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ORIGINAL ARTICLE

Addition of alfa fetoprotein to traditional criteria for hepatocellular carcinoma
improves selection accuracy in liver transplantation

Malin Sternby Eilarda,b , Erik Holmbergc,d , Peter Naredia,e , Gunnar S€oderdahlf and
Magnus Rizella,b

aDepartment of Surgery, Institute of Clinical Sciences, Sahlgrenska Academy, University of Gothenburg, Sweden; bTransplantation Centre,
Sahlgrenska University Hospital, Gothenburg, Sweden; cDepartment of Oncology, Institute of Clinical Sciences, Sahlgrenska Academy,
University of Gothenburg, Sweden; dRegional Cancer Centre West, Sahlgrenska University Hospital, Gothenburg, Sweden;
eDepartment of Surgery, Sahlgrenska University Hospital, Gothenburg, Sweden; fDepartment of Transplantation, CLINTEC,
Karolinska Institute and Karolinska University Hospital, Stockholm, Sweden

ABSTRACT
Objectives: Liver transplantation in hepatocellular cancer (HCC) is curative only for a selection of
patients. Commonly used criteria are mostly based on tumor size and number. However, patients
within criteria do have tumor recurrences after transplantation and patients outside criteria are
excluded even though some could benefit from transplantation. The tumor marker alpha fetoprotein
(AFP) is associated with poor outcome and has already been reported to improve selection. We inves-
tigated the hypothesis that AFP level combined with traditional selection criteria could ameliorate the
selection accuracy for liver transplantation in HCC.
Materials and methods: A retrospective national cohort study in 336 patients who had liver trans-
plantation for HCC in Sweden 1996–2014.
Results: AFP cut-off levels of 20, 100, 1000 and >1000 ng/mL stratified both survival and tumor recur-
rence, with estimated 5-year survival rates of 74, 61, 49 and 31%, respectively. A simple score, combin-
ing three risk levels according to Milan and UCSF fulfillment with three levels of AFP, increased
predictive accuracy. A high score identified 35 at-risk patients with estimated post-transplant 5-year
survival rate of only 29% compared to 50% for 76 patients excluded by UCSF. More patients were
within the combined score cut-off compared to within UCSF, but 5-year survival was similar, 67% ver-
sus 66%.
Conclusion: AFP combined with traditional selection criteria ameliorates the selection accuracy for
liver transplantation in HCC.
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Introduction

With the introduction of the Milan criteria (MC) in 1996,
tumor size and number became the corner-stone for trans-
plantation selection in hepatocellular cancer (HCC) patients
[1]. Expanded alternatives have been proposed, with the
UCSF criteria [2] among the more common.

In Sweden, the waiting list for liver transplantation used to
be relatively short and selection criteria quite generous. In 2008,
the UCSF criteria were adopted and later recommended in the
Swedish National Guidelines and validated for Swedish settings
in 2012 [3]. In recent years, the practice of down-staging
patients, originally outside UCSF, has become more common.

However, tumor recurrences in patients within criteria and
long-term survival for patients outside criteria urge for
improved selection precision. Though many risk factors for
post-transplant tumor recurrences have been described, only
pre-transplant data are truly useful for selection.

The tumor marker alpha fetoprotein (AFP) is associated
with poor outcome [4–7] and has gained popularity as a

selection instrument for liver transplantation [8]. Different
cut-off levels have been proposed for both patient exclusion
and inclusion in combination with other criteria [9–14].

The objectives of this study were to evaluate whether
high AFP should exclude patients from transplantation within
traditional criteria, and whether low AFP levels could allow
more liberal criteria with respect to tumor size and number.

Methods

This is a total population-based retrospective cohort study in
HCC patients who underwent liver transplantation in Sweden
1996–2014. The inclusion criteria were a pre-transplant diag-
nosis of HCC, confirmed in postoperative histopathology in
patients over 18 years. Patients were identified in local oper-
ation and transplant registries. Liver transplantation is per-
formed in two centers in Sweden – Stockholm and
Gothenburg. Before 2010 Uppsala performed a few, included
in the Stockholm registry. Pre-transplant HCC diagnosis was
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checked as well as histopathology reports to confirm the
HCC diagnosis. Most data were collected by the same investi-
gator (M. E.), except data from Stockholm 1996 to 2007,
which was retrieved from a registry. The latest follow-up
data were collected in early 2016.

A total of 336 patients were included, after excluding 53
patients with unknown HCC diagnosis before the transplant-
ation (Figure 1). Patients were defined as recurrence-free if
clinically well and showing no sign of tumor on avail-
able radiology.

Before 2008, few patients in Sweden received neoadju-
vant anti-tumor treatment while on the waiting list, except
46 patients in a negative randomized study on systemic neo-
adjuvant doxorubicin [15]. Since then, locoregional anti-
tumor treatments have been increasingly used to prevent
tumor progression and drop-out from the waiting list. Also,
tumor down-staging for transplantation has become an
option for additional patients initially outside accepted crite-
ria. Only one measure for AFP and tumor parameters were
registered in the old cohort (1996–2007), while AFP values
and radiologic measures both before and after neoadjuvant
treatment were collected when available in the later cohort
(2008–2014). In the analysis of the entire cohort, the pre-
transplant AFP value closest to the transplantation was used
together with measures reflecting largest viable pre-trans-
plant tumor burden and the corresponding fulfillment of the
Milan and UCSF criteria.

The study was approved at the Regional Ethical board at
Gothenburg University (ref 934-14 and 915-15).

Statistics

Statistics were calculated using Stata 15.1 [16] and SPSS v24.
Five-year overall survival rates (5yOS) were estimated by the
Kaplan–Meier survival function. Cumulative incidence of
recurrence was estimated by use of competing risk method-
ology [17]. Time was measured from date of liver transplant-
ation to the date of recurrence or date of death or end of
follow-up. Death without preceding recurrence was regarded

as a competing event. The stcompet macro for Stata was
used for the estimation of the cumulative incidence. Flexible
parametric survival models (Royston–Parmar models) were
used to estimate the continuous prognostic effect of AFP
(ng/mL) for mortality and recurrence after transplantation.
The macro stpm2 for Stata was used for these calcula-
tions [18,19].

Uni- and multivariable Cox regression including preopera-
tive variables was performed for death and recurrence, and
continuous variables were categorized. Significant and near-
significant factors in the univariate analyses were included in
the multivariate analyses, avoiding overlapping factors.
Models included AFP, pre-transplant treatment, child class,
age, blood group, era, gender and either Milan/UCSF criteria
fulfillment, tumor number/largest tumor diameter or total
tumor diameter. A last model included combined score
instead of AFP and tumor parameters.

Results

At follow-up, 137 (40.8%) subjects had died and 79 (23.5%)
had tumor recurrence, while recurrence status was unknown
in 9 (2.7%). Mean time from transplantation to last follow-up
among living persons was 5.3 years.

Baseline characteristics are presented in Table 1. In the
136 patients who underwent liver transplantation 1996–2007,
etiology of liver disease was not registered. In the 200
patients who underwent liver transplantation 2008–2014, eti-
ology of cirrhosis was hepatitis C alone or in combination
with other etiology in 63%, hepatitis B in 11%, alcohol in
32%, NASH in 6% and autoimmune or primary biliary liver
disease in 5%. In eight patients, HCC recurrence after a for-
mer liver resection was the transplantation indication.

MC were fulfilled in 61% according to pretreatment radi-
ology, while UCSF criteria were fulfilled in 76%. In the recent
cohort (2008–2014), neoadjuvant treatment was given in 110
(55%), of which 26 were outside UCSF criteria before treat-
ment start. The most common treatment was TACE, alone
(n¼ 63) or combined with other treatments (n¼ 19).

Microscopic vascular invasion was described in 116
explanted livers (41%, n¼ 286). In one patient with pre-trans-
plant HCC diagnosis and neoadjuvant treatment, only necro-
sis and no viable tumor was seen in the explant histology.
Mixed hepatocellular tumors with cholangiocellular differenti-
ation were seen in five cases and with sarcomatous differen-
tiation in two cases.

Risk factors for death and tumor recurrence

In multivariable Cox regression analyses, AFP, criteria fulfill-
ment and time period were significant predictors of both
5-year mortality and recurrence (Table 2, model 1a and 1b).
In additional multivariable models (not shown) including
either tumor number and largest diameter or total tumor
diameter instead of criteria fulfillment, AFP remained a sig-
nificant predictor of both death and recurrence. Combined
score was a significant predictor of both death andFigure 1. Flow chart.
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Table 1. Demographics.

Variable (unit) total
N Median [40] Category N (%) Univariate analysis (death)

Patient age (years) <50 46 (13.7) Reference
N¼ 336 50–59 159 (47.3) HR 1.23 (p¼ .49) [95%CI 0.68–2.22]
Median 58 [20–74] 60–69 126 (37.5) HR 1.33 (p¼ .35) [95%CI 0.73–2.43]

>70 5 (1.5) NA

Donor age (years) <50 96 (30.0) Reference
N¼ 320 50–69 175 (54.7) HR 1.50 (p¼ .08) [95%CI 0.96–2.34]
Median 58 [11–86] �70 49 (15.3) HR 0.93 (p¼ .82) [95%CI 0.47–1.83]

Gender Women 68 (20.2) Reference
N¼ 336 Men 267 (79.8) HR 1.01 (p¼ .97) [95%CI 0.64–1.60]

Child–Pugh precirrhosis 14 (4.2) HR 1.11 (p¼ .81) [95%CI 0.48–2.58]
N¼ 335 A 148 (44.2) Reference

B 128 (38.2) HR 0.80 (p¼ .30) [95%CI 0.53–1.23]
C 45 (13.4) HR 1.07 (p¼ .80) [95%CI 0.62–1.86]

Criteria MilanIn 205 (61.7) Reference
N¼ 332 MilanOut UCSFin 51 (15.4) HR 2.05 (p¼ .005) [95%CI 1.24–3.38]

UCSFout 76 (22.9) HR 1.98 (p¼ .002) [95%CI 1.29–3.04]

AFP level (ng/mL) <20 159 (48.0) Reference
N¼ 331 20–99 79 (23.9) HR 1.67 (p¼ .047) [95%CI 1.01–2.77]
Median 23 [1–48,300] 100–999 58 (17.5) HR 2.45 (p¼ .001) [95%CI 1.48–4.05]

�1000 35 (10.6) HR 4.28 (p< .001) [95%CI 2.52–7.28]

Pretx treatment Not given 202 (60.5) Reference
N¼ 334 Given 132 (40.1) HR 0.63 (p¼ .03) [95%CI 0.42–0.95]

Differentiation gradea 1–2 157 (59.9) Reference
N¼ 262 3–4 105 (39.1) HR 1.05 (p¼ .83) [95%CI 0.67–1.64]

Blood group 0 113 (33.6) Reference
N¼ 335 A 162 (48.2) HR 0.79 (p¼ .24) [95%CI 0.52–1.18]

B 41 (12.2) HR 0.80 (p¼ .50) [95%CI 0.42–1.52]
AB 19 (5.7) HR 0.80 (p¼ .62) [95%CI 0.34–1.89]

Tumor number 1 176 (52.5) Reference
N¼ 335 2 86 (25.7) HR 1.39 (p¼ .15) [95%CI 0.88–2.20]

3 37 (11.0) HR 2.01 (p¼ .014) [95%CI 1.15–3.50]
4 or more 36 (10.7) HR 2.30 (p¼ .003) [95%CI 1.33–3.97]

Largest tumor (mm) <30 112 (33.6) Reference
N¼ 333 30–49 146 (43.8) HR 1.28 (p¼ .31) [95%CI 0.80–2.05]
Median 34 [10–200] 50–70 57 (17.1) HR 1.97 (p¼ .013) [95%CI 1.25–3.36]

>70 18 (5.4) HR 2.57 (p¼ .010) [95%CI 1.24–5.02]

Total diameter (mm) <50 185 (56.1) Reference
N¼ 330 50–99 114 (34.5) HR 2.01 (p¼ .001) [95%CI 1.33–3.05]
Median 44 [10–260] �100 31 (9.4) HR 3.11 (p< .001) [95%CI 1.81–5.34]

Era of ltx 1996–2007 136 (40.5) Reference
N¼ 336 2008–2014 200 (59.5) HR 0.48 (p< .001) [95%CI 0.33–0.71]

Score 0 157 (48.0) Reference
N¼ 327 1 62 (19.0) HR 1.70 (p¼ .06) [95%CI 0.97–2.98]

2 75 (22.9) HR 2.29 (p¼ .001) [95%CI 1.40–3.74]
3 21 (6.4) HR 3.91 (p< .001) [95%CI 2.08–7.32]
4 12 (3.7) HR 5.45 (p< .001) [95%CI 2.60–11.42]

aEdmonson and Steiner.

Table 2. Multivariable cox regression analyses of 5-year survival and tumor recurrence including AFP and traditional
criteria separately.

Model 1a death Model 1b recurrence

Variablesa Category HR (95%CI) p-value HR (95%CI) p-value

AFP (ng/mL) <20 Ref – Ref –
20–99 1.69 (1.02–2.82) .043 2.30 (1.20– 4.38) .012
100–999 2.08 (1.23–3.53) .006 3.09 (1.61–5.96) .001
1000- 3.46 (1.99–6.00) <.001 6.12 (3.14–11.94) <.001

Criteria MCin Ref – Ref –
UCSFin MCout 1.73 (1.03–2.90) .038 2.35 (1.23–4.50) .010

UCSFout 1.71 (1.10–2.649) .017 3.22 (1.92–5.42) <.001
Period 1996–2007 Ref – – –

2008–2014 0.61 (0.41–0.91) .015 – –
Harrell’s C statistic¼ (Eþ T/2)/P 0.6862 0.7441
aInitial model included AFP, criteria, age, period, pre-transplant treatment, child category, blood group, gender.
Non-significant variables not included in the final models.
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recurrence (Table 3, model 2a and 2b) in a separate multi-
variable analysis.

Survival

Kaplan–Meier-estimated 5-year overall survival (5yOS) was
62% in the entire cohort, 52% in the old cohort (1996–2007)
and 70% in the new (2008–2014). Estimated 5-year recur-
rence-free survival was 61% and disease-specific survival was

74% in the entire cohort. In the 79 patients with recurrent
tumor, median time from transplantation to tumor recurrence
was 336 d (range 41–3150).

Survival depending on traditional criteria category

MC stratified survival with 5yOS of 51% outside and 70%
inside. Seventy-six patients were outside UCSF, with a 5yOS of
50% compared to 66% for 257 patients who fulfilled UCSF.
5yOS and 5-year recurrence incidence depending on traditional
criteria category (both Milan and UCSF criteria fulfillment) are
presented in Figure 2 and Table 4, last column to the left.

Survival depending on AFP level

Hazard ratios for each AFP level with respect to death (Figure
3(a)) and recurrence (Figure 3(b)) were plotted, respectively.
No natural cut-off was identified, but rather a successive risk
increase from normal levels to about 1000ng/mL.

Like traditional selection criteria, the pre-transplant AFP
level (categorized) stratified post-transplant survival and
recurrence rate (Figure 4 and Table 4, bottom row). AFP-level
was prognostic even at low levels, with 5-year recurrence
rate of 12% in 159 patients with AFP-level 0–19 ng/mL (5yOS
74%) compared to 26% in 79 patients with AFP-level
20–99 ng/mL (5yOS 61%).

Table 3. Multivariable Cox regression analyses of mortality and tumor recurrence including AFP and traditional criteria in a combined score.

Model 2a death Model 2b recurrence

Variablesa Category HR (95%CI) p-value HR (95%CI) p-value

Combined score 0 Ref – Ref –
1 1.66 (0.95–2.90) .076 2.77 (1.29–5.99) .009
2 2.14 (1.31–3.50) .002 5.17 (2.67–10.01) <.001
3 3.51 (1.86–6.61) <.001 8.76 (4.02–19.11) <.001
4 4.38 (2.05–9.32) <.001 8.43 (2.94–24.16) <.001

Period 1996–2007 Ref – Ref –
2008–2014 0.59 (0.40–0.87) .009 0.61 (0.38–0.98) .042

Harrell’s C statistic¼ (Eþ T/2)/P 0.6736 0. 7395
aInitial model included combined score, age, period, pre-transplant treatment, child category, blood group, gender. Non-significant variables not
included in the final models.

Figure 2. Overall survival after transplantation for HCC, stratified by traditional
selection criteria; Milan (MC) and UCSF.

Table 4. Five-year survival and tumor recurrence rates stratified both by traditional criteria (vertically) and by AFP-level (horizontally), with each score subgroup
separately (summed score in parentheses).

Criteria#
AFP-level
(ng/mL)!

0–99
0p

N�
(score)

100–999
1p

N�
(score)

1000–
2p

N�
(score) Overall N�

MilanIn
0p

a5yOS 75% 157 65% 31 40% 15 70% 203
b5yTumor

Recurrence
9% (0) 26% (1) 49% (2) 15%

MilanOut
UCSFin
1p

a5yOS 62% 31 42% 11 29% 7 53% 49
b5yTumor

Recurrence
20% (1) 33% (2) 71% (3) 31%

UCSFout
2p

a5yOS 61% 49 32% 14 25% 12 49% 75
b5yTumor

Recurrence
39% (2) 57% (3) 42% (4) 43%

Overall a5yOS 70% 237 51% 56 31% 34 62% 327
b5yTumor

Recurrence
17% 36% 51% 24%

N� refers to overall survival data, total n¼ 327, (for recurrence data total N¼ 319).
aFive-year overall survival.
bFive-year cumulative incidence of tumor recurrence.
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Combining traditional criteria and AFP

A successive risk increase with higher AFP was seen
within each criteria category. Similarly, traditional criteria dis-
criminated survival within each AFP category (Table 4).
To ameliorate prediction, a score was created, combining
AFP and criteria category with three risk levels each (low
risk 0 points, intermediate risk 1 point and high risk 2
points, Table 4). The sum of the respective points
(AFPþ criteria) yielded a combined score (0–4 points). The
score cut-off was set to exclude patients with at least one
“high” risk and one “intermediate” risk factor. Survival rates
based on this combined score are presented in Figure 5.
Survival and recurrence rates based on score with cut-off
(excluding score 3 and 4) are presented in Table 5.
Competing risks (cumulative incidence of tumor recurrences
and of deaths without recurrence) for patients inside and
outside UCSF are presented in Figure 6(a), and based on
score cut-off in Figure 6(b).

If score cut-off was applied to the whole cohort (294 out
of 327), a similar estimated post-transplant 5yOS (67%) to
patients within the UCSF (66%, n¼ 257 out of 332) was
seen. Compared to the 203 patients within Milan with a
5yOS of 70% (tumor recurrence rate 15%), the 91 patients

outside Milan, but within score, had a 5yOS of 59% (tumor
recurrence rate 32%). For the subgroups with score 2, 5yOS
was poor in the entire cohort (Table 4). In the new cohort
(2008–2014), results were generally better and 5yOS rates
for the subgroups with score 2 were 77%, NA and 70%,
respectively.

Neoadjuvant anti-tumor treatment in the cohort
transplanted 2008–2014

The subgroup with pre-transplant treatment (n¼ 110) was
compared to the untreated in the new cohort 2008–2014
(Table 6). Traditional criteria did not discriminate well in the
treated subgroup, neither based on imaging before

Figure 3. (a) The prognostic value of AFP for predicting mortality after transplantation for HCC. (b) The prognostic value of AFP for predicting tumor recurrences
after transplantation for HCC.

Figure 4. Overall survival after transplantation for HCC, stratified by AFP level. Figure 5. Overall survival after transplantation for HCC, stratified by score com-
bining traditional selection criteria and AFP.

Table 5. Five-year survival and tumor recurrence rates
stratified by combined score.

Combined score N¼ 327
5y overall
survival

5y cumulative
incidence of

tumor recurrence

0 157 74.5% 8.9%
1 62 63.4% 23.1%
2 75 54.3% 40.0%
3–4 33 29.0% 54.5%

980 M. S. EILARD ET AL.



neoadjuvant treatment nor after. Post-treatment-pre-trans-
plant AFP of 100–999 ng/mL, however, was a significant risk
factor for mortality (HR 4.84 [1.90–12.34]) and recurrence (HR
5.60 [1.93–16.23]) (univariate analysis), while pretreatment
AFP did not reach significance. Corresponding to the import-
ance of AFP, combined score discriminated more than trad-
itional criteria in the pretreated subgroup, but not as much
as in the untreated group. Irrespective of initial criteria fulfill-
ment, patients with post-treatment AFP less than 100 ng/mL
had a good outcome (5yOS 84%), while post-transplant 5yOS
was 33% for patients with post-treatment AFP >100 ng/mL
and 23% for 29 patients with missing AFP values.

Discussion

Pre-transplant AFP level was an independent risk factor for
tumor recurrence and death in this Swedish total population
cohort of liver transplanted HCC patients, which is concord-
ant with previous studies [7,20–25]. Compared to radiologic
parameters, AFP has the advantage of not being observer-
dependent, which supports the use of AFP for selection.

Searching for the optimal AFP level, we analyzed the haz-
ard ratio for death and recurrence for the logarithm of con-
tinuous AFP level and found no significant cut-off level. The
continuous risk increase for recurrence and death with
higher AFP makes the use of several levels of AFP logical.
Even near-normal levels (10 and 20 ng/mL) of AFP were dis-
criminative. The literature is inconsistent weather AFP-slope
is superior to single AFP-values, and we had a limited num-
ber of AFP measures. In patients with several AFP measure-
ments, we chose the value after neoadjuvant treatment just

before liver transplantation, which had a better predictive
value compared to measures before neoadjuvant treatment,
similar to previous studies [26–29].

Several authors have proposed selection models with inte-
grated AFP [13,14,23,30,31], sometimes combined with other
biological markers [9,22]. Single AFP cut-off levels have been
used, either for inclusion of additional patients outside crite-
ria with low AFP levels [10,30,32] or for exclusion of patients
within criteria, but with high AFP levels [23,33].

An ameliorated prediction was seen when combining the
Milan criteria with pre-transplant AFP levels and other bio-
markers [22]. Combinations of tumor size and number with
different levels of AFP have also been implemented for out-
come prediction [23,24,34,35]. The importance of AFP to
improve accuracy was described in a small study, where an
AFP-cut-off was added in an extended selection group with
preserved post-transplant survival corresponding to the
score 1 subgroup outside Milan in our cohort [36]. In a
French model, AFP and tumor factors were weighted based
on hazard ratios in multivariate analyses in a derivation set,
and then tested in a validation set [23]. This model has
been validated in other reports [37,38]. When applied to
our cohort, the French score included fewer patients for
transplantation (out of 328 evaluable patients, 225 within
the AFP-model had 5yOS of 69% compared to 49% in the
excluded group). A recently suggested selection model
based on the large MetroTicket database is congruent with
our data, though more restrictive as it excluded all patients
with AFP >1000 ng/mL [35].

In Sweden, criteria for transplantation have been gener-
ous due to a relatively balanced waiting list [39]. The aim of
this study was not to exclude additional patients, but rather
to increase selection precision by identifying those without a
fair chance of benefiting from transplantation and those out-
side traditional criteria where transplantation would give a
reasonable chance of cure. We think this aim was supported
by the score system used in this paper. The score exclusion
group had a high rate of tumor recurrence (54% compared
to 20%, Tables 5 and 6). The discriminative pattern of the
suggested score was consistent in the different time cohorts,
although the cut-off was best adapted to the more recent
cohort 2008–2014, since this recent cohort more reflects our
current practice. However, as numbers were small and

Figure 6. (a) Cumulative incidence of competing events, recurrence and death, after transplantation for HCC, stratified by UCSF. (b) Cumulative incidence of com-
peting events, recurrence and death, after transplantation for HCC, stratified by score combining traditional selection criteria and AFP.

Table 6. Five-year survival and tumor recurrence rates in patients who under-
went liver transplantation 2008–2014, stratified by combined score in the
entire group and in the pretreated and non-treated subgroups.

2008–2014 Treatment Score N¼ 196 5yOS N¼ 195

5y cumulative
incidence
of tumor
recurrence

Combined score Non-treated 0–2 81 80.3% 81 11.9%
3–4 7 14.3% 7 71.4%

Treated 0–2 101 72.5% 100 15.2%
3–4 7 21.4% 7 57.1%

Entire cohort 0–2 182 76.2% 181 13.7%
3–4 14 17.1% 14 64.3%
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follow-up shorter, we preferred to focus this paper on results
for the entire cohort.

This study is limited by the size of the cohort and by the
fact that the inclusion period was very long (18 years). It is
however, a total population study, which could permit gen-
eralization within Sweden. The retrospective design also lim-
its the validity, and there might be a risk of underestimation
of tumor recurrences; for that reason, we also chose to
report overall survival, although recurrence rate is a more
tumor-specific measure.

A strength was that the discriminative ability of AFP and the
increased accuracy with the proposed selection score were con-
sistent in the different subgroups divided by time periods and
by neoadjuvant treatment, despite the limitations above.

Though AFP was more significant for outcome in this
study compared to traditional criteria, it is important to
remember that this cohort was already selected with respect
to size and number, but not to AFP, which makes their rela-
tive importance difficult to compare and makes it uncertain
to generalize results for patients outside UCSF criteria.

The suggested combined score takes advantage of the
continuous risk increase of AFP and simultaneously relies on
the solid experience with traditional criteria and stays congru-
ent with other reports. It excluded the subgroup within UCSF
with the worst prognosis, related to a high AFP in favor of a
subgroup outside UCSF with low AFP and a better progno-
sis in this cohort. Therefore, this score could be purely viewed
as a simplified way of combining separate risk factors, which
could permit quick and easy clinical implementation.

In conclusion, pretreatment AFP is a significant independ-
ent prognostic factor for survival and recurrence after liver
transplantation in Swedish HCC patients. The addition of eas-
ily available AFP to traditional criteria ameliorates selection.
High AFP should exclude some patients from transplantation
who are within traditional criteria, and low AFP levels can
identify patients with good outcome despite tumor size and
number outside traditional criteria.
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