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Background: Hepatitis B virus (HBV) reactivation may occur with chemotherapy and has significant morbidity and mortality. The
United States Centre for Disease Control and Prevention recommends pre-chemotherapy hepatitis B screening for all cancer
patients, while the American Society of Clinical Oncology finds that there is insufficient evidence currently to support such a
recommendation. Apart from anthracyclines, HBV reactivation rates from other commonly used chemotherapy regimens in solid
tumours are not well described.

Methods: We compared HBV reactivation risk in patients receiving several commonly used chemotherapy regimens for solid
tumours associated with different immunosuppression risk at a tertiary cancer centre in an HBV endemic region.

Results: A total of 1149 patients were identified, including 434, 196, 245 and 274, respectively, who received doxorubicin-based,
oxaliplatin- or irinotecan-based, carboplatin/gemcitabine, and capecitabine chemotherapy. HBV screening rate was 39% overall.
Thirty out of 448 (7%) screened patients were HBsAg positive and 28 out of 30 received prophylactic antiviral therapy with no
reactivation. Three out of 1149 patients overall (0.3%) developed HBV reactivation, all from the unscreened doxorubicin group
(3 out of 214, 1.4%). No unscreened patients (0 out of 487) in the other three treatment groups developed reactivation (Po0.001).

Conclusion: Not all chemotherapy regimens result in HBV reactivation. Routine hepatitis B screening for low- or moderate-risk
regimens may not be warranted.

Chronic hepatitis B infection is a global public health issue with
4350 million hepatitis B virus (HBV) carriers worldwide, B75%
of whom live in Southeast Asia and the Western Pacific regions
(Ganem and Prince, 2004). The prevalence of chronic HBV
infection in these endemic regions is as high as 8–15% compared
with 0.3–0.5% infected individual within the USA and in the native
populations of the Western hemisphere (Wands et al, 1975; Lok
and McMahon, 2007).

Increasingly, HBV reactivation is described in patients
with solid tumours receiving chemotherapy, particularly in
breast cancer patients receiving anthracycline-based regimens
(Dai et al, 2004). Hepatitis B virus reactivation appears to
correlate with the level of immunosuppression of the chemother-
apy administered (Liaw, 1998), as well as concomitant steroids use
(Chou et al, 1992).

In 2008, the United States Centres for Disease Control and
Prevention recommended HBV screening before any form of
immunosuppressive therapy including cytotoxics (Weinbaum et al,
2008). However, there are still many unanswered questions with
regards to HBV screening prior to chemotherapy for solid
tumours. Particularly, convincing evidence about which appro-
priate population to screen, and the benefits and potential harms of
antiviral therapy amongst patients who tested positive for HBV are
still lacking (Hoofnagle, 2009). Importantly, universal HBV
screening in patients with solid tumours may not be cost effective
where prevalence of HBV is low (Day et al, 2011), and when
chemotherapy regimens associated with low hepatitis B reactiva-
tion risk are prescribed. Indeed, the American Society of Clinical
Oncology issued a provisional clinical opinion in 2010 stating
insufficient evidence to support routine HBV screening for all
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cancer patients undergoing cytotoxic chemotherapy and instead
recommended the exercise of ‘clinical judgement’ (Artz et al, 2010).

Apart from anthracyclines, the HBV reactivation risks of other
commonly used chemotherapy regimens in solid tumours are not
well described. We hypothesise that HBV reactivation risk differs
amongs different cytotoxic regimens, and non-anthracyclines-
based chemotherapy regimens and regimens with low myelosup-
pression risk are associated with low risk of HBV reactivation risk.

We aim to assess and compare HBV screening rates as well as
reactivation risk in patients receiving several common chemother-
apy regimens for solid tumours associated with different
myelosuppression risks at a tertiary cancer centre in Singapore, a
developed country in Southeast Asia where HBV is endemic with a
reported carrier rate of B6% (Guan, 1996), and where prior to
year 2011, routine HBV screening for all patients with solid
tumours undergoing chemotherapy was not universally practised.

PATIENTS AND METHODS

The medical records of eligible patients who had received one of six
commonly used chemotherapy regimens for solid tumours
between January 2007 and December 2010 were reviewed. The
regimens were: (1) AC (doxorubicin 60 mg m� 2, cyclophospha-
mide 600 mg m� 2) or FAC (fluorouracil 500 mg m� 2, doxorubicin
50 mg m� 2, cyclophosphamide 500 mg m� 2 every 3 weeks), (2)
FolFox or Folfiri (oxaliplatin 85 mg m� 2 or irinotecan
180 mg m� 2), folinic acid 400 mg m� 2, and bolus fluorouracil

400 mg m� 2 followed by infusional fluorouracil 2400 mg m� 2

over 46 h, every 2 weeks, (3) carboplatin (area under the
concentration time curve 5), day 1 and gemcitabine 1000 mg m� 2

days 1 and 8, every 3 weeks, and (4) single-agent capecitabine
1000–1250 mg m� 2 days 1–14, every 3 weeks. These chemotherapy
regimens were chosen based on their different myelosuppression risk.
AC/FAC chemotherapy for breast cancers is considered high risk as it
is associated with significant grade 3 and 4 neutropenia rates of 50–
60%, compared with 30–40% for Folfox/Folfiri and 20% for
carboplatin and gemcitabine combination, which are considered
moderate-risk regimens, and o5% for capecitabine, a low-risk
regimen (Tournigand et al, 2004; Twelves et al, 2005; Jones et al,
2006; Fidias et al, 2009). All patients were treated at the National
University Cancer Institute, Singapore – one of two terti-
ary cancer centres in Singapore. Patients who started chemotherapy
in 2010 but who were still actively undergoing the same regimen after
June 2011 were excluded, as HBV reactivation can occur any time
within 6 months upon completion of chemotherapy. Patients who
were commenced on chemotherapy after December 2010 were also
excluded, because from January 2011, our centre began to routinely
screen all patients for HBV prior to starting cancer chemotherapy.
The study was approved by the institution’s ethics review board.

Definition of HBV screening and reactivation. Chronic HBV
carriers are patients who are hepatitis B surface antigen (HBsAg)-
seropositive. HBV screening was defined by an HBsAg blood test
within 6 months of initiation of chemotherapy. ‘Hepatitis’ was
defined as a three-fold or more increase in serum alanine
transferase (ALT) that exceeded the upper limit of the reference

Table 1. Patient characteristics (n¼ 1149)

AC/FACa, n¼434
(%)

Folfox/Folfirib,
n¼196 (%)

Carboplatin/Gemcitabinec,
n¼245 (%)

Capecitabined,
n¼274 (%)

Age, years (median, range) 52 (35–75) 58 (26–81) 58 (28–79) 60 (28–82)

Gender

Male 2 (0.05) 113 (58) 126 (51) 108 (39)
Female 432 (99.5) 83 (42) 119 (49) 166 (61)

Race

Chinese 278 (64) 163 (83) 180 (74) 195 (71)
Malay 74 (17) 14 (7) 37 (15) 29 (11)
Indian 32 (7) 8 (4) 8 (3) 11 (4)
Others 50 (12) 11 (6) 20 (8) 39 (14)

Tumour type

Breast 434 (100) 0 60 (24) 127 (46)
– Adjuvant 363 (84) 0 0 (0) 0 (0)
– Metastatic 71 (16) 0 60 (24) 127 (46)

Colon 0 162 (83) 0 (0) 112 (41)
– Adjuvant 0 76 (39) 0 (0) 71 (26)
– Metastatic 0 86 (44) 0 (0) 41 (15)

Lung 0 0 (0) 110 (45) 0 (0)

Others 0 24 (17) 75 (31) 25 (13)

Use of steroids in pre-medication 434 (100) 196 (100) 245 (100) 0 (0)

HBV screen 220 (51) 68 (35) 78 (32) 82 (30)

Screen positive 6/220 (3) 10/68 (15) 5/78 (7) 9/82 (11)

aFAC: Fluorouracil 500 mg m� 2, Doxorubicin 50 mg m� 2 and Cyclophosphamide 500 mg m� 2 every 3 weeks. AC: Doxorubicin 60 mg m� 2 and Cyclophosphamide 600 mg m� 2 every 3 weeks.
bFolfox/Folfiri: Oxaliplatin 85 mg m� 2 or Irinotecan 180 mg m� 2þ Folinic acid 400 mg m� 2, Fluorouracil bolus 400 mg m� 2, then 2400 mg m� 2 as an infusion over 46 h every 2 weeks.
cCarbo/Gem: Carboplatin (area under the concentration time curve 5), Gemcitabine 1000 mg m� 2 day 1, day 8 every 3 weeks.
dCapecitabine: Capecitabine 1000–1250 mg m� 2 days 1–14 every 3 weeks.
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(458I U l� 1) or an absolute increase of ALT over 100I U l� 1 (Lok
et al, 1991). Hepatitis attributable to HBV reactivation was defined
as an increase in HBV DNA level of 10-fold or more from the
baseline level, or an absolute increase of HBV DNA level to
4108 IU ml� 1 at any time during chemotherapy and up to
6 months upon completion of chemotherapy, in the absence of
other acute viral hepatitis or systemic infection (Yeo et al, 2004).
Patients who were found to be HBsAg-positive on screening will
undergo further serological testing for HBV including HBV DNA
and hepatitis B e-antigen/antibody (HBeAg/anti-HBe) and may be
started on prophylactic antiviral therapy at the discretion of the
primary oncologists or the hepatologists if consulted. Prophylactic
antiviral therapy was usually continued up to 6 months after
chemotherapy completion with 3-monthly HBV DNA monitoring.
Liver function test (LFT), which included aspartate transaminase
(AST), alanine transaminase (ALT), alkaline phosphatase, total
bilirubin, and albumin, was conducted 3–4-weekly during che-
motherapy and at 6–12-weekly intervals upon completion of
chemotherapy, where applicable. Patients who developed hepatitis
with no apparent cause were investigated for viral infections
including hepatitis A, B and C. All patients who developed hepatitis
due to HBV reactivation were referred to and treated by
hepatologists. Disruption of chemotherapy treatment was defined
as premature termination of treatment or delay of 48 days
(Yeo et al, 2004).

RESULTS

A total of 1149 patients were reviewed (Table 1), including 434
(38%) who received anthracycline-based chemotherapy (AC/FAC),
196 (17%) who received oxaliplatin- or irinotecan-based combina-
tions (Folfox/Folfiri), 245 (21%) who received carboplatin/
gemcitabine, and 274 (24%) who received single-agent capecita-
bine. Median age of the whole cohort was 57 years (range 26–82).
Seventy per cent of the patients were female, as more than half (621
out of 1149, 54%) of our studied population were breast cancer
patients, of which 59% received adjuvant treatment with AC/FAC.
Overall, HBV screening rate was 39%, but was highest for AC/FAC
(51%) compared with the other three regimens (35% for Folfox/
Folfiri, 32% for carboplatin/gemcitabine, and 30% for single-agent
capecitabine, Po0.001). Except for single-agent capecitabine, all
patients treated with the other three regimens received steroids
pre-medication with intravenous dexamethasone 8–16 mg bolus
before each cycle of chemotherapy. In addition, patients who were
treated with AC/FAC or Folfox/Folfiri regimens also routinely
received oral dexamethasone 4–8 mg per day for 2–3 days as an
anti-emetic after each cycle of chemotherapy.

Of the 448 patients who were screened for hepatitis B, 30 (7%)
were found to be HBsAg-positive. Of these, 28 received prophylactic
antiviral therapy (24 received lamivudine (AC/FAC – 6, Capecita-
bine – 8, Folfox/Folfiri – 6, and Carboplatin/Gemcitabine – 4,
respectively), while 4 had entecavir (Capecitabine – 1, and Folfox/
Folfiri – 3) and none had HBV reactivation. The mean baseline HBV
DNA level for these 30 patients was 1.46±5.77� 107 IU ml� 1

(range undetectable (o200) to 2.8� 108IU ml� 1). Two HBsAg-
positive patients who received carboplatin/gemcitabine and Folfox
regimens, respectively, were not prescribed prophylactic antiviral
therapy, and both did not have HBV reactivation.

Amongst the unscreened population in our study, 77 out of 701
(11%) were noted to have transaminitis that fulfilled the definition of
hepatitis during or within 6 months of completing chemotherapy. Of
these, 9 out of 77 patients were subsequently screened for hepatitis B;
6 patients were HBsAg-negative, while 3 patients were HBsAg-
positive with elevated HBV DNA and were diagnosed with acute
hepatitis B flare. All three patients received anthracyclines-containing

chemotherapy. Of the remaining 68 patients who had transaminitis
and/or deranged liver function without HBsAg screen, 60 were
patients with advanced disease with liver metastasis and documented
progression, 3 patients had documented systemic infection that
accounted for the laboratory abnormalities, while the remaining 5
patients had pgrade 2 transaminitis that resolved within 3–4 weeks
without treatment and hospitalisation, and that did not recur with
subsequent chemotherapy cycles. Of these five patients, three
received AC/FAC, one received capecitabine and one was treated
with carboplatin/gemcitabine.

Overall, 3 out of the 1149 patients (0.3%) developed
documented HBV reactivation. All 3 were breast cancer patients
from the unscreened doxorubicin group (3 out of 214, reactivation
rate 1.4%) compared with 0 out of 487 (0%) unscreened patients in
the other three groups (Po0.001). All three patients were admitted
for acute hepatitis and had HBV DNA levels 4108 IU ml� 1 at the
time of admission. One patient with metastatic breast cancer died
of fulminant liver failure despite antiviral treatment. The other two
patients recovered but had significant delays in their cancer
therapy due to HBV reactivation. Among the unscreened patient
group, HBV reactivation rate was 0.4% (3 out of 701).

DISCUSSION

While HBV reactivation is a recognised complication in patients
with solid tumours undergoing cytotoxic therapy, there is still
much to know about the exact frequency of HBV reactivation and
its associated risk factors. Our study showed that the overall
clinically apparent HBV reactivation risk in patients with solid
tumours treated with chemotherapy is low (0.3% (3 out of 1149
overall), 0.4% (3 out of 701 unscreened patients)) even in an
endemic region. In particular, none of the 487 unscreened patients
who were treated with oxaliplatin- or irinotecan-based chemother-
apy, gemcitabine/carboplatin, or single-agent capecitabine devel-
oped clinically evident HBV reactivation. However, while the
overall HBV reactivation risk in cancer patients undergoing
chemotherapy is low, HBV reactivation remains an important
cause of hepatitis outside of progressive liver disease and systemic
infections, accounting for 3 out of 9 patients (33%) who developed
hepatitis and who were eventually screened for HBV infection.
Notably, all three patients were treated with anthracyclines-
containing chemotherapy.

Several risk factors for HBV reactivation in cancer patients have
been identified, such as treatment for haematologic malignancies,
types of immunosuppressant agents and high level of pre-
chemotherapy HBV DNA, though the mechanism and magnitude
of risk remain ill understood (Zhong et al, 2004). Among the
chemotherapeutic agents, anthracyclines and corticosteroids are
most frequently implicated. Anthracyclines have been shown
in vitro to stimulate HBV DNA secretion, while glucocorticoid
steroids bind to the glucocorticoid-responsive element on the HBV
DNA, which facilitates viral replication (Tur-Kaspa et al, 1986; Hsu
et al, 2004). In our study, all three cases of HBV reactivation
occurred in breast cancers patients receiving anthracycline-based
chemotherapy. Strikingly, there were no HBV reactivation amongst
patients in the other three non-anthracyclines regimen groups
despite similar usage of glucocorticoids pre-medication therapy
(with the exception of single-agent capecitabine, which was not
usually co-administered with steroids) and lower screening rates,
underscoring the fact that universal screening and prescription of
prophylactic antiviral therapy in cancer patients receiving ‘low- or
moderate-risk’ chemotherapy regimens may not be cost effective
even in an endemic region.

In other HBV-endemic regions such as Hong Kong and Korea,
several prospective studies of breast cancer patients receiving
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anthracycline-based chemotherapy have reported clinically sig-
nificant HBV reactivation rate to be around 20–25% in HBsAg-
positive patients who did not receive prophylactic antiviral therapy
(Yeo et al, 2003; Kim et al, 2007). Our study showed comparable
results. Assuming a HBsAg-positive rate of 6% in our population,
we would expect B12 patients from the 214 unscreened patients
who received anthracycline-based chemotherapy to be HBsAg
positive. Of these, 3 patients developed acute hepatitis secondary to
HBV reactivation, yielding an estimated 25% (three out of 12)
reactivation rate among HBsAg-positive patients, which is
consistent with previous reports. Our study thus supports routine
hepatitis B screening in patients receiving ‘high-risk’ anthracy-
clines-containing chemotherapy followed by prophylactic antiviral
therapy in HBsAg-positive patients, as HBV reactivation rate is
high with significant mortality and prophylaxis is effective, as
shown by our study and others (Loomba et al, 2008; Yun et al,
2011). If not previously determined, HBsAg status should be
checked prior to starting any anthracycline-based chemotherapy
regardless of the line of treatment.

However, universal HBV screening may not be cost effective in
our population based on simple calculations, taking into
consideration costs associated with HBV screening and manage-
ment of HBV-positive patients. With a HBV reactivation rate of
0.4% amongst the unscreened population group as shown in our
study, the numbers needed to screen to prevent 1 HBV flare is 250
patients. Of these 250 patients who are screened, B15 patients will
be HBsAg-positive given our HBV carrier rate of B6% in
Singapore, and will go on to receive prophylactic antiviral therapy
such as lamivudine, entecavir, and so on. The cost of screening 250
patients with only HBsAg is BS$5250 (estimated cost at S$21 per
test), while the cost of treating 15 HBsAg-positive patients with
suppressive antiviral therapy during chemotherapy and for an
additional 6 months thereafter (estimated cost of S$160 per month
for 12 months per patient� 15 patients), with follow-up blood
tests including HBV DNA titres and consultation charges with
hepatologists (estimated cost of S$200 every 3 months� 4� 15
patients) is BS$40 000. These are substantial costs for low-risk
chemotherapy regimens such as oral capecitabine, which did not
result in acute hepatitis B reactivation in our study. In comparison,
the cost of treating one patient who is hospitalised for a median
duration of 11 days for acute hepatitis B reactivation is estimated to
be S$3500 (Kim et al, 2007). While this analysis does not take into
account potential mortality from acute hepatitis B flare or
morbidities from prophylactic antiviral therapy such as adverse
drug reactions and long-term drug resistance issue, and so on, it
does suggest that universal hepatitis B screening may not be cost
effective for certain low-risk chemotherapy regimens.

Limitations. Given the retrospective nature of this study, we were
unable to provide objective data on factors that influenced
physicians’ decisions to screen or not screen certain patients. Also,
in comparing HBV reactivation rates amongst the various
chemotherapy regimens, we have assumed that the HBV carrier
rate is approximately the same amongst the patient groups, though
this may not necessarily be so. Only 6 out of 220 (3%) of breast
cancer patients receiving anthracyclines-containing combinations
were screened positive for HBsAg compared with 10 out of 68
(15%) for patients receiving irinotecan or oxaliplatin-containing
chemotherapy and 9 out of 82 (11%) for carboplatin/gemcitabine
combination. These differences are in part due to small sample
sizes in the different subgroups, as well as possibly reflecting
differences in patients’ demographics as the latter two groups have
a higher proportion of Chinese patients who have reportedly the
highest HBV carrier rates amongst the different ethnics groups in
Singapore (Guan, 1996).

In addition, HBV reactivation may have been under-diagnosed,
as an estimated 15% patients may have asymptomatic HBV

reactivation without clinical evidence of hepatitis when routine
HBV DNA was monitored at 2–3-weekly intervals (Yeo et al,
2003). Serial HBV DNA monitoring in patients receiving
chemotherapy is, however, not widely practised outside the setting
of clinical trials, and is not routinely done in our institution,
although we regularly monitor liver function tests every 3–4 weeks
during chemotherapy and every 6–12 weeks after chemotherapy
where applicable, and should identify most cases of hepatitis.
Another limitation is that HBV was not tested for all patients who
subsequently developed hepatitis, as a large majority (60 out of 77;
78%) had advanced cancer to the liver, which was presumed to be
the cause of the hepatitis, and thus further investigations were not
performed to rule out infective causes. Some of these patients may
have co-existing HBV reactivation as the cause of the hepatitis,
resulting in underestimation of the HBV reactivation rate in this
study, although we believe that the number of undiagnosed cases is
small and would not have altered the results of this study
substantially.

CONCLUSION

Not all chemotherapy regimens are associated with the risk of HBV
reactivation. While routine HBV screening for patients with solid
tumours on high-dose glucocorticoids or high-risk anthracyclines-
containing regimens is supported, routine screening and antiviral
prophylaxis for other lower-risk chemotherapy regimens, such as
single-agent capecitabine, oxaliplatin- or irinotecan-based che-
motherapy, or gemcitabine/carboplatin, may not be necessary even
in endemic regions like Singapore. Ideally, these findings should be
further evaluated and confirmed by prospective studies. Never-
theless, our study highlights the need to re-evaluate the current
HBV screening guidelines for cancer patients undergoing
immunosuppressive therapy.
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