AFP level and histologic differentiation predict
the survival of patients with liver transplantation
for hepatocellular carcinoma
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BACKGROUND: In liver transplantation or resection for
hepatocellular carcinoma (HCC), patient selection depends on
morphological features. In patients with HCC, we performed a
clinicopathological analysis of risk factors that affected survival
after liver transplantation.

METHODS: In 389 liver transplantations performed from
2004 to 2010, 102 were for HCC patients. Data were collected
retrospectively from the Organ Transplantation Center
Database. Variables were as follows: age, gender, preoperative
alpha-fetoprotein (AFP) levels, Child-Pugh and MELD scores,
prognostic staging criteria (Milan and UCSF), etiology,
number of tumors, the largest tumor size, total tumor size,
multifocality, intrahepatic portal vein tumor thrombosis,
bilobarity, and histological differentiation.

RESULTS: One hundred and two patients were evaluated.
The 5-year overall survival rate was 56.5%. According to the
UCSF criteria, 63% of the patients were within and 37% were
beyond UCSF (P=0.03). Ten patients were excluded (one with
fibrolamellary HCC and 9 because of early postoperative death
without HCC recurrence), and 92 patients were assessed. The
mean age of the patients was 56.516.9 years. Sixty-two patients
underwent living donor liver transplantations. The mean
follow-up time was 29.4+22.6 months. Fifteen patients (16.3%)
died in the follow-up period due to HCC recurrence. Univariate
analysis showed that AFP level, intrahepatic portal vein tumor
thrombosis, histologic differentiation and UCSF criteria were
significant factors related to survival and tumor recurrence.
The 5-year estimated overall survival rate was 62.2% in all
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patients. According to the UCSF criteria, and the 5-year overall
survival rate was 66.7% within and 52.7% beyond the criteria
(P=0.04). Multivariate analysis showed that AFP level and poor
differentiation were independent factors.

CONCLUSIONS: For proper patient selection in liver trans-
plantation for HCC, prognostic criteria related to tumor biology
(especially AFP level and histological differentiation) should
be considered. Poor differentiation and higher AFP levels are
indicators of poor prognosis after liver transplantation.

(Hepatobiliary Pancreat Dis Int 2012;11:256-261)
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Introduction

epatocellular carcinoma (HCC) is the fifth
Hmost common cancer in the world resulting

in more than 500 000 deaths per year."™® Liver
transplantation (LT) and surgical resection are curative
treatment options in selected patients with HCC.""’
The decision for resection depends on the tumor size
and the severity of liver disease dictated by the Child-
Pugh score and the presence of portal hypertension for
the risk of liver failure after operation. On the other
hand, LT treats both cirrhosis and tumor at the same
time. The initially reported results of LT for HCC were
not satisfactory and patients had a 5-year survival
rate of <40% because of large and bulky tumors."™
Mazzaferro et al'®’ reported a 5-year survival rate in 70%
of the patients who had a single tumor of <5 cm or three
tumors <3 cm in diameter and these data were defined
as the Milan criteria. Subsequently the Milan criteria
became the rule in selecting patients with HCC for LT.
However, some patients with HCC who were beyond
the Milan criteria were reported to have good results
after LT."” In addition, organ shortage and increased
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number of patients on waiting lists for LT have resulted
in the development of new criteria that extend the limits.
Experience with LT for HCC demonstrated that except
tumor size predicts the prognosis, histological findings
and preoperative alpha-fetoprotein (AFP) levels are
important prognostic markers of HCC recurrence.”*"”
In this report, we present a clinicopathological
analysis of the risk factors affecting patient survival and
tumor recurrence after LT for HCC in a single center.

Methods

Between 2004 and 2010, 389 consecutive LTs (267 were
living donor LT, 122 were deceased donor LT) were
performed and 102 patients with HCC underwent LT at
our center. The indication for LT was HCC with neither
extrahepatic metastasis nor macroscopic portal vascular
invasion shown by conventional imaging studies.
Pretransplant tumor size and number were not regarded
as limitations for LT.

The explanted livers were fixed in formalin and cut
into 1-cm slices to note the number and largest size of
tumor nodules. Hematoxylin and eosin-stained tumor
sections were analyzed routinely for differentiation grade,
growth pattern, microscopic and larger vessel invasions
as well as lymph node metastases. Tumor differentiation
was graded as well, moderate, or poor according to
Edmonson and Steiner.”” The patients were monitored
regularly by measurement of serum AFP, Doppler
ultrasonography was performed every 3 months in the
first year then twice a year, and a thoracoabdominal
CT scan was performed every year. MRI confirmation
was performed when necessary. Immunosuppressive
treatment after the transplant was prescribed with
calcineurin inhibitors and rapid steroid tapering.
Prednisolone was given at 500 mg intravenously (i.v.) in
the operating room, followed by tapering from 100 to 20
mg within 8 days and from 20 to 10 mg after 2 months.
The steroids were stopped in 6 months. Mycophenolate
mofetil was used when lower doses of calcineurin
inhibitors were required for renal dysfunction.

Data consisted of patient age, gender, preoperative
AFP level, Child-Pugh and MELD scores, prognostic
staging criteria (Milan and UCSEF), etiology, number of
tumors, largest tumor size, total tumor size, multifocality,
intrahepatic portal vein tumor thrombosis, bilobarity,
and histological differentiation.

Informed consent from the patients was waived since
this was a retrospective study. But the study was approved
by the institutional ethical committee. Deceased donors
provided from the national organ donation system which
is arranged by the Turkish Ministry of Health.
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Statistical analysis

Continuous variables are expressed as mean+SD
and comparisons between subgroups were done by the
independent samples ¢ test. Categorical variables were
compared using the Chi-square test or Fisher's exact test.
Survival analysis was performed using the Kaplan-Meier
method and the log-rank test. Univariate Cox-regression
analysis was used to detect variables that had significant
impact on the survival. Important risk factors were
included in a multivariate analysis model. In this
multivariate regression, a P value <0.05 was considered
statistically significant.

Results

One hundred and two patients were evaluated. The
5-year overall survival of the patients was 56.5%.
According to the UCSF criteria, 63% of the patients were
within and 37% beyond the UCSF criteria (P=0.03).
Similarly, 53.3% of the patients were within and 46.7%
beyond the Milan criteria (P=0.19).

Nine patients who died from diseases other than HCC
in the early postoperative period were excluded from
the study (3 patients from sepsis, 2 from disseminated
intravascular coagulation associated with massive
blood transfusion, 2 from prolonged biliary sepsis and
multiorgan failure, 1 from vena cava thrombosis, and
1 from recurrent HCV cirrhosis). One patient who had
fibrolamellary HCC was excluded.

The data of the remaining 92 patients (76 males
and 16 females, mean age 56.5£6.9 years) were analyzed
(Table 1). Sixty-two patients received partial liver grafts
from living donors, and 30 received full-size grafts from
deceased donors.

The mean follow-up time was 29.44+22.6 months
(range 1-76). Fifteen patients (16.3%) died during
the follow-up. All mortalities were associated with
recurrence of HCC. The effect of variables on mortality
and their statistical analyses are shown in Tables 2-4.

Age, type of transplantation (living versus deceased
donor LT), etiology of liver disease, preoperative Child-
Pugh and MELD scores, the number of nodules, total
tumor size, biggest tumor size, and the bilobarity of
tumor involvement were not related to survival and/or
tumor recurrence.

Univariate analysis revealed that AFP level,
intrahepatic portal vein tumor thrombosis, histological
differentiation and grade, and the UCSF criteria were
significant factors affecting survival and recurrence.

The estimated 5-year overall survival rate for all
patients was 62.2%, for those within the Milan criteria
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Table 1. Demographic and clinicopathologic features of patients Table 3. Effect of the qualitative variables on mortality
(n=92) . Patients Mortality
Characteristics Data Characteristics (n=92) (n, %) Prvalue
Age (meantSD, yr) 56.516.9 Transplantation graft type 0.76
Sex (1, %) Full-size deceased donor 30 4(13.3)

Female 16 (17.4) Partial living donor 62 11 (17.7)

Male 76 (82.6) Sex 0.65
MELD score (mean+SD) 13.3+4.9 Female 16 2 (12.5)
Child-Pugh score (1, %) Male 76 13 (17.1)

A 35(38) Child-Pugh score 0.40

B 35(38) A 34 5(14.7)

C 22 (24) B 36 8 (22.2)
Preoperative AFP level (mean+SD, ng/mL) 185+456.8 C 22 2(9.1)

Etiology (n, %) Etiology 0.30

HBV 49 (53.3) HBV 49 11 (22.4)

HDV 8(8.7) HDV 8 0(0)

HCV 15 (16.3) HCV 15 2 (13.3)

Alcohol 11 (12) Alcohol 11 2(18.2)

Cryptogenic 9(9.8) Cryptogenic 9 0(0)

Pathological features Pathological features

Number of tumors 3.1£3.5 Multifocality 0.28

Biggest tumor size (mean+SD, cm) 3.6+23.4 Yes 56 11 (19.6)

Total tumor size (mean+SD, cm) 6.3+44.9 No 36 4(11.1)

Multifocality (1, %) 56 (60.9) Bilobality 0.07

Bilobality (1, %) 36 (39.1) Yes 36 9 (25)

Intrahepatic portal vein invasion (1, %) 14 (15.2) No 56 6 (10.7)

Differentiation (1, %) Intrahepatic portal vein thrombosis 0.03°

Well 28 (30.4) Yes 14 5 (35.7)
Moderate 56 (60.9) No 78 10 (12.8)
Poor 8 (8.7) Differentiation 0.00"
Prognostic criteria (within) (1, %) Well 28 0(0)
Milan 49 (53.3) Moderate 56 9(16.1)
UCSF 58 (63.0) Poor 8 6 (75.0)
Prognostic criteria
Milan 0.26
Within 49 6(12.2)

Table 2. Effect of quantitative variables on mortality Beyond 43 9(20.9)
Characteristics Patients alive Patients died P value UCSF 0.04"
Age (yr) 56.66+7.37  55.93+4.25 0.71 Within 58 6(103)

MELD score 13426499 12734481 0.62. Beyond 34 9.(26.5)

Preoperative AFP level (ng/mL) 91.55£179.1  638.4%£924  0.00 *. P<0.05.

Number of tumors 2.98+3.17 4.20+4.87 0.22

Biggest tumor size (cm) 3.42+21.19 4.58+32.01 0.08

Total tumor size (cm) 2.:98+43.38 7.90£30.67 0.13 Table 4. Significant factors in multivariate analysis

Variables are expressed mean+SD. *: P<0.05. Variables Pvalue  Odds ratio 95% CI

AFP (ng/mL) 0.003 8.9 2.25-35.30

<400

was 64.2%, and for those beyond the Milan critteria was ~ >400

52.2% (P=0.20). Histological differentiation grade <0.001 25 4.37-142.90

According to the UCSF criteria, the 5-year overall =~ Well
survival was 66.7% for patients within the criteria =~ Moderate
versus 52.7% for those beyond the criteria (P=0.04). Poor
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Fig. 1. Five-year survival based on AFP level (ng/mL) (P=0.000).
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Fig. 2. Histological differentiation and survival (P=0.002).
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Fig. 3. Survival plot according to AFP level (ng/mL) in patients
beyond the Milan criteria (P=0.000).

The estimated 5-year disease-free survival rate for
all patients was 60.4%. For patients within the Milan
criteria the rate was 64.0% and for those beyond the
criteria was 54.3% (P=0.07). According to the UCSF
criteria, the 5-year disease-free survival rate was 66.7%
for those within the criteria and 47.0% for those beyond
the criteria (P=0.01).

The survival plots of the patients based on AFP level
and histological differentiation are shown in Figs. 1 and
2. In the patients who were beyond the Milan criteria,
the survival was significantly affected by AFP level, and
the lower level may result in a higher survival rate (Fig. 3).
Similarly, patients with well-differentiated tumors had
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Fig. 4. Survival plot according to histological differentiation in
patients beyond the Milan criteria (P=0.001).
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Fig. 5. Survival plot according to AFP level (ng/mL) in patients
satisfying the Milan criteria.

a good prognosis although they were beyond the Milan
criteria (Fig. 4).

The 5-year survival was 22.6% in patients with AFP
levels >400 ng/mL. Moreover, patients with AFP levels
>400 ng/mL had a significantly lower 5-year survival
rate although they were within the Milan criteria (Fig. 5).

Multivariate analysis showed that AFP levels >400
ng/mL (P=0.003) and poor differentiation (P<0.001)
were independent factors.

Discussion

In this study, we performed a clinicopathological
analysis of HCC patients who underwent LT, and
univariate analysis showed that the UCSF criteria, AFP
level, poor histological differentiation and the presence
of intrahepatic portal vein invasion significantly affected
patient survival. Moreover, histological differentiation
and AFP level predicted survival rates of patients
independently of the tumor size, number and other
clinical prognostic criteria such as the Milan and UCSF
criteria.

The early reports on LT for HCC were very
discouraging, and HCC was considered to be a
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contraindication for LT until the appearance of the
Milan criteria in 1996."°" Eligibility guidelines for
transplantation, such as the Milan, UCSF, and Barcelona
criteria have been adopted to reduce the post-transplant
recurrence of HCC and the wastage of donor organs.”
Tumor numbers and sizes were well known predictive
variables which were described in the Milan, UCS
and Barcelona criteria. Lee et al'”’ reported expanded
criteria of living donor LT for HCC from a single-center
experience and defined them as the Asan criteria that
consisted of the largest tumor diameter <5 cm, number
of tumors <6 and no gross vascular invasion. In that
trial, the 5-year patient survival rate was 76% within
the criteria, similar to those within the Milan and
UCSF criteria.!"” Recently, the “up to seven” criterion
was reported as the sum of the combination of size and
number <7 in the absence of gross vascular invasion
with excellent outcomes.™ In the present study, the
UCSEF criteria significantly affected the survival; however,
multivariate analysis revealed that total tumor size, the
largest tumor size and the number of tumors did not have
significant effects on the survival.

At present, there are many prognostic criteria for
LT and most are based on morphological features
such as tumor number, diameter, total size and total
volume. On the other hand, tumor biology and tumor
markers such as AFP level, protein induced by vitamin
K antagonism or absence (PIVKA) level and histologic
differentiation are as important as the morphologic
features that predict the survival after LT."* 7% ¥
Many studies revealed that higher PIVKA-II levels
predict poor prognosis, higher risk of HCC recurrence
and vascular invasion.””** Morover, Fujiki et al'®?
reported that PIVKA-II level is an independent factor
for HCC recurrence and defined it as the Kyoto criteria.
However, we did not study PIVKA-II levels since we did
not use it in the HCC work-up protocol.

The main purpose of all those studies was to
increase the number of patients for LT and to decrease
the number of recurrences after LT. According to the
Hangzhou experience, macrovascular invasion, tumor
size, preoperative AFP level, and histopathological
grading are independent prognostic factors associated
with patient survival. Similarly, our results showed that
AFP level and tumor differentiation were independent
prognostic factors, rather than tumor size and number.

Many different cut-off points for preoperative AFP
have been reported, ranging from 10 to 1000 ng/mL. Todo
et al™ studied living donor LT for HCC in 698 Japanese
patients and found notably that the patients who had AFP
levels <200 ng/mL and PIVKA-II levels <100 ng/mL had
a 5-year disease-free survival rate of 85% despite being
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beyond the Milan criteria. Furthermore, according to
the Asan criteria, the cut-off point was <3000 ng/mL and
the 3-year recurrence rate was 12.4% in patients who
had AFP levels <3000 ng/mL within the Asan criteria
and 80.4% in those beyond the criteria."” In addition to
that, DuBay et al™ showed that an AFP level >400 ng/mL
is an independent risk factor for HCC recurrence and
mortality after LT. Recently, Pomfret et al™' reported that
AFP levels >1000 ng/mL should have been downstaged
before being listed for LT. In that report, decreased AFP
levels by downstaging resulted in better survival rates
even if the levels were >1000 ng/mL at the beginning. In
the present study, we found that AFP levels >400 ng/mL
were an independent risk factor which indicated an
8.9-fold increased risk.

Tumor differentiation is a risk factor for recurrence
after resection or LT and may be accepted as a selection
criterion for LT especially in patients beyond the
morphological criteria.”** Currently, DuBay et al’
reported that patients beyond the morphological criteria
should be biopsied before the operation since poor tumor
differentiation as a marker of tumor biology and poor
prognosis predicts a poor outcome after LT or resection.
Similarly, a poorly-differentiated histological grade
increased the mortality risk by 25 times in our study;
moreover well-differentiated histology presented better
survival even if the patients were beyond the Milan
criteria.

In conclusion, LT offers satisfactory long-term survival
in the treatment of HCC. This study showed that AFP
levels and tumor differentiation are independent factors
affecting patient survival. The prognostic criteria related
to tumor biology (especially AFP level and histological
differentiation) should be considered in selection
of patients and therapeutic strategies. Hence poor
differantiation and higher AFP levels are indicators of
poor prognosis after LT.
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