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Abstract

Objectives: We aimed at estimating the probabilities of clinical events that specifically reflect the Japanese domestic clinical situation by in-
tegrating pharmacoepidemiological methods. These probabilities could ultimately be used in pharmacoeconomic analysis using principles of
clinical decision analysis.

Design and Methods: We based our analysis on the use of H:-receptor antagonists for the treatment of upper gastrointestinal hemorrhage.
Literature searches were conducted in order to obtain relevant information for our study. Three domestic randomized controlled trials (RCTs)
were identified as containing appropriate evidence for the analysis. The results (hemostatic rate associated with cimetidine's treatment after hem-
orrhage) from the different RCTs were consolidated, and the constant hazard hemostatic (CHH) rate for cimetidine was calculated using the
general variance-based model. Furthermore, relative risks (RRs) and risk differences (RDs) for other H,-receptor antagonists (roxatidine,
famotidine and ranitidine) in relation to cimetidine were calculated. Finally, clinical efficacy rates for roxatidine, famotidine and ranitidine were
estimated by either multiplying RR in each drug group with CHH or subtracting RD in each drug group from CHH.

Results: Hemostatic rates for roxatidine, famotidine and ranitidine at 36 hrs after initiation of treatment ranged from 0.436 to 0.658 when RRs
were used and from 0.436 to 0.624 when RDs were used, indicating that there were no large differences between the drug groups.
Conclusion: The calculation techniques used in this study may be useful for estimation of the probability of a clinical outcome associated with

a medical intervention. Such probability values can be employed in pharmacoeconomic analyses using principles of decision analysis.

Keywords: pharmacoeconomics, decision analysis, probability, meta-analysis

Introduction

Clinical decision analysis” is an indispensable technique for
the evidence-based evaluation of drugs. In pharmacoeconomic
analysis, this technique is widely used for evaluating the clinical
and economic profiles of drugs.

In order to perform pharmacoeconomic analysis using clinical
decision analysis, it is necessary to determine the probability of
relevant clinical events. Although it is easy to obtain the data
necessary for clinical decision analysis in Western populations
by conducting a meta-analysis of clinical studies, acquisition of
such data is often difficult in Japan. When foreign data are in-
cluded in an analysis, it is questionable whether the domestic
clinical scene is well reflected and transferability is appropriate
in practice.

In the treatment of upper gastrointestinal hemorrhage™’,

endoscopy is usually performed to confirm bleeding lesions and

status so as to determine whether the bleeding is related to
phlebeurysm. Based on the endoscopic findings obtained, a
therapeutic strategy is devised. Non-phlebeurysm-related bleed-
ings usually require pharmacotherapy; endoscopic hemostasis
using a hemostatic clip or pure ethanol injection is followed by
drug treatment. The drugs frequently used are Proton Pump
Inhibiter (PPIs) and H, receptor antagonists (H. blockers;
H:RAs), and it has been proven that the hemostatic rate achieved
three days after the start of a drug treatment is approximately
70-90%""" One of the PPIs is reported to achieve a hemostatic
rate as high as 90%”, however its price is up to four times
greater than H.RAs, which precludes smooth and immediate de-
cision-making to use PPIs.

Georee and colleagues” at McMaster University, Canada,
have conducted an economic evaluation of PPI versus H,RAs for
the treatment of erosive esophagitis, applying semi-parametric

Cox proportional hazard regression. They estimated the

0o0000) 0000 (0000000000000 0) 0247855 000000000 OOOOOO
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Item Sub-item Point
Study Selection of study subjects is described adequately. 3
design Selected patients are described. 3

Trial discontinuation and its reasons are described. 15
Treatment methods are defined. 15
Placebo and an active drug are externally indistinguishable. 10
Placebo and an active drug have the same taste. 8
Patients are masked about the treatment. 8
Doctors are masked about the treatment. 4
Doctors and patients are masked about outcomes. 3
The number of cases necessary for research is estimated
beforehand. 3
Whether randomization was adequately made is evaluated. 3
Whether masking was adequately made is evaluated. 3
Treatment compliance is investigated. 3
The biological activity of an active drug is measured. 3
Sub-total 57
Analysis | Statistical values and P-values are described. 3
Power is described in case of no efficacy. 3
The confidence interval of efficacy judgment item is described. 2
Life table or time sequential analysis is described. 2
Regression analysis is performed if needed. 2
Statistical analyses are adequate. 4
Trial discontinuation is handled appropriately. 4
Adverse reactions are described and statistically analyzed. 3
Sub-groups are analyzed appropriately. 2
Persons in charge of statistical analysis are masked regarding 2
treatment groups.
Pre-trial preparative results are explained from multiple aspects. 3

Sub-total 30

Description | Days of starting and completing the trial are described. 2
Inter-group comparison is made before starting the trial (at entry). 2

All endpoints are tabulated. 2

Survival curve or supporting data are provided well. 4

Sub-total 10

Source: EBM Upgrade for Clinicians. Toshio Morisane (translated). pp.131-32. Igaku-Shoin®

Table 1. Score system for evaluating randomized comparison
studies

probabilities of healing and recurrence associated with different
treatments by consolidating the results of a variety of published
papers, and used these values in their decision analysis.
Similarly, using the treatment of upper gastrointestinal hemor-
rhage with H;RAs as a clinical example, we aimed at their calcu-
lation methodology to obtain the probabilities of clinical events
specifically reflective of the Japanese clinical situation ready for
conducting economic evaluation among H.RAs. As the treat-
ment of upper gastrointestinal hemorrhage requires the use of a
significant amount of medication at St. Luke' International
Hospital, Inoue and colleagues separately performed an EBM-
aided investigation to identify the most favorable H.RA for the
treatment of upper gastrointestinal hemorrhage (non-
phlebeurysm) with the aim of reducing these drug costs, both
from an institutional perspective as a further step in taking into
account the introduction of flat-payment system (i.e. DPC; diag-
nosis procedure combination) to the institution.

Such evidence-based medicine probabilities would be appro-
priate for use in the clinical decision analysis approach to

pharmacoeconomic modeling in Japan.

Methods

U Search for References

In order to collect the clinical information on which to base
the estimation of the probability of clinical events (in this case,
hemostatic rates obtained with different treatments after gastro-
intestinal hemorrhage), relevant clinical studies were identified
via by the search procedures shown below.
1) PubMed was used to search for international journals on the
MEDLINE database, and Japana Centra Revuo Medicina was
used as the reference system for local Japanese journals.
2) The keywords used to search the PubMed were "randomized
controlled trial (RCT), gastrointestinal bleeding, hemorrhage,
roxatidine, famotidine, ranitidine, and H,-recpetor antagonist
(Hz-blocker)". The keywords used to search the Japanese data-
basewere "0 0 00000000 OOOOODOODOO (ran-
trials), O O O O O O O (upper
gastrointestinal bleeding), [1 [J [0 O O U (roxatidine), O O 0
0 O O (famotidine), 0 O O O O (ranitidine), and H, 00 O O
000 [H. receptor antagonist (Ha-blocker)]".

domized controlled

3) The references obtained were weighted based on Chalmers'
checklist for randomized controlled trials”’ (Table 1), and then
consolidated.
U Calculation of the hemostatic rate

Our concept behind the calculation method is shown in Fig 1.
The hemostatic rate associated with cimetidine at 36 hrs after
dosing (primary evaluation time point) was predicted by consoli-
dating the Japanese RCT results.

The reasons that we chose hemostatic rate at 36 hrs after dos-

ing are as follows:

As aforementioned, Inoue et al.'”

, one author, separately re-
ported the cost-effectiveness analysis of H.RAs compared to
cimetidine from the institutional viewpoint. Gastroenterological
physicians at St. Luke's International Hospital often make a de-
cision on the additional endoscopic surgery at 36 hrs after the
first treatment in practice.

Secondly, all RCTs of roxatidine'”, famotidine'”, and
ranitidine™ compared to cimetidine were set in the evaluation
on hemostasis based on the following criteria.

1) Excellent: hemostasis within 36 hrs after dosing

2) Good: hemostasis in-between 36 and 72 hrs after dosing

3) Poor: hemostasis in-between 4 and 7 days after dosing

4) Ineffective: no hemostasis beyond 7 days after dosing

We determined to choose very conservative efficacy rate as
the point of 36 hrs may be very important to make a decision on
switching from original therapy to second therapy, taking into

account rescue or life-threatening condition.

047(110)0
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vs RT M) RR.orrD,
s FT - RR;or RD;
VS ZT - RR, or RD,

Conversion of  the
hemostatic rate  to
each of the
observation times by:
h(t)=1- exp(-ut)

Estimated

1 probabilities
=CHHcony X RRs

_————

The constant hazard

hemostatic (CHH)

or
Estimated
probabilities
=CHH,ony - RDs

rate consolidated

Fig 1. Concepts behind the analysis

CT = cimetidine, RT(r) = roxatidine, FT(f) = famotidine, ZT(z)
= ranitidine;

RR = relative risk, RD = risk difference, h(t): hazard
function=CHH

CHHconv: Conversion of the hemostatic rate with respect to
time by: h(t)] 1- exp(-M t)

After study-to-study variations were corrected by means of the
random effect model in meta-analysis, the constant hazard
hemostasis (CHH) rate was estimated. The formulas used in the
calculation of CHH rates are identical to those reported by
Goeree and colleagues”’, and are shown in Table 2. For more
information the calculation methods were applied from semi-
parametric Cox proportional-hazards regression.

Moreover, the CHH rate in cimetidine at time t (i.e. 36 hrs =
1.5 days) was transferred to the entitled "converted CHH (sym-
bolized by CHHconv)" for estimating the probability distribu-
tion of time to an event. The formula was given by the
parametric survival distributions as Lee' stated. As Kuntz, et

al 15)

also stated, even though there are a number of survival dis-
tributions, the most simple of which is the exponential distribu-
tion, which assumes that the hazard function (= CHH) is
constant with respect to time.

The theory is as follows:

First exponential distribution is presented by:

S(t) = exp<*f0tf(z‘)dt>

where S(t) is the survival distribution, f{z) is the haz-
ard function (=CHH), and t is time. t[J 0.

Moreover, the hazard function (U ) is separately presented by

an integrated area under the curve of f{(z) from 0 to t:

A Observation time in Study i

n The number of evaluated patients in Study i
T, Hemostatic rate at time A in Study i
A==In(1=1)/ A Hemostatic rate in Study i

V(A) =/ [(-7) % n; x AZ
w,=1/ V(1)
A= wx A)/Zw,

Variation of hemostatic rate in Study i
Weight given to Study i

Summary of hemostatic rate in a drug
Random effect adjustment
RSS = Z[w, X (1-1)]

S?2= [RSS—(k-11/[ Zw~(Zw>~Zw)] Estimate of inter-study variation for individual drugs
w'=1/ [V(A)+8%]

A= (W x 1) Zw!
VA =1/ Zw®

95%CI= A" 196 x V(1)

RSS: residual sum of squares, w: weight, V: variance, Cl: confidence interval, #: constant hazard hemostatic (CHH) rate

Residual sum of squares for a drug

Random effects weight given to Study i
Random effect hemostatic rate” for a drug
Random effects variance of hemostatic for a drug

95% CI of hemostatic rate for a drug

Table 2. Formulas for calculating the constant hazard
hemostatic rate

Mt:j;tf(z‘)dt

The following formula is, therefore, given by:

SO0 exp(-H 1)
S: survival distribution,u : hazard function (=CHH),

t: time.

However, we would like to finally gain hemostatic rate (h),
thus a value resulting from subtracting from 1 to S(t), which is
equal to the probability of the hemostatic rate presented by h(t),
is finally given by:

h(t)[] 1-exp(-p t) a
where h(t) is the probability of hemostasis with cimetidine at
time or day (t), and Y is defined as the CHH rate (in this
case, CHHconv=h(t)).

Secondly, assuming that the evaluation measurement index of
a presumed population is constant, the relative risks (RRs) of in-
dividual drugs and their risk differences (RDs) from cimetidine
were calculated using the general variance-based method. The
hemostatic probabilities in each drug group were estimated by
multiplying the RRs of individual drugs by, or subtracting the
RDs from, the cimetidine 36-hr hemostatic rate obtained by cal-
culation using the formulas shown in Table 2. When calculating
the probability of hemostasis for individual drugs, it was as-
sumed that the RRs of individual drugs to cimetidine were con-

stant at the 36-hr time point.

P=h(t)*RR O
P=h(t)-RD O
where P is the probability of hemostasis with H2RAs other

than cimetidine, h(t) is the probability obtained for, RR is the

048(111)0
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Trial No of Drug Dosage Quality Hemostasis”
pts Score* (ITT)
Miyoshi Aetal.”™ 82 Roxatidine 75 mg iv bid 0.69 62.2%
(51/82)
82 Cimetidine 200 mg iv 58.3%
qid (49/84)
Kidokoro Tetal.” 45 Famotidine 20 mgivbid  0.80 53.8%
(28/52)
50 Cimetidine 200 mg iv 42.3%
qid (22/52)
Kamata T et al.” 59 Ranitidine 50 mgiv 0.77 55.9%
qid** (33/59)
62 Cimetidine 37.1%
200 mg iv (23/62)

qid

iv: intravenous. bid: bis in die= twice a day, gid: quarter in die= four times a day

* Evaluation based on Chalmers's checklist”. ITT: Intent-to-treat. #: rates evaluated at 36 hrs after dosing
**: According to a package insert of ranitidine. both 50 mg and 100 mg ampoules for ranitidine injection are available
to treat gastroenterological diseases at present, for the treatment of upper gastrointestinal hemorrhage 100 mg iv bid

may be used for its treatment in general.

Table 3. Domestic randomized clinical controlled trials of
H.RA

Drug RRs 95% Cl RDs 95% ClI
low high low high
Roxatidine 1.066 0.792 1.436 -0.039 -0.218 0.141
Famotidine 1.273 0.814 1.989 -0.115 -0.330 0.099
Ranitidine 1.508 0.973 2.336 -0.188 -0.391 0.014

RR: relative risk, RD: risk difference, CI: confidence interval

Table 4. Relative risk of individual drug groups and the risk dif-
ference (at 36 hrs) compared with cimetidine

relative risk, and RD is the risk difference.

The analysis software used was mainly Microsoft Excel 97
(Microsoft Corporation, Redmond, WA, US).

Results

U Search for References

Many RCT reports were found in international journals with
regard to ranitidine, but no clinical trials investigating roxatidine
and famotidine were found in these journals. In Japanese jour-
nals, single RCTs evaluating roxatidine, famotidine or ranitidine
relative to cimetidine for the treatment of upper gastrointestinal
hemorrhage were identified as shown in Table 3. Evaluation and
weighting according to the checklist are shown also in Table 3.
U Results of calculation of the hemostatic rate

The RRs of individual drugs to cimetidine and their RDs were
calculated for each report (Table 4). The hemostatic rates in in-
dividual drug groups were subsequently estimated by multiply-
ing RRs by, or subtracting RDs from, the cimetidine 36-hr
hemostatic rate (Table 5). Hemostatic rates for roxatidine,
famotidine and ranitidine at 36 hrs after initiation of treatment
ranged from 0.436 to 0.658 when RRs were used and from 0.436
to 0.624 when RDs were used. There were no major differences
observed between hemostatic rates for the different methods, for

example, as RR in roxatidine resulted in 0.465 and RD in the

Drug RRs RDs
hemostasis 95% CI hemostasis 95% ClI
cimetidine 0.436 0.433 - 0.440 0.436 0.433 - 0.440
roxatidine 0.465 0.346 - 0.627 0.475 0.295 - 0.654
famotidine 0.556 0.355 - 0.868 0.551 0.337 - 0.766
ranitidine 0.658 0.425 - 1.020 0.624 0.422 - 0.827

RR: relative risk, RD: risk difference. Cl: confidence interval

Table 5.Estimated hemostatic rates of H,- receptor antagonists

o o o o
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Fig 2. Cumulative probability of transition to hemostasis over
time in individual drug groups

same group 0.475. Figure 2. shows the cumulative probability
of hemostasis over time for individual drug treatment groups
when recurrence for 72 hrs (3 days) after the start of treatment
was not taken into account. There were no statistical differences
observed between hemostatic rates for the different treatment
groups. However, depending upon time we found that the differ-

ences for them became greater.

Discussion

Outside Japan, the probabilities of clinical events can be ob-
tained easily by conducting a large-scale meta-analysis, but it is
questionable whether the domestic clinical scene using overseas
data is reflected well and transferability is appropriate in clinical
practice. Thus, in the present study, an attempt was made to dis-
cover whether probabilities reflecting the domestic clinical
scene can be estimated by combining pharmacoepidemiological
techniques. We found that the constant hazard rate method using
a random effect model (i.e. general variance-based model) was
useful for estimating the pharmacoeconomic probability of tran-
sition from one clinical state to another (in this case, transition
from a hemorrhagic state to one of hemostasis).

As aforementioned, the aim of the present study is to
estimate the Japan-specific probability for economic evaluation,
applying
pharmacoepidemiological methods. Even if our theory were

which  would be transferable to practice,
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utilized to estimate the probability in overseas, the possibility of
utilizing the theory may be lower than we predicted as there are
huge RCTs' database available for economic evaluation there.

Originally, cimetidine was a first launched H,RA for the
treatment of gastroenterological diseases such as peptic ulcer,
upper gastrointestinal hemorrhage, etc. In Japan, the efficacies
of the following H.RAs have been evaluated, compared to
cimetidine as a control agent in their Phase III studies.
Cimetidine, therefore, is a common use of a control agent in
each of their Phase III studies, a best agent to integrate
cimetidine's efficacy for the control in the present study.

In the present study, when the transition probability of indi-
vidual drug groups other than cimetidine was obtained, the rela-
tive risk (RR) was multiplied by the cimetidine's hemostatic
rate. However, the following issues may still be problematic:
whether the use of RR is adequate, whether the RD or the odds
ratio should be used as a coefficient, how to handle the placebo
when this is a reference control drug, or whether low quality
RCTs should be included in a meta-analysis. These issues
require further investigation. Additionally, one of the RCT re-
ports used in the present study was ranked Clinical Medical
Research Level 1b by the Agency for Health Care Policy and
Research'®. Although the RRs and RDs were obtained from the
RCT report for each drug, dissociation from the actual domestic
medical situation still cannot be ruled out, and requires further
investigation.

In the present study, we found there were no differences be-
tween hemostatic rates for the different H,RA group, as the
analysis resulted in:

1) As for comparison of 95% confidence interval (CI)

among H,RA group, both RR and RD include value 1.

2) There are overlaps of 95% CI in both RR and RD among

H:RA.

We need to verify whether the transition probability is a rele-
vant value that can be used to accurately reflect the clinical
situation as having to take into consideration reproducibility of
the present study. Moreover, in the future, we should try to ex-
ternally and internally validate the values obtained by using the
calculations described in this study. In fact, Inoue and col-
leagues' have performed a cost-effectiveness analysis of H,RAs
in order to determine the most appropriate choice for the treat-
ment of upper gastrointestinal hemorrhage in the Japanese hos-
pital setting. According to the report, it was proven that the
probabilities that were estimated based on the theory may be
helpful for them to evaluate the cost-effectiveness of H.RA in
the therapy of upper gastrointestinal hemorrhage from the insti-

tutional viewpoint.

Discussion

The methods of calculation used in this study may be useful
in the estimation of the probability of outcomes associated with
medical interventions. These probability values can be used in
pharmacoeconomic analyses using principles of decision analy-
sis. In future, we will try to externally and internally validate the
values obtained by the methods of calculation described in this

study.
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