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Background: Globally, the incidence and mortality due to esophageal cancer are
increasing, particularly in low- and middle-income countries. Cancer of the esophagus
is the eighth in incidence and seventh in cancer mortality in Ethiopia. A few studies have
shown an increasing burden, however, little is known about the survival pattern and its
determinants among esophageal cancer patients in Ethiopia. Therefore, we assessed the
survival pattern and its determinants among esophageal cancer patients.

Methods: We conducted a retrospective cohort study among 349 esophageal cancer
patients who were diagnosed at or referred to Tikur Anbessa Specialized Hospital, Ethiopia
from January 2010 to May 2017. Using an abstraction form, nurses who were working at
the oncology department extracted the data from patient charts. To estimate and compare
the probability of survival among covariate categories, we performed a Kaplan–Meier
survival analysis with the log-rank test. To identify the prognostic determinants of survival,
we performed a multivariable Cox proportional regression analysis.

Results: The median follow-up time was 32 months with interquartile range of 15 to 42.
Overall, the median survival time after diagnosis with esophageal cancer was 4 months
with one-, two- and three-year survival of 14.4, 6.3, and 2.4% respectively. In the
multivariable Cox proportional hazards model, receiving chemotherapy [Adjusted
Hazard Ratio (AHR)=0.36, 95%CI: 0.27–0.49], radiotherapy [AHR=0.38, 95%CI: 0.23–
0.63] and surgery [AHR=0.70, 95%CI: 0.54–0.89] were statistically significant.

Conclusions: In Ethiopia, esophageal cancer patients have a very low one-, two- and
three-year survival. Despite a very low overall survival, patients who received either
chemotherapy, radiotherapy or surgery showed a better survival compared with those
who did not receive any treatment. Hence, it is essential to improve the survival of patients
with esophageal cancer through early detection and timely initiation of the available
treatment options.
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INTRODUCTION

Cancer is the second leading cause of morbidity and premature
mortality globally, with an estimated 24.5 million new cancer
cases and 9.6 million deaths in 2017 (1). Esophageal cancer is
ranked ninth in incidence and sixth in cause of cancer deaths in
both sexes worldwide, with over a million new cases and 508,585
new deaths in 2018 alone (2).

In the past, non-communicable diseases (NCDs), particularly
cancer, were considered as a disease of high-income countries,
but recent evidence indicates that it is an important public health
issue in low- and middle-income countries (LMICs). A change in
lifestyle including sedentary behavior and unhealthy dietary
habit, urbanization, cultural transition, and an increase in life
expectancy in LMICs might be the possible reason for an
increasing incidence (3–5). The largest increase in the
incidence of cancer from 2007 to 2017 was observed in
middle-income countries (1). By 2030, the cancer burden in
sub-Saharan Africa is expected to increase by 85% (6). Similarly,
in Ethiopia, the burden of NCDs including cancer is rising. In
2018, with 1,752 estimated new cases, cancer of the esophagus
was the eighth most incident and the seventh leading cause of
mortality (7, 8). Areas in the African rift valley, particularly Arsi
and Bale regions of Ethiopia, Western Kenya, Northern Tanzania
and Malawi, are the known hot spots of esophageal cancer (9).

The availability of advanced diagnostic services and early
treatment options improve the survival rate in high-income
countries. In contrast, in LMICs including Ethiopia the cancer
prognosis is very poor, which could be attributable to lack of
diagnostic equipment, limited treatment options, and patients
visit healthcare at advanced stages (10–13). Hence, the mortality
due to cancer, principally cancer of the esophagus is
disproportionately higher in LMICs than in high-income
countries (14). More than two-third of all cancer deaths
happen in LMICs (15).

Esophageal cancer is often associated with an unfavorable
prognosis worldwide, with five-year survival ranging from 4 to
40% (14). It is essential to estimate the average survival rate to
evaluate and monitor the quality and effectiveness of care
provided to cancer patients. However, little is known about the
care and management given as well as the survival of patients
with cancer in Ethiopia. Although a few studies have been
conducted describing the disease burden, little is known on the
prognosis of esophageal cancer. Assessment of survival has
practical implications for healthcare providers and patients to
understand the prognosis over time and for decision making on
better treatment options. Thus, this study assessed the overall
survival rate and identified its determinants among esophageal
cancer patients in Ethiopia.
METHODS AND MATERIALS

Study Setting and Period
This study was conducted at one of the tertiary level hospitals
with a cancer diagnostic and treatment facility in Ethiopia named
Tikur Anbessa Specialized Hospital (TASH). Under the TASH,
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the Addis Ababa Population-Based Cancer Registry (AAPBCR)
was established in 2011, which serves a catchment population of
more than four million inhabitants. The main sources of cases
for the registry are pathology centers, hospitals, and higher
diagnostic clinics. The time of diagnosis with esophageal
cancer was taken as the starting point for follow-up, while the
date of death, loss to follow-up, last contact or the end of follow-
up time (May 31, 2017) was the end point of the study.

Study Design and Participants
We conducted a retrospective cohort study among all esophageal
cancer patients registered in TASH who were diagnosed or
referred from January 1, 2010 to May 31, 2017. The inclusion
criteria were all clinically and pathologically confirmed
esophageal cancer cases by oncologist. We excluded patient
charts with missing information on both histopathology and
cancer stage reports. Using the medical record number obtained
from the registry, the charts of all esophageal cancer patients
were retrieved. Out of 367 charts retrieved, 18 (4.9%) were
excluded due to unavailability of neither histopathology nor
cancer stage report. Then, we extracted information from 349
patient charts and included them in the analysis.

Data Collection Procedures
After reviewing literature and consulting experts on important
variables, we prepared a data abstraction form considering the
availability of information on patient charts and feasibility to get
via a phone interview. Initially, we identified the charts of all
esophageal cancer patients and retrieved using the medical
registration number. Then, data collectors reviewed baseline
and follow-up patient characteristics including sign and
symptoms, laboratory and imaging results, and pathology report.

To ascertain the main outcome, death, the death certificate
was identified from the TASH cancer registry. When the death
certificate was not available, we did a phone interview with
patients or their attendants. Information that was not available
from the patient chart or medical register was also collected
during the phone interview. In this study, an event was defined as
the death of a patient due to esophageal cancer. Patients who
were lost to follow-up before developing the event, have
incomplete information on the date of death, who died due to
other known causes unrelated to esophageal cancer, who do not
have registered phone numbers and their current status is
unknown, were censored to the last follow-up date. Patients
who survived until the last follow-up date were censored to May
31, 2017. Data collection and facilitation of phone interview was
conducted by trained oncologic nurses who were working at the
oncology center. To improve the data quality, training was given
for data collectors on the aim, materials and methods, and data
collection procedure for two days.

Data Processing and Analysis
After checking for completeness, data were coded and entered into
EpiInfo version 7.1 and exported to R programming version 3.6.1
for further processing and analysis. For categorical variables,
descriptive statistics were computed using frequencies with
percentages and rates, whereas continuous variables were
February 2021 | Volume 10 | Article 594342
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summarized using mean with standard deviation (SD) or median
with interquartile range (IQR). We calculated the overall death
rate from diagnosis to end of follow-up. The variation in overall
survival pattern across covariate categories was presented using
the Kaplan–Meier curve and tested using the log-rank test. A
reverse Kaplan–Meier estimator was used to estimate the median
follow-up time (16). We performed a bivariate Cox proportional
hazards regression model to identify the crude association of
covariates with time to death. Finally, we performed a
multivariable Cox regression for ten variables upon checking for
the assumptions. Significant multicollinearity was detected
between distant metastasis and organ metastasis, then, we
excluded the latter from the final model. P-values less than 0.05
in the multivariable Cox proportional hazards model were
considered as statistically significant. We presented the results
using crude and adjusted Hazard Ratio (HR) with 95% confidence
interval (95%CI).

There were 31 (8.9%), five (1.4%), 80 (22.9%), 12 (3.4%),
and seven (2.0%) missing values for histology type, tumor
location, cancer stage, tobacco use, and family history of
cancer respectively. Under missing data at random (MAR)
assumption, we managed using a multivariate imputation
technique of the ‘mice’ package in R (17). We imputed 100
datasets using variables included to the model and additional
auxiliary variables. The hazard ratios were estimated in each
imputed dataset separately, and combined using Rubin’s rules
(18). Missing observations were imputed for the predictor
variables used in the multivariable Cox regression model.
The outcome variable, death, was not imputed as we analyzed
only participants for whom the outcome was ascertained.
We performed a sensitivity analysis to assess whether the MAR
assumption is valid, and the results were reasonably comparable
(Supplementary Material).

Participant Consent and Ethical Approval
The protocol of this study was approved by the institutional
review board of Addis Ababa University, College of Health
Sciences. Before starting the phone interview, informed
consent was obtained from patients or caretakers. This study is
in compliance with the principles of the declaration of Helsinki.
The confidentiality of patients’ data was kept at each step of data
collection and processing.
RESULTS

Sociodemographic and Behavioral
Characteristics of Patients
The sociodemographic and behavioral characteristics of patients
are summarized in Table 1. The mean age of patients was 51.4
years (SD: 11.9), and 206 (59.0%) were females. More than half
(56.7%) were from the Oromia region and 319 (91.4%) were
married. Sixty-two (17.8%), 18 (5.3%), and 92 (26.4%) had a
history of alcohol intake, smoking and Khat (Catha edulis)
chewing respectively. The prevalence of alcohol consumption
significantly varied across gender, in which 9.2% of females and
Frontiers in Oncology | www.frontiersin.org 3
30.1% of males had a history of alcohol intake (p < 0.001).
Similarly, none of female participants reported tobacco use,
whereas 15.4% of males use tobacco and the difference was
statistically significant (p < 0.001). Moreover, the prevalence of
Khat chewing was significantly higher among males (35.0%) than
females (20.4%) (p = 0.004).

Histologic Types, Anatomic Site,
and Stage of Esophageal Cancer
Out of 349 cases registered, 318 (91.1%) and 57 (16.3%) of
patient charts had histological type of cancer and histologic grade
report, respectively. Among those with histopathology test
results, 287 (90.3%) were squamous cell carcinoma, whereas 31
(9.7%) were adenocarcinoma type. Over half (54.1%) of the cases
had lesions at the lower third of the esophagus, whereas 105
(30.5%) at the middle third. Two hundred sixty nine (77.1%) of
charts had reports of cancer stage at diagnosis, of which 188
(69.9%) and 51 (19.0%), respectively, were stages IV and III at
diagnosis (Table 2).

Treatment Options Given to Patients
Out of 349 patients, 183 (52.1%) were treated with trans-hiatal
esophagectomy surgical procedure, while 112 (31.9%)
transthoracic esophagectomy, and 112 (31.9%) were managed
using feeding gastrostomy. Above one-fourth (25.8%) of them
received chemotherapy, whereas only 26 (7.7%) were treated
with radiotherapy (Table 3).

Survival Time From Diagnosis to Death
The median follow-up time was 32 months with IQR of 15 to 42
months. Three-hundred ten (88.8%) patients died during the
1,932 person-month follow-up period, resulting in an overall
event rate of 160.5 per 1,000 person–months [95%CI: 119.2–
TABLE 1 | Sociodemographic and behavioral characteristics of patients with
esophageal cancer in TASH, Addis Ababa, Ethiopia, 2010–2017 (n = 349).

Variables Frequency Percent

Age (years) (mean/SD) 51.4 11.9
Sex
Male 143 41.0
Female 206 59.0
Marital status
Single 10 2.9
Married 319 91.4
Widowed 14 4.0
Divorced 6 1.7
Residence region
Addis Ababa 54 15.5
Amhara 26 7.4
Oromia 198 56.7
SNNPR 54 15.5
Others¥ 17 4.9
Consume alcohol 62 17.8
Chew Khat 92 26.4
Tobacco use (n = 337) 18 5.3
Has family history of cancer (n = 342) 2 0.6
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320.6]. The overall survival rate was very low with one-, two- and
three-year survival rates of 14.4% [95%CI: 11.0–18.9], 6.3%
[3.9%–10.2], and 2.4% [0.9%–6.0%] respectively, and the
median survival time was 4 months [95%CI: 2–8] (Figure 1).

Variation in Survival Rates Among Groups
of Esophageal Cancer Patients
The rate of survival varied across categories of covariates such as
the stage of cancer, chemotherapy, and radiotherapy treatment
status. The survival varied along with the cancer stage, with lower
stages at diagnosis showing a better survival (log-rank test, p <
0.03). Similarly, patients who received chemotherapy showed a
better overall survival compared with those who did not
(log-rank test p < 0.001). Moreover, the overall survival was
significantly different among patients based on their radiotherapy
treatment status, in which those who received showed a better
Frontiers in Oncology | www.frontiersin.org 4
survival (log-rank test, p < 0.001). No significant variation was
observed on overall survival according to sex and location of the
tumor (p = 0.057). The variation in survival pattern among
covariate categories is presented in Figures 2–4.

Prognostic Determinants of Survival
Among Esophageal Cancer Patients
In the multivariable Cox proportional hazards model, receiving
chemotherapy, radiotherapy, and surgery independently
determine the survival from esophageal cancer. The death rate
decreased by 64% for those patients who received chemotherapy
compared with those who did not (AHR = 0.36, 95%CI: 0.27–
0.49). Similarly, those who were treated with radiotherapy
had 62% lower rate of death than those who did not (AHR =
0.38, 95%CI: 0.23–0.63). The death rate was also 30% lower for
patients who were treated with any type of surgery in comparison
with those who did not (AHR = 0.70, 95%CI: 0.54–0.89).
However, there was no statistically significant interaction
between any of the predictors. Age, baseline hemoglobin, sex,
and histology type were not statistically significant in the
multivariable Cox regression (Table 4).
DISCUSSION

In this study, we highlighted the survival pattern and prognostic
determinants of esophageal cancer among patients who were
diagnosed at or referred to Tikur Anbessa Specialized Hospital.
Such a study has not been reported from Ethiopia to date. We
found that the overall survival after diagnosed with esophageal
cancer was very low. Despite very low overall survival, those who
received either chemotherapy, radiotherapy, or surgery showed a
better survival compared with those who did not.

In Ethiopia, the survival from all types of cancer is relatively
low in comparison with high-income countries. A study by
Beksisa and his colleagues showed a three-year survival of
prostate cancer was estimated to be 38.9% (19). Similarly, a
study from other parts of the country showed a two-year survival
of breast cancer to be 53% (20). Several studies in other parts of
the world indicated esophageal cancer has a poor prognosis in
comparison with other types of cancers (21, 22). Hence, the
survival from esophageal cancer is expected to be worse in
LMICs including Ethiopia.

In our study, the overall one-, two- and three-year survival for
all stages combined was below 15%. This finding is lower than
the rate reported by a study done in Brazil, which showed a 22.8
and 20.2% five-year survival for squamous and adenocarcinoma,
respectively (23). Moreover, in our study the median survival
time after diagnosis was 4 months, which is in line with a study
fromMozambique which reported 3.5 months (24). On the other
hand, a study in Cameroon and Tanzania reported a relatively
higher median survival of 6.7 and 6.9 months respectively (25,
26). In our study, patients visited healthcare at later stages of the
disease, majorities (89%) were diagnosed either at stage III or IV.
The lower survival could also be attributed to the lower socio-
development index (SDI) of the country (27). A study by Wong
TABLE 2 | Distribution of histologic types and histologic grades of patients with
esophageal cancer in TASH, Addis Ababa, Ethiopia, 2010–2017 (n = 349).

Variables Frequency Percent

Histological type (n = 318)
Squamous-cell carcinoma 287 90.3
Adenocarcinoma 31 9.7
Tumor location (n = 344)
Upper third 53 15.4
Middle third 105 30.5
Lower third 186 54.1
Histological grade (n = 57)
Well differentiated 38 66.7
Moderately differentiated 10 17.5
Poorly differentiated 6 10.5
Undifferentiated 3 5.3
Stage at diagnosis (n = 269)
Stage I 3 1.1
Stage II 27 10.0
Stage III 51 19.0
Stage IV 188 69.9
TASH, Tikur Anbesa Specialized Hospital.
TABLE 3 | Treatment options given to esophageal cancer patients at TASH,
Addis Ababa, Ethiopia, 2010–2017 (n = 349).

Treatment received Frequency Percent

Surgery 183 52.4
Type of surgery (n = 183)
Trans-hiatal esophagectomy 145 79.2
Trans-thoracic esophagectomy 29 15.8
Feeding gastrostomy 112 61.2
Laparotomy 71 38.8
Chemotherapy 89 25.5
Type of chemotherapy (n = 90)
Neoadjuvant 3 3.4
Adjuvant 70 78.6
Palliative 17 19.1
Radiotherapy 26 7.4
Type of radiotherapy (n = 26)
Adjuvant 2 7.7
Radical 1 3.8
Palliative 23 88.5
TASH, Tikur Anbesa Specialized Hospital.
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FIGURE 1 | Kaplan–Meier survival curve of the overall survival pattern among esophageal cancer patients registered in Tikur Anbessa Specialized Hospital, Addis
Ababa, Ethiopia, 2010–2017. The curve shows the median survival is 4 months.
FIGURE 2 | Kaplan–Meier survival curve showing the variation in overall survival based on cancer stage at diagnosis among esophageal cancer patients in Ethiopia,
2010–2017 (Log-rank test, p = 0.027).
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FIGURE 3 | Kaplan–Meier survival curve showing the difference in overall survival based on the chemotherapy treatment among esophageal cancer patients in
Ethiopia, 2010–2017 (Log-rank, p < 0.01).
FIGURE 4 | Kaplan–Meier survival curve showing the difference in overall survival by radiotherapy treatment status among esophageal cancer patients in Ethiopia,
2010–2017. (Log-rank test, p < 0.001).
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and his associates indicated the incidence and mortality of
esophageal cancer is highly correlated with SDI of countries
(28). The economic development of a country determines the
patient’s health seeking behavior and lifestyle, access to screening
and management options, which in turn impact the survival
from esophageal cancer (29, 30).

In our study, patients who received chemotherapy have a 64%
lower probability of death, supporting the hypothesis that
chemotherapy is an efficacious treatment option for advanced
esophageal cancer. Coherently, a study in China showed
esophagectomy and chemo-radiotherapy were associated with
a better survival (31). A systematic review in Africa also reported
consistent results (32).

Furthermore, the rate of death is 62% lower among patients
who were treated using radiotherapy than those who did not.
Similar studies indicated radiotherapy improves survival from
esophageal cancer (33, 34). Hence, expansion of radiotherapy
centers and training of skilled professionals could help to reduce
mortality from esophageal as well as other types of cancer.

This study also showed that patients treated with surgery had
a 30% lower rate of death than their counterparts, which is
supported by a systematic review that showed the best treatment
options to be esophagectomy with a 3-year survival rate of 76.6%
(32). Consistently, a study in Kenya indicated patients treated
with esophagectomy had a better survival compared to
intubations (35). A study in Japan also showed the 5-year
survival rates for patients who undertook surgery and those
who did not were 17 and 13%, respectively, indicating the
importance of surgery (36).

As part of the strength of this study, we used a multivariable
Cox regression, which allowed estimating survival patterns of
patients with an unequal follow-up period and also took account
of censoring. Furthermore, due to the inclusion of all the patients
Frontiers in Oncology | www.frontiersin.org 7
who fulfilled the eligibility criteria, sampling error was avoided or
minimized. In addition, in our study more than three hundred
patients experienced the event, which made our Kaplan–Meier
and Cox regression estimates more precise. Harrel et al. (37)
suggest that the Cox regression model needs a minimum of 10
events per each covariate in the model, indicating our analysis is
sufficiently powered to identify determinants of survival.
However, the following limitations need to be considered in
interpretation of findings. First, since we used existing patient
charts, data were missed for some variables, particularly
histological grade. Nevertheless, we managed missing data
using multiple imputation, which provided more precise
estimates. Second, confirmation of death and its cause for
some of the patients used verbal autopsy through phone
interview, which may not be as accurate as hospital death
records or vital event registrations. As a result deaths due to
esophageal cancer might be overestimated, leading to outcome
ascertainment bias. Nevertheless, since the misclassification is
independent of the prognostic factors, the effect on the hazard
ratios is negligible. At last, since the majority of patients were
diagnosed at an advanced stage of cancer, the overall median
survival was too small, leading to the estimation of time specific
survival rates being less precise. Further determinants of survival
could be identified using studies which recruit larger sample size.
CONCLUSIONS

This study identified, in Ethiopia, patients diagnosed with
esophageal cancer have a very low survival rate. The death rate
due to esophageal cancer is significantly different according to
the stage of cancer at diagnosis and treatment modalities they
received, radiotherapy, chemotherapy, and/or surgery. Patients
diagnosed at an advanced cancer stage and those who did not
receive either of the treatment options showed lower survival
rate. These indicate early diagnosis and timely initiation of the
available treatment options are essential to improve survival of
patients with esophageal cancer. Hence, improvements in cancer
control programs, including screening, prevention, timely
initiation of available treatment, and establishment of
comprehensive cancer registry are recommended. Moreover,
public health experts should collaborate with clinicians and
community leaders to increase awareness on prevention
strategies and early symptoms of esophageal cancer to assist
early visit to healthcare. To improve utility of data for further
research and policy, healthcare providers working at oncology
units need to give more attention to document all relevant
patient information on the medical record and the cancer
registry. We recommend future studies employing prospective
design and larger samples.
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TABLE 4 | Cox proportional hazards model of the determinants of survival
among esophageal cancer patients registered at TASH, Addis Ababa, Ethiopia,
2010–2017.

Determinants CHR (95%CI) AHR (95%CI)

Age 1.01 (0.99–1.02) 1.01 (0.99–1.02)
Sex (female) 1.17 (0.93–1.48) 1.06 (0.84–1.36)
Distant metastasis (yes) 1.30 (0.98–1.71) 1.16 (0.85–1.59)
Histology type
Squamous-cell carcinoma 1 1
Adenocarcinoma 0.93 (0.64–1.36) 0.79 (0.52–1.18)
Cancer stage
I and II 1 1
III 1.37 (0.92–2.02) 1.16 (0.76–1.75)
IV 1.48 (1.02–2.15)* 1.28 (0.84–1.94)
Tumor location
Upper 1 1
Middle 1.40 (0.99–1.99) 0.99 (0.68–1.44)
Lower 1.07 (0.78–1.48) 0.74 (0.52–1.07)
Chemotherapy (yes) 0.43 (0.33–0.56)** 0.36 (0.27–0.49)**
Baseline hemoglobin 1.03 (0.98–1.09) 1.02 (0.97–1.08)
Surgery (yes) 0.87 (0.69–1.09) 0.70 (0.54–0.89)*
Radiotherapy (yes) 0.39 (0.24–0.62)** 0.38 (0.23–0.63)**
*P < 0.05; ** P < 0.01.
AHR, Adjusted Hazard Ratio; CHR, Crude Hazard Ratio; CI, Confidence Interval; TASH,
Tikur Anbesa Specialized Hospital.
Multivariate multiple imputations were performed (n = 349).
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