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Suboptimal Response to Tenofovir Alafenamide in Two Patients With HBeAg-Positive Hepatitis B: A Case Report
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Tenofovir alafenamide (TAF) is one of the most potent first-line nucleot(s)ide analogs for treating chronic hepatitis B virus (HBV) infections. To date, no cases of TAF drug resistance and/or suboptimal response have been reported. To our knowledge, this is the first report of two adult male patients presenting a suboptimal response response to TAF monotherapy. Our study indicates long-term observations and extensive data are needed to further evaluate the efficacy and safety of TAF, and highlights the need for the development of robust novel direct-acting antivirals and immune therapies for HBV.
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INTRODUCTION

Chronic infection with the hepatitis B virus (HBV) occurs in nearly 250 million people globally and more than 80 million people in China (1, 2). Chronic hepatitis B (CHB) infection causes excessive or persistent inflammation in liver, which can lead to adverse clinical outcome like liver fibrosis and cirrhosis, liver decompensation, and even hepatocellular carcinoma. Entecavir (ETV), tenofovir disoproxil fumarate (TDF), and tenofovir alafenamide (TAF) are currently recommended first-line treatmentsfor CHB in international guidelines owing to their high potency and low resistance by the virus (3, 4). Currently in China, ETV and TDF are the most commonly used drugs to treat CHB. However, several problems are increasingly emerging with long-term antiviral therapy. First, drug resistance is gradually increasing, including resistance to ETV and TDF (5–10). Second, a diminished estimated glomerular filtration rate, hypophosphatemia, hyperphosphaturia, and Fanconi syndrome have been reported in patients using TDF (11–13). Lastly, more than 50% of patients infected with CHB are between the ages of 40 and 59 years putting them at a high risk of bone and kidney injury (14).

TAF, a new prodrug of tenofovir similar to TDF, has been recently developed to improve the renal- and bone-safety profile compared to that of TDF, while maintaining similar virological efficacy and safety (15, 16). In addition, studies have shown that the decline of renal injury and bone mineral density induced by the long-term use of TDF may be reversible after switching to TAF (17, 18). TAF was approved in the United States and Japan in November 2016, Europe in January 2017, and China in December 2018 for the treatment of patients with CHB. The American Association for the Study of Liver Disease and European Association for the Study of Liver guidelines have placed TAF as the first-line antiviral therapy for HBV (3, 4, 19). To date, no cases of TAF resistance and/or suboptimal response have been reported.

In this report, we describe two patients with hepatitis B e-antigen (HBeAg)-positive CHB showing suboptimal response to TAF. The data presented here are limited to only two individuals; however, as the population of patients receiving TAF treatment increases in China and the world, clinicians need to pay attention to this phenomenon, and further studies are required to gain better insight into the underlying reasons.



CASE PRESENTATIONS

A 41-year-old Chinese man (patient #1) with HBeAg-positive CHB (genotype B) was referred to our center in August 2018 because of repeatedly elevated serum alanine aminotransferase (ALT) and total bilirubin (around 37.1–43.5 umol/L). His mother had hepatitis B. He did not have any other family history of hereditary diseases. His AFP level and abdominal ultrasound were normal. His liver elastography was normal (5.1 KPa). Routine blood parameters and the kinetics of HBV-specific antigens and antibodies are shown in Table 1. The detection for HIV and HCV antibody was negative for this patient. He was started on ETV monotherapy (0.5 mg/day) in August 2018, with 1.64 × 10∧5 IU/mL of HBV-DNA as the baseline. He continued to take ETV regularly for 12 months, and ALT levels were maintained within the normal range. However, he presented with persistent viremia, with the HBV-DNA level constantly more than 10∧4 IU/mL. This patient was treated with TAF (25 mg/day), beginning in September 2019, when his HBV-DNA level was 1 × 10∧4 IU/ml. His drug compliance to TAF was assessed in three ways: (i) inquiry by the attending physician at each visit, (ii) medication possession ratio (MPR), which was calculated by the total number of days of medication supply divided by the time interval, and (iii) measurement of serum trough concentrations of TAF using liquid chromatography/mass spectroscopy. Results revealed that his TAF serum concentration was 67 ng/ml 2 h after drug administration; his HBV-DNA was detected at this time. Moreover, the patient confirmed that he had complied with the antiviral regimen, and the MPR exceeded 90%, which indicated good compliance. However, the lowest HBV-DNA level was 3.35 × 10∧3 IU/ml during the 12 months of TAF treatment until now. According to the 2017 European Association for the Study of Liver guideline of CHB, 2015 Chinese Prevention and Treatment Guidelines of CHB, and 2015 Asian-Pacific clinical practice guidelines on the management of hepatitis B, this patient met the criteria for primary non-response to TAF (<1 log10 IU/ml decrease in the HBV DNA level from baseline after 3 months of therapy), which suggests a suboptimal response. The reverse transcriptase region of HBV was extracted and amplificated for direct sequencing and clonal analysis. However, no genotypic mutations were detected, including mutations associated with tenofovir resistance (rtA194T, rtS106C, rtH126Y, rtD134E and rtL269I) as well as established ETV-associated mutations (rtM204I/V/L, rtL180M, rtI169T, rtT184A/G/I/S, rtS202G/I, and rtM250V). Other mutations were also detected, such as rtV173L, rtA181T/V, rtQ215S, rtl233V, and rtN236T. The antiviral treatment was changed to a combination of TAF (25 mg/day) and ETV (0.5 mg/day) in October 2020. The clinical course of this patient is shown in Figure 1A.


Table 1. Routine blood parameters and the kinetics of HBV-specific antigens and antibodies of patient 1#.
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FIGURE 1. Clinical course of Patient 1# (A) and Patient 2# (B). ETV, Entecavir; TDF, Tenofovir disoproxil fumarate; TAF, Tenofovir alafenamide.


Patient #2, a 27-year-old Chinese man with HBeAg-positive CHB (genotype B), was admitted to our center in April 2014. His brother had hepatitis B. He did not have any other family history of hereditary diseases. His AFP level and abdominal ultrasound were normal. His liver elastography was normal (6.0 KPa). Routine blood parameters and the kinetics of HBV-specific antigens and antibodies are shown in Table 2. The detection for HIV and HCV antibody was negative for this patient. He started ETV monotherapy (0.5 mg/day) at that time (Figure 1B). Owing to virus breakthrough, resistance testing in November 2016 (using a similar method as that for patient #1) detected mutant virus populations at positions 180 and 204 (rtL180M, rtM204V/I/L). The antiviral regimen was changed to TDF (300 mg/day). This resulted in his HBV-DNA level decreasing gradually to 70.7 IU/mL in November 2018. The antiviral regimen was changed to TAF (25 mg/day) in July 2019 owing to a virus breakthrough during treatment with 300 mg/day TDF. After 10 months of TAF treatment, the HBV-DNA of this patient was determined to be 4 × 10∧3 IU/mL. He also met the criteria for a primary non-response to TAF. This patient complied with his antiviral regimen; an attending physician assessed his compliance at each visit, and the MPR exceeded 90%. The results revealed a TAF serum concentration of 109 ng/ml 2 h after drug administration. The antiviral treatment was changed to a combination of TAF (25 mg/day) and ETV (0.5 mg/day) in April 2020. However, the HBV-DNA and ALT level is even higher after 3 months. Second DNA sequencing detected the same mutant virus populations at positions 180 and 204 (rtL180M, rtM204V/I/L). The antiviral treatment was changed to a combination of TAF (25 mg/day) and ETV (0.5 mg/day) in November 2020. The clinical course of this patient is shown in Figure 1B.


Table 2. Routine blood parameters and the kinetics of HBV-specific antigens and antibodies of patient 2#.
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DISCUSSION

According to pharmacokinetics data, TAF reaches a therapeutic concentration in hepatocytes at a lower oral dose (25 mg/day) than does TDF (300 mg/day) (20). Therefore, a small dosage, high distribution in cells, and non-toxicity to bones and kidneys are prominent characteristics of TAF treatment. HBV that displays clinical resistance to TAF has not been reported previously. The current report involves the first two patients with CHB showing a suboptimal response to TAF monotherapy. Baseline HBV DNA levels of these two patients were relatively low (10∧4) IU/ml) when they started TAF monotherapy, although both were HBeAg-positive. Initially, we thought the HBV-DNA level should have decreased quickly in these two patients following TAF therapy. However, after at least 10 months of TAF treatment (25 mg/day), the viral load did not decrease as expected. Moreover, their adherence to treatment was ascertained before testing for genotypic resistance; they did not take any other drugs concurrently, which excluded the possibility of a drug interaction. Because most studies regarding the concentration of TAF and its active metabolite in hepatocytes have been conducted in cell and animal models (21, 22), the actual level, stability, and anti-HBV activity of tenofovir in human hepatocytes after administration should be further evaluated.

A major concern with long-term nucleot(s)ide analog treatment is the selection of antiviral-resistant mutations (4). After excluding the possibilities of medication non-adherence and drug interactions, we considered the possibility of HBV genotypic resistance to TAF. TAF shows a higher barrier to drug resistance than lamivudine, adefovir dipivoxil, telbivudine, and even ETV. Currently, phenotypic resistance caused by genotypic resistance to TAF has not been reported (23). No resistance to TAF has been detected via sequence analysis in patients with CHB with a viral breakthrough, an HBV-DNA level ≥ 69 IU/ml at week 24/96, or after TAF withdrawal (24). TAF also demonstrates broad cross-genotype activity against wild-type HBV clinical isolates and is effective against multidrug-resistant HBV isolates in vitro (23). Despite high genetic barriers to TFV, emerging evidence has reported that extensive amino acid substitutions were associated with reduced TFV sensitivity, described in both treatment- naïve and -experienced individuals with CHB (6, 8, 10) in Asia, Africa, and Europe. Moreover, in a clinical setting, 0.8–24% patients exhibited a partial response to TDF, while some developed viral breakthrough despite good adherence to TDF (25, 26).

Currently, long-term data on the risk of resistance to TAF and its efficacy are lacking. In our study, both patients underwent testing for genotypic resistance, and the gene encoding HBV reverse transcriptase was sequenced. The HBV genotype was B, and there was no mutation detected in patient #1 according to the results of an analysis in December 2019. Patient #2 was also infected with type B HBV. Mutations of rtL180M and rtM204V were detected in this patient in November 2016. These two mutations are associated with lamivudine, telbivudine, and ETV resistance, both in vivo and in vitro (27, 28). Theoretically, patient #2 should be sensitive to TDF/TAF monotherapy. However, we do not know whether the resistance profile progressively evolved to a more complex pattern. We sent the sample from patient #1 for gene sequencing in May and July 2020 and no mutation was reported. Although no gene mutation has been characterized, we still suspect the existence of genotypic resistance to TAF in these two patients; however, this needs to be confirmed in a future study.

In summary, we report the first two patients with CHB displaying a suboptimal response to TAF monotherapy in a clinical setting. The most significant limitations of this study are that the underlying cause of TAF non-response remains obscure and the number of cases is limited. However, there are other cases with inferior responses to TAF treatment in our hospital that we wish to document and report in the near future. Nevertheless, based on the current two cases, physicians should pay more attention to patients with CHB who exhibit an unsatisfactory response despite good adherence to tenofovir-containing regimens and try to identify the underlying reasons. Although TAF has been approved as a first-line therapeutic option for CHB in the current international guidelines owing to its high potency and low resistance by the virus, there are still several problems to be addressed. First, although several studies show that TAF has some advantages over TDF, long-term observations and additional data are needed to further evaluate the efficacy and safety of TAF in patients with CHB. Second, an appropriate adjustment to the antiviral regimen for patients who do not obtain a viral response, even after the long-term administration of TAF, is unknown.Increasing the dose or combining with other nucleot(s)ide analogs is one of the approaches. However, even high-dose TAF might not be an optimal rescue therapy for patients who develop tenofovir-resistance, considering that the IC50 and IC90 values of CYEI mutants are 15.3- and 26.3-fold higher, respectively, than those of the wild-type HBV (6). Furthermore, we should consider the safety profile of a high-dose TAF regimen. Lastly, we should recognize that although all nucleot(s)ide analogs can inhibit HBV replication, they cannot completely eliminate covalently closed circular DNA in hepatocytes. Thus, it is of great significance to develop a curative strategy that enables a functional or even completely sterilizing cure in patients with CHB.
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