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Abstract

Background: The incidence of colorectal cancer (CRC) in sub-Saharan Africa (SSA\) is ris-
ing, due to improving cancer registration efforts on one hand and an increasing wester-
nisation of diets and lifestyle on the other as well as increasing rates of comorbidities.

Methods: We present data for the clinical characteristics, pathology, treatments received,
and survival outcomes of patients diagnosed with CRC at King Faisal Hospital (KFH)
between January 2019 and May 2023. KFH is an urban tertiary hospital in Rwanda that
provides chemotherapy and surgery to cancer patients. The data were extracted from
electronic medical records, imaging and histopathology reports from the patient’s time
of diagnosis. We plotted Kaplan-Meier estimation of survival, defined as the time from
presentation to death, within the study period (2019-2023).

Results: Seventy-four patients diagnosed with CRC with complete information were
identified in the KFH oncology records. The mean age at diagnosis was 54.6 years, with
ages ranging between 22 and 81 years. At diagnosis, 24 (32.4%) patients were less than
50 years old and 29 (39.2%) were females. The rectum (36.5%) was the most common
tumour location, and 58.1 tumours were left-sided. Most patients presented with Stage
Il (41.9%) or IV (35.1%) disease. Adenocarcinoma was the most common histological
type (98.6%) including adenocarcinoma not otherwise specified (NOS) (86.5%), mucinous
adenocarcinoma (10.8%), signet ring cell carcinoma (1.4%) and followed by squamous
cell carcinoma (1.4%). In terms of treatment, 19 (25.7%) patients received only chemo-
therapy, 43 (58.1%) patients received neo-adjuvant or adjuvant chemotherapy, 9 (12.2%)
of patients received both neo-adjuvant and adjuvant chemotherapy, 49 patients (66.2%)
underwent surgery and 17 (23%) patients also received radiation. At the end of the follow
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up period, 63 (85.1%) patients remained in surveillance, 10 (13.5%) patients died, and 1 (1.3%) patient was lost to follow up. Mean overall
survival was 45.5 (SD + 2.0) months.

Conclusion: CRC patients presented at an advanced stage and required complex treatment regimens at KFH. Further epidemiologic and
molecular research is needed to characterise CRC incidence and presentation at a national level in Rwanda as increasing westernisation
continues to change the face of CRC in urban areas of SSA.

Keywords: colorectal cancer, Rwanda, Sub-Saharan Africa

Introduction

Colorectal cancer (CRC) is the third most diagnosed cancer and the second leading cause of cancer deaths worldwide, accounting for 9.1% of
cancer deaths each year [1]. The incidence and mortality of CRC are expected to increase over the coming decades globally, with the largest
relative increases in low and middle-income countries [2]. While data on CRC epidemiology in Sub-Saharan Africa (SSA) are limited, recent
studies have shown an increasing incidence of cases in this region, with patients presenting at a younger age and a more advanced stage than
in high-income countries [3]. This increase may be related to improved screening, detection, management modalities and cancer reporting,
or increasing prevalence of modifiable risk factors with Westernisation of lifestyles and diets [3-6]. Studies in Eastern African countries of
Tanzania and Kenya have documented increasing rates of CRC incidence, corroborating similar findings in the rest of the SSA region [5, 6].
Mean relative survival rates in SSA are low compared to other regions [7]. A meta-analysis of CRC overall survival rates in the region found a
5-year survival rate of 28%, compared to 5-year survival rates of between 56% and 66% reported in high-income countries [8].

Prior studies in SSA show a range of CRC incidence in patients under 40 years of age between 19% and 38%, compared to a range of 1%-9%
in Western countries like the USA [4, 9]. The disproportionate rates of early onset CRC may be related to the relatively younger population
in SSA as well as improving healthcare access and hereditary factors. In high-incidence countries, it is estimated that around 5% percent
of CRC cases are caused by high penetrant inherited mutations such as familial adenomatous polyposis and Lynch Syndrome hereditary
non-polyposis colorectal cancer, while a further 35% may be related to other genetic susceptibility [10, 11]. However, most CRC cases are
sporadic and linked to dietary and lifestyle factors [12]. In SSA, urbanisation has been linked to dietary modifications, including a decrease in
consumption of plant-based foods and staple carbohydrates, and an increase in the intake of meat and energy-dense, high-fat foods [13]. A
study in Uganda showed an association between CRC incidence and individuals who lived in urban areas [14]. A known risk factor for CRC
in urban settings is a westernised diet with high consumption of processed meat [15]. A higher incidence of CRC in urban areas than in rural
areas has also been found in studies from the USA and the Middle East [16, 17]. In SSA, an urban residence has also been found to be asso-
ciated with a higher incidence of CRC [18]. Urbanisation is associated with obesity due to a sedentary lifestyle, noncommunicable diseases
such as diabetes and behavioural risk factors, in particular smoking and alcohol consumption, which are associated with CRC [19].

Rwanda is a low-income country located in SSA with a population of about 13.2 million and a gross domestic product of 13.1 billion USD as
of 2022 [20, 21]. The median age in Rwanda is 21 years. An estimated 27.9% of people live in urban settings and 72.1% in rural settings [20].
There is a paucity of cancer data in Rwanda, given that the Rwandan National Cancer Registry was started in 2018 [22]. The most frequent
cancer at the King Faisal Hospital Rwanda (KFHR) is breast cancer. It is not reflective of the overall figures in the Rwanda national cancer
registry where cervical cancer is the most common, given that radiation therapy, essential in the treatment of locally advanced cervical can-
cer is not available at the hospital. The Globocan estimates that there were 8,835 new cancer cases in 2020 in Rwanda, with 173 new cases
of colon cancer and 194 cases of rectal cancer [23]. Between 2010 and 2019, the total estimated CRC incidence in Rwanda increased an
estimated 72% [3]. CRC caused an estimated 265 deaths in Rwanda in 2020, accounting for 4.4% of total cancer deaths in Rwanda that year
[23]. Previous studies have shown that CRC patients presenting in Rwanda tend to be younger than in other regions outside of SSA, are more
likely to be females, and are diagnosed with advanced disease [24-26].

Rwanda has made significant investments in improving cancer care in the country, with the establishment of the Butaro Cancer Center of
Excellence (BCCOE) in 2012 and initiation of the National Cancer Control Plan (2020-2024) [22, 27]. More than 80% of Rwandans have
access to affordable healthcare through the community-based health insurance system, Mutuelle de Sante [28]. However, many cancer
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drugs, especially newer, targeted drugs, are not affordable to the government and are not covered by community-based insurance [22, 29].
Currently, there are no screening guidelines for CRC in Rwanda, and as of 2019, there were only public hospitals in Kigali doing colonosco-
pies and sigmoidoscopy [22]. The Rwanda National Cancer Control Plan specified improving early detection of CRC with the development
of national screening guidelines, training for healthcare workers, increased access to diagnostic technology, and improved public awareness
of CRC signs and symptoms [27].

Rwanda-specific data on CRC epidemiology and treatment is essential for initiatives to understand the disease mechanisms, improve the
diagnosis and management of CRC in Rwanda and to contribute on how lifestyle changes and westernisation of diets is changing the face
of CRC in an urban setting in SSA. In this study we present data on CRC presentation, histopathology, treatment, and survival outcomes of
patients who received CRC treatment at King Faisal Hospital (KFH), located in the capital city of Rwanda, Kigali, between 2019 and 2023.

Methods

Study design

This was a retrospective descriptive observational study including adult patients (>18 years old at diagnosis) who received treatment for CRC
at KFH in Kigali, Rwanda between January 2019 and May 2023. The time period of interest of the study was chosen based on the likelihood
of obtaining complete medical information from the records. Patients were identified from hospital medical records. Patient age, gender,
stage at diagnosis, histopathology, treatment and survival details were extracted from patient charts, imaging and histopathology reports
from the time of diagnosis and recorded in a single datasheet by the study team.

The KFHR is an academic private tertiary hospital in Kigali, Rwanda. The Oncology unit at the KFHR is one of the three clinics providing can-
cer care in Rwanda, the others being namely, the BCCOE and the Rwanda Cancer Center at the Rwanda Military Hospital. Cancer diagnostic
capacity (Radiology and Pathology) exists at the three mentioned hospitals, with the addition of the Kigali and Butare University Teaching
Hospitals, which provide oncology surgical care.

The KFHR has a colonoscopy facility and provides further imaging with computed tomography scan and MRI for staging purposes, not posi-
tron emitted tomography-computed tomography scan is available as of 2024. Anatomic Pathology services are available at the hospital. The
department provides histology and immuno-histochemistry. Microsatellite status by Immuno-histochemistry started in 2024, and patients in
this study did not benefit from this facility at the hospital. Molecular testing (for BRAF, KRAS, NRAS, p53 and mismatch repair (MMR) testing
with PCR) is not available. These tests are requested and performed abroad, and patients are tested based on staging (stage 1V) and failure
of initial, primary treatment to allow for additional treatment options. Pathology services capacity is also present at the Rwanda Military
Hospital, Kigali University Teaching Hospital (Kigali) and two other private centres. Nationally, The BCCOE and Butare University Teaching
Hospital provide pathology services.

As of 2024, Radiation therapy is available only at the Rwanda Cancer Center of the Rwanda Military Hospital.

Four Rwandan oncologists were employed at the Oncology unit of the KFH at various times during the study period, providing oncology
care to all cancer patients at KFH, including CRC patients. The individuals who receive cancer care at KFH must have private, government, or
military insurance or pay out of pocket and therefore may be of a higher socioeconomic background than the general Rwandan population.

Statistical analysis

Patients’ characteristics are described as mean with standard deviation for quantitative variables and as number and frequency (percentage)
for categorical variables. Data were exported to SAS for analysis. Comparisons were determined using chi-square and student T test pro-
cedures. We measured survival as the time from the month of diagnosis to the month of death, regardless of cause, or loss to follow up, or
censoring on 30th September 2023. We plotted survival curves using the Kaplan-Meier method. The log-rank test was used to assess the
statistical differences in the observed survival curves by treatment intent. For all analyses, a p-value of < 0.05 was considered statistically
significant.
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Ethical considerations

This study was approved by the KFH Institutional Review Board and the University of Texas Southwestern Institutional Review Board.

Results

There were 79 patients identified with confirmed diagnoses of CRC who received treatment at KFH between January 2019 and May 2023.
Their data were retrieved from the electronic medical records. Of the 79 CRC patients identified, 5 were excluded because their treatment
fell out of the study period or significant information was missing from their records. 74 patients were included in the analysis. These included
45 (60.8%) males and 29 (39.2%) females. The age at the time of diagnosis ranged between 22 and 81. The mean age for all sexes at diagnosis
was 54.6 (SD + 13.0 years). The mean age at diagnosis for women was 51.4 (SD + 13.4 years) and the mean age for men was 56.6 (SD + 12.5
years). Most patients (63.5%, n = 47) were diagnosed at KFH. See Supplement Table A for patient, tumour, and histopathology characteristics
in table format.

Presenting signs and symptoms were recorded for 47 patients. Many patients were presented with multiple symptoms. The most frequently
reported presenting symptoms included abdominal pain (61.7%), rectal bleeding (42.6%), unintended weight loss (34.0%) and constipation
(31.9%).

Figure 1 summarises the overall proportions of disease found per anatomical site across the colon. Over half (58.1%) of the tumours were
left-sided, 19 (25.7%) were right-sided, 3 (4.1%) were transverse and 9 (12.1%) were in unspecified locations.

Disease staging was determined using the American Joint Committee on Cancer Tumor Node Metastasis (TNM) system. Two patients (2.7%)
presented with Stage | disease, 13 (17.6%) with Stage I, 31 (41.9%) with Stage Ill, 26 (35.1%) with Stage IV disease, and staging was not
recorded for 2 (2.7%) patients. The most common locations of metastases at the time of diagnosis were the liver and the lungs. The baseline
serum carcino-embryonic antigen (CEA) was available for 44 patients with an average of 256.8 ng/mL.
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epatic Flexure
Flexure ~—_ (1.4%)
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Figure 1. Anatomical tumour sites. Image from: www.istockphoto.com Purchased 01/03/2024
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Adenocarcinoma was the most common histological type (98.6%) including adenocarcinoma NOS (86.5%), mucinous adenocarcinoma
(10.8%), signet ring cell carcinoma (1.4%), and squamous cell carcinoma (1.4%). The tumour histologic grade was | in 8.1% of patients, grade
Il'in 45.9% of patients, grade Il in 4.1% of patients, and not specified in 41.9% of cases.

Treatment was initiated with palliative intent for 26 (35.1%) patients, with curative intent for 46 patients (62.2%), and intent was not recorded
for 2 patients (2.7%). A number of patients (13.5%) received some portion of their treatment abroad. For the 43 patients treated with curative
intent with complete data, 39 (90.7%) received surgery and neo-adjuvant and/or adjuvant chemotherapy, 2 (4.7%) underwent upfront sur-
gery and 2 (4.7%) received chemotherapy only (1 patient opted not to get surgery, and the other underwent surgery at an outside institution).
Of the patients treated with curative intent, 12 (27.9%) also received radiotherapy. Out of the 26 patients treated with palliative intent, 10
(38.5%) received surgery and neo-adjuvant and/or adjuvant chemotherapy and 16 (61.5%) received chemotherapy only. Of these patients,
3 (11.5%) also received radiotherapy.

Of the 49 patients who underwent surgery, 2 (4.1%) had total colectomies, 15 (30.6%) had a right hemicolectomy, 7 (14.3%) had a left
hemicolectomy, 1 (2.0%) had a rectosigmoidectomy, 4 (8.2%), had a sigmoidectomy, 4 (8.2%) had a lower anterior resection, 3 (6.1%) had an
abdominoperineal resection, 1 (2.0%) had a small bowel resection and the specific procedure was not specified for 12 (24.5%) of patients

For the 67 patients who completed their first-line chemotherapy regimen, the number of cycles received in the first regimen was recorded for
52 patients. The average number of cycles received in the first chemotherapy regimen was 7.6 (+ 3.2) cycles. Of the patients who received
chemotherapy, 27 (40.3%) completed additional lines of chemotherapy. The average number of regimens completed by each patient was
1.5 (+1.1). The most common reason for beginning a second regimen of chemotherapy (for 11 patients) was due to disease progression, or
persistent disease after their first regimen, while three patients changed regimens due to drug side effects, two for financial reasons, and
one for compliance-related issues. Additionally, ten patients (37%) started a new chemotherapy regimen after disease recurrence. Treatment
details are shown in Table 1.

The most frequently used first-line chemotherapies included the modified FOLFOX-6 regimen (5-Fluorouracil (5-FU), Leucovorin and
Oxaliplatin) and CAPOX (Capecitabine and Oxaliplatin). The most frequently used second-line chemotherapies included XELIRI/CAPIRI
(Capecitabine and Irinotecan), Capecitabine, FOLFIRI (5-FU, Leucovorin, Irinotecan), CAPOX and Irinotecan, often with the addition of Beva-
cizumab or Cetuximab.

Molecular testing was usually ordered for patients with upfront metastatic disease and patients presenting with progression on the first line
of treatment, independently of the primary treatment intent.

Table 1. Details on types of treatment received (intent and modality).

Treatment characteristics Number Percent

Initial treatment intent (n = 74)

Palliative (Stage IV disease) 26 35.1

Curative (Stage I-Ill disease) 46 62.2

Not specified 2 2.7
Travelled abroad for part of treatment (n = 74)

Yes 10 13.5

No 64 86.5

Treatments received for patients with complete treatment data

Curative intent: stage I-Ill disease (N = 43)

Surgery only 2 4.7
Chemotherapy only 2 4.7
(Continued)
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Table 1. Details on types of treatment received (intent and modality). (Continued)

Neo-adjuvant + adjuvant chemotherapy + surgery 4 9.3
Neo-adjuvant chemotherapy + surgery 9 20.9
Adjuvant chemotherapy + surgery 26 60.5
Also received radiation 12 27.9
Palliative intent: stage IV (N = 26)
Surgery only 0 0
Chemotherapy only 16 61.5
Neo-adjuvant + adjuvant chemotherapy + surgery 5 19.2
Neo-adjuvant chemotherapy + surgery 1 3.8
Adjuvant chemotherapy + surgery 4 15.4
Also received radiation 3 11.5
Types of surgery (n = 49)
Total colectomy 2 4.1
Left hemicolectomy 7 14.3
Right hemicolectomy 15 30.6
Rectosigmoidectomy 1 2.0
Sigmoidectomy 4 8.2
Lower anterior resection (LAR) 4 8.2
Abdominoperineal resection (APR) 3 6.1
Small bowel resection 1 2.0
Unspecified procedure 12 24.5
Multiple chemotherapy regimen (n = 67)
Yes 27 40.3
No 39 58.2
Unknown 1 1.5
Reasons for multiple chemotherapy regimens (n = 27)
Disease progression/Persistent disease 11 40.7%
Drug side effects 3 11.1%
Financial 2 7.4%
Compliance 1 3.7%
Disease recurrence 10 37.0%

At the end of the study period, 63 (85.1%) of patients were alive, 10 (13.5%) had died, and 1 (1.3%) was lost to follow up. Patient outcomes
are shown in Table 2. Of the patients treated with curative intent, 84.8% were alive at the end of the study period while 73.1% of patients
treated with palliative intent were alive at the end of the study period. There was no significant difference in mean survival outcome by treat-
ment intent (p = 0.147). Mean overall survival, independent of treatment intent, was 45.5 + 2.0 months. Mean survival for patients treated
with curative intent was 47.9 + 2.3 months. Mean survival for patients treated with palliative intent was 31.7 SD + 2.8 months. Table 3 shows
the survival outcome of patients based on stage at presentation. The correlation between stage at presentation and survival outcome was
not statistically significant (p = 0.172). Survival curves are plotted in Figures 2 and 3.
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Table 2. Patient outcomes by treatment intent.

Patient outcomes (n = 74) Number Percent
Alive 63 85.1%
Died 10 13.5%
Lost to follow up 1 1.3%
Outcome by treatment intent
Curative intent (n = 46)
Alive 39 84.8%
Died 6 13.0%
Lost to follow up 1 2.2%
Palliative intent: (n = 26)
Alive 19 73.1%
Deceased 7 26.9%
Table 3. Survival outcome by stage at presentation.
Alive Died Total
Stage Number Frequency Number Frequency Number Frequency
| 1 50 1 50 2 2.82
1l 10 83.33 2 16.67 12 16.90
1 28 90.32 3 9.68 31 43.66
\Y 19 73.08 7 26.92 26 36.62
Frequency missing = 3 71 100
p=0.172

Discussion

CRC is a major public health problem. Globally, CRC is on the rise with increasing numbers of new cases occurring in low-middle income
countries (LMICs), primarily in urban areas [3, 30]. This study aimed to characterise the demographics, histopathology, clinical presentation,
and outcomes of CRC patients and to describe the CRC treatment patterns at KFH, while considering the patient population served by KFH.

Among 74 patients, we found that the mean age at diagnosis was 54.6 years with a wide age range between 22 and 81. This finding is similar
to previous findings at the BCCOE and Kigali University Teaching Hospital (KUTH) with reported mean age at presentation of 52.5 and 54.3
years, respectively [24, 25]. The mean age of males at diagnosis was 56.6 years and the mean age of females at diagnosis was 51.4 years.
The proportion of CRC patients under the age of 40 diagnosed at KFH was 13.4%, 18.9% of patients diagnosed were between the age of
40-49, while the remaining 67.6% were over the age of 50. Other studies conducted in nearby SSA countries have reported that 19%-38%
of patients diagnosed with CRC are under the age of 40 [4]. The finding of a smaller proportion of CRC cases in patients under 40 years old at
KFH (13.5%) as compared to previous studies in SSA corresponds with the population served by KFH. KFH is a private hospital and therefore
tends to serve a patient population of a higher socioeconomic status, in contrast to some other hospitals providing cancer care in Rwanda
such as BCCOE, where 58.1% of CRC patients lived in rural areas [25]. KFH patients primarily live in Kigali, an urban setting, and may have
more access to lifestyles and diets associated with westernisation and therefore more exposure to risk factors that lead to higher incidences
of CRC in countries like the USA. However, cancer awareness remains limited.
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Figure 2. Overall survival curve.
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Figure 3. Comparison of survival curves by treatment intent.

The role of genetic predisposition to developing CRC amongst our patients is not quite known. Genetic factors can impact the development
of CRC in both familial and sporadic cases. Genetic alterations in susceptibility genes of varying penetrance have been linked to familial CRC.
About one-third of patients with CRC in our cohort were under 50 years old. The National Comprehensive Cancer Network (NCCN) guide-
lines recommend a multigene panel test for all individuals with a diagnosis of CRC below the age of 50 years, regardless of somatic MMR
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gene status [31]. This is not commonly done in our practice, and only somatic characterisation is requested for patients who progress on the
first line of treatment (FOLFOX and/or FOLFIRI). Approximately 12%-15% of CRCs exhibit deficient DNA mismatch repair (IMMR)/mic-
rosatellite instability (MSI), influencing prognosis and response to 5-FU-based adjuvant chemotherapy [32]. Identifying dMMR/MSI status,
recommended for all resected CRCs, informs tailored treatment decisions, highlighting the importance of testing to guide precise therapeutic
interventions.

A cross-sectional study in Zimbabwe of 101 CRC cases recruited in a tertiary hospital found that up to 3.3%-5.6% of patients were deter-
mined to have hereditary CRCs based on family history, germline, and somatic testing, corresponding to estimates from high incidence coun-
tries [9, 10, 33]. The prevalence of Lynch syndrome in the Zimbabwean study was 2%-4% which is also similar to rates in other high incidence
countries [9, 34]. These findings underscore the importance of integrating genetic testing into our healthcare settings for early-onset CRC
cases. By identifying individuals with hereditary predispositions, healthcare practitioners can implement targeted surveillance and preventive
measures. This synthesis highlights the evolving landscape of CRC research in SSA and the imperative of incorporating genetic insights into
clinical practice for improved patient outcomes.

Our finding that a majority of CRC patients at KFH were male contrasts with previous authors in Rwanda, who found a higher CRC incidence
in female patients [24-26]. However, ‘it is in keeping’ with or ‘it supports’ previous findings in SSA of higher incidence of CRC in males, high-
lighting a difference between the patient populations served by different hospitals within Rwanda providing cancer care [3, 4]. We found
a higher incidence of left-sided (58.1%) tumours with the rectum being the most common tumour location. These numbers, along with the
lower rates of left sided-hemicolectomy surgeries highlight the growing surgical expertise in our settings and presentation at earlier stages of
disease, as rectal cancer is approached surgically through localised, less extensive approaches either with or without neo-adjuvant treatment.

These numbers however do not explain the higher rates of right-sided hemi-colectomy seen in our cohort, which is based on the increased
number of rectal cancer diagnoses, that are surgically approached through localised, less extensive approaches either with or without neo-
adjuvant treatment. Our findings correspond to similar results found in Rwanda, of higher rates of rectal tumours at both BCCOE (74.2%) and
CHUK (83.3%) [24, 25]. Our finding that left-sided tumours were more common in CRC patients at KFH is consistent with other literature
from the region [4, 24]. Tumours on the left side are more frequently diagnosed in SSA. This could be because they are easier to investigate
and diagnose, possibly due to being more accessible. Additionally, rectal tumours on the left side may show more symptoms, prompting
patients to seek treatment earlier [4, 26]. Therapy responses vary greatly by tumour entity and location. Left-sided colorectal cancer is associ-
ated with a better prognosis and these patients may benefit from 5-FU-based regimens and targeted therapies, while right-sided colorectal
cancer patients do not respond well to conventional chemotherapies but demonstrate more promising results with immunotherapies due to
the high antigenic load of these tumours [35].

For all patients who survived, the mean survival period was 45.5 months (3.8 years). Mean survival time and its standard error were underes-
timated because the largest observation was censored, and the estimation was restricted to the largest event time. For patients treated with
curative intent, the mean overall survival was 47.9 months (4.0 years), while the mean disease-free survival (defined as time from presenta-
tion to cancer recurrence, progression or death) in the study conducted at BCCOE was 22.2 months [25]. Our study looked at the overall
survival of CRC patients; however, the contrast between KFH and BCCOE might be influenced by varying healthcare access and resources.
At CHUK, another hospital in Kigali, the overall mean survival for CRC patients was 46 months [24]. Similar studies done in Tanzania, Ghana
and Nigeria found median survival times of 9.4, 15 and 24.1 months, respectively [36-38]. Divergent median overall survival times in cancer
studies across Rwanda, Tanzania, Ghana, and Nigeria indicate substantial regional disparities in CRC outcomes, likely influenced by distinct
healthcare infrastructures and patient demographics. For patients treated with palliative intent, the mean survival was 31.7 months (2.6
years). However, this difference was not statistically significant. The TNM stage is crucial for determining CRC survival, yet stage-indepen-
dent variability highlights the need to use robust biomarkers.

In our study, an analysis of patient presentations revealed that a substantial majority (76.1%), exhibited either stage Il (41.9%) or stage IV
(35.9%) CRC. This observation aligns with findings from analogous investigations conducted in other SSA countries. In studies conducted in
Ghana, Tanzania and Uganda, the prevalence of late-stage CRC at presentation was 57%, 90% and 72.8%, respectively [38-40]. Our find-
ings diverge from those reported in the United States, where disease awareness and advanced screening colonoscopy have led to a marked
increase in the identification and removal of precancerous lesions, contributing to the diagnosis of CRC at earlier stages [41, 42]. This discrep-
ancy underscores disparities in healthcare infrastructure and screening practices. Notably, the absence of widespread access to colonoscopy
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as a screening tool in Rwanda is a critical factor contributing to the presentation of patients with advanced-stage CRC. Unlike the United
States, where screening measures have become integral to healthcare strategies, the limited availability of colonoscopy as a screening modal-
ity in Rwanda underscores the urgent need for enhanced diagnostic infrastructure and preventative healthcare initiatives in the region.

While data on symptom duration prior to presentation was rarely recorded in the patient records, many patients included in the study pre-
sented with severe symptoms and signs of abdominal obstruction requiring surgical resection. CRC patients at KFH received long-duration
treatment regimens including multiple different chemotherapy drugs, surgery, and radiation highlighting the complexity and multi-disciplin-
ary nature of CRC treatment. Many chemotherapy drugs are expensive and not widely available through the public health insurance program
in Rwanda, which insures more than 80% of the total population.

Limitations

Gaps in data collection were an important limitation of this study. There is no standard format for patient charts at KFH, therefore some
data were not consistently available for all participants. Additionally, as KFH is a referral hospital, some patients were diagnosed elsewhere,
making some of the details from their initial diagnosis unavailable at the time of treatment. Patients with significant information missing were
excluded from the study. Another important limitation is that KFH does molecular testing only for patients presenting at stage IV and patients
who progress on treatment. Our survival analysis did not adjust for competing comorbidities to deduct cancer-specific survival or mortal-
ity. Finally, KFH is a private hospital, in contrast to other hospitals providing cancer care in Rwanda, and therefore tends to serve a patient
population of a higher socioeconomic status. This may have impacted the disease presentation, the treatments available and/or accessible
to patients, and the survival outcomes of the patients. The results of this study may not be generalisable to the Rwandan population but are
reflective of colon cancer disease patterns in a new, rising middle class in SSA at risk with changing lifestyles and diet.

Conclusion

CRC patients at KFH frequently present at advanced stages, with a notable rise in individuals over 40, aligning with the increasing adoption
of Western lifestyles and diets in urban areas like Kigali. To comprehensively address the CRC burden in Rwanda, it is imperative to conduct
further epidemiological and molecular research at a national level and systematic screening. This research can provide initial insights into
poorly characterised molecular changes and genomic alterations associated with CRC in SSA, facilitating the adoption of evidence-based
best practices and policies. These efforts are essential not only for improving screening and early detection but also for advancing precision
medicine and addressing the growing impact of Westernisation on CRC incidence and outcomes in urban areas of Rwanda. The integration of

genetic testing and molecular research becomes critical in enhancing our understanding of CRC, contributing to the development of targeted
interventions and personalised healthcare strategies to effectively combat the rising burden of CRC in the region.

Recommendations

From this research, we recommend future research in molecular and genetic CRC testing, registry, improving population awareness of CRC,
and increasing the availability of colonoscopies and screening in Rwanda.
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Supplement Table A.

Characteristic (N = 74) Number Frequency (%)

Age at diagnosis, years

<40 10 135

40-49 14 18.9

50-59 20 27.0

60-69 24 324

70-79 5 6.8

80 1 1.4
Sex

Male 45 60.8

Female 29 39.2
Signs and symptoms (N = 47) Number Frequency (%)
Abdominal pain 29 61.7
Rectal bleeding 20 42.6
Weight loss 16 34.0
Constipation 15 31.9
Vomiting/Nausea 5 10.6
Diarrhoea 4 8.5
Anorexia 4 8.5
Back Pain 4 8.5
Fatigue 3 6.4
Melena 2 4.3
Anaemia 2 4.3

Many patients were presented with multiple symptoms, thus total % >100.
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Histopathology characteristics (N = 74) Number Frequency (%)
Type
Adenocarcinoma 73 98.6
NOS 64 86.5
Mucinous 8 10.8
Signet ring cell 14
Squamous cell carcinoma 1 14
Grade
I 6 8.1
I 34 45.9
I 3 41
Unknown 31 41.9
(Continued)
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Supplement Table A. (Continued)

Tumour locations (N = 74) Number Frequency (%)

Mass location
Left 43 58.1
Right 19 257
Transverse 4.1
Unspecified 9 12.2

Anatomic site
Rectum 27 36.5
Rectosigmoid junction 7 9.5
Sigmoid colon 7 9.5
Descending colon 1 14
Splenic flexure 1 14
Transverse colon 3 4.1
Hepatic flexure 3 4.1
Ascending colon 1 1.4
Cecum 10 13.5
lleocecal valve 5 54
Colon (not specified) 9 12.2
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