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Abstract: Acute hepatitis B virus (HBV) infection occasionally progresses to acute liver failure, often
with poor prognosis. The appropriate pharmacological approach is yet to be established. Although
nucleotide analogs (NA) and corticosteroids are candidates for the treatment of acute HBV infection,
their therapeutic effects, especially their effect on HBV clearance, remain unclear. To clarify effects
on the HBV clearance of combination therapy of NA and steroid pulse therapy (SPT) for acute HBV
infection, we first analyze the effectiveness of this therapy in patients with HBV infection compared
with NA monotherapy (NAM). Of the 57 consecutive patients with acute hepatitis B infection from
May 2007 to December 2018, we have included 25 patients for this study, whom we followed up
until HBV clearance. According to the administration of NA and SPT, we divided patients into two
groups (NAM group and NA + SPT group) and compared their results. Of the 25 patients, 10 received
NAM, whereas 15 received NA + SPT. There were no appreciable adverse effects related to SPT.
The time required for the clearance of HBsAg (76 (43-116) days vs. 26 (14-51) days, p = 0.0418) and
HBV-DNA (NAM group vs. NA + SPT group: 180 (83.5-220) vs. 69 (43-136) days, p = 0.0420) was
significantly shorter in the NA + SPT group than in the NAM group. The hazard ratio of NA + SPT
for the clearance of HBsAg and HBV-DNA were 0.45 (0.19-1.09) and 0.35 (0.14-0.89), respectively. In
conclusion, we showed that NA + SPT promoted HBV elimination. These findings support the use of
the NA + SPT combination for acute HBV infection without the concern of persistent HBV infection.

Keywords: HBV; acute liver failure; acute hepatitis; steroids; nucleotide analog

1. Introduction

Acute hepatitis B virus (HBV) is a partially double-stranded DNA virus that belongs to
the Hepadnaviridae family. Worldwide, it is estimated that 296 million people are chronically
infected with HBV, with 1.5 million new infections occurring each year [1]. Acute HBV
infection can occasionally progress into acute liver failure (ALF), often with poor prognosis.
In Japan, 12.4% of acute liver disease cases and 20.3% of ALF or acute-on-chronic liver
failure cases are reportedly caused by HBV [2]. Therefore, acute HBV infection is considered
a major health problem, and an appropriate pharmacological approach to solving this
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problem is needed. Although nucleotide analogs (NA) and corticosteroids are candidates
for the therapy of acute HBV infection, the therapeutic effects of these drugs remain unclear.

NA are drugs that inhibit viral replication in infected cells. The efficacy of NAs for
chronic HBV infection has been well established. These antiviral drugs can reduce plasma
levels of HBV-DNA, decrease liver inflammation, prevent liver carcinogenesis, and conse-
quently improve the prognosis of chronic HBV infection. Similarly, the safety and efficacy
of lamivudine in patients with ALF have been reported [3,4]. Moreover, it is reported that
early NA initiation in patients with acute HBV infection might enhance HBV clearance [5].
Meanwhile, corticosteroids, which are known to inhibit an excessive immune response and
inflammatory reactions [6], are widely used for multiple diseases. However, several clinical
studies on the efficacy of corticosteroids for ALF demonstrated no improvement in survival
associated with their use [7,8]. In Japan, because liver transplantation (LT) was limited
due to the shortage of liver donors, other therapies, including corticosteroid therapy, have
been investigated for ALF. Recently, several reports have indicated the possibility of the
therapeutic effect of corticosteroids on ALF [9,10]. Regarding acute HBV infection, Fujiwara
et al. reported that combination therapy with NA and corticosteroids induced the rapid
resolution of inflammation in HBV ALF [11]. However, because this study focused on
the short-term effect of combination therapy, the long-term effect on acute HBV infection
remains unclear.

Thus, in this study, we aimed to clarify the long-term effect of NA + SPT for acute
HBYV infection.

2. Materials and Methods
2.1. Patients

We conducted a single-center retrospective study to evaluate the effectiveness of NA
and SPT in patients with acute hepatitis B infection admitted to Kyushu University Hospital
between May 2007 and December 2018. Acute hepatitis B infection was diagnosed based
on positivity for HBsAg, IgM anti-hepatitis B core antibodies (IgM-HBc), or HBV-DNA.
We excluded the possibility of acute exacerbation of HBV based on negative HBsAg tests
preceding the onset of liver injury or a positive test for high levels of IgM-HBc and negative
or low levels of IgG anti-hepatitis B core antibodies. ALF was diagnosed using the criteria
established by the Intractable Hepato-Biliary Diseases Study Group in Japan. Patients with
previously normal liver functions having prothrombin activity percentages of 40% or less of
the standardized values or international normalized ratios of 1.5 or more caused by severe
liver damage within eight weeks of the onset of symptoms were diagnosed with ALF, and
they were further classified into ALF with or without hepatic coma. In the former, hepatic
encephalopathy grade II or more severe hepatic coma develops within eight weeks [12].
When obvious liver atrophy and hepatic coma were observed on admission, the patient
was immediately prepared for LT. There were 57 consecutive patients with acute hepatitis
B infection. However, we excluded one patient who had a malignant tumor, two patients
with HIV, and one patient who consulted more than 56 days after the onset of disease
symptoms. To evaluate the long-term effect, we further excluded 6 patients who underwent
liver transplants, 6 patients who died, and 10 patients who were lost to follow up. Finally,
6 patients received neither NA nor SPT, 10 patients received NAM, and 15 patients received
NA + SPT; we then compared the NAM group and the NA + SPT group (Figure 1).
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Figure 1. The flow diagram of the study.

2.2. Therapy

As antiviral therapy, lamivudine (LMV) or entecavir (ETV) was administered. As SPT,
1000 mg of methylprednisolone was administered for three days. As necessary, the patients
received comprehensive supportive care, including plasma exchange, continuous hemodi-
afiltration (CHDF), and/or anticoagulant therapy, including recombinant thrombomodulin
and anti-thrombin III (AT III).

2.3. Statistical Analysis

Data were analyzed using the JMP software package (version 15.1.0; SAS Institute,
Inc., Cary, NC, USA). Continuous variables are expressed as median and interquartile
range. Significant differences between groups were assessed using the unpaired Student’s
t-test, Fisher’s exact test, the x? test, or Cox proportional hazard model. A p-value of
<0.05 was considered to be statistically significant, and a p-value of <0.10 was considered
marginally significant.

3. Result
3.1. Subject Characteristics

Of the 53 patients with acute HBV infection, seven received neither NA nor SPT due
to patient disagreement (no NA group), 13 received NAM (NAM group), and 33 received
NA + SPT (NA+ SPT group). The proportion of patients who survived without LT in the
no NA, NAM, and NA + SPT groups were 86% (6/7), 100% (13/13), and 66% (22/33),
respectively (patients’ profiles and characteristics are shown in Supplementary Table S1).
Three patients in the NA + SPT group developed infectious complications. However, the
infection was considered a consequence of ALF development and not an adverse effect of
steroids because these patients presented severe ALF states before intervention. Because
the severity differed in each group, we did not evaluate the therapeutic effect on survival
in this study. To evaluate the effect on the HBV clearance of NA and SPT, we studied
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25 patients who received NAM or NA + SPT and were followed up for a long time. Of the
25 patients, 10 received NAM and 15 received NA + SPT. Patients in the NA + SPT group
presented more severe states of liver failure than those in the NAM group. Patients in the
NA + SPT group showed higher proportions of ALF and levels of AST, ALT, and LDH
compared to patients in the NAM group (Table 1).

Table 1. Characteristics of patients in the NAM and NA + SPT groups.

Factor NAM Group (1 = 10) NA + SPT Group p Value
(n=15)
Age (y.0.) 445 (32-58.5) 43 (36-54) 0.57
Gender (M/F) 7/3 7/8 041
WBC (/mL) 6035 (5397.5-9507.5) 5200 (4260-9170) 0.17
Hb (g/dL) 14.95 (13.2-15.5) 14.8 (12.3-15.8) 0.62
Plt (/uL) 16.7 (11-19.4) 11.3 (9.4-17.2) 0.24
Alb (g/dL) 3.6 (3.0-4.0) 3.7 (3.3-4.0) 0.71
T-Bil (mg/dL) 6.0 (1.3-10.9) 5.6 (3.6-7.8) 1
AST (IU/L) 1188 (547-4438) 3261 (1802-5080) 0.07
ALT (IU/L) 1562 (1014-7700) 3868 (2981-5421) 0.07
LDH (IU/L) 560 (407-1753) 1512 (825-3180) 0.049
v-GTP (IU/L) 181 (119-279.5) 146 (82-273) 0.7
ALP (IU/L) 609 (371-685)) 466 (393-790) 0.88
BUN (mg/dL) 8 (7-17) 9 (5-14) 0.63
Cre (mg/dL) 0.71 (0.58-0.86) 0.63 (0.46-0.77) 0.45
CRP (mg/dL) 0.74 (0.4-2.2) 2.1 (0.5-6.6) 0.13
PT% 45 (31.8-90.2) 40 (25-49) 0.28
APTT 38.8 (34.4-47.1) 41.3 (37.2-43.4) 0.85
ATIII 66 (43-101) 67 (45-74) 0.95
NH3 51 (35-60) 69 (35-166) 0.17
Ferrtin 2388 (1028-6371) 8813 (384-13545) 0.33
AFP 5 (3.0-14.3) 2.8 (1.7-3.6) 0.078
MELD score 20 (11-24) 19 (16-26) 0.37
Type of disease
ALI 5 1
ALF without coma 5 11
ALF with coma 0 3
Proportion of ALF 50% 93% 0.023
Therapy
Plasma exchange o o
(Y/N) 6/4 (60%) 13/2 (87%) 0.17
CHDEF (Y/N) 1/9 (10%) 2/13 (13%) 1
Anticoagulant (Y/N) 5/5 (50%) 12/3 (80%) 0.19

Data are expressed as median and interquartile range. WBC: white blood cell, Hb: hemoglobin, Plt: platelet,
Alb: albumin, T-Bil: total bilirubin, AST: aspartate aminotransferase, ALT: alanine aminotransferase, LDH:
lactate dehydrogenase, y-GTP: gamma-glutamyl transpeptidase, ALP: alkaline phosphatase, BUN: blood urea
nitrogen, Cre: creatinine, CRP: C-reactive protein, PT%: prothrombin activity percentage, APTT: activated partial
thromboplastin time, ATIIL: antithrombin III, AFP: alpha-fetoprotein, MELD: model for end-stage liver disease,
ALLI acute liver injury, ALF: acute liver failure, CHDEF: continuous hemodiafiltration.

3.2. The Short-Term Effect of NA + SPT

In both the NAM and the NA + SPT groups, a significant decrease in alanine amino-
transferase (ALT) levels and an increase in prothrombin activity percentage (PT%) were
observed over time (Figure 2A,B). In the NA + SPT group, the decrease in ALT levels and
the increase in PT% tended to be greater than in the NAM group; however, the differences
were not statistically significant (decrease in ALT levels: NAM group vs. NA + SPT group:
533 (81-4036) IU/L vs. 2970 (1770-4429) IU/L, p = 0.24, increase of PT%: NAM group vs.
NA + SPT group: 23 (1-46)% vs. 39 (31-45)%, p = 0.2888, Figure 2C,D).
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Figure 2. The short-term effect of NA +SPT. (A) Changes in ALT values in patients of the NAM
and NA + SPT groups. (B) Changes in PT% in patients in the NAM and NA + SPT groups. (C)
Comparison of the decrease in ALT values between the NAM and NA + SPT groups. (D) Comparison
of the increase in PT% between the NAM and NA + SPT groups.

3.3. NA + SPT Efficiently Accelerates HBV Elimination

To evaluate the effect on HBV clearance, we evaluated the hepatitis B surface antigen
(HBsAg) and HBV-DNA. HBV-DNA decreased over time in both groups (Figure 3A). In
the NA + SPT group, the decline in HBV-DNA at eight weeks after the start of treatment
was significantly greater than that in the NAM group (NAM group vs. NA + SPT group:
3.66 (1.86-5.65) logIU/mL vs. 5.04 (4.53-6.78) logIU/mL, p = 0.0412, Figure 3B). Moreover,
the time required for the clearance of HBsAg and HBV-DNA was significantly shorter in
the NA + SPT group than in the NAM group (HBsAg: NAM group vs. NA + SPT group:
76 (43-116) days vs. 26 (14-51) days, p = 0.0418, HBV-DNA: NAM group vs. NA + SPT
group: 180 (83.5-220) days vs. 69 (43-136) days, p = 0.0420, Figure 3C,D). The hazard
ratio of NA + SPT for the clearance of HBsAg and HBV-DNA were 0.45 (0.19-1.09) and
0.35 (0.14-0.89), respectively. Intention-to-treat analysis, including the eliminated patients,
revealed that the clearance of HBsAg and HBV-DNA was significantly shorter in the NA
+ SPT group than in the NAM group (p = 0.0468 and 0.0418, respectively). Because it is
possible for the severity of liver damage to affect HBV elimination, we performed the same
comparison only in the patients with ALF without hepatic coma. In these cases, 5 patients
received NAM whereas 11 patients received NA + SPT. No significant differences in profile
and baseline characteristics were found between these two groups except for activated
partial thromboplastin time (APTT) (Supplementary Table S2). Although the differences
we found were not statistically significant due to the small sample size, the time required
for the clearance of HBsAg and HBV-DNA tended to be shorter in the NA + SPT group
than in the NAM group (HBsAg: NAM group vs. NA + SPT group: 72 (13-86) days vs.
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Figure 3. The antiviral effect of NA +SPT. (A) Changes in HBV-DNA levels in the NAM and NA + SPT
groups. (B) Comparison of the decrease in HBV-DNA over 8 weeks. (C) Comparison of the time
until clearance of HBsAg between the NAM and NA + SPT groups. (D) Comparison of the time until
clearance of HBV-DNA between the NAM and NA + SPT groups. *: p < 0.05.

4. Discussion

In this study, we investigated the efficacy of the combination of NA and SPT for acute
HBYV infection. Because of the difference in severity, we could not evaluate the effect of NA
+ SPT on survival benefits. Serum ALT level is a surrogate marker of hepatocyte damage
because it is markedly elevated during hepatocyte destruction [13]. PT% is a sensitive
marker of hepatic synthetic ability and is used to determine the severity of coagulopathy
in patients with ALF [14]. Although the differences were not statistically significant, the
greater decrease in ALT and increase in PT in the NA + SPT group than in the NAM group
might suggest the therapeutic effect of NA + SPT on the inhibition of liver inflammation
and the improvement of liver function. Because the negative studies of steroids for ALF
were carried out in the 1970s, it is possible that the appropriate management for the adverse
effects of corticosteroids such as the use of proton pump inhibitors and antibacterial agents
was not provided, the etiology of ALF was variable, and the corticosteroids were admin-
istered in a non-uniform fashion, e.g., variable doses, time, periods, and timing, in these
previous studies. Recent studies have indicated that the use of corticosteroids may have
therapeutic effects on viral ALF in the early stages [9,10]. However, particularly in HBV
infection, because it is reported that corticosteroids stimulate HBV gene expression [15,16],
there is serious concern that the use of corticosteroids prolongs the duration of HBV in-
fection and promotes progression to chronic HBV infection. In fact, anti-inflammatory
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treatment, including steroids for acute HBV infection, was reported to promote persistent
HBYV infection [17]. Recently, Fujiwara et al. reported that the combination of NA and
corticosteroids induced rapid resolution of inflammation in HBV ALF [11]. They showed
that all patients receiving NA + corticosteroid therapy achieved HBsAg seroconversion and
also highlighted the possibility that corticosteroids did not affect HBV clearance. Neverthe-
less, because they examined only six patients whom they could follow up for a long time,
it remains unclear whether corticosteroid therapy affects HBV clearance. Here, although
our study had some limitations (e.g., retrospective, observational study, small sample size,
unbalanced groups, massive loss of follow-up from the intervention group), we showed
that the NA + SPT combination significantly shortened the time required for HBsAg and
HBV-DNA clearance. NA alone was considered to have mild HBV elimination power.
However, especially in the presence of corticosteroids, NA might play an important role in
the control of HBV replication. We have considered that NA inhibition of HBV replication
and SPT-induced resolution of innate immune system in the liver synergistically led to
rapid HBV elimination.

Taken together, the NA + SPT combination could shorten the time to clearance without
any adverse effects of SPT. These findings support the use of the NA + SPT combination for
acute HBV infection without the concern of persistent HBV infection. However, we need
more valid studies, including randomized controlled trials with larger samples, in order to
demonstrate the effect of NA + SPT on acute HBV infection.
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/ /www.mdpi.com/article/10.3390/ gastroent13010001/s1, Table S1: Characteristics of patients in
the no NA, NAM, and NA + SPT groups.; Table 52: Characteristics of non-comatose ALF patients
in the NAM and NA + SPT groups. Figure S1: The antiviral effect of NA +SPT on non-comatose
ALF patients.
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