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Abstract

Introduction

Hepatocellular carcinoma (HCC) is an increasing cause of mortality in Nigeria among per-

sons with HIV (PLH), as access to antiretroviral therapy (ART) improves. In this study we

describe clinical, radiological, and laboratory characteristics in Nigerian adults with HCC,

with and without HIV, and examine how HIV impacts survival.

Methods

This prospective observational study was conducted between August 2018 and November

2021 at two Nigerian hospitals [Jos University Teaching Hospital (JUTH) and Lagos Univer-

sity Teaching Hospital (LUTH)]. Subjects�18 years with HCC diagnosed according to

American Association for the Study of Liver Diseases (AASLD) criteria were included. Base-

line characteristics were compared, and Kaplan-Meier curves were generated to estimate

survival.

Results

213 subjects [177 (83%) without HIV and 36 (17%) with HIV (PLH)] were enrolled. Median

age was 52 years (IQR 42,60) and most subjects were male (71%). 83% PLH were on anti-

retroviral therapy (ART). Hepatitis B surface antigen (HBsAg) positivity was similar between

the two groups [91/177 (51%) without HIV vs. 18/36 (50%) with HIV; p = 0.86]. 46/213 (22%)

subjects had active hepatitis C (anti-HCV+/HCV RNA>10 IU/mL). Cirrhosis was more com-

mon in PLH but there were no other significant differences in clinical and tumor characteris-

tics between the groups. Overall, 99% subjects were symptomatic and 78% in late-stage

HCC. Median overall survival was significantly shorter in PLH vs. without HIV (0.98 months

vs 3.02 months, HR = 1.55, 95%CI 1.02, 2.37, p = 0.04). This association was not significant

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0282539 March 6, 2023 1 / 13

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Davwar PM, Okeke E, Duguru M, Nyam

D, Bell K, Odeghe EA, et al. (2023) Hepatocellular

carcinoma presentation and prognosis among

Nigerian adults with and without HIV. PLoS ONE

18(3): e0282539. https://doi.org/10.1371/journal.

pone.0282539

Editor: Matias A Avila, University of Navarra School

of Medicine and Center for Applied Medical

Research (CIMA), SPAIN

Received: October 11, 2022

Accepted: February 17, 2023

Published: March 6, 2023

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0282539

Copyright: © 2023 Davwar et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: Data cannot be

shared publicly because it contains potential

identifiers on individual participants. Deidentified

https://orcid.org/0000-0003-3936-2052
https://orcid.org/0000-0001-7228-6317
https://doi.org/10.1371/journal.pone.0282539
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0282539&domain=pdf&date_stamp=2023-03-06
https://doi.org/10.1371/journal.pone.0282539
https://doi.org/10.1371/journal.pone.0282539
https://doi.org/10.1371/journal.pone.0282539
http://creativecommons.org/licenses/by/4.0/


after adjusting for known risk factors including gender, current alcohol use, alpha-fetoprotein

(AFP), albumin, and total bilirubin (HR = 1.38, 95%CI 0.84, 2.29, p = 0.21).

Conclusion

HCC presented late with an extremely poor overall prognosis, highlighting the urgent need

for more intensive surveillance in Nigeria to diagnose HCC at earlier stages. Early diagnosis

and management of viral hepatitis, and access to HCC therapies, could prevent early mor-

tality among persons with HCC, especially among PLH.

Introduction

Hepatocellular carcinoma (HCC) is the sixth most-common cancer and the third most-com-

mon cause of cancer-related mortality in the world [1]. HCC is a major public health problem

in West Africa. In Nigeria, HCC incidence is 8.4/100,000 persons and has a nearly identical

mortality rate because most people present with late-stage disease due to a lack of adequate

surveillance [1, 2].

HCC is emerging as an increasing cause of mortality in persons with HIV (PLH) with

increased access to antiretroviral therapy (ART) [3, 4]. In the US, PLH have been shown to

have a 3–7 times higher incidence of HCC compared to those without HIV [5]. HCC incidence

in PLH in West Africa has not been well characterized, despite this region having some of the

highest HCC and HIV rates in the world. In Nigeria, approximately 1.9 million persons are liv-

ing with HIV [6]. PLH in Nigeria also have a high prevalence of co-infection with HBV (7.0–

10.0%) and HCV (1.6–6.5%), both well-known risk factors for HCC [7–10]. HBV has been

found to be present in 50% of persons with HCC [11]. High rates of HCV antibody seroposi-

tivity among Nigerians with HCC have also been reported, although rates of chronic HCV

infection (detectable HCV viral load) are unknown [12]. Locally, many other factors exist that

substantially increase the risk of HCC including exposure to aflatoxin, use of herbal medica-

tion, dietary iron overload, excess alcohol consumption and fatty liver disease, some of which

are also more prevalent in PLH [13].

In addition to the increased burden of HCC, several studies have also reported faster pro-

gression of HCC and high mortality rates in PLH, particularly those with viral hepatitis co-

infection [14]. In Sub-Saharan Africa (SSA) where a high burden of HIV, viral co-infections

and HCC exists, there is a need to further elucidate the impact of HIV and other viral co-infec-

tions on HCC progression and survival and consider whether more aggressive surveillance

strategies are needed in PLH. In this study, we describe the clinical, radiological, and labora-

tory features of HCC in Nigerian adults with and without HIV, and compare median survival

in HCC between the two groups. Understanding these differences could better help inform

treatment and surveillance strategies that could improve morbidity and mortality from HCC

in this high-risk population.

Methods

This prospective study included a cohort of adults with newly diagnosed HCC with and with-

out HIV enrolled in an NCI-funded study examining epigenomic biomarkers associated with

HIV-associated HCC (Award number U54CA221205). Subjects with HCC were recruited

between August 2018 and November 2021 from the Hepatology clinics and inpatients wards
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of both the Jos University Teaching Hospital (JUTH) and Lagos University Teaching Hospitals

(LUTH), and their affiliated sites in Nigeria.

Inclusion criteria were: a)�18yrs; b) confirmed to have HCC diagnosed by ultrasound and

computed tomography (CT) scan. Exclusion criteria were: a) other known primary or second-

ary malignancy either currently or within the past 5 years. HCC was diagnosed based on radio-

logic criteria using triple phase CT according to the AASLD 2018 guidelines [15], which was

offered to all patients who had a�1cm nodule on ultrasound and/or risk factors for HCC (i.e.

HIV, HBV, HCV infection or cirrhosis of any etiology), and/or other symptoms and signs sug-

gestive of HCC. CT findings of arterial phase hyperenhancement and washout during the por-

tal venous phase were considered diagnostic. A liver biopsy was not required for diagnosis,

and was not performed in any of the study subjects.

All study subjects confirmed with HCC by CT were provided with information about the

study and asked to sign an informed consent. At their enrollment visit, participants underwent

a physical exam by the study physician and laboratory testing for HIV (ELISA and Western

Blot); complete blood count (CBC), comprehensive chemistry panel including albumin, total

bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), viral serology

including hepatitis B surface antigen (HBsAg) and antibody (anti-HBs) and HCV antibody

(anti-HCV) using Lumi Quick diagnostics rapid test kits, and alpha-fetoprotein (AFP). Plasma

samples were also collected for methylomic analysis. Patients who were confirmed HIV sero-

positive, also had CD4+ T cell count (flow cytometry (Partec GmbH, Munster, Germany), and

HIV RNA Roche Ampliprep TaqMan (Roche Diagnostics Germany; lower limit of detection

(LLD) of 20 cp/ml) testing performed and were referred immediately to the HIV care and

treatment clinic at their respective institutions for further treatment and care. Confirmatory

HBV and HCV viral load testing on stored specimens was performed on all HBsAg and anti-

HCV positive participants using the Cepheid GeneXpert1 system. Participants received the

usual care and treatment for HCC, HIV, viral hepatitis and other health conditions, according

to Nigerian national and international guidelines [16, 17]. Sorafenib is offered to eligible

patients with advanced disease and Child Pugh Turcotte (CPT) A where available. However,

none of the study participants in the study received sorafenib or any other interventional ther-

apies due to lack of access and/or high cost of the medication.

Data collection

An interviewer-administered questionnaire was used to collect the following demographic,

clinical, and tumor data including: age, sex, date of study visit; (ii) BMI, WHO stage (persons

with HIV only); (iii) symptoms associated with HCC and/or advanced liver disease i.e. jaun-

dice, abdominal swelling, hematemesis, leg swelling, slow mentation, or confusion; (iv) other

medical history; (v) quantification of alcohol intake and history of herbal medicine use; (vi)

family history of HCC; (vii) HBV, HCV and HIV treatment history if HBV, HCV and/or HIV

positive; (viii) HCC tumor characteristics (from CT) including size of tumor, number of

tumors, vascular invasion, presence or absence of ascites, portal vein thrombosis; (xi) antiviral

therapies for HBV and HCV, type and duration; (xii) ART therapy and duration (HIV-infected

patients on ART); CPT score and Barcelona Clinic Liver Cancer (BCLC) staging were calcu-

lated based on available lab, radiologic, and clinical data by a physician.

Follow up. All study subjects were followed for 1 year. Subjects’ survival was collected

monthly via phone calls to participants or participants next of kin or in person if they attended

a clinical visit. Date of death was recorded to the nearest possible date if the exact date was

unknown. Cause of death was obtained from next of kin or clinical record if they died while

hospitalized.
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Ethical approval. We obtained written informed consent from each participant in this

study. The study was approved by the Jos University and Lagos University Teaching Hospitals

Ethics Committees and the Northwestern University Institutional Review Board.

Statistical analysis

Baseline characteristics were summarized using descriptive statistics including median and

interquartile range (IQR) for continuous variables, and frequencies and counts for categorical

variables. Mann-Whitney U tests were used to compare continuous variables and Fisher’s

exact tests were used to compare categorical variables. Overall survival (OS) (primary out-

come) was defined as time from study enrollment to death with patients censored at date of

last available follow-up. To illustrate differences in OS between HIV status groups, Kaplan-

Meier curves were presented and differences between groups were compared using the log-

rank test. Association between HIV status and OS was assessed using a Cox proportional haz-

ards model before and after adjusting for baseline predictors of interest including gender, cur-

rent alcohol use, AFP, albumin, and total bilirubin. Results were presented using hazard ratios

(HR) and corresponding 95% confidence intervals (CI). Statistical analyses and corresponding

figures were generated using R statistical environment (v 4.0.2) along with extension packages

survival (v 3.2–13) and survminer (v 0.4.9) [18, 19].

Results

Entry characteristics of the study population

213 participants [177 (83%) without HIV, 36 (17%) with HIV; median age (years)52 (IQR = 42,

60); 71% male] were included in this analysis. 109 (52%) were HBsAg positive; 8/109 (7%) were

HBeAg positive. HBsAg seropositivity was similar between those with and without HIV. Among

HBsAg positives, median HBV DNA was significantly higher in subjects without HIV [36,100

(336–606,750) IU/ml] vs. subjects with HIV [47 (0, 461) IU/ml]; p<0.01. Among subjects with

HIV, 30 (83%) were on ART with a median duration of treatment of 8 years (IQR 2,12). ART

therapy typically included the anti-HBV active drug tenofovir. 75/213 (36.4%) participants were

anti-HCV positive; 46/213 had chronic HCV infection defined as anti-HCV positive with HCV

VL>10 IU/L. The proportion with chronic HCV did not differ by HIV status. In participants

with HIV, the median CD4+ T cell count at enrollment was 284 (IQR 137, 356) cells/mm3 and

15/28 (54%) with a HIV viral load measurement were HIV virologically suppressed (HIV VL

<20 IU/L). Among all participants the prevalence of co-morbidities was low (20%). Almost all

(99%) participants presented with�1 clinical symptom related to their liver cancer (ie. jaundice,

anorexia, weakness, abdominal swelling, abdominal pain, leg swelling, weight loss). 78% pre-

sented with a CPT�B and 89% with at least one clinical finding consistent with advanced liver

disease (ie. ascites, encephalopathy). 78% of participants were classified as BCLC Stage C or D.

Staging and clinical symptoms did not differ significantly between persons with and without

HIV. The median number of lesions on CT imaging was 6 (IQR 3,11); largest liver mass diame-

ter(cm) was 7.60 (4.7, 11.5) and tumor burden was>50% in 65% of HCC patients. The propor-

tion with cirrhosis detected on CT was significantly higher among subjects without HIV [108

(71%)] vs. those with HIV [13 (46%)]; p = 0.02. Median AFP was also higher in subjects without

HIV [1000 (IQR 83, 1000)] vs. those with HIV [505 (IQR 6,1000)]; p = 0.06 [Table 1].

Overall survival outcomes

By the end of follow up, survival information was available for 191 subjects. Of those, 27/33

(82%) subjects with HIV and 119/158 (75%) subjects without HIV had died [HR = 1.55, 95%
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Table 1. Characteristics of HCC study participants by HIV status at study entry.

Parameter Overall HIV negative HIV positive P value

Total Participants (%) 213 177 (83) 36 (17)

Demographics

Age,(yrs) median (IQR) 52 (42, 60) 52 (40, 60) 51 (43, 56) 0.74

Males (n, %) 150 (71) 131 (74) 19 (53) 0.02

BMI, median (kg/m2)(IQR) 22 (20, 24) 22 (20, 24) 22 (20, 25) 0.80

Highest level of education (n, %) 0.79

No formal education 28 (13) 25 (14) 3 (8)

Primary 44 (21) 36 (21) 8 (22) ‘

Secondary 51 (24) 43 (25) 8 (22)

Tertiary (college and above) 88 (42) 71 (41) 17 (47)

Occupation, employed (n, %) 202 (95) 169 (96) 33 (92) 0.40

Marital status (n, %) <0.001

Single 17 (8%) 15 (9) 2 (6)

Married 181 (85) 157 (89) 24 (67)

Divorced 1 (0.5) 1 (0.6) 0 (0)

Widowed 9 (4) 3 (2) 6 (17)

Separated 4 (2) 0 (0) 4 (11)

Clinical

Family history HCC (n, %) 16 (8) 15 (9) 1 (3) 0.62

Current alcohol use (n, %) 45 (21) 36 (20) 9 (25) 0.25

Clinical symptoms�1 (n, %) 177 (99%) 147 (99%) 30 (100) 1.0

Advanced liver disease > = 1 symptom‡ (n, %) 162 (89%) 137 (91%) 25 (81%) 0.12

Child Pugh Turcotte Score (CPT) (n, %) 0.62

A = 5–6 45 (22) 35 (21) 10 (29)

B = 7–9 75 (37) 63 (38) 12 (34)

C = 10–15 82 (41) 69 (41) 13 (37)

BCLC stage n (%) 0.23

Stage 0 1 (1) 1 (1) 0 (0)

Stage A 6 (4) 6 (3) 3 (10) ‘

Stage B 38 (19) 33 (20) 5 (17)

Stage C 59 (30) 51 (30) 8 (28)

Stage D 94 (48) 81 (48) 13 (45)

Laboratory

HBsAg positive (n, %) 109 (52) 91 (53) 18 (50) 0.86

HBeAg (n,%) † 8 (7) 8 (9) 0 (0) 0.36

Anti-HBe (n, %)† 60 (55) 52 (57) 8 (44) 0.31

HBV DNA IU/mL median (IQR) 12,850 (84–388,921) 36,100 (336–606,750) 47 (0, 461) <0.001

HBV DNA<10 IU/mL (n, %)† 8 (7) 3 (3) 5 (28) 0.005

HBV active antivirals† 47 (43%) 38 (42%) 9/18 (50%)

Anti-HCV positive (n, %) 75 (36) 67 (39) 8 (23) 0.08

HCV RNA IU/mL median (IQR) 54,150 (0–470,750) 21,800 (0–339,000) 5,488,000 (179,015–1,032,500) 0.17

HCV RNA�10 IU/mL (n, %) 46 (61) 40 (60) 6 (75) 0.66

ALT (iu/l)(median, IQR) 46 (25,75) 45 (24, 75) 50 (30, 77) 0.46

AST (iu/l)(median, IQR) 159 (81, 324) 162 (83, 321) 129 (77, 462) 0.95

Albumin(g/l) (median, IQR) 31 (26, 36) 31 (26, 37) 30 (27, 35) 0.84

Total bilirubin (mmol/l)(median, IQR) 20 (7, 83) 20 (8, 74) 22 (6, 175) 0.60

INR (median, IQR) 2 (1,3) 2 (1,3) 1 (1,2) 0.19

(Continued)
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CI 1.02, 2.37, p = 0.04]. Median overall survival (OS) was 2.73 (95%CI 1.91, 3.94) months and

was significantly shorter among subjects with HIV [HR = 0.99, 95%CI 0.59, 2.96] than those

without HIV [HR = 3.02, 95%CI 2.1, 5.45]; p = 0.04 (Fig 1). Median survival declined with

increasing BCLC stage (Fig 2). Among those in whom death data was available, the most

Table 1. (Continued)

Parameter Overall HIV negative HIV positive P value

Creatinineu(umol/l) (median, IQR) 70 (55, 91) 69 (54, 89) 71 (58, 118) 0.33

Platelets(x103/ul) (median, IQR) 227 (167, 320) 219 (160, 308) 260 (191, 340) 0.08

AFP(ng)�1000 vs.<1000 106 (54) 91 (55) 15 (48) 0.56

HIV patients only
On ART - - 30 (83)

ART treatment duration (median yrs, IQR) - - 8 (2,12) -

CD4 count cells/mm3 (median, IQR) - - 284 (137, 356) -

HIV VL <20 IU/L - 15 (54) -

Radiologic

Cirrhosis (n, %) 121 (67) 108 (71) 13 (46) 0.02

Ascites (n, %) 104 (58) 91 (60) 13 (45) 0.29

Varices (n, %) 5 (3) 4 (3) 1 (4) 0.16

Number of lesions, (median, IQR) 6 (3,11) 7.0 (4,11) 4 (1,11) 0.16

Liver mass(cm) diameter, (median, IQR) 8 (5,12) 8 (5,12) 7 (6,13) 0.89

Tumor burden >50% 88 (65) 77 (66) 11 (58) 0.61

Portal vein invasion, n (%) 40 (23) 37 (25) 3 (11) 0.16

Portal vein thrombosis, n (%) 34 (19) 30 (20) 4 (15) 0.41

Abbreviations: na = not applicable; IQR = interquartile range; BCLC = Barcelona Clinic Liver Cancer; ART antiretroviral therapy; BMI body mass index; HCC

hepatocellular carcinoma; AFP alpha fetoprotein
† denominator = all HBsAg positive patients
‡ Symptoms of advanced liver disease� 1: patient had at least one of the following symptoms marked yes i) Jaundice ii) abdominal swelling iii) irrational talk iv)

Hematemesis v)Leg swelling vi) slow mentation vii) confusion

https://doi.org/10.1371/journal.pone.0282539.t001

Fig 1. Overall survival by HIV status.

https://doi.org/10.1371/journal.pone.0282539.g001
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common cause of death was related to tumor progression or complications (98%). 8% died

from variceal bleeding.

Predictors of overall survival

Using the Cox proportional hazards model, HIV was found to be significantly associated with

overall survival at the univariate level [HR = 1.55, 95%CI 1.02, 2.37, p = 0.04]. However, after

adjusting for other well-known risk factors associated with mortality in persons with HCC

(gender, current alcohol use, AFP, albumin, and total bilirubin), the association between HIV

and survival was no longer significant [HR = 1.36, 95%CI 0.82, 2.24, p = 0.24]. Albumin

[HR = 0.96, 95%CI 0.94, 0.99; p = 0.003] and AFP level�1000ng/mL [HR = 1.63, 95%CI

1.81,2.3; p =<0.01] were the only significant predictors of survival, holding all other variables

constant. HCV was not associated with overall survival [Table 2].

Discussion

In this study, comparing host and tumor characteristics and prognosis in Nigerian adults with

HCC with and without HIV, we found most individuals presented with symptomatic late-

stage disease. Despite few clinical, or radiologic differences at presentation between the two

groups, persons with HIV had a significantly shorter median survival compared to those with-

out HIV, although this was not significant after adjusting for other HCC mortality risk factors.

Other independent predictors of mortality included high AFP and low albumin levels, which

have been reported previously in association with advanced HCC and HCC-related death [20,

21].

Our data adds to a growing number of studies reporting an adverse effect of HIV on HCC

outcomes, several of which have reported similarly reduced survival among PLH and an inde-

pendent effect of HIV on mortality [14, 20–33]. The mechanisms underlying the effects of

Fig 2. Overall survival by BCLC.

https://doi.org/10.1371/journal.pone.0282539.g002
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HIV on HCC are not clear. Some have suggested the poor prognosis observed in those with

HIV may be due to the long-term effects of HIV and its associated immune dysregulation on

tumor biology, causing tumors to be more aggressive [10]. Indeed, a few studies have reported

a higher prevalence of more aggressive features in PLH such as infiltrative tumors and portal

invasion, however, most of these have been in persons co-infected with HCV [23]. In our

study, we did not distinguish between infiltrative vs. other tumor types. However, tumor bur-

den>50% and portal vein invasion was similar in subjects with and without HIV.

Others have suggested that more limited access to cancer therapies and treatment ineligibil-

ity may account for the poorer prognosis among those with HIV and HCC [20]. Interestingly,

improved access to therapies among PLH did not translate into better prognostic outcomes in

two large studies where a higher mortality was observed in PLH [22, 24]. Treatment intent also

did not differ between persons with and without HIV in a large VA study where PLH had 37%

higher risk of death [25]. In our study, none of the participants received any HCC specific

treatments, thus access to treatment could not have accounted for the observed mortality

differences.

Whether stage of HIV disease and HIV viremia at the time of diagnosis contributes to the

earlier mortality observed in PLH remains debated. In one of the larger HCC outcome studies

where a difference in mortality (higher in PLH) was observed, there was no independent asso-

ciation between CD4+ T cell count and death in PLH. However, median survival was longer in

those with undetectable HIV RNA levels compared to those with viremia [22]. In another

study where no differences in median survival between persons with HCC with and without

HIV were observed, the proportion of patients with HIV virologic suppression and CD4>200

was 87%, suggesting that virologic suppression could have improved outcomes in PLH [27].

Although over 80% of PLH in our study were on ART treatment, not all were virologically sup-

pressed. Unfortunately, due to small numbers, we were unable to determine the effect of viro-

logic non-suppression on death in this cohort.

Table 2. Predictors associated with overall survival.

Predictor Univariate P value Multivariate P value

HR (CI) HR (CI)

Age 1.01 (0.998, 1.02) 0.10 - -

Sex (Male vs. Female) 1.23 (0.84, 1.79) 0.28 1.43 (0.94, 2.15) 0.10

Current alcohol use (Yes vs. No) 1.03 (0.7, 1.51) 0.89 0.66 (0.43, 1.03) 0.07

HBsAg status (Positive vs. Negative) 0.82 (0.59, 1.13) 0.23 - -

HCV RNA 1.00 (1.00, 1.00) 0.46 - -

AFP(ng)�1000 vs. <1000 1.66 (1.81, 2.33) <0.01 1.63 (1.15, 2.3) <0.01

Child Pugh Turcotte Score

B vs A 1.10 (0.68, 1.71) 0.75 - -

C vs A 1.49 (0.95, 2.33) 0.08 - -

Albumin 0.97 (0.95, 0.99) 0.01 0.96 (0.94,0.99) <0.01

Total bilirubin 1.00 (1, 1.00) 0.02 1.00 (1.00,1.00) 0.16

HIV (Positive vs. Negative 1.55 (1.02, 2.37) 0.04 1.38 (0.84, 2.29) 0.24

Total tumor burden >50% vs. <50% 1.41 (0.92, 2.18) 0.12 - -

Note: Univariable analyses and multivariable analyses (including Gender, Alcohol Use, AFP, Albumin, Total Bilirubin, HIV status) were performed using the Cox

proportional hazards model. Unadjusted p-values were calculated using Cox’s regression. Hazard ratio (HR) and corresponding 95% confidence interval (CI) are

presented.

https://doi.org/10.1371/journal.pone.0282539.t002
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In both cohorts, regardless of HIV status, the prognosis was extremely poor and well over

two-thirds (69%) died within the year. Overall survival was much shorter compared to other

cohorts in Europe and North Africa [22, 23], likely because most participants presented with

late-stage disease and no treatments, even supportive, were available. The WHO, AASLD and

several other professional societies, currently recommend surveillance using semiannual

abdominal ultrasonography in high-risk patients which includes patients with cirrhosis and

other select groups, including Africans with chronic HBV infection at any age [15]. Ultrasound

screening for HCC has been shown to improve early tumor detection, receipt of curative treat-

ment, and overall survival in at-risk patients [10]. However, screening for HCC is rarely prac-

ticed as ultrasound is seldom available outside of academic settings and provider knowledge

about HCC surveillance practices is poor [34].

In addition to the observed effects of HIV on HCC mortality in this study, another notable

finding in both those with and without HIV, was the high prevalence (22%) of chronic HCV

co-infection (defined as anti-HCV positive with HCV VL>10 IU/mL). Our study is one of the

first to confirm active HCV infection with molecular testing in West Africa in persons with

HCC. The prevalence of HCV among persons in this study far exceeds the national prevalence

in the general population (1.73%) [3], suggesting HCV is an important risk factor for HCC in

this region. In Europe and North America, HCV contributes to 30–60% cases of HCC coun-

tries [35–37] and is a leading indication for liver transplant in persons with HIV [38]. Until

now, HCV has not been recognized as a major risk factor in West Africa primarily because of

a lack of available confirmatory testing for HCV and limited knowledge of HCV among

healthcare providers and patients. Our results highlight the urgent need for scale up of HCV

screening in persons with and without HIV in Nigeria and HCC surveillance in these high-

risk individuals, as well as improved access to HCV curative therapies.

HBV was also highly prevalent in this cohort (52%), a finding not unexpected since Nigeria

is a region that is considered hyperendemic for HBV, with high rates of infection in those with

and without HIV (9.9%-13.2%) [39]. Previous studies have found HBV in over 60% of persons

with HCC in Nigeria, similar to our data [11]. In studies from Asia, both high HBV serum

DNA levels and HBeAg seropositivity have been shown to correlate with more advanced HCC

disease (portal vein tumor thrombosis and extrahepatic metastases) as well as a higher mortal-

ity [40]. Our cohort had very low prevalence of HBeAg seropositivity and low median HBV

viral loads, most likely due to the high prevalence of circulating HBV genotype E strains,

which we and others have previously reported [41–43]. Of note, only 42% of persons with

HBV were on antivirals at the time of diagnosis and 76 (70%) did not meet criteria for antiviral

initiation according to AASLD guidelines [44], at the time of HCC diagnosis. Cirrhosis was

absent in a third of all patients, as seen in other cohorts [45], and less common in those with

HIV. The relatively high prevalence of HCC occurring in non-cirrhotic livers and young age

of onset, provides more evidence of hepatocarcinogensis at earlier stages of liver disease and

the need for earlier and more intensive surveillance in this setting. The high proportion of per-

sons with HBV mono-infection and HCC who were not eligible for treatment according to

guidelines, also suggests antiviral therapy should also be considered sooner in these patients or

given universally to all positive HBV patients. Whether antivirals are protective against HCC

arising in non-cirrhotic livers and persons with less active HBV infection, however, is still to

be determined.

Limitations

There are some limitations to this study. One is the relatively small number of HIV cases

(although still larger than in other African cohorts), that limits interpretation of findings. One
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possible explanation for the lower numbers is the shorter survival of persons with HIV, espe-

cially those not yet on ART, which would prevent late complications such as HCC from being

detected before their demise. Our cohort overall, presented in late-stage HCC and had few par-

ticipants with early-stage disease reflecting the lack of surveillance for HCC. Due to a lack of

resources and high costs of testing, most participants with HCC could not complete a full stag-

ing work up including a chest and abdominopelvic CT to evaluate for extrahepatic metastases

or bone scan to evaluate for bone metastases. As a result, BCLC staging could have been under-

estimated. The strengths of the study include the use of CT imaging to confirm the diagnosis

of HCC, which is recommended by AASLD, and data on several other host, infection, and

prognostic markers.

Conclusion

In conclusion, in one of the largest longitudinal cohort studies of HCC from West Africa to

date, we showed that HIV was associated with shorter time to death and increased risk of mor-

tality, although this was not significant after adjusting for other known risk factors including

albumin and AFP. More aggressive HCC surveillance, diagnosis and treatment are desperately

needed in Nigeria to improve the prognosis of this devastating disease, particularly in those

infected with HIV, HBV and HCV. Special attention should be paid to improving access to

treatment for HCV and HBV which account for a substantial burden of HCC in this region.
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