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Abstract

Background and Aims: The lack of specificity has limited
the role of serum alpha-fetoprotein (AFP) for hepatocellular
carcinoma (HCC) screening among patients with cirrhosis
related to hepatitis C virus (HCV) infection. We sought to
examine whether AFP may decrease after achieving a sus-
tained virological response (SVR) in patients with HCV-related
cirrhosis. Methods: We performed a retrospective study of
patients with HCV-related cirrhosis who were cured with
direct-acting antiviral (DAA) therapy at the University of Cal-
ifornia, Los Angeles. Laboratory values, including serum AFP,
were measured before and after completing the DAA treat-
ment. Results: Fifty-six patients met the inclusion criteria,
with median (interquartile range [IQR]) age of 67 (58-69)
years and with 51.8% being male. All patients received DAA
therapy without interferon. AFP decreased from median (IQR)
7.2 (4.2-13.4) ng/mL before DAAs to 4.2 (2.7-6.3) ng/mL at
the end of treatment and 4.2 (2.9-6.8) ng/mL at 12 weeks
after treatment (p < 0.001). Model for end-stage liver disease
(MELD), fibrosis-4 (FIB4), and aspartate transaminase (AST)
to platelet ratio index (APRI) scores at baseline were not sig-
nificantly associated with AFP reduction. On multivariate anal-
ysis, platelet count, AST and total bilirubin at baseline were
significantly correlated to AFP reduction (p = 0.04, 0.009 and
0.04, respectively). The higher the baseline AFP, the greater
the reduction in AFP. There was no statistically significant cor-
relation between baseline AFP and MELD, FIB4 or APRI scores.
Conclusion: There was a significant decrease in AFP in patients
with cirrhosis who achieved a SVR with DAAs. Given a reduction
in AFP after DAA treatment, AFP should be further studied as
a screening modality for HCC in patients with cirrhosis.
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Introduction

Hepatocellular carcinoma (HCC) is considered one of the
most lethal cancers, having a 5-year survival of approxi-
mately 15% and with most of cases diagnosed at advanced
stage.! In the United States, the incidence of HCC has almost
tripled since the early 1980s, largely believed to be a result
of a cohort of patients with hepatitis C virus (HCV) developing
advanced liver disease.? Treatment of HCC is directly related
to tumor burden and severity of underling liver disease.?
Early diagnosis through screening may lead to improved
survival.?™”

The utility of utilizing alpha-fetoprotein (AFP) in the
screening of patients with HCC has been controversial. It is
not included in the current American Association for the
Study of Liver Diseases (AASLD) screening guidelines
because of concerns over its specificity.8~'! Viral infection
with HCV can cause fluctuations in AFP that makes it difficult
to differentiate between underlying liver disease and
the development of HCC.'? AFP was seen to be elevated in
non-HCC patients with HCV infection and normalized after
antiviral treatment with interferon (IFN).'3® IFN-based
therapy that demonstrated a decrease in AFP values was
limited to patients with compensated cirrhosis and normal
cell indices. 13723

Over the past several years, all oral direct-acting antiviral
(DAA) agents have replaced IFN for the treatment of
HCV.2#72 The advantages of DAAs are improved tolerability,
safety and utility.24"27 Patients with advanced cirrhosis who
were not candidates for antiviral therapy before could now be
treated by DAAs. However, the impact of sustained virological
response (SVR) on AFP achieved through DAAs in patients
with cirrhosis is largely unknown. The hypothesis of our
study is that achieving SVR in patients with cirrhosis leads
to a significant decrease in AFP values. The implication is
that AFP would be more specific for the diagnosis of HCC in
patients with cirrhosis after HCV has been treated.
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Methods

Study subjects

Consecutive patients with cirrhosis and HCV treated with
DAAs at the University of California Los Angeles (UCLA)
Pfleger Liver Institute were identified through an administra-
tive UCLA database. The study ran for 2.5 years, lasting from
January 2014 to August 2016. Informed patient consent was
required due to the study’s retrospective nature. The UCLA
Institutional Review Board approved the study.

Inclusion criteria included patients with HCV-related cir-
rhosis that were treated with DAAs with and without ribavirin
(RBV). Patients must have shown obtainment of SVR at
12 weeks after treatment (SVR-12). Patients must have AFP
at most 3 months before treatment with DAAs and after SVR-
12 has been obtained. Exclusion criteria include any organ
transplant recipient, patients that were exposed to IFN during
their treatment, patients lacking AFP data before treatment
with DAAs or after obtaining SVR-12, patients with diagnosis
of HCC before treatment, during treatment or within 6 months
after treatment conclusion, or patients with coinfection with
hepatitis B virus (HBV) or human immunodeficiency virus.

We collected demographic information such as sex,
age, race/ethnicity, coexisting liver diseases including non-
alcoholic fatty liver disease, autoimmune hepatitis and alco-
holic cirrhosis, and non-liver related comorbidities including
cardiopulmonary diseases, end-stage renal disease on hemo-
dialysis, non-HCC malignancy, and diabetes. Baseline labo-
ratory, radiological, and histological results for confirmation of
cirrhosis and evaluation of hepatic lesions, as applicable, were
also recorded. Laboratory test results including measures of
liver function markers, such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), total bilirubin, pro-
thrombin, international normalized ratio (INR), creatinine
and AFP, were collected. Patients were also placed into two
subgroups, either with follow-up AFP reduced from baseline
(AFP reduction group) or follow-up AFP unchanged from or
being higher than baseline AFP (non-AFP reduction group).

Liver disease severity was defined by MELD, FIB4 and
APRI scores, and calculated as described.?®3! A diagnosis of
splenomegaly was made radiographically with a spleen size of
greater than 12 cm in any dimension. Portal hypertension was
defined by a patient having one of the following diagnoses:
splenomegaly, ascites, hepatic encephalopathy, or varices.

Statistics

Data are presented as median with interquartile range (IQR)
or as number in group with percent of group based on the
distribution of the data. Univariate analysis was performed
using Wilcoxon signed rank test for paired continuous data.
Correlation of lab values were computed using Spearman’s
correlation coefficients, and p-values from correlations were
derived using the asymptotic t-approximation. A mixed-
effects regression model with the likelihood ratio test was
used to evaluate the time from treatment on laboratory
values. Lab values were evaluated on the log scale in this
regression model because of the heavy tailed distribution of
the data. A logistic regression model was used to evaluate
variables associated with a drop in AFP over time. Variables
were included in the logistic regression model if they were
significant on univariate analysis. Due to high correlation
between AST and ALT, a model was fit using each variable
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separately and the model with the highest c-statistic was
included in the results. All tests were two-sided, and a
p-value below 0.05 indicated statistical significance. Statisti-
cal analyses were carried out using R statistical computing
software (R Core Team, Vienna, Austria).

Results

Demographics
A total of 56 patients with HCV-related cirrhosis cured of

the viral infection by all-oral DAAs were included in the study.
The demographic characteristics of the study population are

Table 1. Patient demographic characteristics

Variable n (%)
Age, median (IQR) 67 (58-69)
Sex
Female 27 (48.2)
Male 29 (51.8)
Race/Ethnicity
White 16 (28.6)
Black 2 (3.6)
Hispanic 6 (10.7)
Asian or Pacific Islander 3(5.4)
Other 0 (0)
Unknown 29 (51.8)
Non-liver medical history
Active cardiopulmonary disease
No 50 (89.3)
Yes 6 (10.7)
Recent non-HCC malignancy
No 54 (96.4)
Yes 2 (3.6)
Diabetes
No 50 (89.3)
Yes 6 (10.7)

Portal hypertension
Ascites
Splenomegaly

17/54 (31.5)
31/54 (57.4)
11/54 (20.4)
17/54 (31.5)
38/54 (70.4)

Hepatic encephalopathy

Varices

At least one of the above
Antiviral treatment

OBV/PTV/r + DSV with RBV 1(1.8)
SOF/LDV with/without RBV 41 (73.2)
SOF/RBV 7 (12.5)
SOF/SIM 7 (12.5)

Abbreviations: IQR, interquartile range; OBV, ombitasvir; PTV, paritaprevir;
R, ritonavir; DSV, dasabuvir; SOF, sofosbuvir; LDV, ledipasvir; RBV, ribavirin;
SIM, simeprevir.
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represented in Table 1. The median (IQR) age of the cohort
was 67 (58-69) years, and there was a similar representation
of both men and women. Most patients were Caucasian.
The most commonly used antiviral regimen was sofosbuvir/
ledipasvir (Table 1). The majority of patients were treatment-
naive (83.9%). The diagnosis of cirrhosis was confirmed
by imaging in 44 patients (78.6%) and by liver biopsy in
12 (21.4%). Almost three-quarter of our patient cohort had
some manifestation of portal hypertension, with the most
common being the presence of splenomegaly. The median
(IQR) follow-up for the study cohort was 12 (12-24) weeks
after completing therapy.

Lab variables before and after DAAs

Baseline and follow-up laboratory values are shown in
Table 2. At baseline, the median (IQR) AFP concentration
was 7.2 (4.2-13.4) ng/mL. The median (IQR) albumin con-
centration and platelet count were 3.7 (3.2-4.0) g/dL and 95
(60-132), respectively. Median (IQR) MELD, FIB4 and APRI
values were 10.1 (7.5-12), 6.2 (4.1-10.4) and 1.5 (0.8-3.2),
respectively.

There were statistically significant decreases in AFP, AST,
ALT and alkaline phosphatase values over time, including
before and after treatment (Table 3). There was a statistically
significant decrease in AFP concentration at SVR-12 relative
to baseline (coefficient = —0.01, SE 0.003, p = <0.001). Wil-
coxon signed rank test showed the median (IQR) AFP within
person difference of AFP at baseline minus AFP at 12 weeks
was —2 (-5.5 - —0.4) (p < 0.001). The median (IQR) AFP
values before and at SVR-12 were 7.2 (4.2-13.4) ng/mL and
4.2 (2.9-6.8) ng/mL, respectively (p < 0.001) (Table 2 and

Table 2. Laboratory values (median (IQR))

Table 3. Mixed-effects model of lab values over time (coefficients are for
time and lab values modeled on the log scale)

Lab value Coef (SE) p
Alpha-fetoprotein, ng/mL —0.016 (0.003) <0.001
Platelet count, 103/uL 0.001 (0.001) 0.493

Albumin, g/dL 0.001 (0.001) 0.4
International normalized 0 (0) 0.284
ratio

Aspartate transaminase, U/L  —0.014 (0.002) <0.001
Alanine transaminase, U/L —0.015 (0.003) <0.001

Total bilirubin, mg/dL —-0.003 (0.002) 0.21

Creatinine, mg/dL 0 (0.001) 0.504
Alkaline phosphatase, U/L —0.003 (0.001) 0.001
Hemoglobin, g/dL 0.001 (0.001) 0.595

Fig. 1). The median AFP concentration remained low over
time after achievement of SVR-12 (p < 0.001) (Fig. 2).
There was no correlation between baseline markers of liver
disease severity and AFP values (Fig. 3 A-C). There was no
statistically significant difference in the reduction of AFP per
DAA strategy (p = 0.881). However, the greatest median
(IQR) decrease in AFP was seen in patients treated with sofos-
buvir and RBV (-6.15 (-7.12 - -5.17) ng/mL). Great
decrease of AFP was seen in patients with higher baseline
values of AFP. For instance, the median decrease of AFP was
—0.35 ng/mL, 2.25 ng/mL, and —7.1 ng/mL in patients with

Variable Baseline (n = 56) EQOT (n = 40) 12w (n = 29) 24 w (n = 20) 48 w (n = 14)

AFP, ng/mL 7.2 (4.2-13.4) 4.2 (2.7-6.3) 4.2 (2.9-6.8) 5.1 (2.8-7.5) 3.7 (3.1-4.9)

Viral load, IU/mL 1200000 0 (0-0) 0 (0-0) 0 (0-0) NA (NA-NA)
(362000-4200000)

Platelet count, 95 (60-131.5) 93 (62-141) 107 (78-153) 119 (80-167.5) 104.5 (71-164)

103/uL

Albumin, g/dL 3.7 (3.2-4) 3.7 (3.3-4.2) 4 (3.5-4.4) 4 (3.8-4.4) 4 (3.4-4.5)

INR 1.2 (1.1-1.2) 1.2 (1.1-1.2) 1.2 (1.1-1.2) 1.2 (1.1-1.2) 1.2 (1.1-1.3)

AST, U/L 60 (39.5-87.5) 31 (27-41.5) 28 (21-36) 26 (23-33) 30 (25.5-39.2)

ALT, U/L 48 (31.8-75) 25 (19.5-33) 21 (16-28) 22 (20-27) 24.5 (19.8-30.5)

Total bilirubin, 0.9 (0.6-1.7) 0.9 (0.5-1.6) 0.7 (0.5-1.3) 0.7 (0.5-1.3) 1(0.4-1.8)

mg/dL

Serum creatinine, 0.8 (0.7-1) 0.9 (0.7-1) 0.8 (0.7-1) 0.9 (0.8-1) 0.9 (0.8-1)

mg/dL

Alkaline 103 (76-142.2) 103 (72.5-140.5) 101 (75-114) 96 (69-134) 86 (72.2-114.8)

phosphatase, U/L
Hemoglobin, g/dL

13.2 (12.1-14)

12.7 (11.3-14.3)

MELD 10.1 (7.5-12) —
FIB4 6.1 (4.1-10.3) —
APRI 1.5 (0.8-3.2) —

Sodium, mmol/L

139 (137-141)

13 (11.8-13.5)

14.1 (12.8-14.8)

13.8 (12.2-14.4)

Abbreviations: SVR12, sustained virological response at 12 weeks; AST, aspartate transaminase; ALT, alanine transaminase; AFP, alpha-fetoprotein; INR, international
normalized ratio; MELD, model for end-stage liver disease; Na, sodium; FIB4, fibrosis-4; APRI, aspartate aminotransferase to platelet ratio index.
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Fig. 1. Alpha-fetoprotein (AFP) levels pre- and post-treatment (at
12 weeks) in log scale.

baseline AFP values of <5 ng/mL, between 5 and 10 ng/mL,
and greater 10 ng/mL, respectively (Fig. 4).

Stratification according to reduction of AFP

Of the 56 patients in the cohort, 46 (82.1%) experienced a
reduction in AFP. Upon subgroup analysis, when comparing
AFP reduction and non-AFP reduction group the baseline AFP,
AST, ALT, total bilirubin and platelet count were statistically
significant factors that correlated to a reduction in AFP after
DAA treatment in univariate analysis (p = 0.001, 0.04, 0.03,
0.02 and 0.009, respectively) (Table 4). After multivariate
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Fig. 2. Alpha-fetoprotein (AFP) reduction (median with IQR) over time.
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Fig. 3. Correlation between baseline alpha-fetoprotein (AFP) and
severity of liver disease. A) Model of end-stage liver disease (MELD), B) Fibrosis-4
(FIB4), and C) Aspartate aminotransferase to platelet ratio index (APRI).

analysis, only AST, total bilirubin and platelet count were
considered significant factors associated with AFP reduction
(p = 0.009, 0.04 and 0.04, respectively) (Table 5).

Discussion

AFP is an embryo-specific protein, encoded by the AFP gene
on chromosome 4 that is predominant during the first month
of human embryonic life, synthesized in the yolk sac and
liver in the first 1-2 months and subsequently mostly in the
liver.32:33 Its role in adults is unknown but has been studied as
a screening tool for patients with cirrhosis. Its utility has been
limited because of poor specificity due to inflammatory effects
which are the underlying cause of cirrhosis. In fact, studies
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Fig. 4. Change in alpha-fetoprotein (AFP) according to baseline AFP.
Change in AFP defined as the AFP difference between baseline and time of sus-
tained viral response (12 weeks after completing antiviral therapy).

in suppressing viral replication in HBV and HCV infections
have found significant decreases in AFP values,!6:18:19,34-38
AFP may also have a role in predicting HCC in patients with
advanced liver disease.39"*2

Unlike HCV, there are several studies which have
assessed the impact of HBV non-IFN-based treatment
on AFP values.3#736:43 Although the majority of patients
assessed have been non-cirrhotic, the AFP values have
been found to be consistently decreased alongside viral
suppression.34736:39,41,43 [ntarestingly, the pattern for nor-
malization of AFP varies with different treatment, such as
patients treated with entecavir experiencing a smooth,
gradual reduction of AFP with a shorter period of AFP nor-
malization (mean follow-up of 11.9 weeks) as compared
to patients treated with pegylated-IFN experiencing a
more fluctuating pattern with longer time of AFP normaliza-
tion (mean follow-up of 22.3 weeks).3® However, complete

Table 5. Multivariate model of baseline labs and changes in AFP score

Variable OR (95% CI) p
AFP at baseline, ng/dL 1(0.997-1.002) 0.753
Platelet count, 103/puL 1.002 (1-1.004) 0.044

AST, U/L
Total bilirubin, mg/dL

1.003 (1.001-1.005) 0.009
0.895 (0.801-0.999) 0.043

Abbreviations: AFP, alpha-fetoprotein; AST, aspartate transaminase.

normalization of AFP does not consistently occur.3%43 For
instance, one study including only patients with cirrhosis
found 84.4% of treated patients had AFP normalization
after 12 months of treatment, while the other patients had
persistently elevated AFP without HCC up to 126 weeks of
follow-up.3®

The results of our study indicate a statistically significant
reduction in AFP values after achievement of SVR in patients
with HCV-related cirrhosis treated with DAAs. The reduction
in AFP was noted also at the end of treatment (EOT). In
addition, we demonstrated AFP reduction is maintained over
time. The severity of liver disease assessed by MELD, FIB4 or
APRI scores was not associated with reduction in AFP over
time. Our study is the first study to the best of our knowledge
to focus exclusively on patients with cirrhosis treated exclu-
sively with all-oral DAAs. Interpretation of previous studies
examining the association between achievement of SVR
with HCV antiviral therapies are limited by heterogeneous
population and the use of IFN.13:16:1819,23,37,38 [n mqgt
studies, the treated population included both cirrhotic and
non-cirrhotic patients,13:16,18,19,23,37,38,44 1, the single study
published to date using all-oral DAAs, over 80% of the treated
cohort were noncirrhotic.**

Liver inflammation likely increases AFP values in the
absence of HCC. Elimination of the inflammation through

Table 4. Factors associated with AFP decrease between AFP reduction and non-reduction cohorts

Variable No decrease in AFP (n = 11) Decrease in AFP (n = 47) p
Baseline AFP, ng/mL 3.5 (2.4-6.3) 8.4 (4.8-16.5) 0.001
Viral load 2380000 (1335000-3425000) 1200000 (394000-3712500) 0.917
Platelet count, 103/uL 60.5 (47.2-77.8) 104 (67-145) 0.009
Albumin, g/dL 3.4 (3.2-3.7) 3.7 (3.3-4.2) 0.106
INR 1.2 (1.2-1.3) 1.1 (1.1-1.2) 0.103
AST, U/L 44.5 (32.5-54.5) 66 (40.2-95.8) 0.036
ALT, U/L 31.5 (25-45) 55.5 (35-76.8) 0.028
Total bilirubin, mg/dL 2 (1.7-2.8) 0.8 (0.6-1.4) 0.018
Serum creatinine, mg/dL 0.8 (0.7-0.9) 0.9 (0.7-1) 0.412
Alkaline phosphatase, U/L 89 (81.8-115.2) 104.5 (76-155.8) 0.473
Hemoglobin, g/dL 13.2 (12.4-13.9) 13.1(11.9-14.1) 0.946
MELD 12.1 (10-13.2) 9.7 (7.5-11.4) 0.085
FIB4 5.7 (5.1-10.3) 6.1 (3.3-10.1) 0.462
APRI 1.3 (1.2-2.7) 1.6 (0.8-3.7) 0.76
Sodium 138.5(134.2-139.8) 139.5(137.8-142) 0.082

Abbreviations: AFP, alpha-fetoprotein; INR, international normalized ratio; AST, aspartate transaminase; ALT, alanine transaminase; MELD, model for end-stage liver

disease; FIB4, fibrosis-4; APRI, AST to platelet ratio index.
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SVR should make AFP more specific for the diagnosis of HCC.
Similar findings have been described in the context of HBV
infection, in which ALT elevation correlates with AFP
values.3#3° The normalization of AFP was observed not just
at the EOT but was maintained up until 48 weeks after the
EOT. Moreover, we are able to demonstrate that reduction of
AFP occurred regardless of liver disease severity, as measured
by the MELD, APRI and FIB4 scoring systems.

An important limitation in our study is that although we
were able to demonstrate a significant decrease in AFP values
after achievement of SVR, which was sustained over time,
additional studies are required to clarify its newly recognized
predictive ability for HCC. Moreover, there may be other
factors that contribute to the lack of specificity of AFP for
diagnosis, such as the presence of steatohepatitis.®*>
Patients with concomitant liver disease were excluded from
our cohort, thus potentially limiting the generalizability of
our results to other populations. Another limitation in our
study is that we do not have results for other biomarkers of
HCC, such as AFP-L3 and des-gamma-carboxy prothrom-
bin.*¢47 Although these biomarkers are utilized in many
parts of the world for HCC screening, they are not often
used in the United States and are not included in the current
HCC guidelines published by the AASLD.3

We believe the results of our study have important and
strong clinical significance for a number of reasons. First, ours
is one of only a few studies to assess the changes in AFP in an
exclusive population of patients with HCV-related cirrhosis.
Second, our study is the first to exclusively evaluate the
changes of AFP with DAAs, while others have focused only on
using IFN-based therapy. Third, the results of our study have
important clinical implications for the utility of AFP for HCC
screening. Additional studies are needed to confirm the role of
AFP in patients in HCC screening after achievement of SVR.
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