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Pretransplant alpha-fetoprotein (AFP) is a useful tumor marker predicting recurrence of
hepatocellular carcinoma (HCC). Little is known, however, about the relationship between
changes in AFP concentration and prognosis. This study investigated the clinical
significance of change in peri-transplant AFP level as a predictor of HCC recurrence. Data
from 125 HCC patients with elevated pretransplant AFP level who underwent liver
transplantation (LT) between February 2000 and December 2010 were retrospectively
reviewed. Patients with AFP normalization within 1 month after LT were classified into the
rapid normalization group (n = 97), with all other patients classified into the non-rapid
normalization group (n = 28). Tumor recurrence was observed in 17 of the 97 patients
(17.5%) with rapid normalization; of these, 11 patients had high AFP levels and six had
normal levels at recurrence. In contrast, tumor recurrence was observed in 24 of the 28
patients (85.7%) without rapid normalization, with all 24 having high AFP levels at
recurrence. Multivariate analysis showed that non-rapid normalization (harzard ratio [HR],
4.41, P<0.001), sex (HR, 3.26, P=0.03), tumor size (HR, 1.15, P=0.001), and
microvascular invasion (HR, 2.65, P= 0.005) were independent risk factors for recurrence.
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In conclusion, rapid normalization of post-LT AFP level at 1 month is a useful clinical

marker for HCC recurrence. Therefore, an adjuvant strategy and/or intensive screening are
needed for patients who do not show rapid normalization.
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INTRODUCTION

Alpha-fetoprotein (AFP) is a serum tumor marker for hepato-
cellular carcinoma (HCC) and can also be used to monitor HCC
recurrence after liver transplantation (LT). Although AFP can
be slightly elevated in several other conditions, such as chronic
hepatitis and liver cirrhosis (1,2), high preoperative levels of
AFP are associated with poorer outcomes following liver trans-
plantation for HCC (3-5). Recently, the significance of AFP de-
cline after curative resection for HCC has been reported as a
predictor of tumor recurrence (6,7). Nobuoka et al. (7) empha-
sized that a positive level of AFP within 4 months after resection
was a strong predictor of post-operative tumor recurrence. Lit-
tle is known, however, about the relationship between peri-op-
erative change in AFP level and tumor recurrence or the clinical
usefulness of peri-operative change as an early marker of HCC
recurrence. Based on the studies in resection, we hypothesized
that a rapid decline in AFP may be associated with better recur-
rence-free survival (RFS) in patients who have undergone LT.
This study, therefore, evaluated the clinical significance of
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change in peri-transplant serum AFP level as a predictor of tu-
mor recurrence in HCC patients who underwent liver transplan-
tation.

MATERIALS AND METHODS

Patients

Data were retrospectively collected from 242 patients with path-
ologically diagnosed HCC who underwent liver transplantation
between February 2000 and December 2010 at Seoul National
University Hospital, Seoul, Korea. Of these 242 patients, 136
(56.1%) had elevated AFP levels ( > 20 ng/mL) before liver trans-
plantation, but 11 were excluded because of lack of peri-opera-
tive AFP data. Thus, 125 patients were enrolled in this study.
Immunosuppression consisted of basilixmab induction and
maintenance of calcineurin inhibitor and steroid. Mycopheno-
late mofetil was employed in cases of side effects from calcineu-
rin inhibitors or renal impairment. The corticosteroid was ta-
pered to discontinuation by 6 months after LT.
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AFP measurement

Serum AFP concentrations were measured using an enzyme-
linked immunoassay, with normal AFP concentration defined
as below 20 ng/mL. AFP concentrations were measured within
one month before liver transplantation; every month after LT
(1-6 months); and at the time of tumor recurrence.

Grouping based on AFP changes after LT

The 125 patients with elevated pre-transplant AFP were strati-
fied into two groups based on the lowest post-transplant AFP
concentration: a normalization group and a persistently elevat-
ed group. Patients in the normalization group were divided into
two subgroups, a rapid normalization group (Group R), defined
as those with normalized AFP within 1 month after LT, and a
slow normalization group, defined as those with normalized
AFP within 1-3 months. Since recurrence outcomes were com-
parable in patients with persistently elevated AFP and those
with slow normalization, these two groups were combined into
anon-rapid normalization group (Group NR).

Follow-up protocol and definition of recurrence

After discharge, AFP was measured monthly. Imaging workup
(liver CT + chest CT and bone scan) was performed every 3-6
months, depending on the risk of recurrence, for 3 years and
annually thereafter. Recurrence was defined as the appearance
of a new HCC lesion on radiological examination.

Statistical analysis
Recurrenc-free survival was calculated using the Kaplan-Meier
method, with between group comparisons using log-rank anal-

Liver transplantation

ysis. Multivariate Cox’s proportional hazard regression with for-
ward stepwise technique was used to determine the effect of all
potential variables. Demographics and clinicopathologic char-
acteristics of the patients were compared between groups using
Student’s #-test for continuous variables and contingency table
analysis (j test or Fisher exact test, as appropriate) for categori-
cal variables. All statistical analyses were performed using SPSS
version 18 for Windows (SPSS Inc., Chicago, IL, USA). All tests
were two sided, with a P value < 0.05 considered statistically
significant.

Ethics statement

This study was approved by the institutional review board of
Seoul National University Hospital (IRB No. 1409-042-608). In-
formed consent was waived by the board.

RESULTS

Distribution of patients and RFS according to peri-
transplant changes in AFP

Fig. 1 shows the patient distribution according to peri-transplant
AFP levels. Of the 125 patients with elevated pre-LT AFP concen-
trations, 111 (88.8%) had normalized post-LT AFP, whereas 14
(11.2%) had elevated post-LT AFP. Patients with normalized post-
LT AFP had significantly higher 2-year RFS rates than patients
with persistently elevated post-transplant AFP (89.6% vs. 20.8%,
P <0.001). Of the 111 patients who showed normalization of AFP,
97 showed rapid normalization and 14 showed slow normaliza-
tion. The 2-year RFS rate was significantly higher in patients with
rapid than slow normalization (83.3% vs. 30%, P < 0.001) (Fig.
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|

Fig. 1. Patient distribution according to peri-transplant AFP concentrations in HCC patients with elevated pre-transplant AFP level (n = 125).
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2A). Since the slow normalization subgroup and patients with
persistently elevated AFP had similar 2-year RFS rates, they were
combined into Group NR. The two-year RFS rate was significant-
ly greater in Group R than Group NR (83.3% vs. 13.4%, P < 0.001)
(Fig. 2B). Analysis of AFP in the 41 patients with tumor recur-
rence showed that six (14.7%) had normal AFP at recurrence.

Demographics

Of the 125 patients, 97 (77.6%) were men and 28 (22.4%) were
women; their mean age was 54.3 years (range, 27-82 years). The
most common underlying diseases were virus-related cirrhosis
(HBV, 74.5%; HCV, 2.3%). According to the Child-Pugh classifi-
cation of cirrhosis, 27 (21.6%), 66 (52.8%), and 32 (24.6%) pati-
ents were Child-Pugh classes C, B, and A, respectively. Table 1
shows the demographic and clinical characteristics in patients
with rapid and non-rapid normalization of AFP. Comparisons
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showed that pre-LT AFP concentration (P < 0.001), tumor size
(P =0.006), tumor number (P < 0.001), Edmondson-Steiner
grade (P = 0.07), and microvascular invasion (P < 0.001) differed
significantly between these two groups.

Risk factors for HCC recurrence after LT

Univariate analysis showed that sex, pre-LT AFP (> 200 ng/mL),
non-rapid AFP normalization, tumor size, tumor number, Ed-
monson-Steiner grade and the presence of microvascular inva-
sion were risk factors for HCC recurrence (Table 2). Multivari-
ate analysis showed that non-rapid AFP normalization (hazard
ratio [HR], 4.41; 95% Confidence intervals [95% CI], 2.01-6.72,
P < 0.001), male sex (HR, 3.26; 95% CI, 1.12-9.57, P = 0.03), tu-
mor size >7 cm (HR, 1.15; 95% CI, 1.04-1.26, P = 0.001), and
the presence of microvascular invasion (HR, 2.65; 95% CI, 1.33-
5.26, P = 0.005) were significant independent risk factors for
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Fig. 2. Recurrence-free survival according to change in post-transplant AFP level in HCC patients with elevated pre-transplant AFP levels. (A) RFS rates are higher in patients
with rapid normalization of AFP within 1 month (Group R) than in patients with slow normalization of AFP within 1-3 months (Group S) or in patients with persistently elevated
AFP level (Group P). (B) RFS rates were higher in Group R than in patients with non-rapid normalization of AFP level (Group R).

Table 1. Clinicopathological factors in HCC patients with elevated pre-transplant AFP levels and rapid or non-rapid normalization of post-LT AFP

Factors Subgroups Rapid normalization (n = 97) Non-rapid normalization (n = 28) Pvalue
Sex Male/Female 75/22 22/6 0.78
Age, yr (Mean) 54.2 54.4 0.85
Cause of cirrhosis Virus/Others 85/12 11/3 0.34
Child A/B/C 26/52/19 6/14/8 0.11
MELD score (Mean) 16.9 17 0.62
AFP before LT, ng/mL (Mean) 298 459 < 0.001
Pretreatment No treatment 17 10 0.21
Locoregional treatment 80 18 0.22
Size, cm (Mean) 3.4 519 0.006
No. (Mean) 2.7 3.3 0.001
Edmonson-Steiner grade (1, /I, 1v) 41/56 5/23 0.07
Microvascular invasion (No.) (+) 21 16 < 0.001

MELD, model for End-stage liver disease.
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Table 2. Risk factors in HCC patients with elevated pre-transplant AFP levels in univariate and multivariate analysis

Factors Subgroups No. HR (95% CI) Pvalue (Univariate) P value (Multivariate)
Sex Male 97 3.26 (1.12-9.57) 0.01 0.03
Female 28 Ref.
Age, yr > 50 43 0.34
<50 82
Cause of cirrhosis Virus 112 0.95
Others 13
Child A/B 94 0.32
C 31
MELD >20 39 0.25
<20 96
Pre-transplant AFP, ng/mL > 200 49 0.01
<200 76
Post-transplant AFP, ng/mL Non-rapid normalization 28 4.41 (2.01-6.72) < 0.001 < 0.001
Rapid normalization 97 Ref.
Pretreatment (Locoregional treatment) (+) 98 0.25
() 27
Tumor size, cm >7 111 1.15(1.04-1.26) 0.001 0.001
<7 14 Ref.
Tumor No. >5 12 0.001
<5 113
Edmonson-Steiner grade I IV 79 < 0.001
(A 46
Microvascular invasion (+) 37 2.65 (1.33-5.26) < 0.001 0.005
() 88 Ref.
MELD, model for End-stage liver disease.
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Fig. 3. Recurrence-free survival according to post-transplant AFP levels in HCC patients within (A) or beyond (B) the Milan criteria. Group R, patients with rapid normalization of

AFP level within 1 month after LT; Group NR, patients with non-rapid normalization of AFP.

HCC recurrence (Table 2).

Recurrences in patients with and without rapid AFP
normalization according to the Milan criteria

The significance of post-LT AFP concentration was further eval-
uated in patients with and without rapid AFP normalization by
comparing RFS rate in these two groups according to the Milan
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criteria (Fig. 3). Even in patients who fulfilled the Milan criteria,
those without rapid normalization had relatively poor outcomes,
with a 2-year RFS rate of 45.5% (Fig. 3A). In comparison, patients
with rapid normalization of AFP who exceeded the Milan crite-
ria, but had acceptable outcomes, had a 2-year RFS rate of 74.3%
(Fig. 3B).

http://dx.doi.org/10.3346/jkms.2016.31.7.1049



Yoo T, etal. * Peri-Transplant Change in AFP Level

JKMS

100

80

H
Seshhddessocpoprsschedacten

e Pre-LT AFP 20-200, Group R (n = 73)
"""" Pre-LT AFP > 200, Group R (n = 24)
= =« « Pre-LT AFP 20-200, Group NR (n = 25)
=+ Pre-LT AFP > 200, Group NR (n = 3)

60

-

IR LY Y Y 1L 4
H
esed

Recurrence rate (%)

40 P <0.001

Ny
o
T
b s mem s mms m-e -l

0
0 12 24 36 48 60 72 84 96 108 120 132 144
Time (month)

Fig. 4. Recurrence-free survival according to the combination of degree of pre-trans-
plant AFP level and peri-transplant AFP changes. RFS rates were highest in patients
with rapid normalization of post-transplant AFP and moderately elevated pre-LT AFP,
although outcomes were also good in patients with rapid normalization of post-trans-
plant AFP and highly elevated pre-LT AFP. Patients without rapid normalization of post-
LT AFP showed poor outcomes, regardless of the degree of pre-LT AFP. Group R, pa-
tients with rapid normalization of AFP level within 1 month; Group NR, patients with
non-rapid normalization of AFP.

Recurrence based on pre-LT AFP level

Because the degree of pre-LT AFP level itself can affect recur-
rence, patients were further divided into two groups, those with
highly (> 200 ng/mL) and moderately (< 200 ng/mL) elevated
pre-LT AFP concentration, with each subdivided by their peri-
transplant changes in AFP (Fig. 4). A comparison of RFS rates in
these four groups showed that RFS rate was highest in patients
with moderately elevated pre-transplant AFP and rapid post-
transplant normalization, although patients with high elevated
pre-transplant and rapid transplant normalization had similar-
ly good outcomes. Patients with non-rapid normalization showed
poor outcomes, regardless of the degree of elevation of pre-LT
AFP.

DISCUSSION

Liver transplantation has been shown to be the best therapeu-
tic option in selected patients with HCC. Although transplants
are usually performed in patients who meet the Milan criteria,
a substantial subset of patients who do not meet these criteria
have the potential for good outcomes after liver transplantation,
leading to the proposal of several new criteria (3,8). These latter
criteria emphasize the importance of the inclusion of new mark-
ers of biological behavior, along with morphological tumor size
and number, in formulating new sets of criteria that can better
predict the risk of recurrence. AFP is one of strong biological

http://dx.doi.org/10.3346/jkms.2016.31.7.1049

markers and used for early diagnosis of HCC and for recurrence
after LT. Numerous study groups have emphasized that high
preoperative levels of AFP are associated with poorer outcomes
from liver transplantation for HCC (6,7). To date, however, few
studies have assessed the significance of peri-operative chang-
es in AFP in patients who have undergone LT for HCC (9).

Several studies have analyzed the significance of AFP increase
after curative resection for HCC as a predictor of tumor recur-
rence. For example, one study evaluating minimum postopera-
tive AFP concentration within four months in 165 HCC patients
who had undergone hepatectomy found that, among patients
with high preoperative AFP, those without normalized postop-
erative AFP were more likely to experience tumor recurrence
(48/60, 80.0% vs. 4/23,17.4%, P < 0.001) (7). In addition, a study
of three tumor markers (AFP, AFP-L3, and DCP) before and af-
ter HCC resection found decreased levels after surgery to be a
strong predictor of overall survival and increased levels to be
connected with higher rates of tumor recurrence (6).

Based on these findings in patients resected for HCC, we hy-
pothesized that a rapid decline in AFP may be associated with
better RFS in patients who have undergone LT. In this study, we
found that AFP changing pattern was similarly important to
predict the HCC recurrence in LT setting. Pre-LT high AFP is an
important risk factor for HCC recurrence and has therefore been
included in the selection criteria for resection of HCC (10-12).
However, we found that rapid normalization of AFP within one
month was associated with good prognosis, even in patients
with very high pre-LT AFP. Rapid normalization of AFP regard-
less of the degree of pre-transplant AFP level was important
feature to predict low recurrence rate after LT. Even though the
pre-transplant AFP level was high, which has been known as
strong predictor of recurrence after LT, if AFP became normal-
ized until 1 month, low recurrence can be expected. On the con-
trary, if AFP level was not normalized until 1 month, there was
high chance of recurrence regardless of degree of pre-transplant
level. Although pre-LT AFP concentration is an important fac-
tor in the preoperative assessment of risk of recurrence, the speed
of AFP reduction is more important in assessing the risk of re-
currence after LT. Therefore, if AFP level was not normalized
until 1 month, adjuvant strategy such as m-TOR inhibitor or ad-
juvant chemotherapy and intensive screening should be con-
sidered regardless of pre-LT AFP level.

The similar conclusion was reported in a previous study, al-
though that study found that normalization within two months
was predictive of RFS (9). That study measured AFP concentra-
tions at two post-LT time points, two weeks and two months,
whereas our study measured AFP at several time points, rang-
ing from one to six months. Moreover, using these values, the
sensitivity and specificity of AFP was assessed by receiver oper-
ating characteristic (ROC) curve. The areas under the receiver
operating characteristic curve (AUROC) was for AFP was 0.79
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(95% CI, 0.76-0.81) and the optimal cutoff point of sensitivity
and specificity was the time at 1 month after LT.

In this study, we found that the 2-year RFS rate was only 61%
in the 102 patients who showed normalization of AFP within
two months after L'T, but was 83.3% in the 97 patients who show-
ed normalization of AFP within one month after LT. Therefore,
these findings suggest that the one month time point is an im-
portant cut off for prediction of recurrence after LT. There can
be concerns that considering the 5-7 days of half-life of AFP (13),
one month may be short to be normalized, especially in cases
with high pre-transplant AFP level. However, we found that AFP
higher than 200 ng/mL became normalized in most cases (24/
27) within 1 month even in cases with very high AFP level.

This study had several limitations, including its retrospective
design and the relatively long period of patient inclusion (11
years). Due to advances in surgical techniques and chemother-
apy, there may be an element of lead time bias, in that patients
treated more recently may have better survival and recurrence
rates due to greater experience, better prior therapy and better
supportive care.

In conclusion, change in peri-transplant AFP (rapid vs. non-
rapid normalization) is significantly prognostic of tumor recur-
rence after liver transplantation for HCC in patients with elevat-
ed pre-LT AFP level. Rapid normalization within 1 month after
LT was associated with a significantly higher RFS rate, regard-
less of pre-LT AFP level. An adjuvant strategy and/or intensive
screening may be necessary, however, if AFP does not return to
normal within one month after LT.
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