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Abstract

Background. Hepatocellular carcinoma (HCC) is a frequent and major cause of cancer mortality in the Philippines, mostly
due to its late diagnosis. For better survival, early detection is essential. This study compared the performance of three sur-
veillance strategies in the detection of HCC: a Modified GALAD score (a serum biomarker-based model), ASAPUSTE score
(blood plus ultrasound and transient elastography), and the standard surveillance strategy, serum AFP plus ultrasound.

Methodology. This is a single-center case-control study of 26 HCC cases and 92 controls with cirrhosis or patients at-risk
for HCC were analyzed.

Results. The Modified GALAD score demonstrated the highest sensitivity (96.2%) with an AUC of 0.775 compared with
standard surveillance (76.9%) and ASAPUSTE (65.4%). The addition of transient elastography (ASAPUSTE) did not improve
sensitivity (65%), but enhanced specificity (37%) in this study cohort.

Conclusion. A blood-based surveillance strategy (Modified GALAD) using serum biomarkers combined with demographic

information offers an accurate approach to detect HCC without the use of imaging.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most
common cancer, the third leading cause of cancer deaths
worldwide, and the second most common cause of
cancer deaths in the Philippines with 9,953 deaths in the
year 2020 because of late diagnosis (GLOBOCAN, 2020)."
Five-year survival rates among Filipino patients with HCC
range from 8.5-12.5%.2 The late detection of HCC is due to
its long asymptomatic phase and the lack of awareness of
the at-risk population, leading patients not to seek medical
care. The Philippines being hyper-endemic for Hepatitis B
infections with a 16.7% HBsAg seroprevalence,® hepatitis
B is the most common cause of end-stage liver disease
and HCC. However, despite several potential curative
treatment options for patients with early-stage HCC, such
as liver transplantation, radiofrequency ablation, and liver
resection, these could not be applied in the Philippine
setting since most cases are diagnosed beyond the
early stage. This highlights the need for early detection
and surveillance of at-risk populations for HCC to enable
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timely initiation of appropriate treatment, potentially
improving survival rates.*

The current standard surveillance strategy entails the
use of serum alpha fetoprotein (AFP) and abdominal
ultrasound every 6 months. Serum AFP is a widely used
biomarker, yet its sensitivity is only 60% due to the
following limitations: it remains normal in 15 to 30% of
patients with advanced stage disease, and increased in
patients with chronic hepatitis, liver cirrhosis, and other
liver diseases.® Using the combination of ultrasound
and AFP has a combined sensitivity of only 63% which
potentially misses the diagnosis in approximately one-
third of patients with early-stage HCC.®

In this regard, novel serum biomarkers have been
explored and found to be promising in the early
detection of HCC. First is AFP-L3, an LCA-bound fraction
of AFP, reported to be produced by malignant liver cells
even at its early stages and present in approximately 35%
of patients with small HCC (less than 2 cm). The AFP-L3-
positive HCC has the potential for rapid growth and early
metastasis with an estimated lead-time of 9-12months
in early HCC recognition.” Another serum biomarker is
Des-Gamma Carboxy Prothrombin (DCP), also known
as PIVKA-II (protein induced by vitamin K absence Il), to
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which high levels of this marker in HCC at-risk population
was found to be a potent indicator of developing HCC
with a lead-time of two years.® A local study in Makati
Medical Center showed that PIVKA-Il had a sensitivity
of 97.6% and AFP had a specificity of 93.6%. A previous
study in the same institution showed that the use of
PIVKA alone had a higher sensitivity of 98% compared
to AFP (76%). The combination of AFP and PIVKA further
improved HCC detection to as high as 100% (95 Cl 91.4
-100).?

Early prediction tools consisting of clinical variables and
blood-based biomarkers have also been developed to
predict the risk of developing HCC in at-risk patients with
chronic liver disease. One of which is the GALAD score
consisting of: Gender, Age, AFP-L3, AFP, DCP/PIVKA-II;
andthe novel online calculator, ASAP model consisting of:
Age, Sex, AFP, DCP/PIVKA-II, which were both developed
and validated to estimate the likelihood of HCC in at-risk
patients.’®’* A retrospective comparison between the
two showed that the ASAP model demonstrated better
diagnostic accuracy in the early detection of HCC among
patients with Hepatitis B infection.’ However, in the
Philippines, there is a paucity of data on the use of these
prediction tools. Moreover, there is limited applicability
of the GALAD score in the local setting due to the limited
availability of the AFP-L3 biomarker in most laboratories.

Ultrasound with Transientelastography is arapid, painless,
and non-invasive imaging modality that quantifies the
degree of liver fibrosis (Liver Stiffness Measurement
(LSM) measured in kilopascals, kPa) and liver cirrhosis,
which are known to be risk factors for HCC. Incorporating
transient elastography in the current surveillance strategy
for HCC has been shown to be of potential value.’ This

ASAPUSTE score, with the (3) standard surveillance
strategy, AFP plus ultrasound, in the early detection of
HCC. This study aims to provide clinicians with readily
available and non-invasive tools in the early detection
of HCC in the Philippine context which is known to be
hyperendemic for chronic Hepatitis B infections.

Methodology
Study Design and Settings

This is a retrospective case-control study conducted
and approved by the Institutional Review Board (IRB) in
Makati Medical Center (Protocol Number 2021-070; Date
of Approval: July 26, 2021). Chart and imaging review
were done using a list of generated patients from January
1, 2019 - September 2021 (33 months). No patient was
directly involved nor did this study have any sponsor for
completion.

Participants

Study participants were adult patients aged 20-90
years of age, those diagnosed with HCC (Cases) using
the American Association of the Study of Liver Disease
(AASLD) criteria in cirrhotic patients and histologically
confirmed HCC in those without cirrhosis. Controls were
patients with risk factors for HCC: those with chronic
Hepatitis B infection, those with liver cirrhosis regardless
of etiology, and those with significant liver fibrosis (F3 or
F4 on transient elastography using the Metavir scoring
system - Table 1). The study excluded pediatric patients
(aged 0-19 years) and patients lacking data. Matching
was done with 1 case to 2 control patients.

Table 1. Transient Elastography Liver Stiffness Measurement (kPa) cut-offs

Etiology of liver FO-F1 F2 ::S?: nificant F4
disease (Mild fibrosis) (Moderate fibrosis) . gntt (Cirrhosis)
fibrosis)
HBV <6.0 >6.0 >9.0 >12.0
HCV <7.0 >7.0 >9.5 >12.0
HCV-HIV <7.0 <10.0 >11.0 >14.0
Cholestatic Liver <7.0 >7.5 >10.0 >17.0
Alcohol-related <7.0 >7.5 >10.0 >14.0
NAFLD <7.0 >7.5 >10.0 >14.0
study aims to examine the combination of blood-based
Outcomes

and imaging surveillance strategies compared to the
standard surveillance strategy of AFP and ultrasound in
the early detection of HCC.

Significance of the Study

This study compared the use of (1) a blood-based
surveillance strategy - the 'Modified’ GALAD score
(Gender, Age, serum AFP, serum DCP/PIVKA-II, excluding

AFP-L3); (2) a combined strategy - the ASAP plus
ultrasound with transient elastography, termed as

34

The primary objective was to compare the current
standard surveillance strategy (AFP plus ultrasound)
with the blood-based Modified GALAD score and blood
plus imaging ASAPUSTE score in the early detection of
Hepatocellular Carcinoma (HCC) by using a combination
of clinical demographic data and other blood-based
biomarkers in patients with HCC (cases) and patients at-
risk for HCC (controls). Measures of diagnostic accuracy
for the different surveillance strategies were compared
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using sensitivities, specificities, AUC, positive and
negative likelihood ratios in the study population.

Confounding factors that may affect clinical parameters
were as follows: AFP: pregnancy, germ cell/yolk sac
tumors, metastatic liver cancer, Ataxia telangiectasia;
DCP/PIVKA: Warfarin or Vitamin K intake within 1 month;
ultrasound/transient elastography: ascites, advanced
liver disease, increased BMI.

Data Collection

The database of patients (in/outpatient) collected from
January 1, 2019 to September 30, 2021 was retrieved
with permission from the Medical Records Departmentin
Makati Medical Center. Sources of the patient data were
from the Electronic medical record (EMR) and from the
Picture Archiving & Communication System (PACS) of the
same institution. Data collected were: Medical Records
Number (MRN), age, sex, diagnosis, risk factors for
HCC, serum AFP, serum PIVKA, ultrasound and transient
elastography results. Inclusion and exclusion criteria were

study, data from 118 patients were gathered, which is 50
samples more than the original computed sample size.

SPSS version 25 was used for generation of the pertinent
statistics such as frequency distributions necessary for the
demographic and clinical profile of the patients, as well
as running of point-biserial correlation testing and AUC
analysis for the determination of sensitivity, specificity,
and the predictive values of the test scores, which were
computed for the validation of modified GALAD score
and ASAPUSTE model.

Results

A total of 418 patients, both inpatient and outpatient,
were screened for study inclusion from January 1,
2019, to September 30, 2021. These were assessed for
eligibility and 300 patients were excluded based on the
criteria (Figure 1). The study

population included 118 patients that were eligible in

418 in- and outpatient screened
for HCC from Jan 1, 2019 to
Sept 30, 2021

300 Excluded:

Eligible = (N=118)F = = - - - "+ Those lacking data: 299

* Age:0-19y/o: 0

* HBV males <40 y/o: 0

* HBV females <50y/o: 1

With HCC (n=26)
Patients diagnosed
with HCC with or
without biopsy

HCC-at risk (n=92)
HBV males > 40 y/o
HBV females > 50 y/o
Cirrhotics regardless
of etiology
LSM of F3 to F4

Figure 1. Patient distribution flow diagram

applied for the selection of subjects (see Participants).
Statistical Analysis

The total prevalence of the HCC was at 6.9% based on
GLOBOCAN (2020)' and the calculated prevalence
ratio was 8.51%, hence this was used to determine the
minimum sample size needed for the study. Calculation
of sample size with matching of 1 case to 2 control
patients was done using OpenEpi, an open-source
online statistical software. The allocation of 23 case and
45 control patients to both the Modified GALAD and
ASAPUSTE scores were needed for a better analysis of
the data with 95% confidence, leading to a total of 68
patients computed as the sample size. At the end of the
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the study and were divided into 2 groups: Cases (n = 26),
those diagnosed with HCC with or without biopsy;
Controls (n = 92), those with risk factors.

Their data are presented in the tables and figures that
follow:

Baseline characteristics of the study population are
shown in Table 2. The mean

age of patients was approximately 63 years old (age
range 50-76 years old). Majority of the patients were male
(62%) and cirrhotic (79%). Both cases and controls had
around almost one-fourth chance of acquiring HCC and
the HCC prevalence computed for this study was 22%.
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Table 2. Demographic and Clinical Profile of Patients (N=118)
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Coss26) CommelnD o,
n % n % n %

Age (mean, SD) 62 14.43 69 9.65 63.31 13.83 0.015

Sex

Male 21 80.77 52 56.52 73 61.86 0.025

Female 5 19.23 40 43.48 45 38.14 0.025

Cirrhosis Status

Cirrhotic 20 76.92 73 79.35 93 78.81 *x

Non-cirrhotic 6 23.08 19 20.65 25 21.19 *x

Etiology of Liver Disease

Hepatitis B 6 23.08 25 2717 32 27.11 *x

Hepatitis C 1 3.85 2 2.17 3 2.54 *x

NAFLD/NASH 10 38.46 34 36.96 40 33.90 *x

Alcohol-related 5 19.23 15 16.30 20 16.95 *x

Clinical Parameters Mean SD Mean SD Mean SD

AFP (1U/mL) 1608 221 7 17 47.43 267'6 ;590'6 0.005

PIVKA (AU/mL) 11824 ?96:%340 1610 2033‘4 2360' ;?31 ! 0.001

LSM (kPa) 16 12.74 21 17.03 20.03 16.25 0.197

**p-values cannot be computed from qualitative variables. Sex was an exception because a numerical score was given to the

groups.

NAFLD/NASH was the most common etiology of liver
disease in both populations (34%) followed by Viral
Hepatitis (B or C) (30%), lastly Alcohol-related (17%).

There were statistically significant differences in clinical
parameters for both cases and controls, wherein all values
were significantly increased in the case group (p <0.05).
Mean AFP in the case and control groups were 1,608 U/
mL and 17 IU/mL respectively. Mean PIVKA in the case
and control groups were 11,824 AU/mLand 1,610 AU/mL
respectively. However, the difference in LSM by transient
elastography was not found to be significant with a p
value of 0.197 although there was a trend for higher LSM
among controls (21 vs. 16kPa).

Table 3 lllustrates the measures of diagnostic accuracy for
the scores used in this

36

study. The Modified GALAD score demonstrated the
highest sensitivity (96%), which may be useful in screening
at-risk patients compared to the standard of care which is
only 77%.

The ASAPUSTE score exhibited the highest specificity
(37%) compared to the standard of care at only 21%,
however both are inconclusive in ruling out absence of
disease. Adding LSM by elastography and ultrasound did
not improve sensitivity although it increased specificity.

The Modified GALAD score has the highest positive
likelihood ratio, meaning a patient who was evaluated
with high risk through the modified GALAD score has a
higher probability of having HCC. On the other hand, the
standard of care (AFP plus ultrasound)
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Table 3. Measures of Diagnostic Accuracy for Test Scores for the Detection of Hepatocellular Carcinoma (N=118)

Tests
Measure (%)

Standard surveillance

Sensitivity 76.9
Specificity 20.7
Likelihood ratio (+) 0.97
Likelihood ratio (-) 1.12

still had the highest negative likelihood ratio, showing that
negative results have a higher probability of not having
HCC. The ASAPUSTE score showed positive and negative
likelihood ratios of 1.04 and 0.94, respectively which can
rule in HCC among susceptible patients (though not as
capable as the modified GALAD with a positive likelihood
ratio of 1.32), while it has no diagnostic value in ruling out
patients without HCC.

The AUC analysis (Figure 2) validated the measurement
of the diagnostic
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Modified GALAD  ASAPUSTE
score Score

96.2 65.4

27.2 37.0

1.32 1.04

0.14 0.94

96% to 65%. However, the lack of it effectively raised
the specificity of the modified GALAD score from 27%
to 37%. This denotes that the addition of ultrasound or
transient elastography was not necessarily needed to
increase the sensitivity of the surveillance strategy nor
improve screening in

HCC at-risk patients. Since blood-based strategy was
superior to blood plus imaging, the use of AFP-L3 could
be used to apply the original GALAD score to utilize
early detection of HCC amongst Filipinos. Recently, a

Area Under the Curve (AUC)

Test Result
Variable(s) Area
Modified GALAD 775

Figure 2. AUC Analysis for the modified GALAD Score and ASAP Score in Detecting Hepatocellular Carcinoma (HCC)

accuracy of the Modified GALAD score which showed
a 77.5% probability of detecting HCC cases in the
susceptible population. AUC could not be calculated in
the standard of care and for ASAPUSTE score since they
have yet to have mathematical models for AUC analysis.

Discussion

The modified GALAD score demonstrated good
sensitivity (96.2%), though a low specificity (27.2%)
was recorded. The addition of transient elastography
in the ASAPUSTE score decreased its sensitivity from
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local diagnostic center chain has launched the "HCC Risk
Panel” last January 2020 by making available the use of
AFP-L3 and PIVKA-II."®

There was a total of 7 patients in the control group with
ascites: 1 patient with paralumbar round cell neoplasm,
with probable liver metastasis, 1 patient also with
obesity. Twenty percent (20%) or one in 5 ultrasounds
are inadequate for surveillance due to the presence of
ascites, obesity, and advanced liver disease.”” Hence
ascitic and obese patients should be excluded in future
studies since they impair acoustic windowing and limit
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sensitivity for small nodules (63% for nodules <2cm).'®
Medication review was not done, particularly to look for
warfarin and Vitamin K use, which adds to the limitations
of this study.

Apart from these known confounders, NAFLD/NASH
patients were more likely to be undiagnosed and to have
a significantly lower rate of HCC surveillance compared
with the other causes of chronic liver disease' and this
was evidently seen in the study population where NAFLD/
NASH was the leading etiology of liver disease at 33.9 %.

Notably Hepatitis B and C infection were seen in only
above one-fourth (28.8%) of the study population but
ranked second in etiologies of liver disease in contrast to
what s currently known as a hyperendemic cause of HCC.

Patients with cirrhosis, manifesting with F4 (LSM above
or equal to 12-14 kPa) on transient elastography, are at
increased risk in developing HCC. This study showed that
more than three-fourths of the population, regardless if
case or control, showed cirrhotic livers with a mean liver
stiffness of 20.03 kpA. This was comparable to the studies
done by Ebrahim, et al. (2020) and Adler, et al. (2016)
which showed cutoffs of 24 kPa and 20 kPa respectively
to predict HCC.520

Conclusion

Among the three surveillance strategies evaluated in
this study, a blood-based surveillance strategy (Modified
GALAD) wusing serum biomarkers combined with
demographic information offers an accurate approach to
detect HCC without the use of imaging. This may facilitate
HCC surveillance especially in those with limited access
to imaging and among those with NAFLD and obesity
which limits the diagnostic accuracy of ultrasound.

Recommendations

The diagnostic values of the scores evaluated by this
study can lead to the improvement of existing clinical
practice guidelines on the early detection of HCC based
on easily accessible tests and non-invasive procedures.
Frequency of testing is recommended to be done every
6 months for comparison with the standard surveillance.
Future studies can explore further validation of these
scores in different patient cohorts, and a statistical model
for the development of the ASAPUSTE score is also highly

recommended for future research.
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