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age PG ol sati Size " i

.0.) SE% gty ratio type {mm) tiept histology therany
Case 1. 54 female 645 23 e (U-lIs) 27 mucosa tub2= por ESD—gastrectomy
Case 2. 62 male 421 26 flc 10 mucosa fub1 ESD
Case 3. 52 male 54.3 1.8 fte (Ul-lls) 15 fUcosa sige por gastrectomy
Case 4. 45 male. 285 1.9 el 50  muscularis  tub2= por gastrectomy
Case A, 60 male 15.7 1.7 b 3 mucosa tub ESD
Case 6. 60 male 167 1.7 lla 21 mucosa fub1 ESD

Table 1. Characteristics of cases ofgastric cancers detected by positive pepsinogen tests.
ESD: endoscopic submucosal disseciion

underwent gastroscopy. Six cancers in 5 patients, 0.13% of all partici-
pants and 0.92% of those with gastroscopy, were detected. (Table 1)
Among 6 cancers, 4 were treated by ESD due to preoperative diagnoses
of intramucosal intestinal-type cancers. (Figure2-5) All the cancers in-
dicated for ESD were successfully resected with cancer free margins in
a single piece. After detail histological evaluation of the specimens
resected by ESD, 3 cancers fulfilling the above criteria without vessel
infiltration were confirmed to be curatively resected and the other one
was additionally treated by gastrectomy with lymph node dissection
because diffuse-type cancer cells exist partially among the intestinal-
type cancer cells. The rest of detected cancers (2 cancers) were treated
by gastrectomy from the beginning because preoperative biopsies re-
vealed diffuse-type cancers. After one year follow-up, all the patients
still survived without cancer recurrence.

Conclusions

Measurement of serum PG levels was very useful to detect gastric
cancers in early stages among asymptomatic individuals at a workplace.
Most of detected cancers by positive PG tests, if those are intestinal-
type, may be successfully resected by "ESD. Combination between se-
rum PG levels and ESD is an attractive strategy for gastric cancer pa-

tients to achieve better QOLs.
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‘Meta-analysis on the validity of pepsinogen test for

gastric carcinoma, dysplasia or chronic atrophic gastritis
screening

M Dinis-Ribeiro,"?® G Yamaki,' K Miki,* A Costa-Pereira,® M Matsukawa' and
M Kurihara' '

J Med Screen 2004;11:141-147

Aim: To assess the validity of the measurement of pepsinogen | and Il as a screening test for gastric
cancer and pre-malignant lesions, namely low-grade dysplasia, both in the general population and in
selected groups of patients.

Methods: A meta-onalysis of sensitivity and specificity resulis from individual papers on the use of
the pepsinogen fest. An infrinsic cutoff effect was assumed and a random effect model was used for
pooling. _
Results: Forty-two data sets were included: 27 (64%} population-based screening studies (n=296,553)
and 15 {36%) sets of selected individuals {n=4385). Homogenous sensitivity and diagnostic odds ratio
[DOR) estimates were found in studies using both pepsinogen | levels and pepsinogen I/1l ratio
calculations. Pooled pairs of sensitivity and false positive rates (FPr) for pepsinogen | <70; pepsinogen
I/1l ratio <3, pepsinogen | <50; pepsinogen /Il ratio <37 and*pepsinogen | <30; pepsinogen I/1l ratio
<2, were sensitivity 77%/FPr 27%, sensitivity 68%/FPr 31%, ond sensitivity 52%/FPr 84%,
respectively. Positive predictive values (PPV) varied between 0.77% and 1.25%, ond negative
predictive values (NPV) varied between 99.08% and 99.90%. In selected groups, pooling was only
possible when considering pepsinogen | <70; pepsinogen I/ll ratio <3: giving sensilivity 57%,
specificity 80%, PPV 15% and NPV 83%. As for the diagnosis of dysplasia, studies considering
pepsinogen | <50; pepsinogen |/ll ratio <3 obiained sensitivity 65% and specificity ranging from
7 4%-85%, both with NPV >95%.

Conclusion: Pepsinogen test definition should include pepsinogen 1/l ratio as consistency was
obtained, both in population based studies and in selected groups for those studies that used
pepsinogen | serum levels together with pepsinogen I/Il ratio for screening for gastric cancer in high-
incidence regions other than Japan. Further studies of this test in the management of high-risk patients
seem to be worthwhile.
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astric cancer remains a major cause of cancer
s mortality worldwide.! It is generally accepted that
serum pepsinogen concentrations are related to
gastric mucosal lesions, and particularly to chronic atrophic
gastritis  (CAG).>*> At least for intestinal-type gastric
carcinoma, CAG is considered to be a preceding condition in

either pepsinogen 1 levels (based on ecological evi-
dence)'®'*?! or both pepsinogen I and 11’*%* were con-
sidered; and not all papers considered other factors such as
gender, age, smoking and drinking habits, or Helicobacter
pylori infection, which are said to influence pepsinogen
levels. Nevertheless, as a non-invasive test, pepsinogen

the sequential histopathological changes that lead to
cancer.*’> Pepsinogen has therefore been used as a sero-
logical biopsy for more than 20 years in different countries
and sets of patients.*'* In Japan, where a screening program
based on radiology followed by endoscopy had already
proven its efficacy,'® pepsinogen screening is mainly used to
improve population compliance and the cost-effectiveness of
gastric cancer screening.

Generalized screening as it is practiced in Japan may not
be easily defensible in all countries. Owing 1o its low positive
predictive value, some authors'”'® report their concern
about pepsinogen effeciiveness and applicability in countries
with a lower prevalence of gastric cancer than that in Japan.
Furthermore, significant differences in methodologies may
prejudice consistency assessment. For instance, different
cut-off values are known to be used for positivity definition;

screening deserves further evaluation.

Therefore, we firstly aimed 10 evaluate the use ol
pepsinogen as a screen for gastric cancer as far as the best
methodology is concerned (pepsinogen 1 alone, or
pepsinogen 1 and 1I), and with regard to the best cut-off
point, based on the assessment of consistency among studies
in diagnostic validity. We also aimed at defining the useful-
ness of pepsinogen tests to identify individuals with CAG
and other associated lesions, namely intestinal metaplasia
and low grade dysplasia, as in most Western countries the
strategies for an early diagnosis of gastric cancer have been
focusing on {ollow-up protocols for these individuals.
Although a discussion about histopathological classifications
is beyond the scope of this text, it is generally agreed that
following up those lesions may lead to an early diagnosis of
gastric cancer.”
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METHODS
Search strategy

After defining the search strategy (see inclusion criteria),
published papers on pepsinogen test validity were found
using a computer-aided search for papers in the MedLine
database (PubMed®) and data reports from Japan.

Paper inclusion criteria

No restriction in language was considered. Inclusion criteria
were defined for papers’ quality as follows:

1. Population under study and available data on variables
such as age, gender, smoking or alcohol habits, and
H. pylori infection had to be clearly defined.

2. Only those studies in which gastric endoscopic exami-
nation {with biopsies) was performed as a reference test
or gold standard were considered. Two different results
were considered: diagnosis of gastric cancer; and
diagnosis of lesions associated to gastric cancer, such as
atrophy or dysplasia. It was assumed that as diagnosis is
based on histology, definitions have not changed over
the time during which the studies took place, and there
are no differences between Japanese and Western
pathologists. In addition, a discussion of hlstopatho-
logical classifications is beyond the scope of this text.
Adenoma was also considered to be a synonym of low-
grade dysplasia.

3. Radioimmunoassay?®**?* and enzyme immunoassay?->
were acceptable as methods for pepsinogen test
definition, as long as resulis were expressed in
nanograms per millilitre (ng/mL) or equivalent3? A
pepsinogen test was defined as the measurement of at
least pepsinogen 1, but ideally of both pepsinogens, and
thus the pepsinogen I/1I ratio, were measured. All cut-
offs for positivity were considered as long as they were
dearly defined or easily assessed from paper methods or
results. ) )

4. Other details were considered as far as internal and
external validity requests are concerned, such as blind-
ness for reference and index test. In screening programs
based on the positivity of the pepsinogen test, however,
neither endoscopists nor pathologists were blind.

Studies that were not related to the clinical use of
pepsinogen for the diagnosis of gastric cancer, or did not
contain any data on pepsinogen levels and its variation to
gastric lesions or other factors, were excluded.

Dota extraction

A standardized data extraction form was used after a short
period of pilot use by two reviewers. Agreement was
obtained on data and studies to be included, and those to
exclude or not to consider for statistical analysis.

Data analysis

The data from each study were plotted in a two by two table,
enabling us to calculate validity measures for individual
studies. Consistency will be defined using visual exploration
after a plot of sensitivity and specificity, with confidence
intervals for each study calculated as for proportions, and
also plotted. Further assessment of heterogeneity was esti-
mated by using a Chi-square test with Meta-DiSc for
Windows (version 1.0.9; XI Cochrane Colloguium,

Dinis-Ribeiro, Yamaki, Miki, et al.

Barcelona, Spain). A random-effects model was used for
pooling sensitivity, specificity and estimated diagnostic odds
ratio, by addressing both within-study sampling error and
variation between studies. Based on previous concerns and
results reports, we assumed an implicit cut-off effect; thus
we consider diagnosis {(cancer or precancerous) and the best
cut-off after pooling for each outcome.

RESULTS

Table 121618233334 describes the studies included in this
analysis (n=42) related to the diagnosis of gastnc cancer or
associated lesions.

Several studies or reports, namely those on screening
results (n=19) referred only to the number of patients from
whom blood was collected for the pepsinogen test, positivity
rate and true positive cases. These studies will be considered
to calculate the rate of pooled positivity, and to estimate
positive predictive value but not for other validity measure-
ments. The studies (n=21) that allowed us to consider the
number of cases and number of non-patients with positive
and negative tests allowed us to calculate all validity
measurements — sensmvuy, specificity, diagnostic odds ratio
and estimation of predictive values.

Screenmg of gosmc cancer

Twenty- -five studles were considered as studies on
population settings for the diagnosis of gastric cancer. Ten
other studies addressed pepsinogen test validity for the
diagnosis of carcinoma on a selected group of patients.

In the first group of studies,'>**' pepsinogen test was
measured in 293,758 individuals. According to cut-off
values for positivity of pepsinogen test (pepsinogen I <70;
pepsinogen I/II ratio <3, pepsinogen I <50; pepsinogen I/11
ratio <3, pepsinogen 1 <30; pepsinogen I/II ratio <2, and
pepsinogen 1 <25) in only seven studies,'**% four
studies,’®?>?>% three studies'®** and one study,4
respectively, was it possible to assess the study validity by
plotting a two by two table. In those studies on selected
patient groups (n=2007), eight®®*>* were considered to
have the data needed for validity assessment (Table 1).

Both groups of studies - those based on the general
population and those in selected groups — showed
homogeneous results in sensitivity estimates and DOR
{Table 2) for those studies that used as criteria for positivity
pepsinogen 1 <70; pepsinogen I/11 ratio <3 (Figure 1).

In population studies, positivity rates did not vary signifi-
cantly - 23%, 22% and 18% for the three above mentioned
cut-off strategies. Positive predictive values or their
estimates were 0.77%, 0.78% and 1.25% for population
setting according to cut-off (pepsinogen 1 <70; pepsinogen
I/l ratio <3, pepsinogen I <50; pepsinogen I/1I ratio <3, and
pepsinogen I <30; pepsinogen I/II ratio <2, respectively).
There is an increase in prevalence, this value having
increased 10 15% in selected groups. An estimate of pooled
negative predictive values was also calculated. They were
very high, 83% in selected groups in Japan and Portugal and
ranging from 99.08% to 99.62% in population studies in
Japan.

Sensitivity varied between 77% for pepsinogen I <70;
pepsinogen /I ratio <3; 68% for pepsinogen I <50;
pepsinogen I/1I ratio <3; and 51.9% for pepsinogen 1 <30;
pepsinogen I/11 ratio <2. Pooled false positive rates were
27%. 31% and 16%, respectively. In selected groups,
pepsinogen 1 <70; pepsinogen I/II ratio <3 presented a
sensitivity of 57% and a specificity of 80%. Two of these
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Table 1

atrophy, both in population based studies and in selected groups according to cutoff!

143

Positivity rate and validity of pepsinogen {PG) serum levels ('PG fest) for screening of gastric cancer, dysplasio and

Pos rate

N PG Method & cutoff (%) S {95%C) Sp 195%C)) FPR (95% CI) PPV {95%CI) NPV {95%C)) DOR {95%C))
Gastric cancer screening in populotion based studi
 Jopan, 1993 4876 RIA, PGI<70 & PGY/II <3 187  83.3(82.2-84.3) 74.4(73.1-75.6)  25.6(24.4-269) 1.2(0.8-1.5) 99.9(99.8-99.9) 14.5{13.4-15.5)
 Japan, 1996 5113 RIA, PGI<70 & PGI/ <3 267  84.61{83.5-85.6) 73.5{722-747} 26.5(253-27.8] 0.8{0.5-1.0) 99.9(99.8-99.9) 15.2(14.2-16.2)
3 Japan, 1994-1999 5264  RIA, PGl<70 & PGI/N <3 221  7271{70.0-75.3} 78 (75.5-80.4} 22 (19.6-24.5) 07 {0.2-4.1) 99.9199.7-100)  9.4{7.7-11.1)
3 Japan, 1997-1999 5583 RIA, PGI<70 & PGY/Il <3 233 714(688-739) 767 (74.3-79) 23.3{21-257)  0.4(0.0-0.0} 100 (100-100) 8.2 (6.6-97)
3 Japan, 1995 4576 RiA, PGI<70 & PGI/H <3 261 81.5(79.2-837) 742716767  258(233-28.4} 1.8(1.0-2.5) 99.9{99.7-100  12.7 {10.7-14.5}
1 Japan, 1995-1999 4151 -RIA, PGI<70 & PGI/H <3 43 74.5(72.4-76.5) 57.4(55-59.7) 42,6 |40.3-45)  2.3(1.5-3.0} 99.4(99-99.7)  3.9(3.0-48)
% Jopan, 1994-1998 17770 RIAond EIA, PGI<70 8 PGIMN <3 264 737 {72.4-749) 737 (72.4-749) ~ 26.3(25.1-27.6) 0.3 (0.1-0.4) 100(100-100) 7.9 (7.0-86)
3 Japan, 1996-1999 23914 RIA, PGI<70 & PGI/N <3 27.4 0.91{0.5-1.2)
% Japan, 2000 3707 RiA, PGI<70 & PGI/N <3 169 1.3{0.1-2.4}
35 fopan, 1993-1999 8497  RIA, PGI<70 & PG/ <3 219 0.8{0.3-1.2)
3 Japan, 1992-1999 6628 RIA, PGI<70 & PGI/H <3 242 1.0 [0.4-1.5)
* Jupan, 1996-1999 35788 RIA, PGI<70 & PGI/Hl <3 25.1 0.9{0.6-1.1}
3 Jopan, 1997-1999 3298 RIA, PGI<70 & PGI/H <3 132 0510.0-1.1)
3 Japan, 1996 2013 RIA, PGI<70 & PGI/N <3 202 1.4{0.0-2.8)
3 Japan, 1998-1999 12585 RIA, PGI<70 & PGI/H <3 237 090610
3837 Jopan, 19921995 20768  RIA, PGI70 & PG/l <3 17.7 1.00.3-1.6}
» japan, 1995-2000 69600  PGl<70 & PGI/H <3 13.6 0.7 {0.4-0.9}
3 Japan, 1999 5567  RIA, PGI70 & PG/ <3 23.6 0.8{0.2-1.2)
® Japon, 1997-1999 982 RIA and EIA, PGI<70 & PG/l <3 145 6.802-13.3)
# fapan, 1993 4876 RIA, PGI<50 & PGI/K <3 165 667(653-68)  81.5(80.3-826] 18.5(17.4-19.7) 1.3{0.9-1.9) 99.8(99.6-99.9) 8.8(8-9.6)
3 Japan, 1993 10996 RIA, PGI<50 & PGI/Il <3 279 65(62.8-67.1) . 84.0(82.3-856] 16{14.4177)  1.0({0.5-1.4) 99.9 99.7-100) 9.7 {8.4-11.0)
3 Jopan, 1995 11151 RIA, PGI<S0 & PGI/I <3 164 62.5{60.0-649) 47.4|448-499) 52.6(50.1-55.2) 1.2(0.6-17) 992 [98.7-99.6) 1.5{0.8-2.1)
%37 Jaoan, 1991 4657  RIA, PGI<50 & PGI/H <3 187 0.6 {0.0-1.1)
 Japan, 1995-1999 4151 RIA, PGI<50 & PGH/Ii <3 N 63.6 (60.9-66.2) 69.4{66.8-71.9}  30.6(28.1-33.2) 2.7 (1.7-3.6} 99.3(98.8-99.7) 4.0(2.8-50)
® jopon, 1993 4876  RIA, PG<30 & PGI/N <2 145 778({76.6-789) 83.2(82.1-84.2) 16.8(158-17.9) 1.7({1.3-2.0} 99.9(99.8-99.9) 17.4{16.2-18.4)
16 Japan, 1995-1999 4151 RIA, PGi<30 & PGI/It <2 15 40 {36-43.9) 85.3(82.4-88.1)  147({119-17.6] 3.5(2-49) 99.198.3-99.8) 3.9 (2.3-5.4)
% japan, 1997-1999 5583 RIA, PGI<70 & PG/l <2 233 100(99.9-100}  85.1(81.4-887) 14.9[11.3-18.6) 1(0-2) 100 {100-100}  51.4{2.8-957.7) .
* Japan, 1993 2709 © RIA, PGI<30 & PG/ <2 234 i ¥e 10.5{7.1-13.8)
3 Japan, 1993 81997 1129 RIA, PGI<30 & PGI/il <2 213 1.110-3.2)
“4Finland, 2000 22436 RIA, PGI <25 6 99 [93-99.9) 9.3{7.8-10.7) 90.7 (89.3-92.2) 1.0{0.5-1.4} 100 {99.9-100}  10.3 [6.5-11.8)
Gastric cancer screening in selected group:
2 fapan, 1989 117 RIA, PGI<70 & PGI/it <3 316 582[49.1-67.4) 753(67.3-83.2) 247{16.8-327) 37.8(28.8-46.7) 87.5(81.3-93.6) 4.3(0.5-7.9)
2 Japan, 1989 322 RIA, PGI<70 & PGI/lt <3 242 547 {49.1-602) 89.3(85.8-927) 107 (7.3-142) 74.4(69.579.2) 777 (73-82.3)  10.1 {6.7-13.4)
 Portugol, 2001 136 EIA PGI<70 & PGI/H <3 368  652(57-733) 69 (61-76.9) 31 (23.1-39) 30(22.1-37.8) 907(857-956} 4.207-75)
“ China, 1991 262 RIA, PGI<70 519  292(23.5-34.8) 84.3{79.8-887) 157{11.3-202) 83.6{79-88.1} 303 24.6-35.9) 2.2(0.3-4.0)
* Japan, 1989 425 RIA, PGI<I5 521 B81(76.6-853]  61.1(55.6-66.5)  38.9(33.5-44.4} 49.8[44.2-55.3} 87.1 (83.3-90.8) 6.7 [3.9-9.4)
* Japan, 1989 425 RIA, PGI30 433 69.3(64.1-74.4) 701 [64.9-752)  29.9(24.8-35.1) 52.5(46.9-58) 82.8(78.5-87) 53(27-7.7)
* Jopan, 1969 425  RIA, PGIs25 20 61.3(558-667) 799(75.4-843) 20.1(157-24.6) 59.2(537-64.6] 81.3(76.9-856) 6.3(3.5-9
 Japan, 1989 425 RIA, PGI<20 19 43.1(37.5-48.6) 91 (87.8-94.1) 9(5.9-12.2) 69.4{64.2-74.5) 77 {72.4-817) 7.7 (4.6-10.6)
“ Japan, 1986 320 RIA PGI/R<2.5 84.2{80.1-88.2) 64 {58.6-69.3) 36 (30.7-41.4) 9.5(6.1-12.7)
? Jopon, 1989 425 RIA, PGI/I<2 87.5(84.2-90.7) 82.5(78.8-86.1) 17.5(13.9-21.2) 33 [28.4-37.5)
Displasia screening in population bosed studi
V.38 Japan, 1992-1995 20768  RIA, PGI<70 & PG/ <3 177 2.1{0.9-4.6)
3 Japan, 1993 10996  RIA, PGI<50 & PGI/i <3 279 653(63.1-67.4) B857(84.1-87.2) 143(128-159) 1.8{1.2-2.8) 99.8{99.6-99.9) 11.3(9.8-12.6}
%37 japan, 1991 4657 RIA, PGI<50 & PGI/il <3 18.7 1.2 (0.3-2.0} :
4t Finland, 2000 22436  RiA, PGl <25 6 98.4 (97.7-99} 100 (99.9-100 0{0-0.1) 4.5(3.4-55) 99.3(98.8-99.7) 8.6{7.5-93)
Displasia screening in selected groups
4 Portugal, 2001 136 EIA, PGI<70 & PG/t <3 368 727(65-803}  66.4(58.2-74.5 33.6(255-41.8] 16(9.7-22.2)  96.5(933-99.6) 53(1.4-9
 Portugal, 2001 136 HIA, PGI<50 & PGI/t <3 238  652{58.6-76.3) 743(68.4-83.8) 257(16.2-31.6] 34.1(26.7-38.2} 91.3(893.3-97.6) 6.4(1.2-98)
Chronic atrophic gastritis screening in pop based studi
“ China, 2000 2646 EA, PGI/< 5 235 19(17.4-205)  72.1{70.3-73.8)  27.9{262-297) 0.6{0.3-09)
442 Finland, 2000 22436 RIA, PGIL<25 6.0 98.6 (98-99.1) 100 {99.9-100} 0(0-0.1} 90.9{89.4-92.3) 87.5{65.8-89.1) 0.3{0.1-0.9}
' Mexico, 2001 149 RIA, PGI<25 9.0 136 7.9-19.2) 956 (92.2-989)  4.4{1.1-7.8) 67.5(82-929) 32.6(249-402) 09(0-2.5
8 Mexico, 2001 149 RIA, PGI/N<25 29 5.8(19-9.6) 100 {99.9-100} 0(0-0.1) 100 {100-100}  32.2{24.5-39.8} 0.9 (0-2.5}
Chronic atrophic gastritis screening in populotion based studies
UK, 1999 59 RIA, PG < 25 234 44.4(314-573) 97.6(93.6-100)  2.4{0-6.4) 32.5 (20.4-44.6)
* Japan, 1986 320 RIA PG <30 313 59(51.5-644)  963[94.1-984) 37{1.6-59) 37.3 (32-42.8)
“ Japan, 1986 320  RIAPGI/li<2.5 60.1  842(80.1-88.2] 64{58.6-69.3} 36 (30.7-41.4)  72.3(67.2-77.3) 93.2(90.3-96}  36.0{30.6-41.4)
“ Jopan, 1998 200 RIA,PGI <70 & PG/l < 3 365  65(582-717)  92(88.1-95.8) 8(4.2-11.9) 21.4{15.6-27 1)
“ japan, 1998 200 RIA, PGl <40 & PGI/I < 2.5 537  82.){76.6-87.5) 747(68.5-80.8)  25.3(19.2-31.5) 13.5 (8.7-18.3}
* japan, 1998 200 RIA, PGI <30 & PGI/I < 2 9.5 18.8 (13.2-24.3) 100 {99.9-100) 0(0-0.1}
UK, 1998 87 RIA, PG/l < 1.5 188 2671{17.2-36.1) 89.1{82.4-957) 10.9{4.3-17.¢} ) 3.0(0-6.6)
*1 Sweden, 2000 199 EIA, PGI< 30 146  879(83.2-925) 807(75.1-862) 19.3{13.8-24.9) 81.8{76.3-872 87.1(82.3-91.8) 30.4{23.8-36.8)
%2 Finland, 1996 144 ElA, PGl < 30 104 16.7(104-229) 100 {99.9-100} 0{0-0.1) 100 {99.9-100)  41.9{33.6-50.1]  176.0{150-183.5)
 Finland, 1991 773 EIA, PGI<30 153 89.5(87.2-91.7) 91.6(89.6-93.5) 8.4{6.5-10.4) 21.3(183-24.2) 987{99.3-100) 2.9{2.1-56)

95% Cl=95% confidence interval; CAG=Chronic atrophic gastritis; DOR=Diognosiic odds ratio; Dys +=Diagnosis of lesions as severe as lowgrode dysplasio; FPR=False positives rate;
GC=Gaskric Cancer; IM=Intestinal metaplasio; NPV=Negalive predictive value estimate; PPY=Posilive predictive value estimate; Pos rate {%)=Pasitivity rate according to cutoff defined;

S=Sensitivity; Sp=Specificity.
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Table 2 Pooled sensitivity, specificity and diagnostic odds ratio considering gastric cancer diagnosis according to the

studies’ setting and different cutoffs using a random effectsmodel and Chisquare fest o assess for heterogeneity

Pos
PG Method & cutoff rate (%) S (95%CH) p* Sp (95%C) p* DOR (95%Cl) p* AUC sROC (95%CH)
Gastric concer screening in population based studies
PGl <70 & PGI/I <3 n=7 )16.33-35 23% 77.3 (69.8-83.8) 0.942 73.2{72.8-73.6} <0.001 7.9 (5.0-12.4) 0.285 82.0 (77.2-86.8)
PGl <50 & PGI/Il <3 {n=4)'16.333538 . 22% 68.4 (59.1-76.8) 0.259  69.3 (68.6-70.0) <0.001 4.7 {2.2-9.8) 0.083 74.4 {60.6-89.2)
PGl <30 & PGI/Il <2 {n=3}'6-95.3° 18% 51.9 {40.3-63.5) 0.001 84.4 {83.7-85.0) 0.016 10.3 {2,5-42.8) 0.018 69.3 {63.1-75.5)
Gastric cancer screening in selected groups ,
PGl <70 & PGI/Il <3 {n=3}25.42.42 26% 56.9 (48.6-64.8) 0.642 80.2 [75.9-84.0) <0.001 6.2 (3.3-11.7) 0.163 91.1 (89.1-93.1)

p for heterogeneity Chi-squore test among each group of siudies {p<0.05 indicating loss of homageneity); AUC sROC [SE) — area under the curve for studies’ Receiver Operating Curves;

n=number of studies included.

studies, the Portuguese one and the one in Japan, showed
very similar results, despite having been carried out 12 years
apart.

Screening for CAG and dysplasia

Six studies addressed adenoma or dysplasia diag-
nosis,**>%4%444 Hhur only three studies?®*°44* (two popu-
lation based and one in a selected cohort) possessed the data
for the measurement of sensitivity and specificity. Data
pooling was determined not to be possible as different cut-
offs were considered. Low positive predictive values are
present but so are very high negative predictive values, even
in selected groups (96.5%) where the prevalence is expected
to be high. As far as the diagnosis of dysplasia is concerned,
studies considering cut off points pepsinogen 1 <50;
pepsinogen I/II ratio <3 obtained sensitivity of 65% and
specificity ranging from 74% to 85%, both with negative
predictive values >95%. Those studies that used both
pepsinogen 1 and pepsinogen 1I for their ratio calculation
obtained similar results but the cut-off was pepsinogen I/I1
ratio <2.5.

Twelve studies were also aimed at diagnosing CAG. Four
were based on population settings'®44247 _ that is, patients
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according to cutoff showing a high variability of results according to
cutoff. Homogeneity was only obtained considering intrinsic cutoff
effect, allowing further pooling, and improving of AUC [82.0%
{95%Cl=77.2-86.8%) and 91.1% (89.1-93.1) for pepsinogen test
defined as PGl<70ng/ml and PGI/11<3 for screening of gastric
concer, both in population based studies, and in selected groups.].

without previously known lesions - and nine on patients
with known lesions.?®***2%* Only in eight studies was it
possible to address sensitivity and specificity. Beyond the
shown heterogeneity, most of them considered different
cut-offs, which did not allow pooling.

Other factors considered

It was not possible 1o assess the validity of the diagnosis of
gastric cancer or other lesions, based on factors such as age,
gender, smoking and drinking habits, or H. pylori infection,
mainly bgcauge ~most studies did not address this issue
adequately. That is, no data is given for these factors to be
considered for eventual cut-offs changes. Nevertheless, age-
ing seems to increase pepsinogen Il levels consistently and
decrease the pepsinogen I/II ratio.>**3>%7 There is no agree-
ment on the results concerning pepsinogen 1 levels (no
differences,?***¢ decrease in both sexes,”® and increase in
men’®).

Although, pepsinogen I levels seem to increase in
men,*****7 no differences are found in pepsinogen 11, and
pepsinogen I/1 ratio either decreases in women?**”% or no
differences are found.>**¢

Two studies noted that adjustment according to age or
gender groups was tried,**¢ with either no changes or with
significant decreases in sensitivity.

No definite results could be reported concerning smoking
and drinking habits. Studies relating to alcohol found no
differences®~* or there was a decrease in both pepsinogen I
and pepsinogen II, with no differences in pepsinogen /11
ratio .** In addition, smoking did not consistently affect
pepsinogen I/II ratio. Although an increase in logarithm
transformation of pepsinogen 1 was referred in another
study, no modified cut-off was reported.

As for H. pylori, pooled data was performed, but only as far
as an infection is concerned.”*'-%7 H. pylori seems to con-
sistently increase pepsinogen I (mean 58.0 ng/mlL in H. pylori
positive individuals [n=3887] versus 45.4 ng/mL in H. pylori
negative individuals [n=3366]) and pepsinogen I (16.8
ng/mkL in H. pylori positive individuals versus 9.0 ng/mL in
H. pylori negative individuals), and decrease pepsinogen 1/11
ratio (3.9 versus 5.7). Furthermore, no differences were
found when considering the diagnosis of Hp infection
diagnosis with the use of histology or serology. But it was
not possible to note or access a modified cut-off.

Best CUf—OH assessment

Alter the assessment of pooled results (Table 2) and by
plotting pairs of sensitivity values and positivity rates accord-
ing to cut-off used in different studies (Figure 2), we were
able 10 conclude that the best cut-off (with the best

—138—

Journal of Medical Screening 2004 Volume 117 Number 3

www.jmedscreen.com



Meta-analysis on the pepsinogen test

sensitivity/specificity balance) is the pepsinogen test defined
as pepsinogen I <70; pepsinogen I/ ratio <3, with a pooled
sensitivity of 77.3%, a false positivity rate of 26.8%, and
with a gain of information of 32% in population settings.
This same cutoff used in selected groups seems quite specific
for gastric cancer diagnosis, with an area under the curve of
91.1%.

DISCUSSION

A diagnostic test should be reproducible and valid; those with
a screening purpose in particular should be free of discomfort
or risk, and they should be economical. For the gastro-
intestinal iract, direct visualization through endoscopic
exarnination is probably the best method for the diagnosis of
most protruded and depressed cancer lesions. It easily allows
the colleciion of mucosal specimens for histopathological
evaluation, although a very high inter-observer variability
exists for flat lesions or changes, including gastric atrophy,
intestinal metaplasia, and even dysplasia. But endoscopic
examination is invasive, not patient friendly, nor always
easily accessible. Therefore, the selection of individuals for
endoscopic examination seems to be attractive for most
screening programs, for instance the use of FOBT for colon
and rectum neoplasias.

Mass screening has been conducted in Japan for about 40
years to detect gastric' cancers, and 6,000,000 people “are
screened annually, mainly by X-ray examination. In 1999,
5,718,191 individuals were evaluated with a radiological
study. A tenth (11.4%) were sent for endoscopic exami-
nation, and in 0.105% a cancer was detected. There is, how-
ever, a decreasing trend in the total number of individuals
inspected. To improve compliance with gastric mass screen-
ing,»% a non-invasive test was introduced to identify
subjects at high risk of developing gastric cancer.

Pepsinogen levels in blood seem to be related to functional
changes in the stomach, and its use as a serological biopsy
has been reported for over 20 years.>?***37¢ Authors
focused mainly on the diagnosis of atrophy, as its relation
with gastric cancer has been reported. If in most Western
countries the focus was on the identification of individuals
for intervention studies, in Japan, its use was meant to
identify those for endoscopic examination, and for the
diagnosis of gastric cancer. It is not surprising that studies
with different purposes tend to use different methodologies.

Some questions remain unanswered, namely the con-
sistency of the pepsinogen test in several countries and

" population sets and the definition of the best cut-off.

It is always ambitious to consider a meta-analysis because
even if all papers are tracked, publication bias is always
troublesome. Furthermore, with the previous stated hetero-
geneity of methods it is almost an impossible task, and
probably for that reason no meta-analysis has been
performed on the validity of the pepsinogen test both for
gastric cancer or pre-malignant lesions before now.

We decided to evaluate the results of several studies and
reports, focusing our search mainly on reports from different
countries and with different purposes (screening or follow-
up). We considered addressing the reproducibility of
pepsinogen test by using sensitivity and specificity, as these
measures show little variation with the prevalence of the
disease. Assuming cut-off points have an intrinsic effect on
test validity, we first aimed at assessing consistency according
1o different cut-off used, and then at pooling and defining the
best discriminatory value for cancer or other lesions diagnosis
if possible.

Globally, low positive predictive values were found on
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population studies. To improve this problem some authors
tried 1o adjust cut-off or modify strategies®**7° by measuring
confounding factors known to influence pepsinogen levels
in blood. From our analysis we were only able to find out
that pepsinogen I/1I ratio tends to decrease with age and
with the presence of H. pylori, but it was not possible to
define any modification on cut-off. There were no con-
clusions on other factors, sach as gender or smoking and
drinking habits. Age seems to be related to an increase in
acid secretion in humans,” and the decrease of pepsinogen 1
and pepsinogen I/Il ratio found in most studies may be
related not to age but to atrophic changes diagnesed that
way. The presence of H. pylori, either addressed by sero-
logical evaluation or by immunohistochemistry in bioptic
specimens, seems to increase pepsinogen 1 and II levels and
decrease pepsinogen I/II ratio in conjunction with inflam-
mation.”>”* As suggested, no modifications in cut-off of
pepsinogen test, or the inclusion of H. pylori serclogy, were
reported or showed any improvements. Some authors**7
showed that the decrease of pepsinogen /11 ratio is indepen-
dent of the presence of H. pylori. Furthermore, as IgG may
persist for several years after the disappearance of H. pylori
infection, its measurement in high-incidence countries may
not be effective, as no information is gained. Some authors
consider that the value for its negativity is more important.
That is, in high-prevalence countries it may be more impor-
tant to diagnose.an individual with gastric atrophy or other -
changes négative for H. pylori; that could mean that a long
time has passed since infection and mucosal changes
occurred, thus representing a great risk of cancer.

According to our review, around 600 individuals should
be screened using the pepsinogen test to diagnose one
cancer in Japan. Considering that the main drawback is
positivity rate (around 20%), this strategy has to be available
at a low price, as in Japan (US$10). It could be an attractive
strategy, as 75% of all gastric cancers discovered in these
studies were EGC'6253436-9073 cyrable forms, with almost
100% survival for five years. It was possible to evaluate the
best strategy for screening as the use of pepsinogen I <70;
pepsinogen I/II ratio <3. Pooled sensitivity was 77.3% and
specificity 73.2%. Studies using only pepsinogen I obtained
heterogeneous resulis, even considering obvious differences
after cut-off, probably related to other factors, as discussed
above. Only pepsinogen I <30; pepsinogen I/1l ratio <2 crite-
ria, and not pepsinogen 1 <50; pepsinogen /11 ratio <3,
showed a significant increment in specificity (84%).

We also noted very high negative predictive value in all
studies, which was unchanged in population or selected
groups, and was 99.9% and 81%, respeciively, even
considering expected differences in prevalence. This could
be the rationale to use the pepsinogen test under follow-up
scenarios. As stated before, endoscopy shows a low inter-
observer agreement as far as neoplastic or non-neoplastic
flat lesions are concerned. The use of a non-invasive test that
simultaneously measures all gastric mucosal status may be
able to be allocate several patients who would otherwise
undergo several and eventually inefficacious examinations
to a less intensive follow-up scheme. Screening in Japan
already uses this strategy, as another assay is proposed only
five years after a negative result in any individual.”
Although no study has specifically analyzed the relationship
between the dedine of pepsinogen I/II ratio and the risk of
gastric cancer,*®® it was noted that the variation in
pepsinogen I/11 ratio is thought to reflect mainly the advance
of atrophy. Other authors (Dinis-Ribeiro M et al.*> and Kato
et al®’) showed a mean pepsinogen /1l ratio lower than that
for CAG for dysplasia (mean=2.79; n=6) and for intestinal
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metaplasia (mean=3.03; n=26). In western countries, where
gastric cancer has been declining, these results may be more
attractive -for early diagnosis strategies focusing on the
follow-up of patients with precancerous lesions. Unfortu-
nately we were not able to assess and define the best cut-off
for this purpose, which may be related to low inter-observer
agreement in the endoscopic assessment of atrophy, to
biopsy protocols and sample error, and even to pathologists
differences. We can speculate that it-should be the same as
the one used for the diagnosis of gastric cancer, as in fact the
intention is to measure functional changes after atrophy.
The highest specificity and negative predictive value were
noted when the cut-off pepsinogen 1 <30; pepsinogen I/II
ratio <2 was used. As most follow up programs may be
endoscopy-based, the most important fact is to accurately
diagnose the absence of disease or severe lesions.

To conclude, the use of the same cut-off for positivity of

pepsinogen test obtained similar and comparable results in
different sets of individuals and in different countries, both
for the diagnosis of gastric neoplastic lesions, dysplasia or
carcinoma, which attests for its consistency. Thus, if a
reasonable cost is obtainable in a screening scenario in high-
incidence regions other than in Japan, and for the manage-
ment of high-risk patients, studies to assess the efficacy and
validity of the pepsinogen test seem to be worthwhile as no
other non-invasive test has revealed better results until now.

Pepsinogen test definition should include pepsinogen 1/11

ratio, as homogeneity was obtained both in population
based studies and in selected groups for those studies that
used pepsinogen I serum levels together with pepsinogen
/Il ratio. For screening gastric cancer in high-incidence
regions other than in Japan, and for high-risk patient
management, further studies using this test seem to be
worthwhile.
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(Nomura AMY, Miki K. et al : J Infect Dis, 2005, 191:2075-81)
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(Nomura AMY, Miki K. et al : J Infect Dis, 2005, 191:2075-81)
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