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Abstract Although more than 600,000 patients in the USA have now been cured of
HCV, the clinical benefits of cure have been seen primarily in patients with more
advanced liver disease. This has resulted in a reduced incidence of liver cancers and
reduced liver-related mortality. Benefits of cure in patients without cirrhosis have not
been seen yet in systemic review, but are likely to be seen in the future years. There
remain unresolved issues regarding patients with advanced fibrosis or cirrhosis who
are cured of their HCV. It is not clear if fibrosis reverses after cure in everyone, if so
by how much, and for how long patients with cirrhosis need to be monitored after
cure. We have shown that 62% had improved liver stiffness measured by transient
elastography (TE) that was consistent with regression of at least one stage of fibrosis
over 1 year. Fifteen patients with matched liver biopsies prior to SVR underwent a
biopsy after SVR. However, the post-SVR liver biopsies of only 4 patients showed
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F1-F2, while 11 patients still showed F3-F4, indicating that TE improvements are
overstated when compared to histologic staging and that patients with cirrhosis
before DAA therapy need to be monitored for hepatocellular carcinoma after cure.

Keywords Chronic hepatitis C, Cirrhosis regression, Hepatocellular carcinoma,
Morphometry, Transient elastography

Abbreviations

DAA Direct-acting antiviral therapy

F3 Advanced fibrosis

HCC  Hepatocellular carcinoma

HCV  Hepatitis C virus

kPa Kilopascals

SVR  Sustained virologic response

TE Vibration-controlled transient elastography

1 Introduction

More than one million patients with HCV worldwide and over 600,000 patients in
the USA have now been cured of HCV infection using DAA therapies. In our own
hepatology unit at Scripps Clinic in La Jolla, California, we have successfully cured
over 150 patients in clinical trials using DAAs and over 1,000 patients since the
approval of the first DAA regimen in 2011. Between 2011 and 2013, we needed to
treat 156 patients in order to achieve an SVR in 107 of them, with an SVR rate of less
than 70%. In retrospect, these were low rates of cure but represented an incremental
improvement over Pegylated interferon (PegIFN) and ribavirin (RBV) regimens
which had been in use since 2000. Besides these relatively low SVR rates, the
toxicities of the first-line protease inhibitors telaprevir and boceprevir were an
extreme challenge to patients and their physicians.

Once combination regimens using sofosbuvir became available in 2014, we
witnessed cure rates at or above 95% with minimal side effects and we were
successful in treating and curing over 250 patients per year in our practice. The
number of patients we treated began to decline in 2016 and has now been reduced to
<100 cases annually, as most of our population with HCV have now been cured,
transplanted, or died in earlier years. The benefit of cure for these patients has been a
remarkable achievement to witness for any provider who has been entrusted with
their care. The gains in quality of life, reduced healthcare expenses, reduced hospi-
talizations, and reduced mortality that cure has given to these patients are incalcu-
lable. I would never try to estimate such benefits that have now been shared by more
than one million patients.
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An evidence-based analysis of literature done by the Cochrane Systematic
Review group in 2017 concluded there were no clinical benefits of DAA therapies
for chronic HCV [1]. This review was subsequently refuted by a number of societies
and physicians as being incorrect [2]. I believe the reason for this discrepancy is
relatively simple to explain. The clinical benefits of cure seen thus far have been
primarily in patients with more advanced liver disease. A significant number of
decompensated HCV patients have now been delisted for transplantation, and there
is a reduced incidence of HCV-associated liver cancers as well as reduced liver-
related mortality. However, the true benefit of DAAs and cure will likely be seen in
the future years and has not been fully realized this soon after the availability of
DAAs. The most likely reason why the Cochrane analysis in 2017 concluded there
was no evidence of clinical benefit of DAAs is that they were premature in their
review. Further, they could only utilize evidence-based literature for their analysis. It
may take another 5 years before there are significant clinical benefits seen in the
evidence-based literature.

Nonetheless, we are now seeing publications that demonstrate curative therapy
has markedly reduced the number of patients listed for transplantation in the USA for
HCV [3, 4] (Fig. 1). Recent modeling studies have shown a reduction in the expected
death rates in decompensated HCV cirrhosis attributed to DAA therapies [5] (Fig. 2).
At our own liver center in Southern California, we have rarely transplanted a patient
for decompensated HCV cirrhosis in the last 2 years. This is a remarkable change
from the last two decades when decompensated HCV cirrhosis was the major
indication for transplant in our center. Nonalcoholic steatohepatitis (NASH) and
alcoholic liver disease are now quickly becoming the most common indications for
liver transplantation in the USA [3]. SVR is conferring a reduced mortality not just
from liver-related deaths but also from cardiovascular-related deaths [6] (Fig. 3a, b).
Prior studies have demonstrated a reduced all-cause mortality in HCV patients who
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Fig. 1 Annual standardized incidence rates (ASIR) of LT wait-listing per 100,000 US population
by etiology of liver disease and indication for wait-listing. X-axis is the year of LT wait-listing
registration. P/ protease inhibitor, DAA direct-acting antiviral [3]. (a) HCV. (b) HBV. (c) NASH
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Fig. 2 Observed versus expected deaths in DAA-treated patients [5]. 54 deaths expected from
survival model. 'Standardized mortality ratio

were cured with IFN-based regimens, so this is not surprising data [7, 8]. We can
expect to eventually see data that shows a reduction in mortality due to non-liver-
related cancers as well [9].

There is a remaining issue that confronts a significant number of these patients,
especially those who had advanced fibrosis or cirrhosis (METAVIR F3/F4), that is,
how long do they require monitoring for complications of portal hypertension
(esophageal varices) and HCC? Fibrosis stage and liver stiffness are predictors of
adverse outcomes in chronic HCV, but it is not clear if fibrosis reverses after cure in
everyone, and if so by how much, and whether their risk for liver cancer is reduced to
a level that is safe to stop screening. A comprehensive study utilizing the Veterans
Affairs Hospital database in 22,500 patients has now demonstrated a reduced risk for
HCC following SVR achieved by DAAs in patients with F3/F4 at the beginning of
treatment [10] (Fig. 4). However, this risk has been reduced to 0.5-1.0% per year
range but not to zero. Further, patients who start therapy with decompensated
cirrhosis do not seem to reduce their HCC risk below 2.5% annually. Neither of
these populations can stop their screening according to the American Association for
the Study of Liver Disease (AASLD) guidelines [11].

Healthcare providers and patients thus have no guidance as to when to discon-
tinue monitoring for hepatocellular carcinoma and complications from portal hyper-
tension. The most recent estimate of the number of patients that fall into this category
is 25-37% of all HCV-infected individuals in the USA [12]. Therefore, this is not a
trivial concern as it has significant clinical impact on 200,000 or more successfully
cured patients.

Vibration-controlled transient elastography (TE) has been shown to accurately
detect advanced fibrosis and cirrhosis in patients with chronic hepatitis C virus
(HCV) infections [13]. However, the use of TE is limited by active inflammation
and/or edema of the liver, which can cause overestimation of the degree of fibrosis
[14]. Other factors known to confound TE include obesity, waist circumference,
ascites, hepatic congestion, extrahepatic cholestasis, and eating within 4 h of the
exam [15]. Despite these limitations, TE offers a simple and rapid bedside assess-
ment of fibrosis for many patients.



The Benefit of Direct-Acting Antiviral HCV Cure Therapies 433

CHaRk B P s . . .
= Cardiovascular mortality according to viral response in 4,468
a patients treated with DAAs: mITT analysis
L I_I_, "l SVR
No SVR
a0 -
g
Z sl
2
8
&
T 7o}
g
w
= Log rank test: p < 0.001
50 L L ] 1 1 1 L 1 1 1 1 1 1 L

1] 12 24 36 48 60 iz 84 96 108 120 132 144 156

Follow up (wesks)
MNumber at nsk

Group: No SVR
234 234 234 143 108 92 68 55 40 25 18 7 1 1]
Group SVR

4234 4234 4234 3659 3202 2860 2179 1524 1113 698 385 136 24 0

"O.E & Liver related mortality according to viral response in 3,095 patients

b with Child Pugh A cirrhosis treated with DAAs: mITT analysis
100
—— sw
ad -
aﬂ No SVR
Z ol
“
a
2
a
2 0L
5
] Log rank: p < 0.001
80 |-
S0 [ il il i 1 i L i 1 il i L 1 i Il il a1l i L
0 12 24 B 48 60 T2 B4 96 108 120 132 144 156
Follow up (weeks)
Number at risk
Group. No SVR
156 156 156 08 13 61 a5 3 N 13 8 4 0 ]
Group: SVR

2030 2039 2030 2087 2324 2039 1623 1147 849 538 308 104 19 0

Fig. 3 (a, b) Disease outcomes after DAA-induced SVR: data from the resist-HCV cohort [6]

Multiple reports have demonstrated that novel direct-acting antiviral (DAA)
therapies for HCV result in dramatic improvement in liver stiffness measured by
TE in patients with sustained virologic response (SVR) [16—19]. Improvements in
liver stiffness can be observed as early as the end of treatment and continue even
12 months after therapy completion, with liver stiffness improvements ranging from
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Fig. S Difference in liver stiffness at different time points in patients who achieve SVR vs. those
who do not achieve SVR, demonstrating net decline in liver stiffness [16]

—2 to —10 kilopascals (kPa) [16] (Fig. 5). This decrease in liver stiffness is
associated with lowering of liver enzymes, improvements in FIB-4 and APRI
fibrosis scores, and an increase in platelets [18, 19]. A recent report from Georgia
[20] demonstrated reversal of TE scores in 304 patients with advanced fibrosis or
cirrhosis following SVR at a similar rate to that reported by our group in 2015 [21].
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However, a correlation between fibrosis regression by TE and histology is lacking
in the DAA era literature. These critical data are needed for physicians who are
monitoring patients with advanced fibrosis or cirrhosis after SVR following DAA
treatment. Previous evidence shows a lower risk of hepatocellular carcinoma (HCC)
and other liver-related complications with fibrosis regression following interferon-
based regimens [22], but the regression of fibrosis seems to be a very slow process
[23]. Further, some patients did not regress after SVR, and some even worsened,
with an increased risk for HCC [24]. This potential complication has created an
abundance of caution from clinicians and updates to guidance documents
recommending indefinite screening for HCC in patients who achieved SVR who
had advanced fibrosis or cirrhosis [25]. The guidelines issued by the European
Association for the Study of the Liver (EASL) and the Asociaciéon Latinoamericana
para el Estudio del Higado (ALEH) have indicated that the routine use of noninva-
sive tests during treatment or after SVR in non-cirrhotic patients does not add to
clinical disease management and that the routine use of noninvasive tests after SVR
in patients with HCV cirrhosis has a high false-negative rate and cannot be used to
determine which patients no longer need HCC screening or for the diagnosis of
cirrhosis reversal. They further indicate that the routine use of noninvasive tests after
SVR has not yet established thresholds that predict low risk of liver-related events
[26]. Despite these recommendations, TE is being done routinely in the community
post-SVR, so demonstrating the correlation between biopsy and TE has important
implications for clinical practice.

In May 2017, the American Gastroenterological Association (AGA) published
guidelines recommending a TE cutoff of <9.5 kPa to rule out advanced liver fibrosis
in non-cirrhotic chronic HCV patients who achieved SVR after antiviral therapy
[27]. The cutoff of <9.5 kPa would be expected to misclassify only 1% of patients as
not having advanced fibrosis in a low-risk population and 7% in a high-risk
population, which would include patients with liver stiffness >12.5 kPa before
therapy or other risk factors for chronic liver disease. This conditional recommen-
dation was rated to have low-quality evidence per the GRADE framework, as actual
comparative post-SVR data have not been available.

2 Methods

Patients with advanced fibrosis or cirrhosis prior to treatment in the Hepatology
division at Scripps Clinic were identified and screened for the study between 2010
and 2015. Patients were included in the study if they were at least 18 years old with
chronic HCV with fibrosis of at least F3 staging who achieved SVR at 12 and
24 weeks’ posttreatment. Exclusion criteria included liver transplant prior to therapy,
SVR without DAA therapy, failure to achieve SVR, age less than 18 years old, liver
fibrosis less than F3, and additional causes of liver fibrosis other than HCV. Patient’s
baseline fibrosis prior to DAA therapy was assessed by liver biopsy, TE, and/or
clinical signs. Patients with clinical evidence of portal hypertension (varices, portal
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hypertensive gastropathy, ascites, and/or hepatic encephalopathy) or baseline TE
greater than 12 kPa were categorized as having cirrhosis; otherwise, patients were
placed in the advanced fibrosis (F3) group.

In patients for whom SVR was achieved at 12 and 24 weeks, fasting TE
measurements consisting of ten measurements with an interquartile range of
<25% were collected at 6-12-month intervals for up to 5.5 years. Fibrosis staging
cutoffs for TE were as follows: FO-F1 < 7 kPa, F2 7-9.4 kPa, F3 9.5-11.9 kPa, and
F4 > 12 kPa, derived from values used in meta-analyses and systematic reviews
[28, 29]. Hepatocellular carcinoma was screened regularly with ultrasound, CT,
and/or MRI as needed.

Fourteen patients who had improvement in their fibrosis by at least one stage by
TE had additional informed consent discussions regarding obtaining liver biopsies to
confirm improvement. One patient enrolled in the study who showed unchanging
liver stiffness also wished to pursue liver biopsy. Liver biopsies were processed and
evaluated using standard techniques; sinusoidal fibrosis was additionally evaluated.
The biopsies were all read independently by two expert pathologists who were
blinded to any clinical information and to the timing with respect to antiviral
treatment. Discrepancies were solved by consensus reading.

Liver biopsy fibrosis stage was assessed according to the Batts-Ludwig scoring
system as follows [30]: FO, no fibrosis; F1, portal fibrosis without septa; F2, portal
fibrosis with septal fibrosis; F3, bridging fibrosis with architectural distortion; and
F4, cirrhosis. Similarly, hepatic inflammation was evaluated according to both the
METAVIR and Batts-Ludwig grading systems [30, 31]. The 11 biopsies used for
morphometric measurements were read by a third pathologist using the Batts-
Ludwig and Ishak scoring systems.

For quantification of fibrosis, sections were stained with picrosirius red, which
binds stoichiometrically to collagen. A digitized image of each entire stained section
was acquired using an Aperio/Leica Scanscope XT scanner at 20X magnification.
The image analysis process also included a manual editing step to determine the total
stained area of the section and to eliminate image artifacts. An area quantification
algorithm (Indica Labs, Inc.) was used to quantify number of red-stained pixels of
the collagen fibers. Accuracy of classification was confirmed by visual inspection
and results expressed as a fraction of the total pixels positive for picrosirius red
(communication from Zachery D Goodman).

Descriptive statistics were calculated for the primary outcome of changes in liver
stiffness and improvements in fibrosis by biopsy. Changes in liver stiffness and liver
chemistries following SVR were compared to pre-SVR levels by paired #-tests. Time
to improvement, defined as the time from SVR to one stage of fibrosis regression on
TE, was assessed in both the cirrhosis and advanced fibrosis groups using Kaplan-
Meier curves and compared using the log-rank test. Statistical significance was
defined as a p-value <0.05. The primary outcomes were liver stiffness in kPa, and
subsequently fibrosis staging predicted by TE after SVR was achieved compared to
liver biopsy fibrosis staging and morphometry in a subset of patients. Secondary
outcomes included the analysis of pre- and post-therapy FIB-4 and APRI and the
prevalence of HCC in this post-SVR population.



The Benefit of Direct-Acting Antiviral HCV Cure Therapies 437
3 Results

Two hundred twenty-four patients from a single center were originally eligible for
the study. Three patients declined to participate. Twenty-eight patients were
excluded; 1 had a liver transplant, 10 had multiple etiologies for their liver disease,
and 17 were treated without DAA therapy. One hundred and nine patients who were
treated in 2015 and later are still in follow-up, pending final analysis. Eighty-four
patients were included in this analysis.

The mean age was 60 years old, and mean BMI was 28 kg/m? (standard deviation
4.6 kg/m?). The study population was non-Hispanic white (87%), Hispanic (10%),
or Asian (3%). The majority of patients were genotype 1A or 1B. Fifty-seven percent
(57%) of the patients were treatment-experienced, and most had previously received
interferon and ribavirin. Fifty-five percent (55%) of patients were treated with
sofosbuvir-based regimens. Thirty-five percent (35%) of patients received
telaprevir-based therapy, and 10% were in DAA clinical trials, which included
NS3/4A protease inhibitors and/or NS5A/B inhibitors, sometimes in combination
with ribavirin and/or interferon.

Fifty-six patients were in the cirrhotic group; 28 patients were in the F3 group.
The cirrhosis group had a statistically significantly higher mean FIB-4 scores
(p < 0.01) and lower platelets (p < 0.001) than the F3 group. The cirrhotic group
also had a lower mean albumin, but this was not statistically significant. None of the
patients had decompensated cirrhosis at the time of enrollment. Three patients
developed ascites and hepatic encephalopathy during their antiviral therapy with
telaprevir, Pegylated interferon, and ribavirin; however, all three had compensated
cirrhosis at the time this study began, and resolution of ascites was documented by
ultrasound or CT scan prior to enrollment.

Among the 56 patients who had cirrhosis prior to SVR, 23 patients (41%)
continued to have cirrhosis (>12 kPa) predicted by TE. Thirty-three patients
(59%) had improved by at least one stage (<12 kPa), and 27 patients (48%) had
improved by at least two predicted stages of fibrosis (<9.5 kPa). The median time to
improvement was 1 year (95% confidence interval, 1.2-1.9 years; Figs. 6 and 7).
Among the 28 patients who had F3 fibrosis prior to SVR, 9 patients (32%) had either
worsened or unchanged stiffness (>9.5 kPa) by TE. Seven patients progressed to
cirrhosis (>12 kPa), and two patients remained in F3 (9.5-11.9 kPa). Nineteen
patients (68%) had improved liver stiffness by at least one stage of fibrosis
(<9.5 kPa), and 11 patients (39%) had improved liver stiffness by at least two stages
of fibrosis (<7 kPa). Median time to improvement was 1.5 years (95% confidence
interval, 1.1-1.8 years; Figs. 6 and 7). Overall, among the 84 patients with advanced
fibrosis or cirrhosis, 52 patients (62%) had decreased liver stiffness. There were
statistically significant changes in liver chemistries and FIB-4 scores between
pre-SVR and the most recent post-SVR values. The mean FIB-4 score among
patients with cirrhosis decreased from 4.7 to 2.6 (p < 0.001). In the F3 group, the
FIB-4 score in the advanced fibrosis group decreased from 2.8 to 1.4 (p < 0.01). Of
the 84 patients, 4 (4.8%) were found to have hepatocellular carcinoma (HCC). Prior
to DAA, two patients had cirrhosis, and two had F3 fibrosis.
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Fifteen patients underwent a repeat liver biopsy after achieving SVR. Prior to
DAA therapy, eight patients had cirrhosis, and seven patients had F3 fibrosis. In the
cirrhosis group, the highest level of fibrosis observed on repeat biopsy after SVR was
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F3, and the lowest was FO—F1. These biopsied cirrhotic patients were predicted per
AGA guidelines by TE to have at least one stage improvement (<12.5 kPa). Six
cirrhotic patients were predicted by TE to have FO-F1 fibrosis (<7 kPa) and two
cirrhotic patients to have F2—F3 fibrosis (7—11.9 kPa) after SVR. Their liver biopsies
revealed that two patients had F1-F2 fibrosis and six patients had features of F3-F4
fibrosis. In this group with dramatic improvements on TE, the pathologist also
reported that three patients had reduced sinusoidal fibrosis compared to their prior
biopsy, and two patients did not have any sinusoidal fibrosis in their current biopsy
(but their prior biopsy was not available to determine sinusoidal fibrosis regression).
Among the seven F3 patients, six patients were predicted by TE to have FO-F1
fibrosis (<7 kPa), but only two post-SVR liver biopsies were noted to be F1-F2. The
other five post-SVR biopsies contained features of F3 fibrosis. A reduction in
sinusoidal fibrosis was appreciated in three patients in the F3 group. Of the
15 patients with cirrhosis and advanced fibrosis, 13 had significant improvements
in their liver stiffness by TE (<9.5 kPa) after SVR was achieved. The liver biopsies
of four patients had a staging of F1-F2; the other nine patients had liver biopsies
with features of F3 or F4 fibrosis (Fig. 8).

Morphometric analysis was done on the first 11 of the 15 patients who underwent
post-SVR biopsy. Of these 11 patients, 10 had a decline in collagen by an average of
46% over varying time intervals (Figs. 9 and 10). The one subject with the increase
in collagen had the lowest amount of baseline collagen and had demonstrated
improvements in liver biopsy (F3 to F1-F2) and TE (post-SVR TE <9.5 kPa).
The mean percent collagen decreased from 7.1 to 3.8% (p < 0.01).
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Fig. 8 Post-SVR fibrosis stage predicted by TE compared to liver biopsy [32]
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4 Discussion

TE with a cutoff of 9.5 kPa and 12.5 kPa has been recommended to stratify patients
into advanced fibrosis and cirrhosis, respectively, including patients who have been
treated with DAAs [27]. In our study, 13 of the 15 patients with advanced fibrosis or
cirrhosis who underwent a repeat liver biopsy had liver stiffness <9.5 kPa at the time
of their repeat biopsy. However, the biopsies of only four patients (31%) had fibrosis
without F3-F4 features. In the two patients with liver stiffness >9.5 kPa, both
continued to have F3 fibrosis, suggesting that TE remains an effective tool for
confirming advanced fibrosis but may not be sensitive enough to confirm resolution
of advanced fibrosis.

A previous histologic study utilizing morphometric analysis in paired liver
biopsies from 37 patients with cirrhosis due to HCV demonstrated reversal of
fibrosis and morphometry scores following SVR after interferon-based therapy
[33]. The regression of area of fibrosis measurement in this previous study was
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Fig. 10 Pre- and post-SVR PRE-SVR POST-SVR
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similar to that reported in our study. These findings suggest that, similar to patients
treated with interferon-based regimens, the degree of liver fibrosis regression from
DAA therapy is overestimated by TE compared to liver biopsy, which remains the
only reliable and practical approach to stage liver fibrosis after SVR is achieved.

Hepatocellular carcinoma (HCC) screening should still be considered in
non-cirrhotic patients with HCV status post-SVR after DAA therapy, despite their
liver stiffness being <9.5 kPa, because they may continue to have F3 fibrosis and
thus be at increased risk of HCC development. Four patients were found to have
HCC. The two patients who had cirrhosis at baseline did not demonstrate liver
stiffness improvement, but the two F3 patients with HCC diagnosed at 6 months and
2 years after therapy demonstrated liver stiffness improvement consistent with
FO-F1 staging.

The sensitivity and specificity of TE to determine the correct fibrosis stage
typically ranges from 78 to 89%, depending on the actual stage seen on liver biopsy
in viremic HCV patients [28]. Although there is a range of cutoffs that may be used
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for fibrosis stages, the discordance between TE and liver biopsy after SVR from
DAA therapy in this study exceeds expectations (Fig. 8). These findings suggest that
a distinction must be made between total amount of hepatic fibrosis reflected in liver
stiffness measurement and the histopathologic features seen on liver biopsies used in
staging.

In our study, the repeat biopsies of seven patients revealed major reductions in
sinusoidal fibrosis. Sinusoidal fibrosis regression was recently correlated with
patients who had significant TE decreases in a study where liver transplant patients
underwent DAA therapy for recurrent HCV [34]. Current histologic staging systems
do not utilize sinusoidal fibrosis, which has been traditionally associated with
non-alcoholic steatohepatitis and perivenular fibrosis. However, hepatitis C is asso-
ciated with sinusoidal fibrosis, which has been suggested to be an early histopath-
ologic sign of hepatitis C recurrence in liver transplant recipients [35]. The reduction
in sinusoidal fibrosis may reflect an overall reduction in total collagen and hepatic
fibrosis; sinusoidal fibrosis has previously been shown to be an independent variable
that correlates with hepatic fibrosis [36]. This hypothesis is further supported by the
morphometric analysis that was completed on the first 11 biopsied patients from the
present study, where all but 1 had significant reductions in total collagen. Although
there may be sampling variability, morphometric analysis has been shown to be a
more sensitive tool for tracking changes in fibrosis than numerical scoring systems
[37]. Although morphometry is a more specific and quantifiable measurement, the
lack of its widespread availability makes it an impractical test for clinical use.

The limitations of our study included limited sample size of patients undergoing a
repeat biopsy and consequently possible sampling error. It is feasible that a larger
study would show a closer correlation between TE scores <9.5 kPa after SVR and
resolution of advanced fibrosis or cirrhosis. However, it may prove impractical or
even impossible to convince a significant number of patients who have accom-
plished a virologic cure and have no evidence of portal hypertension to undergo a
liver biopsy years after SVR. Necro-inflammation and transaminase flares before
treatment could lead to an increase of stiffness not related to liver fibrosis (con-
founders). However, acute inflammation is unlikely to have a role in the TE and
biopsy changes because the findings were consistent over a prolonged period during
normal AST/ALT levels (Fig. 2) and because the average time to follow-up biopsy
was 3 years. Unfortunately, no TE studies were performed immediately after DAA
therapy, but previous studies have shown that there is an immediate improvement of
2 or more kPa due to resolution of inflammation during antiviral treatment
[34, 38]. TE studies were not conducted prior to antiviral therapy in patients who
were treated before 2013 when FibroScan® was approved for use in the USA. This
limited the ability to assess TE measurement and histology pre-therapy, but the aim
of this study was to assess fibrosis reversal after therapy. Multiple studies have
previously shown that this correlation in chronic HCV pre-therapy is valid [13-15,
25-29].

Ours is the first study that has also paired liver biopsies showing a regression of
liver fibrosis with histology as well. By obtaining follow-up liver biopsies on a select
group of patients with dramatic TE improvements, this study also demonstrated that
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these TE-predicted improvements, especially with cutoffs of <9.5 kPa, were not
seen in histologic staging but in morphometric analysis. Of the 13 patients who had a
repeat biopsy and displayed significant improvement in liver stiffness (<9.5 kPa),
only 31% showed improvement to less than F3 staging on pathology. There is a
discordance between the level of liver stiffness improvement measured by TE and
fibrosis regression seen on liver biopsies, using these simple histologic scoring
systems. Morphometry demonstrates 46% reduction in fibrosis with SVR over a
relatively short time period and is a more accurate measure of improvement in
fibrosis regression. However, morphometry is not a practical test for the clinic as
it is done by only a few specialty centers and pathologists in the world.

It is therefore currently impossible for one to determine the ultimate benefit of
cure in patients who had advanced fibrosis or cirrhosis before their cure. I anticipate
that this issue will not be resolved until enough patients have been followed for
enough time that we can conclusive say they are free of liver-related mortality.
Hopefully this will be clearer within the next decade.

Until that time patients with TE scores <20 kPa and platelet counts >150,000 can
be monitored without repeat endoscopy, however all patients will continue to require
HCC screening at 6—12-month intervals.
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