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Abstract
Background: Direct-acting antivirals (DAAs) opened a new era in the management of hepatitis C virus
(HCV)-associated liver disease. However, hepatic cancer screening should not be stopped after obtaining a
sustained virologic response (SVR). Current guidelines offer several treatment options for hepatocellular
carcinoma (HCC), mainly depending on its stage and the extent of liver disease, including tumor resection,
liver transplantation (LT), radiofrequency ablation (RFA), transarterial chemoembolization (TACE), and
systemic agents. This article provides an overview of treatment modalities for hepatocellular carcinoma and
associated survival rates based on the experience of the Internal Medicine Center at Fundeni Clinical
Institute while bringing into light previous medical research.

Methods: We included 59 patients with a personal history of hepatitis C virus infection, diagnosed with
hepatocellular carcinoma at least one year after achieving a sustained virologic response through direct-
acting antivirals. The albumin-bilirubin (ALBI) score and Barcelona Clinic Liver Cancer (BCLC) classification
were assessed in each case, and all patients were treated accordingly. The subjects were monitored by liver
function tests, tumor markers, blood cell count, coagulation profile, and imaging explorations. We
investigated the Eastern Cooperative Oncology Group (ECOG) performance status, the response to applied
treatments, and survival.

Results: Cirrhotic patients and multinodular tumor patterns were predominant. Most patients only
experienced one therapeutic procedure, while the rest of the study group went through multiple treatment
modalities (2-4), with a better outcome in terms of survival parameters. A large proportion presented with
disease progression despite the therapeutic measures applied. A total of two liver transplants were
performed, resulting in a 12-month disease-free period among these patients. The presence of diabetes
mellitus (DM), multinodular disease, alpha-fetoprotein (AFP) over 300 ng/mL, and tumor dimension over 6
cm indicate poor overall survival. Both overall survival and progression-free survival were better in subjects
who presented complete responses (CR) to HCC treatment. In patients undergoing a single intervention, the
best overall survival was associated with surgical resection and RFA.

Conclusion: The multimodal treatment of hepatocellular carcinoma represents the best approach, in order
to maintain patients on the waiting list for liver transplantation. In hepatitis C virus infection, viral
clearance is important to obtain. At the same time, particular attention should be paid to liver cancer
screening even after obtaining a sustained virologic response.

Categories: Infectious Disease, Oncology
Keywords: direct-acting antivirals, liver transplantation, sorafenib, hepatitis c virus infection, hepatocellular
carcinoma

Introduction
Hepatocellular carcinoma (HCC) is known to be the fourth major cause of cancer-related mortality
worldwide, and the World Health Organization recently revealed that more than one million individuals are
expected to die due to hepatic cancer in 2030 [1-3]. For many years, viral hepatitis has been one of the main
risk factors for HCC occurrence. In particular, hepatitis C virus (HCV) is associated with an up to 20-fold
increase in HCC development [4]. Furthermore, efforts should be made in order to identify new biomarkers
for early diagnosis and therapy in specialized medical centers [5,6].

Although the use of direct-acting antivirals (DAAs) opened a new era in the management of HCV-induced
liver disease, the relationship between DAAs and HCC was associated with numerous controversies. Several
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authors suggest that interferon-free regimens lead to faster tumor growth, while other researchers found no
link between HCC occurrence and DAA therapy [7-9]. The essential factor for attempting a curative
procedure is represented by an early diagnosis of hepatocellular carcinoma; thus, HCC screening is
mandatory in susceptible patients, including those who have already achieved a sustained virologic response
(SVR). The Barcelona Clinic Liver Cancer (BCLC) staging system uses both clinical and imagistic criteria,
linking HCC stage, patient’s performance status, and comorbidities, in order to determine the appropriate
therapeutic strategy for each patient [10]. The BCLC system can be used to recognize early-stage HCC, in
which cases curative therapies may successfully be applied.

The aim of the study was to analyze survival parameters and treatment response in patients with HCC who
previously received DAA treatment while comparing the results with those already reported in literature
among subjects with no history of DAA treatment.

Materials And Methods
We conducted a retrospective observational study on 59 patients who had a prior history of HCV infection,
for which they received treatment with direct-acting antivirals (either ritonavir-boosted
paritaprevir/ombitasvir and dasabuvir or ledipasvir/sofosbuvir), in accordance to the National Healthcare
Program available at the moment. Each patient obtained a sustained virologic response, defined as
undetectable HCV ribonucleic acid (HCV-RNA) at 12 weeks after ending DAA treatment. The subjects were
admitted to the Internal Medicine Center at Fundeni Clinical Institute between January 2015 and December
2019. The study was performed with approval from the Hospital Ethical Committee. Informed written
consent was taken from all the participants, and all their records were confidential.

The inclusion criteria were documented de novo hepatocellular carcinoma and personal history of HCV
chronic infection, with SVR after DAAs.

We excluded from the study patients with other concomitant or previous cancers, autoimmune liver
disorders, hepatitis B virus (HBV) or human immunodeficiency virus (HIV) coinfection, and HCV who were
not treated with DAAs.

We applied the BCLC classification to each patient. The very early stage (BCLC 0) and early-stage (BCLC
A) HCC included asymptomatic patients with preserved liver function, presenting with either solitary
masses or with 2-3 nodules (under 3 cm in diameter), without macrovascular invasion or extrahepatic
spread. Intermediate-stage HCC (BCLC B) included patients with preserved liver function and unresectable
tumors in the absence of vascular invasion or extrahepatic spread. Patients with advanced-stage disease
(BCLC C) had portal invasion or extrahepatic spread, as well as mild cancer-related symptoms, while still
maintaining a good liver function. Patients with terminal-stage HCC (BCLC D) had an end-stage liver
function or significant cancer-related symptoms. The therapeutic options taken into consideration
were systemic chemotherapy with sorafenib, transarterial chemoembolization (TACE), surgical resection,
percutaneous radiofrequency ablation (RFA), and liver transplantation (LT). Subjects with BCLC D received
the best supportive care. Demographic profiles were recorded. Patients’ evaluation included liver function
tests, renal function monitoring, blood cell count, coagulation profile, and tumor markers such as serum
alpha-fetoprotein (AFP) levels. Important comorbidities such as diabetes mellitus (DM), metabolic
syndrome, and hypothyroidism were also noted and monitored, when present. The albumin-bilirubin (ALBI)
score was also determined to assess liver function in patients with HCC. The cut points of the ALBI grade
were as follows: ≤−2.60, ALBI grade 1; from −2.60 to −1.39, ALBI grade 2; and >−1.39, ALBI grade 3 [11].

All patients underwent conventional abdominal ultrasonography examination, as well as either contrast-
enhanced ultrasonography (CEUS), computed tomography (CT), or magnetic resonance imaging (MRI),
describing the number of nodules, maximum diameter, and location. We also evaluated the tumor burden
score (TBS), a parameter that includes both number and size into a single variable. The cut points for the
TBS were as follows: high, over 13.74; medium, 3.36-13.74; and low, less than 3.36.

We investigated the Eastern Cooperative Oncology Group (ECOG) performance status, the modified
Response Evaluation Criteria in Solid Tumours (mRECIST), and the following survival parameters: disease-
free survival, progression-free survival, and overall survival. Disease-free survival was measured after a
certain HCC therapeutic procedure was performed resulting in complete response (CR) and was defined as
the amount of time without tumor recurrence. Progression-free survival was measured from the initiation of
the first HCC therapeutic procedure to HCC progression (as defined by the mRECIST). Overall survival was
defined as the time between the initiation of HCC-targeted procedures and the death of any cause.

The six ECOG performance status grades are defined in Table 1 [12].
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Grade Description

0 Fully active, able to carry on all pre-disease performance without restriction

1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light or sedentary nature

2 Ambulatory and capable of all self-care but unable to carry out any work activities

3 Capable of only limited self-care, confined to bed or chair more than 50% of waking hours

4 Completely disabled, cannot carry on any self-care, totally confined to bed or chair

5 Dead

TABLE 1: Description of the ECOG performance status

The mRECIST evaluation included four types of response, as shown in Table 2 [13].

Response type Definition

Complete response (CR) Vanishing of arterial enhancement in all lesions

Partial response (PR) A reduction of over 30% in the sum of the diameters of all viable tumors

Stable disease (SD) Insignificant changes concerning tumor size

Progressive disease (PD) An expansion of over 20% in the sum of the diameters of all viable tumors

TABLE 2: Definition of mRECIST evaluation response types

Statistical analysis was conducted using the SPSS software version 17.0 (SPSS Inc., Chicago, IL, USA). We
calculated survival using the Kaplan-Meier method, while variables associated with survival in univariate
analysis were included in the multivariate analysis. A p-value of less than 0.05 was considered statistically
significant.

Results
We collected and analyzed data from 59 patients, most of whom were male (n = 38, almost 65%). The mean
age at HCC diagnosis was 52.2 ± 20.6 years. The median time to follow-up from HCC diagnosis to death or
final medical record was 17.1 months. Cirrhotic patients were predominant (93.22% of all patients), with
59.32% of the total number classified as class A Child-Pugh cirrhosis. Approximately half of the patients
were identified as ALBI grade 1 (Figure 1).
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FIGURE 1: Distribution of study group by Child-Pugh class and ALBI
score

Regarding the HCC pattern, solitary masses were found in 44% of patients, while the rest were multinodular
hepatocellular carcinomas (Figure 2).

FIGURE 2: Distribution of study group by Child-Pugh class, TBS, and
HCC pattern

The BCLC classification resulted in the following distribution of patients: 3.39% were in stage 0, 23.72% of
the patients were in stage A, 33.89% had stage B, 27.11% were in stage C, and 11.86% in stage D. All patients
with BCLC stage D corresponded to ALBI grade 3.

Over 71% (42 patients) only experienced one therapeutic procedure (including four advanced-stage subjects
who could only benefit from the best supportive care), while the rest of the study group went through
multiple therapeutic means: 13.55% underwent two procedures, 11.86% experienced three procedures, and
3.38% (two patients) had four interventions.

Out of the 42 patients who only benefitted from one intervention, surgical resection was performed in three
patients (7.14%), while more than half (23 patients, 54.76%) underwent TACE: 10 patients with conventional
TACE and 13 subjects with doxorubicin eluting beads transarterial chemoembolization (DEB-TACE). RFA was
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the chosen therapeutic measure for six out of the 42 patients (14.28%), while six other patients received
systemic chemotherapy. In four cases (9.52%), the best supportive care was the only suitable choice. Patients
who experienced TACE had significantly larger masses than the subjects submitted to liver resection (5.9 cm
versus 7.3 cm, p < 0.001). Also, hepatic dysfunction, as shown by liver function tests and Child-Pugh
classification, was more advanced in patients undergoing TACE than in those with RFA (p < 0.05) (Figure 3).

FIGURE 3: Treatment options and liver function in patients who
underwent a single procedure

Only one of these 42 patients underwent liver transplantation after the initial chemoembolization
procedure. Only two of the 59 patients included in the study underwent liver transplantation, while the
other 35 patients (60%) were included on the waiting list.

A total of 17 patients benefitted from two or more treatment options. Eight patients (13.55%) had two
therapeutic procedures performed: two patients with both surgical resection and systemic therapy, three
patients with both TACE and DEB-TACE, and the other three patients with TACE and systemic therapy.
Seven patients (11.86%) had three therapeutic procedures performed: one was subjected to RFA, followed by
sorafenib and best supportive care; another patient underwent surgical resection and conventional TACE
and also benefitted from systemic therapy; in two of the cases, the chosen therapeutic measures were
represented by DEB-TACE, conventional TACE, and systemic therapy, while three patients underwent
surgical resection and DEB-TACE and also received systemic therapy. Two patients (3.38%) had four
procedures performed: one patient with RFA, TACE, DEB-TACE, and best supportive care, and the other
patient with TACE, DEB-TACE, sorafenib, and best supportive care.

Analyzing mRECIST resulted in five patients (8.47%) with a complete response at 12-month follow-up and
25 patients (42.37%) with only partial response, while a larger proportion (27 patients, 45.76%) presented
with disease progression despite the therapeutic measures applied, and two subjects (3.38%) had
insignificant changes concerning tumor size (defined as stable disease). HCC progression was more
pronounced in patients who only underwent one therapeutic measure (p < 0.05). Figure 4 depicts treatment
response in correlation with the number of therapeutic measures applied.
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FIGURE 4: HCC treatment and mRECIST

Patients with disease progression also had advanced cirrhosis and larger tumor masses at diagnosis, as well
as important other comorbidities, such as diabetes mellitus (17 patients), hypothyroidism (12 patients), and
metabolic syndrome (11 patients), with the proportion of these associated pathologies being higher than
among patients with CR or PR.

In terms of disease-free survival rates, our study revealed that only one patient (1.69%) had a disease-free
survival period of four months, four patients (6.77%) had a disease-free survival period of six months, two
patients (3.38%) presented a disease-free survival period of 10 months, and another two patients had a
disease-free survival period of 12 months. It is important to mention that the patients with a 12-
month disease-free period were the ones who also underwent liver transplantation. Moreover, the subjects
with a 10-month disease-free period had no cirrhosis, corresponded to BCLC stage 0, and only benefitted
from surgical resection. On the other hand, most patients (50 subjects, 84.74%) did not present a disease-
free interval. More details regarding disease-free survival, according to the number of therapeutic measures
applied, are shown in Figure 5.
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FIGURE 5: Disease-free survival according to the number of therapeutic
measures applied

Analysis of progression-free survival rates (Figure 6) resulted in the following distribution: under six months
for 38 patients (64.40%), 7-12 months for 11 patients (18.64%), and more than 12 months for 10 patients
(16.94%).

FIGURE 6: Progression-free survival (months) according to the number
of therapeutic measures applied

Noticeably, the use of multiple procedures resulted in higher progression-free rates. Assessment of the
overall survival rates revealed the following: an overall survival rate of 1-6 months for 13 patients (22.03%),
7-12 months for 23 patients (38.98%), 13-24 months for 16 patients (27.11%), and over 24 months for seven
patients (11.86%). We observed that the parameters associated with survival were improved in patients who
benefitted from multiple procedures compared to individuals in whom only one therapeutic measure was
performed (Figure 7).
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FIGURE 7: Overall survival according to the number of therapeutic
measures applied

Moreover, the presence of comorbidities (especially DM), portal hypertension, multinodular disease (with
more than three tumoral masses), AFP levels higher than 300 ng/mL, high TBS, and nodule diameter larger
than 6 cm indicate poor overall survival (p = 0.001).

It is noticeable that among patients with CR, the overall survival was better (17.9 months) than in patients
who only had PR (17.5 months, p = 0.04) and also better than in subjects with disease progression (14.5
months, p = 0.01) (Figure 8).

FIGURE 8: Overall survival in patients with complete response (CR)
versus partial response (PR)

A similar observation can be made about progression-free survival: 8.8 months for patients with CR, 6.8
months for patients with PR (p = 0.03), and 2.8 months for patients with progressive disease (p = 0.01)
(Figure 9).
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FIGURE 9: Progression-free survival in patients with complete response
(CR) versus partial response (PR)

Patients with CR had also better disease-free survival rates than both patients with PR or progressive disease
(p < 0.001 in both cases).

We also assessed survival parameters in patients with a single intervention and observed that the surgical
resection of HCC had a progression-free survival of 12 months, while the overall survival in this scenario
was 23 months. Conventional TACE had a progression-free survival of six months and an overall survival of
21 months, while for DEB-TACE, the parameters were seven months and 11 months, respectively. Patients
who benefitted from RFA had a progression-free survival of 14 months and overall survival of 23 months.
There was no disease-free survival for the advanced stages where patients received either sorafenib or the
best supportive care. The overall survival was nine months for sorafenib and seven months for supportive
care.

In patients who received a combination of therapies, the association of conventional TACE and sorafenib had
an overall survival of 23 months and a progression-free survival of six months. When three treatment
procedures were performed, the overall survival was 24 months, and disease-free survival was 11 months.

Discussion
The presence of hepatocellular carcinoma was documented either using computed tomography (CT),
magnetic resonance imaging (MRI), or contrast-enhanced ultrasonography (CEUS), in correlation with
serum levels of alpha-fetoprotein. Liver biopsy was not performed for any of the patients due to its invasive
character, susceptibility to associated complications, and the fact that imagistic methods and tumor markers
were decisive in formulating the HCC diagnosis.

It is well known that the curative therapeutic options for patients with hepatocellular carcinoma are liver
transplantation and liver resection [14,15]. While LT is the best choice for these patients, by treating both the
tumor and the cirrhotic liver, its availability remains limited [14]. Within our study group, LT was possible in
only two cases due to the low number of donors, with both patients having a disease-free survival of 12
months.

By comparison, liver resection is a more accessible solution but is recommended in patients with preserved
hepatic function [15]. It has the advantage of eliminating the need to find a compatible allograft, but the risk
of HCC recurrence is higher than in transplant recipients [14,16]. Current literature data showed that 70% of
the patients who underwent surgical resection presented with HCC recurrence five years after resection [17].
One potential explanation is the fact that LR treats the tumor but does not have the capacity of stopping the
progression of liver disease. Moreover, it is noticeable that, after interferon-free regimens were
implemented, there have been many concerns regarding the relation between direct-acting antivirals and
HCC recurrence. While several systematic reviews and meta-analyses concluded that DAAs do not affect in
any way HCC recurrence [18-22], other studies have revealed a potential controversial association between
interferon-free therapy and HCC, with DAAs resulting to have either promotive or suppressive effects,
according to different authors [18,23-26]. Although data is conflicting, there is a certainty in the fact that
HCC screening should not be stopped after achieving SVR, as antiviral treatment can cure the HCV infection,
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but not the liver disease itself. Within our study group, when analyzing patients with HCC previously treated
with DAAs, surgical resection presented a one-year survival rate of approximately 71%, a value that seems
to be in agreement with previous literature data concerning survival in patients with HCC.

The most frequently used bridging therapy before liver transplantation is TACE, either conventional or DEB-
TACE [27]. In our study, the overall survival at one year in patients who benefitted from TACE was close to
80%.

Another therapeutic method used on the patients included in this study was RFA, a minimally invasive
procedure that showed promising results in HCC management [15]. RFA works by generating heat, with the
help of a high-frequency alternating current, leading to coagulative necrosis in tumoral cells and adjacent
liver parenchyma [28]. Due to its availability, effectiveness, and minimally invasive character, RFA
represents a first-line therapeutic option for early HCC [15]. Larger tumoral masses are, on the other hand,
associated with a higher risk of recurrence after RFA than after surgical resection [28]. A possible explanation
could be that large hepatomas may determine microvascular invasion, as well as micrometastases. Moreover,
the heating resulting from RFA can lead to increased intra-tumor pressure, followed by the displacement of
neoplastic cells through iatrogenic fistulae or shunts [28,29]. Compared to TACE, RFA usually requires fewer
interventions and was found to be more efficient in terms of recurrence and survival [30,31]. However, in our
study, the survival rate one year after ablation was of 69%, slightly lower than in patients who underwent
TACE. It is important, though, to mention that the total number of patients undergoing RFA was almost four
times lower than the patients undergoing TACE. We would also like to emphasize the possibility of using both
therapeutic options, since clinical trials demonstrated that the combination of TACE and RFA has better
survival outcomes than RFA alone in patients with nodules smaller than 7 cm [28,32]. Although our study
included several patients with more than one therapeutic procedure, only one of them benefitted from both
RFA and TACE, but that patient was submitted to a total of four therapeutic measures.

As expected, unresectable HCC is associated with poor prognosis, with a median survival of less than one
year [33]. The survival rate at one year for patients in our study who received systemic chemotherapy was
24%. These patients also required hospitalization more frequently.

We observed that diabetes mellitus was more prevalent among patients who presented with disease
progression, with previous research also suggesting that DM and insulin resistance are independent risk
factors for HCC development [34,35]. Diabetes was also indicative of poor survival in our group. On the other
hand, an improvement in survival has been noticed in patients who benefitted from multiple therapeutic
procedures. When combining multiple therapeutic methods, the limitations of a certain procedure can be
overcome by another intervention, thus being able to prevent HCC recurrence, decelerate progression, and
reduce tumor size in these patients. For example, the use of postoperative TACE can block the nutrient
vessels of the tumor, allowing the chemotherapeutic drug to kill the residual microscopic HCC cells, without
producing damage to the normal liver cells. Combining TACE and RFA may increase coagulation necrosis,
thus enabling effective treatment of larger masses than RFA alone may treat. We emphasize the fact that
constant evaluation is of high importance in these patients while continuously searching for the best
management option, as patients’ clinical status and biological parameters can quickly change. The purpose
of all therapeutic measures applied to these patients (either strictly HCC-oriented or liver function
supportive measurements) is either keeping patients inside the Milan criteria for liver transplantation or
down-staging the disease so that transplant may be taken into consideration. In the management of patients
diagnosed with HCV infection, a very important step is promptly removing the liver offender, as hepatic
fibrosis is, at a certain point, capable of regression after eliminating the viral cause. At the same time,
particular attention should be paid to HCC screening even after obtaining an SVR. Concerning our group of
patients, all previously treated with direct-acting antivirals, we found that the various therapeutic methods
applied for HCC were associated with outcomes similar to those already mentioned in the literature,
regardless of antiviral treatment.

When liver functional reserve is adequate, the preferred therapy for localized HCC is represented by surgical
resection. On the other hand, for individuals who are not eligible for resection (due to the extent of the
tumor or due to the poor underlying liver status), the best option remains liver transplantation [36].
However, when considering liver transplantation as a therapeutic option, the availability of organs may be a
major problem. When choosing the best therapeutic approach for a patient diagnosed with HCC, several
factors must be taken into consideration, such as clinical status, liver function, oncological suitability, and
organ availability. Each case has its own particularities, and the best therapeutic option must be chosen
accordingly, as a universal approach for all patients does not exist.

It should be acknowledged that this study has several limitations, the primary limit being the low number of
subjects observed. This aspect is due to the fact that we only included patients with hepatocellular
carcinoma who were previously treated with direct-acting antivirals for hepatitis C virus infection. It is
important to mention that, within our center, the proportion of patients who developed HCC after DAAs was
low (at about 6%). Given the small study group and the fact that this was a single-center study, the results
may not be generalizable. However, our findings regarding survival rates after HCC management in patients
previously treated with DAAs are similar to those already reported in subjects with no history of direct-
acting antiviral use. We encourage further research within this area, especially since literature data regarding
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HCC occurrence and recurrence after DAA treatment are conflicting. Larger prospective studies observing
multicenter cohorts are required.

Conclusions
So far, the best therapeutic option for hepatocellular carcinoma is liver transplantation. However, the low
number of donors and the constant dropout risk (as a consequence of liver disease progression) may stand in
the way of promptly performing this intervention. Patients may benefit from local procedures such as
ablation or resection and especially a combination of these, as considered best suited for each patient. The
ultimate goal of HCC treatment is to prolong survival, regardless of the chosen therapy. In our study, LR,
TACE, and RFA significantly improved the survival of patients with unresectable HCC, but the benefit was
higher when more than one therapeutic option was applied. Survival rates after HCC management in
patients previously treated with DAAs are similar to those already reported in subjects with no history of
direct-acting antiviral use.
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