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Abstract

Background Hepatocellular carcinoma (HCC) is the first cause of cancer in Egypt. Recently, HCC developed

post direct-acting antivirals (DAAs) differ in some characteristics from those developed without DAAs exposure
regarding the biological features and behavior of HCC. We aimed to assess the epidemiological, clinical, labora-

tory, and radiological findings besides the biological behavior of HCC patients post DAAs in comparison to HCC

not exposed to DAAs. An analytic cross-sectional research was performed at the National Liver Institute which is a ter-
tiary multidisciplinary HCC center. Subjects included hepatitis C virus patients and were allocated into two groups:
group | included 2036 HCC cases post-DAA treatment and group Il included 6338 HCC cases who did not receive
DAAs. Subjects were examined to evaluate clinical, laboratory, and radiological findings. Tumor staging was done
using the BCLC staging system.

Results Group Il showed a more advanced Child—Pugh score, FIB-4 index, and MELD score than Group | (P=0.001).
The multiplicity of hepatic focal lesions was elevated in group | than in group Il (P=0.033). AFP level was significantly
elevated in group I than in group Il (p=0.012). Portal vein invasion was significantly elevated in group I than in group |l
patients (P=0.001). Extrahepatic spread of HCC was significantly elevated in group | than in group Il (P=0.001). Infiltra-
tive lesions were significantly elevated in group | than in group Il (P=0.002).

Conclusion Our study detected that the behavior in HCC post DAAs treatment is more aggressive in respect

of the number of lesions, PV invasion; local and distant metastasis, and serum AFP level than in patients unexposed
to DAAs. Strict surveillance in cirrhotic patients treated with DAA should be followed according to the international
guidelines for early diagnosis and treatment of HCC.
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Background

Hepatocellular carcinoma (HCC) represents the fifth
most common cancer and is the second leading cause of
cancer-related death. HCC is most frequently diagnosed
in established liver cirrhosis cases caused by chronic hep-
atitis C virus infection (CHC), chronic hepatitis B virus
infection (CHB), non-alcoholic steatohepatitis (NASH),
or non-alcoholic fatty liver disease (NAFLD), alcohol,
and exposure to aflatoxin in the diet [1].

HCC is the most prevalent cancer in Egypt’s general
population, but it is the second most prevalent cancer
among females, behind breast cancer. Egypt had high
rates of HCC which may be due to high HCV preva-
lence post unsafe intravenous antibilharzial injections
(tartar emetic). Overall HCV seroprevalence among the
48,345,948 persons tested was 4.61% (95% CI 4.61-4.62)
with almost all infections due to genotype 4 (GT4) [2, 3].

Globally, the use of direct-acting antivirals (DAAs) for
the treatment of HCV has resulted in elevated rates of
sustained viral response (SVR) and reached > 95% in most
strains and eligibility to treat cases who were unable to
tolerate earlier interferon-based therapies [4]. Fifty mil-
lion individuals were screened for virus C infection and
more than 4 million HCV-infected patients were treated
by DAAs in the national program of HCV eradication
in Egypt between 2014 and 2020 [5]. There is contro-
versy regarding the associated risk of HCC incidence and
recurrence and the behavior of HCC after DAA therapy
[6,71.

We aimed to evaluate the epidemiological, clinical, lab-
oratory, and radiological findings and biological behavior
of HCC patients post DAAs in comparison to HCC with
no prior exposure to DAAs.

Methods

This analytic cross-sectional study of 8374 HCC patients
was presented to our multidisciplinary HCC commit-
tee (A tertiary center, the HCC unit receives and treats
more than 3000 new HCC patients annually and has an
interventional radiology unit, transplantation unit; One
of the largest HCC units in Middle EAST and Africa) in
National Liver Institute from January 2015 till the end of
October 2019. The study has been approved by the Insti-
tutional Review Board of the National Liver Institute and
informed consent was signed by all enrolled patients who
were divided into two groups; group I included HCC
post-DAA treatment of chronic hepatitis C patients
(2036 patients) and group II included HCC patients with
chronic hepatitis C infection who did not receive DAA
therapy (patients’ preference) (6338 patients). All patients
in group I and group II were diagnosed according to
the European Association for the Study of Liver Disease
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(EASL) and American Association for the Study of Liver
Diseases (AASLD) updated HCC guidelines and were
discovered either accidentally or during routine follow-
up investigations [8, 9]. Radiological investigations were
done using routine abdominal ultrasonography (US) and
duplex Doppler US (to detect vascular invasion) for all
patients. Triphasic computed tomography (CT) includ-
ing (arterial, port venous, and delayed phases) was done
for 7704 of 8374 (92%) patients on Biograph MDCT 128,
Siemens, Germany. Dynamic magnetic resonance imag-
ing (MRI) was done for 888 of 8374 (10.6%) patients
(arterial, portovenous, and delayed phases). MRI was
done on a GE 1.5 Tesla scanner (Optima GE 450 w).
Ultrasonographic guided Tru-cut liver biopsy was done
for 167 of 8374 (2%) patients using 18 G Tru-cut liver
biopsy needle for histopathological examination when
noninvasive radiological investigations were not con-
clusive. The patients in our study may need more than
one radiological investigation to conclude the diagnosis
(Table 1). Radiological investigations were done at the
diagnostic medical imaging and interventional radiology
department, National Liver Institute, and were read by
expert radiologists in the HCC committee.

Patients were diagnosed as having liver cirrhosis
when they meet more than one of the following: definite
clinical signs and laboratory findings of liver cirrhosis;
abdominal ultrasonographic signs suggestive of cirrhosis;
or noninvasive scores suggestive of cirrhosis (FIB-4>3.25
and APRI >1.0) [10]. The study was conducted in accord-
ance with the Good Clinical Practice guidelines and the
Declaration of Helsinki. Both groups include de novo
HCC after ablative therapy (resection, thermal ablation,
or ethanol injection). We excluded HCC cases with com-
bined HCV and hepatitis B virus (HBV) infection, cases
who developed HCC during antiviral therapy and recur-
rent HCC cases (all cases were naive), and cases with
non-SVR for HCV infection.

Treatment regimens of oral DAAs used were sofos-
buvir plus ribavirin, sofosbuvir plus simeprevir, sofos-
buvir and daclatasvir, sofosbuvir plus daclatasvir and

Table 1 Radiological investigations of HCC among patients in
both groups

Type of radiological  Group | Group I N (%)
investigation N:2036 N:6338

Abdominal US 2036 6338 8374 100
Triphasic CT 1873 5831 7704 92
Dynamic MRI 216 672 888 10.6
US-guided biopsy 41 126 167 2

Data are presented as number (percentage), US Ultrasound, CT Computed
tomography, MRI Magnetic resonance imaging
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ribavirin, sofosbuvir and ledipasvir, sofosbuvir plus
ledipasvir and ribavirin.

Demographic, performance status, clinical, radio-
logical, and laboratory data of studied patients were
analyzed, and histopathological investigations of liver
biopsy samples were performed if needed.

Laboratory tests were done after history taking and
complete clinical examination. Blood specimens were
gathered for complete blood count liver and renal
function tests as well as alpha-fetoprotein (AFP).
Prothrombin time, concentration, and international
normalized ratio (INR) were assessed. HBsAg and anti-
HBc IgM and IgG were tested to exclude co-infection.
Our study is a comparative one to evaluate the char-
acterization and biological behavior of HCC lesions in
the two studied groups. We compared lesions size and
number, AFP level, Child—Pugh Score, performance
condition by the Eastern Cooperative Oncology Group
(ECOQG) scale, vascular invasion, lymph node metasta-
sis, and distant metastasis in both groups.

Statistical analysis

The collected data were organized, tabulated, and
statistically analyzed using SPSS software (Statistical
Package for the Social Sciences, version 21, SPSS Inc.
Chicago, IL, USA). For quantitative data, the range,
mean, and standard deviation were calculated. For
qualitative data, which describes a categorical set of
data by frequency, percentage, or proportion of each
category, a comparison between two groups and more
was done using the Chi-square test (X ?). Significance
was adopted at p<0.05 for interpretation of results of
tests of significance.
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Results

This study included 8374 patients divided into two
groups, group I included 2036 HCC patients post DAAs
treatment of chronic hepatitis C, and Group II included
6338 HCC patients with HCV infection not treated with
DAAs.

Patients were divided into two groups; group I included
2036 (24.3%) HCC post-DAA treatment of chronic
hepatitis C patients,1753(86.1%) males and 283(13.9%)
females with mean age+SD of 58.98+7.67 and group
II included 6338 (75.7%) HCC patients with chronic
hepatitis C infection who did not receive DAA therapy,
5356 (84.5%) males and 982(15.5%) females with mean
age+SD 0f 59.62+9.17).

Multiple hepatic focal lesions were more elevated in
group I than in group II (p=0.03). HCC lesion size was
insignificantly different. Portal vein invasion was sig-
nificantly elevated in group I than in group II (P=0.001).
Extrahepatic spread of HCC was significantly elevated in
group I than in group II (P=0.001) (Table 2).

Infiltrative lesions were significantly elevated in group
I than in group II (P=0.002) (Table 2, Fig. 1). Nodular
(well-circumscribed) lesions were significantly present
more in group II than in group I (P=0.001) Most lesions
in both groups are situated in the right lobe with no sig-
nificant difference (Table 2, Figs. 1, 2, 3 and 4).

Regarding Child—Pugh, a group I showed a signifi-
cantly higher score of Child A than group II (p=0.002),
while Child—Pugh B and C were significantly elevated in
group II than group I (P=0.048 and 0.019, respectively).
The model of End Stage Liver Disease (MELD) score in
group II was significantly elevated than in group I. FIB-4
has a significantly higher rate of fibrosis index in group
II than in group I (p=0.001). Serum bilirubin was sig-
nificantly elevated in group II than in group I (P=0.035),

Table 2 Radiological characters of HCC among patients in both groups

Radiological characterization Group | Group Il Pvalue
N:2036 (%) N:6338(%)
Number of lesions Single 669 (32.9%) 2732 (43.1%) 0.061
Two 451 (22.2%) 1287 (20.3%) 0.074
multiple 916 (44.9%) 2319 (36.6%) 0.033*
Site of lesions Right lobe 1454 (71.4%) 4658 (73.5%) 0.070
Left lobe 365 (17.9%) 957 (15.1%) 0.081
Both lobes 217 (10.7%) 723 (11.4%) 0.037*
Size of lesion 39+2.1 mm 42.5+24 mm 0.184
Infiltrative lesions(ill defined) 651 (32%) 887 (14%) 0.002*
Nodular lesions(well defined) 1385 (68%) 5451 (86%) 0.001*
PVinvasion 316 (15.5%) 329 (5.2%) 0.001*
Extrahepatic metastasis 370 (18.2%) 399 (6.3%) 0.001*

Data are presented as Mean + SD, number (percentage), *significant as P-value < 0.05. HCC Hepatocellular carcinoma, PV Portal vein
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Fig. 1 Triphasic CT scan of the abdomen in post-DAA HCC patient shows left lobe (segment Ill) infiltrative heterogeneously enhanced HCC lesion
showing marginal enhancement in the arterial phase (A) with washout in the portovenous and delayed phases with left portal vein invasion
and minimal IHBRs dilatation with multiple small scattered right lobe HCC lesions and metastatic Para-aortic and peripancreatic lymphadenopathy

(D,E,F)

Fig. 2 Triphasic CT scan of the abdomen in HCC patient not received DAA shows right lobe (segment VI) vascular HCC lesion shows enhancement
in the arterial phase (A) with washout in the portovenous and delayed phases (B and C) with portal vein invasion of the right posterior branch

and malignant IVC thrombosis

while serum albumin was significantly elevated in group
I than group II (P=0.047). INR was significantly elevated
in group II than in group I (p=0.05). Platelet count did
not show significant variance among both groups. AFP
level was significantly elevated in group I than in group II
(p=0.012) (Table 3).

Age, sex, and diabetes mellitus (DM) were insignifi-
cantly different among both groups. Smokers were more
prominent in group I than in group II (p=0.031). Obese

and hypertensive cases were significantly elevated in
group II than in group I (»p=0.035 and 0.029, respec-
tively). Ascites and hepatic encephalopathy were signifi-
cantly elevated in group II than in group I (p=0.02 and
0.035, respectively). The mean duration between DAA
therapy and HCC occurrence was 18.5+8.3 months
(Table 4).

As regards treatment regimens of DAAs used were:
sofosbuvir plus IFN and ribavirin for 122 patients (6%),
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Fig. 3 Triphasic CT scan of the abdomen in post-DAA HCC patient shows right lobe (segment VI) large exophytic HCC lesion shows heterogenous
enhancement in the arterial phase with a large area of central breakdown (A) and washout in the portovenous and delayed phases (B and C)
with right renal multiple cortical simple cysts

Fig. 4 Dynamic MRI Abdomen in HCC patient not received DAA reveals a right lobe (segment V and VI) infiltrative lesion of variable sizes showing
enhancement in the arterial phase and washout in both portovenous and delayed phases with a right adrenal metastatic focal lesion

Table 3 Laboratory investigations among HCC patients in both

groups
Group | Group |l pvalue Table 4 Epidemiological and clinical characteristics of both
N=2036 N=6338 P 9
groups
ilirubi + + *
Serum bilirubin (mg/dl) 5.18+4.21 6.94+553 0.035 Group | Group Il pvalue
Serum albumin(gm/dl) 350£1.11 294079 0.047* N=2036 (%) N=6338 (%)
INR 14+9.85 16+£1.22 0.05
ALT (U/1) 71458 54451 0292 Age 5898+7.67 years 59.62+9.17 0.062
AST (U/) 58442 74473 0319 Sex Male 1753 (86.1) 5356 (84.5) 0.077
Platelet count 125937370 1368149874 0.136 Ferz“a'e 283(139) 982(155)
R %
AFP (ng/ml) 2803+1287  1656+1423  0012* Obesity (BMI 2 30kg/m?)  448(22) 1775(28) 0.029
Serum creatinine (mg/dl) 07+03 12406 0031+ Smokers 671329) 133021) 0031
Child Pugh score A 1069 (525)  2216(35) 0002+  ypertension 367018) 1522(24) 003>
B 479 (23.5) 1836 (29) 0.048* DM » . 403(19.8) 1052(16.6) 0.068
C 488024) 2284(36) 0019* Abdominal pain 570(28) 1204(18.9) 0.032
H *
MELD score 13454427  2516+5.18  0001* Ja“hd‘ce 385(19) 1712(27) 0036
FIB-4 index > 3.25 1260618)  4563(719)  o0oo1*  Scites 346(17) 158525 0002
Hepatic encephalopathy 265(13) 1141(18) 0.035%
Data are presented as Mean + SD, number (percentage), *significant as
P-value <0.05. INR International normalized ratio, ALT Alanine aminotransferase, Data are presented as Mean +SD, number (percentage), *significant as
AST Aspartate aminotransfera se, AFP Alpha fetoprotein, MELD Model for end- P-value <0.05. DM Diabetes mellitus, ALT Alanine aminotransferase, AST

stage liver disease, FIB-4 Fibrosis-4 Aspartate aminotransferase, AFP Alfa fetoprotein, BM/ Body mass index
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sofosbuvir plus ribavirin for 413 patients (20.3%), sofos-
buvir plus simeprevir for126 patients (6.2%), sofosbuvir
and daclatasvir for 621 patients (30.5%), sofosbuvir plus
daclatasvir and ribavirin for 346 patients (17%), sofosbu-
vir and ledipasvir for 259 patients (12.7%), sofosbuvir plus
ledipasvir and ribavirin for 149 patients (7.3%). No sig-
nificant difference was found between different treatment
regimens regarding AFP level the rates of MVI, portal
vein invasion, extrahepatic metastasis, grades of differen-
tiation, and the rates of infiltrative lesions (Table 5).

Discussion

Since 2013 Chronic HCV treatment has changed dra-
matically. DAAs are oral medications with potent anti-
viral efficacy against persistent HCV infection with high
SVR [11]. Controversy around the possible relation-
ship between antiviral treatment and de novo or recur-
rent HCC and about the behavior of HCC lesions that
developed after DAAs. Some studies found increased
occurrence or recurrence of HCC post-DAA treatment
[12-14]. Some studies reported that DAAs are not asso-
ciated with the increased incidence nor the recurrence of
HCC, and referred the high incidence and recurrence to
other risk factors such as age, sex, and grade of fibrosis
but not due to the treatment itself [15, 16].

Many recent studies reported that HCC in DAAs
treated cases observed more aggressive profiles than
those who did not receive DAA treatment. These behav-
ioral changes have been registered in some studies
regarding HCC occurring post DAA either in new inci-
dence or recurrent lesions [13, 17-19].

In our study, there was a significant difference in both
groups regarding lesion number, PVI, AFP levels, and
tumor metastasis. Also, there was a significant difference
regarding the Child—Pugh score, FIB-4 index, and MELD
score.

AFP is a fetal-specific glycoprotein, and while its use
in the diagnosis of HCC has diminished, it continues to

Table 5 Different DAA regimens used for HCV treatment in
group | patients

Regimen used Number
of patients
(%)
Sofosbuvir plus simeprevir 126 (6.2)
Sofosbuvir plus ribavirin 474 (23.3)
Sofosbuvir and daclatasvir 682 (33.5)
Sofosbuvir plus daclatasvir and ribavirin 346 (17)
Sofosbuvir and ledipasvir 259 (12.7)
sofosbuvir plus ledipasvir and ribavirin 149 (7.3)

Data is presented as number (percentage), DAA Direct acting antivirals, HCV
Hepatitis C virus
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play a role in the monitoring of HCC patients following
various treatment modalities and in predicting the prog-
nosis of liver transplantation. In our research, AFP was
elevated in group I than in group II, and similar results
were observed in other recent studies [17-19]. Higher
AFP levels are considered independent predictors of
aggressive HCC, and lower post-transplant survival and
HCC recurrence after LT [20].

The portal vein invasion rate was elevated in group I
than in group II, this is also reported in other new studies
[17-19]. Regarding HCC without portal vein (PV) inva-
sion, HCC with PV invasion is characteristic of disease
aggressive course, elevated chance of developing prob-
lems associated with portal hypertension presence, and
treatment poorer tolerance. Limited outlook and thera-
peutic options [21].

Local lymph node metastasis and distant metasta-
sis were significantly elevated in group I than in group
II. This was also reported in recent studies [17, 19, 22].
Lymph node metastasis and distant metastasis of HCC
are associated closely with aggressive tumor behavior,
high risk of tumor recurrence, and poor survival [23].

Infiltrative lesions are seen in triphasic CT and dynamic
MRI imaging studies in significantly elevated rates in
group I than in group II. This was in line with Romano
et al., Omar et al,, and Khalid et al. as they mentioned
that infiltrative lesions were significantly more promi-
nent in HCC patients who received DAAs than those not
exposed to DAA treatment [17, 18, 24]. The prognosis for
infiltrative HCC cases is poor as upon presentation, the
tumor is often quite progressed and frequently coupled
with vascular invasion [25]. Multiple hepatic focal lesions
were significantly more common in group I than in group
II, this is in agreement with similar studies. Multiple
hepatic focal lesion is a marker of aggressive behavior of
the tumor [17-19].

It is still obscure the mechanisms by which aggressive
behavior of the HCC lesions occurs. Many theories sug-
gest that; the rapid decline of viral load induced by DAAs
leads to a fast reduction in immune surveillance of can-
cer due to a sudden decrease in natural killer (NK) cells
in liver and virus-specific CD4" and CD8™ T cells and of
their cytotoxic activity and innate immunity reconstitu-
tion and down-regulation of type II and III interferon,
their receptors and IFN-stimulated genes. IFN activation
lack might permit malignant cell growth and loss of its
anti-proliferative effects, this may be a possible factor
encouraging faster HCC foci progression [13, 25, 26].
Also, an increase in certain growth factors and cytokines
like vascular endothelial growth factor and endothe-
lial growth factors and downregulation of cytotoxic
T lymphocytes may have a function [27]. Tumor dor-
mant micronodules potentially present might find ideal
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conditions to become apparent and to grow. Thus, after
treatment with DAA, the transitory immunosuppres-
sive phase and tumor cell presence with highly aggres-
sive conduct might be a factor in the fast development of
tumors in these cases [28].

Limitations: it is a one-center study; we need larger
multicenter studies in different countries to confirm our
findings.

Conclusion

Our study showed aggressive behavior in HCC post
DAAs treatment regarding the number of lesions, PV
invasion, local and distant metastasis, and serum AFP
level more than in HCC patients not treated with DAAs.
Strict surveillance in cirrhotic cases who received DAA
should be done according to the international guidelines
for HCC early diagnosis and management.
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