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Patients with hepatocellular carcinoma who undergo orthotopic liver transplantation (OLT) are at risk for post-
transplant tumor recurrence. The aim of this study was to evaluate whether expression of p53 and Ki-67 in
hepatocellular carcinoma lesions present in explanted liver tissue was associated with time to tumor recurrence
after OLT. Subjects consisted of 20 consecutive patients who underwent OLT and were found to have
hepatocellular carcinoma in the liver explant. Immunostaining for p53 and Ki-67 was performed by standard
methods. The presence of nuclear immunostaining in 410% of the tumor tissue was considered positive. Time
to recurrence of hepatocellular carcinoma after OLT was compared between patients with positive and negative
immunostaining by the log rank test. Multivariate analysis was performed using a Cox regression model
to control for potentially confounding clinical factors. Time to post-transplant hepatocellular carcinoma
recurrence was significantly more rapid in p53þ (P¼ 0.0007) and Ki-67þ cases (P¼ 0.001). These associations
remained significant in multivariate analysis. Furthermore, time to recurrent hepatocellular carcinoma was
significantly shorter in patients with a serum alpha feto-protein (AFP) level Z100ng/ml at time of diagnosis,
compared to those with an AFP level o100ng/ml (P¼ 0.003). In conclusion, expression of p53 and Ki-67 in
hepatocellular carcinoma lesions, and a serum AFP level Z100ng/ml were associated with more rapid
recurrence of hepatocellular carcinoma after OLT. Identification of patients at risk for early post-transplant
recurrence could be used to guide surveillance and adjuvant treatment strategies.
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The incidence of hepatocellular carcinoma and
hepatocellular carcinoma-related mortality is in-
creasing in the United States.1 Currently, patients
with small hepatocellular carcinoma lesions con-
fined to the liver are given priority on the United
Network for Organ Sharing (UNOS) liver transplant
waiting list and 14% of cadaveric donor liver
transplants are performed in patients with hepato-
cellular carcinoma.2 The risk of recurrence is the

major concern in patients transplanted for hepato-
cellular carcinoma. Clinical features that have been
associated with recurrence after resection or liver
transplantation include the size and number of
tumor nodules, micro/macrovascular invasion and
high serum alpha feto-protein (AFP) levels.3,4

Immunohistochemical staining can be used to
detect the expression of factors involved in tumor-
igenesis and could provide a simple means to
identify patients with more aggressive tumor bio-
logy. Staining for p53 and Ki-67 could be useful
in predicting hepatocellular carcinoma recurrence
after transplantation. The p53 tumor suppressor
gene is involved in the recognition and gene
response to DNA damage that includes initiation
of cell cycle arrest. Immunohistochemical staining
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directed against the DO-7 epitope identifies most
mutant forms of p53.5 Mutations and inactivation of
the p53 tumor suppressor gene can result in loss of
control of cell division, inappropriate stimulation
of cell growth, increased cell survival and genetic
instability resulting in the formation of tumors.6,7

Mutation of p53 has been implicated in the deve-
lopment of cancers of the breast, colon, lung,
prostate, bladder, skin, as well as hepatocellular
carcinoma.6,8–12

The Ki-67 protein is associated with active cell
proliferation. It is expressed in all phases of the cell
cycle, except G0, with the highest expression seen in
G2/M. Ki-67 expression was associated with prog-
nosis in prostate, breast and lung cancer.13–16 In
contrast, an inverse association was observed with
cervical cancer prognosis17 and no association was
found with prognosis in patients with colon and
pancreatic cancer.18,19 In a study of patients under-
going surgical resection for hepatocellular carci-
noma, higher levels of expression of Ki-67 in tumor
tissue were associated with higher tumor grade20

and early disease recurrence.3

Identification of additional features of hepatocel-
lular carcinoma that are associated with rapid post-
transplant recurrence could be used to improve
patient selection for transplantation and to differ-
entiate those who could benefit from closer surveil-
lance or adjuvant therapy. The aim of the current
study was to evaluate whether expression of p53
and Ki-67 in primary hepatocellular carcinoma
lesions was associated with hepatocellular carci-
noma recurrence after liver transplantation.

Materials and methods

The study protocol was approved by the Institu-
tional Review Board at the University of Illinois at
Chicago (UIC).

Subjects

The study population consisted of 20 consecutive
patients with hepatocellular carcinoma who under-
went liver transplantation at UIC and had surveil-
lance for recurrent hepatocellular carcinoma
consisting of cross-sectional imaging on a 3–6
month basis. Time to tumor recurrence was based
on the interval from transplantation to detection of
characteristic features of hepatocellular carcinoma
on contrast enhanced CT or MRI. All cases of
recurrent hepatocellular carcinoma were confirmed
by biopsy and histologic examination.

Histologic Evaluation of Tumor Tissue in Liver
Explants

Gross examination of all explanted livers was
performed according to the guidelines described by

Demetris.21 The external surface, gallbladder, biliary,
and vascular structures of the liver were assessed for
any abnormalities. Liver explants were sectioned
horizontally at 1 cm intervals. Any nodules that
differed in size or color from the cirrhotic liver
tissue were sampled for histologic examination.
The size, location, appearance, number, and exten-
sion to margins and biliary vascular structures of
suspicious nodules were recorded. In addition,
routine sections were taken from the right and
left hepatic lobes, resection margins of biliary
and vascular structures, and the deep hilar area.
Hematoxylin and eosin (H&E)-stained slides were
reviewed for evaluation of tumor type, grade, and
stage following the guidelines of World Health
Organization (WHO) and International Union
Against Cancer (UICC).22

Immunohistochemical Staining

Serial 4mm slices were obtained from formalin-fixed
and paraffin-embedded specimens of tumor tissue.
Sections were dewaxed in xylene and re-hydrated in
alcohol followed by wet autoclave pretreatment
(10 min at 1201C) in citrate buffer for antigen
retrieval. These were rinsed in phosphate-buffered
saline. Immunohistochemical staining for anti-
bodies to p53 and Ki-67 (anti-p53 Clon DO-7 and
anti-Ki-67 MIB1; DakoCytomation, Carpinteria, CA,
USA) were performed using the avidin–biotin–
peroxidase complex method.23 The primary anti-
body was applied to the sections and allowed to
react for 25 min at room temperature. The sections
were then incubated with biotinylated anti-mouse
antibody (1:50 dilution for p53 and 1:200 dilution
for Ki-67) for 25 min and avidin–biotin–peroxidase
reagent for 25 min. After color development with
diaminobenzimide, the sections were counter-
stained with hematoxylin. Slides were examined
for p53 and Ki-67 reactivity by two independent
observers who were blinded to outcome. There was
agreement between observers in all cases. The entire
tumor section within the glass slide was evaluated
for p53 and Ki-67 expression under high power
magnification (� 40 objective). Nuclear staining
was expressed as a percentage per 100 cells. Cases
with greater than 10% nuclear staining of the tumor
cells were considered positive23 (Figures 1a, b and
2a and b).

Statistical Analysis

Normally distributed variables were compared bet-
ween patients with and without tumor recurrence
using a Student’s T-test and categorical variables
were compared using Pearson’s w2-test. Time to
hepatocellular carcinoma recurrence was estimated
by the Kaplan–Meier product-limit method. Survi-
val distributions were compared between patients
with and without positive immunohistochemical
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staining by univariate analysis using the log rank
test. Multivariate analysis was then performed using
the Cox proportional hazards model. Only two
variables were entered into the multivariate model
at any one time due to the small sample size.
Survival analysis was performed using SPSS, ver-
sion 12.0, Chicago, IL.

Results

The study population consisted of seven women
and 13 men with a mean age of 55713 years.
The cause of liver disease was viral hepatitis in
15 cases, including hepatitis C in 13, hepatitis B in
one, and hepatitis B and C in one patient. The
underlying cause of liver disease in the remaining
cases was autoimmune hepatitis, alcohol, crypto-
genic cirrhosis, nonalcoholic fatty liver disease,
and primary biliary cirrhosis in one case each. The
mean size of the largest tumor nodule identified

in the explant was 4.073.1 cm. The median tumor
grade was 2 (range 1–3) and the median tumor
stage was 2 (range 1–3). Seven patients had tumors
that exceeded the UNOS criteria for increased
priority in the transplant waiting list. The mean
AFP level at the time of diagnosis was 18227
6547 ng/ml.

The median time of post-transplant follow-up for
the study population was 327 days (range 40–988
days). Nine of 20 patients (45%) developed evidence
of recurrent hepatocellular carcinoma, with a med-
ian time to recurrence of 191 days (range 40–988
days). The location of recurrence was intrahepatic in
seven of nine cases, abdominal wall in one, and
right and left retroperitoneum in one. None of the
patients had cirrhosis at the time of recurrence.
There was no significant difference in age, gender, or
cause of liver disease (viral vs other) in patients who
developed recurrent hepatocellular carcinoma post-
transplant compared to those without recurrence
(Table 1).

Figure 1 (a) Negative p53 immunostain in hepatocellular carci-
noma with o10% nuclear reactivity. (b) Positive immunostain in
hepatocellular carcinoma with more than 10% nuclear reactivity
for p53.

Figure 2 (a) Negative Ki-67 expression with low nuclear
reactivity (o10%) in hepatocellular carcinoma. (b) Positive
immunostain with (410%) nuclear Ki-67 expression in hepato-
cellular carcinoma.
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Immunohistochemical Staining and Time to Recurrent
Hepatocellular Carcinoma

Immunostaining for p53 in primary hepatocellular
carcinoma lesions was associated with more rapid
post-transplant hepatocellular carcinoma recurrence

in univariate analysis (P¼ 0.0007) (Figure 3). Simi-
larly, immunostaining of tumor tissue for Ki-67 was
associated with a shorter time to recurrent hepato-
cellular carcinoma (P¼ 0.001) (Figure 4). Patients
with serum AFP Z100 ng/ml had a shorter time to
post-transplant recurrence compared to those with
an AFP o100 ng/ml (P¼ 0.0047) (Figure 5). Finally,
the presence of all three factors was associated
with a particularly rapid hepatocellular carcinoma
recurrence after liver transplantation (P¼ 0.0002)
(Figure 6). Other variables assessed in univariate
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Table 1 Comparison of demographic factors as a function of
hepatocellular carcinoma recurrence after transplantation

HCC
recurrence
(n¼9)

No HCC
recurrence
(n¼11)

P-Value

Gender (F/M) 4/5 3/8 0.42
Age (mean7s.d.) 53715 56712 0.60
Liver disease (viral/other) 8/1 7/4 0.19
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Figure 3 Time to recurrent hepatocellular carcinoma was sig-
nificantly more rapid in p53 (þ ) than in p53 (�) cases
(P¼ 0.0007).
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Figure 4 Time to hepatocellular carcinoma recurrence was earlier
in Ki-67 (þ ) than Ki 67 (�) cases (P¼ 0.001).

Days

No. remaining 
Serum AFP 

______  <100ng/ml: 13 10 7 5 2 0 

----------   >100ng/ml: 7            3 3 1 0 

0 200 400 600 800 1000

0.0

0.2

0.4

0.6

0.8

1.0

C
um

ul
at

iv
e 

P
ro

po
rt

io
n 

w
ith

ou
t R

ec
ur

re
nc

e 

Figure 5 Time to recurrence of hepatocellular carcinoma was
faster in patients with high serum AFP level (4100 ng/ml) vs low
(o100 ng/ml) serum AFP level (P¼0.0047).
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Figure 6 Time to recurrent hepatocellular carcinoma curve as a
function of combined p53, Ki-67, and serum AFP status
(P¼ 0.0002).



analysis including tumor grade, stage, size of the
largest lesion (greater than or less than 5 cm), and
single vs multiple lesions were not significantly
associated with time to recurrence post-transplant.

In multivariate analysis using Cox regression
analysis, potentially confounding factors were ana-
lyzed individually in conjunction with p53 and
Ki-67 immunostaining and AFP level at the time
of diagnosis. The significant associations between
more rapid tumor recurrence and p53, Ki-67, and
AFP Z100 ng/ml persisted when controlling for age,
gender, diagnosis (viral hepatitis vs other), size of
the largest lesion (greater than or less than 5 cm),
tumor grade, and tumor stage.

Discussion

We found that positive immunostaining of hepato-
cellular carcinoma lesions in liver explants for p53
and Ki67 was strongly associated with more rapid
tumor recurrence after transplantation. Patients
with staining for both p53 and Ki67 who had serum
AFP levels 4100 ng/ml were at particularly high
risk for early tumor recurrence. Previous study
showed that immunostaining of hepatocellular
carcinoma lesions for Ki-67 was associated with
higher mitotic activity.24 Tumor size and Ki-67
expression have been found to be risk factors of
early recurrence after surgical resection.3 However,
the associations identified between p53 and Ki-67
expression and hepatocellular carcinoma recurrence
in liver transplant recipients is novel and could
have important clinical implications if confirmed in
prospective studies. Positive staining of hepatocel-
lular carcinoma in biopsies prior to transplantation
or in explanted liver tissue might identify patients
who would benefit from adjuvant therapy and more
intensive surveillance for recurrence.

In previous reports, factors including the size and
number of tumor nodules, micro/macrovascular
invasion, and high serum AFP levels were asso-
ciated with hepatocellular carcinoma recurrence
after resection3,12 and liver transplantation.4 Similar
to other investigators, we found that high serum
AFP levels were associated with hepatocellular
carcinoma recurrence. Interestingly, in our cohort,
physical characteristics of the tumors including size
and number of nodules were not associated with
time to recurrence, whereas immunostaining for p53
and Ki-67 were significantly correlated with more
rapid recurrence when controlling for these factors.
Too few cases had histologic evidence of lympho-
vascular invasion to adequately assess the impact of
this variable on recurrence. However, none of the
patients developed cirrhosis post-transplant, sug-
gesting that recurrent hepatocellular carcinoma
arose from micrometastases that occurred prior to
or during the transplant operation, as opposed to
representing de novo hepatocellular carcinoma after
transplantation. Overall, these findings suggest that

immunostaining hepatocellular carcinoma lesions
for p53 and Ki-67 might provide an important
addition to the recognized factors associated with
recurrent hepatocellular carcinoma.

The association between p53 immunostaining and
time to tumor recurrence is consistent with the
known functions of p53. The anti-p53 Clon DO-7
used in this study identifies most mutant forms of
p53.5 The mutated p53 protein leads to inappropri-
ate stimulation of cell growth, resulting in malignant
transformation.25,26 Previous studies showed that
mutant p53 proteins accumulate in cancer cells
making them resistant to hypoxia and programmed
cell death.25 We found that increased expression of
mutant p53 in primary hepatocellular carcinoma
lesions was associated with more aggressive tumor
biology as manifested by earlier post-transplant
recurrence.

Ki-67 is a cell proliferation marker, which has
been associated with poor clinical outcomes in
tumors including breast, prostate cancer, and lung
cancer.13–16 Ki-67 is present in all active phases of
the cell cycle. We found that Ki-67 was comple-
mentary to p53 in identifying patients at risk
for early post-transplant hepatocellular carcinoma
recurrence.

The current study has limitations. The sample
size was small and data were collected retrospec-
tively. However, sequential patients were included,
limiting the introduction of bias in sample selection.
The recurrence rate was high (45%), in part
reflecting that seven patients had aggressive tumor
lesions that exceeded the UNOS criteria for in-
creased priority on the transplant waiting list.
Immunostaining and not PCR was used to identify
mutant p53. Immunostaining detects a majority of
the mutant forms of p53, although it is possible that
the single patient with negative immunostaining
who recurred had mutant p53 that was not recog-
nized by immunohistochemistry. If that was so, the
association between p53 expression and early
recurrence would be further enhanced. Strengths
of the study include the well-characterized patient
population that was followed in a consistent manner
for tumor recurrence. Survival analysis was used to
adjust for differing lengths of patient follow-up. The
examination of explant liver tissue afforded access
to ‘naı̈ve’ tumor specimens that were not altered by
therapeutic intervention and were therefore ideal for
immunohistochemical studies.

In conclusion, we found that expression of p53
and Ki-67 in primary hepatocellular carcinoma
lesions, as well as an elevated serum AFP of
4100 ng/ml were associated with more rapid tumor
recurrence in liver transplant recipients. These
preliminary results require confirmation with a
larger, prospective study cohort. Polymerase chain
reaction methodology could be applied to enhance
the detection of mutant p53. Identification of
patients with tumors that are at a high risk for
recurrence through immunohistochemical staining
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of pretransplant liver core biopsies or liver explants
would allow for more intensive surveillance and
judicious use of adjuvant therapy.
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