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Evaluation of Patients With Hepatocellular Carcinomas
That Do Not Produce α-Fetoprotein
Vatche G. Agopian, MD; Michael P. Harlander-Locke, MPH; Daniela Markovic, MS; Ali Zarrinpar, MD, PhD; Fady M. Kaldas, MD;
Elaine Y. Cheng, MD; Hasan Yersiz, MD; Douglas G. Farmer, MD; Jonathan R. Hiatt, MD; Ronald W. Busuttil, MD, PhD

IMPORTANCE Serum α-fetoprotein (AFP) is a biomarker for hepatocellular carcinomas (HCCs)
associated with a more aggressive tumor phenotype and inferior outcomes after a liver trans-
plant (LT). Data on the outcomes for patients with HCCs that do not produce AFP are limited.

OBJECTIVE To compare characteristics and outcomes among LT recipients with
radiographically apparent HCC lesions with AFP-producing tumors or with tumors that do not
produce AFP (hereafter referred to as non-AFP–producing tumors), and to identify factors
influencing recurrence in LT recipients with non-AFP–producing tumors.

DESIGN, SETTING, AND PARTICIPANTS Retrospective analysis at a university transplant center
of 665 adults with HCC who underwent an LT during the period from 1989 to 2013. Of the
665 LT recipients, 457 (68.7%) had AFP-producing tumors, and 208 (31.3%) had
non-AFP–producing tumors (the maximum AFP level before an LT was �10 ng/mL). Dates of
study analysis were from August 2015 to June 2016.

INTERVENTION Liver transplant.

MAIN OUTCOMES AND MEASURES Recurrence-free survival and recurrence rates.

RESULTS Patients with non-AFP–producing tumors had radiographic tumor characteristics
similar to those of patients with AFP-producing tumors, but, pathologically, they had fewer
lesions (25% vs 35% with >2 lesions; P = .03), smaller cumulative tumor diameters (4.2 vs
5.0 cm; P = .02), fewer microvascular (17% vs 22%) and macrovascular (2% vs 9%) invasions
(P < .001), and fewer poorly differentiated tumors (15% vs 28%; P < .001). Patients with
non-AFP–producing tumors also had significantly superior recurrence-free survival at 1, 3, and
5 years (88%, 74%, and 67% vs 76%, 59%, and 51%, respectively; P = .002) and lower 5-year
recurrence rates (8.8% vs 22%; P < .001) than patients with AFP-producing tumors. When
stratified by radiologic Milan criteria, 5-year survival was better, and recurrence lowest,
among patients with non-AFP–producing tumors within the Milan criteria (71% survival and
6% recurrence), and survival was worse, and recurrence highest, for patients with
AFP-producing tumors outside the Milan criteria (40% survival and 42% recurrence;
P < .001). Significant predictors of recurrence among patients with non-AFP–producing
tumors include radiologic (>2 tumors [HR, 4.98; 95% CI, 1.72-14.4; P = .003]; cumulative
diameter [1.70 per log SD; 1.12-2.59; P < .001]; outside the Milan criteria [10.0; 3.7-33.3;
P < .001) and pathologic factors (>2 tumors [4.39; 1.32-14.6; P = .02]; cumulative diameter
[2.32 per log SD; 1.43-3.77; P = .001]; microvascular [3.07; 1.02-9.24; P = .05] and
macrovascular invasion [8.75; 2.15-35.6; P = .002]).

CONCLUSIONS AND RELEVANCE Nearly one-third of patients with radiographically apparent
HCC have non-AFP–producing tumors that have more favorable pathologic characteristics,
lower posttransplant recurrence, and superior survival compared with patients with
AFP-producing tumors. Posttransplant HCC recurrence for patients with non-AFP–producing
tumors is predicted by important radiologic and pathologic factors, and is negligible for
patients within the Milan criteria. Stratifying patients by AFP status in addition to radiological
criteria may improve the selection process for and the prioritization of transplant candidates.
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A liver transplant (LT) for hepatocellular carcinoma (HCC)
has unequivocally been established as the gold standard
therapy for select patients with underlying liver dysfunc-

tion, largely owing to the reproducibly excellent results when
transplantation is limited to tumors meeting the widely accepted
Milan criteria.1-3 The prioritization of LT recipients with HCC by
use of the Model for End-Stage Liver Disease (MELD) allocation
system4-6 has resulted in LTs for HCCs now accounting for nearly
25% of all transplants in the United States.7

Despite continuous refinements in the HCC MELD excep-
tion policy, LT recipients with HCC continue to be overpriori-
tized compared with patients with liver failure who do not have
cancer, with many studies revealing higher transplant rates de-
spite lower risks of waitlist dropout and inferior survival.8-10

The recently implemented regional Share MELD 35 policy,11 in-
tended to increase access to regional allografts for the sickest
LT recipients, has had the occasional unintentional conse-
quence of diverting lifesaving organs from patients with liver
failure to LT recipients with HCC whose MELD scores have been
allowed to mature to 35 or greater. This has led to the latest
modification of the HCC allocation policy by the Organ Pro-
curement and Transplantation Network, with a requirement
of a mandatory 6-month waiting period prior to awarding of
exception points and a capping of the MELD score at 34 for LT
recipients with HCC with preserved underlying liver function.12

The contemporary practice of awarding equal prioritization
for all LT recipients with HCC who qualify for MELD exception
points, without taking into account their variable risks of wait-
list dropout or posttransplant recurrence, aggravates the current
problem. Multiple studies have demonstrated that radiologic size
criteria alone do not reliably capture the biological behavior of
tumors.13,14 Importantserumbiomarkers,explantpathologicfac-
tors,andresponsetopretransplantlocoregionaltherapy15-20 have
all been shown to significantly improve the prognostic ability of
radiologic criteria alone, but none have formally been incorpo-
rated in the MELD prioritization scheme.

Serum α-fetoprotein (AFP) is a well-established prognos-
tic marker of increased tumor virulence in HCC15,21-27 and has
been shown to be associated with worse tumor phenotype and
aggressiveness. While multiple studies have shown inferior
outcomes following an LT for HCC at various prognostic cut-
offs, data regarding the characteristics and outcomes of pa-
tients with tumors that do not produce AFP (hereafter re-
ferred to as non-AFP–producing tumors) have been scarce.
The specific aims of our study were to evaluate the propor-
tion of LT recipients whose tumors do not produce AFP
(≤10 ng/mL [to convert to micrograms per liter, multiply by
1.0]), compare their outcomes with those of patients with AFP-
producing tumors, and identify factors that specifically affect
posttransplant recurrence in these patients in order to allow
for better stratification of patients for LT.

Methods
We retrospectively reviewed a prospectively maintained trans-
plant database and identified all adult patients (18 years of age
or older) who underwent an LT for HCC and who received a

pretransplant diagnosis of HCC with available data on serum
AFP level at UCLA from 1989 to 2013. The UCLA institutional
review board approved the study. Informed consent was
waived because the data were deidentified.

Recipients were classified as having an AFP-producing
tumor (serum AFP level of >10 ng/mL at any time prior to LT
irrespective of tumor treatment) or a non-AFP–producing
tumor (serum AFP level of ≤10 ng/mL at all times prior to LT
irrespective of tumor treatment) based on pretransplant AFP
levels. The primary objective was to evaluate the proportion
of radiographically apparent HCC lesions that were non-AFP–
producing tumors and the effect of AFP status on posttrans-
plant outcomes. Only recipients with explant pathology
confirming viable HCC or patients with a pretransplant radio-
graphic HCC diagnosis and directed locoregional tumor treat-
ment with explant pathology confirming complete tumor ne-
crosis were included. Variables for analysis included recipient
demographics (age, sex, primary end-stage liver disease diag-
nosis, body mass index, diabetes, and hypertension), labora-
tory results (physiologic MELD score, total cholesterol level,
AFP level, and neutrophil to lymphocyte ratio), radiologic
characteristics (number of lesions, maximum tumor diam-
eter, cumulative tumor diameter, and proportion within ra-
diologic Milan criteria), treatment-specific factors (number
and type of locoregional therapy), and pathologic character-
istics (number of lesions, maximum tumor diameter, cumu-
lative tumor diameter, extent of pathologic necrosis, tumor
grade/differentiation,28 presence of microvascular and mac-
rovascular invasion, and American Joint Committee on
Cancer T stage29). The selection of locoregional therapy
modality is based on the size, number, and location of
lesions, without consideration for serum AFP.

Posttransplant immunosuppression included our stan-
dard 3-drug regimen with methylprednisolone sodium succi-
nate, mycophenolate mofetil, and a calcineurin inhibitor.30

Occasionally, LT recipients were initiated on a mammalian
target of rapamycin inhibitor with withdrawal of calcineurin
inhibitors if the explant pathology had poor prognostic fea-
tures. Tumor surveillance included intravenous contrast-
enhanced axial abdominal imaging (computed tomography or
magnetic resonance imaging), noncontrast computed tomog-
raphy of the chest, and a serum AFP sample obtained every 3
months prior to the LT and every 6 months following the LT.

Key Points
Question What are the radiologic and pathologic features and
posttransplant outcomes of hepatocellular carcinomas (HCCs) that
do not produce α-fetoprotein (AFP)?

Findings In this single-center retrospective analysis of 665 liver
transplant recipients, the patients with tumors that did not
produce AFP had radiographic characteristics similar to those of
patients with AFP-producing tumors but significantly more
favorable pathologic features and posttransplant outcomes.

Meaning Stratifying patients with HCC by AFP status in addition
to radiologic criteria may improve transplant candidate selection
and prioritization.

Research Original Investigation Hepatocellular Carcinomas That Do Not Produce α-Fetoprotein

E2 JAMA Surgery Published online October 5, 2016 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of California - Los Angeles User  on 12/20/2016

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.3310


Copyright 2016 American Medical Association. All rights reserved.

Comparisons were made among LT recipients with AFP-
producing tumors and LT recipients with non-AFP–producing
tumors, with subanalyses stratified by both AFP status and ra-
diologic size criteria. Continuous variables were compared using
the Wilcoxon rank sum test and reported as median values with
interquartile ranges (IQRs). Categorical and ordinal variables
were compared using the χ2 test/Fisher exact test or the Cochran-
Armitage test for trend, respectively, and summarized as per-
centages. Patient survival curves were computed using Kaplan-
Meier methods and were compared using log-rank tests.
Cumulative incidence curves for recurrence were computed in
each specified group while taking into account the competing
risk of non-HCC–related mortality, and were compared using the
Fine-Gray test. Cox regression analysis was used to identify fac-
tors associated with recurrence for both patients with AFP-
producing tumors and patients with non-AFP–producing
tumors, controlling for the competing risk of non-HCC–related
mortality. An interaction P value was reported to indicate
whether the hazard ratios (HRs) for any covariates differen-
tially affected recurrence between patients with AFP-
producing tumors and patients with non-AFP–producing
tumors. P < .05 was considered statistically significant.

Results
Of 665 patients with radiographically apparent HCC undergo-
ing an LT during the study period, 457 (68.7%) had AFP-
producing tumors, and 208 (31.3%) had non-AFP–producing
tumors. The overall median follow-up time was 27.3 months
(IQR, 8.8-67.8 months), with a median follow-up of 43.4
months (IQR, 12.1-78.5 months) for recipients without recur-
rence or mortality at last follow-up.

Comparison of Patient and Tumor Characteristics
by AFP Status
The characteristics of the LT recipients, the donors, and the
procedure are shown in the eTable in the Supplement. Pa-
tients with non-AFP–producing tumors were more likely than
patients with AFP-producing tumors to have diabetes (35.0%
[72 of 206] vs 24.2% [109 of 451]; P = .004), alcoholic (14.5%
[30 of 207] vs 5.6% [25 of 450]) or nonalcoholic (7.7% [16 of
207] vs 1.6% [7 of 450]) steatohepatitis as the underlying
cause of their liver disease (P < .001), and a greater neutro-
phil to lymphocyte ratio (3.0 vs 2.7; P = .04) and were less likely
than patients with AFP-producing tumors to have hepatitis C
viral infection (47.8% [99 of 207] vs 64.7% [291 of 450];
P < .001). There were no significant differences in age, sex,
MELD score, total cholesterol level, the presence of hyperten-
sion or obesity, or any donor and procedure characteristics
between the 2 groups of patients.

Radiologic, treatment, and pathologic characteristics are
shown in Table 1. Patients with non-AFP–producing tumors had
radiologic characteristics that were similar to those of pa-
tients with AFP-producing tumor, but they had significantly
more favorable pathologic features, including fewer num-
bers of tumors (24.6% [51 of 207] vs 34.8% [158 of 454] with
>2 lesions; P = .03 for trend), smaller cumulative tumor diam-

eters (4.2 vs 5.0 cm; P = .02), greater complete pathologic re-
sponse to pretransplant locoregional therapy (24.8% [51 of 206]
vs 16.0% [73 of 456]; P = .01), less microvascular (17.4% [36 of
207] vs 21.9% [100 of 457]) and macrovascular (2.4% [5 of 207]
vs 9.4% [43 of 457]) invasions (P < .001 for trend), fewer poorly
differentiated tumors (14.5% [25 of 172] vs 28.1% [107 of 381];
P < .001 for trend), and lower overall T stage (T1: 46.9% [97 of
207] vs 35.9% [164 of 457], T2: 39.1% [81 of 207] vs 43.1% [197
of 457], T3a: 11.1% [23 of 207] vs 10.9% [50 of 457], and
T3b/T4: 2.9% [6 of 207] vs 10.1% [46 of 457]; P < .001 for trend).
Patients with AFP-producing tumors were more likely than
patients with non-AFP–producing tumors to receive trans-
arterial therapy without ablation (38.1% [174 of 457] vs 27.5%
[57 of 207]; P = .01).

HCC Recurrence and Posttransplant Survival
Of the 665 patients who underwent an LT, 103 (15.5%) expe-
rienced HCC recurrence, with a median time to recurrence of
15.9 months. Patients with non-AFP–producing tumors had sig-
nificantly superior recurrence-free survival at 1, 3, and 5 years
(88%, 74%, and 67% vs 76%, 59%, and 51%, respectively)
(P = .002; Figure 1A), a lower cumulative incidence of recur-
rence at 5 years (8.8% vs 22%) (P < .001; Figure 1B), and a lon-
ger median time to recurrence for those who had developed
recurrence (30.9 vs 13.4 months; P = .01) than did patients with
AFP-producing tumors. When stratified by radiologic Milan cri-
teria at presentation, in addition to AFP status, 1-, 3-, and 5-year
recurrence-free survival was better for patients with non-AFP–
producing tumors within the Milan criteria (89%, 77%, and
71%, respectively) and was worse for patients with AFP-
producing tumors outside the Milan criteria (69%, 42%, and
40%, respectively) (P < .001; Figure 2A). Patients with AFP-
producing tumors within the Milan criteria (78%, 64%, and
55%, respectively) and patients with non-AFP–producing tu-
mors outside the Milan criteria (83%, 59%, and 47%, respec-
tively) had intermediate but acceptable survival at 1, 3, and 5
years (Figure 2A). The 5-year cumulative incidence of recur-
rence, while controlling for the competing risk of non-HCC
mortality, was highest for patients with AFP-producing tu-
mors outside the Milan criteria (42%) and lowest for patients
with non-AFP–producing tumors within the Milan criteria (6%)
(overall P < .001), with AFP status being able to further dis-
criminate posttransplant recurrence for both groups of pa-
tients within the Milan criteria (6% of patients with non-AFP–
producing tumors vs 15% of patients with AFP-producing
tumors; P = .004) and patients outside the Milan criteria (19%
of patients with non-AFP–producing tumors vs 42% of
patients with AFP-producing tumors; P = .02) (Figure 2B).

Analysis of LT recipients initially outside the Milan crite-
ria revealed a trend toward improved 5-year survival (53% vs
39%; P = .35; Figure 3A) and significantly reduced recurrence
(0% vs 43%; P = .002; Figure 3B) for patients with non-AFP–
producing tumors that were downstaged compared with pa-
tients with non-AFP–producing tumors that were unable to be
downstaged by pretransplant locoregional therapy. Similarly,
for patients with AFP-producing tumors initially outside the
Milan criteria, there was significantly superior 5-year recur-
rence-free survival (58% vs 23%; P = .01; Figure 3A) and lower
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recurrence (13% vs 64%; P < .001; Figure 3B) for patients with
AFP-producing tumors that were downstaged compared with
patients with AFP-producing tumors that were unable to be
downstaged.

Bivariate predictors of HCC recurrence for both patients
with AFP-producing tumors and patients with non-AFP–
producing tumors are shown in Table 2. For patients with non-
AFP–producing tumors, the important radiologic factors in-

Table 1. Comparison of Radiologic, Treatment, and Pathologic Characteristics

Characteristic

Patients, No./Total No. (%)

P Valuea
AFP-Producing
Tumors

Non-AFP–Producing
Tumors

Radiologic

No. of lesions

1 313/447 (70.0) 153/204 (75.0)

.102 79/447 (17.7) 35/204 (17.2)

≥3 55/447 (12.3) 16/204 (7.8)

Tumor diameter, median (IQR), cm

Maximum 3.0 (2.4-4.0) 3.0 (2.3-4.2) .58

Cumulative 3.7 (2.6-5.0) 3.5 (2.4-4.9) .09

Milan criteria

Within criteria 356/451 (78.9) 167/205 (81.5)

.36
Outside criteria

Downstaged 46/451 (10.2) 23/205 (11.2)

Not downstaged 49/451 (10.9) 15/205 (7.3)

No. of pretransplant locoregional therapies

0 117/456 (25.7) 47/208 (22.6)

.37
1 186/456 (40.8) 88/208 (42.3)

2 101/456 (22.1) 44/208 (21.2)

≥3 52/456 (11.4) 29/208 (13.9)

Modality

Transarterial therapy 175/456 (38.4) 57/207 (27.5)

.01Thermal ablation 114/456 (25.0) 62/207 (30.0)

Both 42/456 (9.2) 33/207 (15.9)

Pathologic

No. of tumors

1 206/454 (45.4) 107/207 (51.7)

.032 90/454 (19.8) 49/207 (23.7)

≥3 158/454 (34.8) 51/207 (24.6)

Tumor diameter, median (IQR), cm

Maximum 3.5 (2.5-5.0) 3.5 (2.5-4.5) .63

Cumulative 5.0 (3.0-8.1) 4.2 (3.0-6.1) .02

Tumor necrosis

None/partial 383/456 (84.0) 154/206 (74.8)
.01

Complete (no viable tumor) 73/456 (16.0) 52/206 (25.2)

Vascular invasion

None 314/457 (68.7) 166/207 (80.2)

<.001Microvascular 100/457 (21.9) 36/207 (17.4)

Macrovascular 43/457 (9.4) 5/207 (2.4)

Differentiation

Well 67/381 (17.6) 42/172 (24.4)

<.001Moderate 207/381 (54.3) 105/172 (61.0)

Poor 107/381 (28.1) 25/172 (14.5)

AJCC T stage

T1 164/457 (35.9) 97/207 (46.9)

<.001
T2 197/457 (43.1) 81/207 (39.1)

T3a 50/457 (10.9) 23/207 (11.1)

T3b/T4 46/457 (10.1) 6/207 (2.9)

Abbreviations: AFP, α-fetoprotein;
AJCC, American Joint Committee on
Cancer; IQR, interquartile range.
a Determined by the Wilcoxon rank

sum test for comparisons of
continuous variables, by the
Cochran-Armitage test for trend for
comparisons of ordinal variables,
and by the χ2 test for comparisons
of categorical variables.
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cluded more than 2 lesions (HR, 4.98 [95% CI, 1.72-14.4];
P = .003), increasing maximum tumor diameter (HR, 1.70 per
log SD [95% CI, 1.16-2.50 per log SD]; P = .01) and cumulative
tumor diameter (HR, 1.70 per log SD [95% CI, 1.12-2.59 per log
SD]; P < .001), and tumors that were outside the Milan crite-
ria at the time of LT (HR, 10.0 [95% CI, 3.7-33.3]; P < .001).
Pathologic factors included more than 2 lesions (HR, 4.39 [95%
CI, 1.32-14.6]; P = .02), increasing maximum tumor diameter
(HR, 1.97 per log SD [95% CI, 1.23-3.15 per log SD]; P = .01) and
cumulative tumor diameter (HR, 2.32 per log SD [95% CI, 1.43-
3.77 per log SD]; P = .001), microvascular invasion (HR, 3.07
[95% CI, 1.02-9.24]; P = .05), and macrovascular invasion
(HR, 8.75 [95% CI, 2.15-35.6]; P = .002). Patients with AFP-
producing tumors had predictors of recurrence that were very
similar to those of patients with non-AFP–producing tumors.
While the HRs for any given predictor are slightly different be-
tween the patients with AFP-producing tumors and the pa-
tients with non-AFP–producing tumors, none of these covar-
iates had a statistically significant differential effect on
posttransplant recurrence between the 2 groups of patients,
as evidenced by all the reported interaction P values greater
than .05.

Of the 208 patients with non-AFP–producing tumors, 16
(7.7%) experienced a posttransplant recurrence; of these 16
patients, 9 (56.3%) had AFP levels of greater than 10 ng/mL,
with a median postrecurrence AFP level of 15.8 ng/mL (IQR,
4.0-123.0 ng/mL). Conversely, although the majority (n = 55)
of patients with AFP-producing tumors who experienced a
posttransplant recurrence demonstrated elevated serum
AFP levels, 14 patients (25.5%) experienced a proven recur-
rence with an AFP level of less than 10 ng/mL. Median sur-
vival following recurrence was significantly superior for
patients with non-AFP–producing recurrent tumors com-
pared with patients with AFP-producing recurrent tumors
(70.6 vs 12.4 months; P = .002).

Discussion
Although an LT has been established as the ideal treatment
for select patients with HCC, the scarcity of donor organs
and the continued overprioritization of LT recipients with
HCC by use of the MELD allocation system9,10 obligate a
change in the current stratification scheme to include mark-
ers of tumor biology beyond radiologic size criteria that bet-
ter discriminate a patient’s need for and predicted outcome
following an LT. Serum AFP, an important HCC tumor bio-
marker, has indisputably been shown to be associated with
increased risks of waitlist dropout23,31,32 and posttransplant
recurrence.15,16,21,22,24-27,33 However, data on patients with
HCCs that do not produce AFP are scarce. We report the larg-
est single-center study evaluating LT recipients with non-
AFP–producing tumors, who comprised nearly one-third of
the 665 LT recipients with HCC. We evaluated the effect of
AFP status on important pathological characteristics that
drive tumor biology and on posttransplant cancer outcomes,
and we identified important factors predicting HCC recur-
rence in LT recipients with non-AFP–producing tumors.

Numerous prior studies1,15,26 have clearly established
pathological tumor differentiation and microvascular inva-
sion as 2 of the most important variables influencing post-
transplant cancer outcomes; however, these variables can-
not reliably be ascertained prior to an LT.34,35 In the present
study, despite no significant differences in any radiologic
characteristics between non-AFP–producing tumors and
AFP-producing tumors, we found that non-AFP–producing
tumors were significantly less likely to be poorly differenti-
ated or to show the presence of microvascular or macrovas-
cular invasion. Our findings are consistent with the few prior
studies demonstrating this association of AFP status with
pathologic differentiation and vascular invasion. In a multi-
center French study reported by Duvoux et al,22 increasing AFP
levels were significantly associated with the presence of poorly
differentiated tumors, as well as the presence of microvascu-
lar and macrovascular invasion. Fujiki et al36 demonstrated a

Figure 1. Kaplan-Meier Recurrence-Free Survival and Adjusted
Incidence of Hepatocellular Carcinoma (HCC) Recurrence
Stratified by α-Fetoprotein (AFP) Status
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significantly increased risk of both microvascular invasion and
poorly differentiated tumors in patients with an AFP level of
higher than 800 ng/mL compared with patients with an AFP
level of lower than 200 ng/mL. In a study of 211 patients with
HCC within the Milan criteria undergoing an LT, Hameed et al23

showed an increasing probability of vascular invasion with in-
creasing serum AFP levels. Taken together with prior studies,
our findings provide strong evidence that AFP status predicts
important pathologic features independent of radiographic size

and should be incorporated into the selection criteria for LT
recipients with HCC.

In the present study, the patients with non-AFP–
producing tumors had significantly improved disease-free sur-
vival and lower recurrence rates compared with the patients
with AFP-producing tumors. Even for patients who did expe-
rience posttransplant recurrence, the median time to recur-
rence was significantly longer for the patients with non-AFP–
producing tumors than for patients with AFP-producing tumors

Figure 2. Kaplan-Meier Recurrence-Free Survival and Adjusted Incidence of Hepatocellular Carcinoma (HCC)
Recurrence Stratified by α-Fetoprotein (AFP) Status and Radiologic Milan Criteria
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The curves compare patients with
AFP-producing tumors with patients
with tumors that do not produce AFP
(non-AFP–producing tumors);
AFP status was used to further
discriminate survival among liver
transplant (LT) recipients within or
outside the Milan criteria (A), and
HCC recurrence in patients within or
outside the Milan criteria (B).
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(30.9 vs 13.4 months; P = .01), which supports the idea that non-
AFP–producing tumors are less virulent. Interestingly, the AFP
status of the recurrence itself also affected postrecurrence sur-
vival, with superior survival for patients with non-AFP–
producing recurrent tumors compared with patients with AFP-
producing recurrent tumors, irrespective of the AFP status prior
to the LT.

Perhaps most importantly, AFP status was able to further
discriminate outcomes among patients who had tumors within
or outside the radiologic Milan criteria, indicating that size cri-
teria alone fail to capture the tumor heterogeneity in these pa-
tients. For example, patients with non-AFP–producing tu-
mors within the Milan criteria had an excellent 5-year
recurrence-free survival of 71%, with only a 6% adjusted risk

of recurrence, compared with a 55% recurrence-free survival
and a 15% recurrence rate at 5 years for patients with AFP-
producing tumors within the Milan criteria (Figure 2). This
stratification by AFP status appeared even more important in
the subset of patients with tumors outside the Milan criteria,
allowing for identification of a group of patients with non-
AFP–producing tumors outside of the Milan criteria who dem-
onstrated an acceptable 5-year recurrence rate of 19% com-
pared with an unacceptably high 5-year recurrence rate of 42%
for patients with AFP-producing tumors outside the Milan
criteria (Figure 2B).

Similar to prior reports,15,37-39 the ability to downstage
tumors to meet the Milan criteria was an important require-
ment to achieve acceptable cancer outcomes in the subset of

Figure 3. Kaplan-Meier Recurrence-Free Survival and Adjusted Incidence of Hepatocellular Carcinoma (HCC)
Recurrence Stratified by α-Fetoprotein (AFP) Status and Downstaging to Milan Status

0

No. at risk

0 2 3 4 5

100

80

Su
rv

iv
al

 R
at

e,
 %

Years

60

40

20

1

Non-AFP downstaged
AFP downstaged

Recurrence-free survival outside Milan criteriaA

Log-rank P <.001

23 12 9 9 817
46 24 18 16 1332

Non-AFP
not downstaged
AFP not downstaged

15 10 8 6 612
49 20 13 12 1128

0 24 36 48 60

70

60

50

40

H
CC

 R
ec

ur
re

nc
e 

Ra
te

, %

Months After LT

30

20

10

0
12

Incidence of HCC recurrence outside Milan criteriaB

Log-rank P <.001

Patients with non-AFP–producing
tumors downstaged to Milan criteria
Patients with AFP-producing tumors
downstaged to Milan criteria
Patients with non-AFP–producing
tumors not downstaged to Milan criteria
Patients with AFP-producing tumors
not downstaged to Milan criteria

P =.01

P =.35

P <.001

P =.002

No. at risk
Non-AFP downstaged
AFP downstaged

23 12 9 9 817
46 24 18 16 1332

Non-AFP
not downstaged
AFP not downstaged

15 10 8 6 612
49 20 13 12 1128

The curves compare patients with
AFP-producing tumors with patients
with tumors that do not produce AFP
(non-AFP–producing tumors), for a
subset of liver transplant (LT)
recipients initially outside the Milan
criteria. The ability to successfully
downstage recipients to the Milan
criteria was important for
recurrence-free survival outside the
Milan criteria (A) and the incidence of
HCC recurrence (B).
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patients initially outside the Milan criteria (Figure 3). Inclu-
sion of serum AFP level in addition to radiologic size criteria
for transplant candidate selection has previously been pro-
posed. Duvoux et al22 proposed a model incorporating serum
AFP level, tumor size, and number of tumors that signifi-
cantly improved on the ability of size criteria alone to deter-
mine posttransplant recurrence. Similarly, Hameed et al23 dem-
onstrated that exclusion of patients with an AFP level of higher
than 1000 ng/mL who were within the radiologic Milan

criteria would exclude only 5% of recipients from an LT but
would eliminate 20% of posttransplant recurrences.

One of the main objectives of the present study was to iden-
tify important predictors of HCC recurrence in patients with
non-AFP–producing tumors and to compare these predictors
with those in patients with AFP-producing tumors. As ex-
pected, some of the most important predictors for HCC recur-
rence in patients with non-AFP–producing tumors included ra-
diologic size, number of tumors, adherence to size criteria,

Table 2. Bivariate Analysis of Factors Associated With HCC Recurrence Stratified by AFP Status

Factor

457 Patients
With AFP-Producing Tumors

208 Patients
With Non-AFP–Producing Tumors

P Value
for InteractionaHR (95% CI) P Value HR (95% CI) P Value

LT recipient

Age, per SD 0.77 (0.62-0.97) .02 0.78 (0.57-1.06) .11 .75

Male 1.72 (1.03-2.88) .04 0.80 (0.28-2.30) .68 .12

Diabetes 0.92 (0.55-1.54) .75 0.33 (0.07-1.44) .14 .18

Hypertension 0.92 (0.55-1.52) .74 0.71 (0.20-2.50) .60 .62

BMI, per SD 0.93 (0.71-1.22) .62 1.07 (0.75-1.51) .73 .69

MELD, per SD 1.15 (0.93-1.42) .19 1.03 (0.72-1.46) .89 .54

NLR, per log SD 1.42 (1.19-1.69) <.001 1.12 (0.59-2.14) .72 .48

Total cholesterol, per SD 1.19 (0.99-1.44) .07 0.99 (0.98-1.00) .20 .09

Radiologic factor

No. of lesions

2 vs 1 2.16 (1.27-3.68) .004 1.00 (0.21-4.70) .10
.28

≥3 vs 1 2.94 (1.75-4.94) <.001 4.98 (1.72-14.4) .003

Diameter of lesion, per log SD

Maximum 1.67 (1.36-2.04) <.001 1.70 (1.16-2.50) .01 .91

Cumulative 1.93 (1.57-2.37) <.001 1.70 (1.12-2.59) <.001 .64

Outside Milan criteria 6.25 (3.44-8.33) <.001 10 (3.7-33.3) <.001 .33

No. of pretransplant locoregional therapies

1 vs 0 0.58 (0.34-0.99) .05 0.81 (0.25-2.63) .73

.352 vs 0 0.58 (0.40-1.09) .10 1.20 (0.32-4.53) .79

≥3 vs 0 1.87 (1.04-3.34) .04 0.55 (0.06-4.74) .58

Modality

Transarterial therapy 0.66 (0.40-1.09) .10 0.14 (0.02-1.07) .06

.33Thermal ablation 0.44 (0.24-0.83) .01 0.20 (0.05-0.93) .04

Both 1.00 (0.53-1.91) .99 0.69 (0.19-2.50) .57

Pathologic factor

No. of tumors

2 vs 0-1 1.65 (0.88-3.10) .12 2.01 (0.53-7.63) .30
.76

≥3 vs 0-1 2.65 (1.62-4.33) <.001 4.39 (1.32-14.6) .02

Diameter, per log SD

Maximum 2.06 (1.66-2.56) <.001 1.97 (1.23-3.15) .01 .83

Cumulative 2.35 (1.86-2.98) <.001 2.32 (1.43-3.77) .001 .94

Vascular invasion

Microvascular vs none 2.35 (1.37-4.03) .002 3.07 (1.02-9.24) .05
.73

Macrovascular vs none 11.1 (6.87-18.0) <.001 8.75 (2.15-35.6) .002

Differentiation

Moderate vs well 2.46 (1.11-5.45) .03 2.44 (0.53-11.3) .25
.70

Poor vs well 3.73 (1.64-8.47) .002 1.97 (0.28-14.1) .50

Abbreviations: AFP, α-fetoprotein; BMI, body mass index; HCC, hepatocellular carcinoma; LT, liver transplant; MELD, Model for End-Stage Liver Disease;
NLR, neutrophil to lymphocyte ratio.
a Indicates whether effect of any given covariate on HCC recurrence differs significantly among patients with AFP-producing tumors and patients with

non-AFP–producing tumors.

Research Original Investigation Hepatocellular Carcinomas That Do Not Produce α-Fetoprotein

E8 JAMA Surgery Published online October 5, 2016 (Reprinted) jamasurgery.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://jamanetwork.com/ by a University of California - Los Angeles User  on 12/20/2016

http://www.jamasurgery.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamasurg.2016.3310


Copyright 2016 American Medical Association. All rights reserved.

pathologic size, and presence of vascular invasion. These same
factors were equally important in predicting HCC recurrence
in patients with AFP-producing tumors, with no evidence that
any covariate was differentially significant between the 2
groups (P > .05 for interaction).

As important as it is to have identified factors predicting
posttransplant recurrence, differential prioritization of LT
recipients with HCC also requires the determination of the
factors that affect waitlist dropout. While we have not yet
examined the effect of AFP status on waitlist dropout at our
center, fortuitously, several studies have shown that the fac-
tors affecting waitlist dropout due to tumor progression
similarly influence posttransplant outcomes.40,41 In a recent
study,23 more than 40% of patients with an initial AFP level
of higher than 1000 ng/mL experienced waitlist dropout due
to tumor progression; not surprisingly, patients with an AFP
level of higher than 1000 ng/mL undergoing an LT had a
5-year disease-free survival of 52.7%, significantly inferior to
the 80.3% survival observed among patients with an AFP
level of lower than 1000 ng/mL. The determination of the
“optimal” AFP cutoff remains to be determined. However,
along with previously reported experiences, our findings
support the concept that prioritization of LT recipients by
AFP status in addition to radiologic size criteria will align the
goals of minimizing waitlist dropout and optimizing post-
transplant cancer outcomes.

In addition to the inherent flaws in a retrospective analy-
sis, several limitations to the present study warrant discus-
sion. At an AFP threshold of 10 ng/mL, it is likely that some
patients were categorized as having AFP-producing tumors,
even though an underlying hepatitis, and not their tumor, per
se, was the source of an elevated AFP level of higher than
10 ng/mL. Furthermore, the longer median waitlist times in

our region42 may have resulted in some patients with initially
non-AFP–producing tumors beginning to produce AFP and,
hence, to be categorized as AFP-producing tumors, which may
limit the generalizability of our findings to other centers.
Despite this, it is important to emphasize that we have not pro-
posed an AFP threshold of 10 ng/mL as a prognostic cutoff, but
rather we have identified important radiologic and patho-
logic characteristics of tumors that do not produce AFP even
over a prolonged period of time. Ultimately, a change in the
HCC allocation policy will require a prospective assessment of
dynamic changes in both the serum AFP and radiologic para-
meters to pretransplant locoregional therapy to minimize the
risk of waitlist dropout while preserving posttransplant
oncologic outcomes.

Conclusions
In conclusion, despite significant improvements in posttrans-
plant outcomes for LT recipients with HCC with the institu-
tion of the Milan criteria, there is now overwhelming evi-
dence that radiologic size criteria alone do not optimally stratify
patients with HCC for LT. Serum AFP is an important bio-
marker of tumor behavior that reliably indicates a more ag-
gressive tumor phenotype, and we show that a higher AFP ex-
pression is associated with a significantly greater frequency
of poorly differentiated tumors and microvascular and mac-
rovascular invasion. The inclusion of AFP status to the exist-
ing radiologic Milan criteria allows for improved discrimina-
tion of tumor biology for LT recipients within or outside the
Milan criteria. We propose that the inclusion of serum AFP
status to the current radiologic size criteria will improve
transplant candidate selection and prioritization.
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