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Background: Microvascular invasion (MVI) is considered as one of the most powerful prognostic factors
in hepatocellular carcinoma (HCC). Currently, it could only be diagnosed by post-operative histological
examination. This study aimed to assess the diagnostic value of serum paraoxonase 1 (PON1) for MVL
Methods: In this study, we analyzed data from 754 HCC patients who underwent surgical treatment
between December 2010 and November 2011. Serum PONT1 was measured by ELISA and receiver operating
characteristic (ROC) curve was applied to calculate diagnostic accuracy.

Results: MVI was detected in 174 of 505 patients (34.5%) in the test cohort and 84 of 249 patients (33.7%)
in the validation cohort. Univariate analyses indicated tumor size, AFP, and PON1 were significantly related
with vascular invasion status. ROC curves determined the optimum diagnostic cutoff value for PON1 was
191.12 ng/mL (AUC 0.754, 95% CI: 0.710-0.798, sensitivity 70.67 %, specificity 78.11% in the test cohort),
which was significantly better than AFP (cutoff value 279.8 ng/mL, AUC 0.666, 95% CI: 0.618-0.714,
sensitivity 40.38%, specificity 85.19%, P=0.0063). In the sHCC sub-group, PONI retained diagnostic value
(AUC 0.738, 95% CI: 0.680-0.796, sensitivity 72.82%, specificity 76.57% in the test cohort), while AFP
failed to do so (AUC 0.579, 95% CI: 0.511-0.647, sensitivity 26.21%, specificity 86.84%, P=0.0003). These
results were further confirmed by the validation cohort. The combination of PON1 and AFP increased the
diagnostic accuracy for vascular invasion compared with either test alone (AUC 0.785, 95% CI: 0.744-0.826,
sensitivity 75.96%, specificity 77.44%; PON1 plus AFP vs. PONI1 alone, P=0.0004; PONT1 plus AFP vs. AFP
alone, P<0.0001).

Conclusions: Serum PON1 could potentially be used to diagnose MVI and could be used to guide more
personalized treatment strategy.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most
common malignancy and the third leading cause of cancer
death worldwide (1). With the progression of surgical
technology, curative resection and liver transplantation
are now widely considered the first choice of therapy
for HCC (2-4). Unfortunately, the high recurrence rate
of HCC in the remnant liver remains a major obstacle
for partial hepatectomy, and the need to select patients
who will gain enduring benefit from surgical therapies is
urgent (5-7). Microvascular invasion (MVI) is a powerful,
validated, independent predictor of early recurrence and
poor overall survival (OS) after surgical treatment for
HCC (8,9). Currently, MVI can only be detected by post-
resection histological examination, which greatly limits its
clinical utility (10). A noninvasive test capable of accurately
identifying MVI preoperatively would be of great benefit
in better stratifying HCC patients for personalized
management.

Paraoxonase 1 (PON1) is a calcium-dependent hydrolase
protein synthesized mainly in the liver by hepatocytes and
secreted into the circulatory system (11). Serum PONI has
been implicated in cell damage and chronic inflammation in
the liver. In chronic liver disease, PONI1 levels in serum and
hepatic tissue correlate with the degree of liver damage (12).
As an important anti-atherosclerotic factor, PON1 has the
capacity to prevent oxidation of low-density lipoprotein
(LDL), maintain the normal function of endothelial cells,
inhibit the adhesion of leukocytes (especially monocytes
and macrophage), and reduce chronic inflammation of
the vascular wall (13-17). Because chronic inflammation
and leukocyte adhesion are the hallmarks of tumor
vascularization and abnormalities in tumor vessels play a
crucial role in the process of tumor invasion and metastasis,
we speculate that PON1 could play an important role in
HCC vascular invasion. Through iTRAQ-based proteomic
profiling and further confirmation, our previous study
has revealed that serum PONI1 was a potential diagnostic
biomarker for MVI (18). This finding was also supported
by another research team (19). However, these reports had
limitations, such as small study size and absence of controls
with non-malignant liver disease. Therefore, we designed a
large-scale validation study to assess the diagnostic accuracy
of PONI as a preoperative, noninvasive, serum biomarker
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for MVL.

Methods
Study population

This study recruited consecutive patients who underwent
surgical treatment at the Liver Cancer Institute, Zhongshan
Hospital, Fudan University, Shanghai, China, from
December 2010 to November 2011. The study population
included patients with HCC, focal nodular hyperplasia
(FNH), liver cyst, and hemangioma. All diagnosis
was defined on the basis of ultrasound, CT, or MRI
characteristics, and was confirmed by histopathology. No
patients had a biopsy prior to the operation. Patients were
excluded if they received preoperative treatments (i.e.,
ablation or transarterial chemoembolization).

HCC patients were classified based on their vascular
invasion status: no vascular invasion (NVI) and vascular
invasion (VI). The VI group was subdivided into MVI and
gross vascular invasion (GVI). The diagnosis of vascular
invasion was made on the basis of established criteria (8,9).
The presence of MVI was diagnosed when tumor cells were
detected in microvessels on microscopic observations by
two different pathologists. In most cases, the presence or
absence of MVI was so obvious that the two reviewers had
consistent results. Inconsistencies, if any, were resolved by
discussion, as is the usual procedure for pathologic diagnosis
in the hospital. The presence of GVI was diagnosed
when tumor thrombi were observed in the first or second
branches of the portal veins on postoperative pathologic
observations or by preoperative radiological tests, such as
CT or MRI. We also defined sHCC as tumor diameter less
than 5 cm (including 5 cm), and advanced-HCC as tumor
diameter greater than 5 cm.

Approval for the study was obtained from the ethics
committee of Zhongshan hospital, Fudan University.
Informed consent was obtained from participants, according
to the committee’s regulations.

Testing of blood samples

Peripheral blood samples were drawn within one week
of CT or MRI diagnosis and prior to surgical treatment.
Samples were centrifuged and stored at 70 w until testing.
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Assays for serum PON1 were completed by two researchers
at Liver Cancer Institute, Shanghai, China, who had no
access to patients’ clinical information. A commercial
ELISA kit (R&D Systems, Minneapolis, MN, USA) was
used according to the manufacturer’s recommendations.
Briefly, 96-well microplates were coated with 100 pL of the
monoclonal antibody to PON1 supplied with the ELISA
kit (1 pg/mL) and incubated at 4 °C overnight. Nonspecific
reactions were blocked with 1% bovine serum albumin.
Patients’ sera diluted with 10% neonatal calf serum were
incubated for 2 h at 37 °C. Incubation with the detection
antibody, biotinylated goat antthuman PON1 (600 ng/mL),
was performed for 2 h at 37 °C, followed by the addition
of 100 pL of a 1:200 dilution of streptavidin horseradish
peroxidase for 20 min. Color development was achieved
with 100 pLL per well of 3,3,5,5-tetramethylbenzidine and
hydrogen peroxide as a substrate, and sulfuric acid (1 mol/L)
was added to stop the reaction. The optical density was
measured at 450 nm and referenced to 570 nm on a Synergy
2 multimode plate reader (Biotek, Winooski, VI, USA).
The concentrations of PON1 were obtained with a four-
parameter logistic curve, fit to the standard value and
multiplied by the dilution factor. All measurements were
performed in duplicate.

Statistical analysis

Statistical analyses were done with SPSS 20.0 software (IBM,
Armonk, NY, USA). Differences between two independent
groups were tested with the Mann-Whitney U test
(continuous variables and nonparametric analyses). Receiver
operating characteristics (ROC) curves were constructed
to assess sensitivity, specificity, and respective areas under
the curves (AUCs) with 95% confidence interval (CI).
Differences between AUCs were tested following the
method of DeLong er al. We investigated the optimum
cutoff value for diagnosis by maximizing the sum of
sensitivity and specificity and minimizing the overall error
[square root of the sum (1 — sensitivity)? + (1 — specificity)?],
and by minimizing the distance of the cutoff value to the
top-left corner of the ROC curve. To test the diagnostic
accuracy when both PON1 and a-fetoprotein (AFP) were
measured, we estimated functions of the combined marker
by binary logistic regression, and the values of these
functions were used as one marker and subjected to ROC
analysis. The correlation between PON1 concentrations in
serum and clinicopathological characteristics was analyzed
with Pearson’s y2 test or Fisher’s exact test. To assess
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whether the combined use of PON1 and AFP measurement
was better than either of these two biomarkers alone, a new
variable predicted probability (P) for VI was created on the
basis of an equation obtained by binary logistic regression
(VI group versus NVI group in the test cohort):

In(P/1-P) = 0.620994 — 0.004311 x PON1 + 0.000106 x
AFP

We took P values lower than 0.05 (two sided) to be
significant.

Results
Patient characteristics

For 861 patients screened, 505 HCC patients were
recruited into the test cohort from December 2010 to
July 2011, and 249 HCC patients were recruited into the
validation cohort from August 2011 to November 2011.
The remaining 107 patients were diagnosed with benign
liver disease that consisted of 21 FNHs, 25 cysts, and 61
hemangiomas (Figure I). Clinicopathological characteristics
of HCC patients in the test and validation cohorts are
summarized in Table S1. The cohorts were well matched
for most factors. The majority of the study population were
HBV-related HCCs (86.7% in the test cohort, 80.3% in the
validation cohort). In contrast, only 13.3% patients in the
test cohort were infected with HCV while no HCV patient
was enrolled in the validation cohort. The vascular invasion
status of the HCC patients is also illustrated in 7able 1,
MVI and GVI were detected in 34.5% and 6.7% patients,
respectively, in the test cohort, which was slightly different
from the validation cohort (33.7% with MVI and 12.0%
with GVI, P=0.045).

Univariate analyses were adopted to identify possible
preoperative characteristics for VI, and only tumor size,
AFP and PONT1 were significantly related with VI (7able 1,
P<0.001).

PONI1 and AFP serum levels in different group

PONT concentrations on ELISA of different liver diseases
are illustrated in Figure S1. Although we could notice
a trend of decrease in PON1 concentration in HCC
compared to benign liver diseases, the differences between
HCC and FNH or Cyst patients failed to reach statistical
significance (both P>0.05), but the PON1 concentration
was significantly higher in hemangioma patients than in
HCC (P<0.05).
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¢ 61 Hemangioma

754 participants enrolled

v
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e NV| =297 patients
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505 ELISA testing at Shanghai
Zhongshan Hospital

'

Diagnostic exploration

y

249 Validation Cohort
* NVI =135 patients
* MVI =84 patients
* GVI =30 patients

Diagnostic validation

Figure 1 Study profile. FNH, focal nodular hyperplasia; NVI, no vascular invasion; MVI, micro-vascular invasion; GVI, gross vascular

invasion; ELISA, enzyme-linked immunosorbent assay.

The serum PONI1 and AFP concentrations in HCC
patients with different VI status are further demonstrated
in Figure 2 and Table S2. PON1 concentration was
significantly related with vascular invasion status both in the
test and validation cohort (Figure 24,B). Patients without
vascular invasion had significantly higher level of PON1
than patients with MVI (P<0.0001 in test cohort, P=0.0036
in validation cohort), and patients with GVI had the lowest
PONTI level even compared to the MVI subgroup (P<0.05
in both cohorts). An inversed correlation between AFP
concentration and vascular invasion was also noticed (Figure

2C,D, Tuble S2).

Performance of PON1, AFP and combination in predicting
vascular invasion status

ROC curves showed the optimum diagnostic cutoff value for
PONT1 was 191.12 ng/mL (AUC 0.754, 95% CI: 0.710-0.798,
sensitivity 70.67 %, specificity 78.11%; Figure 3, lable 2).
The optimum cutoff value for AFP was 279.8 ng/mL
(AUC 0.666, 95% CI: 0.618-0.714, sensitivity 40.38%,
specificity 85.19%; Figure 3, Table 2). The cutoff values
adopted in this study were based on VI versus NVI group
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in the test cohort, but we acquired the same result when we
excluded the GVI patients from the ROC curves. Predictive
values and likelihood ratios for PON1 and AFP in the
diagnosis of vascular invasion are shown in 7able 2.

In the assessment of diagnostic accuracy, serum PON1
had greater AUC and sensitivity values than did AFP in
the test cohort (P=0.0063), and specificity was better with
AFP in the test cohort while the validation cohort indicated
different result (Figure 3, Table 2). We also noticed decreased
serum PONI1 could still effectively distinguish patients with
MVI from those with NVI when we ruled out GVI patients
(AUC 0.737, sensitivity 68.39%, specificity 78.11%)
which was also significantly better than AFP (Figure 3,
Table 2, P=0.0047).

"Tumor size was an important factor of VI, 31.1% patients
with sHCC had VI while the rate significantly increased
to 60.3% in patients with advanced-HCC (Table 1). In
the test cohort, 331 (65.5%) of 505 patients had sHCC,
and the AUC of PON1 was 0.738 (95% CI: 0.680-0.796)
with sensitivity of 72.82% and specificity of 76.57%—
significantly better than those of AFP (AUC 0.579, 95%
CI: 0.511-0.647, sensitivity 26.21%, specificity 86.84%,
Table 2, Figure 4, P=0.0003). The diagnostic power of PON1
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Table 1 Univariate analyses of factors associated with vascular invasion in the test cohort

No. (%) of patients in test cohort

Variable P value*
NVI (n=297) MVI (n=174) GVI (n=34)

Age (y) 0.222
<50 89 (48.6) 72 (39.3) 22 (12.0)
>50 208 (64.6) 102 (31.7) 12 3.7)

Gender 0.739
Female 52 (62.7) 26 (31.3) 5(6.0)
Male 245 (58.1) 148 (35.1) 29 (6.9)

Cirrhosis 0.872
No 141 (58.5) 85 (35.3) 15 (6.2)
Yes 156 (59.1) 89 (33.7) 19 (7.2)

ALB (g/dL) 0.127
<35 21 (45.7) 22 (47.8) 3(6.5)
>3.5 276 (60.1) 152 (33.1) 31 (6.8)

TB (umol/L) 0.632
<17 238 (59.6) 136 (34.1) 25 (6.3)
>17 59 (55.7) 38 (35.8) 9(8.5)

HBsAg 0.207
Negative 46 (68.7) 18 (26.9) 3 (4.5
Positive 251 (57.3) 156 (35.6) 31(7.1)

HCV 0.222
Negative 264 (60.3) 145 (33.1) 29 (6.6)
Positive 33 (49.3) 29 (43.3) 5(7.5)

Tumor number 0.558
Single 261 (58.4) 154 (34.5) 32(7.2)
Multiple 36 (62.1) 20 (34.5) 2(3.4)

Tumor size (cm) <0.001
<5 228 (68.9) 93 (28.1) 10 (3.0)
>5 69 (39.7) 81 (46.6) 24 (13.8)

AFP (ng/mL) 578.7+427.9 3,439.5+1,566.8 9,166.5+6764.4 <0.001

PONT1 (ng/mL) 416.9+44.5 185.6+30.5 98.9+38.0 <0.001

', the percentages here represented the distribution of NVI, MVI, GVI in different subgroups; *, P value <0.05 was considered statistically
significant. P values for AFP and PON1 were calculated using the ANOVA test, and the Pearson chi-square test was used for all other
analyses. NVI, no vascular invasion; MVI, micro-vascular invasion; GVI, gross vascular invasion; HBsAg, hepatitis B surface antigen; ALB,
albumin; TB, total bilirubin; AFP, a-fetoprotein; PON1, paraoxonase 1.
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2 c o in the advanced-HCC sub-group remained valuable (AUC
A v g 25 0.786, 95% CI: 0.713-0.858, sensitivity 67.62%, specificity
2 g— 2 81.16%, 1able 2, Figure 5). Compared to AFP, the ROC
2 o - . :l:’ & curves for PONI indicated a diagnosis of VI irrespective of
"é 5 5 2 5 o i» tumor size (Table 2, Figures 4,5).
D'A < § ROC analysis showed that testing of both PONT1 and
X 2 g 9 g 2 AFP increased the diagnostic accuracy for VI compared
a g § 5 g to either test alone (AUC 0.785, 95% CI: 0.744-0.826,
S El o o o |82 sensitivity 75.96%, specificity 77.44%; PONT1 plus AFP us.
.g 3>’ 5 o o ‘_3 2 PONT alone, P=0.0004; PONT1 plus AFP vs. AFP alone,
2 & @ © ® B E P<0.0001; Table 2, Figure 3). Diagnostic accuracy of the
% Z Ve o~ | % ;‘ combination of PON1 and AFP remained improved when
= % S % ;)' % E’- & only the advanced-HCC sub-group was assessed (AUC
“|& g 0.823, 95% CI: 0.758-0.889, sensitivity 78.10%, specificity
g . w © o 3; § 79.71%; Figure 5, Tuble 2). However, in the sHCC sub-
‘E) X g % é g § group, this combination did not demonstrate better results
& 82 compared to PON1 alone (Figure 4, Table 2, P=0.1851).
5 & & & g’.; £ With use of the 191.12 ng/mL threshold for PON1 and
X Sag B 8g|d 8 279.8 ng/mL for AFP, we observed similar or better results
& ,9_’ & % 8 ;‘37 & %, < in the validation cohort to those in the test cohort. PON1
S R° o ° ) ° ; .é had good diagnostic accuracy of VI, especially MVI, for
< ° ° ° E g HCC (Table 2, Figure 3). Additionally, the validation cohort
é’ - o o g I confirmed the ability of PON1 to diagnose VI in sHCC
qg;': 5 S 8 2 |~ sub-group when AFP failed to do so (Figure 4, Tuble 2). The
z 5 > improvement in diagnostic accuracy for VI by measurement
_%’ . (S S © _8 of PONI1 and AFP together was also proven in the
Dg_ 3 ) o o % ; validation cohort (Figure 3, 7211713 2). The detailed data of
QS the ROC curves was demonstrated in Table S3.
S o o o g =
= = ~ < (S
2| ¢ 8 ® |53
Z sz Discussion
X o o o D =
§ E % g g _g % High rates of recurrence are the major causes of the
gl .x 58 poor prognosis of HCC after surgery (20,21). Current
E E 2 © = < % CC), management guidelines do not account for histological
‘g)_cv 5 R R ; = MVI, a well-known predictor of recurrence and poor
i% _ é_j g outcomes for HCC (9,22-24). As the .two ma.in categori@ of
% s %— g f '?\r' < 'g VI, GVI can be @agnosed preoperatively using r:'ldlologwal
S |6 <§ 0~ S E | examination, while the detection of MVI is achieved only
c/)A % z % }% by histological observations in resected tissues (25,26).
50 o % g‘ 8‘ 2 2 3 In previous studies, AFP combined with tumor size or
§ i g g g g 5 g g ; g other methods have been identified as predictors of MVI
g § § o g S g o é’ = S_‘i preoperatively, but the effectiveness or convenience was
< < g s oS o % 3 far from satisfactory (27-29). A previous study identified
E P o |8 § g PIVKA-II to be a better biomarker of MVI than AFP with
E = < uc>:) § g an AUC of 0.81, but the study population was limited to 85
= f} - r 32 :12: HCC patients (30). Other studies tried to solve this problem
= % ; % & % o Z % by using different scoring systems or nomograms which
£ G s% < = |%@% integrated several clinical factors, but all these findings

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2020;8(5):204 | http://dx.doi.org/10.21037/atm.2020.01.44



Page 8 of 12 Ding et al. PON1 as a serum biomarker for the prediction of MVI
A Test Validation
P<0.0001 $-0.0338 . 002;2-0021000_|59 P=0.1335
P<0.0001  P=0.0169 — <0 =0
2000 1 2000
T 1500 1500
<
o
£ 1000 1000
(E) 500
Q 500
0 SN 0 .
NV MVI GVI  SHCC advanced-HCC NV MVE GV SHCC advanced-HCC
P<0.0001 P<0.0001
—— P<0.0001 ———— P=0.0003
P<0.0001  P=0.0141 [ — P<0.0162  P=0.2395 1
C 20000 . 20000
< 15000 . 15000
£ .
o oo
£ 10000 : 10000
o
[T
< 5000 —+ 5000
5
0 = S 0 :
NVI MvI GvI sHCC advanced-HCC NVI MvI GVI sHCC advanced-HCC
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invasion; GVI, gross vascular invasion; AFP, a-fetoprotein; PON1, paraoxonase 1.

r Test 8 Validation
A 1007 Nvivs v =7 B 1007]NVivs. VI
80 ] P 80 7]
> 807 I S 607
2 1 s 1
2 40 2 404
o} 1 S @ ]
w J Fy ) 4
204f)] 20
] — PON1 1 ~— PON1
1/ T AFP 1 T AP
ol ~ PON1+AFP 0 —— PON1+AFP
0 20 40 60 80 100 0 20 40 60 80 100
100 - specificity (%) 100 - specificity (%)
C 100 \vivs. mvi , D 1007 Nvivs. Mvi
80 807
S s
> 60 < 60
s £ ]
g 40 2 40
o) o ]
€N %] i
20 20-
—_ POM1 1 ~— PON1
/ T AFP 1 — AFP
oW — PON1+AFP 1/ — PON1+AFP
B e e e e e e e S e S R B e 0+r—T—T7T T T T T T T T T T T T T
0 20 40 60 80 100 0 20 40 60 80 100

100 - specificity (%) 100 - specificity (%)

Figure 3 Diagnostic outcomes for serum PONI in the diagnosis of vascular invasion of HCC. (A) ROC curve for PONI, AFP, or both
for all patients with N'VI versus VI in the test cohort; (B) ROC curve for PON1, AFP, or both for all patients with NVI versus VI in the
validation cohort; (C) ROC curve for PON1, AFP, or both for all patients with NVI versus MVI in the test cohort; (D) ROC curve for
PONI1, AFP, or both for all patients with NVI versus MVI in the validation cohort. AFP, a-fetoprotein; PON1, paraoxonase 1; VI, vascular

invasion; NVI, no vascular invasion; MVI, micro-vascular invasion; ROC, receiver operating characteristics.
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Figure 4 Diagnostic outcomes for serum PON1 in the diagnosis of vascular invasion of sHCC. (A) ROC curve for PON1, AFP, or both for
sHCC patients with NVI versus VI in the test cohort; (B) ROC curve for PON1, AFP, or both for sHCC patients with NVI versus VI in
the validation cohort; (C) ROC curve for PON1, AFP, or both for sHCC patients with NVI versus MVI in the test cohort; (D) ROC curve
for PONT1, AFP, or both for sHCC patients with NVI versus MVI in the validation cohort. AFP, a-fetoprotein; PON1, paraoxonase 1; VI,

vascular invasion; NVI, no vascular invasion; MVI, micro-vascular invasion; ROC, receiver operating characteristics.

were not validated by large-scale study and were not ready
for clinical application. In this study, we have shown that
measurement of serum PON1 has a diagnostic value for
MVI better than that of AFP, especially for patients with
sHCC. The AUC of PONI to diagnose VI was 0.754 (95%
CI: 0.710-0.798) in HCC patients, and 0.738 (95% CI:
0.680-0.796) in the sHCC subgroup, both significantly
higher than AFP (P<0.01).

PONI is a calcium-dependent hydrolase protein
synthesized mainly in the liver and secreted into the
circulatory system (13), and generally its level in
serum correlates with the degree of cell damage and
chronic inflammation in the liver (12). However, the
immunohistochemical study from our previous work
demonstrated that PON1 expression in tumor tissues
was inversely correlated with vascular invasion status,
whereas its expression in peri-tumor tissues showed no
significant association (18). This finding suggested that

© Annals of Translational Medicine. All rights reserved.

the serum concentration of PON1 in HCC patients
might be modulated primarily by PON1 expression
in the tumor tissue rather than non-tumoral hepatic
tissues, and the decreased level of serum PON1 might
reflect the progression of HCC. As an important anti-
atherosclerotic factor, PON1 involves in the cellular
cholesterol synthesis, it has the capacity to maintain the
normal function of endothelial cells, inhibit the adhesion
of leukocytes (especially monocytes and macrophages), and
reduce chronic inflammation of the vascular wall (14). As
disrupted cholesterol homeostasis, chronic inflammation
and leukocyte adhesion are the hallmarks of tumor
vascularization and could lead to tumor invasion/metastasis,
the anti-inflammatory and vessel normalization roles of
PONI could underlie the inverse correlation between
serum PON1 level and vascular invasion (16,17,31,32).
Compared to advanced HCC, the identification of VI in
sHCC is more difficult and important in clinical practice.
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Figure 5 Diagnostic outcomes for serum PONI in the diagnosis of vascular invasion of advanced-HCC. (A) ROC curve for PON1, AFP,
or both for advanced-HCC patients with NVI versus VI in the test cohort; (B) ROC curve for PON1, AFP, or both for advanced-HCC
patients with N'VI versus VI in the validation cohort; (C) ROC curve for PON1, AFP, or both for advanced-HCC patients with NVI versus
MVI in the test cohort; (D) ROC curve for PON1, AFP, or both for advanced-HCC patients with NVI versus MVI in the validation cohort.

AFP, a-fetoprotein; PON1, paraoxonase 1; VI, vascular invasion; NVI, no vascular invasion; MVI, micro-vascular invasion; ROC, receiver

operating characteristics.

Our results demonstrated that, unlike AFP, the diagnostic
power of PON1 did not significantly vary with tumor
size. The difference of PONT level between sHCC and
advanced HCC was not as significant as that of AFP. In the
advanced-HCC sub-group, AFP could achieve an AUC of
0.731, while it dramatically dropped to 0.579 in the sHCC
sub-group. However, the AUC of PON1 in sHCC and
advanced HCC was 0.738 and 0.786, respectively. This
result confirmed that PON1 was an independent indicator
of VI from tumor size.

Although the combination of PON1 and AFP increased
the diagnostic accuracy for VI in total patients, it did not
demonstrate better results compared to PON1 alone in
the sHCC sub-group. Considering the convenience for
clinical application, we suppose that PONT1 alone might be
sufficient.

© Annals of Translational Medicine. All rights reserved.

The sample size and several clinical characteristics in our
validation cohort were smaller and different from the test
cohort. Therefore, the results of diagnostic performance
differed between the two cohorts. Generally speaking, the
prediction power of PON1 was even better in the validation
cohort than in test cohort. For instance, the AUC of PON1
in all HCC patients was 0.894 in the validation cohort and
0.754 in the test cohort; the AUC of PONI1 in the sHCC
subgroup was 0.917 in the validation cohort and 0.738 in
the test cohort. We also noticed that no HCV patients were
recruited into the validation cohort, which was significantly
different from the test cohort (which included 13.3% HCV
patients, P<0.001). This might be the explanation for the
better diagnostic power of PONI in the validation cohort,
and the application of PON1 in HCV-related patients
might not be as accurate as in HBV-related patients.

Ann Transl Med 2020;8(5):204 | http://dx.doi.org10.21037/atm.2020.01.44
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Interestingly, we observed an inverse result with AFP: the
predictive accuracy was worse in the validation cohort than
in the test cohort. The underlying mechanisms require
further investigation.

There are some limitations of this study. First, our study
is a single center, cross-sectional and retrospective study.
Second, the majority of the study population were HBV-
related, and whether PON1 could be applied in HCV-
related patients remains doubtful. Therefore, we plan to do
a prospective multicenter study to assess whether the use
of PONI1 can be validated in patients with or without HBV
infection.

To our knowledge, this is the first large-scale study
to report the clinically diagnostic relevance of PONI as
a serum protein marker for vascular invasion in HCC
patients. Our results indicate that serum PONI1 could
potentially be used to diagnose VI, especially MVI, before
surgery, and could be used to guide more personalized
treatment strategy.
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Figure S1 PONT1 concentrations on ELISA of different liver diseases.

Table S1 The clinicopathologic characteristics of HCC patients in the test and validation cohorts

) Test (n=505) Validation (n=249)
Variable P value
No. % No. %
Age (y)
<50 183 36.2 106 42.6 0.093
>50 322 63.8 143 57.4
Gender
Female 83 16.4 28 11.2 0.059
Male 422 83.6 221 88.8
Cirrhosis
No 241 47.7 119 47.8 0.986
Yes 264 52.3 130 52.2
ALB (g/dL)
<35 46 9.1 22 8.8 0.902
>3.5 459 90.9 227 91.2
TB (umol/L)
<17 399 79.0 199 79.9 0.772
>17 106 21.0 50 20.1
HBsAg
Negative 67 13.3 49 19.7 0.022
Positive 438 86.7 200 80.3
HCV
Negative 438 86.7 249 100 0.000
Positive 67 13.3 0 0
AFP (ng/mL)
<20 249 49.3 131 52.6 0.394
>20 256 50.7 118 47.4
Tumor number
Single 447 88.5 217 87.1 0.586
Multiple 58 11.5 32 12.9
Differentiation
111 310 61.4 159 63.9 0.511
-1v 195 38.6 90 36.1
Encapsulation
None 164 325 84 33.7 0.592
Yes 341 67.5 165 66.3
Tumor size (cm)
<5 331 65.5 160 64.3 0.727
>5 174 34.5 89 35.7
BCLC stage
0+A 323 64.0 157 63.1 0.038
B 148 29.3 62 24.9
C 34 6.7 30 12.0
Chinese stage*
la 282 55.8 136 54.6 0.020
Ib 160 31.7 60 241
lla 27 5.3 22 8.8
Ilb 2 0.4 1 0.4
Illa 34 6.7 30 12.0
Vascular invasion
No 297 58.8 135 54.2 0.045
Micro 174 34.5 84 33.7
Macro 34 6.7 30 12.0

*, Guidelines for Diagnosis and Treatment of Primary Liver Cancer in China (2017 Edition). Liver Cancer 2018;7:235-
60. HCC, hepatocellular carcinoma; HBsAg, hepatitis B surface antigen; ALB, albumin; AFP, o-fetoprotein; TB, total
bilirubin.



Table S2 Concentrations of serum PON1 and AFP in different groups (sub groups) in both test and validation cohorts

Test Validation
Variable Group
No. Median (IQR) Mean No. Median (IQR) Mean
PON1 (ng/mL)
Total NVI 297 346.4 (211.0-525.7) 416.9 135 505.1 (346.0-614.9) 660.1
MVI 174 124.5 (38.4-262.8) 185.6 84 160.9 (103.9-188.2) 178.3
GVI 34 46.1 (0.8-160.6) 98.9 30 0.0 (0.0-138.7) 92.3
sHCC NVI 228 338.6 (202.2-521.0) 414.8 103 509.9 (365.0-614.2) 702.8
MVI 93 129.9 (52.1-233.8) 182.9 47 163.4 (102.8-184.7) 164.7
GVI 10 32.3 (9.8-102.9) 77.0 10 65.2 (0.0-285.6) 138.8
aHCC NVI 69 370.2 (235.6-553.4) 423.8 32 441.3 (303.7-623.7) 522.5
MVI 81 106.4 (19.5-269.2) 188.7 37 150.8 (111.0-189.7) 195.5
GVI 24 76.1 (0.0-184.6) 108.1 20 0.0 (0.0-115.5) 69.0
AFP (ng/mL)
Total NVI 297 10.3 (3.3-113.1) 578.7 135 15.3 (4.3-133.7) 709.6
MVI 174 41.0 (8.0-1,032.2) 3,439.5 84 19.8 (6.1-521.9) 3,018.9
GVI 34 794.8 (164.4-4,368.8) 9,166.5 30 40.3 (10.8-4,245.0) 5,851.1
sHCC NVI 228 9.9 (3.4-104.4) 209.4 103 13.6 (3.6-79.0) 386.3
MVI 93 16.9 (4.7-172.8) 401.1 47 15.3 (6.2-345.6) 382.9
GVI 10 760.4 (441.4-1,087.8) 726.6 10 13.4 (9.4-64.6) 6,500.2
aHCC NVI 69 11.7 (3.3-124.7) 1,798.9 32 56.5 (11.0-1,414.2) 1,750.3
MVI 81 190.3 (16.1-4517) 6,928.1 37 31.3 (6.1-620.0) 6,367.3
GVI 24 794.8 (75.2-10,939.5) 12,683.1 20 373.4 (12.6-7,052.0) 5,526.6

HCC, hepatocellular carcinoma; NVI, no vascular invasion; MVI, micro-vascular invasion; GVI, gross vascular invasion; AFP, a-fetoprotein;

PON1, paraoxonase 1; aHCC, advanced-HCC.



Table S3 Supplementary data of the ROC curves in different groups in both test and validation cohorts

Test Validation
Group
Prevalence z statistic P value Prevalence z statistic P value

VI vs. NVI (in total)

PON1 41.2 11.373 <0.0001 45.8 17.013 <0.0001
AFP 6.730 <0.0001 2.124 0.0336
PON1 + AFP 13.570 <0.0001 17.938 <0.0001

MVI vs. NVI (in total)

PON1 36.9 9.757 <0.0001 38.4 14.264 <0.0001
AFP 5.103 <0.0001 1.383 0.1668
PON1 + AFP 11.380 <0.0001 15.103 <0.0001

VI vs. NVI (in sHCC sub-group)

PON1 31.1 8.043 <0.0001 35.6 16.446 <0.0001
AFP 2.271 0.0231 1.617 0.1058
PON1 + AFP 8.222 <0.0001 17.531 <0.0001

MVI vs. NVI (in sHCC sub-group)

PON1 29.0 7.272 <0.0001 313 15.024 <0.0001
AFP 1.418 0.1561 1.424 0.1544
PON1 + AFP 7.286 <0.0001 16.418 <0.0001

VI vs. NVI (in advanced HCC sub-group)

PON1 60.3 7.738 <0.0001 64.0 5.601 <0.0001
AFP 5.983 <0.0001 0.343 0.7317
PONT1 + AFP 9.687 <0.0001 6.745 <0.0001

MVI vs. NVI (in advanced HCC sub-group)

PON1 54.0 6.491 <0.0001 53.6 4.338 <0.0001
AFP 5.178 <0.0001 0.262 0.7930
PONT1 + AFP 8.172 <0.0001 5.263 <0.0001

VI, vascular invasion; NVI, no vascular invasion; MVI, micro-vascular invasion; AFP, a-fetoprotein; PON1, paraoxonase 1.
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