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I. INTRODUCTION

Adequate and well controlled dose finding studies play a key

role in the development of new drugs and in the evaluation of new

indications for existing drugs. Hereby the range from the minimal

effective dose to the maximal effective and well tolerated dose

can be assessed and - as a conclusion - the optimal dose-range be

defined. While careful clinical-pharmacological dose-response

studies on a short term basis (single dose or infusion over se-

veral hours during one day) have been carried out in man already

in the early seventies, this picture is less positive for cli-

nical dose finding studies in gastrointestinal therapy. In fact

only during the past few years different doses of an investiga-

tional drug have been compared within the same therapeutic trial.

Dose finding studies are carried out in patients with the speci-

fic disease during phase II and phase III of the clinical develop-

ment. Meaningful pharmacodynamic studies can be performed also in

healthy volunteers provided that a method with a high predicta-

bility for the desired therapeutic effect is available such as

measurement of gastric acid secretion and its inhibition by a

drug.

Dose finding studies which focus on the gastrointestinal tract

can be carried out under two main aspects: First, to assess the

therapeutic effect of a compound on the gastrointestinal tract

(e. g. anti-ulcer drug). Second, under safety aspects, to evalu-

ate the side effect of a drug on the gastrointestinal tract

(e. g. gastric mucosal damage by non-steroidal anti-inflammatory

drugs [NSAID]) and its prevention (e. g. by "cytoprotective"

agents).
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For the evaluation of new drugs in gastrointestinal therapy a

number of methods are available which yield accurate and repro-

ducible data. These methods are briefly described and examples

for dose-response studies are given in the following sections.

II. ESOPHAGUS

Esophageal manometrv

Esophageal manometry has become an established procedure for the

drug evaluation in man. With this method the effect of drugs on

smooth muscle in man can be investigated. Due to the direct

accessibility of the esophagus the investigation is technically

easy to perform and is well tolerated by the patient. For de-

tailed description of this method we refer to the literature

(Castell et al. 1987, Weihrauch 1981, 1988).

Esophageal manometry gives accurate and reproducible data of

drug effects on lower esophageal sphincter pressure (LESP) and

peristaltic contractions. Numerous dose finding studies have been

performed in healthy volunteers as well as in patients. Since its

value for drug studies has been well established during the past

decade we propose the term "esophageal pharmacomanometry" for

this method. Its usefulness for the evaluation of new drugs will

further be increased by the fact that 24-hour ambulatory measure-

ments with computer-assisted analysis will be available within

short (Emde et al. 1988). With this technique an even more physi-

ologic condition during the examination, a further reduction of

possible irritation of the subject and quantitative analysis of

the tracings will be available.

Dose-response studies have been carried out using esophageal

pharmacomanometry for prokinetic and spasmolytic compounds.

The prokinetic compounds which have been studied in healthy vol-

unteers and in patients with gastroesophageal reflux disease are

metoclopramide (Stanciu and Bennett, 1973, Cohen et al., 1976),
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domperidone (Weihrauch et al, 1979) and cisapride (Gilbert et

al., 1987). It could be shown that the lower esophageal sphincter

pressure (LESP) is increased dose-dependently by rising intrave-

nous doses of these drugs.

From the study of Stanciu and Bennett (Figure 1) a new patho-

physiological conclusion could be drawn which was extremely im-

portant for the treatment of patients with reflux esophagitis: In

patients with severe disease i.e. a significantly decreased lower

esophageal sphincter pressure, metoclopramide increased only

moderately the sphincter tonus while in patients with an intact

function the increase was two to three-fold.
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Fig. 1. Effect of rising intravenous doses of metoclopramide on
lower esophageal sphincter pressure in reflux patients (Stanciu
and Bennett, 1973).
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Recently it could be shown by esophageal pharmacomanometry that

prostaglandin E.̂  and E2-analogues do not have a negative effect

on esophageal motility as it was concluded from animal studies.

On the contrary in man prostaglandin analogues even increase LESP

in doses which are used for ulcer treatment (Baunack et al.,

1988) (Figure 2). This result is of high importance for the

treatment of peptic ulcer disease in regard to drug safety.

Furthermore it qualifies these prostaglandins for studies in

reflux esophagitis.
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Fig. 2. Dose-related effect of 300 and 600/̂ g of rioprostil p.o.
compared to placebo on lower esophageal sphincter pressure (LESP)
and contraction amplitudes (CA) of esophageal peristalsis
(Baunack et al., 1988).

Spasmolytic agents: Esophageal pharmacomanometry has contributed

significantly to the elucidation of the pathogenesis of primary

esophageal motility disorders, e. g. diffuse esophageal spasm

(DES) and achalasia as well as to their treatment. It could be

shown that especially calcium-antagonists of the dihydropyridine

type as nifedipine have a dose-dependent effect on esophageal

motility in healthy volunteers (Baunack et al., 1985) and a posi-

tive therapeutic effect on esophageal spasms in achalasia and DES

(Weihrauch, 1984).
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Endoscopy

Endoscopio examinations are of great importance for dose-

response studies for reflux esophagitis. As stated above only

recently such studies with comparison of different doses have

become available. For the quantitative assessment of therapeutic

improvement by scoring a system for the severity of the lesions

is used. Figure 3 shows the dose-dependent effect of cimetidine

on the healing of reflux esophagitis.

Acute treatment

Ctmetidine 400 mgBID

Cimettdine 400 mgQID

Maintenance treatment

CImetEdlne 400 mg Nocte

o- - o
Placebo Nocte

6 12 12 24
weeks after start of treatment

Fig. 3. Effect of different dose-regimens of cimetidine on the
healing of reflux esophagitis (Kaul et al., 1986).

pH-Metrv

24-hour pH-metry for the assessment of gastroesophageal reflux

and the effect of drugs is being increasingly used. Portable in-

struments and computer assisted evaluation has improved the value

of the method significantly. For the assessment of the severity

of the disease and its change by the treatment essentially the

frequency and the duration of reflux episodes are analysed.
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Bennett et al. (1983) could show that 1 and 2 g of cimetidine

influenced significantly the number of reflux episodes but not

the other variables as percent time < pH 5 and 4 and mean dur-

ation of reflux episodes.

Scintiscan

The results of this method correlate well with esophageal mano-

metry. Due to the fact, however, that radio-labelled material has

to be applied its suitability for the assessment of drug effects

is limited.

III. STOMACH

Gastric secretion measurement

Measurement of gastric secretion and the effect of drugs on acid

output is a good example for the high value of phase I dose find-

ing studies in healthy volunteers for the anticipated optimal

therapeutic dose in patients of phase II and phase III thera-

peutic trials. The methods for gastric acid secretion analysis

and meal-stimulated acid secretion including quantitative 24-hour

measurements are well established, accurate and reproducible.

Figure 4 shows the dose-dependent effect of rioprostil on penta-

gastrin stimulated acid secretion in (Demol et al., 1985) compa-

rision to placebo. Under more physiological conditions the effect

of the same compound on meal stimulated acid secretion is shown

(Singer et al., 1985, Schulte et al, 1987, Feldman et al., 1988).
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Fig. 4. Effect of rioprostil on the pentagastrin-stimulated
secretion (Demol et al., 1985).

Long term monitoring of gastric pH : pH-Metrie

Prolonged measurements of gastric acidity are well suited for

the evaluation of gastric antisecretory drugs. Until recently

this long monitoring was done by intubation and aspiration.

However, this implies repeated sampling procedures which are

inconvenient and uncomfortable for the subjects. Nocturnal

sampling, especially when acid secretion is inhibited by drug

intake, is often impossible due to low intragastric volumes

(Levin et al., 1948).

The recent development of stable, miniaturized glass electrodes

and digital processing facilities has enabled the long-term

reliable, safe and comfortable monitoring of intragastric pH in

volunteers or patients (Fimmel et al., 1985).
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The technique is very well suited for assessing the effect of

antisecretory drugs on night secretion. With this technique it

was shown, for example that a regimen of two doses of 300 mg of

ranitidine did not lead to longer-lasting inhibition of gastric

pH than two doses of 150 mg (Walt et al., 1981).

This method provides precise pH-threshold 24-h curves which give

a precise indication of % reading of pH above 4 (considered as

necessary for the ulcer healing) and so provide a more rational

basis to compare the efficacy of different drugs.

Endoscopy (Ulcer studies!

Endoscopy is an objective way of diagnosing peptic ulcer and its

healing. However, the appreciation of the size of the ulcer can

vary greatly from one investigator to another. This is why the

only reliable endpoint for clinical efficacy is the complete

disappearance of the ulcer with or without a scar.

It is important to realize that there is a strict correlation

between ulcer healing rates and the potency of a drug to suppress

acid secretion. Better dose-response curves can be obtained when

additionally to baseline and 4 weeks endoscopies an examination

is also performed after 2 weeks.

Out of tens of large double-blind trials in patients with peptic

ulcer very few have been real dose finding studies. The reason

for that is that investigators use strong antisecretory doses in

the first trials and then progressively reduce the dosage in

successive trials.

For example 80 mg ranitidine decreases the H secretion by 70 %

in healthy volunteers but the usual doses applied in patients

during trials are 150 mg bid or 300 mg od. Concerning famotidine,

the dose of 20 mg inhibits the pentagastrine stimulated secretion

by already 90 % : this explains why Gitlen et al. (1985) found no

difference in the 8-weeks healing rate in DU patients when com-

paring 20 mg bid, 40 mg bid and 40 mg od (82, 82 and 83 % respec-

tively) .
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For cimetidine, the best documented H2-receptor-antagonist, only

in 1986 a large multicenter, double-blind placebo-controlled dose

finding study was published which clearly showed that in a total

of 703 patients cimetidine given once at bedtime accelerates duo-

denal ulcer healing dose-dependently after 4 weeks (Braverman,

1986) (Figure 5).
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Fig. 5. Dose-dependent effect of cimetidine on 4-weeks healing
rates of duodenal ulcer (redrawn from the data of Bravermann,
1986).

Another dose finding study compared different doses of enprostil

with placebo at 2 and 4 weeks (Thompson, 1986) .

Recently a specific blocker of the enzyme H+ K+-ATP ase (the

gastric proton pump) in the parietal cell, omeprazole has been

introduced in the therapy of peptic ulcer. This substance binds

strongly for periods longer than 16 h which explains why the

antisecretory effect persists a long time after the substance has

disappeared from the blood stream. Moreover its antisecretory

activity increases in a few days because omeprazole increases its

own availability by inhibiting acid secretion (Prichard et al.,

1985). These interesting characteristics explain why the antisec-

retory effect of omeprazole does not correlate with Cmax but with

AUC in a non linear fashion (Sharma et al., 1984).

In a carefully designed dose finding study realized in 43 DU

patients the administration of 20, 30, 40 or 60 mg/day induced a
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healing in 90% more in the 4 groups (Brit. Coop. Study, 1984).

This absence of dose-effect can be explained by the already

strong inhibitory effect of 20 mg (more than 90 % in volunteers).

However a linear correlation between the dose and response is

observed between doses (10 to 60 mg/day) after 2 weeks of treat-

ment (healing rates between 50 and 100 %).

Endoscopy (NSAID-lesion prevention studies)

Endoscopy is the best way to analyse the therapeutic and preven-

tive effect of protective substances on lesions induced by non

steroidal antiinflammatory drugs (NSAID). This model has been

validated by several authors although different scores of lesions

have been used (Lanza et al., 1980; Silverstein et al., 1980).

Several new prostaglandins have been tested prophylactically or

therapeutically against the gastric lesions induced by acetyl-

salicylic acid (ASA). Gilbert et al. (1984) showed for a PGE2

derivative clear dose-response between the dose of the prosta-

glandin and the proportion of volunteers with minimal or no

gastro-duodenal lesion induced by 1.3 g of ASA.

By the endoscopio examination using a toxicity score a clear

therapeutic (preventive) dose-response can be described (Tolman,

et al.,1988)

Gastric emptying

This method requires application of a radio-labelled meal which

limits its general use. Additionally vast interindividual varia-

tions narrow the value of this method. Therefore, its use for

dose finding studies cannot be recommended. Possibly in the fu-

ture gastric emptying assessment by sonography may reach the

accuracy which is necessary to differentiate between doses.

A dose-response relationship could be demonstrated for cisapride

(Baeyens et al., 1984).
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Gastric potential difference (GPP)

Measurement of the gastric transmucosal potential difference

(PD) is an easy and well tolerated technique. The GDP is a very

sensitive index of the mucosal integrity.

A good correlation between the kinetic of the ASA-induced drop of

PD and the percentage of damaged cells with light microscopy has

been demonstrated in healthy volunteers by Baskin et al. (1976)

In volunteers we have used this technique to show a dose-

dependent reduction of the area under the curve (AUC) of the PD

by two doses of rioprostil of the drop following the ingestión of

0.5 g of ASA given together with rioprostil (Demol et al., 1986)

Vance et al. (1982) have demonstrated a linear correlation bet-

ween the kinetic of bioavailability of ASA and the AUC of PD.

Figure 6 shows the effect of different doses of rioprostil on

GPD in volunteers with concomitant ingestión of ASA.
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Fig. 6. Dose-dependent effect of rioprostil (R) on
salicylate (S)-induced change of gastric potential difference
(GPD) (Demol et al., 1986).
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Fecal occult blood loss measurement

51Cr-labelled red blood cells

The measurement of Cr activity in the stool after i.v. appli-

cation of 51CR labelled red blood cells as a parameter for fecal

occult blood loss in man is a sensitive and internationally well

established method.

A dose-dependent protective effect of the PGE^-analogue rio-

prostil on occult blood loss after high doses of ASA could be

shown (Cohen et al., 1984).

IV. GALLBLADDER

For the evaluation of drug effects on gallbladder motility sono-

graphy is used. The total plane of the gallbladder and its

changes after drug application are measured by planimetry. Expe-

rience is limited. However, first studies are promising (Hopman

et al. , 1985) .

V. SMALL BOWEL

H2-breath test is a very easy and useful method to measure the

mouth - to - caecum transit time in volunteers or patients.

However, its variability is high and is probably not reproducible

enough to be used as a tool for pharmacological dose-response

studies. To our knowledge no dose finding studies have been

published using this method.

VI. LARGE BOWEL

Endoscopy

During the last decade two main tools for quantitative assess-

ment of improvement of inflammatory bowel disease have become

available: Fibre optic endoscopy and an improved scoring system
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for inflammatory activity, the so called "activity index". Just

recently a therapeutic dose-response study has been carried out

(Schroder et al., 1987).

It could be shown that in comparison to placebo 1,6 g and 4,8 g

of 5-ASA, respectively, influenced complete and partial healing

of chronic ulcerative colitis dose-dependently (Figure 7).

Healing
50

Placebo 5-ASA (1,6g) 5-ASA (4,8g)

Fig. 7. Effect of oral 5-Aminosalicylic acid (5-ASA) therapy on
mildly to moderately active ulcerative colitis (drawn from data
of Schroder et al., 1987).

Conclusion

It is concluded that pharmacological dose-response studies in

the treatment of gastrointestinal diseases have been carried out

only during the past few years. Before, innumerable studies have

been performed for example in peptic ulcer disease comparing one

dose of the investigational drug with placebo and/or a standard

drug. It is obvious that the recent change of the approach to the

therapeutic evaluation of a new drug reflects also a strong im-

pact of the requirements of the health authorities in different

countries.
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Various methods in clinical pharmacology with a high predictabi-

lity make a first judgement on different therapeutic doses poss-

ible and should be used for new drug developments. Nevertheless

therapeutic dose finding studies are ultimately necessary.
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Discussion - Pharmacological dose-response curves in gastro-

intestinal therapy

E. Perucca

When discussing dose-response relationships in the case of

inhibitors of gastric acid secretion, the time factor should

always be taken into account. Studies with H2 antagonists may

show no difference between two doses at 4 or 8 weeks, but there

may be a difference at an earlier time. Do you recommend explo-

ring the effects before 4 weeks of treatment?

T.R. Weihrauch

One tends to limit the number of explorations since endoscopies

are rather unpleasant, and a study at 4 weeks is almost an

standard procedure. However, with the development of the highly

effective proton pump inhibitors earlier times of exploration may

be considered. Perhaps an endoscopy at 2 weeks, followed by

another at 4 weeks in those patients that have not healed, would

be a suitable recommendation in this case.

F. García Alonso

Have you been able to correlate the rate of healing with the

achieved values of gastric pH? In my experience this is not the

case with drugs such as omeprazole.

T.R. Weihrauch

Healing rates correlate directly with the degree of acid secre-

tion inhibition. This is observed in the range of 60-100%

inhibition. Omeprazole tends to produce maximal inhibition and

therefore the correlation may not be so apparent.

P. Simon

The likelihood of finding statistically significant differences

in dose-ranging studies obviously depends on the number of

patients in each group. Shall we enormously increase the number

of patients in these studies or can we find something else in

terms of appreciation of statistical equivalence?
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L.F. Prescott

When considering rates of ulcer healing and percentage inhibi-

tion of acid secretion one cannot forget that it may be better

for the patient, in the long run, to have his ulcer healed a

little less quickly, but more completely. In other words, what is

the important end point? Is it the ideal to have the ulcer healed

in one day? Is that what we should be looking for, or what is the

best efficacy profile for this type of drug? What do we want? Do

we know?

T.R. Weihrauch

The end point of efficacy is really the healing of the ulcer,

so that is what we are really aiming at. Although complications

and even symptoms may not always strictly correlate with the

presence or absence of an ulcer, we want to heal the ulcers.

B.P. du Souich

These last years there have been many papers dealing with ulcer

recurrence. Do we just want to heal something quickly or are we

also interested in trying to avoid also the recurrence?

T.R. Weihrauch

Your are quite right. Healing is one thing and recurrence is a

different issue and there are many things to consider. Prevention

of recurrence is quite a different issue from ulcer healing and

many results published are contradictory. Dose-response studies

are truly needed in this field.




