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HEPATOBILIARY MALIGNANCIES

A Large-Scale Multicenter Study Validates
Aldo-Keto Reductase Family 1 Member
B10 as a Prevalent Serum Marker for
Detection of Hepatocellular Carcinoma

Xu Ye," Cunyan Li,** Xuyu Zu,** Minglin Lin,* Qiang Liu," Jianghua Liu,’ Guoguo Xu,’ Zhiyong Chen,’ Yongliang Xu,’
Long Liu,’ Diteng Luo,* Zhe Cao,s Guiyuan Shi,s Zirui Feng,6 Hongyu Deng,1 Qianjin Liao,! Chuan Cai,’ Duan-Fang Liao,’

Jing Wang,' Junfei Jin,* and Deliang Cao™*

Aldo-keto reductase family 1 member B10 (AKR1B10) is a secretory protein overexpressed in hepatocellular carci-
noma (HCC). We aimed to evaluate AKR1B10 as a serum marker for detection of HCC. Herein, we conducted a
cohort study that consecutively enrolled 1,244 participants from three independent hospitals, including HCC,
healthy controls (HCs), benign liver tumors (BLTs), chronic hepatitis B (CHB), and liver cirrhosis (LC). Serum
AKR1B10 was tested by time-resolved fluorescent assays. Data were plotted for receiver operating characteristic
(ROC) curve analyses. Alpha-fetoprotein (AFP) was analyzed for comparison. An exploratory discovery cohort
demonstrated that serum AKR1B10 increased in patients with HCC (1,567.3 + 292.6 pg/mL; n = 69) compared
with HCs (85.7 + 10.9 pg/mL; n = 66; P < 0.0001). A training cohort of 519 participants yielded an optimal diag-
nostic cutoff of serum AKR1B10 at 267.9 pg/mL. When ROC curve was plotted for HCC versus all controls (HC
+ BLT + CHB + LC), serum AKR1B10 had diagnostic parameters of the area under the curve (AUC) 0.896, sen-
sitivity 72.7%, and specificity 95.7%, which were better than AFP with AUC 0.816, sensitivity 65.1%, and specific-
ity 88.9%. Impressively, AKR1B10 showed promising diagnostic potential in early-stage HCC and AFP-negative
HCC. Combination of AKR1B10 with AFP increased diagnostic accuracy for HCC compared with AKR1B10 or
AFP alone. A validation cohort of 522 participants confirmed these findings. An independent cohort of 68 patients
with HCC who were followed up showed that serum AKR1B10 dramatically decreased 1 day after operation and
was nearly back to normal 3 days after operation. Conclusion: AKR1B10 is a potent serum marker for detection of
HCC and early-stage HCC, with better diagnostic performance than AFP. (HepaTorocy 2019;69:2489-2501).

epatocellular carcinoma (HCC) is a highly infection and cirrhosis are the leading risk factors.
lethal malignancy with a 5-year survival Approximately 80%-90% of HCC cases occur in
rate of <5% in patients with an unresect- the setting of cirrhosis, and the risk of developing

able disease."™® Chronic hepatitis B (CHB) or C

HCC is 15-20 times higher in hepatitis B~infected

Abbreviations: ACHXSM CSU, Affiliated Cancer Hospital of Xiangya School of Medicine, Central South University; AFP, alpha-fetoprotein;
AKRI1B10, aldo-keto reductase family 1 member B10; AUC, area under the curve; BCLC, Barcelona Clinic Liver Center; BLT, benign liver
tumor; CHB, chronic hepatitis B; CT; computed tomography; HC, healthy control; HCC, hepatocellular carcinoma; LG, liver cirrhosis; MRI,

magnetic resonance imaging; ROC, receiver operating characteristic.
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persons than in uninfected populations.*® Other
risk factors of HCC include obesity, diabetes,
aflatoxin, alcohol, and nonalcoholic fatty liver
diseases.”

Radical hepatectomy is a prime curative option
tor HCC at early stage, but the early-stage HCC is
usually asymptomatic, and only 20% of diagnosed
HCC cases are surgically resectable.”) A revolution-
ary improvement in HCC diagnosis, particularly in
early diagnosis of HCC, is needed. Current diagnos-
tic tools of HCC include blood tests for liver func-
tion and tumor markers, imaging, and biopsies, but
none have convincing diagnostic value for screening
or early diagnosis of HCC."” Blood tests for HCC
markers are important tools in disease management.
Identified HCC markers include alpha-fetoprotein
(AFP), Lens culinaris agglutinin A-reactive fraction
of a-fetoprotein (AFP-L3, an isoform of AFP),
and des-gamma-carboxy prothrombin (DCP). AFP
is a serum glycoprotein clinically used as a marker
of HCC for more than 50 years, but sensitivity and
specificity of AFP as a serum marker for HCC diag-
nosis are limited. Tumors in organs derived from the
same endodermal lining as the hepatic diverticulum
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may display an increased serum AFP, such as in stom-
ach, pancreatic, and biliary cancers. Pregnancy and
nonseminomatous germ-cell carcinomas also raise
serum AFP. In addition, AFP is increased in approx-
imately 20% and 40% of patients with chronic hepa-
titis and cirrhosis, respectively, and may fluctuate with
inflammatory activity; therefore, positive predictive
value of AFP is low at 9%-32%.%" At a cutoff of
>400 ng/mL, specificity of AFP for HCC is close to
100%, but sensitivity falls to 45%; if a cutoff point is
set at 20 ng/mL, sensitivity rises to 78.9%, but spec-
ificity declines to 78.1%."” AFP at ~10-200 ng/mL
is a clinical dilemma for HCC diagnosis. AFP-L3
is an isoform of AFP,(H) and DCP is an abnormal
form of prothrombin(12’13); neither is included in
diagnostic criteria or recommended for screening of
HCC by the American Association for the Study of
Liver Diseases or the European Association for Study
of the Liver. Herein, we report a large-scale multi-
center study of aldo-keto reductase family 1 member
B10 (AKR1B10) as a serum marker for detection of
HCC.

AKR1B10 is a secretory protein up-regulated in
HCC."*1® AKR1B10 can eliminate cytotoxic and
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FIG. 1. Study flow. A total of 135 participants, including 69 HCC and 66 healthy controls, were enrolled as an exploratory discovery
cohort for evaluation of potential of serum AKR1B10 as a diagnostic marker of HCC. A training cohort was then designed to test
the diagnostic value of AKR1B10 for discrimination of HCC from healthy controls and other liver diseases, followed by a validation
cohort to verify the findings in the training cohort. An independent cohort of 68 surgical patients were recruited and followed up for
serum AKR1B10 changes after operation. *Participants from the Affiliated Cancer Hospital of Xiangya School of Medicine, Central
South University at Changsha, China. fParticipants from the Affiliated Cancer Hospital of Xiangya School of Medicine, Central
South University at Changsha, China; Hunan Provincial People’s Hospital at Changsha, China; and the First Affiliated Hospital of
University of South China at Hengyang, China.

carcino%enic o and P-unsaturated carbonyl com-
pounds 1721 and regulate de nowvo fatty acid/lipid
synthesis.*>?* In normal tissues, AKR1B10 is spe-
cifically expressed in the colon and small intestine,
where it is secreted into the lumen."*! AKR1B10 is
overexpressed in HCC, being a potential marker.®>")
This multicenter study demonstrated that AKR1B10
is a potent serum marker for detection of HCC,
including early-stage HCC and AFP-negative HCC.

Patients and Methods

STUDY DESIGN AND
PARTICIPANTS

This study enrolled a total of 1,244 participants,
including HCC, healthy controls (HCs), benign liver
tumors (BLTs), CHB, and liver cirrhosis (LC) (Fig. 1).

An exploratory discovery cohort consisted of 66

HCs and 69 patients with HCC enrolled between
January 2015 and April 2015 at the Affiliated Cancer
Hospital of Xiangya School of Medicine, Central
South University (ACHXSM CSU), Changsha,
China. In the training phase, 519 participants com-
prising 209 HCC, 203 HCs, 57 BLIs, 10 CHB,
and 40 LC were recruited at ACHXSM CSU from
May 2015 to September 2016. A validation cohort of
522 participants, including 204 HCC, 208 HCs, 50
BLTs, 22 CHB, and 38 LC, was enrolled from multi-
centers, including ACHXSM CSUj; Hunan Provincial
People’s Hospital at Changsha, China; and the First
Affiliated Hospital, Nanhua University School of
Medicine at Hengyang, China, from October 2016
to June 2017. An independent cohort of 68 patients
with HCC, from whom serums were collected before
operation and 1 day and 3 days after operation,
was recruited to observe dynamic changes of serum
AKR1B10 by surgical removal of primary tumors.
This study was approved by the ethics committee of
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each center and conformed to ethical guidelines of the
1975 Declaration of Helsinki. Informed consent was
obtained from participants according to the commit-
tees’ guidelines.

Eligibility and exclusion criteria of subjects are listed
in Supporting Table S1. Briefly, HCC was diagnosed
based on ultrasound, computed tomography (CT), or
magnetic resonance imaging (MRI) and AFP serol-
ogy and confirmed by histopathology according to
guidelines of the American Association for the Study
of Liver Discases.?® HCC at Barcelona Clinic Liver
Cancer (BCLC) stages 0 and A was regarded as ear-
ly-stage HCC.®? All patients with HCC were newly
diagnosed and treatment naive; patients who had
undergone systemic or local anticancer therapy before
serum collection and patients who had a history of
other tumors were excluded. HCs were subjects who
visited the hospital for annual physical examination,
had normal liver biochemistry, and were serologically
negative of hepatitis viruses. All HCs had no history
of liver and gastrointestinal diseases and malignan-
cies. BLT includes hepatic hemangioma, focal nodular
hyperplasia, and hepatic adenoma diagnosed by ultra-
sound, CT, or MRI and histopathology. Diagnostic
criteria of CHB were hepatitis B surface antigen—
positive for more than 6 months and elevation of
serum aspartate aminotransferase (AST) or alanine
aminotransferase (ALT).C
based on a history of CHB infection, confirmed by
biopsy or two imaging technologies, i.e., hepatic ultra-
sound with CT or MRI. To limit the possible presence
of early-stage HCC clinically unrecognized in cirrho-
sis, patients with cirrhosis with <20 years of chronic
hepatitis history and in compensated phase of the
disease were preferred. Characteristics of the included
and excluded subjects in each center are summarized
in Supporting Tables S2 and S3. Detailed informa-
tion of patients with HCC enrolled in both training
and validation cohorts are summarized in Supporting
Table S4; no statistically significant clinical differ-
ences existed in patients with HCC between these
two cohorts.

Diagnosis of LC was

SERUM SAMPLE COLLECTIONS

A standard operating procedure for collections
of serum specimens was developed and used by all
centers to minimize potential bias. In brief, blood
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(2 mL) was collected in a plain VACUTAINER
tube containing no anticoagulant and allowed to
clot at room temperature for 30 minutes, followed
by centrifugation at 1,500¢ for 10 minutes at 4°C
to remove clots. Supernatants (serum) were imme-
diately transferred into clean polypropylene tubes
(200 pL per tube) using a Pasteur pipette, encoded
with a number, and stored or transported at -80°C.
Serum samples that were hemolyzed, icteric, or
lipemic were excluded.

SERUM AKR1B10 MEASUREMENT

AKR1B10 protein in serum was measured
by a time-resolved fluorescent kit (Light of Life
Biotechnology Ltd., China). In brief, samples (100
pL/well) were added in duplicates. Plates were incu-
bated at 37°C for 1 hour, washed five times with
phosphate-buffered saline (PBS) Tween (PBST;
0.05% Tween-20 in PBS), and then incubated at 37°C
for 1 hour with 100 pL/well of biotin-labeled detec-
tion antibody diluted at 1:500 with antibody diluent.
After being washed five times with PBST, plates were
incubated at 37°C for 30 minutes with 100 pL/well of
streptavidin-Eu* conjugates diluted at 1:5,000 with
antibody diluent. Specific binding was detected with
100 pL/well of enhancement solution with gentle mix
for 5 minutes. Fluorescence was measured at exci-
tation wavelength of 340 nm, emission wavelength of
615 nm, delay time of 0.40 ms, window time of 0.40
ms, and cycling time of 1.0 ms.

STATISTICAL ANALYSIS

Analyses were performed using SPSS 19.0 soft-
ware (IBM, Armonk, NY) and MedCal 15.2.2
(Ostend, Belgium). Receiver operating character-
istic (ROC) curves were applied to evaluate sen-
sitivity, specificity, and respective areas under the
curves (AUCs) with 95% confidence interval. The
optimal cutoff value for diagnosis was determined
by maximizing the sum of sensitivity and specific-
ity and minimizing distance of the cutoff value to
the top left corner of the ROC curve. Binary logis-
tic regression was used to estimate function of the
combination of AKR1B10 with AFP, and the values
of the functions were used as one marker and sub-
jected to ROC analysis. ROC curves were compared
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statistically as reported.®” AKR1B10 levels between
HCC and controls were tested by unpaired # tests.
Association between serum AKR1B10 concentra-
tions and clinicopathological characteristics was
analyzed with a chi-square test. AKR1B10 levels in
serum collected before and after surgical resection of
HCC were analyzed by one-way repeated measures
analysis of variance. A P value of <0.05 is considered
statistically significant.

Results

SERUM AKR1B10
CONCENTRATIONS AND
DIAGNOSTIC POTENTIAL IN HCC

AKRI1B10 is a secretory protein overexpressed in
HCC, thus being a potential serum marker. #1525
To test this idea, we enrolled an exploratory discov-
ery cohort of 135 participants, including 66 HCs
and 69 patients with HCC. Results showed that
AKRI1BI10 increased in patients with HCC up to
1,567.3 = 292.6 pg/mL versus 85.7 = 10.9 pg/mL
in HCs (Fig. 2A; P < 0.0001). AFP was measured
in parallel as comparison (Fig. 2B). ROC analy-
ses demonstrated the potential of AKR1B10 as
a diagnostic marker of HCC, and combination of
AKR1B10 with AFP may increase the diagnostic
accuracy of HCC (Fig. 2C).

YE, LI, ET AL.

We then designed a two-phase study to explore
and confirm the diagnostic value of AKR1B10 in
HCC. In the training phase, we enrolled 519 sub-
jects, including HCC, HCs, BLTs, CHB, and LC. As
shown in Fig. 3A, serum AKR1B10 in patients with
HCC increased to 1,769.5 + 171.0 pg/mL versus 80.6
+ 5.0 pg/mL in HCs (P < 0.0001). Serum AKR1B10
was mildly increased in some patients with LC and
CHB (Fig. 3A). Serum AFP increased in patients
with HCC and some patients with CHBs and LC
(Fig. 3A, right). An independent validation cohort
(n = 522) confirmed these training cohort findings, in
which serum AKR1B10 was high at 1,546.2 + 153.2
pg/mL in patients with HCC versus 89.8 + 5.3 pg/mL
in HCs (Fig. 3B; P < 0.0001). In both training and
validation cohorts, serum AKR1B10 concentrations
displayed a similar distribution (Supporting Table
S5). The serum level of AKR1B10 in patients with
HCC was associated with AFP, AST, ALI, and
tumor size (P < 0.05) but not with tumor number,
vascular invasion, and tumor-node-metastasis stages
(Supporting Table S6). Together, data indicate that
serum AKR1B10 is greatly increased in patients with
HCC, being a potential diagnostic marker.

DIAGNOSTIC PERFORMANCE OF
AKR1B10 IN HCC

We then assessed the diagnostic value of serum
AKR1B10 in HCC. We plotted ROC curves for
AKR1B10 with HCC versus all different control
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FIG. 2. Exploratory data from discovery cohort: AKR1B10 as a potential serum marker for detection of HCC, alone or in combination
with AFP. (A) Serum AKR1B10 levels in HCC and HC. (B) Serum AFP levels in HCC and HC. (C) ROC curve analyses for
diagnostic potential of AKR1B10, AFP, and combination of AKR1B10 and AFP. Abbreviation: CI, confidence interval.
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FIG. 3. Serum AKR1B10 and AFP levels in training and validation cohorts. (A) Training cohort: AKR1B10 (left); AFP (right). (B)

Validation cohort: AKR1B10 (left); AFP (right).

groups in the training cohort. When the ROC curve
for AKR1B10 was plotted with HCC versus all con-
trols (HC + BLT + CHB + LC), the optimal diag-
nostic cutoff value of serum AKR1B10 was at 267.9
pg/mL, which yielded AUC 0.896, sensitivity 72.7%,
and specificity 95.7%. The optimal diagnostic cut-
off value of AFP was at 20.2 ng/mL, which yielded
AUC 0.816, sensitivity 65.1%, and specificity 88.9%
(Fig. 4A, left; Table 1; P = 0.0003), suggesting that
AKR1B10 has better diagnostic performance. ROC
curve data for AKR1B10 in HCC versus high-risk
controls (CHB + LC) are shown in Fig. 4A (mid-
dle) and Table 1 (P < 0.0001), and ROC curve data
for AKR1B10 in HCC versus HCs, BLTs, CHB,
or LC alone are presented in Supporting Figs. S1-
S4 and Supporting Table S7. Details are omitted
here. In the LC analysis, we further plotted HCC
with or without cirrhosis versus LC (Supporting
Fig. S5; Supporting Table S8). All data indicate that
AKR1B10 is a preferable serum marker for detec-
tion of HCC when compared with AFP.
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We further evaluated the diagnostic value of
AKR1B10 in combination with AFP. In 209 patients
with HCC in the training cohort, AKR1B10 was
positive in 152 (72.7%) cases, and AFP was positive
in 136 (65.1%) cases; a total of 183 (87.6%) cases
were positive in AKR1B10, AFP, or both (Fig. 4A,
right). ROC curve analyses showed that combination
of AKR1B10 with AFP improved diagnostic perfor-
mance for HCC compared with AKR1B10 or AFP
alone (Fig. 4A; Table 1; P < 0.05; Supporting Figs.
S1-S5; Supporting Tables S7 and S8).

Using the same cutoff value of AKR1B10 in the
training cohort, we analyzed 522 participants in a
validation cohort. As shown in Fig. 4B, Table 1,
Supporting Figs. S1-S5, and Supporting Tables S7 and
S8, AKR1B10 demonstrated similar diagnostic perfor-
mance for HCC, and combination of AKR1B10 with
AFP increased the diagnostic accuracy. We further
plotted ROC curves for AKR1B10 in all participants
from three cohorts, and similar diagnostic performance

was yielded (Supporting Fig. S6A, Supporting Table
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FIG. 4. Serum AKR1B10 for detection of HCC. (A) Training cohort: ROC curves for HCC versus all controls (left); ROC curves for
HCC versus high-risk controls (CHB + LC) (middle); positive rates for AKR1B10, AFP, or both in HCC and for AKR1B10 by AFP
status (right). (B) Validation cohort: ROC curves for HCC versus all controls (left); ROC curves for HCC versus high-risk controls
(CHB + LC) (middle); positive rates for AKR1B10, AFP, or both in HCC and for AKR1B10 by AFP status (right).

S9). Together, our results suggest that AKR1B10 is a

potent serum marker for detection of HCC.

DIAGNOSTIC PERFORMANCE OF
AKR1B10 IN EARLY-STAGE HCC

Diagnosis of HCC at early stage is the key for
patient survival but has long been a clinical issue.
In this study, we further evaluated the potential of
AKR1B10 as a serum marker for detection of ear-
ly-stage HCC. In the training cohort, 79 patients
with HCC were diagnosed at early stage (BCLC
stages 0 and A). Serum AKR1B10 was at a lower
level in patients with early-stage HCC than in those
with late-stage HCC (Fig. 3) but diagnostically infor-
mative. AKR1B10 was positive in 60.8% of patients
with early-stage HCC versus AFP at 48.1% (Fig. 5A,

right). ROC curve analyses indicated that AKR1B10
showed a promising diagnostic value. In ROC curve
plotted for AKR1B10 with early-stage HCC versus
all controls (HCs + BLIs + CHB + LC), diagnostic
parameters were AUC 0.831, sensitivity 64.6%, and
specificity 92.3% versus AFP at AUC 0.719, sensi-
tivity 59.5%, and specificity 77.7% (Fig. 5A, Table 1;
P = 0.0102). Similar results were obtained in ROC
curve analyses with early-stage HCC versus high-risk
controls (CHBs + LC) (Fig. 5A, Table 1; P = 0.0009)
and early-stage HCC versus HCs, BLTs, CHB, or LC
alone (Supporting Figs. S1-S4; Supporting Tables S7
and S8). These results were confirmed in the validation
cohort with 75 early-stage HCC (Fig. 5B, Table 1;
P < 0.05; Supporting Figs. S1-S4, Supporting Tables
S7 and S8). Further analyses with total early-stage
HCC (n = 154) from all cohorts also gained similar
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TABLE 1. Results of AKR1B10 in Differentiating HCC or Early-Stage HCC From All Controls (HCs + BLTs + CHB + LC) or
High-Risk Controls (CHB + LC)

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Positive LR  Negative LR AUC (95% ClI) PValue
Training Cohort
HCC vs. HC + BLT + CHB + LC
AKR1B10 72.7 95.7 91.6 84.4 16.78 0.29 0.896 (0.867-0.921)  0.0003*
AFP 65.1 88.9 79. 79.7 5.84 0.39 0.816 (0.781-0.848)  <0.0001
AKR1B10 + AFP 84.2 90.1 84.6 89.8 8.50 0.18 0937 (0913-0956)  0.0001*
HCC vs. CHB + LC
AKR1B10 72.7 85.7 94.6 48.6 5.09 0.32 0.834 (0.785-0.876) <0.0001*
AFP 55.0 81.0 90.6 35.2 2.89 0.56 0.712 (0.654-0.765)  <0.0001
AKR1B10 + AFP 77.0 85.7 94.7 529 5.39 0.27 0.877 (0.832-0.913)  0.0002*
Early-stage HCC vs. HC + BLT + CHB + LC
AKR1B10 64.6 92.3 671 91.4 8.34 0.38 0.831 (0.790-0.866)  0.0102*
AFP 59.5 777 39.5 88.7 2.67 0.52 0.719 (0.672-0.762)  <0.0001*
AKR1B10 + AFP 84.8 79.3 50.0 95.5 4.09 0.19 0.885 (0.850-0.915)  0.0090*
Early-stage HCC vs. CHB + LC
AKR1B10 60.8 85.7 84.2 63.5 4.25 0.46 0.751 (0.672-0.820)  0.0009*
AFP 329 87.3 76.5 50.9 2.59 0.77 0.595 (0.510-0.677)  <0.0001"
AKR1B10 + AFP 62.0 87.3 86.0 64.7 4.88 0.43 0.802 (0.727-0.864)  0.0140*
Validation Cohort
HCC vs. HC + BLT + CHB + LC
AKR1B10 72.1 90.7 83.1 83.6 771 0.31 0.840 (0.806-0.871)  0.0375*
AFP 67.6 80.7 69.0 79.8 3.51 0.40 0.789 (0.751-0.823)  <0.0001"
AKR1B10 + AFP 77.0 93.5 88.2 86.5 11.80 0.25 0.894 (0.864-0919)  0.0001*
HCCvs. CHB + LC
AKR1B10 721 90.4 82.6 83.6 748 0.31 0.840 (0.806-0.871) <0.0001*
AFP 66.2 82.0 699 79.3 3.67 0.41 0.781 (0.743-0.815)  <0.0001"
AKR1B10 + AFP 76.0 93.2 87.6 86.0 11.12 0.26 0.890 (0.860-0916)  0.0025*
Early-stage HCC vs. HC + BLT + CHB + LC
AKR1B10 60.8 85.7 84.2 63.5 4.25 0.46 0.751 (0.672-0.820)  0.0462*
AFP 329 87.3 76.5 50.9 2.59 0.77 0.595 (0.510-0.677)  0.0398"
AKR1B10 + AFP 62.0 87.3 84.10 93.1 4.88 0.43 0.802 (0.727-0.864)  0.1111*
Early-stage HCC vs. CHB + LC
AKR1B10 61.3 85.9 83.6 65.5 4.36 0.45 0.758 (0.678-0.827) <0.0001*
AFP 60.0 65.6 67.2 58.3 1.75 0.61 0.590 (0.503-0.673) <0.0001"
AKR1B10 + AFP 61.3 85.9 83.6 65.5 4.36 0.45 0.757 (0.677-0.826)  0.6722*

*AKR1B10 vs. AFP.
fAKR1B10 + AFP vs. AFP.
fAKR1B10 + AFP vs. AKR1B10.

Abbreviations: CI, confidence interval; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

results (Supporting Fig. S6B, Supporting Table S9).
Combination of AKR1B10 with AFP also increased
the diagnostic accuracy for early-stage HCC com-
pared with AKR1B10 or AFP alone (Fig. 5, Table 1;
P < 0.05; Supporting Figs. S1-54, Supporting Tables
S7 and S8). Together, our results suggest that serum
AKR1B10 is a potent marker for detection of ear-
ly-stage HCC with better accuracy than AFP.
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SERUM AKR1B10 IN DETECTION
OF AFP-NEGATIVE HCC

AFP is negative in more than one third of HCC. To
effectively detect AFP-negative HCC, we thus investi-
gated the performance of AKR1B10 in AFP-negative
patients. In the training cohort, 73 cases were AFP
negative, in which 47 (64.4%) cases were AKR1B10
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FIG.5. Serum AKR1B10 in detection of early-stage HCC. (A) Training cohort: ROC curves for early-stage HCC versus all controls
(left); ROC curves for early-stage HCC versus high-risk controls (CHB + LC) (middle); positive rates for AKR1B10, AFP, or both in
HCC and for AKR1B10 by AFP status (right). (B) Validation cohort: ROC curves for early-stage HCC versus all controls (left); ROC
curves for early-stage HCC versus high-risk controls (CHB + LC) (middle); positive rates for AKR1B10, AFP, or both in HCC and

for AKR1B10 by AFP status (right).

positive (Fig. 4A, right). As shown in Supporting
Fig. S7 and Table 2, AKR1B10 demonstrated the
value in detection of AFP-positive HCC, but more
importantly, AKR1B10 exhibited diagnostic value in
AFP-negative HCC. ROC analysis for AKR1B10 in
AFP-negative HCC versus all controls (HCs + BLTs +
CHB + LC) demonstrated a diagnostic value with AUC
0.891, sensitivity 71.2%, and specificity 92.6% (Table 2).
These findings were confirmed in the validation cohort
with 66 AFP-negative HCC (Fig. 4B; Supporting
Fig. S7; Table 2). Interestingly, in AFP-negative
early-stage HCC (n = 80), similar diagnostic perfor-
mance was observed in ROC curve analyses (Supporting
Fig. S8; Table 2). These results suggest the privilege of
AKR1B10 in detection of AFP-negative HCC and
AFP-negative early-stage HCC.

SERUM AKR1B10 WAS
ASSOCIATED WITH TUMOR
SIZE AND DISEASE STAGE AND
DECREASED AFTER SURGICAL
REMOVAL OF PRIMARY TUMORS

Clinicopathological data indicated that AKR1B10
concentrations in serum associated with tumor size
(Supporting Table S6; P = 0.020). We thus investi-
gated the effect of tumor size on serum AKR1B10
level in more detail. As shown in Supporting Fig. S9,
serum AKR1B10 level was associated with HCC size,
particularly in >5-cm HCC. Positive rate of serum
AKR1B10 was also higher in patients with 25-cm
HCC than in those with <5-cm HCC. Furthermore,
we analyzed the serum AKR1B10 levels in patients
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TABLE 2. Results of AKR1B10 in Differentiating AFP-Negative or AFP-Positive HCC From All Controls (HCs + BLTs +
CHB + LC) or High-Risk Controls (CHB + LC)

Sensitivity (%)  Specificity (%) PPV (%) NPV (%) Positive LR  Negative LR AUC (95% Cl)
Training Cohort
AFP-negative HCC and early-stage HCC
HCC vs. HC + BLT + CHB + LC 71.2 92.6 68.4 93.4 9.59 0.31 0.891 (0.856-0.920)
HCC vs. CHB + LC 65.8 85.7 82.8 68.4 4.6 0.40 0.819 (0.744-0.880)
Early-stage HCC vs. HC + BLT + 63.4 90.7 46.4 95.1 6.83 0.40 0.839 (0.797-0.875)
CHB +LC
Early-stage HCC vs. CHB + LC 61.0 81.0 67.6 76.1 3.20 0.48 0.754 (0.660-0.833)
AFP-positive HCC and early-stage HCC
HCC vs. HC + BLT + CHB + LC 76.5 95.7 88.1 90.6 17.64 0.25 0.899 (0.868-0.925)
HCC vs. CHB + LC 76.5 85.7 92.0 62.8 5.35 0.27 0.842 (0.784-0.890)
Early-stage HCC vs. HC + BLT + 65.8 95.7 64.1 96.0 156.18 0.36 0.822 (0.778-0.860)
CHB +LC
Early-stage HCC vs. CHB + LC 65.8 85.7 735 80.6 4.61 0.40 0.748 (0.652-0.829)
Validation Cohort
AFP-negative HCC and early-stage HCC
HCC vs. HC + BLT + CHB + LC 68.2 91.0 60.8 93.3 7.57 0.35 0.805 (0.762-0.843)
HCC vs. CHB + LC 50.0 85.9 78.6 625 3.56 0.58 0.725 (0.640-0.800)
Early-stage HCC vs. HC + BLT + 68.0 91.0 370 97.3 7.55 0.35 0.788 (0.741-0.830)
CHB +LC
Early-stage HCC vs. CHB + LC 64.0 85.9 64.0 85.9 4.55 0.42 0.742 (0.639-0.829)
AFP-positive HCC and early-stage HCC
HCC vs. HC + BLT + CHB + LC 73.9 90.7 77.3 89.0 793 0.29 0.858 (0.823-0.888)
HCCvs. CHB + LC 66.7 85.9 91.1 54.5 4.74 0.39 0.808 (0.747-0.860)
Early-stage HCC vs. HC + BLT + 78.0 91.3 58.2 96.4 897 0.24 0.883 (0.846-0.914)
CHB +LC
Early-stage HCC vs. CHB + LC 62.0 84.4 75.6 74.0 397 0.45 0.766 (0.677-0.840)

Abbreviations: CI, confidence interval; LR, likelihood ratio; NPV, negative predictive value; PPV, positive predictive value.

with HCC at different BCLC stages, and data showed
that AKR1B10 concentrations in serum positively
associated with disease stages (Supporting Fig. S9).
We further investigated dynamic changes of serum
AKR1B10 after surgical removal of primary tumors
in liver. Paired serums were procured from 68 patients
with HCC right before operation and at 1 day and 3
days after operation. As shown in Fig. 6, AKR1B10 in
serum was dramatically decreased within 1 day after
surgical removal of HCC and nearly back to nor-

mal 3 days after operation, suggesting specificity of
AKR1B10 to HCC.

Discussion

A prevalent serum marker would improve clinical
management of HCC. Secretory AKR1B10 protein is

overexpressed in HCC,"™*) and studies on surgical
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specimens and clinicopathological data indicated its
potential as a marker for early-stage HCC,®** prog-
nosis,(27’34’35) BLT discrimination, 20 and stratification
of HCC risk in liver hepatitis B virus and hepatitis C
virus infections.®*3? These studies of AKR1B10 in
HCC pave the road for this large-scale multicenter
serological study for detection of HCC, including ear-
ly-stage HCC and AFP-negative HCC. This large-
scale study with 1,244 participants, including HCC,
HC, BLT, CHB, and LC subjects, validated AKR1B10
as a potent serum marker for detection of HCC with
better diagnostic performance than AFP, particularly
in early-stage HCC. AKR1B10 also demonstrated
diagnostic value in AFP-negative HCC, and combi-
nation of AKR1B10 with AFP increased the diagnos-
tic accuracy for HCC and early-stage HCC compared
with AKR1B10 or AFP alone.

Pathogenesis of HCC is highly heterogeneous, and

multiple etiological factors, such as chronic hepatitis
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FIG. 6. Changes of serum AKR1B10 concentrations by surgical resection of HCC mass. (A) Tendency chart of AKR1B10
concentrations in serum of patients with HCC before surgical resection and at 1 day and 3 days after operation. (B) One-way repeated
measures analysis of variance to evaluate AKR1B10 concentrations in serum collected before and after surgical resection of HCC.

AKR1B10 levels decreased significantly after operation (P < 0.0001).

virus infection and cirrhosis, are involved in the
development and progression of HCC. Therefore, in
addition to BLTs, patients with CHB and cirrhosis
were enrolled as high-risk controls. Because early,
undetectable HCC may occur in advanced (decom-
pensated) cirrhosis, special attention was paid to the
enrollment of patients with cirrhosis. In this study,
we preferred to enroll patients with LC with <20
years of chronic hepatitis history and in compen-
sated phase of the disease. Our data showed that
AKR1B10 increased in some patients with CHB
and LC, but its level was markedly lower than in
HCC. ROC curve analyses, plotted with HCC ver-
sus all controls (HCs + BLTs + CHB + LC) or HCC
versus high-risk controls (CHB + LC), all proved
the value of AKR1B10 in discrimination of HCC
from CHB and/or LC. Specificity of AKR1B10 as a
diagnostic marker of HCC was further confirmed by
an independent cohort of 68 surgical patients who
were followed up, in whom serum AKR1B10 dra-
matically decreased 1 day after operation and was
nearly back to normal 3 days after operation. It was
noted that a few cases exhibited dramatic decrease of
serum AKR1B10 after operation but still remained
at a level higher than normal after 3 days of oper-
ation. This may be ascribed to micrometastasis of
HCC in liver or distant organ(s) that was not clin-
ically detected or due to expression and secretion
of AKR1B10 in cirrhotic nodules in the liver that
remained after operation. It would be of significance
to follow up these cases. Nevertheless, the dramatic

decrease of serum AKR1B10 concentrations after
surgical resection of HCC masses indicates its spec-
ificity to primary tumors in the liver. This may also
imply a potential use of AKR1B10 for evaluation
of tumor burden, metastasis, and/or recurrence of
HCC. Like literature reports,“>*) AFP increased
in patients with HCC recruited in this study, but
AKR1B10 showed much better diagnostic accuracy
for HCC than AFP.

Diagnosis of early HCC is a sophisticated clini-
cal issue. In this study, HCC at BCLC stages 0 and
A was regarded as early-stage HCC and assessed for
diagnostic performance of AKR1B10 and AFP. Our
data demonstrated the value of serum AKR1B10 for
detection of early-stage HCC and the better per-
formance of AKR1B10 than AFP. The high sen-
sitivity and specificity of AKR1B10 in detection of
early-stage HCC may benefit from its low basal level
(cutoff at 267.9 pg/mL for AKR1B10 vs. 20.2 ng/mL
for AFP), allowing for sensitively detecting a small
change of the serum level induced by a small tumor.
It is noteworthy that the patient pool of early-stage
HCC was relatively small, and an expanded study may
be warranted to determine the value of AKR1B10 in
detection of early-stage HCC.

AKR1B10 was first identified in HCC" and
then characterized as a secretory protein.>1® In
the past years, clinical histological studies of HCC
have identified AKR1B10 as a marker for prognosis
and risk stratification of HCC.?73436:37) However,
this current study is the first large-scale multicenter
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evaluation of AKR1B10 as a serum marker for
HCC detection. AKR1B10 expression and potential
as a biomarker is also reported in other tumors, such
as lung, breast, and pancreatic cancers.*>* In lung
cancer, AKR1B10 is up-regulated in non—small cell
lung carcinoma in smokers,(42) and in breast cancer,
AKR1B10 promotes cancer growth and progression
by promoting lipogenesis and lipid messenger-me-
diated signaling cascades and thus is a potential
therapeutic target.(43’45)

In conclusion, our study demonstrates that serum
AKR1B10 can differentiate HCC from HCs, BLTs,
and high-HCC-risk chronic hepatitis and cirrho-
sis with high accuracy. AKR1B10 also has privilege
in detection of early-stage HCC and AFP-negative
HCC. In either situation, AKR1B10 showed appre-
ciable sensitivity and specificity compared with AFP.
Combination of AKR1B10 with AFP increased the

diagnostic accuracy of HCC and early-stage HCC. In
brief, AKR1B10 is a potent serum marker for detec-
tion of HCC and early-stage HCC with better accu-
racy than AFP.

Acknowledgment: We thank Professor Wuxiang Shi
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