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ABSTRACT

Introduction: The role of serum pepsinogen in the

diagnosis of gastric carcinoma is well established.  Its

role in other common upper alimentary disorders has not

been widely studied.  The aim of this study was to describe

the effect of various gastric disorders on the levels of

pepsinogen I, pepsinogen II and pepsinogen I/II ratio,

with an emphasis on the diagnosis of carcinoma stomach

in the South Indian population.

Methods:  A total of 210 patients in seven groups,

including one control group, were studied.  The groups

included patients with carcinoma stomach, Helicobacter

pylori gastritis, peptic ulcer, portal hypertensive

gastropathy, non-ulcer dyspepsia and erosive gastritis.

Serum pepsinogen I, pepsinogen II and pepsinogen I/II

ratio were estimated using an enzyme-linked

immunosorbent assay technique.

Results: Patients with carcinoma of the stomach, when

compared with controls, had a significantly lower

pepsinogen I level (87.2 µg/L vs. 158.1 µg/L, p=0.0002)

and pepsinogen I/II ratio (4.3 vs. 7.2, p = 0.0001).  No

significant change in pepsinogen levels occurred in the

other groups.  The cut-off levels of pepsinogen I (115.3

µg/L) and pepsinogen I/II ratio (6.2), determined by THE

ROC curve, when applied in parallel provided a sensitivity

of 97% and a negative predictive value of 91.4% for the

diagnosis of carcinoma stomach.  When the tests were

applied in parallel, the likelihood ratio of a negative test

was 0.06, indicating that  individuals without carcinoma

stomach were 16 times more likely to have a negative test

than those with carcinoma. This fulfilled the essential

prerequisites of an ideal screening test.

Conclusion: Serum pepsinogen estimation is a useful

diagnostic tool in the diagnosis of carcinoma stomach.

The significance of serum pepsinogen level in portal

hypertensive gastropathy, non-ulcer dyspepsia, peptic

ulcer, Helicobacter pylori gastritis and erosive gastritis

was not established.

Key words: pepsinogen I, pepsinogen II, carcinoma

stomach.

INTRODUCTION

Pepsinogen (PG) is the precursor of the proteolytic enzyme

pepsin. It is secreted by the chief cells in the gastric fundus.

It exists in two forms, PG I and PG II.  PG II is also secreted

by the pyloric glands in the gastric antrum and the Brunner’s

glands of the duodenum.1 Pepsinogen is not only secreted

into the gastric lumen but also enters the blood stream.  The

levels of the two types of pepsinogen apparently reflect the

morphological and functional status of different parts of

the gastro-duodenal mucosa due to the different sources of

secretion.2

In gastritis, mild inflammation leads to elevated levels of

PG I and PG II in the circulation.  In atrophic gastritis,

however, there is a fall in serum PG I levels while the levels

of serum PG II remain relatively unchanged. The

disproportionate change in the levels of PG I and PG II

causes a fall in the PG I/II ratio.1  Gastric carcinoma is known

to develop in stomach mucosa affected by chronic atrophic

gastritis.3  Measurement of pepsinogen levels would

therefore enable us to identify subjects with gastric atrophy

or carcinoma.  Other studies have described the role of

pepsinogen as a diagnostic tool in other upper

gastrointestinal disorders like H.pylori gastritis and peptic

ulcer.4,5

The relevance of pepsinogen assay in gastric disorders

has not been reported so far from India.  Hence, this study

was done to describe the normal range of serum PG I, PG II

and   PG I/II ratio in our population and also to study the

changes in their levels with various gastric disorders like

carcinoma stomach, peptic ulcer,  H.pylori gastritis, portal

hypertensive gastropathy, non-ulcer dyspepsia (NUD) and

erosive gastritis.  The current study also attempts to define

suitable cut-off points of serum PG I and PG I/II ratio to use

this test as a screening tool in the diagnosis of carcinoma

stomach.

METHODS

This study was conducted prospectively from September

2003 to March 2005. The study was approved by the

Institute Research Council and Ethics Committee. A total of

210 patients in seven groups, with 30 subjects in each group

as depicted below, comprised the study population.  The

disease groups were – carcinoma stomach, H.pylori gastritis,

peptic ulcer, portal hypertensive gastropathy, non-ulcer

dyspepsia and erosive gastritis. In addition, one group

consisted of healthy control.

Smokers and patients on antisecretory treatment were

excluded from the study as these two conditions are known

to alter serum pepsinogen levels.6,7 All patients in the study

groups underwent diagnostic upper gastrointestinal

endoscopy.   Normal controls were included based on history

and clinical examination only.  No endoscopy was done in

controls for ethical reasons.

The diagnosis of carcinoma stomach was confirmed by
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histopathological examination of the endoscopic biopsy

specimens.  Location of the tumour (fundus, body, antrum

and corpus) and degree of differentiation of the carcinoma

(well, moderate, poor) were documented.  H.pylori gastritis

was confirmed by the rapid urease test, prepared and

standardised in our institute. Patients in the non-ulcer

dyspepsia group underwent additional investigations to rule

out other causes of upper abdominal pain.  These included

stool examination, liver function tests and ultrasound

abdomen to rule out gall bladder pathology.

5 ml of fasting blood sample was collected from each of

the subjects by venipuncture and serum separated by

centrifugation.  The samples were coded and stored at-20oC.

The samples were analysed for levels of serum PG I and II

using separate ELISA kits (BIOHIT Plc. Laippatie 1, Helsinki,

Finland) for each of the subtypes.  Following the assay the

samples were decoded and results analysed.

The results were analysed using the statistical software

SPSS version 13.0. Unpaired ‘t’ test was used to compare

PG I and PG II levels between the disease and control groups.

Logarithmic conversion analysis was used in comparing the

PG I/II ratios of the various groups. A ‘p’ value of less than

0.05 was taken as significant. The cut-off levels of PG I and

PG I/II ratio in carcinoma stomach were determined using a

Receiver Operating Characteristic (ROC) curve. Sensitivity,

specificity, positive predictive value, negative predictive

value and likelihood ratios were calculated at this cut-off

level for assessing the accuracy of PG I and PG I/II ratio as

screening tests for carcinoma of the stomach.

RESULTS

The mean age of the patients in all the study groups except

carcinoma stomach was similar to that of the controls.

Patients with carcinoma stomach had a significantly higher

mean age than that of controls (50.3 ± 9.7 vs. 40.3 ± 10.5 yrs,

p = 0.0009).  All the groups had a male preponderance with

the M: F ratio ranging from 1.1: 1 to 4:1. (Table I)

The mean levels of serum PG I and PG II in controls were

158.1 ± 78.9 µg/L and 22.3 ± 15.2 µg/L respectively.  The

mean PG I/II ratio in the controls was 7.2 (95% CI - 6.0-8.6)

When compared with controls it was found that patients

with carcinoma stomach had a significantly lower PG I level

(87.2 ± 42.4 µg/L, p= 0.0002) than that of controls while there

was no difference in the level of PG II (Table II). Also patients

with carcinoma stomach had a significantly lower PG I/II

ratio i.e. 4.3 (95% CI - 3.7-5.1) (p = 0.0001) when compared to

the controls (Table II).  There was no difference in PG I, PG

II or PG I/II levels between controls and patients with

disorders other than carcinoma stomach (Figures 1-3).

No correlation was found between PG I or PG II levels

and degree of differentiation of carcinoma. However, the

fall in PG I/II ratio was very nearly significant (p=0.052) (Table

III).

The cut off value of serum PG I and PG I/II ratio for the

diagnosis of carcinoma stomach was calculated using the

ROC curve.  The cut off value of serum PG I level at 115.3

µg/L provided sensitivity and specificity of 83.3% and 66.7%
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GROUP AGE MALE FEMALE M:F

(years) (%) (%) RATIO

Carcinoma stomach 50.3 ± 9.7* 21(70.0)  9(30.0) 2.3 : 1

H.pylori gastritis 40.6 ±10.6 16(53.3) 14(46.7) 1.1 : 1

Portal hypertensive

gastropathy 44.6 ±9.6 24(80.0)  6(20.0) 4 : 1**

Peptic ulcer 37.0 ±8.9 18(60.0) 12(40.0) 3 : 2

Erosive gastritis 37.8 ±8.4 19(63.3) 11(36.7) 1.7 : 1

Non-ulcer dyspepsia 40.3 ±9.2 16(53.3) 14(46.7) 1.1 : 1

Controls 40.3 ±10.5 19(63.3) 11(36.7) 1.7 : 1

* p=0.0009 when compared to controls

** p=0.01 when compared to controls

Table I: Age and gender distribution of cases and controls

Fig. 1 : PG I levels in various groups

Fig. 2 : PG I/II ratio in various groups



Parameter Differentiation  n        Mean (µg/L)      p value

of cancer

PG I Poor 3 45.13

Moderate 12 85.81 0.094

Well 15 96.90

Total 30 87.28

PG II Poor 3 21.44

Moderate 12 20.80 0.802

Well 15 18.16

Total 30 19.55

PG I / PG II Poor 3 2.65

Moderate 12 4.26 0.052

Well 15 5.61

Total 30 4.78

PG-pepsinogen

Table III:  Correlation of serum PG I, PG II and PG I/II values with

 the degree of differentiation of carcinoma stomach

Group n PG I p value* PG II p value* PG I/II Ratio p value*

(Mean+SDµg/L) GM(95% CI)

Carcinoma stomach 30   87.2  ±42.4 0.0002 19.5 ± 9.6 0.76 4.37(3.7-5.1) 0.0001

Peptic ulcer 30 157.6 ± 75.9 0.99 24.7 ± 18.0 0.72 6.9(5.8-8.1) 0.48

H.pylori gastritis 30 132.7 ± 84.8 0.12 18.1 ± 9.8 0.33 7.1(6.1-8.1) 0.50

Portal gastropathy 30 127.4 ± 61.5 0.11 20.7 ± 9.6 0.85  6.0(5.3-6.8) 0.12

Erosive gastritis 30 125.4 ± 50.1 0.14 17.8 ± 7.6 0.50  6.6(5.9-7.4) 0.10

NUD 30 133.7 ± 58.9 0.25 23.1 ± 16.7 0.76 6.1(5.4-6.9) 0.13

Controls 30 158.1 ± 78.9   - 22.3 ±15.2   - 7.2(6.0-8.6)   -

* Comparing disease with controls

   PG-pepsinogen, SD-standard deviation, GM-geometric mean, CI-confidence interval, NUD-non-ulcer dyspepsia

Table II:  Comparison of serum PG I, PG II and PG I/II values between controls and study groups

Fig. 3 : PG II levels in various groups

respectively. The PG I/II ratio at 6.25 had a sensitivity of

87.7% and specificity of 73.3%.  When both tests, i.e. PG I

and PG I/II ratio, were used in parallel i.e., only either of the

two tests had to be satisfied for a positive result, the

sensitivity increased to 97.0% and the negative predictive

value was 91.4%.  When the two tests were applied in series,

i.e. when both values had to be satisfied for the test to be

considered positive, the sensitivity declined to 72.2 % and

the  specificity increased to 91.9% .The likelihood ratio of a

positive test (LH+) and a negative test (LH-) were1.86 and

0.06 respectively when the cut off values were applied in

Table IV:  Statistical evaluation of the significance of the pepsinogen values in carcinoma of the stomach (%)

Criteria of Posivity                        Sensitivity         Specificity PPV NPV LR(+) LR(-)

PGI level < 115.3 µg/L 83.3 66.0 26.5 94.2 2.45 0.25

PG I/II ratio < 6.2 87.7 73.0 30.1 94.8 3.25 0.46

Either criteria positive –

PGI < 115.3 µg/L or PG I/II < 6.2 97.0 48.0 20.5 91.4 1.86 0.06

Both criteria positive –

PGI < 115.3 µg/L and PG I/II < 6.2 72.2 91.9 40.0 92.3 8.91 0.30

PG-pepsinogen, LR(+)-likelihood ratio of a positive test, LR(-)-likelihood ratio of a negative test, PPV-positive predictive value, NPV-

negative predictive value

parallel. However, the LH+ and LH- were 8.91 and 0.30

respectively, when the cut off values were applied in series

(Table IV).

DISCUSSION

Serum pepsinogen has gained much attention recently as a

useful diagnostic tool in screening for gastric carcinoma.8

However, its role in disorders like H.pylori gastritis, peptic

ulcer, portal hypertensive gastropathy, erosive gastritis and

non-ulcer dyspepsia is uncertain.

There is wide variation in the levels of serum PG I, PG II
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and PG I/II in normal individuals across different population

groups.  The range varies from 40-80 µg/L for PG I, 10-15 µg/

L for PG II and 5-9 for PG I/II ratio in different population

groups.9-11 The mean levels of PG I (158 µg/L) and PG II (22

µg/L) in normal individuals in the present study were much

higher than those reported in other studies.  The ratio of PG

I/II (7.2) however was similar.  The reason for a higher level

of PG I and II in the population studied is outside the scope

of the present study, but may be linked to the chief cell

mass in different population groups.

The present study demonstrated a significant fall in the

levels of PG I and PG I/II ratio in patients with carcinoma

stomach.  A similar decrease in PG I and PG I/II levels in

carcinoma stomach has been noted in studies across

literature.4,12 Only one study from Singapore by So et al

found the ratio of PG I/II alone to be decreased in carcinoma

stomach with no change in the levels of PG I or PG II.13 The

absence of a fall in PG I in their study could be due to the

low prevalence of atrophic gastritis and gastric carcinoma

in the population studied by them. No significant association

between PG II levels and carcinoma stomach was found in

the present study.  This is explained by the additional

duodenal secretion of PG II which compensates for its

decreased supply from the gastric source.

Reliable cut off points of PG I level and PG I/II ratio for

detecting carcinoma stomach can be calculated using the

ROC curve.  The calculated levels in literature range from

25-70 µg/L for PG I and 3-5 for PG I/II.12,14 In the present

study the cut off level, to diagnose carcinoma stomach, of

serum PG I was 115.3 µg/L and for PG I/II ratio was 6.25.

When both tests, i.e. PG I and PG I/II ratio were used in

parallel the sensitivity was 97.0% and the negative predictive

value was 91.4%.  Using the two tests in series the sensitivity

declined to 72.2%.The sensitivity and specificity of these

levels in detecting carcinoma stomach are comparable to

the previous studies.

The predictive values of any diagnostic test are

dependent on the prevalence of the disease in the

population studied.15 Hence to obtain a more reliable way of

assessing the usefulness of a test the sensitivity and

specificity can be combined into one measure called the

Likelihood Ratio (LR).When test results are reported as

being either positive or negative two types of LRs can be

described, viz, likelihood ratio for a positive test, LR (+),

and the likelihood ratio of a negative test, LR (-). A low LR(-)

rules out disease.

The LR(-)value was 0.06 when the PG I level and PG I/II

ratio were applied in parallel, indicating that individuals

without carcinoma were 16 times more likely to have a

negative test than those with carcinoma, thus making it a

good screening test.

Various studies have attempted to elucidate the

correlation between pepsinogen levels and H.pylori

infection with conflicting conclusions.16  Studies have found

serum PG II levels to be raised in H.pylori infection and

have recommended the use of serum PG II levels to diagnose

and to evaluate eradication of H.pylori infection.5,17 On the

contrary other studies have found an elevated serum PG I

over PG II in H.pylori infection.18 In the present study there

was no significant change in PG I, PG II or the PG I/II ratio in

patients with H.pylori gastritis.  A diagnosis of H.pylori

gastritis was made by urease testing alone. It is known that

H.pylori can cause an increased pepsinogen level during

the initial phase of mucosal inflammation with a subsequent

fall in its levels as the inflammation progresses to atrophy.

Since there was no histological correlation of H.pylori

gastritis with pepsinogen levels in the present study, our

results may not be conclusive.

There exists no conclusive evidence regarding the

association between peptic ulcer and pepsinogen level.

Studies have described elevated PG I/II ratio in duodenal

ulcer.  Duodenal ulcer is also shown to have a high PG I

level.4 Other studies have found increased PG I level in

gastric ulcer rather than duodenal ulcer.19 In the present

study, we found no significant association between peptic

ulcer and serum pepsinogen levels.

Very few studies are available on the role of pepsinogen

in portal gastropathy with no demonstrable relationship

between them.20 This was our observation as well. We found

no correlation between serum PG I and PG II levels with

erosive gastritis and NUD. Studies done earlier have found

no relationship between pepsinogen level and erosive

gastritis.9 There exists no conclusive data in the literature

about the relationship between NUD and PG levels.

From this study, we conclude that estimation of serum

pepsinogen level is a reliable tool in screening for carcinoma

stomach. Patients with abnormal values may be selected for

endoscopy. There was no significant change in serum

pepsinogen levels in disorders like peptic ulcer, portal

hypertensive gastropathy, NUD, erosive gastritis and

H.pylori gastritis; thus the role of serum pepsinogen level

in the diagnosis of these disorders was not established.

The main limitations of the present study were a

relatively small sample size, lack of severity grading of

gastritis leading to an inability to correlate the levels with

severity of gastritis, and inadequate number of patients in

subgroups of carcinoma stomach for valid comparisons to

be made between different degrees of differentiation. Also,

since we had no patients with early gastric carcinoma we

could not assess the utility of these values in early gastric

cancer.
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