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Design, statistical analysis and sample size calculation of dose
response study of telmisartan and hydrochlorothiazide
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Abstract

Many patients with hypertension take some antihypertensive drugs with complementary mechanisms of action to lower their
blood pressure and achieve the therapeutic goals reducing the risk of cardiovascular events. Telmisartan, angiotensin II receptor
blocker, and hydrochlorothiazide, diuretic are two antihypertensive drugs that have a well-recognized clinical efficacy. Their
combination is expected to be one of the most appropriate therapies for hypertensive patients. However there is no information to
show the effective dose combination of two drugs for the Japanese patients with mild to moderate hypertension. Therefore, the
prospective, randomized, double-blinded study was planed for showing the dose response surface of two components. The 3 by 3
factorial design was applied for this purpose and the approach for calculating sample size was proposed. This study was registered
with ClinicalTrial.gov (NCT00153049).
© 2007 Elsevier Inc. All rights reserved.
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1. Introduction

The amount of hypertensive patients is increasing globally. The concomitant diseases of these patients are also more
complicated. In the Hypertension Optimal Treatment (HOT) study [1], which recruited patients with higher grades of
hypertension (grades 2 and 3) and defined therapeutic goals of a diastolic blood pressure (DBP) below 80 mm Hg, a
single antihypertensive therapy was successful in only 25% of patients. Therefore, some combination therapies for
hypertension are being used recently to control blood pressure of patients or to reduce the adverse events of high dose
single therapy. Combination therapies are able to be administrated into hypertensive patients even if both mono
components have been approved. In addition, some guidelines of treatment for hypertensive patients recommend
combination therapies [2–4]. However the appropriate doses for combination therapy are not shown at present. We
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planned to investigate the appropriate doses of combination therapy for telmisartan and hydrochlorothiazide (HCTZ)
for patients with hypertension. Telmisartan is an angiotensin II receptor blocker (ARB). ARBs provide the multiple
actions against many of the risk factors for renal disease or cardiovascular disease [5,6].

The factorial design is recommended to show the dose response relationship of combination therapy [7,8]. However
the 2 by 2 factorial design is not sufficient to show the dose response surface of the combination therapy since only two
groups (0 and a certain dose) can be set. As the dose groups of both components have to be added, the total sample size
automatically increases. Therefore, some studies which include combination therapy did not show the dose response
surface [9–14]. The dose response relationship of a drug was evaluated in patients who took a fixed dose of the other
drug in those studies.

On the other hand, the 4 by 4 factorial study was conducted to show the dose response surface for the combination of
Irbesartan, angiotensin II receptor blocker and HCTZ. And the excellent dose response surface was shown in this study
[15]. That surface was very informative to determine the appropriate dose for each patient. As for telmisartan, the 4 by 5
factorial study was conducted in the United States (US) [16]. The results of this study showed the dose response surface
of telmisartan and HCTZ for mild to moderate hypertensive patients. Therefore, our study could be planed using these
information. The 3 by 3 factorial design was applied to the study which showed the dose response surface for the
Japanese patients with mild to moderate hypertension, as well as the safety (including the effects on serum uric acid,
potassium, glucose, and lipid levels) of combination. And sample size was calculated using the US data to compare the
dose response surface. Section 2 shows the design of our study. Next the statistical analysis method is shown in Section
3. Finally, we propose the method for sample size calculation in the factorial study.

2. Design

In a randomized, double-blinded, placebo-controlled factorial design study conducted in around 50 centers, the dose
response surface of telmisartan and HCTZ was investigated in patients with mild to moderate hypertension. Both
components have been approved as antihypertensive drug in Japan. The basic design in this study was similar to that in
the US study in order to compare the dose response surface. The study had a 4-week placebo run-in period and an 8-
week treatment period. The dose groups of telmisartan were determined as 0, 40 mg, and 80 mg based on the approval
dose for hypertension. Meanwhile, the dose groups of HCTZ were determined as 0, 6.25 mg, and 12.5 mg (Table 1).
Those are below half dose of approval since the high dose treatment of HCTZ induced severe metabolic adverse events
[17].

A dose response study needs to be conducted in Japan as there is a difference of approved dose regime between
Japan and the US or European countries. One of the adverse events for combination therapy is hypotension. If the
patient takes an overdose of antihypertensive drugs, hypotension could occur. We have no data to assess whether
telmisartan 80 mg/HCTZ 12.5 mg is an overdose for the Japanese patients.

Table 2 shows the dose groups set in the US factorial study. This study included the combination of 5 telmisartan
dose groups and 4 HCTZ dose groups. Groups combined with telmisartan 160 mg or HCTZ 25 mg were not needed in
the Japanese study based on the change of blood pressure, frequency or severity of adverse event, and change of
laboratory parameters. Since we used the information of the US study to calculate the sample size and compare a dose
response surface, the primary endpoint, measuring method of blood pressure, treatment period, and inclusion and
exclusion criteria basically corresponded to those of the US study.

2.1. Primary endpoint

The change of trough supine diastolic blood pressure (SuDBP) after the 8-week treatment from the baseline value
was determined as a primary endpoint as used in the US study. Blood pressure of supine position was measured in the
Table 1
Dose group of Japanese factorial study

Telmisartan (mg)/HCTZ (mg) 0/0 40/0 80/0
0/6.25 40/6.25 80/6.25
0/12.5 40/12.5 80/12.5



Table 2
Dose group of US factorial study

Telmisartan (mg)/HCTZ (mg) 0/0 20/0 40/0 80/0 160/0
0/6.25 20/6.25 40/6.25 80/6.25 160/6.25
0/12.5 20/12.5 40/12.5 80/12.5 160/12.5
0/25.0 20/25.0 40/25.0 80/25.0 160/25.0
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same arm of individual patients using the standard mercury sphygmomanometer at each time. This method is less
variable than other measuring by some equipment. All blood pressure measurements were made using WHO
criteria [18] to the nearest 2 mm Hg. For diastolic pressure, phase V (disappearance of Korotkoff sounds) was
used. Three measurements were taken at 1 to 2 min intervals after the patient was asked to stand for 2 min and
one standing measurement was taken. The mean value of these three measurements was applied to calculate the
change.

2.2. Patient

Male and female patients aged 20 to 80 years with mild to moderate essential hypertension were randomized into 9
groups in our study. Patients who showed a mean value of SuDBP during the run-in period of more than 94 mm Hg and
less than 115 mm Hg were included into the study. Mean SuDBP could not vary by >10 mm Hg over during the last
2 weeks of the 4-week placebo run-in period. Additionally, mean supine systolic blood pressure (SuSBP) had to be
between 140 and 200 mm Hg at the randomization.

Patients were excluded from the study if they violated the inclusion criteria or met the exclusion criteria. These
criteria were set to show the fair treatment effect for patients with hypertension and minimize the risk of adverse events
and the worse for patient's conditions. These criteria in our study were also set similarly to the US study. The
consistency of them was crucial to make the comparability of treatment effect between two studies.

All patients gave written consent to participate in the study, which was approved by an Institutional Review Board at
each center.

2.3. Randomization

This study had the 9 groups to investigate the dose response surface after the 4-week placebo run-in period. The
number of patients in each group was not large. Therefore, the patient background and baseline characteristics which
affect blood pressure were balanced by the assignment of the allocation center. The allocation center was located out of
the sponsor.

The allocation center randomized a newly registered patient to each treatment regimen so that the treatment
regimens were equally distributed in both each study site and all study sites among 9 groups throughout the study.
Patients were registered to the allocation center twice, once for registration of enrolment and the other for
allocation. All patients who signed the informed consent form were registered immediately after the first visit of
this study. The investigator filled in a registration form after the informed consent was given and sent it out to the
allocation center. The registration form included the inclusion and exclusion criteria in this study. After receiving
the registration form, the allocation center sent the registration report to the investigator. The investigator confirmed
that a patient satisfied the criteria and sent the s registration form to the allocation center again after the 4-week
placebo run-in period. The allocation center allocated the patient so that the randomized patients were distributed
almost equally among 9 groups and determined the medication number. The registration report including the
medication number was sent to the investigator. The randomization of patient was conducted based on the Zelen
rule [19].

3. Statistical analysis

The statistical analyses were done from the intention to treat principle. Full analysis dataset (FAS) which was
generally explained in the ICH E9 guideline [20] was defined as the analysis dataset for efficacy and the following
procedures was analyzed.
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3.1. Generation of the model for the primary endpoint

The following model was basically fitted into data provided from the study.

yi ¼ a0 þ a1DoseT þ a2DoseHCTZ þ a3Dose
2
T þ a4Dose

2
HCTZ þ a5DoseTTDoseHCTZ þ ei

where

DoseT : Magnitude of the telmisartan dosage (0, 40, and 80 mg)
DoseHCTZ : Magnitude of HCTZ dosage (0, 6.25, and 12.5 mg)
y : Change of SuDBP
εi : Error term due to model specifications.

Each coefficient was tested at a 5% level. The null hypotheses and the alternative hypotheses were:

H0. Coefficient=0 v.s.

H1. Coefficient ≠ 0

However the main effect (first order) was be included in the model if the coefficients of interaction or second order
remain.

3.2. Comparison of terms in models

Terms in the model constructed by the Japanese study were compared with those in the US model (see below).
By assessing whether the same terms were included in both models, we were able to conclude that dose response
surface in the Japanese population was similar to that in the US population if the same terms were included in the
two models.

US model:

yi ¼ aV
0 þ aV

1DoseT þ aV
2DoseHCTZ þ aV

3Dose
2
T þ ei

where

DoseT : Magnitude of the telmisartan dosage (0, 20, 40, 80 and 160 mg)
DoseHCTZ : Magnitude of HCTZ dosage (0, 6.25, 12.5 and 25 mg)
y : Change of SuDBP
εi : Error term due to model specifications.
4. Sample size

Two types of simulation were done to calculate sample size for this study using data of the US study. The mean
value and variance of each group in US study are shown in Table 3. One is the parametric method (Section 4.1) and the
Table 3
Mean and standard deviation of trough supine diastolic blood pressure

Telmisartan

0 mg 40 mg 80 mg

HCTZ 0 mg n=73 n=75 n=77
−3.8 (7.6) −10.7 (8.4) −11.5 (8.9)

12.5 mg n=73 n=70 n=73
−7.3 (7.4) −12.6 (9.4) −14.9 (7.2)

mean (standard deviation): mm Hg.
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other the non-parametric method (Section 4.2). The sample size was determined to be 51 patients per group, 459
patients in total from the results of two types of simulation.

4.1. Assumption of normal distribution

We assumed SuDBP in each group was distributed normally with a mean and a variance of each group in the US
study. The data of size N were independently sampled from the normal distribution with the mean and variance in each
group of the US study. A fitted multiple regression model was constructed from these sampled data. These samplings
were replicated 1000 times using the bootstrap method [21]. A model was constructed at each replication. The number
of models which simultaneously included dose effect of telmisartan and HCTZ was counted. The number of sampled
data was determined as an appropriate sample size with 80% power when the sum of these models was over 800. When
N equals to 49, 802 out of 1000 models included two dose effects.

4.2. Application of empirical distribution

Around 70 patients were included in each group in the US study. These data were assumed as true population. We
therefore used individual data in the US study to calculate the sample size of the Japanese study. The data of size N
were independently extracted from each group in the US study. A fitted multiple regression model was constructed
from these sampled data. These samplings were replicated 1000 times using the bootstrap method. A model was
constructed at each replication. The number of models which simultaneously included dose effect of telmisartan and
HCTZ was counted. The number of sampled data was determined as an appropriate sample size with 80% power
when the sum of these models was over 800. When N equals to 51, 816 out of 1000 models included two dose
effects.

In case of the parametric method, the sample size was 49. Meanwhile, the sample size was 51 when assuming the
empirical distribution. Therefore, the sample size was conservatively determined to be 51 per group.

5. Discussion

Hypertensive patients are commonly treated combination therapy of antihypertensive drugs. However there is no
information for the appropriate combined dose of each component. The dose administrated into patients is adjusted
based on the management for practical blood pressure of each patient in the case of the combination therapy. The results
of mono-therapy are also being used. But the combination therapy may show the multiplicative effect. Therefore, the
factorial design was proposed as an appropriate method to evaluate the dose response relationship for combination
therapy [22]. The n by m factorial design must be applied to show the dose response surface since both components
have more than two dose groups. Increasing the groups dictates the increase of sample size as well. For the case where
detail information for dose response relationship is investigated, then the sample size must be large. We could
determine the investigational dose groups and decrease our sample size by appropriately selecting dose groups using
the information of the US study. From a regulatory point of view, the information of dose response relationship is
addressed to be evaluated in the target population [23,24]. And a dose response study often seems to be an ideal
bridging study to show the similarity between two regions in the ICH E5 guideline [25]. In our case, to investigate the
dose response relationship of the Japanese population using the same primary endpoint and study design was
considered to be appropriate for comparing with those of the US population.

In addition, we can theoretically investigate the dose response relationship of three components by the factorial
design. However determining the appropriate dose combination for hypertensive patients would be much more
complicated. Dose adjustment of all three components must be carefully monitored when more than two
antihypertensive drugs are administrated into patients. We do not recommend planning these kinds of studies.

The dose response surface of the combination therapy cannot be easily estimated prior to starting the study since we
do not know if the middle dose of Drug A plus the high dose of Drug B is more effective than the high dose of Drug A
plus the middle dose of Drug B and vice versa. And multiplicity is needed to be adjusted as several pairwise
comparisons are conducted. Therefore, the calculation of sample size was difficult at the planning of the study although
the pre-definition for sample size is absolutely important in the clinical study. We proposed the approach to calculate
the sample size based on simulations. Fortunately, we had the factorial data in the US study and we could apply two
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proposed approaches. Even if the case where factorial studies are not done, we could determine the mean value and
variance by searching previous data or published articles for information. The sample size could be calculated by
applying the proposed method in Section 4.1 by using the mean value and variance in each dose group estimated from
the survey.

The fact that the primary endpoint, measuring methods, inclusion and exclusion criteria of patients, and study period
in our study corresponded to those in the US study used for sample size calculation leads us to the expected results in
our own study.

In conclusion, this study with the high power to show the dose response surface of the combination therapy was
informative for determining the appropriate doses of two drugs.
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