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ABSTRACT

Objective: To determine the survival rates of colorectal cancer (CRC) in the Pakistani population and determine the prognostic factors
for survival among the CRC patients.

Study Design: Retrospective cohort study.

Place and Duration of the Study: The cancer registry of the Aga Khan University Hospital, Karachi, Pakistan, from 2010 to 2016.
Methodology: The abstracted data from the cancer registry was cleaned and updated regarding the vital status at the last follow-up.
Survival analyses were performed using the Kaplan-Meier method. Adjusted hazard ratios (aHR) and their 95% confidence intervals (Cls)
were estimated using a cox regression model to assess the prognostic factors for survival.

Results: The overall proportion of late-onset CRC (>50 years of age) was 55.3% and early-onset CRC (<=50 years of age) was higher
than expected (45.7%). A high level of carcinoembryonic antigen (CEA) (>5 ng/ml) was associated with poor survival compared to
patients with CEA levels of <5 ng/ml (aHR = 1.68, 95% Cl = 1.04, 2.72). Patients, who experienced recurrence, showed poorer survival
(aHR = 4.27, 95% CI = 2.55, 7.14). Patients, who did not undergo surgery, showed significantly poorer survival compared to those who
underwent surgery (aHR = 5.53, 95% Cl = 2.35, 13.03).

Conclusion: The findings suggest that monitoring CEA levels, ensuring prompt surgical treatment and follow-up care for recurrent cases
can improve survival outcomes in patients with colorectal cancer.
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INTRODUCTION

Colorectal cancer (CRC) is a significant public health burden,
accounting for a large proportion of cancer cases and deaths
each year. Itis the second most common malignancy in males
and the third most common cancer in females.' According to
Morgan et al., over 1.9 million new CRC cases and 930,000
deaths were estimated in 2020, and this burden of CRC is
expected to increase to 3.2 million new cases and 1.6 million
deaths by 2040.> According to Karachi Cancer Registry (KCR)
2017-2019 results, the age standardised incidence rate (ASIR)
of colorectal cancerin Karachiis 7.70/100,000 among females,
and 12.35/100,000 among males.’ The cancer survival analysis
is important to understand the prognosis and identify the
factorsthatinfluencethe survival outcomes ofthe patients.
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There are different types of survival data cited in literature
which include the ones extracted from clinical trials, popula-
tion-based cancerregistries, and from hospital-based follow-up
studies, each having different definitions and methodologies
accordingtotheirobjectives.

There are multiple factors affecting the survival of the patients
with colorectal cancer including anatomical site of the tumour,
stage, lymph nodes involvement, and preoperative carcinoem-
bryonic antigen (CEA) level.* In a study among the Malaysian
population, increasing age, the severity of CRC, and male gender
were associated with poor survival.’ In a study conducted in
India, increasing age, site, and American Joint Committee on
Cancer (AJCC) stages of CRC were significant factors affecting
the survival. In another large study among 670,030 CRC cases,
lower income and lower education were associated with higher
mortality.® Overall, the survival rates in the Eastern Mediter-
ranean countries are reported as less compared to Europe and
the USA.

In third-world countries such as Pakistan, different factors play
role in the pathogenesis and prognosis of CRC, especially with
this cancer presenting in the younger age group. There is an
urgent need to better understand the aetiopathogenesis of
CRC and factors affecting its survival. However, there is a lack
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of studies conducted on local data to assess the survival rates
of CRC in the Pakistani population. Pakistan does not have a
national cancer registry, but there are regional and hospi-
tal-based cancer registries working on cancer incidence,
behaviour, and survival in that region. This study aimed to fill
this knowledge gap by evaluating the survival data and the
factorsaffectingthesurvival.

METHODOLOGY

This retrospective cohort study was conducted to assess the
clinical characteristics and outcomes of patients with CRC in
Pakistan. The study population included patients visiting the
Aga Khan University Hospital from Karachi, as well as from
other provinces of Pakistan, and Pakistanis living outside
Pakistan. All data were collected from the Aga Khan University
Hospitalcancerregistry, whichuses CNEXT, astandardised soft-
ware program to ensure the accuracy and completeness of
cancerdata.

Patients, who had a biopsy-proven diagnosis of CRC, were
eligible forinclusion in the study. Patients, who were diagnosed
with other cancers or if they had missing information about
tumourgrade, tumoursite, or AJCCstage, wereexcluded.

The variables assessed to predict survival in patients with CRC
included patients’ sociodemographic data such as age, gender,
marital status, family history of CRC, habits of tobacco and
alcohol use, and source of payment (out-of-pocket or insur-
ance). Tumour characteristics included histological diagnosis
and anatomical site as proximal, distal, or rectum. Grades were
categorised as well, moderately and poorly differentiated
grades. All cases of CRC were identified using ICD-03 codes.
Preoperative serum CEA levels were also abstracted from the
data. If patients had multiple CRC tumours within the study
period, only the first occurring tumour was considered. The
stage at diagnosis was based on the clinical and pathological
tumour-lymph nodes-metastasis (TNM) staging system 7"
edition. The stage was further categorised into early (Stage
0/I/l) oradvanced stage (Stage lll/IV). Pre-operative serum CEA
levels were also abstracted from the data. Treatment modali-
ties including surgery, chemotherapy, and radiotherapy were
alsoabstracted.

Kaplan-Meieranalysis was used to estimate survival rates at 1-,
3-,and 5-yearintervals. The log-rank test was used to compare
survivalratesbetweengroups. Cox proportionalhazardsregres-
sion analysis was performed to calculate hazard ratios (HRs)
and their 95% confidence intervals (Cls) for the association
between each predictor and survival. In order to identify the
independent predictors of colorectal cancer survival, all vari-
ables that were significantly associated with survival in the
univariate analyses (p <0.25) were included in the multivari-
able model. This was performed to control for the effects of
other variables and to estimate the adjusted hazard ratios
(aHR), and 95% confidence intervals (Cls) for each variable,
with a level of significance of 0.05. SPSS version 25 (IBM, New
York, USA) was used to performall statistical analyses.

RESULTS

Atotal of 989 patients with confirmed diagnoses of CRC between
2010and 2016 who mettheinclusion criteria were included in the
study. Patients werefollowed up untildeath orcensored attheend
of the study. The mean age was 51.3 years (SD 16.3). The overall
proportion of late-onset CRC was 55.3%, and early-onset CRC was
45.7%, higher than expected. Relative 1-year survival rate was
85.6% (95% Cl: 84.4%, 86.8%), 3-year survival rate was 77.2%
(95% CI: 74.5%, 79.9%), and 5-year survival rate was 72.0% (95%
Cl:69.7%,74.3%).

Table | shows the sociodemographic characteristics, personal
habits, mode of payment, and clinical treatment characteristics of
the CRC cases. Older age showed poor survival rate compared to
theyoungerage.

Table I: Univariate analysis of patients’ sociodemographic characteris-
tics, personal habits, and mode of payment associated with survival in
colorectal cancer patients in Karachi, Pakistan (n=989).

Tumour site - Primary n % Crude HR (95% CI)

Age (years)
>50 537 54.3 1.45 (1.07, 1.98)
<=50 452 45.7 Ref.

Gender
Male 631 63.8 0.95 (0.70, 1.30)
Female 358 36.2 Ref.

Marital Status
Married 871 88.1 0.77 (0.57, 1.08)
Single/widow/separated 118 11.9 Ref.

Occupation
Business 108 15.3 2.03(0.85, 4.83)
Employed 202 28.7 1.89(0.76, 4.68)
Retd./students 145 20.6 1.70 (0.72, 4.04)
Others 78 11.1 3.32(1.42,7.76)
Housewife 172 24.4 Ref.

Province
Sindh 938 94.8 1.77 (1.28, 2.45)
Other provinces 51 5.2 Ref.

Country
Pakistan 782 79.1 1.76 (1.28, 2.41)
Outside Pakistan 207 20.9 Ref.

Family history of CRC
Yes 40 4.0 1.05 (0.53, 2.05)
No/unknown 932 94.2 Ref.

Tobacco use
Yes 246 24.9 0.88 (0.63, 1.22)
No/unknown 742 75.0 Ref.

Alcohol use
Yes 39 3.9 0.99 (0.49, 2.02)
No/unknown 949 96.0 Ref.

Payment Source
Out of pocket 898 90.8 0.90 (0.57, 1.42)
Other sources 91 9.2 Ref.

HR: Hazard ratio, Cl: Confidence interval.

Table Il shows the clinical and treatment variables of the CRC
cases. Tumour site analysis showed that the rectum displayed a
higher survival rate (HR = 0.41, 95% Cl = 0.21, 0.82), while there
was no significant association of survival with proximal and distal
sites. In histological analysis, signet ring cell adenocarcinoma
exhibited apoorersurvival (HR =2.45,95% Cl=1.31,4.60), along
with other mixedtypes (HR =3.04,95% Cl=1.55,5.94). Late AJCC
Stage had a significantly higher risk (HR = 2.30, 95% Cl = 1.63,
3.24). Recurrence demonstrated poorer survival (HR = 13.04,
95%Cl=7.52,22.63),and lack of surgery also had poor prognosis
on survival (HR = 3.10, 95% Cl=2.25, 4.26). Patients who did not
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receive any chemotherapy also had poorsurvival (HR=1.73,95%
Cl =1.29, 2.32). Notably, CEA levels exceeding 5 ng/ml showed
poorsurvival (HR=2.89,95%Cl=1.50,5.57).

Table Il shows the results of the final multivariable model, which
found that high levels of carcinoembryonic antigen (CEA; greater
than 5 ng/ml) were a significant predictor of poor survival in
patients with colorectal cancer. Ahighlevel of CEA (>5 ng/ml) was
associated with poor survival compared to patients with CEA
levels of <5 ng/ml (HR =3.07,95% Cl = 1.33, 7.10). Patients who
experienced recurrence, showed poorer survival (HR = 15.56,
95%Cl=5.96,40.61),incomparisonto patients who did notexpe-
rience recurrence. Patients who did not opt surgery for CRC
exhibited a significantly elevated risk of death with lower survival
(adjusted HR = 5.53, 95% CI = 2.35, 13.03), compared to the
patients who opted for the surgery.

The Kaplan-Meier survival curves showed poor survival with colon
NOSCRCandrecurrence (Figurel).
Table II: Univariate analysis of pathological characteristics, anatomic

sites and stage for survival in colorectal cancer patients in Karachi,
Pakistan(n=989).

Tumour site - Primary N % Crude HR (95%
Cl)*
Proximal 249 25.8 0.67(0.35,1.28)
Distal 313 324 0.57(0.30, 1.09)
Rectum 363 37.6 0.39(0.20, 0.75)
Colon NOS 40 4.1 Ref.
Histology of tumour
Mucinous adenocarcinoma 126 12.7 1.04(0.65, 1.67)
Signet ring cell adenocarcinoma 71 7.2 2.45 (1.31, 4.60)
Other (mixed, medullary, 62 6.3 3.04 (1.55, 5.94)
Adenosgquamous)
Adenocarcinoma 726 73.4 Ref.
AJCC Stage
Late Stage (Ill and IV) 348 352 2.30(1.63, 3.24)
Early Stage (0, I, and II) 598 60.5 Ref.
Recurrence
Yes 185 36.1 13.04(7.52,22.63)
No 328 63.9 Ref.
Surgery
Not performed 299 30.3 3.10(2.25, 4.26)
Performed 689 69.7 Ref.
Radiation
No 753 76.8 1.70(1.16, 2.48)
Yes 227 232 Ref.
Chemotherapy
No 430 435 1.73(1.29,2.32)
Yes 558 56.4 Ref.
Serum CEA level (ng/ml)
>5 343  63.5 2.89(1.50,5.57)
<=5 197 36.5 Ref.

AJCC: American Joint Committee on Cancer, Colon NOS: Colon non-specific, CEA:
Carcinoembryonic antigen, HR: Hazard ratio, Cl: Confidence interval, *Univariate
CoxProportionalHazardRegressionanalysis.

Table Ill: Multivariable Cox regression analysis of predictors of
survival in colorectal cancer (CRC) patients in Karachi, Pakistan (n =
989).

Variables Adjusted HR (95% CI) *
Serum CEA level (ng/ml)
>5 3.07 (1.33,7.10)
<=5 Ref.
Recurrence
Yes 15.56 (5.96, 40.61)
No Ref.
Surgery performed
No 5.53(2.35, 13.03)
Yes Ref.

*Multivariable analysis using Cox Hazard Regression, adjusted for age, gender,
tumour grades and treatment modalities.

a Survival Functions
1o+ Site
A —IProximal
—Distal
Rectum
—Colon NOS
0.8+ —+— Proximal-censored
) —+— Distal-censored
Rectum-censored
—+— Colon NOS-censored
Q
2 o6
s 06 p-value <0.001
K
=
g
@ 04
0.2
0.0
T T T T T T
0 50 100 150 200 250
Survival in months by tumour site
b Survival Functions
1.0 RECUR
~Yes
—TNo
—+—Yes-censored
+-No-censored
0.8
-+
S 06
s
<
3
(7}
E
3 047
p-value <0.001
0.2
0.07]

0 50 1(‘)0 15‘)0 2[‘)0 25‘0
Survival
Figure 1: Survival analyses (Kaplan-Meier curves) a) by anatomical
site b) by recurrence of CRC and results of log rank test to compare
survival rates between groups.

DISCUSSION

This study evaluated the survival rates of colorectal cancer
(CRC) patients in Karachi, Pakistan, and identified factors that
affect survival in this population. The 1-, 3-, and 5-year survival
rates were 85.6%, 76.0%, and 71.0%, respectively. This is
comparable to the survival rates reported in other countries,
such as Sweden (83%), Denmark (77.7%), England (74.7%),

Australia (84.9%), and Norway (82.4%),® but higher than the
survival rates reported in China and India. Yuan et al. in 2013
reported a 3-yearsurvival rate of CRC cases in Chinato be 74%,’
whereas the reported survival rates from the neighbouring
country India, forone and three yearsurvival rates of CRC cases
were 63.04% and 42.20%, respectively.’ Discrepancies in the
survival and distribution of stages might emerge due to dispari-
ties in the time taken for diagnosis and recognition of symp-
toms, or variations in the meticulousness of staging protocols.
Comparing survival rates for colorectal cancer (CRC) across
different countries can be challenging due to variations in
patient demographics, disease characteristics, management,
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and implementation of CRC screening programmes. Neverthe-
less, thereisaclearevidenceofthe globalgeographicaldiscrep-
ancyinCRCsurvival.”

Amongst the prognostic factors, stage, grade, tumour site,
co-existing cancers, socio-economic status, and earlier diag-
nosis and treatment, newer chemotherapy regimens, recent
advances in surgical modalities, and radio-therapy have been
found to have a significant impact in improving the survival of
colorectal cancerinvarious studies."**

The present study also looked at the factors affecting survival
in the Pakistani population. Results of univariate analysis
revealed several factorsincluding higher stage, type of tumour,
surgery, and chemotherapy affecting survival, while multivari-
able analysis revealed three factors affecting the survival
including high CEA before surgery, recurrence, and advanced
CRCstage. Preoperative CEA level as a poor survival prognostic
factor was also found in other studies.**** The role of serum CEA
as a prognostic indicator in colon cancer has been extensively
investigated. There has beenlotofinterestregarding preopera-
tive versus postoperative elevation in the levels of CEA, and
which oneis more prognostic of survival. Majority of the studies
haveestablished thatraised preoperative CEAlevelsare associ-
ated with advanced stage of colonic cancer, increased risk of
recurrence, and poor survival.'**Astudy by Wang et al. showed
that carcinoembryonic antigen (CEA) levels are associated with
and are potential biomarkers for postoperative CRC recurrence
which is an important factor for poor survival rates.” These
study findings are consistent with other studies.”

Patients who did not undergo surgery for CRC had poor survival
rate similar to those who underwent emergency surgery for
CRC as show in a study by Zhou et al.** It is consistent with
studies reported to show that curative surgery is associated
with long-term survival in resource-constrained low and middle
income countries (LMICs).”*** There are many barriers for prompt
surgical evaluation and treatment of CRC in LMICs. The out-of-
pocket paymentis 90.8% which could also be areasonforlack of
timely surgery. Surgical care should be a priority to address the
increasing burden of CRCinresource-limited settings.

As it was a retrospective data from the cancer registry and
medical records, information related to variables like body
mass index (BMI), and socio-economic status was lacking. For
the vital status, it was not possible to cross-check with mortality
data ofallthe censored patients as their CNIC numbers were not
entered in the cancer registry. There is an unmet need to
routinely collect and record CNIC data of all patients in the
cancerregistry and link it with mortality data to confirm the vital
statusandassessurvival outcomesaccurately.

CONCLUSION

There was a significant association between high CEA levels,
recurrence of CRC after surgery, and lack of surgery with poor
survivalamongthe young adults. Based on the findings, thereis
a need for early detection through awareness campaigns and

screenings for early-onset cases. Patients with high preopera-
tive CEA levels should be carefully monitored for recurrence.
Moreover, closely monitoring CEA levels, timely surgical inter-
ventions, and rigorous follow-up care for recurrence are recom-
mended to enhance patient survival rates. Larger studies are
needed with focus on developing and implementing effective
screening and early detection programmes to improve the
survival ratesinthis population.
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