis, less favourable treatment responses and lower survival. Impor-
tantly, gender differences extend beyond incidence and stage at diagnosis to affect treatment response and long-term outcomes. A growing
body of research indicates that men and women may respond differently to cancer therapies overall, including both systemic therapies and
radiation, due to differences in immune responses, hormone levels and other physiological pathways [40, 41]. For example, women may
experience higher rates of adverse events from treatment, while men may derive different survival benefits from the same interventions,
pointing to the need for gender-aware clinical decision-making [33]. These findings highlight that gender is a critical factor in cancer care,
affecting treatment tolerance, survival and clinical decision-making. Recognising and addressing gender-based differences is essential to
optimise outcomes, improve treatment adherence, reduce avoidable side effects and design equitable cancer control strategies, especially in
resource-limited settings where health system constraints further disadvantage vulnerable groups, using the survival analysis approach for a
more comprehensive analysis.

Survival analysis methods provide a robust statistical framework for analysing time-to-event data and have been extensively applied in
cancer epidemiology [42, 43]. The Kaplan-Meier estimator is particularly useful for estimating and comparing survival probabilities across
treatment groups while accounting for censoring, which occurs when some individuals do not experience the event of interest during follow-
up [44]. While Kaplan-Meier curves offer valuable descriptive insights, they do not allow for adjustment for multiple covariates that may
influence survival outcomes. To overcome this limitation, the Cox proportional hazards (PHs) model is widely used to assess the effect of
treatment modalities and patient characteristics on the hazard of death, while adjusting for covariates such as gender, age and other clinical
factors [45]. The Cox model is especially advantageous in settings where the underlying hazard function is unknown, making it suitable for
heterogeneous clinical populations, such as cancer patients with varying gender and treatment modalities. Nevertheless, its key assumptions,
particularly PHs, may not always hold in contexts characterised by delayed referrals or gender-dependent treatment patterns, highlighting
the importance of careful model application and interpretation [46]. There have also been notable disparities of cancer treatment access,
screening and distribution in Ghana [27, 31, 47-51].

Against this background, the present study is motivated by the need to systematically examine cancer survival outcomes at the Central
Regional Teaching Hospital (CCTH) in Ghana and to evaluate the impact of treatment modality on survival by gender. Specifically, the study
seeks to identify disparities in survival outcomes associated with differences in gender and the types of treatment received, including che-
motherapy, radiotherapy and combined modalities (chemotherapy and radiotherapy). By applying Kaplan-Meier survival estimation and Cox
PHs modeling, extended to time-varying Cox models to test PHs assumptions, this study aims to generate evidence that reflects the realities
of cancer care delivery at CCTH, particularly the relationship between gender and treatment types and their influence on patient survival.

Materials and methods

Source of data and statistical methods used

This study employed a quantitative design using secondary data from the CCTH, Cape Coast. The dataset comprised 394 cancer patients
diagnosed and treated between 2017 and 2020. Chemotherapy was administered at CCTH, while patients requiring radiotherapy due to
limited resources, were referred to Korle Bu Teaching Hospital or Komfo Anokye Teaching Hospital based on patient preference. All patients
were monitored through routine reviews and follow-up, including those who received radiotherapy outside CCTH. The dataset included
treatment type (chemotherapy, radiotherapy or combined therapy), gender, survival time measured in months and survival status (Death or
censored). Patients who remained alive at the end of the study period or were lost to follow-up were treated as censored observations. It is
also important to add that CCTH has other treatment modalities, such as surgery, which were not captured in our dataset.
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Descriptive statistics were used to summarise patient characteristics by treatment type and gender. Survival probabilities were estimated
using the Kaplan-Meier method, and survival curves were compared using the log-rank test. The Cox PHs regression model was applied to
assess the effects of treatment type and gender on survival, with hazard ratios (HRs) and 95% confidence intervals (Cls) reported. The PHs
assumption was tested to ensure model validity. All analyses were conducted using R software, with patient confidentiality ensured through
strict anonymisation of records.

Survival analysis framework

Let T be a non-negative continuous random variable representing the time to event (treatment outcome). The survival function is given as
follows:

S(t)=P(T>t)=1-F(t) (1)

where F(t) is the cumulative distribution function of T. The hazard rate, which describes the instantaneous risk of the event at time t, was
defined as follows:

h(t)= fim P(t<T<t+AtT >t) )
At—0 At

The cumulative hazard function H(t) is related to the survival function as follows:

5(t)=exp{-H(0) @

Kaplan-Meier estimator

The Kaplan-Meier estimator, as proposed by Kaplan and Meier [44], is a non-parametric technique used to estimate the survival function in
datasets that include censored observations, individuals not experiencing the event of interest, death in this case. It is expressed as follows:

0-T1[1-2 | @

it <t n;

where t; represents the it" ordered event time, d; represents the number of observed events at t;, and n; represents the number of indi-
viduals at risk just before t;. The mean survival time is therefore estimated from the Kaplan-Meier curve as follows:

fi=["8(t)dt (5)

var[S(0))= (S Xt 8

The median survival time, t,,., , measure the time at which half of the individual has experienced the event of interest (survived in this case),
is defined as the time at which S(t,.4, ) =0.5.
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Cox regression model with interaction

The associations between gender, treatment type and their interaction on the hazard of the outcome were assessed using Cox PHs regres-
sion model with interaction [45]. The gender ( X; ) is binary (O = female, 1 = male) and the treatment types ( X, ) is categorical with three dif-
ferent levels (Chemotherapy ( Z, ), Radiotherapy ( Z, ) and Combined (reference group)). Defining the dummy variables as follows:

7 1 if X, = Chemotherapy
o if otherwise

7 - 1 if X, =Radiotherapy
270 if otherwise

For the it individual, the Cox PH model with interaction is defined as follows:
h; (t) =hg (t)e’(p{ﬁ1x1i + Bolyi + Baloi + PaXeily; + ﬂsXﬁZzi} (7)

If we define the linear predictoras n; = By Xy; + ByZy; + BaZy; + BaXyiZq; + BsX1iZy; and lett, <t <..<t be the ordered distinct event times,

R(t(j)) be the risk set at time t(j) . Assume no tied events, the Cox partial likelihood and its loglikelihood are as follows, respectively:

~ D exp{n(l.)}
L(ﬂ) = 11 ZieR(t[ ) exp{n,}

! )

D
(8)=> 77(;)—’08 > exp{m;} 9)
=1 iER(t(”)

Parameter estimation was carried out by maximising the partial likelihood and survival probabilities were obtained by combining the esti-
mated regression coefficients, baseline hazard and covariates. All analyses were performed in the R statistical software, using the survival
package for Kaplan-Meier and Cox model implementation.

PHs assumption tests
To ensure the validity of the Cox PHs model applied in this study, formal tests were conducted to check whether hazard rates change over

time, i.e., the PHs assumption. The PH assumption requires that the HRs for covariates remain constant over time. Both global and covariate-
specific tests were employed.
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Global test
The global test was used to assess whether the assumption that HRs do not change over time is satisfied. The test statistic followed a chi-

squared distribution with p degrees of freedom, where p was the number of covariates. The null and alternative hypotheses were specified
as follows:

H,: The assumption of constant HRs over time holds for all covariates.
H,: One or more covariates do not satisfy the assumption of constant HRs over time.

The global test statistic was defined as follows:
2 _\'P 2
Xglobal = Zk:1 Xk

where 2. is the overall chi-square statistic across all covariates, y? is the effect of the k' predictor, and p is the total number of predic-
tors included in the Cox regression model. A p-value below 0.05 suggests that the assumption of constant HRs over time might not hold.

Schoenfeld residuals

Schoenfeld residuals provided a covariate-specific diagnostic for the PH assumption. For the k" predictor at the it observed event time t;,
the residual was computed as follows:

e = Xiy = E[Xik (t; )} (10)

where Ty is the Schoenfeld residual corresponding to the i" individual and the kth predictor covariate, X, recorded value of k for individual
i, E[Xik (t,-)} is the expected value of covariate k at time t; , based on the obtained model. A systematic trend in the residuals over time sug-
gested a violation of the PHs’ assumption.

Baseline cumulative hazard and survival

Using the Breslow estimator, the baseline cumulative hazard was

where d;) is the number of events at ¢t . For a subject i,

Si(t)= exp[—jt ho (u)exp{n; (u)du}] ~ exp[—] 3 ho (t(d))exp{nj (t(d))}J (12)

0 jeR(t;)

where ﬁ;(t(d)) is the Breslow baseline hazard increment.
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DFBETA diagnostics

The DFBETA statistic was employed to ascertain the effect of each individual observation on the estimated regression coefficients in the Cox
regression model. For the kth covariate, the DFBETA for the ith observation is defined as follows:

DFBetay, = f, - /) (13)

where ﬁAk is the estimated regression coefficient for the k" covariate using the complete dataset, ,3,2_") is the coefficient estimated
after excluding the ith individual. A positive DFBETA value indicates that the ith observation increased the coefficient estimate for
covariate k, whereas a negative value implied a decreasing influence. Influence diagnostics were also examined to identify observations

with unusually strong effects on the estimated coefficients. Observations having DFBETA values lying outside these bounds J_ri,

n
were flagged as potentially influential on the estimated regression coefficients. These diagnostics guided the evaluation of model robustness
and helped ensure that results were not disproportionately driven by a small number of observations.

Results and discussions

Preliminary analysis with Kaplan-Meier survival times by variables

Figure 1 is a bar chart showing the Kaplan-Meier median survival times by treatment types and gender. It can be seen that the overall median
survival time, irrespective of gender or treatment type, was 44 months. When disaggregated by gender, males had a slightly longer median
survival time of 47 months compared to 43 months for females. By treatment type, patients who received radiotherapy had a median survival
time of 47 months, those who underwent chemotherapy had a median survival time of 46 months, and patients who received both chemo-
therapy and radiotherapy had a median survival time of 44 months. Although these differences are small and not statistically conclusive, they
suggest a potential survival advantage for males and for patients who received radiotherapy.

Median Survival Times
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Figure 1. Median survival curves by gender and treatment type.
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Kaplan-Meier survival curves

The Kaplan-Meier survival curves were employed to examine and visualise how risk is distributed across individuals and variables. Figure 2
presents the overall Kaplan-Meier survival curve for the survival data. It can be seen in Figure 2 that the survival curve follows the general
principle of survival analysis, where survival probabilities decrease over time as the curve slopes downward. A notable decline is observed
between 40 and 50 months, towards the end of the study period, compared to the earlier phase (0-40 months). This indicates that the prob-
ability of survival decreases with increasing time, while conversely, the probability of experiencing death rises as time progresses.

Also, Figure 3 presents the survival curves by gender, with the median survival times also indicated. From the figure, it can be observed that
half of the female patients had died by 43 months, and none were observed surviving beyond the maximum follow-up period, as confirmed
already in Figure 1. The two curves begin similarly, but from around 30 months onward, a clear divergence is observed. The female survival
curve declines earlier than that of males. That is, females have an increased likelihood of mortality relative to males. The log-rank test sup-
ports this observation, yielding a p-value of 0.0053, suggesting the rejection of the null hypothesis at the 5% significance level with the
conclusion that the survival experience of males and females is significantly different.

Overall Kaplan-Meier Survival Curve
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Figure 2. Overall Kaplan-Meier survival curve.

Smoothed Survival Curves by Gender
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Figure 3. Survival curves by gender.
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Furthermore, Figure 4 presents the survival curves for the three treatment types: chemotherapy, radiotherapy and a combination of the two.
The curves are almost identical, suggesting that none of the three treatment approaches is different from the others. The log-rank test result
(p-value = 0.99 >0.05) confirms this observation. Thus, there is no evidence of a difference in survival curves among the three treatment
groups; they are identical.

Cumulative hazard curves of the variables under study

The cumulative hazard function provides the cumulative probability of experiencing the event of interest, which in this study is death. Similar
to the survival curve, it illustrates that regardless of treatment type or gender, the risk of death increases over time. As shown in Figure 5,
the curve slopes upward, reflecting the cumulative rise in risk, particularly noticeable between 30 and 50 months. This confirms that as time
progresses, cancer patients face an increasing likelihood of death, which may be attributed to the severity of the disease or other contributing
factors such as old age and underlying medical conditions.

Also, Figure 6 shows the cumulative hazard function by gender. The red line (females) lies consistently above the blue line (males). Although
both curves slope upwards over time, the female curve increases more sharply compared to that of males. This indicates that females face
a higher cumulative risk of death throughout the study period, consistent to the survival curve. The log-rank test results (p-value = 0.0053)
further confirm that the curves are non-identical, suggesting a significant difference in cumulative hazard between the two gender groups

Kaplan-Meier Survival Curves by Treatment
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Figure 4. Survival curves by treatment type.

Overall Cumulative Incidence Curve

Strata —— Al

o o
i [}
L 1

Cumulative incidence
(=]
N
:

20 30 40 50
Time (Months)

Figure 5. Cumulative hazard curves for all risks.
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Furthermore, Figure 7 presents the cumulative hazard curves for the three treatment types. It can be observed that the probability of dying
from cancer increases with time. The three treatment curves appear identical, each reflecting a similar increasing risk over time. The log-
rank test yielded a p-value of 0.99, suggesting that the survival curves are statistically identical, and hence, there is no significant difference
between treatment methods.

Cox models results outputs
Interpretation of Cox models results outputs

Table 1 presents the association of gender, treatment types and their interactions on the hazard of the death using Cox PHs models. The analy-
sis was conducted using females as the reference gender category and the combined treatment group (chemotherapy & radiotherapy) as the
reference treatment category. It can be seen from Table 1 that males had an HR of 0.7557 (95% Cl: 0.4627-1.234; p = 0.263). An HR less than
1 suggests reduced risk, whereas an HR greater than 1 indicates increased risk; Cls that include 1 reflect uncertainty, and p-values above 0.05
indicate non-significance. Therefore, the HR of 0.7557 suggests a 24.43% lower of the hazard for males compared to females, but this effect
was not statistically significant given that the Cl includes 1 and the p-value is >0.05. Also, compared to the combined treatment group, patients
who received chemotherapy alone had a HR of 0.8702 (95% ClI: 0.6357-1.191; p = 0.385), indicating a 12.98% lower hazard compared to the
combined treatment method, whereas those who received radiotherapy alone had a HR of 0.8320 (95% Cl: 0.5797-1.194; p = 0.318), cor-
responding to a 16.8% lower hazard compared to the combined treatment method nevertheless, both effects were not statistically significant.

Smoothed Survival Curves by Gender
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Figure 6. Cumulative hazard curves by gender.
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Figure 7. Cumulative hazard curves by treatment type.
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When examining treatment interactions with gender, males who received chemotherapy (Gender_Chemotherapy) had an HR of 1.3767
(95% Cl: 0.7229-2.622; p = 0.331), indicating 37.67% increase in risk for males as against females. Males who received radiotherapy (Gen-
der_Radiotherapy) had an HR of 1.6957 (95% Cl: 0.8463-3.398; p = 0.136), also indicating 69.57% higher risk as compared to females. These
interaction effects suggest a higher hazard for males as compared to females but both results were not statistically significant.

The PHs assumption was evaluated using Schoenfeld residuals to determine whether the HRs remained constant over time as shown in
(Table 2). It can be seen in Table 2 that the p-values for the individual covariates, the interaction between gender and treatment, as well as
the global test are all non-significant (p > 0.05), indicating no evidence of violation of the PH’s assumption for the fitted model. Thus, the
HRs estimated in the Cox model are valid and can be interpreted as consistent throughout the follow-up period. Furthermore, inspection of
Schoenfeld residual plots in Figures 8-10 indicated no noticeable trends around the horizontal line, suggesting the absence of a time-varying
effect in the covariates.

Table 1. Results of Cox PH model.

Variable HR 95% Cl lower 95% Cl upper p-value
Gender 0.7557 0.4627 1.234 0.263
Chemotherapy 0.8702 0.6357 1.191 0.385
Radiotherapy 0.8320 0.5797 1.194 0.318
Gender_chemotherapy 1.3767 0.7229 2.622 0.331
Gender_radiotherapy 1.6957 0.8463 3.398 0.136

Table 2. Proportional assumptions test of the Cox model.

Variable chisq df p
Gender 1.356 1 0.24
Treatment 1.513 2 047
Gender_treatment 0.474 2 0.79
Global 3.424 5 0.63
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Figure 8. Schoenfeld residuals plot for gender.
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Figure 10. Schoenfeld residuals plot for gender: treatment type.

Also, DFBETA statistics were computed for all model coefficients, including the interaction terms and the results are presented in Table 3.
It can be seen that a small number of observations exceeded the threshold of +2/v/n = 0.101. The DFBETA statistics identified that obser-
vations #37 and #6 had a high influence on the interaction term between gender and chemotherapy treatment, and between gender and
radiotherapy treatment, respectively. However, sensitivity analysis showed that the exclusion of these cases did not materially change the
model estimates. Therefore, all observations were retained. This suggests that the Cox model results are robust, and the estimated HRs are

stable and reliable.
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Table 3. Model diagnosis using DFbeta tests.

Variable Max. dfbeta Threshold Exceeds threshold Obs_with_Max
Gender 0.08841 0.101 False 16
Chemotherapy 0.03689 0.101 False 17
Radiotherapy 0.05937 0.101 False 1
Gender_chemotherapy 0.11571 0.101 True 37
Gender_radiotherapy 0.11052 0.101 True 6

Conclusion

This study investigated cancer survival using Kaplan-Meier estimators and Cox PHs models, with particular emphasis on gender and its
relationship with treatment. Using aggregated cancer data, the analysis provided an overall assessment of survival patterns among patients
receiving cancer care. The findings indicate that gender was not significantly associated with differences in the hazard of death across any
of the treatment type, which is in conformity with previous studies such as [52-54]. Although male patients exhibited a slightly lower risk
compared to female patients, as indicated also by previous studies such as [35] and contrast to [31], this difference was not statistically sig-
nificant in this study. The results also show that the three treatment types used (Chemotherapy, Radiotherapy and Combined therapy) had
similar survival experiences.

Further analyses showed that the effect of gender on survival was consistent across treatments, as neither chemotherapy, radiotherapy nor
the combined treatment types significantly modified the association between gender and the hazard of death. The fitted model satisfied the
PHs assumption, suggesting that there were no observed differences in survival between males and females within the treatment groups.
Importantly, these results should not be interpreted as evidence that cancer treatments are ineffective. Rather, they indicate that survival
outcomes did not differ significantly by gender within treatment groups during the study period. Overall, the study highlights the importance
of evaluating gender-related survival patterns while accounting for potential time-varying effects and provides evidence that gender does
not exert a differential or time-dependent influence on cancer survival in this population.

Recommendations

The findings of this study highlight the importance of timely cancer diagnosis and prompt initiation of treatment for all patients, regardless of
gender. Although no statistically significant gender differences in survival were observed, the early period following diagnosis remains clini-
cally critical for patient outcomes. Strengthening early detection strategies, improving access to care and ensuring adherence to prescribed
treatments may help improve survival trajectories during this vulnerable phase. The Ministry of Health and hospital management, particularly
public health units, should intensify education and awareness programs to encourage early health-seeking behaviour and reduce delays in
diagnosis and treatment initiation. Such measures reinforce the observed effectiveness of cancer treatments in stabilising survival risks over
time.

This study was limited to data from a single hospital and lacked other important clinical variables, such as age of patient, cancer type,
stage, socioeconomic status, medical history, comorbidities, treatment modalities, including surgery and lifestyle characteristics, which would
enable deeper insights into survival patterns and the generalisability of the findings. Future research should extend to multiple treatment
centers across Ghana to provide a more comprehensive national perspective. Further investigations may also explore early survival dynamics
across patient subgroups to better inform clinical decision-making and policy development, building on evidence from this study and existing
literature.
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