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1. Hepatitis Virus C Infection

Diagnosed in 1989, hepatitis C virus (HCV) remains an important global health
problem, being responsible for about 1.75 million of new infections and 399000 deaths
annually [1]. According to the World Health Organization (WHO), in 2015, the global
prevalence of HCV infection was 1.0% [1], with the highest percent (>2%) being reported
within the Mediterranean region. During 20 years of chronic HCV infection, about 20-30% of
the patients will develop cirrhosis [2], while hepatic decompensation is estimated to affect 2.8-
11.7% of the cirrhotic patients [3]. Globally, regarding the number of HCV infections, Romania
stands among the first 20 countries, the general prevalence among the adult population being
very high - 3.3%, with a predominance of genotype 1b [4]. Parenteral transmission is the most
effective means of propagating the virus, a particular category being intravenous drug users.
Vertical transmission represents the major cause of HCV infection among the paediatric
population [5]. Hepatitis C virus is has hepatic tropism and is a part of the Flaviviridae family
and Hepacivirus genus. The viral particle is spheric and heterogeneous, having a diameter
between 40 and 80 nm. The viral elements are represented by the envelope glycoproteins (E1
and E2 heterodimers), a lipid membrane, the nucleocapsid, and the single-stranded RNA
genome [6]. HCV is a non-cytopathic virus, that inserts itself within the hepatocyte in order to
replicate, thus inducing hepatocyte necrosis, as well as several other phenomena (hepatic
steatosis, oxidative stress, insulin resistance) [7]. The extrahepatic manifestations of HCV
infection are extremely important and a significant percent of patients (almost 76%) develop
at least one extrahepatic manifestation during the course of infection [8]. HCV infection
evaluation includes anti-HCV antibodies testing, as well as HCV-RNA detection. Evaluating
hepatic fibrosis is a key element in the management of HCV infected patients and it can be
made by either FibroScan(®) (transient elastography), or by calculating several fibrosis scores,
such as APRI (AST to platelet ratio index) and FIB-4 (Fibrosis-4) [9]. Hepatic biopsy is not
routinely performed in HCV infected patients [10]. Antiviral treatment is now recommended
to all infected subjects, either naive or therapeutically experienced. The main goal is HCV-
RNA clearance, predicted by the sustained virologic response (SVR). Choosing the best
therapeutic regimen for each patient must take into consideration the viral genotype, potential
drug-drug interactions, as well as some patient characteristics (such as presence of cirrhosis,

previous HCV treatment, renal function).



2. Hepatocellular carcinoma

Approximately 75% of the primary hepatic tumours are hepatocellular carcinomas
(HCC) [11]. It is estimated that, by 2025, the annual incidence of HCC will reach 1 million
individuals [12], with an important increase of HCC cases due to metabolic hepatopathies [13].
HCC screening is essential among patients considered to be at risk [14] and is performed with
both imagistic investigations and tumour markers, such as alpha-fetoprotein (AFP) [15].

Direct-acting antivirals (DAAs) are used to obtain viral clearance, but these agents are
not able of curing the hepatic disease itself, once it has progressed to cirrhosis or advanced
fibrosis. Thus, the risk for complications persists after achieving SVR. Moreover, the risk of
HCC occurrence in patients with HCV chronic infection, treated with DAAs is a controversial

matter.

3. Working hypothesis and general objectives

DAAs marked the beginning of a new era in HCV management. However, the
relationship between DAAs and HCC has been the subject of numerous controversies, some
authors reporting a rapid tumoral growth and a high incidence of HCC following Interferon-
free treatment. On the other hand, various other researchers found no correlation between HCC
and the use of DAAs. The work hypothesis is centred around the possibility of establishing a
statistic connection between DAAs and HCC development, by taking into consideration the
incidence of this pathology among the observed population, as well as several biological and
imagistic characteristics of the tumour.

The aim of the study is to evaluate the risk of hepatic cancer among HCV infected
patients, that received treatment with DAASs, while analysing the occurrence and pattern of the
tumour, as well as biological and imagistic parameters and risk factors associated with HCC.

The general objectives are:

. Describing demographic particularities of HCV-infected patients that were
treated with DAAS;
. Evaluating biological and imagistic parameters (conventional ultrasonography,

contrast-enhanced ultrasonography, computerized tomography, magnetic resonance imaging,
transient elastography), used for liver assessment both at 3 and 12 months after SVR;

. Evaluating liver function severity scores both at 3 and 12 months after SVR;

. Evaluating biological and imagistic parameters determined in the presence of
hepatocellular carcinoma and corelating these parameters with the degree of hepatic
dysfunction, as well as other biological and metabolic abnormalities;
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. Evaluating the scores used for HCC assessment and corelating these scores with
the degree of hepatic dysfunction, as well as other biological and metabolic abnormalities;

. Evaluating the therapeutic management applied in patients diagnosed with
hepatocellular carcinoma and establishing correlation between different HCC treatment
strategies and biological and imagistic findings;

. Evaluating the mortality among the patients diagnosed with HCC, in correlation

with tumour characteristics and management.

4. General methodology

I conducted a cohort prospective observational study, which included 535 patients
treated with DAAs for HCV chronic infection between May 2016 and December 2017, within
the Internal Medicine Department at Fundeni Clinical Institute. The treatment was conducted
according to the national protocol existent at the time:

- patients with advanced fibrosis and compensated cirrhosis received antiviral
treatment with ombitasvir/paritaprevir/ritonavir and dasabuvir (Viekirax/ Exviera);

- patients with decompensated cirrhosis received antiviral treatment with
ledipasvir/ sofosbuvir (Harvoni).

The local Ethical Committee approved the study. An informed written consent was
taken from all the participants and all their records were confidential. We included in the study
patients older than 18 years-old, with personal history of HCV chronic infection, who achieved
sustained virologic response through direct acting antivirals. The following situations represent

exclusion criteria:

. death during DAASs treatment;

. hepatitis B virus or human immunodeficiency virus (HIV) co-infection;

. concomitant or previous malignant processes;

. non-viral hepatopathy, autoimmune liver disorders, infectious disorders, heart
failure.

Data was achieved through anamnesis, clinical examination, biological parameters,
imagistic investigations and various scores (used either for hepatic function or fibrosis
assessment) — all these findings being attentively collected both at 3 and 12 months after SVR.
For statistical analysis, the soft IBM SPSS Statistics for Windows, version 26.0. Armonk, NY:
IBM Corp was used.



5. Results

The medium age among the study group was 56,94 years, with a predominance of
females (Figures 5.1 and 5.2).
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Figure 5.1. Age distribution of the study group
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Figure 5.2. Sex distribution of the study group

Patients were also analysed according to previous use of HCV treatment (Figure 5.3).
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Figure 5.3. Distribution of the study group according to previous antiviral treatment

Three months after achieving SVR, more than half of the patients presented with

cirrhosis — most of them having compensated Child A cirrhosis (Figure 5.4).
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Figure 5.4. Distribution of the study group according to hepatic function
at 3 months after SVR

The presence of diabetes mellitus (DM) was also evaluated after achieving SVR,
revealing that 11% of the total number of subjects were diabetic: 3,7% had DM treated with
oral antidiabetics, 6% had insulin-dependent DM and 1,3% had diet-controlled diabetes.
Thyroid function was also taken into consideration, resulting in 2,2% of the patients having
autoimmune thyroiditis, while 4.5% had hypothyroidism. Also, 47 patients (8.8%) were

diagnosed with metabolic syndrome (Figure 5.5).
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Figure 5.5. The presence of comorbidities at 3 months after SVR

Three months after SVR, all patients were evaluated with conventional
ultrasonography. For three of the 535 patients (0,6%), ultrasonography (US) revealed the
presence of intrahepatic masses, thus further investigations were necessary. Contrast-enhanced
ultrasonography (CEUS) and computerized tomography (CT) were performed for these
patients, revealing that no patient had HCC at 3 months after SVR. Table 5.1 shows the

diagnostic means that were applied among the study group at 3 months after SVR.

Table 5.1. Pathologies and diagnostic methods applied at 3 months after SVR

Parameters N=535
Ultrasonography 535 (100%)
Splenic hilum venous dilation 294 (55%)
Hepatomegaly 315 (58,9%)
Homogeneous liver at US 221 (41,3%)
Non-Homogeneous liver at US 314 (58,7%)
HCC at US 0 (0%)
Hepatic mass <lcm at US 0 (0%)
Hepatic mass 1-2 cm at US 3 (0,6%)
Hepatic mass >2cm at US 0 (0%)
CEUS 3 (0,6%)
Regenerative nodule at CEUS 2 (0,4%)
Dysplastic nodule at CEUS 1 (0,2%)



HCC at CEUS 0 (0%)

Portal vein thrombosis at CEUS 0 (0%)
CT 3(0,6%)
HCC atCT 0 (0%)
MRI 0 (0%)
oesophageal varices 294 (55%)
Ascites
- No ascites 465 (86,9%)
- Ascites grade 1 29 (5,4%)
- Ascites grade 2 24 (4,5%)
- Ascites grade 3 17 (3,2%)
Hepato-renal syndrome 6 (1,1%)
Hepatic encephalopathy (HE)
- No encephalopathy 479 (89,5%)
- Hepatic encephalopathy grade 1 25 (4,7%)
- Hepatic encephalopathy grade 2 29 (5,4%)
- Hepatic encephalopathy grade 3 2 (0,4%)
DM (oral antidiabetics) 20 (3,7%)
DM (insulin-dependent) 32 (6%)
DM (diet) 7 (1,3%)
Autoimmune thyroiditis 12 (2,2%)
Hypothiroidism 24 (4,5%)
Hyperthiroidism 7 (1,3%)
Metabolic syndrome 47 (8,8%)

One year after obtaining SVR, 47 cases of HCC were diagnosed, using both imagistic

criteria and tumour markers (Figure 5.6).
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Figure 5.6. HCC distribution within the study group

Computerized tomography revealed the predominance of solitary masses in more than
half of the cases (51.06%). Also, most of the patients (over 87%) presented with visible
lymphadenopathies, while HCC metastases and portal vein thrombosis (PVT) were relatively
rare (Table 5.2).

Table 5.2. HCC characteristics at 12 months after SVR

Parameters N=47
Nodules
-1 24 (51.06%)
-2 14 (29.78%)
. 3 9 (19.14%)
Lymphadenopathies 41 (87.23%)
Metastases 3 (6.38%)
Portal vein thrombosis 5 (10.63%)
Localisation
- Segment 2 8 (17.02%)
- Segment 3 7 (14.89%)
- Segment 4 5 (10.63%)
- Segment5 11 (23.40%)
- Segment 6 2 (4.25%)
- Segment 7 5 (10.63%)
- Segment 8 9 (19.14%)
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Maximum tumour diameter (cm) 4.44+1.74

Calculating Tumour Burden Score (TBS) showed mainly medium burden, while the use
of Seven Eleven Criteria (SEC) resulted in minimum burden for most patients (Figures 5.7 and
5.8).

Tumour Burden Score Seven Eleven Criteria

M Low burden m Medium burden B Low burden m Medium burden

Figure 5.7. Tumour Burden Score Figure 5.8. Seven Eleven Criteria

Hepatic function assessment among the 47 patients diagnosed with HCC revealed
mostly cases of decompensated cirrhosis - 55% (Figure 5.9). According to the BCLC
classification, the most prevalent stages were C, D and B (Figure 5.10).

mfaraCH BCHILDA ®CHILD B+C

Figure 5.9. Distribution of HCC patients according to the liver function assessment (at 12
months after SVR)
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Figure 5.10. Distribution of HCC patients according to the BCLC classification (at 12
months after SVR)

According to the BCLC stage at the time of HCC diagnosis, most of the patients
received either systemic therapy of best supportive care. Trans-arterial chemoembolization
(TACE) was performed initially in more that 25% of the patients.

Statistical analysis of the collected data showed the existence of important correlations
between HCC and the following parameters: aminotransferases, albumin, alkaline phosphatase,
total bilirubin, platelets, sodium, cholesterol, CK, CK-MB, erythrocyte sedimentation rate
(ESR), C reactive protein (CRP), serum ammonium, spleen dimensions, portal vein diameter,
fibrosis degree (either expressed by FibroScan, APRI or FIB-4), MELD and Child scores,
insulin-dependent DM, metabolic syndrome, hypothyroidism. Serum level of alpha-fetoprotein
significantly correlated not only with the presence of hepatic masses, but also with the number
of nodules, maximum tumour diameter and tumour burden scores (TBS and SEC). A statistical
association between TBS and SEC was only present for patients considered ”low burden”.
Moreover, both TBS and SEC scores correlated very well with the BCLC stage (Figures 5.11
and 5.12).
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Figure 5.11. Correlation between TBS -BCLC

BCLC stage
EBCLC stadiul 0

10 —
BECLC stadiul A
MECLC stadiul B
BBECLC stadiul C
8 EBCLC stadiul D
6
0 lIL

low burden medium burden
SEC (grad) CT

Frequency

£

(]

Figure 5.12. Correlation between SEC -BCLC

AFP elevations were associated with a higher prevalence of lymphadenopathies,
metastases and portal vein thrombosis. Moreover, after analysing CK and CK-MB levels
among the study group, higher values of these two parameters were noted in the presence of
hepatocellular carcinoma (Table 5.3). C reactive protein was also significantly different in

patients with HCC, irrespectively of the localisation (Table 5.4).
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Table 5.3. Corelation between CK — HCC

N

48

53

Mean

8 88,47
203,25
188,43
184,60
198,55
202,50
199,20
202,33

5 98,03

Std dev p

19,967 <0,001
8,860

9,658

7,668

14,003

9,192

6,834

37,845

36,697

Table 5.4. Corelation between CRP — HCC

CK (UI/L)

no HCC

segment 2

segment 3

segment 4

segment 5

segment 6

segment 7

segment 8

Total

CRP (mg/dl)
N

no HCC 488
segment 2 8
segment 3 7
segment 4 5
segment 5 11
segment 6 2
segment 7 5
segment 8 9
Total 535

Mean

2,5045
6,2500
4,5857
4,5800
6,4182
5,7000
6,4000
5,7333

2,7903

15

Std dev p

,46348 <0,001
1,15264

1,44156

,87579

1,82473

,70711

,56569

1,49416

1,11291



Survival among patients with HCC correlated positively with the following parameters:
albumin, cholesterol and platelets. On the other hand, between hepatic fibrosis and survival, a
negative statistic correlation was expected and observed. Tumour characteristics, tumour
burden scores and BCLC stage all correlated with survival in patients diagnosed with HCC.
Patients that underwent hepatic resection, radiofrequency ablation (RFA), TACE and liver
transplantation had a survival over 48 months, while the subjects with severely impaired
hepatic function received systemic therapy/ best supportive care and had a medium survival of
11,32 months.

Among the 47 patients with HCC, 68,1% died on follow-up. Mortality was three times
higher in the presence of HCC (Table 5.5).

Table 5.5. Mortality in patients with HCC

Risk
Value 95% Confidence Interval
Lower Upper
For cohort death = Nu 3,133 2,064 4,757
N of Valid Cases 535

Statistical analysis revealed several risk factors associated with mortality in the
presence of hepatocellular carcinoma: albumin, total bilirubin, platelets level, INR, CK, CK-
MB, AFP, hepatic fibrosis, tumour burden scores. Diet-controlled diabetes mellitus and

metabolic syndrome also represented mortality risk factors within this subgroup.

6. Discussion

The use of direct acting antivirals opened a new era in the management of HCV-induced
liver disease. However, the relationship between DAAs and HCC has been the subject of
numerous controversies, with several authors suggesting that Interferon-free therapy might be
responsible for a more rapid tumour growth and a higher incidence of HCC. On the other hand,
other researchers established no correlation between HCC occurrence and DAA therapy.
Regarding our cohort of 535 people, HCC was only diagnosed in patients with cirrhosis and
advanced fibrosis — conditions that are themselves independent risk factors for HCC.
Moreover, diabetes mellitus, metabolic syndrome and hypothyroidism were also present within

the study group. These pathologies are also involved in HCC development. Several preclinic
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studies established an important connection between thyroid hormones and carcinogenesis. It
is also well known that HCV itself is associated with various extrahepatic manifestations,
thyroid involvement being one of the most prevalent [16]. Regarding the patients with HCC
that were observed, a significant correlation was observed between hypothyroidism and the
presence of HCC — this data confirming previous research. Insulin-dependent diabetes mellitus
was also correlated with HCC occurrence, as well as with the number of tumour masses. No
association was established between the presence of hepatocellular carcinoma and diet-
controlled DM/ DM treated with oral antidiabetics. The relationship between DM and HCC
was highly investigated by the medical world. Important research regarding this topic was
presented in the EPIC study, which concluded that DM is a risk factor for HCC occurrence,
with a significantly higher risk for hepatic cancer among insulin-dependent patients [17].
Within the study group, metabolic syndrome was observed in 8.8% of the cases, with a higher
frequency among patients diagnosed with HCC (17%) — a fact that suggests the association
between these two pathologic entities. Most of the patients with HCC presented with solitary
hepatic masses (51%). Moreover, the presence of metastases and portal vein thrombosis among
these patients was reduced. The mean maximum tumour diameter was 4.44 cm and no patient
presented with high TBS or SEC. These findings may suggest a less aggressive pattern of
hepatocellular carcinoma developed after DAAs treatment. Twenty patients had a survival rate
over 48 months — a fact that is particular, considering the distribution of hepatic disfunction
among patients with HCC (with the predominance of decompensated cirrhosis). All patients
diagnosed with hepatic cancer presented elevated AFP levels —that contributed to the diagnosis
and post-treatment monitoring of the patients. Moreover, AFP correlated with tumour diameter,
as well as with tumour burden. Both TBS and AFP are important prognosis factors in the
presence of HCC. The relationship between these two variables allows a stronger prediction of
the possible outcome. Literature data observed that TBS and AFP have a synergistic impact on
outcomes in these patients [18]. In a recent study [18], patients with similar TBS grades had
different evolution, according to the AFP levels. AFP assessment is an important step in the
evaluation of HCC-diagnosed patients, especially in the presence of small tumour masses/
metastases. Within the study group, | have observed an important association between high
ALF levels and the presence of lymphadenopathies, metastases and PVT. An important
correlation was also noted between HCC and CRP, while recent studies suggest the presence
of various signalling pathways that can explain the connection between carcinogenesis and
inflammatory markers [19]. The presence of hepatocellular carcinoma also correlated well with
serum levels of CK and CK-MB — an association that was also suggested by other researchers.
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However, further investigation of this matter is necessary [20]. Both tumour burden scores
correlated with BCLC classification. A recent study evaluated TBS and BCLC, describing an
important number of BCLC-B patients and medium TBS that had a better outcome than
individuals with BCLC-A and high TBS [21]. Patients' survival depended on HCC
management — the highest survival rates being observed among subjects that benefitted from
surgical resection, RFA, TACE and liver transplant. Combining several therapeutic procedures
is associated with a better outcome. Mortality evaluation revealed that patients with HCC have
a higher mortality rate, up to 3-fold. Several factors were associated with a higher risk of death
in patients with HCC: AFP, CK, CK-MB, Albumin, total bilirubin, platelets, hepatic fibrosis,

diet-controlled DM, metabolic syndrome, maximum tumour diameter, TBS and SEC.

7. Conclusions
After analysing the data collected, | have made the following observations:
v There was no statistical correlation established between HCC and DAAs, the incidence of
liver cancer within the study group being under 8.8%.
v Moreover, in patients diagnosed with HCV, HCC was observed exclusively in the presence
of cirrhosis and advanced fibrosis.
v Diabetes mellitus (insulin-dependent), hypothyroidism and metabolic syndrome are
important risk factors associated with HCC.
v After DAASs treatment, the estimated tumour burden among patients with HCC was either
low or medium (not high).
After DAAs treatment, solitary HCC was predominant.
After DAAs treatment, the presence of metastases and portal vein thrombosis was reduced.
The levels of CK, CK-MB and inflammatory markers correlated with the presence of HCC.

Mortality was three times higher among subjects with HCC in the study group.

AN NN NN

Several factors are associated with a higher mortality risk, in the presence of HCC: AFP,
CK, CK-MB, Albumin, total bilirubin, platelets, hepatic fibrosis, diet-controlled DM,
metabolic syndrome, maximum tumour diameter, TBS and SEC.

v/ It is important to emphasize that HCC screening (using imagistic methods and tumour
markers every six months) should not be stopped after achievement of SVR, as interferon

free treatments cure the viral infection, but not the liver disease itself.
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Despite the well-established inclusion/ exclusion criteria, the study was limited by the
small number of patients diagnosed with HCC at 12 months after SVR. Moreover, this research
observed and analysed a cohort that received Interferon-free therapy in 2016-2017, when the
available molecules, as well as the eligibility criteria were different from the current ones. The
risk of HCC in the absence of DAAs treatment was not taken into consideration — a fact that
may represent another limitation of this study.

As a perspective, it would be ideal to continue monitoring patients treated with DAAS,
on longer periods of time and at a multicentric level. Creating further prognostic/ diagnostic
algorithms able to increase the predictive accuracy is a matter that should be further pursued.
The continuous advances in molecular medicine opened a new chapter and the efforts towards

the discovery of new HCC biomarkers are deeply encouraged.
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