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Abstract
Hepatocellular carcinoma (HCC) is still a major killing malignancy in sub-Saharan Africa. Lifelong intoxication with afla-
toxin B1 is considered as one of the primary causes of this situation. The role of aflatoxin in HCC from a given population is 
commonly estimated through the prevalence of R249S mutation of TP53, a hallmark for previous exposure to the mycotoxin. 
However, the role of AFB1 is barely known in large part of Africa. We conducted a survey on circulating cell-free DNA from 
149 patients with HCC and 213 control subjects with and without liver diseases from Cameroon and Central African Republic 
using droplet digital PCR technique. We observed a mutation prevalence of 24.8% (n = 37/149) in patients with tumor and 
5.6% (n = 12/213) in controls (P = 2.2E−07). Patients with mutations usually displayed significantly increased circulating 
alpha-fetoprotein (AFP) values, high hepatitis B virus (HBV) DNA loads as well as worsened values of blood cells count. 
Interestingly, the fraction of droplets positive for R249S was significantly larger in patients with liver cancer (15.3 ± 3.7%) 
than in controls (0.5 ± 0.3%, P = 7.1E−04). Our survey indicates that AFB1 is instrumental for HCC development in Middle 
Africa and that droplet digital PCR might be used in the region both to diagnose HCC and to conduct public health surveys 
on populations at risk of chronic aflatoxin intoxication.
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Abbreviations
AFB1	� Aflatoxin B1
CAR​	� Central African Republic
cfDNA	� Cell-free DNA
ddPCR	� Droplet digital PCR
HCC	� Hepatocellular carcinoma

Background

Primary liver cancer (PLC) is currently the second cause of 
death from malignancy in humans [1]. This prominence is 
primarily due to the large variety of etiological agents capa-
ble of triggering liver tumorigenesis, to the high prevalence 
of some of them, to the clinically insidious character of liver 
tumors until an advanced stage, to the absence of universal 
biomarkers enabling an early detection of the tumor, and 
finally to the lack of easily implementable curative thera-
peutics particularly in poor countries where PLC incidence 
is high.

Hepatocellular carcinoma (HCC), the major histologi-
cal form of primary liver cancer, is known for a long time 
for its remarkable geographical variations of incidence [2]. 
These variations are primarily attributable to the congruent 
distribution of some major risk factors of HCC. Indeed, in 
sub-Saharan Africa (SSA), two of them, i.e., chronic infec-
tion with hepatitis B virus (HBV) and intoxication with the 
carcinogenic mycotoxin, aflatoxin B1 (AFB1), are known 
to be highly prevalent [3, 4]. As a consequence, HCC is 
frequently in SSA the first incident tumor common to both 
sexes just behind breast and cervix carcinomas in women 
or prostate carcinoma in men [1]. In addition, HCC in SSA 
has the afflicting peculiarity to develop earlier in life span 
than in developed countries with patients frequently present-
ing in their forties, whereas in Europe, it usually takes two 
additional decades to declare [5].

AFB1, often present in staple foods of populations living 
in SSA, is known to induce a specific G>T mutation (in exon 
7, nucleotide 747, hg38 position on Chr17: 7674216), chang-
ing an arginine for a serine at codon 249 of the p53 protein 
(TP53 R249S) [6]. This specific mutation is frequently found 
in tumor DNA from patients living South-Eastern Asia or 
sub-Saharan Africa but is rare in tumors of patients coming 
from other regions of the world [7–9]. In some occasions, 
TP53 R249S has even been found in more than half of the 
tumors investigated. The early detection of this frequent 
alteration might, thus, represent a promising tool for the 
screening of patients living in the intertropical areas where 
AFB1 is abundant [10].

The presence of cell-free DNA (cfDNA) in serum is 
known since 1940 decade [11], and since then, a large num-
ber of studies have reported that patients undergoing various 
types of tumor display higher concentrations of cfDNA in 

serum/plasma [12, 13]. CfDNA has, therefore, received spe-
cial attention because of its potential application as a non-
invasive, rapid, and sensitive tool for molecular diagnosis 
and monitoring of cancer. Interestingly, genetic or epigenetic 
alterations specific to tumor DNA have been retrieved in the 
plasma of patients diagnosed with different types of cancers 
[14]. CfDNA analysis was reported to be as specific and 
sensitive that tissue biopsy for metastatic colorectal cancer 
[15]. It is currently considered as a target of choice in “liquid 
biopsies” by some authors and might, therefore, represent 
a future common source of material for molecular analyses 
conducted in the frame of routine monitoring of cancer and 
pre-cancer patients.

Although HCC is a worrying public health problem in 
Central Africa, its incidence is considered as significantly 
lower than in West Africa [16]. The reasons explaining 
such difference are unknown but may be related to a lesser 
exposure of the Central African populations to AFB1 or to 
difference in endemicity of persistent HBV infection. Con-
trasting with the significant knowledge accumulated about 
TP53 R249S in West Africa, nothing is currently known 
about this tumor marker in the nine countries of Central 
Africa (Chad, Central African Republic, Cameroun, Gabon, 
Equatorial Guinea, Congo, Democratic Republic of Congo, 
Sao Tome e Principe, and Angola), a vast region (6.6 million 
square km) peopled with 138 million habitants. We con-
ducted a prospective study on plasma from patients with 
HCC and controls with or without liver disease to assess the 
prevalence and potential usefulness of the TP53 R249S bio-
marker in Cameroun and Central African Republic (CAR), 
two countries located in Central Africa.

Methods

Aim, design, and setting

The aim of the study was to measure the importance of 
aflatoxin B1-associated mutation of the p53-encoding gene 
(TP53) in hepatocellular carcinoma from patients of Middle 
Africa, a hitherto unexplored region. All participants were 
recruited in a single institution of Cameroun and Central 
African Republic. The study was designed as a case-control 
study comparing patients with a hepatocellular carcinoma 
(HCC) considered as cases, with patients with chronic liver 
diseases (CLD) but without liver cancer. In addition, a third 
group of subjects, patients without any liver disease, were 
taken to provide a baseline for the prevalence of TP53 muta-
tions in Cameroonians and Central Africans.
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Patients

The current work is a case-control study. Cases were repre-
sented by patients affected with HCC consecutively enrolled 
in the Gastroenterology and Radiology Departments of the 
Central Hospital, Yaoundé, Cameroon, and in the Depart-
ment of Hepato-Gastroenterology at the Hôpital de l’Amitié 
in Bangui, CAR, between February 2013 and January 2014. 
Cases were individually 1:1 paired–matched by sex and age 
(± 5 years) with control subjects consecutively selected and 
represented by patients with or without serological signs of 
chronic liver infection attending at the same period in the 
same medical departments.

The diagnosis of 195 HCC cases was based on suggestive 
clinical symptoms, presence of a liver mass at ultrasound, 
viral context, and, when possible, histology of tissues sam-
ples together with measurement of serum alpha-fetoprotein 
(AFP) levels. Inclusion criteria for control subjects with 
a known chronic liver disease (CLD, n = 263) were the 
absence of liver mass at ultrasound and a normal level of 
serum AFP (< 10 ng/mL). Patients with healthy liver (HL, 
n = 49) were recruited in the same medical departments 
where they were followed for a non-liver affection. All the 
cases and controls were interviewed using a standardized 
questionnaire to collect information about demographic 
characteristics, personal medical history, familial history 
of liver disease, alcohol and tobacco consumption, dietary 
preferences, and history of blood transfusion.

DNA extraction and quantification

Blood samples were collected on EDTA, stored at + 4 °C 
for a maximum of 4 h, and centrifuged 5 min at 2000 rpm. 
Plasma was then collected and aliquoted. Samples were 
stored at − 80 °C before shipment in dry ice.

CfDNA was extracted from a mean volume of 800 µL 
of plasma. Briefly, plasma was digested overnight at 37 °C 
under mild agitation in a buffer corresponding to a final con-
centration of 10 mM EDTA, 2% SDS, and 0.2 µg/mL pro-
teinase K (Eurobio, Les Ulis, France). Samples were, then, 
submitted to a phenol–chloroform extraction and ethanol 
precipitated overnight at − 80 °C in the presence of sodium 
acetate and T40 dextran. DNA was solubilized in TE buffer 
and quantified by Qubit dsDNA HS assay kit (Life Technolo-
gies, Villebon, France).

PCR analyses

Amplifiability of cfDNA was first checked on a single-
copy nuclear gene (MGEA5, meningioma-expressed anti-
gen 5, sense primer, CCC​GTA​CAA​AGG​AAG​ATC​CA, 
reverse primer, ATT​TGT​ACC​AGG​TGG​CAA​GG). Drop-
let digital PCR reactions were performed on the QX100 

system (Bio-Rad, Hercules, CA, USA). Reaction mixture 
consisted in 10 μl ddPCR Supermix (Bio-Rad, Marnes-
la-Coquette, France), 1.6X TaqMan™ SNP Genotyping 
Assay (C__60493487_10, Life technologies, Villebon, 
France), and 3 µl of DNA isolated from plasma samples 
in a final volume of 20 μl was mixed with 70 μl of droplet 
generation oil (Bio-Rad) and partitioned into approximately 
20,000 droplets in the QX100 droplet generator (Bio-Rad). 
The droplets generated from each sample were transferred 
to a 96-well plate, and PCR amplification was conducted 
in a iCycler PCR instrument (Bio-Rad) with the following 
condition: 95 °C for 10 min, 40 cycles of 94 °C for 30 s 
with a ramping of 2°/s, 59 °C for 1 min with a ramping of 
2°/s, followed by 98 °C for 5 min and a hold at 4 °C. After 
amplification, the 96-well plate was loaded onto the QX100 
droplet reader (Bio-Rad) that measures automatically the 
fluorescence intensity in individual droplets. Generated data 
were subsequently analyzed with QuantaSoft™ software 
(Bio-Rad) based on positive and negative droplet popula-
tions. Genomic DNA from the PLC/PRF5 HCC cell line 
that harbors the R249S mutation of TP53 was included as a 
positive control in each experiment. In parallel, the genomic 
DNA extracted from peripheral blood mononuclear cells of 
a European subject without the R249S mutant was used as 
negative control in all experiments.

From the initial series, a total of 149 and 164 samples 
collected from patients with HCC and CLD were suitable 
for analyses by droplet digital PCR (ddPCR). Samples posi-
tive for R249S mutants were tested at least twice in two 
independent replicates included in independent runs. An 
identical procedure was used for negative samples yielding 
less than 1.0E+03 positive droplets for the control locus 
MGEA5 (cytoband: 10q24.32). Those samples negative for 
TP53 R249S but yielding more than 1000 compartments 
positive for MGEA5 were considered as providing sufficient 
information and tested once. Samples discarded did not gen-
erate any fluorescent droplet (n = 104 samples) or a sufficient 
merged number of droplets positive for the reference gene 
MGEA5 (41 cases, droplet count = 233 ± 30 vs. 4000 ± 249, 
P < 0.0001). Overall, poorly performing samples were char-
acterized by low cfDNA concentrations (median: 67 vs. 
636 ng/mL, P < 0.0001). All cfDNA samples of the 49 sub-
jects with healthy liver have been also submitted to ddPCR. 
Samples were considered positive for TP53 R249S when at 
least two droplets were positive for the mutant allele.

Statistical analyses

Statistical analyses were performed using a Prism 6.0 sta-
tistical package. Numerical variables were summarized by 
their median, mean, and range according to their types of 
distribution (normal or not). They were compared either by 
a Student’s T test or by a Mann–Whitney test as appropriate. 
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Categorical variables were summarized as frequencies that 
were compared by Fisher’s exact test. All tests were two-
sided, and the level of significance was set at P < 0.05. 
Receiver operating curves were produced with the Johns 
Hopkins University School of Medicine, Baltimore online 
software application (www.jrocf​it.org) [17].

Results

The clinico-biological features of cases and controls ana-
lyzed are provided in Table 1. Briefly, the mean age of sub-
jects included was for all groups in the fifth decade of life 
span with HCC cases somewhat older than CLD or HL (47 
vs. 41–42 years). Males were overrepresented in HCC group 
when compared with CLD. AFP was measured above the 
diagnostic level for HCC (> 350 ng/mL) in more than half 
of cases while another 17% of HCC cases presented a value 
in a “suspect” range of 10–350 ng/mL. In the current series 
of patients, AFP levels above 10 ng/mL were thus strongly 
associated with liver malignancy (P = 2.2E−40, OR 78.8, 
95% CI 27.9–305.5).

Viral risk factors as assessed through serological markers 
or molecular techniques were closely similar between HCC 
and CLD with the notable exception of HBV genotypes as 
mentioned in our previous works [18].

Among non-infectious risk factors (RFs) of HCC, alcohol 
abuse and obesity were significantly more frequent in tumors 
group than in controls. Indeed, the cumulative number of 
HCC RFs (HBV, HCV, HDV, alcohol, tobacco, obesity, or 
Type 2 diabetes) was significantly higher in patients with 
HCC (1.93 ± 0.08) than in other subgroups (1.35 ± 0.05 in 
CLD and 0.3 ± 0.07 in HL, P < 0.0001, see Table 1). Regard-
ing nutritional preferences, patients with HCC were more 
often consumers of millet (genus Pennisetum) flour than sub-
jects included in CLD and HL groups, whereas patients with 
any liver diseases (HCC, CLD) were more often plantain 
flour (Musa paradisiaca) consumers than HL. We assessed 
noninvasively the presence of liver cirrhosis by using cut-
offs recommended in three different scoring systems (API, 
APRI, FIB4). The prevalence of cirrhosis was according to 
these scores ranging between 29 and 50%. Symmetrically, 
the absence of significant fibrosis as suggested by the three 
indices was estimated around 17–20%. The survival was 
known for 80 patients from Yaoundé only. With 17.5 days 
(interquartile range 8–31), the median survival time was 
dramatically short indicating that Cameroonian patients are 
waiting for the very last extremity before seeking for modern 
medical care.

Both mean and median cfDNA concentrations were sig-
nificantly decreasing from HCC to HL subgroups with CLD 
occupying an intermediate position (see Fig. 1a). Clinico-
biological features associated with high concentrations 

of cfDNA in the 195 patients with HCC were scarce. An 
apparently solid determinant of cfDNA concentration was 
the absolute number of leukocytes per mL of blood (Fig. 1b). 
Among the different subclasses of leukocytes, neutrophils 
count was most tightly linked to cfDNA concentrations. It 
was not the case, however, for other leukocyte types and 
liver enzymes (AST is provided as an example), suggesting 
that cfDNA resulting from hepatocytes destruction usually 
represents a minor subset of cfDNA molecules even in the 
context of chronic liver diseases. Interestingly, we observed 
that samples performing poorly in ddPCR and therefore 
discarded from subsequent analysis displayed significantly 
lower neutrophils count than those providing a sufficient 
ddPCR signal (3512 ± 317 vs. 5356 ± 389/mL, P = 0.0128, 
not shown). Regarding infectious or nutritional risk factors, 
anti-HCV carriers displayed a trend for lower cfDNA con-
tent than other HCC patients, whereas the reverse was true 
for maize consumers (not shown).

We next explored cfDNA for the presence of the common 
g747t mutation resulting in the R249S change affecting p53 
DNA-binding domain. To this aim, we used a droplet digital 
PCR method (see “Methods” section) and retained finally 
149 HCC, 164 CLD, and 49 HL (n = 362 individuals in total) 
that yielded enough droplets positive for wild-type allele 
and a consistent fluorescent signal (median droplet number: 
2288, interquartile range 1438–4521, range 553–33307). 
Almost one-fourth of patients with HCC (n = 37/149, 24.8%) 
were positive for TP53 R249S mutation in cfDNA. This pro-
portion was significantly higher than in patients with CLD 
(n = 9/164, 5.5%, P = 5.5E−07, OR 6.4, 95% CI 2.7–6.5) or 
healthy controls (n = 3/49, 6.6%, P = 0.0037, OR 5.0, 95% CI 
1.4–26.5, see Fig. 2). No significant difference was observed 
between any group of subjects from Cameroon or Central 
African Republic (CAR).

Patients with HCC positive for R249S exhibited distinc-
tive clinico-biological features such as higher AFP values 
or higher HBV loads and increased cumulative number of 
hepato-carcinogenic risk factors (HBV, HCV, HDV, alcohol 
intake, tobacco consumption, obesity, Type 2 diabetes, see 
Fig. 3a–c). In addition, mutation carriers were characterized 
by increased total bilirubin values and a skewed blood count 
with a decreased percentage of circulating lymphocytes (not 
shown). Likewise, all prognostic scores involving lympho-
cytes count (neutrophils-to-lymphocytes ratio, platelet-to-
lymphocytes ratio, lymphocytes-to-monocytes ratio) were 
worsened in R249S carriers compared with WT (Fig. 3d, e). 
In addition, neutrophils count and γ-glutamyltranspeptidase-
to-platelet ratio (GPRI) were mildly increased in R249S car-
riers (Fig. 3f). We did not observe any association of R249S 
mutation presence with age of patients, region of residence, 
season of inclusion nor with cfDNA or aminotransferases 
concentrations. Overall, we observed that the presence of 
R249S mutant was the hallmark of patients presenting a 

http://www.jrocfit.org
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Table 1   Clinical and biological features of the three groups of subjects analysed

Clinical features HCC CLD HL P value P value P value
n = 195 n = 263 n = 49 HCC vs CLD HCC vs HL CLD vs HL

Age (years)
 Mean ± SD 47.1 ± 16.6 41.2 ± 15.5 42.7 ± 16.3 0.0013 ns ns
 Range 14–93 13–77 17–82

Sex ratio M:F 2.6 (144/54) 1.7 (168/95) 5.1 (41/8) 0.0451 ns 0.0076
AFP (ng/mL)
 >350 ng/mL 51.6 0.0 –
 10 < c < 350 17.0 1.3 – < 0.0001 – –
 < 10 31.4 98.6 –

Viral markers (%)
 HBsAg(+) 58.8 62.5 10.2 ns < 0.0001 < 0.0001
 Anti-HBc(+) 89.4 96.9 34.6 ns < 0.0001 < 0.0001
 Anti-HBs(+) 22.3 28.9 34.6 ns ns ns
 HBeAg(+) 15.9 14.9 – ns – –
 Anti-delta (+) 23.4 24.8 0.0 ns < 0.0001 < 0.0001
 Anti-HCV(+) 24.3 22.8 2.0 ns < 0.0001 < 0.0001
 Non-BDC 23.9 17.9 87.8 0.128 (ns) < 0.0001 < 0.0001
 HBV loads (Log IU) 3.2 ± 0.2 3.4 ± 0.2 – ns – –
 HBV genotypes A/E 83/17 14/86 – < 0.0001 – –
 HCV loads (Log IU) 5.1 ± 0.3 5.2 ± 0.3 – ns – –
 Anti-HIV 10.2 15.3 9.0 ns ns ns
 Anti-HEV (IgG and/or IgM) 39.2 23.6 0.0 0.0051 – –

Other risk factors of liver tumors (%)
 Alcohol abuse 51.5 24.4 10.8 < 0.0001 < 0.0001 0.087 (ns)
 Tobacco use 9.4 6.7 6.1 ns ns ns
 Type 2 diabetes 10.0 5.9 4.2 ns ns ns
 Obesity 10.0 2.7 0.0 0.0033 0.0263 0.0033
 Cumulative number HCC RF 1.93 ± 0.08 1.35 ± 0.05 0.3 ± 0.07 < 0.0001 < 0.0001 < 0.0001

Staple food (%)
 Cassava 55.5 58.4 42.8 ns ns 0.093 (ns)
 Groundnut 0.6 20.0 0.0 < 0.0001 ns 0.0002
 Maize 29.4 27.7 18.3 ns ns ns
 Millet 52.2 26.1 20.4 < 0.0001 0.0001 ns
 Plantain 56.8 46.1 28.5 0.075 (ns) 0.0009 0.041
 Rice 5.9 9.2 6.1 ns ns ns
 Sorghum 20.2 19.2 16.3 ns ns ns

Hematology
 Prothrombin time (%) 63 ± 19 – – – – –
 White blood cells count (103/mL) 7.6 ± 4.9 – – – – –
 Neutrophils (%) 60 ± 16 – – – – –
 Monocytes (%) 8.8 ± 4.1 – – – – –
 Lymphocytes (%) 26.7 ± 13.8 – – – – –
 Platelets (Giga/mL) 224 ± 138 – – – – –
 Hemoglobin (g/dL) 10.3 ± 2.4 – – – – –
 Blood groups A/B/O/AB (%, n = 137) 34/23/38/2 – – – – –
 Rh+ (%) 97.8 – – – – –

Biochemistry (mean ± SEM)
 Total bilirubin (mg/L) 33 ± 53 – – – – –
 Conjugated bilirubin (mg/L) 17 ± 39 – – – – –
 Alkaline phosphatase (IU/mL) 350 ± 1103 – – – – –
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set of severely disrupted biochemical and hematological 
features.

The number of R249S carriers in CLD was too small 
to generate significant differences with wild-type subjects.

We next wonder whether the proportion of droplets 
positive for R249S out of the total of droplets positive 
for wild-type allele (R249R) was different in patients 
with a HCC and in those without any tumor. The 

difference observed between these groups was highly sig-
nificant (mean count of positive droplets = 15.3 ± 3.7 vs. 
0.5 ± 0.3%, P = 7.0E−04), suggesting that initial R249S 
concentration or its subsequent evolution might be used 
as diagnostic biomarker complementary to AFP in Central 
Africa (Fig. 4a). Indeed, the receiver operating character-
istic (ROC) curves drawn with R249S droplet percentage 
and AFP concentration were rather similar and performing 

Table 1   (continued)

Clinical features HCC CLD HL P value P value P value
n = 195 n = 263 n = 49 HCC vs CLD HCC vs HL CLD vs HL

 Aspartate aminotransferase (IU/mL) 164 ± 15 186 ± 57 – 0.105 (ns) – –
 Alanine aminotransferase (IU/mL) 70 ± 4 122 ± 36 – 0.226 (ns) – –
 Gamma Glutamyltranspeptidase (IU/mL) 319 ± 26 – – – – –
 ASAT/ALAT ratio 2.65 ± 0.17 1.87 ± 0.12 0.0002 – –

Fibrosis scores
 API > 6 29.3 – – – – –
 APRI > 2.0 38.2 – – – – –
 FIB4 > 3.2 50.0 – – – – –

API age-to-platelet index, APRI AST-to-platelet ratio index, FIB4 fibrosis index based on four factors (ALT, ALT, age, platelets)

Fig. 1   a Cell-free DNA (cfDNA) concentrations in patients with 
hepatocellular carcinoma (HCC), chronic liver disease (CLD), and 
healthy controls (HL). b correlations of cfDNA concentrations with 

leukocytes or neutrophils counts. Aspartate aminotransferase concen-
trations are not correlated with those of cfDNA
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much better than cfDNA concentrations alone (Fig. 4b). 
Regarding survival of Cameroonian patients, cfDNA 
concentrations and TP53 R249S were not associated with 
variation of survival at variance with bilirubin concen-
trations that were the only clinico-biological parameter 
significantly associated with overall survival (P = 0.0252, 
not shown).

Discussion

Hepatocellular carcinoma is still a major curse in SSA where 
it claims the life of more than 37,000 individuals each year. 
It is, indeed, ranking at the first place among tumors affect-
ing both sexes in SSA [1]. The burdens represented both 
by persistent hepatitis, and aflatoxin-contaminated staple 
food consumption is primarily responsible for this worry-
ing situation [19]. Unfortunately, economic and development 
contexts of national health systems in SSA countries make 
notoriously difficult to foresee any large-scale improvement 
of survival for the patients afflicted with HCC. Regardless 
of such adverse environment, it is more than ever necessary 
to develop efficient biomarkers (1) to timely diagnose HCC 
in patients who might benefit from any type of appropriate 
care and (2) to landscape in a public health approach those 
subsets of the local populations eventually more exposed to 
hepatitis viruses or carcinogenic mycotoxins [20, 21].

In this context, the recent development of ddPCR tech-
nique represents a significant contribution to improve the 
panel of standardized techniques enabling the detection of 
rare molecules in human body fluids [22]. Genomic DNA is 
a robust compound that can be retrieved from altered tissues 
or ancient remains; it represents, therefore, a good candi-
date to explore cancer biomarkers in the tropical conditions 

Fig. 2   Prevalence of R249S mutants in patients with HCC, with 
chronic liver disease (CLD) and in subjects with a healthy liver (HL)

Fig. 3   Clinico-pathological correlations in the presence of R249S. a 
R249S correlates positively with AFP concentration. b R249S corre-
lates positively with HBV DNA loads. c R249S correlates positively 
with cumulative number of tumor risk factors in patients. d R249S 

correlates positively with neutrophils-to-lymphocytes ratio (NLR). 
e R249S correlates negatively with lymphocytes-to-monocytes ratio 
(LMR). f R249S correlates positively with γ-glutamyltranspeptidase-
to-platelet ratio (GPRI)
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prevailing in SSA [23, 24]. Recent research has shown that 
the most abundant mutation in human HCC (> 50% of cases) 
affects the TERT gene promoter (–124c > t) [25]. Unfortu-
nately located in a GC-rich and highly repetitive region, this 
frequent alteration is almost impossible to detect with rea-
sonable confidence from small-sized DNA fragments that 
compose cfDNA (A. Marchio, unpublished results). We, 
thus, focused on the presence in cfDNA of the well-known 
g747t/R249S mutations that affect TP53 [10, 20]. This alter-
ation attributed to the mutagenic activity of AFB1 is known 
to be prevalent in HCC from patients living in the inter/sub-
tropical areas albeit with a remarkably extensive variability 
[26–28]. R249S is frequently detected in tumors from East-
ern Asia and SSA but curiously more rarely found in HCC 
from patients coming from Southern Asia or South America 
where the presence of AFB1 in staple food is not unusual 
though [29]. This intriguing inconsistency is attributed both 
to variations in real AFB1 exposure due to nutritional or 
cooking practices and to genetic polymorphisms in enzymes 
controlling AFB1 detoxification [30]. R249S was already 
searched using various techniques from cfDNA of patients 
with HCC living in North Africa (Egypt), West Africa 
(Gambia, Nigeria, Mali), and in South Africa [31–33]. Its 

presence was to our knowledge never investigated from 
patients living in the vast region designated as Middle Africa 
by the World Health Organization. The presence of almost 
25% of R249S carriers in patients with HCC and 3–9% of 
carriers among non-HCC subjects with or without liver dis-
eases substantiates the recently published surveys reporting 
the presence of aflatoxins in Cameroon where it has been 
found in various body fluids including those of patients with 
HCC [34–36]. There were no data available about AFB1 in 
Central African Republic. The prevalence of R249S mutants 
in patients from Middle Africa with HCC is apparently in 
the range of previous observations made in South Africa or 
Egypt but significantly lower than the figures recurrently 
published from the Gambia or the Mali although the two 
latter values result from the use of a different technological 
approach (Fig. 5) [31, 32, 37–39]. It seems, thus, plausible 
that the mutagenic pressure applied by AFB1 on populations 
is higher in West Africa than anywhere else on the continent 
explaining partly the local high HCC incidence.

Interestingly, the median fractions of mutated alleles in 
patients with HCC (7%) and in controls (0.3%) are signifi-
cantly different in accordance with results previously pub-
lished in the Gambia (11 and < 3%, respectively) [38].

Fig. 4   a Fraction of droplets with R249S in HCC and non-HCC fcDNA samples. b–d Receiver operating curves (ROC) for R249S-poitive frac-
tion, AFP concentration, and cfDNA concentration according to values measured in HCC and CLD
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It appears, thus, that the ddPCR technique might bring sub-
stantial progress for the field of HCC in SSA. However, the 
proportion of samples (n = 145/458, 31.5%) that did not yield 
any droplets or generated too few of them represents an issue 
of the current work. Several solutions to remediate this situa-
tion should be considered in the future. Of course, increasing 
the volume of plasma used for extraction to 2–5 mL appears 
as a logical move since samples with low cfDNA concentra-
tions were those that underperformed in ddPCR. A second 
improvement could be the use of a specific preservation solu-
tion for blood collection [40]. Such optimization may increase 
cfDNA stability and subsequent results especially in tropical 
conditions. The third variable to increase cfDNA yield and 
quality is the extraction method. The comparison of precipi-
tation method (used in the current work) with commercial 
spin columns was, however, not detrimental to precipitation 
[41, 42]. Notably, considerable variations of cfDNA yields 
have been observed with spin columns [43]. In the absence of 
consensus, it is therefore difficult to recommend an extraction 
method rather than another.

Conclusions

These observations suggest that the follow-up of R249S 
fraction in patients with CLD might represent a useful bio-
marker to diagnose early steps of tumor development. An 

appropriate use of ddPCR might, therefore, provide a use-
ful time window for subsequent therapeutic intervention. 
In this regard, recently developed percutaneous approaches 
that have been shown to be efficient to extend patients life 
span and applicable in the settings of SSA health systems 
are promising [44, 45]. Upstream of its clinical use, public 
health might take advantage of ddPCR development as well. 
It is indeed conceivable that national health authorities pro-
ceed at regular intervals to surveys monitoring the presence 
of R249S in the bloodstream of populations at risk. Such 
assessments may result in precise cartography enabling sub-
sequent implementation of measures preventing exposure of 
vulnerable populations to AFB1.
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