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A B S T R A C T

Context: Raising the chemotherapy-induced HBV reactivation is parallel to the increment of chemotherapy treatments in breast cancer 
patients. This meta-analysis aims to evaluate the efficacy of prophylactic use of lamivudine in breast cancer patients with HBsAg positive 
during chemotherapy.
Evidence Acquisition: MEDLINE, Pubmed, Ovid and Embase were used to search for clinical studies comparing with or without prophylactic use 
of lamivudine for HBV reactivation in breast cancer patients receiving chemotherapy. Outcomes of interest were the rate of HBV reactivation, 
incidence of hepatitis and incidence of hepatitis attributable to HBV reactivation, severity of hepatitis and severity of hepatitis attributable 
to HBV reactivation, the rate of chemotherapy disruption, and the rate of chemotherapy disruption attributable to HBV reactivation, overall 
mortality, and mortality attributable to HBV reactivation.
Results: Four studies with 285 patients were included in this meta-analysis. The rate of HBV reactivation, incidence of hepatitis and incidence 
of hepatitis related to HBV reactivation were reduced by use of prophylactic lamivudine compared to control group. Pooled Odds Ratios 
(ORs) were 0.09 (95% confidence intervals [CI] 0.03-0.26; P < 0.0001), 0.23 (95% CI 0.06-0.92; P = 0.04), and 0.10 (95% CI 0.03-0.32; P < 0.0001) 
respectively. There was a reduction in chemotherapy disruption related to HBV reactivation by use of prophylactic lamivudine (pooled 
OR = 0.11; 95% CI 0.02-0.58; P = 0.01). Chemotherapy disruption, overall mortality, and mortality attributable to HBV reactivation were not 
significantly different between two groups. Pooled ORs were 0.42 (95% CI 0.11-1.58; P = 0.20), 0.37 (95% CI 0.07-2.04; P = 0.25), and 0.25 (95% CI 
0.01-6.82; P = 0.41) respectively. Lamivudine was well-tolerated, and no additional toxicity was observed.
Conclusions: Use of prophylactic lamivudine may have positive effect on the outcome of breast cancer patients with HBsAg positive during 
chemotherapy.
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Implication for health policy/practice/research/medical education:
Prophylactic use of lamivudine in patients with Breast cancer undergoing chemotherapy can reduce the rate of HBV reactivation, 
incidence of hepatitis and incidence of HBV related-hepatitis reactivation, with the tendency to reduce severity of hepatitis and se-
verity of HBV reactivation related-hepatitis. Although chemotherapy disruption has only a tendency to be reduced, chemotherapy 
disruption related to HBV reactivation has been reduced effectively. This allows more Breast cancer patients to receive adequate 
anti-cancer therapy, which may interpret as survival advantage that may become an evident with a long-term follow-up. Neverthe-
less, overall mortality and mortality related to HBV reactivation were not significantly different. The optimal duration of preventive 
lamivudine therapy in Breast cancer patients with HBsAg positive during and after chemotherapy should be determined by further 
studies.
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1. Context
Hepatitis B virus (HBV) reactivation is a well-known 

complication of cytotoxic chemotherapy for malignancy 
(1, 2). The reports of HBV reactivation of patients with he-
matologic malignancies has been gained recently (3-8), 
but there are reports concerning reactivation in patients 
with solid tumors (9-11). In patients with solid tumors re-
ceiving chemotherapy, the highest rates of HBV reactiva-
tion have been reported in breast cancer patients and the 
incidence ranges are between 41% and 56% (12, 13). There 
is a great diversity of clinical presentation while HBV re-
activation, ranging from a subclinical and asymptomatic 
elevation of hepatic enzymes to severe acute hepatitis 
and even death resulting from fulminant hepatic failure 
is reported (14). Moreover, delaying or premature termi-
nation of chemotherapy may also compromise these pa-
tients’ prognosis (13).

Lamivudine, a nucleoside analogue, has a beneficial ef-
fect on preventing HBV reactivation and HBV-related 
death in patients with HBV surface of positive antigen 
(HBsAg) e undergoing chemotherapy (15-17). Most rele-
vant studies focused on patients with lymphoma (18-20), 
whereas information on breast cancer patients has been 
missed (21-23). Further, the application of prophylactic la-
mivudine for HBV reactivation in chemotherapy remains 
controversial and is not standardized (24). We conducted 
a meta-analysis to assess the efficacy of use of prophylac-
tic lamvudine on preventing HBV reactivation, hepatitis, 
severity of hepatitis, disruption of chemotherapy and 
mortality in breast cancer patients with HBsAg positive 
receiving systemic chemotherapy.

2. Evidence Acquisition

2.1. Search Methods for the Identification of Studies
The electronic databases such as MEDLINE, Pubmed, 

Ovid and Embase were used to search all clinical stud-
ies with or without prophylactic use of lamivudinec for 
hepatitis B reactivation in breast cancer patients receiv-
ing chemotherapy. The literature searches were carried 
out using following medical subject headings (MeSH) 
and free text words: “lamivudine”, “chemotherapy”, “can-
cer”, “carcinoma”, “neoplasm”, “malignant” and “breast”. 
We also checked the reference lists of all identified stud-
ies If multiple trials were derived from the same or partly 
overlapping study populations, only the largest or most 
recent eligible trial with detailed information would be 
included. The searches of the entire databases were con-
ducted by June 2011. No language and time restrictions 
were considered in the course of articles searching.

2.2. Outcomes of Interest and Definitions
The primary outcomes were the rate of HBV reactiva-

tion, incidence of hepatitis and incidence of hepatitis 
attributable to HBV reactivation, rate of chemotherapy 

disruption, and rate of chemotherapy disruption at-
tributable to HBV reactivation and overall mortality and 
mortality attributable to HBV reactivation. The second-
ary outcomes were severity of hepatitis and severity of 
hepatitis attributable to HBV reactivation. According 
to the definition initially described by Lok et al. (5) and 
subsequently modified by Yeo et al. (10), hepatitis was 
defined as more than three times increase in alanine 
aminotransferase (ALT) that exceeded the upper limit of 
normal range (ULN) or an absolute increase of ALT which 
is more than 100 U/L compared to baseline pre-chemo-
therapy value. The ULN was different based on different 
levels of individual studies. Hepatitis attributable to HBV 
reactivation was defined as an increase in HBV DNA levels 
of more than 10 times compared to the baseline level or 
an absolute increase of HBV DNA levels that exceeded 1 × 
109 copies/ml, in the absence of other systemic infection. 
The severity of hepatitis was defined as ‘mild’, ‘moderate’, 
and ‘severe’ when the rise in ALT was ≤ 2 × ULN, > 2 × and 
≤ 5 × ULN, and > 5 × UNL respectively. Chemotherapy 
disruption was defined as either a premature termina-
tion of chemotherapy or a delay of more than 8 days of 
chemotherapy between cycles. The death related to HBV 
reactivation was defined as death of a patient who had 
documented HBV reactivation that was reported to be as 
an HBV-related death and had no other apparent cause of 
death.

2.3. Inclusion and Exclusion Criteria
The studies in this meta-analysis included two arms of 

prophylactic use of lamivudine (the prophylactic lami-
vudine group) and non-prophylactic use of lamivudine 
(the control group) to prevent HBV reactivation in breast 
cancer patients with HBsAg positive during systemic che-
motherapy, irrespective of either randomized, controlled 
studies, or retrospective and prospective cohort stud-
ies. Studies were not done if no relevant data could be 
extracted. Patients who had been treated with anti-HBV 
therapy within the previous 6 months were excluded. Pa-
tients with HIV co-infection were excluded, too. The study 
with the largest number of patients and explicit details 
was selected among reduplicative studies.

2.4. Study Selection and Date Extraction
Two reviewers independently screened titles and ab-

stracts for inclusion and exclusion according to the in-
clusion criteria and the exclusion criteria. Data were ex-
tracted from selected study including demographic data, 
baseline ALT, viral marker status [HBsAg, anti-HBV surface 
antibody (HBsAb), HBV envelope antigen (HBeAg), anti-
HBV envelope antibody (HBeAb), HBV core antigen (HB-
cAg), anti-HBV core antibody (HBcAb) and HBV DNA quan-
titation], rate of HBV reactivation, incidence of hepatitis, 
severity of hepatitis, chemotherapy disruption, overall 
mortality, incidence of hepatitis and severity of hepatitis 
attributable to HBV reactivation, chemotherapy disrup-
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tion and mortality attributable to HBV reactivation. Any 
disagreements between reviewers will be resolved by 
consensus or if necessary by arbitration done by a third 
reviewer. For each data which were not clear or not pre-
sented by the authors in the publications, we attempted 
to contact the authors for more details.

2.5. Statistical Analysis
All interesting outcomes were dichotomous data and 

were presented as an odds ratio (OR) with 95% confi-
dence intervals (CI). Statistical homogeneity of effects 
was evaluated using chi-square (Chi2) and I-square (13) 
tests, with P < 0.1 indicating significant heterogeneity. 
There was obvious clinical heterogeneity due to variant 
chemotherapeutics in each study or even in each group. 
So random effect model was used to estimate the pooling 
effect of outcomes even in the situation where no signifi-
cant heterogeneity was confirmed. Sensitive analysis was 
carried out by excluding the heterogeneity study or the 

study of the least sample size depending on the presence 
or absence of significant heterogeneity. Potential publi-
cation bias in the meta-analysis was assessed by Begg’s 
Test. Statistical significance was analyzed by P value (P 
< 0.05). The Cochrane Collaboration’s Review Manager 
Software (RevMan version 5.0; Oxford, United Kingdom) 
was used for data analysis, and the Stata version 10 (Com-
puter Resource Center, Atlanta, Ameriman) was used for 
the assessment of potential publication bias.

3. Results
All of the 256 studies were identified. By scanning titles 

and abstracts, 241 redundant publications, trial, and re-
view were excluded. After referring to full texts, 6 studies 
that did not fulfill the inclusion criteria were removed. 
Five studies were excluded from the remaining nine com-
parative studies. The flow diagram of the trial selection 
process was shown in Figure 1. 

Potential relevant referennces
identified and screened for retrieval

(n = 256)

Potential relevant referennces
for detailed evaluation

(n = 15)

Excluded by title and abstract review

(n = 241)

Comparative studies
(n = 9)

Excluded by full text review (n = 6)

4 Included other type cancer

2 Non comparative studies

Excluded by (n = 5)

3 Inadequate study group
1 Other intervention in the control group
1 Repeated study

Studies included final systematic rewiew (n = 4)

1 Randomized controlled study
2 Historical control studies
1 Retrospective control study

Figure 1. Modified Flow Chart According to the QUOROM Statement Summarizing the Number of Screened Abstracts and Identified Relevant Articles 
During the Review Process
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Table 1. The Baseline Characteristics of the Four Trials

  Dai et al. (2004) Yeo et al. (2004) Long et al. (2011) Yun et al. (2011)

P C P C P C P C

No. of Patients 11 9 31 61 21 21 55 76

Gender, female/male NM NM 31/0 61/0 21/0 21/0 55/0 76/0

Age, y, Median (Range) 47 (36-58) 43 (27-55) 46 (31-68) 46 (31-71) 45 (29-64) 43 (20-62) 48 (30-68) 46 (30-69)

Baseline ALT Median 
(Range), IU/l

14 (12-31) 15 (6-54) 28 (13-137) 27 (10-98) 22.3 (7.0-96.0) 14.6 (6.0-27.0) 25a 25a

Baseline Viral Status                

HBsAg, +/- 11/0 9/0 31/0 61/0 21/0 21/0 55/0 76/0

HBsAb, +/- NM NM NM NM 2/19 1/20 NM NM

HBeAg, +/- 2/9 1/8 NM NM 2/19 3/18 NM NM

HBeAb, +/- 9/2 8/1 NM NM 18/3 17/4 NM NM

HBcAg, +/-/missing NM NM NM NM 2/14/5 3/13/5 NM NM

HBcAb, +/- NM NM NM NM 21/0 20/1 NM NM

HBV-DNA, log cop-
ies/ml

3.11a 2.57a NM NM 6.16×106b 3.99×106b NM NM

Chemotherapy Regimen                

Anthracyline Based 5 4 30 36 2 1 28 45

Taxane Based 0 2 NM NM 7 4 0 0

Anthracyline and 
Taxane Based

5 3 NM NM 10 16 27 31

Others 1 0 NM NM 2 0 0 0

Type of Trial Randomized con-
trolled study

Historic controlled 
study

Historic controlled study Retrospective con-
trolled study

Abbreviations: ALT, alanine aminotransferase; C, the control group; NM, non-mentioned; P, the prophylactic lamivudine group
a Mean
b Median

Four studies with 285 patients were included in this 
study (12, 23, 25, 26). One study was the prospective ran-
domized controlled study (25), the other two studies 
were longitudinal historic controlled studies (12) and 
the remaining one is retrospective controlled study (26). 
The baseline characteristics of the four included studies 
were summarized in Table 1. All of the patients of four 
studies were from East Asia, three (12, 23, 25) from China 
and one (26) from Korea. The four studies (12, 23, 25, 26) 
concentrated on breast cancer patients with HBsAg posi-
tive and only two (12, 25) provided the baseline HBV, DNA 
prior to chemotherapy. There were no significant differ-
ences among baseline study characteristics with regards 
to patients’ age and baseline ALT prior to chemotherapy 
between the prophylactic and the control group in four 
studies. Chemotherapeutic regimens were not signifi-
cantly different in three studies (12, 25, 26), but a higher 
proportion of anthracycline-based chemotherapeutic 
regimens in the prophylactic group were found com-
pared to the control group in one study (23). The interest-
ing outcomes included in the meta-analysis were shown 
in Table 2.

3.1. Primary Outcome
There were significant differences in counterpart 

groups in various outcomes, including rate of HBV reacti-
vation [2.5% vs. 27.5% pooled OR = 0.09, 95%CI (0.03, 0.26), 
P < 0.0001] (Table 3), incidence of hepatitis [11.9% vs. 41.3%, 
pooled OR = 0.23, 95%CI (0.06, 0.92), P = 0.04] (Table 3), in-
cidence of hepatitis attributable to HBV reactivation [2.5% 
vs. 23.5%, pooled OR = 0.10, 95%CI (0.03, 0.32), P < 0.0001] 
(Table 3) and rate of chemotherapy disruption attribut-
able to HBV reactivation [0.01% vs. 12.7%, pooled OR = 0.11, 
95%CI (0.02, 0.58), P = 0.01] (Table 3). It is suggested that 
the outcomes were in favor of the prophylactic lamivu-
dine group. Heterogeneity was not found in the rate of 
HBV reactivation (P = 0.81, Table 3), incidence of hepatitis 
attributable to HBV reactivation (P = 0.75, Table 3) and the 
rate of chemotherapy disruption attributable to HBV 
reactivation (P = 0.83, Table 3). However, it exhibited sig-
nificant heterogeneity in incidence of hepatitis (P = 0.02, 
Table 3) which could be due to the trial of Long et al. (25). 
Sensitive analysis showed that there was still significant 
difference in this four outcome measures (Table 3). 



Lamivudine and breast cancer patients with HBsAg positive Zheng Y et al.

5Hepat Mon. 2013;13(4):e6496

Table 2. The Results for Various Outcomes of the Four Trials

  Dai et al. (2004) Yeo et al. (2004) Long et al. (2011) Yun et al. (2011)

P C P C P C P C

HBV reactivation 0 5 2 19 0 6 1 16

Hepatitis 0 5 4 36 5 3 5 25

Hepatitis Attributable to HBV Reactivation 0 4 2 19 0 0 1 16

Severity of hepatitis                

Mild 1 0 1 11 3 2 3 3

Moderate 2 1 0 13 0 1 2 7

Severe 0 4 3 12 2 0 0 15

Severity of Hepatitis Attributable to HBV Reactivation              

Mild 0 0 0 8 0 0 0 2

Moderate 0 1 0 7 0 0 1 1

Severe 0 3 2 4 0 0 0 13

Chemotherapy Disruption NM NM 5 28 4 2 2 11

Chemotherapy Disruption Attributable to HBV 
Reactivation

NM NM 1 13 0 0 0 7

Overall Mortality 1 2 NM NM 0 1 0 1

Mortality Attributable to HBV Reactivation 0 1 NM NM 0 0 0 0

Abbreviations: C, the control group; NM, non-mentioned; P, the prophylactic lamivudine group We made a mistake in Abbreviations.

Comparison between the prophylactic lamivudine and 
the control group showed no significant difference for 
rate of chemotherapy disruption [10.3% vs. 25.9%, pooled 
OR = 0.42, 95%CI (0.11, 1.58), P = 0.20] (Table 3), overall mor-
tality [1.1% vs. 3.8%, pooled OR = 0.37, 95%CI (0.07, 2.04), P 
= 0.25] (Table 3) and mortality attributable to HBV reacti-
vation [0% vs. 0.01%, pooled OR = 0.25, 95%CI (0.01, 6.82), 
P = 0.41] (Table 3). There was significant heterogeneity in 
the rate of chemotherapy disruption (P = 0.08, Table 3) 
and no significant heterogeneity in overall mortality (P = 
0.99, Table 3). The difference in overall mortality still was 
not statistically significant (P = 0.41, Table 3) in which the 
study with the least sample (12) was removed. However, 
the rate of chemotherapy disruption was lower in the 
prophylactic group than in the control group by omit-
ting the study of Long et al. (25) which was the origin of 
heterogeneity (P = 0.001, Table 3). Heterogeneity and sen-
sitive analysis were not assessed in mortality related to 
HBV reactivation as two studies (25, 26) reported that no 
patients died of HBV reactivation and only one patient 
died in the control group in the study of Dai et al. (12) 
(Table 3).

3.2. Second outcome
There was no significant difference between the pro-

phylactic lamivudine and the control group in incidence 
of mild hepatitis [6.8% vs. 9.6%, pooled OR = 0.90, 95%CI 
(0.27, 3.03), P = 0.87] (Table 3), moderate hepatitis [3.4% vs. 
13.2%, pooled OR = 0.36, 95%CI (0.11, 1.26), P = 0.11] (Table 
3), mild hepatitis attributable to HBV reactivation [0 vs. 
6.0%, pooled OR = 0.16, 95%CI (0.02, 1.30), P = 0.09] (Table 

3) and moderate hepatitis attributable to HBV reactiva-
tion [0.8% vs.5.4%, pooled OR = 0.36, 95%CI (0.07, 2.03), P 
= 0.25] (Table 3). There was no significant heterogeneity 
in all four outcome measures (Table 3). Sensitive analy-
sis showed that there was fewer incidence of moderate 
hepatitis in the prophylactic group than in the control 
group (P = 0.03, Table 3) and the difference still were not 
statistically significant in the remaining three outcome 
measures (Table 3).

Additionally, there was no significant difference be-
tween the prophylactic lamivudine group and the con-
trol group in incidence of severe hepatitis [4.2% vs. 18.6%, 
pooled OR = 0.27, 95%CI (0.04, 1.88), P = 0.19] (Table 3) and 
severe hepatitis attributable to HBV reactivation [1.7% vs. 
12.0%, pooled OR = 0.19, 95%CI (0.02, 1.84), P = 0.15] (Table 3), 
accompanied by significant heterogeneity in both inci-
dences of severe hepatitis and severe hepatitis related to 
HBV reactivation, which could be attributed to the study 
of Long et al. (25) (P = 0.06, Table 3) and the study of Yeo 
et al. (23) (P = 0.09, Table 3), respectively. Sensitive analysis 
showed that there was fewer incidence of severe hepati-
tis (P = 0.04, Table 3) and severe hepatitis related to HBV 
reactivation (P = 0.007, Table 3) in the prophylactic group 
compared to the control group. Since overt hepatitis was 
found in moderate hepatitis and severe hepatitis clini-
cally, combination analysis of incidences of moderate 
and severe hepatitis, in parallel to combination analysis 
of incidences of moderate and severe hepatitis related to 
HBV reactivation was performed. Both of the combined 
incidences of moderate and severe hepatitis [7.6% vs. 
31.7%, pooled OR = 0.20, 95%CI (0.07, 0.58), P = 0.003] (Table 
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3) and the combined incidences of moderate and severe 
hepatitis attributable to HBV reactivation [2.5% vs. 17.4%, 

pooled OR = 0.16, 95%CI (0.05, 0.51), P = 0.002] (Table 3) 

Table 3. Meta-Analysis of the Various Outcomes

  Trials Participants Chi2, P value; 
I2

Pooled OR, (95% 
CI), P value

Sensitive Analysis

P C Pooled OR, (95% CI), P value; Trials 
Omitted

HBV Reactivation 4 118 167 0.97, 0.81; 0% 0.09, (0.03, 0.26), 
< 0.0001

0.10, (0.03, 0.32), < 0.0001; Dai et al.

Hepatitis 4 118 167 10.03, 0.02; 
70%

0.23, (0.06, 0.92), 
0.04

0.14, (0.07, 0.29), < 0.00001; Long et al.

Hepatitis Attributable 
to HBV Reactivation

4 118 167 0.57, 0.75; 0% 0.10, (0.03, 0.32), 
< 0.0001

0.12, (0.03, 0.39), 0.0006; Dai et al.

Severity of hepatitis            

Mild 4 118 167 4.04, 0.26; 26% 0.90, (0.27, 3.03), 
0.87

0.76, (0.18, 3.24), 0.71; Dai et al.

Moderate 4 118 167 3.32, 0.35; 10% 0.36, (0.11, 1.26), 
0.11

0.25, (0.07, 0.90), 0.03; Dai et al.

Severe 4 118 167 7.26, 0.06; 59% 0.27, (0.04, 1.88), 
0.19

0.14, (0.02, 0.87), 0.04; Long et al.

Moderate and 
Severe

4 118 167 4.59, 0.20; 35% 0.20, (0.07, 0.58), 
0.003

0.23, (0.05, 0.99), 0.05; Dai et al.

Severity of Hepatitis 
Attributable to HBV 
Reactivation 

   

Mild 4 118 167 0.22, 0.64; 0% 0.16, (0.02, 1.30), 
0.09

0.16, (0.02, 1.30), 0.09; Dai et al.

Moderate 4 118 167 1.62, 0.45; 0% 0.36, (0.07, 2.03), 
0.25

0.41, (0.03, 5.18), 0.49; Dai et al.

Severe 4 118 167 4.76, 0.09; 58% 0.19, (0.02, 1.84), 
0.15

0.06, (0.01, 0.46), 0.007; Yeo et al.

Moderate and 
Severe

4 118 167 1.62, 0.45; 0% 0.16, (0.05, 0.51), 
0.002

0.19, (0.05, 0.69), 0.01; Dai et al.

Chemotherapy Disrup-
tion

3 107 158 4.94, 0.08; 59% 0.42, (0.11, 1.58), 
0.20

0.23, (0.09, 0.55), 0.001; Long et al.

Chemotherapy Disrup-
tion Attributable to 
HBV Reactivation

3 107 158 0.05, 0.83; 0% 0.11, (0.02, 0.58), 
0.01

0.11, (0.02, 0.58), 0.01; Long et al.

Overall Mortality 3 87 106 0.03, 0.99; 0% 0.37, (0.07, 2.04), 
0.25

0.38, (0.04, 3.76), 0.41; Dai et al.

Mortality Attributable 
to HBV Reactivation

3 87 106 Not available 0.25, (0.01, 6.82), 
0.41

Not performed

Abbreviations: CI, confidence intervals; C, the control group; OR, odds ratio; P, the prophylactic lamivudine group.

were lower in the prophylactic lamivudine group than in 
the control group. There was no significant heterogene-
ity in both two combined incidences (Table 3). Sensitive 
analysis showed that the difference was still statistically 
significant in the combined incidences of moderate and 
severe hepatitis related to HBV reactivation (P = 0.01, Table 
3). Nevertheless, there was only a tendency to reduce the 
combined incidences of moderate and severe hepatitis (P 
= 0.05, Table 3) using prophylactic lamivudine.

3.3. Publication Bias
Funnel plots detected no obvious publication bias con-

cerning HBV reactivation (Begg's Test: P = 1.000), hepatitis 
(Begg's Test: P = 1.000), hepatitis attributable to HBV re-
activation (Begg's Test: P = 1.000), mild hepatitis (Begg's 
Test: P = 1.000), moderate hepatitis (Begg's Test: P = 1.000), 
severe hepatitis (Begg's Test: P = 1.000), chemotherapy 
disruption (Begg's Test: P =1.000), incidence of combi-
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nation of moderate and severe hepatitis (Begg's Test: P = 
0.308), incidence of combination of moderate and severe 
hepatitis attributable to HBV reactivation (Begg's Test: P = 
1.000). Since the low incidence of mild, moderate and se-
vere hepatitis to HBV reactivation, chemotherapy disrup-
tion to HBV reactivation, overall mortality and mortality 
to HBV reactivation, the publication bias cannot be deter-
minated by Begg's Test. All four studies reported that the 
antiviral agent was well tolerated and was not associated 
with any unexpected effects or additional toxicity.

4. Conclusions
Chemotherapy-induced HBV reactivation may cause 

varying degrees of liver damage, thus will result in dis-
rupting chemotherapy and compromising the cancer 
prognosis. Prophylactic use of lamivudine could effec-
tively prevent hepatitis B virus reactivation and reduce 
the incidence and severity of chemotherapy-related HBV 
reactivation in lymphoma patients (27, 28). However, 
application of prophylactic lamividine in breast cancer 
patients is lacking. This meta-analysis indicated that pro-
phylactic use of lamivudine could effectively decrease 
the rate of HBV reactivation, incidence of hepatitis and 
incidence of hepatitis attributable to HBV reactivation in 
breast cancer patients with HBsAg positive during che-
motherapy (17, 23, 26). But, incidence of mild hepatitis, 
whether overall or attributable to HBV reactivation, was 
not effectively decreased. Incidence of moderate hepati-
tis and incidence of severe hepatitis, whether overall or 
attributable to HBV reactivation, did tend to be decreased 
by use of prophylactic lamivudine and especially in inci-
dence of severe hepatitis. It is possible that mild hepatitis 
could be effectively reverted by conventional protective 
liver agents in relation to moderate and severe hepatitis.

By serially monitoring HBV DNA levels and liver func-
tion (ALT), it is now recognized that, viral replication oc-
curs 1-2 weeks before clinical hepatitis flare-up in cancer 
patients (24, 29, 30) and the inhibitory effect of lamivu-
dine can be achieved after 1-week of administration (31). 
Initiating prophylactic administration of lamivudine at 
least seven days before the beginning of chemotherapy 
and discontinuing it at least 3–6 months after the resolu-
tion of the immuno compromised state seems reason-
able. Previous studies postulated several risk factors for 
HBV reactivation in chemotherapy-treated patients, such 
as baseline serum ALT level, HBV virological marker, pres-
ence of precore mutant strain, viral genotype and HBV 
DNA viral load before chemotherapy (32-38). The use of an-
thracycline-regimens and steroids appearance also are a 
risk factor for HBV reactivation (17, 39). But, more patients 
received anthracycline in the prophylactic group than in 
the control group, both the rate of HBV reactivation and 
the incidence of hepatitis in the prophylactic group were 
fewer in the trial of Yeo et al. (23). Although prophylactic 
use of lamivudine could effectively reduce the rate of HBV 

reactivation, the emergence of the lamivudine-resistance 
is another risk factor for reactivation during prophylac-
tic use of lamivudine (40, 41). This mainly is a result of 
prolonged duration of lamivudine administration (42, 
43). Indeed, prolonged lamivudine therapy exceeding 6 
months has been associated with an increased likelihood 
of treatment-emergent HBV variants with a YMDD muta-
tion (44), which results in lamivudine resistant during 
continued lamivudine therapy (45, 46). The resistance 
may rise up to 32% after one year of treatment (47, 48). 
In 2004, the American Association for the Study of Liver 
Diseases (AASLD) recommended beginning antiviral 
therapyseven days before chemotherapy and continuing 
for six months after the completion of chemotherapy by 
referring to level III evidence (evidence based on clinical 
experience, descriptive studies, or reports of expert com-
mittees) (49). Coiffier urged the same procedures to be 
applied on all HBV carriers (50). In 2007, AASLD made a 
new suggestion that lamivudine prophylaxis for more 
than 6 months may be required for patients with high 
baseline HBV DNA (51). Newer HBV antivirals, including 
adefovir dipivoxil, entecavir emtricitabine and possibly 
clevudine, are able to suppress the replication of lami-
vudine-resistant HBV, as well as wildtype (47, 48, 52, 53). 
So, even treated with prophylactic lamivudine or after 
withdrawal, cancer patients who are chronic HBV infect-
ed or HBV carriers should be closely checked for serum 
HBV DNA levels and liver function (ALT) during and after 
chemotherapy (54). It was reported that restoring use of 
lamivudine or replacement with other anti-HBV agents 
could prevent HBV reactivation effectively from serum 
HBV DNA levels and/or ALT levels increasing (55, 56). But, 
delayed HBV reactivation and related-hepatic failure re-
sulting fatality have been reported at 6-24 months after 
completion of chemotherapy following the withdrawal 
of lamivudine (57-59). Further prospective large-scale 
clinical trials remaining needed to establish the optimal 
duration for prophylactic lamivudine in breast cancer 
patients with HBV positive receiving chemotherapy.

The rate of chemotherapy disruption related to HBV re-
activation was also significantly reduced with prophylac-
tic lamivudine. Strikingly, a significant reduction of hep-
atitis related to HBV reactivation was companied with a 
similar reduction of chemotherapy disruption related to 
HBV reactivation. But the rate of chemotherapy disrup-
tion only had a tendency to decline by using prophylactic 
lamivudine. Larger sample trials may be clarified further. 
As an independent prognosis factor of breast cancer, the 
disruption of chemotherapy, including premature termi-
nation of chemotherapy and delay in treatment sched-
ules, would compromise the outcome of breast cancer pa-
tients (5). Hence, reduction of chemotherapy disruption 
may have a positive effect on the long-term outcomes of 
breast cancer patients with HBsAg positive. But there are 
still no studies with long-term followed-up outcomes to 
address this issue. Although incidence of hepatitis and 
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hepatitis related to HBV reactivation were significantly 
few in the prophylactic lamivudine group, overall mor-
tality and mortality related to HBV reactivation were not 
significantly different between both groups. In a previ-
ous study, it was demonstrated that preemptive lamivu-
dine therapy was superior in reducing post-chemothera-
py HBV-related mortality in HBsAg+ lymphoma patients 
undergoing chemotherapy (15). However, another study 
showed that the reduction of overall mortality was not 
statistically different between the prophylactic lami-
vudine group and the control group in HBsAg positive 
cancer patients (17). Loomba et al. (22) synthetized quan-
titatively that the relative risk of preventive lamivudine 
for HBV-related death ranged from 0.00 to 0.20 in nine 
of ten studies. It does favor prophylactic use of lamivu-
dine more than control. Zhang et al. (60) compared pro-
phylactic use of lamivudine with treatment use with or 
without lamivudine in fifty-eight cancer patients with 
HBsAg positive during chemotherapy. The mortality in 
the control group was significantly higher than that 
of prophylactic lamivudine group (16.7% vs. 0%). In this 
meta-analysis, no significant differences of both overall 
mortality and mortality attributable to HBV reactivation 
may be related to the low death in the studies included. 
Among 4 studies in this meta-analysis, only one study 
was concurrent prospective random trial and the other 
three were not. The overall methodological quality of 
the included studies was relatively weak, some bias may 
exist. Also, all patients of these studies come from East 
Asia, this may be due to the reason that HBV infection is 
endemic in this area, and there may be a selective bias in 
the meta-analysis. Totally, the true benefits may not be as 
extreme as reported here. It is important to note that the 
rate of HBV reactivation; incidence of hepatitis and HBV 
reactivation related-hepatitis were all synthetized with 
random effect models even without statistical heteroge-
neity. Remarkably, conclusions which show that prophy-
lactic use of lamivudine could decrease the rate of HBV 
reactivation, incidence of hepatitis and incidence of HBV 
reactivation related-hepatitis in breast cancer patients 
with HBsAg positive during chemotherapy are comple-
ment. Prophylactic use of lamivudine in breast cancer 
patients undergoing chemotherapy can reduce the rate 
of HBV reactivation, incidence of hepatitis and incidence 
of HBV reactivation related-hepatitis, with the tendency 
to reduce severity of hepatitis and severity of HBV reacti-
vation related-hepatitis. Although chemotherapy disrup-
tion has only a tendency to be reduced, chemotherapy 
disruption related to HBV reactivation has been reduced 
effectively. This allows more breast cancer patients to re-
ceive adequate anti-cancer therapy, which may be inter-
preted as survival advantage that may become evident 
with long-term follow-up. Nevertheless, overall mortality 
and mortality related to HBV reactivation were not sig-
nificantly different. The optimal duration of preventive 
lamivudine therapy in breast cancer patients with HBsAg 

positive during and after chemotherapy should be deter-
mined by further studies.

Acknowledgements
This study was sponsored by Zhejiang Provincial Top 

Key Discipline in Surgery.

Authors’ Contribution
Will be written by author YZ conducted the meta-anal-

ysis, including the literature selection and data-analysis, 
and wrote the manuscript. SZ took care of selecting the 
articles and cross-checking the data. QZ contributed to 
the design of the study. HMT G, CY and GZ are advisors 
in the project. All authors provided comments and ap-
proved the final manuscript.

Financial Disclosure
The authors have declared no conflicts of interest.

Funding/Support
This study was funded by grant from Zhejiang Provin-

cial Top Key Discipline in Surgery.

References
1.       Galbraith RM, Williams R, Eddleston ALWF, Zuckerman AJ, Bag-

shawe KD. fulminant hepatic failure in leukaemia and choriocar-
cinoma related to withdrawal of cytotoxic drug therapy. Lancet. 
1975;306(7934):528-30

2.       Wands JR, Chura CM, Roll FJ, Maddrey WC. Serial studies of hepa-
titis-associated antigen and antibody in patients receiving anti-
tumor chemotherapy for myeloproliferative and lymphoprolif-
erative disorders. Gastroenterology. 1975;68(1):105-12

3.       Bird GL, Smith H, Portmann B, Alexander GJ, Williams R. Acute 
liver decompensation on withdrawal of cytotoxic chemotherapy 
and immunosuppressive therapy in hepatitis B carriers. Q J Med. 
1989;73(270):895-902

4.       Liang RH, Lok AS, Lai CL, Chan TK, Todd D, Chiu EK. Hepati-
tis B infection in patients with lymphomas. Hematol Oncol. 
1990;8(5):261-70

5.       Lok AS, Liang RH, Chiu EK, Wong KL, Chan TK, Todd D. Reactiva-
tion of hepatitis B virus replication in patients receiving cyto-
toxic therapy. Report of a prospective study. Gastroenterology. 
1991;100(1):182-8

6.       Soh LT, Ang PT, Sng I, Chua EJ, Ong YW. Fulminant hepatic failure 
in non-Hodgkin lymphoma patients treated with chemothera-
py. Eur J Cancer. 1992;28(8–9):1338-9

7.       Thung SN, Gerber MA, Klion F, Gilbert H. Massive hepatic necro-
sis after chemotherapy withdrawal in a hepatitis B virus carrier. 
Arch Intern Med. 1985;145(7):1313-4

8.       Nakamura Y, Motokura T, Fujita A, Yamashita T, Ogata E. Severe 
hepatitis related to chemotherapy in hepatitis B virus carriers 
with hematologic malignancies: Survey in Japan, 1987-1991. Can-
cer. 1996;78(10):2210-5

9.       Alexopoulos CG, Vaslamatzis M, Hatzidimitriou G. Prevalence 
of hepatitis B virus marker positivity and evolution of hepatitis 
B virus profile, during chemotherapy, in patients with solid tu-
mours. Br J Cancer. 1999;81(1):69-74

10.       Yeo W, Chan PKS, Zhong S, Ho WM, Steinberg JL, Tam JS, et al. 
Frequency of hepatitis B virus reactivation in cancer patients 
undergoing cytotoxic chemotherapy: A prospective study 
of 626 patients with identification of risk factors. J Med Virol. 
2000;62(3):299-307



Lamivudine and breast cancer patients with HBsAg positive Zheng Y et al.

9Hepat Mon. 2013;13(4):e6496

11.       Yeo W, Hui EP, Chan AT, Ho WM, Lam KC, Chan PK, et al. Prevention 
of hepatitis B virus reactivation in patients with nasopharyngeal 
carcinoma with lamivudine. Am J Clin Oncol. 2005;28(4):379-84

12.       Dai MS, Wu PF, Shyu RY, Lu JJ, Chao TY. Hepatitis B virus reactiva-
tion in breast cancer patients undergoing cytotoxic chemother-
apy and the role of preemptive lamivudine administration. Liver 
Int. 2004;24(6):540-6

13.       Yeo W, Chan PK, Hui P, Ho WM, Lam KC, Kwan WH, et al. Hepatitis 
B virus reactivation in breast cancer patients receiving cytotoxic 
chemotherapy: a prospective study. J Med Virol. 2003;70(4):553-61

14.       Lubel JS, Angus PW. Hepatitis B reactivation in patients receiving 
cytotoxic chemotherapy: diagnosis and management. J Gastro-
enterol Hepatol. 2010;25(5):864-71

15.       Lau GK, Yiu HH, Fong DY, Cheng HC, Au WY, Lai LS, et al. Early is 
superior to deferred preemptive lamivudine therapy for hepa-
titis B patients undergoing chemotherapy. Gastroenterology. 
2003;125(6):1742-9

16.       Rossi G. Prophylaxis with lamivudine of hepatitis B virus re-
activation in chronic HbsAg carriers with hemato-oncolog-
ical neoplasias treated with chemotherapy. Leuk Lymphoma. 
2003;44(5):759-66

17.       Yeo W, Chan PK, Ho WM, Zee B, Lam KC, Lei KI, et al. Lamivudine 
for the prevention of hepatitis B virus reactivation in hepatitis 
B s-antigen seropositive cancer patients undergoing cytotoxic 
chemotherapy. J Clin Oncol. 2004;22(5):927-34

18.       Persico M, De Marino F, Russo GD, Morante A, Rotoli B, Torella R, 
et al. Efficacy of lamivudine to prevent hepatitis reactivation in 
hepatitis B virus-infected patients treated for non-Hodgkin lym-
phoma. Blood. 2002;99(2):724-5

19.       Shibolet O, Ilan Y, Gillis S, Hubert A, Shouval D, Safadi R. Lami-
vudine therapy for prevention of immunosuppressive-induced 
hepatitis B virus reactivation in hepatitis B surface antigen carri-
ers. Blood. 2002;100(2):391-6

20.       Silvestri F, Ermacora A, Sperotto A, Patriarca F, Zaja F, Damiani 
D, et al. Lamivudine allows completion of chemotherapy in 
lymphoma patients with hepatitis B reactivation. Br J Haematol. 
2000;108(2):394-6

21.       Dai MS, Chao TY. Lamivudine therapy in HBsAg-carrying breast 
cancer patients undergoing chemotherapy: prophylactic or pre-
emptive? Breast Cancer Res Treat. 2005;92(1):95-6

22.       Loomba R, Rowley A, Wesley R, Liang TJ, Hoofnagle JH, Pucino F, 
et al. Systematic review: the effect of preventive lamivudine on 
hepatitis B reactivation during chemotherapy. Ann Intern Med. 
2008;148(7):519-28

23.       Yeo W, Ho WM, Hui P, Chan PK, Lam KC, Lee JJ, et al. Use of la-
mivudine to prevent hepatitis B virus reactivation during che-
motherapy in breast cancer patients. Breast Cancer Res Treat. 
2004;88(3):209-15

24.       Kohrt HE, Ouyang DL, Keeffe EB. Systematic review: lamivu-
dine prophylaxis for chemotherapy-induced reactivation of 
chronic hepatitis B virus infection. Aliment Pharmacol Ther. 
2006;24(7):1003-16

25.       Long M, Jia W, Li S, Jin L, Wu J, Rao N, et al. A single-center, prospec-
tive and randomized controlled study: Can the prophylactic use 
of lamivudine prevent hepatitis B virus reactivation in hepatitis 
B s-antigen seropositive breast cancer patients during chemo-
therapy? Breast Cancer Res Treat. 2011;127(3):705-12

26.       Yun J, Kim KH, Kang ES, Gwak GY, Choi MS, Lee JE, et al. Prophy-
lactic use of lamivudine for hepatitis B exacerbation in post-
operative breast cancer patients receiving anthracycline-based 
adjuvant chemotherapy. Br J Cancer. 2011;104(4):559-63

27.       Hsu C, Hsiung CA, Su IJ, Hwang WS, Wang MC, Lin SF, et al. A re-
visit of prophylactic lamivudine for chemotherapy-associated 
hepatitis B reactivation in non-Hodgkin's lymphoma: a random-
ized trial. Hepatology. 2008;47(3):844-53

28.       Li YH, He YF, Jiang WQ, Wang FH, Lin XB, Zhang L, et al. Lamivu-
dine prophylaxis reduces the incidence and severity of hepatitis 
in hepatitis B virus carriers who receive chemotherapy for lym-
phoma. Cancer. 2006;106(6):1320-5

29.       Yeo W, Chan PK, Chan HL, Mo FK, Johnson PJ. Hepatitis B virus re-
activation during cytotoxic chemotherapy-enhanced viral repli-
cation precedes overt hepatitis. J Med Virol. 2001;65(3):473-7

30.       Yeo W, Johnson PJ. Diagnosis, prevention and management of 
hepatitis B virus reactivation during anticancer therapy. Hepa-
tology. 2006;43(2):209-20

31.       Nevens F, Main J, Honkoop P, Tyrrell DL, Barber J, Sullivan MT, et 
al. Lamivudine therapy for chronic hepatitis B: a six-month ran-
domized dose-ranging study. Gastroenterology. 1997;113(4):1258-
63

32.       Kao JH, Chen PJ, Lai MY, Chen DS. hepatitis B genotypes correlate 
with clinical outcomes in patients with chronic hepatitis B. Gas-
troenterology. 2000;118(3):554-9

33.       Lau GK, Leung YH, Fong DY, Au WY, Kwong YL, Lie A, et al. High 
hepatitis B virus (HBV) DNA viral load as the most important risk 
factor for HBV reactivation in patients positive for HBV surface 
antigen undergoing autologous hematopoietic cell transplanta-
tion. Blood. 2002;99(7):2324-30

34.       Liu CJ, Kao JH, Chen PJ, Lai MY, Chen DS. Molecular epidemiology 
of hepatitis B viral serotypes and genotypes in taiwan. J Biomed 
Sci. 2002;9(2):166-70

35.       Nishizono A, Kohno K, Takita-Sonoda Y, Hiraga M, Terao H, Fu-
jioka T, et al. Sequential analyses of the mutations in the core 
upstream and precore regions of hepatitis B virus genome in 
anti-HBe positive-carriers developing acute exacerbation. J Med 
Virol. 1997;53(3):266-72

36.       Steinberg JL, Yeo W, Zhong S, Chan JY, Tam JS, Chan PK, et al. Hepa-
titis B virus reactivation in patients undergoing cytotoxic che-
motherapy for solid tumours: Precore/core mutations may play 
an important role. J Med Virol. 2000;60(3):249-55

37.       Yeo W, Lam KC, Zee B, Chan PS, Mo FK, Ho WM, et al. Hepatitis B 
reactivation in patients with hepatocellular carcinoma under-
going systemic chemotherapy. Ann Oncol. 2004;15(11):1661-6

38.       Yoshiba M, Sekiyama K, Sugata F, Okamoto H, Yamamoto K, Yotsu-
moto S. Reactivation of precore mutant hepatitis B virus leading 
to fulminant hepatic failure following cytotoxic treatment. Dig 
Dis Sci. 1992;37(8):1253-9

39.       Yeo W, Zee B, Zhong S, Chan PK, Wong WL, Ho WM, et al. Compre-
hensive analysis of risk factors associating with Hepatitis B virus 
(HBV) reactivation in cancer patients undergoing cytotoxic che-
motherapy. Br J Cancer. 2004;90(7):1306-11

40.       Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, et al. Risk of hepato-
cellular carcinoma across a biological gradient of serum hepati-
tis B virus DNA level. JAMA. 2006;295(1):65-73

41.       Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ. Predicting cir-
rhosis risk based on the level of circulating hepatitis B viral load. 
Gastroenterology. 2006;130(3):678-86

42.       Lau DT, Khokhar MF, Doo E, Ghany MG, Herion D, Park Y, et al. 
Long-term therapy of chronic hepatitis B with lamivudine. Hepa-
tology. 2000;32(4 Pt 1):828-34

43.       Okita R, Takahashi M, Narahara H, Sanada Y, Okada M, Kawakami 
Y, et al. Use of entecavir to prevent hepatitis B virus reactivation 
during cytotoxic chemotherapy for solid malignancy. Clin J  Gas-
troenterol. 2009;2(3):214-7

44.       Ling R, Mutimer D, Ahmed M, Boxall EH, Elias E, Dusheiko GM, 
et al. Selection of mutations in the hepatitis B virus polymerase 
during therapy of transplant recipients with lamivudine. Hepa-
tology. 1996;24(3):711-3

45.       Liaw YF. Impact of YMDD mutations during lamivudine therapy 
in patients with chronic hepatitis B. Antivir Chem Chemother. 
2001;12 Suppl 1:67-71

46.       Liaw YF. Management of YMDD mutations during lamivudine 
therapy in patients with chronic hepatitis B. J Gastroenterol Hepa-
tol. 2002;17 Suppl 3:S333-7

47.       Allen MI, Deslauriers M, Andrews CW, Tipples GA, Walters KA, Tyr-
rell DL, et al. Identification and characterization of mutations in 
hepatitis B virus resistant to lamivudine. Lamivudine Clinical 
Investigation Group. Hepatology. 1998;27(6):1670-7

48.       Gilson RJ, Chopra KB, Newell AM, Murray-Lyon IM, Nelson MR, 
Rice SJ, et al. A placebo-controlled phase I/II study of adefovir dip-
ivoxil in patients with chronic hepatitis B virus infection. J Viral 
Hepat. 1999;6(5):387-95

49.       Lok AS, McMahon BJ. Chronic hepatitis B: update of recommen-
dations. Hepatology. 2004;39(3):857-61

50.       Coiffier B. Hepatitis B virus reactivation in patients receiving 



Lamivudine and breast cancer patients with HBsAg positiveZheng Y et al.

Hepat Mon. 2013;13(4):e649610

chemotherapy for cancer treatment: role of Lamivudine prophy-
laxis. Cancer Invest. 2006;24(5):548-52

51.       Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology. 
2007;45(2):507-39

52.       de Man RA, Wolters LM, Nevens F, Chua D, Sherman M, Lai CL, 
et al. Safety and efficacy of oral entecavir given for 28 days in 
patients with chronic hepatitis B virus infection. Hepatology. 
2001;34(3):578-82

53.       Farrell GC. Clinical potential of emerging new agents in hepati-
tis B. Drugs. 2000;60(4):701-10

54.       Mindikoglu AL, Regev A, Schiff ER. Hepatitis B virus reactivation 
after cytotoxic chemotherapy: the disease and its prevention. 
Clin Gastroenterol Hepatol. 2006;4(9):1076-81

55.       Mimura N, Tsujimura H, Ise M, Sakai C, Kojima H, Fukai K, et al. 
[Hepatitis B virus reactivation after cessation of prophylac-
tic lamivudine therapy in B-cell lymphoma patients treated 
with rituximab combined CHOP therapy]. Rinsho Ketsueki. 
2009;50(12):1715-9

56.       Schildgen O, Hartmann H, Gerlich WH. Replacement of tenofovir 
with adefovir may result in reactivation of hepatitis B virus repli-
cation. Scand J Gastroenterol. 2006;41(2):245-6

57.       Dai MS, Chao TY, Kao WY, Shyu RY, Liu TM. Delayed hepatitis B 
virus reactivation after cessation of preemptive lamivudine in 
lymphoma patients treated with rituximab plus CHOP. Ann He-
matol. 2004;83(12):769-74

58.       Hui CK, Cheung WW, Au WY, Lie AK, Zhang HY, Yueng YH, et al. 
Hepatitis B reactivation after withdrawal of pre-emptive lami-
vudine in patients with haematological malignancy on comple-
tion of cytotoxic chemotherapy. Gut. 2005;54(11):1597-603

59.       Idilman R. Duration of lamivudine prophylaxis in inactive hepa-
titis B virus carriers with haemato/oncological malignancies 
who receive chemotherapy. Gut. 2006;55(8):1208-9

60.       Zhang HY, Liu ZG, Zhang Z, Gong HY. [Analysis of the prophylac-
tic effect of nucleosides against reactivation of HBV in HBsAg-
positive patients with non-hepatic tumors after chemotherapy]. 
Zhonghua Zhong Liu Za Zhi. 2010;32(6):459-62


