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ABSTRACT

Background. Hepatitis B virus (HBV) reactivation is a well-
known complication of immunosuppressive therapy. Although
rituximab is increasingly used for desensitization of ABO-
incompatible or positive crossmatch kidney transplantation, the
risk of HBV reactivation in hepatitis B surface antigen
(HBsAg)-negative/hepatitis B core antibody (anti-HBc)-positive
kidney transplant patients receiving rituximab desensitization
remains undetermined.

Methods. We analysed 172 resolved HBV patients who under-
went living donor kidney transplantation between 2008 and
2014. Patients were divided into rituximab (n = 49) or control
(n = 123) groups. All patients were observed for HBV reactiva-
tion, which was defined as the reappearance of hepatitis B sur-
face antigen or HBV DNA.

Results. During the follow-up period (median, 58 months;
range, 4-95 months), five patients (10.2%) in the rituximab
group and two patients (1.6%) in the control group experienced
HBYV reactivation (P =0.003). In the rituximab group, two pa-
tients experienced HBV -related severe hepatitis, and one patient
died due to hepatic failure. The median time from rituximab de-
sensitization to HBV reactivation was 11 months (range, 5-22
months). By contrast, no patients in the control group experi-
enced severe hepatitis. The status of hepatitis B surface antibody
was similar between groups. Rituximab desensitization [hazard
ratio (HR), 9.18; 95% confidence interval (CI), 1.74-48.86;
P=0.009] and hepatitis B surface antibody status (HR, 4.74;

HBYV reactivation.

Conclusions. Rituximab desensitization for incompatible kidney
transplantation significantly increased the risk of HBV reactiva-
tion in HBsAg-negative/anti-HBc-positive patients. Therefore,
close monitoring of HBV DNA is required in these patients.

Keywords: hepatitis B virus, immunosuppression, kidney
transplantation, reactivation, rituximab

INTRODUCTION

One-third of the world’s population shows serological evidence
of hepatitis B virus (HBV) infection, and more than 350 million
people are chronic HBV carriers [1]. Despite the availability of
effective antiviral agents, reactivation of HBV infection is a sig-
nificant problem for chronic HBV patients who undergo im-
munosuppressive therapies [2].

In particular, although rituximab has greatly improved the
prognosis of patients with haematologic malignancy, it is also
associated with HBV reactivation [3, 4]. Furthermore, previous
studies show that rituximab is associated with a high rate of
HBYV reactivation in so-called ‘resolved HBV infection’ [hepa-
titis B surface antigen (HBsAg)-negative, hepatitis B core anti-
body (anti-HBc)-positive] patients [5, 6]. Therefore, in
September 2013, the US Food and Drug Administration
released a new boxed warning that rituximab can lead to HBV
reactivation [7].
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Recently, B-cell depletion with rituximab has become an im-
portant component of desensitization for ABO-incompatible or
positive crossmatch kidney transplantation [8]. However, des-
pite the increasing use of rituximab, there is a lack of informa-
tion regarding HBV reactivation in kidney transplant patients
receiving rituximab [9].

With a high seroprevalence of anti-HBc worldwide and
increasing use of rituximab in kidney transplantation, there is
an urgent need to identify the risk of HBV reactivation in these
populations. Therefore, we examined a cohort of kidney trans-
plant patients from an HBV-endemic area to determine the
frequency of and risk factors for HBV reactivation in HBsAg-
negative/anti-HBc-positive patients who did or did not undergo
rituximab desensitization.

MATERIALS AND METHODS

Patients and study design

A total of 599 adult patients who underwent living donor
kidney transplantation under tacrolimus-based immunosup-
pression between January 2008 and September 2014 at
Severance Hospital in Seoul, Korea were screened. HBsAg-
negative, anti-HBc-positive and hepatitis B surface antibody
(anti-HBs)-positive or -negative patients were selected.
Exclusion criteria were co-infection with hepatitis C virus
(HCV), a history of liver transplantation, use of mammalian
target of rapamycin (mTOR) inhibitor, lack of data or a loss to
follow-up. Included patients were divided into rituximab or
control groups based on their treatment history. In the control
group, patients receiving rituximab for antibody-mediated re-
jection (AMR) treatment were excluded.

Definitions of resolved HBV, HBV reactivation and
severe hepatitis

We defined resolved HBV infection as HBsAg-negative/
anti-HBc-positive patients without HBV DNA at the time of
transplantation [2, 5, 10]. HBV reactivation was defined as the
reappearance of HBsAg (HBsAg seroreversion) or HBV DNA
after transplantation [11]. Severe hepatitis was defined as more
than a 10-fold increase of serum alanine aminotransferase
(ALT) above the upper limit of normal (ULN) or more than a
2-fold increase of bilirubin above the ULN. HBV-related severe
hepatitis was defined as severe hepatitis with HBV reactivation,
in the absence of laboratory features of acute infection with
hepatitis A virus, HCV or cytomegalovirus.

Monitoring and treatment of HBV reactivation

Routine biochemical tests, including assessment of ALT,
were performed every month for the first post-transplant year
and every 3 months thereafter. All patients were screened for
HBV (HBsAg, anti-HBs, anti-HBc and HBV DNA) and HCV
before transplantation, and HBV markers (HBsAg and anti-
HBs) were checked annually after kidney transplantation.
HBsAg was also checked for patients with elevated serum ALT
(>100IU/L) during the follow-up. Additional assessment of
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HBV DNA was performed in cases of HBsAg seroreversion
and/or ALT elevation.

Serum HBsAg, anti-HBc and anti-HBs were evaluated using
commercially available enzyme immunoassays (Abbott
Diagnostics, Abbott Park, IL, USA). Titers of serum anti-
HBs <10 IU/L were considered negative. Serum HBV DNA was
measured using real-time polymerase chain reaction assay on a
Cobas TaqgMan 48 Analyzer (Roche Molecular Systems,
Branchburg, NJ, USA), with 20IU/mL as the lower limit of
detection.

No patients received prophylactic antiviral agents. Entecavir
was started for patients who experienced HBV reactivation.

Immunosuppressive regimen

Rituximab was administered at a single dose (375 mg/m” or
200 mg) within 7 days before transplantation in cases of ABO-
incompatible or positive crossmatch kidney transplantation.
Patients with high panel reactive antibodies (PRA; having a
PRA >50%) also received a single dose (375 mg/m* or 200 mg)
of rituximab prior to transplantation. Rituximab dosage was
reduced to 200 mg based on immunologic risk in August 2013
[ie. for patients with high PRA, baseline antidonor isoaggluti-
nin titer (anti-A and/or anti-B) <1:256, or flow cytometric posi-
tive crossmatch] [12].

Most patients received basiliximab for induction therapy.
From 2013, we used anti-thymocyte globulin (ATG) for induc-
tion in positive crossmatch patients. The maintenance im-
munosuppressive regimen mostly consisted of tacrolimus and
prednisolone with or without mycophenolate mofetil (MMF).
Initial tacrolimus was administered orally at 0.1 mg/kg twice
daily. Subsequent doses were adjusted to maintain a target
trough concentration between 5 and 8 ng/mL. The initial dose
of methylprednisolone (500-1000 mg) was tapered to oral pred-
nisolone (5-10mg/day) during the first 3 weeks after trans-
plantation. The initial dose of MMF was 1.5 g/day, and this dose
was adjusted to minimize adverse events, such as gastrointes-
tinal trouble or leucopoenia. No patients received augmented
immunosuppression.

Acute cellular rejection (ACR) was treated by methylpredni-
solone pulse therapy (500 mg/day, three to four times). Steroid-
resistant ACR patients received ATG. AMR was treated with a
combination of plasmapheresis and intravenous immunoglobu-
lin with or without rituximab.

Statistical analysis

Demographic information was summarized using frequency
(percentage), or mean =* standard deviation depending on data
type. Chi-square or Fisher’s exact tests were used as appropriate
to compare categorical variables. Continuous variables were
compared using Student’s ¢-tests. Cumulative rates of HBV re-
activation were estimated by the Kaplan-Meier method and
statistically compared using log-rank tests. Univariate and
multivariate analyses were performed using Cox proportional
hazard regression models to determine risk factors for HBV re-
activation. Statistical analysis was performed using SPSS soft-
ware (version 20.0; SPSS Inc., Chicago, IL, USA), and P < 0.05
was considered statistically significant.
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FIGURE 1: Study design. LDKT, living donor kidney transplantation; LT, liver transplantation.

Ethics statement

The study procedures were in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board of Severance Hospital (4-2015-0883).

RESULTS

Patient characteristics

A total of 172 patients were included in the analysis (Figure 1).
Of these patients, 49 received rituximab for desensitization
(31 patients with ABO-incompatible kidney transplantation,
12 patients with positive crossmatch kidney transplantation
and 6 patients with high PRA). In all, 11 patients received a
reduced dose of rituximab. Of these, three patients received
rituximab twice, with the first dose for desensitization and the
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second dose for AMR treatment. The time intervals between
the two doses of rituximab were 6, 31 and 39 months, respect-
ively. The use of rituximab for desensitization increased rap-
idly across the study period (Figure 2).

Baseline characteristics of patients are presented in Table 1.
There were no significant differences between the rituximab
and control groups in age, dialysis method and dialysis dur-
ation. However, the proportion of female patients and the mean
number of human leukocyte antigen mismatches were signifi-
cantly higher in the rituximab group than in the control group.
The proportions of anti-HBs-positive patients and donor anti-
HBc-positive were similar between groups. Use of basiliximab
was similar between groups, but the use of ATG was signifi-
cantly more common for patients in the rituximab group than
for patients in the control group. A total of 18 patients received
ATG treatment during the study period. In the rituximab
group, six patients (12.2%) received ATG for induction at the
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time of transplantation. Further, seven patients (14.3%) of
the rituximab group and five patients (4.1%) of the control
group received ATG for anti-rejection treatment (P=0.04).
Furthermore, the follow-up duration for patients in the control
group was significantly longer than that for patients in the ritux-
imab group.

HBYV reactivation and HBV-related severe hepatitis

HBYV reactivation occurred in seven patients. A total of five
instances of HBV reactivation occurred in the rituximab group
(10.2%), and two instances occurred in the control group (1.6%,
P =0.003). In the rituximab group, there was no significant dif-
ference in rates of HBV reactivation between ABO-
incompatible (3/31, 9.7%) and other sensitized patients (2/18,
11.1%). There was no HBV reactivation in patients who
received a reduced dose of rituximab. However, differences in
the incidence of HBV reactivation with different rituximab
doses were not statistically significant (P =0.57). The median

40 P
— B Rituximab group

Control group
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FIGURE 2: Increasing use of rituximab in patients undergoing kid-
ney transplantation.

Table 1. Baseline characteristics of patients

time from rituximab desensitization to HBV reactivation
among patients in the rituximab group was 11 months (range,
5-22 months). HBV reactivation in the two control patients
occurred 24 and 48 months after transplantation, respectively.
A couple of patients in the rituximab group experienced HBV-
related severe hepatitis, whereas no HBV-related severe hepa-
titis occurred among control patients.

Clinical outcomes

Clinical features of the seven patients with HBV reactivation
are shown in Table 2. Five patients received a single dose of rit-
uximab 2-7 days before kidney transplantation. At the time of
HBYV reactivation, all patients were maintained on a triple im-
munosuppressant regimen consisting of tacrolimus, prednisone
and MMF. Two patients (C and E) were treated for acute rejec-
tion prior to HBV reactivation. ACR was treated with methyl-
prednisolone pulse therapy (500 mg/day, 4 days), and AMR was
treated with a combination of plasmapheresis and intravenous
immunoglobulin (200 mg/kg). Entecavir was initiated for pa-
tients who experienced HBV reactivation. Despite active anti-
viral treatment, one patient (B) died from hepatic failure 10
weeks after HBV reactivation. Another patient (D) died due to
unknown cause 20 months after HBV reactivation.

Patterns of HBV reactivation for the five patients in the rit-
uximab group are shown in Figure 3. The four patients (A, B, D
and E) who experienced HBV reactivation during the first year
after transplantation exhibited a hepatitis flare (i.e. serum
ALT >1001U/L) at the time of HBV reactivation. For the fifth
patient (C), HBV reactivation was diagnosed 2 years after trans-
plantation without a hepatitis flare.

Risk factor analysis for HBV reactivation

The induction agent and maintenance immunosuppressive
regimens were similar between the rituximab and control
groups. Mean serum tacrolimus trough levels were also similar
between the groups (P > 0.05, Figure 4). Of the 18 patients who
received ATG treatment, one patient (D) experienced HBV

Variables Rituximab group Control group P-value
(n=49) (n=123)
Age (years) 50.7 = 8.2 492 £ 103 0.36
Female, n (%) 21 (42.9) 33 (26.8) 0.04
Pre-emptive/HD/PD 14/31/4 42/58/23 0.10
Dialysis duration (months) 25.8 = 45.2 18.6 + 31.9 0.29
HLA mismatches 3.6 1.6 3.0+ 1.5 0.01
Retransplantation, # (%) 6(12.2) 7 (5.7) 0.20
Anti-HBs positive (>10IU/L), n (%) 43 (87.8) 104 (84.6) 0.64
10-100 16 49
100-1000 17 37
>1000 10 18
Donor anti-HBc positive, 1 (%) 14 (28.6) 46 (37.4) 0.27
Induction 0.77
Basiliximab, n (%) 43 (87.8) 114 (92.7)
ATG, n (%) 6(12.2) 0
No induction, n (%) 0 9(7.3)
ATG for anti-rejection treatment, n (%) 7 (14.3) 5 (4.1) 0.04
Follow-up duration (months) 375*17.3 64.2 + 252 <0.001
HLA, human leukocyte antigen; HD, haemodialysis; PD, peritoneal dialysis. L
Rituximab and HBV reactivation 725
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reactivation. However, his HBV reactivation occurred 2 months
g % % §5% prior to ATG treatment.
Eﬁé gé'g é Z.ﬁ ;;g gé'g Factors associated with HBV reactivation were analysed
g EEh 2E5% using a Cox regression model. As shown in Table 3, negative
S BEEH8%8 3% anti-HBs at the time of transplantation and use of rituximab
g AR were significant independent risk factors for HBV reactivation.
7‘§ E "g E 'Fg g "g The cumulative rates of HBV reactivation, depending on rituxi-
2 fﬁ, 2 f;), g mab desensitization and anti-HBs status, are shown in Figure 5.
<A <A< <
= e o e DISCUSSION
RS S SR8
&2 A growing number of studies suggest that using rituximab to
treat haematologic malignancies markedly increases the risk of
Sz HBYV reactivation in HBsAg-negative/anti-HBc-positive patients
S T [6, 10, 13]. At the same time, the off-label use of rituximab in
i 2 = RN kidney transplantation for desensitization and AMR treatment
E §D§ SEVEORORVROR has increased [8]. Although rituximab-induced HBV reactiva-
Z 5 5 R tion can occur in both haematologic malignancy and kidney
SREERN NN T AT AR transplantation patients, there are some important differences
between the two populations. Patients with haematologic malig-
. = nancy receive multiple cycles of rituximab with or without other
3 3 chemotherapy drugs, and HBV reactivation has been reported
g °:7 to occur after a median of six doses of rituximab [4]. By contrast,
3 except for management of post-transplant lymphoproliferative
disorder, rituximab is generally given as a single dose to patients
undergoing kidney transplantation. Although a single dose of
° ;? e - o rituximab might be safe for immunocompetent individuals [14],
T ST it could be problematic in kidney transplant patients who receive
,_] B EE concomitant T-cell immunosuppressive agents [11]. Previous
=< studies demonstrate that even a low dose of rituximab can
= 25 . Z = achieve B-cell depletion lasting more than 12 months in kidney
Nt g s & g E transplant patients [15]. Therefore, for kidney transplantation
g g% £: é 2 patients, even a single dose of rituximab for desensitization
g g - £ could contribute to HBV reactivation [12].
RE g 5 To our knowledge, this is the first study to investigate HBV
reactivation in kidney transplant patients who received rituxi-
2=T=7 mab for desensitization. Our findings indicate that HBsAg-
S % % 5 % E negative/anti-HBc-positive patients are at risk for HBV reacti-
- % ;,; N; ;,; N; ;,g vation after kidney transplantation. In addition, the use of ritux-
S S imab desensitization and negative anti-HBs at the time of
E & E E LE E E o o transplantation are important risk factors for HBV reactivation.
§ SRERSZZ Immunosuppression enhances viral replication, leading to
2 L E progressive liver failure [16]. Before the introduction of antiviral
= . § E A g prophylaxis, th.e rates of HBV r.eactivation in HBsAg-positive
T e é Tey |2 s patients after kidney transplantation ranged from 50 to 94% [2].
M 2= BowiEEE |8 2 Thus, chronic HBV infection is considered a relative contra-
g * 8 “ § %D %0 %O 3 z § indication to kidney transplantation. However, the introduction
= é 5 of effective antiviral agents has improved transplant outcomes
g T g é; in chronic HBV patients [17, 18]. Recent guidelines recommend
% cah 2 2 = e e E g £ antiviral prophylaxis in HBsAg-positive patients, whereas little
g f B ;; attention has been paid to patients with resolved HBV [19-22].
3 o TaecRc S|t g g However, HBV reactivation after kidney transplantation in
el < g é g HBsAg-negative/anti-HBc-positive patients, particularly among
i Rl those receiving rituximab [21, 23, 24], has not been well charac-
: E % %D ‘g terized [25-27]. Considering the economic burden of HBV and
< <m0 mm | & % g its lifelong treatment, universal prophylaxis in these patients
& 22T should be carefully considered.
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FIGURE 3: (A-E) Patterns of HBV reactivation for the five patients in the rituximab group.
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FIGURE 4: Mean trough level of tacrolimus.

Rituximab and HBV reactivation

Table 3. Risk factors for HBV reactivation

Factors Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value
Rejection 2.51(0.54,11.70)  0.24
Use of ATG* 1.45(0.17,12.78)  0.74

Use of rituximab ~ 6.88 (1.29, 36.73)  0.02 9.18 (1.74, 48.46)  0.009
Negative anti-HBs  4.88 (1.02, 23.26) 0.05 4.738 (1.05, 21.23) 0.04
Donor anti-HBc 1.36 (0.26, 7.20) 0.72

positive

HR, hazard ratio; CI, confidence interval.
*ATG for both purposes of induction and anti-rejection treatment were included.

Rituximab is a chimeric anti-CD20 antibody that has mainly
been used to treat non-Hodgkin’s lymphoma, leukaemia and
autoimmune disease. Although a relatively safe and well-
tolerated drug, rituximab can lead to HBV reactivation in both
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FIGURE 5: Cumulative rates of HBV reactivation depending on rituximab desensitization and anti-HBs status. (A) Rituximab group versus
control group; (B) anti-HBs positive versus anti-HBs negative. Anti-HBs negativity was defined as <10 IU/L at the time of transplantation.

HBsAg-positive  patients and HBsAg-negative/anti-HBc-
positive HBV patients. Recent prospective studies show that the
rate of HBV reactivation in HBsAg-negative/anti-HBc-positive
patients undergoing rituximab-containing chemotherapy varies
between 11.3 and 41.5% [5, 10, 13]. Furthermore, patients with
autoimmune diseases who receive rituximab are also at risk of
HBYV reactivation [28, 29].

We found that the risk of HBV reactivation was significantly
increased in patients who were anti-HBs negative at the time of
transplantation. This finding is consistent with those from pre-
vious studies of kidney transplant recipients [25, 27] and
rituximab-treated lymphoma patients [6, 10]. Anti-HBs pre-
vents the entry of HBV into hepatocytes and is thought to pro-
tect against HBV reactivation [30]. However, although previous
reports indicate that patients with pre-transplant anti-HBs anti-
body titres >100 IU/L are relatively safe, HBV reactivation has
been observed in a patient with a high titer of anti-HBs
(265.65IU/L at transplant) [26, 27]. Therefore, in the rituximab
era, patients with high titres of anti-HBs at the time of trans-
plantation may still be at risk for HBV reactivation.

Our results suggest that regular HBV DNA monitoring is
required for the detection of HBV reactivation and the start of
early antiviral treatment in kidney transplant patients, even
those receiving a single dose of rituximab. In fact, HBsAg seror-
eversion with or without ALT elevation occurs late in the clin-
ical course of HBV replication [3, 31]. Despite the close
monitoring of ALT levels in patients for the first year after
transplantation, we observed multiple occurrences of HBV re-
activation with a high viral load. Furthermore, one patient died
from hepatic failure despite antiviral treatment, possibly be-
cause of a delay in antiviral administration [3]. In the event of
HBYV reactivation in patients receiving rituximab, it is recom-
mended to immediately discontinue the drug and start appro-
priate treatment for HBV [7]. However, discontinuation of
immunosuppression in patients with solid organ transplants is
almost impossible, as this may lead to suboptimal therapeutic
efficacy and can even jeopardize patients’ lives. Thus, to prevent
HBV-associated morbidity and mortality, resolved HBV
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patients should be closely monitored for HBV DNA after rituxi-
mab desensitization [6, 10].

The present study has some limitations. First, it was per-
formed retrospectively at a single institution; however, this
made it possible to maintain universal HBV screening and
follow-up. Secondly, there was an imbalance between groups
in immunological risk factors, as rituximab is more com-
monly used in highly sensitized patients who are at higher
risk of rejection. This heterogeneity was inevitable, regardless
of similar maintenance immunosuppressive regimen.
Therefore, multivariate analyses were performed to adjust
confounding factors.

In conclusion, the use of rituximab for desensitization sig-
nificantly increased the risk of HBV reactivation in HBsAg-
negative/anti-HBc-positive patients after kidney transplant-
ation. Therefore, close monitoring of HBV DNA is required to
prevent HBV-related morbidity and mortality. With the
increasing use of rituximab desensitization in kidney trans-
plantation, further prospective studies are warranted to confirm
our findings and to develop appropriate prophylactic strategies.
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