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Abstract
Background: Occult HBV infection (OBI) is defined by the persistence of HBV in the liver without serum HBsAg
and HBVDNA. It represents a life-threatening event during immunosuppressive chemotherapies. An OBI occurs
in approximately 18% of HBcAb + patients. International guidelines suggest surveillance for HBV markers in
immunosuppressed patients. In Non-Hodgkin Lymphoma (NHL), the prevalence of OBI reactivation remains to
be established.
Methods: In order to determine the prevalence of occult HBV reactivation in a large cohort of patients during
chemotherapy for NHL, we analysed 498 NHL patients in a centre of Southern Italy. We evaluated HBV markers,
NHL type, treatment type and occurrence of HBV reactivation.
Results: Forty % of patients were treated with monoclonal antibodies and 60.3% without. Ninety-six patients
were HBcAb+, HBsAg-. HBV reactivation occurred in ten subjects of this subgroup. All of them were successfully
treated with Lamivudine. None of the patients experienced liver-related death. The prevalence of OBI reactivation
was of 10.42% in HBcAb + HBsAb- patients. This event occurred in 50% of patients treated with mild immunosuppressive therapies. Each reactivation was treated with Lamivudine.
Discussion: This report suggests that a strict surveillance is important and cost-effective in HBcAb + HBsAg- NHL
patients treated with mild immunosuppressive therapies, in order to detect an occult HBV reactivation.
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Background
“Occult” HBV infection represents a particular clinical entity that is characterized by the persistence of HBV DNA
in the liver tissue, without the evidence of overt HBV
infection, in individuals who are HBsAg negative and
HBcAb positive or negative [1]. It has also been episodically reported in HBsAb positive patients [2]. Its characteristics are: the absence of HBV DNA [or eventually
transient presence of very low levels of viraemia] in the
serum, and the persistence in the liver of the “covalently
closed circular DNA” (cccDNA), a long-lasting HBV replication intermediate that can be revealed only by very
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sensitive techniques like “nested-PCR”, performed on liver
tissue [1]. It is an “elusive” infection, the real prevalence of
which in the general population is not known, being quite
variable depending on the different geographical areas
and study populations [3]. However, few studies report
that the prevalence of OBI is approximately 16%-18%
in subjects with evidences of previous HBV infection
(i.e. HBcAb positive/HBsAg negative patients) and of 7-8%
in subjects totally seronegative for HBV [4-6]. What is well
known about this silent infection is that it can represent a
life-threatening risk factor if the carrier experiences an immunosuppression. In fact, when the host immune surveillance is low, an overt HBV reactivation can occur [2]. In
this case, the patient has titrable HBsAg and HBV DNA in
the serum and, as soon as the immune surveillance is reconstituted at the end of chemotherapy, he develops an
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acute hepatitis that can range from simple lobular hepatitis
with ALT elevation and only minimal lesions, to fulminant
liver failure and death. Therefore, any patient who
carries the OBI, and necessitates a chemotherapyimmunotherapy, should undergo to pre-emptive antiviral
therapy with nucleoside/nucleotide analogues that have
demonstrated to be efficacious in preventing HBV reactivation in various immunosuppressive settings [7-15]. The
core of the problem is that OBI cannot be easily diagnosed
and, for this reason, any HBcAb positive/HBsAg negative patient should be considered a possible occult infection carrier. What we know from literature is that
onco-hematological diseases have the major risk of OBI
reactivation, because of the strong immunosuppression
experienced by the patients, due to both the disease itself
and the chemotherapy [2]. In particular, in non-Hodgkin
lymphoma (NHL), occult HBV reactivation has been reported to occur in 3% to 25% of patients, depending on
the pharmacological and geographical settings [16-20].
Even if the real prevalence remains to be established,
American Association for the Study of Liver Diseases
(AASLD) recommended periodical monitoring of serum
HBsAg and HBV-DNA, [21] whereas European Association for the Study of the Liver (EASL) recommended
monitoring with serum ALT and eventually HBV-DNA
assays in these patients [22]. The Italian association for
the Study of the Liver (AISF) also published its recommendation in 2007 indicating two different strategies:
for mild haematological therapies (standard protocols
without monoclonal antibodies) HBsAg monitoring was
advised, whereas in subjects treated with intense immunosuppression (i.e. protocols including monoclonal
antibodies and/or strongly immunosuppressive therapies,
i.e. “dose dense” regimens) universal prophylaxis was indicated. Nevertheless the strength of the recommendation
was low (B and C) and derived from retrospective studies.
Further studies where encouraged in HBcAb positive patients [23].
This single-center retrospective study was designed to
determine the prevalence of occult HBV reactivation in
HBsAg-negative and HBcAb-positive carriers who underwent immunosuppressive treatments for malignant lymphomas in a large cohort of patients from Southern Italy.

Methods
From January 2005 to December 2011 we enrolled 498
consecutive patients admitted to the Haematology
Division of Federico II University of Naples for treatment of Non-Hodgkin lymphoma.
Exclusion criteria were: the presence of any haematological malignancy other than Non-Hodgkin Lymphoma,
previous immunosuppressive treatments of any kind
(organ transplant, autoimmune therapies, other malignancies), HIV infection.
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Each patient gave an informed consent, and the study
was approved by the Ethics Committee of the University
of Salerno. Non-Hodgkin lymphoma was diagnosed from
histological findings (i.e. lymph nodes, bone marrow, etc.)
according to the Revised European-American Lymphoma
(REAL) classification criteria revised by Harris [24]. It was
classified according to the REAL classification and grouped
into indolent or aggressive lymphomas [25]. Ann Arbor
classification stage was determined for all patients at the
onset of the neoplastic disease by physical examination,
total body computed tomography scan and bone marrow
biopsy. Cheson’s criteria were used to define the response
to antineoplastic treatment [26].
Prior to start NHL treatment every single patient underwent a physical examination, complete blood count, ALT
and AST, routine biochemistry assays, HBsAg, HBcAb,
HBeAg, HBeAb, HBsAb, HAVAb IgM (antibodies by ELISA
Orthodiagnostic system), HCV-Ab (with commercial enzyme linked immunosorbent assay III, Abbot laboratories
Chicago). HBV-DNA with Real-Time PCR (LightCycler
Instrument, Roche Molecular Biochemicals, Mannheim,
Germany), was also performed in patients who were already
HBsAg positive patients before NHL treatment.
All HBsAg positive patients were evaluated by a skilled
hepatologist who assessed the liver disease status and
performed the correct follow-up of the liver functionality. Every patient who was HBsAg positive underwent to
chemotherapy after a pre-emptive therapy with NUCs
was assured, as indicated by international guidelines.
Pre-emptive therapy started at least in a time interval
between two weeks before and the first day of chemotherapy (depending on the urgency to initiate NHL treatment),
and continued throughout the whole time of chemotherapy, and at least 12 months later. An HBV-DNA assay
was performed every 2 months during treatment and
16 months later. Every HBcAb positive, HBsAg/HBsAb
negative patient underwent to monthly ALT monitoring
during therapy and throughout 16 months after. All the
others patients underwent to a monthly ALT monitoring
during therapy and at least every 3 months in the follow
up. Thereafter every patient underwent to twice a year
liver ALT evaluation. If the patient experienced an ALT
derangement more than twice upper normal value (UNV),
complete blood tests were performed to search liverbound viruses: HBV-DNA, EBV-DNA, HCV-RNA, CMVDNA and HSV-RNA 1 and 2 assays were investigated.
If the patient experienced a probable OBI reactivation
(see the diagnostic criteria below), Lamivudine therapy
was promptly started at the standard dosage. At OBI
reactivation ALT monitoring was performed every two
weeks and complete liver functionality tests (comprehending also HBV-DNA quantitative assay) were performed monthly. The study protocol is shown in
Figure 1.
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Figure 1 Diagnostic/therapeutic flow-chart. Every patients underwent to HBV status assessment prior to start chemotherapy. HBsAg positive
patients underwent to NUCs pre-emptive therapy. Monitoring of ALT continued monthly for every patient during treatment and at least
16 months after treatment interruption. If there were an ALT elevation, HBV-DNA and HBsAg assays were performed to diagnose probable OBI
reactivation. At the diagnosis of probable OBI reactivation a “rescue therapy” with lamivudine was promptly started. In patients who reactivated, ALT
every two weeks and a monthly complete liver functionality test plus HBV-DNA assay were performed. In patients who reactivated, Lamivudine was
continued until the complete HBV remission (see diagnostic criteria in the Methods section).

Definition of HBV/OBI reactivation

Statistical analysis

An “HBV reactivation” was diagnosed when a patient experienced an ALT/AST derangement (at least 2x upper
normal values) with HBsAg and HBV-DNA detectable
in the serum (>2000 UI/mL), without any contemporary
possible cause of liver disease. A “probable OBI reactivation” diagnosis was performed when diagnostic criteria
above exposed were applicable to a patient who was
HBsAg negative before NHL treatment (reverse seroconversion), and any other cause of liver functionality derangements was excluded as described above. In these
patients a HBV DNA assay was performed on blood
samples collected and frozen prior to start treatment, at
the time of enrolment.

Statistical analyses were performed using the Statistical Program for Social Sciences (SPSS®) ver.16.0 for Macintosh®
(SPSS Inc., Chicago, Illinois, USA). Student t-test and
Mann-Whitney U test were performed to compare continuous variables, chi-square with Yates correction or
Fisher-exact test to compare categorical variables. Statistical significance was defined when “p < 0,05” in a
“two-tailed” test with a 95% Confidence Interval.

Cost effectiveness analysis

A cost effectiveness analysis was performed to evaluate
the more effective approach between universal prophylaxis
and monitoring to prevent OBI reactivation risk in HBcAb
positive patients undergone to Rituximab containing protocols. We used the “Diagnosis Related Group system”
(DRG), that is used to assess the healthcare costs in our
country [27].

Results and discussion
Demographical characteristics of our study population is
shown in Table 1. Of the 498 patients, 45,4% were females and 54,6% males, with a mean age of 61 years
(SD ± 14). 52,7% of these patients had an aggressive
lymphoma and 47,3% an indolent lymphoma according to
Percy et al. [22]. Four hundred and 76 (95,58%) patients
had B-cell lymphoma, 22 (4,41%) patients had T-cell
lymphoma. Thirty-eight pts (7,6%) were HBsAg positive.
Of these patients, 6 (15,78%) were inactive carriers
(HBsAg positive with HBVDNA < 2000 UI/mL and normal ALT), 32 (84,22%) had an HBV active disease, no one
had decompensated cirrhosis. Moreover, 15 (39,47%) were
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Table 1 Demographical characteristics of the study population
Variable

Overall

HBsAg positive

HBsAg negative

p

No. of patients

498

38

460

-

Age - Mean [±SD]

61,00 [±14,05]

55,42 [±13,62]

57,32 [±14,95]

0,45

Sex – M/F

M: 54,40% -

M: 57,89%

M: 47,83%

0,23

F: 45,40%

F: 42,11%

F: 52,17%

No. of patients HBsAb +

90 [18,07%]

0

90 [19,56%]

0,003

No. of patients HBcAb +/ HBsAg -

134 [26,90%]

0

96 [20,86%]

0,002

No. of patients HBcAb - / HBsAg -

274 [55,03%]

0

274 [59,56%]

Lymphoma type

Rituximab therapy

Indolent: 47,3% -

Indolent: 33,35% -

Indolent: 44,34% -

0,22

Aggressive: 52,7%

Aggressive: 66,65%

Aggressive: 55,66%

0,22

Yes: 60,30% -

Yes: 18 [47,37%]

Yes 262 [56,95%]

0,25

No: 39,70%

No: 20 [52,63%]

No: 198 [43,04%]

HBV reactivation

10 [2,01%]

0

10 [2,17%]

0,22

NUC profilaxys/rescue therapy

38/10

38/0

0/10

<0,0001

1,71%

0

2,04%

<0,0001

“Per year Incidence of reactivation”
[mean ± SD]
Liver related decompensations/
hospitalizations/deaths

±2,43%
0%

±2,97
0%

0%

-

In the first column overall patients characteristics: HBV reactivation occurred in 2,01% of cases. In the second and third column demographical characteristics of
HBsAg positive and negative patients, respectively. HBV reactivation occurred in HBsAg negative patients only, due to the NUC profilaxys performed in HBsAg
positive patients [see Methods]. (Chi-square, Pearson corrected calculations for all variables, Age: student t-test).

already in treatment with nucleoside analogues (5 with
LAM + ADF, 5 with ETV, 5 with TFV), 17 where considered to have mild liver disease and were not under antiviral treatment at the time of NHL diagnosis. HBsAg
positive patients not already in treatment with NUCs,
were posed in pre-emptive antiviral therapy with nucleoside analogues. Ninety-six out of 498 patients (19,27%)
were HBcAb positive and HBsAg negative. This prevalence is higher prevalence in respect to the general population, but has already been described in NHL patients
[28]. No statistical relevant differences were found between HBsAg positive and HBsAg negative patients except
for the HBV reactivations that occurred only in HBsAg
negative patients, as described above. Ninety (18,07%) patients were HBsAb positive, and underwent to the same
monitoring as the totally HBV negative ones. Of these, 30
subjects were HBsAb and HBcAb positive, and therefore
were likely to have spontaneously recovered from an HBV
infection. The remaining 60 subjects were HBsAb positive
only, and therefore likely vaccinated.
Therapy type

On the basis of the clinical assessment of the lymphoma,
39,7% of the patients underwent anti-neoplastic treatments
protocols that included rituximab or high immunosuppressive drugs or dosages, 60,3% followed conventional treatment protocols not including highly immunosuppressive
drugs or “dose dense” regimens [23]. Due to the retrospective nature of the present study the prevalence of Rituximab-

containing protocols is slightly lower than that observed in
the actual clinical practice. In HBcAb positive-HBsAg negative patients NHL chemotherapy protocols included Rituximab in 50%. Table 2 reports on this class of patients.
No statistical significant differences were found between patients treated with and without Rituximab in
this subgroup, except for the different rates of aggressive
lymphomas that were more frequently treated with
Rituximab.
HBV reactivation/OBI reactivation

A mild ALT (mean 113,44 ± 61,35 U/dL) derangement
was found during treatment in 47 patients (9,44%) without evidence of any liver infection and this was attributed to an effect of chemotherapy.
No OBI reactivations were diagnosed in HBsAb positive, in HCVAb positive and totally negative patients.
A probable OBI reactivation was observed in 10 patients out of 96 HBcAb positive-HBsAg negative patients
(10,42%), who had clinical and laboratory characteristics
compatible with HBV reactivation criteria described
above (see Methods section). Characteristics of the 10
reactivated patients are summarized in Table 3.
Of the reactivated patients (6 M, 4 F, mean age 63 y,
SD ± 8), 2 had T–cell NHL and 8 B NHL (3 MALT, 5
Diffuse Large B cells). Of these subjects, 5 (5,21%) had
been treated with Rituximab (3 with CHOP-R protocol,
1 with Fludarabin and Rituximab, 1 with Fludarabin +
Novantrone + Rituximab) and 5 (5,21%) without (2 with
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Table 2 HBcAb positive “only” patients characteristics
Rituximab containing protocols
Variable

Overall

Yes

No

p

No. of patients

96

48

48

ns

Age - Mean [±SD]

64,39 ± 9,63

65,17 ± 10,21

64,02 ± 8,37

ns

Sex – M/F

M: 57

M: 30

M: 27

ns

F: 39

F: 18

F: 21

Lymphoma type

Indolent: 50

Indolent: 17

Indolent: 33

Aggressive: 46

Aggressive: 31

Aggressive: 15

10 [10,42%]

5 [10,42%]

5 [10,42%]

Probable OBI reactivation

0,001

ns

NUC profilaxys/rescue therapy

0/10

0/5

0/5

ns

“Per year Incidence of reactivation” [mean ± SD]

8,23% ± 9,84

9,08% ± 10,69

11,54% ± 40,74

ns

Reactivation time [mean weeks after therapy]

26,67 ± 12,20

31,60 ± 14,50

20,50 ± 4,72

ns

Liver related decompensations/hospitalizations/deaths

0%

0%

0%

-

No statistical differences were found in patients treated with ad without Rituximab. (Chi-square, Pearson corrected calculations for all variables, Age, incidence of
reactivation and reactviation time: student t-test).

Fludarabin, 1 with CHOP, 1 with VNCOP-B, 1 with
CEOP). Each patient experienced reactivation after the
end of chemotherapy cycle then, as expected, after the
immune response restoration. The mean time of the appearance of HBV reactivation was 26,67 (±12,21) weeks.
Reactivation risk

In the overall population, the Relative Risk (RR) of developing a HBV reactivation by the use of Rituximabcontaining protocols was of 1.540 (95% C.I.: 0.481-4.930)
in respect of standard chemotherapies (p:0.525). In
HBcAb + HBsAg- patients, RR was equal to 1.000, since
reactivation occurred with the same frequency in patients treated with and without Rituximab.
To adequately address the risk of a pOBI reactivation in
our 96 patients HBcAb + HBsAg, we carried out a multivariate analysis (performed by a binary logistic regression
model) to analyse the factors that could affect its appearance. In particular, we analysed: age, sex, lymphoma type,
grading, staging and the use of Rituximab-containing protocols as independent variables and pOBI reactivation as
dependent variable. None of the analysed factors reached
statistical significance as an independent factor influencing the occurrence of reactivation (see Additional file 1).
Outcome and follow-up

Every patient who reactivated HBV infection was rapidly
treated with nucleoside analogue Lamivudine experiencing a fast viral response with HBVDNA negativization
with a mean time of 5,72 (±2,05) weeks. None had liver
decompensation symptoms and signs, nor did any of
them need hospitalization. In the follow-up, 2 patients
died for NHL complications, 3 patients had NHL remission, 2 patients had NHL relapse and were treated again,

5 patients are already in follow-up. None experienced
liver-related death in this group.
Because of the small number of patients who reactivated infection, we cannot make a statistically valid comparison with patients who did not reactivated, in terms
of NHL-related mortality and morbidity. Moreover, due
to the fact that we included various histological types of
NHL in the present study, report data on overall mortality and morbidity may be methodologically wrong, and
to report on mortality rate of every histological type on
NHL falls out of the aims of the present study.
Cost-effectiveness analysis

As reported above, according to AISF indications,
HBcAb positive/HBsAg negative patients treated with
Rituximab and/or “dose dense” regimens should undergo
to universal prophylactic antiviral therapy with NUCs
during NHL treatment [22]. In our series, the recurrence
rate of HBV reactivation in HBcAb positive subjects was
found to be 10,42%, and this event wasn’t related to an
increase in mortality rate. For this reason our cost benefit analysis, comparing the potential costs of Lamivudine
prophylaxis in 48 HBcAb positive HBsAg negative patients treated with rituximab, and the costs of an eventual HBV reactivation in terms of hospitalization costs,
reported an advantage in the “monitoring” approach that
was used in our patients in respect to universal prophylaxis. Data are reported in Table 4.
Based on these data, we compared HBcAb positive patients who reactivated infection with those who did not,
to search for any event predictors, so to obtain a staging
of the risk of reactivation. None of the analysed characteristics, such as age, sex, the type and the degree of
lymphoma, the type and duration of chemotherapy,
proved to be statistically different in the two groups,

Indolent
Baseline
Patient Age
Stage of
Sex
aggressive
no.
(years)
lymphoma
(0-1)
HBs- HBV- DNA ALT Rituximab
Ag
(UI/μL)
(U/L) (yes/no)

At diagnosis of
HBV reactivation
Therapy

HBV- DNA Peak ALT
(UI/μL)
(XN.V.)

Follow up
Nuc
Time to
Time of
HBsAg
therapy
HBV
diagnosis of HBV
status
recovery duration
Reactivation
Weeks after
NHL therapy

Weeks
after NUC
start

Weeks

Pos/neg

Outcome

1

50

F

IV

1

-

0

23

y

CHOP-R

350.000

4,5x

40

4

28

Neg

Alive (NHL
remission)

2

73

M

IV

0

-

0

26

n

VNCOP-B

450.000

10x

24

8

Ongoing

Neg

Alive (NHL
relapse)

3

64

F

I

1

-

0

34

y

Fludara-R

650.000

12x

12

4

22

Neg

Alive (NHL
remission)

4

62

M

1

-

0

22

y

CHOP-R

130.000

4x

44

3

Ongoing

Pos

Alive (NHL
relapse)

5

50

F

II

1

-

0

28

y

CHOP-R

910.000

20x

20

8

44

Neg

Alive (NHL
remission)

6

71

M

IV

0

-

0

19

n

CHOP

160.000

11x

24

6

48

Neg

NHL related
death

7

66

M

0

-

0

36

n

VNCOP-B

170.000

3,7x

20

Ongoing

Pos

Alive

8

70

M

IV

0

-

0

31

y

Fludara
Nova -R

160.000

5,4x

72

Ongoing

Pos

Alive

9

52

F

I

0

-

0

29

n

CHOP

550.000

6,1x

14

46

Neg

Alive

10

60

M

IV

0

-

0

34

n

CEOP, Gem,
VNCOP-B

340.000

6x

Until
death

Pos

NHL related
death

7
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Table 3 Characteristicsof “HBVreactivated” patients. 10 patients over 498 had HBV reactivation

Of this group, everyone had HBcAb positive, HBsAg, HBsAb and HBVDNA negative status prior to start NHL therapy. Five patients were treated with Rituximab-containing protocols and five without. The mean time to
HBV reactivation was 26,67 (±12,21) weeks. The mean time to HBV recovery (HBVDNA negativization and normal ALT) was 5,71 (±2,06) weeks. Five patients had HBsAg negativization after a mean time of NUC therapy
of 37,80 (±11,78) weeks and stopped NUC therapy. Five patients were already in NUC therapy at the end of follow-up, due to HBV infection persistence (HBsAg positivity) and/or NHL relapse. Patient 7 to 10 have
missing data, because of the retrospective nature of this study.
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Table 4 Cost-benefit analysis of prophylaxis in respect to HBV reactivation by “Diagnosis Related Group” system in our
48 HBcAb positive HBsAg negative patients treated with Rituximab
Unitary cost

n. patients

Total per patient

Duration [days]

Total

€ 3,18

48

€ 152,64

360

€ 54.950,40

Cost of prophylaxis
Lamivudine
HBV DNA monitoring

€ 130,00

48

€ 6.240,00

6

€ 37.440,00

HBsAg monitoring

€ 17,00

48

€ 816,00

6

€ 4.896,00

12

AST/ALT monitoring
Total

€ 5,74

48

€ 275,52

€ 155,92

48

€ 7.484,16

€ 130,00

48

€ 6.240,00

6

€ 3.306,24
€ 100.592,64

Cost of HBV Reactivation
HBV DNA monitoring

€ 37.440,00

€ 5,74

48

€ 275,52

12

€ 3.306,24

Cost of DRG 205 [v24 Grouper]

€ 3.769,10

5

-

-

€ 18.845,50

Total

€ 3.904,84

-

-

-

€ 40.746,24

AST/ALT monitoring

Drg 205: Liver disease except malignancies, cirrhosis, alcoholic hepatitis with cirrhosis.

probably also due to the small number of patients reactivated which reduced the power of statistical tests.
Discussion

Our study reports a prevalence of “probable OBI reactivation” in NHL patients. It has to be noticed that this
prevalence is similar to the supposed prevalence of OBI
infection in blood donors in the same area [29-44]. This
finding may confirm the general conviction that oncohaematological patients are at high risk of HBV reactivation if they are OBI carriers. We reported about a “probable OBI reactivation” because in in this large retrospective
study we did not collect liver specimens, and consequently
we cannot confirm the presence in the liver extracts of almost two out of three HBVgenes (core, X, surface) in patients who reactivated infection, which has been defined as
the diagnostic criterion of OBI [1]. Nevertheless, we can
safely assign the HBV events occurred in our patients to
an OBI infection reactivation, because of the finding of
HBVDNA negativity at the time of the NHL diagnosis.
HBVDNA assays were performed with very sensitive
methods such as CobasTaqman PCR, and for this reason we can exclude that our patients were “false occult”
HBV infected patients, as described by Launay et al.
[44]. Moreover, we previously reported that in a small
group of HBcAb positive patients with available liver
biopsies specimens, OBI was found in tissue specimens
only in patients later experiencing a HBV reactivation
after chemotherapy [7].
The general agreement of International Liver Associations about the management of this type of patients is
well known [21-23]. In particular, even if a very careful
monitoring is suggested, different approaches are reported, in particular regarding the type of anti-neoplastic
therapy. In fact, it has been reported that a slightly higher
prevalence of OBI occurs in patients treated with highly

immunosuppressive treatments, in particular monoclonal
antibodies such as anti-CD20 antibody Rituximab [2]. Because of these findings, Italian Liver Association suggested
prophylaxis with Lamivudine in all HBcAb positive
HBsAg negative patients who are assigned to highly immunosuppressive treatments for haematological malignancies [23]. This approach should be justified by the low
toxicity of orally administered Lamivudine. Nevertheless,
in our HBcAb-positive cohort, OBI reactivation occurred
in patients treated with Rituximab and also in patients in
whom it was not administered, with a prevalence higher
than that reported in other series. This may be due to the
different study populations and/or different therapy protocols. In fact, it has to be noticed that two out of these 10
patients were treated with Fludarabin that is accounted
for high immunosuppression. For this reason, even if
the therapeutic approach in these two patients was not
based on a “dose-dense” protocol, it is likely that these
two patients experienced at least a “moderate” immunosuppression, intermediate between that of Rituximab and standard protocols. Our approach of strict
monitoring in all these patients was chosen in a time
(year 2005) when there were less indications from literature than today. Nevertheless, none had serious consequences by this type of management. In fact, no
patient had liver decompensation, liver related hospitalizations or liver-related death. As reported in the results section, 39,7% of our HBcAb positive HBsAg negative
patients were treated with Rituximab-including or dose
dense protocols. In this way, we should have used Lamivudine as prophylactic treatment in all of them to prevent 5
events, which were safely managed without consequences.
Moreover, OBI reactivation occurred also in patients
undergone to “standard” treatments. If we refer to these
data, universal prophylaxis should have been applied to all
HBcAb positive HBsAg negative patient. At this point, a
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cost-benefit issue arises: is it more cost-effective to treat
all the HBcAb positive HBsAg negative patients with
NUCs to prevent the OBI reactivation occurrence in a
small quote of them, or may it be more effective a “wait
and see” protocol? To assess this point, we performed a
cost-effectiveness analysis whose results are reported in
Table 4. We calculated the costs of prophylaxis in a time
interval of twelve months, which encompasses the time of
a standard Rituximab-containing chemotherapeutic protocol and a minimum time of follow-up. It has to be noticed
that very often NHL patients need more than one therapy
cycle to obtain NHL remission, and sometimes, if they do
not obtain a complete remission, undergo to long-term,
low-dose, “maintenance” therapies with Rituximab. These
patients are at high risk of HBV reactivations due to the
long times of immunosuppression. Nevertheless, even if
our calculations underestimated the costs of prophylaxis,
the “monitoring approach” resulted cost-effective. Moreover, patients treated with standard protocols should have
been excluded from the eventual prophylaxis protocol.
Nevertheless, even if in our series HBV reactivation did
not lead to an increase in mortality/morbidity, this event
still remains a life-threatening risk for the patients. Moreover, even though in our series no serious events in terms
of morbidity and/or mortality occurred, in other literature
reports a monitoring approach did not guarantee patients
survival [16,45-49]. These detrimental results could be ascribed to the delayed start of NUC therapy if the monitoring is not adequately strict(less than one evaluation/
month). Also, it has been reported that performing only
the transaminase evaluation should not be acceptable to
prevent severe reactivations [2]. Our monitoring approach
resulted efficacious probably because of the monthly ALT
assay was strictly observed.
Due to the retrospective nature of our study, we cannot draw any firm conclusion on which should be the
best approach for patients with isolated HBcAb positivity who should undergo chemotherapeutic regimens
(universal prophylaxis vs monthly ALT monitoring). A
randomized controlled trial might be needed to properly
address this issue.

Discussion
Out of four-hundred-ninety eight NHL patients, HBV
reactivation occurred only in HBcAb+, HBsAg-, HBsAbsubjects. None of the HBsAg + patients experienced such
a reactivation since all of them were treated with preemptive Lamivudine therapy.
The rate of reported reactivation was similar either in
patients treated with low immunosuppressive therapy or
in those treated with high immunosuppressive therapy
(Rituximab).
A “monitoring” approach, being more cost-effective
than universal prophylaxis, should be chosen, either in
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low or high immunosuppressive treated subjects and a
“rescue” antiviral treatment is advised in the case of reactivation occurrence. Nevertheless, the reported failure
of rescue therapy [16,45-49] needs to be considered and
might represent a limitation.
The main limitation of the study is its retrospective
nature. A prospective randomized double bind trial is
warranted and, at present, the universal prophylaxis
should be considered the only possible approach.
Our study confirms the need of at least a strict surveillance of these patients in order to prevent OBI reactivations, which is a life-threatening condition if not rapidly
recognized and treated.

Additional file
Additional file 1: Supplemental material: binary logistic regression
analysis vs risk of reactivation in HBcAb + HBsAg- negative patients.
Age, sex, lymphoma type, grading, staging and the use of Rituximabcontaining protocols were used as independent variables and pOBI
reactivation as dependent variable. None of the analysed factors
reached statistical significance as an independent factor influencing
the occurrence of reactivation.

Abbreviations
DRG: Disease Related Grouping system; LAM: Lamivudine; NHL: Non-Hodgkin
Lymphoma; NUCs: Nucleoside analogues; OBI: Occult HBV infection.
Competing interests
None of the authors had a personal or financial conflict of interest.
Authors’ contributions
MM participated to study conception and design, data analysis and
interpretation, article drafting and revising it critically for important
intellectual content, and gave final approval for publication. He also
collected the data. ADR participated to study conception and design, data
analysis and interpretation, article revising for important intellectual content,
and gave final approval for publication. VLM participated to study
conception and design, data analysis and interpretation, article drafting and
revising it critically for important intellectual content, and gave final approval
for publication. FCS participated to study conception and design, data
analysis and interpretation, article revising for important intellectual content,
and gave final approval for publication. MR participated to study conception
and design, data analysis and interpretation, article revising for important
intellectual content, and gave final approval for publication. GS participated
to study conception and design, data analysis and interpretation, article
revising for important intellectual content, and gave final approval for
publication. VR participated to study conception and design, data analysis
and interpretation, article revising for important intellectual content, and
gave final approval for publication. He also collected the data. FP
participated to study conception and design, data analysis and
interpretation, article revising for important intellectual content, and gave
final approval for publication. FP participated to study conception and
design, data analysis and interpretation, article revising for important
intellectual content, and gave final approval for publication. MP participated
to study conception and design, data analysis and interpretation, article
drafting and revising for important intellectual content, and gave final
approval for publication. He is responsible for the overall content as
guarantor. All authors read and approved the final manuscript.
Fundings
This research didn’t received specific funds.

Masarone et al. BMC Gastroenterology 2014, 14:31
http://www.biomedcentral.com/1471-230X/14/31

Author details
1
Internal Medicine and Hepatology Unit, University of Salerno, Via Allende,
Baronissi (Salerno) CAP: 84081, Italy. 2Haematology Department, Federico II
University of Naples, Naples, Italy. 3AM Migliavacca Center for Liver Disease,
First Division of Gastroenterology, Fondazione IRCCS Cà Granda Ospedale
Maggiore Policlinico, Università degli Studi di Milano, Milan, Italy. 4Internal
Medicine and Hepatology Department, Second University of Naples, Naples,
Italy. 5Gastroenterology and Endoscopy Department, Second University of
Naples, Naples, Italy. 6Department of Statistical Sciences, Second University of
Naples, Naples, Italy.
Received: 6 November 2013 Accepted: 13 February 2014
Published: 17 February 2014
References
1. Raimondo G, Pollicino T, Cacciola I, Squadrito G: Occult hepatitis B virus
infection. J Hepatol 2007, 46:160–170.
2. Marinone C, Mestriner M: HBV disease: HBsAg carrier and occult B
infection reactivation in haematological setting. Dig Liver Dis 2011,
43S:s49–s56.
3. Gutiérrez-García ML, Fernandez-Rodriguez CM, Lledo-Navarro JL, BuhigasGarcia I: Prevalence of occult hepatitis B virus infection. World J
Gastroenterol 2011, 17(12):1538–1542.
4. Minuk GY, Sun DF, Uhanova J, Zhang M, Caouette S, Nicolle LE, Gutkin A,
Doucette K, Martin B, Giulivi A: Occult hepatitis B virus infection in a
North American community-based population. J Hepatol 2005,
42(4):480–485.
5. Hui CK, Sun J, Au WY, Lie AK, Yueng YH, Zhang HY, Lee NP, Hou JL, Liang R,
Lau GK: Occult hepatitis B virus infection in hematopoietic stem cell
donors in a hepatitis B virus endemic area. J Hepatol 2005, 42(6):813–819.
6. Raimondo G, Navarra G, Mondello S, Costantino L, Colloredo G, Cucinotta E,
Di Vita G, Scisca C, Squadrito G, Pollicino T: Occult hepatitis B virus in
liver tissue of individuals withouthepatic disease. J Hepatol 2008,
48(5):743–746. Epub 2008 Feb 13.
7. Persico E, De Renzo A, La Mura V, Bruno S, Masarone M, Torella R, Persico M:
Occult hepatitis B virus infection in patients with non-Hodgkin lymphoma:
the need for early diagnosis in anti-HBc positive patients. Gut 2007,
56(10):1470–1471.
8. Ziakas PD, Karsaliakos P, Mylonakis E: Effect of prophylactic lamivudine
for chemotherapy-associated hepatitis B reactivation in lymphoma: a
meta-analysis of published clinical trials and a decision tree addressing
prolonged prophylaxis and maintenance. Haematologica 2009,
94(7):998–1005.
9. Loomba R, Rowley A, Wesley R, Liang TJ, Hoofnagle JH, Pucino F, Csako G:
Systematic review: the effect of preventive lamivudine on hepatitis B
reactivation during chemotherapy. Ann Intern Med 2008, 148(7):519–528.
10. Lau GK, Yiu HH, Fong DY, Cheng HC, Au WY, Lai LS, Cheung M, Zhang HY,
Lie A, Ngan R, Liang R: Early is superior to deferred preemptive
lamivudine therapy for hepatitis B patients undergoing chemotherapy.
Gastroenterology 2003, 125(6):1742–1749.
11. Hsu C, Hsiung CA, Su IJ, Hwang WS, Wang MC, Lin SF, Lin TH, Hsiao HH,
Young JH, Chang MC, Liao YM, Li CC, Wu HB, Tien HF, Chao TY, Liu TW,
Cheng AL, Chen PJ: A revisit of prophylactic lamivudine for
chemotherapy-associated hepatitis B reactivation in non-Hodgkin’s
lymphoma: a randomized trial. Hepatology 2008, 47(3):844–853.
12. Alexopoulos CG, Vaslamatzis M, Hatzidimitriou G: Prevalence of hepatitis
B virus marker positivity and evolution of hepatitis B virus profile,
during chemotherapy, in patients with solid tumors. Br J Cancer 1999,
81(1):69–74.
13. Kohrt HE, Ouyang DL, Keeffe EB: Systematic review: lamivudine
prophylaxis for chemotherapy-induced reactivation of chronic hepatitis
B virus infection. Aliment Pharmacol Ther 2006, 24(7):1003–1016.
14. Persico M, De Marino F, Russo GD, Morante A, Rotoli B, Torella R, De Renzo
A: Efficacy of lamivudine to prevent hepatitis reactivation in hepatitis B
virus-infected patients treated for non-Hodgkin lymphoma. Blood 2002,
99(2):724–725.
15. Picardi M, Pane F, Quintarelli C, De Renzo A, Del Giudice A, De Divitiis B,
Persico M, Ciancia R, Salvatore F, Rotoli B: Hepatitis B virus reactivation after
fludarabine-based regimens for indolent non-Hodgkin’s lymphomas: high
prevalence of acquired viral genomic mutations. Haematologica 2003,
88(11):1296–303.

Page 9 of 10

16. Hui CK, Cheung WW, Zhang HY, Au WY, Yueng YH, Leung AY, Leung N, Luk
JM, Lie AK, Kwong YL, Liang R, Lau GK: Kinetics and risk of de novo
hepatitis B infection in HBsAg-negative patients undergoing cytotoxic
chemotherapy. Gastroenterology 2006, 131(1):59–68.
17. Coppola N, Tonziello G, Pisaturo M, Messina V, Guastafierro S, Fiore M,
Iodice V, Sagnelli C, Stanzione M, Capoluongo N, Pasquale G, Sagnelli E:
Reactivation of overt and occult hepatitis B infection in various
immunosuppressive settings. J Med Virol 2011, 83(11):1909–1916.
18. Niitsu N, Hagiwara Y, Tanae K, Kohri M, Takahashi N: Prospective analysis
of hepatitis B virus reactivation in patients with diffuse large B-cell
lymphoma after rituximab combination chemotherapy. J Clin Oncol 2010,
28(34):5097–5100.
19. Ji D, Cao J, Hong X, Li J, Wang J, Chen F, Wang C, Zou S: Low incidence of
hepatitis B virus reactivation during chemotherapy among diffuse large
B-cell lymphoma patients who are HBsAg-negative/ HBcAb-positive: a
multicenter retrospective study. Eur J Haematol 2010, 85(3):243–250.
20. Matsue K, Kimura S, Takanashi Y, Iwama K, Fujiwara H, Yamakura M,
Takeuchi M: Reactivation of hepatitis B virus after rituximab-containing
treatment in patients with CD20-positive B-cell lymphoma. Cancer 2010,
116(20):4769–4776.
21. Lok AS, McMahon BJ: Chronic hepatitis B: update 2009. Hepatology 2009,
50(3):661–662.
22. European Association For The Study Of The Liver: EASL Clinical Practice
Guidelines: Management of chronic hepatitis B virus infection. J Hepatol
2012, 57(1):167–185.
23. Marzano A, Angelucci E, Andreone P, Brunetto M, Bruno R, Burra P, Caraceni
P, Daniele B, Di Marco V, Fabrizi F, Fagiuoli S, Grossi P, Lampertico P,
Meliconi R, Mangia A, Puoti M, Raimondo G, Smedile A: ItalianAssociation
for the Study of the Liver. Prophylaxis and treatment of hepatitis B in
immunocompromised patients. Dig Liver Dis 2007, 39(5):397–408.
24. Harris NL: Principles of the revised European-American lymphoma
classification (from the International Lymphoma Study Group). Ann Oncol
1997, 8(Suppl 2):S11–S16.
25. Percy C, Van Holten V, Muir C: International classification of diseases for
oncology, ICD-O. 2nd edition. Geneva: WHO; 1990.
26. Cheson BD, Horning SJ, Coiffier B, Shipp MA, Fisher RI, Connors JM, Lister TA,
Vose J, Grillo-López A, Hagenbeek A, Cabanillas F, Klippensten D,
Hiddemann W, Castellino R, Harris NL, Armitage JO, Carter W, Hoppe R,
Canellos GP: Report of an International Workshop to Standardize Response
Criteria for Non-Hodgkin’s Lymphomas. J Clin Oncol 1999, 17:1244–1214.
27. Lorenz EW: DRGs Working Guidebook 1993. Washington D.C: St. Anthony
Pub; 1992. ISBN: 1563291037, 9781563291036.
28. Marcucci F, Mele A, Spada E, Candido A, Bianco E, Pulsoni A, Chionne P,
Madonna E, Cotichini R, Barbui A, De Renzo A, Dore F, Iannitto E, Liso V,
Martino B, Montanaro M, Pagano L, Musto P, Rapicetta M: High prevalence
of hepatitis B virus infection in B-cell non-Hodgkin’s lymphoma.
Haematologica 2006, 91(4):554–557.
29. Targhetta C, Cabras MG, Mamusa AM, Mascia G, Angelucci E: Hepatitis B
virus related liver disease in isolated anti-hepatitis B-core positive
lymphoma patients receiving chemo- or chemo-immune therapy.
Haematologica 2008, 93(6):951–952.
30. Lok ASF: Occult hepatitis B virus infection: diagnosis, implications and
management? J Gastroenterol Hepatol 2004, 19:S114–S117.
31. Matsumoto C, Nishioka K, Oguchi T, Mitsunaga S, Nojiri N, Tadokoro K, Juji T:
Detection and quantitation of HBV DNA by semi-Nested PCR in donated
blood: comparison with HBV serological markers. J Virol Methods 1997,
66:61–69.
32. Iizuka H, Ohmura K, Ishijima A, Satoh K, Tanaka T, Tsuda F, Okamoto H,
Miyakawa Y, Mayumi M: Correlation between anti-HBc titers and HBVDNA in blood units without HBsAg. Vox Sang 1992, 63:107–111.
33. Douglas DD, Taswell HF, Rakela J, Rabe D: Absence of hepatitis B virus
DNA detected by polymerase chain reaction in blood donors who are
hepatitis B surface antigen negative and antibody to hepatitis B core
antigen positive from a United States population with a low prevalence
of Hepatitis B serologic markers. Transfusion 1993, 33:212–216.
34. Weinberger KM, Bauer T, Bohm S, Jilg W: High genetic variability of the
group-specific-a-determinant of hepatitis B surface antigen and the
corresponding fragment of the viral polymerase in chronic virus lacking
detectable HBsAg in serum. J Gen Virol 2000, 81:1156–1174.
35. Hollinger FB: Hepatitis B, virus infection and transfusionmedicine: science
and the occult. Transfusion 2008, 48(5):1001–1026.

Masarone et al. BMC Gastroenterology 2014, 14:31
http://www.biomedcentral.com/1471-230X/14/31

Page 10 of 10

36. Kleinman SH, Kuhns MC, Todd DS, Glynn SA, McNamara A, DiMarco A,
Busch MP: Frequency of HBV DNA detection in US blood donors testing
positive for the presence of anti-HBc: implications for transfusion
transmission and donor screening. Transfusion 2003, 43:696–704.
37. Kleinman SH, Strong DM, Tegtmeier GG, Holland PV, Gorlin JB, Cousins C,
Chiacchierini RP, Pietrelli LA: Hepatitis B virus (HBV) DNA screening of
blood donations in minipools with the COBAS AmpliScreen HBV test.
Transfusion 2005, 45:1247–1257.
38. Linauts S, Saldanha J, Strong DM: PRISM hepatitis B surface antigen
detection of hepatits B virus minipool nucleic acid testing yield samples.
Transfusion 2008, 48:1376–1382.
39. Chevrier MC, St-Louis M, Perreault J, Caron B, Castilloux C, Laroche J, Delage
G: Detection and characterization of hepatitis B virus of anti-hepatitis B
core antigen-reactive blood donors in Quebec with an in-house nucleic
acid testing assay. Transfusion 2007, 47:1794–1802.
40. O’Brien SF, Fearon MA, Yi QL, Fan W, Scalia V, Muntz IR, Vamvakas EC:
Hepatitis B virus DNA-positive, hepatitis B surface antigen-negative
blood donations intercepted by anti-hepatitis B core antigen testing: the
Canadian Blood Services experience. Transfusion 2007, 47:1809–1815.
41. Allain JP, Hewitt PE, Tedder RS, Williamson LM: Evidence that anti-HBc
but not HBV DNA testing may prevent some HBV transmission by
transfusion. Br J Haematol 1999, 107:186–195.
42. Hennig H, Puchta I, Luhm J, Schlenke P, Goerg S, Kirchner H: Frequency
and load of hepatitis B virus DNA in first-time blood donors with
antibodies to hepatitis B core antigen. Blood 2002, 100:2637–2641.
43. Hourfar MK, Jork C, Schottstedt V, Weber-Schehl M, Brixner V, Busch MP,
Geusendam G, Gubbe K, Mahnhardt C, Mayr-Wohlfart U, Pichl L, Roth WK,
Schmidt M, Seifried E, Wright DJ, German Red Cross NAT Study Group:
Experience of German Red Cross blood donor services with nucleic acid
testing: results of screening more than 30 million blood donations for
human immunodeficiency virus-1, hepatitis C virus, and hepatitis B virus.
Transfusion 2008, 48:1558–1566.
44. Launay O, Masurel J, Servant-Delmas A, Basse-Guérineau AL, Méritet JF,
Laperche S, Sogni P, Rosenberg AR: High levels of serum hepatitis B virus
DNA in patients with “anti-HBc alone”: role of HBsAg mutants. J Viral
Hepat 2011, 18:721–29.
45. Umemura T, Tanaka E, Kiyosawa K, Kumada H, Japan de novo Hepatitis B
Research Group: Mortality secondary to fulminant hepatic failure in
patients with prior resolution of hepatitis B virus infection in Japan.
Clin Infect Dis 2008, 47(5):e52–e56.
46. Pei SN, Chen CH, Lee CM, Wang MC, Ma MC, Hu TH, Kuo CY: Reactivation
of hepatitis B virus following rituximab-based regimens: a serious
complication in both HBsAg-positive and HBsAg-negative patients.
Ann Hematol 2010, 89(3):255–262.
47. Yeo W, Chan TC, Leung NW, Lam WY, Mo FK, Chu MT, Chan HL, Hui EP, Lei
KI, Mok TS, Chan PK: Hepatitis B virus reactivation in lymphoma patients
with prior resolved hepatitis B undergoing anticancer therapy with or
without rituximab. J Clin Oncol 2009, 27(4):605–611.
48. Koo YX, Tan DS, Tan IB, Tao M, Chow WC, Lim ST: Hepatitis B virus
reactivation and role of antiviral prophylaxis in lymphoma patients with
past hepatitis B virus infection who are receiving chemoimmunotherapy.
Cancer 2010, 116(1):115–112.
49. Evens AM, Jovanovic BD, Su YC, Raisch DW, Ganger D, Belknap SM, Dai MS,
Chiu BC, Fintel B, Cheng Y, Chuang SS, Lee MY, Chen TY, Lin SF, Kuo CY:
Rituximab-associated hepatitis B virus (HBV) reactivation in
lymphoproliferative diseases: meta-analysis and examination of FDA
safety reports. Ann Oncol 2011, 22(5):1170–1178.
doi:10.1186/1471-230X-14-31
Cite this article as: Masarone et al.: Management of the HBV reactivation
in isolated HBcAb positive patients affected with Non Hodgkin
Lymphoma. BMC Gastroenterology 2014 14:31.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

