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ABSTRACT

Background: Alpha-fetoprotein (AFP) has been widely used as a tumor marker in the treatment of hepatocellular carcinoma (HCC) in
patients with cirrhosis. However, a large number of HCC patients are diagnosed without cirrhosis, and the prognostic capability of AFP
was unclear in HCC patients without cirrhosis. Our purpose was to investigate the prognostic efficiency of AFP in patients with non-
cirrhosis, single, and small HCC who were treated with surgical resection.

Methods: Among the 111 374 liver cancer patients included in the Surveillance, Epidemiology, and End Results database, we selected
224 patients without cirrhosis with a single HCC <3 cm in diameter who were identified at diagnosis and treated with surgical resection.
The AFP test results were recorded as AFP-positive and AFP-negative levels.

Results: Kaplan-Meier method showed that there was no significant survival difference between the AFP-positive and AFP-negative
groups (P = .566). The same results were found in the subgroups of patients with tumor size <2 cm and 2-3 cm (P =.710 and .687,
respectively). Receiver operating characteristic (ROC) curve analysis showed that AFP had inadequate accuracy to discriminate survi-
vors and deceased patients in subgroups of patients with tumor size <3 cm, 2-3 cm, or <2 cm (area under the ROC curve = 0.449, 0.458,
0.443; 95% confidence interval = 0.366-0.533, 0.346-0.571, 0.317-0.569, respectively).

Conclusion: AFP levels have no predictive value in well-compensated non-cirrhosis patients with single, small HCC (<3 cm) treated with

surgical resection for curative intent.
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INTRODUCTION

Worldwide, liver cancer is the fifth common cancer but
the third leading cause of cancer-related mortality," and
hepatocellular carcinoma (HCC) is the most common
pathological type of liver cancer. The incidence of HCC
in Asia and parts of Africa is high, and although the inci-
dence is low in the Western world, it is gradually increas-
ing."® The American Association for the Study of Liver
Diseases (AASLD) and the Barcelona Clinic Liver Cancer
(BCLC) guidelines are commonly used for the manage-
ment of HCC. These systems assume the coexistence
of cirrhosis; however, a large portion of HCC patients
present with absence of cirrhosis.%” Furthermore, HCC
patients presenting without cirrhosis may show different
characteristics than patients with cirrhosis.

Early detection of HCC is the main goal of screening and
monitoring programs.® With anincrease in these screening
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and surveillance programs, more early stage small HCC
cases will be identified.

In the classification of BCLC, single and small HCC in
patients with compensated cirrhosis, and optimal perfor-
mance status are categorized as very early (Grade 0) and
early (Grade A) HCC, and these patients are usually cur-
able.® Therefore, these patients with single, small HCC
with non-cirrhosis and better optimal performance sta-
tus should be particularly amenable to curative treatment
that will help improve their prognosis.

Alpha-fetoprotein (AFP) is a tumor marker that has been
applied as a prognostic factor for HCC in patients with
cirrhosis. AFP assessment was recently dropped from
the AASLD guidelines of HCC treatment and diagnosis
because the early diagnosis of HCC has poor sensitivity
and lacks specificity.! However, whether AFP is effective
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as a prognostic factor when HCC is diagnosed in the
most favorable setting, such as in patients with single,
small HCC with non-cirrhosis and optimal performance
status, has not been sufficiently investigated. Some
studies suggested that the prognostic role of AFP in
HCC patients may be affected by the number and size
of the HCC nodules, although the conclusions have been
inconsistent.'0-18

In this research, we investigated the predictive value of
AFP in patients with non-cirrhosis, optimal performance
status, and single, small HCC (<3 cm) identified at diag-
nosis and who were cured with surgical resection per
treatment intent. Our purpose was to assess whether
AFP levels may have any prognostic power in this specific
setting.

MATERIALS AND METHODS

Data Source

The study cohort was assembled using data associated
with HCC from the Surveillance, Epidemiology, and End
Results (SEER) program (from 1988 through 2015). The
SEER database is maintained by the US National Cancer
Institute and provides information on cancer incidence

SEER Resaarch Databsse {19BR-2015%)

Liwer cancer identified by Sibe Code
C220in=111,374)

and survival.™ These data were publicly available and
participant consent was not necessary. A total of 111
374 patients who matched for liver cancer were initially
identified in SEER. The SEER database classifies fibrosis
according to Ishak scores defined by the American Joint
Committee on Cancer that range from 0 to 4 (undetect-
able to moderate fibrosis), designated “FO,"” and 5 to 6
(severe fibrosis or cirrhosis), designated "F1."'> In the
SEER database, cases in which the serum level of AFP was
elevated were recorded as AFP-positive and cases with
normal AFP serum levels were recorded as AFP-negative.

Histological codes were limited to HCC (8170, 8171,
8172, 8173, 8174, 8175). We excluded patients who did
not undergo surgical resection of HCC; patients who had
more than one primary cancer and HCC was not the first;
patients with more than one lesion (CS extension was
limited to codes: 100, 150, 200, 250, 270, 350, 370, 380,
510, 520, 530, 550); patients died from causes other than
HCC; patients with Ishak scores from 5 to 6; patients with
an unknown or missing cause of death; and patients with
unknown AFP level, degree of fibrosis or survival length.
As shown in Figure 1, the final patient group included
224 patients.
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Figure 1. CONSORT diagram. SEER, Surveillance, Epidemiology, and End Results; HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein.
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Statistical Analysis

The baseline demographic and tumor characteristics of
patients in the AFP-positive and AFP-negative groups
were compared using the chi-square test. The Kaplan—
Meier method was used to compare the HCC death rate
between groups. Multivariate Cox regression models were
used to identify predictive factors for survival outcomes.
Variables with P < .10 in univariate analysis were included
in the final multivariate model. Moreover, the receiver oper-
ating characteristic (ROC) curve was used to identify the
overall accuracy of AFP levels for discriminating between
survivors and deceased. P values < .05 were considered sta-
tistically significant. All statistical analyses were performed
using SPSS 22.0 software (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline Patient Characteristics According to

Tumor Size

We obtained data on a total of 224 patients who had HCC
tumor size <3 cm, 131 patients who had HCC tumor size
2-3 cm, and 93 patients who had HCC tumor size <2 cm.

Table 1 shows the main demographic and tumor charac-
teristics of patients in the AFP-positive and AFP-negative
groups subdivided according to tumor size. There were
no obvious differences between AFP-positive and AFP-
negative groups among the evaluated parameters, includ-
ing race, age, sex, pathological grade, tumor, nodes, and
metastases (TNM) stage, and SEER stage. However, we
found a significantly higher proportion of females among
AFP-positive patients than AFP-negative patients with a
tumor size <3 cm (25.0% vs. 12.5%, respectively; P =.020).

Subgroup Analysis of the Relation Between AFP and
Survival According to Tumor Size

During follow-up, in the subgroup with tumor size <3 cm,
62 patients (27.7%) died, and there was no obvious dif-
ference in the proportion of deaths between AFP-positive
and AFP-negative groups (31.3% vs. 12.5%; P = .168).
In the subgroup with tumor size 2-3 cm, 34 patients
(26.0%) died, and there was no obvious difference in the
proportion of deaths between AFP-positive and AFP-
negative groups (29.0% vs. 22.6%, P = .404). In the sub-
group with tumor size <2 cm, 28 patients (30.1%) died,
and there was no obvious difference in the proportion of
deaths between AFP-positive and AFP-negative groups
(33.9% vs.23.5%, P =.294).

Survival curves for hepatocellular carcinoma-specific sur-
vival (HCSS) of AFP-positive and AFP-negative patients
were generated according to tumor size. There was no

statistically significant difference in postoperative sur-
vival between AFP-positive and AFP-negative groups
with a tumor size <3 cm (10-year HCSS: 52.5% vs. 51.8%,
log rank x2 = 0.330, P = .566; Table 2, Figure 2A).

Repeat analysis was performed on the subgroup of
131 patients with HCC tumor size of 2-3 cm and the
subgroup of 92 patients with HCC tumor size <2 cm;
similarly, there was no significant survival difference
between AFP-positive and AFP-negative groups (HCC
2-3 cm: 8-year HCSS: 53.2% vs. 54.7%, log rank
x?> = 0.163, P = .687; Table 2, Figure 2B, HCC <2 cm:
10-year HCSS: 52.1% vs. 49.3%, log rank x? = 0.138,
P =.710; Table 2, Figure 2C).

Subgroup Analysis of the ROC Curve According to
Tumor Size

In the subgroup with tumor size <3 cm, the ROC curve
showed that AFP had insufficient accuracy in distinguish-
ing survivors and deceased patients (area under the ROC
curve = 0.449, 95% Cl = 0.366-0.533). The AFP cutoff
value identified by ROC curve analysis had unacceptably
low sensitivity (35.5%) and specificity (54.3%).

In the subgroup with tumor size 2-3 cm, the ROC curve
also showed that AFP had inadequate accuracy to dis-
criminate survivors and deceased patients (area under
the ROC curve = 0.458, 95% Cl = 0.346-0.571). An ROC
curve-identified AFP cutoff value also had unacceptably
low sensitivity (41.2%) and specificity (50.5%).

In the subgroup with tumor size <2 cm, the ROC curve
also showed that AFP had inadequate accuracy to dis-
criminate survivors and deceased patients (area under
the ROC curve = 0.443, 95% Cl = 0.317-0.569). An ROC
curve-identified AFP cutoff value also had unacceptably
low sensitivity (28.6%) and specificity (60.0%).

Finally, we also assessed the predictors of death in this
very homogenous population of non-cirrhotic patients
with small HCC after surgical resection and found that
age was the only predictor of survival (Table 3). However,
there was no significant survival difference associated
with sex, race, pathological grade, TNM stage, marital sta-
tus, SEER stage, AFP level (positive or negative) or tumor
size (<2 or 2-3cm).

DISCUSSION

AFP was removed as a monitoring equipment for HCC
in patients with cirrhosis in the latest AASLD HCC diag-
nostic and management guidelines of HCC, although
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Table 1. Baseline Demographic and Tumor Characteristics of HCC Patients with AFP-Positive and AFP-Negative Serum Levels

AFP (Tumor Size <3 cm)

AFP (Tumor Size 2-3 cm)

AFP (Tumor Size <2 cm)

Positive Negative Positive Negative Positive Negative
(N=128)  (N=96) (N=69) (N=62) (N=59) (N=34)

Characteristic N (%) N (%) P N (%) N (%) P N (%) N (%) P

Sex .020 .059 .160
Male 96 (75.0) 84 (87.5) 51 (73.9) 54 (87.1) 45 (76.3) 30 (88.2)

Female 32 (25.0) 12 (12.5) 18 (26.1) 8(12.9) 14 (23.7 4 (11.8)

Age 296 241 .848
<60 73 (57.0) 48 (50.0) 36 (52.2) 26 (41.9) 37 (62.7) 22 (64.7)
>60 55 (43.0) 48 (50.0) 33(47.8) 36 (58.1) 22 (37.3) 12 (35.3)

Race 215 .699 .200
White 64 (50.0) 54 (56.3) 35 (50.7) 35 (56.5) 29 (49.2) 19 (55.9)

Black 13 (10.2) 14 (14.6) 8 (11.6) 8(12.9) 5(8.5) 6 (17.6)
Other* 51(39.8) 28(29.2) 26 (37.7) 19 (30.6) 25 (42.4) 9(26.5)

Pathological grade .380 .263 .710
Well/Moderate 76 (59.4) 61(63.5) 39 (56.5) 37 (569.7) 37 (62.7) 24 (70.6)
Poor/Anaplastic 15 (11.7) 6 (6.3) 12 (17.4) 5(8.1) 3(5.1) 1(2.9)

Unknown 37 (28.9) 29 (30.2) 18 (26.1) 20 (32.3) 19 (32.2) 9(26.5)

TNM stage .059 231 .209
| 66 (51.6) 59 (61.5) 38 (55.1) 39(62.9) 28 (47.5) 20 (58.8)

Il 4(3.1) 7 (7.3) 2(2.9) 4 (6.5) 2 (3.4) 3(8.8)
1] 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
\% 0(0.0) 1(1.0) 0(0.0) 1(1.6) 0(0.0) 0(0.0)
Unknown 58 (45.3) 29 (30.2) 29 (42.0) 18 (29.0) 29 (49.2) 11 (32.4)

SEER stage 135 211 731
Localized 123 (96.1) 92 (95.8) 66 (95.7) 58 (93.5) 57 (96.6) 34 (100.0)
Regional 5(3.9) 2(2.1) 3(4.3) 2(3.2) 2 (3.4) 0(0.0)

Distant 0(0.0) 2(2.1) 0(0.0) 2(3.2) 0(0.0) 0(0.0)

*Other includes American Indian/Alaska native, Asian/Pacific Islander, and unknown. #Non-married includes widowed, never married, divorced, separated,

unmarried, and domestic partner.

HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; SEER, Surveillance, Epidemiology, and End Results.

this decision was controversial."'®'’ Indeed, surveillance
programs using a combination of AFP and ultrasound
for the detection of early HCC increases the sensitiv-
ity of ultrasound alone by a mere 6%-8%, resulting in
doubling in the rate of false alarm rate and growing at
an unacceptable rate (by 84%) in surveillance-related
costs.'®'® Thus, AFP does not provide an extra advantage
over ultrasound.

A staging system using AFP levels showed that AFP was
positively correlated with the degree of HCC pathologi-
cal grade and tumor progression.* A retrospective study

in a large cohort demonstrated that the AFP level at
diagnosis was an independent risk predictor associated
with pathological grade, TNM stage, tumor size, and sur-
vival.?’ Two studies reported that a high preoperative AFP
level was significantly associated with a worse survival
in HCC patients with non-cirrhotic livers.?'?? However,
most studies assessed the prognostic ability of AFP
involving heterogeneous cohorts of patients, and thus
their effectiveness as a prognostic tool in well-defined
patients cannot be properly assessed.'®?®* HCC patients
either with or without cirrhosis should be separated into
subsets for separate analysis. Moreover, since previous
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Table 2. Kaplan—-Meier Analysis of the Association of AFP-Negative and AFP-Positive Serum Levels on Survival

Log rank
Variable Total  1-year HCSS 3-year HCSS 5-year HCSS 8-year HCSS 10-year HCSS X? test P
AFP (<8cmiin 224 0.330 .566
diameter)
Positive 128 94.9% 83.5% 68.1% 52.5% 52.5%
Negative 96 97.9% 86.4% 72.5% 58.2% 51.8%
AFP (2-3cmiin 131 0.163 .687
diameter)
Positive 69 93.7% 84.1% 68.3% 53.2% 53.2%
Negative 62 98.4% 85.0% 73.3% 54.7% -
AFP (<2cmin 93 0.138 .710
diameter)
Positive 59 96.4% 82.9% 68.4% 521% 52.1%
Negative 34 97.0% 88.7% 70.4% 61.6% 49.3%
AFP, alpha-fetoprotein; HCSS, hepatocellular carcinoma-specific survival.
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Figure 2. Survival curves based on Kaplan-Meier analysis comparing the association of AFP-positive and AFP-negative status with HCC
cause-specific survival according to tumor size. (A) Tumor size <3 cm, (B) tumor size 2-3 cm, and (C) tumor size <2 cm.

studies showed that the prognostic ability of AFP in HCC
patients may be affected by the number and size of the
HCC nodules, a subanalysis in patients subdivided by size
and number of the HCC nodules should be performed.'%-13

Several reports have revealed that a significant pro-
portion of HCC patients do not show cirrhosis.” One
study identified 433 patients undergoing liver resec-
tion for HCC with complete information on fibrosis
scores using SEER data from 2004 to 2013.5 Of these
patients, 55% (783/1433) had undetectable to moder-
ate fibrosis (0-4 Ishak scores). In a study in Kentucky, a
significantly higher proportion of HCC patients (60.2%,
62/103) presented without cirrhosis or hepatitis.’
The present study collected data from 1988 through
2015 in SEER from 16 618 HCC patients with Ishak score

information; among these patients, 3208 (19.3%) had
undetectable to moderate fibrosis and among patients
with tumor size <3 cm (5825 cases), 756 (13.0%) had
undetectable to moderate fibrosis.

In this study, we defined small HCC using a cut-off of
3 cm, as reported by several studies demonstrating a
remarkable result after effective treatment in these cases
and as this threshold was accepted for treatment by the
Asian Pacific Association for the Study of the Liver.24-26
One report revealed that AFP showed no prognostic abil-
ity in well-compensated cirrhosis patients with single,
small (tumor size <38 cm) HCC treated with curative
intent.?” The present study also showed that AFP had no
prognostic role in non-cirrhosis patients with single, small
HCC treated with surgical resection. In addition, we did
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Table 3. Univariate and Multivariable Survival Analysis to Identify Predictors of Postoperative-Specific Survival of HCC Patients with
Tumor Size <3 cm

Univariate Analysis Multivariable Analysis
Total 5-year 8-year
(n=224) HCSS HCSS Log rank x2 test P HR (95% ClI) P
Sex 0.032 .859 NI
Male 180 68.2 56.7
Female 44 76.0 475
Age 6.322 .012 .029
<60 121 74.2 65.2 Reference
>60 103 63.3 343 1.777 (1.059-2.981)
Race 2.981 .225 NI
White 118 68.3 46.8
Black 27 69.2 69.2
Other* 79 67.3 63.3
Pathological grade 1.680 432 NI
Well/Moderate 137 70.5 59.0
Poor/Anaplastic 21 85.0 51.0
Unknown 66 64.6 48.3
TNM stage 7.644 .054 .258
| 125 68.7 - Reference
1l 11 44.4 - 1.966 (0.584-6.615) 275
1l 0 - - - -
\% 1 - - 5.011 (0.658-38.145) 120
Unknown 87 7341 57.4 0.887 (0.493-1.599) .691
SEER stage 3.163 .206 NI
Localized 215 71.0 548
Regional 7 33.3 33.3
Distant 2 50.0 50.0
Tumor size 0.085 a7 NI
<2cm 93 68.9 55.2
2-3cm 131 70.4 53.8
AFP 0.330 .566 NI
Positive 128 68.1 525
Negative 96 725 58.2

*Other includes American Indian/Alaska native, Asian/Pacific Islander, and unknown. ¥*Non-married includes widowed, never married, divorced, separated,
unmarried and domestic partner.

HCC, hepatocellular carcinoma; AFP, alpha-fetoprotein; SEER, Surveillance, Epidemiology, and End Results;

NI, not included in the multivariable survival analysis.

not detect any correlation between AFP and pathological has a significantly positive correlation with the size of
grade and TNM stage in all subgroups with tumors <3 cm, HCC,2°?% and therefore for small HCC, the mean AFP
2-3cm, or <2cm. level may be lower, which may lead to diluted efficiency

of the prognostic ability of AFP. Second, as reported by
The poor prognostic performance of AFP observed previous studies,??%3° our findings also suggested that
in our study may be due to several reasons. First, AFP increased AFP levels were associated with female gender,
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and no significant relationship was detected between
AFP and other characteristics. In fact, the prognostic
capability of AFP seems to be highly dependent on tumor
size and curative effect because of different treatment
modalities; this capability was more evident in patients
with higher stage HCC and in those who received pal-
liative care, and less apparent in those with small tumor
and in those who received curative treatment (for exam-
ple, surgical resection).’0'88132 |n fact, when patients
with advanced liver disease and/or terminal HCC were
excluded from the analysis, the prognostic ability of AFP
was greatly impaired. These conclusions are also in favor
of our findings that there is no "therapeutic disparity” in
our series, and mortality and cause of death are evenly
distributed among patients with negative and positive
AFP levels, which may exclude the presence of other pos-
sible prognostic confounding factors. Thus, combined
with our findings, we propose that some determinants
such as degree of fibrosis, tumor size, and different treat-
ment strategies should be defined within a narrow range
as inclusion criteria according to the study.

This study has some limitations. First, the SEER database
does not provide information of tumor recurrence after
surgery, and thus the influence of AFP levels on recur-
rence endpoints could not be evaluated in this study.
Second, the etiologies of cirrhosis in the SEER database
are not available and could not be included in the study.
Third, the precise AFP test results were unavailable, as
the SEER database only divided AFP results into AFP-
positive and AFP-negative levels; therefore, the ROC
curve could not be performed using actual AFP test val-
ues, and univariate and multivariable survival analyses
could not be performed with more specific levels. Fourth,
fibrosis was divided into only two stages, as Ishak scores
0-4 (undetectable to moderate fibrosis) and Ishak scores
5-6 (severe fibrosis or cirrhosis); thus, it was not possible
to perform subanalysis according to individual fibrosis
stage. Finally, the selection criteria for this study were
very rigorous, and so the study population was limited to
224 cases.

CONCLUSION

We found that AFP has no effect on the prognosis of
patients with a single, small HCC treated with surgical
resection and without cirrhosis. These findings highlight
the ineffectiveness of serum AFP assays in the clinical
setting, where monitoring of HCC may provide its maxi-
mal benefit in terms of amenability to curative treatment.
Therefore, there is a need to identify new markers that

have a highly accurate predictive ability for the prognosis
of patients with early HCC.
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