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Abstract Over the past four decades, chemotherapy has

played an important role in prolonging survival in breast

cancer patients. However, it may also result in undesirable

side effects such as hepatitis B virus (HBV) reactivation

seen in this study. With the increasing use of chemotherapy

paralleling the rise in breast cancer incidence, the occur-

rence of HBV reactivation is likely to further increase.

Several strategies use lamivudine to deal with this problem.

Initially, lamivudine had been used to treat patients who

developed alanine transaminase elevation attributable to

HBV reactivation during chemotherapy. However, using

this strategy, fatal reactivation has also been reported. Later

studies have suggested that prophylactic lamivudine sig-

nificantly reduces HBV reactivation and its associated

morbidity. However, these studies were based mainly on

patients with lymphoma, whereas studies on breast cancer

patients were few. Moreover, these studies were retro-

spective. Recently, a prospective study has recommended

that deferred preemptive lamivudine could be a comparable

alternative to the prophylactic strategy. However, it was

not a randomized controlled study. In this study, it was

examined the efficacy of the prophylactic strategy in hep-

atitis B s-antigen seropositive breast cancer patients during

chemotherapy using a prospective, randomized controlled

study. Two groups were studied. One group consisted of 21

patients who were treated with prophylactic lamivudine,

the other group consisted of 21 patients who were not

treated with prophylactic lamivudine. The results showed

that the prophylactic lamivudine strategy significantly

decreased the incidence of HBV reactivation (0 vs. 28.6%,

P = 0.021). It was conclude that the prophylactic lami-

vudine strategy significantly reduces the incidence of HBV

reactivation for hepatitis B s-antigen seropositive breast

cancer undergoing chemotherapy.
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Introduction

Recently, many patients with breast cancer have received

chemotherapy after (adjuvant) or before (neoadjuvant)

locoregional treatment. Chemotherapy is also used for the

treatment of metastatic breast cancer (salvage). An

increasing number of clinical trials have shown that che-

motherapy can prolong survival in breast cancer patients.

However, chemotherapy is a toxic therapy. For this reason,

it is important to evaluate not only which breast cancer

patients can benefit from chemotherapy but also what

consequences they suffer from receiving it.

China is an area with a high prevalence of hepatitis B

virus (HBV) infection. For hepatitis B s-antigen seroposi-

tive (HBsAg?) cancer patients who are undergoing che-

motherapy, HBV reactivation has become a well-known

complication [1].The condition is characterized by elevated

levels of serum HBV-DNA, abnormal liver function tests,

and clinical hepatitis of varying degrees of severity that

ranges from anicteric hepatitis to severe, progressive

hepatic failure, which may result in death. Early reports
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of HBV reactivation mainly involved patients with hema-

tologic malignancies [1–7], but more recently, reports have

described reactivation in patients with solid tumors [8–10].

In patients receiving chemotherapy for solid tumors, the

highest rates of HBV reactivation have been reported in

breast cancer patients, in whom the incidence ranges

between 41% and 56% [11, 12]. With the increasing use of

chemotherapy paralleling the rise in breast cancer inci-

dence, the occurrence of HBV reactivation is likely to

further increase, and it is becoming a critical clinical

problem.

Since 1998, the administration of the antiviral agent

lamivudine after alanine transaminase (ALT) elevation

attributable to HBV reactivation in HBsAg? cancer

patients has been reported to have a role in controlling HBV

reactivation during chemotherapy [13–16]. However, using

this approach, fatal reactivation has also been reported [10,

15, 17]. Even for those who do recover from this compli-

cation, their cancer prognosis may be impaired because of

the disruption in the chemotherapy treatments. If HBV

reactivation could be prevented during chemotherapy, it

would do more good than harm for cancer patients.

Over the past decade, it has been recognized that HBV

reactivation and its associated fatality during chemotherapy

can be prevented effectively by the use of prophylactic

lamivudine. However, the relevant studies have been based

mainly on patients with lymphoma [18–21], whereas

information on breast cancer patients has been lacking

[12, 22–24]. Studies addressing breast cancer patients have

been retrospective.

Recently, a prospective study suggested that deferred

preemptive lamivudine based on HBV DNA surveillance

was able to control HBV replication and prevent its reac-

tivation in breast cancer patients undergoing chemotherapy

[25]. However, it was not a randomized controlled study.

Therefore, to reduce spurious causality and bias and to

obtain the highest-quality scientific conclusion, a pro-

spective, randomized controlled clinical study should be

initiated.

The purpose of this study was to examine the efficacy of

the prophylactic lamivudine strategy using a prospective,

randomized controlled study in HBsAg? breast cancer

patients.

Patients and methods

The authors studied two groups of patients. One group

consisted of 21 patients who were treated with prophylactic

lamivudine. The other group consisted of 21 patients who

were not treated with prophylactic lamivudine. HBsAg?

breast cancer patients who required chemotherapy were

enrolled into these two groups randomly, and all of the

patients in this study signed informed consent agreements.

The protocol was approved by the Clinical Research Ethics

Committee of the Sun Yat-Sen Memorial Hospital, Sun

Yat-Sen University.

Entry and exclusion criteria

Based on criteria initially described by Yeo et al. [23]

and subsequently modified by us, breast cancer patients

who were HBsAg? were eligible if they were otherwise

fit for intravenous chemotherapy and if they were able

to visit the clinic at least every 21 days during the

study.

For both groups, the exclusion criteria included patients

who had decompensated liver disease at screening (as

indicated by any of the following: ALT [ 109 upper limit

of normal (ULN) (i.e., [580 U/l), total bilirubin (TBIL)

[50 lmol/l, albumin (ALB) \20 g/l, prothrombin time

(PT) [4 s prolonged, history of ascites, variceal hemor-

rhage, or hepatic encephalopathy); those who had been

treated with chronic antiviral therapy known to have

activity against HBV (e.g., a-IFN, adefovir, entecavir,

telbivudine, or tenofovir) within the previous 6 months;

those who had acute fulminant hepatitis; those who were

recipients of any investigational new drug (new chemical

entity) within 30 days of the first dose of the study

drug; and those who were pregnant, lactating, or had

pancreatitis.

Investigations

Before beginning the study, both groups of patients

underwent the following tests: viral marker status (VMS,

which included hepatitis B s-antigen/antibody (HBsAg/

HBsAb), hepatitis B e-antigen/antibody (HBeAg/HBeAb),

hepatitis B c-antigen/antibody (HBcAg/HBcAb), hepatitis

B PreS1-antigen (HB-PreS1-Ag) and HBV DNA quanti-

tation), liver function test (LFT, which included ALT,

TBIL, ALB, and PT), complete blood picture (CBP, which

included white cell count, red cell count and hemoglobin,

and platelet count), renal function test (RFT, which inclu-

ded sodium, potassium, urea, creatinine, and creatinine

clearance) and liver ultrasonography.

During the course of chemotherapy, on day 1 of each

cycle, CBP, RFT, LFT, and HBV DNA quantitation were

monitored along with clinical signs and symptoms in all

patients. Monitoring of these parameters was continued for

8 weeks after the completion of chemotherapy.

When a patient was found to have hepatitis attributable

to HBV reactivation (as defined in the Definitions section)

during the course of chemotherapy, tests for hepatitis A, C,

D, E, and G were performed; and other parameters as

clinically indicated.
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HBV DNA assay

The HBV DNA quantitation was measured with real-time

fluorescent PCR, which has a detection limit of 1 9 103

copies/ml.

Definitions

Based on a definition initially described by Lok et al. [4]

and subsequently modified by Yeo et al. [10], hepatitis has

been defined as a threefold or more increase in ALT that

exceeds the ULN (\58 U/l) or an absolute increase of ALT

to more than 100 U/l when compared with the baseline

prechemotherapy value. Hepatitis attributable to HBV

reactivation was defined as an increase in the HBV DNA

level of tenfold or more when compared with the baseline

level or an absolute increase of the HBV DNA level that

exceeds 1 9 109 copies/ml in the absence of any other

systemic infection.

Use of lamivudine

The prophylactic lamivudine group

Patients received oral lamivudine (100 mg) daily for

7 days prior to the commencement of their chemotherapy.

Treatment was then continued throughout the course of

chemotherapy and until 8 weeks after its discontinuation.

Patients were withdrawn from the study if there was

undue toxicity from lamivudine, if a female patient was

found to be pregnant at any point during the study or upon

a patient’s request.

The control group

Prophylactic lamivudine was not administered. Patients

received lamivudine 100 mg orally daily only after proven

HBV reactivation during chemotherapy. Treatment was

continued for at least 8 weeks after the discontinuation of

chemotherapy.

Statistical methods

The baseline characteristics between the two groups of

patients were compared. These included age; stage; type of

surgery; pathology of tumor; VMS; LFT; liver ultraso-

nography; and whether the chemotherapy was given as

neoadjuvant, adjuvant, or salvage. In addition, the che-

motherapeutic regimens given to the two groups of patients

were compared.

The primary outcomes of this study were the proportion

of patients with HBV reactivation and HBV-associated

morbidity, as defined in the previous section.

Statistical significance was evaluated by use of the v2

test (Fisher’s exact test) for categorical variables and the

Mann–Whitney U test for numerical variables; differences

were deemed significant when P \ 0.05.

Results

Baseline characteristics of the two groups of patients

(Table 1)

A total of 42 patients were studied; all were female.

Twenty-one patients were included in the control group,

and 21 were in the prophylactic lamivudine group.

There were no statistically significant differences in

terms of age, stage, type of surgery, pathology of tumor,

VMS, LFT, or liver ultrasonography between the two

groups. In addition, both the indications for chemotherapy

and the chemotherapeutic regimens were similar.

Biochemical, virological, and clinical outcomes

in the two groups of patients (Table 2)

The prophylactic lamivudine group

The median number of chemotherapy cycles the patients

received in total was 6 (range: 4–8). Five patients (23.8%)

developed hepatitis during chemotherapy; none of these

five patients had hepatitis because of HBV reactivation.

These cases were instead due to the chemotherapeutic

drugs. The severity of hepatitis was mild in three patients

(14.3%) and severe in two patients (9.5%). Disruption of

chemotherapy occurred in four patients (19.0%), none of

these disruptions were due to HBV reactivation. One

patient (4.8%) had chemotherapy prematurely terminated

because of a chemotherapeutic drug allergy, and three

patients (14.3%) completed chemotherapy with delays; one

of the delays was due to pneumonia.

The antiviral agent was well tolerated and was not

associated with any unexpected effects or additional

toxicity.

The control group

The median number of chemotherapy cycles was 6 (range:

1–8). Six patients (28.6%) developed HBV reactivation

during the study period without the occurrence of clinical

hepatitis. However, three of the 21 patients (14.3%)

developed hepatitis, all resulting from chemotherapeutic

drugs. The severity of hepatitis was mild in two patients

(9.5%) and moderate in one patient (4.8%). Disruption of

chemotherapy occurred in two patients (9.5%) without the

occurrence of HBV reactivation. One patient (4.8%) had
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Table 1 Comparison between

the ‘prophylactic lamivudine’

and ‘control’ groups

‘control’ group ‘prophylactic

lamivudine’ group

P-value

No. % No. %

Total no. of patients 21 – 21 –

No. of females 21 100 21 100

Median age (range) 43(20–62) – 45(29–64) – 0.696a

Stage

I 4 19.0 10 47.6 0.174b

II 14 66.7 8 38.1

III 1 4.8 2 9.5

IV 2 9.5 1 4.8

Type of surgery

Breast-conserving surgery 11 52.4 11 52.4 1.000b

Mastectomy 8 38.1 8 38.1

Tumor pathology

Histology

Invasive ductal carcinoma 17 81.0 16 76.2 1.000b

Noninvasive ductal carcinoma 4 19.0 5 23.8

Immunohistochemistry

ER status

Negative 6 28.6 9 42.9 0.520b

Positive 15 71.4 12 57.1

PR status

Negative 6 28.6 12 57.1 0.118b

Positive 15 71.4 9 42.9

CerbB-2 status

Negative 17 81.0 15 71.4 0.719b

Positive 4 19.0 6 28.6

Median ki67 (range) 0.35(0.00–0.90) – 0.39(0.00–0.80) – 0.480a

Median P53 (range) 0.21(0.00–0.90) – 0.15(0.00–0.85) – 0.485a

Median TOPO (range) 0.13(0.00–0.60) – 0.13(0.00–0.45) – 0.395a

Viral marker status

HBsAb

Negative 20 95.2 19 90.5 1.000b

Positive 1 4.8 2 9.5

HBeAg

Negative 18 85.7 19 90.5 1.000b

Positive 3 14.3 2 9.5

HBeAb

Negative 4 19.0 3 14.3 1.000b

Positive 17 81.0 18 85.7

HBcAg

Negative 13 61.9 14 66.7 1.000b

Positive 3 14.3 2 9.5

Missing 5 23.8 5 23.8

HBcAb

Negative 1 4.8 0 0 1.000b

Positive 20 95.2 21 100

HB-PreS1-Ag status

Negative 15 71.4 13 61.9 0.744b
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Table 2 Morbidity and

mortality in the ‘prophylactic

lamivudine’ and ‘control’

groups during the study period

‘control’

group

‘prophylactic lamivudine’

group

P-value

No. % No. %

Overall morbidity

Occurrence of HBV reactivation 6 28.6 0 0 0.021b

Occurrence of hepatitis 3 14.3 5 23.8 0.697b

Hepatitis attributable to HBV reactivation 0 0 0 0 0.697b

Hepatitis attributable to other causes 3 14.3 5 23.8

Chemotherapeutic drugs 3 14.3 5 23.8

Severity of hepatitis

Mild (ALT B 2 9 UNL) 2 9.5 3 14.3 0.576b

Moderate (ALT [ 9 2 and B 95UNL) 1 4.8 0 0

Severe (ALT [5 9 UNL) 0 0 2 9.5

Disruptions of Chemotherapy 2 9.5 4 19.0 0.663b

Premature termination 1 4.8 1 4.8 1.000b

Hepatitis, all cases 0 0 0 0 1.000b

Poor tolerance 1 4.8 0 0

Other causes 0 0 1 4.8

Chemotherapeutic drug allergy 0 0 1 4.8

Completed chemotherapy with delay of C8 days 1 4.8 3 14.3 0.606b

Table 1 continued

a Mann–Whitney U test
b Fisher’s exact test

‘control’ group ‘prophylactic

lamivudine’ group

P-value

No. % No. %

Positive 6 28.6 8 38.1

Median HBV-DNA

quantitation (copies/mL)

3.99 9 106

(\1.00 9 103–

8.28 9 107)

– 6.16 9 106

(\1.00 9 103–

9.80 9 107)

– 0.110a

Liver function tests (range)

Median ALT (U/L) 14.6(6.0–27.0) – 22.3(7.0–96.0) – 0.130a

Median TBIL (lmol/L) 16.7(6.4–44.1) – 13.6(5.6–21.6) – 0.302a

Median ALB (g/L) 43.1(26.0–51.0) – 44.8(42.0–50.6) – 0.283a

Median PT (s) 11.8(10.1–23.9) – 11.3(10.0–13.4) – 0.940a

Liver ultrasonography

Normal 19 90.4 15 71.4 0.155b

Fatty liver 1 4.8 3 14.3

Liver cyst 0 0 3 14.3

Liver hemangioma 1 4.8 0 0

Type of chemotherapy

Neoadjuvant 1 4.8 2 9.5 0.560b

Adjuvant 14 66.7 17 80.9

Neoadjuvant ? Adjuvant 4 19.0 1 4.8

Salvage 2 9.5 1 4.8

Chemotherapeutic regimen(s)

Anthracyclin based 1 4.8 2 9.5 0.257b

Taxane based 4 19.0 7 33.3

Anthracycline ? taxane based 16 76.2 10 47.7

Others 0 0 2 9.5
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chemotherapy prematurely terminated because of poor

tolerance and that patient died from the progressive

malignant disease 8 months later, giving an overall mor-

tality rate of 4.8%. One patient (4.8%) completed chemo-

therapy with delays because of hepatitis attributable to

chemotherapeutic drugs.

Patients who developed HBV reactivation during the

study period then received lamivudine, which was tolerated

well by all, and no unexpected effects or additional toxicity

occurred.

Comparison of outcomes between the two groups

In the prophylactic lamivudine group, there was signifi-

cantly less HBV reactivation (0 vs. 28.6% in the control

group, P = 0.021). However, the incidence of hepatitis, the

severity of hepatitis, the disruptions of chemotherapy and

the overall mortality were not statistically different

between the groups (P = 0.697, 0.576, 0.663, and 1.000,

respectively).

Discussion

Chemotherapy-induced HBV reactivation may cause

varying degrees of liver damage, thereby disrupting che-

motherapy and compromising the cancer prognosis.

Therefore, it is important to deal with the clinical problem

of HBV reactivation to get the maximum potential benefit

from chemotherapy.

Several strategies employing lamivudine have been

proposed to deal with chemotherapy-induced HBV reacti-

vation. Initially, lamivudine had been used to treat patients

who developed ALT elevation attributable to HBV reacti-

vation during chemotherapy [13–16]. However, this

approach, the therapeutic strategy, has been reported to

lead to fatal reactivation [10, 15, 17]. Even for those who

do recover from this complication, their cancer prognosis

may be impaired because of the disruption of

chemotherapy.

Because of the serial monitoring of HBV DNA levels

and liver function (ALT), it is now recognized that viral

replication occurs 1–2 weeks before clinical hepatitis flare-

up in cancer patients [26–28], which raises the possibility

of using lamivudine for the prevention of HBV reactivation

before the administration of chemotherapy, that is, a pro-

phylactic strategy, because increased viral replication is the

critical event in this case. Over the past decade, it has been

recognized that HBV reactivation and its associated fatality

during chemotherapy can be prevented effectively by using

prophylactic lamivudine. However, the studies were based

mainly on patients with lymphoma [18–21]. For patients

with breast cancer, there have been few studies regarding

the prophylactic strategy [12, 22–24]. In an early study by

Yeo et al.[23], 31 patients who received lamivudine as a

preventive treatment had a significantly reduced incidence

of HBV reactivation (from 31.1 to 6.5%), together with a

decrease in hepatitis from all causes from 59 to 12.9%.

Furthermore, disruption of chemotherapy was also signifi-

cantly reduced, and it appeared that lamivudine could

prevent reactivation-associated mortality. However, this

was a retrospective study.

Recently, a prospective study for breast cancer patients

was conducted [25]. This study was the first to assess a

deferred preemptive lamivudine strategy; that is, based on

HBV DNA surveillance, patients received lamivudine only

after a significant rise in their HBV DNA level during

chemotherapy. This strategy was used for patients in the

control group in this study. However, the use of deferred

preemptive strategy did not significantly decrease the

incidence of HBV reactivation. Neither the incidence of

hepatitis nor the number of disruptions of chemotherapy

was significantly different between the two groups. Only in

the duration of lamivudine use during chemotherapy was

Table 2 continued

a Mann–Whitney U test
b Fisher’s exact test

‘control’

group

‘prophylactic

lamivudine’ group

P-value

No. % No. %

Hepatitis, all cases 1 4.8 2 9.5 0.606b

Hepatitis due to HBV reactivation 0 0 0 0

Other causes 0 0 1 4.8

Pneumonia 0 0 1 4.8

Median no. of chemotherapy cycles received (range) 6(1–8) – 6(4–8) – 0.860a

Overall mortality

All cases 1 4.8 0 0 1.000b

Cases due to HBV reactivation 0 0 0 0 1.000b

Cases due to progressive malignant disease 1 4.8 0 0
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there a difference, which was significantly shorter in the

deferred preemptive group. Concerning the cost of therapy

and the fact that prolonged lamivudine treatment may

cause resistant strains of HBV [29, 30], it is recommended

that the use of deferred preemptive lamivudine based on

HBV DNA surveillance could be a comparable alternative

to prophylactic use in preventing chemotherapy-induced

HBV reactivation and its associated morbidity.

This conclusion seems to make some sense in light of the

results of the above study. However, that study had some

limitations because it was not a randomized controlled study

(which may allow spurious causality or bias to some extent),

and it only studied HBsAg± patients who required postop-

erative adjuvant chemotherapy. Moreover, patients were

referred to receive lamivudine only after a significant rise in

their HBV DNA during chemotherapy, which neglected

patients with elevated baseline HBV viral levels who did not

show a significant rise in HBV DNA. According to the

deferred preemptive strategy, patients would not receive

lamivudine in this condition. However, it is well-known that

an increasing HBV viral level is one of the risk factors asso-

ciated with the development of cirrhosis and hepatocellular

carcinoma [31–33]. Moreover, an increased serum HBV-

DNA level impairs the rate of HBeAg seroconversion in

HBeAg seropositive patients; HBeAg seropositive is also

associated with the liver diseases mentioned above [30, 34–

38]. Furthermore, one patient in the control group of this study

developed HBV reactivation 2 months after the completion of

her chemotherapy, which would have been prevented if she

were using prophylactic lamivudine and which increased the

risk of developing the above conditions. In addition, concern

over prolonged prophylactic lamivudine treatment, which

may be associated with an increased likelihood of treatment-

emergent HBV variants with YMDD mutations, seems to not

be as serious as the authors thought. No one in this study

developed a lamivudine-resistant mutant during the study

period. Meanwhile, Ling et al. [39] has shown that only

lamivudine treatment exceeding 6 months in duration will

increase the emergence of HBV variants with YMDD muta-

tions. If breast cancer patients—who require 4–6 cycles of

chemotherapy in total, with each cycle generally lasting

21 days—complete chemotherapy without disruption, they

will take lamivudine from 126 to 168 days during chemo-

therapy. This amounts to 4–5 months of treatment, which in

theory will not increase the risk of resistant strains of HBV

developing. Considering the above arguments, there is cur-

rently no evidence that the deferred preemptive strategy is

superior to the prophylactic strategy.

This study is the first formal prospective, randomized

controlled clinical study of HBsAg? breast cancer patients

using prophylactic lamivudine during chemotherapy. The

results suggest that the use of prophylactic lamivudine

significantly decreased the incidence of HBV reactivation

in the study population during the study period. Although

no improvements in the incidence of hepatitis, the severity

of hepatitis, the number of chemotherapy disruptions or

overall mortality were observed in this study because of the

small sample size, the benefits of prophylactic lamivudine

may translate into an anticancer advantage that may only

become evident with a larger sample size and long-term

follow-up.

In summary, prophylactic lamivudine treatment should

be considered for breast cancer patients who are known to

be HBsAg? and are referred for chemotherapy.

Acknowledgments The authors acknowledge the volunteers for

participating in this prospective, randomized controlled clinical trial.

Conflict of interest The authors of this article have no commercial

associations (e.g., consultancies, stock ownership, equity interests,

patent-licensing arrangements, etc.) that might pose a conflict of

interest in connection with the submitted article.

References

1. Galbraith RM, Eddleston AL, Williams R, Zuckerman AJ (1975)

Fulminant hepatic failure in leukaemia and choriocarcinoma

related to withdrawal of cytotoxic drug therapy. Lancet

2(7934):528–530

2. Thung SN, Gerber MA, Klion F, Gilbert H (1985) Massive

hepatic necrosis after chemotherapy withdrawal in a hepatitis B

virus carrier. Arch Intern Med 145(7):1313–1314

3. Bird GL, Smith H, Portmann B, Alexander GJ, Williams R

(1989) Acute liver decompensation on withdrawal of cytotoxic

chemotherapy and immunosuppressive therapy in hepatitis B

carriers. Q J Med 73(270):895–902

4. Lok AS, Liang RH, Chiu EK, Wong KL, Chan TK, Todd D

(1991) Reactivation of hepatitis B virus replication in patients

receiving cytotoxic therapy. Report of a prospective study. Gas-

troenterology 100(1):182–188

5. Soh LT, Ang PT, Sng I, Chua EJ, Ong YW (1992) Fulminant

hepatic failure in non-Hodgkin lymphoma patients treated with

chemotherapy. Eur J Cancer 28A(8–9):1338–1339

6. Nakamura Y, Motokura T, Fujita A, Yamashita T, Ogata E

(1996) Severe hepatitis related to chemotherapy in hepatitis B

virus carriers with hematologic malignancies. Survey in Japan,

1987–1991. Cancer 78(10):2210–2215

7. Kumagai K, Takagi T, Nakamura S, Sawada U, Kura Y, Kodama F,

Shimano S, Kudoh I, Nakamura H, Sawada K et al (1997) Hepatitis B

virus carriers in the treatment of malignant lymphoma: an epide-

miological study in Japan. Ann Oncol 8(1):107–109

8. Hoofnagle JH, Dusheiko GM, Schafer DF, Jones EA, Micetich KC,

Young RC, Costa J (1982) Reactivation of chronic hepatitis B virus

infection by cancer chemotherapy. Ann Intern Med 96(4):447–449

9. Alexopoulos CG, Vaslamatzis M, Hatzidimitriou G (1999)

Prevalence of hepatitis B virus marker positivity and evolution of

hepatitis B virus profile, during chemotherapy, in patients with

solid tumours. Br J Cancer 81(1):69–74

10. Yeo W, Chan PK, Zhong S, Ho WM, Steinberg JL, Tam JS, Hui

P, Leung NW, Zee B, Johnson PJ (2000) Frequency of hepatitis B

virus reactivation in cancer patients undergoing cytotoxic che-

motherapy: a prospective study of 626 patients with identification

of risk factors. J Med Virol 62(3):299–307

Breast Cancer Res Treat (2011) 127:705–712 711

123



11. Yeo W, Chan PK, Hui P, Ho WM, Lam KC, Kwan WH, Zhong S,

Johnson PJ (2003) Hepatitis B virus reactivation in breast cancer

patients receiving cytotoxic chemotherapy: a prospective study.

J Med Virol 70(4):553–561

12. Dai MS, Wu PF, Shyu RY, Lu JJ, Chao TY (2004) Hepatitis B

virus reactivation in breast cancer patients undergoing cytotoxic

chemotherapy and the role of preemptive lamivudine adminis-

tration. Liver Int 24(6):540–546

13. ter Borg F, Smorenburg S, de Man RA, Rietbroek RC, Chamu-

leau RA, Jones EA (1998) Recovery from life-threatening, cor-

ticosteroid-unresponsive, chemotherapy-related reactivation of

hepatitis B associated with lamivudine therapy. Dig Dis Sci

43(10):2267–2270

14. Clark FL, Drummond MW, Chambers S, Chapman BA, Patton

WN (1998) Successful treatment with lamivudine for fulminant

reactivated hepatitis B infection following intensive therapy for

high-grade non-Hodgkin’s lymphoma. Ann Oncol 9(4):385–387

15. Yeo W, Steinberg JL, Tam JS, Chan PK, Leung NW, Lam KC,

Mok TS, Johnson PJ (1999) Lamivudine in the treatment of

hepatitis B virus reactivation during cytotoxic chemotherapy.

J Med Virol 59(3):263–269

16. Ahmed A, Keeffe EB (1999) Lamivudine therapy for chemo-

therapy-induced reactivation of hepatitis B virus infection. Am J

Gastroenterol 94(1):249–251

17. Cainelli F, Longhi MS, Concia E, Vento S (2001) Failure of

lamivudine therapy for chemotherapy-induced reactivation of

hepatitis B. Am J Gastroenterol 96(5):1651–1652

18. Silvestri F, Ermacora A, Sperotto A, Patriarca F, Zaja F, Damiani

D, Fanin R, Baccarani M (2000) Lamivudine allows completion

of chemotherapy in lymphoma patients with hepatitis B reacti-

vation. Br J Haematol 108(2):394–396

19. Persico M, De Marino F, Russo GD, Morante A, Rotoli B, Torella

R, De Renzo A (2002) Efficacy of lamivudine to prevent hepatitis

reactivation in hepatitis B virus-infected patients treated for non-

Hodgkin lymphoma. Blood 99(2):724–725

20. Shibolet O, Ilan Y, Gillis S, Hubert A, Shouval D, Safadi R

(2002) Lamivudine therapy for prevention of immunosuppres-

sive-induced hepatitis B virus reactivation in hepatitis B surface

antigen carriers. Blood 100(2):391–396

21. Rossi G, Pelizzari A, Motta M, Puoti M (2001) Primary pro-

phylaxis with lamivudine of hepatitis B virus reactivation in

chronic HbsAg carriers with lymphoid malignancies treated with

chemotherapy. Br J Haematol 115(1):58–62

22. Dai MS, Chao TY (2005) Lamivudine therapy in HBsAg-carry-

ing breast cancer patients undergoing chemotherapy: prophylactic

or preemptive? Breast Cancer Res Treat 92(1):95–96

23. Yeo W, Ho WM, Hui P, Chan PK, Lam KC, Lee JJ, Johnson PJ

(2004) Use of lamivudine to prevent hepatitis B virus reactivation

during chemotherapy in breast cancer patients. Breast Cancer Res

Treat 88(3):209–215

24. Loomba R, Rowley A, Wesley R, Liang TJ, Hoofnagle JH, Pu-

cino F, Csako G (2008) Systematic review: the effect of pre-

ventive lamivudine on hepatitis B reactivation during

chemotherapy. Ann Intern Med 148(7):519–528

25. Tsai SH, Dai MS, Yu JC, Ho CL, Chen YC, Wu YY, Chang PY,

Kao WY, Chao TY (2010) Preventing chemotherapy-induced

hepatitis B reactivation in breast cancer patients: a prospective

comparison of prophylactic versus deferred preemptive lamivu-

dine. Support Care Cancer. doi:10.1007/s00520-010-1019-2

26. Yeo W, Chan PK, Chan HL, Mo FK, Johnson PJ (2001) Hepatitis

B virus reactivation during cytotoxic chemotherapy-enhanced

viral replication precedes overt hepatitis. J Med Virol

65(3):473–477

27. Yeo W, Johnson PJ (2006) Diagnosis, prevention and manage-

ment of hepatitis B virus reactivation during anticancer therapy.

Hepatology 43(2):209–220

28. Kohrt HE, Ouyang DL, Keeffe EB (2006) Systematic review:

lamivudine prophylaxis for chemotherapy-induced reactivation of

chronic hepatitis B virus infection. Aliment Pharmacol Ther

24(7):1003–1016

29. Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dienstag

JL, Heathcote EJ, Little NR, Griffiths DA et al (2003) Long-term

safety of lamivudine treatment in patients with chronic hepatitis

B. Gastroenterology 125(6):1714–1722

30. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H,

Tanwandee T, Tao QM, Shue K, Keene ON et al (2004) Lami-

vudine for patients with chronic hepatitis B and advanced liver

disease. N Engl J Med 351(15):1521–1531

31. Chen CJ, Yang HI, Su J, Jen CL, You SL, Lu SN, Huang GT,

Iloeje UH (2006) Risk of hepatocellular carcinoma across a

biological gradient of serum hepatitis B virus DNA level. JAMA

295(1):65–73

32. Iloeje UH, Yang HI, Su J, Jen CL, You SL, Chen CJ (2006)

Predicting cirrhosis risk based on the level of circulating hepatitis

B viral load. Gastroenterology 130(3):678–686

33. Yu MW, Yeh SH, Chen PJ, Liaw YF, Lin CL, Liu CJ, Shih WL,

Kao JH, Chen DS, Chen CJ (2005) Hepatitis B virus genotype

and DNA level and hepatocellular carcinoma: a prospective study

in men. J Natl Cancer Inst 97(4):265–272

34. Perrillo RP, Schiff ER, Davis GL, Bodenheimer HJ, Lindsay K,

Payne J, Dienstag JL, O’Brien C, Tamburro C, Jacobson IM et al

(1990) A randomized, controlled trial of interferon alfa-2b alone

and after prednisone withdrawal for the treatment of chronic

hepatitis B. The Hepatitis Interventional Therapy Group. N Engl J

Med 323(5):295–301

35. Dienstag JL, Schiff ER, Wright TL, Perrillo RP, Hann HW,

Goodman Z, Crowther L, Condreay LD, Woessner M, Rubin M

et al (1999) Lamivudine as initial treatment for chronic hepatitis

B in the United States. N Engl J Med 341(17):1256–1263

36. Chang TT, Gish RG, de Man R, Gadano A, Sollano J, Chao YC,

Lok AS, Han KH, Goodman Z, Zhu J et al (2006) A comparison

of entecavir and lamivudine for HBeAg-positive chronic hepatitis

B. N Engl J Med 354(10):1001–1010

37. Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis

G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Ma J (2006)

Long-term therapy with adefovir dipivoxil for HBeAg-negative

chronic hepatitis B for up to 5 years. Gastroenterology 131(6):

1743–1751

38. Hadziyannis SJ, Tassopoulos NC, Heathcote EJ, Chang TT, Kitis

G, Rizzetto M, Marcellin P, Lim SG, Goodman Z, Wulfsohn MS

et al (2003) Adefovir dipivoxil for the treatment of hepatitis B e

antigen-negative chronic hepatitis B. N Engl J Med 348(9):

800–807

39. Ling R, Mutimer D, Ahmed M, Boxall EH, Elias E, Dusheiko

GM, Harrison TJ (1996) Selection of mutations in the hepatitis B

virus polymerase during therapy of transplant recipients with

lamivudine. Hepatology 24(3):711–713

712 Breast Cancer Res Treat (2011) 127:705–712

123

http://dx.doi.org/10.1007/s00520-010-1019-2

	A single-center, prospective 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 chemotherapy?
	Abstract
	Introduction
	Patients and methods
	Entry and exclusion criteria
	Investigations
	HBV DNA assay
	Definitions
	Use of lamivudine
	The prophylactic lamivudine group

	The control group
	Statistical methods

	Results
	Baseline characteristics of the two groups of patients (Table 1)
	Biochemical, virological, and clinical outcomes in the two groups of patients (Table 2)
	The prophylactic lamivudine group

	The control group
	Comparison of outcomes between the two groups

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


