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Dynamics of serum a-fetoprotein in viral hepatitis C
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Abstract. Viral hepatitis C represents a significant liver
pathology worldwide, with a detrimental impact on national
health systems. The present study aimed to correlate the levels
of serum a-fetoprotein (AFP) with prognostic tools such as
Fibroscan®, the presence of mixed cryoglobulinemia, and
various demographic and standard biochemical markers, in
patients with chronic hepatitis C, unrelated to hepatocellular
carcinoma (HCC). A clinical study was designed considering
three study groups: Hepatitis C virus (HCV) group including
35 patients with chronic hepatitis C and detectible viral load;
sustained viral response (SVR) group including 20 HCV
patients without detectable virus load 12 weeks after therapy
cessation; a control group represented by 37 healthy volunteers.
It was observed that serum AFP was moderately increased in
the HCV and SVR groups and was positively correlated with
aspartate transaminase (AST), alkaline phosphatase (AP), and
v-glutamyl transferase (GGT). The incidence of mixed cryo-
globulinemia was increased in the HCV group, and the degree
of fibrosis assessed by Fibroscan® was increased in both the
HCYV and SVR groups. In conclusion, the data revealed that a
moderate increase in AFP levels could be present in patients
with HCV even in the absence of HCC, unrelated to viral
load or therapy response and that there was a linear positive
correlation between serum levels of AFP and the degree of
hepatic cytolysis and cholestasis. Additionally, mixed cryo-
globulinemia was present in HCV patients with patent viral
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load, decreasing in those with SVR after therapy cessation
unrelated to any renal impairment, while the degree of fibrosis
was increased in HCV-infected patients, with no reversibility
12 weeks after successful therapy.

Introduction

Hepatitis C virus (HCV) is a single-stranded RNA virus, a
source of debilitating liver disease ranging from hepatitis to
cirrhosis and HCC. Approximately 170 million people are
infected with HCV worldwide (1).

Among the extrahepatic manifestations of HCV infec-
tion, an important role is played by renal involvement, being
described as a series of histopathological forms: Proliferative
membrane glomerulonephritis, IgA nephropathy, focal
segmental glomerulosclerosis, fibrillar glomerulonephritis,
tubulointerstitial nephropathy and thrombosis (2,3). The
prevalence of HCV infection in patients with chronic kidney
disease (CKD) is between 5 and 60% in developed countries,
with a certain predominance in hemodialysis patients (3).
HCV-positive hemodialysis patients show a decreased survival
rate; the risk of death associated with liver disease being aggra-
vated by the increased risk of cardiovascular death attributed
to malnutrition and chronic inflammation (4).

HCYV induces a low-amplitude T and B lymphocyte-medi-
ated immune response, which leads to long-lasting infection
and production of non-specific biochemical markers (3-5).
Thus, disease progression is difficult to predict. Efforts should
be made to identify patients with HCV and liver inflamma-
tion secondary to the viral infection before progression to a
more difficult to treat illness such as HCC and cirrhosis (6).
The use of routine biochemical markers as the tools for thera-
peutic response is essential for disease prognosis, similar to
biomarker applicability in other pathologies (7,8).

There are different non-specific clinical, biochemical
and sonographic tools for the evaluation of the clinical
impact of HCV infection: Age, social status, smoking status,
platelet count, serum cholesterol and triglycerides, albumin,
creatinine, bilirubin, fibrinogen, hemostasis parameters, liver
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aminotransferases [aspartate transaminase (AST), alanine
aminotransferase (ALT)], alkaline phosphatase (AP),
v-glutamyl transferase (GGT), mixed cryoglobulinemia
(MC), a-fetoprotein (AFP), and assessment of liver fibrosis by
non-invasive methods (sonographic) (9-11).

AFP is a fetal protein synthesized in the same chromosome
location as serum albumin. AFP is considered similar to fetal
serum albumin, achieving high levels during fetal develop-
ment and sharing almost the same functions, binding heavy
metals, fatty acids and bilirubin. This protein can be found
in monomeric, dimeric or trimeric forms. In rodents, it has an
important anti-estrogenic property by binding maternal estra-
diol and preventing virilization of the fetus. The exact role in
human adults, however, is not yet elucidated (12). This protein
is considered an important serological marker in various
hepatic and non-hepatic pathologies such as abnormalities of
fetal development (aneuploidies), ataxia-telangiectasia, and
various malignancies (yolk sac tumor, HCC, liver metastasis,
non-seminomatous germ cell tumors, teratomas, hepatoblas-
tomas, Gruber-Frantz tumor) (13).

Elevated AFP is independently associated with a decreased
level of albumin (<3.5 g/dl) (14). Elevated AFP has also been
shown to be independently associated with elevated uric
acid (10). Hyperuricemia is both a marker of cardiovascular risk
and an independent risk factor for the occurrence of high blood
pressure and heart failure (15). Arterial stiffness and vascular
calcification are major contributors to cardiovascular disease
and are independent predictors of cardiovascular mortality in
patients with end-stage renal disease (ESRD) (16-18).

Although the role of AFP in HCC is well established, low to
moderate plasma levels of AFP in patients with chronic hepa-
titis C in the absence of HCC have also been described (12).
A plasma level higher that 200 ng/ml is considered highly
sensitive for HCC in patients with HCV, while levels of 5 to
60 ng/ml are routinely found in patients with HCV, but lacking
clinical significance (12).

Correlative biochemical and clinical interactions between
AFP and other routinely used markers in HCV infection
have been poorly studied. HCV could induce, for example, a
greater plasma increase in AFP compared to hepatitis B virus
(HBV) (19). The degree of fibrosis and/or inflammation also
influences AFP plasma concentration (20).

Research has also revealed correlations between AST,
ALT, AST/ALT ratio, bilirubin, platelet count, and the HCV
genotype and plasma AFP (20).

AFP could also be used as a marker of antiviral therapy
response in HCV infection and could represent a good
biochemical tool in quantifying the sustained viral response
to therapy (21,22).

Hematologic and metabolic alterations ranging from minor
to severe, in accordance with disease progression are generally
accepted in the literature. There are, however, contradictory
data regarding correlations of AFP levels in HCV patients,
without cirrhosis or HCC.

Mixed cryoglobulinemia is another biochemical feature of
HVC infection, having a partially elucidated significance (2).
According to Schamberg and Lake-Bakaar (2) and Ozkok
and Yildiz (23), mixed cryoglobulinemia is related to virus
replication, membranoproliferative glomerulonephritis, and
therapy response. Cryoglobulinemia is present in a wide

range of hematologic, infectious, and rheumatologic diseases.
Moreover, mixed cryoglobulinemia is almost consistently
present in HCV infections, more so than in HBV infections
or other non-infectious diseases (24). The correlative potential
of AFP with mixed cryoglobulinemia in patients with HCV
infection has not yet been fully explored.

Sonographic imaging of patients with chronic hepatitis is
a reliable and non-invasive tool for assessing liver progression
to cirrhosis. Using modern interfaces such as Fibroscan®, it
is currently able to quantify the degree of fibrosis (25,26).
However, the relationship between biochemical and
sonographic data in HCV patients is still an unresolved issue.

This study aimed to identify novel clinical, biochemical
and sonographic paradigms, which correlate with the plasma
levels of AFP in patients with chronic hepatitis C. We consid-
ered demographic data (age, social status, smoking status,
antiviral therapies, weight and height), biochemical markers
[total hemoglobin, white blood cell count, platelet count,
serum cholesterol, triglycerides, blood urea nitrogen, creati-
nine, direct bilirubin (DB), total bilirubin (TB), fibrinogen,
activated partial thromboplastin time (APTT), international
normalized ratio (INR), Na, K, C-reactive protein (CRP),
erythrocyte sedimentation rate (ESR), procalcitonin (PCT),
AST, ALT, AP, GGT, MC] and sonographic data (Fibroscan®).

Patients and methods

Ethic statement. This study is a monocentric, randomized,
double-blinded, prospective, clinical trial, which focused
on the comparison and correlation data regarding AFP
in HCV patients, without cirrhosis or HCC. All clinical
procedures were carried out following approval of the local
Ethics Committee of Fundeni Clinical Institute (Romania)
(no. 48358/01.10.2019) for clinical trials in accordance with
the European Communities Council Directive 2001/20/EC
and with respect to personal data privacy (European Directive
95/46/EC).

Demographic data collection and blood sampling. After
obtaining informed consent for sampling and collecting
the data, 37 healthy volunteers were enrolled in the control
group (C group). Another 108 patients were initially enrolled
in the study group in accordance with the inclusion criteria:
Detectible HCV infection over a six-month period, life expec-
tancy over 12 months, and no decompensated cirrhosis.

In order to minimize the confounding factors, we excluded
the patients with structural renal illness, decompensated
heart failure, concurrent alcohol and drug use, extrahepatic
manifestation of HCV Infection, HBV co-infection and
HIV co-infection. After exclusion, we integrated the data
of 35 HCV patients, designing an HCV group. For more
accuracy in comparing the data, a further 20 HCV patients
with sustained viral response (SVR) to antiviral therapy were
included in the SVR group. We considered SVR the absence of
virus in the blood 12 weeks after treatment cessation (27). The
HCYV and SVR groups were matched with the control group in
regards to age and sex.

Demographic data such age, sex, social status, smoking
status, weight and height were obtained using a questionnaire.
The Body-Mass Index was calculated for each patient.
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Table I. Group distribution according to age, sex, and smoking status.

Parameters Control group (n=37) HCV group (n=35) SVR group (n=20) P-value
Mean age (years) 56.3+1.34 62.2+1.98 64.5+3.04 NS
Sex (F/M %) 59.45/40.54 65.42/34.58 67.5/32.5 NS
Smoking (%) 13.51 11.42 18.18 NS

HCYV, hepatitis C virus; SRV, sustained viral response; F, female; M, male; NS, not significant.

All biochemical markers were assessed in the clinical
laboratory following a local sampling protocol. Whole blood
was collected in sampling tubes provided with clotting
accelerator and maintained at 4°C. After clotting, the samples
were centrifuged for 20 min at approximately 1,000 x g and
assessed immediately with no freeze/thaw cycles for the
markers detailed below.

We assessed, spectrophotometrically, the levels of
albumin (g/dl), AST (U/1), ALT (U/l), GGT (U/1), AP (U/),
DB (mg/dl), TB (mg/dl), CRP (mg/l), triglyceride (mg/dl), and
serum cholesterol (mg/dl) using compatible biochemistry kits
for Siemens Advia 1800 Reader (Siemens, Erlangen-Germany).
Using chemiluminescence, plasmatic AFP (ng/ml) and the
presence of mixed cryoglobulinemia was determined on an
Advia Centaur XPT Reader (Siemens). Plasmatic Na and K
were determined using a potentiometric method (ion selective
electrode) on an Advia 1800 Reader (Siemens). The results
are expressed in mmol/l. Complete blood count analysis was
performed with dedicated kits with the means of an automatic
flow cytometry technique (Sysmex XN-1000 Reader) (Sysmex,
Kobe, Japan) and the results are expressed per ml blood.

For the coagulation analysis, we sampled whole blood
using EDTA sampling tubes and following the manufac-
turer's recommendation, we assessed using a StaR Max 3
Reader (Stago, France) the following coagulation parameters:
aPTT (sec), PT/INR (sec), and plasmatic fibrinogen (mg/dl).

The virus replication level was assessed using RT-PCR
(Montania 4896 Real Time PCR Reader; Anatolia, Istanbul,
Turkey) using Bosphore HCV quantification kit (Anatolia) in
accordance with the manufacturer's recommendation. The
main steps include d: Total RNA collection, reverse transcrip-
tion and amplification in accordance with the local protocol.
All plasma samples were performed in triplicate and the viral
load was expressed per ml.

Non-invasive assessment of liver fibrosis. The non-invasive
measurement of liver fibrosis was performed using Fibroscan®
technology, Model 530 compact (Echosens, France). The
results were expressed automatically in kPa and staged in
4 degrees according to the literature, with O representing no
fibrosis and 4 representing major fibrosis (28).

Data analysis. Data analysis and graphical representations
were performed using GraphPad Prism 6.00 (GraphPad
Software Inc.). We assessed the groups for normal distribu-
tion using D' Agostino-Pearson omnibus normality test and
Shapiro-Wilk test. For the comparative analysis we considered
demographic, biochemical and sonographic data and for

numerical results, we used one-way measure ANOVA followed
by post-hoc Tukey's test for interactions between groups. The
data are expressed as mean + SD. A two-sided P-value <0.05
was considered statistically significant. For binary data (social
status, smoking status and MC), we used the Chi-squared test.

For the correlative data, we used a linear correlation model,
between AFP and all other variables including: DB, TB, CRP,
serum cholesterol, triglycerides, mixed cryoglobulinemia, Na, K,
complete blood count, aPTT, PT/INR, fibrinogen, viral load and
Fibroscan®. The Pearson correlation coefficient, r, and R squared
(R?) were determined. We considered a two-sided P-value <0.05
statistically significant, for each correlation. We assigned R?
values under 0.15 to have negligible correlative effect.

Results

Demographic data. We did not observe any differences among
groups concerning age, sex or smoking status. The results are
revealed in Table I.

AFP, cryoglobulinemia and FibroScan® dynamics between
groups. The plasma levels of AFP between groups are illus-
trated in Fig. 1A. The plasma levels of AFP in the HCV and
SVR groups were significantly increased when compared to the
control group (5.79+0.7 vs. 2.4+0.3, P=0.0009 and 5.9+2.5 vs.
2.4+0.27, P=0.042, respectively). No difference in AFP was
observed between the HCV and SVR group [5.79+0.73 vs.
5.9+2.5, P>0.05 (NS, not significant)]. The presence of mixed
cryoglobulinemia in plasma among the groups is shown
in Fig. 1B. We observed a statistically increased incidence of
mixed cryoglobulinemia in the HCV group when compared to
both the control group (46 vs. 14%, P<0.0001) and SVR group
(46 vs. 25%, P<0.0001).

The Fibroscan® results are revealed in Fig. 1C. We iden-
tified significantly increased fibrosis in both the HCV and
SVR groups when compared to the control group: 9.8+0.9 vs.
4.5+0.37,P=0.001 and 13+3.2 vs. 4.5+0.37, P=0.0006, respec-
tively. No significant difference was observed between the
HCYV and SVR groups (9.8+1 vs. 13+£3.2, NS).

AFP depends mainly on serum AST, GGT, and AP. By means
of a linear correlation model between AFP and all other
biochemical and sonographic variables, we observed statisti-
cally significant minor positive correlations between AFP and
AST (R*=0.33, P<0.0001), GGT (R?*=0.22, P<0.0001), and AP
(R*=0.19, P=0.0001) in the HCV-infected patients (HCV and
SVR group respectively) (Fig. 2A-C). All other variables had
either negligible (R?<0.15) or no correlative effect (P>0.05, NS).
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Figure 1. AFP, mixed cryoglobulinemia and Fibroscan® dynamics between groups. (A) Serum AFP, (B) incidence of mixed cryoglobulinemia and (C) liver
fibrosis using FibroScan® were assessed in healthy volunteers (Control), Hepatitis C virus-infected patients with detectable viral load (HCV) and hepatitis C
virus-infected patients 12 weeks after sustained viral response (SVR). Bars are mean + SD. "P<0.05, “"P<0.01, ““P<0.001 and """P<0.0001. AFP, a-fetoprotein.
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Figure 2. Correlations between serum AFP and (A) aspartate aminotransferase (AST), (B) y-glutamyl transferase (GGT) and (C) alkaline phosphatase (AP) in
the enrolled HCV-infected patients (HCV and SVR group respectively). R? represents the squared correlation coefficient. AFP, a-fetoprotein; SVR, sustained

viral response; HCV, hepatitis C virus.

Discussion

a-fetoprotein (AFP) is a well-known diagnostic tool for
hepatitis C virus (HCV) patients when associated with hepato-
cellular carcinoma (HCC). AFP is, in fact, a protein present in
high concentrations in a wide range of diseases, having a liver
origin in the fetus (13,29). The cut-off level of AFP in predicting

HCC is, however, controversial. Values between 17.4 ng/ml for
early-stage HCC, to 200 ng/ml for recurrent HCC after liver
transplantation are advocated (30,31). Considering that AFP
stratifies the risk of developing HCC in patients with HCV, we
observed that AFP values were statistically higher in patients
with HCV unrelated to viral load or the presence of sustained
viral response (SVR) after therapy in patients without HCC.
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Although we detected plasma AFP values under the cut-off
values advocated in the literature as highly sensitive for HCC,
our study reveals a controversial mean of this protein in
HCYV patients in the absence of HCC. Moreover, AFP could
be an important outcome marker in hepatitis C, even if the
patients are not yet diagnosed with HCC, regardless of the
clinical response to therapy. The persistence of plasmatic AFP
in patients with HCV and SVR suggests that the likelihood
of developing HCC in the future despite long-term response
to antiviral therapy could be a significant clinical issue.
Conversely, a decreased clearance of AFP after SVR could be
advocated. According to Chen e al, a longer follow-up period
after SVR might influence the plasmatic levels of AFP (32).

Additionally, we observed a statistically significant direct
correlation between AFP and aspartate transaminase (AST).
Thus, AFP could quantify, indirectly, the magnitude of
HCV-induced liver cytolysis. Our data are in accordance with
Chen et al, whose study identified the predictive value of AFP
to therapy response and the role of AST elevation as an inde-
pendent risk factor for plasma AFP presence (32). Considering
that cholestasis syndrome [high alkaline phosphatase (AP),
v-glutamyl transferase (GGT)] could be an independent
factor for HCC in patients with viral hepatitis, especially in
those with cirrhosis, the cumulative biochemical evidence of
low to moderate plasmatic AFP and elevated GGT and AP
could represent a future biochemical algorithm for identifying
patients with HCV at risk of developing HCC (33). There are,
however, inconsistent data, regarding patients with HCV in the
absence of cirrhosis and their risk to develop HCC, when low
to moderate levels of AFP are associated with high plasmatic
GGT and FA levels. We identified a strong correlation between
AFP levels, GGT, and FA as predictive variables in HCV
patients without cirrhosis or HCC. The clinical significance
should be, however, further explored.

Regarding mixed cryoglobulinemia, we observed a statisti-
cally significant increase in the HCV group compared to the
control group. Mixed cryoglobulinemia in HCV infection is
an important qualitative serologic tool of viral replication
and HCV-related renal injury (2,22). Thus, we observed the
presence of mixed cryoglobulinemia in patients with active
disease conditions, unrelated to viral load. Moreover, patients
with SVR showed a decreased incidence of plasmatic mixed
cryoglobulinemia, confirming the role of this diagnostic tool
in the qualitative assessment of disease activity. According to
Landau er al, MC in the context of SVR is more an excep-
tion (34).

Furthermore, patients with HCV-related glomerulone-
phritis were not included in the present study. According
to Santoriello ef al, the presence of membranoproliferative
glomerulonephritis is typically secondary to HCV but not to
HBYV and the presence of mixed cryoglobulinemia correlates
with this renal condition (35).

Regarding Fibroscan® examination, our study results are
in accordance with the literature. We detected an increased
fibrosis score in HCV patients when compared to healthy
volunteers. The fibrosis degree was, however, the same
between the HCV and the SVR group. This paradox could be
explained due the longer time until fibrosis resolution could
be present in HCV patients after SVR (36). There are contro-
versial data in the literature regarding the reversibility of liver
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fibrosis secondary to HCV by means of Fibroscan®. Some
data advocate a relatively slow resolution of fibrosis in time
after SVR. According to studies, the resolution could occur
1 year after SVR and is less predictive of successful therapy
compared to liver biopsy (36,37). Furthermore, it is likely that
earlier stages of liver fibrosis are more easily reversible than
the later stages (38).

In conclusion, our study opens a new research pathway in
quantifying HCV-related liver lesions by means of modern
serologic biomarkers and sonographic assessment including
AFP, MC, and Fibroscan® in the absence of a diagnosed
neoplastic state.
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