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ARTICLE INFO ABSTRACT

Am'df? History: Background: Early detection would improve upper gastrointestinal cancer prognosis. We aimed to identify
Received 16 August 2019 serum protein biomarker for the detection of early-stage upper gastrointestinal cancer.
ie‘“se‘j(}?y;"embir 2%?9 Methods: We performed a three-tiered study including 2028 participants from three medical centres. First,
ceepte Lovember we applied two different antibody arrays to screen candidate serum proteins that increased in 20 patients
Available online xxx . . .
with oesophageal squamous cell carcinoma (ESCC) compared with 20 normal controls. We then evaluated
the selected protein by enzyme-linked immunosorbent assay in 1064 participants including 731 upper gas-
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trointestinal cancer patients (287 ESCCs, 237 oesophagogastric junction adenocarcinomas (EJAs), and 207
stomach cancers) and 333 normal controls. The diagnostic value of the selected protein was finally validated
in two independent cohorts of ESCC patients and controls (=472 and 452, respectively). The receiver operat-
ing characteristic was used to calculate diagnostic accuracy.
Findings: Serum insulin-like growth factor binding protein-1 (IGFBP-1) identified in both antibody arrays
showed significantly elevated levels in upper gastrointestinal cancers, compared with normal controls.
Serum IGFBP-1 provided high diagnostic accuracy of early-stage ESCC, EJA, stomach and cancer (areas under
the curve: 0-898, 0-936 and 0-864, respectively). This protein maintained diagnostic performance for early-
stage ESCC in independent cohorts 1 and 2 (0-849 and 0.911, respectively). Additionally, serum levels of
IGFBP-1 dropped significantly after surgical resection of primary tumours, compared with the corresponding
pre-operative ESCC samples (p < 0-05).
Interpretation: Serum IGFBP-1 represents a promising diagnostic biomarker to detect early-stage upper gas-
trointestinal cancer.

© 2019 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Upper gastrointestinal cancers, mainly including oesophageal
cancer, oesophagogastric junction cancer, and stomach cancer, are a
huge threat to human health and are known as one of the most com-
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GLOBOCAN 2018, it was estimated that 57 thousand cases and
1-03 million cases were diagnosed with oesophageal cancer and
stomach cancer, respectively [2]. Despite huge investment in
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Research in context

Evidence before this study

We systemically searched PubMed for reports with the terms:
“serum OR plasma” AND “insulin-like growth factor binding
protein-1 OR IGFBP-1" AND “oesophageal cancer OR oesopha-
gogastric junction adenocarcinoma (EJA) OR stomach cancer”
AND “diagnosis OR detection”, without date restriction or limi-
tation to English language publications. We found that no stud-
ies began with high-throughput screening and verified with
large-scale, multicentre validations to assessed diagnostic value
of serum insulin-like growth factor binding protein-1 (IGFBP-1)
in these upper gastrointestinal cancers. Whether serum IGFBP-
1 could be used as a diagnostic biomarker for upper gastroin-
testinal cancer remained to be revealed.

Added value of this study

We used two high-throughput antibody arrays for screening, and
designed a large study to assess the diagnostic value of serum
IGFBP-1 in patients with upper gastrointestinal cancers from three
medical centres and verify in two independent cohort validation
of patients with oesophageal squamous cell carcinoma (ESCC) and
normal controls. Our data showed that serum IGFBP-1 levels were
increased in ESCC, EJA and stomach cancer. Serum IGFBP-1 pro-
vided a high diagnostic accuracy of ESCC, EJA, and stomach cancer,
including early-stage disease. Importantly, compared with car-
cino-embryonic antigen, Cyfra21-1 and squamous cell carcinoma
antigen tested alone or together, serum IGFBP-1 had significantly
improved diagnostic accuracy for early stage ESCC. Moreover, this
serum protein has the potential for post-operation monitoring of
ESCC. These findings indicate that IGFBP-1 is a promising serum
biomarker for the early detection of upper gastrointestinal cancer.
To our knowledge, this is the first comprehensive study to evalu-
ate the diagnostic performance of serum IGFBP-1 in upper gastro-
intestinal cancer.

Implications of all the available evidence

Our findings offer strong evidence that serum IGFBP-1 could
detect early stage upper gastrointestinal cancer, which makes
more tumours resectable and treatment more efficacious. The
ability of this serum protein to detect upper gastrointestinal
cancer should be verified in more medical institutions.

gastrointestinal cancer research, especially in drug development,
advances in treatment and improvements in prognosis have been
modest over the past few decades. A considerable part of localized
upper gastrointestinal cancers can be treated by means of surgical
operation alone, without any systemic treatment [3]. Once cancers
have spread to distant organs, however, surgical resection is rarely
effective. Most upper gastrointestinal cancer patients are diagnosed
in metastatic stage with poor prognosis, but patients at early stage
could be curable with the five-year survival rate of higher than 70%
[4-6]. Thus, early detection is one of the most promising ways to
reduce cancer-related deaths [7-9]. However, up to now, relatively
few methods for early detection of upper gastrointestinal cancers
have proven adequately valid and practical for wide use in clinical
practice.

The approved approach for early detection of upper gastrointesti-
nal cancer is endoscopy [10,11]. Upper gastrointestinal cancer lacks
non-invasive test (e.g. serum biomarker) for early diagnosis. In the
field of tumour diagnosis, the widely used blood-based biomarkers
are CA125 and prostate-specific antigen for ovarian cancer and pros-
tate cancer screening, respectively, but the proper use of these

biomarkers is still being debated [12,13]. Although blood tests for
early detection of cancer remain an elusive target, rapid advances in
proteomics have changed the landscape of early cancer detection,
promising to massively extend the pool of potentially useful bio-
markers as blood tests for screening [ 14-16]. Among the serum-based
proteomics methods, antibody microarrays occupy a pivotal space in
the discovery of cancer biomarkers. Several groups have studied
serum protein panels developed from antibody arrays, which have
shown the ability to discriminate pancreatic cancer patients from
healthy individuals [17,18]. To date, most studies on serum protein
biomarkers, initially identified from antibody microarrays, involve a
small number of patients with early-stage cancer and lack indepen-
dent cohort validation.

We designed a multicentre study and identified insulin-like growth
factor binding protein-1 (IGFBP-1) as a serum biomarker with high diag-
nostic accuracy for upper gastrointestinal cancers. Firstly, we identified
serum IGFBP-1 by screening two kinds of antibody microarrays. We
then evaluated IGFBP-1 as a biomarker by enzyme-linked immunosor-
bent assay (ELISA) in four types of gastrointestinal cancers, including
oesophageal squamous cell carcinoma (ESCC), oesophagogastric junc-
tion adenocarcinoma (EJA), and stomach cancer. Finally, we used two
independent validation cohorts comprised of ESCC patients and normal
controls to verify the diagnostic value of IGFBP-1.

2. Materials and methods
2.1. Study design and participants

Participants were consecutively enrolled from the Cancer Hospital
of Shantou University Medical College (SUMC), Cancer Centre of Sun
Yat-sen University (SYSU), and Shantou Nan’ao People's Hospital
(Fig. 1). In the biomarker discovery stage, we selected the blood sam-
ples from ESCC patients and age- and gender-matched normal con-
trols, between Dec 10, 2012 and Feb 7, 2013, at the Cancer Hospital
of SUMC (Supplementary Table S1). In the biomarker assessment
stage, the sera of patients diagnosed with ESCC, EJA, or stomach can-
cer, and normal controls were collected at the Cancer Hospital of
SUMC or the Cancer Centre of SYSU between Mar 4, 2013, and Apr
22, 2018. These three gastrointestinal cancer types were selected
because they are common in East Asians or in Western populations,
and because no clear evidence has been provided to clarify the early
diagnostic value of serum IGFBP-1 among them, and because there
are no blood-based biomarkers in common clinical use for their ear-
lier detection. The validation stage had two cohorts comprised of
controls and patients with ESCC. Cohort 1 was composed of ESCC
patients at Cancer Hospital of SUMC enrolled from Dec 23, 2014, to
Jun 21, 2017, and normal controls at Shantou Nan’ao People's Hospi-
tal who had been from part of a population-based cohort study of
oesophageal cancer and precancerous lesions from the high-risk area
(Nan'ao Island) [19]. Cohort 2 enrolled participants of ESCC patients
and normal controls between Aug 1, 2016, and Apr 5, 2018 at the
Cancer Centre of SYSU.

This study was performed after approval from the institutional
ethics review committee of each medical centre, and informed con-
sent was obtained from all participants. This work complied with the
principles laid down in the Declaration of Helsinki. Samples from
patients with various types of cancers collected in this study met the
following eligibility criteria: they did not have a history of cancer,
type 1 and type 2 diabetes or cardiovascular diseases regarding acute
coronary syndrome, acute myocardial infarction, abdominal aortic
aneurysm, ischaemic heart disease and hypertrophic cardiomyopa-
thy, and were confirmed histopathologically, and were obtained prior
to any anti-cancer treatment. General demographics and American
Joint Committee on Cancer (AJCC) stage (8th edition) were docu-
mented. We classified tumours with AJCC stage O+I+II as early-stage
cancer. Normal control samples, which were obtained from
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Biomarker discovery (n=40)*
(human antibody array, AAH-BLG-1000 and AAH-CYT-G4000)
20 normal controls
20 patients with ESCC

IGFBP-1
one of the candidate proteins
identified with >1-5-fold change and Student's t-test (p<0-05)

\4

Biomarker assessment (n=1064)
333 normal controls*
287 patients with ESCC (118 early-stage patients)*
237 patients with EJA (56 early-stage patients)*t
207 patients with stomach cancer (66 early-stage patients)*t

Biomarker validation (n=924)
Cohort 1 (n=472)
165 normal controlst
307 patients with ESCC (97 early-stage patients)*
Cohort 2 (n=452)t
190 normal controls
262 patients with ESCC (141 early-stage patients)

Fig. 1. Study design.

Serum samples from 20 ESCC patients and 20 normal controls were used to screen
protein candidates by using two different antibody arrays in the biomarker discovery
stage. The diagnostic values of the candidate IGFBP-1 using ELISA were further evalu-
ated in 1064 serum samples in the biomarker assessment stage, and were finally vali-
dated in 924 serum samples from two independent cohorts. *Participants at the
Cancer Hospital of Shantou University Medical College. 'Participants at The Sun Yat-
sen University Cancer Centre. ‘Participants from part of a population-based cohort
study of oesophageal cancer and precancerous lesions from a high-risk area (Nan'ao
Island). ESCC, oesophageal squamous cell carcinoma.

individuals with no history of cancer and without diabetes or cardio-
vascular disease and were matched as far as possible to the patient
group with respect to age and gender, were eligible for inclusion in
the study.

2.2. Collection of blood samples

Fasting blood samples from the cancer patients and normal con-
trols were processed in an identical manner, which were collected
into anticoagulant-free tubes and centrifuged at 1250g for 5 min.
Then the serum was stored at —80°C in the biobank.

2.3. Antibody arrays detection

We sent sera of 20 ESCC patients and 20 normal controls to Ray-
Biotech Company for antibody microarrays detection (AAH-BLG-
1000 and AAH-CYT-G4000) to identify candidate biomarkers. Briefly,
the Human Antibody Array AAH-BLG-1000 and the Human Cytokine
Array AAH-CYT-G4000 contain 1000 human target proteins and 274
cytokines, respectively. The primary amine of the proteins was bioti-
nylated in serum samples that were dialyzed. The glass slide arrays
were then blocked, and the biotin-labelled samples were added onto
the glass slide, which was pre-printed with capture antibodies, and
incubated to allow for interaction of target proteins. Streptavidin-
conjugated fluorescent dye (Cy3 equivalent) was then applied to the
array. Finally, the glass slide was dried, and laser fluorescence scan-
ning (GenePix 4000B scanner) was used to visualize the signals.

Signal intensity data after background subtraction and normalization
were exported directly into the RayBio® Analysis Tool software.

2.4. ELISA for IGFBP-1

ELISA (CUSABIO, Wuhan, China) for serum IGFBP-1 was per-
formed by four researchers (Yi-Wei Xu, Yu-Hui Peng, Hao Chen and
Ling-Yu Chu) at the Shantou University Medical College or Cancer
Centre of SYSU, who were blinded to the status of the samples. Sam-
ples of patients and normal controls were assayed together in the
same batch. Quality control (QC) samples were pooled serum samples
randomly selected from 100 cancer patients, and were placed in each
batch of study samples to ensure quality control monitoring of the
assay runs by using Levey—Jennings plots, as previous described [20].
Briefly, 1001 of serum sample and QC at 20 fold-dilution and stan-
dard were added into each 96-microwell plate, and incubated for 2 h
at 37°C, followed by the addition of 100l biotin-antibody (1X) for 1
h. After removing the liquid and washing, 10041 horseradish peroxi-
dase (HRP)-avidin (1X) for each well was incubated for 1 h at 37°C.
Colour development was achieved with 9041 per well TMB Substrate,
and stop solution was added to stop the reaction. The optical density
(OD) value of each well was measured at 450 nm and referenced to
570 nm on a microplate reader (Thermo Fisher Scientific, Boston,
MA). The serum IGFBP-1 concentrations were obtained by plotting a
standard curve with a four-parameter logistic curve manner, and
multiplied by the dilution factor. All measurements were done in
duplicate.

2.5. Measurement of tumour markers in clinical use

The concentrations of Carcino-embryonic antigen (CEA) and
Cyfra21-1 in serum were measured by an automatic electrochemical
luminescence analyzer (Cobas e602, Roche, Germany). The serum
level of squamous cell carcinoma antigen (SCCA) was detected by an
Architect i2000 chemiluminescence analyzer (Abbott, USA). All tests
for the three tumour markers were performed at the Department of
Clinical Laboratory Medicine, Cancer Centre of SYSU and conducted
according to instrument operating manuals. The recommended clini-
cal cutoff values of CEA, Cyfra21-1 and SCCA were 5-0 ng/mlL,
3.3 ng/mL and 1-5 ng/mL, respectively, in this study.

2.6. Statistical analysis

Statistical analyses were done with SigmaPlot (version 10.-0),
GraphPad Prism (version 5) and SPSS for Windows (version 19-0). For
the antibody microarray analysis, significance analysis of microarrays
[21] and Student's t test (p<0-05) were used to identify the candidate
proteins with differential levels between normal controls and indi-
viduals with ESCC. We used the Mann—Whitney U test to compare
the differences of IGFBP-1 levels in two groups. The correlation
between positive rates of serum IGFBP-1 and clinicopathological fea-
tures was analyzed with Pearson’s x? test. We assessed sensitivity,
specificity, and areas under the curves (AUCs) with 95% confidence
interval (CI) by plotting the receiver operating characteristic (ROC)
curves. The optimum cutoff value for IGFBP-1 diagnosis was obtained
by achieving the maximum sensitivity when the specificity was >
90% which could make a test beneficial to early cancer detection [22],
and by minimising the distance of the cut-off value to the top-left
corner of the ROC curve. To investigate the combined use of CEA,
Cyfra21-1, and SCCA measurement, a new variable predicted proba-
bility (p) of the combined marker obtained by binary logistic regres-
sion was subjected to ROC analysis, as reported previously [23]. We
used the Wilcoxon signed-ranks test for comparison of serum IGFBP-
1 levels before and after tumour resection in ESCC patients. Overall
survival (OS) time was assessed by the Kaplan—Meier method and
compared by the log-rank test. Overall survival was defined as the
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Fig. 2. Results of human antibody arrays to measure serum proteins in ESCC patients.
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interval between the date of surgical resection of tumour and death.
The data were censored for patients who were alive at the last fol-
low-up. In all statistical tests, we considered p values (two sided) of
lower than 0.05 to be statistically significant.

2.7. Data sharing

Data about antibody arrays generated in this research were
shared in Mendeley Data (DOI: 10.17632/mb38dzj6c2.2).

3. Results
3.1. Patient characteristics

We recruited 2028 participants in total, 40 in the biomarker dis-
covery stage, 1064 in the biomarker assessment stage, and 924 in the
biomarker validation stage (Fig. 1). The characteristics of the study
participants in each group are summarised in the Supplementary
Tables S1-S3.
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3.2. Biomarker discovery by serum-based antibody arrays

To identify novel blood-based protein biomarkers that can detect
the presence of cancer at an early stage, we performed a high-
throughput proteomics analysis of ESCC, using two different antibody
arrays. There were 86 and 21 serum proteins identified in Human
Antibody Array AAH-BLG-1000 and Human Cytokine Array AAH-
CYT-G4000, respectively, with significantly higher levels in ESCC
patients than those in normal patients (Supplementary Tables S4 and
S5). Among these proteins, we focused on IGFBP-1, which was one of
only two candidate biomarkers (i.e., IGFBP-1 and uPAR) showing ele-
vated levels in both antibody microarrays in the ESCC samples (Fig. 2,
Supplementary Tables S4 and S5).

3.3. Biomarker diagnosis assessment in upper gastrointestinal cancers

To evaluate whether IGFBP-1 could be served as a serum protein
biomarker for the early detection of ESCC or even other gastrointesti-
nal cancers, we used it to study 333 normal controls and 731 patients
who had been diagnosed with ESCC, EJA, or stomach cancer. Com-
pared with the normal controls, IGFBP-1 was elevated in the sera of
patients with ESCC, EJA, or stomach cancer (Fig. 3, Mann—Whitney U
test, all p<0-0001).

With an optimum diagnostic cutoff of 1228 ng/ml, ROC analysis
showed that serum IGFBP-1 had an AUC 0-914 (95% CI 0-898—-0-931)
to distinguish all upper gastrointestinal cancer patients from controls
with 73.46% sensitivity and 91.29% specificity (Fig. 4 and Table 1).
Similar data were obtained when we compared the control group
with patients with early-stage or advanced-stage upper gastrointesti-
nal cancers (Fig. 4 and Table 1). We further assessed the diagnostic
performance of serum IGFBP-1 among the three cancer types and
found that the sensitivity of serum IGFBP-1 ranged from 70-38% in
ESCC to 77-22% in EJA (Fig. 4 and Table 1). At this sensitivity, the spec-
ificity was 91.29%, with the AUC ranging from 0-901 in ESCC to 0-938
in EJA (Fig. 4 and Table 1). Clearly, serum IGFBP-1 had good diagnostic
efficiency for ESCC, EJA, and stomach cancer (Table 1). A
similar trend of early diagnosis performance was observed for serum
IGFBP-1 in the identification of these three cancer types (Fig. 4). For
the relationship between IGFBP-1 and the clinicopathological varia-
bles of tumours, IGFBP-1 was significantly associated with age,

a p<0- 0001
p<0- 0001
p<0- 0001

4000 4
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16000 ~

12000 4

8000 -
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Serum IGFBP-1 (ng/mL)

1000

T T T
Normal ESCC EJA SC

Fig. 3. Levels of serum IGFBP-1 in gastrointestinal cancers.

gender or T stage in some tumour types (Supplementary Table S6,
Chi-squared test, p<0-05).

We next evaluated the effect of the serum IGFBP-1 on survival of
ESCC, EJA and stomach cancer. The median follow-up time for ESCC,
EJA and stomach cancer was 48.3, 25.7 and 16.6 months, respec-
tively. With the use of the same cutoff value of 1228 ng/ml in the
diagnosis evaluation, Kaplan—Meier analysis and log-rank test
revealed that there were no statistically significant differences of 5-
year overall survival rates between patients with positive IGFBP-1
expression and negative IGFBP-1 (58-9% vs. 63-2% in ESCC, 49-9% vs.
50.4% in EJA, and 41-4% vs. 59-3% in ESCC, respectively, all p > 0-05,
Supplementary Fig. S1). In addition, serum IGFBP-1 did not show
prognostic value in selective patient subgroups stratified according
to the depth of tumour invasion, lymph node status, or TNM stage
(data not shown). These results indicated that serum IGFBP-1 may
not be a prognostic predictor for upper gastrointestinal cancer.

3.4. Biomarker diagnosis validation in ESCC

To confirm the diagnostic value of serum IGFBP-1, we carried out
a validation study using ESCC, as representative of gastrointestinal
tumours, in two independent cohorts (cohorts 1 and 2). We observed
similar results in both cohorts 1 and 2. Serum IGFBP-1 levels were
significantly higher in both ESCC groups and early-stage ESCC group
than in the control group (Fig. 5, Mann—Whitney U test, p<0-0001).
Using the same threshold (1228 ng/ml), serum IGFBP-1 showed good
diagnostic accuracy for all ESCC patients, including early-stage and
advanced-stage ESCC (Fig. 5, Supplementary Table S7). The correla-
tion of serum IGFBP-1 with clinical variables in ESCC patients in both
cohorts is shown in Supplementary Table S8.

We next compared the performance of serum IGFBP-1 with the
performance of CEA, Cyfra21-1, SCCA and the three-biomarker com-
bined panel (i.e., CEA+ Cyfra21-1+ SCCA) in the ability to diagnose
cancer in a group of ESCC patients (n=96) versus normal controls
(n=45), which were selected from cohort 2 between Aug 2016, and
Mar 2017. The three-biomarker panel was established using a logisti-
cal regression model with the predicted probability (p) for
ESCC calculated by the equation: In(p/(1-p))=0-048 x (CEA)
+0.551 x (Cyfra21-1)+0-432 x (SCCA) -1-486. The AUC for serum
IGFBP-1 in this setting was significantly greater than those for CEA,

t) p<0- 0001

15000 p<0- 0001

p<0- 0001
12000

9000 4

6000 -
6000

5000

4000

Serum IGFBP-1 (ng/mL)

3000

2000

1000 1

(a) Box plot illustrates median levels and interquartile ranges and the whiskers show minimum and maximum value of serum IGFBP-1 in normal controls and patients with dif-
ferent tumour types. (b) Scatter plots of serum IGFBP-1 from patients with different tumour types and normal controls. Black horizontal lines are means, and error bars are SEs. Man-

n—Whitney U test was conducted to assess the differences.
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(a) ROC curve for IGFBP-1 in all stages of different cancer types vs. normal control. (b) ROC curve for IGFBP-1 in early stage of different cancer types vs. normal control.

Table 1
Diagnostic performance of serum IGFBP-1 by tumour type in the biomarker assessment stage.

All stages AUC (95%CI) Sensitivity (95%CI) Specificity (95%CI) PPV NPV PLR NLR
Upper Gastrointestinal Cancer ~ 0-914 (0-898-0-931)  73.46% (70-10-76-63%)  91.29% (87.73—94-09%) 94.87%  61.05% 8434  0-291
ESCC 0-901 (0-877-0-924)  70-38%(64.74-75-61%)  91.29% (87-73—94-09%) 87.45%  7814%  8.080  0-324
EJA 0-938 (0-920-0.956)  77.22%(71.34-82-40%)  91.29% (87.73—-94-09%) 86.18%  85.07% 8.866  0-250
Stomach cancer 0-906 (0-880—0-933)  73.43%(66-86—79-31%)  91.29%(87.73—-94.09%)  83.96%  84.70% 8431 0291

Early stage
Upper Gastrointestinal Cancer ~ 0-897 (0-872-0.923)  71.67%(65-51-77-28%)  91.29% (87.73—94.09%) 85.58%  81.72% 8228 0-310
ESCC 0-898 (0-864-0-931)  71.19%(62.13-79-15%)  91.29% (87.73—-94-09%) 74.37%  89.93% 8173 0316
EJA 0936 (0-898—-0-975)  83.93%(71-67-92-38%)  91.29% (87-73—94.09%) 61.85% 97-12% 9636  0.176
Stomach cancer 0-864 (0-813-0916)  62.12%(49-34-73.78%)  91.29% (87-73—94.09%) 58.49%  92.42% 7132 0415

Advanced stage
Upper Gastrointestinal cancer ~ 0-923 (0-906-0.940)  74.34%(70-23-78-15%)  91.29% (87-73—94-09%) 92.64%  70-69% 8535  0.281
ESCC 0-903 (0-874-0-932)  69-86% (62:30—76-63%)  91.29% (87-73—94.09%) 80-30%  85.63% 8.021  0-330
EJA 0-939(0:919-0.958)  75-14%(68-18—-81-25%)  91.29% (87.73—-94-09%) 82.41%  87-11% 8627  0-272
Stomach cancer 0-926 (0-899-0.953)  78.72%(71.04-85-16%)  91.29% (87.73—-94-09%) 79-25%  91.03% 9038 0233

Upper gastrointestinal cancers include oesophageal squamous cell carcinoma, oesophagogastric junction adenocarcinoma, and stomach cancer. CI, exact confi-
dence interval; NC, normal controls; NLR, negative likelihood ratio; NPV, negative predictive value; PLR, positive likelihood ratio; PPV, positive predictive value.

ESCC, oesophageal squamous cell carcinoma. EJA, oesophagogastric junction adenocarcinoma.

Cyfra21-1, SCCA or the three-biomarker panel (Fig. 5, Supplementary
Table S9).

To monitor serum IGFBP-1 in response to therapy, 77 serum sam-
ples were obtained from 60 ESCC patients, of which 57 samples were
taken at 1 week and 20 samples taken at 1 month after tumour resec-
tion. As shown in Fig. 5, the mean concentration of serum IGFBP-1 in
preoperative ESCC samples was 2049-257+1224-524 ng/ml, and lev-
els dropped after surgical resection of primary tumours to 529-9234+
364-292 ng/ml at one week (Wilcoxon signed-ranks test, p<0.001)
and to 472-855+291-449 ng/ml at one month (Wilcoxon signed-
ranks test, p<0-001) after surgery.

4. Discussion

In this study, we identify a blood-based biomarker test in a large
number of participants (1=2028), including three types of upper gas-
trointestinal cancers and normal controls. Patients with upper gastro-
intestinal tumours showed significantly higher levels of serum IGFBP-
1, compared to normal controls. Serum IGFBP-1 could identify early-

stage upper gastrointestinal tumours with high diagnostic accuracy
(AUC 0-897, sensitivity 71-67% and specificity 91-29%). Our findings
highlight serum IGFBP-1 as a potential biomarker for non-invasive
detection of early-stage upper gastrointestinal tumours.

It is well known that endoscopic examination could help identify
early-stage upper gastrointestinal cancer, [6,11,24] but the invasive
nature of endoscopy limits its widespread use as a screening tool in
the asymptomatic population. Moreover, by using endoscopy, it is
difficult to identify precancerous lesions of upper gastrointestinal
cancer, such as areas of mucosal thickening and early cancer. In
recent decades, tremendous efforts have been made to identify pro-
tein biomarkers of clinical utility for early cancer detection [15-
25,26]. In addition, serum protein biomarkers are thought to be the
most promisingly applicable test for population studies and routine
clinical work [15-27]. Recently, several serum-based protein bio-
marker tests (e.g. OVA2 composed of CA125, transferrin, APOA1, folli-
cle-stimulating hormone and human epididymis protein 4) have
been approved by the FDA and exhibited improved performance clin-
ically in early detection of certain types of tumours [28,29]. In this
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Fig. 5. Performance of serum IGFBP-1 as diagnostic biomarker in ESCC.

(a) Box plot illustrates median levels and interquartile ranges and the whiskers
show minimum and maximum value of serum IGFBP-1 in validation cohorts. Scatter
plots show serum IGFBP-1 from ESCC patients and normal controls. Black horizontal
lines are means, and error bars are SEs. Mann—Whitney U test was conducted to assess
differences of serum IGFBP-1 between patients and normal controls. (b) ROC curve for
serum IGFBP-1 in validation cohort 1. (c) ROC curve for serum IGFBP-1 in validation
cohort 2. (d) ROC curves for different biomarkers in discriminating ESCC patients and
early-stage ESCC patients from normal controls. (e) Serum IGFBP-1 Level after surgical
resection of ESCC. Floating bar of serum IGFBP-1 levels in the ESCC patients before and
after surgery is shown on the left (black horizontal lines are means), and scatter plot of
serum IGFBP-1 in paired serum samples from before and one week and one month
after surgery from the same patients with ESCC is shown on the right. Wilcoxon
signed-ranks test was used for comparison.

study, the sensitivity of serum IGFBP-1, among gastrointestinal can-
cers evaluated, ranged from 77-22% in EJA to 70-38% in ESCC (Fig. 4
and Table 1). At this sensitivity, the specificity was 91-29%, which is

sufficient for use as a screening test for upper gastrointestinal can-
cers. For screening purposes, one of the most important attributes of
a biomarker should be the ability to identify cancers at relatively
early stages. The sensitivity of serum IGFBP-1 to detect early-stage
upper gastrointestinal cancers was similar to its ability to detect
upper gastrointestinal cancers at all stages, indicating the perfor-
mance of serum IGFBP-1 is independent of tumour stage (Table 1).
Importantly, compared with CEA, Cyfra21-1, SCCA or the combined
panel, serum IGFBP-1 shows higher sensitivity and AUC value to diag-
nose ESCC from early to late stages. Thus, we believe that such a
serum protein test should be helpful for detecting upper gastrointes-
tinal cancer cases in early stage, thereby resulting in earlier treatment
and more effective therapy. On the other hand, thinking about the
process of diagnosis, serum biomarker tests are a kind of screening,
which requires high sensitivity to reduce false negative. The sensitiv-
ity of the IGFBP-1 test might limit the clinical application in screening
purposes in general or high-risk individuals. In the future studies, we
will seek biomarkers of high sensitivity and specificity for further
optimisation with the test of serum IGFBP-1. Obviously, serum uPAR
may be another promising candidate biomarker identified in both
antibody arrays. Since a study reported by Usnarska—Zubkiewicz et
al showed the serum level of uPAR was elevated in patients with gas-
trointestinal cancer [30], in the present study, we only selected serum
IGFPB-1 for evaluation and validation. Further studies could be car-
ried out to establish an optimised protein panel for early diagnosis by
combining serum IGFBP-1 and other potential candidates (e.g., uPAR)
identified in the antibody arrays.

IGFBP-1 is one of the key IGFBPs and belongs to the insulin-like
growth factor (IGF) signalling pathway that plays a critical role in cell
growth, differentiation, and apoptosis [31]. IGFBP-1 is closely related
to gynecological physiology. On the other hand, by interacting with
cell surface molecules, IGFBP-1 has effects on proliferation, migration
and apoptosis of different cells in an IGF-independent manner [32].
Increasing results indicate the expression pattern of IGFBP-1 in can-
cer tissues remains equivocal and even controversial [33-35], but
there is little evidence concerning IGFBP-1 expression in upper gas-
trointestinal cancers. Interestingly, a recent study on tumour-stroma
interaction in glioblastoma indicated that the increase in IGFBP-1
secretion by microglial cells in response to glioma-secreted MCSF is
an important mediator to promote tumour angiogenesis [36].
Whether this mechanism exists in upper gastrointestinal cancer
needs to be further explored. But based on this evidence, it is reason-
able to accept that the secreted IGFBP-1 is likely to play an important
role in the tumourigenesis and progression, and that the elevated
serum levels of IGFBP-1 could be detected in some types of tumours.
As a secreted protein, the serum levels of IGFBP-1 in cancers have
also been explored. Most studies have focused on the association
between prediagnostic serum levels of IGFBP-1 and cancer risk, and
the results in colorectal cancer seem to be contradictory [37-41]. Sev-
eral reports demonstrated that serum IGFBP-1 levels were increased
in some cancers, such as ovarian cancer, hepatocellular carcinoma,
and NPC [42-44]. However, these studies were limited by the small
sample size and lacked early diagnostic assessment. A biomarker
study needs high throughput screening followed by large sample size
evaluation, and independent cohort validation. So far, none of pub-
lished studies on serum IGFBP-1 in cancer diagnosis followed this
procedure. The present study was designed according to the above
criteria, which began with high-throughput screening, recruited
more than 2000 participants, and had independent cohort validation.

There are other strengths in the present study. First, we began
screening candidate biomarkers by using two different sets of high-
throughput antibody arrays, of which the methodology could
increase opportunities to identify biomarkers appropriate for early
diagnosis. Both sets of antibody arrays revealed elevated levels of
serum IGFBP-1in ESCC patients, thus making the data more reliable
and stable. Second, a biomarker with different cutoff values to
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distinguish different types of cancers from normal controls would
raise concerns about its robustness and practicality for early diagno-
sis. In this study, serum IGFBP-1 with the same cutoff had the ability
to differentiate patients with upper gastrointestinal cancers from
normal individuals, and could have diagnostic value for robust detec-
tion of early-stage upper gastrointestinal cancers. These results indi-
cate the availability of serum IGFBP-1 for potential clinical utility.
Third, the biomarker study of early cancer diagnosis should be
directed specifically at the group of patients with early-stage cancer.
Our study possesses a large sample size of patients with early-stage
gastrointestinal cancers (a total of 478 cases) for stable estimates of
biomarker sensitivity and specificity. Furthermore, studies have
showed serum levels of IGFBP-1 might be associated with cardiovas-
cular disease or diabetes [45-51]. We excluded participants diag-
nosed with cardiovascular disease or diabetes in this study thus to
maximally reduce the bias from other factors, which may influence
the interpretation of our results.

Notably, the serum levels of IGFBP-1 are significantly decreased
after tumour resection in ESCC patients, suggesting that this serum
protein might have the potential for the post-operative surveillance
of ESCC patients. To further explore whether serum IGFBP-1 could be
a useful biomarker for therapy monitoring of upper gastrointestinal
cancers, we need to enlarge the sample size and perform long-term
follow-up of the upper gastrointestinal cancer patients with surgical
treatment.

Few limitations of this study should be also acknowledged: all
patients in our study were recruited from individuals with known
cancers, and most were diagnosed on the basis of disease symptoms.
It is conceivable that most persons in a true screening setting would
be individuals with asymptomatic disease or precancerous lesions,
and the detection sensitivity is likely to be less than reported here
and needs to be validated further. Furthermore, the independent vali-
dation was limited to ESCC patients. Since the diagnostic value of
serum IGFBP-1 was well validated in two large cohorts of participants
from two different clinical centres, we believe that the diagnostic
performance will be equally applicable to cases of EJA, or stomach
cancer.

Our study assessing large sample sizes finds that IGFBP-1 as a
serum protein biomarker has potential clinical value for the early
diagnosis of upper gastrointestinal cancer. Such a noninvasive bio-
marker test is not meant to replace other non-blood-based screening
tests like endoscopy, but to help diagnose patients who might har-
bour upper gastrointestinal cancer at an earlier stage. Further valida-
tion studies in cohorts of larger samples of early-stage patients from
different institutions are needed to assess the diagnostic power of
serum IGFBP-1 in upper gastrointestinal cancer.
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