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Abstract

Background and Aim: Alpha-fetoprotein (AFP), an oncofetal protein and
biomarker in hepatocellular carcinoma (HCC), has unclear roles and ac-
tions.To evaluate the relationships between AFP, liver function tests, and
HCC aggressiveness.

Materials and Methods: A retrospective analysis of an HCC patient data-
base was conducted to examine the relationships between baseline serum
AFP values, liver function tests, and tumor characteristics.

Results: Statistically significant positive trends were observed between
AFP levels and both AST and bilirubin, along with negative trends between
AFP and albumin. Significant correlations were also found between AFP
and MTD, multifocality, and PVT. Increases in MTD, multifocality, and
PVT were noted even at low AFP levels, indicating both AFP-independent
and AFP-dependent processes. However, these parameter changes were
minimal compared to the substantial changes in AFP levels. Relationships
between AFP-related liver and tumor characteristics were found to be sim-
ilar but inverse to those for albumin, with normal albumin levels associated
with more favorable tumor characteristics. Additionally, serum levels of
albumin and AFP were inversely related.

Conclusion: AFP and albumin levels significantly, but inversely, correlate
with tumor parameters, suggesting that albumin may suppress HCC func-
tions and could serve as a potential prognostic marker.
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Introduction

Hepatocellular carcinoma (HCC) prognostic factors are broadly
grouped into liver factors and tumor factors. Unlike most other tu-
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mors, a high percentage of HCC patients die from their underlying
liver disease, which predisposes them to HCC.!!"! This was first for-
mally recognized in the staging system developed by Okuda.l?! Tu-
mor factors include three radiologically observed parameters: maxi-
mum tumor dimension (MTD), tumor multifocality, and macroscopic
portal vein thrombosis by the tumor (PVT), as well as serum levels
of alpha-fetoprotein (AFP).4 Although AFP levels have been exten-
sively studied in HCC and are considered a useful prognostic marker
when elevated,*” the connection between high AFP levels and poor
prognosis is unclear, despite the known correlation of increasing AFP
levels with HCC size.[® Considering that survival in HCC patients
depends on liver function, tumor characteristics, or both, this report
examines the relationships between AFP and liver function tests
(LFTs), and between AFP and tumor characteristics such as MTD,
multifocality, and PVT.

We found a significant, yet weak, correlation between AFP levels and
all three tumor factors. However, there is an inverse relationship be-
tween AFP and albumin serum levels, with albumin also significantly
relating to all three tumor characteristics.

Materials and Methods
Clinical

A database containing 6,488 adult HCC patients, previously dis-
cussed in our publications,” ') was examined for baseline tumor
characteristics. These included MTD, number of tumor nodules,
macroscopic PVT, baseline serum AFP levels, and standard serum
LFTs. Diagnosis was made either through tumor biopsy or in accor-
dance with AASLD/EASL guidelines. All patients were classified
as Child Pugh class A or B and received locoregional therapy, ex-
cept for some who received only best supportive care. The majority
of these patients had chronic hepatitis B (75%), a minority with
hepatitis C, virtually no cases of alcoholism, and a very small num-
ber of NASH patients.

Database management adhered to privacy legislation, and this study
conforms to the ethical guidelines of the Declaration of Helsinki.
Approval for this retrospective study on deceased and de-identified
HCC patients was granted by our Institutional Ethics Committee,
IRB Approval No. 2022-3905 (Oct 4, 2022). The approval includ-
ed a waiver from written informed consent for these deceased and
de-identified patients, in line with local guidelines.
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Figure 1. Relationships between serum AFP and liver function values. Histogram between: (a) Aloumin and AFP in categories (deciles), (r=-0.1064",
p<0.0001), together with a linear regression line of Alboumin on AFP as categories (deciles), in total cohort, (b) AST AFP in categories (deciles),
(r=0.0365", p=0.0015), in total cohort; (c) Total bilirubin and AFP in categories (deciles), (r=0.0520%, p<0.0001), in total cohort.

*r, Pearson’s correlation coefficent; AFP: Alpha-fetoprotein; AST: Aspartate aminotransaminase.

Statistical Analysis

Patient parameters were reported as meantstandard deviation
(M=£SD) for continuous variables, and as frequencies and percentag-
es (%) for categorical variables.

Normal distributions of quantitative variables were tested using the
Kolmogorov-Smirnov test.

To test associations among groups, the Chi-square test was used for
categorical variables. For continuous variables not normally dis-
tributed, the Kruskal-Wallis rank test and the Wilcoxon rank-sum
(Mann-Whitney) test were used to evaluate differences between
groups.

The > method for trend was performed to evaluate the trend between
categorical levels for PVT positive (PVT (+)) and Focality (foci 1,
2, >3). For continuous variables, the non-parametric test for trend
across ordered groups was employed.

The proportion test was applied to evaluate statistical differences
between each level of Albumin (g/dL) as a category in the parame-
ters examined.

When testing the null hypothesis of no association, the probability
level of error, two-tailed, was set at 0.05. All statistical computations
were conducted using StataCorp. 2021. Stata Statistical Software:
Release 17. College Station, TX: StataCorp LLC.
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Results

Relationships between AFP Concentrations and Liver
Function Test Values

The relationships between serum levels of AFP and various serum
liver function parameters were initially examined. AFP intervals were
derived from dividing AFP levels into deciles. The relationship be-
tween AFP and albumin levels was significant and inverse, with the
lowest AFP levels corresponding to the highest (most normal) albu-
min levels (Fig. 1a). Albumin levels began to decline as AFP levels
rose above 8 IU/mL (upper limit of normal in our clinical lab). When
AFP levels approached 6000 IU/mL (200-fold increase), albumin lev-
els decreased to 3.1 g/dL. The dynamic range of albumin is clearly
much smaller compared to that of AFP. Despite this, albumin levels
decreased as AFP levels increased in the abnormal range. The asso-
ciation between AFP and Albumin was inverse, as indicated by their
Spearman’s correlation value, rho = -0.1787 (p<0.0001). The rela-
tionship between serum AFP and aspartate aminotransaminase (AST)
levels was also examined. AST levels significantly increased with
increases in AFP levels (Fig. 1b) but decreased again at the highest
AFP levels. Similar trends were observed for AFP and serum total
bilirubin levels (Fig. 1c). These trends in levels of albumin, AST, and
bilirubin with increasing AFP levels likely reflect liver damage or
inflammation.
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Figure 2. Relationships between serum AFP levels and tumor characteristics. Histogram between: (a) MTD and AFP in categories (deciles), (r=0.1933¥,
p<0.0001). In total cohort. (b) % Multifcality (number nodules >3) and AFP in categories (deciles), (p<0.0001%), All patients with AFP <10.000 (IU/mL).
(¢) % PVT (+) and AFP in categories (deciles), (p<0.0001*). All patients with AFP <10.000 (IU/mL).

*r, Pearson’s correlation coefficent;

Relationships between AFP Concentrations and Tumor
Characteristics

The relationships between serum AFP levels and the three main tumor
characteristics—MTD, percentage of patients with PVT, and percent-
age of patients with tumor multifocality—were then examined (Fig.
2). We found that MTD significantly increased with increases in AFP
values above 62 IU/mL (Fig. 2a). The mean MTD at the lowest AFP
levels was 4 cm, suggesting that effects of AFP on MTD might only
occur after reaching a certain minimum tumor size. A similar signifi-
cant trend was observed for the relationship between AFP levels and
the percentage of patients with multifocality (Fig. 2b). Notably, about
11% of patients had multifocality even at the lowest AFP levels. A sim-
ilar pattern was found for the relationship between AFP values and the
percentage of patients with PVT (Fig. 2¢). A small percentage (13%) of
patients had PVT even at the lowest AFP levels (<3.0), but this did not
start to increase until AFP levels reached around 12.85 IU/mL or more.
This suggests the existence of both AFP-related and non-AFP-related
PVT patient groups.

To further evaluate whether the individual increments of the three tu-
mor characteristics might be related to increases in AFP, AFP values
were subdivided into three groups: (<100), (101/<1600), and (>1600)
IU/mL, respectively. These were then analyzed to determine if the in-
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* Chi-square for trend. MTD: Maximum tumor diameter; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis.

creases in mean MTD (cm), percentage of multifocality, and percent-
age of patients with PVT differed across the new AFP categories (Fig.
3a—c). Although the parameters in each of the three AFP groupings sig-
nificantly differed from each other, the tumor parameter changes were
relatively small compared to the substantial changes in the three AFP
categories (Fig. 3a—c). Therefore, the effects of AFP on each parameter
appeared to be small, albeit statistically significant.

Comparisons of Tumor Characteristics Among Albumin Categories:

AFP, a fetal form of albumin, decreases rapidly at birth with a concom-
itant increase in albumin levels. We examined the relationship between
serum albumin levels and the three tumor characteristics in patients
with either high or low AFP levels, and those with high or low serum
albumin levels (Table 1).

Table 1a indicates that in the total cohort, as serum albumin levels
decrease, there is a concomitant and statistically significant increase
in MTD, a doubling in the percentage of patients with PVT, and a
significant increase in the percentage of patients with tumor multifo-
cality. Table 1b presents the same trends in patients with low serum
AFP levels (<100 IU/mL). Similar trends were observed in patients
with elevated serum AFP levels (Table 1c¢). For each MTD value in
the low AFP (<100 IU/mL) group, the MTD was smaller compared
to patients in the higher AFP (100<AFP<6400 IU/mL) group (Table
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Figure 3. Tumor characteristics in HCC categories. Histogram in all patients with AFP <10.000 (IU/mL) between: (a) MTD and AFP in categories
(p<0.0001*). The line is the equation of the interpolation values. (b) % Multifcality (number nodules >3) and AFP in categories, (p<0.0001%). The line is
the equation of the interpolation values. (¢) % PVT (+) and AFP in categories, (p<0.0001*). The line is the equation of the interpolation values.

* Chi-square for trend. " Test for pairwise comparisons of proportions. MTD: Maximum tumor diameter; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis.

1b vs. 1c). This pattern was also evident in both the percentage of
PVT and multifocality (Tables 1b vs. 1c). The PVT percentages in
the high AFP group were triple those of the low AFP group for the
low albumin cohorts (8.83% vs. 24.74%) and more than double in the
intermediate albumin cohort (13.44% vs. 33.76%). In both the low
AFP (Table 1b) and the high AFP (Table 1c) groups, there was an
increase in both percent PVT and multifocality as albumin decreased
from left to right across columns (a) to (b) to (c) in Tables la, 1b, and
1c. Levels of total serum bilirubin were also analyzed to determine
if changes in albumin or AFP might reflect liver failure. Small but
significant differences were observed in the levels of total bilirubin,
ranging from 0.9 to 1.5 mg/dL.

We then calculated the relationships between increasing serum albu-
min concentrations in 2cm increments and tumor characteristics (Fig.
4a—d). A significant trend was found for albumin concentration in re-
lation to MTD, percent multifocality, and percent PVT. Notably, for
PVT, there was a 3.6-fold difference in the percentage of patients with
PVT between the lowest and highest serum albumin levels (36.29%
vs. 10.12%). For multifocality, the difference was 1.91-fold, and for
MTD, it was 1.42-fold. Using the same serum albumin categories as
in Figures 4a, 4b, and 4¢ on the X-axis, the corresponding serum AFP
values were plotted. An inverse relationship was observed between
levels of serum AFP and albumin (Fig. 4d). The highest AFP levels,
which corresponded with the highest MTD, PVT, and multifocality
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as shown in Figure 3, were associated with the lowest albumin levels
(Fig. 4d). Conversely, the highest albumin levels were associated with
the lowest AFP levels (Fig. 4d) and with the lowest MTD, PVT, and
multifocality (Fig. 4a—c).

Discussion

This study aimed to examine the correlations between AFP and both
liver and tumor factors, as both are altered in HCC patients and be-
lieved to contribute to prognosis. The examination of AFP’s relation-
ship to liver function revealed a significant negative correlation be-
tween AFP and albumin (where low albumin levels are abnormal) and
a positive correlation between AFP and both AST and total bilirubin
(where high levels are abnormal). We also investigated alanine amino
transferase, gamma-glutamyl transpeptidase, and alkaline phosphatase
(data not shown), finding results similar to those for AST. Abnormal
levels of bilirubin, AST, and albumin all indicate liver damage, like-
ly due to underlying hepatitis or cirrhosis, or from liver parenchyma
destruction due to HCC growth. The relationships between rising AFP
levels and increases in MTD, multifocality, or PVT were expected.
However, several aspects merit attention. First, at the lowest (normal)
AFP levels (<3 IU/mL), MTD had already reached 4 cm, multifocality
was present in 11% of patients, and PVT in 13.9% (Fig. 2). There-
fore, these tumor parameters did not require AFP in the early stages

Hepatology Forum 2024 Vol. 5 | 11-17
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Figure 4. Relationships between serum albumin levels and tumor characteristics. Histogram in all patients with AFP <10.000 (IU/mL) between: (a)
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concentrations in g/dL.

* Test for trend. ¥ Test for pairwise comparisons of proportions. MTD: Maximum tumor diameter; AFP: Alpha-fetoprotein; PVT: Portal vein thrombosis.

of disease progression. This indicates either an AFP-dependent and
AFP-independent phase, or a minor role of AFP, as seen in MTD with
a dynamic range of 4.42-7.91 cm (less than 2-fold), despite an AFP
range of <3—-6920 IU/mL (2000-fold). These substantial increases in
AFP compared to minimal increases in MTD, percent multifocality,
or percent PVT are further illustrated in Figure 3. HCCs are thought
to undergo dynamic changes, with increases in MTD associated with
nonlinear increases in patients with tumor multifocality and PVT (tu-
mor evolution).!'!

AFP is part of a gene family closely related to albumin, and their struc-
tures are similar. AFP is considered the fetal counterpart of albumin
and the primary protein in embryonic plasma.l'¥ During the neonatal
period, plasma AFP levels drop drastically as albumin levels increase,
and there is evidence of mutual control of albumin and AFP expression.
(14151 Moreover, albumin can suppress both HCC growth and AFP lev-
els.'®17) Consequently, we considered albumin as a potential effector
protein mediating the relationship between AFP and tumor parameters.
This hypothesis is supported by the results in Figures 4a, 4b, and 4c,
demonstrating significant suppressive effects of serum albumin concen-
trations over a 1.56-fold dynamic range (<2.5-3.9 g/dL) versus per-
cent of patients with PVT (36.29% vs. 10.12%, a 3.58-fold range), and
lesser suppression of percent of patients with multifocality (1.68-fold
range) and MTD (1.42-fold range). The significant inverse relationship

Hepatology Forum 2024 Vol. 5| 11-17

between serum AFP and albumin values is depicted in Figure 4d. When
patients were categorized into albumin groupings (<2.8, 2.8-3.5, >3.5
g/dL) based on the Child Pugh cirrhosis score,!'¥! significant decreases
in MTD, percent PVT, and percent multifocality were observed as se-
rum albumin levels normalized, in both patients with low and high AFP
levels. Our previous work has shown a link between liver dysfunction
indices and HCC aggressiveness parameters.*! Several staining and
gene expression studies have demonstrated an inverse relationship
between AFP and albumin in HCC tissues and circulating cells.!'*22
Albumin levels were found to be decreased in both tumors and peri-
tumoral tissues.! Furthermore, the experimental addition of albumin
inhibited HCC invasion and migration in vitro, while albumin depletion
significantly promoted these processes.!'%!"?4 These findings lead to
two hypotheses. The first suggests that poorer liver function, associated
with more aggressive HCC characteristics,*”! could be a cause or conse-
quence. However, the relatively narrow range of bilirubin levels (Table
1 and Fig. 1c) implies that liver dysfunction may not fully explain these
findings. The second hypothesis, which we believe is novel, posits a re-
ciprocal relationship between AFP and albumin levels. Given albumin’s
previously demonstrated role in modulating HCC growth, the lower al-
bumin (and higher AFP) levels in larger and more aggressive HCCs
(with more PVT) might reflect a decrease in albumin, postulated to be
an endogenous HCC negative regulator (braking system).
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Table 1. Comparisons of MTD, percent multifocality, and PVT in albumin categories

Albumin (g/dL)

Parameters* Albumin >3.5 2.8< Albumin <3.5 Albumin <2.8 ph Comparisons (p)
(a) (b) (c) (b)vs(@)  (c)vs(a) (c)vs(b)

a)

MTD (cm) (M+SD) 4.31+3.43 4.67+3.96 5.32+4.09 0.0001 0.007* <0.0001¥ <0.0001*

Median (min—max) 3.00 (0.05-37.00) 3.10 (0.12-50.00) 4.00 (0.17-59.00)

PVT (+) (%) 699 (15.67) 249 (22.27) 1313 (33.81) <0.001# <0.001% <0.001¥ <0.001¥

Nodules # (=3) (%) 2456 (42.00) 754 (50.47) 2876 (58.00) <0.001# <0.001¥ <0.001¥ <0.001¥
b)

MTD (cm) (M+SD) 3.68+2.87 3.99+3.45 4.30£3.59 0.0001 0.09* <0.0001¥ 0.01%

Median (min—max) 2.90 (0.10-37.00) 3.00 (0.12—42.00) 3.00 (0.18-54.00)

PVT (+) (%) 250 (8.83) 88 (13.44) 439 (23.41) <0.001# 0.001¥ <0.001¥ <0.001¥

Nodules # (=3) (%) 1435 (37.33) 430 (46.09) 1358 (52.25) <0.001# <0.001¥ <0.001¥ 0.001¥
c)

MTD (cm) (M+SD) 5.00+3.65 5.31+£3.58 5.94+4.16 0.0001 0.085* <0.0001¥ 0.016%

Median (min—max) 3.80 (0.20—25.00) 4.00 (0.70—20.00) 5.00 (0.22-59.00)

PVT (+) (%) 218 (24.74) 80 (33.76) 399 (39.98) <0.001# 0.008* <0.001¥ 0.071¥

Nodules # (=3) (%) 581 (51.69) 174 (58.19) 822 (66.88) <0.001# 0.043¥ <0.001¥ 0.006*

*: All values as mean and standard deviation (M+SD) and as Median minimum and maximum (min—-max) as continuous; Frequences and Percentage (%). *: Kruskal-
Wallis rank test; ¥: Wilcoxon rank-sum (Mann-Whitney) test; #: Chi-square test; ¥ test for pairwise comparisons of proportions; MTD: Maximum tumor diameter; PVT:
Macroscopic portal vein thrombosis; AFP: Alpha-fetoprotein. Serum Albumin concentrations in g/dL.

Conclusion

Consequently, albumin emerges as a promising candidate for a central
role or as a sensor in HCC development, given its significant correlation
over a narrow dynamic range with MTD, PVT, and multifocality, both in
the presence and absence of elevated AFP levels. Since serum albumin
has been shown experimentally to suppress HCC cell growth and invasion
in vitro,l'%1724 it may also be a potential therapeutic option for some HCC
patient subsets with high AFP levels. These characteristics further suggest
that albumin could serve as a useful prognostic biomarker for HCC.
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