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Background: Fibrosis regression has been associated with nucleoside analogue (NA) treatment in chronic he-
patitis B (CHB) patients. Although non-invasive fibrosis markers have been evaluated in CHB, their utility for
monitoring on-treatment histologic regression has not been evaluated.

Aims: To characterize improvements in disease severity and the utility of non-invasive biomarkers in CHB NA
treated patients.

Methods: Histology, labs, AST-to-platelet ratio index, and Fibrosis-4 (Fib-4) from treatment-naive CHB patients
were evaluated at baseline and longitudinally. Relative change from baseline to various time points during
treatment were evaluated. Correlative analysis of APRI and Fib-4 with histology was performed longitudinally.
Results: 80 CHB patients (84% male, median age 45 (IQR 32, 54)) with histology up to 17 years (median 6(IQR
3.9, 8.0)) years were studied. Median baseline Ishak fibrosis was 3 (IQR 2, 4), histologic activity index (HAI)
inflammation was 9 (IQR 7, 11), and AUROC of fibrosis markers for detecting cirrhosis (Ishak = 5) was > 0.64.
HAI improved at a rate of 54% during year 1 and 37% in year 2, both greater than in the remaining follow-up
periods. Within the first year, fibrosis improved by 35%, greater than all other time periods. Non-invasive
biomarkers began to correlate with histology beyond 4 years (APRI: 4-6 years: r = 0.33, p = 0.03; =6 years:
r = 0.41, p = 0.009; Fib-4: =6 years: r = 0.35, p = 0.03).

Conclusion: Early dynamic changes in histology occur in CHB patients on NA followed by linear improvements.
Non-invasive fibrosis biomarkers do not capture these dynamic changes and may demonstrate clinical utility
beyond 4 years of treatment.

Fibrosis
Inflammation

1. Introduction

Chronic hepatitis B (HBV) infection affects approximately 250 mil-
lion people worldwide and accounts for up to 30% of cirrhosis cases and
50% of hepatocellular carcinoma (HCC) cases globally (Trépo et al.,
2014). Higher levels of HBV DNA and the development of cirrhosis are
related to increased complications (i.e. esophageal varices and HCC),
thus, lowering serum HBV DNA levels may decrease the risk of com-
plications (Grossi et al., 2017; Younossi et al., 2018; Chen and Yang,
2011). Chronic HBV patients with advanced fibrosis or cirrhosis receive

treatment based on guideline-directed therapies and substantial
amounts of healthcare resources are spent on screening and surveil-
lance measures (Terrault et al., 2018). With effective HBV nucleoside
analogue (NA) therapies, which directly inhibit the reverse tran-
scriptase of HBV polymerase, sustained viral suppression can be
achieved, thereby halting disease progression (Chon et al., 2017; Buti
et al., 2015; Marcellin et al., 2003; Tsai et al., 2015).

Regression of fibrosis and cirrhosis is of significant clinical im-
portance given that it impacts patient prognosis and management;
namely healthcare utilization through HCC and variceal surveillance

* Corresponding author. Liver Diseases Branch, National Institute of Diabetes & Digestive & Kidney Diseases, National Institutes of Health, 10 Center Drive, Bldg.

10, Room 9B-16, MSC 1800, Bethesda, MD, 20892.
E-mail address: Christopher.koh@nih.gov (C. Koh).

https://doi.org/10.1016/j.antiviral.2019.05.007

Received 25 January 2019; Received in revised form 16 May 2019; Accepted 19 May 2019

Available online 21 May 2019
0166-3542/ Published by Elsevier B.V.


http://www.sciencedirect.com/science/journal/01663542
https://www.elsevier.com/locate/antiviral
https://doi.org/10.1016/j.antiviral.2019.05.007
https://doi.org/10.1016/j.antiviral.2019.05.007
mailto:Christopher.koh@nih.gov
https://doi.org/10.1016/j.antiviral.2019.05.007
http://crossmark.crossref.org/dialog/?doi=10.1016/j.antiviral.2019.05.007&domain=pdf

P. Surana, et al.

Antiviral Research 168 (2019) 61-67

Abbreviations

HBV hepatitis B virus

CHB chronic hepatitis B

APRI AST-to-platelet ratio index
Fib-4 Fibrosis-4

TC time category

HAI Histologic Activity Index
HCC hepatocellular carcinoma
DNA deoxyribonucleic acid

NIH National Institutes of Health

BTRIS NIH Biomedical Translational Research Information
System

ALT alanine aminotransferase

AST aspartate aminotransferase

TARC time-adjusted relative change

ROC receiver operating curve

IQR interquartile range

IU/mL  international units per milliliter

AUROC area under the curve

SE standard error

WHO World Health Organization

(Tsai et al., 2015; Chang et al., 2010; Marcellin et al., 2013; Xu et al.,
2015). Liver histology is a useful guide for management, however, in
the current era of HBV management, follow-up liver biopsies are not
routinely performed. Additionally, while liver biopsy is the gold stan-
dard for clinical staging; it can be both superfluous and lead to proce-
dural complications (Dienstag, 2002; Bravo et al., 2001; Poynard et al.,
2004). Previous studies have evaluated long-term effects of nucleoside
analogue therapy in HBV, however histologic follow-up has only been
described out to 5 years (Marcellin et al., 2003; Dienstag et al., 1999;
Ozgenc et al., 2004; Lai et al., 2006). Thus, descriptions and long-term
characterizations of histologic (fibrosis and inflammation) and bio-
chemical improvement in patients on nucleoside analogue therapy are
incomplete.

Noninvasive fibrosis biomarkers have demonstrated clinical utility
as an alternative to liver biopsies, however, the applications have
mainly been tested in cross-sectional settings and for progression of
disease. The most commonly accepted non-invasive serum biomarkers
include the Fibrosis-4 Index (Fib-4) and the aspartate aminotransferase
(AST) to Platelet Ratio Index (APRI) which have been mainly validated
in hepatitis C with some exploration in HBV (Sterling et al., 2006; Wai
et al., 2003; Branchi et al., 2014; Castera, 2014). In HBV, there are
conflicting reports on the ability of APRI and Fib-4 to adequately pre-
dict fibrosis in patients with chronic HBV prior to treatment (Basar
et al., 2013; Ray Kim et al., 2016). One meta-analysis found that while
Fib-4 can detect significant fibrosis and cirrhosis in HBV, it was sub-
optimal for excluding fibrosis and cirrhosis (Li et al., 2014). Other
studies (Chon et al., 2017; Ray Kim et al., 2016) have described that
noninvasive fibrosis markers do not appear to be accurate indicators of
fibrosis regression in HBV studies performed for up to five years (Chon
et al., 2017; Ray Kim et al., 2016). Additionally, these studies have not
evaluated how these non-invasive biomarkers correlate with biopsy
proven fibrosis and inflammation over successive, shorter intervals of
time.

Despite the controversial evidence and inconclusive study of the
utility of serum noninvasive fibrosis biomarkers in HBV, there is a clear
clinical need for understanding its applicability as it can potentially
simplify long term follow-up and reduce healthcare costs. Based on
previously reported data, a majority of patients treated with nucleoside
analogues may experience fibrosis regression upon treatment, and no
longer require intensive follow-ups (Younossi et al., 2018).. In this
longitudinal study, we aimed to characterize the rate of histologic fi-
brosis regression in a cohort of CHB patients treated with NAs with
follow-up for up to 17 years. We also explored the utility of cross-sec-
tional noninvasive fibrosis markers as longitudinal biomarkers to pre-
dict fibrosis regression.

2. Methods
2.1. Data collection

This retrospective, longitudinal study was performed at the National
Institutes of Health Clinical Center between 1988 and 2017. Patients
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were enrolled in clinical research studies approved by the National
Institute of Diabetes and Digestive and Kidney Diseases Institutional
Review Board pertaining to the natural history of liver disease and CHB
NA therapeutic studies (NCT: 00001971, 00023309, 00120354,
00001457). Data were collected wusing the NIH Biomedical
Translational Research Information System (BTRIS). The analysis in-
cluded demographic, laboratory as well pathologic data from adults
with CHB mono-infection who underwent a baseline liver biopsy (pre-
treatment) and were then initiated on a variety of NAs, including la-
mivudine, adefovir, and tenofovir. Several patients were on more than
one NA over their treatment period, due to reasons such as develop-
ment of viral resistance and per protocol design. All patients had at least
one additional biopsy after the baseline biopsy and most patients had
multiple biopsies during the follow-up period. Patients with additional
etiologies of liver disease were excluded from the study (i.e. HCV, HIV,
alcohol abuse, and autoimmune diseases). Additional details about in-
clusion and exclusion criteria are included in the Supplementary
Methods. The unique advantage of this cohort is the availability of data,
including liver biopsies as well as longitudinal laboratory results which
enabled us to characterize disease phenotype.

2.2. Liver histopathology and non-invasive biomarkers

An independent pathologist (DEK) reviewed all liver biopsies.
Fibrosis was staged according to the modified Ishak histological activity
index, ranging from O to 6, and inflammation was graded according to
the Knodell score (Histological activity index, HAI) ranging from O to
18 (Ishak et al., 1995; Knodell et al., 1981). Laboratory values within 6
months of the biopsy were collected for all patients and used to cal-
culate APRI and FIB-4 scores. Further explanation pertaining to meth-
odology is in the Supplementary Methods.

2.3. Time category designation

Five time-categories were assigned to follow-up biopsies based on
time in years from baseline to the biopsy. Time-categories were estab-
lished to create standardized time points of measurements. No patients
had multiple biopsies within the same time-category. There were
comparable numbers of biopsies within each time category. Time-ca-
tegories are defined as follows:

Time Category 1 (TC1): 0-1 years after baseline biopsy
Time Category 2 (TC2): 1-2 years after baseline biopsy
Time Category 3 (TC3): 2—4 years after baseline biopsy
Time Category 4 (TC4): 4-6 years after baseline biopsy
Time Category 5: (TC5): 6 or more years after baseline biopsy

2.4. Time-adjusted relative rate of change (TARC) calculation

The time-adjusted relative rate of change (TARC) was calculated to
measure the relative rate of change per year within each time category.
TARC was calculated for histologic measurements, lab values, and
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noninvasive biomarkers for each patient using the following formula:

Years between baseline
and follow up biopsy

TARC =

(follow up biopsy value — baseline value)
baseline value

2.5. Statistical methods

Receiver operating curves (ROC) were calculated for Fib-4 and APRI
at baseline to assess their ability to identify cirrhosis (Ishak = 5) in
treatment naive CHB patients. Sensitivity, specificity, positive pre-
dictive value and negative predicted value were also calculated using
validated cut-offs for Fib-4 and APRI. TARC values for each biomarker
were first calculated at the patient level and then a mixed model was
used to calculate least square means and standard errors for each bio-
marker within each time category. A repeated measures mixed model
accounting for the respective baseline values was used to do pairwise
comparisons of the least squares means across time categories.
Spearman's correlations were calculated to compare TARC values of
histology and non-invasive markers within the same time-category. A p-
value < 0.05 indicated significance. All statistical analysis was per-
formed using SAS 9.4 (Cary, NC).

3. Results
3.1. Patient characteristics

Eighty CHB patients with longitudinal histologic follow-up up to 17
years (median 6 years (IQR 3.9, 8.0)) were studied (Table 1). At the
time of the initial liver biopsy, 84% were male and the median age was
45 years (IQR 32, 54). 56 (70%) patients were e-antigen negative,
median fibrosis by Ishak was 3 (IQR 2, 4) and median inflammation by
histologic activity index (HAI) was 9.0 (IQR 7, 11). Median baseline
HBV DNA counts were 7.03 log IU/mL (IQR: 5.6, 8.1) and by the end of
the study period this was reduced to a median of 2.9 log IU/mL (IQR:
1.4, 3.4). Median ALT and AST values were elevated at baseline (89 IU/
mL, 56 IU/mL respectively). At baseline, median platelet counts (182
IU/mL) and median albumin levels (4.0 IU/mL) were within normal
limits. Patients were treated for a median of 4 years (IQR 3.7, 7.5).
During the study period. At baseline, patients were treated with several
different nucleoside analogues: lamivudine (64%), adefovir (20%) and
tenofovir (16%). Of the 51 patients started on Lamivudine therapy at
the start of the study, 20 (39%) developed lamivudine resistance during
the study period.

The number of biopsies each patient had ranged from 2 to 5. 16
patients (20%) had just 2 biopsies, 33 patients (41%) had three biop-
sies, 28 patients (35%) had 4 biopsies and, 3 patients (4%) had 5
biopsies. Mean time between the baseline and second biopsy was 2.06
years (2.30). 41 patients (51%) had a biopsy 6 or more years after the
start of treatment. During follow-up, four patients developed HCC and
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Fig. 1. Receiver Operating Characteristic Curves for Baseline Performance
of APRI and Fib-4. Both Fib-4 and APRI perform adequately at baseline for
detecting cirrhosis (Ishak = 5). Areas under the curve are indicated in par-
enthesis in the figure legend.

two patients died due to causes unrelated to liver diseases
(Supplemental Table 1).

APRI and Fib-4 performance was tested at baseline (treatment naive
samples) and was found to perform adequately in detecting cirrhosis
(Ishak = 5). At baseline, Fib-4 demonstrated better performance char-
acteristics than APRI (AUROC of 0.77 vs 0.64) (Fig. 1). Although APRI
demonstrated slightly a higher specificity (87.2 vs 82.9), Fib-4 had
demonstrated a largely superior sensitivity (70.0 vs 36.4). Taken to-
gether, Fib-4 had a more balanced performance.

3.2. Histologic changes during therapy

Mean Ishak fibrosis and HAI inflammation scores at baseline and
within subsequent time categories show an overall improvement in
histology after the start of treatment with nucleoside analogues (Fig. 2).

3.2.1. Fibrosis

In the first year after of treatment, Ishak fibrosis score decreased
from baseline by an average of 1.1 (SE: 0.15) Ishak unit. The greatest
decline in Ishak fibrosis score occurred in time category 1, however,
Ishak fibrosis continued to decrease during the follow up period, albeit
at different rates (Fig. 2). The improvement in Ishak fibrosis in the first
year of treatment was significantly greater (p < 0.0001) than im-
provement in all other time categories (Supplemental Table 2). Though
improvement in later time categories was not significantly different
from each other, the average decline in Ishak units does appear to

Table 1

Baseline and follow-up characteristics of the chronic hepatitis B patients treated with nucleoside analogues.
Median (IQR) Baseline (n = 81) TC1 (n = 21) TC2 (n = 38) TC3 (n = 38) TC4 (n = 41) TC5 (n = 41)
Male/Female (%) 83/17 85/15 85/15 78/22 85/15 88/12

Age (years)
ALT (IU/L)

AST (IU/L)
Albumin (g/dL)
Alk Phos (IU/L)
Thili (mg/dL)
Platelets (K/uL)

HBV DNA (log IU/mL)

Ishak
HAI

45.4 (32.4, 53.7)
88.0 (55, 147)
56.0 (39.0, 90.0)
4.0 (3.70, 4.10)
74.5 (63.5, 97.0)
0.80 (0.60, 1.0)
182.0 (156, 205)
7.0 (5.6, 8.1)
3.0 (2.0, 4.0)
9.0 (7.0, 11.0)

43.2 (33.7, 50.1)
29.0 (24.0, 40.0)
27.0 (25.0, 34.0)
4.0 (3.75, 4.30)
66.0 (61.0, 77.0)
0.7 (0.50, 1.40)
170.0 (156, 191)
5.7 (4.3, 6.5)
3.0 (1.0, 4.0)
3.0 (3.0, 5.0)

47.4 (33.9, 58.5)
35.0 (26.0, 51.0)
29.5 (23.0, 41.0)
4.0 (3.80, 4.20)
69.0 (53.0, 84.0)
0.80 (0.60, 1.10)
185.5 (147, 211)
3.5(1.7,5.0)
3.0 (1.0, 4.0)
5.0 (3.0, 7.0)

46.8 (36.2, 57.6)
29.5 (22.0, 54.0)
26.0 (22.0, 39.0)
4.10 (3.90, 4.20)
70.5 (56.0, 77.0)
0.80 (0.60, 1.00)
182.0 (156, 211)
2.3(1.4,7.5)

1.0 (0.0, 3.0)

2.0 (1.0, 3.0)

52.1 (36.4, 60.8)
36.0 (24.0, 55.0)
30.0 (23.0, 39.0)
4.0 (3.70, 4.30)
75.0 (60.0, 90.0)
0.70 (0.60, 0.90)
168.0 (143, 215)
4.3 (1.4,7.5)
2.0 (0.0, 4.0)
3.0 (1.0, 6.0)

53.6 (41.5, 62.0)
34.0 (25.0, 45.0)
28.0 (22.0, 36.0)
3.90 (3.70, 4.20)
79.5 (66.5, 99.0)
0.70 (0.50, 1.10)
172.0 (138, 196)
29 (14,34

1.0 (0.0, 3.0)

3.0 (1.0, 5.0)

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; Alk Phos, alkaline phosphatase; Tbili, total bilirubin; HAI, Histologic Activity Index.
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*Mean (SE)

decrease (TC2 = —0.16, TC3 = —0.33, TC4 = —0.20, TC5 = —0.18).
By time category 5, the average rate of Ishak fibrosis decline was 0.18
Ishak units per year from baseline. Additionally, an analysis comparing
those who regressed histologically in the first two time-categories did

not reveal any significant factors associated with regression.

Because absolute declines cannot be directly compared, we
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Fig. 2. Cumulative Rate of Histologic Change from
Baseline. Data points demonstrate the cumulative changes
from time-category 1 to time-category 5. Slopes (shown in
table) between data points indicate adjusted means of abso-
lute changes and are in Ishak units of change or HAI units of
change where appropriate. Fibrosis (red line) dramatically
improves during the first year of treatment and becomes
more linear from year 2 onwards. Improvements in in-
flammation (blue line) are more dynamic during the first two
years of treatment followed by a more linear pattern in the
remaining years.

calculated and compared relative changes. When looking at relative
declines, or TARC, Ishak fibrosis improved by 35% from baseline in the
first year (Fig. 3). Relative Ishak fibrosis decline from baseline in the
first year was significantly greater when compared to TARCs in sub-

sequent years of follow up (TC2 = 4%, TC3 = 11%, TC4 = 8%,
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value
Ishak -0.35 (0.07) -0.04 (0.05) | -0.11 (0.05) -0.08 (0.05) -0.07 (0.05) SIG
Platelets | 0.0004 (0.02) | 0.03 (0.01) | -0.003 (0.01) | 0.007 (0.01) -0.003 (0.01) | NS
Fib-4 -0.17 (0.04) -0.15 (0.03) | 0.006 (0.03) -0.009 (0.03) | 0.008 (0.03) SIG
APRI -0.43 (0.08) -0.28 (0.06) | -0.07 (0.06) -0.03 (0.06) -0.05 (0.06) SIG
*Mean(SE)
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TC5 = 7%, p < 0.001) (Fig. 3, Supplemental Table 3). These results

Fig. 3. Cumulative Time-adjusted Rate of Fibrosis
Changes by Ishak and Non-invasive Markers. Data points
demonstrate the cumulative time-adjusted changes from
time-category 1 to time-category 5. Slopes (shown in table)
between data points indicate time-adjusted means of relative
changes (TARC values). “SIG” and “NS” indicate the p-value
of a repeated measures mixed model. “SIG” indicates that a
difference did exist among the time categories and “NS” in-
dicates that there was no difference. Supplemental Table 3
indicates which pairwise comparisons of time categories
were significantly different. While Ishak (red line) shows
dynamic time-adjusted improvement in the first year of
treatment, similar to APRI and Fib-4, the rates of change are
not correlated. APRI and Fib-4 show greater change during
both time-categories 1 (0-1 years of treatment) and 2 (1-2
years of treatment).
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indicate that the greatest improvement in fibrosis occurs in the first
year after the start of treatment with nucleoside analogues. On average
the improvement in fibrosis continues, but at a slower rate. These
findings mirror those of the absolute changes in Ishak fibrosis.

3.2.2. Inflammation

Similar to what was demonstrated with fibrosis, total HAI in-
flammation decreased the most during time category 1. The average
HAI score decline was 5.7 units (SE: 0.36) (Periportal: 2.5(0.18),
Lobular: 1.8(0.15), Portal 1.3(0.09)) in the first year of treatment
(Fig. 2). Like the pattern seen in Ishak fibrosis decline, the decline in
HAI inflammation was significantly greater in the first year after the
start of treatment when compared to all other time categories
(p < 0.0001) (Supplemental Table 4). Unlike in fibrosis, significant
decline in HAI inflammation continued in the second year after the start
of treatment (TC2 = —3.4 units) and this decline was significantly
greater than the decline seen in subsequent time categories
(p < 0.0001) (Supplemental Table 4). While the average trends in each
time category show a decline in HAI inflammation, the rates of decline
slow overtime. By time category 5 (6 or more years from baseline
biopsy) the mean decline from baseline was 0.74 (SE: 0.25) HAI in-
flammation units per year.

HAI inflammation improved with a TARC of 54% per year in the
first year (TC1) and 37% in the second year (TC2) (Fig. 4). Each of these
rates was significantly greater than rates in the remaining time cate-
gories (TC3 = 19%, TC4 = 12%, TCS = 8%, p < 0.0001)
(Supplemental Table 4). Additionally, TC1 and TC2 differed sig-
nificantly from each other (p = 0.0006). These relative rates of change
show a similar pattern as the absolute rates of change. Periportal in-
flammation improved by 57% in time category 1 and 37% in time ca-
tegory 2, with improvement slowing in later time categories
(TC3 = 18%, TC4 = 15%, TC5 = 8%, p < 0.0001) (Supplemental
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Table 4). Relative change in periportal inflammation was significantly
greater in the first two years compared to all later time categories.
Lobular and portal inflammation TARC followed a similar pattern with
significantly greater relative declines in the first two years of treatment
compared to later years (p < 0.0001 for both) (Supplemental Table 4).
Compared to periportal and portal inflammation (TC1 = 54%), lobular
inflammation had the slowest rate of change in the first year
(TC1 = 47%). In subsequent years the rates of change were comparable
(Lobular: TC2 = 32%, TC3 = 17%, TC4 = 8%, TC5 = 6% Portal:
TC2 = 31%, TC3 = 19%, TC4 = 11%, TC5 = 6%).

3.3. Laboratory values and non-invasive markers

Changes in laboratory values such as platelet counts, ALT, and AST
were evaluated. ALT and AST values show a general trend of decline
after the start of treatment. In TC1 the relative decline of both ALT and
AST is 43%. TARC values tend to decrease in later time categories for
both liver enzymes (ALT TC2: 27%, AST TC2: 29%); however, these
values are not significantly different than TC1 TARC values (p > 0.10)
(Fig. 4). Interestingly, patients who normalized ALT (<41 IU/mL) in
the first two time categories also had significantly increased HAI re-
gression in the first two time categories compared to patients who did
not normalize ALT. A mixed model to compare the TARC values across
time categories showed that TC1 and TC2 are significantly greater than
in subsequent time categories (Supplementary Table 4).

The time-adjusted relative rate of changes of platelet counts re-
mained relatively stable throughout all time categories. In time cate-
gory 1, platelet counts improved at a rate of 0.04%. However, in time
category 2, platelet counts improved at a rate of 3%, with leveling off in
later time categories. In time category 3 and onwards, platelets change
by negligible amounts (TC3 = — 0.3%, TC4 = 0.7%, TC5 = — 0.3%).
The calculated average TARCs for platelets at each time category were

Fig. 4. Cumulative Time-adjusted rate of Inflammation

! : v : Changes by Histologic Activity Index, ALT, and AST. Data
o ; 3 ; ; points demonstrate the cumulative time-adjusted changes
é 0.0 . ! J ) from time-category 1 to time-category 5. Slopes (shown in
& ! ' ! ' table) between data points indicate time-adjusted means of
= : ' ! ! relative changes (TARC values). “SIG” and “NS” indicate the
2 ; E ; ; p-value of a repeated measures mixed model. “SIG” indicates
S : | f i that a difference did exist among the time categories and
§ ; 5 E E “NS” indicates that there was no difference. Supplemental
2 o5 ] i ’ i Table 4 indicates which pairwise comparisons of time cate-
S ' : f : E gories were significantly different. ALT and AST appear to
g : i i | mirror improvements in HAI during the first two years of
£ ! : : treatment. While ALT and AST continue to decrease in later
= , i : 1 years, they do not decrease as dramatically as HAI scores.
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Marker TC1 TC2 TC3 TC4 TCS P-value
Total HAI -0.54(0.04) -0.37(0.03) |-0.19(0.03) |-0.12(0.03) | -0.08(0.03) | SIG
Periportal -0.57 (0.06) | -0.37(0.04) | -0.18(0.04) | -0.15(0.04) | -0.08 (0.04) | SIG
Lobular -0.47 (0.05) | -0.32(0.03) | -0.17(0.03)| -0.08(0.03)| -0.06(0.03) | SIG
Portal -0.54 (0.05) | -0.31(0.04) | -0.19(0.04) | -0.11(0.04)| -0.07(0.04) | SIG
ALT -0.43(0.11) | -0.27 (0.08) | -0.12(0.08) | -0.01(0.08) | -0.06(0.08) | SIG
AST -0.43(0.08) | -0.29(0.06) | -0.10(0.06) | -0.05(0.05) | -0.05(0.05) | SIG

*Mean(SE)
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Table 2
Spearman correlations between Ishak fibrosis and non-invasive markers of fi-
brosis.

Marker TC1 TC2 TC3 TC4 TCS
Platelets 0.23 0.02 —0.04 -0.10 —0.30*
Fib-4 -0.01 0.17 0.05 0.16 0.35%*
APRI 0.20 0.19 —0.04 0.33%* 0.41%*
ALT 0.34 0.23 0.05 0.40** 0.37%*
AST 0.22 0.24 0.10 0.32%** 0.39%*

*p < 0.10 **p < 0.05.

not significantly different from one another (Fig. 3).

Fib-4 and APRI demonstrated the greatest relative declines, 17%
and 43% respectively, in time category 1 (Fig. 3). In time category 2,
Fib-4 has a TARC of —15% and APRI has a TARC of —0.28%. TARC
values in time categories 3, 4, and 5 indicate similarly slow relative
changes from baseline. Changes in time category 1 were significantly
greater than changes in time category 3 onwards for both APRI and Fib-
4 (Supplementary Table 3).

3.4. Comparing changes in non-invasive markers and histology

Spearman's correlations between the TARCs of APRI, Fib-4, and
platelets with Ishak fibrosis demonstrated no correlation in time cate-
gories 1, 2, and 3 (Table 2). However, at time category 4 the TARCs of
Ishak and APRI began to show some significant correlation (r = 0.33,
p = 0.04). At time category 5 the TARC values of both APRI and Fib-4
correlated with Ishak fibrosis TARC (APRI: r = 0.41, p = 0.009; Fib-4
r = 0.35, p = 0.03). TARC in platelets and Ishak fibrosis trended to-
wards correlation at 6 years of follow-up (TC5 r = —0.30, p = 0.06).

In general, ALT and AST improvement correlated strongly with HAI
throughout treatment and was strongest in the first year (ALT r = 0.61,
p = 0.001; AST r = 0.68, p < 0.0001) (Table 3). Table 3 shows that
changes in ALT and AST had weaker R values in time category 2 and
time category 3; but, the R values began the strengthen again in time
category 4 onwards. By time category five ALT correlates with HAI with
an R of 0.58 and AST correlates with an R of 0.60. Ishak fibrosis TARC
also correlated with ALT and AST TARCs; however, the TARC values
did not begin to correlate until several years after the start of treatment
(Table 2). Ishak fibrosis and AST TARC began to correlate in time ca-
tegory 4 (r = 0.32, p = 0.04) and continued to correlate in time cate-
gory 5 (r = 0.39, p = 0.02). Ishak fibrosis and ALT TARC followed a
similar pattern of correlation (TC4: r = 0.40, p = 0.01; TC5: r = 0.37,
p = 0.02).

4. Discussion

In this longitudinal study of 81 chronic hepatitis B patients treated
with long-term nucleoside analogue therapy for up to 17 years, we
characterized the evolution of changes in histology and biochemistry
after the start of therapy along with understanding the clinical utility of
non-invasive fibrosis markers when used longitudinally to monitor on-
therapy HBV patients. As expected, the most dramatic improvements in
histologic inflammation occurs within the first year which is mirrored
by significant improvements in ALT and AST during the same

Table 3
Spearman Correlations between HAI inflammation and Non-invasive Markers of
Inflammation.

Marker TC1 TC2 TC3 TC4 TC5
ALT 0.61%* 0.47%* 0.30* 0.61%* 0.58%*
AST 0.68** 0.42%* 0.37%** 0.64** 0.60%*

*p < 0.10 **p < 0.05.
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timeframe and histologic inflammation normalizes by about four years
of treatment. Interestingly, fibrosis regression does not appear to be
linear, where the most dramatic improvements occur during the first
year, followed by subtle linear improvement from two years onwards.
Additionally, platelet counts do not appear to mirror the improvements
seen in histologic fibrosis. While non-invasive fibrosis biomarkers cor-
relate with pre-treatment histology, once therapy is initiated, its clinical
utility becomes limited due to a lack of correlation with histology until
after 4 years of therapy.

The early improvements in histologic fibrosis seen in our study have
been described in the early seminal studies evaluating the utility of
nucleoside analogue therapy for chronic HBV (Grossi et al., 2017;
Marcellin et al., 2013; ). However, these studies reported single follow-
up biopsies on patients on therapy only out to two years (Shin et al.,
2015). In this study of patients with sequential biopsies of patients out
to 17 years, we identified that the most dramatic improvement in fi-
brosis regression likely occurs during the first year of treatment.
Thereafter, while there appears to be a continued improvement in fi-
brosis, this improvement appears to be less dramatic. To date, several
other studies describe “long-term” histologic changes with nucleoside
analogue treatment, however the maximum follow-up time of these
studies is five years (Dienstag et al., 2003; Marcellin et al., 2013). These
studies also demonstrate early improvement in histologic inflammation
and fibrosis. A plausible explanation for this finding is that early dy-
namic improvement in hepatic fibrosis is reflective of the dynamic and
complex process of fibrogenesis. Wanless et al. observed that cirrhosis
regression favors the most recently formed sub septae and older septae
may resist regression (Wanless et al., 2000). Matrix cross-linking may
further contribute to the inability to achieve complete fibrosis regres-
sion and the limited improvement observed in alter time categories may
indicative of fibrotic features that resist fibrosis degradation (Iredale
et al., 2013).

In addition to the cross-sectional evaluation of noninvasive fibrosis
markers, we also evaluated the ability of these markers to predict his-
tology longitudinally for a period of 17 years. While APRI and FIB-4
performance at baseline (prior to treatment) is similar to what has been
described by others, longitudinal correlatives with histologic fibrosis
did not recur until time category 4 (4-6 years after start of treatment),
at which point only APRI weakly correlated with fibrosis (Kim et al.,
2010; Yuen et al., 2015). FIB-4 begins to correlate with changes in
histology at a later timepoint, 6 years after the start of treatment. It is
worth noting that in Fig. 2, APRI appears to closely follow Ishak fibrosis
at time category 1 and Fib-4 appears to closely follow Ishak fibrosis at
time category 2; however, this visual trend is not seen in the Spearman
R values (Table 2). The Spearman rank correlation coefficients are re-
latively weak; however, this could be a result of the smaller sample size
with biopsies extending beyond 4 years. The significant correlation
during later years is likely because a large component of these markers
relies on AST which is influenced by hepatocellular inflammation.
Normalization of AST and ALT during later time-categories may ac-
count for the increased correlation between non-invasive markers of
fibrosis and histologic change. APRI's stronger correlation with changes
in histology provides additional evidence to previous studies that APRI
may be an effective non-invasive method monitoring fibrosis in patients
treated with nucleoside analogues; however, these studies have shorter
periods of follow-up and lack sequential biopsies (Peng et al., 2016;
Stasi et al., 2017).

A more systematic prospective evaluation of this may be able re-
capitulate and further elucidate this finding beyond a period of 4 years,
which would provide substantial clinical utility given the prevalence of
long-term nucleoside analogue therapy in CHB patients and the absence
of good clinical biomarkers describing fibrosis regression. Additionally,
such a took would enable re-allocation of precious resources as well as
save patients from unnecessary testing and healthcare related ex-
penditure in resource limited settings.

This study has several limitations. First, the findings in this study
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need to be seen within the limitation of a retrospective study. Second,
while all subjects had at least one pre- and post-treatment biopsy, not
all subjects underwent liver biopsies in each of the defined time cate-
gories. Thirdly, not all patients were maintained on the same nucleoside
analogue therapy during the duration of the study, due to the devel-
opment of on-treatment viral resistance or protocol (Supplemental
Table 1). Finally, while significant correlations were identified with
histology and non-invasive fibrosis markers starting at 4 years after
starting therapy, this needs to be confirmed in another cohort of nu-
cleoside analogue treated chronic HBV patients.

In conclusion, long-term nucleoside analogue therapy in patients
infected with chronic hepatitis B leads to dynamic histologic improve-
ment within the first four years of therapy. Histologic improvement
continues in later years; however, the rate of improvement appears to
be linear. Commonly utilized non-invasive fibrosis biomarkers demon-
strate clinical utility in the pre-treatment period, however, their per-
formance after the initiation of nucleoside analogue therapy for up to 4
years does not appear to accurately reflect histologic changes. Beyond 4
years of therapy, non-invasive fibrosis markers appear to become more
accurate in identifying fibrosis regression, however further prospective
evaluation is warranted.
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Table 1 displays the median (interquartile range) of the indicated
parameters at baseline and at the later time categories.

Table 2 indicates the Spearman R between TARC values for Ishak
fibrosis and the indicated marker of fibrosis. The asterixis indicates
whether the spearman correlation was significant of trending towards
significance.

Table 3 indicates the Spearman R between TARC values for HAI and
the indicated marker of inflammation. The asterixis indicates whether
the spearman correlation was significant of trending towards sig-
nificance.
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