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Abbreviations

AFP Alpha fetoprotein

ALF Acute liver failure

ALK Alkaline phosphatase

ALT Alanine aminotransferase

Anti-HBe Antibody to hepatitis B e antigen
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Anti-HBs Antibody to hepatitis B surface antigen

AST Aspartate aminotransferase

BMI Body mass Index

cccDNA Covalently closed circular DNA

CMV Cytomegalovirus

CPK Creatinine phosphokinase

DILI Drug induced liver injury

EBV Epstein-Barr virus

FDA Food and Drug Administration

GWAS Genome wide association study

HBeAg Hepatitis B e antigen

HBsAg Hepatitis B surface antigen

HBV Hepatitis B virus

HCV Hepatitis C virus

HCC Hepatocellular carcinoma

HDS Herbal and dietary supplements

HDV Hepatitis D virus

HEV Hepatitis E virus

HIV Human immunodeficiency virus

NAFLD Non-alcoholic fatty liver disease

NrtI Nucleos(t)ide reverse transcriptase inhibitors

PD Pharmacodynamic

PK Pharmacokinetic

PROD Paritaprevir, ritonavir, ombitasvir, and dasabuvir 

RUCAM Rousell Uclaf Causality assessment method

ULN Upper limit of normal

Disclaimer 

The views expressed are those of the authors and do not necessarily represent the position of, nor imply 

endorsement from, the US Food and Drug Administration or the US Government.

A
u
th

o
r 

M
a
n
u
s
c
ri
p
t



5

This article is protected by copyright. All rights reserved

Abstract

Investigational agents that reduce or eliminate covalently closed circular DNA (cccDNA) or enhance host 

immunity against hepatitis B virus (HBV) infected hepatocytes, are intended to induce a durable off-

treatment clearance of hepatitis B surface antigen (HBsAg) (referred to as functional cure). The aim of 

this paper is to highlight challenges in interpreting liver safety data in clinical trials of these agents when 

given alone or in combination regimens. The incidence, grading, and management of spontaneous 

serum ALT flares in untreated chronic HBV patients are reviewed along with a summary of serum ALT 

flares observed during the registration trials for peginterferon and nucleos(t)ide reverse transcriptase 

inhibitors. Recommendations regarding the detection, management, and interpretation of liver safety 

biomarker data in future clinical trials as well as suggested inclusion and exclusion criteria for phase 1/2 

versus phase 3 studies are provided. Criteria to help classify liver safety signals as being due to the 

intended therapeutic response, emergence of drug resistant HBV virions, or idiosyncratic drug induced 

liver injury are provided along with a review of the role of an expert hepatic adjudication panel in 

assessing a compound’s hepatotoxicity profile. Finally, an algorithmic approach to the differential 

diagnosis and recommended medical evaluation and management of individual clinical trial patients that 

develop a liver safety signal is provided along with the rationale to collect and test research blood 

samples for future mechanistic studies.

Key words: Hepatotoxicity, HBV, antivirals, causality assessment, drug development

Background

Durable off-treatment clearance of HBsAg with or without anti-HBs seroconversion 48-weeks after 

discontinuation of therapy in patients with chronic hepatitis B virus (HBV) infection mirrors natural 

resolution of acute infection and is the current objective of anti-HBV therapy 1. Referred to as functional 

cure, the seroclearance of HBsAg is expected to decrease the risk of developing hepatocellular 

carcinoma (HCC) and other complications of chronic liver disease 2.  Currently approved agents for 

chronic HBV work either through direct suppression of HBV replication [oral nucleos(t)ide reverse 

transcriptase inhibitors (NrtIs)] or enhancement of the host immune response [e.g. Interferon (IFN)]. 

These therapies have been associated with both on-treatment and post-treatment serum ALT ‘flares’ 

followed by subsequent improvements in serum aminotransferases, markers of HBV replication and 
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liver histology in some patients 3. However, the rate of HBsAg loss or seroconversion to anti-HBs during 

or after treatment with currently approved agents remains low (<1%/ year) 4. 

Over 40 investigational agents with varying mechanisms of action that help reduce or eliminate 

covalently closed circular DNA (cccDNA) and/or stimulate host immunity against HBV infected 

hepatocytes, are in development for the treatment of chronic HBV 5. To achieve high rates of HBsAg 

loss, a combination of drugs with complementary mechanisms of action will likely be required 2. Many of 

the current clinical trials aim for a finite duration of therapy followed by a post-treatment follow-up 

period to assess sustained response. Appropriate interpretation and management of serum ALT 

elevations during and after treatment, including differentiation between drug-induced liver injury (DILI), 

viral replication induced flares, and host-induced flares is paramount to the successful evaluation of 

these regimens while ensuring patient safety (Table 1). 

 

Some of the challenges in interpreting liver safety data in ongoing studies of investigational agents for 

chronic HBV are highlighted in this paper. First, the frequency and severity of spontaneous serum ALT 

flares in untreated chronic HBV patients are reviewed. Second, serum ALT flares are categorized into 

those that reflect therapeutic responses to the study drug versus the emergence of drug resistant 

virions during treatment, or a resurgence of viral activity after treatment discontinuation. To provide 

perspective, a synopsis of the liver safety signals observed during the registration trials of currently 

approved first-line NrtIs and Peg-IFN are reviewed. Third, we describe the incidence, phenotype and 

methods to establish a potential diagnosis of idiosyncratic DILI. Finally, recommendations for liver safety 

assessment and management in future studies of virally suppressed and treatment naïve chronic HBV 

patients receiving investigational agents are provided. 

Spontaneous serum ALT flares in untreated CHB

Chronic HBV infection is characterized by a dynamic interplay between the host immune response and 

replication of the viral genome. The natural history of chronic HBV is often accompanied by spontaneous 

increases in serum ALT levels termed ‘ALT flares’ reflecting intra-hepatic necroinflammatory activity 

resulting from an expanded number of HBV specific T-lymphocytes.  Therefore, ALT flares signify 

immune mediated destruction of infected hepatocytes, and frequently occur in association with surges 

in viral replication 6. Serum ALT level is used as a widely available, non-invasive measure of disease 
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activity in untreated chronic HBV patients. Prior studies have demonstrated a moderate correlation 

between the level of serum ALT elevation and degree of hepatic inflammation on liver biopsy in 

untreated patients 7,8. 

A uniform laboratory definition of a spontaneous serum ALT flare in chronic HBV is lacking. Initially, 

flares were defined as an abrupt elevation of serum ALT exceeding 300 U/L in patients with a baseline 

serum ALT level of <200 U/L 9, or by an abrupt elevation of serum ALT to >5x upper limit of normal (ULN) 

or an increase >3-fold baseline. More recently, an ALT flare has been defined as an ALT level >10x ULN 

and more than twice the baseline value 10. All these definitions characterize flares as an abrupt ALT 

elevation commonly associated with an antecedent or simultaneous rise in serum HBV DNA 

(Supplementary Table 1).

In persons who acquire chronic HBV infection early in life, ALT flares become more common during 

adulthood when patients transition from a phase of HBeAg-positive status (immune tolerant) to the 

phase of HBeAg-positive chronic hepatitis (immune active). In this situation, flares may be host-derived 

rather than virally induced, and although still poorly understood, they are most likely the result of a 

change in the regulation of viral antigen-specific T cells 11. Moderate and severe spontaneous serum ALT 

flares commonly occur coincident to, or immediately after, an increase in serum HBV DNA levels 12. 

Several reviews have reported that spontaneous flares in untreated chronic HBV patients are often 

associated with an increase in host-derived immunity towards infected hepatocytes which in some cases 

can be associated with a decrease in viral parameters 13. Although ALT flares occur in both untreated 

HBeAg-positive and -negative  patients, spontaneous flares are more frequently observed in HBeAg-

positive patients, with an annual incidence of 5-10% (17). A recent paper from the Hepatitis B Research 

Network indicates that men, patients who consume alcohol, and those subjects with a higher HBV DNA 

level were at greatest risk of developing a spontaneous serum ALT flare 14. The development of precore 

and basal core promoter variants is frequently associated with periodic flares of liver cell necrosis 

interspersed with periods of normal serum ALT and low serum HBV DNA levels 15. Flares in HBeAg-

negative patients have thus been mainly attributed to increases in the concentration of these mutants in 

the liver and changes in the ratio of mutant to wild-type HBV. The levels of HBV DNA, HBeAg and/or 

HBsAg may decrease following the enhanced elimination or suppression of HBV, with HBeAg 
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seroconversion observed in approximately 30% of patients 16. Following the transition to the inactive 

phase, HBsAg seroclearance is reported at an annual rate of 0.7-2.4% 12.

Serum ALT flares in CHB patients receiving currently approved antiviral treatment 

Four types of serum ALT elevations were noted in clinical trials of IFNs and NrtIs in chronic HBV patients: 

(1) spontaneous pre-treatment flares; (2) early on-treatment flares, typically in the first 12-weeks of 

treatment; (3) later on-treatment flares between week 12 and end of treatment; and (4) post-treatment 

flares. Serum ALT elevations occurring after the screening visit but before the first dose of study drug 

(during the baseline visit) presumably correspond to the spontaneous flare activity that is part of the 

natural history of untreated CHB infection. Other situations where elevations in ALT may occur, such as 

treatment with immunosuppressive agents, pregnancy (mainly post-partum), co-infection with hepatitis 

C or D viruses, and development of de novo HCC are outside the scope of this review.

Early on-treatment serum ALT Flares 

In the first few months of NrtI or Peg-IFN therapy, some patients with rapid treatment-induced 

suppression of HBV replication experience transient increases in serum ALT which usually resolve 

despite continued treatment. These likely reflect a treatment-induced enhancement of immune-

mediated cytolysis of HBV-infected liver cells (Table 2). Although close patient monitoring to evaluate 

alternative causes of the ALT elevations occasionally uncovered an acute intercurrent viral infection or 

toxin exposure, most of these flares were associated with marked early efficacy responses (Figure 1A) . 

Importantly, these patients typically exhibited stable serum albumin, INR, and bilirubin levels during the 

ALT flare, which helped differentiate these early flare events from severe liver inflammation with 

compromise of liver function or clinically important DILI. Patients with early ALT flares in the absence of 

other liver parameter abnormalities and who had persistently suppressed or declining levels of HBV 

DNA, could usually continue study treatment uninterrupted and resume their normal schedule of clinic 

visits after documentation of stable hepatic functions and persistently declining ALT levels to less than 

half of their peak `flare’ values. In addition to changes in serum HBV DNA levels, a number of 

quantitative exploratory viral biomarkers [i.e. HBV RNA, quantitative HBsAg, HBeAg, and HB core related 

antigen (HBcrAg)] show promise to help differentiate patients who are experiencing immune 
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reconstitution with cytolysis of HBV-infected hepatocytes from DILI, but further development is needed 

17.

Late on-treatment serum ALT flares 

Serum ALT elevations occurring after 12-weeks of treatment in Peg-IFN and first generation NrtI studies 

generally occurred in the setting of imminent HBeAg or HBsAg seroclearance or with the emergence of 

drug resistant variants for Nrtl. The majority of Peg-IFN treated patients (>85%) have elevated ALT levels 

throughout the 48-week treatment period (with normal levels of bilirubin, INR and albumin), although 

the incidence of higher grades (>5x ULN) of ALT elevation is lower after 12 weeks compared with the 

initial 12 weeks (Table 2). The increase in viral replication after months of treatment often reflected the 

development of viral resistance (especially for older NrtI agents with lower barriers to resistance) or 

patient non-compliance with increasing levels of serum HBV DNA (Figure 1B) .

Post-treatment serum ALT flares 

Potentially severe post-treatment serum ALT flares were noted in studies of Peg-IFN and in the early NrtI 

studies (Figure 1C) 18,19. Post-treatment flares are attributed to memory T-cell responses to recrudescent 

HBV replication with rising HBV DNA levels in a subset of the patients who had not achieved 

HBeAg/HBsAg-seroconversion during treatment 20. Such events usually present soon after end of 

treatment but can occur later (i.e. 24 to 48-weeks) after treatment discontinuation and may be clinically 

severe in some instances with occasional progression to liver failure, especially in patients with cirrhosis 

21. Although the frequency and severity of post-therapy flares may vary with HBV genotype as well as 

the oral agent that is discontinued, these episodes are essentially indistinguishable from the 

spontaneous flares seen in untreated CHB patients 22, 23.    If clinically significant hepatitis develops with 

confirmed rising HBV DNA levels after treatment withdrawal, it is important to resume HBV suppressive 

therapy expeditiously. To monitor for such events in clinical trials, a post-treatment monitoring phase of 

at least 48-weeks is now recommended by the FDA 24. Early experience with post-treatment flares 

suggested that severe flares could be averted when antiviral treatment was promptly re-instituted with 

either the study drug or approved NrtI 13. 
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More recent studies have explored the utility of discontinuing NrtIs in non-cirrhotic HBeAg-negative 

patients who have been stably suppressed for prolonged periods of time 25, 26. In a pilot, randomized 

study of 42 European chronic HBV patients with Genotype D infection that had been suppressed on 

tenofovir for >4 years, 19% (4 of 22) achieved HBsAg loss after tenofovir discontinuation, with a further 

43% able to remain off therapy with suppressed HBV DNA and normal ALT at 144 weeks after therapy 

cessation 23. However, studies of Asian patients with primarily genotype B and C chronic HBV infection 

have demonstrated a much lower rate of HBsAg seroclearance and a higher rate of antiviral therapy 

resumption after NrtI discontinuation 27-29.  Furthermore, whether pretreatment or end of 

treatment quantitative HBsAg  or HBV RNA levels may predict the likelihood of post-therapy 

seroclearance remains unclear. Nonetheless, most experts advise against NRTI discontinuation in any 

CHB patient with cirrhosis due to safety concerns until future prospective studies reliably identify 

patients that are likely to benefit from treatment discontinuation 30.  

Idiosyncratic DILI with investigational agents

Cases of DILI have been reported with most of the 900 drugs approved by the Food and Drug 

Administration (FDA) and with a multitude of herbal and dietary supplements 31,32. DILI may present with 

distinct clinical, laboratory and histological manifestations presumably due to differing mechanisms of 

hepatotoxicity 33. Generally, the development of idiosyncratic DILI does not usually correlate with the 

dose or duration of suspect drug used or known effects of the drug identified during preclinical 

toxicology studies or early human pharmacokinetic (PK) studies. Nonetheless, heightened DILI risk may 

occur if a certain level of drug exposure or duration of treatment has been exceeded. Because these DILI 

reactions are idiosyncratic, they depend on increased host susceptibility that may reflect inter-individual 

variations in drug metabolism, immune responses, or susceptibility to off-target toxicological effects. 

In clinical trials of patients without pre-existing liver disease, hepatocellular DILI may be suspected 

whenever a drug-exposed patient experiences an increase in their serum ALT levels to >3x ULN or from 

their baseline values during or soon after treatment for which there is no other plausible cause 

identified. Given that CHB has a high underlying rate of serum ALT elevations, distinguishing DILI due to 

an investigational agent from an HBV-related cause of ALT increase is always challenging. In other 

instances, DILI due to an investigational agent may lead to a predominant increase in serum alkaline 

phosphatase (ALK) levels to >2x ULN and/or an increase in total bilirubin to >2x ULN or 2.5 mg/dl, 
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consistent with a cholestatic form of injury. In patients without underlying liver disease, drug-induced 

acute cholestatic injuries typically do not progress to acute liver failure (ALF). Nonetheless, cholestatic 

injuries in certain patients with underlying liver disease or cirrhosis may be associated with substantial 

clinical worsening, and in some instances, hepatic decompensation or death 349 (see supplemental text). 

Establishing a diagnosis of DILI requires a methodical approach that must exclude other more common 

causes of liver injury. Currently, there is no objective laboratory biomarker to unequivocally establish 

that an episode of liver injury is due to a drug versus another more common cause of liver injury such as 

alcohol, viral hepatitis, or pancreatobiliary disease 35. 

Causality Assessment in Clinical Trials

Causality assessment of DILI in clinical trials is most commonly based on expert opinion. Individuals with 

recognized expertise in the evaluation of DILI conduct a comprehensive review of liver injury cases of 

interest, scoring each of them on an ordinal scale of likelihood of causal association with the study drug 

that vary from >95% (definite) to unlikely (<25%). This approach permits accounting for extrahepatic 

features such as the presence of fever, rash or eosinophilia that make DILI more likely 36 whereas serum 

CPK, hepatitis serologies, or liver imaging can help determine if an alternative cause of liver injury is 

more likely. Expert opinion can also incorporate known pharmacological attributes of the study drug 

such as a prolonged serum or biological half-life of the suspect drug, as well as histopathologic 

correlates if biopsy data are available. Finally, experts will consider underlying complexities in the 

patient population being studied that may impact liver test findings such as the high prevalence of 

hepatic macrovesicular steatosis and abnormal liver biochemistry profiles in patients with diabetes 

mellitus receiving an investigational agent 36.

The United States Drug Induced Liver Injury Network (DILIN) has proposed a 5-point categorical scale to 

grade the severity of a suspected DILI episode varying from 1) asymptomatic laboratory abnormalities to 

5) representing death or the need for liver transplantation 37. The late Hyman Zimmerman noted that 

the development of jaundice (i.e. total bilirubin >2.5 mg/dl) in patients with acute hepatocellular liver 

injury defined as a serum ALT >3x ULN caused by a drug is associated with an estimated mortality of 10% 

38. This observation (known as Hy’s law) has been retrospectively confirmed in post-marketing 

surveillance studies of patients with drug-induced hepatocellular injury associated hyperbilirubinemia 39. 
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When present, Hy’s Law cases have proven to be of value to identify drugs that have substantial 

hepatotoxicity liability and a significant potential to cause ALF post-marketing 40.

Recommendations for liver safety assessment in hepatitis B clinical trials 

Baseline and reference ALT values

The degree of serum ALT elevation along with the HBV replicative status of the patient are used to guide 

the decision to initiate conventional antiviral treatment in chronic HBV. To help standardize clinical 

management, the AASLD recommends an ULN for serum ALT of 35 U/L for males and 25 U/L for females 

3. Since many chronic HBV patients being considered for enrollment into clinical trials will have elevated 

serum ALT levels, it is necessary to compare treatment emergent ALT elevations to a patient’s baseline 

or nadir values. In addition to varying by patient age and sex, the ULN values for serum ALT and other 

liver safety biomarkers are known to vary among laboratories due to differences in reference 

populations and analytical variation among commercial assays 41. Since serum ALT levels may fluctuate 

substantially over short periods of time, the serum ALT value at screening may not accurately represent 

the patient’s true baseline value, defined as the last ALT taken before the first dose of study drug (Table 

3). Registration trials of IFNs and NrtIs for chronic HBV studied immune active patients where the 

majority of patients had elevated ALT levels at baseline (Table 2) 42,43. In general, the majority of the 

screening and pretreatment baseline serum ALT values are anticipated to be lower or normal in NrtI-

suppressed patients than in treatment naïve or experienced patients not receiving an antiviral drug. It is 

recommended that the serum ALT value obtained at the baseline visit, immediately prior to dosing be 

used as the reference value for further assessment of ALT changes on treatment rather than the ALT 

value obtained at the screening visit. If the baseline serum ALT level is significantly elevated compared 

to the screening ALT level (i.e. >2x screening level), an evaluation for possible alternative etiologies of 

abnormal liver tests is advisable prior to initiation of study treatment. 

Serum ALT levels usually decrease during effective antiviral therapy. The use of on-treatment nadir 

serum ALT values as the post-baseline adjusted ALT values for ’flare’ evaluations was employed in 

previous NrtI trials in chronic HBV patients as well as HCV drug development with direct acting oral 

antiviral agents 44,45. Therefore, we recommend that the on-treatment nadir ALT value be used as a 

reference for identifying a serum ALT flare during treatment and follow-up.  
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Inclusion and exclusion criteria for clinical trials of investigational agents

Inclusion and exclusion criteria may need to be adjusted on a case-by-case basis according to the 

targeted patient population, and the mechanism(s) of action, PK/PD considerations, and the pre-clinical 

safety profile of the investigational agent. In studies enrolling NrtI-suppressed patients, patients treated 

for a minimum of 6-months with a single NrtI should  consistently have HBV DNA levels below the lower 

limit of quantitation (and ideally undetectable HBV DNA) on at least 2 separate tests using a quantitative 

PCR-based assay 1. 

Liver disease severity and other considerations

A thorough medical history, physical examination, and serology tests for HCV, hepatitis D (HDV), and HIV 

infection at screening will help exclude patients with competing causes of liver disease. Patients who do 

not have a liver imaging study within 6-months of enrollment should have one at the time of screening 

to exclude HCC and concomitant pancreatobiliary disease. Investigational agents for CHB with new 

mechanisms of action should not be evaluated in patients with advanced fibrosis/ cirrhosis until initial 

proof of efficacy and safety have been demonstrated in patients with less advanced liver disease (Table 

3). Generally, this will not be available until phase 2b studies have been completed.  Although a liver 

stiffness score of > 9 kPa is frequently used to exclude chronic HBV patients with advanced fibrosis,  the 

optimal cut-off value may be higher in those  receiving oral antiviral therapy and lower in those with 

underlying hepatic steatosis 46-48.

Clinical Trials in hepatitis B patients with HDV or HIV co-infection

An estimated 10-20 million chronic HBV patients worldwide have HDV co-infection and are at increased 

risk for accelerated liver disease progression 49. Investigational regimens aimed at functional cure for 

HDV co-infected patients may include agents targeting the HDV virus, the HBV virus or host immune 

response to infected hepatocytes 50. Interpretation of liver safety biomarker data in these studies will 

require simultaneous assessment of both HBV and HDV efficacy biomarkers such as anti-HDV IgM, anti-

HDV IgG, and HDV-RNA levels. Similarly, clinical studies targeting the 30 million HIV co-infected CHB 

patients will also need to include assessment of HIV viral parameters such as HIV RNA levels and CD4 
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counts 51. Furthermore, interpretation of liver safety biomarker data will need to account for the 

potential of an immune reconstitution syndrome in HIV patients recently started on antiretroviral 

therapy, potential hepatic mitochondrial damage from the anti-retroviral regimen and the higher 

incidence of pre-existing liver disease in HIV co-infected patients 52.

Pretreatment liver safety biomarker exclusion criteria

For treatment naïve or non-responders to a previous treatment, chronic HBV patients with a screening 

serum ALT level >7x ULN or >300 U/L are recommended for exclusion. For NrtI suppressed patients 

those with a serum ALT level >3x ULN or >120 U/L should  be considered for exclusion since the majority 

of NrtI suppressed adult patients have a normal or near normal ALT 53. Since most patients with chronic 

HBV have a normal or near normal ALK level, any patient with a serum ALK level >2x ULN is 

recommended for exclusion as this is suggestive of an additional cause of liver injury. For the purpose of 

a clinical trial, the ULN values provided by the central laboratory should be employed rather than ULN 

values suggested by various guidelines or consensus papers.

Recommended evaluation of Hepatitis B patients with a liver safety signal during clinical trials 

Given the diversity in mechanism of action of the newer agents, it is difficult and perhaps not advisable 

to develop recommendations that are too specific and/or restrictive to cover all potential clinical trial 

scenarios. While no drugs are completely risk-free, the balance between potential harm versus benefit 

needs to be carefully assessed. Acute and significant serum ALT flares should always be of concern but 

understanding the signal in the context of the complex interplay between HBV, the host immune system 

and the potential direct therapeutic and toxic effects of the drug is paramount to understand the true 

therapeutic potential of any new treatment under evaluation. Unnecessarily stopping a drug may in 

itself cause harm. In the paragraphs below, recommendations are given on how to manage and 

interpret serum ALT flares, in the context of other biomarkers, such as HBV DNA, ALK, total bilirubin and 

histological data and will likely need to be adapted to individual agents and development programs. 

Both total and direct bilirubin levels should be obtained at baseline and during treatment to 

differentiate biochemical abnormalities in a patient with unconjugated hyperbilirubinemia associated 

with Gilbert’s syndrome or hemolysis from those that are markers of liver injury.  
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Frequent monitoring of liver safety biomarkers is recommended for all CHB patients receiving a new 

investigational agent 54. Many patients will likely have serum ALT elevations either during or after 

treatment that are above their pretreatment baseline or on-treatment nadir. The investigator and 

sponsor will need to make an assessment if the observed rise in serum ALT levels is more likely a desired 

therapeutic effect, due to an increase in viral replication, due to a coincidental liver injury, or a 

manifestation of DILI by the investigational agent. Per Tables 4 and 5, we generally recommend 

repeating a liver biochemistry profile in any patient with an isolated serum ALT >3x ULN or >3x post-

baseline nadir within 3-5 days to rule out a laboratory error, re-evaluate concomitant liver function 

parameters and serum HBV DNA level to assess whether the rising ALT is associated with rising or falling 

HBV viremia 54. Importantly, any patient experiencing symptoms suggestive of hepatitis or with 

concomitant significant deterioration in total bilirubin, INR, or albumin levels may require immediate 

drug discontinuation.

While repeating laboratory values to confirm a persistent abnormality, it is advisable that the 

investigator bring the patient in for an unscheduled study visit, to perform a physical exam and 

determine if the patient’s medical history has changed (i.e. intercurrent infections, new medications, 

etc.). Confirmation of patient adherence to the study drug regimen is important since missed doses 

could lead to renewed burst of viral replication and concomitant serum ALT flare. Obtaining blood 

samples to identify unusual causes of liver injury, study drug blood levels, and HBV efficacy markers may 

also prove worthwhile. In addition to increasing the frequency of liver safety biomarker testing to at 

least twice-weekly until the liver biochemistries improve, the investigator should obtain serial 

quantitative HBV DNA levels to confirm whether the patient is exhibiting an efficacy response or viral 

breakthrough. Evaluations for alternative causes of liver injury should be undertaken in a stepwise 

manner as guided by the clinical circumstances (Table 6). When ALT elevations cannot be presumptively 

ascribed to a marked efficacy response or HBV viral resistance, further assessments may include serum 

CPK levels, non-HBV viral hepatitis markers and alcohol biomarkers 3. In addition, a repeat liver imaging 

study should be obtained in any patient with suspected HCC, gallstones or pancreatitis. If the above 

testing is unrevealing and signs of liver injury persist, it is advisable to order additional serological testing 

for other mimickers of DILI such as acute HEV infection (i.e. anti-HEV IgM, anti-HEV IgG, HEV- RNA), 

autoimmune hepatitis (ANA, Smith antibody, quantitative immunoglobulins), and cytomegalovirus 

(CMV) or Epstein-Barr virus (EBV) infection (CMV DNA, EBV DNA). 
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Interpretation of liver safety data in clinical trials

A clinical trial protocol should include a prespecified algorithm on how to adjudicate liver safety signals 

in studies of investigational agents for chronic HBV. In addition to frequency tables assessing the 

incidence and severity of liver safety biomarker laboratory data in treatment arms, treatment dose or 

duration effect, patient demographics, HBV parameters, liver disease parameters and other clinical 

factors should be considered. The timing of liver safety signal data in relationship to results from 

investigational assays assessing drug efficacy should also be considered.

For any patient who experiences an episode of liver injury during or after treatment with the study drug 

that is marked by an ALT >5x ULN or >3x baseline, ALK >2x ULN, elevation in total bilirubin or if the study 

drug has been held or discontinued because of liver abnormalities, the local investigator should create a 

clinical narrative that includes the pertinent medical history and findings of additional diagnostic testing 

that were done (Table 6). If a liver biopsy was performed, available slides should be obtained and 

reviewed by an independent expert liver pathologist as part of the causality assessment review. In 

addition, the investigator will need to make a personal assessment of causality and relatedness to the 

study drug reporting these judgements in the patient’s case record. If the episode meets regulatory 

criteria for a Serious Adverse Event (SAE), the investigator must promptly notify the study sponsor and 

expeditiously complete a SAE report (usually with a CIOMS form) for sponsor transmission to regulatory 

authorities and ethics committees 55. If a potential pattern of liver safety signals emerges in a clinical 

trial of an investigational agent, it is advisable that the sponsor convene an independent adjudication 

committee to review all available liver safety data and make recommendations regarding study 

discontinuation versus continuation with any needed changes in the study protocol 21. 

Collection of pretreatment DNA and on-treatment biobanked samples

Liver safety issues are a leading reason for drugs to fail in clinical development 56. With a typically low 

incidence in drug exposed patients, genetic variation in host receptors, metabolic pathways and/or 

immune response may be involved in idiosyncratic DILI pathogenesis 57. Studies exploring the 

mechanism and risk factors for drugs that did not gain regulatory approval due to DILI have identified 

high-risk patients using genomic and immunological methods 58. Therefore, sponsors are encouraged to 

collect a predosing DNA sample in all clinical trial participants in the event that untoward adverse events 
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such as DILI are noted during the drug development program. In addition, blood samples for efficacy and 

safety markers should be obtained at baseline and at key study visits during and at the end of dosing 

and follow-up so that future studies of DILI risk versus drug benefit can be undertaken.

Conclusions

Various laboratory, clinical, and histological criteria should be considered in the design of future phase 1 

and 2/3 studies of investigational regimens for chronic HBV (Table 3). To adjudicate serum ALT flares 

encountered in these drug development programs, a predefined protocol that specifies the testing of 

liver safety biomarkers prior to and during treatment should be established and followed (Tables 4&5). 

Furthermore, investigation of individual cases of liver biomarker safety signals using a comprehensive 

and methodical approach is advisable. When a potential pattern of DILI events is identified in trials of 

new anti-HBV agents, an expert adjudication panel is recommended to help assess the overall 

preclinical, clinical, and pharmacological liver safety data. Finally, molecular diagnostic assays that can 

reliably differentiate an enhanced host immune response to HBV antigens versus drug hepatotoxicity 

are in development and will hopefully improve our ability to develop safe and effective medications that 

increase the rate of HBsAg loss in the millions of patients with chronic HBV worldwide.
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Table 1: Incidence of serum ALT elevations in Hepatitis B patients receiving oral NrtIs and PegIFN in 

registration trials 
Ώ
  

Tenofovir disproxil fumarate 

Maximum ALT 

elevation 

  Number with Abnormality/Number tested 

(%) 

HBeAg (+) 

N = 524 

HBeAg (-) 

N = 441 

>ϭ to чϯǆ ULN 

Baseline 295 (56.3%) 276 (62.6%) 

On-treatŵeŶt: чϭϮ ǁeeks 
262 (50.0%) 254 (57.6%) 

Year 1 290 (55.3%) 205 (46.5%) 

Year 2 198 (37.8%) 139 (31.5%) 

>ϯ to ч5ǆ ULN 

Baseline 107 (20.4%) 61 (13.8%) 

On-treatŵeŶt: чϭϮ ǁeeks 105 (20.0) 49 (11.1%) 

Year 1 39 (7.4%) 10 (2.3%) 

Year 2 15 (2.9%) 7 (1.6%) 

>5 to чϭϬǆ ULN 

Baseline 68 (13.0%) 47 (10.7%) 

On-treatŵeŶt: чϭϮ ǁeeks 77 (14.7%) 24 (5.4%) 

Year 1 13 (2.5%) 0 (0.0%) 

Year 2 2 (0.4%) 3 (0.7%) 

>10x ULN 

Baseline 22 (4.2%) 8 (1.8%) 

On-treatŵeŶt: чϭϮ ǁeeks 35 (6.7%) 8 (1.8%) 

Year 1 2 (0.4%) 0 (0.0%) 

Year 2 1 (0.2%) 1 (0.2%) 

Peginterferon alpha-2a 

Maximum ALT 

elevation 

  Number with Abnormality/Number tested 

(%) 

HBeAg (+) 

N = 481 

HBeAg (-) 

N = 330 

>ϭ to чϯǆ ULN 

Baseline  229 (47.6%) 217 (65.8%)  

On-treatŵeŶt: чϭϮ ǁeeks 175 (36.4%) 136 (41.2%) 

On-treatment (48 weeks) 149 (31.0%) 134 (40.6%) 

Post-treatment
  ΐ

 188 (39.1%) 132 (40.0%) 
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>ϯ to ч5ǆ ULN 

Baseline 117 (24.3%) 80 (20.7%) 

On-treatŵeŶt: чϭϮ ǁeeks 131 (27.2%) 73 (22.1%) 

On-treatment (48 weeks) 129 (26.8%) 77 (23.3%) 

Post-treatment 
ΐ
 55 (11.4%) 42 (12.7%) 

>5 to чϭϬǆ ULN 

Baseline 89 (18.5%) 49 (12.7%) 

On-treatŵeŶt: чϭϮ ǁeeks 120 (25.0%) 58 (17.6%) 

On-treatment (48 weeks) 139 (28.9%) 68 (20.6%) 

Post-treatment 
ΐ
 67 (13.9%) 32 (9.7%) 

>10x ULN 

Baseline 22 (4.57%) 10 (2.6%) 

On-treatŵeŶt: чϭϮ ǁeeks 43 (8.9%) 26 (7.9%) 

On-treatment (48 weeks) 57 (11.9%) 32 (9.7%) 

Post-treatment
 ΐ

 43 (8.9%) 31 (9.4%) 

 

Ώ
 Data obtained from registration trials of Peg-IFNa2a and TDF that enrolled immune active hepatitis B 

patients with elevated ALT levels at baseline. The absolute frequency of ALT elevations has been 

reported for each period with no analysis in comparison with the iŶdiǀidual patieŶt’s ďaseliŶe leǀel (i.e 

no assessment of treatment-emergent ALT elevations).  

ΐ
 Post-treatment period of 24 wks 

Table 2: Recommended exclusion criteria and laboratory monitoring in chronic hepatitis B Clinical Trial 

patients 

 

Topic  Exclusion criteria
† 

  

 

Other causes of 

liver disease 

- Anti-HCV (+) with detectable HCV RNA, anti-HDV (+), or anti-HIV (+) 

- Evidence of other causes of liver injury via liver biopsy, serological tests, 

liver imaging (ultrasound, CT scan or MRI), or medical history
ΐ
 

Known or 

suspected 

hepatocellular 

carcinoma (HCC) 

- Prior history of HCC 

- Imaging study demonstrating solid mass c/w HCC 

- Serum AFP >100 ng/ml independent of liver imaging results 

- If serum AFP > ULN but <100, must have CT/ MRI with contrast showing no 

evidence of HCC  

Liver disease Phase 1-2:  
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severity  Advanced fibrosis/ cirrhosis (any CTP score) established by any of the following: 

- Liver biopsy showing cirrhosis 

- Imaging evidence of suspected cirrhosis 

- Fibroscan stiffness score >9-12 kPa
§
 

Laboratory evidence suggestive of advanced disease including platelets 

<100,000/ml, T Bili >1.5x ULN, albumin <3.4 g/dl or INR >1.2 

Phase 3:  

- CTP B or C cirrhosis 

- T Bili >2x ULN 

Serum ALT,  

Alk P,  

HBV DNA  

NRTI suppressed:  

- Serum ALT >3x ULN or >120 U/L, or 

- ALK >2x ULN, or 

- HBV DNA > LLD within 6 months of screening 

Treatment naïve or non-responders:  

- Serum ALT >7-10x ULN or >300 U/L, or 

- ALK >2x ULN 

Study phase Recommended laboratory monitoring  

Phase 1 and 2a   Monitor liver safety biomarkers (serum ALT, AST, ALK, T Bili, INR, albumin) 

every 1 to 2 weeks during first month of treatment, monthly thereafter on-

treatment, and at week 4, 8, 12, 24, and 48 after dosing 

 

Phase 2b and 3  Monitor liver safety biomarkers every 2-4 weeks in the first 3 months and 

every 4-8 weeks thereafter during dosing and at week 4, 8, 12, 24 and 48 after 

dosing 

 In drugs with suspected hepatotoxicity
¶
, monitor liver safety biomarkers every 

2-4 weeks for the first 6 months and every 4-8 weeks thereafter. 

 

Ώ
 Specific exclusion criteria may vary based upon the mechanism of action and safety information from 

preclinical and early clinical studies  

ΐ
 For example, tests to exclude genetic hemochromatosis, autoimmune hepatitis, and alcoholic liver 

disease.   

§
 The fibroscan cut-off value for cirrhosis is lower in obese patients  
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¶
 Based upon preclinical data, available clinical trial data, and drug pharmacokinetics/ mechanism of 

action AFP, alpha fetoprotein; ALT, alanine aminotransferase; CTP, Child-Turcotte-Pugh; DILI, drug 

induced liver injury HCC, hepatocellular carcinoma; INR, international normalized ratio; LLD, lower limit 

of detection; PLT, platelets; T Bili, total bilirubin  
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Table 3: Recommended management of liver safety signals in clinical trials of NRTI suppressed 

Hepatitis B patients. 

 

Treatment emergent ALT 

elevation 

Treatment 

emergent total/ 

direct bilirubin 

elevation
†
 

Liver-related 

symptoms 

Action 

Normal baseline:  

ALT ш5ǆ ULN 

 

Elevated baseline
ΐ
: 

ALT шϯǆ ďaseliŶe ;or шϯǆ Ŷeǁ 

nadir
§Ϳ or шϯϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

Normal 

 

 

Patients with 

Gilďert’s sǇŶdroŵe: 

No change in 

baseline TBL 

None Repeat ALT, AST, ALP, TBL, INR, 

albumin, obtain HBV DNA
¶
 within 3-5 

days and initiate close monitoring
¥
 

until levels return toward nadir values.  

Evaluate for etiology of ALT elevation 

(Table 6). 

Normal baseline:  

ALT ш8ǆ ULN 

 

Elevated baseline
ΐ
: 

ALT ш5ǆ ďaseliŶe ;or ш5ǆ Ŷeǁ 

nadir
§Ϳ or ш5ϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

Normal 

 

 

Patients with 

Gilďert’s sǇŶdroŵe: 

No change in 

baseline TBL 

None Repeat ALT, AST, ALP, TBL, INR, 

albumin and obtain HBV DNA
¶
 in 2-3 

days. If abnormality persists, consider 

interrupting study drug and initiate 

close monitoring
¥
 until levels return 

toward nadir values. Evaluate for 

etiology of ALT elevation (Table 6). 

Study drug can be restarted only if a 

self-limited non-drug etiology is 

identified. 

Normal baseline:  

ALT шϯǆ ULN 

 

Elevated baseline
ΐ
: 

ALTш Ϯǆ ďaseliŶe ;or ш Ϯǆ Ŷeǁ 

nadir
§Ϳ or шϯϬϬ U/L ;ǁhiĐheǀer 

Normal 

 

 

Patients with 

Gilďert’s sǇŶdroŵe: 

No change in 

Severe 

fatigue, 

nausea, 

vomiting, right 

upper 

quadrant pain 

Immediately interrupt study drug
 Φ

. 

Repeat ALT, AST, ALP, TBL, INR, 

albumin and obtain HBV DNA
¶
 in 2-3 

days. Initiate close monitoring
¥
 until 

levels return toward nadir values. 

Evaluate for etiology of ALT elevation 
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occurs first) baseline TBL (Table 6). Study drug can be restarted 

only if a self-limited non-drug etiology 

is identified.   

Normal baseline:  

ALT шϯ ULN  

 

Elevated baseline
ΐ
:  

ALT шϯǆ ďaseliŶe ;or шϯǆ Ŷeǁ 

nadir
§Ϳ or шϯϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

TBL шϮǆ ULN  

 

 

Patients with 

Gilďert’s sǇŶdroŵe: 

Doubling of direct 

bilirubin  

None Immediately interrupt study drug
 Φ

. 

Repeat ALT, AST, ALP, TBL, INR, 

albumin and obtain HBV DNA
¶
 in 2-3 

days. 

Initiate close monitoring
¥
 until levels 

return toward nadir values. Evaluate 

for etiology of ALT elevation (Table 8). 

Study drug can be restarted only if a 

self-limited non-drug etiology is 

identified. 

 

Ώ
 Total bilirubin and direct bilirubin fractionation is recommended to help identify patients with indirect 

hǇperďiliruďiŶeŵia due to gilďert’s sǇŶdroŵe aŶd heŵolǇsis ǀersus liǀer iŶjurǇ.      
ΐ Eleǀated ďaseliŶe is defiŶed as ALTш ϭ.5ǆ ULN.  
§
 In patients with a stable decrease in ALT during treatment (>50% of baseline value), a new baseline, 

corresponding to the ALT nadir, should be established as reference for subsequent determination of a 

DILI signal. 

¶
 Additional recommended HBV-related tests: quantitative hepatitis B surface antigen (HBsAg quant), 

quantitative hepatitis B e antigen (HBeAg quant), quantitative hepatitis B surface antibody (anti-HBs 

quant)  

¥
 Frequency of monitoring may need to be adjusted based on clinical scenario and severity of injury.  

Φ
 Drug interruption and discontinuation decisions should involve assessment for other causes of 

abnormal hepatic biochemical tests including HBV reactivation as well as the half-life and dosing interval 

of the investigational agent (see Table 6). In some instances, NRTIs may be continued in patients 

receiving these agents in combination with an investigational drug. 

 

Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBL, total bilirubin, ALP, 

alkaline phosphatase; ULN, upper limit of normal  

Modified from reference 45.  
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Table 4: Recommended management of liver safety signals in clinical trials of treatment naive or prior 

nonresponder hepatitis B patients  

 

Treatment emergent ALT 

elevation  

Treatment emergent 

total/ direct bilirubin 

elevation
f
 

Liver-related 

symptoms 

Action 

Normal baseline:  

ALT ш5ǆ ULN 

 

Elevated baseline
ΐ
: 

ALT шϯǆ ďaseliŶe ;or шϯǆ Ŷeǁ 

nadir
§Ϳ or ш5ϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

Normal 

 

 

PatieŶts ǁith Gilďert’s 

syndrome: No change 

in baseline TBL 

None Repeat ALT, AST, ALP, TBL, INR, 

albumin, obtain HBV DNA
¶
 

within 3-5 days and initiate 

close monitoring
¥
 until levels 

return toward nadir values. 

Evaluate for etiology of ALT 

elevation (Table 6). 

Normal baseline:  

ALT ш8ǆ ULN 

 

Elevated baseline
ΐ
: 

ALT ш5ǆ ďaseliŶe ;or ш5ǆ Ŷeǁ 

nadir
§Ϳ or ш8ϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

Normal 

 

 

PatieŶts ǁith Gilďert’s 

syndrome: No change 

in baseline TBL 

None Repeat ALT, AST, ALP, TBL, INR, 

albumin and obtain HBV DNA
¶
 

in 2-3 days. If abnormality 

persists, consider interrupting 

study drug and initiate close 

monitoring
¥
 until levels return 

toward nadir values. Evaluate 

for etiology of ALT elevation 

(Table 6). Study drug can be 

restarted only if a self-limited 

non-drug etiology is identified. 

Normal baseline:  Normal Severe fatigue, Immediately interrupt study 
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ALT шϯǆ ULN 

 

Elevated baseline
ΐ
: 

ALT шϮǆ ďaseliŶe ;or шϮǆ Ŷeǁ 

nadir
§Ϳ or ш5ϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

 

 

Patients ǁith Gilďert’s 

syndrome: No change 

in baseline TBL 

nausea, vomiting, 

right upper 

quadrant pain 

drug
 Φ

. Repeat ALT, AST, ALP, 

TBL, INR, albumin and obtain 

HBV DNA
¶
 in 2-3 days. Initiate 

close monitoring
¥
 until levels 

return toward nadir values. 

Evaluate for etiology of ALT 

elevation (Table 6). Study drug 

can be restarted only if a self-

limited non-drug etiology is 

identified.  

Normal baseline:  

ALT шϯ ULN  

 

Elevated baseline
ΐ
:  

ALTшϯǆ ďaseliŶe ;or шϯǆ Ŷeǁ 

nadir
§Ϳ or шϯϬϬ U/L ;ǁhiĐheǀer 

occurs first) 

TBLшϮǆ ULN  

 

 

Patients with Gilďert’s 

syndrome: Doubling of 

direct bilirubin  

None Immediately interrupt study 

drug
 Φ

. Repeat ALT, AST, ALP, 

TBL, INR, albumin and obtain 

HBV DNA
¶
 in 2-3 days. 

Initiate close monitoring
¥
 until 

levels return toward nadir 

values. Evaluate for etiology of 

ALT elevation (Table 6). Study 

drug can be restarted only if a 

self-limited non-drug etiology is 

identified. 

 

Ώ
 Total bilirubin and direct bilirubin fractionation is recommended to help identify patients with indirect 

hǇperďiliruďiŶeŵia due to gilďert’s sǇŶdroŵe aŶd heŵolǇsis ǀersus liǀer iŶjurǇ.      
ΐ Eleǀated ďaseliŶe is defiŶed as ALTш ϭ.5ǆ ULN.  
§
 In patients with a stable decrease in ALT during treatment (>50% of baseline value), a new baseline, 

corresponding to the ALT nadir, should be established as reference for subsequent determination of a 

DILI signal. 

¶
 Additional recommended HBV-related tests: quantitative hepatitis B surface antigen (HBsAg quant), 

quantitative hepatitis B e antigen (HBeAg quant), quantitative hepatitis B surface antibody (anti-HBs 

quant)  

¥
 Frequency of monitoring may need to be adjusted based on clinical scenario and severity of injury.  
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Φ
 Drug interruption and discontinuation decisions should involve assessment for other causes of 

abnormal hepatic biochemical tests including HBV reactivation as well as the half-life and dosing interval 

of the investigational agent (see Table 6). In some instances, NRTIs may be continued in patients 

receiving these agents in combination with an investigational drug.      

 

Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBL, total bilirubin, ALP, 

alkaline phosphatase; ULN, upper limit of normal  

Modified from reference 45.  
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Table 5.  Recommended evaluation of Hepatitis B patients with unexplained serum liver biochemistry 

abnormalities in clinical trials. 

Competing cause Recommended evaluation
Ώ
 Interpretation 

1
st

 line testing 

Liver directed medical history 

and physical exam  

Recent travel/ exposures 

Alcohol consumption 

 

Exercise & activity 

Concomitant medications & 

HDS product consumption 

Consider HAV, HCV, HDV, HEV 

If excessive or AST/ ALT >2 

consider lab testing
a
 

Possible rhabdomyolysis 

Drug hepatotoxicity and 

acetaminophen hepatotoxicity 

Acute HAV Anti-HAV (IgM) Acute HAV infection 

Acute HCV  Anti- HCV 

 HCV RNA (PCR)  

Parenteral exposure/ risk factor 

Acute HCV may be anti-HCV (-) 

but HCV RNA (+) 

Muscle injury Excessive muscle use history 

Serum CPK, aldolase 

Compare to baseline values, 

AST frequently elevated as well 

Alcoholic liver damage Urinary ethylglucuronide 

Serum Phosphatidylethanol 

Alcohol use in past 3-5 days 

Alcohol use in past 3 weeks 

Pancreaticobiliary disease, HCC Liver imaging such as 

ultrasound/ CT or MRI
Ώ
 

Evaluate for gallstones, 

pancreatitis, PV thromboses, 

malignancy 

If cholestatic, MRCP 

recommended 

2
nd

 line testing
ΐ
 

Autoimmune hepatitis ANA, SmAb 

Quantitative IgG, IgM, IgA  

Compare to available baseline 

Liver biopsy needed to confirm 

a diagnosis of AIH 

Hepatic ischemia Review of blood pressure/ pulse 

 Electrocardiogram 

Echocardiogram or cardiology 

consult may be indicated 

Other hepatotoxins Urine toxicology screen Cocaine, opiates and other illicit 

substances may cause liver 
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damage  

Acute HDV Anti-HDV Selected patients at increased 

risk 

Acute HEV Anti-HEV IgM, IgG, and HEV-

RNA 
§ 

First line test in endemic areas  

Reference lab may be required 

for testing and HEV RNA 

confirmation 

CMV, EBV, HSV infection EBV-DNA, CMV- DNA, HSV-DNA 

by PCR. 

May need to obtain acute and 

convalescent serologies; liver 

biopsy needed to confirm HSV 

Cholestasis of sepsis Review of all medical records Clinical diagnosis of exclusion 

 

Ώ
 Extent and type of work-up may vary by patient location and flare severity; all patients with jaundice 

should undergo liver imaging    

ΐ
 This testing should be undertaken in patients without an identified cause of acute liver injury after 

initial evaluation. 

§
 A reference lab with a rapid turnaround time that can confirm anti-HEV IgM positive samples with 

nested PCR should be considered. 

 

Figure 1. Types of serum ALT flares in CHB patients receiving approved antiviral treatments. A) A 

patient with chronic HBV developed a moderate serum ALT flare at month 6 of entecavir therapy that 

was self-limited and resolved despite continued dosing. B) This patient developed drug resistance to 

lamivudine with an increase in HBV-DNA that preceded the mild ALT flare. The introduction of tenofovir 

led to a reduction in serum HBV DNA and normalization of serum ALT levels. C)  Following completion of 

a 48-week course of peg-interferon, this patient experienced a rise in serum HBV DNA levels that was 

associated with a severe ALT flare but no loss of HBsAg.  
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