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Background: In Uganda, similar to other countries in East Africa, the incidence of colorectal cancer (CRC) has been steadily
increasing. This increase in incidence is accompanied by a poor prognosis. There is limited knowledge on factors responsible for the
poor outcome of patients with CRC in Uganda. Cancer survival analysis is one way of determining some of these prognostic factors.
The aim of this study was to determine prognostic factors associated with CRC survival in Ugandan patients.
Methods: This was a retroprospective cohort study involving patients with linked data in the Kampala cancer registry and medical
records from hospitals in Uganda. Participants with a diagnosis of colorectal adenocarcinoma between 1st January 2008 and 31st
December 2018 were included. Variables included patients’ demographic data, grade, stage and location of CRC, data on whether
a patient was operated on, type of operation, treatment modalities and date of diagnosis. Our outcome variable was time to death after
diagnosis. We computed and compared survival using the Log rank test and used Cox proportional hazards regression to determine
factors associated with survival.
Results: A total of 247 patients were included in the study with a mean (SD) age of 53.3 (15.7) years and a female: male ratio of
1.14:1. The proportions of patients surviving at 1, 2 and 3 years were 65.2% (95% CI: 58.8–70.9), 42.0% (95% CI:35.6–48.3) and
33.3% (95% CI:27.3–39.4) respectively. In multivariate analysis, factors associated with increased mortality included clinical stage II
(aHR = 2.44, 95% CI: 1.10–5.41, p=0.028), stage III (aHR=2.65, 95% CI: 1.31–5.39, p=0.007) and stage IV (aHR=5.47, 95% CI:
2.40–12.48, p<0.001). Curative surgery alone (aHR=0.63, 95% CI: 0.39–1.01, p=0.057) and curative surgery with chemotherapy
(aHR=0.53, 95% CI: 0.32–0.88, p=0.015) were associated with a better survival.
Conclusion: The survival rate among CRC patients in Uganda is low. Advanced stage CRC accelerates mortality, while surgery alone or
in combination with chemotherapy improves survival. Implementation of national screening programmes for early diagnosis of CRC and
increasing surgery and oncology infrastructure is recommended to improve the CRC survival rate in the Ugandan population.
Keywords: colorectal cancer, mortality, overall survival, Uganda

Introduction
Globally, colorectal cancer (CRC) is the second most common cause of cancer-related mortality and there are large
differences reported in survival.1,2 In Sub-Saharan Africa, the CRC survival rate has been found to be less than 8% in
Gambia, 16% in Ghana and less than 30% in Harare, Zimbabwe, and all of these countries are characterized by poorly
developed health care infrastructure and limited availability and accessibility to curative treatments for most patients.3

This contrasts with the 60% survival rate in South Korea, which shows a large variation in CRC survival between
different parts of the world.3 Effective treatment and early diagnosis have been shown in several studies to reduce CRC
mortality.4 Compared to developed countries, in the UK and USA, CRC patients in Uganda mainly present in late stages
with symptoms of pain, hematochezia and/or large bowel obstruction. These findings are similar to those found in other
East African countries.5,6
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This may be due to the lack of understanding of the common symptoms and signs of CRC among the population, lack
of access to colonoscopy to make an early diagnosis and a lack of national screening programmes.7 Over the last three
decades, a decline in the mortality and incidence of CRC has been observed with the implementation of universal
screening in Europe and the United States.8 Screening the population through colonoscopy has also been found by
mathematical modeling to be a highly cost-effective way to combat CRC in Sub-Saharan Africa.9 The early diagnosis
results in curative treatment at an early stage leading to a reduction in mortality from CRC and an improvement in
survival.10,11

Lack of access to surgical treatment, chemotherapy and radiotherapy together with a lack of screening and hence an
early diagnosis may be some of the reasons for the differences reported in CRC survival. However many of these
differences in survival are not entirely understood.17

In East Africa and particularly in Uganda, the relationship of treatment in CRC patients to survival outcome remains
unknown. A good indicator to detect the effectiveness of CRC treatment and early diagnosis in a population is through
the analyses of cancer survival. The objective of this study was to determine the prognostic factors related to the survival
of CRC patients in Uganda. Knowledge of these prognostic factors will guide planning treatment and predicting the
outcome of CRC patients in the population.

Methodology
Study Design & Setting
This was a retroprospective cohort study conducted on colorectal adenocarcinoma participants with data linked to the
Kampala Cancer Registry and/or data from medical records in Masaka Regional Referral Hospital, Mulago National
Referral Hospital, Uganda Martyrs’ Hospital Lubaga, Mengo Hospital and Hospice Africa Uganda. Mulago Hospital is
the National Referral Hospital and the largest hospital dealing with specialised care in the country. Hospice Africa
Uganda provides palliative care for cancer patients in Uganda. All the health facilities that participated in this study are
located in central Uganda and receive patients from all regions of Uganda.

Follow Up of Study Participants
A follow-up period of three (3) years for each study participant was imposed. A patient’s follow-up began at the date of
CRC diagnosis [time zero (t0)] and continued up to the occurrence of:- (i) death, (ii) loss to follow-up or (iii) censoring at
the end of three years. Both passive and active follow-up methods were employed if necessary. The data regarding vital
status were obtained partly from the Kampala cancer registry and partly from clinical case files. Active contact tracing
was carried out in different regions of Uganda, if necessary, by research assistants for those participants who fell outside
the catchment area of the Kampala cancer registry.

For participants in which information on vital status at the closing date was not available, telephone calls or home
visits were carried out. For each participant, vital status was achieved at the closing date to achieve complete follow-up.
A flow diagram illustrating the procedure used for the selection of colorectal adenocarcinoma case participants is shown
in Figure 1.

Study Population and Selection of Participants
The study population included patients with a clinical case file at any of the participating health facilities. Participants
with histologically confirmed colorectal adenocarcinoma linked to data in the Kampala cancer registry and/or clinical
case files in the participating health facilities during the period 1st January 2008 to 31st December 2018 were included in
this study. Patients were excluded if their clinical file missed demographic data, had no clinical data or had multiple
cancers other than colorectal adenocarcinoma.

Sample Size
Based on a study by Band et al, 2018 the 3-year survival was 75%12. Given the absence of data on Uganda, we used this
study to estimate the sample size based on a hazard ratio of 2.0 comparing surgery to no surgery for CRC. A 10% loss to
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follow-up was adjusted for in the sample size. To achieve a hazard ratio (HR) of at least 2.0 based on a 3-year survival
rate, a minimum of 66 events of failure (deaths) were needed to achieve a power of 80%.

Variables and Measurements
The retrieved data included patient demographics (age, sex) and pathological factors such as CRC location, stage and
grade of CRC tumor. On the incidence date the age in completed years was defined as the age at diagnosis. The location
of the colon tumour was right sided if the tumour was situated in the caecum, ascending colon and transverse colon and
left sided if the colon tumour was located in the splenic flexure, descending colon, sigmoid colon, rectosigmoid colon and
rectum. CRC tumors located <15cm from the anal verge connected to the mesorectal fascia or beneath the imaginary line
of the promontorium were classified as rectal tumors. Rectosigmoid tumors were located 15cm from the anal verge at the
junction of the rectum and sigmoid colon. Tumors >15cm from the anal verge were classified as sigmoid tumors. The
radiological staging system was used to stage CRC and the TNM stage was scored on the date of diagnosis according to
the American Joint Committee on Cancer (AJCC) edition 2017.13

Figure 1 Colorectal cancer patients’ selection flow chart for the study.
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The diagnosis was confirmed to be invasive adenocarcinoma of the colon or rectum on H&E slide examination and
the histological grade of CRC was determined using the WHO classification system: well differentiated (G1), moderately
differentiated (G2) or poorly differentiated (G3).14,15

Since the treatment of participants was by different healthcare professionals and in different hospitals it was not
standardized. Treatment factors included whether they had surgery and the type of surgery (right or left sided colon
cancer surgery or rectal cancer surgery) and/or chemotherapy and radiotherapy.

Right-sided colon operations were defined by location of tumour (caecum, ascending colon, hepatic flexure and
proximal transverse colon) and involved curative right hemicolectomy and curative extended right hemicolectomy. Left-
sided colon operations were defined by the location of the tumour (distal transverse colon, splenic flexure, descending
colon and sigmoid colon) and involved curative left hemicolectomy and curative sigmoid colectomy. Rectal tumour
operations involved curative low anterior resections and curative abdomino-perineal resections. Palliative colostomy was
given to some patients who had unresectable tumours.

Statistical Analysis
We summarised patient characteristics by medians (interquartile range) or means (standard deviation) for continuous
variables depending on the distribution and percentages for categorical variables. We calculated and plotted survival
using Kaplan-Meier methods and compared the overall survival using the Log rank test. Cox proportional hazards
(PH) regression models were used to determine the hazard ratio (HR) for the factors associated with survival.
Variables were assessed for collinearity before multivariable model building. Multivariate analysis involved
a stepwise approach where variables with a p value of ≤ 0.2 at bivariate were included and dropped after turning
out with a p>0.05 at multivariable model building. Further variables highlighted in the literature to have an effect on
survival, in particular age and sex, were included even when they failed to meet the multivariable inclusion criteria.
The proportion hazards (PH) assumption was evaluated for each variable included in the final model. All the data
was analysed using STATA version 14.0.65 In all statistical tests a p-value of less than 0.05 was considered
statistically significant.

Results
A total of 247 patients diagnosed with colorectal adenocarcinoma between January 2008 and December 2018 met the
inclusion criteria for this study (Figure 1). There were 132 (53.4%) females and the mean (standard deviation (SD)) age
of the patients was 53.3 (15.7) years with the majority (49.4%) of them in the 50–74 year age group. The female to male
ratio was 1.14:1. More than half of the total patients (55.8%) were diagnosed with stage III CRC, while 13.2% were
diagnosed with stage IV CRC at presentation. A small proportion of patients (14.2%) presented with early stage I CRC.

The majority of patients were diagnosed with T3 (45.3%), N1 (44.7%) and 57.7% were moderately differentiated.
Other demographic, baseline pathological and clinical characteristics are described in Table 1.

Location of Primary Tumour
Among the anatomic sites involved, the rectum was the primary cancer site involved in 122 (49.4%) patients while
tumours were found in the sigmoid colon in 61 (24.7%) patients. Table 2 summarises the location of the primary
colorectal tumours.

Distribution of T (Depth of Tumor) Stage and N (Lymph Node Involvement) Stage
The distribution of T stage was not statistically significant for left-sided colon tumours compared to right-sided colon
tumours (Table 3). The distribution of N stage was not statistically significant for left-sided colon tumors compared to
right-sided colon tumours. The distribution of the grade was also not statistically significant for left-sided colon tumours
compared to right-sided colon tumours.
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Comparison of Topography for Different Stages of Colorectal Carcinoma
Table 4 shows that for stages I, III and IV disease, mortality among right-sided colon cancer was high compared to left-
sided colon cancer (HR: 3.38; 1.09; 3.87); however, this did not reach statistical significance. For stage II disease,

Table 1 Baseline Characteristics of Study Participants

Characteristic Colon n(%) Rectal n(%) Total n(%)

Sex

Male 59 (47.2) 56 (45.9) 115 (46.6)

Female 66 (52.8) 66 (54.1) 132 (53.4)

Age

Median (interquartile range (IQR)) 56 (42–65) 52 (40–64) 54 (42–65)

Topography

Right ccolon 39 (15.8)

Left colon 86 (34.8)

Rectum 122 (49.4)

Clinical Stage

I 13 (10.4) 14 (11.5) 27 (10.9)

II 19 (15.2) 13 (10.7) 32 (13.0)

III 60 (48.0) 46 (37.7) 106 (42.9)

IV 11 (8.8) 14 (11.5) 25 (10.1)

Tumor Ssize

T1 7 (6.8) 10 (11.5) 17 (9.0)

T2 18 (17.5) 17 (19.5) 35 (18.4)

T3 54 (52.4) 32 (36.8) 86 (45.3)

T4 24 (23.3) 28 (32.2) 52 (27.4)

Lymph Node Involvement

N0 34 (33.0) 29 (33.3) 63 (33.2)

N1 47 (45.6) 38 (43.7) 85 (44.7)

N2+N3 22 (21.4) 20 (23.0) 42 (22.1)

Metastasis

M0 92 (89.3) 73 (83.9) 165 (86.8)

M1 11 (10.7) 14 (16.1) 25 (13.2)

Grading of the CRC

Well Differentiated aAadenocarcinoma 29 (31.5) 34 (31.2) 63 (31.3)

Moderately Differentiated aAadenocarcinoma 53 (57.6) 63 (57.8) 116 (57.7)

Poorly Differentiated aAadenocarcinoma 10 (10.9) 12 (11.0) 22 (11.0)
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mortality among right-sided colon cancer was low compared to left-sided colon cancer (HR: 0.57); however, this did not
reach statistical significance.

Types of Treatment
Among the 247 CRC patients, 177 (71.7%) had curative surgical resection only, 7 (2.8%) had a palliative colostomy and
63 (25.5%) had no curative colon or rectal cancer surgery. Overall 65 (26.3%) patients received a combination of curative
surgery and adjuvant chemotherapy and only 3 patients received radiotherapy after rectal cancer surgery. Of the 177
patients who underwent curative surgery, 63 (35.6%) underwent curative left-sided colon resections whilst 32 (18.1%)
had curative right-sided colon resections, and 82 (46.3%) underwent curative rectal cancer surgery.

Table 2 Location of Primary Colorectal Tumour

CRC Location Frequency Percent (%)

Caecum 11 4.5

Ascending colon 21 8.5

Transverse colon 7 2.8

Descending colon 18 7.3

Sigmoid colon 61 24.7

Rectosigmoid junction 7 2.8

Rectum 122 49.4

Table 3 Distribution of Radiological and Pathological Characteristics of Left Sided and Right Sided Colon Cancers

Characteristics Categories Right Sided Colon Cancer
(%)

Left Sided Colon Cancer
(%)

P-value

Tumor Depth T1 4 (57.1) 3 (42.9) 0.312

T2 4 (22.2) 14 (77.8)

T3 15 (27.8) 39 (72.2)

T4 9 (37.5) 15 (62.5)

Lymph Node
Involvement

N0 11 (32.4) 23 (67.6) 0.962

N1 14 (29.8) 33 (70.2)

N2+N3 7 (31.8) 15 (68.2)

Metastasis M0 29 (31.5) 63 (68.5) 0.773

M1 3 (27.2) 8 (72.7)

Grade Well differentiated 7 (24.1) 22 (75.9) 0.308

Moderately differentiated 16 (30.2) 37 (69.8)

Poorly differentiated 5 (50.0) 5 (50.0)
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Type of Operation
For stages I and II, left-sided colon operations had a higher risk of mortality than right-sided colon operations; however,
this did not reach statistical significance (Stage II: HR=1.65). For stage III and stage IV, left-sided colon operations had
a lower risk of mortality than right-sided colon operations; however, this did not reach statistical significance (Stage III
HR=0.74; Stage IV HR=0.58).

For stage II, colon operations had a higher mortality than rectal operations however this did not reach statistical
significance (HR=1.91). For stages I, III, IV and missing stage, colon operations had a lower mortality than rectal
operations; however, this did not reach statistical significance (Stage I:HR=0.31; Stage III: HR=0.78; Stage IV:HR=0.32;
Missing stage: HR=0.92).

Overall Survival
Figure 2 shows that the 3-year overall survival after diagnosis was 33.3% (95% CI, 27.3–39.4). Table 5 indicates overall
survival estimates at 1, 2 and 3 years for selected baseline variables; the proportion of males surviving at 3 years was
32.3% (95% CI, 23.6–41.2%) and was not statistically significant from that of females (34.1% (95% CI: 25.9–42.5%)).

Table 4 Comparison of Mortality Risk for Topography and Type of Operation by Stage

Risk Set HR 95% CI p-value

Mortality Risk by Topography

Stage I Left sided colon cancer 1.00
Right sided colon cancer 3.38 0.31–37.5 0.321

II Left sided colon cancer 1.00

Right sSided colon cancer 0.57 0.12–2.65 0.473
III Left sSided colon cancer 1.00

Right sided colon cancer 1.09 0 0.56–2.13 0.799
IV Left sided colon cancer 1.00

Right sided colon cancer 3.87 0.77–19.47 0.101

Mortality Risk by Type of Colon Operations

Stage I Right sided colon operations 1.00
Left sided colon operations 3.38

II Right sided colon operations 1.00
Left sided colon operations 1.65 0.35–7.72 0.524

III Right sided colon operations 1.00

Left sided colon operations 0.74 0.35–1.57 0.428
IV Right sided colon operations 1.00

Left sided colon operations 0.58 0.08–4.26 0.59

Mortality Risk by Colon Compared to Rectal Operations

Stage I Rectal Operations 1.00
Left or Right Colon

operations

0.31 0.03–2.99 0.311

II Rectal Operations 1.00
Left or Right Colon

operations

1.91 0.70–5.18 0.205

III Rectal Operations 1.00
Left or Right Colon

operations

0.78 0.46–1.35 0.375

IV Rectal Operations 1.00

Left or Right Colon

operations

0.32 0.05–1.95 0.217
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The 3-year survival proportions were 31.3% (95% CI 22.2–40.8%), 35.6% (95% CI, 26.9–44.3%) and 29.9% (95% CI,
13.4–48.5%) for patients who were diagnosed with CRC at <49 years, 50–74 years and >75 years respectively.

As illustrated by Table 5 and Figure 3, patients with higher clinical stage at baseline had lower 3-year overall survival
than those with stage I disease.

Factors Associated with the Survival of Colorectal Adenocarcinoma Patients
Table 6 indicates that in the bivariate analysis, patients with stage II, III and IV disease were 2.27 (95% CI, 1.03–5.00),
2.54 (95% CI, 1.27–5.09) and 5.67 (95% CI, 2.61–12.31) times more likely to die than patients with stage I disease. The
risk of death was 1.67 (95% CI, 1.09–2.56) times higher among patients with N1 disease and 1.90 (95% CI, 1.16–3.12)
times higher among patients with N2 or N3 lymph node involvement. Patients with metastasis (M1) were associated with
a mortality risk of 2.64 (95% CI, 1.67–4.18) times compared to those with no metastasis (M0). Age, sex, grade,
topography and type of surgery were not associated with mortality in the bivariate analysis.

In the multivariate analysis, stage II (aHR=2.38, 95% CI, 1.08–5.26), stage III (aHR=2.62, 95% CI, 1.30–5.30) and
stage IV (aHR=2.26–11.52) were significantly associated with the risk of mortality. However, curative surgery alone
(aHR=0.64, 95% CI, 0.43–0.95) and curative surgery with chemotherapy (aHR=0.54, 95% CI, 0.34–0.86) were
significantly associated with a reduction in the risk of mortality.

Figure 4 shows that for surgery, the one-year survival was 65.5%, the two-year survival was 46.5% and the 3-year survival
was 41.0%. For no surgery, the one-year survival was 62.5%, the two-year survival was 27.0% and the 3-year survival was
10.1%. Surgery had a better overall survival than no curative surgery and this reached statistical significance (p=0.0003).

Figure 5 shows that for surgery and chemotherapy the one-year survival was 32.7%, the two-year survival was 54.6%
and the three-year survival was 57.7%. Surgery followed by chemotherapy had a better overall survival than no surgery
and chemotherapy, and this reached statistical significance (p=0.004).

Discussion
Over the past decade, there has been an improvement in the survival rates of colorectal carcinoma patients globally,
particularly due to more effective treatments and early detection of CRC.16 However, in low-income developing

Figure 2 3-year overall colorectal cancer survival.
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Table 5 Survival Estimates at 1, 2 and 3 Years for Selected Baseline Characteristics

Characteristic (s) Time Point Number
Beginning

Number
Dead

Proportion Surviving
(%)

95% Confidence
Interval

Overall 1 year 150 83 65.2 58.8–70.9

2 years 97 53 42.0 35.6–48.3

3 years 76 20 33.3 27.3–39.4

Male 1 year 70 38 65.5 55.7–73.6

2 years 42 28 38.9 29.7–48.0

3 years 34 7 32.3 23.6–41.2

Female 1 year 81 45 65.0 56.0 −72.6

2 years 56 25 44.7 35.8–53.1

3 years 42 13 34.1 25.9–42.5

≤Median Age (54.0) 1 year 75 51 59.9 50.8–67.8

2 years 45 30 35.6 27.3–44.0

3 years 36 8 29.1 21.4–37.3

Above Median Age (>54.0) 1 year 76 32 71.3 61.9–78.8

2 years 53 23 49.4 39.7–58.5

3 years 40 12 38.0 28.9–47.1

Stage I 1 year 21 4 84.7 64.0–94.0

2 years 19 2 76.2 54.3–88.6

3 years 15 3 63.5 41.4–79.2

Stage II 1 year 25 7 77.9 59.1–88.8

2 years 13 12 38.9 22.2–55.4

3 years 11 1 35.7 19.6–52.2

Stage III 1 year 66 38 63.5 53.4–71.9

2 years 44 22 42.0 32.4–51.3

3 years 32 11 31.2 22.6–40.3

Stage IV 1 year 10 15 38.4 19.7–56.9

2 years 4 6 12.8 3.2–29.2

3 years 1 2 4.3 0.3–17.9

Palliative Surgery 1 year 6 1 83.3 27.3–97.5

2 years 5 1 66.7 19.5–90.4

3 years 3 1 50.0 11.1–80.4

Curative Surgery Aalone 1 year 69 39 65 55.3–73.1

2 years 50 18 47.5 37.8–56.6

3 years 42 7 40.7 31.3–49.9

(Continued)
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countries in East Africa, CRC is still a significant cause of mortality. The current work investigated the survival rate and
predictors of survival among CRC patients in Uganda.

In our study, the survival rate among CRC patients was low. At 3 years after diagnosis, only one- third of patients
survived, and survival was independently associated with the clinical stage of cancer at diagnosis as well as cancer
treatment. High clinical stage at diagnosis was associated with an elevated risk of mortality, whereas curative surgery or
curative surgery in combination with chemotherapy was associated with a reduced risk of mortality.

The rate of survival of 33.3% observed in our study is comparable to the low survival rates found in other studies
from low-income developing countries in Sub-Saharan Africa. The three-year survival rates in Ghana were found to be
21% (10), those in Kenya 40%17 and those in Ethiopia were 47%.18 These three-year survival rates in Sub-Saharan
Africa are lower than those from studies conducted in England (3-year survival for colon carcinoma: 69.5%; 3-year
survival for rectal carcinoma: 69.7%),19 Taiwan (79.4%),20 Malaysia (55.04%),21 Kurdistan (57%),22 Jordan (66%)23 and
Northern Iran (52%).24 The survival rates of CRC in high-income developed countries such as the United States, parts of
Europe, Canada, Australia and New Zealand are better than ours,1 even though these countries report higher CRC

Table 5 (Continued).

Characteristic (s) Time Point Number
Beginning

Number
Dead

Proportion Surviving
(%)

95% Confidence
Interval

No Surgery and No

Chemotherapy

1 year 28 21 57.2 42.2–69.7

2 years 14 14 27.6 15.8–40.6

3 years 5 8 10.6 3.9–21.2

Curative Surgery + Chemotherapy 1 year 41 20 66.8 53.4–77.2

2 years 28 13 45.1 32.3–57.1

3 years 25 2 41.8 29.3–53.8

Figure 3 3-year colorectal cancer survival by stage.
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Table 6 Factors Associated with the Risk of Mortality Among CRC Patients in Uganda

Characteristic (s) Category Crude Hazard Ratio (cHR) 95% CI p-value Adjusted Hazard Ratio (aHR) 95% CI p-value

Sex Male 1.00 1.00

Female 0.99 0.72–1.35 0.928 1.03 0.72–1.49 0.858
Age ≤54 1.00 1.00 0.99–1.01 0.634

>54 0.74 0.54–1.01 0.061 0.76 0.53–1.10 0.152

Clinical Stage I 1.00 1.00
II 2.30 1.04–5.04 0.039 2.44 1.10–5.41 0.028

III 2.56 1.28–5.14 0.008 2.65 1.31–5.39 0.007

IV 5.85 2.69–12.74 <0.001 5.47 2.40–12.48 <0.001
Grade* Well Differentiated 1.00

Moderately Differentiated 0.78 0.53–1.14 0.194

Poorly Differentiated 0.81 0.44–1.48 0.499
Depth of Tumor Invasion* T1 1.00

T2 1.09 0.44–2.69 0.855

T3 2.00 0.91–4.39 0.085
T4 3.84 1.73–8.54 0.001

Lymph Node Involvement* N0 1.00

N1 1.67 1.09–2.56 0.020
N2+N3 1.90 1.16–3.12 0.011

Metastasis* M0 1.00

M1 2.64 1.67–4.18 <0.001
Topography Rectum 1.00

Right colon 0.88 0.56–1.39 0.581

Left colon 0.80 0.56–1.14 0.210
Type of Surgery Right-sided colon operations 1.00

Left-Sided colon operations 0.83 0.47–1.47 0.529

All rectal operations 1.00
All colon operations 0.94 0.63–1.39 0.752

Treatment Combinations No curative surgery or chemotherapy 1.00 1.00

Curative Surgery + chemotherapy 0.54 0.35–0.84 0.006 0.53 0.32–0.88 0.015
Chemotherapy alone 1.00 0.50–1.99 0.998 0.69 0.32–1.50 0.352

Curative Surgery alone 0.55 0.37–0.81 0.003 0.63 0.39–1.01 0.057

Notes: *Variable not included in multivariate model because of collinearity.
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Figure 4 Kaplan-Meier estimates of curative surgery alone, which has better survival rates than no surgery.

Figure 5 Kaplan-Meier estimates showing better survival rates with curative surgery and chemotherapy.
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incidence rates. The effectiveness of colorectal cancer screening programmes, lack of modernised infrastructure for CRC
care and lack of curative treatment may account for the disparities in the survival rates among low income developing
countries and high income developed countries.

Possible reasons behind the poor survival rates in low income developing countries may also include low socio-
economic circumstances, delayed individual health seeking behaviour, inadequacies and limitations in health systems and
a lack of prioritisation for non-communicable diseases.25 Specifically there is a lack of capacity to perform effective
screening to detect early CRC as well as a lack of diagnostic services such as colonoscopy and treatment facilities.
However, there are several prognostic factors that may influence patient survival.

Age
In our study, age was not identified as a prognostic factor influencing survival. This is consistent with the results from
other studies in Africa and Asia.10,26–29 Other recent studies have shown conflicting results and report poorer survival
with older age as a prognostic factor.30–34 The median age in this study was 54 years. This median age was comparable to
that reported in South African studies.35,36 However, in developed Western countries in the UK, the median age is 73
years and in the US, it is 70 years. In the US, 17.4% of CRC patients were diagnosed under the age of 54 years, while in
the UK, only 16% of CRC patients had a diagnosis under 60 years of age.37,38 Therefore, the high rate of patients
diagnosed with CRC under 50 years and the lower median age reported in Uganda resulted in age not being a prognostic
factor for survival in our study.

Gender
Most studies have shown that sex plays no prognostic role in predicting survival.27,29,33,39 This finding is consistent with
the results of our study. However, some studies have shown contradictory results, where poorer survival was found in
male patients.40–42 The reason may be due to the different proportions of rectal and colon cancer patients involved in
these studies. Other contributing factors include differences in risk behaviours (physical activity and smoking) and
different levels of health awareness.41

Stage of CRC
At diagnosis, the stage of colorectal cancer has been found to influence survival. In our study a poorer survival outcome
was registered in patients who had an advanced stage of CRC at baseline. This finding is in agreement with many studies
that showed poorer survival associated with an advanced tumor stage.10,25,29,43 For the stage of colorectal carcinoma, the
three-year survival rates in Ethiopia have been found to vary from 89.6% for stage I and 60.8% for stage II localized
cancers. In the same study, stage III regional cancers had a 3-year survival rate of 44.5%, and distant metastatic colorectal
carcinomas (stage IV) had a poorer survival rate at 20.9%. In our study, based on TNM staging, the overall survival was
found to be 63.5% for stage I, 35.7% for stage II, 31.2% for stage III and 4.3% for stage IV. Using the Log rank test, we
found a statistically significant difference in survival at bivariate and multivariate analyses among all the different CRC
stages (p<0.05).

For early stage disease the survival rate was high despite all the limitations in health service delivery. This implies
that making an early diagnosis is crucial to improve survival. Therefore, the lack of national screening programmes, lack
of public health education regarding the prevention of CRC and lack of diagnostic techniques for efficient early diagnosis
may be the reasons behind the low survival rates seen in this study. The majority of our participants, presented with stage
III and stage IV disease. This stage was not revised at the time of death, so most patients with stage III advanced to stage
IV disease. In this context, the staging of CRC mostly involved plain chest X-ray and ultrasound scanning, with some
having a CT abdomen/pelvis. In low-resource environments such as ours, especially in rural parts of Uganda, CT
scanning is largely inaccessible for many patients. Therefore, the CRC stage at diagnosis was likely to be underassessed
with inadequately high precision staging capacity. Another reason for under assessing the CRC TNM stage in this study
is that the stage recorded in our study was radiological at diagnosis and not pathological. Therefore, this underassessment
in staging the colorectal tumours may also explain the lower survival observed for stage I CRC patients following
curative surgery in our patient cohort.
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Characteristics of CRC
Among the characteristics of the tumor, the presence of lymph node involvement and the size of the primary tumor were
linked to survival outcome in bivariate analysis. In this study, the presence of four or more lymph node metastases (N2)
together with tumors extending to the outer layer of the bowel wall was associated with a poorer survival outcome. The
presence of distant metastasis and hence stage IV colorectal carcinoma was also linked to a poor survival. However, the
grade of colorectal adenocarcinoma differentiation did not influence survival. These findings, which are in agreement
with several other reports, highlight the importance of TNM staging of the tumour as this has a significant impact on
patient survival.10,44–46

Location of CRC
In contrast to other studies that have shown poorer survival rates for right-sided colon cancers, the findings of our study
did not identify any differences in survival rates between the left colon and right colon.29,50,51 In a combined analysis of
patients in stages I, II or III, we did not find any difference in survival rates across the different colon sites. The right
colon did not have a worse prognosis than the left colon in stage III colon cancer. Stage III colon cancer did not have
a worse prognosis than stage II colon cancer in the right colon. Many studies in the West have shown that left-sided colon
tumors mainly present with early-stage CRC compared to right-sided colon tumors, which has resulted in the prognoses
being different according to the CRC location (50). These same studies have shown that right-sided colon tumors present
at an advanced stage compared to left-sided colon tumors.52–54 However, a study by Lim et al, showed that although
T stage was not different between left-sided and right-sided colon carcinoma, the N stage was significantly higher in right
sided colon carcinoma.55 These studies have shown that right-sided colon carcinoma tends to be more poorly differ-
entiated, microsatellite instability positive and mucinous histologically associated with a poor prognosis than left-sided
colon carcinoma.55–57 However, our study did not find any difference in grade and stage between the left colon and the
right colonic tumours, which possibly explains the lack of difference in survival between the locations of colon tumours.

Our study and other studies from Sub-Saharan Africa have shown that rectal adenocarcinoma is more common in
contrast to high income developed countries in which 65% are colonic tumors.66 This may probably be due to lack of
screening programmes as rectal tumors tend to more commonly present with symptoms and signs such as rectal bleeding,
rectal pain and changes in bowel habit. Compared to colon adenocarcinoma there is a distinct molecular landscape
associated with rectal adenocarcinoma.67

Type of Operation and Treatment Modalities
In the absence of extensive metastases, surgery is considered the principal treatment for colorectal carcinoma.47

Generally, colon cancer patients in stage I received surgery only, whereas selected cases of stage II, all stage III and
selected cases of stage IV colon cancers received surgery combined with chemotherapy. Stage I rectal cancers received
surgery only, while for stage II, III and IV rectal cancers, treatment was surgery combined with postoperative
chemotherapy and radiotherapy. Neoadjuvant chemoradiotherapy was not administered to any of the stage II or stage
III rectal cancer patients and only a small number of rectal cancer patients received postoperative radiotherapy as these
services are often lacking in Uganda. This may impact outcomes considering that radiotherapy has been found in many
studies to reduce rectal tumor recurrence following curative resection. However, the impact on outcomes of this treatment
modality could not be assessed in our study.

Our findings are in keeping with the results of other studies that found no significant differences in oncological
outcome and survival following left versus right-sided curative colon resections.60 Therefore, tumour location is not an
independent factor influencing prognosis following surgical treatment of colon carcinoma in our population. Advanced
T stage, node positivity and poor histological grade were not independent prognostic variables influencing survival.
However, our study showed that survival did improve with curative surgical resection among either colon or rectal cancer
patients even though a large proportion of patients in our sample presented with advanced stages of CRC.

In contrast with reports from the SEER database in the US, our study showed no difference in survival following
colon cancer surgery compared to rectal cancer surgery. According to the SEER database (1995–2008), for stage IIB,
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colon cancer however had a better outcome than rectal cancer.48 Rectal cancer patients had a longer survival than colon
cancer patients for advanced stages IIIC and IV.48,49 The disparity in survival may be explained by differences in blood
supply direction and hence metastasis or different underlying genetic factors. Therefore when considering prognosis,
local factors are as important as lymph node metastasis.48,49 However in our study, the late stage presentations in both
colon and rectal cancer patients with no difference in grade and lymph node involvement possibly explains the lack of
difference in survival seen after surgery for colon cancer compared to rectal cancer in our population.

The total number of lymph nodes harvested from a right-sided colon tumour at surgery was found to be higher than
that harvested from left-sided colon tumours. In right hemicolectomy and extended right hemicolectomy, the field of
resection is wider compared to that in left hemicolectomy or anterior resection. This results in a higher rate of lymph
node positivity for CRC. Therefore, right-sided colon carcinoma has been associated with a poorer prognosis in studies
from the West especially for stage III colon cancers compared to left-sided colon tumours.56–59 However our study did
not show poorer survival following curative surgery even with stage III right-sided colon cancers possibly due to the
majority of both right-sided and left-sided colon cancers presenting in advanced stages with no significant difference in
the tumor grade and lymph node involvement of the location of colon cancer.

The present study unequivocally demonstrated the benefit of curative surgery alone and also when combined with
chemotherapy in stage II and stage III in the management of colon and rectum adenocarcinoma patients in Uganda. Our
findings demonstrate that surgery followed by chemotherapy in stage II, III and IV colon and rectal cancer is crucial in
addressing the increasing burden from colorectal carcinoma in Uganda. Therefore, curative surgical resection followed
by chemotherapy, if necessary, should be advocated in low-income developing countries because it benefits survival. In
Uganda, the incidence of CRC is lower than that in high-income developed countries; however, it is increasing, and the
mortality rates are just as high due to differences in early diagnosis and treatment.1 The surgery and oncology capacity
for cancer care in Uganda and other low-income developing countries in Sub-Saharan Africa is very limited.61 Therefore,
many CRC patients will benefit from better access to surgery and oncology care, especially in the rural parts of
Uganda.62,63 Survival is improved if and when curative surgery is available and is also improved when combined with
adjuvant chemotherapy if necessary in colorectal carcinoma patients.

The majority of hospitals that participated in our study are referral centres for endoscopy and surgery services in
Uganda. The survival outcomes seen in these hospitals emphasize the need for increasing endoscopy, surgery and
oncology services in the country. Colonoscopy services are limited in rural hospitals in Uganda and Sub-Saharan Africa,9

and national screening guidelines for CRC in Uganda are currently not available. Although the majority of the hospitals
in our study have endoscopy services there is a limitation on the uptake of preventive screening. The majority of patients
tend to present with symptoms of CRC and therefore experience a long delay before attending hospital resulting in
a presentation at a late stage when diagnosed. An improvement in survival will be experienced if these CRC patients
have an earlier diagnosis and treatment.64

A substantial number of patients in this study did not undergo any surgery and only a few had a palliative colostomy,
which may possibly be due to avoidance of a colostomy, referral for preoperative chemotherapy and radiotherapy but not
returning for the operation due to the high costs of the operation involved. The creation of support groups and
improvement in the coordination of CRC care by expanding the surgery and oncology infrastructure may be beneficial
in Uganda and other low-income developing countries in Sub-Saharan Africa to help patients navigate around the
difficulties of accessing appropriate treatment.

Conclusions
The survival rate for colorectal cancer patients in Uganda is generally within the range of other Sub-Saharan African
countries but lower than that of high-income developed countries. More than half of our study population presented with
advanced stage III and IV CRC, having a poorer survival than early-stage CRC. Clinical prognostic factors having an
impact on colorectal cancer patient survival in Uganda included staging at diagnosis and treatment modalities, particu-
larly in the form of curative surgery alone and curative surgery with chemotherapy. Providing more public health
education, especially among the rural and low socioeconomic communities, may increase awareness to present early to
hospital with symptoms and signs of colorectal cancer. Future implementation of a national screening programme for
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colorectal cancer is also recommended to make an early diagnosis of CRC and hence to improve the national survival
rate of CRC in the Ugandan population. Molecular studies should be carried out to identify potential molecular markers
in CRC that could influence prognosis and subsequently improve treatment in the Ugandan population.

Study Strengths and Limitations
Our study has the largest number of patients, mainly from referral hospitals in central Uganda, who receive CRC patients
from different regions of the country. Therefore, our results can be generalised for all the country. Another strength of
this study is the focus on an understudied CRC population in Uganda.

Several limitations were encountered in our study. Compared to high-income countries, difficulty was encountered in
obtaining complete data from the medical records retrospectively. Selection bias could have possibly been introduced
during the collection of secondary data from the Kampala Cancer Registry, as patients with no clinical data or missing
demographic clinical data were excluded. However, our data was complete enough to contribute to understanding the
predictors of survival of colorectal adenocarcinoma patients in Uganda despite this limitation.

In our setting, loss to follow-up of CRC patients from the surgery and oncology outpatient departments is a common
problem. This was overcome with active follow-up of these patients by telephone calls and home visits in the community
in different regions of Uganda. The loss to follow-up in this study was 6.07%, which was less than the 10% loss to
follow-up, which was taken into account when estimating the sample size.

A major limitation involved data being collected from the different hospitals, and surgical treatment was not
standardised. Underestimating the stage was also another limitation as it was radiological and not pathological and
some cases were not staged no CT scan but by ultrasound. Since the lymph node assessment in this study was
radiological and not pathological, this could have underestimated the extent of lymph node involvement during surgery,
hence influencing oncological outcome between the different surgical operations.

It would seem to be more appropriate to count the start of the survival time from the date of onset of colorectal cancer
in the study participants. However, the date of histopathological diagnosis was used hence a time lag between the time
the patients presented with symptoms and signs of CRC and a diagnosis being made may be long. This may have
underestimated our overall survival rate. A significant proportion of our patients could have also died of causes unrelated
to colorectal cancer, as postmortems were not carried out. Therefore, there could also have been underreporting of deaths
leading to an overestimated survival rate.
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