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Emerging data suggest that the hepatitis B virus (HBV) genotype and the precore and core promoter variants impact the
outcome of orthotopic liver transplantation (OLT) for hepatitis B. The aim of this study was to determine if there is a correlation
between HBV genotype, precore and core promoter variants, and pre- and post-OLT outcomes. Serum samples from patients
participating in the National Institutes of Health HBV-OLT study were tested for HBV genotype and precore and core promoter
variants. A total of 123 patients were studied: 43% were Asians, 46% were Caucasians, and 8% were African Americans. HBV
genotypes A (35%) and C (35%) were the most prevalent, followed by genotypes D and B. Precore and core promoter variants
were detectable in 44% and 90% of patients. Patients with genotype C were more likely to have hepatocellular carcinoma
(HCC) at listing (P < 0.001). Waitlist mortality was highest among patients with genotype D, while posttransplant mortality was
highest among patients with genotype C. Precore or core promoter variants did not correlate with pre- or post-OLT survival.
In conclusion, in this US patient population, patients with genotype C were more likely to have HCC at the time of transplant
listing and to die after transplant than patients with non-C genotypes. Patients with genotype D had the highest posttransplant
survival, but this was offset by higher waitlist mortality. Our study suggests that HBV genotypes but not precore or core
promoter variants may have an impact on pre- and post-OLT outcomes of hepatitis B patients. Liver Transpl 14:1420-1427,
2008. o 2008 AASLD.
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Eight distinct genotypes of hepatitis B virus (HBV)—A
to H—have been identified, each having a characteristic
geographic distribution.?> Numerous studies from
Asia, where genotypes B and C predominate, have
shown that HBV genotype C is associated with more
rapid progression to cirrhosis and a higher rate of hep-
atocellular carcinoma (HCC) in comparison with geno-
type B.%® Data on the correlation between other HBV
genotypes and outcomes of chronic HBV infection are
not as well established. One study from Spain found

that patients with genotype D were less likely to have
sustained biochemical and virological remission after
hepatitis B e antigen (HBeAg) seroconversion than
those with genotype A infection.® An additional obser-
vation in this study was that patients with genotype F
were more likely to die from liver disease than those
with genotype A or D; however, only 19 patients with
genotype F were included. Another study of Alaskan
natives noted a preponderance of HBV genotype F
among patients with HCC.*°
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Several recent publications have reported an associ-
ation between HBV genotype and outcome of orthotopic
liver transplantation (OLT). One study from Australia,
which included 15 patients with recurrent HBV (8 with
genotype D), found that HBV genotype D was associ-
ated with more severe recurrence of liver disease.'!
Another study composed of 22 patients from the United
States observed that HBV genotype D (n = 5) was as-
sociated with the highest risk for HBV recurrence and
mortality.'? A third study analyzing 45 patients, the
majority infected with either genotype A or D, found
that genotype D was associated with a higher rate of
HBV recurrence and graft loss, but the difference was
not statistically significant.'® A fourth study including
119 patients from Hong Kong, all but 2 with genotype B
or C infection, reported that 3-year graft survival was
similar for patients with genotype B or C. However,
patients with genotype B had more frequent hepatitis
flares and worse Model for End-Stage Liver Disease
(MELD) scores pre-transplant, while those with geno-
type C had a higher rate of virologic breakthrough due
to lamivudine-resistant mutants.'*

Precore and core promoter HBV variants have also
been reported to be associated with a higher incidence
of fulminant hepatitis, and core promoter variants have
been shown in many Asian studies to be associated
with HCC.'®2° Precore variants have also been re-
ported to be associated with severe recurrent hepatitis
post-transplant in a study of 15 patients from Austra-
lia, but this finding was not confirmed in another study
of 69 patients from Germany.'">!

These data suggest that HBV genotypes, as well as
precore and core promoter variants, may influence the
indications for liver transplant among HBV-infected pa-
tients and their outcomes pre- and post-transplant.
However, most studies to date have included small
numbers of patients, the majority infected with either
genotype A or D or genotype B or C. The presence of all
4 major HBV genotypes (A-D) and precore and core
promoter variants in the United States provided an op-
portunity to reassess the impact of HBV genotype and
precore and core promoter variants in liver transplant
patients with data from the National Institutes of
Health (NIH) “Prevention of Recurrent Hepatitis B After
Liver Transplantation” study (the NIH HBV-OLT
study).??23 The aims of the present analysis were to
determine if there is a correlation between HBV geno-
type, precore and core promoter variants, and indica-
tions for liver transplantation and if these factors im-
pact pretransplant and posttransplant outcomes.

PATIENTS AND METHODS
Patient Population

The NIH HBV-OLT study is a retrospective-prospective
observational study that enrolled hepatitis B surface
antigen-positive patients who were 13 years or older
from 15 centers in the United States.?* All patients
either were on the liver transplant waiting list or were
within 12 months post-transplant. The study was ap-

proved by the institutional review board representing
each of the participating centers, and written informed
consent was obtained from all patients prior to study
entry. For patients enrolled at the time of listing, data
were collected prospectively. For patients enrolled after
placement on the liver transplant list, data after enroll-
ment were collected prospectively, while data prior to
enrollment were collected retrospectively up to the time
of listing.

All laboratory tests except for HBV DNA and antiviral-
resistant mutations were performed with commercially
available assays at the participating centers. An addi-
tional 10 mL of blood was collected at each visit, cen-
trifuged, divided into aliquots, and stored at —70°C in
the participating centers and was batch-shipped to the
central laboratory at the University of Michigan, where
serum samples were stored at —80°C until testing.

Patients with available serum samples in the central
laboratory and detectable HBV DNA levels by polymer-
ase chain reaction assay prior to transplant were in-
cluded in this analysis. Patients listed for retransplan-
tation and those coinfected with hepatitis C virus,
hepatitis D virus, or human immunodeficiency virus
were excluded. Of the 196 patients enrolled prior to
transplant, HBV genotype, precore, and core promoter
data were available in 123 (63%). The remaining pa-
tients had undetectable HBV DNA (n = 50) or an un-
available sample (n = 23). Demographic, clinical, and
laboratory data were extracted from an electronic data-
base.

HBV Assays

Serum HBV DNA levels were quantified by the Cobas
Amplicor HBV Monitor assay (Roche Molecular Sys-
tems, Inc., Branchburg, NJ) at the central laboratory.
The lower limit of detection of this assay is 200 copies/
mL. Samples with values > 100,000 copies/mL were
diluted 1:1000-fold to 1:100,000-fold and retested. The
HBV genotype and presence of precore (G1896A) and
core promoter variants (A1762T/G1764A) were deter-
mined with line probe assays (InnoLipa, Innogenetics
NV, Ghent, Belgium). The line probe assay can differ-
entiate HBV genotypes A-H and G versus A at nucleo-
tide position 1896 and A versus T and G versus A at
nucleotide positions 1762 and 1764 in the precore and
basal core promoter regions of the HBV genome.?®

Statistical Analysis

Categorical data were presented as number and per-
centage and compared with the chi-square test or Fish-
er's exact test as appropriate. Continuous variables
were expressed as mean and standard deviation unless
specified otherwise and compared with the t test or
Mann-Whitney U test. The serum HBV DNA level was
expressed as copies per milliliter and logarithmically
transformed. For the analysis of factors associated with
OLT indications and pretransplant and posttransplant
outcomes, core promoter and precore variants were
considered to be present if the bands that detected the
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TABLE 1. Characteristics of All 123 Patients and 63 Transplanted Patients at the Time of Listing

Number of patients
Age, years
Gender, male
Ethnicity
Caucasian
Asian
African American
Other
OLT indication
Cirrhosis
HCC
Acute liver failure

HBV DNA, Log,, copies/mL
HBV genotype
A
B
C
D
Other
HBeAg-positive
Precore, nt 1896
A=G
A detectable
Core promoter, nt 1762/1764
TA = AG
TA detectable

transplantation.

NOTE: Data are expressed as mean * standard deviation or number (%).
Abbreviations: HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HBeAg, hepatitis B e antigen; OLT, orthotopic liver

All Patients Transplanted Patients
123 63
51.2 = 10.8 49.0 £ 11.5
100 (81.3) 47 (74.6)
56 (45.5) 29 (46.2)
53 (43.1) 22 (34.9)
11.0 (8.0) 9 (14.2)
3(2.4) 3 (4.7)
77 (62.6) 34* (53.9)
38 (30.8) 23 (36.6)
8 (6.6) 6 (9.5)
5.33 = 2.09 5.33 = 1.83
43 (35.0) 28 (44.4)
15 (12.2) 8 (12.7)
43 (35.0) 18 (28.6)
16 (13.0) 6 (9.5)
6 (4.9 3 (4.8)
47/97 (48.4) 24/48 (50.0)
44 (35.8) 20 (31.7)
54 (43.9) 25 (39.6)
107 (87.0) 55 (87.3)
111 (90.2) 57 (90.5)

= 2) or on explant (n = 3).

*Five had a new diagnosis of HCC while on the waiting list (n

mutations had an intensity equal to or stronger than
the intensity of the bands that detected the wild-type
sequence, that is, if the mutations constituted =50% of
the virus population.

Outcomes on the transplant waiting list, including
deaths, dropouts (deaths or delisting due to disease
progression), and transplant-free survival as well as
post-OLT survival, were estimated with Kaplan-Meier
analysis. Univariate analyses of factors associated with
outcomes on the waiting list and post-OLT were per-
formed with Kaplan-Meier analysis with the log rank
test. The following variables were included in the anal-
ysis: demographics (gender, age, and race/ethnicity),
OLT indication, HBeAg status, HBV DNA, HBV geno-
type, presence of precore and core promoter variants,
use of antiviral therapy and virologic breakthrough
during antiviral therapy, MELD score at listing (for pa-
tients with cirrhosis) and tumor staging within or out-
side Milan criteria (for patients with HCC), HBV prophy-
laxis (antiviral therapy only versus hepatitis B immune
globulin only versus a combination of antiviral therapy
and hepatitis B immune globulin) post-OLT, and HBV
and HCC recurrence post-OLT. Continuous variables
were dichotomized with the median taken as the cutoff
value, except for serum HBV DNA, for which the cutoff
used was 5 log,, copies/mL. Variables that had a P

value of <0.1 on univariate analysis were entered into a
Cox regression hazards model by forward logistic re-
gression to determine the independent predictors of
pre- and post-OLT outcomes. All statistical analyses
were performed with SPSS version 14.0.8 statistical
software (SPSS, Inc., Chicago, IL).

RESULTS
Characteristics of Patients at Listing

A total of 123 patients were included in this study.
Table 1 summarizes the characteristics of these pa-
tients at the time of listing. The vast majority of the
patients were men (81%), and their mean age was 51.2
years. Asians comprised 43% of the patient population,
most (46%) of the remaining patients were Caucasians,
and only 8% were African Americans. Cirrhosis with
liver failure was the most common indication for trans-
plant listing (62.6%) and was followed by HCC (30.8%)
and acute liver failure (6.6%). Approximately half of the
patients were HBeAg-positive, and mean serum HBV
DNA was 5.3 log,, copies/mL. HBV genotypes A (35%)
and C (35%) were the most prevalent, followed by geno-
types D (13%) and B (12%). Six patients had other
genotypes: 2 had genotype E, 2 had genotype F, and 2
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TABLE 2. Characteristics of Patients at Listing According to HBV Genotypes
HBYV Genotypes
A B C D Other P Value
Number of patients 43 (35.0) 15 (12.1) 43 (35.0) 16 (13.0) 6 (4.9)
Age, years 50.9 + 12.1 49.8 £+ 9.1 50.5=*10.1 559*+9.0 49.6 + 14.6 NS
Gender, male 35 (81.4) 14 (93.3) 36 (83.7) 10 (62.5) 5 (83.3) NS
Ethnicity <0.001
Caucasian 30 (69.8) 6 (40) 4 (9.3) 12 (75.0) 4 (66.7)
Asian 2 (4.7) 9 (60) 38 (88.4) 4 (25.0) 0
African American 9 (20.9) 0 1(2.3) 0 1(16.7)
Other 2 (4.7 0 0 0 1(16.7)
OLT indication 0.042
Cirrhosis 28 (65.1) 13 (86.6) 21 (48.8) 10 (62.5) 5 (83.3)
HCC 10 (23.2) 2 (13.3) 21 (48.8) 4 (25.0) 1(6.7)
Acute liver failure 5(11.6) 0 1(2.3) 2 (12.5) 0
Labs at listing
ALT (IU/L) 68 =479 64.5 + 272 48 + 79.1 47 = 384 61 = 25 NS
Albumin (g/dL) 3.1 £1.0 3.1 £0.5 3.2 *0.7 3.1 £0.8 32 +*04 NS
MELD score (for patients with 14 = 8.5 13 = 8.8 13 + 5.7 12 + 8.6 13 = 4.8 NS
cirrhosis)
HBV DNA, Log,,copies/mL 5.6 + 2.0 54 + 2.1 55 +22 4.7 =22 3.6 0.9 NS
HBeAg-positive 25/36 4/15 14/30 2/14 2/2 0.001
(69.4) (26.7) (46.7) (14.2) (100)
Precore, nt 1896 0.006
A=G 7 (16.3) 8 (563.3) 17 (39.5) 10 (62.5) 2 (33.3)
A detectable 9 (21.0) 8 (563.3) 22 (51.1) 13 (81.2) 2 (33.3)
Core promoter, nt 1762/1764 0.01
TA = AG 35 (81.4) 10 (66.7) 43 (100) 14 (87.5) 5 (83.3)
TA detectable 36 (83.7) 11 (73.4) 43 (100) 15 (93.7) 6 (100)
Tumor within Milan (for patients 6/8 (75.0) 1/2 (50.0) 12/19 2/4 (50.0) 0/1 (0) NS
with HCC) (63.2)
On antiviral therapy 28 (65.1) 12 (80) 37 (86) 11 (68.8) 3 (50) NS
Breakthrough prior to OLT 8/28 (28.5) 4/12 (33.0) 8/37(21.00 2/11(18.1) 1/3 (33.3) NS
NOTE: Data are expressed as mean * standard deviation or number (%).
Abbreviations: ALT, alanine aminotransferase; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; HCC, hepatocellular
carcinoma; MELD, Model for End-Stage Liver Disease; OLT, orthotopic liver transplantation.

had mixed genotypes (A+E and A+D). Precore and core
promoter variants were detectable in 44% and 90% of
patients and constituted at least 50% of the virus pop-
ulation in 36% and 87% of patients, respectively.

Characteristics at Listing According to HBV
Genotype

Characteristics of the patients at the time of listing for
the 4 major genotypes A to D are listed in Table 2. HBV
genotype was significantly correlated with ethnicity (P <
0.001); genotype C and to a lesser extent genotype B
were predominantly found among Asians, while geno-
types A and D were mainly found among Caucasians;
and all but 1 African American had genotype A. The
mean age of the patients and gender distribution were
comparable across genotypes A to D.

HBV genotype was significantly associated with OLT
indication (P = 0.042). HCC was the indication for list-
ing among 49% of the patients with genotype C, but
only 25% of the patients with genotype D, 23% of those
with genotype A, and 13% of the patients with genotype

B had HCC at listing. By contrast, acute liver failure
was the indication for transplant in 13% of patients
with genotype D and in 12% of those with genotype A
but in only 2% of patients with genotype C and in none
of those with genotype B.

A higher proportion of patients with genotypes A
(69%) and C (47%) than those with genotypes B (27%)
and D (14%) were HBeAg-positive (P = 0.001). However,
serum HBV DNA levels were similar across these 4
genotypes.

A precore variant was more frequently present in pa-
tients with genotypes B and D followed by genotype C
and was rarely found among those with genotype A (P =
0.006). A core promoter variant was prevalent, regard-
less of the HBV genotype, being detected in all patients
with genotype C and less commonly in patients with
genotype B (P = 0.01).

MELD scores among patients listed for cirrhosis and
tumor staging among patients listed for HCC were sim-
ilar among the patients with genotypes A to D. The
proportion of patients receiving antiviral therapy at list-
ing and the proportion of patients with virologic break-
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TABLE 3. Outcomes of Patients on the Transplant Waiting List by Genotype
Other
Genotype A Genotype B Genotype C  Genotype D  Genotypes All Patients
Number of patients at listing 43 15 43 16 6 123
Number of patients who were
transplanted (%) 28 (65.1) 8 (53.3) 18 (41.9) 6 (37.5) 3 (50) 63 (51.2)
Cirrhosis 14/28 (50) 6/13 (46.1) 8/21 (38) 4/10 (40) 2/5 (40) 34/77 (44.1)
HCC 9/10 (90) 2/2 (100) 10/21 (47.6) 1/4 (25) 1/1 (100) 23/38 (60.5)
Acute liver failure 5/5 (100) 0 0/1 (0) 1/2 (50) 0 6/8 (75.0)
Number of patients who died (%) 6/43 (13.9) 0/15 2/43 (4.7) 5/16 (31.3) 0/6 13/123(10.5)
HCC 1/10 (10.0) 0/2 2/21 (9.5) 1/4 (25) 0/1 4/38 (10.5)
Non-HCC 5/33 (15.1) 0/13 0/22 4/12 (33.3) 0/5 9/85 (10.5)
Number of patients who dropped
out (%) 6 (13.9) 0 4 (9.33) 6 (37.5) 0 16/123(13.0)
HCC 1/10 (10.0) 0/2 4/21 (19.0) 1/4 (25) 0/1 6/38 (15.7)
Non-HCC 5/33 (15.1) 0/13 0/22 5/12 (41.6) 0/5 10/85 (11.7)
Abbreviation: HCC, hepatocellular carcinoma.
thrOLtl}%;l pr;'otr ‘;()) transplant were comparable across 100 + R (B:‘
genotypes A to D. . i
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[ 80 I e e e S A
©
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i i i | I | | I [
acute liver failure were included or excluded. 0 12 24 36 48 60
Time on the Waiting List (month)
Outcomes While on the Transplant Waiting No. at risk:
List Genotype A 43 17 12 7 5 2
Genotype B 15 11 9 7 7 4
Thirteen (10%) patients died while waiting for OLT; 10 Genotype C 43 26 24 17 12 8
of the patients died because of worsening liver failure Genotype D 16 6 4 4 3 3
(n = 8) or HCC progression (n = 2), while 3 patients died
from non-liver-related causes. Patients with genotype = Figure 1. Probability of survival on the transplant waiting

D had the highest rate (5 of 16) of waitlist mortality,
while none of 15 patients with genotype B died while on
the waiting list (Table 3). The 1-, 3-, and 5-year proba-
bility of waitlist mortality was 17%, 44%, and 58% for
patients with genotype D, 8%, 8%, and 8% for patients
with genotype A, 4%, 4%, and 4% for patients with
genotype C, and 0%, 0%, and 0% for patients with
genotype B (P = 0.005; Fig. 1). Cox regression failed to
identify any predictor of waitlist mortality.

Three patients were removed from the transplant
waiting list because of worsening liver failure (n = 1) or
HCC progression (n = 2). The probability of dropout
(death or delisting due to disease progression) while on
the waiting list was highest among patients with geno-
type D (P = 0.005) compared to patients with genotype
non-D, despite similar MELD scores among patients
listed for cirrhosis and similar tumor staging among
patients listed for HCC.

list for patients with hepatitis B virus genotypes A to D (P =
0.005).

Post-OLT Survival

Sixty-three patients underwent OLT, and 9 died during
a median follow-up period of 24 months (range, 0-60).
The probability of post-OLT survival at 1, 2, 3, and 4
years was 89%, 83%, 83%, and 83%, respectively. The
probability of post-OLT survival was highest among pa-
tients with genotype D and lowest among those with
genotype C (Fig. 2A), but the difference was not signif-
icant in pairwise comparisons and when patients with
all 4 major genotypes were compared. Patients with
genotype C had a trend toward lower post-OLT survival
compared to those with genotype non-C, the probability
of post-OLT survival at 1, 2, 3, and 4 years being 83%
versus 93%, 67% versus 89%, 67% versus 89%, and
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Figure 2. (A) Probability of survival post-transplant for pa-

tients with hepatitis B virus genotypes A to D (P = 0.867). (B)
Probability of survival post-transplant for patients with geno-
type C versus patients with genotype non-C (P = 0.055).

67% versus 89%, respectively, for patients with geno-
type C versus patients with genotype non-C (P = 0.055;
Fig. 2B).

Although genotype C was predominantly found in
Asians, post-OLT survival of Asians was not worse than
that of non-Asians. Similarly, despite a strong associa-
tion between genotype C and HCC, post-OLT survival of
patients with HCC was not different compared to that of
those with cirrhosis.

Univariate analysis showed that HBV genotype (C
versus non-C) was the only variable associated with
post-OLT survival. None of the variables at listing (in-
cluding the presence of a precore or core promoter vari-
ant) or HBV or HCC recurrence post-OLT correlated
with post-OLT survival. Cox regression showed a trend
toward an association between HBV genotype C and
post-OLT mortality, with a hazard ratio of 3.31 (95%
confidence interval, 0.89, 12.34; P = 0.058). Five of 18

(27.7%) patients with genotype C died after OLT versus
4 of 45 (8.9%) patients with non-C genotypes (Table 4).
The causes of death were perioperative complications
(n = 2), primary graft nonfunction (n = 1), sepsis at
month 20 (n = 1), and recurrent HCC at month 21 (n =
1) among patients with genotype C and perioperative
complications (n = 1), graft versus host disease (n = 1),
metastatic HCC at month 1 (n = 1), and other malig-
nancy at month 21 (n = 1) among patients with geno-
type non-C.

HCC Recurrence

Among the 63 patients who underwent OLT, 23 had
HCC at listing, and 5 had HCC diagnosed while on the
waiting list (n = 2) or on explant (n = 3). Two of these 28
patients developed HCC recurrence, and both were
Asians; 1 had genotype C infection, and 1 had genotype
B infection (Table 4). The cumulative probability of HCC
recurrence at 1, 2, and 3 years post-OLT was 0%, 13%,
and 13%, respectively.

HBV Recurrence

Five (8%) patients had HBV recurrence. The cumulative
probability of HBV recurrence at 1, 2, and 3 years post-
OLT was 6%, 11%, and 11%, respectively. Of the 5
patients with HBV recurrence, 3 were Caucasians, 1
was Asian, and 1 was African American; 3 had genotype
A infection, 1 had genotype B infection, and 1 had
genotype C infection (Table 4).

DISCUSSION

In this study, which included 123 hepatitis B patients
representing the 4 major HBV genotypes from 15 liver
transplant centers in the United States, we observed
multiple differences in pre- and post-OLT outcomes
and indications for OLT in patients infected with differ-
ent HBV genotypes. However, the presence or absence
of precore or core promoter mutations had no impact on
OLT indications or pre- and post-OLT outcomes. The
lack of impact of these variants may be related to their
presence in a high percentage of patients (precore and
core promoter variants were present in 40% and 90% of
patients, respectively) and their strong correlation with
HBV genotype. Alternatively, these variants may have
no influence on outcomes of liver transplantation.
Similarly to studies in Asian countries, we found a
strong correlation between genotype C and HCC, as
almost half of the genotype C-infected patients had
HCC at listing. This study provided an opportunity to
compare not only the relationship between HCC and
genotype C versus genotype B but also other genotypes
not commonly encountered in Asia (A and D). We found
that genotype B was less frequently associated with
HCC at listing compared to genotypes A and D, the
predominant HBV genotypes in Europe. This remained
true even when new cases of HCC diagnosed after list-
ing and on explant were included. We acknowledge that
the population studied represents a highly selected
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TABLE 4. Outcomes of Patients Post-OLT by Genotype
Other
Genotype A Genotype B Genotype C  Genotype D  Genotypes All Patients
Number of patients who were
transplanted 28 8 18 6 3 63
Number of patients who died (%) 3/28 (10.7) 1/8 (12.5) 5/18 (27.7) 0/6 (0) 0/3(0) 9/63(14.2)
Diagnosis at OLT (%) 0/5 0 0 0/1 0 0/6 (0)
Cirrhosis 2/11 (18.1) 1/5 (20) 3/7 (42.8) 0/4 0/2 6/29 (20.6)
HCC 1/12 (8.3) 0/3 2/11(18.1) 0/1 0/1 3/28(10.7)
Acute liver failure 0/5 0 0 0/1 0 0/6 (0)
HBV prophylaxis post-OLT,
n (%)
Antiviral + HBIG 24 (85.7) 6 (75%) 16 (88.9%) 6 (100%) 3 (100%) 55 (87.3%)
Antiviral only 4 (14.3%) 2 (25%) 2 (11.1%) 0 0 8 (12.7%)
Number of patients with HCC
recurrence (%) 0/12 1/3 (33.3) 1/11 (9.0) 0/1 0/1 2/28 (7.1)
Number of patients with HBV
recurrence (%) 3/28 (10.7) 1/8 (12.5) 1/18 (5.5) 0/6 0/3 5/63 (8.0)
Abbreviations: HBIG, hepatitis B immune globulin; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; OLT, orthotopic
liver transplantation.

group of patients who presented to transplant centers
and who qualified for listing for liver transplantation
and may not be generalized to other hepatitis B pa-
tients. Nevertheless, it is intriguing that genotype B,
which is considered a more benign HBV genotype in
Asia, may also be associated with a lower risk of HCC
than genotypes that are common among Caucasians.

In accordance with previously reported data from the
US Acute Liver Failure Study Group, patients listed for
acute liver failure were infected predominantly with ge-
notypes A and D.?° This is likely related to the prepon-
derance of these genotypes among Caucasians and Af-
rican Americans, in whom HBV infection usually
occurs in adulthood. By contrast, genotypes B and C
are mainly found among Asians, many of whom were
exposed to HBV during infancy or childhood.

Contrary to an earlier study from the United States
and another study from Australia, we found that pa-
tients with genotype D had the best post-OLT surviv-
al.'*!'2 None of the 6 genotype D patients died after a
median post-OLT survival of 33 months (range, 12-54).
We acknowledge that this favorable observation is lim-
ited by the small number of genotype D patients trans-
planted. In this study, patients with genotype C had the
highest mortality post-OLT. However, 2 of 5 deaths
were related to perioperative complications. Thus, the
increased post-OLT mortality observed among patients
with genotype C may be a random effect and may not be
related to more severe recurrent disease. Whether the
higher post-OLT mortality is related to donor factors
such as cold ischemic time cannot be determined as
donor data were not collected in this study.

Paradoxically, patients with genotype D had the high-
est waitlist mortality. Patients with genotype C had
lower waitlist mortality compared to those with geno-
type D or A, but this difference was not significant
because of the small numbers of patients.

The use of antiviral therapy pre- and post-OLT and
the addition of hepatitis B immune globulin post-OLT
resulted in a low rate of HBV recurrence of 7.9% 3 years
post-OLT. The low rate of HBV and HCC recurrence
precluded an analysis of the relationship between HBV
genotypes and precore and core promoter variants and
recurrent disease post-OLT.

In summary, in this United States-based patient
population, which included liver transplant patients
with all 4 major HBV genotypes, we observed that pa-
tients with genotype C were more likely to have HCC at
the time of listing and to die after transplant compared
to patients with non-C genotypes. Patients with geno-
type D had the best post-OLT survival, but this was
offset by higher waitlist mortality. Our study suggests
that HBV genotypes but not precore or core promoter
variants may have an impact on pre- and post-OLT
outcomes of hepatitis B patients. These data need to be
confirmed in larger studies. However, the ability to en-
roll patients with diverse HBV genotypes may not be
possible as in most countries only 1 or 2 genotypes
predominate. Thus, despite the limitations of differ-
ences in organ availability and transplant policies, mul-
tinational studies will be required to verify our obser-
vations.
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