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1. Abstract

1.1. Objective: To evaluate pepsinogen 1 (Pg 1) level in serum and
pepsinogen 1 to pepsinogen 2 ration (Pg 1/2) in patents with AG
and GC and compare them to gold standard endoscopic examination
in those patients, to detect the sensitivity and specify of these mark-

ers to evaluate their value as a future seromarker or tumor marker.

1.2. Patients and Method: This was an observational case-control
comparative study that included 60 patients diagnosed with atrophic
gastritis and gastric carcinoma. A clinical and endoscopic examina-
tion were used to make the diagnosis, and gastric biopsies wete ex-
amined histologically to confirm it. Two separate groups of patients
were formed, with 30 patients involved within group 1 having AG
and 30 patients in group 2 having GC. As a control group, 30 healthy
volunteers were enlisted. Informed written consent will be taken

from all patients.

1.3. Results: Serum Pg 1 and Pg 1/2 in AG and GC patients were
comparable (p= .098, 0.976, respectively), however, compared to
healthy controls, they were statistically considerably lower (p< 0.001
for all). The optimum cut-off values for diagnosing AG or GC were
Pg 118.96 and Pg 1/2 2.25; these values may produce a 100% sensi-
tivity (94-100), 100% specificity (88.4-100), positive predictive value
(PPV) that was 100%, and 100% negative predictive value (NPV).
1.4. Conclusion: For AG and GC diagnosis, serum Pg exhibited a
very high diagnostic value.

2. Introduction

Gastric cancer (GC) was discovered to be the fourth most prevalent

cancer-related death factor [1, 2]. However, if it is discovered from

the early lesions that are likely to be precancerous, such as atrophic
gastritis, a common progressive illness, It has a great prognosis and
is treatable [3, 4].

When it comes to high-risk GC conditions, atrophic gastritis (AG)
can progress from modest lesions at first to moderate and severe
ones [5]. Therefore, it is essential to carry out early detection of the
high-risk group suffering moderate and severe AG related lesions in
order to lower the risk of GC. However, these AG related lesions are
most probably asymptomatic in populations, making it hard to be
detected with recommended current methods like guided biopsies or
endoscopy. In order to screen programs for AG lesions, non-invasive

techniques are now required [3, 4].

As a result of the stomach lumen’s acidic pH, pepsinogen (Pg), a
proenzyme that is abundantly released by the gastric mucosal cells,
is transformed into pepsin. There are two Pg immunological catego-
ries: Pg 1 and also Pg 2. Additonally, the pepsinogen ratio Pg 1/2
was calculated [6]. Approximately, One percent of the pepsinogens
produced into the stomach lumen are able to enter the bloodstream
and are subsequently found in the serum. By using serum Pg levels,
this technique enables investigation of the morphological and func-
tional state of the stomach mucosa. Atrophy of the mucosal glands
in the antrum and/or corpus lowers the Pg I/1I ratio and influences

Pg 1 and Pg 2 levels [7].

Currently, Pg has been found to be the most reliable non-invasive
biomarker for the diagnosis of severe AG or GC [8-11]. However,
its application is still controversial [12, 13], and it is advised to utilize
it carefully and with caution [8] since the populations’ cut-off values
vary [11, 14].



Accordingly, we aimed to evaluate serum Pg 1 and Pg 1/2 in patients
with AG and GC and compare them to gold standard endoscopic
examination in those patients, to detect the sensitivity and specify of
these markers to evaluate their value as a future seromarker or tumor

marker.
2.1. Patients Involved and Methods Used

This case-control observational study included 60 adults over the age
of 18 with GC and AG. Clinical and endoscopic evidence support-
ed the diagnosis, which was then supported by a histological review
of gastric biopsies. Patients were chosen from outpatient clinics and
were scheduled for upper GIT Endoscopy in Endoscopy unit in
Gastroenterology Unit in Internal Medicine Department, Alexandria
University Hospital. After clearly informing all patients, their written
consent was obtained. There were two groups of patients: group 1,
which contained 30 AG diagnosed patients, and group 2, which had
30 patients with GC. 30 healthy people were enlisted as a control
group.

Patients who had undergone partial or total gastrectomy, patients
who were undergoing chemotherapy or radiotherapy, patients with
gastric polyps, patients suffering gastric lymphoma, and patients suf-
fering gastric carcinoid were all excluded from the study. Patients
who had taken inhibitors of proton pump or nonsteroidal anti-in-
flammatory medicines within the earlier six weeks before enrolment

were also excluded.

Each patient underwent a full medical history review as well as a
regional and local clinical abdominal examination. All patients under-
went upper gastrointestinal endoscopy using traditional and narrow
band imaging endoscopy with biopsy. Biopsy samples were collected
using the most recent Sydney system of classification [15]. Five biop-
sy samples were obtained: Two were taken from the antrum, which
is 2 to 3 cm from the pylorus; one was taken from the lesser distal
curvature, and the other from the greater distal curvature; two were
taken from the corpus, which is 8 cm away from the cardia; one was
taken from the lesser curvature; and one was taken from the incisura
angularis. classification of AG using the Sydney system of grading
[15]. Serum Pg 1 and Pg 2 assay was estimated by Enzyme-linked
immunosotbent assay (ELIZA) and Pg 1/2 was calculated. Finally,
Pylori Antibodies IgG in blood and Pylori Ag in the stool were as-

sessed.
3. Results

Table 1 represents patients’ demographic data and H. Pylori tests
findings. When compared to controls, Pg 1 and Pgl/2 were both
lower significantly among the group diagnosed with AG and GC
group (p 0.001 for all), according to statistical analysis. In contrast,
there was difference of no statistical significance in Pg 1 and Pg1/2
among the AG group and the GC group (p=.098, 0.976, respectively)
(Table 2).

The Sydney classification found that antrum AG was reported in 10
patients (33.33%), with mild gastritis being described in two patients
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(20%), moderate gastritis in four patients (40%), and severe gastri-
tis in four patients (40%). Corpus AG was detected in 6 patients
(20%), distributed as mild, moderate, and severe AG in one patient
(16.67%), three patients (50%), and two patients (33.33%) respec-
tively. Multifocal AG was seen in 14 patients (46.67%), distributed
as mild gastritis in three patients (21.43%) moderate gastritis in six

patients (42.86%), and severe gastritis in five patients (35.71%).

In terms of Pgl and Pgl/2, there was difference that was not signifi-
cant statistically between males and females with p-values= 0.383 and
0.623, respectively). Regarding Pgl and Pgl/2, there was a difference
that was statistically not significant among H. pylori positive and also
negative individuals (p= 0.633 and p= 0.331, respectively). (Table 3)

Pgl levels were statistically higher in patients with severe exercise
than in those with low and moderate activity (p=0.001 and p0.001,
respectivelyPgl/2 was statistically significantly lower in patients with
severe activity compared to those with light and moderate activity
levels (p=0.017 and p=0.023, respectively). However, there was no
statistically significant difference in the Pgl/2 and Pgl ratios be-
tween patients who exercised lightly and moderately (p=0.278 and
0.58, respectively) (Table 3).

In AG patients, Pgl and age had a statistically significant high nega-
tive cotrelation (r= -0.806, p0.001) (Figure 1). In contrast, the Pgl/2
ratio and age did not have a statistically significant relation among
AG patients (r=-0.304, p=0.102).

According to histological examination, gastric adenocarcinoma was
categorized into two types; intestinal type in 22 patients (73.33%)
and diffuse type in 8 patients (26.67%). According to location, gastric
cancer was found in the antrum within 14 patients (46.67%), body
within 7 patients (23.33%), fundus within 4 patients (13.33%), cardia
in 3 patients (10%), and pylorus in two patients (6.67%).

In terms of Pgl and Pgl/2, thete was difference of no statistical
significance among both the males and the females with p-values =
0.154 and 0.95, respectively. Regarding Pgl and Pgl/2, there was no
significant difference statistically among both H. pylori positive and
negative individuals (p=0.4 and p=0.92, respectively) (Table 4).

In GC patients, there was high significant negative connection statis-
tically between Pgl and age. (r= -0.95, p<<0.001) (Figure 2). In con-
trast, the Pgl/2 ratio and age did not have a correlation of statistical
significance in GC patients (r= -0.133, p=0.48).

Overall model including (age, sex, H. pylori, and disease) is statis-
tically significant in predicting Pgl and Pgl/2 ratio as (F=1486.88,
p<0.001), The model explains 98.5 percent of the Pgl variability and
(F= 1724.448, p<0.001), model explains (99%) of Pgl/2 ratio vari-
ability (Table 5).
Table 6 shows the ROC curve analysis of Pg 1 and Pgl/2 ratio. It
shows that pgl (ng/]) can significantly disctiminate between patients
having AG or GC and healthy individuals as diagnostic accuracy
((AUC)= 1.00 (95% CI), p <0.001), as cut of point which has highest
sensitivity, specificity <18.96 (sensitivity = 100, specificity = 100).
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Also, Pgl/2 ratio (ng/]) can significantly discriminate between pa-
tients having AG or GC and healthy individuals as diagnostic accu-

100).

racy ((AUC) = 1.00 (95% CI), p <0.001), as cut of point which has

Table 1: Comparison of the three study groups based on demographic parameters.
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highest sensitivity, specificity <2.25 (sensitivity = 100, specificity =

Atrophif gastritis Gastric cancer Controls (n=30)
Sociodemographic data (n=30) (n=30) Test of significance (p)
No. | % No. % No. %
Sex
Male 16 533 16 533 15 50 x> =0.089,
Female 14 46.7 14 46.7 15 50 p=0.956
Age (years)
Mean + SD 49.47 +10.56 58.23+9.25 50.17 £ 11.82 F=6.342, p=0.003*
Median (Min — Max) 49.5 (34 - 66) 55.5(45-177) 48.0 (33 -69)
Significance bet. groups p1=0.005%, p2=0.965, p3=0.011*
H. pylori:
Negative 15 50 16 533 14 46.7 x> =0.267,
Positive 15 50 14 46.7 16 533 p=10.875

% Chi-squate test to compate the three involved study groups

F; One-Way ANOVA test, pairwise comparison was done using Tukey test p1;

p value between atrophic gastritis and gastric cancer

p% p value between atrophic gastritis and controls

p’; p value between gastric cancer and controls.
SD; standard deviation, * significant (p<<0.05)

Table 2: Comparison of the Pgl and Pgl/2 ratio biomarkers among the three involved study groups

Atrophic gastritis (n=30) | Gastric cancer (n= 30) | Controls (n= 60) | Test of significance (p)

Pg 1 (ng/ml)

Mean + SD

16.95+1.12

17.83£0.85

47.23 +3.69

H=63.900, p< 0.001*

Median (Min — Max)

16.3(15.74-18.84)

17.9 (16.14-18.9)

47.4 (41.28-52.14)

Significance bet.

|_Groups

pl=.098, p2< 0.001*, p3< 0.001*

Pg1/2 (ng/ml)

Mean + SD

2.02 +0.08

2.05+£0.07

4.53+0.32

H=60.308, p<0.001*

Median (Min — Max)

2.02 (1.89 - 2.25)

2.05(1.91-2.21)

4.52 (4.01-5.12)

Significance bet.
Groups

pl1=0.976, p2< 0.001*, p3< 0.001*

H; Kruskal Wallis test, pairwise comparison was done using Bonferroni test

p1; p value between atrophic gastritis and gastric cancer

p2; p value between atrophic gastritis and controls

p3; p value between gastric cancer and controls.

SD; standard deviation, * significant (p<<0.05)

Table 3: Distribution of Pgl and Pgl/2 ratio with different variables among AG patients.

Variables Pgl (ng/ml) Test of Pg1/2 ratio (ng/ml) Test of
Mean +£SD | Median (Min- Max) | significance (p) | Mean+SD | Median (Min- Max) significance (p)
Sex
Male 1679112 | 16.17 (15.75-18.84) U=91.0 2.0 +0.08 2.02 (1.9-2.18) t=-0.497
Female 17.12£1.13 | 16.74 (15.74-18.66) p=0.383 2.03+0.09 2.02 (1.89-2.25) p=0.623
H. pylori
Positive 17.01£1.19 | 16.24 (15.88-18.84) U=101.0 2.0£0.07 2.02 (1.89-2.18) t=-0.990
Negative 16.88 £ 1.08 | 16.44 (15.74-18.52) p=10.633 2.03+0.09 2.02 (1.92-2.25) p=0.331
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Activity
Mild 18.45+0.23 18.47 (18.2-18.84) 2.07+0.09 2.04 (2.0-2.25)
H=23.055 p< H=7.566 p=
+ - + -
Moderate 17.11 +£0.93 17.06 (16.11-18.66) 0.001* 2.04 +£0.07 2.02 (1.94-2.18) 0.023*
Severe 15.92+0.12 15.95 (15.74-16.1) 1.96 + 0.06 1.95 (1.89-2.03)
Significant bet.
1=0.278, p2< 0.001%*, p3=0.001* 1=0.58, p2< 0.017*, p3=0.023*
|_groups p p p p p p
U; Mann-Whitney test, t; independent t test
H; Kruskal Wallis test, pairwise comparison was done using Bonferroni test p1; p value between mild and moderate
p2; p value between mild and severe
p3; p value between moderate and severe. SD; standard deviation, * significant (p<0.05)
Figure 1: Correlation between Pgl and age among AG group
Table 4: Both Pgl and Pgl/2 ratio distribution among the GC group according to sociodemographic traits.
Pgl (ng/ml) Pg1/2 ratio (ng/ml)
Variables Test of significance Test of significance
M‘;]';‘ * | Median (Min- Max) & ® " Nean = SD | Median (Min- Max) & ®
Sex
Male 17.6+ .9 17.2(16.14-18.19) (U=147, 8.67+.5 8.7(7.9-9.4)
(U=113.5, P=0.95)
Female 18.11+ .71 18.2(16.7-18.9) P=0.154) 8.7+.5 9.04(7.8-9.23)
H. pylori
Positive 17.68+.94 17.9(16.14-18.96) (U=91.5, 8.72+.53 9(7.9-9.4)
- (U=109.5, P=0.92)
Negative 17.9+.78 18(16.7-18.9) P=0.4) 8.73+.54 9(7.8-9.3)

U; Mann-Whitney test.

SD; standard deviation, * significant (p<0.05)

Figure 2: Correlation between Pgl and age among GC group
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Table 5: Linear regression model for predictors of Pgl and Pg 1/2 among the studied sample

Predictors Unstandardized Coefficients B std. Stan(!ardized ¢ Significance 95% CI
error Coefficients Beta

Pg1
Constant 53.158 1.164 <0.001*
Age -0.131 0.017 -0.103 -7.736 <0.001* -0.165 —-0.098
Sex ? 0.509 0.376 0.018 1.355 0.179 -0.238 — 1.257
H. pylori® -0.174 0.368 -0.006 -0.473 0.638 -0.906 — 0.558
Disease © -29.354 0.395 -0.971 -74.405 <0.001* -30.138 — -28.569
Pg '
Constant 1.305 0.409 3.186 0.002*
Age 0 0.002 0.003 0.185 0.854 (-0.003 - 0.003)
Sex ? 0.015 0.026 0.006 0.565 0.574 (-0.038- 0.068)
H. pylori® -0.028 0.026 -0.012 -1.08 0.283 (-0.079 - 0.023)
Disease ¢ -0.475 0.223 -0.188 -2.126 0.036* (-0.919 —-0.031)
Pg1 0.068 0.008 0.81 8.971 <0.001* (0.053 - 0.083)

A ref; Female
B ref; negative H. pylori

€ ref; not-disease

Table 6: ROC curve analysis for Pgl and Pgl/2 (ng/]) in diagnosing AG or GC patients

AUC 95% CI Point of Cut off Sensitivity (95% CI) Specificity (95% CI) +PV -PV p

1 0.960 — 1.000 <18.96 100 (94 —100) 100 (88.4 — 100) 100 100 <0.001*
AUC 95% CI Point of Cut off Sensitivity (95% CI) Specificity (95% CI) +PV -PV p

1 0.960 — 1.000 <225 100 (94 —100) 100 (88.4 — 100) 100 100 <0.001*

AUC: Area under the curve
+PV: positive predictive value

-PV: negative predictive value
4. Discussion

To date, it remains debatable for using Pg as a non-invasive biomark-
er for diagnosing AG or GC [12, 13]. In the present work, although
the means of Pg 1 in AG (16.95 + 1.12 ng/ml) and GC (17.83 £
0.85 ng/ml) patients were comparable (p=.098), however, they wete
highly statistically significantly lower than healthy controls (47.23 £
3.69 ng/ml) (p< 0.001 for both). Also, the mean of Pg 1/2in the AG
group (2.02 + 0.08 ng/ml) was neatly equal to that in the GC group
(2.05 £ 0.07 ng/ml) (p= 0.976), but they were highly statistically sig-
nificantly lower than healthy controls (4.53 * 0.32 ng/ml) (p< 0.001
for both). These results suggest a possible relationship between Pg 1
and Pg 1/2 ratio in diagnosing AG and GC.

These findings confirm those of Mansour-Ghanaei et al [10]. who
discovered that patients suffering GC had considerably lower Pg 1
serum levels and Pg 1/2 ratio than did healthy individuals. Addition-
ally, Kim et al [106]. found that among 95 patients, patients diagnosed
with AG had significantly lower Pg serum levels and also ratio. Sim-
ilar to this, Nguyen et al [17], assessed how Pg in serum can help in
mild and severe AG diagnosis among the Viethamese population.
They came to the conclusion that the serum PGII lacked diagnos-
tic significance while the Pg 1 level and Pg 1/2 ratio were found to

be significant indicators for diagnosing AG. Our findings, however,
contrast from those of an Iranian study by Hosseini et al [13], which
found no link between Pg 1 serum level and AG but find correlation
that was statistically significant among AG and Pg 2 and Pg 1/2 ratio

levels.

A correlation that was not significant statistically between Pgl and
Pg1/2 and H. pyloti was noticed in the cutrent study, whethet in AG
patients or GC patients. The results of this investigation, however,
contradict past reports [18, 19] that suggested a substantial correla-
tion between Pg levels and H pylori infection. According to research
reported by Yuan et al [20], patients with active H. pylori infection
had greater blood Pg levels and lower Pg 1/2 levels than patients
without the illness. Also, Cai et al [21], observed that in patients with
gastric mucosal atrophy, H. pylori-positive subjects showed consid-
erably statistically significant higher Pg 1 and Pg 2 serum levels and
a statistical significant lower P 1/2 in compatison to H. pyloti-neg-
ative patients (P 0.05). That could be explained by the inconsistent
findings of tests performed to find H pylori and the presence of
additional variables that could alter the results, such as gender, BMI,

and drugs taken (such as proton pump inhibitors).
Regarding the relation between AG activity and Pgl and Pg 1/2 levels

5



our findings were consistent with Nguyen et al [17]. We found that in
AG patients, the disease activity is related to Pgl and Pg 1/2 where
the lowest levels of Pgl and Pg 1/2 were reported in the severe active
disease. According to Nguyen et al [17], the moderate to severe AG
group had serum Pg 1 levels that were lower significantly more than
those of mild AG group. Similar to this, Tong et al [22], assessed Pg
levels in the serum and examined the link with finding of both endo-
scope and histology in a prospective study of asymptomatic patients.
They found that when compared to the groups with mild atrophy
and no atrophy, Pg levels in the group with severe AG reduced sig-
nificantly (p 0.01). There is debate regarding the relationship between
other variables including age and gender and pepsinogen levels. Re-
sults of a research including 6596 “healthy” participants were report-
ed by Huang et al [23]. According to the study, pepsinogen levels
rose in men and fell in women as people aged. The study revealed
that values of pepsinogen diminished with age and increased more in
males than females. However, Zhang et al [24] did not discover any
statistically significant age- and sex-related values of P 1/2 in their
investigation of 2568 healthy individuals. They did note a modest
increase in Pg 1 and Pg 2 with ageing in both sexes, though.

Several studies looked at the serum Pg diagnostic value in the AG
and GC diagnosis. In various investigations, the sensitivity ranges of
Pgs range from 36.84% [25] to 90.91% [26] for the GC detection
and from 25% [27] to 91.18% [28] to AG detection. In this study,
we discovered that serum Pg has a very high diagnostic value for
GC and AG. The best cut-off values for diagnosing AG or GC were
PGI 18.96 and Pg 1/2 2.25, which might result in 100% sensitivity
(94-100), 100% specificity (88.4-100), 100% PPV, and 100% NPV.
This result appears to be consistent with those of eatlier studies [8,
9, 11, 17, 22] which found that Pg 1 and Pg 1/2 have a diagnostic
value in identifying AG Additionally, this outcome was comparable
to that stated by Mansour-Ghanaei et al [10], which discovered that
both Pg 1 and Pg 1/2 are the only selective and sensitive for GC
screening, According to Nguyen et al [17]. For the investigation of
moderate and severe AG, the serum Pg 1 and Pg 1/2 ratios showed
an accurate diagnostic value, with the Pg 1/2 ratio being preferable.
They discovered that the optimal diagnostic AG cut-off values were
(Pg 169.0) and (Pg 1/24.6), which could yield results with a final ac-
curacy of 82.4% and sensitivity, specificity, PPV, and NPV of 73%,
83.9%, 41.5%, and 95.2% based on images of gastroscopy. The op-
timum cut-off values for GC diagnosis were Pg 1 63.5 and Pg 1/2
5.2, which might result in final accuracy of 72.9% and sensitivity of
49.4%, specificity of 82.1%, PPV of 52.1%, NPV of 80.5%, and
82.1% specificity. A meta-analysis involving 30,000 patients from 13
different Eastern and Western nations was carried out to evaluate
the accuracy of Pgin AG and GC diagnosis [9], Huang et al. results
showed that [9] Pg 1 had a 69% sensitivity and 73% specificity for
diagnosis of intestinal GC and 69% sensitivity and 88% specifici-
ty for diagnosis of AG. Although the authors acknowledged it as a
limitation, the research heterogeneity in respect of diagnostic meth-

odologies and the various cut-off values for these procedures. Blood
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Pg levels were used in a study by Broutet et al [29], on 284 patients
suffering dyspeptic related complaints in 14 European countries to
assess the severity of multifocal AG. They claimed that the only pre-
cancerous stomach lesions biomarker that may be used as a screening
test is the Pg 1/2 ratio. The following outcomes were reported in
relation to the Pg 1/2: having a 5.6 cut-off point, and 65.0% sen-
sitivity and 77.9%. specificity. Since we evaluated a cut-off value of
pepsinogen levels ranging from mild to moderate and severe AG up
to GC, our study’s Pg 1 and Pg 1/2 cut-offs were lower than those
reported in the literature. As a result, as compared to what is reported
in the literature, Pg 1 and Pg 1/2 have higher sensitivity and speci-
ficity for diagnosing AG and GC. Some researchers have discovered
outcomes that are not significant or are weak, in contrast to our find-
ings. One of these is a study by Ricci et al [30]. which found that Pg
1 and Pg 1/2 cannot distinguish between patients with and without
antrum-predominant AG. Similarly, Colarossi et al [31]. showed that
none of the biomarkers could distinguish between patients who had
atrophy and those who did not. Age, H. pylori infection, AG activ-
ity, the GC cardia/non-cardia nature, and AG alone or combined
with metaplasia that was intestinally involved, are some of the varia-
bles that may contribute to these variances. These variables can also
change the serum pepsinogens levels. Additionally, the great varia-
tion in Pg serum testing methods makes it challenging to interpret
the data. The most used technique is ELISA, but some researchers
also utilize immunoturbidimetry, radioimmunoassay, chemilumines-

cent assay, and the latex agglutination test [32].

This study only used a limited sample size, therefore that is one of
its limitations. Serum pepsinogen in AG and GC were not separately
evaluated for their diagnostic value (sensitivity and specificity).

5. Conclusion

Serum Pg demonstrated a very high diagnostic value for the diagno-
sis of AG and GC. In which it was discovered that the Pg 1/2 ratio
and Pg 1 level were helpful biomarkers for the diagnosis of patients
with AG and GC.
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