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Serum alpha-fetoprotein (AFP), a well-established biomarker for hepatocellular carcinoma
(HCC), increases the sensitivity of ultrasound-based surveillance programs for early-stage
HCC detection.l: 2 Multiple factor, including tumor burden, can affect AFP levels in patients
with HCC.3 Non-tumoral factors, such as race/ethnicity and liver disease etiology, are also
known to be associated with elevated AFP.3 With the increasing trend of earlier stage HCC
detection and shift from viral to non-viral etiology, we hypothesized that AFP level at HCC
diagnosis would decrease in the United States (US).

There are no contemporary, large-population level studies investigating AFP levels at HCC
diagnosis, with most studies conducted within single-center tertiary care referral cohorts,
which likely represents a biased population. We used the National Cancer Database (NCDB)
to investigate recent trends and factors associated with elevated AFP in the US. The
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NCDB is a large clinical oncology database that represents more than 70 percent of

newly diagnosed cancer cases nationally with more than 34 million historical records. We
identified all HCC patients in the NCDB between January 2010 and December 2017. HCC
diagnosis was based on the International Classification of Disease-Oncology-3 Edition
code C22.0 and histology codes 8170-8175. NCDB reports pre-treatment AFP in two
different ways: 1) ranges with the lowest range <20 ng/mL, and 2) category (normal,
borderline elevated, and elevated). In this study, we used the former range variable in most
(98%) patients, with elevated AFP defined as =20 ng/mL, and used the category variable in
those with missing AFP ranges.

Of 133,542 patients with HCC, AFP level was reported in 108,353 patients (81%).
Baseline characteristics were comparable between patients with and without AFP levels
(Supplementary Table 1). The median range of AFP at HCC diagnosis has trended down
from 70-79 ng/mL in 2010 to 30-39 ng/mL in 2017 (p < 0.001). Overall, 62.6% of patients
with HCC had elevated AFP levels, although there has been a decline in the percentage of
patients with AFP elevation from 2010 to 2017 (68.2% vs. 57.5%): - 6.6% annual change
in likelihood (95% confidence interval [CI]: =7.1%, —6.0%). (Figure 1A). The decline was
most notable among early-stage HCC from 55.7% in 2010 to 40.7% in 2017 with —8.7%
(95% ClI: —9.6%, —7.7%) annual percent changes (all p < 0.01 for pairwise comparisons
between Stage 1 vs. 2, 3, 4, respectively). Similar trends were found across different race/
ethnicity groups (Figure 1B-F).

Multiple demographic and clinical features were associated with increased AFP
(Supplementary Table 2). Among demographic variables, race/ethnicity had the strongest
association with increased AFP. Black (AOR: 1.59, 95% ClI: 1.53, 1.66), Asian (AOR:

1.30, 95% ClI: 1.24, 1.36) and Hispanic patients (AOR: 1.11, 95% CI: 1.06, 1.16) were

more likely to have elevated AFP compared to White patients. Among non-tumoral clinical
variables, lower Charlson/Deyo Comorbidity Score (AOR: 0.85, 95% CI: 0.82, 0.88), higher
MELD scores (AOR: 1.09, 95% ClI: 1.07, 1.10), clinical diagnosis of HCC (AOR: 1.45, 95%
Cl:1.41, 1.49) were associated with elevated AFP levels.

In this contemorary nationwide study of patients with HCC, we demonstrated a downtrend
in percentages of HCC tumors with elevated AFP at the time of diagnosis, with the strongest
trend seen in early-stage HCC. We also observed an association between elevated AFP and
demographic, socioeconomic, and clinical features of patients.

Currently, semi-annual liver ultrasound and AFP are recommended for HCC surveillance
in high-risk populations. However, it is well known that the sensitivity of ultrasound-based
surveillance is limited, especially in patients with metabolic etiology.* As the incidence of
HCC attributed to non-viral etiology rises, which is also associated with lower accuracy
of AFP3, a newer approach is needed to enhance the accuracy of liver cancer surveillance
programs.

Currently, AASLD guideline recommends diagnostic multiphasic CT/MRI for further
evaluation when AFP level is 20 ng/ml or higher in the surveillance test.> However, our
results suggest that the sensitivity of AFP as a biomarker for HCC at this threshold is not
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optimal for early-stage HCC. These changes in AFP values at HCC diagnosis are in part
related to increased early tumor detection via wider surveillance implementation but also
changes in liver disease etiology, with increased suppression of chronic viral hepatitis and an
increasing proportion of cirrhosis patients having non-viral liver disease. Our data reinforce
prior data that the threshold to consider diagnostic imaging may need to be lowered. A large
phase 2 biomarker case-control study from the Early Detection Research Network (EDRN)
reported that the optimal AFP cut-off value may be lower at 10.9 ng/mL with a higher value
in viral etiology (14.1 ng/ml) vs. non-viral etiology (5.5 ng/ml), and a phase 111 biomarker
study from Korea found the best threshold was 5 ng/mL for detection of early-stage HCC.6 7
Similarly, Gopal et al reported optimal AFP cut-offs likely vary by etiology with lower AFP
cut-off for non-HCV etiology.8

Due to the limitation of AFP as a single biomarker for HCC, studies are evaluating novel
biomarkers and biomarker panels that may have consistent performance across liver disease
etiologies. For example, the biomarker panel, GALAD, has been shown to be a highly
promising approach for early detection of HCC.® Finally, cFDNA mutation/methylation

and plasma extracellular vesicles are promising novel techniques for early detection of
early-stage HCC, although phase 3 external validation studies are in progress.10

There are several limitations of our study. Some pertinent data were unavailable in the
database analyzed (e.g., etiology of liver disease), which can impact AFP levels. NCDB does
not have data on the Barcelona Clinic Liver Cancer (BCLC) classification system; however,
stage-specific analysis was performed with the TNM system, which reflects tumor burden.
Finally, we were unable to evaluate AFP cut-offs below 20 ng/mL, as this is the lowest
threshold reported in the NCDB.

In conclusion, our large nationwide study demonstrates a downtrend of AFP levels at HCC
diagnosis, with the most remarkable decline seen among those with early-stage HCC. These
results are likely due to changes in the underlying liver disease etiology and increased early
tumor detection. An increasing percent of HCC with normal AFP, particularly in early-stage
cancer, highlights the urgent need for novel surveillance strategies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: Trend of elevated serum AFP levels at the time of HCC diagnosis, both overall and in
race/ethnicity subgroups

A. Overall.

From 2010 to 2017, there has been a decline in the percentage of HCC tumors with AFP
elevation with —6.6% annual change (95% CI: —7.1%, —6.0%). This decline was most
significant in early stage tumor: - 8.7% (95% CI: =9.6%, —7.7%), —6.1% (95% CI: —7.3%,
-4.8%), —4.5% (95% CI: 5.9, —-3.1%), —2.7% (95% Cl:-4.3%, —1.1%), annual percent
changes in TNM stage 1, 2, 3, 4, respectively (all p < 0.01 for pairwise comparisons between
Stage 1 vs. 2, 3, 4, respectively).

B. White

In White, there has been a decline in the percentage of HCC tumors with AFP elevation
with —6.2% annual change (95% CI: —6.9%, —5.5%). This decline was most significant

in early stage tumor: —8.6% (95% CI: —9.8%, —7.4%), —6.0% (95% CI: —7.6%, —4.5%),
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-4.1% (95% CI: -5.8%, —2.3%), —2.5% (95% CI: —4.5%, —0.5%), annual percent change in
TNM stage 1, 2, 3, 4, respectively (p=0.05 for Stage 1 vs. 2 and all p < 0.01 for pairwise
comparisons between Stage 1 vs. 3, 4, respectively).

C. Hispanic

In Hispanic, there has been a decline in the percentage of HCC tumors with AFP elevation
with —=7.0% annual change (95% CI: —8.6%, —5.5%). Annual percent changes were —7.8%
(95% ClI: -10.4%, —5.1%), —7.1% (95% CI: —10.5%, —3.7%), —6.1% (95% CI: —10.3%,
-2.0%), —2.7% (95% CI: =7.4%, 2.0%), in TNM stage 1, 2, 3, 4, respectively. (p=0.99 for
Stage 1 vs. 2, p=0.92 for Stage 1 vs. 3 and p = 0.25 for Stage 1 vs. 4).

D. Black

In Black, there has been a decline in the percentage of HCC tumors with AFP elevation with
—7.7% annual change (95% CI: —9.2%, —6.2%). This decline was most significant in early
stage tumor: —11.6% (95% ClI: —=14.2%, —9.0%), —6.2% (95% CI: —9.7%, —2.7%), —5.9%
(95% CI: —9.6%, —2.1%), —2.6% (95% CI: —6.9%, 1.7%), annual percent change in TNM
stage 1, 2, 3, 4, respectively (p=0.07 for Stage 1 vs. 2, p=0.06 for Stage 1 vs. 3 and p < 0.01
for Stage 1 vs. 4).

E. API and others

In API and others, there has been a decline in the percentage of HCC tumors with AFP
elevation with —5.5% annual change (95% CI: —7.4%, —3.6%). Annual percent changes were
=7.0% (95% CI: —10.1%, —4.0%), —5.3% (95% CI: —9.6%, —0.9%), 0.9% (95% CI: —3.9%,
5.8%), —=4.9% (95% CI: -11.5%, 1.7%) in TNM stage 1, 2, 3, 4, respectively (p=0.92 for
Stage 1 vs. 2, p=0.03 for Stage 1 vs. 3 and p = 0.94 for Stage 1 vs. 4).
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