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Abstract
Hepatitis B reactivation is a well-described complication in patients with inactive chronic hepatitis
B receiving chemotherapy. Screening for HBV and preemptive therapy are recommended.
However, the rates of HBV screening, prophylaxis and reactivation during rituximab-containing
chemotherapy are unknown.

Patients and methods—We performed a retrospective study of patients with non-Hodgkin
lymphoma (NHL) who received rituximab between August 1997 and September 2009. We
evaluated patients for hepatitis B serologies, antiviral prophylaxis and hepatitis B reactivation
during or up to 6 months after chemotherapy.

Results—One thousand four hundred twenty nine patients underwent rituximab-containing
chemotherapy for NHL. Hepatitis B serologies were documented in 524 (36.6%) patients. Of
these, 20 (3.8 %) were HBsAg positive and 10 (50%) experienced HBV reactivation. Only half
(5/10) had HBV serology documented prior to reactivation. Only 3/8 (37.5%) of patients with
newly documented HBsAg positivity received antiviral prophylaxis. Virologic breakthrough
occurred in 2 of the patients on chronic therapy, in one of three inactive carriers on prophylaxis
and in 2 of 5 patients not receiving prophylaxis. Reactivation developed in another 5 patients not
previously screened for hepatitis B. One patient developed ALF and died. Reactivation did not
occur in 25 patients with isolated positive core antibody.

Conclusions—At tertiary care institutions hepatitis B serologies are infrequently assessed prior
to rituximab-based chemotherapy and prophylaxis is uncommon. Greater adherence to
recommendations for screening and prophylaxis is necessary. This suboptimal screening rate
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could be even lower in community hospitals and could result in significant harm to unscreened
and unprophylaxed patients.
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Rituximab

INTRODUCTION
Chronic infection with hepatitis B virus (HBV) affects 1.25 million persons in the United
States and over 350 million worldwide.(1,2) The morbidity and mortality from chronic
hepatitis B due principally to the host immune response to viral infection(3) is high, with 15
to 40% developing chronic liver disease or hepatocellular carcinoma.(4,5)

Even quiescent hepatitis B infection, as seen in chronic inactive carriers or patients with
resolved infection, can reactivate in the setting of immunosuppression or chemotherapy.
Reactivation of hepatitis B is marked by an abrupt onset of hepatitis B replication, with an
elevated HBV DNA level and elevated aminotransferases. Reactivation is most commonly
subclinical but can result in severe disease, including acute liver failure and death.(6)

Rates of hepatitis B reactivation vary widely in different studies, ranging from 20% to 55%
in inactive carriers undergoing immunosuppressive chemotherapy.(7, 8, 9, 10,) Fortunately,
antiviral prophylaxis has been shown to be effective in reducing the rates of reactivation.
Lamivudine prophylaxis dramatically reduces reactivation rates between 0% to 11.5%.(11,12)

Because reactivation is common and can have devastating consequences, since 2003(13,14)

multiple societies (NIH, AASLD, APASL, EASL) have published recommendations calling
for universal screening for hepatitis B infection with hepatitis B surface antigen for all
patients planning chemotherapy.(4, 5, 7, 15) In addition, antiviral prophylaxis for patients with
positive surface antigen is currently recommended during and for a variable period
following the completion of chemotherapy.(4,5,13) (Table 1) However, the rates of adherence
to these recommendations are unknown and their impact on rates of reactivation of hepatitis
B remains unclear.

Since the previous reports of hepatitis B reactivation, chemotherapy for hematologic
malignancies has evolved. Rituximab, a genetically engineered chimeric murine/human
monoclonal antibody (mAb) directed against the CD20 antigen expressed on the surface of
normal and malignant B-lymphocytes(16), has become a mainstay of chemotherapy for non-
Hodgkin’s lymphoma.(17) Rituximab combined with standard chemotherapy is associated
with higher response rates.(18, 19) The current label for rituximab contains a black box
warning about the risk of HBV reactivation. However, the impact of the addition of
rituximab on the incidence of HBV reactivation remains unknown.

We therefore sought to (1) assess the rates of screening for hepatitis B infection in patients
with non-Hodgkin’s lymphoma starting rituximab-based chemotherapy and (2) assess rates
of antiviral prophylaxis among surface antigen positive patients. In addition, we sought to
evaluate the rates of hepatitis B reactivation in patients receiving rituximab based
chemotherapy and the impact of antiviral prophylaxis.

PATIENTS AND METHODS
We performed a retrospective search of patients seen at the Massachusetts General Hospital
(MGH) using the Research Patient Database Registry (RPDR) query tool. The RPDR is a
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centralized clinical registry for data summaries: demographics, providers, diagnoses,
procedures, laboratory information, medications, etc. We searched for all patients with a
diagnosis of non-Hodgkin lymphoma (NHL) who had received at least one dose of
rituximab between August 1997 (the year of FDA approval) and September 2009.

The lymphoma search included all patients with diffuse large B-cell lymphoma, Burkitt’s
lymphoma, mantle cell lymphoma, marginal zone lymphoma, follicular lymphoma, or other
malignant lymphomas and unspecified malignant neoplasms of lymphoid tissue. For each
subject we searched the medical record for the assessment of HBV serology including
HBsAg, anti-HBs antibody, HBeAg, anti-HBe antibody, anti-HBc antibody, anti-HBc IgM,
HBV DNA level and liver biochemical tests. In addition, we evaluated all patient notes to
determine whether screening for hepatitis B had been performed outside of our system and
had been documented in the medical record. Medication lists and medical records were
reviewed for the use of antiviral medications.

All patients with positive HBV serologies were evaluated for the development of possible
reactivation. Hepatitis B reactivation was defined as: 1) an alanine aminotransferase (ALT)
increase to ≥ 8 upper limit of normal (ULN; 40 U/L women, ULN; 55 U/L men) and 2)
elevated HBV DNA (above baseline) during or for 6 months following the cessation of
chemotherapy, 3) the absence of clinical or laboratory features of acute infection with
hepatitis A, C, D, autoimmune hepatitis, Wilson’s disease or other systemic infection. We
used the AASLD 2009 definitions(5) of chronic hepatitis B (HBsAg-positive > 6 months,
HBV DNA >20,000 IU/ml, persistent or intermittent elevations of ALT’s) and inactive
HBsAg carrier state (HBsAg-positive, HbeAg negative, anti-HBe positive, HBV DNA <
2000 IU/ml and persistently normal ALT levels) to classify each case.

HBV serologies (HBsAg, anti-HBs, anti-HBc) were performed by Abbott Architect 2000SR
CMIA assay; HBV DNA was performed using the COBAS® AmpliPrep/COBAS®
TaqMan® HBV Test, v2.0 with one of three different assays depending on the year of
performance (HBV DNA Quant, PCR SL reference range <0.01 pg/ml; HBV DNA
Quantitative PCR, assay range 300–200,000 DNA copies/ml; HBV DNA quantitative PCR
assay range 60–38,000 IU/ml). In order to convert pg/ml to DNA copies/ml, we used the
following conversion: 150,000 DNA copies/ml = 1 pg/ml. In order to convert DNA copies/
ml to IU/ml, we used the following conversion: 0.190 IU/ml = 1 DNA copy/ml.(Specialty
Labs.) This study was approved by the Partners Human Research Committee.

STATISTICAL ANALYSIS
Continuous variables are presented as median and range; categorical variables are shown in
percentages. We used two-sample t-test or Wilcoxon rank sum test for comparison of
continuous variables whenever appropriate. For univariate comparisons of dichotomous or
categorical variables we used Fisher’s exact test. A two-sided p-value of less than 0.05 was
considered to be statistically significant. For identification of independent predictors of
HBV reactivation, we used multivariate logistic regression modeling. We used SAS
software version 9.1.3 (SAS Institute Inc., Cary, NC) for data analysis.

RESULTS
One thousand four hundred twenty-nine patients met our inclusion criteria. Patients were
predominantly white (88%) and male (56.5%) with a mean age of 63.36 ±15.43. (Table 2)
We found HBV serologic data or documentation of hepatitis B testing in 524 (36.6%)
patients. Of these 524, 20 patients (3.8 %) tested HBsAg positive.
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In addition we identified 25 patients (4.7%) who were HBsAg-negative, anti-HBs negative
and anti-HB core positive (markers of prior exposure to HBV). (Figure 1) These patients did
not have ALT flares during chemotherapy and in follow-up and the ones who had HBV
DNA available (12 patients) were always undetectable (< 60 IU/ml). None of these patients
received prophylaxis, nor did any of them meet criteria of HBV reactivation.

Of the 1429 patients we found another 41 patients with ALT flares (≥ 400 IU/ml). Nine
patients did not have HBV serology or HBV DNA assessed, so we cannot know the exact
etiology of their flares. Of the other 32 patients, all were HBsAg negative and all who had
anti-HBc, HbeAg and anti-HBe testing performed were negative; however, few had HBV
DNA testing performed.

HBsAg-positive cases
The 20 HBsAg-positive cases had a mean age of 61.2 ±14.9 years, were predominantly male
(80%) and white (60%). The risk factors for HBV transmission were: sexual (3), health care
worker (3), injection drug use (3), perinatal transmission (2), previous surgery (2) and
unknown (7). The most frequent oncologic diagnosis was diffuse large B-cell lymphoma
(DLBCL) in 12/20 (60%). The care providers of the 20 HBsAg-positive patients were 16
from the Hematology/Oncology cancer center and four from Oncology. In five cases they
made referral to the GI/Hepatology Unit (four because of the reactivation).

Patients with a positive surface antigen were classified as either inactive HBsAg carriers
(n=7) or as chronically infected with hepatitis B (n=3). Ten patients did not have any
hepatitis B serologies checked prior to the development of reactivation and thus their status
is unknown. All ten patients did have documented normal ALT levels prior to the initiation
of chemotherapy.

HBV Prophylaxis
Of the 20 HBsAg-positive patients, 10 had a positive HBV surface antigen detected prior to
the initiation of chemotherapy. Two were receiving long-term lamivudine therapy for
chronic hepatitis B for five years and 14 months (case 4 and case 9) respectively. We have
separated these two cases from those eligible for HBV prophylaxis, and case 4 specifically,
is classified as a treatment failure and probable lamivudine resistance because of the high
HBV DNA (38,000 IU/ml). Thus, eight patients were eligible for HBV prophylaxis.
However, only three (37.5%) received prophylaxis as guidelines recommend,(13, 14) two
inactive carriers receiving lamivudine (case 10 and case 18) in 2004, and one receiving
tenofovir (case 20, inactive carrier, HBV DNA <300 IU/ml) in 2009. All had prophylaxis
initiated 2 weeks prior to the start of chemotherapy. Of the remaining 5 patients who were
candidates but did not receive HBV prophylaxis four underwent chemotherapy between
2004 and 2009 and only one patient received chemotherapy before 2003, suggesting that
guidelines were not actively followed. (Figure 2) Of the 8 patients who were eligible for
prophylaxis, 1 was treated with chemotherapy during 1997–2002 period but did not receive
prophylaxis. The remaining 7 patients were treated with chemotherapy during 2003–2009;
only 3 received prophylaxis as recommended by international guidelines.

Of the 20 HBsAg positive patients who received chemotherapy, 10 patients presented with
HBV reactivation (Cases 1 to 10). In two cases (Cases 3 and 4), chemotherapy was
interrupted (at 5 and 3 weeks respectively) because of the ALT flare but ultimately resumed.
The other 8 patients did not experience delay or interruption of their chemotherapy. Three of
these latter cases (Cases 6, 7 and 8) presented with ALT flares after completion of the
planned chemotherapy (presumptive delayed reactivation).
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All patients received at least one dose of rituximab (Rituxan®, Biogen Idec/Genentech)
given at 375 mg/m2. In most cases rituximab was combined with chemotherapy and
administered on the first day of the cycle, 3 to 5 days before the remainder of the regimen.
In the majority of cases rituximab and remaining chemotherapy were given for 14 to 21 days
of each cycle. First-line chemotherapy was CHOP (cyclophosphamide, doxorubicin,
vincristine and prednisone/prednisolone) or CHOP-like regimens. The mean number of
rituximab doses was 5.3 (range 1–16 doses).

HBV reactivation cases
Review of the records disclosed that 10 patients (50%) of the 20 HBsAg-positive fulfilled
the criteria for HBV reactivation. (Figure 1) Eight were male, six were white, 2 African
American, 1 Asian and 1 Hispanic. Five of the 10 (50%) cases of HBV reactivation
developed jaundice with a mean total bilirubin of 6.11 mg/dl (0.7–16 mg/dl). The mean
baseline ALT before chemotherapy was 28.7 U/L (11–53 U/L) and all the reactivation cases
had an ALT above 400 U/L (mean ALT 1036 ±557 U/L) during HBV reactivation. (Table 3)
The type of chemotherapy used varied, but was predominantly rituximab + CHOP (R-
CHOP) in 4 cases. Other regimens included rituximab + EPOCH in two, rituximab + ICE in
one, rituximab-decitabine in one, rituximab-bendamustine + Methotrexate in one, and
rituximab alone in another. The mean time between the first dose of rituximab and
reactivation was 130.5 days. The mean time between the last dose of rituximab in the cycle
and the reactivation was 62.4 days and the mean time between the last dose of any
chemotherapy and reactivation was 51.6 days. (Table 4)

One patient with reactivation (0.1%) developed acute liver failure with jaundice (total
bilirubin 12.5 mg/dl), coagulopathy, asterixis, encephalopathy and ultimately died (Case 1).
In this case the diagnosis of HBV reactivation was supported by liver biopsy.

Known status prior to chemotherapy
In only 5 of 10 patients who reactivated was HBV serology documented prior to reactivation
(Cases 3, 4, 6, 9, 10); in the other five (Cases 1, 2, 5, 7, 8), serologies were discovered only
during reactivation (development of jaundice or elevated ALT). In these five cases whose
serologies were documented at the time of reactivation, all were negative for anti-HBc IgM,
suggesting reactivation rather than de novo HBV infection. None of these patients had been
on antiviral therapy.

Of the remaining 5 patients whose HBV surface antigen positivity was known before
chemotherapy, two (Cases 4 and 9) were on long-term lamivudine therapy (chronic HBV)
and one (Case 10) began lamivudine prophylaxis before chemotherapy. The remaining two
who reactivated (Cases 3 and 6) were not on antiviral therapy. (HBV DNA from 1500 IU/ml
to 7,980,000 IU/ml and 28,000 to >38,000 IU/ml respectively) (Figure 2, Figure 3a and
Figure 3b)

Active treatment for reactivation of the hepatitis B varied among the ten patients. In the
seven patients who did not receive antiviral prophylaxis treatment until reactivation, three
received entecavir (Cases 5, 7,8), one received lamivudine plus tenofovir (Case 3), and the
other 3 patients did not receive treatment (2 lost to follow up, Cases 2 and 6, and 1 died from
ALF, Case 1). When the flare was identified in the two patients receiving long-term
lamivudine therapy, one had their dose of lamivudine increased from 100 mg to 150 mg
daily (Case 9) and the other (case 4) that was classified as a treatment failure and probable
lamivudine resistance, had tenofovir added to lamivudine therapy, leading to the conclusion
that there was only one failure of lamivudine prophylaxis. (Figure 3a) This one patient
receiving lamivudine prophylaxis who developed reactivation (case 10) was switched from
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lamivudine to entecavir. (Inactive carrier, HBV DNA from <300 to >38,000 IU/ml) (Table 4
and Figure 2).

Characteristics of reactivation and non-reactivation cases
We compared the characteristics of reactivators with non-reactivators in an attempt to
identify factors that were associated with reactivation. We analyzed baseline demographic
and clinical characteristics of the HBsAg positive patients including gender, age, race, type
of oncologic disease, type of chemotherapy, number of rituximab doses, HBV DNA and
ALT pretreatment between the reactivation and non-reactivation cases. Using multivariate
analysis, we found none of the baseline characteristics of the HBsAg positive patients to be
a predictive of reactivation. There were no significant differences in demographic, clinical
or virological characteristics between the 2 groups. (Table 5) In addition, as guidelines for
hepatitis B screening became widely available following 2002, we evaluated the rate of
HBV screening between 1997–2002 and 2003–2009. We found that 164/504 (32.5%)
patients were screened during 1997–2002 and 340/504 (67.4%) were screened during 2003–
2009. These data indicate that the publication of guidelines has improved screening,
although screening rates remain well below the goal of 100%.

DISCUSSION
To our knowledge our study is the first to evaluate institutional adherence to hepatitis B
screening guidelines and prophylaxis as well as the incidence of HBV reactivation in the era
of rituximab. Importantly, we found that despite widely published guidelines, hepatitis B
screening is still not consistently practiced by hematologist-oncologists. Only a third of
patients (36%) undergoing rituximab-based chemotherapy had HBV serologies performed
either inside our institution or prior documentation of serologies performed outside of our
institution. As a result, five cases of HBV reactivation occurred and were not diagnosed
until clinical presentation. The rate of reactivation during chemotherapy, among those with
known HBsAg positivity, was 50% (one developed ALF and died) two of these five failed to
received prophylaxis. Thus, the lack of comprehensive screening and prophylaxis clearly
impacted outcomes in these patients.

It is possible that our finding of 36% rate of screening is an underestimate of the true
screening rate. For example, patients may have undergone screening prior to being seen at
our institution and results forwarded to our oncologists may not have been entered into the
medical record. However, the patients who were discovered to have reactivation of the
hepatitis B without recorded serologies in our database were not on prophylaxis, suggesting
a lack of knowledge about their serologic status.

As we report, of the 1429 patients we found another 41 patients with ALT flares. Thirty two
patients were HBsAg negative but few had HBV DNA testing performed. The other nine
patients did not have HBV serology or HBV DNA assessed, and we cannot know the exact
etiology of their flares. Overall, 51 patients had ALT flares (41 cases without exact causes of
their flares and 10 attributable directly to HBV reactivation), which means that as many as
20% of the flares (10/50) in our region can be referable to Hepatitis B, where HBV
prevalence is not high. This example emphasizes the importance of HBV screening in
candidates for chemotherapy and the value of carefully monitoring ALT elevations during
chemotherapy.

Another important finding in our study was the low rate of HBV prophylaxis administration.
Only 3 of 8 patients (37.5%) with known HBV surface antigen positivity received
prophylaxis. This finding suggests both that guidelines regarding prophylaxis are not known
or followed and that further education of providers is necessary. In addition, we found that 2
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patients on long term lamivudine therapy developed reactivation. In both of these patients
the HBV DNA was detectable prior to the start of chemotherapy but rose 10 fold during
chemotherapy. Efforts to appropriately manage lamivudine resistance prior to the initiation
of chemotherapy would also have been warranted.

In a summary of 12 trials in the pre-rituximab era, Kohrt et al.(10) reported a rate of HBV
reactivation without lamivudine of 39.8% versus 6.8% with prophylactic lamivudine. Li et
al.(20) described HBV-related hepatitis in 51.7% in control versus 17.5% of the patients
treated with lamivudine. One recently prospective randomized trial by Hsu et al.(12) HBV
carriers with newly diagnosed non-Hodgkin’s lymphoma underwent chemotherapy using
CHOP without rituximab. They were randomized to either prophylactic lamivudine on the
first day of chemotherapy or to reactive lamivudine when a flare was detected. Higher HBV
reactivation rates were seen in the group with therapeutic lamivudine (56%) compared with
the prophylactic lamivudine group (11.5% p= 0.001).

There are fewer studies addressing rituximab chemotherapy and HBV reactivation. Pei et
al.,(21) in a recent retrospective study, analyzed 115 patients with B cell lymphoma who
received rituximab-based regimens, 15 were HBsAg positive. Of these 15, 5 received
lamivudine prophylaxis and did not develop HBV-related hepatitis, but 8 of 10 who did not
receive prophylaxis experienced HBV-related hepatitis. Unfortunately, most of the
rituximab-related HBV reactivation cases in the literature are severe or fatal case
reports(22, 23, 24, 25); further analysis of this group is needed.

Fewer data exist on HBsAg-negative, anti-HB core positive patients. Yeo et al.(26) in a
prospective randomized trial of 104 anti-HB core positive patients, found a rate of
reactivation of 25% with rituximab plus CHOP compared to 0% in patients treated with
CHOP without rituximab. This latter study, performed in an endemic area for hepatitis B,
suggests that rituximab can induce more HBV reactivation in patients without surface
antigen than does conventional chemotherapy. These authors used a three-fold or absolute
increase of ALT greater than 100 U/L as a definition of hepatitis. In our study, we did not
observe reactivation in the group of HBsAg negative and known anti-HBcore positive
patients undergoing rituximab therapy. Our criteria for ALT flares was higher (≥ 8 ULN),
and some of the patients did not have available HBV DNA data, thereby limiting our ability
to identify asymptomatic reactivations. This difference could explain in part the discrepancy
between our result and those of Yeo et al. and underscore the importance of assessment of
HBV viral load and serology during and after chemotherapy to detect HBsAg seroreversion.

Reactivation of hepatitis B is important not only because of its potential fatal outcome but
because it can be effectively prevented with antiviral therapy. However, the appropriate
prophylaxis remains less clear. While therapy with lamivudine reduced the reactivation risk,
its efficacy is limited by the frequent appearance of antiviral resistance(27), as was observed
in one patient on long term lamivudine and one receiving prophylaxis. As a result, agents
such as tenofovir or entecavir likely represent superior choices for prophylaxis, especially
when patients have high levels of HBV DNA. It is critical that HBsAg positive persons
about to initiate chemotherapy should have a complete serologic and virologic assessment,
including HBV DNA, liver biochemical tests, and should start prophylaxis with an effective
oral therapy with high barrier to resistance such as tenofovir or entecavir. Although our
experience was predominantly based on lamivudine, entecavir or tenofovir offer advantages
over lamivudine, in that either agent achieves more rapid and potent HBV DNA suppression
than lamivudine and offers a higher barrier to resistance. We recommend that antiviral
therapy with entecavir, tenofovir, or lamivudine should be applied prophylactically in
HBsAg+ persons about to undergo chemotherapy. Use of entecavir or tenofovir should be
particularly favored under conditions in which the HBsAg+ patient has received lamivudine
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previously or if the pre-chemotherapy HBV DNA is positive.(25,28) Of note, in one of the
cases of reactivation (case 9) the treatment by the providers was an increase in the dose of
lamivudine from 100 mg to 150 mg; however, this was not appropriate management -- it
would have been preferable to add on adefovir or tenofovir.

In this series of patients undergoing chemotherapy, two patients had to interrupt treatment
because of the ALT flares, but ultimately completed chemotherapy. There need not be a
choice between screening and treating for hepatitis B and treating for lymphoma. Rather,
both can be done simultaneously to prevent HBV reactivation as well as delay in
chemotherapy. While the retrospective nature of our study prevents us from determining the
number and duration of chemotherapy delays, cancer treatment interruption would appear to
represent a real risk.

One major question is how much of the reactivation is attributable to chemotherapy as
compared to rituximab. Our study cannot address this, since all patients received combined
chemotherapy from the outset. Reactivation commonly occurs after the first 2–3 cycles, and
the median onset of reactivation is 16 weeks after initiation chemotherapy with a pre-
treatment high viral load as the most important risk factor.(7) Our reactivation cases
presented at an average of 51 days after the first cycle of any combined regimen, so it will
be impossible to define which drug was the principal offender. However, our study confirms
that reactivation HBV remains an important issue in rituximab-based chemotherapy.

Our retrospective study has limitations inherent to its study design. However, we used strict
guidelines to secure the diagnosis of hepatitis B reactivation and excluded other forms of
liver disease where possible. In addition, the successful use of antivirals directed against
hepatitis B lends weight to the diagnosis of reactivation hepatitis B. We do acknowledge that
our study is limited by the small number of subjects with and without reactivation.
Prospective long term trials are needed to more precisely define rates of reactivation.

Another limitation of our study is that we were unable to determine how many of the
unscreened patients were actually hepatitis B surface antigen positive and thus to establish a
true rate of reactivation. However, even if we have overestimated reactivation rates, the
identification of 10 episodes of reactivation with one death remains an important finding and
warrants redoubled efforts to educate the oncology community about the hazards of the
HBV reactivation. Clearly, improved strategies are required to recognize risk factors for
hepatitis B virus, to improve screening rates, and to routinely prophylaxis those who harbor
chronic hepatitis B.

Our study demonstrates the absolute need for effective communication between
hematologists/oncologists and hepatologists. Management of hepatitis B infection has
become increasingly complex, especially in the immunocompromised patient population,
and requires the input of both specialties to ensure that these patients receive the highest
quality care.

In conclusion, our study demonstrates that, in a US tertiary center, adherence to HBV
screening and prophylaxis guidelines is suboptimal for patients undergoing therapy with
rituximab-based regimens. In this group HBV reactivation is frequent. This suboptimal
screening rate could be even lower in community hospitals and could result in significant
harm to unscreened and unprophylaxed patients. Efforts must be made to screen all patients
undergoing chemotherapy for HBV and give prophylaxis to those who harbor chronic
hepatitis B. Assessment of HBV serology, serum ALT and HBV DNA levels is critical and
should be closely monitored before, during and after rituximab-based chemotherapy in
HBsAg-positive patients; adjustments in regimens may be required in those already on
therapy.
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Abbreviations

HBV hepatitis B virus

HBsAg hepatitis B surface antigen

anti-HBc antibody to hepatitis B core antigen

HbeAg hepatitis B e antigen

anti-HBe antibody to hepatitis B e antigen

ALF acute liver failure

NHL Non-Hodgkin lymphoma

ALT alanine aminotransferase

DLBCL Diffuse large B-cell lymphoma

CHOP cyclophosphamide, doxorubicin, vincristine and prednisone/prednisolone

ICE ifosfamide, carboplatin, etoposide

EPOCH etoposide, prednisone, vincristine, cyclophosphamide, hydroxydaunorubicin
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Figure 1.
Flow diagram of serology/reactivation data
(ALF= Acute Liver Failure)
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Figure 2.
Outcome of HBsAg-positive patients
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Figure 3.
a. Biochemical and virologic outcome of four representative reactivation cases.
R-ICE= Rituximab+ ifosfamide, carboplatin, etoposide; R-EPOCH=Rituximab + etoposide,
prednisone, vincristine, cyclophosphamide, hydroxydaunorubicin; R-CHOP=Rituximab +
cyclophosphamide, doxorubicin, vincristine and prednisone/prednisolone ; ALT= alanine
aminotransferase; LAM= Lamivudine; TNF=Tenofovir; DNA= Viral Load (HBV DNA).
Arrows = Indicate the time when the cycle of chemotherapy was administrated.
b. Biochemical and virologic outcome of two cases without reactivation that received
antiviral prophylaxis.
R-CHOP =Rituximab + cyclophosphamide, doxorubicin, vincristine and prednisone/
prednisolone ; ALT= alanine aminotransferase; LAM= Lamivudine; TNF=Tenofovir;
DNA= Viral Load (HBV DNA). Arrows = Indicate the time when the cycle of
chemotherapy was administrated.
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Table 1

Summary of current guidelines recommendations of HBV patients undergoing chemotherapy or
immunosuppressive therapy

Guideline HBV Screening HBsAg-Positive
Prophylaxis

HBsAg-Negative
and Anti-HBc
positive

APASL
Consensus
2008 (7)

Screen with HBsAg before
chemotherapy.

Prophylactic lamivudine until 12 weeks after end
of chemotherapy.
Other antivirals can be used.

Closely monitor.
Start Rx if reactivation develops

AASLD
Guidelines
2009 (5)

Persons needing
immunosuppressive therapy,
screen with HBsAg and Anti-
HBc

Low HBV DNA, Rx for 6 months after finish
therapy
High HBV DNA until Rx endpoints
Tenofovir/entecavir preferred

Not enough information for
routine prophylaxis.
Monitoring recommended
Initiate Rx if HBV DNA becomes
detectable.

EASL
Guidelines
2009 (15)

All candidates, screen with
HBsAg and Anti-HBc

Nucleos(t)ide analogs until 12 months after end
of chemotherapy.
Lamivudine in low HBV DNA
Entecavir/Tenofovir for High HBV DNA

Closely monitor with ALT and
HBV DNA.
Start Rx if reactivation develops.

NIH Consensus
2009 (4)

Screening high risk populations Start antiviral before immunosuppressive therapy
and maintain throughout the course of therapy

NA

APASL, Asian Pacific Association for the Study of the Liver; AASLD, American Association for the Study of Liver Diseases; EASL, European
Association for the study of liver diseases; NIH, National Institutes of health; Rx, treatment. NA, Not available data.

This table is oriented to be simple and synthesized the current guidelines of HBV in the setting of chemotherapy or immunosuppressive therapy.
For complete information refer to the original reference.
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Table 2

Patient Demographics

Characteristic Demographic
data

Number (%)

Number of patients 1429

Gender Male 810 (56.6 %)

Female 619 (43.3 %)

Age 63.36 ± 15.43

Race Whites/Caucasian 1258 (88%)

Hispanic 48 (3.3%)

African-American 43 (3 %)

Asian 32 (2.2%)

Unknown/not recorded 32 (2.2%)

Other 16 (1.1%)

Vital status Not report as deceased 986 (69 %)

Deaths 443 (31%)

Data are expressed as mean ± standard deviation (SD) and/or absolute numbers
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Table 5

Comparison characteristics between reactivation and non-reactivation groups.

Characteristic Reactivation
N= 10

Non-reactivation
N= 10

P value

Gender (M/F) 8/2 8/2 p = 1.00

Race (White/Non-white) 5/5 7/3 p = 0.64

Type cancer (DLBCL/NO-DLBCL) 7/3 5/5 p = 0.64

Type chemo (R-CHOP/ Another) 4/6 6/4 p = 0.65

AGE median (range) 58 (37–78) 64.5 (25–79) p = 0.84

Rituximab Doses, median (range) 5.5 (1.0–12.0) 4.5 (2.0–16.0) p = 0.70

Pre ALT median (range) 24.0 (11.0–58.0) 28.0 (13.0–189.0) p = 0.55

HBV DNA prior to chemo median IU/ml (range) 38000 (17900–7,980,000) 24320 (60–380,000) p = 0.19

Data are expressed as range (Age, rituximab doses and Pre-ALT)and absolute numbers or median.

Multivariate logistic regression model with Fisher’s exact test and Wilcoxon rank sum test for 2 by 2 tables.

Age by T test for two samples equal variances.

DLBCL= Diffuse large B-cell lymphoma;R-CHOP=Rituximab + cyclophosphamide, doxorubicin, vincristine and prednisone/prednisolone ; ALT=
alanine aminotransferase.
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