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Abstract
AIM: To investigate the accuracy of serum alanine ami-
notransferase (ALT) in diagnosing lamivudine resistance 
and factors that contributed to abnormal serum ALT.

METHODS: This was a retrospective study of chronic 
hepatitis B patients on lamivudine therapy who were 
followed for 3-mo with liver function tests and hepatitis 
B virus (HBV) DNA measurement. Lamivudine resistance 
was defined as HBV DNA ≥ 1 log from nadir on at least 
2 occasions, confirmed by genotyping. Serum ALT levels 
in patients with lamivudine resistance were compared to 
serum ALT levels in those without lamivudine resistance.

RESULTS: There were 111 patients with and 117 
without lamivudine resistance. The area under the 
receiver operating characteristic of serum ALT to diag-
nose lamivudine resistance was 0.645 ± 0.037. Serum 
ALT > 42.5 U/L gave the best diagnostic accuracy with 
sensitivity = 61%, specificity = 60%, positive predictive 
value = 60%, negative predictive value = 61%, positive 
likelihood ratio = 1.53 and negative likelihood ratio = 
0.65 for predicting lamivudine resistance, missing 39% 
of resistant patients. Using other serum ALT cutoffs, 
diagnostic accuracy was lower. By multivariate analysis, 
baseline abnormal serum ALT was associated with ab-
normal ALT during resistance (OR = 5.98, P  = 0.003), 
and males were associated with serum ALT flares dur-
ing resistance (OR = 8.9, P  = 0.016).

CONCLUSION: Serum ALT is inadequate for diagnos-
ing lamivudine resistance and has implications where 
viral resistance testing is suboptimal and for reim-
bursement of rescue therapy.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION
Chronic hepatitis B (CHB) is a global public health prob-
lem, being the most common cause of  chronic viral 
hepatitis, and the major cause of  hepatocellular carcinoma 
worldwide[1]. There are now five licensed oral antiviral 
agents for CHB: lamivudine, adefovir, entecavir, telbivu-
dine and tenofovir. Although lamivudine is not recom-
mended as first line therapy for CHB in the American 
Association for Study of  Liver Disease (AASLD) CHB 
guidelines[2,3], and the European Association for Study of  
Liver (EASL) CHB guidelines[4], which recommend oral 
nucleosides with high genetic barrier (entecavir and teno-
fovir) as first line monotherapy, lamivudine is still widely 
used in Asia due to cost constraints. Lamivudine is an 
effective treatment for hepatitis B “e” antigen (HBeAg) 
positive patients, with HBeAg seroconversion in 16%-18% 
of  patients compared with 4%-6% of  untreated con-
trols[5,6]. Lamivudine is also used to treat HBeAg negative 
Hepatitis B virus (HBV) infection, with serum HBV DNA 
suppressed to undetectable levels using polymerase chain 
reaction (PCR) assays in 60%-70% of  patients after 1 year 
of  treatment[7,8]. However, lamivudine resistance is a major 
concern, with genotypic resistance increasing from 14% 
in year 1 to 38%, 49%, 66% and 69% after 2, 3, 4 and 5 
years of  treatment, respectively[9]. Detection of  genotypic 
resistance is the first event to occur in the development 
of  viral resistance, followed by the occurrence of  viral 
breakthrough, described as a 1 log rise in HBV DNA 
above the nadir (in a compliant patient), and finally clinical 
resistance occurs when alanine aminotransferase (ALT) 
is abnormal[10]. However, genotypic lamivudine resistance 
tests are not readily available in developing countries and 
are expensive. Once resistance develops, rescue therapy 
with add-on adefovir is usually recommended early before 
the onset of  clinical resistance[4] as the efficacy of  rescue 
therapy appears to be better with early rescue compared to 
delayed rescue, but it is not clear whether all patients will 
have clinical resistance if  left untreated. Consequently, the 
utility of  ALT to diagnose lamivudine resistance is unclear. 
Once resistance occurs, strategies for the management of  
viral resistance are likely to be varied depending on the 
availability of  resources, reimbursement policies, expertise 
of  the physicians, and available generic medications. In ad-
dition, monitoring for viral resistance with either genotypic 
tests or HBV DNA may be prohibitively expensive in 
developing countries and some patients may only be able 
to afford to have frequent ALT testing as a surrogate for 
lamivudine resistance. Thus, we aimed to determine the 
accuracy of  ALT in diagnosing lamivudine resistance, and 
to determine factors associated with abnormal ALT upon 
development of  viral resistance. 

MATERIALS AND METHODS
Study design and patient population
This study was a retrospective analysis of  a prospectively 
collected database. All patients started on lamivudine for 
clinical indications at the Hepatology Clinic in the Na-
tional University Hospital, Singapore were enrolled into a 
clinical database and followed every 3 mo with liver func-
tion tests and HBV DNA measurement from December 
1999 to January 2007. Patients were excluded if  they had 
prior lamivudine therapy or had organ transplantation. Pa-
tient demographic data, baseline biochemical parameters, 
HBV DNA viral load and lamivudine resistance mutations 
were entered into the database. This study was approved 
by the National Healthcare Group Institutional Review 
Board. Waiver of  consent was approved by the Institu-
tional Review Board as patient identifiers were removed 
(anonymised) during data collection.

Liver function tests (LFTs) were performed using 
Advia Chemistry, (Advia Centaur Systems, Siemens Medi-
cal Solutions Diagnostics Pty Ltd, Bayswater, Australia). 
HBsAg, HBeAg and anti-HBe were tested using Roche 
Diagnostic kits (Roche Diagnostics GmbH, Mannheim, 
Germany). Up to April 2006, serum HBV DNA was mea-
sured with the Hybrid Capture Ⅱ HBV DNA Test (Digene 
Corporation, Gaithersburg, MD, USA) with a detection 
range of  1.4 × 105 copies/mL (6.1 × 104 IU/mL) to 1.7 
× 109 copies/mL (7.4 × 108 IU/mL). Since April 2006, 
HBV DNA levels were measured with the Artus HBV 
RG (real time) PCR kit (Qiagen Diagnostics, Hamburg, 
Germany), with a detection range of  100 copies/mL (1.7 
× 101 IU/mL) to 1 × 109 copies/mL (1.7 × 108 IU/mL). 
HBV DNA results were standardized by converting to 
WHO IU/mL[11]. The conversion factors for the Hybrid 
Capture Ⅱ HBV DNA Test was 2.3 copies/mL[12], and 
for the Artus HBV RG (real time) PCR kit was 5.8 cop-
ies/mL equivalent to 1 IU/mL[13]. Lamivudine resistance 
was tested at the time of  virological breakthrough, and was 
not tested at baseline. To test for lamivudine resistance, the 
HBV DNA polymerase gene RT domain was amplified by 
PCR followed by the INNO-LiPA HBV DR v2 detection 
kit (INNOGENETICS N.V. Belgium). Screened muta-
tions for lamivudine resistance included rtL80V/I, rtV/
G173L, rtL180M and rtM204V/I/S.

Definition of terms
Patients with lamivudine resistance were defined as those 
who had virological breakthrough and the presence of  
mutations conferring resistance confirmed by genotyping, 
including rtL80V/I, rtV/G173L, rtL180M and rtM204V/
I/S.

Virological breakthrough was defined as a rise in HBV 
DNA of  1 log from nadir on at least 2 occasions after 
achieving virologic response during continuous treatment. 
Persistent abnormal ALT was defined as ALT above the 
upper limit of  normal (ULN) for more than 1 mo during 
the treatment period, regardless of  prior ALT normal-
ization. Patients with persistently elevated ALT during 
treatment (absence of  biochemical response) and with 
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viral resistance were also considered to have persistently 
abnormal ALT. ALT flare was defined as ALT more than 
5 times the ULN[14]. ALT during lamivudine resistance 
(taken at the time point of  virological breakthrough) was 
compared to ALT levels in those without lamivudine re-
sistance (using the mean ALT value of  all time points dur-
ing treatment). The diagnosis of  cirrhosis was based on 
liver biopsy, when available, or clinical, biochemical and 
ultrasonography findings.

Statistical analysis
All data was analyzed using the statistical package SPSS 
(version 12.0: SPSS Inc., Chicago, IL, USA). Categorical 
data were described in number and percentage, and tested 
by Fisher’s exact test for univariate analysis. Continuous 
data were tested for normality, described in mean (95% 
CI), and analyzed by independent sample t-test. Statisti-
cally significant differences between analyzed groups were 
defined when the P value < 0.05. All clinically important 
variables were included in multivariate analysis using mul-
tiple logistic regression. Variables with multi-collinearity 
were excluded from the model. Analyzed results were 
shown as point estimates and 95% CI. The sensitivity and 
specificity of  ALT in diagnosing lamivudine resistance 
was tested using the area under the receiver operating 
characteristic (AUROC) curve. ALT levels used for this 
analysis were those measured at the same time point dur-
ing treatment in which viral rebound was detected.

RESULTS
A total of  228 subjects were included in the analysis, 
111 of  whom had lamivudine resistance, and 117 had no 
lamivudine resistance. The majority were Chinese [n = 
215 (94.3%)] males [n = 167 (73.2%)], with a median age 
of  48.2 years. Seventy-one (31.1%) had cirrhosis, and 
119 (52.2%) had HBeAg positive CHB. At baseline, the 
2 groups with and without lamivudine resistance were 
similar in gender (P = 0.928), race (P = 0.183), age (P = 
0.13), baseline bilirubin (P = 0.899), albumin (P = 0.541), 
ALT (P = 0.650), aspartate aminotransferase (AST) (P = 

0.891) and cirrhosis (P = 0.682). However, patients who 
developed lamivudine resistance were more likely to be 
HBeAg positive and have higher HBV DNA at baseline 
(Table 1), and these parameters were significant after 
multivariate analysis (Table 2). Of  these 111 patients, 74 
had abnormal ALT after the development of  lamivudine 
resistance, with a mean duration between viral break-
through and abnormal ALT of  11.1 + 15.1 mo.

HBV DNA and lamivudine resistance
Out of  the 228 patients’ baseline HBV DNA results, 
only 13 were measured with the Artus HBV RG PCR 
kit. The rest were measured with the Hybrid Capture 
Ⅱ HBV DNA Test. Among the 111 patients with lami-
vudine resistance, viral breakthrough in 86 patients was 
detected with the Hybrid Capture Ⅱ HBV DNA Test. 
The other 25 patients were detected with the Artus HBV 
RG PCR kit. For the 117 patients with no lamivudine 
resistance, these patients continued to have undetectable 
HBV DNA which was confirmed on subsequent tests 
with the Artus HBV RG PCR kit during follow-up. 
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Table 1  Baseline characteristics of lamivudine treated patients

Lamivudine resistance (n = 111) Lamivudine no resistance (n = 117) P  value

Male, n (%)   81 (73.0)   86 (73.5) 0.928
Chinese, n (%) 107 (96.4) 108 (92.3) 0.183
Age, yr [mean (95%CI)]  46.5 (44-49)   49.6 (47-52) 0.080
Cirrhosis, n (%)   36 (32.4)   35 (29.9) 0.682
Baseline bilirubin, mmol/L [mean (95% CI)]     19 (15-23)     30 (17-43) 0.124
Baseline albumin, g/L [mean (95% CI)]     36 (34-37)     37 (36-38) 0.326
Baseline ALT, U/L [mean (95% CI)]       175 (131-219)       269 (191-348) 0.038
Baseline AST, U/L [mean (95% CI)]     132 (88-176)       197 (132-262) 0.100
HBeAg positive, n (%)   77 (70.0)   42 (35.9) < 0.001
Baseline log HBV DNA, IU/mL [mean (95% CI)]      6.5 (6.3-6.8)       5.7 (5.4-6.1) < 0.001
Baseline abnormal ALT, n (%)     59 (53.15)     65 (55.55)    0.716

Patients with (n = 111) and without lamivudine resistance (n = 117). ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; HBV: Hepatitis B 
virus; HBeAg: Hepatitis B  "e" antigen.

Table 2  Multivariate analysis of baseline characteristics be-
tween patients with and without lamivudine resistance

Adjusted 
P  value

Adjusted 
OR (95% CI)

Male 0.842   1.080 (0.506-2.307)
Chinese 0.343   2.099 (0.454-9.707)
Mean age, yr 0.448   0.989 (0.960-1.018)
Cirrhosis 0.977   1.011 (0.479-2.133)
Baseline bilirubin, μmol/L 0.457   0.996 (0.984-1.007)
Baseline albumin, g/L 0.108   0.950 (0.893-1.011)
Baseline ALT, U/L 0.099   0.997 (0.994-1.000)
Baseline AST, U/L 0.521   1.001 (0.998-1.005)
HBeAg positive 0.005   2.857 (1.383-5.903)
Baseline log HBV DNA, IU/mL 0.014   1.415 (1.073-1.865)
Baseline abnormal ALT 0.923 0.959 (0.405-2.27)

Baseline hepatitis B virus (HBV) DNA and hepatitis B  "e" antigen (HBeAg) 
status were independent predictors of lamivudine resistance. ALT: Ala-
nine aminotransferase; AST: Aspartate aminotransferase.
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Accuracy of serum ALT as a diagnostic marker for 
lamivudine resistance
When the entire group of  lamivudine resistant patients 
was analyzed, the AUROC was 0.645 (95% CI: 0.569-0.715, 
standard error: 0.037) for ALT in the diagnosis of  lami-
vudine resistance, with ALT > 42.5 U/L giving the best 
diagnostic accuracy with a sensitivity of  61%, specificity of  
60%, positive predictive value of  60%, negative predictive 
value of  61%, positive likelihood ratio of  1.53, and nega-
tive likelihood ratio of  0.65 for predicting lamivudine resis-
tance (Figure 1 and Table 3). Using this cutoff, lamivudine 
resistance would be missed in 39% of  resistant patients. 
Using other ALT cutoffs, the diagnostic accuracy for la-
mivudine resistance was poorer (Table 3). Based on the 
normal range in our hospital laboratory (ULN ≤ 70 U/L), 
only 39% of  patients would be diagnosed with lamivudine 
resistance and 61% would be missed. Based on the new 
AASLD guidelines (2), which suggested that the ULN for 
ALT should be decreased to 30 U/L for men and 19 U/L 
for women, 85% of  males and 90% of  females would be 
diagnosed with lamivudine resistance, but a high false posi-
tive resistance rate would be observed (72% of  males and 
93% of  females). 

A possible confounding factor is that early adefovir 
rescue (arbitrarily defined as adefovir treatment within  
3 mo of  lamivudine resistance) would result in resolution 
of  virological breakthrough and arrest the rise in ALT. 

Consequently, we examined patients who had started ad-
efovir 3 mo after the diagnosis of  lamivudine resistance. 
Of  111 patients, 68 fulfilled this criterion, and we re-
analyzed the utility of  ALT in the diagnosis of  lamivudine 
resistance using this subgroup. The results were virtually 
identical to those of  the entire cohort of  lamivudine re-
sistant patients (n = 111), with the AUROC curve being 
0.653, and ALT > 42.5 U/L giving the best sensitivity and 
specificity for predicting lamivudine resistance.

Abnormal ALT and the duration of lamivudine resistance
Of  the 74 patients with abnormal ALT post-resistance, 
27 (36%) belonged to the group that started adefovir 
within 3 mo of  developing genotypic lamivudine resis-
tance, indicating that abnormal ALT can occur soon 
after viral breakthrough.

Patients with persistently normal ALT
For the 37 patients (33.3%) with normal ALT (ULN 
< 70 U/L) after lamivudine resistance, the mean (SD) 
follow-up was 11 + 22 mo from the development of  
lamivudine resistance until adefovir rescue, 24% had at 
least 6 mo of  follow-up from the development of  lami-
vudine resistance until adefovir rescue. However, if  the 
new AASLD guidelines were utilized, only 13 males (ALT 
< 30 U/L) and 5 females (ALT < 19 U/L) would have 
fulfilled the criteria for persistently normal ALT. 

Patients with abnormal ALT 
Of  the patients with abnormal ALT (ULN < 70 U/L) 
[n = 74 (66.7%)] after the development of  lamivudine 
resistance, 24 (21.6%) had ALT flares during lamivudine 
resistance. Of  these 74 patients, 42 (57%) had persistently 
abnormal ALT, while 32 (43%) had transiently abnormal 
ALT during resistance. By univariate analysis, only base-
line abnormal ALT was associated with abnormal ALT 
during resistance (P = 0.009). Gender (P = 0.111), race (P 
= 0.107), cirrhosis (P = 0.673), baseline HBeAg status (P 
= 1.00) and duration of  lamivudine treatment (P = 0.42) 
were not associated with abnormal ALT during resis-
tance by univariate analysis. Multivariate analysis showed 
that only abnormal ALT at baseline was associated with 
abnormal ALT during resistance (OR = 5.98, P = 0.003, 
95% CI: 1.8-19.7). Gender, baseline HBV DNA, and 
baseline HBeAg status were not associated with abnormal 
ALT during resistance, by multivariate analysis. By univari-
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Table 3  Diagnostic characteristics of various alanine aminotransferase cut-off levels for detecting lamivudine resistance

ALT (U/L) Sensitivity (%) Specificity (%) Positive predictive 
value (%)

Negative predictive 
value (%)

Positive likelihood ratio Negative likelihood ratio

> 42.5 61 60 60 61 1.53 0.65
> 70 39 81 67 58 2.05 0.75
> 30 (males) 85 28 53 66 1.18 0.56
> 19 (females) 90   7 50 40 0.96 1.40

The alanine aminotransferase (ALT) value of 42.5 U/L was found to be the best curve to fit receiver operating characteristics, while the ALT value of 70 U/L 
was the upper cutoff limit of the normal range in our laboratory, and ALT 30 U/L and 19 U/L were the cutoff values for males and females, respectively, based 
on the new Association for Study of Liver Disease guidelines.

Figure 1  Receiver operating characteristics curve using different alanine 
aminotransferase levels as cutoffs. Alanine aminotransferase (ALT) cutoff 
of 42.5 gives the best area under the receiver operating characteristic (ROC) 
curve 0.645.
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ate analysis, male gender was associated with ALT flares 
during resistance (P = 0.02). Race, age, baseline cirrhosis, 
albumin, ALT, AST, bilirubin, ALT flare at baseline and 
HBV DNA level were not associated with ALT flares dur-
ing resistance. By multivariate analysis, only male gender 
was associated with ALT flares during resistance (OR = 
8.9, P = 0.016, 95% CI: 1.5-53.3). Baseline ALT, abnormal 
ALT, and HBeAg status were not associated with ALT 
flares during resistance by multivariate analysis.

DISCUSSION
Development of  viral resistance is a major concern in the 
treatment of  CHB. This is particularly true for lamivudine, 
the first licensed nucleoside analogue for therapy of  CHB. 
Lamivudine is highly efficacious but this efficacy is blunted 
by the rapid development of  viral resistance[15]. Since the 
first descriptions of  lamivudine resistance were published, 
much has been learned about the development of  resis-
tance. The first appearance of  HBV resistance is the detec-
tion of  genotypic mutations that confer resistance. Subse-
quently, viral breakthrough occurs and finally biochemical 
resistance (defined as the development of  abnormal ALT 
due to viral resistance) appears[10]. However, the question of  
whether all patients develop biochemical resistance[16] has 
not been addressed. We have shown that not all patients 
with viral resistance develop abnormal ALT, with 33% hav-
ing persistently normal ALT (ULN < 70 U/L) after the de-
velopment of  lamivudine resistance. This finding, however, 
may be confounded by the insufficient length of  follow-up 
before adefovir rescue. Consequently, when we excluded 
patients who had early adefovir rescue (arbitrarily defined 
as adefovir rescue within 3 mo of  lamivudine resistance), 
there were still 31% of  patients with persistently normal 
ALT (ULN < 70 U/L) of  which 71% of  patients were fol-
lowed for > 6 mo before adefovir treatment, indicating that 
length of  follow-up was unlikely to be a confounder. Our 
study showed ALT to be an inadequate diagnostic test for 
viral resistance, with an AUROC of  0.645 in the best case 
scenario using an ALT cutoff  of  42.5 U/L, which showed 
a sensitivity of  61%, specificity of  60%, positive predictive 
value of  60%, negative predictive value of  61%, positive 
likelihood ratio of  1.53 and negative likelihood ratio of  0.65, 
and with 39% of  patients with lamivudine resistance being 
missed. Using other ALT cutoff  levels, such as the normal 
range for our laboratory (ULN = 70 U/L) or the AASLD 
guidelines (males ULN = 30 U/L, females ULN = 19 U/L), 
did not improve diagnostic accuracy.

Although two different assays were used in our study 
to measure HBV DNA levels, all patients who were ini-
tially assessed to have no viral breakthrough based on the 
less sensitive Hybrid Capture Ⅱ HBV DNA Test, were 
subsequently found to have undetectable HBV DNA 
when tested with the sensitive Artus HBV RG real time 
PCR kit during follow-up, with a lower limit of  detec-
tion of  100 copies/mL (1.7 × 101 IU/mL). The majority 
of  HBV DNA quantifications were carried out using a 
relatively insensitive method (lower limit of  detection of  
140 000 copies/mL), which might have led to an overesti-

mation of  the predictive value of  ALT for diagnosing vi-
ral resistance, as “late” viral rebounds could result in more 
cases of  viral resistance with abnormal ALT, thus making 
the poor performance of  ALT even more striking.

Our study also showed that not all patients develop 
clinical resistance. Hence, the postulated evolution of  HBV 
resistance starting with the development of  genotypic re-
sistance mutations, followed by viral breakthrough, then 
clinical resistance may not be applicable to all patients. This 
is particularly pertinent since the EASL guidelines for the 
management of  CHB[4] state that rescue therapy should 
be instituted before the advent of  clinical resistance, how-
ever, this latter finding may never be seen if  ALT remains 
persistently normal. The most important predictor of  the 
development of  abnormal ALT upon development of  
lamivudine resistance was the baseline ALT value and ab-
normal ALT at baseline. While the ALT value may not be 
a very useful diagnostic marker for lamivudine resistance, 
there are additional implications of  having a normal ALT 
despite the presence of  viral resistance. Normal ALT val-
ues can be associated with histological damage[17] and dis-
ease progression in patients with CHB, but does this apply 
in cases of  viral resistance? The evidence is mixed. We pre-
viously reported that patients with cirrhosis and lamivudine 
resistance have a high risk of  mortality when untreated. In 
this group, ALT was normal in a substantial proportion of  
patients (40%)[18]. In the presence of  lamivudine resistance, 
liver histology may still show improvement. In a patho-
logical study of  liver biopsies in patients with and without 
lamivudine resistance, improvement in histology was high-
est in those who had no evidence of  genotypic resistance, 
and those who developed lamivudine resistance still had 
improvement in histology, albeit in a smaller proportion 
of  patients[19]. Other than the implications for histologi-
cal damage and disease progression, in some Asia-Pacific 
countries such as South Korea[20], Japan[20], Australia[20,21], 
and Taiwan (China)[22], an abnormal ALT during viral 
resistance is a requirement for reimbursement from the 
Government for rescue therapy with adefovir. This would 
mean that a significant proportion of  patients with lamivu-
dine resistance would not be able to receive rescue therapy 
and may run the risk of  disease progression. 

In conclusion, abnormal ALT does not occur in a 
significant proportion of  patients with lamivudine re-
sistance, consequently the predictive value of  ALT in 
diagnosing lamivudine resistance is low, and cannot be 
used as a surrogate for lamivudine resistance. Although 
lamivudine is the cheapest oral antiviral agent available 
in Asia and is globally still the most widely used oral an-
tiviral agent for CHB[23], the added cost of  monitoring 
with expensive HBV DNA assays and viral resistance 
tests such as InnoLIPA, makes it economically attractive 
to consider cheaper options to evaluate lamivudine resis-
tance. Unfortunately serum ALT cannot fulfill this role.
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HBV genotypic resistance are not easily available in many of these countries.
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