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AbstractAbstractAbstractAbstractAbstract

AIM: To investigate the long-term consequences of
chemotherapy-related HBV reactivation in patients with
lymphoma.

METHODS: This study was based on the database of
published prospective study evaluating HBV reactivation
in HBV lymphoma patients during chemotherapy.
Deteriorated liver reserve (DLR) was defined as
development of either one of the following conditions
during follow-up: (1) newly onset parenchyma liver
disease, splenomegaly or ascites without evidence of
lymphoma involvement; (2) decrease of the ratio
(albumin/globulin ratio) to less than 0.8 or increase of
the ratio of INR of prothrombin time to larger than 1.2
without evidence of malnutrition or infection. Liver
cirrhosis was diagnosed by imaging studies.

RESULTS: A total of 49 patients were included. The
median follow-up was 6.2 years (range, 3.9-8.1 years).
There were 31 patients with and 18 patients without HBV
reactivation. Although there was no difference of overall
survival (OS) and chemotherapy response rate between
the two groups, DLR developed more frequently in patients
with HBV reactivation (48.4% vs 16.7%; P = 0.0342). Among
the HBV reactivators, HBV genotype C was associated
with a higher risk of developing DLR (P = 0.0768) and liver
cirrhosis (P = 0.003). Four of five patients with sustained
high titer of HBV DNA and two of three patients with
multiple HBV reactivation developed DLR. Further, patients
with a sustained high titer of HBV DNA had the shortest
OS among the HBV reactivators (P = 0.0000). No patients
in the non-HBV reactivation group developed hepatic
failure or liver cirrhosis.

CONCLUSION: Chemotherapy-related HBV reactivation
is associated with the long-term effect of deterioration of
hepatic function.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTIONINTRODUCTION

Reactivation of HBV is a well-recognized complication in
patients with chronic HBV infection, who receive cytotoxic
chemotherapy or immunotherapy management for
cancers[1-16]. This complication is especially important in
Taiwan, Hong Kong, Singapore and Mainland China, which
have high HBV carrier rates of approximately 15-20% in
the general population. Although the reported frequency
of HBV reactivation in hepatitis B surface antigen (HBsAg)-
positive non-Hodgkin’s lymphoma (NHL) patients
undergoing cancer chemotherapy has ranged widely from
14% to 72%[8-10], our recent prospective study indicated a
HBV reactivation rate of around 70% in patients receiving
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conventional glucocorticoids-containing systemic
chemotherapy[17]. In the near-term, hepatitis flare-up in
patients undergoing chemotherapy may jeopardize scheduled
chemotherapy or cause severe hepatic damage and even
lethal hepatic failure of  the patients. However, for survivors
of lymphoma who have HBV reactivation during
chemotherapy, the long-term hepatic consequences have
not been elucidated.

In this study, we analyzed the long-term hepatic
consequence in HBV lymphoma patients with HBV
reactivation during chemotherapy by using the database of
the TCOG (Taiwan Cooperative Oncology Group)-1495,
initiated in 1995 and a prospective multi-center randomized
clinical study, to evaluate HBV reactivation in HBsAg (+)-
lymphoma patients[17]. Most of the patients in this study
were followed up for more than 6 years. Our results indicated
that though there is no difference in overall survival (OS)
in the patients with or without HBV reactivation, HBV
reactivation during systemic chemotherapy may have
long-term adverse effect on the livers of  the lymphoma
survivors.

MAMAMAMAMATERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODSTERIALS AND METHODS

Patients
This retrospective study used data collected during the
long-term follow-up of  patients enrolled in a multi-center
randomized clinical study conducted from November 1995
to February 2000, which compared steroid-containing and
steroid-free chemotherapy in HBsAg (+)-lymphoma
patients (T-1495)[17]. All 49 patients who participated in that
prospective trial were included in this study. HBV DNA,
hepatitis B e antigen (HBeAg) status, HBV genotype and
biochemical data (albumin, globulin, bilirubin in total and
direct forms, serum aspartate aminotransaminase, serum
alanine aminotransaminase (ALT), and prothrombin time
(PT)) were regularly examined before treatment and every
2 wk during chemotherapy. All these exams except HBV
studies were regularly checked every 2 mo during follow-up.
Imaging studies (i.e., abdominal ultrasonography and
computed tomography) were performed every 3 mo during
chemotherapy and annually during the long-term follow-up.

Hepatitis B virus serology and definition of HBV reactivation
Briefly, HBV DNA was tested in duplicate using the Chiron
bDNA assay (VERSANT HBV DNA assay, Chiron
Diagnostics, Emeryville, CA, USA). This assay has a
sensitivity of  2.5 pg/mL. HBV genotypes were determined
using PCR-restriction fragment length polymorphism
(RFLP) of the surface gene of HBV[18]. Six genotypes (A-F)
of HBV could be identified by the restriction patterns of
DNA fragments.

Clinical hepatitis flare-up was defined as a threefold or
greater increase in serum ALT level that exceeded 100 IU/L.
The hepatitis or hepatitis flare-up was attributed to
reactivation of chronic hepatitis B, when there was a five-
fold or higher elevation of serum HBV DNA compared
with the pre-chemotherapy baseline level or re-appearance
of HBV DNA or HBeAg in the serum. Liver biopsy was
electively performed to determine the etiology of  hepatitis

in this study. Only six patients received liver biopsy before
or after chemotherapy. Three patients who developed HBV
reactivation after early 1999 were treated with lamivudine.

Definition of subtype HBV reactivation during chemotherapy
The HBV reactivation pattern was categorized into three
groups as transient, protracted and multiple reactivations[17].
Transient pattern was characterized by a rapid and transient
surge of HBV DNA, which usually resolved in a few weeks.
Protracted HBV reactivation was defined as a prolonged
period of persistently high HBV DNA titer. Some patients
with protracted HBV reactivation finally achieved resolution
after several bouts of clinical hepatitis (protracted/resolved),
while others maintained a high-titer of HBV DNA status
throughout the entire period of chemotherapy (protracted/
unresolved). Multiple HBV reactivations were characterized
by repeated HBV increment after apparent resolution of
previous episodes.

Definition of deteriorated liver reserve
In this retrospective study, hepatic images, albumin/globulin
ratio (A/G ratio)[19-22] and international normalized ratio
(INR) of PT[23-25] were used for the evaluation of liver
status. Deteriorated liver reserve (DLR) was defined as the
development of either one of the following conditions
during the following period: (1) New onset of parenchyma
liver disease, liver cirrhosis, splenomegaly or ascites[26]

without evidence of lymphoma involvement of the liver;
(2) Decrease of the ratio (A/G ratio) to less than 0.8 [(post-
chemotherapy A/G ratio)/(pre-chemotherapy A/G ratio)]
or increase of the ratio of INR of PT [(post-chemotherapy
INR)/(pre-chemotherapy INR)] to larger than 1.2 without
evidence of malnutrition or infection status.

Statistical analysis
All analyses were carried out according to the intent-to-
treat principle. Survival curves were estimated by the
Kaplan-Meier method. Chi-square test was used to compare
variables between patients with and without HBV
reactivation. A two-tailed P value less than 0.05 was
considered statistically significant. SPSS statistical software
(version 10.0) was used for the analysis in this study.

RESULRESULRESULRESULRESULTSTSTSTSTS

Baseline characteristics
The baseline characteristics of the NHL patients according
to the occurrence HBV reactivation are shown in Table 1.
The median follow-up of the patients was 6.2 years (range,
3.9-8.1 years). There were 31 patients (63.3%) in the HBV
reactivation group and 18 patients (36.7%) in the non-HBV
reactivation group. Among 31 patients with clinical HBV
reactivation, only one patient had his liver biopsied to confirm
the diagnosis. Patients who were more than 45 years old or
those who had a lower pre-chemotherapy HBV DNA load
(<100 copy numbers) had a significant tendency to develop
HBV reactivation (P = 0.019 and P = 0.010, respectively).
The likelihood of developing HBV reactivation was slightly
higher in HBeAg (-) patients (P = 0.0841). Gender and HBV
genotype did not contribute to HBV reactivation.
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Long-term effect of HBV reactivation
None of the patients developed varices bleeding or
hepatocellular carcinoma during the follow-up period. The
median survival was 1 886 d in the HBV reactivation
group (1 537±188 d, 95%CI as 1 168-1 907 d) and 828 d
in the non-HBV reactivation group (1 255±217 d, 95%CI
as 829-1 680 d) group. Although there was no difference
in treatment response to chemotherapy (P = 0.3897) and
OS between patients with and without HBV reactivation
(P = 0.601, Figure 1A), DLR was developed more
frequently in patients with HBV reactivation (48.4% vs

16.7%, P = 0.0342, Figure 1B).

Risk factors for developing deteriorated liver reserve
Among the HBV reactivators, those with HBV genotype C
had a higher risk of developing DLR (P = 0.0768). No
other factor including HBeAg status, age, gender,
reactivation pattern and peak value of  bilirubin, ALT and
HBV DNA level was found to be associated with poor
liver outcome (Table 2). Three of  thirty-one patients who

had viral genotype C had new onset of liver cirrhosis by
imaging criteria with Child-Pugh classification A. Genotype
C was associated with the development of liver cirrhosis
after chemotherapy among lymphoma patients who had
HBV reactivation during chemotherapy (P = 0.003, Figure 2).

The characteristics and outcome of patients who
developed DLR with patterns of protracted/unresolved (A)
and multiple reactivations (B) are listed in Table 3. Four of
five patients with pattern A and two of three patients with
pattern B developed DLR. All 3 of the 31 patients who
died of hepatic failure had protracted/unresolved (A) or
multiple reactivation (B) patterns. No cases of hepatic failure
or new onset of liver cirrhosis developed in the non-HBV
reactivation group.

Table 1  Characteristics of the HBV carriers receiving chemotherapy
for non-Hodgkin’s lymphoma

                  HBV reactivation (-) HBV reactivation (+)

               Total   n  %  n              % P

Number of patients 49 18 36.7 31           63.3
Median follow-up (yr)    6.2    5.4    6.7
Age (yr)

45 24 13 54.2 11           45.8        0.019
>45 25   5 20 20           80

Sex
Female 21   7 33.3 14           66.7        0.7689
Male 28 11 39.3 17           60.1

 HBeAg
Positive   7   5 71.4    2           28.6        0.0841
Negative 42 13 31  29           69

Pre-chemotherapy HBV DNA
100 copy numbers 11   8 72.7   3           27.3        0.010

<100 copy numbers 38 10 26.3 28           73.7
HBV genotype C

Yes 12   5 41.7   7           58.3        0.7318
No 32 11 34.4 21           65.6
Unknown or mixed type   5   2 40   3           60

Tumor overall response (complete remission and partial remission)
Yes 26   8 30.8 18           69.2        0.3897
No 23 10 43.5 13           56.5

Figure 1  OS of total 49 HBV carriers’ undergoing chemotherapy for non-Hodgkin’s lymphoma, according to HBV reactivation status (P = 0.601) (A); comparison of
liver reserve between HBV reactivators and HBV non-reactivators (P = 0.0342) (B).

Table 2  Risk factors for development of DLR among non-Hodgkin’s
lymphoma patients with HBV reactivation during chemotherapy

             DLR (–)          DLR (+)

               Total  n   %  n           %                P

Number of patients 31 16 51.6 15        48.4
Age (yr)

45 11   4 36.4   7        65.6           0.2734
>45 20 12 60   8        40

Sex
Female 14   7 50   7        50            1
Male 17   9 52.9   8        47.1

GPT>10X
Yes 19   8 42.1 11        57.9           0.2734
No 12   8 66.7   4        33.4

HBeAg
Present 29 16 55.2 13        44.8           0.2258
Absent   2   0   0   2      100

HBV genotype C
No 21 13 61.9   8        38.1           0.0768
Yes   7   1 14.3   6        85.7
Unknown or mixed type   3   2 66.7   1        33.3

Total bilirubin >5
Yes   5   1 20   4        80              0.1719
No 26 15 57.7 11        42.3

Peak HBV DNA >100X
Yes 18   9 50   9        50 1
No 13   7 53.8   6        46.2

Patterns of reactivation
Transient 16 10 62.5   6        37.5           0.508
Protracted/resolved   5   3 60   2        40
Protracted/unresolved   5   1 20   4        80
Multiple reactivation   3   1 33.3   2        66.7
Unknown   2   1 50   1        50
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Treatment efficacy among HBV reactivators with different
reactivation patterns
Response to chemotherapy (partial response or complete
remission) occurred in 10 of 16 patients with transient
reactivation, 4 of 5 patients with protracted/resolved
reactivation, 2 of 5 patients with protracted/unresolved
flare-up, 2 of 3 patients with multiple reactivation and
none of 2 patients with unsure pattern. No correlation was
found between reactivation pattern and treatment response
(P = 0.325). However, patients with a protracted/unresolved
reactivation pattern had shorter OS (189±41 d, 95%CI as
108-269 d, Figure 3, P = 0.000).

Figure 3  OS in HBV reactivation patients with different reactivation patterns
(P = 0.000). (MA: multiple reactivations; PR: protracted/resolved; PU: protracted/
unresolved.).

DISCUSSIONDISCUSSIONDISCUSSIONDISCUSSIONDISCUSSION

In this study, we demonstrated that though there is no

survival difference between NHL patients with and without
HBV reactivation during chemotherapy, the patients with
HBV reactivation do have a long term effect on liver
function or liver cirrhosis of  the lymphoma survivors by
biochemical tests or by imaging modality. HBV genotype C
patients may have a higher risk of developing DLR and
liver cirrhosis after chemotherapy. Moreover, patients with
protracted/unresolved or multiple reactivations are
associated with a higher risk of developing DLR and a high
incidence of  lethal hepatic failure. Furthermore, patients
with sustained high titer of HBV DNA leads to poor OS
duration compared to other HBV reactivators.

This study had several limitations. DLR after chemotherapy
was defined by common biochemical tests with A/G and
PT[19-25] and imaging modality because the condition of the
patients (i.e. neutropenia and thrombocytopenia during
chemotherapy) made routine performance of  liver biopsy
during lymphoma treatment problematic. The relatively
short follow-up duration also limited this study. The longest
follow-up duration was only 8.1 years and this might not
have been long enough to observe the full clinical course
of HBV infection, such as decompensated liver cirrhosis
and hepatocellular carcinoma[27]. The small size was another
limitation of this study; and in this study, only 31 patients
were HBV reactivation patients. So genotype C of HBV
only had a borderline of contribution to develop DLR
(P = 0.0768). Therefore, further research is needed to
establish the relationships among HBV, chemotherapy and
host, and to determine the long-term effects of  chemotherapy
in lymphoma patients who are hepatitis B carriers.

Icteric hepatitis in HBV reactivation during chemotherapy
may jeopardize the treatment schedule and thereby increase
the risk of lymphoma progression and change the OS of
patients with HBV reactivation. No difference was found
in the treatment response rate and OS (Figure 1A) of
between patients with and without HBV reactivation;
however, as shown in Table 3 and Figure 3, patients with a
protracted/unresolved reactivation pattern had a shorter
OS. Protracted/unresolved reactivation was associated
with a higher probability of subsequent hepatic failure or
postponed chemotherapy schedule, both of which might
contribute to shorter OS. However, in this study, only
small proportion patients (4 of 31, 13%) was identified
with protracted-unresolved pattern of HBV reactivation;
so maybe we should enroll more patients to identify whether
the reactivation patterns have influence on the survival.

The worldwide distribution of HBV genotype can be
summarized as follows: genotype A is predominant in
northern Europe; genotypes B and C are confined to

Figure 2  Relationship between genotype and liver cirrhosis in HBV reactivators
(P = 0.003).

Table 3  Characteristics of DLR of HBV reactivators with patterns of protracted/unresolved (A) and multiple reactivations (B)

Reactivation pattern Outcome    Cause of death            Type of DLR         Ratio of A/G ratio             Ratio of INR of PT

A Died    Hepatic failure    H      0.62         3.88
A Died    Hepatic failure    H      1         1.27
A Died    Cancer progression    N      0.86         NA
A Died    Cancer progression    N      0.6         1.38
B Alive    NA    N      NA         NA
B Died    Hepatic failure/cancer progression    H      NA         1.36

H: HBV reactivation related hepatic failure; N: newly developed coarse liver echotexture; NA: not available.
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populations with origins in eastern Asia and the Far East;
genotype D is found worldwide, but prevails in the
Mediterranean area, the Near and Middle East and south
Asia; genotype E is indigenous to western sub-Saharan areas;
genotype F is likely to be present in populations with origins
in the American continent and the newly identified genotype
G is found in France and the USA[28]. In Taiwan, the major
serotype of HBV is genotype B (about 81%)[29]. Generally
speaking, genotype C is associated with more severe liver
disease and hepatocellular carcinoma, which may be due to
increased risk of HBeAg positivity, higher serum HBV
DNA level, less frequent precore stop codon mutation, and
a longer immune clearance phase[28].

In this study, patients with HBV genotype C contributed
had a higher rate of impaired liver outcome including
post-chemotherapy-related liver cirrhosis. However, among
HBV re-activators, the proportion with genotype C who
became HBeAg seropositive (1 of 7, 14.3%) was not
significantly higher compared to those with genotype B
(1 of 21, 4.8%) (P = 0.4444, Fisher’s exact test). Besides,
the pre-chemotherapy baseline HBV DNA copy numbers
of all genotype C patients were not elevated, and all of
them were within 100 copies. This suggests that the
mechanism of DLR resulting from genotype C in HBV
patients might not be fully explained by HBV DNA amount
and HBeAg seropositivity. Host immune reaction response
to hepatitis virus[19,30] and viral genomic factors[31,32] may be
more predominant factors. Further studies are needed to
test this hypothesis.

Antiviral drugs (i.e. lamivudine) are now commonly used
for treatment and prevention of HBV reactivation in
HBsAg seropositive patients undergoing cytotoxic
chemotherapy[33,34]. They have shown a complete preventative
effect of lamivudine, when used before chemotherapy in
HBV carriers with lymphoma. However, there is a lack of
data on the response to these antiviral drugs in treating or
preventing chemotherapy-related HBV reactivation in cancer
patients with different HBV genotypes. Further monitoring
of  the long-term consequences of  HBV infection patients
either treated or receiving prophylaxis with antiviral agents
during chemotherapy and follow-up of the efficacy of these
drugs in different HBV genotypes is needed.
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