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OBJECTIVES: Serum hepatitis B virus (HBV)-DNA > 2,000 IU/mL is associated with higher risk of disease
progression. However, without hepatocellular carcinoma (HCC) or cirrhosis, nucleos(t)ide analogs
(NUCs) are recommended only for patients with elevated serum HBV-DNA and alanine

aminotransferase =2 X upper normal limit.

METHODS: We evaluated prognosis of untreated minimally active (MA) hepatitis patients (defined as HBV-DNA
> 2,000 IU/mL, but never fulfilling current criteria for NUCs during follow-up) (untreated MA group),
compared to virological responders by NUCs (NUC-VR group). Eligible patients undergoing transient
elastography were consecutively enrolled. Patients with an immune-tolerant or inactive phase and with
cirrhosis or HCC at enrollment were excluded. Cumulative risks of disease progression were assessed

using the Kaplan-Meier method.

RESULTS: The untreated MA group (n = 152) had higher HBV-DNA, alanine aminotransferase, and total bilirubin
levels, and lower proportions of male and positive hepatitis B e antigen, compared to the NUC-VR group
(n = 641). The untreated MA group had higher risks of HCC (adjusted hazard ratio [HR] 3.485, 95%
confidence interval [Cl] 1.234-9.846; P = 0.018), but similar risks of cirrhotic complications
(adjusted HR 0.649, 95% Cl 0.227-1.854; P = 0.420), compared to the NUC-VR group. Inverse
probability of treatment weighting analysis using propensity score showed that the untreated MA group
had higher risks of HCC (HR 4.464, 95% Cl 2.008-9.901; P< 0.001), but similar risks of cirrhotic

complications (HR 1.171, 95% CI 0.594-2.309; P = 0.649), compared to the NUC-VR group.

DISCUSSION: Through appropriate adjustment of potential prognostic factors, the untreated MA group consistently
showed higher risks of HCC, but similar risks of cirrhotic complications, compared to the NUC-VR group.

HCC risk might be reduced through earlier NUCs for the untreated MA group.
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a dynamic process

criteria of elevated serum HBV-DNA level (=20,000 IU/mL for
hepatitis B e antigen [HBeAg]-positive chronic hepatitis B (CHB)

with the interaction between viral replication and the host immune
system and has complicated clinical courses covering the immune-
tolerant phase, immune-active phase, inactive carrier to reactivation
phase (1). Since an elevated level of HBV replication is associated
with an increased risk of disease, replication-suppressing antiviral
therapy is the mainstay of management by lowering the incidence of
disease progression (2-4). By current guidelines, in case of absence of
hepatocellular carcinoma (HCC) or cirrhosis, nucleos(t)ide analogs
(NUCs) therapy is recommended only for patients who fulfilled both

and =2,000 IU/mL for HBeAg-negative CHB) and serum alanine
aminotransferase (ALT) =2 X upper limit of normal (ULN) (4-7).
In the real practice, except those with definite “immune-tolerant” or
“inactive carrier” phase, a significant proportion of patients with
chronic HBV infection belongs to so called “minimally active (MA)
CHB?” status, where serum HBV-DNA level is persistently >2,000
IU/mL, a well-known threshold closely associated with an increased
risk of HCC or progression to cirrhosis (2,3), and above criteria for
NUC:s therapy have been never fulfilled during the follow-up.
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However, there have been little data concerning the natural
history of such untreated patients with MA-CHB status (referred
to as the “untreated MA group”) across the long-term follow-up.
As a matter of fact, there exist discrepancies among studies in
terms of optimal ULN of serum ALT level, age, and timing to
guide NUCs therapy for prevention of disease progression (4,5).
Theoretically speaking, liver biopsy to assess the hepatic necro-
inflammation and fibrosis more accurately for patients who be-
long to “gray zone” in order to determine the commencement of
NUCs therapy seemed to be in general desirable; however, its
wide use might be limited primarily owing to its invasiveness,
discomfort, and cost in the real clinical setting (8).

Here, in this study, we aimed to evaluate long-term risk of de-
velopment of HCC and cirrhotic complication among the untreated
MA group compared to those who achieved virological response
(VR) by NUC:s according to practice guidelines (NUC-VR group).

METHODS
Study subjects
Among patients with chronic HBV infection visiting Severance
Hospital between April 2006 and August 2015, consecutive
patients who belonged to the untreated MA or NUC-VR group
were considered eligible for enrollment. Inclusion criteria were as
follows: (i) age = 19 year-old, (ii) reliable liver stiffness (LS) value
by transient elastography (TE), (iii) well-preserved liver function,
and (iv) follow-up duration of at least 6 months. The untreated
MA group had serum HBV-DNA level of >2,000 IU/mL but had
never fulfilled the below criteria for NUCs described in Supple-
mentary Table 1 (see Supplementary Digital Content 1, http://
links.lww.com/CTG/A36) during the whole follow-up period.
NUCs were commenced according to the treatment guideline
(Supplementary Table 1, see Supplementary Digital Content 1,
http://links.lww.com/CTG/A36), which were developed in ac-
cordance with the practice guideline by the Korean Association
for the Study of the Liver (6) and the reimbursement criteria of the
national health insurance service in the Republic of Korea. VR
was defined as achievement of serum HBV-DNA level < 2,000
IU/mL by NUCs. Exclusion criteria were as follows: (i) immune-
tolerant or inactive phase, (ii) a history of cirrhosis and/or HCC at
enrollment, (iii) co-infection with other viral hepatitis or presence
of other overt liver diseases, (iv) current use of immunosup-
pressive agents, and (v) other significant medical illness.
Immune-tolerant phase was defined as persistently serum HBV-
DNA level of =20,000 IU/mL, positive HBeAg, and normal se-
rum ALT level during the whole follow-up period (5). Inactive
phase was defined as persistently serum HBV-DNA level < 2,000
IU/mL, negative HBeAg, and normal serum ALT level during the
whole follow-up period. If histologic information was not avail-
able, cirrhosis was clinically defined as follows: (i) platelet count
<150,000/pL and ultrasonographic findings suggestive of cir-
rhosis, including a blunted, nodular liver edge accompanied by
splenomegaly (>12 cm); or (ii) esophageal or gastric varices (9).
Serum ALT level was measured using standard laboratory pro-
cedures with an ULN of 40 IU/mL (4).

The study protocol was consistent with the ethical guidelines
of the 1975 Declaration of Helsinki and was approved by the
institutional review board.

Clinical evaluation and follow-up

During follow-up, all patients received laboratory tests every 6
months and underwent periodic surveillance with ultrasonography
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and serum alpha-fetoprotein levels to screen for HCC and cirrhotic
complications every 6 months. HCC was diagnosed based on histo-
logical evidence or radiological findings determined by dynamic
computed tomography and/or magnetic resonance imaging (nodule
>1 cm with arterial hyper-vascularity and portal/delayed-phase
washout) (10,11). In the NUC-VR group, in case of virological
breakthrough (defined as >1 log;o IU/mL increase in serum HBV-
DNA level from nadir on 2 consecutive tests) or genotypic mutation
during NUCs therapy, rescue therapy was applied, if appropriate (6).

LS values were determined using TE (FibroScan; EchoSens,
Paris, France) at the time of enrollment for the untreated MA
group and at the time of VR for the NUC-VR group. The prin-
ciples of LS measurement have been described previously (12,13).
Only LS values with at least 10 valid measurements, a success rate
of at least 60%, and an interquartile range-to-median ratio <30%
were considered reliable.

Evaluation of disease progression

The primary outcome was the cumulative risk of development of
HCC. Furthermore, we also investigated the cumulative risk of
development of cirrhotic complications, which included hepatic
decompensation (hepatic encephalopathy, ascites, variceal
bleeding, spontaneous bacterial peritonitis, or hepatorenal syn-
drome), liver transplantation, or cirrhosis-related mortality. To
avoid statistical repetition in a patient experiencing different
types of cirrhotic complications at different times, we selected the
first event of cirrhotic complications for statistical analysis.

Statistical analysis

Data are expressed as the mean * SD, median (interquartile
range), or number (%) as appropriate. Differences among con-
tinuous and categorical variables were examined for statistical
significance with Student’s t test (or Mann-Whitney test, if ap-
propriate) and x? test (or Fisher’s exact test, if appropriate). Cu-
mulative risks of development of HCC and cirrhotic complication
were calculated using Kaplan-Meier method with a comparison
by log-rank test between the 2 groups. Hazard ratio (HR) and 95%
confidence interval (CI) were calculated with Cox-proportional
hazard model.

Furthermore, to reduce the effect of selection bias and po-
tential confounders between the untreated MA and NUC-VR
groups, propensity score was calculated using logistic regression
and inverse probability of treatment weighting analysis was
performed to compare the cumulative risks of HCC or cirrhotic
complication between the 2 groups.

All statistical analyses were conducted using the SAS software,
version 9.2 (SAS Institute) and R (V.3.0, http://cran.r-project.org/).
Two-sided P-values << 0.05 were considered to indicate statistical
significance.

RESULTS

Patients characteristics

Patients’ baseline characteristics are summarized in Table 1. The
untreated MA group (n = 152) had lower proportions of male
gender (53.3% vs 63.8%, P = 0.020), HBeAg positivity (25.7% vs
66.8%, P < 0.001), higher mean serum ALT (55.8 vs 24.9 U/mL,
P < 0.001), and total bilirubin (1.2 vs 0.8 mg/dL, P = 0.001) than
the NUC-VR group (n = 641). The mean serum HBV-DNA level
in the untreated MA group was 4.7 * 1.11og;o IU/mL, whereas all
patients in the NUC-VR group had serum HBV-DNA level < 3.3
log;o IU/mL (2,000 IU/mL).
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Table 1. Baseline characteristics of study population (before matching)

Prognosis of Minimally Active Hepatitis B

Untreated MA group NUC-VR group
Variables (n = 152) (n = 641) Pvalue
Age, yr 543 +10.5 53.5+10.7 0.371
Male gender, no. (%) 81 (53.3) 409 (63.8) 0.020
Diabetes, no. (%) 16 (10.5) 54 (8.4) 0.427
Positive HBeAg, no. (%) 39 (25.7) 428 (66.8) <0.001
Platelet count, X 10%/uL 203.5 = 61.2 197.4 = 59.6 0.333
ALT, U/mL 558 + 8.1 249 *+10.2 <0.001
ALT, U/mL 27.0(19.3-43.0) 23.0 (16.0-33.0) <0.001
Total bilirubin, mg/dL 12+25 08=*0.3 0.001
Liver stiffness values, kPa 69+46 7.7 65 0.190
Liver stiffness values, kPa 4.5 (5.7-7.3) 59(4.8-8.1) 0.202

Data are expressed as mean = s.d, median (IQR), or no. (%).

ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; MA, minimally active; NUC, nucleos(t)ide analogue; VR, virological response.

Supplementary Figure 1 (see Supplementary Digital Content 1,
http://links.lww.com/CTG/A36) shows the serial serum ALT (A)
and HBV-DNA (B) levels at different time points in the untreated
MA group.

Clinical outcomes in the untreated MA vs NUC-VR groups
Among entire population, a total of 16 (2.0%) cases of HCC and
33 (4.2%) cases of cirrhotic complication occurred during the
follow-up period. Six (3.9%) patients in the untreated MA group
and 10 (1.6%) in the NUC-VR group developed HCC, whereas 4
(2.6%) patients in the untreated MA group and 29 (4.5%) in the
NUC-VR group developed cirrhotic complication, respectively.
Baseline characteristics between patients with HCC and without
and between patients with cirrhotic complication and without
were described in Supplementary Tables 2 and 3 (see Supple-
mentary Digital Content 1, http://links.lww.com/CTG/A36), re-
spectively. Patients with HCC were significantly older (mean age
61.4 vs 53.5 years, P = 0.003) and had higher proportion of male
gender (87.5% vs 61.3%, P = 0.037), diabetes (25.0% vs 8.5%, P =
0.045), and lower proportion of HBeAg (31.3% vs 59.5%, P =
0.037) compared to those without HCC. Patients with cirrhotic
complication were significantly older (mean age 61.8 vs 53.5
years, P < 0.001) and had higher proportion of diabetes (30.3% vs
7.9%, P < 0.001), and lower proportion of HBeAg (39.4% vs
59.3%, P = 0.029) compared to those without cirrhotic
complication.

The cumulative risks of HCC development at 3, 5, 7, and 9
years were 1.1%, 1.4%, 2.1%, and 2.7% in the untreated MA group,
which were higher compared to 0.2%, 0.4%, 0.4%, and 0.7% in the
NUC-VR group (Figure 1; P = 0.018 by log-rank test), re-
spectively, with an adjusted HR of 3.485 (95% CI 1.234-9.846;
P = 0.018) by Cox proportional hazard model.

In terms of cirrhotic complication development, the cu-
mulative risks at 3, 5, 7, and 9 years were 1.0%, 1.0%, 1.5%, and
1.9%, in the untreated MA group, which were similar to 0.4%,
0.6%, 0.7%, and 1.1%, in the NUC-VR group (Figure 2; P =
0.483 by log-rank test), respectively, with an adjusted HR of
0.649 (95% CI 0.227-1.854; P = 0.420) by Cox proportional
hazard model.
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Inverse probability of treatment weighting analysis
The well-known prognostic variables used to calculate propensity
scores were as follows: age, gender, HBeAg status, diabetes, and LS
values. After inverse probability of treatment weighting analysis,
similar baseline characteristics between the 2 groups regarding
these 5 variables were observed (Table 2). Absolute standardized
differences were described in Supplementary Figure 2 (see Sup-
plementary Digital Content 1, http://links.Iww.com/CTG/A36).
In terms of HCC development, the cumulative risks at 3, 5, 7,
and 9 years were 0.5%, 2.7%, 4.0%, and 9.8% in the untreated MA
group, which were higher compared to 0.8%, 1.1%, 1.1%, and
2.2% in the NUC-VR group (Figure 3; P = 0.001 by log-rank test),
respectively, with an HR of 4.464 (95% CI2.008-9.901; P < 0.001)
by Cox proportional hazard model.
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Figure 1. Cumulative risks of HCC development among the entire study
population. HCC, hepatocellular carcinoma; MA, minimally active; NUC,
nucleos(t)ide analogue; VR, virological response.
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Figure 2. Cumulative risks of cirrhotic complication development among
the entire study population. MA, minimally active; NUC, nucleos(t)ide
analogue; VR, virological response.

In terms of cirrhotic complication development, the cumu-
lative risks at 3, 5, 7, and 9 years were 2.0%, 2.0%, 2.8%, and 7.5%
in the untreated MA group, which were similar to 1.6%, 3.0%,
3.7%, and 6.1% in the NUC-VR group (Figure 4; P = 0.767 by log-
rank test), respectively, with an HR 0f 1.171 (95% CI 0.594-2.309;
P = 0.649) by Cox proportional hazard model.

DISCUSSION

REVEAL-HBV cohort studies (2,3) concerning the natural his-
tory of untreated patients with chronic HBV infection indicated
a strong relationship between the level of serum HBV-DNA and
the risk of HCC development or progression to cirrhosis. Nev-
ertheless, current practice guidelines generally recommend

against initiating NUCs for patients with elevated serum HBV- 0 ~-=- Untreated MA group
DNA level, but “borderline” serum ALT level (<2 X ULN), — NUC-VR group
unless either HCC or cirrhosis occurs (4-6). Such a discrepancy
between the theoretical backgrounds and the practice in the real- 3
Table 2. Results of the balancing by inverse probability of z
treatment weighting analysis based upon propensity score 8 S
s
(]
Variables Untreated MA group NUC-VR group Pvalue 2
Age, yr 535+ 13 536+04 0963 E o7
(&)
Male gender, no. (%) 81 (61.5%) 409 (61.7%) 0.961
Diabetes, no. (%) 16 (12.2) 54 (9.0) 0.367 sS4
Positive HBeAg, no. (%) 39 (58.6) 428 (58.8) 0.963 :
Platelet count, X 10%/uL 209.8 + 8.5 196524 0131 . prmmmmo= T e T
ALT, U/mL 56.7 = 1.3 248+04 0019 ° L , : : : , : :
Total bilirubin, mg/dL 18+07 08+00 0.125 0 20 40 60 80 100 120 140
LS values, kPa 82+09 76+02 0476 Months

life might raise an issue of whether earlier intervention by NUCs
for MA-CHB patients who have been untreated by this time in
accordance with treatment guidelines would be indeed beneficial
in terms of reducing the risk of disease progression. To date, since
there has been lack of reimbursement by the insurer organ-
izations as well as recommendation of starting NUCs by the
current practice guidelines for the untreated MA group in real-
world practice settings, we tried to evaluate the potential thera-
peutic benefit from NUCs through assessing their long-term risk
of HCC or cirrhotic complication development, in comparison
with immune-active patients who achieved VR by NUCs.

Our study has several strengths. First, we tried to adjust for
imbalances including fibrotic burden between the 2 groups as
much as possible, using quantitative scales by the validated
method, i.e., TE. On the basis of ultrasonographic findings and/or
clinical symptoms which are vulnerable to subjective and variable
interpretation, refined evaluation of a fibrotic burden and the
corresponding long-term prognosis would not be feasible. To the
best knowledge of ours, this is the first study incorporating
quantitative scale of LS value into major analyses for patents
before the transition to overt cirrhosis. Second, our results were
consistently reproduced through diverse statistical approaches
such as unadjusted analysis, adjusted analysis, and inverse
probability of treatment weighting using propensity score, which
can provide robust evidences.

In this study, we consistently demonstrate that the untreated
MA group is more likely to have a higher cumulative risk of HCC
development than the NUC-VR group. Theoretically, in the
untreated MA group, long-lasting HBV-DNA integration into
hepatocytes can lead to persistent genomic alterations and
chromosomal instability, both of which would accelerate hepatic
carcinogenesis even before the progression to highly active necro-
inflammation status or advanced stage of fibrosis (14). Further-
more, in the setting of high serum HBV-DNA level, even though
serum ALT level is persistently normal, a considerable portion of
patients has significant necro-inflammation and/or fibrosis on

Data are expressed as mean = s.d or no. (%).

HBeAg, hepatitis B ¢ antigens HBV. hepatitis B virus; LS, liver stifiness; MA. Figure 3. Cumulative risks of HCC development after inverse probability of

treatment weighting analysis. HCC, hepatocellular carcinoma; MA,

minimally active; NUC, nucleos(t)ide analogue; VR, virological response.
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Figure 4. Cumulative risks of cirrhotic complication development after
inverse probability of treatment weighting analysis. MA, minimally active;
NUC, nucleos(t)ide analogue; VR, virological response.

liver histology (15,16), where NUCs may be recommended (4,5).
To confirm this hypothesis, further studies based upon histo-
logical and/or immunological data are required. Taken together,
since NUCs can suppress viral replication and prevent resultant
carcinogenesis as well as necro-inflammation and subsequent
fibrogenesis, our data at least provided a corner stone which can
justify future prospective trials to evaluate the role of expanding
criteria for NUCs. Simultaneously, considering not only the rel-
ative high incidence of HBV-related HCC in the Republic of
Korea but also the high recurrence and mortality rates and the
high socio-economical burden among patients with HCC
(11,17,18), the reimbursement guidelines currently available in
the real-life practice should be re-appraised in terms of the cost-
effectiveness in order to reduce a burden of HCC.

In contrast, in our study, there was no significant difference in
terms of development of cirrhotic complication between the
untreated MA and NUC-VR group. Such a discrepancy according
to the study end points may be explained, at least partly, by the
fact that the primary pathways causing HBV-induced HCC or
cirrhotic complication are somewhat different from each other.
While cirrhotic complication occurs most likely due to portal
hypertension caused by fibrosis progression accumulated
through persistent necro-inflammation lasting for several deca-
des, HCC occurs due to not only such an indirect pathway but also
the direct oncogenic pathway. From the previous studies, 3 major
mechanisms for direct carcinogenesis had been suggested; in-
sertional mutagenesis by viral integration into hepatocytes’ DNA;
genomic instability caused by such a viral integration and the
activity of viral proteins; and mutated/truncated viral proteins
(HBx, HBc, and pre-S) affecting the microenvironment of liver
(19). Further molecular studies explaining these phenomena are
required.

There are several unresolved issues in the present study. First,
since this is the observational study from a single tertiary referral
hospital, the findings were potentially subject to selection bias.
However, we conducted multiple statistical strategies to adjust for
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imbalances between the 2 groups, confirming the reproduction of
similar results. Second, in the Republic of Korea, most patients
(>98%) are infected with HBV genotype C through vertical
transmission, both of which were associated with a higher risk of
HCC development (20-22). Thus, these results may not be gen-
eralizable for the full spectrum of the population with chronic
HBYV infection, especially in other countries. Further prospective
studies including larger different cohorts are required for external
validation. Finally, the incorporation of novel laboratory bio-
markers to assess the prognosis in patients with CHB in this study
would have been better (23-25). In particular, hepatitis B core-
related antigen level might be useful for a stratification of HCC
risk among those who achieved sustained viral suppression via
long-term NUCs (26) and quantitative HBsAg level might be
useful to identify inactive carriers more reliably (27,28). Thus,
further studies to evaluate the prognosis more delicately using
such novel biomarkers are required.

In conclusion, our study consistently showed a higher risk of
HCC but a similar risk of cirrhotic complication in the untreated
MA group, compared to the NUC-VR group. Many HCC cases
among the previously untreated MA group might be prevented by
earlier intervention using NUCs before the transition into clini-
cally immune-active status. Randomized controlled trials to
confirm the therapeutic benefit for untreated patients with MA-
chronic HBV infection would be worthwhile.

Study Highlights
WHAT IS KNOWN

\/ A a significant proportion of patients with chronic HBV
infection belong to so called “minimally active CHB” status,
where serum HBV-DNA level is persistently >2,000 [U/mL.

/ There is little data concerning the natural history of untreated
patients with minimally active chronic hepatitis B who had
persistently serum HBV-DNA level>2,000 |U/mL and had
never fulfilled other criteria for initiating nucleos(t)ide
analogues (NUCs) during the follow-up.

WHAT IS NEW HERE

\/ Such untreated minimally active chronic hepatitis B patients
had significantly higher risks of hepatocellular carcinoma
(HCC), but similar risks of cirrhotic complications, compared
to virological responders by NUCs.

Inverse probability of treatment weighting analysis using
propensity score to overcome imbalances between two
groups also showed the consistent results.

TRANSLATIONAL IMPACT

\/ HCC cases might be reduced through earlier intervention by
NUCs for such untreated minimally active chronic hepatitis B
patients.
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