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Abstract
BACKGROUND 
[bookmark: _Hlk19769078][bookmark: OLE_LINK101][bookmark: OLE_LINK102][bookmark: OLE_LINK46][bookmark: OLE_LINK47][bookmark: OLE_LINK26][bookmark: OLE_LINK27]No guideline recommends antiviral therapy for hepatitis B e antigen (HBeAg)-positive chronic hepatitis B patients with persistently normal alanine aminotransferase levels and a high hepatitis B virus (HBV) DNA viral load. 
[bookmark: _Hlk41309265][bookmark: _Hlk24046822]
AIM 
[bookmark: OLE_LINK6][bookmark: OLE_LINK50][bookmark: OLE_LINK62][bookmark: OLE_LINK63]To evaluate the feasibility and safety of a Chinese herbal formula as a therapeutic option for chronic HBV infection.

METHODS 
[bookmark: OLE_LINK14][bookmark: OLE_LINK5]In total, 395 patients (30–65 years old) with confirmed HBeAg-positive chronic hepatitis B infection and persistently normal alanine aminotransferase were randomized to receive either Chinese herbal formula or placebo for 96 wk. Endpoints to evaluate therapeutic efficacy included: (1) HBV DNA levels decreased to less than 4 log10 IU/mL at weeks 48 and 96; and (2) HBeAg clearance and seroconversion rates at weeks 48 and 96.

RESULTS 
HBV DNA levels ≤ 4 log10 IU/mL were 10.05% at week 48 and 18.59% at week 96 in the treatment group. The HBeAg clearance and conversion rates were 8.54% and 8.04% at week 48 and 16.08% and 14.57% at week 96, respectively. However, HBV DNA levels ≤ 4 log10 IU/mL were 2.55% and 2.55% at weeks 48 and 96, respectively, and the HBeAg clearance rates were 3.06% and 5.61% at weeks 48 and 96, respectively, in the control group. The quantitative hepatitis B surface antigen and HBeAg levels at baseline and changes during the treatment period as well as the alanine aminotransferase elevation at weeks 12 and 24 were strong predictors of HBeAg clearance. 

CONCLUSION 
High rates of HBV DNA reduction, HBeAg clearance and seroconversion could be achieved with Chinese herbal formula treatments, and the treatments were relatively safe for HBeAg-positive chronic hepatitis B-infected patients with persistently normal alanine aminotransferase. The ability of the compound to modulate host immune function probably contributed to this effect.
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[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Core tip: Hepatitis B e antigen-positive chronic hepatitis B patients with persistently normal alanine aminotransferase levels and a high hepatitis B virus DNA viral load may progress to cirrhosis or hepatocellular carcinoma. However, no guideline recommends antiviral therapy for it because of poor efficacy. In the present study we report the feasibility and safety profiles of a Chinese herbal formula as a therapeutic option for chronic hepatitis B virus infection.

INTRODUCTION
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]Most patients with hepatitis B e antigen (HBeAg)-positive chronic hepatitis B virus (HBV) infection with basically normal alanine aminotransferase (ALT) levels and high viral load have no obvious clinical symptoms[1-4]. Antiviral therapy is not recommended for these patients by any authoritative guidelines. Despite long-term normal ALT levels, a high HBV DNA viral load persists, and liver lesions progress unrecognized and advance gradually. Some patients may even progress to cirrhosis or hepatocellular carcinoma (HCC), and the risk increases with age, especially after the age of 30. Even if a chronic HBV carrier shows minimal or no necroinflammation or fibrosis in the liver (previously termed the ‘‘immune tolerant’’ phase), a high level of HBV DNA integration and clonal hepatocyte expansion suggests that hepatocarcinogenesis could be already underway in this early phase of the infection[5].
[bookmark: OLE_LINK1][bookmark: OLE_LINK7][bookmark: _Hlk6498010]Previous studies have shown that liver injury in chronic hepatitis B (CHB) patients with normal ALT levels was always mild, and the long-term clinical outcomes were not serious[6,7]. A long-term follow-up study in Taiwan of China, which enrolled 240 HBeAg-positive patients with normal ALT levels and had a median follow-up period of 6.8 years (1-17 years) and a mean age at entry of 27 years, showed that 85% of the patients had HBeAg seroconversion and sustained remission. The cumulative incidence of cirrhosis in 17 years was 12.5%, and the cumulative incidence of HCC was 0%[8]. However, for patients over 35 years old, another study in Taiwan (REVEAL) reported a median follow-up of 7 years, HBeAg clearance of 187 (43.4%) and an annual incidence of only 6.2[9]. As accumulating research data show, age is proportional to the progression of CHB. The REVEAL study also showed that HBV DNA was an independent predictor of hepatitis B progression in patients over 35 years old, and the incidence of cirrhosis increased with HBV DNA level (300 copies/mL-106 copies/mL), which was 4.5%-36.2%. In this study, the corresponding cumulative incidence of hepatocellular carcinoma was 1.3% and 14.9% in patients with HBV DNA < 300 copies/mL and HBV DNA > 106 copies/mL, respectively[10,11]. HBV DNA level was independent of HBeAg status, ALT level and other risk factors[12]. Another study concerning HBeAg seroconversion showed that in CHB patients with e antigen seroconversion before age 40, only 4.1% would progress to cirrhosis, while with e antigen seroconversion after age 40 and 50, the incidence of cirrhosis was 27.3% and 33.3%, respectively[13]. Liver biopsy also indicated a gradient relationship between fibrosis severity and age[14]. Therefore, in recent years, Chinese guidelines and European Association for the Study of the Liver guidelines have lowered the age for monitoring antiviral therapy in CHB patients with normal ALT from 40 years old to 30 years old[1,4].
For HBeAg-positive CHB patients with normal ALT, antiviral therapy was not recommended by various authoritative guidelines, mainly due to poor efficacy. The results of a small sample study of pegylated interferon for the treatment of HBV carriers reported that the seroconversion rate was below 10%[15]. However, another lamivudine study showed that the seroconversion rate was only 2% in HBV carriers[16]. In recent years, clinical trials of vaccines against HBV have all ended in failure[17]. With the advent of new potent antiviral drugs, the recently published 192 wk study of patients with CHB in the immune tolerant stage of tenofovir therapy showed that 5% of patients achieved e antigen seroconversion. Although more than 50% of patients had reached HBV DNA clearance during the treatment, they all relapsed 6 mo after drug withdrawal, suggesting that the efficacy of antiviral therapy for such patients was unsatisfactory[18]. 
[bookmark: _Hlk39316800][bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK123][bookmark: OLE_LINK58][bookmark: OLE_LINK59][bookmark: OLE_LINK55][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK207][bookmark: OLE_LINK208]We have more than 20 years of clinical experiences in treating CHB infection and chronic carriers with invigorating kidney and clearing away the heat and expelling superficial evils (ICE) formula. In our previous studies, we recruited 62 patients with CHB and treated with ICE. Results showed that the HBeAg clearance and virologic response of the treated group were significantly better than that of the control group[19]. Preliminary clinical multicenter research of short courses of treatment during the national 11th five-year period project indicated that the decrease of HBV DNA was greater than 2 log by 17.5%, and the decrease of hepatitis B surface antigen (HBsAg) by 1 log was about 10% after 52 wk of ICE intervention[20-22]. In addition, liver histological results showed significant improvements in liver fibrosis, and immunohistochemistry showed significant decreases in the expression of HBsAg and hepatitis B core antigen (HBcAg) in responding patients. These studies suggest that ICE has a better effect on interfering with chronic HBV carriers[23].
[bookmark: OLE_LINK33][bookmark: OLE_LINK32][bookmark: OLE_LINK92][bookmark: OLE_LINK93]Through this study, the effects of the ICE formula on patients with HBeAg-positive CHB with normal ALT who were over 30 were evaluated, and serological indexes, HBV DNA changes and related factors were analyzed. This study provided clinical evidence for traditional Chinese medicine (TCM) treatment for chronic HBV carriers, especially chronic HBV carriers over 30 years old with a higher risk of disease progression.

MATERIALS AND METHODS
Patient population
HBeAg-positive patients with chronic HBV infections were recruited from May 2013 to May 2014 at 20 different hospitals and medical centers for this study (Table 1). A total of 395 patients were enrolled. The inclusion and exclusion criteria used for patient selection are shown in Table 2.
The study was approved by the Ethics Committees at Shenzhen Hospital affiliated with the Fourth Clinical Medical College of Guangzhou University of TCM and was conducted in accordance with the ethical guidelines of the 1975 Declaration of Helsinki and the Good Clinical Practice Guidelines. All enrolled patients gave written informed consent before enrollment. The clinical trial registration identifier is ChiCTR-TPR-17011944 (http://www.chictr.org.cn/index.aspx).

Preparation of medication
[bookmark: OLE_LINK64][bookmark: OLE_LINK65][bookmark: OLE_LINK66]The Chinese herbal formula (ICE granules) was composed of Phyllanthus urinaria Linn, Radix et caulis acanthopanacis senticosi, Herba Epimedii, and so forth, which are listed in Table 3. The placebo was composed of water-soluble starch, glucosum anhydricum, edible chocolate brown pigment and lyochromes. Both were made into drug granules in Shenzhen Sanjiu Medical & Pharmaceutical Co., Ltd., China, a renowned good manufactory practice-certified state-level manufacturer of concentrated herbal extracts (its products can be purchased in China). The whole production process, from validating the raw materials to the final products, strictly complied with the standards of good manufactory practice and Chinese pharmacopoeia[24]. Decoction and extraction of each dried medicinal herb was performed in a single batch. After extraction, the herbal preparation was separated, concentrated and spray dried into the form of a granule. The chemical compositions of the final products were analyzed, while all the herbal preparations were tested to ensure safety for human consumption, including heavy metals, microorganism contamination and insecticides. Finally, the different kinds of granules were mixed in accordance with their proportion in the Chinese herbal formula and packed in sealed plastic sachets. The composition of a sachet of granules (32.67 g) was the same as that of 190 g raw herbs, which was the daily dose of each patient. The placebo was similar to the herbal granules in shape, color, taste and packaging.

Study design
The study was a multicenter, randomized, double-blinded and placebo-controlled clinical trial of the Chinese herbal formula versus placebo at a ratio of 1:1 for 96 wk. Each patient was instructed to dissolve a sachet of granules (32.67 g, either study drug or placebo) in 200 mL of warm water in a cup and to take 100 mL of the solution in the morning and the rest in the afternoon every day.
[bookmark: OLE_LINK147][bookmark: OLE_LINK148]Randomization was performed within one month after the screening had been completed using a voice interactive random assortment system[25]. Tests were carried out at week 0, 4 and 12 and then every 12 wk thereafter through week 96. At each clinic visit, laboratory tests were performed to evaluate liver function and determine the safety of treatment and possible adverse events. Serum was assayed for HBV DNA, HBsAg, antibody to HBsAg, HBeAg and antibody to HBeAg at baseline and at weeks 24 and 48. Serum helper T1 cell and helper T2 cell cytokine levels, including interleukin (IL)-2, IL-4, IL-10 and interferon-γ (IFN-γ), were detected at baseline and at weeks 48 and 96. Patients were withdrawn from the study for any of the following reasons: occurrence of intolerable or worsening adverse events and failure to comply with the protocol or withdrawal of consent.

Laboratory assays
[bookmark: OLE_LINK60][bookmark: OLE_LINK61][bookmark: OLE_LINK67][bookmark: OLE_LINK68]All subjects undergoing blood testing were uniformly assayed in the central laboratory of Shanghai Amidikang Medical Laboratory, China. All subjects underwent complete blood counts and serum biochemistry detections, including ALT, aspartate transaminase, platelet, γ-glutamyltransferase, blood urea nitrogen and creatinine tests with the Cobas ISE 800 chemistry analyzer (Roche Diagnostics, Holliston, MA, United States)[26]. HBsAg, hepatitis B surface antibody, HBeAg, hepatitis B envelope antibody and hepatitis B core antibody were measured with the Architect i2000 assay (Abbott Laboratories, Philippines)[27]. The HBsAg titer in serum was quantified according to the manufacturer’s instructions. An initial manual dilution of 1:100 was performed on all samples. Samples with HBsAg titers of greater than 250 IU/mL were manually diluted to 1:500 to bring the reading within the linear range. Samples with HBsAg levels of less than 0.05 IU/mL at 1:100 dilution were retested undiluted. Serum cytokine levels of IL-2, IL-4, IL-10 and IFN-γ were detected by ELISA kits (Pharmingen, San Diego, CA, United States) according to the manufacturer’s instructions. Serum HBV DNA levels were quantified using the Cobas TaqMan assay (Roche Diagnostics, Branchburg, NJ, the United States) with the lowest detection limit at 20 IU/mL.

Liver biopsy
[bookmark: OLE_LINK103][bookmark: OLE_LINK69][bookmark: OLE_LINK70]All subjects underwent percutaneous liver biopsy guided by ultrasonography[28]. Liver biopsy was performed using 16-G Tru-Cut biopsy needles (Menghini, Bard Company of the United States). A minimum of 1.5 cm of liver tissue with at least six portal tracts was required for appropriate diagnosis. The specimens were immediately fixed, paraffin-embedded, stained with hematoxylin-eosin and sent to the Department of Pathology at the Shenzhen Traditional Chinese Medicine Hospital. The Knodell histological activity index (HAI)[29] and Ishak's system[30,31] were used by two experienced pathologists who were blinded to the clinical information of the subjects to grade the collected samples. The Knodell HAI was used to describe the hepatocellular necroinflammation activity with grades of 0 ± 4, while liver fibrosis was semiquantitatively assessed according to Ishak's system and was graded from stage 0 to stage 6.

End points
The primary efficacy end point was the proportion of patients with a virologic response at weeks 48 and 96 (including HBV DNA levels decreasing at least 2 log10 units and less than 4 log10 IU/mL). Secondary efficacy end points were the proportion of patients with HBeAg loss or seroconversion to anti-HBe at weeks 48 and 96. In addition, adverse events including symptoms, signs and clinical laboratory abnormalities within 96 wk were documented, and discontinuation of therapy was recorded.

[bookmark: OLE_LINK13][bookmark: OLE_LINK12]Sample size determination[32-34]
Multicenter randomized double-blind control, ICE group: the placebo group was randomized 1:1, the viral response rate (viral load decreased by 2 log after treatment) was the main effect index, and the sample content was estimated by SPSS 22.0 according to the 11th five-year “national special program for major infectious diseases” research data. The TCM treatment group 2-year virologic response rate was 25%, that of the placebo control group was 5%, and the research on the basis of the optimized treatment plan chooses a better response rate crowd (10 e5-10 e9). Two years is expected to make the TCM group virologic response rate of 30%, and the control group was 5%. According to the rate difference between the two groups, P1 = 5%, P2 = 30%, alpha = 0.05, beta = 0.20, with an estimated total of 278 cases. According to our previous data of the 11th five-year “national special program for major infectious diseases,” the empirical sample shedding rate was < 10%, and the adjusted sample content was 306 cases. Therefore, we chose to randomly enroll 400 cases in total or 200:200 cases (experimental group:control group).
Of the 400 patients initially screened, 5 were excluded, and a total of 395 patients were included in the treatment group (199 cases) and the control group (196 cases). During 96 wk of follow-up, 13 cases and 22 cases dropped out, respectively. The dropout rate was 6.5% and 11.2%, respectively, meeting the criteria of lost to follow-up (Figure 1).

Statistical analysis
The intention-to-treat analysis included all patients who were randomly allocated to one of the two groups. A last observation carried forward analysis was conducted for any missing data on primary or secondary outcomes. Analysis of safety included data for all patients who had taken at least one dose of study medication after randomization. SPSS 22.0 package (SPSS Inc., Chicago, IL, United States) was used to perform the analysis. Continuous variables were expressed as the mean ± standard deviation. An independent samples t-test was used to compare differences between the two groups. A paired samples t-test was performed to calculate differences between prior and after treatment in one group. Categorical variables were expressed as absolute and relative frequencies. The Chi-square test or Fisher’s exact test were used to compare the differences in proportions between the two groups. Univariable and multivariable logistic regression analyses were conducted to evaluate the magnitude and significance of the association. A two-sided P value < 0.05 was considered statistically significant.
[bookmark: _Toc320819089][bookmark: _Toc320813116][bookmark: _Toc320818412]
RESULTS
Baseline characteristics
Four hundred patients were planned to be enrolled in this project, while 395 patients were actually enrolled, conforming to the inclusion criteria. Each group was balanced. The two main visit time nodes for statistical analysis were at weeks 48 and 96. All the data were statistically analyzed by the Capital Medical University School of Public Health. The project team received blinded results from the clinical evaluation center of Chinese Academy of TCM on March 13, 2015, which is group A: ICE, Group C: the placebo control. The relevant main index data are described in Table 4.

Result of treatment
Virologic response: The proportion of patients with reduced HBV DNA levels of > 2 log10 IU/mL was 15.08% (30/199) at week 48 and 30.15% (60/199) at week 96 for the treatment group compared to 6.63% (13/196, P = 0.007) and 6.12% (12/196, P = 0.000), respectively, for the control group. The percentages of patients with HBV DNA levels ≤ 4 log10 IU/mL were 10.05% (20/199) at week 48 and 18.59% (37/199) at week 96 for the treatment group compared to 2.55% (5/196, P = 0.002) and 3.06% (6/196, P = 0.00), respectively, for the control group. Among patients in the treatment group, serum HBV DNA was undetectable in 1.01% (2/199) at week 48 and 2.01% (4/199) at week 96; in the control group, it was in 0% (0/196) and 0% (0/196), respectively. There was no significant difference between the two groups (P = 0.159 and P = 0.136, respectively, Table 5).

Serological response: The proportion of patients with a decline ≥ 0.5 log10 in HBsAg levels in the treatment group was 24.62% (49/199) at week 48 and 41.71% (83/199) at week 96 compared to the control group, which was 9.69% (19/196 P = 0.000) and 20.92% (41/196, P = 0.000), respectively. The percentages of patients with a decline ≥ 1 log10 in HBsAg levels in the treatment group were 14.57% (29/199) at week 48 and 31.66% (63/199) at week 96 compared to the control group, which was 5.61% (11/196, P = 0.003) and 11.22% (22/196, P = 0.000), respectively. Furthermore, the proportion of patients with a decline ≥ 2 log10 in HBsAg level in the treatment group was 3.52% (7/199) at week 48 and 8.54% (17/199) at week 96 compared to the control group, which was 1.02% (2/196, P = 0.185) and 0.51% (1/196, P = 0.008), respectively. Neither group had patients with HBsAg ≤ 0.05 at weeks 48 and 96 (Table 6).
The percentage of patients with a decline ≥ 1 log10 in HBeAg levels in the treatment group was 22.61% (45/199) at week 48 and 25.63% (51/199) at week 96 compared to that of the control group, which was 2.55% (5/196, P = 0.000) and 4.59% (9/196, P = 0.000), respectively. In the treatment group, 8.54% of patients (17/199) at week 48 and 16.08% (32/199) at week 96 demonstrated HBeAg clearance compared to the control group, which was 2.55% (5/196 P = 0.009) and 5.61% (11/196 P = 0.001), respectively. Seroconversion rates of HBeAg in the treatment group were 8.04% (16/199) at week 48 and 14.57% (29/199) at week 96 compared to the control group, which was 2.04% (4/196, P = 0.007) and 4.46% (9/196, P = 0.001), respectively (Table 6). In both groups, patients exhibited declines in HBsAg and HBeAg levels (Figure 2).

Serum cytokine levels: After 48 wk of ICE treatment, patients showed a significant increase in the mean levels of serum IFN-γ and IL-2 compared to the levels of these cytokines determined prior to treatment (27.80 ± 20.26 vs 19.90 ± 14.69, P = 0.000; 13.76 ± 11.74 vs 9.97 ± 6.52, P = 0.028, respectively). At week 96, in the ICE group, IFN-γ and IL-2 levels increased (57.54 ± 38.62 vs 20.08 ± 18.54, P = 0.000; 15.92 ± 7.54 vs 8.59 ± 6.21, P = 0.000, respectively). IFN-γ and IL-2 levels were not changed in the control group (P > 0.05). In addition, there was a marked decrease in the mean serum levels of IL-4 and IL-10 at week 48 (5.61 ± 3.83 vs 9.07 ± 6.27, P = 0.000; 5.85 ± 3.14 vs 8.57 ± 4.33, P = 0.000, respectively) and at week 96 (4.41 ± 3.37 vs 8.97 ± 7.75, P = 0.000; 3.92 ± 2.31 vs 8.27 ± 5.49, P = 0.000, respectively). In contrast, there were no differences in the levels of serum IL-4 and IL-10 before and after treatment with placebo in the control group (P > 0.05, Figure 3).
Moreover, among the ICE group patients, IFN-γ and IL-2 levels increased significantly (P = 0.000; P = 0.000, respectively), while IL-4 and IL-10 levels decreased significantly (P = 0.003; P = 0.000, respectively) at week 96 compared with week 48 (Figure 3).

Week 12 to week 48 ALT elevation, HBeAg and HBsAg levels and IFN-γ and IL-2 elevation associated with HBeAg clearance
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]At weeks 12 and 24, 15.58% (31/199) and 18.09% (36/199), respectively of the subjects in the treatment group showed an elevated ALT level (> 50 IU/L) with a maximum of 594 IU/L, and total bilirubin levels were all < 35 mmol/L. To assess the effects of the quantitative HBeAg and HBsAg levels and changes during the early period of treatment, we assessed the HBeAg and HBsAg levels at baseline, week 24 change from baseline and week 36 change from baseline using univariable logistic regression analysis. The results showed that baseline HBeAg [odds ratio (OR), 1.653, P = 0.03] and HBsAg (OR, 2.431, P = 0.004), week 24 HBeAg change from baseline (OR, 2.762, P < 0.001), week 36 HBeAg change from baseline (OR, 3.411, P < 0.01), week 24 HBsAg change from baseline (OR, 4.458, P < 0.001), week 36 HBsAg change from baseline (OR, 5.371, P < 0.001), week 12 ALT elevation (OR, 2.676, P = 0.016), week 24 ALT elevation (OR, 3.373, P = 0.003), week 48 IFN-γ elevation (OR, 2.735, P = 0.002) and week 48 IL-2 week 2 clearance (OR, 2.003, P = 0.008) were strong predictors for HBeAg clearance at week 96. Baseline sex, age and HBV DNA level were not statistically significant (Table 7).
To further evaluate baseline and changes in HBeAg and HBsAg in early treatment in predicting HBeAg clearance, multivariable logistic regressions were conducted for HBeAg and HBsAg levels at weeks 24 and 36 and HBsAg change from baseline adjusted for age, sex, HBV DNA and an increase at weeks 12 and 24 ALT. Similar to the univariable regression analysis results, all were significantly related to HBeAg clearance. The ORs of ALT elevation at week 12 (OR, 2.049, P = 0.006) and week 24 (OR 3.788, P = 0.003) as well as week 48 IFN-γ elevation (OR, 2.171, P = 0.007) and week 48 IL-2 elevation (OR, 1.882, P = 0.020) were adjusted for age, sex and HBV DNA (Table 7).

Rates of HBeAg clearance among patients with favorable baseline, week 24 or week 36 ICE treatment response
Based on the optimal cutoff values, in our data set, the rates of HBeAg clearance were 42.9% (12/28), 52.0% (13/22), 52.4% (22/42), 45.0% (9/20), 60.0% (3/5) and 35.6% (21/59) for patients with baseline HBeAg < 3 log10, baseline HBsAg < 4.36 log10 IU/mL, week 36 HBeAg change from baseline 1 log week, 24 HBsAg change from baseline >1 log10 IU/mL, week 36 HBsAg change from baseline > 2 log10 IU/mL and ALT elevation, respectively (Figure 4). We combined HBeAg, HBsAg decrease and ALT elevation together. Patients with a week 36 HBeAg change from baseline > 1 log10 SCO/mL and ALT elevation had an HBeAg clearance rate of 64.5% (20/31), and HBsAg change from baseline > 1 log10 IU/mL, > 2 log10 IU/mL with ALT elevation had an HBeAg clearance rate of 70.6% (12/17), 80.0% (4/5), respectively. Only 11.8% (2/17) of patients with week 36 cleared HBeAg showed > 1 log10 SCO/ml HBeAg change from baseline with no ALT elevation. A total of 14.3% (1/7) of patients who cleared HBeAg were among those with week 24 HBsAg change from baseline 1 log10 IU/mL and no ALT elevation, and 0% (0/2) of patients had week 36 HBsAg change from baseline 2 log10 IU/mL and no ALT elevation (Figure 4).

Liver biopsies
The present study included liver biopsies from 324 patients with chronic HBV infection, including 168 patients in the ICE group and 156 patients in the control group. A total of 138 (42.6%) patients underwent paired biopsy twice, including 72 patients in the ICE group and 66 patients in the control group. Images of two typical cases in the ICE group for these conditions are shown in Figures 5 and 6.

[bookmark: OLE_LINK74][bookmark: OLE_LINK75]Changes in Knodell HAI score at week 96: As shown in Figure 7, 138 patients underwent liver biopsies twice. A total of 73 patients showed a decrease in the Knodell HAI score at 96 week, including 51 patients in the ICE group and 22 patients in the control group. There were 41 patients in the ICE group and 10 patients in the control group whose scores decreased by ≥ 2 points, and there were 10 patients in the ICE group and 12 patients in the control group whose scores decreased by < 2 points. The difference between the two groups was statistically significant (P = 0.003). A total of 65 patients in the ICE group and the control group showed no improvement or even deterioration in the Knodell HAI score, and 4 patients in the ICE group and 17 patients in the control group increased ≥ 2 points. The Knodell HAI scores of 6 patients in the ICE group and 13 patients in the control group rose < 2 points, and 11 patients in the ICE group and 14 patients in the control group showed an unchanged Knodell HAI score. There was no significant difference between the two groups (P = 0.196).

[bookmark: OLE_LINK76][bookmark: OLE_LINK77]Changes in Ishak fibrosis score at week 96: As shown in Figure 7, a total of 42 patients had decreased Ishak fibrosis scores at week 96. There were 23 patients in the ICE group and 19 patients in the control group whose scores decreased by ≥ 1 point.
After 96 wk of administration, a total of 96 patients in the ICE group and the control group showed no improvement or even deterioration in Ishak fibrosis score with 13 patients in the ICE group and 23 patients in the control group increasing ≥ 1 point, respectively. The Ishak fibrosis scores of 36 patients in the ICE group and 24 patients in the control group showed an unchanged Ishak fibrosis score. There was no significant difference between the two groups (P = 0.070).

Changes in liver HBsAg levels at week 96: There are five levels of liver HBsAg, HBcAg: “-,” “+,” “+ +,” “+ + +” and “+ + + +,” which are converted to scores of 0, 1, 2, 3 and 4, respectively. After 96 wk of administration, there were a total of 85 patients in the ICE group and the control group whose liver HBsAg level decreased. There were 28 patients in the ICE group and 10 patients in the control group whose scores decreased by ≥ 2 points, and there were 34 patients in the ICE group and 13 patients in the control group whose scores decreased by ≥ 1 but < 2 points. There was no significant difference between the two groups (P = 0.890). After 96 wk of administration, a total of 53 patients in the ICE group and the control group showed no improvement or even deterioration in liver HBsAg levels with 3 patients in the ICE group and 8 patients in the control increasing ≥ 1 point. Seven patients in the ICE group and 35 patients in the control group showed unchanged liver HBsAg levels. There was no significant difference between the two groups (P = 0.713); however, there was a significant difference in liver HBsAg levels between the two groups (P = 0.000, Figure 7).

Changes in liver HBcAg levels at week 96: After 96 wk of administration, there were a total of 86 patients in the ICE group and the control group whose liver HBcAg level decreased. There were 21 patients in the ICE group and 9 patients in the control group whose scores decreased by ≥ 2 points, and there were 45 patients in the ICE group and 11 patients in the control group whose scores decreased by ≥ 1 but < 2 points. There was no significant difference between the two groups (P = 0.279).
After 96 wk of administration, a total of 52 patients in the ICE group and the control group showed no improvement or even deterioration in liver HBcAg levels with 1 patient in the ICE group and 11 patients in the control group increasing ≥ 1 point. Eleven patients in the ICE group and 35 patients in the control group showed unchanged liver HBcAg levels. There was no significant difference between the two groups (P = 1.000). However, there was a significant difference in liver HBcAg levels between the two groups (P = 0.000, Figure 7).

Adverse events and drug combination
Adverse events: During follow-up, there were five adverse events, including two cases of diarrhea (one in each group), one case of dizziness (control group) and one case of nausea (control group). Patients continued to take the medicine after symptom relief. One case was terminated due to the discovery of hepatocellular carcinoma (control group).

[bookmark: OLE_LINK78][bookmark: OLE_LINK79][bookmark: OLE_LINK80][bookmark: OLE_LINK81]Drug combination: Six cases (two in the ICE group, four in the control group, bicyclol, wuzhi tablets, glycyrrhizic acid preparations, etc) were treated with drugs with hepatoprotective effects due to abnormal liver function. One case (ICE group) was treated with contac due to cold. One case (control group) was treated with TCM due to leg injury. One case (control group) was treated with Euthyrox due to abnormal thyroid function.

Follow-up after drug withdrawal
In the treatment (ICE) group, 52 subjects were followed for 48 wk, and 43 subjects were followed for 24 wk. All subjects with cleared HBeAg maintained HBeAg clearance during the treatment, while five patients showed delayed HBeAg clearance. 
However, in the control group, 23 subjects were followed for 48 wk and 36 for 24 wk; only one patient had HBeAg clearance during the period of follow-up.
In the treatment group, there was no obvious increase in HBV DNA levels after drug withdrawal, ALT levels were in the normal range, and no aggravations were observed.

DISCUSSION
[bookmark: OLE_LINK84][bookmark: OLE_LINK85][bookmark: OLE_LINK86][bookmark: OLE_LINK87]Previous studies have shown that in CHB patients, liver lesions progressed with age. After the age of 30, the severity of hepatic inflammatory activity and fibrosis was significantly higher in CHB patients than in those under 30 years of age[35-37]. To further confirm the liver histopathology of CHB patients with persistent normal ALT at enrollment, 82.0% (324/395) of patients underwent liver biopsy. A total of 35.5% (115/324) of patients with normal serum ALT had a ≥ 4 inflammation score of liver histopathology, and 39.2% (127/324) of patients had a ≥ 2 fibrosis score. Our liver biopsy data indicated that chronic hepatitis can be diagnosed in nearly 40% of HBV carriers as a serological diagnosis. Consistent with a previous study, our results further validated that the risk of liver inflammation and fibrosis increased with age in chronic HBV carriers over 30 years old[23], which is the reason that this study defined the age of ALT-normal HBeAg-positive chronic HBV carriers as above 30 years old. The new edition of China’s 2015 guidelines and the 2017 European Association for the Study of the Liver guidelines have adjusted the age of observation in the indications of antiviral therapy, which was reduced from > 40 years old to > 30 years old. This change is consistent with the research criteria we set[1,4].
Despite recent advances in the treatment of CHB, including multiple nucleoside/nucleotide analogs, no treatment is suitable for chronic HBV carriers with normal ALT or patients in the immune-tolerance phase. Because these patients over 30 years of age are at an increased risk of disease progression with age, most of them desperately need effective and safe treatment to reduce persistently high levels of HBV DNA and prevent progression to cirrhosis and HCC[9-11]. Attempts and efforts have been made by many researchers in this regard, including tenofovir therapy[14-16]. For CHB patients with normal ALT, antiviral therapy is less effective even if the histological examination indicates chronic hepatitis. A recent study showed that after treatment with interferon, 17.54% of patients with normal ALT but significant liver inflammation or fibrosis (G4, S3) demonstrated a sustained virologic response, which is significantly lower than those patients with elevated ALT (28.57%)[38]. Our study modified the TCM compound therapy from our previous national science and technology major project during the 11th five-year plan period[20] and extended the treatment course to 96 wk.
In this study, a total of 22 patients were lost to follow-up in the placebo group, and 13 patients were lost to follow-up in the ICE-treated group. After a 96-wk treatment, 18.59% (37/199) of CHB patients had HBV DNA levels ≤ 4 log10 IU/mL, and the HBeAg clearance and conversion rates were 16.08% (32/199) and 14.57% (29/199), respectively. HBeAg clearance persisted in the treatment group patients at 24 or 48 wk after drug withdrawal. Extended HBeAg clearance was observed in five cases, while one case was observed in the control group. Furthermore, serum HBsAg levels and liver HBsAg expression were decreased in the ICE treatment group. In addition, 35.6% (59/199) of patients in the ICE-treated group had increased ALT levels after the 12- or 24-wk therapy in comparison with 5.1% (10/196) of patients in the control group. The mean serum bilirubin level was < 35 mmol/L, which may be related to the immune activation and anti-HBV response during ICE therapy. Paired biopsies showed a significant difference between the treatment group and the control group after 96 wk of treatment regarding the Knodell HAI score, indicating inflammation in the liver. Although the fibrosis score decreased ≥ 1 subgroup, there was no difference between the two groups (P = 0.08). In the no improvement subgroup, the treatment group was significantly better than the control group (P = 0.001), and there was also a significant difference between the two groups in the total fibrosis score (P = 0.000). In this study, except for four patients with diarrhea, dizziness or nausea after initiation of the medication, no other serious adverse effects occurred, indicating that ICE treatment is relatively safe. No deterioration of liver function occurred in this study. Therefore, the reduction in HBV DNA, clearance and conversion rates of HBeAg in this study were significantly higher than those reported in previous antiviral therapies.
[bookmark: OLE_LINK88][bookmark: OLE_LINK89][bookmark: OLE_LINK41][bookmark: OLE_LINK42][bookmark: _GoBack]In ancient China, there was no unambiguous description of CHB. In recent years, according to the natural history of chronic HBV infection, clinical manifestations and the theory of TCM epidemiology[39], we proposed that “kidney asthenia and hepatic blood prostrated by dampness-heat” is the pathogenesis of CHB. During the course of infection, dampness-heat was considered the initial pathogenic factor, deficiency of kidney qi was its underlying factor, and stagnation of the liver channel was a critical link in its pathology. In this context, the main principles of treating chronic HBV infection are invigorating the kidney, clearing away the heat evil, expelling superficial evils, activating blood and eliminating dampness. According to the above data and clinical experience, we propose the experiential effective recipe for ICE. Radix et caulis acanthopanacis senticosi, Herba Epimedii, Fructus ligustri lucidi and Herba ecliptae are the main drugs in this formula. Modern studies have proven that these herbs have liver-protective and immunity-enhancing effects[40]. In TCM theory, Phyllanthus urinaria Linn has the effects of clearing heat, removing toxicity and softening and resolving hard mass. The anti-HBV effect of this herb has been demonstrated[41-48]. Rhizoma polygoni cuspidati clears heat and removes toxicity in TCM theory and has an antiviral effect in modern medicine[49,50]. Radix bupleuri, Radix paeoniae alba, Fructus aurantii immaturus and Radix glycyrrhizae are minister drugs and have effects of eliminating pathogenic factors[51]. Semen persicae is the assistant drug and promotes blood circulation to remove blood stasis and antiliver fibrosis following CHB. Radix glycyrrhizae is an envoy drug that removes toxicity and moderates the properties of herbs. The ICE formula exerts therapeutic effects through the concerted application of monarch, minister, assistant and envoy by tonifying, clearing, expelling and activating methods.
After 96 wk of treatment of HBeAg-positive chronic HBV carriers with normal ALT, more than 80% of patients still could not achieve HBV DNA reduction to ≤ 4 log10 IU/mL or HBeAg clearance. Therefore, selection of the benefit population is essential for therapy outcome prediction. Quantitative determination of HBsAg and HBeAg is of great significance for antiviral therapy because it can be used as an immune control indicator to predict serum HBeAg clearance rate, HBsAg clearance rate and long-term prognosis[52-55]. In addition, HBsAg and HBeAg level reduction at 24 and 36 wk during the treatment period were important predictors of the sustained response of ICE. Univariate logistic regression analysis showed that HBsAg levels decreased significantly at 24 and 36 wk after treatment compared with baseline. At 36 wk after treatment, the HBeAg level decreased significantly as well. Notably, the ALT level increased significantly at 12 and 24 wk. In addition, HBeAg clearance was statistically significant at baseline. As mentioned above, the changes in ALT and HBsAg were related to HBeAg clearance. CHB patients with elevated ALT and a decline > 1 log10 IU/mL in HBsAg level from baseline at week 24 achieved an HBeAg clearance rate of 70.6% (12/17), and for those in whom HBsAg changed from baseline > 2 log10 IU/mL at week 36, the rate was 80% (4/5). CHB patients with elevated ALT and a decline > 1 log10 IU/mL in HBeAg from baseline at week 36 achieved an HBeAg clearance rate of 64.5% (20/31). Therefore, in clinical practice, increased ALT, decreased HBsAg at week 12 and 24 and decreased HBeAg at week 24 and 36 are potential indicators for the early prediction of HBeAg clearance in TCM therapy, and this response was relatively extended compared with interferon[56].
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK18]We further investigated the changes in immune function of patients before and after treatment. Elevated IFN-γ and IL-2 levels at week 48 were statistically significant in predicting serological clearance of HBeAg[42,57]. At weeks 48 and 96, serum IFN-γ and IL-2 increased significantly in the ICE group compared with the control group. It has been demonstrated in several studies that IL-2 as well as IFN-γ production therapy may amplify the immune response by regulating T lymphocytes and natural killer cells, which showed clinical efficacy in Caucasian HBV DNA- and HBeAg-positive patients. Another pilot study showed that IL-2 combined with IFN-γ treatment induced HBV-specific CD4+ T cell proliferative responses, which could be important in controlling viremia in chronic HBV carriers. Therefore, ICE induced antiviral immune responses mainly through IL-2 and IFN-γ expression, which might lead to consequent viral elimination.
Although our study suggests that HBV DNA, HBsAg and HBeAg decreased significantly after TCM therapy, long-term prognosis, including long-term changes in HBsAg and long-term benefits in reducing the risks of cirrhosis and HCC are still unclear. However, in this study, we tried to use TCM to treat patients with unsatisfactory antiviral efficacy, controversial therapies or risks of disease progression. We provided a safe and effective therapy in this study.
In conclusion, in patients with HBeAg-positive chronic HBV infection with normal ALT, ICE therapy can achieve reduced HBV replication, increased HBeAg clearance rate and serum conversion rate and significant liver histology improvement. ICE therapy is safe and effective, and the effects may be related to host immune status modulation.

ARTICLE HIGHLIGHTS
Research background
No guideline recommends antiviral therapy for hepatitis B e antigen (HBeAg)-positive chronic hepatitis B patients with persistently normal alanine aminotransferase (ALT) levels and a high hepatitis B virus (HBV) DNA viral load. Despite long-term normal ALT levels, a high HBV DNA viral load persists, and liver lesions progress unrecognized and advance gradually.

Research motivation
The purpose of this study was to provide clinical evidence for traditional Chinese medicine treatment for chronic HBV carriers, especially chronic HBV carriers over 30 years old with a higher risk of disease progression.

Research objectives
To evaluate the feasibility and safety of a Chinese herbal formula as a therapeutic option for chronic HBV infection.

Research methods
The 395 patients (30–65 years old) with confirmed HBeAg-positive chronic hepatitis B infection and persistently normal ALT were randomized to receive either the Chinese herbal formula or placebo for 96 wk. Endpoints to evaluate therapeutic efficacy included: (1) HBV DNA levels decreased to less than 4 log10 IU/mL at weeks 48 and 96; and (2) HBeAg clearance and seroconversion rates at weeks 48 and 96. 

Research results
HBV DNA levels ≤ 4 log10 IU/mL were 10.05% at week 48 and 18.59% at week 96 in the treatment group. The HBeAg clearance and conversion rates were 8.54% and 8.04 at week 48 and 16.08% and 14.57% at week 96, respectively. However, HBV DNA levels ≤ 4 log10 IU/mL were 2.55% and 2.55% at weeks 48 and 96, respectively, and the HBeAg clearance rates were 3.06% and 5.61% at weeks 48 and 96, respectively, in the control group. The quantitative hepatitis B surface antigen and HBeAg levels at baseline and changes during the treatment period as well as the ALT elevation at weeks 12 and 24 were strong predictors of HBeAg clearance.

Research conclusions
High rates of HBV DNA reduction, HBeAg clearance and seroconversion could be achieved with Chinese herbal formula treatments, and the treatments were relatively safe for HBeAg-positive chronic hepatitis B -infected patients with persistently normal ALT. The ability of the compound to modulate host immune function probably contributed to this effect.

Research perspectives
We provided a safe and effective therapy in treating patients with unsatisfactory antiviral efficacy, controversial therapies or risks of disease progression. Traditional Chinese medicine treatment may be a therapeutic option for chronic HBV infection.
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Figure Legends
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Figure 1 Study flowchart.
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[bookmark: OLE_LINK174][bookmark: OLE_LINK175][bookmark: OLE_LINK187][bookmark: OLE_LINK176][bookmark: OLE_LINK177][bookmark: OLE_LINK212][bookmark: OLE_LINK213][bookmark: OLE_LINK185][bookmark: OLE_LINK186][bookmark: OLE_LINK226][bookmark: OLE_LINK227]Figure 2 Concentration curves of hepatitis B virus surface antigen and hepatitis B e antigen levels during Chinese herbal formula and placebo treatment. There was no significant difference between the two groups in serum hepatitis B virus surface antigen or hepatitis B e antigen levels at baseline. A: The patients in the treatment group showed significantly decreased hepatitis B virus surface antigen level in serum compared with those in the control group at weeks 48 and 96; B: The patients in the treatment group showed significantly decreased hepatitis B e antigen level in serum compared with those in the control group at weeks 48 and 96. Mann-Whitney U test. Treatment group: Chinese herbal formula invigorating kidney and clearing away the heat and expelling superficial evils; Control group: Placebo. HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; ICE: Invigorating kidney and clearing away the heat and expelling superficial evils.
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[bookmark: OLE_LINK181][bookmark: OLE_LINK182][bookmark: OLE_LINK183][bookmark: OLE_LINK184][bookmark: OLE_LINK222][bookmark: OLE_LINK223][bookmark: OLE_LINK201][bookmark: OLE_LINK202][bookmark: OLE_LINK224][bookmark: OLE_LINK225]Figure 3 Serum levels of interferon-γ, interleukin-2, interleukin-4 and interleukin-10 were determined by ELISA. A: The patients in the treatment group showed significantly increased interferon-γ levels in serum compared with the placebo group; B: The patients in the treatment group showed significantly increased interleukin (IL)-2 levels in serum compared with the placebo group; C: The patients in the treatment group showed significantly decreased IL-4 levels in serum compared with the placebo group; D: The patients in the treatment group showed significantly decreased IL-10 levels in serum compared with the placebo group. Serum levels of interferon-γ, IL-2, IL-4 and IL-10 were compared between the subgroup weeks 48 and 96. Mann-Whitney U test. Treatment group: Chinese herb formula invigorating kidney and clearing away the heat and expelling superficial evils; Control group: Placebo. IL: Interleukin; IFN-γ: interferon-γ; ICE: Invigorating kidney and clearing away the heat and expelling superficial evils.
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[bookmark: OLE_LINK188][bookmark: OLE_LINK189][bookmark: OLE_LINK190][bookmark: OLE_LINK191][bookmark: OLE_LINK203][bookmark: OLE_LINK204][bookmark: OLE_LINK210][bookmark: OLE_LINK211][bookmark: OLE_LINK194][bookmark: OLE_LINK195]Figure 4 Percentage of hepatitis B virus surface antigen and hepatitis B e antigen clearance. Percentage of hepatitis B virus surface antigen and hepatitis B e antigen clearance among patients stratified by baseline, week 24 and week 36 hepatitis B e antigen and hepatitis B virus surface antigen levels; week 36 hepatitis B e antigen change from baseline; weeks 24 and 36 hepatitis B virus surface antigen change from baseline; and week 24 alanine aminotransferase elevation. HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase.




Figure 5 Typical case 1 (pathology No. liver 0372). A: Focal necrosis in hepatic lobules with inflammatory cell infiltration (G1); B: Perisinusoidal fibrosis and lobular fibrosis (S1); C: Hepatitis B virus surface antigen (+++) in one immunohistochemistry assay of liver; D: Hepatitis B virus core antigen (+) in one immunohistochemistry assay of liver; E: Hepatitis B virus surface antigen (-) in two immunohistochemistry assays of liver; F: Hepatitis B virus core antigen (-) in two immunohistochemistry assays of liver.


Figure 6 Typical case 2 (pathology No. liver 0178). A: Extensive necrosis involving multiple lobules and bridging necrosis at low magnification (G4); B: Necrotic cellular debris at high magnification (G4); C: Limited fusion necrosis in two immunohistochemistry assays of liver at low magnification (G3); D: Limited fusion necrosis in two immunohistochemistry assays of liver at high magnification (G3); E: Hepatitis B virus surface antigen (+) in one immunohistochemistry assay of liver; F: Hepatitis B virus surface antigen (-) in two immunohistochemistry assays of liver.


[bookmark: OLE_LINK19][bookmark: OLE_LINK25][image: ]
[bookmark: OLE_LINK205][bookmark: OLE_LINK206][bookmark: OLE_LINK216][bookmark: OLE_LINK217][bookmark: OLE_LINK218][bookmark: OLE_LINK219][bookmark: OLE_LINK220][bookmark: OLE_LINK221]Figure 7 Changes in Knodell histological activity index score, Ishak fibrosis score, liver hepatitis B surface antigen levels and liver hepatitis B core antigen levels at 96 wk after administration in the two groups. A: Knodell histological activity index score; B: Ishak fibrosis score; C: Liver hepatitis B surface antigen levels; D: Liver hepatitis B core antigen levels. HAI: Histological activity index; HBsAg: Hepatitis B surface antigen; HBcAg: Hepatitis B core antigen.



Table 1 Hospitals or medical centers that participated in this study
	Name
	Location (city and province)

	Shanghai Shuguang hospital, Shanghai University of Traditional Chinese Medicine
	Shanghai

	The Second Hospital Affiliated with Zhejiang University of Traditional Chinese Medicine
	Hangzhou, Zhejiang

	Xiamen Hospital of Traditional Chinese Medicine
	Xiamen, Fujian

	Shenzhen Hospital Affiliated with Guangzhou University of Chinese Medicine
	Shenzhen, Guangdong

	Foshan Hospital of Traditional Chinese Medicine
	Foshan, Guangdong

	The Third People’s Hospital of Shenzhen
	Shenzhen, Guangdong

	Guangdong Hospital of Traditional Chinese Medicine
	Guangzhou, Guangdong

	The Third Affiliated Hospital of Sun Yat-sen University
	Guangzhou, Guangdong

	Ruikang Hospital of Guangxi College of Traditional Chinese Medicine
	Nanning, Guangxi

	The First Affiliated Hospital of Guangxi College of Traditional Chinese Medicine
	Nanning, Guangxi

	Attached Hospital of Chengdu University of Traditional Chinese Medicine
	Chengdu, Sichuan

	West China Hospital, West China School of Medicine, Sichuan University
	Chengdu, Sichuan

	Beijing Ditan Hospital, Capital Medical University
	Beijing

	Xiyuan Hospital, China Academy of Traditional Chinese Medicine
	Beijing

	302 Military Hospital of China
	Beijing

	Tianjin Infectious Disease Hospital
	Tianjin

	Beijing Youan Hospital, Capital Medical University
	Beijing

	Hubei Provincial Hospital of TCM
	Wuhan, Hubei

	People's Hospital of Wuhan University
	Wuhan, Hubei

	The First Hospital of Hunan University of Chinese Medicine
	Changsha, Hunan




Table 2 Inclusion and exclusion criteria of patients
	Inclusion criteria 
	Exclusion criteria

	[bookmark: OLE_LINK132][bookmark: OLE_LINK133]Conform with the diagnostic criteria of HBeAg (+) chronic hepatitis B
	[bookmark: OLE_LINK137][bookmark: OLE_LINK138]Inactive HBsAg (+) carriers

	Conform with the pathogenesis and syndromes of kidney deficiency
	Serum a-fetoprotein abnormal

	Age 30-65 yr
	Pregnancy or breast feeding

	ALT ≤ 40 IU/L
	Coinfection with HIV, HCV, HDV

	[bookmark: OLE_LINK99][bookmark: OLE_LINK100]HBsAg > 10 IU/mL and < 105 IU/mL
HBV DNA (105-109 IU/mL)
	Histologic evidence of cirrhosis; Evidence of any other chronic liver disease

	Liver biopsy: Liver histology showed Knodell HAI > 4, Ishak fibrosis score > 3 were also included
	Mental illness or any other serious systemic illness

	Voluntary
	Interferon-γ within 6 mo; Antivirus treatment with nucleoside

	
	Abuse alcohol or illegal drugs; Allergic to the drug ingredients


[bookmark: OLE_LINK196][bookmark: OLE_LINK169][bookmark: OLE_LINK170][bookmark: OLE_LINK173][bookmark: OLE_LINK192][bookmark: OLE_LINK193][bookmark: OLE_LINK104][bookmark: OLE_LINK105][bookmark: OLE_LINK209]HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; HCV: Hepatitis C virus; HDV: Hepatitis D virus; HAI: Histological activity index .

Table 3 The list of raw herbs composing the Chinese herbal formula
	Chinese name
	Latin name
	Parts of plant used
	Dose of dry
plant (grams)
	Dose after
extraction (grams)

	[bookmark: _Hlk7036132][bookmark: _Hlk7036226]Ye xia zhu
	Phyllanthus urinaria Linn
	Whole plant
	30
	12.00

	[bookmark: OLE_LINK107][bookmark: OLE_LINK108][bookmark: _Hlk7031919]Ci wu jia
	Radix et caulis acanthopanacis senticosi
	Root and rhizome
	10
	0.50

	Xian ling pi
	[bookmark: OLE_LINK20]Herba Epimedii
	Overground part
	30
	1.50

	Nv zhen zi
	Fructus ligustri lucidi
	Mature fruit
	15
	1.50

	Han lian cao
	[bookmark: OLE_LINK106]Herba ecliptae
	Overground part
	15
	1.50

	Chai hu
	[bookmark: OLE_LINK22][bookmark: OLE_LINK21]Radix bupleuri
	Root
	10
	1.67

	Bai shao
	Radix paeoniae alba
	Root
	10
	1.00

	Zhi shi
	Fructus aurantii immaturus
	Fruitlet
	10
	1.67

	Tao ren
	Semen persicae
	Nuts
	10
	0.50

	Gan cao
	Radix glycyrrhizae
	Root and rhizome
	5
	0.83

	Hu zhang
	[bookmark: OLE_LINK24][bookmark: OLE_LINK23]Rhizoma polygoni cuspidati
	Root and rhizome
	15
	1.00

	Xi huang cao
	Herba rabdosiae serrae
	Whole plant
	30
	9.00

	Total
	
	
	190
	32.67




Table 4 Baseline characteristics of all study patients
	Variable
	Treatment (ICE) group (n = 199)
	Control group
(n = 196)
	χ2/t /Z
	P value

	[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Age (mean ± SD), yr
	38.51 ± 7.63
	38.90 ± 7.54
	-0.904
	0.366a

	Range
	30-65
	30-63
	
	

	Sex, n (%)
	
	
	0.013
	0.910b

	Male
	128 (64.3)
	125 (63.8)
	
	

	Female
	71 (35.7)
	71 (36.2)
	
	

	Regions (N)
	
	
	2.796
	0.593b

	Eastern
	30 (14.42)
	28 (14.97)
	
	

	Western
	22 (10.58)
	18 (9.63)
	
	

	Southern
	89 (42.79)
	69 (36.90)
	
	

	Northern
	40 (19.23)
	48 (25.67)
	
	

	Central
	27 (12.98)
	24 (12.83)
	
	

	Smoking
	
	
	0.491
	0.484b

	Yes
	57 (28.64)
	50 (25.51)
	
	

	No
	142 (71.36)
	146 (74.49)
	
	

	Alcohol consumption
	
	
	3.626
	0.057b

	Yes
	18 (9.05)
	30 (15.31)
	
	

	No
	181 (90.95)
	166 (84.69)
	
	

	Genotype
	
	
	0.522
	0.770b

	B
	99 (49.75)
	93 (47.45)
	
	

	C
	90 (45.23)
	95 (48.47)
	
	

	D
	10 (5.02)
	8 (4.08)
	
	

	Genealogy of hepatocellular carcinoma
	2 (1.00)
	3 (1.53)
	0.000
	0.986b

	[bookmark: OLE_LINK111][bookmark: OLE_LINK112]Clinical course (mean ± SD) week
	[bookmark: OLE_LINK113][bookmark: OLE_LINK114]90.21 ± 22.40
	86.69 ± 27.20
	-1.607
	0.108a

	[bookmark: OLE_LINK115][bookmark: OLE_LINK116]Liver function (mean ± SD)
	
	
	
	

	ALT, IU/L
	29.29 ± 8.19
	30.12 ± 6.32
	1.126
	0.261c

	AST, IU/L
	24.86 ± 7.53
	25.79 ± 6.19
	1.340
	0.181c

	TB, μmol/L
	[bookmark: OLE_LINK117][bookmark: OLE_LINK118]14.34 ± 3.25
	13.98 ± 4.15
	0.961
	0.337c

	HBV DNA baseline level, (%)
	
	
	0.154
	0.695b

	2 to < 5 log10 IU/mL
	0 (0)
	0 (0)
	
	

	5 to < 7 log10 IU/mL
	14 (2.01)
	12 (1.02)
	
	

	7to < 9 log10 IU/mL
	185 (97.99)
	184 (98.98)
	
	

	[bookmark: OLE_LINK119][bookmark: OLE_LINK120]HBsAg (mean ± SD), log10 IU/mL
	3.86 ± 0.52
	3.89 ± 0.42
	-0.758
	0.449a

	HBeAg (mean ± SD), SCO/mL
	1138.18 ± 423.99
	1158.40 ± 401.86
	-0.393
	0.695a

	HBeAb (mean ± SD), SCO/mL
	38.43 ± 14.28
	40.01 ± 12.15
	-0.904
	0.366a

	Histological scores
	
	
	
	

	Knodell (HAI), n (%) 
	168 (84.40)
	156 (79.60)
	0.010
	0.922b

	[bookmark: OLE_LINK121][bookmark: OLE_LINK122]≥ 4
	60 (35.71)
	55(35.26）
	
	

	< 4
	108 (64.29)
	101 (64.74)
	
	

	Ishak (FIB), n (%)
	
	
	0.035
	0.851b

	≥ 2
	67 (39.90)
	60 (38.46)
	
	

	< 2
	101 (60.10)
	96 (61.54)
	
	


[bookmark: OLE_LINK126][bookmark: OLE_LINK127][bookmark: OLE_LINK143][bookmark: OLE_LINK144][bookmark: OLE_LINK145][bookmark: OLE_LINK146][bookmark: OLE_LINK124][bookmark: OLE_LINK125][bookmark: OLE_LINK167][bookmark: OLE_LINK168][bookmark: OLE_LINK134][bookmark: OLE_LINK135]a: Mann-Whitney U test; b: Chi-square test; c: t-test. ICE: Invigorating kidney and clearing away the heat and expelling superficial evils; SD: Standard deviation; ALT: Alanine aminotransferase; AST: Aspartate transaminase; TB: Total bilirubin; HBV: Hepatitis B virus; HBsAg: Hepatitis B virus surface antigen; HBeAg: Hepatitis B virus e antigen; HBeAb: Hepatitis B virus e antibody.


Table 5 Virologic response and change in serum hepatitis B virus DNA level after treatment
	Treatment response
	Treatment (ICE) group
 (n = 199)
	Control group
 (n = 196)
	χ2/Z
	P value

	48 wk
	
	
	
	

	Patients with HBV DNA level decline > 2 log10 IU/mL, n (%)
	30 (15.08)
	13 (6.63)
	7.255
	0.007

	Patients with HBV DNA level ≤ 4 log10 IU/mL, n (%)
	20 (10.05)
	5 (2.55)
	9.367
	0.002

	Patients with undetectable HBV DNA (≤ 20 IU/mL), n (%)
	2 (1.01)
	0 (0.00)
	1.980
	0.159

	96 wk
	
	
	
	

	Patients with HBV DNA level decline > 2 log10 IU/mL, n (%)
	60 (30.15)
	12 (6.12)
	38.249
	0.000

	Patients with HBV DNA level ≤ 4 log10 IU/mL, n (%)
	37 (18.59)
	6 (3.06)
	24.555
	0.000

	Patients with undetectable HBV DNA (≤ 20 IU/mL), n (%)
	4 (2.01)
	0 (0.00)
	2.227
	0.136


[bookmark: OLE_LINK178][bookmark: OLE_LINK141][bookmark: OLE_LINK142]Chi-square test. ICE: Invigorating kidney and clearing away the heat and expelling superficial evils; HBV: hepatitis B virus. 


[bookmark: OLE_LINK139][bookmark: OLE_LINK140]Table 6 Virologic response and change in serum hepatitis B surface antigen and hepatitis B virus e antigen levels after treatment
	Treatment response
	Treatment (ICE) group (n = 199)
	Control group 
(n = 196)
	χ2/Z
	P value

	48 wk
	
	
	
	

	Patients with HBsAg level decline ≥ 0.5 log10 IU/mL, n (%)
	49 (24.62)
	19 (9.69)
	15.443
	0.000

	Patients with HBsAg level decline ≥ 1 log10 IU/mL, n (%)
	29 (14.57)
	11 (5.61)
	8.712
	0.003

	Patients with HBsAg level decline ≥ 2 log10 IU/mL, n (%)
	7 (3.52)
	2 (1.02)
	1.758
	0.185

	Patients with undetectable HBsAg (≤ 0.05 IU/mL), n (%)
	0 (0.00)
	0 (0.00)
	0.000
	1

	Patients with HBeAg level decline ≥ 1 log10 S/CO), n (%)
	45 (22.61)
	5 (2.55) 
	35.947
	0.000

	Patients with undetectable HBeAg (≤ 1.00 S/CO), n (%)
	17 (8.54)
	5 (2.55)
	6.740
	0.009

	Seroconversion rates of HBeAg a, n (%)
	16 (8.04)
	4 (2.04)
	7.394
	0.007

	96 wk
	
	
	
	

	Patients with HBsAg level decline ≥ 0.5 log10 IU/mL, n (%)
	83 (41.71)
	41 (20.92)
	19.817
	0.000

	Patients with HBsAg level decline ≥ 1 log10 IU/mL, n (%)
	63 (31.66)
	22 (11.22)
	24.413
	0.000

	Patients with HBsAg level decline ≥ 2 log10 IU/mL, n (%)
	17 (8.54)
	1 (0.51)
	7.129
	0.008

	Patients with undetectable HBsAg (≤ 0.05 IU/mL), n (%)
	0 (0)
	0 (0)
	0.000
	1

	Patients with HBeAg level decline ≥ 1 log10 S/CO), n (%)
	51 (25.63)
	9 (4.59)
	33.919
	0.000

	Patients with undetectable HBeAg (≤ 1.00 S/CO), n (%)
	32 (16.08)
	11 (5.61)
	11.154
	0.001

	Seroconversion rates of HBeAga, n (%)
	29 (14.57)
	9 (4.46)
	11.962
	0.001


[bookmark: OLE_LINK128][bookmark: OLE_LINK129][bookmark: OLE_LINK136][bookmark: OLE_LINK130][bookmark: OLE_LINK131]aPrevious HBeAg-positive patient HBeAg ≤ 1.00 S/CO and HBeAb > 1.0 S/CO. Chi-square test. ICE: Invigorating kidney and clearing away the heat and expelling superficial evils; HBsAg: Hepatitis B surface antigen; HBeAg: Hepatitis B e antigen.


[bookmark: OLE_LINK9][bookmark: OLE_LINK8]Table 7 Baseline variables and change in hepatitis B virus e antigen and hepatitis B surface antigen from week 12 to week 48 associated with HBeAg clearance
	Variables
	Univariable Analysis
	Multivariable Analysis

	
	OR
	95% CI
	P
	OR
	95% CI
	P

	Sex
	0.788
	(0.367-1.986)
	0.453
	
	
	

	Age
	0.947
	(0.886-1.198)
	0.715
	
	
	

	HBV DNA
	0.633
	(0.574-1.393)
	0.214
	
	
	

	[bookmark: _Hlk44621384]IFN-γ
	0.915
	(0.837-2.131)
	0.656
	
	
	

	IL-2
	0.773
	(0.512-1.318)
	0.375
	
	
	

	Baseline HBeAg
Baseline HBsAg
	1.653
2.431
	(1.332-2.257)
(1.236-3.915)
	0.030
0.004
	1.027
1.339
	（1.145-1.908）
(1.131-1.862)
	0.047
0.009

	Week 24 HBeAg change from baseline
	2.762
	(1.562-4.256)
	< 0.001
	2.338
	(1.636-4.863)
	< 0.001

	Week 36 HBeAg change from baseline
	3.411
	(1.976-4.526)
	< 0.001
	3.185
	(1.977-5.466)
	< 0.001

	Week 24 HBsAg change from baseline
	4.458
	(2.153-10.198)
	< 0.001
	3.273
	(1.375-5.216)
	< 0.001

	Week 36 HBsAg change from baseline
	5.371
	(3.239-6.392)
	< 0.001
	5.788
	(2.726-10.612)
	< 0.001

	Week 12 ALT elevation
	2.676
	(1.133-5.432)
	0.016
	2.049
	(1.363-9.198)
	0.006

	Week 24 ALT elevation
	3.373
	(2.637-7.568)
	0.003
	3.788
	(2.728-7.687)
	0.003

	Week 48 IFN-γ elevation
	2.735
	(1.317-6.682)
	0.002
	2.171
	(1.163-2.961)
	0.007

	Week 48 IL-2 elevation
	2.133
	(1.171-8.616)
	0.008
	1.882
	(1.026-2.613)
	0.020


[bookmark: OLE_LINK179][bookmark: OLE_LINK180]CI: Confidence interval; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B virus surface antigen; HBeAg: Hepatitis B virus e antigen; IL-2: Interleukin-2; IFN-γ: Interferon-γ.
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