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Background and aim: Gastric carcinomais a frequent neoplasm with poor outcome, and its
early detection would improve prognosis. This study was designed to evaluate the possible
use of new biomarkers, namely SAA and HMGBI, for early diagnosis of gastric cancer.
Methods: A total of 100 patients presenting with gastric symptoms were included. All
patients underwent upper endoscopic evaluation, histopathological diagnosis and serum
CEA, SAA, and HMGB1 measurements.

Results: Patients were classed endoscopically with neoplastic, inflammatory, and normal-
appearing gastric mucosa: 50, 25, and 25 patients, respectively. Histologically, half the
patients had chronic gastritis and the remaining cases gastric carcinoma of diffuse (n=28)
or intestinal (n=22) type. SAA at cutoff of 18.5 mg/L had the best validity to differentiate
gastritis from gastric carcinoma, with AUC, sensitivity, specificity, negative predictive value
(NPV), and positive predictive value (PPV) of 0.99, 98%, 100%, 100%, and 98%, respec-
tively, followed by HMGBI at cutoff of 14.5 pg/uL, with AUC, sensitivity, specificity, PPV,
and NPV of 0.91, 70%, 96%, 94.6%, and 76.2%, respectively. Sensitivity, specificity, PPV,
and NPV of serum CEA at cutoff of 2.9 ng/mL to differentiate gastritis from gastric
carcinoma were 42%, 72%, 60%, and 55.4%, respectively, with AUC of 0.53.
Nonetheless, higher serum levels of both SAA and HMGBI reflected higher tumor grade
(P=0.027 and P=0.016, respectively) and advanced tumor stage (P-OBrk-0.001 for both).
Conclusion: Serum levels of both SAA and HMGBI1 could be of great value for early
diagnosis of gastric carcinoma, comparable to the diagnostic role of serum CEA, which is not
valid for early diagnosis of gastric cancer.
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Introduction

Gastric carcinoma is a frequently occurring aggressive malignant tumor worldwide, with
poor 5-year survival even after surgical intervention, mainly because the majority of
cases are asymptomatic till reaching an advanced stage.'*To date, the currently used
diagnostic and prognostic biomarkers for gastric carcinoma have exhibited low sensitiv-
ity and specificity. and diagnosis basically depends on invasive upper digestive endo-
scopic examination. Therefore, there is a huge need for minimally invasive or
noninvasive biomarkers with high specificity in screening and diagnosis of gastric
carcinoma.’

Chronic inflammation is postulated to be one of the predisposing lesions of gastric
carcinoma, particularly the intestinal subtype. The Correa hypothesis states that gastric
carcinoma passes through sequential stages of chronic gastritis, gastric atrophy, intest-
inal metaplasia, epithelial dysplasia, and lastly development of gastric carcinoma
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(gastritis—dysplasia—carcinoma sequence). Several cytokines
that conduct downstream signals play integral roles in the
progression of these sequential stages of epithelial gastric
change.*’

HMGBI, also known as amphoterin, binds to several
receptors, including RAGE, with subsequent activation of
certain key cell-signaling pathways (eg, NF«B, p38, and p44/
42 MAPKs) leading to cancer progression and metastasis.®
Many studies have emphasized the relationship between ove-
expression of HMGBI1 and progression and invasion of
several epithelial tumors.”'* Although during tumorgenesis,
HMGBI1 may have pro- or antitumor activity via enhancing
or suppressing tumor angiogenesis, growth, invasion, and
metastasis, current knowledge regarding the role of
HMGBI
explicit."*As a proinflammatory cytokine, HMGBI can cre-

in the development of tumors is still not

ate a chronic inflammatory status that subsequently predis-
poses to development of epithelial malignancies.'> In
addition, it has been claimed that overexpression of
HMGBI

carcinoma.

promotes  metastatic

16

potential of gastric

High SAA, another cytokine, has been studied in many
human malignancies, but to date a consistent perspective
has not yet been established.'” It has been reported as
a potential biomarker for predicting survival and post-
operative follow-up of patients with gastric cancer.'®
SAA is a major member of acute-phase reactants, which
are raised in chronic inflammatory or neoplastic condi-
tions. It has been shown that SAA is raised in several
malignant epithelial tumors, including lung, ovarian,

19-23 Qasazuki

colon, esophageal, and gastric cancers.
et al* reported that people with high serum SAA had a
higher risk of developing gastric cancer.

CEA is a well-known tumor-associated molecule that
arises in cases of gastric and colonic tumors.* In this
study, the validity of serum levels of both HMGBI1 and
SAA for detection of gastric carcinoma was evaluated and
compared to diagnostic accuracy of the well-known serum

tumor marker — the CEA molecule.

Methods

Recruited patients and endoscopic
evaluation

The current case—control study was conducted on 100 patients
who attended the endoscopic unit of the Tropical Medicine and
Gastroenterology Department, Qena University Hospital from
January 2017 to October 2018. Patients who presented with

upper gastrointestinal tract symptoms, including epigastric
pain, vomiting, hematemesis, and melena were included in
the study. Patients with a history of cardiac disease, diabetes
mellitus, autoimmune disease, coagulation disorders, malig-
nant tumors elsewhere, and those had undergone gastric sur-
gery or used acid-suppressor therapy during the previous 60
days were excluded. The study was approved by the local
Ethics Committee of Medical Research of the Faculty of
Medicine, South Valley University, Qena, Egypt, and was
conducted in accordance with the Declaration of Helsinki.
Written informed consent was obtained from all subjects
included in the study.

Patients included were subjected to detailed history-taking,
full clinical examination, and complete blood count. Theey
underwent upper endoscopic examination using an Olympus
GIF-XQ260 instrument under sedation with intravenous mid-
azolam 5 mg, and endoscopic punch biopsies were obtained for
histopathological evaluation. Subjects were classified endos-
copically into three categories: neoplastic, inflammatory, and
normal-appearing gastric mucosa. After histopathological
examination, patients were classified into two groups, neoplas-
tic and inflammatory, depending on biopsy findings.

Biochemical evaluation of serum levels of

SAA, HMGBI, and CEA

Assessment of SAA, HMGBI, and CEA was performed
prior to endoscopic evaluation or any therapeutic interven-
tion, without knowledge of endoscopic data or histopatho-
logical diagnosis. Venous blood (5 mL) was obtained after
skin cleaning with 70% ethyl alcohol. Samples were
divided in two tubes: 2 mL in an EDTA-containing
Vacutainer for complete blood count and 3 mL in a plain
Vacutainer for assessment of CEA, SAA, and HMGBI.
The plain tube was left till the blood had clotted, then
centrifuged (3,500 rpm for 10 minutes) and the separated
serum was transferred into 1 mL cryotubes and stored at
—80°C for later biochemical analysis. Complete blood
counts were Taken with a Celtac automated hematology
analyzer (Nihon Kohden).

The serum level of CEA was evaluated with a Mini
Vidas system (Biomérieux, France), which is a fully auto-
mated immunoassay machine. Vidas CEA is a quantitative
test employing an enzyme-linked fluorescent assay for
determination of CEA level. For quantitative measurement
of human SAA and HMGB1, manual ELISA kits were used
(supplied by Abcam, and MyBioSource, respectively),
using a microplate ELISA reader (EMR-500).
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Histopathological and immunohistochemical

evaluation of gastric biopsies

For histopathological evaluation of gastric biopsies, stan-
dard formalin-fixed, paraffin-embedded tissue sections
were prepared and stained with H&E. Gastric tumors
classified histologically as diffuse gastric carcinomas
were evaluated further for expression of cytokeratin
using a Dako automated immunostaining system.
Antigen retrieval, incubation with primary antibody, and
secondary chromogen detection were performed according
to manufacturer protocols. The staining procedure was
performed at room temperature, and all steps were sepa-
rated by washing twice in tris-buffered saline—Tween, pH
7.6. Normal mucosal glands encountered worked as posi-

tive internal controls.

Multidetector computed tomography
Multidetector computed tomography is the modality of
choice for gastric carcinoma staging, due to its ability to
detect tumor spread (especially gastric wall invasion),
lymph node-involvement, or metastasis through multiple-
phase imaging. Patients were examined after fasting for
4-8 hours. Contrast agents, eg, water or effervescent granules
producing gas (CO,), were used. Additional gastric disten-
sion using scopalomine N-butyl bromide or intravenous/
intramuscular glucagon injection enabled assessment of the
thickness of the gastric wall and proper differentiation of
gastric walls and lumen.

Statistical analysis

SPSS version 13.0 was used for data support and analysis.
CEA, HMGBI and SAA values are expressed as means with
25%—75% SD. Independent-sample #-tests were performed
to compare means of CEA, HMGBI1, SAA between two
groups and one-way ANOVA used to compare means
among three or more groups with multiple comparisons by
the post hoc Scheffé method. ROC curves were plotted to
determine the best cutoff for gastric cancer screening for each
value, and relevant sensitivity and specificity were calcu-
lated. P<0.05 was considered statistically significant.

Results

Demographics and endoscopic findings

A total of 100 patients with upper gastrointestinal symptoms
were recruited for this study: 71 males and 29 females.
Patient ages ranged 37-65 years (mean 52.248.2 years).
Leading symptoms were chronic epigatsric pain/dyspepsia,

repeated vomiting, and attack(s) of bleeding (hematemesis
and/or melena) in 84%, 67%, and 41%, respectively. On
initial clinical evaluation, 59% of patients looked cachectic,
and none was hypertensive, diabetic, or had a history of
systemic inflammatory or autoimmune disease.

Endoscopic evaluation revealed involvement of the
gastric fundus in 20 patients, body/antrum in 44, and
diffuse gastric involvement in eleven. Lesions identified
by endoscopy were mucosal erythema, erosion, ulcers,
wall thickening, and gastric mass in 78.7%, 13.3%,
26.7%, 13.3%, and 10.7%, respectively. As for patients
with chronic gastritis, 12.0% had endoscopic features sug-
gestive of Helicobacter pylori infection in the form of
mosaic patterns, erythema, erosion, or antral nodularity.
On the other hand, 25 patients had no remarkable changes
on endoscopic evaluation. Based on endoscopic findings,
gastric lesions were classified as malignant, inflammatory
(chronic gastritis), or normal-appearing gastric mucosa in
50, 25, and 25 cases, respectively (Table 1, Figure 1).

The final diagnosis of gastric lesions was established by
histopathological evaluation of gastric endoscopic biopsies.
Half the patients had chronic gastritis (Figure 2, A and B),
classified as mild, moderate, or severe in 25, 16, and nine
cases, respectively. Helicobactercolonies were identified his-
tologically in 23 patients (Figure 2C). Gastric carcinomas
were confirmed histologically in 50 patients and classified as
diffuse and intestinal subtypes (Figure 2, D and E) in 28 and 22
cases, respectively. The epithelial origin of diffuse gastric
carcinomas was confirmed by expression of cytokeratin
(AE1/AE3) molecules (Figure 2F). Ttumors were graded 1,
2, 3, and 4 in four (8%), eleven (22%), 19 (38%), and 16
(32%) cases, respectively, and tumor stage 0, 1, 2, 3, and 4 in
five (10%), ten (20%), 14 (28%), 13 (26%), and eight (16%)
respectively, based on evaluation

cases, radiological

(Figure 3).

Serum levels of HMGBI, SAA, and CEA

Serum levels of HMGBI1, SAA, and CEA ranged 0.3-50
pg/uL, 0.6-150 mg/L, and 0.5-54 ng/mL, respectively, with
mean values of 14.8+14.1, 42.94+44.8, and 6.5+10.9, respec-
tively. The association of these serum molecules with dif-
ferent endoscopic and  pathological  parameters
is summarized in (Table 2). There was a significant differ-
ence in serum levels of the three investigated biomarkers
among patients with gastric cancer compared to patients
with chronic gastritis. Nonetheless, high-grade tumors
tended to be significantly associated with high serum levels

of HMGBI1 and SAA but not CEA compared to low-grade
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Table | Descriptive data of all studied patients

Gastric cancer (50) Gastritis (25) Control (25) P-value
Age (mean t SD) 522482 45.8+7.9 50.9+6.7 0.005
Sex (n, %) 0.7
Male 37 (74%) 16 (64%) 18 (72%)
Female 13 (26%) 9 (36%) 7 (28%)
Gastric biopsy site (n, %) Antrum/body - -

28 (56%)

Fundus

18 (36%)

Diffuse

4 (8%)

TNM staging (n, %) Stage 0 5 (10%)

Stage | 10 (20%)
Stage 2 14 (28%)
Stage 313 (26%)

Stage 4 8 (16%)

Figure | Endoscopy of chronic gastritis (A) and malignant polypoid mass (B).

tumors. Tumors with advanced stages were associated with
significantly high serum levels of the three molecules.

Diagnostic validity of serum levels of SAA

and HMBGI

Serum levels of SAA and HMBG! were significantly high in
cases of gastric carcinoma (Table 2). The validity of these two
molecules for differentiation of chronic gastritis from gastric
carcinoma was measured and compared to the diagnostic
validity of serum levels of CEA. Different cutoffs for serum
levels of the two molecules were tested statistically to identify
the best point at which malignancy is strongly predicted. SAA
>18.5 mg/L had the strongest diagnostic performance for
gastric carcinoma, followed by HMBG1 >14.5 pg/uL. Both

molecules had better sensitivity, specificity, positive predictive
values, and negative predictive values than standard serum
levels of CEA, with AUC of 99% for SAA, 91% for HMBGI,
and 53% for CEA (Table 3, Figure 4).

Discussion

Early diagnosis and posttreatment follow-up of patients with
malignant tumors requires finding serum markers that can
reflect tumor-cell growth in early stages. Gastric cancer is
believed at least partially to follow a hypothesis of being
initiated by persistent chronic inflammation.*®> Accordingly,
serum levels of inflammation-associated biomarkers could
be of great value for prediction of malignant changes in
gastric epithelia. In this context, the ability of the
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Figure 2 Mild gastritis (A); severe gastritis (B); Helicobacter pylori organism (arrows) (C); intestinal gastric carcinoma (D); diffuse gastric carcinoma (E) and CK expression in

diffuse gastric carcinoma (F).

Notes: H&E- (A-E) and immunostained (F) sections; magnification 200x (A, B, E, F), 600x (C), and 400% (D).

inflammation-associated molecules SAA and HMGBI to
detect early gastric carcinogenesis was investigated and com-
pared to the diagnostic validity of CEA serum levels.

We first investigated the three biomarkers used in the
different types of gastric cancer in our patients, ie, diffuse
and intestinal. There was no statistical significance
between the two types in terms of malignancy.
Therefore, we decided to consider that patients with gas-

tric cancer represented one group of 50 patients, to be

analyzed alongside 50 patients with chronic gastritis, and
a control group was added to the latter after inflammation
had been confirmed on histopathology.

SAA is known to be elevated in inflammation, trauma,
and neoplasm.?®2® It is also increased significantly in meta-
static disease over early stages,” so it can indicate progres-
sion and relapse.’® Chan et al concluded that SAA is raised
significantly in gastric cancer, but with no relation to tumor
size or clinical stage of the disease.'” This was in

Cancer Management and Research 2020:12
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Figure 3 Radiological assessments of included patients.

Notes: (A) Multidetector computed tomography (MDCT) of polypoid mass at cardia; (B) axial MDCT of circumferential mass at pylorus; (C) diffuse tumor thickening in
fundal region; (D) small mass in stomach body; (E) MDCT of portal-phase mass at pyloric antrum without extragastric extension.

concordance with our study in its first part, including its
increase in relation to gastric cancer (P<0.001) based on
means in the different groups. However, this was not the
case for the ability of SAA to differentiate between diffuse
gastric carcinoma and intestinal gastric carcinoma groups.
SAA showed high statistical significance (P<0.001) when
comparing gastric cancer and chronic gastritis. This was the
case when studying different stages of gastric cancer, where
it showed high statistical significance (P<0.001). This was
similar to results obtained by Liu et al, where SAA peaks

were positively correlated with the course of gastric carci-
noma, and peak intensity gradually increased with aggrava-
tion of the patient’s condition.’

SAA discriminating between gastric cancer and chronic
gastritis showed sensitivity of 98%, specificity, PPV of 100%,
and NPV of 98%. Its ability to discriminate between early and
late stages of gastric cancer was significant (P<0.001), though
it did not show a significant difference between diffuse and
intestinal gastric cancer (P=0.7). This means that it can detect
the early and invasive stages of gastric cancer, but has nothing
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Table 2 Association of serum HMGBI, SAA, and CEA levels with endoscopic and pathological parameters

HMGBI (mean % SD, pg/uL)) SAA (mean £ SD, mg/L) CEA (mean * SD, ng/mL)
Endoscopic evaluation
® Gastric cancer (n=50) 24.7+13.6 79.6+35.8 9.1+£14.8
® Gastritis (n=25) 7.9+4.2 9.8+2.8 3.6x1.8
® Normal-appearing mucosa (n=25) 2.07£1.7 2.5+1.9 3.9+2.05
P-value 0.048 <0.001 <0.001
Histopathological diagnosis
® Chronic gastritis (n=50) 49143 6.2+44 3.8+1.9
® Gastric carcinoma (n=50) 24.7+13.6 79.6+35.8 9.1+£14.8
P-value <0.001 <0.001 0.0l
Tumor histological subtype
® Diffuse gastric carcinoma (n=28) 25.6 (12.3) 81.3 (36.7) 8.7 (14.5)
® |Intestinal gastric carcinoma (n=22) 23.5 (15.4) 774 (35.4) 9.6 (15.5)
P-value 0.6 0.7 0.8
Tumor grade
® Grades | and 2 (n=17) 17.9+14.1 64.9+30.2 8.1£14.8
® Grades 3 and 4 (n=33) 28.2%12.2 87.2+36.5 9.7+14.9
P-value 0.016 0.027 0.682
Tumor stage
® Stages 0-2 (early; n=29) 16.8+10.3 61.1£26.3 2719
® Stages 3 and 4 (late; n=21) 35.6+9.6 105.04+31.6 18.0+19.7
P-value <0.001 <0.001 0.002

to do with the type of tissue pathology. The sensitivity of SAA
in our study was much higher than Chan et al report'® (74%),
who investigated serum SAA from 96 gastric cancer patients,
32 patients with gastric ulcers, and 52 healthy subjects. This
difference could attributed to sample size, ethnic and geo-
graphic differences, and differences in the number of gastric
cancer grades and stages included.

Next, we studied HMGBI and its ability to diagnose early
gastric cancer. HMGB1 has a significant role in tumor genesis
and invasion.'®** It can be detected in the serum of patients
diagnosed with malignancy, because it either reaches the
serum passively from dead tumor cells or is actively released
from immune cells in extracellular space.'®***> We measured

HMGBI levels in sera of the control group, patients with
gastritis, and those with gastric cancer. Significant differences
were found among the groups, mean increases of 2.07+1.7 in
the control group, 7.9+4.2 reaching 24.7+13.6 in the gastric
cancer group (P<0.001). This was consistent with Kauniyasu
et al.'® The same results were obtained by Chung et al.*
Zahang et al and Yue et al reported significantly increased
positive expression of HMBGI in gastric adenocarcinoma
tissue samples in comparison with samples from adjacent
noncancerous tissue using immunohistochemical staining,
suggesting that increased HMBGI1 expression is associated
with tumor development and progression via the NFkB path-
way and may serve as a potential therapeutic target for gastric

Table 3 Diagnostic performance of SAA and HMBGI compared to serum CEA to discriminate gastric carcinoma form chronic

gastritis
Cutoff AUC Sensitivity Specificity PPV NPV P-value
SAA >18.5 mg/L 0.99 98% 100% 100% 98% <0.001
HMBGI >14.5 pg/uL 091 70% 96% 94.6% 76.2% <0.001
CEA <2.9 ng/mL 0.53 42% 72% 60% 55.4% 0.57
Abbreviations: PPV, positive predictive value; NPV, negative predictive value.
Cancer Management and Research 2020:12 submit your manuscript 123
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Figure 4 ROC curve of SAA (A), HMBGI (B), and CEA (C) for discrimination of gastric carcinoma from chronic gastritis.

adenocarcinoma.’’® Additionally, Chung et al reported
increased serum HMBGT] in gastric cancer carcinogenesis,
reaching a maximum before macroscopic metastasis occurred,
implying its role in gastric cancer micrometastasis.*

Validation of HMGBI for discrimination between gastric
cancer and chronic gastritis showed sensitivity of 70%, spe-
cificity 0f96%, PPV of 94.6%, and NPV of 76.2% (P<0.001).
For discrimination between early and late stages of gastric
cancer, HMGB1 showed significance (P<0.001). HMGBI1
did not show a significant difference between intestinal and
diffuse gastric cancer (P=0.6), which was in accordance with
Kauniyasu et al and Chung et al.'®3°

CEA results were not encouraging, although it is
a known marker for malignancy, where it showed sensitiv-
ity of 42%, specificity of 72%, PPV of 60%, and NPV of
55.4% (P=0.57) when discriminating between gastric can-
cer and chronic gastritis, indicating that CEA is signifi-
cantly inferior to SAA or HMGBI1 as a gastric cancer
biomarker. This finding was near the results obtained by
other studies comparing CEA with other biomarkers, such
as pepsinogen and high-sensitivity CRP.**** Additionally,
Dolscheid-Pommerich et al** reported nonsignificant differ-
ences in the CEA serum concentrations between patients
with benign vs malignant gastric tumors (AUC=0.61). Our

CEA results were better when discriminating between early
and late gastric cancer (P=0.002). This means that it can
work as a follow-up marker in differentiating between early
and invasive stages, but cannot detect early stages.

Study limitation

Our study lacked the follow-up to analyze relationships
between serum concentrations of the biomarkers studied
with the prognosis or recurrence of gastric carcinoma. This
could be implemented in future studies. Also, we did not
construct our study to compare the biomarkers in various
types of cancer, so further research is required to identify
and compare the serum profiles of these biomarkers among
patients with different types of cancers versus gastric
cancers to ensure their specificity for gastric carcinoma.

Conclusion

In the current study we demonstrated that both serum
SAA and HMGBI can be used as important, informative,
and excellent biomarkers for early detection of gastric
cancer, as evidenced by the high AUC (>0.9) obtained,
with nearly equally high specificity and much higher sen-
sitivity for SAA than HMGBI.
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