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Abstract

Background: Previous studies have developed some blood-based biomarker algo-
rithms such as the Doylestown algorithm and aMAP score to improve the detection
of Hepatocellular carcinoma (HCC). However, no one has studied the application of
the Doylestown algorithm in the Chinese. Meanwhile, which of these two screening
models is more suitable for people with liver cirrhosis remains to be investigated.
Methods: In this study, HCC surveillance was performed by radiographic imaging and
testing for tumor markers every 6 months from August 21, 2018, to January 12, 2021.
We conducted a retrospective study of 742 liver cirrhosis patients, and among them,
20 developed HCC during follow-up. Samples from these patients at three follow-up
time points were tested to evaluate alpha-fetoprotein (AFP), the Doylestown algo-
rithm, and aMAP score.

Results: Overall, 521 liver cirrhosis patients underwent semiannual longitudinal fol-
low-up three times. Five patients were diagnosed with HCC within 0-6 months of
the third follow-up. We found that for these liver cirrhosis patients, the Doylestown
algorithm had the highest accuracy for HCC detection, with areas under the receiver
operating characteristic curve (AUCs) of 0.763, 0.801, and 0.867 for follow-ups 1-3,
respectively. Compared with AFP at 20 ng/ml, the Doylestown algorithm increased
biomarker performance by 7.4%, 21%, and 13% for follow-ups 1-3, respectively.
Conclusions: Our findings show that the Doylestown algorithm performance ap-
peared to be optimal for HCC early screening in the Chinese cirrhotic population

when compared with the aMAP score and AFP at 20 ng/ml.
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1 | INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most common can-
cer and the second leading cause of cancer death in China.}?
Meanwhile, the prognosis of HCC patients remains poor. Patients
with advanced HCC have few treatment options, with 5-year sur-
vival rates ranging from 5% to 14%, whereas patients with early
HCC can undergo radical treatments, including surgical resec-
tion, ablation, and liver transplantation.&4 The 5-year survival
rate for HCC patients diagnosed at an early stage is up to 75%.°”
Therefore, early detection of HCC is a key component toward re-
ducing HCC mortality.

About 80%-90% of HCC cases occur in patients with cirrhosis
and cirrhosis is also the major cause of liver disease-related mor-
bidity and mortality worldwide.®® Chinese guideline for stratified
screening and surveillance of primary liver cancer (2020 Edition)
recommends abdominal ultrasonography combined with serum
a-fetoprotein (AFP) every 6 months as a surveillance program for
HCC in patients with cirrhosis.” However, ultrasound is depen-
dent on operator experience and difficult to perform in obese
patients.lo’11 AFP has suboptimal sensitivity and specificity (41%
to 65% and 80% to 94%), and its usefulness has been widely de-
bated.!? At the currently used cutoff (20 pg/L), this strategy misses
about a third of HCC in the early stage.'®'* Novel surveillance
strategies are urgently needed to improve the accuracy of early
HCC detection.

Wang et al.®? developed a logistic regression algorithm named
the Doylestown algorithm that utilizes AFP, age, gender, alkaline
phosphatase (ALK), and alanine aminotransferase (ALT) levels to
improve the detection of HCC, particularly for those with cirrhosis.
However, it is uncertain whether the Doylestown algorithm is ap-
plicable for predicting HCC occurrence in the Chinese population.
Recently, aMAP risk score consisting of age, gender, total biliru-
bin (TB), albumin (ALB), and platelets (PLT) was reported to predict
HCC development in patients with chronic hepatitis.'® aMAP score
has the advantage of assessing HCC risk with different ethnicities
including Asian and Caucasian ethnicities. However, the cohort of
this study is mainly hepatitis B, hepatitis C, and other chronic hepa-
titis patients. Whether aMAP score is suitable for assessing the risk
of HCC in patients with cirrhosis is still uncertain. This study aims
to compare multiple biomarkers (including AFP, the Doylestown al-
gorithm, and aMAP score) in Chinese patients with cirrhosis and in-
vestigate the clinical utility of the Doylestown algorithm and aMAP

score.

2 | MATERIALS AND METHODS

2.1 | Study populations

A total of 814 patients with liver disease from the Hwa Mei Hospital,
University of Chinese Academy of Science were enrolled into our
study between August 2018 and May 2020. The study was ap-
proved by the Ethics Committees of Hwa Mei Hospital (IRB No:
PJ-NBEY-KY-2018-023-01), and written informed consent was
obtained from all participants. Serum and plasma were collected at
each visit and stored at -80°C. Patients were followed with semian-
nual surveillance until HCC occurred, death, or study termination.
HCC free status at the start of all patients was confirmed by radio-
logical imaging, including computed tomography (CT) and magnetic
resonance imaging (MRI). Patients with non-cirrhotic, suspicious
liver masses, or HCC before study enrollment were excluded. In ad-
dition, only those patients who had the required components of the
Doylestown algorithm (age, gender, ALT, ALK, and AFP) and aMAP
score (age, gender, TB, ALB, and PLT) were utilized in this study. A
total of 72 cases were excluded for the following reasons: one case
transfer to other hospitals for treatment, four non-cirrhotic cases,
and 67 cases with insufficient clinical data for analysis. Ultimately,
742 patients were enrolled for analysis. The racial background of all
patients was uniformly Chinese. Summary etiologic data of the co-
hort are given in Table 1. Patients with hepatitis B or C were treated
with nucleos(t)ide analogs or direct-acting antiviral agent treatment,

respectively.

TABLE 1 Etiologic data among 742 cirrhosis patients

Etiology Number (%)
HBV? 517 (69.7)
HBV+ NAFLD 79 (10.6)
HBV+Alcohol 27 (3.6)
HCV* 7(0.9)
HCV+NAFLD 2(0.3)
Alcohol 36 (4.9)
NAFLD 16 (2.2)
Cryptogenic 58(7.8)

@Hepatitis B virus.
PNon-alcoholic fatty liver disease.
“Hepatitis C virus.
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Patients were followed up from August 21, 2018, to January 12,
2021. During this period, HCC surveillance was performed by ra-
diographic imaging (CT and/or MRI) and testing for tumor markers
every 6 months. The diagnosis of HCC was made based on radiolog-
ical imaging. This cohort has been followed for a median of 378 days
(range of 254-840). 20 patients were eventually diagnosed with
early HCC in this study (Table S1). Early-stage HCC was defined as
Barcelona Clinic Liver Cancer(BCLC) stage 0 or A.Y”

All laboratory data, including serum AFP and values for ALT, ALK,
TB, ALB, and PLT were determined using standard methods at Hwa
Mei Hospital clinical laboratory. More details for patient enrollment
can be found in Supporting information.

2.2 | Statistical methods
The Doylestown algorithm was calculated based on a previous
study,*® as follows:
1/(1+EXP(-(-10.307+(0.097*age[year])+1.645*Gender
[male:1,female:0]+(2.314*log,,AFP[ng/ml])+(0.011*ALK[U/L])+
(-0.008* ALT[U/L]D))).
The output value ranged from O to 1. The cutoff value of 0.5 was
used to identify patients with HCC.

WI LEYM

The aMAP score was calculated based on a previous study,' as
follows:

((age[year]*0.06+gender*0.89[male:1,female:0]+0.48*((log, ,bili-
rubin[pmol/L]*0.66) + (albumin [g/L]*-0.085)) - 0.01*platelets [10%/
mm]) +7.4) / 14.77*100.

The output value ranged from 0 to 100. The cutoff value of 50
was associated with a medium-risk group. The cutoff value of 60
resulted in a high-risk group.

At test was performed to compare AFP, Doylestown algorithm,
and aMAP score. Moreover, their correlation was tested using
Pearson's correlation coefficient. All statistical tests were two-sided
and evaluated at the 0.05 level of statistical significance. All statis-

tical analyses were performed using the R language, version 3.6.0.

3 | RESULTS

3.1 | Distribution of AFP, Doylestown algorithm
score (DAs), and aMAP score

Patients were followed up three times from August 21, 2018, to
January 12, 2021. Among 742 patients with cirrhosis during that pe-
riod, we conducted a retrospective study of 20 HCC cases and 722

TABLE 2 Individual component and the AFP, Doylestown algorithm, and aMAP score at different time points in patients with liver

cirrhosis (n = 521)*

Individuals followed for about 12 months with liver cirrhosis. Time, in months from the first collection to the last collection

Non-HCC (n = 516) HCC (n = 5)

Time
Analyte al Time 2¢ Time 3¢ p value® Time 1 Time 2 Time 3 p value
ALT(U/L)f 32 27 28 2.28E-04 38 22 23 0.015
ALK(U/L)® 83 86 86 SeE=ilil 110 102 99 0.449
TB(umol/L)" 17.0 17.0 17.4 0.049 13.5 15.3 14.1 0.041
ALB(g/L)’ 43 44 46 1.43E-38 43 44 45 0.015
PLT(10%/mm)’ 110 113 118 8.95E-18 119 114 128 0.247
AFP(ng/ml)¥ 9.7 4.1 3.6 4.59E-09 5.8 6.8 7.3 0.449
DA 0.32 0.18 0.18 3.49E-04 0.44 0.50 0.53 0.247
aMAP™ 60 60 60 5.35E-15 63 63 62 0.165

A total of 1563 samples consisting of three time points each from 521 individual patients were examined.

®Time 1 is 12-18 months prior.
‘Time 2 is 6-12 months prior.
9Time 3 is 0-6 months prior.
®Friedman test.

fMean level of alanine aminotransferase (ALT) with the range indicated (in U/L).

8Mean level of alkaline phosphatase (ALK) with the range indicated (in U/L).

PMean level of total bilirubin (TB) with the range indicated (in pmol/L).
Mean level of albumin (ALB) with the range indicated (in g/L).
IMean level of platelets (PLT) with the range indicated (in 103/mm).

KMean level of alpha-fetoprotein (AFP) with the range indicated (in ng/ml).

'Mean level of the Doylestown algorithm with the range indicated.
™Mean level of the aMAP score with the range indicated.
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cirrhosis control subjects. In the cirrhosis control group, 516 patients
were followed up three times, 603 were followed up at least twice,
and 722 patients were followed up at least once. Among the HCC
cases, five patients were followed up three times at HCC diagnosis,
17 were followed up at least twice before diagnosis, and 20 patients
were followed up at least once before diagnosis.

Atotal of 521 patients were followed up three times. As shown in
Table 2, the mean age of these patients was 52 (range, 31-75) years.
The majority of the patients were men (70%). The mean values for
ALT, ALK, TB, ALB, and PLT are listed in Table 2. As Table 2 shows,
TB, ALB, and PLT values remained similar over about 12 months for
HCC and non-HCC patients. Since these three factors are key com-
ponents of the aMAP score, the aMAP score values were also sim-
ilar over the three time points. The ALT and AFP levels were higher
at the first follow-up visit (Time 1) in non-HCC patients, and the
Doylestown algorithm values were also higher at Time 1. AFP levels
of HCC patients increased close to the time of HCC diagnosis, and
their Doylestown algorithm score (DAs) had the same trend.

Longitudinal data were available from 521 patients at the first
follow-up visit (12-18 months before diagnosis), second follow-up
visit (6-12 months before diagnosis), and third follow-up visit
(0-6 months before diagnosis). Figure 1 shows the distribution of
AFP, Doylestown algorithm score, and aMAP score in all patients at
different times, respectively.

3.2 | HCC Patient characteristics

The HCC patient characteristics are detailed in Table S1. All HCC
patients had BCLC stage 0/A (0/11, A/9). Most HCC patients were
diagnosed using MRI, except for two patients by CT. The maximum
diameter of the tumor at the time of diagnosis was no more than

40mm (7-32 mm). Half of the HCC patients had undergone surgery

(A) (B) 125

ns

after diagnosis. Among the HCC cases, 20 patients underwent
biomarker assessment at 0-6 months before HCC diagnosis, 17
patients within 6-12 months before diagnosis, and 5 patients at 12-
18 months before diagnosis.

3.3 | Biomarker performance at three follow-up
visits before HCC diagnosis

A total of 521 liver cirrhosis patients underwent three longitudi-
nal follow-ups. Five patients were diagnosed with HCC within
0-6 months of the third follow-up. The Doylestown algorithm and
aMAP score values were calculated using patient clinical data. As
for five HCC patients with three follow-up visits, we found that
the Doylestown algorithm provided the highest positive predic-
tive value, the aMAP score had the highest sensitivity and nega-
tive predictive value, and the AFP model had the highest specificity
(Table 3). The Doylestown algorithm demonstrated the highest
accuracy for HCC detection, with an area under the receiver op-
erating characteristic curve (AUC) of 0.763 12-18 months before
diagnosis (95% Cl, 0.592-0.935), 0.801 6-12 months before diagno-
sis (95% Cl, 0.669-0.933), and 0.867 0-6 months before diagnosis
(95% Cl, 0.798-0.937) (Figure 2A-C). Furthermore, the diagnostic
value of the Doylestown algorithm showed an increasing trend with
the prolonged follow-up time. The Doylestown algorithm and AFP
demonstrated the best performance at 0-6 months before diagno-
sis, but the aMAP score had the best performance at 6-12 months
before diagnosis, and the aMAP score showed a poor performance
overall.

Next, we used the maximum values of ALT, ALK, AFP, TB, ALB,
and PLT among three follow-up visits of each patient for model con-
struction, in order to explore whether this analytic strategy will fur-

ther improve model performance. However, the new AUC generated
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FIGURE 1 Distribution of AFP, Doylestown algorithm score (DAs), and aMAP score. Retrospective longitudinal data at three follow-up
visits were available from 516 patients without HCC and 5 patients with HCC. * Represents p < 0.05; ** represents p < 0.01; **** represents

p < 0.0001; ns represents no significant difference
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3 ) by the new method (Figure 2D) was similar to the AUC calculated
é § gi; § :é’ using the values of these laboratory variables at the third follow-up
% 3 5i : g:‘ visit (Figure 2C). Therefore, this new analytic strategy did not im-
prove the model performance.
=7 3 :
§ < S & 3 3.4 | Biomarker performance at each follow-up
B2 28 3¢9
g " For very few HCC patients who were diagnosed at the third follow-
& c|>' © § © ,o\\" up in our cohort, we further analyzed the predictive value for all the
é é’ § § § g cases with final HCC diagnosis with the data of cirrhosis patients at
E g each follow-up time. There were 742 liver cirrhosis patients with the
—g z ° i i data of the first follow-up visit, and in which 20 HCC were diagnosed
.g ;‘; z § § § § in the end. And a total of 610 liver cirrhosis patients were followed
2 E "<" 8 g’ 8 (gg’ up twice with 17 HCC diagnoses at last. When adjusting the strategy
g to analyze all patients with liver cancer and cirrhosis at each follow-
?_é 3 up (Figure 3A, B), the AUC for the Doylestown algorithm increased
.té" a § S e R from 0.763 to 0.776 at the first follow-up and from 0.801 to 0.808
é % % % % g at the second follow-up. As the number of patients increased, the
N performance of the three models improved.
Il
5 Bl S8%8 4 | DISCUSSION
S E © — O «
é § - The development and validation of the Doylestown algorithm
% é ? § § ° § and aMAP score in predicting HCC were performed using clinical
.g é E‘,’;’ § § E § variables from case-control or nested case-control studies.!>*¢
;5 N Furthermore, Wang et al.’® developed a secondary Doylestown
2 ;5, Plus algorithm that incorporated cosylated kininogen as a marker
*é E § § °§ %\; <°§ to improve the detection of HCC. Yamashita et al.’? investigated
E é £ 2g22¢ the clinical utility of the aMAP score for predicting HCC occurrence
£ and the incidence-free rate after a sustained virologic response in
é o s chronic hepatitis C. The current study was a retrospective, longi-
3 z § § < 2\; TE tudinal study applying the AFP, Doylestown algorithm, and aMAP
%J § 8 ;’2 % § %’ score to consecutive time points for patients with liver cirrhosis
'2 e A S to compare the performance of the algorithm in detecting HCC.
g % W Additionally, to our knowledge, this study also investigated the ap-
5 Ug © ° é % plication of the Doylestown algorithm to the Chinese population
g '% é § S ¥ g § é S o for the first time.
E - % S S S z . E v ; Among the three evaluation models, the specificity of the
§ =§ ?vi %0 :g 2 § Doylestown algorithm was similar or slightly less than AFP, but the
§ :§ 2 73 § ; 73 S Doylestown algorithm showed the best performance, and the aMAP
%’ % C|> § °N\° N é’ g% g “g § score performance was relatively poor. The Doylestown algorithm,
E % § § § §. g g g % § E by combining AFP with other clinical values, increased the detec-
§ £ E E § u‘é § tion rate of HCC when compared to AFP alone in all of the tested
§ f o .% g % é é’ time points. In the 521 liver cirrhosis patients with triple follow-up,
g ;«' Z § 2’5 § ?E §° é ;g % % using a fixed cutoff of 20 ng/mL for AFP and 0.5 output units for the
:ﬁ T '-<'- g gj g gj ~ ﬁ w g %’ Doylestown algorithm resulted in a 7.4% increased biomarker perfor-
E % i ED E’ _%" mance at the closest time point to HCC diagnosis (0-6 month prior),
- 5 z 2 g 55,, g f 2 a 21% increase 6-12 months before diagnosis, and a 13% increase
L 'E E % § g g Z z 12-18 months before diagnosis. The Doylestown algorithm demon-
2 = § é g ﬁ g &' <t'n <z( <z( strated better performance for liver cirrhosis patients, and it was also
- Vo= i(: L8 == suitable for the Chinese population. However, the overall Doylestown
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follow-up visits

algorithm value for the Chinese population was lower than that of
the Caucasian population. For example, 20 patients diagnosed with
HCC had an average Doylestown algorithm of 0.49 0-6 months be-
fore diagnosis, and 17 patients diagnosed with HCC had an average
Doylestown algorithm of 0.42 6-12 months before diagnosis. In com-
parison, studies have shown that the average Doylestown algorithm
for Caucasian patients diagnosed with HCC 12 months before the
diagnosis is 0.58.2° Therefore, we believe that the Doylestown algo-
rithm is also suitable for Chinese patients with liver cirrhosis, but the

cutoff value needed to be adjusted before application.

The aMAP score demonstrated the highest sensitivity in this analy-
sis, but it introduced a very high number of false-positive cases. One rea-
son for this result could be because most of the aMAP score training sets
were hepatitis B patients, and the performance of the model was not as
favorable as that of the Doylestown algorithm for patients with liver cir-
rhosis. Among patients who developed HCC, when comparing a cutoff
of 50 for the aMAP score to AFP at 20 ng/mL, the aMAP score advanced
the average time for early diagnosis of HCC from 161 days to 299 days
(Table S2). The number of people who were diagnosed in advance by

AFP was the least, with only 5 patients. In contrast, the number of
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patients who were diagnosed in advance by aMAP was 18 (the highest).
The aMAP score performance at the second follow-up (6-12 months
prior) was superior to that of the other two time periods. Compared with
the Doylestown algorithm, the aMAP score may be more suitable for
early screening of liver cancer (6-12 months in advance). Although the
false-positive rate was relatively high, this model could be fit for pre-
liminary screening of liver cancer (to reduce missed diagnosis) and then
be combined with other screening methods (to reduce misdiagnosis) to
further confirm the suspected liver cancer patients.

A limitation of the current study was the small sample size and
short follow-up time. For example, clinical data were only available
from 20 patients at a time of 0-6 months before HCC diagnosis.
If restricted to samples within 12-18 months of HCC diagnosis,
there were only 5 HCC patients. A larger study with time points
up to 3-5 years prior to HCC diagnosis should be performed to
fully demonstrate the true benefit of using this algorithm for HCC
surveillance in the Chinese population. In addition, our study was
conducted at a single center with a limited number of liver disease
patients. It is necessary to verify the Doylestown algorithm through
a multi-center cooperative study. At the same time, we must recog-
nize that the Doylestown algorithm and the aMAP score can detect
HCC patients in advance compared with traditional imaging screen-
ing methods, but the sensitivity and specificity of the model should
be improved.

This study demonstrated that the Doylestown algorithm, by
using readily available clinical parameters, is superior to AFP alone
in accurately predicting the development of HCC among patients in
the Chinese population with liver cirrhosis. While this algorithm is
practical and easy to adopt in routine clinical use, it is important to
emphasize that the current algorithm can be further complemented
and improved by combining with novel biomarkers such as DNA,

RNA, proteins, exosomes, or epigenetic markers to achieve early de-
tection of HCC in the future.

5 | CONCLUSIONS

In summary, our study results highlight the potential of novel bio-
marker panels, including the Doylestown algorithm and aMAP score,
to improve early HCC detection. The high accuracy of these bio-
marker panels is likely related to the inclusion of multiple biomark-
ers and demographics associated with higher HCC risk. Blood-based
biomarkers also have high patient acceptance and are easy to imple-
ment in clinical practice. The performance of the Doylestown algo-
rithm was superior to that of AFP and aMAP score, and the algorithm
was also applicable to the Chinese population. The aMAP score
demonstrated very high sensitivity and was suitable for preliminary
HCC screening, but it is necessary to combine with other screening

methods to further identify suspected HCC patients.
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