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Abstract

Chronic Hepatitis B (HB) is the main risk factor for chronic liver disease (CLD) and
hepatocellular carcinoma (HCC) in many low-resource countries, where diagnosis is constrained
by lack of clinical, histopathological and biomarker resources. We have used proteomics to detect
plasma biomarkers that outperform a-Fetoprotein (AFP), the most widely used biomarker for
HCC diagnosis in low-resource contexts. Deep plasma proteome analysis was performed in HCC
patients, patients with chronic liver disease (CLD) and in HB-carrier controls from Thailand
(South-East Asia) and The Gambia (West-Africa). Mass spectrometry profiling identified Latent-
Transforming Growth Factor § Binding-Protein 2 (LTBP2) and Osteopontin (OPN) as being
significantly elevated in HCC versus CLD and controls. These two proteins were further analysed
by ELISA in a total of 684 plasma samples, including 183 HCC, 274 CLD and 227 asymptomatic
controls. When combined, LTBP2 and OPN showed an area under the receiver operating curve
(ROC) of 0.85 in distinguishing HCC from CLD in subjects with a-Fetoprotein (AFP) < 20
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ng/mL. In a prospective cohort of 115 CLD patients from Korea, increased plasma levels of
LTBP2 and/or OPN were detected in plasma collected over 2 years prior to diagnosis in 21
subjects who developed HCC. Thus, the combination of LTBP2 and OPN outperformed AFP for
diagnosis and prediction of HCC and may therefore improve biomarker-based detection of HBV-
related HCC.
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Introduction

Hepatocellular carcinoma (HCC) represents over 80% of primary liver cancer (PLC) cases
and is the 3" most frequent cause of cancer-related death worldwide, with considerable
geographic variation in rates and aetiology 1. These variations are due to differences in the
distribution of risk factors such as chronic infections with hepatitis B (HBV) virus or
hepatitis C (HCV) virus, dietary exposure to the mycotoxin aflatoxin B1 (AFB1), alcohol
consumption and metabolic syndromes associated with overweight/obesity. Most areas of
high incidence are in low-resource countries, including sub-Saharan Africa, Egypt, central
Asia, and large areas of south-eastern Asia in particular in China. In the Asia-Pacific region
and in west Africa, PLC ranks as the most frequent cancer in males and the 3 in females,
with age standardized incidence rates (ASR, World standard) of 53 in males and 20 in
females in The Gambia, and of 41 in males and 20 in females in Thailand 2 3. In both
countries, the main attributable risk factor is HBV, with however significant differences in
HBV genotypes (B and/or C, in Thailand, E in The Gambia) and in levels of exposure to
AFB1, which is considered as a minor, although non-negligible, risk factor in Thailand but
represents a major contaminant of staple diets in The Gambia 4 °. In addition, in Thailand,
cholangiocarcinoma (CC), the second most common form of PLC, represents about 30% of
the cases and up to 75% in the northern and eastern parts of the country .

In low-resource areas, most HCC are diagnosed on the basis of clinical signs and at
advanced stages. Because of late presentation and absence of curative therapeutic options,
histopathological analysis is rarely performed and diagnosis commonly relies on a triad
consisting of clinical symptoms, suggestive ultrasonography and elevated levels of a plasma
protein marker, a-Fetoprotein (AFP) 7. AFP levels above 400 ng/mL are considered as
diagnostic for HCC; nevertheless, such high levels are detected only in a subset of patients®.
In clinical practice, levels above 100 ng/mL are considered as highly suspicious, as well as
lower levels if there is a continuous increase of expression over a short period of time °. In
subjects meeting these criteria, the National Comprehensive Cancer Network (NCCN)
guidelines and the American Association for the Study of Liver Diseases (AASLD)
recommend further assessment using imaging techniques'®. However, AFP remains
unsatisfactory for diagnosis and screening as many patients develop cancer without elevated
AFP, and AFP levels above 100 ng/mL may be observed in some patients with non-cancer
chronic liver diseases (CLD) 911, Other markers have been proposed as alternatives to AFP,
including lens culinaris-reactive AFP (AFP-L3), des-gamma carboxyprothrombin (DCP)

Int J Cancer. Author manuscript; available in PMC 2015 October 23.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

da Costa et al.

Page 3

and glypican-3 (GPC3) 12, Thus far, most of these markers have not demonstrated better
performance than AFP either alone or or when combined with ultrasonography ’. In a recent
study, we have used deep-plasma proteomics to identify Osteopontin (OPN) as candidate
new diagnosis biomarker for HCC, which may be applicable in areas of high incidence and
HBV chronicity 13. OPN was shown to outperform AFP for distinguishing between patients
with liver cirrhosis or HCC. OPN levels were also found to be elevated up to one year prior
to HCC diagnosis in a cohort of chronically infected subjects from the US.

In the present study, we have used the same deep-plasma proteomics approach to investigate
candidate markers in the plasma of HCC patients from Thailand and The Gambia, two
regions of high prevalence of HB carriage and high incidence of HCC. The aim of this study
was to identify new protein markers for improving the detection of HCC against CLD in an
etiological context of high HB prevalence. In addition to the previously reported OPN, we
report the identification of Latent-Transforming Growth Factor 3 Binding-Protein 2
(LTBP2) as a potential candidate for HCC detection and diagnosis 13. We used plasma
samples series from case-control studies performed in The Gambia, in Thailand and in
France, as well as from a pilot prospective cohort in Korea, to demonstrate that the
combined use of LTBP2 and OPN shows specificity and sensitivity for HCC even in cases
considered as negative for AFP (<20 ng/mL).

Materials and Methods

Study design and patient characteristics

This study was performed in the framework of the International Liver Cancer Study (ILCS),
an international initiative aimed at prevention, early diagnosis and control of liver cancer
through the understanding of causes and mechanisms in different populations 14. The study
included two steps, first a proteomics discovery pipeline and second, a translational
validation approach (Figure 1). The proteomics discovery pipeline has been described
previously 13,

For validation studies, plasma specimens collected in structured epidemiological studies
were used. In Thailand, specimens were obtained from patients and hospital-based controls
recruited at the Cancer Control Unit of the National Cancer Institute of Thailand, Bangkok
(TLCS, Thailand Liver Cancer Study, Case-control 1). The study was conducted from April
2008 to December 2009. All cases of PLC were recruited and matched controls were
obtained from outpatient clinics. Differential diagnosis of HCC versus CC was established
by a combination of clinical examination, imaging using ultrasonography, computerized
tomography (CT) or Magnetic Resonance Imaging (MRI), biochemistry (AFP and liver
function enzymes testing) and histological confirmation on a small subset of patients from
whom needle biopsies were available. In The Gambia (GLCS, Gambia Liver Cancer Study,
Case-control 2), specimens were obtained in the course of a nationwide case-control study
performed between 1997 and 2001 in three tertiary referral hospitals as described
previously 1°. Diagnosis of HCC was based on the classical triad of clinical examination,
ultrasonography and AFP testing. The clinical characteristics of these patients have been
extensively described 1617, Histological confirmation on needle biopsies was available for
less than 15% of the cases 1°. In France (FLCS, French Liver Cancer Study, Case-control 3),
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specimens were obtained from patients and controls recruited at Hopital Croix-Rousse in
Lyon between September 2011 and May 2012. HCC was diagnosed according to AASLD
guidelines and Barcelona Clinic Liver Cancer staging system (BCLC). In Korea a
prospective cohort was assembled using specimens obtained from chronic hepatitis or
cirrhosis patients and controls recruited in at the Kosin University Hospital in Busan
between 1999 and 2001, with subsequent follow-up until 2006 (KLCS, Korean Liver Cancer
Study, Cohort 1). Incident HCC was diagnosed according to AASLD guidelines. Overall, a
total of 684 plasma samples including 183 HCC patients, 274 CLD patients (including
chronic active HB (CHB) and HC (CHC) patients), and 227 controls without liver symptoms
were selected from the four studies and used in the validation step. In TLCS (Thailand) and
in GLDS (The Gambia), all CLD patients had CHB. In contrast, in FLDS (France), only
CLD patients with CHC were included. In the KLDS prospective cohort, the CLD group
included patients with CHB, CHC as well as patients with liver cirrhosis developing in a
context of either HB or HC carriage. All steps of the study (proteomics discovery, data
mining and validation) were approved by national ethics review boards in Thailand, The
Gambia, France and Korea, and by the Institutional Review Board of the International
Agency for Research on Cancer.

Biomarker discovery and validation

Plasma proteomics was performed at the Fred Hutchinson Cancer Research Center
(FHCRC, Seattle, WS, USA) and was previously described by Shang et al. 13, Validation
studies were focused on two markers that emerged from the proteomics discovery studies,
OPN and LTBP2. Levels of OPN were measured using human Osteopontin Quantikine
ELISA kit (R&D Systems, Inc., Lille, France, kit reference number: DOTS00) and AFP
levels were measured using a standard protocol as described previously 13,

Levels of LTBP2 were measured with a commercial sandwich ELISA kit (USCN Life
Science Inc., Wuhan, P. R. China; kit reference number: SEB630Hu) in 100 pl of diluted
(1:10) plasma. Samples were added to the plates pre-coated with the LTBP2 monoclonal
antibody MAB630Hu22and incubated for 2 h at 37°C. Next, the biotin-conjugated rabbit
polyclonal antibody PAB630HuU01 was added to each well and the plate incubated for 1 h at
37°C. After three washes, 100 ul of avidin conjugated to horseradish peroxidase was added
and the plate incubated for 30 min at 37°C. After five washes, 90ul of TMB solution was
added and the plate was incubated for 15 min at 37°C in the dark followed by 50ul of stop
solution (sulphuric acid solution). The absorbance was measured at 450 nm with a
Multiskan* GO Microplate spectrophotometer (Thermo Fisher Scientific Inc, Saint
Herblain, France). Levels of OPN were measured using a commercial ELISA kit (R&D
Systems, Inc., Lille, France) as previously described in Shang et al.13. AFP levels were
measured using standard protocols as described previously 13,

Statistical analysis

For each biomarker test, receiver operating characteristic (ROC) curves were plotted and
area under the ROC curve (AUROC) was calculated as well as its 95% confidence intervals
(CI) using PROC LOGISTIC program and %PLOTROC macro and comparison of area
under the ROC curve was performed using the %ROC macro of the SAS statistical software
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package (SAS 9.2, SAS Institute Inc, North Carolina, USA). Optimal cut-offs were
calculated based on the minimum distance to the top-left corner of the ROC curve and the
maximum likelihood ratio with highest achievable sensitivity and sensitivity. The sensitivity
and specificity and corresponding 95% CI were calculated for AFP, LTBP2, and OPN
utilizing Usage Note 24170 (http://support.sas.com/kb/24/170.html). All analyses were
conducted with and without stratification for hepatitis virus aetiology and for AFP levels.
Multivariate analysis and Student's t-tests (p<0.01) were conducted using the STATA 11
(StataCorp LP, Texas, USA).

Results

Latent-Transforming Growth Factor g Binding-Protein 2 as potential HCC protein
biomarker

To identify plasma protein markers for detection and diagnosis of HCC in low-resource
settings, we used a biomarker discovery and validation pipeline based on deep plasma
proteomics profiling followed by data mining and validation studies using ELISA tests
(Figure 1). The proteomics approach included immunodepletion of major plasma proteins
and protein separation by two-dimensional HPLC followed by SDS-PAGE and tandem mass
spectrometry analysis as described previously 13. This analysis has led to the identification
of OPN as a candidate biomarker, as previously described 3. Here, we have identified
another potential biomarker, LTBP2. This biomarker was identified by mass spectrometry
with high confidence, characterized by high peptide and protein probabilities (=99% and
>97%, respectively) with sequence coverage of 54% in plasma samples of CLD and HCC
patients. To further evaluate LTBP2, we used plasma samples from patients with HCC or
CLD with diverse aetiological backgrounds and natural history of progressive chronic liver
disease. Case-control 1 (TLCS, Thailand) and 2 (GLDS, The Gambia), have recruited
patients with mostly advanced forms of HCC, whereas the CLD group was constituted of
patients with chronic active hepatitis B (CHB). Case-control 3 (FLDS, France), was
constituted of patients with less advanced HCC; in this study the CLD group included
patients with active chronic hepatitis C. Cohort 1 (Korea) was constituted of subjects with
chronic hepatitis B who were prospectively followed-up for HCC. Moreover, the different
case series also differed in the protocols used for plasma collection. Case-control studies 1
(TLCS, Thailand) and 3 (FLCS, France) were developed using a proteomics-optimized
protocol for specimen collection (ILCS protocol, see Supporting Information) while Case-
control 2 (GLCS, The Gambia) and Cohort 1 (KLCS, Korea) were part of previously
described studies in which blood samples were collected and fractionated using standard
protocols 19 18. 19 |n each case-control and cohort study, we compared LTBP2 with OPN
and with levels of AFP to evaluate the performance of detection algorithms that combine
several markers.

Levels and performance of LTBP2 in HCC patients in case-control 1 (Thailand)

We analysed LTBP2 plasma levels in Case-control 1 (TLCS, Supporting Table S1),
comprising a total of 159 plasma samples collected from 52 controls, 49 CLD patients and
58 HCC patients. Plasma levels of LTBP2 were measured blinded to clinical status. They
were found to be significantly higher in HCC patients (mean = 35.96 ng/mL) than in CLD
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patients (mean = 24.21 ng/mL, p < 0.0001) and controls (mean = 14.67 ng/mL, p < 0.0001)
(Figure 2 A). To analyse the performance of LTBP2 in discriminating between HCC, CLD
and controls, AUROC analysis was performed at the level of 27 ng/mL LTBP2 as the cut-
off value. The performance of LTBP2 in distinguishing HCC patients from controls was
demonstrated by an AUROC of 0.94 (95% CI: 0.89 — 0.99) (Supporting Table S2). Next, to
determine whether measuring LTBP2 may significantly improve HCC detection and
diagnosis in patients with low serum levels of AFP, we analysed the performance of LTBP2
(at a cut-off of 27 ng/mL) in distinguishing HCC from CLD patients with AFP levels below
20 ng/mL. In this comparison, the AUROC of LTBP2 was 0.98 (95% ClI: 0.93 — 1.00)
(Figure 3 A, Table 1). Overall, when comparing LTBP2 cut-off of 27 ng/mL and AFP at a
cut-off level of 20 ng/mL, LTBP2 had better performance than AFP alone, with a sensitivity
of 100% (95 CI: 57% - 100%) and a specificity of 94% (95% CI: 70% - 99%) compared to a
sensitivity of 85% (95% CI: 72% - 93%) and a specificity of 100% (95% CI: 79% - 100%)
for AFP (Table 1). Moreover, measuring LTBP2 was particularly useful to distinguish
between patients with HCC or with chronic liver disease under the AFP cut-off value of 20
ng/mL.

Levels and performance of LTBP2 and OPN in HCC patients in case-control 2 (The

Gambia)

We subsequently analysed LTBP2 and OPN plasma levels in a second, independent cohort
performed in The Gambia between 1998 and 2001 (GLCS; case-control 2). We analysed a
total of 150 plasma samples, collected from 50 controls, 50 CLD patients and 50 HCC
patients (Supporting Table S3). Case-control 2 includes samples collected using a standard
clinical protocol for blood collection and fractionation, therefore providing an “in-the-field”
validation for both protein biomarkers. Firstly, we found that plasma levels of LTBP2 were
significantly higher in HCC patients (mean = 33.31 ng/mL) than in CLD patients (mean =
23.13 ng/mL, p < 0.0001) and controls (mean = 16.72 ng/mL, p < 0.0001) (Figure 2 B).
Plasma levels of OPN were also significantly higher in HCC patients (mean = 671.1 ng/mL)
than in CLD patients (mean = 268.0 ng/mL, p < 0.0001) and controls (mean = 36.39 ng/mL,
p < 0.0001) (Figure 2 D). Secondly, we analysed the performance of LTBP2 and OPN,
independently and combined, in discriminating between HCC patients, patients with CLD
and controls. Using a cut-off level of 27 ng/mL for LTBP2 and 237 ng/mL for OPN, both
LTBP2 and OPN showed high performance in discriminating between HCC and controls, in
particular when used in combination (LTBP2: AUROC 0.87, 95% CI: 0.79 — 0.94; OPN:
AUROC 0.96, 95% CI: 0.93 - 1.00; LTBP2+OPN: AUROC 0.98, 95% CI: 0.97 - 1.00)
(Supporting Table S2). When comparing HCC and CLD patients with AFP levels lower than
20 ng/mL, LTBP2 (cut-off: 27 ng/mL) and OPN (cut-off: 237 ng/mL), independently or
combined, outperformed AFP (LTBP2: AUROC 0.80, 95% CI: 0.68 — 0.92; OPN: AUROC
0.75, 95% CI: 0.57 - 0.92; LTBP2+OPN: AUROC 0.85, 95% CI: 0.74 - 0.96; AFP:
AUROC 0.59, 95% ClI: 0.39 - 0.79) (Figure 3 B, Table 1).

Overall, when using as cut-off values <20 ng/mL for AFP, 27 ng/mL for LTBP2 and 237
ng/mL for OPN, the combination of LTBP2 and OPN showed better performance than AFP,
with an increased sensitivity [LTBP2+OPN: sensitivity 92% (95% CI: 62% - 99%); AFP:
sensitivity 76% (95% ClI: 61% - 87%)].
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Levels and performance of LTBP2 and OPN in HCC patients in case-control 3 (France)

To assess whether LTBP2 may also serve as marker in patients with “western-type” natural
history of CLD and HCC aetiology, we extended our validation studies to a case-control
study performed in France (case-control study 3; FLDS; cases and controls recruited in 2011
and 2012). In this series, HCV, alcohol and metabolic syndromes, were the most significant
etiological risk factors for HCC and the pattern of CLD was dominated by cirrhosis. We
analysed a total of 225 plasma samples, collected from 75 controls, 75 CLD patients and 75
HCC patients (diagnosed according to AASLD and BCLD guidelines; Supporting Table
S4). First, we found that plasma levels of LTBP2 were significantly higher in HCC patients
(mean = 50.46 ng/mL) compared to controls (mean = 34.69 ng/mL, p < 0.0001), as well as
in CLD patients (mean = 53.63 ng/mL,) compared to controls (p < 0.0001) (Figure 2 C).
Nevertheless, we did not find a significant difference in plasma levels between HCC and
CLD patients. In contrast, plasma levels of OPN were significantly higher in HCC patients
(mean = 253.24 ng/mL) compared to CLD patients (mean = 67.75 ng/mL, p < 0.0001) and
controls (mean = 13.46 ng/mL, p < 0.0001) (Figure 2 E). Next, we analysed the performance
of LTBP2 and OPN in distinguishing between HCC patients, patients with CLD and
controls. Using a cut-off level of 27 ng/mL for LTBP2 and 91 ng/mL for OPN, we
compared HCC and CLD patients with AFP levels <20 ng/mL. Whereas LTBP2 had a
similar performance as AFP (Figure 3 C, Table 1), OPN greatly out performed AFP (OPN:
AUROC 0.70, 95% CI: 0.59 — 0.83; AFP: AUROC 0.57, 95% CI: 0.45 - 0.69) with an
increase in sensitivity [OPN: sensitivity 83% (95% ClI: 69% - 93%); AFP: sensitivity 49%
(95% ClI: 37% - 62%)] (Figure 3 C, Table 1). Overall, OPN at a cut-off level of 91 ng/mL,
but not LTBP2, appeared to be effective in distinguishing CLD from HCC in this case-
control study from France.

Pre-diagnostic potential of combined LTBP2 and OPN levels in cohort 1 (Korea)

To evaluate whether a combined panel of protein biomarkers (AFP, LTBP2 and OPN) may
assist in early detection/diagnosis of HCC, we investigated the levels of LTBP2 and OPN in
an independent hepatitis prospective cohort developed in Korea between 1999 and 2001,
with a follow up for HCC incident in 2006 (KLCS, cohort 1). We analysed a total of 150
plasma samples, collected from 50 controls, 50 patients with Chronic HB or HC, and 50
patients with liver cirrhosis (Supporting Table S5). Of these, 115 were considered at risk of
developing HCC based on being CHB carriers, active hepatitis patients or cirrhotic patients.
By the end of the follow up (median: 6 years), 21 patients (1 HBV carrier control, 3 hepatitis
and 17 cirrhotic patients) had developed incident HCC . We found that plasma levels of
LTBP2 were statistically significantly higher in hepatitis patients (mean = 29.2 ng/mL) or
cirrhotic patients (mean = 22.17 ng/mL) than in controls (mean = 18.1 ng/mL, p < 0.0001).
Plasma levels of OPN were also statistically significantly higher in hepatitis patients (mean
=56.43 ng/mL) or cirrhotic patients (mean = 184.22 ng/mL) than in controls (mean = 27.43
ng/mL, p < 0.0001).

Among the 21 subjects who developed HCC, 5 had AFP levels above 20 ng/mL and 19 had
LTBP2 or OPN levels above 27 ng/mL or 91 ng/mL, respectively, at the time of recruitment.
In patients who developed HCC and had AFP levels below 20 ng/mL (76% of cases),
LTBP2 and OPN levels were shown to be above their respective cut-off values in 67% of
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the cases. Among these cases, 78% had plasma levels elevated up to 24 months before
diagnosis while 58% could be detected with elevated plasma levels more than 24 months
prior to diagnosis. The median time between inclusion into the study/blood sample
collection and diagnosis of HCC was 29 months. Table 2 compares the sensitivity,
specificity and positive/negative (PPV and NPV) predictive values for early detection of
HCC using different combinations of markers. The PPV for LTBP2 and/or OPN positivity
in subjects with AFP < 20 ng/mL was 70%, while the NPV was 98% (Table 2). Thus,
increased levels of LTBP2 and/or OPN in the plasma of subjects with chronic liver disease
may be suggestive of early, sub-clinical HCC.

Discussion

In most low-resource regions, detection and diagnosis of HCC commonly relies on a triad
consisting of clinical symptoms, ultrasonography findings, and elevated levels of a serum
biomarker, AFP. In practice, the updated guidelines from the AASLD no longer
recommends that AFP testing be part of the diagnostic evaluation 10. The panel of experts
considered that imaging findings of classical enhancement to be more definitive in a
diagnosis setting since the levels of serum AFP may be elevated in certain non-malignant
conditions, or within normal limits in a substantial percentage of patients with HCC.
However, in many low-resource regions with high HCC incidence, quality imaging
procedures are not available and AFP is still used as part of the diagnostic panel. For
example, the Asian Pacific Association for the Study of the Liver still recommends AFP
usage at a cut-off of 200 ng/mL, a concentration at which this marker is highly specific for
HCC but only moderately sensitive 1. Therefore, there is an urgent need for better markers
to replace or complement AFP usage in particular for diagnosing HCC in patients with
levels of AFP under the commonly recommended cut-off values.

The natural history of HCC and of its precursor liver disease is extremely variable according
to populations, contexts of viral infections, and socio-economic conditions. About 80% of
the cases of HCC occur in low-resource countries, mainly in a background of endemic HB
carriage, and these cancers are almost invariably fatal because patients are presented at a
very late stage, with no realistic therapeutic options, and often without a significant phase of
precursor cirrhosis. This situation calls for widely applicable, cheap and effective markers
for improving early diagnosis in large groups of subjects considered as at risk for HCC. In
contrast, in western countries, HCC often develops as a sequel of protracted chronic liver
diseases such as cirrhosis, in a context of chronic HC carriage and of liver damage caused by
chronic alcoholism or by metabolic diseases. So far, most efforts at identifying biomarkers
for early detection have been developed in patients with “western” HCC patterns. In this
study, we have set to develop an approach in patients representing the low-resource contexts
in which the majority of HCC occurs. We have used the deep-plasma proteomics discovery
and validation previously described by Shang et al. 13 to detect and evaluate candidate
protein markers in case-control studies from The Gambia (west Africa) and Thailand (south
east Asia). The study by Shang et al. 13 has demonstrated the performance of OPN as a
marker for HCC versus chronic liver disease in both “western” (US) and “low-resource”
(west Africa) contexts. Here, we identify LTBP2 and further confirm OPN as candidate
markers for detection and diagnosis of HBV-related HCC. Furthermore, using a case-control

Int J Cancer. Author manuscript; available in PMC 2015 October 23.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

da Costa et al.

Page 9

comparison nested in a prospective cohort of HB carriers from Korea, we show that the
combined use of LTBP2 and OPN enables the detection of patients at high risk of
developing HCC in particular when these patients have levels of AFP below 20 ng/ml. In
contrast, LTBP2 was found ineffective in distinguishing between patients with liver
cirrhosis and with HCC in a “western” case-control study developed in France, although
levels in HCC patients was significantly elevated as compared to control subjects.

The performance of LTBP2 and OPN in “non-western” studies surpassed that of AFP in
differentiating HCC patients from CLD patients, namely in patients with AFP levels below
cut-off levels of 20 ng/mL. The best performance was obtained by combining LTBP2 and
OPN as a complementary panel with AFP in HCC diagnosis in case-control 2 (The Gambia).
The combination of the two markers increased the sensitivity in detecting HCC, but at the
expense of lower specificity, which could be partially compensated by adding AFP in the
panel of biomarkers. In contrast, the performance of LTBP2 was limited compared to AFP
in case-control 3 (France). This study differs from the 3 other studies by several
characteristics, including the facts that chronic HB is not a significant risk factor, and that
the pattern of CLD in patients from France is dominated with cirrhosis. Thus, our
observations suggest that elevated LTBP2 may be of particular significance for HBV-related
HCC. Alternatively, LTBP2 may accumulate as the consequence of a form of damage to
liver tissue that occurs with the occurrence of HCC in patients from The Gambia or Thailand
(in whom precursor cirrhosis is infrequent), but also with liver cirrhosis in patients from
France. Further studies are needed to address these hypotheses. Of note, in case-control
study 3 (France) OPN outperformed AFP at a cut-off level (91 ng/mL) optimized for
proteomics-based blood collection protocols, confirming previous results on a case-control
study from the US 13,

Our results on the prospective cohort from Korea underlines the potential interest of OPN
and LTBP2 as candidate markers for early detection of HCC. Overall, at least one of these
markers was detected at baseline (recruitment in the cohort) in 17 of 21 patients who
subsequently developed HCC. The low proportion of false positives (7%) and the important
proportion of true negatives (71%) in at risk patients who did not develop HCC further
supports the interest of these markers for early detection/diagnosis of HCC. Of note, the
levels of LTBP2 or OPN were elevated in pre-diagnostic patients who showed AFP levels
below 20 ng/mL.

The overall performance of the 3 markers, LTBP2, OPN and AFP in case-control 2 (The
Gambia) is of particular interest since plasma samples for this study were not collected using
an optimized protocol for plasma proteomics but were instead obtained using a standard
clinical protocol for blood collection and fractionation. Furthermore, the specimens of this
study were stored at —80°C for about 10 years prior to usage in the present study. Whilst
these differences did not alter the performance of the markers, it is interesting to note that an
OPN cut-off level of 237 ng/mL had to be used for case-control study 2, compared to 91
ng/mL in case-control studies 1 and 3 (as well as in a cohort from the US 13. This
observation underlines that OPN may be less stable than AFP or LTBP2 and may be more
dependent upon pre-analytical and sample storage conditions LTBP2 and OPN are
components of the extracellular matrix (ECM). LTBP-2 is a protein with multiple heparin/
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heparan sulfate binding sites 2. Unlike other members of the LTBP family, LTBP2 does not
bind transforming growth factor 5 (TGF-f) family members and does not use its RGD
domain for interacting with integrins. It regulates the assembly of elastic fibres through
binding to DANCE/fibulin-5 and its expression appears to be increased in intrinsically aged
skin 2122 In human cancer, LTBP2 has been suggested to act as a suppressor in
oesophageal squamous cell carcinoma and is up regulated in human pancreatic ductal
adenocarcinoma 2325, In a recent study that used proteomics to characterize cancer-
associated fibroblasts in a mouse model of colorectal carcinogenesis, LTBP2 was identified
as one of the components of a desmoplastic signature of 4 markers that significantly
increased in tumour stroma, without significant expression in the cancer epithelial cells25.
On the other hand, OPN is a well know ECM component that participates in wound repair,
immune response, inflammation and cancer. OPN expression is increased during
tumourigenesis and facilitates invasion and metastasis 27. Levels of OPN were reported to be
increased in the plasma of patients with CLD as compared to healthy individuals 27. In HCC
patients, high plasma levels of OPN were correlated with reduced liver function and late
tumour stage as well as with high rate of postoperative recurrence 28. OPN has also been
proposed as predictor of cirrhosis in patients with HBV infection and as potential early
diagnosis marker for HCC 13 27,2931,

We suggest that levels of OPN and LTBP2 may increase in the plasma as a consequence of
the remodelling and degradation of ECM resulting from the expansion of transformed
hepatocytes 32 33, The release of these proteins might require the expression of specific
ECM-degrading enzymes by tumour cells and may depend upon the specific structure of
excess ECM accumulated during liver fibrosis that precedes liver cancer. Further studies are
needed to understand the factors that regulate the activity of hepatic stellate cells (HSC) and
the cross talks between HSC and transformed hepatocytes during the early steps of liver
carcinogenesis, contributing to the release of high levels of specific ECM components in the
plasma. It will also be important to evaluate whether plasma levels of OPN and LTBP2 are
elevated in other cancer pathologies than HCC.

Our study provides evidence that measuring AFP, OPN and LTBP2 in plasma of subjects
with suspicious liver symptoms may be effective for biomarker-based detection and
diagnosis of HCC, opening new opportunities for improved diagnosis accuracy in clinical
contexts where other diagnostic methods are difficult to implement. The main limitations of
the study are the lack of AFP measurements in control groups, preventing us to compare the
performance of AFP, LTBP2 and OPN in distinguishing HCC patients from subjects with no
clinical liver symptoms. Larger validation studies, including prospective studies on groups
of subjects with different risk factors and patterns of chronic liver disease, are needed,
allowing for stratification of patients in relevant subgroups and detailed analyses according
to tumour occurrence, size and clinical parameters. It will also be important to develop
further studies to determine whether metastasis of other cancers to the liver may
significantly increase plasma levels of OPN and LBPT2. However, in the context of regions
of HBV-endemicity, adding LTBP2 and OPN detection to current AFP usage may hold
promises for improved and earlier diagnosis of HCC by combining the high sensitivity of
LTBP2 and OPN with the high specificity of AFP.
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What's new:

Deep-plasma proteomics was used to identify candidate biomarkers for diagnosis of
hepatocellular carcinoma (HCC), focusing on HBV-related HCC. Validation studies on a
total of 684 samples showed that elevated levels of LTBP2 and/or OPN levels are highly
specific and sensitive markers for distinguishing HCC from chronic liver disease, in
particular in patients with low or undetectable levels of a-Fetoprotein. LTBP2 appears
highly associated with HBV-related HCC, while OPN shows a robust and consistent
association with HCC in both HBV and HCV contexts.
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Figure 1. Outline of study design, from protein discovery to biomarker validation
The study included three steps, with first plasma proteomics, second data mining to identify

candidate markers and third validation in several cohorts of patients. First, biospecimens
(plasma) were collected in two structured hospital-based case-control studies in two regions
of high incidence of HB carriage and of HCC, The Gambia and Thailand, using protocols
optimized from plasma proteomics. These case-control studies included control individuals
(no liver symptoms), individuals with chronic liver disease patients (CLD, chronic active
hepatitis B or hepatitis C), and patients with confirmed diagnosis of HCC. A small number
of plasma specimens of cases (HCC, n=10), CLD (n=10) and controls (h=10) from each
region were extensively analysed using a deep-plasma proteomic approach. Next, data
generated from The Gambia and from Thailand were mined to identify candidate biomarkers
that were differentially expressed in cases, CLD and controls in both regions. Third, two of
these candidate markers, OPN and LTBP2, were quantified in the entire collection of plasma
from the two case-control studies and in two additional series, a case series from France
(CLD and/or HCC) and a prospective study of HB carriers from Korea who subsequently
developed HCC. H: number of identified proteins; N: number of plasma specimens tested.
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Figure 2. Levelsof LTBP2 and OPN in the plasma of control, CLD and HCC patients
Box and whisker plots are shown. (A-C): levels of LTBP2 in controls, chronic liver disease

and hepatocellular carcinoma (HCC) in case-control study 1 (Thailand; A); case-control
study 2 (The Gambia; B); (C) case-control study 3 (France; C); (D-E): levels of OPN in
controls, chronic liver disease and HCC patients in case-control study 2 (The Gambia; D);
case-control study 3 (France, E).
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Figure 3. Receiver operating curves (ROC)
(A) LTBP2 in controls vs. HCC patients (CT vs. HCC) and chronic liver disease vs. HCC

patients (CLD vs. HCC) at an AFP cut-off < 20 ng/mL in case-control 1; (B) LTBP2, OPN
and LTBP2 combined to OPN in chronic liver disease vs. HCC patients at an AFP cut-off <
20 ng/mL in case-control 2; (C) LTBP2 and OPN in chronic liver disease vs. HCC patients
at an AFP cut-off < 20 ng/mL in case-control 3. The area under the ROC curve (AUROC) is
shown with its 95% confidence intervals.
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