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Description
FIELD OF THE INVENTION

[0001] The present invention is directed to a method
for detecting a risk of gastric acid related disease in an
individual, namely a method for detecting a risk of es-
ophagitis and Barrett’'s esophagus with associated risk
of adenocarcinoma. The method according to the inven-
tion is based on assaying the analytes pepsinogen |, a
marker for Helicobacter pyloriand fasting gastrin-17 from
a sample, especially a serum sample, of said individual.

BACKGROUND OF THE INVENTION

[0002] Refluxdisease is a condition that can be a con-
sequence of the contents of the stomach rising, refluxing,
into the esophagus. Specifically the term reflux disease
is used when the said reflux phenomenom causes dam-
age or an inflammation in the mucus of the esophagus,
e.g. esophagitis. Typical symptoms of reflux disease are
heartburns.

[0003] A complication of extended reflux disease is a
disease called Barrett’s esophagus, a disease involving
epithelial changes of various degrees in the esophagus.
It is believed that reflux destroys the epithelium of the
esophagus causing a condition that in turn involves an
increased risk of adenocarcinoma of the esophagus.
(Cotran, Ramzi S. et al., Robbins Pathologic Basis of
Disease, 5th Edition, 1994, W.B. Saunders Company,
pp. 761-764)

[0004] The stomach of anindividual with a healthy, that
is a non-atrophic mucosa is acidic, normally at a pH of
appr. 1to 2. The acid excretion in the stomach is however
tied to the release of gastrin-17, in that gastrin-17 stim-
ulates the release of acid and an increase in the acidity
of the stomach leads to a reduction of the release of gas-
trin-17 from antral G-cells (gastrin cells) in a feed back
mechanism and control. This gastrin-17 is especially the
gastrin-17 obtained at a basal or fasting situation, be-
cause the gastrin-17 which is measured after stimulation,
such as after intake of a protein rich meal, increases, due
to the neutralizing effect of the meal on the acidity of the
stomach.

[0005] The publication abstract Riddel R H (1996),
American Journal of Surgical Pathology (1996), Vol. 20,
Suppl. 1, PG S31-S50, discloses that inflammation is
found as a part of gastroesophageal reflux disease
(GERD) in the absence of Helicobacter pylori, and sug-
gests a biopsy protocol that maximizes the chances of
detecting changes of GERD.

[0006] The publication WO 96/15456 discloses a
method for screening for the risk of cancer by determining
the concentration of the analytes pepsinogen | and gas-
trin-17 from a serum sample of a subject. According to
the said publication, the so determined concentration val-
ues are then compared to a selected cut-off value and a
reference value for each analyte and the results so ob-

10

15

20

25

30

35

40

45

50

55

tained can be used to evaluate the presence and location
of atrophy in the stomach and associated risk of cancer.
[0007] According to an embodiment disclosed, the
said tests may be combined with a test for Helicobacter
pyloriantibodies as well as a so-called protein stimulation
test, according to which a blood sample is taken in the
morning after fasting, whereafter the patient eats a pro-
tein-rich standard meal and blood samples are taken at
15 minute intervals for two hours. The maximal increase
in gastrin-17 is evident after appr. 20 minutes.

[0008] Helicobacter pylori is a spiral shaped, gram-
negative bacterium which thrives in the mucus in the im-
mediate vicinity of the surface epithelial cells of the gastric
mucosa and in the cell interstices. The bacterium appar-
ently is transmitted perorally from one person to the other.
The effect of the bacterium on the gastric mucosa is an
inflammation reaction, which is mediated over a comple-
ment by liberating strong inflammation mediator sub-
stances. After the acute stage, the inflammation is trans-
formed into chronic gastritis. In patients suffering from
chronic gastritis, in 70 to 90 % a Helicobacter pylori in-
fection can be established (Calam, J (1994) Helicobacter
pylori (Review) Eur. J. Clin Invest 24: 501-510).

[0009] The WO-publication WO 00/67035 discloses a
method for assessing the risk of peptic ulcer by deter-
mining quantitatively the concentration of serum pep-
sinogen | and serum gastrin-17 and comparing the ob-
tained values to selected cut-off and reference values.
The results so obtained makes it possible to evaluate a
possible increased risk of peptic ulcer.

[0010] Methods are known in the art for measuring the
concentrations of the various analytes, and there are also
commercially available kits for this purpose. Some ex-
emplatory methods for carrying out the said determina-
tions are described in the WO-publication 96/15456 as
well.

SUMMARY OF THE INVENTION

[0011] According to the invention it has now been dis-
covered that it is possible to detect a risk of esophagitis
and Barrett’s esophagus in an individual, by determining
the analytes pepsinogen |, a marker for Helicobacter py-
loriinfection and gastrin-17, which is specifically gastrin-
17 obtained in a fasting situation. If it based on the pep-
sinogen | and Hp-marker determination can be estab-
lished that the said individual has a non-atrophic and non-
gastritic (no H. pylori infection) mucosa of the stomach,
i.e. the pepsinogen | value is above the cut-off value in-
dicating a healthy corpus mucosa, and the individual
does not have a Helicobacter pyloriinfection, forexample
by establishing a low Helicobacter pylori antibody titer,
a low fasting gastrin-17 value is indicative of an over-
acidic stomach and an increased risk for the individuals
to develop acid related disease as defined above.

[0012] In the work leading up to the invention it could
be established that a low fasting gastrin-17 (G-17fast)
level in serum (<1 pmol/l) indicates a highly acidic stom-



3 EP 1 552 311 B1 4

ach (acid output is constantly high) which intragastric H*
concentration inhibits the release of gastrin-17 from the
antral gastrin cells in the stomach. Serum levels of gas-
trin-17 is an indirect marker of the gastric acidity in sub-
jects in whom the gastric mucosa is normal and healthy,
i.e. no Helicobacter pyloriantibodies and serum pepsino-
gen | is normal.

[0013] It has been established with tests that low fast-
ing gastrin-17 in serum indicates at least a 2fold increase
of the risk of acid related diseases, of which can be men-
tioned e.g., gastroesophageal reflux disease (including
those with cardia ulcers and polyps), Barrett's esopha-
gus, duodenal ulcer disease that is not related to H.pylori
infection, and gastroesophageal reflux disease that de-
velops after eradication of the H.pylori infection.

[0014] Specifically the present invention is directed to
a method for detecting a risk of esophagitis or Barrett’s
esophagus in an in dividual based on assaying the ana-
lytes pepsinogen I, fasting gastrin-17 and a marker for
Helicobacter pylori infection (Hp-marker) selected from
a Helicobacter pylori antibody and the Helicobacter py-
lori antigen, the method comprising

- determining the concentration of pepsinogen | and
fasting gastrin-17 from a body fluid sample from said
individual,

- determining the concentration of a Helicobacter py-
loriantibody from a body fluid sample, or determining
the presence of the Helicobacter pylori antigen from
a stool, biopsy or breath sample, from said individual,
and

- comparing the values so determined with a selected
cut-off value for respective analyte, whereby
a pepsinogen | value at or above its respective cut-
off value together with a Hp-marker value below its
respective cut-off value, in combination with a fasting
gastrin-17 value at or below its respective cut-off is
indicative of an increased risk of esophagitis or Bar-
rett’s esophagus in said individual.

[0015] Thus the present invention provides a method
which makes it possible to identify an individual with an
increased risk to develop an acid related disease as de-
fined above, as well as risk of associated adenocarcino-
ma.

[0016] The method as defined can thus be used as an
indirect test for gastric acidity in an individual from a sam-
ple, such as a blood, serum or plasma sample.

DETAILED DESCRIPTION OF THE INVENTION

[0017] According to the invention, the process of com-
paring the measured value to a cut-off value of an analyte
is aimed at establishing if the measured value of the an-
alyte is greater than, equal to or smaller than the respec-
tive cut-off value.

[0018] In the context of the present invention, an indi-
vidual or a subject means a mammal, such as a human,
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or an animal, such as a pet, e.g. a dog.

[0019] The present invention thus includes in a first
step a method for determining at least a Helicobacter
pylorimarker, pepsinogen | (PGI) and fasting gastrin-17
in a sample from the individual to be tested.

[0020] The marker or indicator for Helicobacter pylori
infection can thus, According to the invention, be for ex-
ample a Helicobacter pylori antibody, the value of which
can be measured from a body fluid sample. Such a sam-
ple is advantageously a serum sample, but can also be
a saliva, urine or lacrimal fluid sample, e.g. commercial
kits being available for measuring the antibody value.
The cut-off value for Helicobacter pylori antibodies can
easily be determined by a person skilled in the art. In one
embodiment of this invention we have used a value of
30 EIU (Enzyme Immunoassay Units) as a cut-off for
indicating the presence or absence of a Helicobacter py-
lori infection. Specific antibodies to Helicobacter pylori
can also be measured using western blot.

[0021] Another alternative is to evaluate the presence
of a Helicobacter pyloriinfection by determining the pres-
ence of the antigen itself. Such measurement can for
example be carried out on a stool sample from a patient,
and assays, such as enzyme immunoassays are com-
mercially available for this purpose (cf. for example Lan-
cet 1999; 354, 30-33). Itis also possible to determine the
presence of the antigen from the breath of a patient, using
the well known techniques of measuring the carbon di-
oxide content, the formation of which from labeled urea
is catalyzed by Helicobacter pyloribacteria, and systems
for this assay are also commercially available (e.g.
Heliprobe™ by Noster AB, Sweden). Another alternative
is to determine the presence or absence of the antigen
in a biopsy sample taken during endoscopy from the
stomach of a patient. In this alternative the tests are either
positive or negative for antigen, and a presence of anti-
gen is taken as being indicative of a Helicobacter pylori
infection. In the context of this invention, when the Hp-
marker is the antigen itself, the test is positive or negative,
and the cut-off for infection, being the border between
these, can thus be considered to be zero, a positive test
being indicative of presence of antigen and consequently
the abnormal condition, and a negative test being a value
below the cut-off for this marker.

[0022] Pepsinogen and gastrin are preferably deter-
mined from a body fluid sample, especially from a serum,
plasma or whole blood sample, or from a urine, salivary,
or lacrimal fluid sample.

[0023] The method includes measuring the pepsino-
gen | analyte, but according to an embodiment of the
invention it is also possible the measure, in addition, the
concentration of the pepsinogen Il analyte (PGIl), and
using the ratio PGI to PGII instead of PGI, or in addition
thereto as the value to be compared to a predetermined
cut-off value. Pepsinogen | and also the ratio of pepsino-
gen | to Il tend to decrease linearly with worsening of the
atrophy of the corpus mucosa.

[0024] In the method according to the invention a cut-
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off value for pepsinogen | is used, which is the normal
cut-off value for differentiating between normal and
atrophic corpus mucosa. According to one embodiment
of the invention which has given reliable results, a cut-
off value for serum or plasma pepsinogen | of > 50 p.g/l
has been used. This value is somewhat higher than an
often used cut-off of 25 pg/l and it can be used in order
to ensure that the individual tested certainly has a non-
atrophic mucosa. The upper reference limit for serum or
plasma pepsinogen | is of the order of 130 w.g/l, whereby
a value in the vicinity of or above the upper limit can be
used as a confirmation of an increased risk of disease.
However, a person skilled in the art can easily choose
the cut-off value to be used for a specific situation and a
specific population to be tested.

[0025] Likewise, for gastrin, a cut-off value can be de-
termined, and according to the invention fasting gastrin-
17 is measured. According to one embodiment of the
invention, a cut-off value of fasting gastrin-17 of < 1 pmol/l
has been found suitable for most purposes. Such a value
has also proven to be effective in providing a differenti-
ation between individuals at risk and individuals not at
risk for developing and acid related disease as defined
above.

[0026] The concept of cut-off values in assays involv-
ing the determination of analyte concentrations is well
known to the person skilled in the art. The cut-off value
generally means a value or a set of values chosen as a
limit between the reference values (normal values) and
the abnormal values for the test in question. Such cut-
off values are method-specific and depend on the speci-
fity and sensitivity chosen for the test method used for
the determination of the analyte concentrations, see for
example William J Marshall, Clinical Chemistry, Third
Edition, 1995, Mosby.

[0027] As mentioned earlier, the methods for measur-
ing pepsinogen |, optionally pepsinogen Il and gastrin-
17 are well known in the art. The measurements are usu-
ally immunological methods, using mono- or polyclonal
antibodies to the said analytes.

[0028] The detection methods for use include, for ex-
ample, measuring absorbance, fluoresence or lumines-
cence. It is also possible to carry out all three analyte
measurements simultaneously, for example on the same
microplate, in different wells or in the same well thereon,
which provides for an especially convenient method.
[0029] As mentioned earlier there are also commercial
kits available for measuring the various analyte concen-
trations, such as the GastroPanel (Biohit Oyj, Helsinki,
Finland) for measuring i.a. pepsinogen |, gastrin-17 and
Helicobacter pylori antibodies from a blood sample. The
measured data can then be assessed for example using
software, such as the GastroSoft® software, which draws
up a diagnosis and gives recommendation of further
treatments based on the results obtained for the analyte
concentrations.
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DETAILED DESCRIPTION OF THE DRAWING

[0030] In the drawing,

Fig. 1 shows the level of fasting gastrin-17 for Barrett
negative and Barrett positive patients with normal
stomach. From the results it can be seen that of the
Barrett positive patients, 55% had a fasting gastrin-
17 value equal to or less than 1 pmol/l, whereas only
23 % of the Barrett negative patients had such a low
gastrin-17 value. The difference is statistically sig-
nificant. Thus the fasting gastrin-17 is a marker dis-
tuingishing individuals at risk from individuals not at
risk for developing acid related disease in a group
of individuals with normal stomach.

Fig. 2 shows the level of fasting gastrin-17 for Barrett
negative and Barrett positive patients with normal
stomach, and

Fig. 3 the corresponding levels for postprandial gas-
trin-17 (stimulated gastrin-17). It is evident that fast-
ing gastrin-17 gives a statistically significant differ-
entiation between Barrett negative and Barrett pos-
itive patients, whereas the same is not true for post-
prandial gastrin-17.

Experimental tests

[0031] The results shown in Figs 1 to 3 are based on
the following tests.

[0032] The material tested consisted of 300 endoscop-
ied patients with gastrodyspepsia. They were prospec-
tively collected and two groups of patients were formed.
The cases composed of 15 patients with histologically
and endoscopically verified classical long segment Bar-
rett. Of these 11 had anormal and healthy gastric mucosa
as defined by the absence of H. pylori gastritis (H.pylori
IgG antibody titer <30 EIU) and normal (=50 p.g/l) serum
level of pepsinogen I. They also had normal gastric his-
tology in endoscopical biopsies from antrum and corpus.
The controls (126 patients) composed of patients without
Barrett's esophagus and H.pylori antibodies and with
normal serum pepsinogen |. These two groups (cases
and controls) were compared.

[0033] The mean fasting level of amidated gastrin-17
(G-17fast) was significantly (P=0.045 Mann-Whithey U
test) lower in patients than in controls (4.0=6.1 pmol/l
vs. 2.0=3.0 pmol/l). On the other hand, no differences
were between cases and controls in postprandial G-17
levels (G-17prand). Instead, the G-17 prand was slightly
higher in Barrett-patients than in controls (15.7+18.2
pmol/l vs 13.4+18.2).

[0034] When the 1 pmol/l was set to cut-off limit, 6 of
the 11 Barrett patients (55%) had a G 17fast level below
this cut-off whereas this prevalence was 29 of 126 (23%)
among the controls (P<0.05; chi-square test).

[0035] There were, in addition, 5 patients with duode-
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nal ulcer (DU) that occurred in association with a healthy,
normal gastric mucosa (the etiology of ulcer in these pa-
tients is the usage of NSAIDs or aspirin, in addition to
normal or high acid output). The serum level of G 17fast
in these 5 DU patients was extremely low (0.458+0.431
pmol/l), i.e., significantly lower than that in appropriate
non-DU, non-Barrett controls.

Claims

Method for detecting a risk of esophagitis or Barrett’s
esophagus in an individual based on assaying the
analytes pepsinogen |, fasting gastrin-17 and a
marker for Helicobacter pyloriinfection (Hp-marker)
selected from a Helicobacter pylori antibody and the
Helicobacter pylori antigen, the method comprising

- determining the concentration of pepsinogen |
and fasting gastrin-17 from a body fluid sample
from said individual,

- determining the concentration of a Helico-
bacter pyloriantibody from a body fluid sample,
or determining the presence of the Helicobacter
pyloriantigen from a stool, biopsy or breath sam-
ple, from said individual, and

- comparing the values so determined with a se-
lected cut-off value for each respective analyte,
whereby a pepsinogen | value at or above its
respective cut-off value together with a Hp-
marker value below its respective cut-off value,
in combination with a fasting gastrin-17 value at
or below its respective cut-off is indicative of an
increased risk of esophagitis or Barrett’ s es-
ophagus in said individual.

The method according to claim 1, wherein, in addi-
tion, the stimulated gastrin-17 value (G-17st), is
measured for comparison.

The method according to any one of the preceding
claims, wherein, in addition, the concentration of the
analyte pepsinogen Il (PGIl) is measured, and the
ratio PGI/PGII is formed for comparison.

The method according to claim 1, wherein the body
fluid sample is a serum, plasma, whole blood, urine,
saliva or lacrimal fluid sample, especially a serum
sample.

Patentanspriiche

1.

Verfahren zur Feststellung eines Risikos einer Oso-
phagitis oder eines Barrett-Osophagus in einer Per-
son, basierend auf der Priifung der Analyte Pepsi-
nogen |, Nichtern-Gastrin-17 und eines Markers flir
Helicobacter pylori (Hp-Marker), ausgewahlt aus ei-
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nem Helicobacter-pylori-Antikdrper und dem Heli-
cobacter-pylori-Antigen, wobei das Verfahren fol-
gende Schritte umfasst:

- Bestimmung der Konzentration von Pepsino-
gen | und Nichtern-Gastrin-17 aus einer Kor-
perflissigkeitsprobe der Person,

- Bestimmung der Konzentration eines Helico-
bacter-pylori-Antikérpers aus einer Korperfliis-
sigkeitsprobe oder Bestimmung der Anwesen-
heit des Helicobacter-pylori-Antigens aus einer
Stuhl-, Biopsie- oder Atemprobe der Person,
und

- Vergleich der auf diese Weise ermittelten Wer-
te miteinem ausgewahlten Cut-off-Wert (Grenz-
wert) fUr jeden entsprechenden Analyt, wobei

ein Pepsinogen-I-Wert bei oder tber seinem ent-
sprechenden Cut-off-Wert in Verbindung mit einem
Hp-Marker-Wert unter seinem entsprechenden Cut-
off-Wert in Kombination mit einem Nichtern-Ga-
strin-17-Wert bei oder unter seinem entsprechenden
Cut-off ein erhéhtes Risiko einer Osophagitis oder
eines Barrett-Osophagus in der Person anzeigt.

Verfahren gemafll Anspruch 1, wobei aus Ver-
gleichsgriinden zuséatzlich der stimulierte Gastrin-
17-Wert (G-17st) gemessen wird.

Verfahren gemaR einem der vorangehenden An-
spriiche, wobei zusatzlich die Konzentration des
Analyts Pepsinogen Il (PGll) gemessenund aus Ver-
gleichsgriinden das Verhéltnis PGI/PGIl gebildet
wird.

Verfahren geman Anspruch 1, wobei die Korperflis-
sigkeit eine Serum-, Plasma-, Vollblut-, Urin-, Spei-
chel- oder Tranenflissigkeitsprobe ist, insbesonde-
re eine Serumprobe.

Revendications

Procédé destiné a détecter un risque d’'oesophagite
ou de syndrome de Barrett chez un individu sur la
base d’'un dosage des analytes du pepsinogéne I,
de la gastrine 17 a jeun et d’'un marqueur de l'infec-
tion par Helicobacter Pylori (marqueur Hp) choisi
parmi un anticorps de Helicobacter Pylori et I'anti-
géne de Helicobacter pylori, le procédé comprenant
les étapes consistant a :

- déterminer la concentration du pepsinogene |
et de la gastrine 17 a jeun a partir d’'un échan-
tillon de liquide biologique provenant dudit indi-
vidu,

- déterminer la concentration d’'un anticorps de
Helicobacter pylori a partir d’'un échantillon de
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liquide biologique, ou déterminer la présence de
'antigéne de Helicobacter pylori a partir d’un
échantillon de feces, d’'un prélévement biopsi-
que ou d’un échantillon d’air expiré, provenant
dudit individu, et

- comparer les valeurs ainsi déterminées avec
une valeur limite choisie pour chaque analyte
respectif, moyennant quoi une valeur du pepsi-
nogéne | supérieure ou é€gale a sa valeur limite
respective avec une valeur de marqueur Hp in-
férieure a sa valeur limite respective, en combi-
naison avec une valeur pour la gastrine 17 a
jeun inférieure ou égale a sa valeur limite res-
pective indique un risque accru d’oesophagite
ou de syndrome de Barrett chez ledit individu.

Procédé selon la revendication 1, dans lequel, en
outre, la valeur de la gastrine 17 stimulée (G-17st)
est mesurée pour comparaison.

Procédé selon I'une quelconque des revendications
précédentes, dans lequel, en outre, la concentration
du pepsinogéne Il (PGII) est mesurée, et le rapport
PGI/PGII est réalisé pour comparaison.

Procédé selon la revendication 1, dans lequel
I’échantillon de liquide biologique est un échantillon
de sérum, de plasma, de sang total, d’urine, de sa-
live, ou de liquide lacrymal, en particulier un échan-
tillon de sérum.
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