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Immune Reconstitution After HCV Clearance With
Direct Antiviral Agents: Potential Consequences
for Patients With HCC?
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Abstract: Recent introduction of all-oral direct-acting antiviral (DAA) treatment has revolutionized care of patients with chronic
hepatitis C virus infection. Because patients with different liver disease stages have been treatedwith great success including those
awaiting liver transplantation, therapy has been extended to patients with hepatocellular carcinoma as well. From observational
studies among compensated cirrhotic hepatitis C patients treated with interferon-containing regimens, it would have been
expected that the rate of hepatocellular carcinoma occurrence is markedly decreased after a sustained virological response.
However, recently 2 studies have been published reporting markedly increased rates of tumor recurrence and occurrence
after viral clearance with DAA agents. Over the last decades, it has been established that chronic antigen stimulation during
persistent infection with hepatitis C virus is associated with continuous activation and impaired function of several immune
cell populations, such as natural killer cells and virus-specific T cells. This review therefore focuses on recent studies eval-
uating the restoration of adaptive and innate immune cell populations after DAA therapy in patients with chronic hepatitis C
virus infection in the context of the immune responses in hepatocarcinogenesis.

(Transplantation 2017;101: 904–909)
EARLY RECURRENCE OF HEPATOCELLULAR
CARCINOMA AFTER DIRECT-ACTING ANTIVIRAL
THERAPY IN PATIENTSWITHCHRONICHEPATITIS C
VIRUS INFECTION
Chronic infection with the hepatitis C virus (HCV) is a leading
cause of end-stage liver disease, hepatocellular carcinoma
(HCC) and liver-related death in theWestern world.1 A major
driving factor in the development of HCC is chronic liver in-
flammation and subsequent cirrhosis. Once liver cirrhosis
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is present there is a 1% to 5% annual risk of HCC develop-
ment.2 HCC is the sixth most common cancer and the third
most common cause of cancer-related death worldwide.3

Thus, the majority of patients present with locally ad-
vanced or metastatic disease with several tumors in the
liver. Since a potentially curative resection is only feasible
in patients with mild cirrhosis, an orthotopic liver trans-
plantation (OLT) provides the only treatment option for
patients with end-stage disease by simultaneously combin-
ing a complete removal of the tumor (with potential
micrometastases) with replacing the cirrhotic liver as a
predisposing factor.2

HCV reinfection is universal in OLT recipients and often
results in accelerated progression of fibrosis in the grafted
liver. It is therefore compelling in the era of direct-acting an-
tiviral (DAA) therapy that chronic HCV patients awaiting
liver transplantation due to liver failure should immediately
be treated to prevent graft infection.4 However, these recom-
mendations are less explicit for patients with HCC and
chronic HCV infection. Most of the hesitation stems from 2
recent studies reporting increased rates of HCC recurrence
in patients who cleared HCVafter interferon-free DAA ther-
apy. In the first retrospective cohort study from Italy, chronic
HCV-infected cirrhotic patients either without a history of
HCC (n = 285) or with a complete response to prior treat-
ment of HCC (n = 59), were followed up for up to 24 weeks
after DAA therapy. While a de novo occurrence of HCC
was detected in 26 of 285 (7.6%) patients, an alarmingly
high rate of recurrence of previous successfully treated
HCCwas reported in 17 (29%) of 59 patients.5 In a second
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study from Spain, Reig and colleagues6 followed up
58 patients with a prior history of HCC and complete re-
sponse to resection, ablation or chemoembolization who
underwent interferon-free DAA therapy. After a median
follow up of 5.7 months, 16 (28%) of 58 patients devel-
oped a HCC recurrence. which again is an unexpectedly
high rate of tumor recurrence. In contrast to these 2 stud-
ies, a retrospective analysis of the Agence Nationale de
Recherche sur le Sida (ANRS) register in France that pro-
spectively includes patients with HCV infection, does not
suggest an increased risk of HCC recurrence after DAA
therapy.7 However, in contrary to both previous studies
from Italy and Spain, the ANRS register also includes pa-
tients who received an OLT. Notably, focusing only on
those patients without OLT in the ANRS register, 189
HCV patients could be identified with a history of HCC
and complete response to local treatment. After receiving
interferon-free DAA therapy, 24 (12.4%) of 189 patients
developed HCC recurrence; although the result represents
a slightly increased tumor recurrence rate, there was a better
outcome compared with the Italian and Spanish studies.

Despitemethodological concerns regarding all 3 studies that
arise from combining heterogeneous groups of patients who
receive different treatments, including palliative (transarterial
chemoembolization) and curative (ablation, surgery and liver
transplantation) approaches for HCC, along with limited
sample sizes and variable time of follow-up after DAA ther-
apy (especially differences in the time frame between HCC
treatment and HCV therapy), these conflicting reports can
only be comparedwith observational studies among compen-
sated cirrhotic hepatitis C patients treated by IFN-containing
regimens in the recent era of HCV therapy. In these patients,
the rate of de novoHCC occurrence was markedly decreased
after a sustained virological response (SVR), but not
abolished with an incidence of HCC ranging between 1%
and 2% per year after viral eradication.8 Furthermore, in a
meta-analysis of 6 randomized controlled trials, including a
total of 374 HCC patients, IFN treatment of 201 chronic
HCV patients led to better survival and lower HCC recur-
rence rates comparedwith 173 control patientswithout treat-
ment.9 Although the explanation for different outcomes in
IFN-containing regimens is unknown, a reason could be se-
lection bias in studies concentrating on DAA treatment, be-
cause they include patients with severely impaired liver
function who would not have qualified for the previous IFN
treatment and would therefore have ended up in the respec-
tive control group with a worse outcome. Because there are
substantial differences especially in the time frame between
HCC treatment and HCV therapy among all of these studies,
there might also be differences in the probability of persistent
tumor cells. Another hypothesis goes along the line that the
rapid decrease of viral load in the liver after DAA treatment
quickly diminishes the endogenous IFN response to the virus
in the liver and thus may cause an imbalanced antitumor im-
mune response.10 This phenomenonwill not occur in patients
on IFN treatment where the immune system has more time to
balance itself until the end of treatment, considering the
rather slow antiviral effect of IFN.

Prospective studies are needed to finally assess whether
DAA treatment leads to an increased rate ofHCC recurrence.
To understand how HCC recurrence may be influenced by
the elimination of HCV, a better understanding of how
Copyright © 2017 Wolters Kluwer H
DAA treatment alters HCV-specific and nonspecific immune
responses and the microenvironment in the liver is needed. In
the following sections, we will discuss the current knowledge
on immune responses against HCV and potential influences
on hepatocarcinogenesis.
IMPAIREMENT OFADAPATIVE AND INNATE
IMMUNE CELLS IN PATIENTS WITH CHRONIC
HCV INFECTION

Immune responses of patients with chronic HCV infection
have been studied extensively over the past 3 decades to un-
derstand the immunological mechanisms of persistent infec-
tion and to search for protective immunity. Because several
excellent reviews have covered the whole field of adaptive
and innate immune responses, we will only summarize the
major points here that characterize the immunological
baseline status of chronic HCV patients before start of
interferon-free DAA therapy.

Innate immune responses are the first-line of defense
against viral infections and IFNs are amain driver of immune
cell activation, including cellular components of innate im-
munity. In patients with chronic HCV infection, induction
of IFN-stimulated genes (ISGs) varies considerably between
individuals. Half of the patients have hundreds of type I or
III ISGs constitutively expressed at high levels in the liver,
whereas the other half experience no detectable induction.11

Induction of the endogenous IFN system in the liver appar-
ently has little antiviral efficacy, because HCV persists for de-
cades despite the expression of various ISGs. Notably,
patients with an activated endogenous IFN system have even
been reported to be poor responders to IFN-based therapies.12

However, half of the patients undergoingOLT due to the con-
sequences of HCV infection seem to tolerate the with-
drawal of immunosuppressive drugs and spontaneously
tolerate the liver graft.13 Tolerance was associated with
intrahepatic overexpression of type I IFN and immunoreg-
ulatory genes and with an expansion of exhausted HCV-
specific circulating CD8+ T cells.13 This indicates that HCV
persistence exerts immunoregulatory effects that can even
contribute to the restraining of alloimmune responses against
a liver graft.

Natural killer (NK) cells are not only the major effector
cells of the innate immune response but also play a distinct
role in chronic HCV infection. NK cells from chronic HCV-
infected patients show an activated phenotype with a higher
expression of several activating receptors, such as NKp30,
NKp44,NKp46,NKG2C,NKG2D, andCD122.14However,
NK cell activation does not include all effector functions.
Whereas correlates of cytotoxicity such as degranulation and
TNF-related apoptosis-inducing ligand (TRAIL) expression
are increased in chronic HCV infection, IFN-γ and TNF-α
production are decreased. This polarized cytotoxic function
with an impairment of anti-viral cytokine production has been
linked to chronic exposure to cytokines, especially IFN-α.14

Adaptive, antigen-specific immune responses are function-
ally impaired in patients with chronic HCV infection. Neu-
tralizing antibodies that target E1E2 are readily detected in
the serum of chronically infected patients without any appar-
ent impact on disease outcome.15 Several mechanisms have
been described that may contribute to evasion of sterilizing
Ab-mediated clearance of HCV. These include sequence
ealth, Inc. All rights reserved.
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changes, decoy epitopes, epitope masking, lipid shielding,
and induction of interfering antibodies.15 Virus-specific
T cell responses are skewed in the chronic phase of HCV
infection, due to viral escape and functional exhaustion
of virus-specific CD4+ and CD8+ Tcells. Consequently, re-
maining antigen-specific T cells show increased expression
of inhibitory molecules such as PD-1, cytotoxic T lympho-
cyte antigen 4 (CTLA-4), T cell immunoglobulin and
mucin domain–containing molecule 3 and 2B4 (CD244),
with the corresponding ligands being upregulated in the
inflamed liver.16

Another immunological player entered the field more re-
cently. Mucosal-associated invariant T (MAIT) cells are an
abundant innate-like T cell subset that is defined by the in-
variant T cell receptor V-alpha chain Vα7.2-Jα33. MAIT
cells represent about 5% of peripheral T cells and can repre-
sent up to 50% of intrahepatic T cells. In terms of effector
function, MAIT cells are able to secret multiple cytokines
such as IL-17, IFN-γ or TNF-α and release cytotoxic en-
zymes.17 In chronic HCV infection, the frequency of periph-
eral MAIT cells is decreased compared with healthy
controls and MAIT cells show signs of chronic immune acti-
vation and resulting immune exhaustion.18,19 Activation
markers, such as HLA-DR or CD38, are upregulated on
MAITcells of chronic HCV-infected patients and, in parallel,
expression of exhaustion markers, such as PD-1, CTLA-4,
and Tim-3 are increased.18 In addition, MAIT cells are im-
paired in their MR-1-dependent effector functions. In contrast
to healthy controls, MAIT cells from chronic HCV-infected
patients show decreased production of cytokines such as
IL-17, IFN-γ, or TNF and respond with reduced degranula-
tion after stimulation with Escherichia coli.20

Peripheral blood monocytes are in general attracted to the
site of infection via chemokines, such as CCL2 orCCL1 in re-
sponse to danger and toll-like receptor signals and differenti-
ate into different macrophage subtypes.21 Themajority of the
body's macrophages reside in the liver.22 In the liver, Kupffer
cells (KC) make up most of the resident macrophage popula-
tion. KC located in liver sinusoids and are specialized to per-
form phagocytic functions, thereby eliminating protein
complexes, small particles and apoptotic cells from the portal
blood flow.23 In patients with chronic HCV infection, com-
pared with healthy controls, KC are increased in numbers
in the liver and exhibit an activated phenotype with increased
expression of activationmarkers such as CD163 and CD33.24,25

In addition, KC release IL-1β and IL-18 in response to HCV
exposure in vitro.26 Consequently, coexpression of IL-1β
and CD68 has been observed using immunofluorescence on
liver biopsies frompatients with chronic hepatitis C. Likewise,
elevated IL-1β levels have been detected in HCV patient se-
rum compared with healthy individuals.27 Peripheral mono-
cytes from patients with chronic HCV infection, in contrast
to KC, show an attenuated capacity to produce TNF-α and
also have reduced indirect IL-18 and NK cell–mediated
antiviral effects.28
RESTORATION OF IMMUNE CELL FUNCTION AFTER
ELIMINATION OF HCV BY INTERFERON-FREE DAA
THERAPY

Recent introduction of all-oral DAA treatment has revolu-
tionized the care of patients with chronic HCV infection
Copyright © 2017 Wolters Kluwer
because they achieve sustained response rates above 90%.29

DAA agents fall into four classes defined by steps in the life
cycle of HCV that they block—namely, NS3/4A protease
inhibitors (eg, paritaprevir), NS5B nucleoside polymerase in-
hibitors (eg, sofosbuvir), NS5B nonnucleoside polymerase
inhibitors (eg, dasabuvir), and NS5A inhibitors (eg,
ledipasvir, daclatasvir).30 These drugs are administered in
combinations chosen on the basis of viral genotype and resid-
ual liver function.31,32 These new treatment regimens are not
only exciting from a clinical point of view, but also from an
immunological perspective. A key question is whether effec-
tive elimination of HCV is able to restore the impaired adap-
tive and innate immune responses (Figure 1).

Looking at the innate immune response, treatment of
chronic HCV genotype 1 patients for 12 weeks with a combi-
nation of sofosbuvir and ribavirin reveals that viral clearance
is accompanied by rapid downregulation of ISGs in liver and
blood, regardless of treatment outcome. However, patients
who achieved an SVR had unexpectedly higher intrahepatic
expression of ISGs at the end of treatment compared to pa-
tients who relapsed. Analysis of paired pretreatment and
end of treatment liver biopsies from patients that achieved
SVR have shown that viral clearance is accompanied by de-
creased expression of type II and several type III IFNs in par-
allel with ISGs. However, expression of type I IFNs
unexpectedly increased (IFNA2) at the end of treatment.10

This suggests that the higher ISG expression observed in
paired liver biopsies from patients who achieved SVR could
be driven by an enhanced end of treatment type I IFN re-
sponse, and that this in turn supports complete elimination
of residual virus. Therefore, faster reestablishment of IFN ho-
meostasis in the liver after chronic IFN stimulation may pro-
mote achievement of SVR.

Focusing on antigen-specific T cells, Martin et al were the
first to describe restoration of proliferative HCV-specific
CD8+ T cells in the majority of patients with a SVR after
12 weeks of DAA therapy. Most important, the frequency
of Flu-specific and cytomegalovirus-specific CD8+ T cells
did not increase significantly during treatment, indicating
that the increase is not a result of unspecific T cell prolifera-
tionmediated, for example, by ribavirin. Furthermore, cocul-
tures with HCV replicon cells revealed a higher antiviral
efficacy of HCV-specific CD8+ T cells after successful DAA
treatment, suggesting that HCV removal by DAA restores
both the proliferative capacity and CD8+ T cell function.33

Consistent with restored T cell function, a decrease in PD-1
expression on HCV-specific CD8+ T cells indicates a recov-
ery from T cell exhaustion.34 However, after recovery
intrahepatic HCV-specific CD8+ T cells failed to prevent
HCV infection as well as virus persistence in chimpanzees af-
ter a new virus challenge 2 years after cure of chronic HCV
infection with DAAs.35

Another interesting observation after initiation of DAA
therapy is a rapid decrease in HCV RNA associated with a
decline of IP-10, monocyte chemoattractant protein 1, mac-
rophage inflammatory protein 1 beta, and IL-18 levels in
the serum at varying rates.36 These changes in the level of
inflammatory cytokines coincide with a decrease in the ac-
tivation of intrahepatic and blood NK cells. This effect is
followed by restoration of a normal NK cell phenotype
and function by week 8 in patients with undetectable vire-
mia and is maintained until the end of treatment.37,38
 Health, Inc. All rights reserved.



FIGURE 1. Change of immune cell function after DAA-mediated HCV clearance.
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Furthermore, responsiveness of NK cells to endogenous
IFN is improved when IFN homeostasis is restored in the
liver after disrupting HCV-induced activation of the innate
immune response.39

In sharp contrast to the observed recovery of virus-specific
CD8+ T cells and NK cells, DAA therapy in HCV patients
does not lead to a regeneration of the MAIT cell compart-
ment. Peripheral MAIT cells remained at a low frequency in
a study where all 8 successfully treated chronically HCV-
infected patients were followed up long term and did not
reach levels observed in healthy donors. Furthermore, MAIT
cells did not show a significant recovery in MR1-dependent
cytokine production or cytotoxicity after DAA-mediated
HCV clearance.20 In contrast, IFN-based therapies have been
recently shown to increase MAIT-cell activation and fre-
quency in HCV patients after successful treatment.19

THE ROLE OF IMMUNE RESPONSES IN
HEPATOCARCINOGENESIS

The liver immune network plays a central role in the path-
ogenesis of HCC, both positive and negative, depending on
the prevailing conditions in the patient. On the one hand it
Copyright © 2017 Wolters Kluwer H
is supporting tumor growth and angiogenesis with tumor-
infiltrating macrophages and neutrophils; on the other hand,
it also exhibits a protective role in tumor surveillance via anti-
tumor CD8+ T cells and NK cells.40

To mediate an antitumor effect, immune cells need to pen-
etrate the tumor tissue. Indeed, infiltration of HCC lesions by
lymphocytes correlates with a reduced risk of HCC recur-
rence.41 CD8+ T cells specific for tumor-associated antigens
thereby are the main antitumor effector cells.42 Interestingly,
the breadth of tumor-associated antigen-specific immune re-
sponses is an independent prognostic factor for patient sur-
vival.43 Furthermore, an increase in the frequency of
circulating CD4 + CD25 + FoxP3+ Treg cells has been ob-
served as HCC progressed, which negatively affects the
functions of the T cells and is inversely correlated with
the number of the tumor-specific CD8+ T cells.44 This in-
crease in the frequency of Treg correlates with the fre-
quency of myeloid-derived suppressor cell defined as
CD14-HLADR-CD11b + CD33+ cells, and expression of
CTLA-4 and PD-1 on CD4+ T cells.45,46 However, al-
though tumor-associated antigen-specific CD8+ T cells
have not yet been studied during DAA-therapy of HCV, it
ealth, Inc. All rights reserved.
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has been shown that the CD45RA-CCR7- effector mem-
ory compartment of CD4+ and CD8+ T cells increases
and expression of the T cell coinhibitory receptor TIGIT
(T cell immunoglobulin and immunoreceptor tyrosine-
based inhibitory motif [ITIM] domain) decreases on the
bulk CD3+ Tcell population.34 TIGIT negatively regulates
antitumor responses, whereas it is highly expressed on tu-
mor infiltrating lymphocytes.47

NK cells not only represent the first line of defense against
intruding viruses, they also have an anti-tumor effect by di-
rect lysis of malignant cells.48 Consequently, frequency of
NK cells in the peripheral blood of patients with HCC posi-
tively correlates with recurrence-free survival; specifically,
CD56dim NK cells have been found to be decreased in HCC
patients.49,50 Moreover, NK cells often exhibit impaired
functional activities in advanced-stage HCC patients and cy-
totoxicity of NK cells from both the peripheral blood and tu-
mor sites of HCC patients is notably reduced compared with
healthy controls.50,51 Because NK cells mediate target-cell
apoptosis through surface expression of TRAIL,52 it is inter-
esting that peripheral aswell as intrahepatic NK cells ofHCV
patients show a decrease in TRAIL expression during DAA
therapy.37,38 Furthermore, IFN-γ production of CD56bright

NK cells increased in these patients while cytotoxicity of
CD56dim NK cells measured (indicated by the degranulation
marker CD107a) decreased after DAA-mediated clearance
of HCV.37

In contrast to the other immune cell populations studied,
MAIT cells do not increase in frequency or function after suc-
cessful DAA therapy.20 In this context, it is notable that circu-
latingMAITcells have recently been reported to be diminished
in mucosal-associated cancer, but may participate in tumor
immunosurveillance by infiltration and IL-17-mediated cell
cycle arrest.53 Their role in HCC development or control,
however, is unknown.

Taken together, in chronicHCVinfection constant antigen
stimulation contributes to virus-specific CD8+ T cell exhaus-
tion and continues to activate host-mediated inflammation in
the liver, in part driven by endogenous IFNs, and alters innate
immune cell populations such as NK cells and MAIT cells.
IFN-free DAA-therapy regimens for HCV infection provide
a unique opportunity to study the interaction between
HCVand the intrahepatic immune system because these reg-
imens rapidly decrease viremia to undetectable levels. In this
context, it has been shown that DAA-mediated HCV clear-
ance restores frequency and function of certain immune cells,
such as virus-specific CD8+ T cells and NK cells. Further-
more, the lack of continuous IFN stimulation in the liver after
elimination of the virus will likely also have a significant im-
pact on intrahepatic immune responses. Because balancing
immune responses is a dynamic process of immune activation
and immune regulation, the immune response is in a precar-
ious state for a certain time span. Thus, without further stud-
ies, it remains speculative whether the rapid decrease in NK
cell activation and cytotoxicity after DAA therapy, nonrevers-
ible MAIT cell dysfunction or the “normalized” liver micro-
environment may support HCC progression by disrupting
immunological balances in the liver.
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