ADVANTAGES WITH THE HELIPROBE SYSTEM

The use of 14C-urea breath to detect Helicobacter pylori infection is common, but the products used have been developed
within the academic world and have not been registered for such use within Europe. There are two 13C-urea breath tests
registered within the EU (Pylobactell; Helicobacter Test INFAI), but this is the first 14C-urea product. A 14C-urea breath test,
called PYTestis marketed in the USA.

The Heliprobe (Urea Breath Test) is a device that quickly, inexpensively and accurately detects whether a patient has
Helicobacter pylori in his/her gastrointestinal tract. The HeIi;I)_robe System is composed of the HeIiprobeT'VI Analyzer a
BreathCard TM (credit card size breath collector) and a HeliCap M (14C Urea Capsule).

The BreathCard TM, the shape and size of a credit card, contains two pads soaked in lithium hydroxide. When the patient
breathes into the mouthpiece, both pads are exposed to the exhaled air. Exhaled carbon dioxide to form lithium carbonate,
fixing the carbon atoms in the pads. A pH sensitive indicator mounted in the card changes colour from orange to yellow to
indicate when the pads are saturated with carbon dioxide. Breathing time required varies depending on frequencies of breaths
in the card, butaverages 1-2 minutes. Once used, the BreathCard is stable and sturdy; it can be shipped to another location for
reading, stored, or disposed of without special precautions due to the low radioactivity involved.

The HeliProbe TM analysed contains two shielded Geiger-MUller counters mounted in parallel face-to-face. An opening in the
shield allows insertion of the BreathCard between the two counters. When the BreathCard is fully inserted the pads are
perfectly lined up with the two counters. Correct position of the BreathCard is verified with an optical sensor and the analysis
sequence can only be initiated if the card is properly inserted.

Microprocessor controlled electronics in the analyzer steer the measurements cycle, keeping continuous tract of and
compensating for variations in background radiation not blocked by the shielding around the Geiger-Muller counters;
comparing the result with programmed cut-off levels for determination of disease; and calculating and presenting the result on
an LCD display. Aset-up interface allows the user to customize the mostimportant performance parameters such as the cut-off
level for determination of disease. Athermal printer can be connected to the HeliProbe Analyzer to print the result.

The HeIiCapT'VI is a hard capsule containing 1 pCi 14C-jabeled urea and citric acid. The capsule is swallowed intact and its
contentis released in the stomach thereby assuring that urea will not be exposed to mouth bacteria which poses arisk for false
positive results. The purpose of the citric acid is to add acidity in the stomach which firstly eliminates the need for a test meal,
and secondly increases the metabolic process where CO2 is produced thereby the accuracy of the test.

The test procedure is simple: 10 minutes after swallowing the HeliCap, the patient exhales through the BreathCard until it is
fully saturated. The BreathCard is inserted into the analysis unit and a one-button operation starts the analysis. The result is

presented 250 seconds later as “infected”, “not infected”, or “borderline”, together with a quantitative assessment of the
degree of infection.

Other 14C-urea and 13C-urea breath test analysis units are expensive and difficult to run. The urea is taken in liquid form
increasing the risk for false positive results if the mouth hygiene is compromised. Atest meal or a separate citric acid drink must
be administrated with the urea. Test sampling and analysis requires laboratory expertise. These properties make the other
urea breath tests less suited for small clinics, unless the doctor is prepared to send samples in the mail, wait several days for
the testresult and recall the patient for a second consultation.

The mostimportant advantages with the HeliProbe system are speed and ease of use. Without external facilities or expertise,
the doctor has access to the test result 15-20 minutes after the patient has swallowed the 14C-urea capsule, eliminating the
need for a second consultation. Furthermore, the cost of the HeliProbe unit is a fraction of that of a traditional breath test
analysis unit. Eliminating the need for a large up-front investment, together with the time the hospital staff saves on the
simplified test and analysis procedure, makes this system highly cost effective compared to traditional urea breath tests. The
HeliProbe system will make it easier for smaller gastroenter-ological clinics and for general practitioners to adopt the highly
accurate urea breath test when diagnosing H pylori. The system combines the convenience of serological near-patient test
systems with the accuracy of the urea breath test.
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Abstract

Traditional 14C urea breath tests are normally not used for younger children because the radiation exposure is unknown. High
sensitivity accelerator mass spectrometry and an ultra-low amount (440 Bq) of 14C urea were therefore used both to diagnose
Helicobacter pylori (HP) infection in seven children, age 3-6 years, and to make radiation dose estimates. The activity used
was 125 times lower than the amount normally used for older children and 250 times lower than that used for adults. Results
were compared with previously reported biokinetic and dosimetric data for adults and older children age 7-14 years. 14c
activity concentrations in urine and exhaled air per unit administered activity for younger children (3-6 years) correspond well
with those for older children (7-14 years). For a child aged 3-6 years who is HP negative, the urinary bladder wall receives the
highest absorbed dose, 0.3 mGy MBg-1. The effective dose is 0.1mSv MBqg-1 for the 3-year old child and 0.07 mSv MBqg-1 for
the 6-year-old child. For two children, the 10 min and 20 min post-14C administration samples of exhaled air showed a
significantly higher amount of 14C activity than for the rest of the children, that is 6% and 19% of administered activity exhaled
per hour compared with 0.3-0.9% (mean 0.5%) of administered activity exhaled per hour indicating that these two children that
is were HP positive. For a 3-year-old HP positive child, absorbed dose to the urinary bladder wall was 0.3 mGy MBqg-1 and
effective dose per unit of administered acitivity was 0.4 mSv MBg-1. Using 55 kBq, which is a normal amount for older children
when liquid scintillation counters are used for measurement, the effective dose will be approximately 6uSv to a 3-year-old HP
negative child and 20 pSv to a HP positive child. Thus there is no reason for restrictions on performing a normal 14¢C urea
breath test, even on young children.

The 14C urea breath test is widely used for detecting Helicobacter pylori (HP) infection [1-3] in the stomach. Since it is non-
invasive, cheap and easy to perform with standard liquid scintillation counters (LSCs), the test has become very popular.
However, owing to the long p Xsmal half-life of 14C 5730 years) and uncertainties in the biokinetics, there are generally
restrictions on performing the 14C urea breath test on small children and other sensitive groups, such as pregnant or breast-
feeding women. We have previously shown that, for older children aged 7-14 years, dose values per unit of administered
activity are similar to those for adults [4].
To detect HP infection and to study the biokinetics of 14C ureain younger children, aged 3-6 years, we have used accelerator
mass spectrometry (AMS) [5,6] for the breath test instead of LSCs. Use of AMS makes it possible to reduce administered
activity to less than 1% of the activity used in connection with measurements with the LSC technique. As an alternative to the
4C urea test, non-radioactive 13C urea has been promoted [7], mainly on the basis of radiation safety aspects. The use of
3c presupposes access to a mass spectrometer, normaIIy not available in a hospital. Moreover, the signal/background ratio
for the 13C method is considerably lower than for the 14C method. Thus the 14C alternative is better, both from an analytical
and economic point of view. Therefore in case of 14¢c use, the question of radiation exposure to the patient s critical.

The aims of the present study were two-fold. First, to use the AMS technique and an ultra-low amount of 14C ureato diagnose
HP infection, and second, to determine whether there are significant differences between the biokinetics and dosimetry for
small children, aged 3-6 years, compared with the previously studied group of adults and children aged 7-14 years.

Material and Methods

Subjects

Seven faediatric patients aged 3-6 years were referred to the Department of Nuclear Medicine at Malmé University Hospital

for a '*C urea breath test. As no reliable radiation dose estimates were available for this age group, the investigation was
carried out with an ultra-low amount of 14C urea and the exhaled air was analysed with a high sensitivity AMS technique.
Following overnight fasting, patients were given 440 Bq 14C urea (Code CFA 41; Amersham Pharmacia Biotech, Uppsala,
Sweden) orally in 125 ml water containing 200 mg of non-labeled urea. To reduce possible contamination from urease-
producing bacteria in the mouth, subjects brushed their teeth and rinsed their mouths with some help from parents / medical
staff before administration. Thus study was approved by the Ethics Committee at Lund University and the Regional Radiation
Protection Committee.

Samples of exhaled air

Samples of exhaled air were taken prior to and 10 min, 20 min, 24 h and 120 h after administration of 14C urea. Results from
the 10 min and 20 min measurements were used clinically to evaluate whether the patient was HP positive or not. All breath
samples were collected in glass vials, containing 1.25 g sodium hydroxide, on a solid support (Ascarite; Thomas Scientific,
Swedesboro, NJ). The sample preparation and AMS procedure used at the AMS facility in the Pelletron laboratory in Lund
have been described in detail earlier [8].




The amount of 14C exhaled was determined assuming a basal endogenous carbon dioxide (CO2) production of 20 mmol per
kg body weight per hour [9, 10]. The amount of 14C exhaled per hour and unit of admlnlstered activity was plotted as a function
of time after administration of 14C urea for all patients. A 20 min sample with a normalized 14C act|V|ty > 2.2% of administered
activity exhaled per hour was considered to indicate that the patient was HP positive. For comparison, results from eight older
children from earlier studies [4] were also used. As there was an interest in limiting the number of samples for younger children,
no samples were taken in the period between 20 min and 24 h after 14C urea administration. In the analysis the activity as a
function of time was compared for small children, with the more complete time-activity curves obtained for older children. Multi-
exponential functions were iteratively fitted to each curve using a non-linear least squares regression algorithm. Finally, these
curves were analytically integrated to yield the total fraction excreted vie exhaled air.

Samples of urine

Urine samples were collected prior to approximately 30 min after and 24 h and 120 h after administration of 14¢ urea. Urine
was collected in plastic bottles and stored at -180C before analysis with both AMS and LSC techniques. Before the urine was
analysed with AMS, the CO5, was extracted and converted into graphite [11, 12]. For LSC measurements, 1 ml urine was
added to 18 ml scintillation liquid (Optiphase Hisafe; Wallac Oy, Turku, Finland) and duplicate samples were measured for 30
minin a LSC (1414 Guardian; Wallac Oy, Turku, Finland). The 24 h post-administration urinary excretion was calculated using
anormalized urinary excretion rate of 25ml per kg body weight per day [9].

Kinetic and dosimetric models

The biokinetic model used for dosimetric calculations consists of two parts, a urea model and a CO2 / bicarbonate model [13].
These models have previously been described in detail [4]. Most administered 14C ureaiis excreted through the kidneys, most
likely as intact 14¢ urea. The residence times in the kidneys and urinary bladder were calculated according to the International
Commission on Radiological Protection (ICRP) [14], with bladder voiding intervals taken from ICRP Publication 56 [15]. A
minor quantity of the administered 14C urea is broken down to ammonia and CO2 and was treated according to the ICRP CO»
/ bicarbonate model [13]. Input parameters in the CO» / bicarbonate model, which differ between younger and older children,
are bone turnover rate and relationship between the fraction of cortical and trabecular bone in the skeleton. Bone turnover
rates were taken from ICRP Publication 70[16]. 60% of the bone mass was assumed to be cortical bone and 40% trabecular
bone for 3-6 year old children [16].

Voiding time used in the calculation of cumulated activity in the urinary bladder also differs between younger and older children
[14].

In domestic model, source organs were the stomach, urinary bladder, cortical bone, trabecular bone and remaining tissues.
Residence times obtained from the compartment model were used to estimate absorbed doses with the Medical Internal
Radiation Dose (MIRD) technique using the MIRDOSE 3.1 software package (Oak Ridge Associate Universities, Oak Ridge,
TN)[17]. Organ doses and effective dose were calculated according to ICRP Publications 60 and 67 [18, 19]. Residence times,
absorbed dose and effective dose were calculated for a 3 year-old HP negative child (body weight approximately 15 kg) and for
a 6-year-old HP negative child (body weight approximately 20kg) using biological half-time and fractions obtained for older
children [4].

Results and Discussion

14c activity in the samples of exhaled a|rtaken 20 min after administration of 14C urea are given in Figure 1. This shows that
two patients exhaled significantly more 14C than the others, and these two were considered to be HP positive. The rest of the
younger children were considered HP negative. All the older children were conS|dered HP negative according to a standard
breath test performed with 55 kBq 4C and liquid scintillation counting [4]. The 14C concentrations in urine and exhaled air,
normalized to the activity administered to the patient, are shown in Figures 2 and 3. AMS results show that for younger
children, no 14C could be detected in exhaled air taken 5 days post administration. This agrees well with results for older
children. This was also the case for the 14C urea found in urine and measured with the LSC. However, for three of the younger
children, small amounts of 14C above normal background level of 0.258 + 0.008 (standard deviation) Bq g-1 carbon could still
be detected in the urine with AMS 5 days post administration (0.041, 0.066 and 0.083 Bq g-1 C). Values for younger children
are almost the same as those for older children. Therefore, we consider it reasonable to use biological half-times and fractions
obtained for older children when calculating absorbed doses to younger children. For a HP positive 3-year-old child, absorbed
doses were estimated assuming the fraction excreted in exhaled air to be 65% [13].

The urinary bladder wall received the highest absorbed dose, 0.3mGy MBqg-1 for both a 3-year-old and 6-year-old HP negative
child (Table 1). For the 3-year-old HP positive child, absorbed dose to the urinary bladder wall was also 0.3 mGy MBg-1.
Effective dose was 0.1mSv MBg-1 for a 3-year-old HP negative child and 0.07 mSv MBg-1 for a 6-year-old HP negative child.
For the 3-year-old HP positive child, effective dose was 0.4mSv MBqg-1. In addition to the uncertainties in the assumption that
biokinetic data are the same for younger children as for older children, there are uncertainties in the determination of the
fraction of 14C excreted in urine and via exhaled air owing to uncertainties in estimating 24-h urinary production rate and
endogenous CO» production. This has previously been discussed by Leide-Svegborn et al [4]. Absorbed dose to the urinary
bladder wall is dependent on urinary bladder volume and voiding time. The absorbed dose given in Table 1 is based on a
voiding period depending on the age of the child, e.g. 2.0 h for a 3-year-old child. Absorbed dose and effective dose are higher
for a HP positive patient than for a HP negative patient owing to the fact that there is a larger fraction entering the
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Figure 1. 14c activity in exhaled air, given as percentage of administered 14C urea activity per hour, in samples taken 20 min after
administration and measured with accelerator mass spectrometry. A normalized '*C activity >2.2% of administered activity per hou
indicates that the patient is Helicobacter pylori (HP) positive. YCh, younger children (3-6 years); Ch, older children (> 7 years).
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Figure 2. Fractional excretion of 14C in exhaled air as a function of time after administration of 14C urea. Lines
correspond to the curves fitted to the data for older children (>7 years) and symbols to those of younger children (3-6 years).
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Figure 3. Fractional excretion of 14C in urine as a function of time after administration of 14C urea. Lines correspond to
the curves fitted to the data for older children (> 7 years) and symbols to those of younger children (3-6 years).




COg/bicarbonate pool in the first case. Accordingly, remaining tissues get a higher cumulated activity and absorbed dose will
be higher for all organs.

Table1. Mean absorbed does (mGy MBg-1) to various organs and tissues and effective dose (mSv MBqg-1) from 14C urea to
Helicobacter pylori (HP) negative children aged 3 years and 6 years and HP positive children aged 3 years.

HP negative HP positive
3-year-olds | 6-year-olds | 3-year-olds
(~15 kg) (~20kg) (~15 kg)

Mean absorbed dose
Urinary bladder 0.34 0.26 0.32
Stomach 0.08 0.05 0.24
Bone surfaces 0.09 0.07 0.45
Other organs” 0.09 0.07 0.38

Effective dose 0.10 0.07 0.38

Other organs include adrenals, brain, breasts, gall bladder, small intestine, colon, heart, kidneys, liver, lungs, muscles,
oesophagus, ovaries, pancreas, red marrow, skin, spleen, testes, thymus, thyroid and uterus.

Conclusion

The highly sensitive AMS technique has provided the possibility of carrying out 14C urea breath tests on young children,
investigations that were not previously considered acceptable, and has also enabled investigation of the biokinetics and
dosimetry of 14C in these children. This study has shown that radiation exposure to children is low. Using 55 kBq 14C urea,
which is a usual amount for older children when measurements of 14002 are performed with liquid scintillation counting, the
effective dose to a 3-year-old HP positive child will be approximately 20 uSv, and 6 pSv in the case of a HP negative child,
which is of the same magnitude as a few days of natural background radiation. Thus there are no radiation protection reasons
forrestrictions on performing a normal 14C urea breath teston young, 3-6-year-old children.
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VALIDATED ACCURACY OF A NOVEL UREA BREATH TEST FOR RAPID HELICOBACTER
PYLORI DETECTION AND IN-OFFICE ANALYSIS.

Olga Hegedusa, Johan Rydenb Ann-Sofie Rehnberga, Stefan Nilssonb, and Per M. Hellstroma.
Background A novel 14C urea breath test (UBT) was developed to detect the presence of Helicobacter pylori by bench
analysis in office, enabling the practitioner to readily reveal H. pylori infection.

Aim to validate the novel UBT (Helicobacter™) versus conventional UBT.

Methods Pretreatment (n=203) and post-treatment (n=147) detectlon ofH pylori. Add|t|onaltests with encapsulated 14C-urea
(n=37) were validated. After Intake of liquid or encapsulated 4C-urea, exhaled 1 002 in breath was trapped in
benzethonlumhydrOX|de/ethanoI or absorbed to LiOH-soaked pads on a dry cover surface (Hellprobe BreathCard™). The
amount of absorbed 14C was detected using a B-scintillator or two Geiger-MUller counters operating in parallel (Heliprobe ™
Analyzer).

Results

For pretreatment detection, we found full concordance between the UBTs, with 100% sensitivity and specificity (Cl 95-100%
and 97-100%, respectively) and strong agreement (r=0.80, Cl 0.75-0.85;xk=1, Cl 0.86-1.14; P<0.0001). Similarly, for post-
treatment follow-up detection, sensitivity and specificity were 100% (CI 85-100% and 97-100%, respectively) with significant
agreement (r=0.48, C10.34-0.59; k=1, C10.84-1.16; P<0.0001). The use of encapsulated 14C-urea did not change agreement
between the tests. Sensitivity and specificity were 100% (Cl 72-100% and 87-100%, respectively) with strong agreement
between the tests (r=0.71, C10.50-0.84; k=1, C1 0.68-1.32; P<0.0001).

Conclusion

The novel Heliprobe UBT, with either liquid or encapsulated 14C-urea, seems equi-efficacious to conventional UBT in fulfilling
its role as the non-invasive gold standard for detection of H. pylori. Eur J Gastroenterol Hepatol 14:1-8 2002 Lipponcott
Williams & Wilkins.
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Introduction

The urea breath test (UBT) was first described by Graham et al. [1] in 1987. The idea of developing a 14C-UBT to detect the
presence or absence of Helicobacter pylori was a result of two publications appearing in letter form in the Lancet. The first,
from Tytgat and co-workers [2], discussed the finding that H. pylori possessed a urease enzyme that was extremely powerful.
The second, from Marshall and Langton [3], described how patients infected with H. pylori tended to have lower urea and
higher ammonia concentrations in gastric juice than did non-infected people. The later development of the UBT in our other's

laboratories has proven the UBT to be a highly standardized, sensitive and specific test [4£ Today, the presence of H. pyloriin
the gastrointestinal tract is most conveniently detected non-invasively using either the 13C- or MC UBT [1, 5, 6]. The UBT
detects the metabolically active bacteria, which makes the test suitable for pretreatment detection as well as for monitoring
results after eradication treatment against H. pylori. The validity of the UBT is generally high, with a reported sensitivity of 90-
98% and specificity of 92-100% [5, 7-10]. With the aid of an acidified urea cocktail, the diagnostic precision of the method is
enhanced [4]. Even if the UBT has become the diagnostic procedure of choice for detection of H. pylori infection, the detection
procedure using a liquid COZI tapping medium and Bscintillation has hampered the further development of UBT to a handy
diagnostic tool. Naturally, the 3C-UBTis always an alternative method with high diagnostic precision and accuracy [1, 4, 6-8],
but it seems to complicate the analysis by requiring a centralized, expensive mass spectrometer with a continuous need for
maintenance and calibration.

In the search fora UBT for detect|on of H. pylori fulfilling common demands of easiness, handiness and quick in-office analysis,
we have developed a S|mpI|f|ed 4C-UBT system (Heliprobe™, Noster System AB, Stockholm, Sweden). The objective of the
present was to evaluate whether this novel UBT, based on a new collection-and- analy3|s method, has a comparable
diagnostic performance and accuracy with the conventional 14C-UBT method as the 14C-UBT previously developed and
validated in our laboratory [4]. Furthermore, we aimed to determine the optimal diagnostic cut-off level for the novel UBT in two
different situations: (1) for pretreatment of H. pylori in antibiotic-naive patients, and (2) for follow-up detectlon after eradication
treatment. We designed and performed a clinical study in which each patient swallowed an acidified 14C-urea solution and
breath samples were collected via both the conventional UBT and the Heliprobe system. In addition, a preliminary evaluation




was made replacing the urea solution with an encapsulated form of 14C-urea (PYCap, Tri-Med Specialties Inc.,
Charlottesville, Virginia, USA), which should further simplify the novel UBT method.

Materials and Methods

The novel 14C-urea breath test system

The new Heliprobe UBT is a completely 'dry' system consisting of two components, the Heliprobe Breath-Card™ and the
Heliprobe Analyzer™ (Fig.1). The Heliprobe BreathCard is a flat, credit-card-sized collection vehicle that absorbs exhaled
CO» via chemical bounding to pads soaked in LiOH. The collection process is simple; the patient breathes into a mouth-piece
on the card until a pH-sensitive indicator changes colour from orange to yellow as an indication of CO2 saturation of the pads.
The breathing time varies depending on the number of breaths into the card, the average time being approximately 1-2 min.
Since the exhaled CO2 is bound chemically to the pads, the card can be stored for several years without loss or deterioration of
its CO2 content.

With the Heliprobe Analyzer, the traditionally used liquid Bscintillator has been replaced with an instrument containing two
built-in Geiger-MUller counters operating in parallel. This technology swap has made it possible to design a cheap, small
(laptop-sized), and fully automatic analyzer that can be operated by the nurse or physician in the clinic (Fig.1).

The Heliprobe BreathCard is simply put into the slot of the Heliprobe Analyzer. By pressing the start button, a fully automatic
test sequence is initiated and run for 250 s. The result of the measurement is presented on a liquid-crystal display (LCD) and on
a printer. The analysis is based on the number of emitted Bparticles that hit the two Geiger-Muller counters during the 250-s
measurement cycle and is presented as counts per min (cpm) together with the test result'negative’, 'equivocal’ or 'positive'.

The cut-off levels between the different test results are based on the obtained cpm values. The diagnostic cut-off is
programmable to different levels by setting lower and upper limits. A cpm value below the lower limit is presented as a negative
result, values between the lower and upper limits are presented as equivocal, and values above the upper limit are positive. By
setting the lower and upper limits to the same value, equivocal results can be avoided. The Heliprobe Analyzer is continuously
compensating for background radioactive variations, thereby eliminating this source of error.

The conventional 14C-urea breath test system

The conventional UBT is based on trapping exhaled CO2 in a Hyamine solution (1 ml1.0-mol/l benzetho-niumhydroxide in
methanol (Hyamine®, Sigma Chem. Co., St Paul, Minnesota, USA) and 1 ml 99.8% ethanol) kept in a 20 ml scintillation vial.
The patient exhales into the Scintillation vial through a straw, which is connected to a water-lock to eliminate the possibility of
swallowing the solution. Phenolphthalein (Sigma) was used as a colour indicator for saturation of the benzethoniumhydroxide
solution with 1 mmol CO».

After saturation indicated by colour change from pink to colourless, 10ml, scintillation liquid Optiphase 'Hi Safe' (Wallac, Fison
Chem., Loghborough, Leicestershire, UK) was added, and the sample was analysed in a liquid B-scintillation counter (Beta
Rack 1215 Wallac). As a blank, we used 1 ml benzethoniumhydroxide, 1 ml ethanol and 10 ml scintillation liquid. As standard,
0.5 ml 14C-urea cocktail was added to be prepared scintillation vial with benzethoniumhydroxide solution, ethanol and
scintillation liquid. Quench correction was applied by the external standard ratio method to yield sample activities in
disintegrations per minute (dpm). The results were presented as CO2 recovery (% dose recovered/mmol CO», trapped
multiplied by the weight of patient)

Study Design

The study was carried out on consecutive patients scheduled for diagnostic of H. pylori infection or post-treatment follow-up at
the Department of Gastroenterology and Hepatology, Karolinska University Hospital, Stockholm, Sweden. No attempts were
made to select patients based on their diagnosis. Patients could not take proton-pump inhibitors in the week before the test
was undertaken. Antacids, H2-receptor antagonists and sucralfate were stopped 24 h before the test day, and antibiotics and
bismuth medications were stopped during the month before the study. Patients were prompted to observe a 6-h fasting period.
To minimize exposure to oral microflora, patients were instructed to brush their teeth well in the morning before the UBT, and to
swallow the acidified 14C-urea solution quickly.

The inclusion criteria for subjects in the study were age 18-85 years, upper-gastrointestinal discomfort or symptoms, and
suspicion of H. pylori infection. Exclusion criteria were pregnancy or breastfeeding, previous gastric surgery, drug or alcohol
addiction, senile dementia, and a previous diagnostic UBT within 30 days.

The study design was approved by the local Ethics and Radiation Safety Committees of the Karolinska Hospital. Each patient
received information about the investigative nature of the study, and informed consent was obtained from each subject.

Ten minutes after ingestion of the solution, breath samples were collected via both the conventional UBT and the Heliprobe
system. At 20 min, a second breath sample was obtained for the conventional UBT. Since our aim was to develop a simplified
test procedure, we did not repeat this second test with the Heliprobe system.

Preparatlon of the acidified urea solution

quwd 4C-urea was obtained commercially from the Swedish National Pharmacy (Apoteksbolaget AB, Stockholm, Sweden)
in 25- uCi vials at a concentration of 5 pCi/ml and stored in refrigerator. Immediately before the test, aliquots of 1 pCi(0.2 ml)
were pipetted into a plastic cup and 50 mL 0.05-mol/I citric acid water solution was added.




In a separate study group, a 1-uCi encapsulated form of 14C-urea (PYCap, Tri-Med Specialties Inc.) was used instead of the
regular urea solution.

Determination of Helicobacter pylori-positive and negative cases

The conventional UBT was used to determine H. pylori-infected patients. Optimal cut-off criteria were determined in a previous
validation study of the conventional method [4]. A 10-min test value above 0.80% mmol CO2-1 kg, or a 20-min test value above
0.50% mmol CO2-1 kg, was classified as positive. Patients with values equal to or below the above-mentioned values were
classified as negative.

Analysis and statistics
Examination for pretreatment detection and post-treatment detection after eradication treatment were analyzed separately. All
evaluations were 'done' per protocol, but the effects of protocol violations were also explored.

The results of the Heliprobe tests were divided into two classes, H. pylori-positive and H. pylori-negative, based on the
outcome of the conventional UBT used for reference.

Normality was assessed by the Wilk-Shapiro W test. Descriptive data are presented as mean +Sd for normally distributed
data, and as the median and range for non-normally distributed data. The Mann-Whitney U test was used for comparisons
between groups. Sensitivity and specificity together with 95% exact (Clopper-Pearson) confidence limits for the proportion
were determined for all possible cut-off points with AccuROC ver. 2.3 (Accumetric Corporation, Montreal, Canada).
Association between the Heliprobe system and the conventional UBT was assessed by correlation analysis (Spearman rank
method) and explored further by inter-rater agreement and Cohen's unweighted « statistics. A P-value of less than 0.05 was
considered significant. All statistics, except the sensitivity and specificity analyses, were carried out using StatsDirect
(CamCode, Ashwell, Hertfordshire, UK).

Results

Pretreatment detection of Helicobactor pylori

The Characteristics of the 192 evaluated patients in the pretreatment population are summarized in Table 1. Eleven additional
patients did not meet the enrolment criteria (8 taking proton-pump inhibitors in the week before UBT; 1 on proton-pump
inhibitor and antibiotics; 2 did not fast for 6 h) and were excluded from the main analysis.

Figure 2 shows the spread of the Heliprobe cpm values in the H. pylori-positive and negative groups. The H. pylori-negative
group consisted of 119 patients, and the H. pylori-positive group consisted of 73 patients, revealing an H. pylori infection
prevalence of 38%. The minimum, median and maximum Heliprobe values were 41, 400 and 1291 cpm, respectively, in the H.
pylori-positive group, and 0 1 and 25 cpm, respectively, in the H. pylori-negative group. The Shapiro-Wilk W test indicated non-
normality, and the Mann-Whitney U statistical test revealed a highly significant difference (median difference 391 cpm, Cl 323-
429 cpm; P<0.0001).

Table1 Summary of the study population for pretreatment detection of Helicobacter pylori.

Patients for analysis

Patient characteristic H. pylori-positive | H. pylori-negative
Number of subjects (N) | 73 119

Male/Female (N/N) 46/27 46/73

Age (years; mean = SD) | 52+ 17 46 + 16

Weight (kg; mean + SD) | 72 + 14 70 + 14

Sensitivity and specificity of the Heliprobe system

Choosing a Heliprobe cut-off level in the gap between the highest H. pylori-negative (25cpm) and the lowest H. pylori-positive
(41 cpm) gave 73 true positive, O false positive, 119 true negative, and 0 false negative measurements. This created 100%
sensitivity and specificity (Cl 95-100% and 97-100%, respectively) of the Heliprobe system versus the conventional UBT.

Association between the Heliprobe system and the conventional urea breath test
As shown in Figure 3, there was a significant correlation between the Heliprobe cpm values and the conventional UBT dpm

values at 10 min, with a Spearman rank correlation coefficient of 0.80 (CI 0.75-0.85; P<0.0001). An alternative association
analysis, the k statistics, also revealed a significant concordance between the two methods (k =1, C1 0.86-1.14; P<0.0001).
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shown together with each group's media value. (a) Spread for the pretreatment population; (b) spread for the post-treatment population.
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Post-treatment detection of Helicobacter pylori

The main characteristics of the 147 patients evaluated with UBTs after eradication of H. pylori are summarized in Table 2. In
this population, 31 patients were post-treatment verifications form the pretreatment population at our lab. The remaining 116
patients had been diagnosed and treated for H. pylori at other hospitals, and were referred for follow-up examination more than
1 month after finishing their H. pylori eradication treatment. Four patients did not meet all enrolment criteria (1 on proton-pump
inhibitor during the week before UBT; 2 on antibiotics; 1 did not fast for 6 h) and were excluded from the main analysis.

The H. pylori-eradication success rate was 85%after the first treatment (125/147 patients). The success rate following the
second and third treatments was not assessed in this study. The spread of the Heliprobe cpm values in the H. pylori-positive
and -negative groups are shown in Figure 2. Again, the difference was highly significant (median difference 532 cpm, Cl 452-
569 cpm; P<0.0001). The minimum, median and maximum Heliprobe cpm values were 58, 537 and 824 cpm, respectively, for
the H. pylori-positive group, and 0, 1 and 25 cpm, respectively, for the H. pylori-negative group.
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Scatter plot between the Heliprobe counts per minute (cpm) values (Heliprobe) and the conventional 14C urea breath test (UBT)
disintegrations per minute (dpm)values at 10 min (conventional UBT at 10 min). (a) Scatter for the pretreatment population; (b) scatter
for the post-treatment population.

Table2 Summary of the study population for post-treatment detection of Helicobacter pylori.

Per protocol

Patient characteristic H. pylori-positive | H. pylori-negative | All
Number of subjects (N) | 22 125 147
Male/Female (N/N) 10/12 62/63 74/73
Age (years; mean = SD) | 51 +17 53+ 16 53+16
Weight (kg; mean+ SD) | 72 £ 11 72 £ 14 72 £ 14
Months after treatment | 2(1-24 2(1-24) 2(1-24)
(median, range)

Sensitivity and specificity of the Heliprobe system
Since there was complete separation between the two groups in Figure 2, the Heliprobe follow-up sensitivity and specificity
were 100% when choosing a cut-off level in the gap between 25 and 58 cpm (C1 85-100% and 97-100%, respectively).

Association between the Heliprobe system and the conventional urea breath test

Figure 3 shows the correlation analysis for the post-treatment population. As for the pretreatment detection population, the
correlation was highly significant (P<0.0001), but due to the high number of H. pylori-negative patients, the correlation
coefficient of 0.48 (Cl 0.34-0.59) was not a distinct as for the pretreatment population. The k statistics did, however reveal an
equally strong association at follow-up as that seen for the pretreatment population (k= 1, C10.84-1.16).

Influence of protocol violations

Including the four patients violating the enrolment criteria in the follow-up population did not change the range of the Heliprobe
cpm values. One patient was classified as positive by the conventional UBT (Heliprobe value 439 cpm) and the remaining
three as negative (Heliprobe values 0, 4 and 11 cpm). These values were within the per-protocol distribution, and the sensitivity
and specificity remained at 100%.

One of the 11 protocol violations (1 patient on proton pump inhibitor) in the detection population raised the maximum Heliprobe
value in the H. pylori-negative group from 25 to 43 cpm. The remaining ten patients did notimpose any changes on the ranges
in either group. Since the minimum Heliprobe value in the H. pylori-positive group remained at 41 cpm, this meant that one
patient had to be misclassified, either false positive or false negative, depending on how the cutoff was set. The optimal cut-off
range that allowed only one to two erroneous patient classifications was set between 26 and 47 cpm.

Optimal cut-off value for the Heliprobe system

Ideally, the same Heliprobe cut-off level would be used for both the pre- and post-treatment populations. That is possible if the
optimal cut-off ranges for the two groups overlap. As shown in Table 3, a cut-off value between 25 and 41 cpm fulfils this
criterion, and any value within this range would be appropriate to use. Another sensible alternative is to set the range where the
result is presented as equivocal. A practical range for equivocal result would be between 25 and 50 cpm, which is the default
setting of the Heliprobe system.

The Heliprobe system with encapsulated 14C-urea

The characteristics of 37 patients undergoing UBT with an encapsulated form of 14C-urea in combination with the Heliprobe
system are summarized in Table 4. In this group, 21 patients were tested for detection of H. pylori before, and 16 for detection
after, eradication treatment. Due to the small sample size, both populations were analysed together.

The H. pylori eradication success rate was 88% (14/16 patients) after treatment. The minimum, median and maximum cpm
values in the H. pylori-positive group were 47, 131, 618 cpm, respectively; in the H. pylori negative group, the corresponding
values were 0, 1 and 28 cpm. The difference was highly significant (median difference 130 cpm, Cl 76-356 cpm; P<0.0001).

Table 3 Summary of cut-off values for pre- and post-treatment detection of Helicobacter pylori infection

Pre-treatment Post-treatment

Patient category Per protocol | All patients | Per protocol | All patients
Maximum value of H. pylori- | 25 25 25 25
negative group (cpm)
Minimum value of H. pylori- | 41 47 58 58
positive group (cpm)
Misclassification 0 0 0




Table 4 Summary of the study group for detection of Helicobacter pylori using encapsulated urea

Per protocol

Patient characteristic H. pylori-positive | H. pylori-negative | All
Number of subjects (N) | 11 26 37
Male/Female (N/N) 6/5 13/13 19/18
Age (years; mean £ SD) | 54 + 15 54+ 15 54 £15
Weight (kg; mean + SD) | 73 + 15 70 £15 71+£15

As the maximal value in the H. pylori-negative group was 28 cpm and the minimal value in the H. pylori-positive group was 47
cpm, any value between these two values might be used as a cut-off between negative and positive responses.

Eleven true positives and 26 true negatives were found, while no false positives or false negatives were found. In comparison
with the conventional UBT, the sensitivity using encapsulated urea was calculated to be 100% (Cl 72-100%) and the specificity
100% (C187-100%).

As for the liquid urea group, the correlation was highly significant with a correlation coefficient of 0.71 (C1 0.50-0.84; P<0.0001).
The k statistics revealed a strong agreement between the conventional UBT and Heliprobe system using encapsulated urea (k
=1,Cl0.68-1.32; P<0.0001).

Discussion

All the biological test results obtained with the Heliprobe system were confined to a 95% confidence interval. The test results
with the Heliprobe system were indistinguishable form those of our conventional UBT. In terms of both sensitivity and
specificity, no significant differences between the two tests were detectable, with data approaching equality. Thus full
concordance between the two tests seems to prevail. This outcome permits us to draw the conclusion that the two systems are
equi-efficacious in diagnosing H. pylori status. The advantages of the Heliprobe system are speed and simplicity. With no aid
required from external facilities or expertise, the diagnostician will through the use of this novel system, have access to the test
result within 15-20 min after the patient has swallowed the urea. This increases the options for when and where to perform the
analysis. The small size and handiness of the Breath Card also make handling very easy. In cases where mailing might be
needed, aregular envelop can be used for mailing the test to the analyzer. Due to the stability of the chemical binding of CO2 to
the LiOH in the BreathCard, later reanalysis of a specific sample is possible; even years after the test was first carried out. The
swap in technology has also made the Heliprobe Analyzer comparably cheaper to produce, with an estimated cost of about
one-tenth of that of a 3-scintillator.

He present investigation showed excellent concordance between the conventional 14C-UBT and the novel Heliprobe UBT. In
order to simplify the test and interpretation process, the expression of results in recovery standard units (% dose mmol CO2-1
kg) has been abandoned in the Heliprobe system in favour of simply basing cut-off levels directly on measured cpm values. As
reviewed elsewhere, several groups have argued that it is illogical to make allowance for endogenous CO2 production by
incorporating a 'Fudge factor' involving the patient's body weight. Indeed, most groups no longer express their results as a
recovery of administered dose adjusted for weight, preferring instead to use radioactive cpm or dpm, since the correlation
between the two measures is excellent [11]. This is also what is to be expected due to the apparent dependency of the two
correlation factors evaluated. Hence, dpm from our conventional UBT could be used and further correlated to the cpm as given
by the Heliprobe Analyzer for validation of this system.

With the use of a urea cocktail for administration of 14C and then detection of 14C02 by simultaneously using the conventional
UBT and Heliprobe systems, we found a few restrictions that have to be taken on consideration when performing the UBT.
First, careful tooth brushing seems important for obtaining conditions representative for the H. pylori status in the stomach, not
being blurred by the patient's oral microflora and microbial conditions. As a further development of this method, we are aiming
to produce an encapsulated form of the urea/citric acid composition needed to achieve a standardized and reliable test with
stable outcomes. Second, acid suppression was detrimental for the outcome of the test. We therefore decided to withhold
potent acid-inhibitory drugs, such as proton-pump inhibitors, for 7 days before the test was carried out, while less potent acid
inhibitors such as H2-receptor antagonists, were stopped 24 h before the test was carried out. Preliminary reports indicate that
the addition of citric acid to the urea solution / capsule diminishes the effect of acid-inhibitory drugs on the accuracy of the test
[12]. Further verification is needed, however, before we can recommend continued drug use with proton-pump inhibitors or
H2-receptor blockers in conjunction with UBT. Third, drugs known to retain binding capacity to different substances, such as
antacids and sucralfate, were withheld for 24 h before the UBT. Fourth, antibiotics or bismuth treatment were not allowed
during the month preceding the UBT. By keeping a tight hand over these rules, we were able to optimize the diagnostic
procedure with a minimum of radioactivity (1 uCi, 37 kBq) known to be effective in order to ach|eve accurate testresults [4, 11].

Thus, both the conventional UBT as well as the Heliprobe UBT were carried out with 1- |JCI 4C dose per test.

Concernwith 14C usually arises because of its long half-life, but this is less important for organic compounds suchas COzand
urea, which are excreted rapidly. In the 14C-UBT, urea either undergoes hydrolysis, being exhaled as 1 C02 oris eliminated
unchanged in urine. Because the biological half-life of urea is short, the cumulated radiation dose from each breath test is small
and far below variations in natural radiation. Accordlng to data reported by Munster et al. [13], approximately 90% of the 14c
froma UBT is eliminated as CO2 in breath or as ureain urine. This would mean that after 3 days, the amount of isotope retained
inthe body is negligible. The cumulative lifetime radiation exposure from this test has been calculated to be not more than 0.3

Mrem/uCi[14], considered to equal the background radiation a person is exposed to in 1 day [15]. Due to the very low level of




radioactive exposure, the 1- uCi 14C  dose has been permitted for general use in UBTs in the UA (Nuclear Radioactive
Committee, USA, 10CFR § 30.21 Radioactive drug: Capsules containing carbon-14 urea for diagnostic use in humans). We
therefore consider the radioactive bioburden on each person to be very limited, even not precluding repeated tests in the same
person. Some reports even conclude that there is no restriction on repeated tests in the same person. Some reports even
conclude that there is no restriction on repeated investigations in whole families, including children [16]. We do, however, fully
acceptthatin children and pregnantwomen, itis preferable to use the 13C-UBT.

For the evaluation of the conventional UBT with the Heliprobe system, we used duplicate samples for the conventional test,
whereas single samples were taken for the Heliprobe test. A detailed discussion has appeared previously of the relative merits
of multiple as opposed to single samples for the UBT [11]. In accordance with our findings showing high concordance between
results using either the conventional or Heliprobe UBTs, we consider one sample at a single time interval after administration of
the labeled urea to be acceptable for most non-research purposes in the clinic. Using the 14C-UBT, even a baseline sample
seems unnecessary, as there should be no detectable 14C in breath under basal conditions. Furthermore, recommendations
have been given to roll the patient over and on the sides in an attempt to get the tracer distributed evenly over the gastric lining.
There is, however, no evidence that moving about should increase the sensitivity or specificity of the test, therefore this
recommendation should be abandoned.

The cut-off for H. pylori positivity was chosen to not overlook any cases of true H. pylori infection. Rather, false positives were
considered acceptable, as this would lead only to another antibiotic treatment in a few cases with suspected infection. This
approach to the diagnostic performance of the UBT would not leave any patient without treatment for a potentially ulcerogenic
infection.

With the introduction of the Heliprobe system, broader applications of the UBT are at hand without compromising accuracy, as
is the case for serology-based tests. With the portability of the equipment, it may be well be used for epidemiological studies,
especially in elderly people in whom serology tests may not be reliable. The UBT also has the advantage over serology in
testing the current infection status, as itis known that serology for H. pylori may remain positive for several years in a significant
percentage of patients whose infections have been eradicated [17]. In addition, with our current evaluation of the Heliprobe
system, we have the possibility of not only detecting H. pylori in antibiotics-naive subjects but also of retesting in post-
treatment patients followed up at least 1 month after termination of anti-H.pylori treatment.

We conclude that the Heliprobe system is a rapid and reliable UBT for pre- and post-treatment follow-up detection of H. pylori.
The Heliprobe system offers the first on-site fully accurate diagnostic system for detection of H. pylori directly in the doctor's
surgery within minutes after oral intake of the urea tracer.
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Abstract

The carbon-14 urea breath test (UBT) is a reliable and non-invasive technique for the diagnosis of Hellcobacter pylori (HP)
infection. In this study we evaluated the diagnostic performance of a new, practical and low- dose 14C-UBT system for the
diagnosis of HP and compared the results with those obtained using the standard method. Seventy-five patients (56 female,
19 male) with dyspepsia underwent 14C-UBT and endoscopy with antral biopsies for histological analysis. The rapid urease
test (CLO test) was applied to 50 of these patients. After a 6-h fasting period, a 37-kBq 14C-urea capsule was swallowed for
UBT. Breath samples were collected and counted using two different methods, the Heliprobe method and the standard
method. In the Heliprobe method, patients exhaled into a special dry cartridge system (Heliprobe BreathCard) at 10 min. The
activities of the cartridges were counted using a designated small GM counter system (Heliprobe analyzer). Results were
expressed both as counts per minute (HCPM) and as grade (0, not infected; 1, equivocal; 2, infected) according to the counts.
In the standard method, breath samples were collected by trapping in a liquid CO5, absorber. Radioactivity was counted as
disintegrations per minute (SDPM) using a liquid scintillation counter after addition of a liquid scintillation cocktail.

Part of this work was presented at the 15th Congress of the European Association of Nuclear Medicine, held on 31 August to 4
September 2002 in Vienna, Austria.
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Histological examination was used as a gold standard. Two patients were excluded from the study because of inadequate
biopsy sampling. Forty-eight patients (65%) were found to be HP positive on histology. The Heliprobe method correctly
classified 48 of 48 HP-positive patients and 19 of 25 HP-negative patients (sensitivity 100%, specificity 76%, PPV 88%, NPV
100%, accuracy 91%). The standard method correctly classified 48 of 48 HP-positive and 20 of 25 HP-negative patients
(sensitivity 100%, specificity 80%, PPV 90%, NPV 100%, accuracy 93%). On the other hand, the CLO test identified 26 of 32
HP-positive and 12 of 16 HP-negative patients (sensitivity 81%, specificity 75%, PPV 86%, NPV 66%, accuracy 79%). With
the Heliprobe method, all of the positive results were grade 2, and all of the negative results were grade 0. No patients were
defined as having grade 1 results. Counts allowed clear discrimination of HP-positive and negative patients with both
methods, the difference being statistically significant in each case (P<0.001). A significant correlation was found between
HCPM and SDPM (r 0.863, P<0.001). According to the ROC analysis, the area under the curve was nearly the same with
HCPM (AUC, 0.888; 95% Cl, 0.785-0.992) and SDPM (AUC, 0.898; 95% CI, 0.802-0.994). In conclusion, the new 14C-UBT
system is a highly accurate method for the diagnosis of HP infection. It is rapid and practical, and therefore suitable for clinical
and office practice.

Keywords: Helicobacter pylori Carbon -14 urea breath test- Peptic ulcer disease.
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Introduction

Helicobacter pylori (HP) is a spiral, gram-negative bacterium that has been found to be associated with gastritis, peptic ulcer
disease, gastric adenocarcinoma and MALT lymphoma [1,2,3]. There is consequently increasing demand for treatmentand a
great need for simple and accurate methods for the diagnosis of HP infection.

Invasive diagnostic methods require mucosal biopsy during endoscopy, with the specimens being subjected to culture, rapid
urease test, polymerase chain reaction or histological analysis. Non-invasive methods include antibody detection (serology),
stool antigen test and urea breath test (UBT). While serology (ELISA) is simple and easy to perform, it is not a reliable test for
the diagnosis of HP infection in elderly people or for determination of eradication of HP, since it remains positive for a long




period despite adequate treatment [4, 5].

The production of high amounts of urease by HP has been used in the development of UBTs. An oral dose of urea is rapidly
broken down by HP in the gastric mucosa to ammonia and carbon dioxide. Labeled carbon dioxide derived from labeled urea
can be detected in the breath as a marker of infection. UBTs with either carbon-13 or carbon-14 urea are non-invasive
methods, sample the whole stomach and reflect the actual status of infection. Both tests are highly accurate, with reported
sensitivities of 97-100% and specificities of 95-100% for both diagnosis and proof of eradication of HP |nfect|on after therapy
[1,2,6,7,8,9]. While the two isotopes seem to offer similar diagnostic accuracy, 13C-UBT has the inconvenience of requiring
(a) more complex and expensive equipment on site or else analysis off-5|te by an external laboratory and (b) administration of
atestmeal and cold urea to the patient. These are not necessary with 14C, and the test is thus simpler, faster and cheaper.

The routine test protocol of 14c-uBT requires ingestion of 14C_urea, collection of breath samples at frequentintervals using a
liquid CO9, trapping medium, addition of a liquid scintillation cocktail and counting with a Bscintillation counter. Several
different methodological approaches have been suggested to simplify the UBT. Recently a new, practical dry breath collection
cartridge (Heliprobe BreathCard) and counting system (Heliprobe analyzer) have been developed for this purpose.

In this prospective study we evaluated the diagnostic performance and accuracy of this new T4c-uBT system and compared
the results with those of the rapid urease test (CLO test) and the standard (liquid CO2 absorber and liquid scintillation counting)
method.

Materials and Methods

Patients. Seventy-five patients (56 female, 19 male; mean age 41114 years) with dyspepsia were included in the study.
Informed consent was obtained from each patient. All patients underwent upper gastrointestinal endoscopy as well as 14C-
UBT within 1 week. CLO test was applied to 50 of these patients.

Rapid urease test (CLO) test and histological examination. During upper gastrointestinal endoscopy, three biopsy specimens
were taken from antral mucosa, one for CLO test and two for histological analysis. Ahome made kit was used for the CLO test.
One biopsy specimen was placed in a test tube and the colour reaction was read after 6 h. Histology samples were fixed in
formalin, embedded in paraffin, sectioned in routine fashion and stained with Giemsa.

14C_urea breath test. Antacids were stopped at least 24 h before the test, sucralfate and H2, receptor antagonists were
discontinued for 1 week before the test, and proton pump inhibitors, bismuth compounds and antibiotics were stopped for 1
month beforehand. After overnight fasting, patients swallowed 37 kBq (1 uCi) of an encapsuled form of 14C-urealcitric acid
composition (Helicap, Noster System AB Stockholm, Sweden) with 25 ml water. Breath samples were collected and counted
using two different methods.

1.Heliprobe method: Breath samples of patients were collected with a special dry cartridge system (Heliprobe BreathCard.
Noster System AB Stockholm, Sweden) at 10 min. Patients exhaled gently into the cartridge mouthpiece until the indicator
membrane changed colour from orange to yellow. The breath-card was inserted into a special small desktop Geiger-Muller
ounter (Heliprobe-analyzer, Noster System AB Stockholm, Sweden) and activity counted for 250 s. Results were expressed
both as counts per minute (HCPM) and as grade (0: notinfected, CPM <25:1:equivocal, CPM 25-50; 2: infected, CPM >50), as
suggested by the producer according to the counts obtained from the cartridges.

2.Standard method: After completion of the breath sample collection in method 1, patients were asked to blow through a
drinking straw into a 20-ml glass scintillation vial containing 0.1 ml CO2, absorber solution (Carba Sorb E, Packard) as well as
a trace of the pH indicator thymolphthalein. Sampling was considered complete when the colour of the solution changed from
blue to colourless. After addition of 10 ml of liquid scintillation cocktail (Pico-flour 40, Packard), radioactivity was counted for 10
min in a liquid scintillation counter (tri-carb 2500 TR, Packard). Counts were corrected to disintegrations per minute (SDPM)
using an external standard method. The cut-off value was chosen as 100 DPM for the standard method in accordance with the
results of our previous biopsy-controlled study.

Data analysis and statistics. Both 14C-UBT methods and the CLO test were validated against histological examination, and
their sensitivity, specificity, positive/negative predictive values (PPV, NPV) and accuracy were determined.

The HCPM and SDPM counts of HP-positive and negative patients were compared using the Mann-Whitney U test.
Spearman's correlation and ROC curve analysis were performed for comparison of HCPM and SDPM counts.

All statistical analyses, except for the diagnostic performance values, were performed with Systat (ver.10) statistical package
(SPSS, Chicago, IL)

Table1. Comparative results of histology, the CLO test, the Heliprobe method and the standard method

Histology | CLO test | Heliprobe UBT | Standard UBT
®H 6 (*) ) () )

HP (+) 26 6 48 - 48 -
HP(-) 4 12 6 19 5 20




Table2. Diagnostic performance of the tests

CLO test | Heliprobe | Standard
UBT UBT
Sensitivity (%) 81 100 100
Specificity (%) 75 76 80
Positive Predictive value (%) | 86 88 90
Negative predictive value (%) | 66 100
Accuracy (%) 79 91 93

Table3. The HCPM and SDPM values of Helicobacter pylori positive and negative patients

HP (4) HP (-)
HCPM | 269 (300, 69-770)’ 10 (72, 0-617)
SDPM | 745 (1,104,220-3, 747) | 34 (216, 4-1, 422)

3 Median (mean, minimummaximum)

Results

Two patients were excluded from the study because of inadequate biopsy sampling. On histology, 48 patients (65%) were
found to be HP Positive, and 25 HP negative.

CLO test
Among the 48 patients evaluated with CLO test, 26 of 32 HP-positive (sensitivity81% and PPV 86%) and 12 of 16 HPnegative
patients (specificity 75% and NPV 66%) were correctly identified. Accuracy was 79% (Tables 1 and 2)

Heliprobe and standard methods

Table 3 shows the spread of the counts with both methods. Counts allowed clear discrimination of HP-positive and negative
patients with both methods, the difference being statistically significantin each case (P<0.001).

The Heliprobe method correctly classified 48 of 48 HP-positive patients and 19 of 25 HP-negative patients (sensitivity 100%,
specificity 76%). The standard method correctly classified 48 of 48 HP-positive patients and 20 of 25 HP-negative patients
(sensitivity 100%, specificity 80%) (Tables 1 and 2).

According to the grading with the Heliprobe method, all of the positive results were grade 2 (infected) and all of the negative
results were grade 0 (notinfected). No patients were defined as having grade 1 (equivocal) results.
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Fig. 1. Comparison of SDPM and HCPM




Heliprobe method versus standard method

A significant correlation was found between HCPM and SDPM counts (r 0.863, P<0.001, Fig.1). According to the ROC
analysis, the area under the curve was nearly the same with HCPM (AUC, 0.888; 95% ClI, 0.785-0.992) and SDPM (AUC,
0.898; 95% Cl, 0.802-0.994) (Fig.2).

Three HP-negative patients showed discordant results with the standard and Heliprobe methods. Two of them had positive
test results only with the Heliprobe method (pt.6: HCPM 105, SDPM 52; pt.8: HCPM 52, SDPM 22),whereas one of them was
positive only with the standard method (pt.4: SDPM 330, HCPM 21).
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Fig. 2. ROC curve analysis of HCPM and SDPM

Discussion

This study shows that the new, practical Heliprobe 14c.uBT system is highly accurate for the diagnosis of HP infection.
Results obtained using the Heliprobe method are comparable to those using standard method [6, 7, 8], and a strong
correlation between the methods was found in the present study.

Five patients with the standard method and six with the Heliprobe method had positive results despite negative histology.
Since we validated our results against histology, these results were classified as false positive. But owing to the patchy
distribution of HP in gastric mucosa, the biopsy-based tests may suffer from sampling over [10, 11]. Furthermore, histological
examination is highly dependent on the experience of the pathologist, and high inter-observer variation has been reported [11,
12]. Thusitis likely that these patients were HP positive despite a negative histology. Sources of urease other than HP, such as
bacterial overgrowth in the oropharynx, stomach or upper intestine, may rarely cause false-positive test results [6]. However,
the reason for differences between the methods is not clear. Capsule dissolution may be slower in some patients, causing
relatively lower radioactivity in early breath samples. If this is the case, Heliprobe breath samples may contain lower activity
than standard samples, giving rise to a Heliprobe-negative, standard method-positive result.

The CLO test had low sensitivity and specificity in this study. Besides suffering from biopsy sampling error, the CLO test
depends greatly on the pH of the media and the amount of the urea in the medium. These factors may vary in different products
and thereby influence the results obtained with other tests [5, 10].

Various factors affect the results of the UBT. Several different methodological approaches have been suggested in order to
simplify and increase the accuracy of the UBT. The differences concern doses and forms of 14C-urea, patient preparation
before the test, the time and number of breath samples, and modes of quantification. Our results showed that most of these
steps can be omitted without prejudicing accuracy. The orlglnal 4c-uBT system used relatlvely high activities (200-400 kBq)
and multiple breath sampling. Later studies showed that the diagnostic accuracy of 14C-UBT is maintained even with low
doses and single breath samples [6, 7].

The UBT indirectly detects gastric HP be measuring urease activity. However, urease-producing bacteria are also presentin
the oropharynx and may cause false-positive results, especially in early breath samples. Late breath sampling may result in
false-negative results because of emptying of urea from the stomach. Several procedures to avoid contamination of breath by
the oropharyngeal flora have been suggested, including mouth washing, simultaneous meal to delay gastrlc emptying, and
performance of multiple breath sampling. Another more simple and effective method is use of 14C-ureain a gelatin capsule,




thus bypassing the oropharynx. Hamlet et al reported that when the 14C.ureais supplied in a capsule, a single 10-min breath
Sample is highly accurate (100% sensitivity and specificity) for the diagnosis of HP infection. They compared the capsule
method with the urea drink method and found the former to be more reliable because no overlapping in activity occurred
between HP-positive and negative patients; by contrast, conventional breath testlng showed overlapping during the whole 30-
min test period. Their study also showed that a fatty test meal lowers the 14 CO9 excretion during the first 20 min and may
adversely affect the accuracy of a rapid UBT [8]. Other advantages of the capsule form include commercial availability, no risk
of spills, shorter test duration and a lower radiation dose.

The expression of results of UBT varies between investigators. Henze et al. and Veldhuyzen van Zanten et al. have used CPM
[14, 15]. Because CPM is affected by chemical or colour quenching, chemical changes of the cocktail and methods of sample
preparation, Pathak et al. strongly suggested the use of DPM counts [16]. For these reasons we preferred to use DPM counts
in the standard method.

Some authors have used formulas to correct for body weight or body surface to account for differences in endogenous CO»
production, the results being expressed as recovery standard units [(% of administered dose recovered/mmol COy trapped) x
body weight (kg)] [1,7]. However, neither of these factors has been proved to influence the results of the breath test. Indeed, it
has even been reported that uncorrected counts result in better distinction between HP-positive and negative patients [8, 15,
16]. For this reason and to simplify the test, we omitted all such calculations. Both tests gave excellent results and a high
correlation was found between DPM values of the standard method and CPM values of the Heliprobe method.

Adequate patient preparation is important if accurate results are to be obtained with 14c-UBT. Alarge number of investigators
have reported that the UBT becomes false negative during therapy with proton pump inhibitors. lansoprazole, bismuth
compounds, antibiotics and ranitidine [17, 18, 19]. Preliminary reports indicated that addition of citric acid to the urea
solution/capsule may diminish the negative effect of acid-inhibitory drugs on the accuracy of UBT [20]. Although we used an
acidified 14C-urea capsule, we preferred to discontinue medications before the test for a certain period of time. The exact
value of acidified urea needs further verification.

The dry, practical and ready-to-use breath cartridge is an important advantage of this new system. Besides the simple and
easy collection of breath, this system prevents accidental ingestion of hazardous organic CO9 absorber solutions during
breath sampling.

Carbon-13 is a no-radioactive isotope, but 13C-UBT is more expensive because it requires mass spectrometry. 14C has a
physical half-life of about 5,000 years, raising the question of the risks of radiation exposure. Because nearly the entire
ingested isotope is rapidly excreted in urine or breath over the following 72 h and only a small amount of isotope is used, the
test actually entails low radiation exposure (3 pSv) [21, 22]. In fact, the dose is less than the natural background radlatlon inone
day. As mentioned by Boivin et al., the debate on safety has revolved only around the radiation does received from 14C-UBT,
and it has been generally accepted that there is no or a lower risk with the 13C alternative. On the other hand, 13C-UBT
contains more than 30,000 times as much urea as 14C-UBT, and the safety of this amount of urea is also questionable [23]. For
this reason, in 1997 the Nuclear Regulatory Commission permitted in vivo diagnostic use of capsules containing 1uCi of 14C-
urea without a license [24]. Additional advantages of the Heliprobe system are the shorter test time and the low cost. Breath
samples are analysed with a B-scintillation counter in 14C-UBT and with a mass spectrometer in 13C-UBT. Because both
items of equipment are expensive, analysis can be done in an external laboratory by mail order and results are usually
obtained a few days later. In contrast, with the Heliprobe system the results are obtained in half an hour on-site and the
analyzeris much cheaper than either a 3-scintillation counter or a mass spectrometer.

In conclusion, the new Heliprobe 14C.UBT is a simple, rapid, practical, safe, cheap and highly accurate system for the
diagnosis of HP infection. The main advantages of the system are commercial availability, no risk of spills, reduced
interference by oropharyngeal flora, shorter test duration, low radiation dose, simple and safe breath collection, and a practical
and cheap counting system.
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Validation of a new portable near patient urea breath test; Heliprobe system W.A. de Boer!, C.vanAlfenl, J. Ryden2;
1Ziekenhuis Bernhoven, dept of Internal Medicine, Oss, Netherlands, 2Noster System AB, Stockholm, Sweden.

Background: Test & Treat is the evidence-based optimal strategy for the dyspepsia in primary care. According to the
Maastricht guidelines urea breath tests (UBT) are the preferred non-invasive initial Helicobacter test. Usually breath samples
need to be mailed to a central facility. We tested a new portable “near patient” 14c-uBT designed for primary care, thus
obviating the need to refer the patient.

Methods: Between April 2000 January 2002 endoscoped patients in whom biopsies were taken for Helicobacter were asked
to return for UBT. They received 1uCi (37kBq) of 14C-urea (Helicap capsule) with citric acid. After 10 minutes the patients
exhaled into a breathcard. After saturation it was inserted into the Heliprobe machine. Results take 5 minutes. Infection status
was based on number of detected 14C counts per measurement (d): infected if d=50, not-infected if d<25, and indeterminate

for d-values in-between.

Results: 107 pts participated, 1 was excluded due to indeterminate result. In all pts 7 biopsies were taken (antrum: 2 histology,
1 culture, 1 CLO. Corpus: 2 histology, 1 CLO). Combined biopsy results served as gold standard. Prevalence was 39%. The
Heliprobe System was easy to use and results were obtained within 20 minutes. Results: Sensitivity 95% (40/42) (95%Cl 84-
99), and specificity 100%(64/64) (95%CI| 94-100). There were no adverse events.

Conclusion: The Heliprobe 14c-.uBT system is a very reliable, easy to use, near patient Helicobacter test which can be used
fortest & treat in primary health care. Itis extremely reliable in patients not taking acid suppressants.
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Summary

The 14C-urea breath test is a non-invasive method for the detection of H. pylori. In this research this test is compared with the
biopsies taken during gastroscopy. A second group of patients is also subjected to the 14C-urea breath test in addition to the

3C-urea breath test, after informed consent. It appears from the results that the 14C-urea breath test is a good non-invasive
alternative test, which can be applied easily.

Two extra biopsies were taken from the antrum during a gastroscopy, in addition to the Golden standard. These two extra
biopsies have been used for the GUT-test a new, fast urease test. The GUT-test is compared with the CLO-test, the most used
urease test, and separately with the culture and the histology of the antrum.

The results from the GUT-test and the CLO-test are the same, with a sensitivity of 100% and a specificity of 100%. In
comparison to the histology and the culture, the sensitivity and specificity are respectively 94.1% and 96.6%.

The difference is particularly related to the costs and the fact that the GUT-test already provides a reliable result after 60




minutes.

Presently the treatment of Helicobacter pylori consists of a combination of medicines: a PPl with two or three antibiotics, being
prescribed for 7 days. The therapies achieve good results in clinical trials, but in practice it appears that the success
percentage is lower. This has got to do with the compliance.

The object of this study is to determine the effect of a treatment duration of less than 7 days on the effectiveness of therapies for
H. pylori eradication, by means of a systematic literature review.

Itis shown from the results that a quadruple therapy already has sufficient effect within 2 to 4 days. Amodern triple therapy only
has a sufficient effect after 5 days. These results show that it is possible to stop at an earlier stage. However, this is dependent
on which therapy a patient has obtained. A quadruple and a modern PPI triple therapy does make this possible but the old
bismuth triple therapy has to be applied for atleast 7 days.

Preface

When choosing a subject for my research training period | immediately thought of one of the subjects regarding Helicobacter
pylori. | have always been interested in this bacterium. Previously | had given a presentation about it. Thus | considered this
training period to connect well with my interests. | have chosen a combined training period, which means a part consisting of
patient directed research and a part consisting of literature searching. It was my intention to look at both aspects of research.

The practice directed part | have accomplished in the Bernhoven hospital in Oss. | have asked patients if they were willing to
voluntarily do a breath test to show the existence of the bacterium. Most patients are very curious as to what it is and how it
works. Therefore most of them were willing to co-operate with the research. | have enjoyed doing the literature searching,
although it is not always easy, because it takes a lot of time. But the results obtained make most of it very satisfying. | have
enjoyed doing both training periods and have learned a lot from them. Furthermore | would like to express my gratitude to my
supervisors for the support and time they have given me after the passing away of my mother.

Part 1: Validation of the Heliprobe and the GUT-test

Section 1: General Introduction

Helicobacter pylori is a Gram negative spirally bacterium that exclusively exists in the mucosa of the stomach, particularly in
the antrum. Butin addition to this it also exists in the corpus and fundus.1,2

H. pylori causes gastritis in anyone who is infected by the bacterium. The prevalence of H. pylori in the entire population is 30-
50% in the western world; in developing countries itis up to 90%. Eradication of H. pylori results in the cure of gastritis.3

5-20% of the persons with a H. pylori-infection get a peptic ulcer.

The correlation the other ways around between a duodenal ulcer and H. pylori is 95-100%. The correlation between an
ventricular ulcer and H. pylori is 70-90%.3 This infection also gives an increased risk of a stomach carcinoma.4 The risk of
getting a stomach carcinoma concerns persons with a H pylori-associated gastritis and is approx. 6 times higher than for
persons without H. pylori gastritis.

An infection with H. pylori can be shown in different ways. Invasive and non-invasive tests5,6 exist. All tests have advantages
as well as disadvantages, which is why in effect a screening has never been set up for Helicobacter pylori.

The Golden standard for the diagnostics consists of: a gastroscopy with biopsies for a direct urease test (for example the CLO
test), a biopsy for culture and biopsies for histolo%)é . These biopsies are taken both from the antrum and the corpus. Thus this
is an invasive test. The non-invasive tests are a 13C-urea breath test, a 14C-urea breath test, specific H. pylori serology or a
faecal antigen test.8,9 The urea breath tests are considered presently as reference methods for the non-invasive diagnosis of
H. pylori infection and undergoing the therapy.10,11 IgG-antibodies are shown during serology with the aid of ELISA. The
sensitivity varies between 80 and 95%, the same applies for the specificity. This test can only be carried out with untreated
patients, because after eradication therapy the titres are only decreasing slowly, and a sero-conversion mostly is not
forthcoming. If one would like to do a follow up with serology then 2 sera have to be collected, one from before the treatment
and one from at least 6 months after the treatment. A decrease of titre of more than 40% proves eradication.9 The faeces
antigen test has a specificity of 90% and a sensitivity of 80-90%. H. pylori antigens are shown in the stools with this test. This
can be both before and after eradication therapy.

Section 2; Validation of Heliprobe

In this study | have reviewed a 14C-urea breath test, which makes use of the HeIiCap® capsule as a source for the labeled
urea, and the breath samples are analysed in the HeIiprobeT'VI analyser. 12,13

The HeIiprobeTM method is based on the fact that the bacterium, H. pylori, produces an enzyme. This enzyme, urease,
catalyses the conversion of urea into ammonium and C02 H. pylori needs this ammonium in order to create an optlmal local
mucous environment in the acid stomach, thus increasing the pH. The urea can be labeled with a 13C or 14C-atom. The
Heliprobe makes use of the isotope 140, which has a very low amount of B-radiation. The radioactive amount used here is 1
MCurie. This is many thousands of times less than the radiation load of a Stomach x-Ray or a Thoracic x-Ray. The test can be
used both for the prlmary diagnosis and for the follow-up after eradication therapy, minimum 4 weeks after the end of the
therapy. Thus this 14C-urea breath test is a new non-invasive method to prove H. pylori. In this research we have compared
this new breath test with the Golden standard and in addition to it also with a validated, commercial 13C-urea breath test, the
HELICO STATETM with the BreathID analyzer. We would like to know if this test is reliable and safe and if the test would be a
good alternative in daily practice for the tests presently in use.




Section 2.1: Method

Patients, who have undergone a gastroscopy and from whom biopsies were taken, were asked to also undergo the 14C-urea
breath test on a voluntary basis.

The indications for a gastroscopy are mostly ulcer complaints not responding to acid inhibition within 4-8 weeks, primary
recrudescent ulcer complaints, secondary recrudescent reflux complaints and secondary recrudescent non-specific stomach
complaints within 1 year.

Following gastroscopy informed consent was obtained from most patients and we made a new appointment for them. Before
the gastroscopy and the breath test they had stopped swallowing a proton pump inhibitor and antibiotics for a minimum of 1
week. Before commencement of the test the patients were asked again if they were taken a stomach acid inhibitor and if they
had indeed stopped using it. Furthermore the patients had fasted since the previous midnight.

The Hellcap® a small capsule containing 1uCi labeled 14C-urea and critic acid, is mgested with 50 ml water. If an infection
with H. pylori exists, then the bacteria produce urease, which convert labeled urea. The ! 002 is absorbed in the blood via the
mucosa and transported to the lungs where itis exhaled. By exhaling into a BreathCard® the quantity of 1 002 presentinthe
exhaled air can be measured with the aid of the HeIiprobeT'VI apparatus. The BreathCard® consists of 2 pads containing a
concentrated quantity of alkaline. The pads become saturated with exhaled air, which is to stay with a certain amount of CO%D
After approx. 1 to 2 minutes the BreathCard® is saturated. This can be seen because an indicator on the BreathCard
changes colour from yellow to orange.

Table 1: Definition of Golden Standard

Histology (PA) | Culture | CLO-test
Patient H. pylori + | + +
Patient H. pylori+ | +
Patient H. pylori +
Patient H. pylori +
Patient H. pylori +
Patient H. pylori +
Patient H. pylori +
Patient H. pylori -

A second patient group had undergone a regular 13C-urea breath test, the HelicoSTATETM with the BreathID analyzer, and
those people were asked to voluntarily participate in the 14C-urea breath test as well. This as a comparison between both
breath tests. The patients who are participatingin a 13C-urea breath test are always told that they have to fast starting from the
previous evening. They also should not have taken, for at least the previous week, any stomach acid inhibitors or antibiotics.
For the version of the urea breath test used in Oss, patients are connected via a flexible nose tube with the Breathld analyzer.

Then the basic measurements starts, that is to say that the baseline is determined for the quantity of 13¢ present in the
exhaled air. Then the patient is asked to drink water with 75 mg 13C-urea and citric acid dissolved in it. The qu%ntlty of 1 002
in the exhaled air is determined again and the apparatus measures if a change has occurred. Agraph will appear on the screen
showing whether a patient has been infected with the bacterium or not. The test takes a minimum of 20 minutes. The cut-off
value of the graph is 5 DOB. That means that all patients with a value above the 5 DOB are Helicobacter pylori positive.

If informed consent was obtained, first the 14C-urea breath test was carried out because the quantity of urea, 1uCi labeled

4c- -urea, which is used in this test is many times less than the 75 mg Iabeled 13C-urea breath test. Conversely, there is a
strong possibility that the bacteria are already saturated with the labeled 13C-urea and thus will not absorb 14C-urea anymore.
Thus there is a larger theoretical possibility of false-negative results.

Section 2.2: Results
2.2.1; Comparison of 14C-urea breath test with the gastroscopic biopsies.

In total 77 patients participated in the first part of the research in which the breath test was compared with the biopsies. Twenty
two patients from the Canisius Wilhelmina hospital in Nijmegen and 55 patients from the Bernhoven hospital in Oss were
examined.

The research sample consisted of 52 men with an age between 25 and 83 years and 25 women with an age between 54 and 89
years. Thirteen patients used a proton pump inhibitor at the moment they were examined and 64 patients did not use a
stomach acid inhibitor.

The d-values varied between -21 and 516 cpm. These values originated only from the patients in Oss. In the positive group the
d-values were between 94 and 516 cpm. In the negative group they were between -21 and 19 cpm. For one patient (1.3%), a
man of 76 years of age, the result from the 14C-urea breath test was a 1, doubtful positive, and both the CLO-test and the
culture and histology were positive. Thus the patient had received treatment The d-value was 48, just below the cut-off value
ofthe test. Thus he is probably infected with the bacterium.




He uses a PPI, possibly he did not stop using it in time. It is already known from previous research that the d-value for patients
with a proton pump inhibitor decreases. And thus the test can yield false negative results. This patient was excluded by us on
the basis of the doubtful breath test results, and so the definitive patient sample consisted of 76 patients. Biopsies were taken
from these patients in order to prove H. pylori, by means of the Golden standard. The 14C-urea breath test was positive for 21
patients, negative for 55 patients. The number of patients having a positive Golden Standard was in total 23. Moreover, 17
patients had both a positive CLO-test and a positive culture and positive histology. Four patients had a positive CLO-testand a
positive histology, but the culture was negative. For 2 patients only the CLO-test was positive. 53 Patlents had a negative
Golden Standard, thatis to say all 3 test were negative. The results from the Golden standard and the 4C-urea breath test are
listedintable 2.

Table2: 14C-urea breath test in comparison with the Golden standard

Golden Standard +

Golden Standard -

"C-urea breath test +

21

0

"C-urea breath test -

2

33

Sensitivity 91%, Specificity 100%, Accuracy 97.3%

PPI+

Golden Standard +

Golden Standard -

"C-urea breath test +

1

0

MC-urea breath test -

1

10

Sensitivity 50%, Specificity 100%, Accuracy 91.7%

PPI-

Golden Standard +

Golden Standard -

C-urea breath test +

20

0

"C_urea breath test -

1

43

Sensitivity 95%, Specificity 100%, Accuracy 98.4%

For 21 out of the 76 patients both the Golden Standard and the 14C-urea breath test were positive. The sensitivity is 91% and
the specificity 100%.

If a distinction is made between patients who do use PPl and those who don't use PPI, then the results are as follows:

With PPI: sensitivity 50%, specificity 100%

Without PPI: sensitivity 95%, specificity 100%

For a patient, a man of 61 years of age the results from the Golden standard (both the culture and the histology were positive)

did not agree with the results from the 14C-urea breath test. The d-value is not known. This patient does not use PPI. Maybe he
had not fasted, or his bacteria count is so slow that it was false-negative in this test. For another man, 78 years of age, the
breath test was also negative while the histology and the CLO-test were positive. The d-value was 0 cpm. He uses a PPI, but
stopped using itin time for the examination.

2.2.2: Comparison of the 14C-urea breath test with the 13C-urea breath test

In a second patient group both the 14C-urea breath test and the 13C-urea breath test were carried out. In total 69 patients
participated it, all originating from the Bernhoven hospital in Oss.

There were 29 women with an age between 21 and 80, and 40 men with an age between 18 and 83.

Twenty six out of the 69 é)atients had a positive 14C-urea breath testand 43 a negative 14C-urea breath test. Twenty seven
patients had a posmve C-ureabreath testand 42 a negative 13C-urea breath test.

All patients who use stomach acid inhibitors stopped them at least 1 week before the examination. At the time of the
examination the patients did not use antibiotics.

The results are shown intable 3.

Table 3: 14C-urea breath testin comparison with 13C-urea breath test

Total

13C-urea breath test + | °C-urea breath test -
"(C-urea breath test + 26 0
MC-urea breath test - 1 42




Sensitivity 96%, Specificity 100%

For 26 out of the 69 patients both the 14C-urea breath test and the 13C-urea breath test were positive and for 42 out of the 69
both tests were negative. This results in a sensitivity of 96% and a specificity of 100%.

Forone pat|ent aman of 77 years of age, the 13C-urea breath test was positive and the 14C-urea breath test negative. The d-
value of the 14C-urea breath test was 0 cpm and the value of the 13C-urea breath test was 7 DOB. The bacteria count for this
patient is probably too low. ThIS man used a PP, so it is possible that he did not stop using it in time. It has been shown in
previous research that the 13C-urea breath test used by us is less sensitive for the effect of a PPl.14 For patients who use a
PPI, false negative breath tests results are often obtained. For that reason, we advise the patient to stop using a PPl one week
before the examination. However, some researchers advise a period of 14 days. In that way it can be explained why the 14C-
urea breath testis false-negative and the 13C-urea breath testis (true) positive.

Section 2.3: Discussion

For patients with stomach complaints the general practitioners can choose from multiple strategies. Recently a new NHG-
Standard for Stomach Complaints has been published in which advice is provided for the general

Practitioner regarding the policy to be followed.2,15 Elderly patients, above 55 years of age are advised to undergo a
endoscopy, in connection with the risk of malignancy. Patients with typical reflux complaints first undergo a test treatment with
a PPI. Forall other patients the “test & treat” strategy is advised.16

This “test & treat” strategy, by means of a non-invasive diagnostic test, determines if the bacterium, H. pylori, is present.
Patients with positive results can obtain immediately an eradication therapy. Stomach ulcer disease is excluded in patients
with negative results. An endoscopy is medically not necessary for Helicobacter-negative patients who are younger than 55
years of age, and without alarm symptoms. Only a small number of patients are still advised to undergo gastroscopy after the
“test & treat” protocol.17

In the directives from the CBO and NHG about stomach complaints2, the Urea Breath Test is indicated as the non-invasive test
method with the best test characteristics. Therefore this method is preferred to other non-invasive methods. For that reason |
have analysed further, in the Bernhoven Hospital in Oss, the value of the Urea Breath Tests.

My results show that the 14C-urea breath test, executed with the Heliprobe ™ system, is a good and reliable non-invasive
method to show H. pylori, in comparison with the Golden standard (endoscopic biopsies). It is a method that can easily be
carried out and moreover is not expensive. This test does not have to be carried out in a hospital environment, but can also be
carried out in the general practltloners office. Here the test can be used optimally wrthln the framework of the “test & treat”
strategy. When comparing the 14C-urea breath test with the previously evaluated 13C-urea breath test, in fact the same
results are obtained. Both tests are equally effective in tracing H. pylori infection. But patients do have to stop using acid
inhibitors and antibiotics in time.

The Heliprobe ™ system is less expensive than the 13C-urea Breath Test and easier to use. It is only a small portable
apparatus. The patients do not find it inconvenient to exhale into a BreathCard, they don't have to blow hard. The tablets and
the BreathCards have a long shelf life. The only, particularly emotional disadvantage is that an extremely small quantity of
radioactive B-radiation is used. Working with the capsule does not pose a problem either, because it concerns a very low
amount of B-radiation, which cannot get outside the capsule because of its low penetrating capacity.

The test is much less radioactive than an X-ray photo. But the word radioactivity deters patients, because they are still afraid
thatit can pose a danger to their health. The radiation load is equal to drinking 3-4 glasses of orange juice; therefore in America
the test does not come under the stipulations of the law regarding workrng with radioactivity.

An analyzer, which is an expensive purchase, is necessary for the 13C-urea breath test. In this case many different tests have
also been marketed, but in Oss use is made of the BreathlD analyzer from Oridion. This test can only be applied in a cost-
effective manner if many tests per month are being carried out. In a general practitioner's practice that will not be feasible, and
patients WI|| still be referred to the hospital or to the general practitioner's surgery

Thus the 14C-urea breath test appears to be a good alternative for the 13C-urea breath test. It can be used as a reliable non-
invasive Golden standard for the detection of H. pylori. The 14C-urea breath test is a valid possible choice for the “test & treat”
strategy, which can be applied well in a general practitioner's practice. This test can be carried out completely autonomously by
the general practltloner in his own practice. A dlsadvantage is that the 14C-urea capsule is not yet registered in the
Netherlands and the 13C-urea capsule with 75 mg ureaiis.

Annexe 1:1

14C_urea breath test versus Golden Standard




Date of
birth

Culture

Histology

31/07/49

23/02/60

10/02/30

07/01/45

08/11/37

10/02/46

02/11/24

24/08/39

14/08/48

29/03/26

03/05/25

08/07/79

28/07/37

23/04/59

05/04/26

31/07/34

10/06/36

26/09/35

05/06/43

04/04/65

12/10/48

28/03/38

31/10/24

05/09/29

27/09/57

04/12/45

24/10/37

24/10/35

10/02/40

29/06/42

21/02/50

20/06/48

10/07/45

27/03/39

20/05/30

18/11/46

28/05/22

02/12/34

30/10/23

18/04/32

24/05/56
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07/10/35
29/11/37
04/09/21
28/04/24
03/08/46
19/12/19
23/10/69
02/07/34
24/04/62
07/05/55
02/07/40
23/08/15
05/02/37
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4C urea breath test in CWZ versus Golden Standard

31/03/46
16/01/37
10/07/76
16/06/45
10/02/41
15/01/47
16/04/38
04/07/45
29/01/40
23/06/56
21/05/60
24/08/59
24/02/70
02/09/52
20/04/41
25/06/42
14/06/66
13/11/38
06/06/42
01/11/45
15/01/44
13/02/36
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Annexe2;

14C-urea breath test versus 13C-urea breath test




Date of birth

14C results

14C D-value

113C results

13C DOB

07/09/79

+

12.4

31/08/58

0.4

27/12/51

1.5

27/10/40

21.4

20/09/61

6.6

30/07/55

0.3

11/10/54

0.2

05/05/64

7.6

14/09/70

26.6

30/08/21

0.1

20/07/72

23

11/01/60

11.3

02/11/86

0.6

28/09/36

0.7

25/01/69

8.1

09/01/42

0.7

25/06/59

1.6

10/01/81

1.7

29/09/59

16.6

26/06/52

0.1

21/09/56

0.2

08/01/43

7.6

25/01/51

27.2

02/08/45

0.6

03/03/35

7.2

14/06/57

8.2

27/06/53

8.3

28/09/58

0.6

22/01/54

0.3

14/09/36

1

31/07/49

2

23/02/60

1

10/02/30

2

03/04/64

10

07/01/45

08/11/37

10/02/46

02/11/24

24/08/39

14/08/48

13/12/61

29/03/26

03/05/25
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28/07/37
23/04/59
05/04/26
31/07/34
10/06/36
26/09/35
05/06/43
04/04/65
12/10/48
28/03/38
31/10/24
05/09/29
27/09/57
09/06/47
21/12/59
20/08/60
20/08/49
01/10/62
05/08/60
08/01/61
05/02/63
08/07/83
11/01/48
03/08/62
04/06/35
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Selling against HISTOLOGY

+ Type of Helicobacter strain
+ Sensitivity / specificity
+ Otherinformation is given (not only if the patientis infected with Hp)

-Requires expertise
-Expensive

-Invasive (trying for the patient)
-Have to wait for result)

Selling Against 13C

+ No need for baseline
+ Shorter postprandial period
+Time

- Expensive
- Complexity
- Service & Maintenance

Selling Against BIOPSY TEST

- Invasive (trying for the patient)
- Operatordependent

- Time consuming

- Costly

Selling Against SEROLOGY

- Only antibody
- Noquick test
- Nofollow up

BREATH TEST

+ Sensitivity / specificity

+ Cheap

+Noninvasive

+ Test results immediately

+ Layperson can do the test (easy to use)

-No information about strain




RISKASSESSMENT

The riskimmanent to the use of a radiopharmaceutical is the exposure to radiation either of patlents of health personnel or of
the public. The risk assessment of the use of HeliCap capsules containing 37 kBq ( C) was given in the
toxicological/pharmacological documentation (Part lll). The points considered were and are the following:

1.Risk to patients: The physical half-life of (14C) is 5730 years. Studies on the biological half-time have, however,
demonstrated that ingested (14C) urea, administered e.g. as one HeliCap capsule, is eliminated quickly, and that determined
pharmacokinetic parameters clearly indicate a negligible risk to no risk at all:

-Munster et al investigated 18 subjects who received either 185 kBq or 37 kBq (14C) urea. Elimination via breath and
urine were examined up to 72 hours. Maximum recoveries of (14C) were between 1 and 2 hours after ingestion. Overall
elimination of (‘I C)independent of the amountingested (185 kBq vs 37 kBq) was ca 87% in “high expirers” and ca 99% in “low
expirers”. Long-term retention was low. When compared to daily exposure to natural sources of radiation which on average
figure 3.7 kBg/day, then the remaining activity 3 days after ingestion of a HeliCap capsule is not more and even less than the
average natural daily exposition to radiation.

-Like Munster et al, the detailed studies by Leide-Svegborn et al. also conclude that the exposure from a test dose of
110 kBq and of 55 kBq in children both correspond to about a day of natural radlatlon from the environment. The majority of
(14C) excreted in urine was found in the first 24 hours, and peak expiration of ( 4C) occurred within the first hour after
ingestion. Leide-Svegborn et al also conclude that there is no reason for restrictions on even repeated screening
investigations with 14C-urea in whole families, including children when administering a dose of 55 kBq 14C-urea (48% more
than whatis administered with the HeliCap.

-Further, exposure to radioactivity associated with the use of HeliCap is hundreds to thousands of times less than well
accepted procedures performed in departments of radiology.

2 Risk to health personnel: The council directive 96/29/Euroatom, Article 9(1) states that the limit on effective dose for exposed
workers shall be 100mSv in a consecutive five year period, subjected to a maximum effective dose of 50mSv in any single
year. A positive patient taking a HeliCap is exposed to a maximum effective dose of 0.003mSv. By definition the effective dose
for a health personnel carrying out the test being at risk for contamination from the patient must be much less. This is confirmed
by the analysis performed by the US Nuclear Regulatory Commission.

-The analysis made by the US Nuclear Regulatory Commission on exposure of workers administrating the 14C-urea

breath test led to the conclusion that a full-time worker administrating 8000 capsules per year containing 37 kBq 14C.urea
followed by breath testing would get exposed to 0.007 mSv per year which is by magnitudes below the annually permitted
effective dose stipulated by Council Directive 96/29/Euroatom (maximum effective dose of 50 mSv in any single year).

-The analysis made by the US Nuclear Regulatory Commission also included analysis of exposure due to potential
accidents in the administration facility: They calculated that rupture of a capsule causing skin contamination of the worker or
the patient (100 cm?2 exposed for one hour prior to washing resulting in 2.775 kBq skin absorption) would lead to an effective
dose 0f 0.00029 mSv.

3.Risk to the public: The Council Directive 96/29/Euroatom, Article 13(2) states that the limit for effective dose for members of
the public shall be 1 mSvin ayear. The analysis made by the US Nuclear Regulatory Commission on the environmental impact
1017 Bq (equivalent to the activity of 3.8 x 1012 breath tests), which is in addition to the huge inventory of about 8.9 x 1018 Bqin
the world's oceans” Further, “the current world inventory of naturally occurring 14C resultsin an average dose to the public of
about 0.0125 mSv per year, and the release of 2,22 x 1010 Bq of 14C from total 600 000 tests would result in an additional
average annual dose of 2.0 x 10-9 mSv per year”. This amount is negligible compared to the 1 mSv limit stated in the above
mentioned European Council Directive.

-Taking the European Commission Publication Radiation Protection 97. Radiation Protection following lodine-131
therapy (exposures due to out-patients or discharged in-patients) into consideration, which states that the following dose
constraints will be applied:

-Children (including unborn children) 1mSv

-Adults (under 60 years of age) 3mSv
-Adults (60 years of age and older) 15mSv

-Other persons (members of the public) 0.3mSv

Then the maximum radiation dose of 3 microSv following one diagnostic test in a Helicobacter pylori positive patient is still 100
times less than even the tightest dose constraint stipulated for the public in the above mentioned Radiation Protection
Publication to safeguard them from radiation exposition through lodine-131 treated patients.

Noster System AB's overall conclusion concerning radiation risk and the use of HeliCap is: For patients, health personnel and
the public there is potentially no radiation risk involved in the use of HeliCap.
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