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Summary

Background Hepatocellular carcinoma is a leading cause of cancer-related death in Africa, but there is still no
comprehensive description of the current status of its epidemiology in Africa. We therefore initiated an African
hepatocellular carcinoma consortium aiming to describe the clinical presentation, management, and outcomes of
patients with hepatocellular carcinoma in Africa.

Methods We did a multicentre, multicountry, retrospective observational cohort study, inviting investigators from
the African Network for Gastrointestinal and Liver Diseases to participate in the consortium to develop
hepatocellular carcinoma research databases and biospecimen repositories. Participating institutions were from
Cameroon, Egypt, Ethiopia, Ghana, Ivory Coast, Nigeria, Sudan, Tanzania, and Uganda. Clinical information—
demographic characteristics, cause of disease, liver-related blood tests, tumour characteristics, treatments, last
follow-up date, and survival status—for patients diagnosed with hepatocellular carcinoma between Aug 1, 2006,
and April 1, 2016, were extracted from medical records by participating investigators. Because patients from Egypt
showed differences in characteristics compared with patients from the other countries, we divided patients into
two groups for analysis; Egypt versus other African countries. We undertook a multifactorial analysis using the
Cox proportional hazards model to identify factors affecting survival (assessed from the time of diagnosis to last
known follow-up or death).

Findings We obtained information for 2566 patients at 21 tertiary referral centres (two in Egypt, nine in Nigeria,
four in Ghana, and one each in the Ivory Coast, Cameroon, Sudan, Ethiopia, Tanzania, and Uganda). 1251 patients
were from Egypt and 1315 were from the other African countries (491 from Ghana, 363 from Nigeria, 277 from
Ivory Coast, 59 from Cameroon, 51 from Sudan, 33 from Ethiopia, 21 from Tanzania, and 20 from Uganda). The
median age at which hepatocellular carcinoma was diagnosed significantly later in Egypt than the other African
countries (58 years [IQR 53-63] vs 46 years [36-58]; p<0-0001). Hepatitis C virus was the leading cause of
hepatocellular carcinoma in Egypt (1054 [84%] of 1251 patients), and hepatitis B virus was the leading cause in the
other African countries (597 [55%)] of 1082 patients). Substantially fewer patients received treatment specifically for
hepatocellular carcinoma in the other African countries than in Egypt (43 [3%] of 1315 vs 956 [76%)] of 1251;
p<0-0001). Among patients with survival information (605 [48%)] of 1251 in Egypt and 583 [44%] of 1315 in other
African countries), median survival was shorter in the other African countries than in Egypt (2-5 months [95% CI
2-0-3-1] vs 10-9 months [9-6-12-0]; p<0-0001). Factors independently associated with poor survival were: being
from an African countries other than Egypt (hazard ratio [HR] 1-59 [95% CI 1-13-2-20]; p=0-01), hepatic
encephalopathy (2-81 [1-72-4-42]; p=0-0004), diameter of the largest tumour (1-07 per cm increase [1-04-1-11];
p<0-0001), log a-fetoprotein (1-10 per unit increase [1-02-1-20]; p=0-0188), Eastern Cooperative Oncology Group
performance status 3—4 (2-92 [2-13-3-93]; p<0-0001) and no treatment (1-79 [1-44-2-22]; p<0-0001).

Interpretation Characteristics of hepatocellular carcinoma differ between Egypt and other African countries.
The proportion of patients receiving specific treatment in other African countries was low and their outcomes were
extremely poor. Urgent efforts are needed to develop health policy strategies to decrease the burden of hepatocellular

carcinoma in Africa.

Funding None.
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Research in context

Evidence before this study

Hepatocellular carcinoma is a leading cause of cancer-related
death in Africa but there is still no comprehensive description of
the current status of liver cancer epidemiology in Africa.

We searched PubMed with the terms “Africa AND HCC” and
“Africa AND liver cancer” for English-language reports on
hepatocellular carcinoma published before Dec 31, 2015, and
reviewed reference lists for additional publications. Most of the
available epidemiology or clinical studies were single-centre or
based in a single country, and retrospective in design with small
sample sizes. A few previous studies reported on the survival of
small numbers of patients with hepatocellular carcinoma in
Africa, but a comprehensive description of the epidemiology,
clinical features, management, and outcomes of patients with
hepatocellular carcinoma in Africa is not available.

Added value of this study

Although the early age at onset of hepatocellular carcinoma in

Africa has been reported previously in small cohort studies, we
have also showed this in our large, multicountry African cohort
study. Additionally, we showed that the early age at onset of

Introduction

The incidence of hepatocellular carcinoma (8-9 cases
per 100000 person-years)' is higher in Africa than in
most of the rest of the world because of high prevalences
of chronic infections with hepatitis B and C.**
Hepatocellular carcinoma is a leading cause of
cancer-related death in many African countries because
of the combination of high incidence and high
cancer-specific mortality.! The disease burden of
hepatocellular carcinoma in Africa appears to be higher
than has been reported in the scientific literature; this
underestimation might be partly due to a shortage of
resources and incomplete data collection.’

In addition to its high incidence, hepatocellular
carcinoma is diagnosed at an earlier age and at more
advanced stages in Africa than in the rest of the
world. Findings from our previous study® showed that
hepatocellular carcinoma occurs at a young age in Africa,
at a median of 45 years (IQR 35-57). Findings from a
previous cohort study’ from The Gambia also showed an
early onset of hepatocellular carcinoma, with the highest
age-specific incidence occurring between ages 40 and
50 years. Results from another cohort study from The
Gambia® showed that most patients in this country with
hepatocellular carcinoma present at an advanced stage
of disease.

By contrast with much of sub-Saharan Africa, Egypt
has distinct features of hepatocellular carcinoma
epidemiology. Hepatitis C virus (HCV) is the leading
cause of hepatocellular carcinoma in Egypt, whereas
hepatitis B virus (HBV) is the leading cause of the disease
in sub-Saharan Africa.” In Egypt, compared with other

hepatocellular carcinoma is common to most African countries,
except for Egypt and Sudan. In this largest African
hepatocellular carcinoma cohort reported up to now, we
showed that the prognosis of African patients (except for
patients in Egypt) is extremely poor and that most do not
receive any treatment for hepatocellular carcinoma. We also
used Cox regression to identify independent predictors of
survival of African patients with hepatocellular carcinoma.

Implications of all the available evidence

This study provides substantial evidence that hepatocellular
carcinoma develops at a younger age in Africa than in other
regions of the world. Most patients with hepatocellular
carcinoma in Africa do not receive any treatment that is
specific for hepatocellular carcinoma and thus have a dismal
prognosis, with most individuals affected dying within a few
months of diagnosis at the most productive stages of their
life. Our study highlights the need for urgent efforts to
develop national and international health policy strategies to
decrease the morbidity and mortality of hepatocellular
carcinoma in Africa.

African countries, patients present with hepatocellular
carcinoma at an older age and most patients seen at
tertiary referral centres receive treatments specific for
hepatocellular carcinoma.™"

Although a few single-centre-based small-case series of
hepatocellular carcinoma have been reported from African
countries, there is still no comprehensive description of
the current status of liver cancer epidemiology in Africa.
We initiated an Africa liver cancer consortium to establish
a database of cases to describe the clinical features of
patients with this disease in Africa, with the objective of
providing a perspective from the entire African continent.
Here, we describe the demographic characteristics,
clinical features, management, and outcomes of patients
with hepatocellular carcinoma in Africa.

Methods

Study design and patients

We did a multicentre, multicountry retrospective
observational cohort study. We invited investigators of
the African Network for Gastrointestinal and Liver
Diseases to participate in the Africa liver cancer
consortium. Participating institutions for this study were
from Cameroon, Egypt, Ethiopia, Ghana, Ivory Coast,
Nigeria, Sudan, Tanzania, and Uganda in west, central,
east and north Africa. The institutional review boards of
participating institutions approved the study.

Clinical information for patients diagnosed with
hepatocellular carcinoma between Aug 1, 2006, and
April 1, 2016, were extracted from medical records
by participating investigators. The extracted clinical
information consisted of: patient demographic
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characteristics, the cause(s) of hepatocellular carcinoma
(eg, HBV or HCV), liver-related blood tests, tumour
characteristics, methods of treating hepatocellular
carcinoma, last follow-up date, and survival status. HBV
was confirmed on the basis of a positive HBsAg test. HCV
was confirmed by HCV RNA or a positive anti-HCV test
with chronic liver disease. The diagnosis of hepatocellular
carcinoma was based on histology, aspiration cytology,
radiology or serum a-fetoprotein concentrations (or both),
including the presence of a growing mass lesion in the
liver detected by ultrasound, typical imaging features on
cross-sectional contrast CT or MRI, an increase in serum
a-fetoprotein to more than 200 ng/mlL, and the patients’
progressive clinical course, according to local guidelines.®
The diagnosis of hepatocellular carcinoma in patients
with liver masses but without a serum o-fetoprotein
concentration greater than 200 ng/mlL, or in the absence
of cross-sectional imaging with typical criteria consistent
with hepatocellular carcinoma, was based on either biopsy
and histology of the liver mass or on progressive tumour
growth and clinical deterioration of the patient.

Tumour characteristics were assessed by abdominal
ultrasound or cross-sectional imaging at the time of
diagnosis of hepatocellular carcinoma. Patient survival
was assessed from the time of hepatocellular carcinoma
diagnosis to last known follow-up date or death. Patients
were followed from the date of the first visit for
hepatocellular carcinoma until death or the date of data
cutoff (May 9, 2016). Follow-up and survival information
were obtained from the medical records. Each
investigator was encouraged to have telephone contact to
obtain survival information for patients.

Statistical analysis

JMP (version 10) was used for statistical analyses.
Because Egypt showed substantial differences in cause,
tumour extent, and treatment methods compared with
the other African countries, we divided patients into
two groups for analysis (Egypt vs other African countries).
We used student’s t test or ANOVA to assess the
differences between continuous variables and the ¥2 test
or Fisher’s exact test for comparisons of categorical
variables. We estimated survival probabilities using the
Kaplan-Meier method and compared them with the
log-rank test. We undertook a multifactorial analysis
using the Cox proportional hazards model to identify
factors affecting survival (assessed from the time of
diagnosis to last known follow-up or death). Variables
with univariate significance were entered into a
multifactorial Cox model. Variables with the highest
p value were removed from the multifactorial model
using backward stepwise elimination until all variables
in the model remained statistically significant.

Role of the funding source

There was no funding source for this study. All authors
had access to the raw data. The corresponding author
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had full access to all the data in the study and had final
responsibility for the decision to submit for publication.

Results

We obtained information for 2566 patients with
hepatocellular carcinoma at 21 tertiary referral centres in
Africa: two in Egypt (n=1251), four in Ghana (n=491),
nine in Nigeria (n=363), and one each in the Ivory Coast
(n=277), Cameroon (n=59), Sudan (n=51), Ethiopia
(n=33), Tanzania (n=21), and Uganda (n=20; figure 1).

The overall median age of patients was 54 years
(IQR 44-61) and almost three-quarters were male
(table 1). The median age at diagnosis of hepatocellular
carcinoma was younger in other African countries than
in Egypt (table 1). HCV was the leading cause of
hepatocellular carcinoma in Egypt whereas HBV was
the leading cause in other African countries. Overall,
64 (3%) of 2333 patients had evidence of HBV-HCV
co-infection. The proportion of patients with unknown
or other causes was higher in other African countries
than in Egypt.

The age at onset of HCV-induced hepatocellular
carcinoma was significantly different between African
countries (p=0-02). The median ages of HCV-associated
hepatocellular carcinoma were 62 years (IQR 52-75) in
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Correspondence to:

Prof Lewis R Roberts, Division of
Gastroenterology and
Hepatology, Mayo Clinic College
of Medicine, 200 First Street SW,
Rochester, MN 55905, USA
roberts.lewis@mayo.edu

X
’ Cot
’Ivo

Cameroon

1site (n=59), March, 2013, to December, 2015,
24 million
Egypt

e
irey

Ethiopia
1site (n=33), February, 2015, to January, 2016, 102 million
Ghana

4 sites (n=491), August, 2006, to April, 2016, 28 million
Cote d'lvoire

1site (n=277), August, 2009, to December, 2015,

23 million

Nigeria
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Sudan

1site (n=51), January, 2015, to April, 2016, 41 million
Tanzania

1site (n=21), January, 2008, to January, 2016, 55 million
Uganda

1site (n=20), March, 2015, to May, 2015, 40 million

Figure 1: Participating institutions and characteristics of patients with hepatocellular carcinoma in Africa
Coloured regions represent the African countries in our study. Data are the number of participating institutions,
the number of patients with hepatocellular carcinoma, the time window of diagnosis of hepatocellular carcinoma
(firstand last case), and the underlying general population size (per estimates for UN population divisions) for

each country.
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Cameroon, 67 years (55-72) in Ivory Coast, 59 years
(44-69) in Ethiopia, 65 years (54-75) in Ghana, 55 years
(47-67) in Nigeria, 58 years (53-63) in Egypt, and
80 years in Sudan (only one patient; appendix). The
median age of HBV-associated hepatocellular carcinoma
also varied by country (appendix; p<0-0001). Although
the median age of HBV-associated hepatocellular
carcinoma was younger than 45 years in most other
African countries (Cameroon 41 years [IQR 29-48];
Ivory Coast 44 years [36-54]; Ethiopia 39 years [31-50];
Ghana 41 years [34-50]; Nigeria 38 years [31-49];
Tanzania 43 years [34-48]; and Uganda 32 years [27-43)),

Egypt (n=1251)  Other African p value Egypt (n=1251)  Other African p value
countries countries
(n=1315) (n=1315)
Age at diagnosis 58 (53-63) 46 (36-58) <0-0001 (Continued from previous column)
(years) Hepatic encephalopathy
Sex None 1201 (96%) 642/848 (76%)  <0-0001
Male 972 (78%) 905 (69%) <0-0001 Mild-moderate 39 3%) 171/848 (20%)  <0-0001
Female 279 (22%) 410 (31%) <0-0001 Severe 11 (1%) 35/848 (3%) <0-0001
Liver cirrhosis present 1247 (100%) 601/915 (66%)  <0-0001 Child-Pugh score
Cause of the hepatocellular carcinoma A 400/1103 (36%) 19/288 (7%) <0-0001
HCV 1054 (84%) 63/1082 (6%)  <0-0001 B 681/1103 (62%)  191/288 (66%)  0-15
HBv 16 (1%) 597/1082 (55%)  <0-0001 C 22/1103 (2%) 78/288 (27%)  <0-0001
HBV-HCV 29 (2%) 35/1082 (3%) 0-18 BCLC stage
:I’"”;elct'o” , 41082 @) 00001 A-B 342/1103(31%)  27/288(5%)  <0.0001
coho %) <O
C 672/1103 (62%)  125/288 (23%)  <0-0001
. (b)ther or L:jnknown 152 (12%) 243/1082 (22%)  <0-0001 D 73/1103 (7%) 393/288 (72%)  <0:0001
aboratory data
Platelet count 133-00 (68) 244-00 (148) <0-0001 Data are median (IQR), n (%), or mean (SD). Missing data: age (none in Egypt and
(10°/L) 15 [1%)] in other African countries); cirrhosis (none in Egypt and 400 [30%] in
other African countries); causes (viral serology, none in Egypt and 233 [18%] in
L3 130(0:30) 360(2:90) SOE other African countries); platelet counts (seven [0.6%] in Egypt and 567 [43%]
Albumin (g/L) 32:00 (6-00) 3100 (9-00) 0-0013 in other African countries); INR (141 [11%] in Egypt and 775 [59%] in other
Bilirubin (umol/L) 29-07 (29-07) 82:08(138:38)  <0-0001 African countries); albumin (five [<1%] in Egypt and 778 [59%] in other African
. . - ’ countries); bilirubin (five [<1%] in Egypt and 621 [47%] in other African countries);
?(r;fe/tr:}z)rotem (1;%2_%59 00) BREEe) ool a-fetoprotein (119 [10%] in Egypt and 839 [64%)] in other African countries);
9 ’ ’ multinodular tumours (four [<1%] in Egypt and 638 [49%] in other African
Tumour characteristics countries); tumour size (four [<1%] in Egypt and 809 [62%] in other
Multinodular 575/1247 (46%)  566/671 (84%) <0-0001 African countries); vascular invasion (none in Egypt and 762 [58%] in other African
. ’ countries); metastasis (39 [3%] in Egypt and 666 [51%] in other African countries);
fll.lznizz :a(rcgiijt 50) 84 <0-0001 ECOG performance status (11 [<1%] in Egypt and 286 [22%] in other African
countries); ascites (four [<1%] in Egypt and 437 [33%] in other African countries);
Macrovascular 175 (14%) 72/553 (13%) 057 hepatic encephalopathy (none in Egypt and 467 [36%)] in other African countries);
invasion Child-Pugh score (148 [12%] in Egypt and 1027 [78%] in other African countries);
Extrahepatic 94/1212 (8%) 114/649 (18%)  <0-0001 and BCLC stage (164 [13%] in Egypt and 770 [59%] in other African countries).
metastasis HCV=hepatitis C virus. HBV=hepatitis B virus. INR=international normalised ratio.
ECOG performance status ECOG=Eastern Cooperative Oncology Group. BCLC=Barcelona-Clinic Liver Cancer.
0 496/1240 (40%)  279/1028 (27%) <0-0001 Table 1: Clinical characteristics of African patients with hepatocellular
1 542/1240 (43%)  157/1028 (15%) <0-0001 carcinoma
2 147/1240 (12%) 245/1028 (24%) <0-0001
3 55/1240 (4%) 177/1028 (17%) <0-0001 . .
p 0 170/1028 (17%) <0001 the median age was older in Sudan (57 years [IQR 45-65])
Ascites and Egypt (52 years [50-62]). Thus the median age at
None 925/1247 (74%) ~ 290/878 (33%) ~ <0-0001 onset of HBV-associated hepatocellular carcinoma was
Mildomoderate 131247 (5%)  493/878(56%)  <0.0001 younger than the median age at onset of HCV-associated
- % % <0- . . . .
hepatocellular carcinoma in all African countries
S 9/1247 (1%) 92/878 (11%)  <0-0001 p
evere % % <0
o (42 years [IQR 34-51] vs 58 years [53—63]; p<0-0001). The
(Table 1 continues in next column) . . . .
median ages of patients with hepatocellular carcinoma

associated with HBV-HCV co-infection were older in
Egypt (59 years [IQR 54-62]), Cameroon (52 years
[52-52]), and Ivory Coast (60 years [50-63]) than in
Uganda (45 years [33-56]), Ghana (43 years [37-51]), and
Nigeria (47 years [38-58]; p=0-003; appendix).

For HCV-associated hepatocellular carcinoma, the
peak age ranges were 57-5-62-5 years in Egypt and
47-5-52-5 years in other African countries (figure 2). The
most frequent age range at diagnosis for HBV-associated
hepatocellular carcinoma was 47-5-52-5 years in Egypt
and 37-5-42-5 years in other African countries (figure 2);
for hepatocellular carcinoma associated with HBV-HCV
co-infection, the peak age ranges were 57-5-62-5 years in
both Egypt and other African countries (figure 2).
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Cumulatively, of 592 patients with HBV-associated
hepatocellular carcinoma in other African countries,
11 (2%) developed hepatocellular carcinoma before age
20 years, 89 (15%) before age 30 years, and 262 (44%)
before age 40 years, compared with none of 16 in Egypt
before age 20 years or 30 years, and one (6%) before age
40 years (p<0-002 for hepatocellular carcinoma before
age 40 years; appendix). In comparison, of 63 patients
with HCV-induced hepatocellular carcinomas in other
African countries, only one (2%) developed hepato-
cellular carcinoma before age 20 years, two (3%) before
age 30 years, and five (8%) before age 40 years, compared
with none of 1054 in Egypt before age 20 years, one (<1%)
before age 30 years, and seven (1%) before age 40 years in
Egypt (p=0-0003 for hepatocellular carcinoma before
age 40 years; appendix). Although the most frequent
age range at diagnosis for hepatocellular carcinoma
associated with HBV-HCV co-infection was the same for
other African countries and Egypt, a higher proportion of
these patients developed early-onset hepatocellular
carcinoma in other African countries: no patients with
this subtype were younger than 40 years old in Egypt,
and of 35 patients with this subtype in other African
countries, none developed hepatocellular carcinoma
before age 20 years, four (11%) before age 30 years, and
seven (20%) before the age 40 years (p=0-01 for
hepatocellular carcinoma before age 40 years; appendix).

Consistent with the high prevalence of HBV in other
African countries and the known tendency of
HBV-associated hepatocellular carcinoma to develop in
the absence of cirrhosis, the proportion of patients
with non-cirrhotic hepatocellular carcinoma and mean
platelet counts were higher in other African countries
than in Egypt (table 1). The severity of underlying
liver dysfunction, tumour extent, serum o-fetoprotein
concentrations, patient performance status, and the
Barcelona-Clinic Liver Cancer (BCLC) stage were all
worse in other African countries than in Egypt (table 1),
most probably reflecting the absence of surveillance and
the consequent diagnosis of hepatocellular carcinoma at
advanced symptomatic stages in other African countries.

More Egyptian patients received treatments specific
for hepatocellular carcinoma and received potentially
curative treatments than in other African countries
(p<0-0001 for both; table 2). As expected, a higher
proportion of patients with earlier-stage disease received
any specific treatment in both other African countries and
Egypt. At any given BCLC stage, patients in Egypt were
more likely to receive specific treatment than patients in
other African countries. Among patients for whom BCLC
stage could be calculated, 14 (52%) of 27, six (5%) of 125,
and 18 (5%) of 393 patients at BCLC stages A-B, C, and D,
respectively, in other African countries received specific
treatment (p<0-0001), whereas in Egypt 315 (92%) of
342 patients at stage A-B, 505 (75%) of 672 at stage C, and
33 (45%) of 73 at stage D received treatment specific for
hepatocellular carcinoma (p<0-0001).
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Figure 2: Distribution of age at diagnosis of hepatocellular carcinoma

Red bars represent data for Egypt, blue bars represent data for other African countries. Data are the number of
hepatitis C virus (HCV)-associated cases of hepatocellular carcinoma per 5-year age range (A), the number of
hepatitis B virus (HBV)-associated cases of hepatocellular carcinoma per 5-year age range (B), and the number of
cases of hepatocellular carcinoma associated with HBV-HCV coinfection per 5-year age range (C; note the scale is

different from A and B).

Follow-up and survival information were available for
605 (48%) of 1251 patients in Egypt and 583 (44%)
0f 1315 in other African countries. Among those, median
overall survival was significantly longer in Egypt than in
other African countries (10-9 months [95% CI 9-6-12-0]
vs 2-5 months [2-0-3-1]; p<0-0001; hazard ratio [HR]
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Egypt Other African  p value
(n=1251) countries
(n=1315)

Any specific treatment 956 (76%) 43 (3%) <0-0001

Curative treatment 442 (35%) 8 (<1%) <0-0001

(transplantation or

resection or local ablation)

Transplantation 10 (<1%) 0 0-001

Resection 26 (2%) 8 (<1%) 0-002

Local radiofrequency 406 (32%) 0 <0-0001

ablation

TACE 451 (36%) 5 (<1%) <0-0001

Sorafenib 63 (5%) 12 (1%) <0-0001

Other systemic treatment 0 18 (1%) <0-0001
Data are n (%). Primary treatment was reported per each patient in the following
order of treatment option: transplantation>resection>local radiofrequency
ablation>transcatheter arterial chemoembolisation (TACE)>sorafenib>other
systemic treatment.
Table 2: Primary treatment of African patients with hepatocellular
carcinoma

Survival (%)
w
o
1

— Egypt

—— Other African countries
Hazard ratio 4-19
(95% C13-56-4-92),
p<0-0001

Number at risk
Egypt 605
Other African countries 583

3 6 9 12 15 18 21 24 27 30 33 36
Follow-up (months)

409 187 99 54 23 13
56 15 2 1 1 0

Figure 3: Overall survival of patients with hepatocellular carcinoma in Africa
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4-19 [95% CI 3-56—4-92]; p<0-0001; figure 3). 44% of
patients (95% CI 39-49) in Egypt survived for 1 year,
compared with 10% (6-14) from other African countries.

In the subgroup of patients with hepatocellular
carcinoma presenting with BCLC stage A-B disease,
overall survival did not differ between Egypt and other
African countries (HR 0-63[95% CI 0-22-1-40]; p=0-28),
but overall survival was worse in other African countries
compared with Egypt for patients with BCLC stage C
disease (2-07 [1-42-2-92]; p=0-0002), BCLC stage D
disease (3-37[2-31-5-07]; p<0-0001) and those for whom
BCLC information was missing (5-96 [4-16-8-67];
p<0-0001; appendix).

By multifactorial analysis, factors independently
associated with poor survival were: being from an African
country other than Egypt, hepatic encephalopathy,

diameter of the largest tumour, log a-fetoprotein, Eastern
Cooperative  Oncology Group (ECOG) performance
status 3—4, and receiving no specific treatment (table 3).
Age, cirrhosis, multinodular tumour, vascular invasion,
having ascites, and extrahepatic metastasis were not
significant factors in the multifactorial analysis. Cause of
hepatocellular carcinoma was not tested as a factor in the
Cox model because of strong co-linearity between cause
and country and there were only a few HBV-only cases in
Egypt and HCV-only cases in other African countries.

Because the interaction between Egypt and no
treatment was significant (p=0-02 in the univariate Cox
model, p=0-004 in the multifactorial Cox model),
survival models were built separately for Egypt and
other African countries (appendix). In these separate
models, diameter of the largest tumour (HR 1.07
per cm increase [95% CI 1-04-1-11]; p=0-0001),
log o-fetoprotein (1-12 per unit increase [1-03-1-22];
p=0-01), ECOG performance status 3-4 (2-38
[1-61-3-39]; p<0-0001) and no specific treatment (1-70
[1-35-2-14]; p<0-0001) were independently associated
with poor overall survival in Egypt (appendix), and
diameter of the largest tumour (HR 1.-07 per cm
increase [95% CI 1-01-1-12]; p=0.02), ECOG
performance status 3-4 (2-01 [1-43-2-82]; p<0-0001)
and no specific treatment (6-97 [2- 61-28 - 40]; p<0-0001)
were independently associated with poor overall
survival in the other African countries (appendix).

Reflecting the shortage of health care and financial
resources in the local environments, a large proportion
of patients with hepatocellular carcinoma in other
African countries had incomplete information at the
time of initial presentation (table 1). For example,
809 (62%) patients in other African countries had no
information on the size of the largest tumour. To explore
the potential effect of missing data on the treatment and
survival analysis, we compared the treatment and overall
survival of patients with tumour size information versus
patients without tumour size information in the other
African countries cohort. As expected, the presence of
tumour size information was associated with a higher
likelihood of receiving treatment for hepatocellular
carcinoma than the absence of this information
(odds ratio 2-3 [95% CI 1-2—4-3]; p=0-0086), reflecting
better access to diagnostic and therapeutic modalities.
Concomitantly, there was a suggestion of better overall
survival of patients with tumour size information than
those without this information (HR 0-83 [95% CI
0-66-1-04]; p=0-11), although this finding was not
statistically significant.

Discussion

In this large multicentre, multicountry, retrospective
cohort study we showed distinct differences in
epidemiology, clinical features, treatment methods, and
overall survival in patients with hepatocellular
carcinoma in Egypt compared with other African
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countries. The proportion of patients receiving specific
treatment in other African countries was low and their
outcomes were poor.

HCV was the leading cause of hepatocellular carcinoma
in Egypt, while HBV was the leading cause in other
African countries.” The mean age at diagnosis of
hepatocellular carcinoma was substantially younger in
patients with HBV-associated disease than in those with
HCV-related disease, regardless of the country. The mean
age at diagnosis of HBV-induced hepatocellular
carcinoma was also younger in sub-Saharan African
countries than in Egypt and Sudan. For both
HBV-associated and HCV-associated hepatocellular
carcinoma, earlier onset of hepatocellular carcinoma was
more common, and the peak age range of hepatocellular
carcinoma diagnosis was younger, in other African
countries compared with Egypt, suggesting that specific
environmental, biological, or genetic factors might
determine the likelihood of development of hepatocellular
carcinoma at a younger age in these countries.""

Patients from other African countries were more likely
to present with advanced stage hepatocellular carcinoma
with severe liver dysfunction and compromised
performance status. Virtually no patients in other
African countries received any treatments specific for
hepatocellular carcinoma, and they had a poor overall
survival (median 2-5 months). By contrast, the disease
extent of hepatocellular carcinoma at diagnosis was
significantly less in Egypt and three-quarters of patients
received treatment specific for hepatocellular carcinoma,
resulting in substantially better overall survival (median
10-9 months).

The dismal prognosis of patients with hepatocellular
carcinoma in other African countries is consistent with
anecdotal reports but still striking, with a median survival
of patients with hepatocellular carcinoma of only
10 weeks. Our survival model showed that living in
African countries outside Egypt, extent of tumour,
tumour biology (serum a-fetoprotein concentrations),
severity of liver dysfunction (as determined by hepatic
encephalopathy), ECOG performance status, and
treatment were independent predictors of overall survival
in African patients with hepatocellular carcinoma. Thus,
the poor outcomes of these patients in Africa seem to
be mainly due to the advanced stage at diagnosis of
hepatocellular carcinoma, with patients already showing
severe underlying liver dysfunction and poor performance
status at the time of initial presentation. This reflects
at-risk individuals not being identified, the absence of
comprehensive surveillance programmes for hepato-
cellular carcinoma, a shortage of access to expert medical
care, an absence of trust in health-care systems in Africa,
and poor health-seeking behaviour."”*

Primary prevention of chronic hepatitis, including
universal HBV vaccination, identification of the at-risk
population (patients with HCV or HBV) by mass
screening of the general population, prevention of liver
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Univariate model

Multifactorial model

HR (95% Cl) p value

HR (95% Cl)

p value

Age (years) 0-98 (0-97-0-98)  <0-0001

Male sex (ref: female) 1.03 (0-87-1-22) 073

Being from an African country other  4-19 (3.56-4-92) <0-0001 1.59 (1-13-2-20) 0-01
than Egypt

Cirrhosis 039 (0-29-0-53)  <0-0001

Ascites 1-83(1:58-212) <0-0001

Hepatic encephalopathy 412 (3-32-5-07) <0-0001 2-81(1.72-4-42) 0-0004
Log a-fetoprotein (per unitincrease) 119 (1-10-1-27) <0-0001 1-10 (1-02-1-20) 0-02
Multinodular tumour 1-47 (1-25-1.71) <0-0001

Largest tumour diameter (per cm 111 (1.08-114) <0-0001 1.07 (1-04-1-11)  <0-0001
increase)

Vascular invasion 139 (111-1-72) 0-005

Metastasis 1.82(1-42-2-30)  <0-0001

ECOG PS 3-4 (ref: ECOG PS 0-2) 3-91(326-4-67)  <0-0001 2:92(213-3-93)  <0-0001
No treatment 3-25(2:79-3-80) <0-0001 179 (1-44-2-22)  <0-0001

Cox proportional hazards analysis was done for patients with follow-up and survival status information and if any
relevant clinical data were available (n=1188). ECOG=Eastern Cooperative Oncology Group. --=not significant.

Table 3: Predictors of survival in African patients with hepatocellular carcinoma

disease progression and hepatic dysfunction by providing
antiviral treatment, minimisation of aflatoxin exposure
through post-harvest interventions, implementation
of hepatocellular carcinoma surveillance among the
population at risk for the disease, and establishment
of centres of excellence for hepatocellular carcinoma
treatment are essential components of attempts (both
ongoing and future) to curb the morbidity and mortality
from hepatocellular carcinoma in Africa.*”* Concerted,
multilevel efforts by governments; primary, secondary,
and tertiary health-care institutions; and advocacy groups
will be required to achieve and sustain the long-term
commitment needed to build, establish, and maintain a
robust and effective infrastructure focused on these
goals.®?* Although obtaining information on HBV
immunisation statuses was beyond the scope of our
report, HBV immunisation programmes have been in
place for fewer than 10 years in most of the countries of
sub-Saharan Africa. Therefore, HBV immunisation
might have had little influence on the occurrence of
hepatocellular carcinoma in adults in our study, but
we anticipate that should successful universal HBV
vaccination be implemented broadly in Africa, the
increase in HBV immunisation will lead to a decrease in
incidence of hepatocellular carcinoma in the next several
decades, as has been shown in Taiwan and other
Asian countries.”*

Although our study included many patients with
hepatocellular carcinoma from a wide distribution of
21 tertiary referral centres in nine African countries, it
also had several major limitations. It was designed as a
retrospective study to acquire data from centres in
Africa within contexts with a severe shortage of
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resources. Therefore, a large proportion of patients
had missing information including survival statuses,
particularly outside Egypt, which could have biased the
analysis, especially the survival analysis results. To
explore the potential effect of a large proportion of
missing data on the treatment and survival analysis, we
did further exploratory analyses and showed that the
presence of tumour size information was associated
with a higher likelihood of receiving treatment specific
for hepatocellular carcinoma (vs missing tumour size
information), suggesting that better access to diagnostic
and therapeutic methods led to superior outcomes.

Also because of a shortage of medical resources, we
were unable to obtain clinically relevant information
on other items such as HBV DNA, HIV co-infection,
and aflatoxin exposure status. However, these
limitations reflect the current exigencies of the care of
patients with hepatocellular carcinoma in Africa. We
believe that prospective enrolment of patients in a
multi-institutional hepatocellular carcinoma registry
will help maximise the chances of identifying
consecutive patients with hepatocellular carcinoma
and facilitate systematic collection of survival status
information. We are in the process of designing a
feasible clinical research protocol and securing funding
to launch a prospective hepatocellular carcinoma
epidemiology and biorepository study in Africa; this
future investigation will hopefully address some of the
aforementioned limitations of our current study.

Patients included in this study were seen at tertiary
referral centres, where only selected groups of patients
can afford to visit. Hence, the data from these institutions
might not fully reflect the general affected population of
the countries of participating institutions. This limitation
might have introduced a referral bias and the true
prognosis of patients with hepatocellular carcinoma in
the general population in Africa might be even worse
than shown in our analysis, since people of low
socioeconomic status and with poor access to medical
resources might not have been able to travel to tertiary
referral centres and thus might not have been well
represented in our study. Additionally, potential referral
biases might exist in relation to sex and age (eg, a higher
referral rate among male or young patients) and the
inference about younger age of onset in many African
countries could be influenced by referral bias, because
younger patients might be more likely than older patients
to be referred to hospital when they become ill.

Because we aimed to provide the most comprehensive
data possible on patients with hepatocellular carcinoma
in this retrospective study, we did not limit the number
of institutions from each country to adjust for the
populations of individual countries. For this reason,
the time window from which patients were enrolled
varied between participating institutions and countries.
Additionally, our cohort did not represent the whole
of Africa, and in particular, we did not have any

representation from southern Africa. Hence, the
observations from the other African countries in our
study might not be applicable to southern African
countries such as South Africa. The diagnosis of
hepatocellular carcinoma was based on local institutional
guidelines at the discretion of the participating
investigators and was mainly based on the presence
of raised serum a-fetoprotein concentrations or
progressively increasing liver mass or masses by
ultrasound (or both) in patients at risk for the disease.*”

In conclusion, HCV was the leading cause of
hepatocellular carcinoma in Egypt, and HBV was the
leading cause of hepatocellular carcinoma in the other
African countries in our study. Hepatocellular carcinoma
tends to develop at a younger age in Africa than in other
regions of the world, with a generally dismal prognosis
and leading to deaths of most individuals affected at their
most productive stages of life. By contrast with the other
African countries, mostly sub-Saharan, outcomes for
hepatocellular carcinoma in Egypt are substantially
better, perhaps because of earlier detection of the disease
and the availability of effective treatment options in this
country. Urgent efforts are needed to develop national
and international health policy strategies to decrease the
burden of disease and death from hepatocellular
carcinoma in Africa.
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