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Abstract
BACKGROUND
Tenofovir disoproxil fumarate (TDF) is a prodrug of a nucleotide analogue. As an antiviral drug, TDF has been proposed in the first-line treatment of chronic hepatitis B (CHB). Qingzhong, a brand name of TDF, commercialized by Jiangsu Chia-tai Tianqing Pharmaceutical Co Ltd., and Viread, another brand name of TDF, commercialized by GlaxoSmithKline, have both been approved by the State Food and Drug Administration, China.

AIM
To investigate the efficacy and safety of the two TDF agents in the treatment of Chinese CHB patients.

METHODS
This trial was registered at ClinicalTrials.gov with the identifier number of NCT02287857. A total of 330 Chinese CHB patients, among which 232 were hepatitis B e antigen (HBeAg)-positive, were included in this 5-year-long, multicenter, double-blinded, double-dummy, randomized-controlled, non-inferiority phase III trial. The participants were initially randomized into two groups: Group A (n = 161), in which the participants received 300 mg Qingzhong once a day for 48 wk; and Group B, in which the participants received 300 mg Viread once a day for 48 wk. Starting from week 49, all the participants in Groups A and B received 300 mg Qingzhong once a day until the 96th week. In this study, the primary endpoint was the decrease in plasma level of hepatitis B virus (HBV) DNA at the 96th week, while the secondary endpoints were suppression of HBV replication, alanine aminotransferase (ALT) normalization, HBeAg loss, and HBeAg seroconversion rates.

RESULTS
For the participants with HBeAg-positive CHB, the decrease in mean HBV DNA level relative to the baseline value was comparable between Groups A and B (5.77 vs 5.73 log10 IU/mL, P > 0.05) at the 96th week. In addition, similar percentages of HBeAg-positive participants in the two groups exhibited undetectable levels of HBV DNA, HBeAg loss, and HBeAg seroconversion (71.05% vs 77.97%, 31.00% vs 27.27%, and 20.22% vs 15.79%, respectively, in Group A vs Group B; P > 0.05). For the participants with HBeAg-negative CHB, the decrease in mean HBV DNA level relative to the baseline value was also comparable between Groups A and B (4.46 vs 4.70 log10 IU/mL, P > 0.05) at the 96th week. In addition, similar percentages of HBeAg-negative participants in the two groups exhibited undetectable levels of HBV DNA (87.23% vs 94.12% in Group A vs Group B, respectively; P > 0.05). Finally, similar percentages of CHB patients (HBeAg-positive or HBeAg-negative) in the two groups exhibited normalization of ALT (80.14% vs 84.57% in Group A vs Group B, respectively; P > 0.05), and similar incidences of adverse events were observed (106 vs 104 in Group A vs Group B, respectively; P > 0.05).

CONCLUSION
Both Qingzhong and Viread are effective and safe in the treatment of Chinese CHB patients according to the results of our clinical trial.
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Core Tip: This clinical trial compared the efficacy and safety of Qingzhong and Viread, two commercialized tenofovir disoproxil fumarate drugs, in the treatment of Chinese chronic hepatitis B (CHB) patients during a 96-wk period. The decrease in mean hepatitis B virus DNA level relative to the baseline value, the rates of hepatitis B e antigen (HBeAg) loss and HBeAg seroconversion, and the incidence of adverse events were all comparable between patients treated with the two drugs. Our results indicate that both Qingzhong and Viread are effective and safe in the treatment of Chinese CHB patients.

INTRODUCTION
Hepatitis B virus (HBV) infection poses a serious threat to public health globally. Currently, there are 240000000 people infected by HBV around the world[1], and approximately 650000 people die from liver diseases induced by HBV infection[2]. Specifically, the proportions of liver cirrhosis and hepatocellular carcinoma (HCC) caused by HBV infection are 30% and 45%, respectively[3], in the world, and 60% and 80%, respectively[4], in China. Various types of drugs have been developed to suppress the replication of HBV DNA. Among them, nucleoside/nucleotide analogues (NAs) have been reported to be able to prevent liver decompensation and HCC[5,6].
Tenofovir disoproxil fumarate (TDF) is a prodrug of tenofovir. As an oral antiviral drug, TDF has been proposed for the first-line treatment of chronic hepatitis B (CHB)[7-10]. Before this study, Viread, which was commercialized by GlaxoSmithKline, Shanghai, China, was the only National Medical Products Administration-approved TDF drug in the treatment of Chinese CHB patients. The safety and efficacy of Viread at a dose of 300 mg once daily (q.d.) have been confirmed in previous trials[11-15]. However, the cost of long-term treatment with Viread is high. As a generic TDF drug commercialized by Chia Tai Tianqing Pharmaceutical Group Co. Ltd, Qingzhong was demonstrated to have comparable efficacy and safety with Viread in the treatment of naive Chinese CHB patients during a 48-week trial, thus providing a less expensive option for treating CHB[16]. However, the long-run performance of Qingzhong in the treatment of CHB remains unevaluated. Herein, the virological, serological, and biochemical effects of Qingzhong in the treatment of naive Chinese CHB patients were evaluated in a 96-wk-long clinical trial.

MATERIALS AND METHODS
Study design
This trial includes two stages, and the study design was reported previously[16]. Patients with poor response (which was defined as the HBV DNA level being reduced by less than 1 log10 IU/mL relative to the baseline value after 24 wk of treatment), viral breakthrough (which was defined as the HBV DNA level increasing by more than 1 log10 IU/mL relative to the lowest value during the trial), or genotypic resistance and clinical resistance [which was defined as viral breakthrough on the basis of genotype resistance, regardless of the alanine aminotransferase (ALT) level] were withdrawn from the trial.

Participants
CHB patients from 14 centers in the cities of Beijing, Zhengzhou, Nanjing, Chongqing, Chengdu, Shanghai, and Guangzhou were included in this trial and were followed for more than 5 years from September 2014 to October 2019.The key inclusion and exclusion criteria have been elaborated in a previous report[16].

Endpoints for efficacy evaluation
In this study, the primary endpoint was the decrease in HBV DNA level relative to the baseline value at the 96th week. Secondary endpoints included the proportion of patients with undetectable HBV DNA (< 20 IU/mL), the normalization of serum ALT, hepatitis B surface antigen (HBsAg)/hepatitis B e antigen (HBeAg) loss or seroconversion, and virological breakthrough. These were elaborated in the previous report[16].

Safety analysis
Safety analysis was performed in all the 338 participants who were treated with at least one dose of the TDF drugs during this clinical trial. All types of adverse events (AEs), including serious AEs (SAEs), were monitored. The definitions of SAEs have been elaborated previously[16]. The estimated glomerular filtration rate (eGFR) obtained based on the CKD-EPI CRE (Chronic Kidney Disease Epidemiological Collaboration creatinine equation) formula and the level of urine neutrophil gelatinase-associated lipocalin (NGAL) were used to indicate kidney function change.

Laboratory tests
Virological and serological parameters were assessed centrally by Department of Infectious Diseases, Peking University First Hospital. HBV DNA was assayed using the second-generation polymerase chain reaction quantitative assay, and HBeAg and hepatitis B e antibody were assayed by the corresponding Abbott AxSYM microparticle enzyme immunoassays. The biochemical tests were performed by the local laboratory. These have been described in detail previously[16].

[bookmark: _Hlk69142415]Statistical analysis
Continuous variables are expressed as the mean with standard deviation or median with interquartile ranges. Categorical variables are expressed as counts plus percentages. Continuous variables were compared by t tests or Wilcoxon rank sum test. Categorical data between the two groups were compared by the Chi-square test or Fisher exact test. A two-tailed P value < 0.05 was considered statistically significant. These statistical analyses were performed using SAS 9.4 (SAS Institute Inc, Cary, NC, United States). The statistical methods were the same as those described in the previous report[16].

RESULTS
Baseline characteristics
Among the 401 patients screened, 341 were included in this trial, and the participants were randomly assigned into either Group A (171 CHB patients) or Group B (170 CHB patients). Among the participants, 338 were blindly treated with at least one dose of the two TDF drugs. After excluding 11 participants[16], the final full analysis set contained a total of 330 participants [161 in group A (HBeAg-positive: 114 vs HBeAg-negative: 47) and 169 in group B (HBeAg-positive: 118 vs HBeAg-negative: 51)]. As shown in Table 1, the participants in the two groups showed comparable baseline characteristics.

Endpoint outcomes
Virological and serological outcomes: Both TDF drugs exhibited suppressive effects on HBV DNA level early during the trial, and the effects were maintained or enhanced throughout the 96-wk trial period (Table 2). For participants with HBeAg-positive CHB, the mean values of decrease in HBV DNA level relative to the baseline values were 5.77 and 5.73 log10 IU/mL in Groups A and B, respectively, at the 96th week (P > 0.05). While for HBeAg-negative participants, the values were 4.46 and 4.70 log10IU/mL in Groups A and B, respectively, at the 96th week (P > 0.05) (Table 3).
At the 96th week, 71.05% and 77.97% of the HBeAg-positive participants in Groups A and B, respectively, exhibited undetectable HBV DNA levels (< 20 IU/mL) (P > 0.05), while 87.23% and 94.12% of the HBeAg-negative participants in Groups A and B, respectively, exhibited undetectable HBV DNA levels (< 20 IU/mL) (P > 0.05) (Table 4).
At the 96th week, 31.00% and 27.27% of participants with HBeAg-positive CHB in Groups A and B, respectively, showed HBeAg loss (P > 0.05), while 20.22% and 15.79% of participants with HBeAg-positive CHB in Groups A and B, respectively, showed HBeAg seroconversion (P > 0.05). However, only one patient in group A experienced HBsAg loss at week 48, while none experienced HBsAg loss between weeks 48 and 96. None of the HBeAg-negative CHB participants exhibited HBsAg seroconversion during the entire trial period (Table 5).

Biochemical outcomes: One hundred and thirteen out of 141 (80.14%) participants in Group A and 137 out of one 162 (84.57%) participants in group B achieved ALT normalization at week 96 (P > 0.05) (Table 6).
At week 96, the mean ALT levels for Groups A and B were 29.73 and 30.74 U/L, respectively, showing significant decreases from the baseline values (175.47 and 180.05 U/L in Groups A and B, respectively).

Viral breakthrough
During the first 48 wk of the trial, viral breakthrough was observed in one participant of each group[16], while no participant developed viral breakthrough between weeks 48 and 96.

Safety analysis
Safety analysis was performed in 338 participants. Among the participants in Groups A and B, 62.72% and 61.54%, respectively, experienced AEs during the trial (P > 0.05). Therefore, the incidence of AEs was comparable between the two groups.
Among the participants in Groups A and B, 42 and 39, respectively, experienced mild to moderate adverse reactions (ARs). Among these participants, one in group A and two in group B developed hypophosphatemia without pathological fracture. Other ARs observed were abnormal hepatic enzyme levels, fluctuations in complete blood count, and elevations in serum creatinine level. All the ARs were observed during the first 48 wk and no new ARs appeared from week 48 to week 96. Between weeks 48 and 96, however, eight SAEs occurred. Four of the eight SAEs were observed in Group A, including active hepatitis, pregnancy, partner pregnancy, and liver cancer. Among the four SAEs observed in Group A, the active hepatitis SAE resulted in the patient’s withdrawal from the trial but was judged as possibly not being caused by the use of TDF drugs. The two pregnancy SAEs were obviously not caused by the use of TDF drugs. The SAE of liver cancer also resulted in the patient’s withdrawal, but was not induced by the use of TDF drugs. The other four SAEs occurred in group B, including active hepatitis, pregnancy, frozen shoulder, and adenomyosis. The active hepatitis SAE resulted in the patient’s withdrawal and was judged as possibly being induced by the use of TDF drugs. The other three SAEs were not caused by the use of TDF drugs. No discontinuations due to ARs or AEs happened, and no deaths occurred.
In total, 233 participants (109 in Group A and 124 in Group B) had available eGFR data (Table 7) and urine NGAL levels (Table 8). The eGFRs of the two groups were not significantly different at each evaluation point during the trial (P > 0.05). However, when compared with the values at baseline, both the value of eGFR and the level of urine NGAL were significantly lower in all the participants at week 96 (P < 0.05).

DISCUSSION
As one of the antiviral agents used for the first-line treatment of CHB, TDF has many advantages, such as better curative effect and lower resistance rate. A large number of studies have confirmed that TDF can significantly suppress HBV DNA replication, even in patients resistant to other NAs. Before Qingzhong was approved, the only choice for the treatment of CHB patients in China was Viread, but the cost of long-term treatment with Viread is high; therefore, a more affordable TDF drug with comparable performance may provide a better choice for CHB patients in China. Qingzhong is such a TDF drug. Therefore, in this 96-wk-long clinical trial, we comparatively evaluated the efficacy and safety of Qingzhong and Viread in Chinese CHB patients and did not observe any significant differences between the two drugs (P > 0.05).
Specifically, both HBeAg (+) and HBeAg (-) participants exhibited similar degrees of decrease in HBV DNA level after being treated with the two TDF drugs for 96 wk. At week 48, viral breakthrough was observed in one participant from each group, but no participant experienced viral breakthrough between weeks 48 and 96. The two patients who experienced viral breakthrough were treated with entecavir at the dose of 0.5 mg q.d. and were withdrawn from the study. These results suggest that continuous suppression of HBV DNA replication is beneficial to slow down the disease progression of CHB, as revealed by our COBAS TaqMan HBV assay, which has a lower limit of detection as low as 20 IU/mL. In addition, we observed comparable HBeAg loss and HBeAg seroconversion rates between Groups A and B. In summary, in terms of efficacy, our results demonstrated noninferiority between Qingzhong and Viread.
Although NAs can delay the progression of CHB to a certain extent, patients with CHB may eventually develop HCC. In our clinical trial, Participant 315 was found to have developed liver cancer at week 96 and was excluded from the study. Although the HCC of the participant was determined to be unrelated with the use of TDF drugs, it reminded us to closely monitor liver cancer development in CHB patients, even in antiviral treatment responders. In addition, kidney function changes should also be monitored during the long-term treatment with TDF drugs.
Our clinical trial has some limitations. First, the trial only lasted 96 wk. Therefore, we could not obtain longer-term data. As a result, we cannot guarantee the longer-term safety of the drugs based on the observed incidence of AEs. Fortunately, after this study, the patients could participate in an additional 3-year-long open-label trial with Qingzhong. Second, only one patient developed HCC during our 96-wk-long trial. Therefore, more data will be needed to establish the relationship between long-term treatment of CHB with NAs and the incidence of HCC. To address this issue, the authors are carrying out a study on the relationships among entecavir, TDF/tenofovir alafenamide, and HCC incidence in CHB patients.

CONCLUSION
This 96-wk-long phase III trial demonstrated noninferiority between Qingzhong and Viread in terms of effectiveness and safety in the treatment of Chinese patients with HBeAg (+) and HBeAg (-) CHB. Hence, Qingzhong may become a more affordable choice for long-term treatment of Chinese CHB patients with TDF drugs in the future.

ARTICLE HIGHLIGHTS
Research background
Tenofovir disoproxil fumarate (TDF) is a prodrug of a nucleotide analogue. As an antiviral drug, TDF has been proposed in the first-line treatment of chronic hepatitis B (CHB). The National Medical Products Administration has approved two brand names of TDF, namely, Qingzhong, which was commercialized by Jiangsu Chia-tai Tianqing Pharmaceutical Co Ltd., and Viread, which was commercialized by GlaxoSmithKline.

Research motivation
The safety and efficacy of Viread have been confirmed in previous trials. However, the cost of long-term treatment with Viread is high. As a generic TDF drug, Qingzhong exhibited comparable efficacy and safety with Viread in the treatment of naive Chinese CHB patients during a 48-wk trial, thus providing a less expensive option for treating CHB. However, the long-run performance of Qingzhong in the treatment of CHB remains unevaluated.

Research objectives
To investigate the efficacy and safety of the two TDF agents in the treatment of Chinese CHB patients.

Research methods
This is a 5-year-long, multicenter, double-blinded, double-dummy, randomized-controlled, non-inferiority phase III trial, in which 330 Chinese CHB patients were finally included. The decrease in plasma level of hepatitis B virus (HBV) DNA was continuously monitored. In addition, viral suppression, alanine aminotransferase (ALT) levels, hepatitis B e antigen (HBeAg) loss rates, and HBeAg seroconversion rates were also determined.

Research results
Among the 330 CHB patients involved in this trial, there were 232 HBeAg(+) CHB participants. For these participants, the decrease in mean HBV DNA level relative to the baseline value was comparable between Groups A and B at the 96th week. In addition, similar percentages of participants in the two groups exhibited undetectable levels of HBV DNA, HBeAg loss, and HBeAg seroconversion at the 96th week. Similar results were observed for the remaining 98 HBeAg(-) CHB participants: Similar degrees of reduction in mean HBV DNA level relative to the baseline and similar percentages of participants who had undetectable levels of HBV DNA were observed between the two groups at the 96th week. Finally, the two groups of participants [participants with both HBeAg(+) and HBeAg(-) CHB] presented with similar rates of ALT normalization and similar incidences of adverse events.

Research conclusions
This 96-wk-long phase III trial demonstrated the effectiveness and safety of utilizing Qingzhong in the treatment of Chinese patients with HBeAg (+) and HBeAg (-) CHB—the TDF drug showed comparable efficacy and safety with Viread. Hence, with its lower cost, Qingzhong may become a better choice for Chinese CHB patients who need long-term treatment with TDF drugs in the future.

Research perspectives
Since this study only elaborated the performance of Qingzhong during a 96-wk period, the longer-term safety and efficacy of the TDF drug remain unsure. Therefore, the longer-term performance of Qingzhong in the treatment of CHB patients warrants further attention.
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Table 1 Baseline demographic and clinical characteristics of the nucleoside-naive chronic hepatitis B Chinese patients
	Demographic and clinical characteristics
	Group A (n = 161)
	Group B (n = 169)
	P value

	Age, yr
	
	
	

	Mean ± SD 
	35.16 ± 9.34
	34.91 ± 9.79
	0.8082

	Range
	19.00-62.00
	19.00-64.00
	

	Male, n (%)
	116 (72.05)
	134 (79.29)
	0.1248

	HBV DNA, log10 IU/mL
	6.86 ± 1.13
	6.91 ± 1.05
	0. 6761

	HBeAg positive
	
	
	

	Mean ± SD
	7.27 ± 0.81
	7.29 ± 0.71
	0.8126

	Range
	5.00-8.66
	5.02-8.47
	

	HBeAg negative
	
	
	

	Mean ± SD
	5.87 ± 1.20
	6.03 ± 1.17
	0.5144

	Range
	3.42-8.01
	3.33-8.16
	

	HBeAg status, n (%)
	
	
	

	HBeAg negative
	114 (70.81)
	118 (69.82)
	0.8448

	HBeAg positive
	47 (29.19)
	51 (30.18)
	

	Baseline HBsAg, log10 IU/mL
	161 (100)
	169 (100)
	0.4979

	HBeAb status, n (%)
	
	
	

	HBeAg positive
	
	
	

	HBeAb negative
	12 (10.53)
	16 (13.56)
	0.4776

	HBeAb positive
	102 (89.47)
	102 (86.44)
	

	HBeAg negative
	
	
	

	HBeAb negative
	46 (97.87)
	51 (100.00)
	0.2236

	HBeAb positive
	1 (2.13)
	0 (0.00)
	

	Duration of positivity for HBV, yr
	
	
	

	Mean ± SD
	10.39 ± 8.03
	9.76 ± 7.22
	0.4575

	Range
	0.00-40.00
	0.50-34.00
	

	Baseline ALT, U/L, mean ± SD
	175.47 ± 92.17
	180.05 ± 96.05
	0.6592


HBV: Hepatitis B virus; HBeAg: Hepatitis B e antigen; HBeAb: Hepatitis B e antibody; ALT: Alanine transaminase; HBsAg: Hepatitis B surface antigen.

Table 2 Hepatitis B virus DNA levels in trial participants in the two groups (log10 IU/mL)
		
	HBeAg-positive CHB
	HBeAg-negative CHB

	Group
	n
	72 wk (mean ± SD)
	96 wk (mean ± SD)
	n
	72 wk (mean ± SD)
	96 wk (mean ± SD)

	A
	114
	1.55 ± 0.73
	1.50 ± 0.70
	47
	1.38 ± 0.30
	1.41 ± 0.36

	B
	118
	1.54 ± 0.61
	1.56 ± 0.84
	51
	1.36 ± 0.25
	1.32 ± 0.10

	P value
	
	0.8570
	0.5579
	
	0.7215
	0.1177


HBeAg: Hepatitis B e antigen; CHB: Chronic hepatitis B.

Table 3 Reductions in hepatitis B virus DNA level in trial participants in the two groups (log10 IU/mL)
	
	HBeAg-positive CHB
	HBeAg-negative CHB

	Group
	n
	72 wk (mean ± SD)
	96 wk (mean ± SD)
	n
	72 wk (mean ± SD) 
	96 wk (mean ± SD)

	A
	114
	5.72 ± 1.01
	5.77 ± 0.99
	47
	4.49 ± 1.19
	4.46 ± 1.19

	B
	118
	5.75 ± 0.84
	5.73 ± 1.01
	51
	4.67 ± 1.22
	4.70 ± 1.18

	P value
	
	0.8514
	0.6843
	
	0.5528
	0.3644


HBeAg: Hepatitis B e antigen; CHB: Chronic hepatitis B.

Table 4 Proportions of participants with undetectable levels of hepatitis B virus DNA (< 20 IU/mL) in the two groups
	
	HBeAg-positive CHB
	HBeAg-negative CHB

	Group
	n
	72 wk
	96 wk
	n
	72 wk
	96 wk

	A
	114
	74 (64.91)
	81 (71.05)
	47
	40 (85.11)
	41 (87.23)

	B
	118
	81 (68.64)
	92 (77.97)
	51
	48 (94.12)
	48 (94.12)

	P value
	
	0.5788
	0.2326
	
	0.1877
	0.3046


Values are presented as n (%). HBeAg: Hepatitis B e antigen; CHB: Chronic hepatitis B.

Table 5 Rates of hepatitis B e antigen loss and hepatitis B e antigen seroconversion in participants with hepatitis B e antigen-positive chronic hepatitis B at week 96
	
	Group
	Number of observations
	Number of cases
	Incidence
	P value

	HBeAg loss
	A
	100
	31
	31.00
	0.6482

	
	B
	110
	30
	27.27
	

	HBeAg seroconversion
	A
	89
	18
	20.22
	0.4491

	
	B
	95
	15
	15.79
	


HBeAg: Hepatitis B e antigen.

Table 6 Number of participants who exhibited alanine aminotransferase normalization in the two groups
	
	Group
	Number of observations
	Number of cases
	P value

	72 wk 
	A
	145
	120
	1.0000

	
	B
	162
	133
	

	96 wk
	A
	141
	113
	0.3637

	
	B
	162
	137
	




Table 7 Estimated glomerular filtration rate values in participants in the two groups
	
	Group
	The median of eGFR
	P value

	Baseline
	A
	113.25 ± 19.11
	0.651

	
	B
	115.54 ± 18.68

	48 wk
	A
	111.87 ± 19.22
	0.808

	
	B
	115.35 ± 15.54

	96 wk
	A
	110.00 ± 17.90
	0.164

	
	B
	110.49 ± 16.921


1In group B, there was a significant difference in estimated glomerular filtration rate between the baseline value and the value at 96 wk (P < 0.05). eGFR: Estimated glomerular filtration rate.
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Table 8 Urine neutrophil gelatinase-associated lipocalin levels in trial participants at baseline and at week 96
	
	Urine NGAL
	Z
	P value

	Baseline
	1.69 ± 2.38
	3.79
	< 0.01

	96 wk
	3.73 ± 11.48
	
	


NGAL: Neutrophil gelatinase-associated lipocalin.
