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Abstract

Background—Hepatocellular carcinoma (HCC) has the greatest increase in mortality among all
solids tumors in the United States related to low rates of early tumor detection. Development of
non-invasive biomarkers for early detection of HCC may reduce HCC-related mortality.

Methods—We have developed an algorithm that combines routinely observed clinical values into
a single equation that in a study of > 3,000 patients from 5 independent sites, improved detection
of HCC as compared to the currently used biomarker, alpha-feto-protein (AFP), by 4-20%.
However, this algorithm had limited benefit in those with AFP <20 ng/mL. To that end, we have
developed a secondary algorithm that incorporates a marker, fucosylated kininogen, to improve the
detection of HCC, especially in those with AFP <20 ng/mL and early stage disease.

Results—The ability to detect early stage AFP negative (AFP< 20 ng/mL) HCC increased from
0% (AFP alone) to 89% (for the new algorithm). Glycan analysis revealed that kininogen has
several glycan modifications that have been associated with HCC, but often not with specific
proteins, including increased levels of core and outer-arm fucosylation and increased branching.
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Conclusions—An algorithm combining fucosylated kininogen, alpha fetoprotein, and clinical
characteristics is highly accurate for early HCC detection.

Impact—Our biomarker algorithm could significantly improve early HCC detection and curative
treatment eligibility in patients with cirrhosis.

Introduction

Hepatocellular carcinoma (HCC) was once thought to be an uncommon cancer in the United
States, but incidence rates have increased dramatically due to increasing number of
advanced hepatitis C virus (HCV) and non-alcoholic fatty liver disease (NAFLD) cases.
Indeed, in the most recent Annual Report to the Nation on the Status of Cancer, HCC had
the second fastest rise in incidence and the greatest increase in mortality among both men
and women(1). HCC incidence is predicted to continue rising in the United States and
exceed 50,000 cases per year by 2025(2).

Current guidelines by the American Association for the Study of Liver Disease (AASLD)
suggest ultrasound for the routine surveillance of those at risk for HCC without the addition
of any biomarker(3-5). In practice, many clinicians utilize routine MRI and CT scans for
cancer detection, given the low sensitivity of ultrasound alone for early tumor detection(6—
8). However, CT scan and MRI have never been studied as surveillance tests for HCC, and
modeling studies have shown that these modalities are not cost-effective(9). AFP, while no
longer recommended for surveillance in the AASLD guidelines (10, 11), is still widely used
in clinical practice despite questionable value as an individual marker(12, 13).

We previously developed an AFP-based algorithm, the Doylestown algorithm (DA), that
used standard lab values (age, gender, alanine aminotransferase (ALT), and alkaline
phosphatase (ALK))) to improve the sensitivity and specificity of AFP for identifying early
stage HCC(14). In a recently published study among 5 independent patient cohorts of >
3000 patients, the DA increased AUROC of AFP by 8% among all patients and by 31%
among those with AFP between 10-100 ng/mL. However, the performance of this algorithm
in those with AFP <20 ng/mL was poor and thus, we have attempted to determine if we
could build on this algorithm to further improve the performance. The logic here is that the
Doylestown algorithm would act as a base to add in a limited number of new biomarkers to
further increase sensitivity and specificity over both AFP and the base algorithm. As we
have previously performed extensive biomarker discovery and identified a number of
potential HCC biomarker candidates(15-23), we tested a number of these as potential
combinatorial partners with the DA. To that end, we have discovered that the addition of
lectin reactive low molecular weight (LMW) kininogen to the algorithm increases
performance and allows for a high degree of sensitivity and specificity in the early detection
of HCC, especially in those with AFP <20ng/mL. Glycan analysis of kininogen derived
from the serum of healthy subjects revealed that this molecule is normally fucosylated but
has limited reactivity to the fucose binding Aleuria aurantia lectin (AAL). Advanced
glycoproteomic analysis of the site specific glycosylation of kininogen revealed that the
glycans on LMW kininogen become further fucosylated in patients with HCC and this is
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drives the increased reactivity with the core fucose binding lectins and biomarker
performance.

Materials and Methods

Identification of Novel Biomarkers for Addition to Doylestown Algorithm

Our base model is an AFP-adjusted algorithm, the DA, as described in a prior study (14). We
evaluated the incremental benefit of adding 3 novel HCC biomarkers to the Doylestown
algorithm: fucosylated alpha-1-anti-trypsin (A1AT), fucosylated Kininogen or GP73.
Fucosylated proteins were detected using a lectin-fluorescently linked immune-absorbent
assay (FLISA) method that involves the antibody capture of specific proteins, i.e., kininogen
(Abcam, Cambridge, MA, Cat# ab79650) or A1AT (Sigma-Aldrich, St. Louis, MO, Cat #:
A0409) followed by detection of specific N-linked glycan with a sugar binding protein
called a lectin, in this case the AAL (Vector Laboratories, Burlingame, CA). Details
regarding this assay can be found in our previous publications(23, 24). GP73 was measured
by western blot as done previously(25).

Based on the DA, we added novel HCC biomarkers, fucosylated A1AT, GP73, or
fucosylated LMW-Kininogen into the DA. New models were built from the different
combination, and their fitness checked, (deviance, AIC, generalized-R? (26), Hosmer-
Lemeshow GOF test and concordance statistic-c (27)). First order interactions of novel
biomarkers with other predictors in the DA were also checked (a p-value less than 5% was
considered significant). Testing of model assumptions was applied, included co-linearity
among predictors, the linearity of logit, partial residuals plot, etc. as described
elsewhere(28).

Comparison of Model Performance

The predictive performances of each model was evaluated by leave one out cross validation
(LOOCV), 3-fold cross validation, stratified 3 fold cross validation and bootstrap
methods(29). In the case of LOOCV a non-stratified resampling method was adapted (30) to
determine statistical difference between models in LOOCV. Statistical difference between
models was tested with Wilcoxon sign-rank test or paired t-test based on data distribution
(29). In case of the bootstrap cross validation, the Wilcoxon sign rank test or paired t-test
was applied to inference statistical difference of prediction between models.

The output equation for the DA is found in another publication (14) and the output equation
for the kininogen based DA plus equation is as follows:

P=1/(14exp (—[—17.72214 (0.1646 * age) + (3.9453 x male) + (2.4343 * logAFP) + (1.3748 * Kininogen) + (0.0239 *« ALK) + |

In all cases, a P output value of 0.5 was used as a fixed cutoff and patients were classified as
being HCC positive when p>=0.5, otherwise they were classified as cirrhotic (p<0.5). The
basic methods that were used to develop the different algorithms are described in more detail
in our recent publication(14).
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Patients—Two sets of serum samples were used. The experiments performed on the two
sample sets are shown in Supplementary Figure S1. The first set of samples was from the
University of Michigan and this sample set was used for biomarker analysis. Serum samples
were obtained via a study protocol approved by the University of Michigan’s Institutional
Review Board. In all cases written informed consent was obtained from each subject.
Demographic and clinical information was obtained, and a blood sample was collected from
each subject. The diagnosis of HCC was made by histopathology, including all T1 lesions,
and if histopathology was not available by two imaging modalities (ultrasound [US],
magnetic resonance imaging [MRI], or computed tomography [CT]) showing a vascular
enhancing mass > 2 ¢cm) (5). Diagnosis of cirrhosis was based on liver histology or clinical,
laboratory and imaging evidence of hepatic decompensation or portal hypertension (15).
Each of the patients with cirrhosis had a normal US and if serum AFP was elevated a MRI
of the liver within 3 months before to enroliment and another one 6 months after enrollment
that showed no liver mass. The cirrhotic controls have been followed for a median of 12
months (range 7—18 months) after enrollment, and no one has developed HCC. Tumor
staging was determined using the United Network of Organ Sharing-modified TNM staging
system for HCC (16). Early HCC was defined as T1 (single lesion < 2 cm in diameter) and
T2 (single lesion between 2 and 5 cm in diameter; or < 3 lesions each < 3 cm in diameter)
lesions, which met criteria for liver transplantation in the United States. A 20-ml blood
sample was drawn from each subject, spun, aliquoted, and serum stored at —80°C until
testing. Blood samples were drawn prior to initiation of HCC treatment. AFP was tested
using commercially available immunoassays utilizing enhanced chemiluminescence at the
University of Michigan Hospital Clinical Diagnostic Laboratory. The upper limit of normal
was 8 ng/ml.

The second set of samples from the University of California San Diego (UCSD) was used
for kininogen glycomic analysis. These samples were collected under a study protocol
approved by the UCSD Institutional Review Board and written informed consent was
obtained from each subject. The detailed information regarding patients from the UCSD is
found in Supplementary Table S1.

Glycan analysis—Glycan analysis was performed on N-linked glycans enzymatically
released from kininogen by treatment with PNGase F (PNGase F PRIME™, Bulldog Bio,
Portsmouth, NH), labeled with a fluorescent dye, 2-aminobenzamide (2AB), and resolved
via a ultra-high performance liquid chromatography (UPLC) system with a normal phase
column complemented with a Waters fluorescence detector and quantified using the
Millennium Chromatography Manager software (Waters Corporation, Milford, MA) as
described previously (31, 32). Glycans are resolved into discreet chromatographic peaks as
has been done previously(33-35) and assigned preliminary glycan identifications based
upon retention times that are converted to glucose units (GU) using a glucose homopolymer
standard curve. Glycan structures are assigned via treatment with exoglycosidases and
alteration in predicted GU values (18, 20, 32, 36-44).

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Wang et al.

Page 5

LC-MS/MS analysis of fucosylated site specific N-glycoforms of kininogen

Results

Affinity depletion of abundant serum proteins for the analysis of site specific glycoforms of
kininogen was carried out on HP 1290 HPLC system (Agilent, Santa Clara, CA) and
Multiple Affinity Removal Column Human 14 (MARS 14, Agilent) according to
manufacturer’s protocol. Briefly, human plasma (20 pl) was mixed with buffer A (85 pl) and
injected on the column. Affinity buffers A and B were used as mobile phases, 100% A at a
flow rate 0.25 ml/min at 0-9 min, 100% B at a flow rate 1 ml/min at 9-15 min, and 100% A
at a flow rate 1 ml/min at 15-20 min. The peak of the retained fraction was automatically
collected. Amicon microspin column (MilliporeSigma, Darmstadt, Germany) with 3,000 Da
cutoff and 0.5 ml volume was used to desalt and concentrate the flow-through fraction (cca
70 ug of protein) and to exchange Agilent buffer A to 50mM ammonium bicarbonate.
RapiGest SF anionic surfactant (Waters, Milford, MA) was added to a final concentration of
0.05% and incubated with the proteins at 37°C for 1 hour. Aliquots (20 pg of total proteins)
of the samples were reduced with 5 mM DTT and alkylated with 15 mM IAA. Residual IAA
was quenched with 5 mM DTT, and the samples were digested overnight using Trypsin Gold
(Promega, VV5280) in a ratio 1/20 to the total protein.

Tryptic digests (20 pg) were de-sialylated with neuraminidase (New England BioLabs,
Ipswich, MA) at 37°C using pressurized accelerated digestion (barocycler) technology
(Pressure Biosciences, South Easton, MA). Completion of the de-sialylation reaction was
confirmed by LC-MS/MS analysis. De-sialylated glycopeptides were evaporated in a
vacuum concentrator (Labconco, Kansas City, MO) and dissolved in mobile phase A (2%
acetonitrile (ACN), 0.1% formic acid (FA)) for LC-MS/MS measurements. Neuraminidase
treated tryptic digests of the MARS 14 depleted samples were separated using a 90 min
gradient elution. A 5 min trapping step using 2% ACN, 0.1% formic acid at 15 pl/min was
followed by chromatographic separation at 0.4 pl/min as follows: starting conditions 1%
ACN, 0.1% FA; 0-1 min 1-5% ACN, 1-60 min, 5-40% ACN, 0.1% FA; 60-65 min, 40—
98% ACN, 0.1% FA; 65-70 min 98% ACN, 0.1% FA followed by equilibration to starting
conditions for additional Samples were measured under optimized DIA conditions using
rolling collision energy and a 15 Da SWATH window step. Glycopeptide specific Y-ion
isotope cluster with isolation of a window of 1.2 Da, extracted from the SWATH MS/MS
with a 15 Da step window, was used for analysis of the glycopeptide intensities. Areas of the
fucosylated glycopeptides were normalized to the areas of corresponding non-fucosylated
analytes for the analysis of the degree (%) of fucosylation.

Identification of Biomarkers for Algorithm

The previously reported DA had limited benefit in those with AFP < 20 ng/mL(14),
highlighting the need for new biomarkers to help identify those with AFP negative disease.
To that end, we initiated a program to identify novel biomarkers required to improve the
detection of HCC, especially in those with AFP <20 ng/mL (See Supplementary Table S2
and Supplementary Figure S2 and S3). In our testing, the DA was considered the base
marker and additional previously identified biomarkers were incorporated to improve
performance. The markers tested included fucosylated A1AT, fucosylated kininogen and
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GP73(18, 20, 45, 46). Analysis was performed in 115 HCC and 93 cirrhotic cases (See Table
1). While GP73 was measured directly by immunoblotting, fucosylated A1AT and
fucosylated kininogen were measured by a lectin-FLISA based method that measures the
lectin reactivity of captured protein with a specific fucose binding lectin (AAL). GP73,
fucosylated A1AT and fucosylated kininogen data were available in 93 of the HCC samples
and 73 of the cirrhotic samples and model development used only in the sub-set of patients
where all biomarker and clinical variables were available (distribution of these markers is
found in Supplementary Figure S2). In our testing, the addition of fucosylated A1AT had
limited benefit in this model, while the incorporation of GP73 and fucosylated kininogen
resulted in the greatest increase in AUC, as compared to AFP alone (or each marker alone,
Supplementary Tables S2-S3). However, the algorithm using GP73 plus fucosylated
kininogen was not statistically different than an algorithm that contained only fucosylated
kininogen (see Supplementary Table S4). Indeed, the best performance with a single
biomarker was obtained with a fucosylated kininogen based algorithm. This algorithm is
referred to as the DA Plus and the predictive performance of this model was evaluated using
leave-one-out cross validation (LOOCV) and three-fold cross validation (3CV) and
bootstrap cross validation (Supplementary Tables S3-S4).

Performance of Models

In the full cohort of 208 patients (115 HCC cases, 93 non-HCC controls), AFP alone was
able to distinguish these groups with an AUC of 0.828 (Figure 1). The DA had a mean AUC
of 0.951, which was increased to 0.9777 with the addition of fucosylated kininogen in the
DA plus algorithm (Figure 1A). As Table 2A shows, at a fixed false positive rate (FPR) of
5%, the true positive rate (TPR) of AFP alone, the DA and the DA Plus algorithm were 60%
(95% CI: 48-71%), 85% (95% CI: 72-93%), and 90% (95% CI: 80-97%), respectively.

Importantly, if only the patients with early tumors were examined, the mean AUC of the DA
Plus algorithm was 0.971 (0.95-0.99) with an 86% TPR at a 5% FPR. In contrast, AFP was
reduced to an AUC of 0.803 with a TPR of 53% at a 5% FPR. Significantly, if only those
patients with AFP <20 ng/mL and early stage HCC were examined, the DA Plus algorithm
maintained an AUC of 0.970 (95% ClI: 0.936-1.0) with a TPR of 89% (95% CI: 70-100%).
In contrast, the AUC of AFP was reduced to 0.597 (95% CI: 0.47 to 0.72) with a TPR of 0%
(95% CI: 0-24%) at a 5% FPR. In these patients the DA was limited to 65% TPR (95% CI:
42-81%) at a 5% FPR. In all cases, the increased performance of the DA Plus over both
AFP and the DA was statistically significant (Supplementary Table S4).

Structural Analysis of Kininogen

The lectin used in patient analysis binds to fucose bound to the parent glycan in a-1,2,
a-1,3, a-1,4 outer arm linkages or an a 1,6 core linkage. The specific types of fucose
molecules found on kininogen are not known, although kininogen was previously implicated
as a candidate biomarker of HCC through a glycoproteomic method that involved extraction
of proteins with a fucose binding lectin (Lens culinaris agglutinin), with greater affinity for
a 1,6 linked fucosylated glycan (19, 20, 46). However, while this method suggested that the
protein contains glycan with fucose moieties, it does not provide any true structural glycan
information. To address this, we have performed glycan analysis of human LMW-kininogen
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purified from normal human serum, from patients with liver cirrhosis, and from patients with
HCC in the background of liver cirrhosis. Analysis of normal human kininogen was first
analyzed by chromatographic N-linked glycan analysis. These results are shown in Figure 2.
Using sequential exoglycosidase digestion of 2AB labeled glycan and resolution by
hydrophilic interaction chromatography (HILAC) we have identified the major structures to
contain, a bi-antennary glycan, a tri-antennary glycan and a tri-antennary glycan with a
single outer-arm linked a-1,3 fucose residue. Minor N-linked glycan included those with
core a-1,6 fucose and tetra- antennary glycan.

Based on the UPLC based glycan sequencing, approximately 30% of the N-linked glycan on
kininogen contained fucose residues (~5% core fucose; 25% outer-arm fucose). Orthogonal
conformation of the fucosylation was performed by lectin blotting using the fucose specific
AAL, by commercial glycan analysis via MALDI-TOF in combination with exoglycosidase
digestion of core fucosylated glycan (Supplementary Figure S4) and by the lectin-FLISA
based method as used in Figure 1 for patient analysis. As Figure 2B shows, kininogen, when
denatured and resolved via SDS-PAGE, is highly lectin reactive, consistent with the UPLC
based glycan analysis. Similarly, MALDI-TOF glycan analysis in combination with
exoglycosidase digestion of core fucosylated glycan also confirmed that normal kininogen
was 30% fucosylated (Supplementary Figure S4). Surprisingly, this material is not lectin
reactive when analyzed via the lectin-FLISA method used for patient analysis. That is, as
Figure 2C shows, when kininogen is left in a native state following capture with an anti-
kininogen antibody and fucose detected with AAL (Figure 2C), there is no lectin reactivity.
This is in contrast to the results observed when kininogen is analyzed via lectin blotting.
This result suggests that the conformation of native kininogen inhibits lectin binding and
that either a change in glycosylation or potentially a change in protein structure could be
responsible for the increased lectin reactivity observed in HCC patients.

Glycoproteomic Analysis of Patient Derived Kininogen

To determine if the glycans on kininogen change with the development of HCC, we
performed glycoproteomics on kininogen at the site-specific level. Kininogen contains four
potential N-linked glycosylation sites, and we performed glycoproteomics to identify the site
specific glycoforms on the kininogen molecule (47). Table 3 presents the detected
glycoforms on the four N-linked glycosylation sites and shows that complex N-linked
glycan structures were detectable at all the sites of N-linked glycan attachment. We were
able to detect bi- and tri-antennary glycoforms with at most one fucose on asparagine (N)
57. In contrast, the glycoforms at sites N169, N205 and N294 contained bi- to tetra-
antennary glycans with varying degree of fucosylation. Site N294 was the only site where
we detected up to four fucoses associated with the tetra-antennary glycoform. Figure 3
shows the extracted ion chromatograms of select glycoforms at the N294 glycan site; peak
areas of the glycoforms were used to quantify the site specific glycoforms of kininogen in
patients with liver cirrhosis (10) to patients with liver cirrhosis and HCC (20). Clinical
information regarding these patients is found in Supplementary Table S1 and
chromatograms for glycopeptides containing sites N57, N205 and N294 are shown in
Supplementary Figures S5-S7. Even though the structures detected at each site differ,
fucosylation of the glycans at all the four peptides increased in HCC compared to cirrhosis.
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This is documented in Figure 4 on the N294 glycosylation site that shows, as compared to
the cirrhotic control, a greater level of fucosylation for all glycoforms from bi- to tetra-
antennary. Thus, this data suggests that the increased reactivity with fucose binding lectin
observed with the development of HCC is the result of increased levels of fucosylation, both
core and outer-arm.

Discussion

We have recently reported the usefulness of incorporating biomarkers and relevant clinical
variables into a statistical model for predicting the incidence of HCC. In that prior work, we
investigated the predictive performance of AFP alone or after the inclusion of clinical factors
such as age, gender, and serum ALK and ALT levels. However, the major issue with AFP
and the DA is the poor discriminatory ability when AFP is <20 ng/mL. This is a major issue
as 50% of all cases of HCC can fall into this category. In this situation, new biomarkers,
which can identify early cancer in patients with low AFP, are of great value. Thus, we
wanted to determine if any of our previously identified markers could increase the AUC of
the DA and specifically in those with early HCC. Surprisingly, fucosylated kininogen,
which, by itself only has limited discriminatory ability (AUC of 0.829), was the marker to
best complement AFP and the clinical factors in this cohort. GP73, in contrast, had better
overall individual performance (AUC of 0.870) but offered no better complement to the DA
then fucosylated kininogen.

N-linked glycan analysis of kininogen revealed a high level of fucosylation, with roughly
25% of the glycan containing outer-arm fucosylation with a small degree of core
fucosylation (5%). Surprisingly, when analyzed by the plate based lectin FLISA, this
molecule has very limited lectin reactivity with the fucose specific AAL (figure 2C).
Analysis of kininogen from patients with HCC revealed an increased amount of both core
and outer-arm fucosylation as compared to the cirrhatic controls. Interestingly, the alteration
in glycosylation appeared to be site specific with one particular site of N-linked
glycosylation modified by fucosylation. The potential influence of the different sites in the
lectin FLISA and in the detection of HCC will have to be determined.

It is noted that alterations in N-linked glycosylation have been associated with the
development of cancer. In our recent study, we showed that increased core fucosylation was
directly associated with de-differentiation of hepatocytes and the transition of cells from an
epithelial to a mesenchymal state (EMT)(48). However, this modification was not present in
the all patients and may be directly related to the underlying genetic abnormalities
associated with the cancer. This is currently under investigation.

The data presented in this paper also has several limitations that will have to be addressed in
future studies. The first is a lack of external validation. One patient cohort was used for the
examination of the enhanced DA plus, although the basic components minus the one
biomarker have been examined in much larger sets. In addition this study was done with the
clinical information collected either at the time of HCC detection or close to it. Thus, a
follow-up longitudinal follow-up study will have to be performed to truly determine how this
algorithm would be used in the management of patients at risk of developing HCC.
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Additionally, it is possible that other markers that we have identified, such as fucosylated
hemopexin, fucosylated fetuin-A and others, including A1AT shown here, may complement
AFP and kininogen in other patient populations. It is noted that the use of patient aspartate
aminotransferase (AST) level in place of ALT actually lead to the greatest AUC for the
kininogen based algorithm (0.9875), but not when kininogen was excluded. This is currently
being investigated as an advanced algorithm. These markers do not appear to impart any
negative attributes to the model and one could imagine their inclusion to broaden to potential
biomarker coverage.

In conclusion, we present a biomarker algorithm that uses existing clinical information along
with a single novel biomarker that dramatically improves the detection of early stage HCC
and in the detection of HCC in patients who lack the currently used biomarker, AFP. If this
system can be further validated and commercialized, it could potentially be used as a
surveillance test to identify those with HCC and to select patients for further imaging and
management. Additionally, such a system may be useful in patient monitoring after surgical
resection or other treatment modalities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 2. Characterization of low molecular weight kininogen glycosylation
A) Normal phase UPLC analysis of low molecular weight kininogen following sequential

exoglycosidase digestion. B) Lectin blotting of low molecular weight kininogen. The left
panel is stained with colloidal Coomassie brilliant blue (red channel) and the right panel
(green channel) is a lectin blot with the AAL lectin. Proteins are Bovine serum albumin
(BSA, as negative control, human IgG as a positive control) and low molecular weight
kininogen (LMWK). C) Lectin-FLISA of captured kininogen. Supernatant from Hep G2
cells served as the positive control.
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Figure 3. Glycopeptide analysis of tryptic glycopeptide 290-300 highlighting the presence of
branched and fucosylated glycan

For glycan structures, blue squares represent N-acetylglucosamine monosaccharides
(GIcNAc); green circles represent mannose residues; yellow circles represent galactose
residues and red triangles represent fucose residues.
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Figure 4. Glycopeptide analysis of kininogen tryptic glycopeptide 290-300 containing site N294
The median, 25%, 75% and standard deviation are shown for each fucosylated glycan

observed. Results are from an analysis of 10 individual cirrhotic and 20 individual HCC
patients. For structures, A2G2F1, biantennary N-glycan glycan with a single fucose residue;
A3G3F1, tri-antennary N-glycan glycan with a single fucose residue; A3G3F2, tri-antennary
N-glycan glycan with two fucose residues; A4G4F1, tetra-antennary N-glycan glycan with a
single fucose residue; A4G4F2, tetra-antennary N-glycan glycan with two fucose residues.

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2018 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Wang et al.

Table 1

Sample population characteristics
Diagnostic state HCc? Cirrhosis3 p-value
Male:FemaIe(%)4 73%:27% 51%:49% 0.0033
Etiology of liver disease (HBV:HCV:Other) 2 | 6:61:34 10:48:42 0.1991
% Early HCC 60% -
AGE (mean +sd)6 58.4+13.0 50.5+8.6 <0.0001
ALT (mean #sd)” 747 £47.1 65.7 + 44.0 0.1051
AST (mean +sd)® 105.4 +80.3 1213+859 | 02401
ALK (mean #sd)? 239242009 | 94.2+454 <0.0001
Bilirubin (mean +sd) 20 1.43+1.05 1.16+0.76 0.2208
AFP (mean sd)Z 9657.6 +3975.3 | 11.8+34.6 <0.0001
log (AFP) (mean sd) 2.061+1.3257 | 0.714+0.4271 | <0.0001
Sample size 115 93 N/A

Samples obtained from the clinical collaborators from the University of Michigan.

ZHCC as determined by either MRI or CT.

3Cirrhosis confirmed by biopsy.

4The gender breakdown of patient samples. P value determine by the Chi-squared test.

5Etio|ogy of liver disease. HBV, hepatitis B virus; HCV, hepatitis C virus, P value determine by the Chi-squared test.

6, .
Mean Age of patients. Students t-test

7o . . . .
Alanine transaminase, ALT. P value determined by Wilcoxon rank sum test.

8 . . ]
Aspartate transaminase, AST. P value determined by Wilcoxon rank sum test.

9 . . -
Alkaline phosphatase, ALK. P value determine by Wilcoxon rank sum test.

10, - . .
Serum bilirubin levels. P value determined by Wilcoxon rank sum test.

ﬂAIpha—feto protein levels in ng/mL. P value determined by Wilcoxon rank sum test.
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