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This review was compleoted after Giscussion with Dr. kil Zweon
medical reviewer.

1. INTRODUCTION o — . : - -

This review pertains to two major deuble-blind, randécmizes -
clinical studies of the New Drug Application for the comzinaticen —~
drug with quinapril (QNPL) and hydrochlorothiazide (HCTZ). Soma -
statistical analyses used by the sponsor in the-first studv, ia =~ ..
my opinion, may not’ be .able to answer the dquestion as tc whether —
combination therapy is more effective than its compcnent - -—
therapies alone.  Data are.then reanalyzed using the recentl:
accepted methods proposed by Hung et al (1992). '

2. OVERVIEW OF TWO CONTROLLED CLINICAL STUDIES
Study 906-241 (placebo-controlled)

This 3l-center 4 x 4 factorial clinical trial was designed

" to compare the efficacy and safety of concomitant QNPL.and HCTZ T

with each drug as monotherapy, and to evaluate the dose-response _

and women using reliable birth control, at least 18 years old,
with hypertension and normal serum potassium were selected for
the study. - Sitting DBP of the outpatients who entered the
double-blinded phase of "the study was 2100 and <115 mm Hg at each
of the last two consecutive placebo baseline visits. )

The-primary'efficacymyariable is sitting DEP at trouch ‘;ar-4
hours postdose). -The propesed dosing interval is once rer azy.

Following a 2- to 4-week placebo-baseline period, & tatal of ¢an
patients were randomized to receive fixed doses ef vlacebo, GNTL
2.5 mg, 10 mg or 40 mg, HCTZ 6.25 mg, 1z2.5 mg or 25 TG, or QHFPL
plus HCTZ at these doses (i.e. 16 parallel treatment groups in
total) for a 8-week - treatment period. Less than 20% of the ~
p-pelation were from North America; others were fronm Europe,
Scandinavia, ur South Africa. Forty-one (9%) patients withdrew: .
cf them, 15 were due to lack of efficacy (placebo and HCTZ groups
had 8 in total); 14 were due to adverse events. There seems to

- be a trend indicating more withdrawals in the high-dose- .

combination groups (see Table 1), but it is not clear.
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# significantly different from QNPL only

Two patients (not having valid baseline measurement or double-
blind measurement) were excluded from the intent-to-treat
population. - Eighty six patients were excluded from evaluable
patients population (24 with baseline DBP < 100 mm Hg, 23 on
study drug < 26 days, 27 with no evaluable visits on or after Day
26). No evidence was found to indicate any baseline imbalance in
the treat groups. T

—_—

Sponsecr's Besg;ts o o -

. The primary énalyses are the so-called -"marginal Jhalyses"
in which the average of the three HCTZ monctherapy cells were _.
compared to the averages of the three cells of each QNPL dose

‘'with HCTZ added, and similarly the average of the thr@&é QNPL

monotherapy cells were compared to the averages of_the three —
cells of each-HCTZ dose with. QNPL added:. Williams test procedure
was exercised to determine the lowest dose of QNPL which, when
added to HCTZ, was more- effective than HCTZ monotherapy, and to

- determine the lowest dose of HCTZ which, when added to QNPL, was

more effective than QNPL monotherapy. The sample size was

planned for these analyses. - e .
Table 2 presents the raw mean changes from baseline and = .

adjusted mean changes from baseline in sitting DBP at trough for

evaluable patients and intent-to-treat patients. Mean changes in ..

other blood pressures are summarized in. Table 3. The marginal .

analyses on adjusted mean changes (mm Hg) in sitting DBP at

trough are presented as follows: . -0

HCTZ + . HCTZ + - HCTZ +

HCTZ only QNPL 2.5 " QNPL 10 . QNPL 40 _
Evaluable 8.2 10.0 . 11.0 13.6*.
Intent-to- . __ - -7
treat’ 6.5 8.7 11.5* —-12.0*
- significantly different from RCTZ only - . -

' QNPL + QNPL + . QNPLT+

ONPL only HCTZ 6.25 HCTZ .12.5 | HCTZ 25
Evaluable 8.1 A 10.3 7 — 10.8 13.5%
Intent-to=- ' ,
treat 8.2 S 10.0 — - 8.9 13.3%

Same analyses were performed on sitting SBP; the results were ---
similar to those on sitting DBP, except that all QNPL doses when
added to HCTZ are significantly different from HCTZ alone. As to
be commented fp _sS_ction 3, these analyses may not answer the
estion regarding the effectiveness of the combination product

relative to the components. . - - : : -
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—~ Dose-response relationship on sitting DBP was explored using -
response surface analysis. The full quadratic model including
QNPL dose,- HCTZ dose, the.quadratic—terms, and the cross-product
(interaction) term was used. No evidence for a lack-of-fit was
found according to lLack-of-Fit F test {p = 0.67) and residual
plots. ‘The coefficient estimates for the quadratic model on
mean change in sitting DBP are provided as follows: -

P

- Parameter: ~ Estimate s.e. p-value
"Intercept © - -4.20 . 1.14 0.0003
QNPL T T=0.39 T 0.16 0.015
HCTZ ‘ — ~0.34 : 0.18 0.064
QNPL x ONPL ... 0.006 .. 0.004 - - 0.12
B HCTZ x HCTZ - C.002 . 0.006 0.72

QNPL x HCTZ 0.003 - 0.003 - 0.37

Based on the-:estimate 0.003 for the interaction ONPL x HCTZ (p =
0.37), the sponscr concluded that the effects of the two drugs
are -additive. As to be commented in Section 3, this point ma be -
overstated. The maximum mean decrease in sitting DBP predicted_
by this model is 15.7 mm Hg with 95% confidence interval (12.7,
18.6) ; the maximum decrease occurs at QNPL 28 mg- + HCTZ 25-mg;
the 95% confidence region of this optimum dose combination does
not contain either monotherapy axis, supporting the greater
effectiveness of comination therapy over the monotherapies.

The QNPL x QNPL, HCTZ x HCTZ, and ONPL x HCTZ terms were not
significant and then removed from the model. It resulted in a
linear model fit, which was found adequate as well based on Lack~
of-fit F test (p = 0.63) and residual Plots. This model is
rresented as follows: . - o

Parameter : . Estimate _S.e. p-value
Intercept - 75,52 0.78 _ 0.0001
ONPL =-0.12 - 0.03 o 0.0001

. HCTZ -~ ‘ ‘ T =-0.24 _ 0.05 0.0001

Based on this model, the maximum mean decrease in sitting DBP is
estimated as 16.4 mmiHg with 95% confidence interval (14.2, 18.5).
The maximum decrease occurred at ONPL 40 mg + HCTZ 25 mg; 95% .
confidence region of the optimum dose combination also does not
contain either monotherapy axis. _ - ST
Peak measurements of sitting DBP were taken hourly for four hours
postdose at-week 4. Only 293 pa*ients had evaluable baseline,; ... .
trough, and peak data. Trough and peak changes in these patients
‘are summarized in Table 4. The sponsor reported that more than

- 3
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. .50% of the response achiéved at peak remained at trough with ali

but the lowest dose combination.

. There were too few (0-7 per cell) elderly patienté'(age 2 65 yrs)

in the study; no obvious trend in the effectiveness of QNPL,
HCTZ, or the-combination product was found. Nor was found for
black patients (only 7%). '

Study 906-303 (force-titration)

This 29-center European study is to compare the efficacy of

QNPL + HCTZ with QNPL alone and HCTZ alone, given once daily in _

patients with moderate to severe hypertension (baseline supine

DBP- between 105 and 120 mm Hg inclusive). —_ o

After 2 to 4 weeks_of placebo washout period, 368 patients were _ -
randomized to one of the three arms: QNPL 10 mg, HCTZ 12.5 ng, '

. and QNPL 10 mg + HCTZ 12.5 mg for four weeks. After that, the

-doses vere doubled for an additional. four weeks, except 45 patients
with supine DBP < 80 mm Hg or supine SBP < 120 mm Hg. The three
treatment groups appeared to be comparable with respect to N
baseline characteristics and blood pressures. There ‘were 22
dropouts, evenly distributed to the three groups. Six patients
were excluded from intent-to-treat analyses (because of no

. baseline or double-blind blood pressure-readings); 50-patients -
- were excluded from the evaluable patient analyses of low dose: 84

patients were excluded from the evaluable patient analyses of
high dose. Frequent reasons for exclusion were blood pressures
taken ocutside the 24%4 hours postdose window, inadequate baseline
DBP, duration on low dose <—19 days. L ——

~The results of the intent-to-treat analyses were'very;similar‘to

those of the evaluable patient analyses and reported as follows:

LOW DOSE PHASE
) ONPL 10 mg + e
ONPL 10 mg HCTZ 12.5 mg HCTZ '12.5 mg
(N=118) - (N=121) (N=123)
'~ Supine DBP .- ' _ . ‘ -
. Baseline Mean - 109.5 109.7 109.2 o
Adj. Mean Decrease 11.8 14.4 1202
p-value - - . 008 - 020
Supine_SBP T —— | N g
Baseline Mean 173.5 169.9 - 170.9 . -
Adj. Mean Decrease 13.2 17.2 11.5 o

p-value ' .018 .0014 - . -~ =




HIGH DOSE PHASE - -

ONPL +. .-

- ) ' QNPL HCTZ HCTZ
N (N=118) (N=121) ~— (N=123)
#'of'patignts on ,
low dose/high dose 16/84 _ 14/86 __ -7/93
o Supine‘DﬁE' )
- Baseline Mean 109.5 109.7 109.2 S
Adj. Mean-Decrease 16.5 _ 18.7 ) 16.5
p~value .025 .023 T
Supine SBP ' ' e _
Baseline Mean _ 173.5 169.9 170.9 -
Adj. Mean _Decrease 18.7 — - 24.7 19,2 ° ,
p-value _ - <.001 .. <.001 —

wz

" . Similar results were also obtained with-standing blood pressures.
* A greater medh 'decrease in supine DBP and SBP with QNPL + HCT2 ,
- -compared to its components was also observed in patients with -
baseline > 110 mm Hg. In patients of age 2 65 years, the effect
of QNPL 20 mg / HCTZ 25 mg is similar to. that of HCTZ alone .
(Table 5). oOnly two black patients were entered into this study.

3. REVIEWER'S EVALUATIONS . =

Study 906-241 ) -
. The hypotheses tested in the sponsor's marginal analyses do
- not necessarily explain that QNPL plus HCTZ is more effective -
~ than QONPL and HCTZ alone. Even if they do in some sense, the use
of-Williams procedure in the way as was done in their analyses _ .
e has not yet been proven valid for showing that QNPL plus HCTZ is o
- more effective than QNPL and HCTZ alone at 5% level of
- —- significance. It is understandable that the sponsor did such
analyses, since statistical method is not available for S :
entertaining "this difficult problem at the time of planning this S
—- . trials The method of Hung et al -(1992) is now available.

' The fbllowing takble is génerated from Tableug by subtracting
‘mean decrease in sitting DBP of the placebo group from each cell. el

25 -°

o QNPL . . S ' B
) o 2.5 : 10 40 o
0 0 4.4 5.1 -8.1
6.25_ 3-7 607 - 8.1 9-5
- HCTZ 12.5- 5.0 7.2 6.0 —  12.7_.._ _ -
) 9.2 9.4 - 2.5 ° 12.0°

- -
=




The minimum gains -(i.e., greater mean decrease) of the nine
active dose combination relative to their respective component
‘doses are tabulated as follows: ' ' -

. -QNPL
0 2.5 10 40
o ﬁ_ - - re— A
6.25 - 2.3 3.0 1.4
HCOTZ : . e -
- 12.5 - 2.2 0.9 . - a.6 .
— 25 - 0.2 — 3.3 2.9

-On average, combining QNPL with HCTZ at tHese studied .doses yield

an additional decrease of 2.3 mm Hg in sitting DBE. The

estimated standard deviaticfi is 8.6 and the sample size .of each - .
cell is approximately.24. Based on the AVE test of Hung et al,
the additional decrease of 2.3 mm Hg is statistically significant -

(p = 0.024). _Analysis of intent-to-treat patients yields the
same result. Thus I conclude that QNPL plus HCTZ is more =  -—
beneficial than either ONPL or HCTZ alone in lowering sitting

DBP.

I question the sponsor's statement that the effects éf‘QNPL and

. HCTZ are additive._ The statistical hypothesis of additivity is
- generally difficult to establish

‘because of insufficient sample .

size. 1In._this study, the effects of QNPL/HCTZ are compared with
the effects of QNPL alone plus the effects of HCTZ alone as —

follows: _
: EVALUABLE PATIENTS
< - i ) QNPL ; -
0 2.5 - -0 40
- T o 0 4.4 5.1 - 8.1
: 6.25 3.7 6.7 8.1 9.5 )
HCTZ (8.1) (8.8) (11.8)
12.5 5.0 - 7.2 . 6.0 12.7 ~
— S — (9.4) (10.1)- (13.1)
"’ 25 9.2 9.4 12.5~  12.1
(13.6) (27.3)

(14.3)

= - : = Nurnber in each parenthesis is the sum of the effect of QNPL and the effect of HCTZ- )




“suggest—that this low dose combination is alsoc usable.

The observed efféct of each active combihation dose is smaller
than the sum of the component effects. The data suggests
negative interactions between QNPL and HCTZ.

The observed mean dec¢reases in sitting DBP seem to level off
around the high doses of HCTZ or QNPL (QNPL 40mg / HCTZ 12.5ng,
QNPL 40mg / HCTZ 25 mg, and QNPL 10 mg / HCTZ 25 mg all have
similar mean reductions). I also found that center factor, not
included in the sponsor's analyses, explains a great portion of -
variability. A polynomial response surface “including center
effects suggests that mean decrease in sitting DBP increases "~ -

- (linear trend: p < 0.0001) as a function of both QNPL and HCTZ

doses, with a possible mild indication {quadratic trend: p =

0.06) of leveling-off as the dosage .of QNPL approaches the upper

end. Body weight explains only some fraction of variability: _
including it in the response Todel helps little to resolve the
leveling~off issue. Age or race explains little &f variability. _... .

The lowest dose of the combination that beats placebo is.QNPL 2.5 T

mg + HCTZ 6.25 mg; the difference is about 6.7 mm H§ and — . oL
statistically significant (p<0.0l1, according to evaluable - T
patients). The observed effect of this dése -combinatien is .

‘greater than those of its components by at least-2.3 mm Hg.  With  —

the inclusion of thé highly significant center factor, ANCOVA of. Cm e
intent-to-treat patients also shows that this low dose

combination has a 'significantly greater decrease than placebo by
5.0 mm Hg and a greater mean reduction than its components by at
least 1.3 mm Hg. The data of this factorial trial seems.to '

Study 906-303

My analyses confirm the sponsor's results. Based on this

Study, the combination QNPL 10 mg/HCTZ 12.5 mg yields a 2 to 3 mm
- Hg greatér reduction in _supine DBP than its components alone. s

after the 4 weeks period; it is statistically significant. The
same result is obtained with doses of ONPL and HCTZ doubled.

4. CONCLUSIONS (MAY BE CONVEYED TO THE SPONSOR)

In the dose region of QNPL 0 to 40 mg and HCTZ 0 to 25 mg,
an increase in the dosage of either QNPL or HCTZ increases. the
average reduction in sitting DBP. Fall of sitting DBP seems to’
level off around the upper dose level of QNPL or HCTZ; the
leveling off phenomenon around the upper dose level of QNPL is -
only and mildly indicated in response surface analyses.

Data from the factorial trial suggests negative interactions
between quinapril and hydrochlorothiazide (see reviewer's _
arguments provided in Section 3). The sponsor's statement that
their effects are additive is overstated.

Combining QNPL and HCTZ at the study doses yields, on_average, a

.7




2.2 mm Hg greater reducticn in sitiing DBP “than either ccmpenent
drug alone; this additional reduction of 2.3 mm Hg is .
statistically significant (p=0.024). Thus overall speaking, the
combination of QNPL and HCTZ is more effective than the component
drugs. ' The forced-titration trial with a larger cell sample size
shows that the combination of QNPL 10 mg and HCTZ 12.3 mg yields
a 2 to 3 mm Hg greater decrease in supine DBP and a 5 tc § mm Hg
greater decrease in supine SBP than its components; both are
statistically significant (p<0.05). Similar benefits are also
obtained when the doses of QNPL and HCTZ are dcubled. .

The results of the factorial trial seem to suggest that thé  —

. combination of quinapril 2.5 mg and hydrochlorothiazide 6.25 mg

is also usable (its effect relative to placebo is 5.0 to 6.7 mm L
Hg). 1In evaluable patients this dose combination has a 2.3 mm Hg
greater mean reduction of sitting DBP than its ccmponents, while
in intent-to-treat patients the difference is at least 1.3 mm Hg.

This combination was not studied in the forced-titraticn study.

In elderly'patieﬁts (age 2 65 years), QNPL 26 mg _plus HCTZ 25 mg
seems to have a similar effect as HCTZ alone, based on data from
approximately 60 elderly patients (Table 5). - - _ —

The validity of the so-called marginal- analyses used by the f—_—
sponsor for showing the superiority of the combination therapy’
relative to its component therapies is -questionable. -One reason
is that the hypothéses tested in‘the marginal analyses do not
necessarily explain that QNPL plus HCTZ is more effective than -
QNPL or HCTZ alone.- This issue has been discussed in Hung et al
(1990). In addition, these analyses have not--been proven valid -
for showing that QONPL plus HCTZ.is more effective than the T
components alone at 5% level of significance. The methods

proposed by Hung et al (1992) may be used to deal with the issue

of !A+B > A'and A+B > B' in a multi-level factorial trial. These.
methods are used by this reviewer to reach the above conclusion.. .
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o Table 1. Withdrawals Due to Adverse Events (Study 906-241)

- . : ' ; ONPL




Adjﬁstéd Meah Decteasé in Sitting DBP and Baseline

Table 2.
o Sitting DBP at Trough from Baseline (Study 906-241)
EVALUABLE PATIENTS .
e QNPL
. 0 2.5 X0 - 40
0 2.2/106 6.6/107 © 7.3/105 10.3/106 =
. 6.25 5.9/106 8.9/104 10.3/105 11.7/106
12.5_ 7.2/106 9.4/104 8.2/106 14.9/105 -
25 ——--11.4/105 11.6/105  14.7/105 14737106
- . — _ INTENT-TO-TREAT PATIENTS | I
- :  oNPL -
- . _ 0 2.5 : 10 - 40
- 0 2.9/106 7.2/106 " 7.2/104 10.1/105 — .
- i 6.25  5.2/106 7.5/104 10.77106 = 12.0/106 .
HCTZ o . o -
12.5. 6.0/105 7.2/104 8.8/105“"_ 10.7/105
25 8.5/105. -- 11.4/105 15.I7105  13.3.104
: Ra¥w mean-changes and édjusfed-mean‘changes are almost- identical
<- in. intent-to-treat patients. ‘Standard errors are very close to —
1.7 and cell sample sizes are near 29. ‘
- Standard errors for adjusted mean changes in evaluable patients ——
. are very close-to 1.8 and cell sample sizes are near .24.




na

o
6.25
12.5

25

HCT2

0
6.25

HCTZ _12.85°
— - 25

Table 3.

Raw Mean Decreases in Other Blood Pressures (mm Hg)
at Trough from Baseline
(Evaluable Patients, Study 906-241)

Sitting SBP
ONPL
0o - 2.5 10 40"
3.7 3.7 6.0 13.8 77 —
1.8 8.6 14.9 14.5 .
5-0 13-4 — a13.6 '_24‘7
11.1 15.8 _ 20.2 20.2
Standing DBP o
e QNPL .
0 2.5 . .. 10 40. - - 7
2.5 5.1° 4.5 9.8
7.2 9.2 o 8.8 11.7
8.8 8.3 _ 7.0 - 12.2-
10.4 .. 10.2 " 12.9 12.1° .
) Standing SBP R
ONPL .
0 . 2.5 ) 10 40
2.4 6.4 5.2 "11.1
~ 5,8 10.2 13.4 17.2
4.0 11.0 12.5 18.6 —
11-1 - 1404' 21.7 17-7
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Table 4. __Trough/Peak Decrease in Sitting DBP (Study 906-241)

" HCTZ

25

(placebo response subtracted)
- QNPL —
0 2.5 10 - 40
6.3/5.4 4.7/7.9 7.0/9.2
>100% _.59% 76%
3.0/0.6 1.8/5.1 6.0/7.4 6.5/10.3
>100% ~ 35% . — B81% 67%
-1.570.2 7.0/6.7 5.176.8 79.0/9.6
>100% — >100% - 75% © 94% -
6.9/4.2 6.9/8.3 6.9/8.0 8.4/10.3 7.
>100% '83% 86% . Ts2% . _
— - {placebo response included) - - o
N QNPL © —
o — 2.5 10 40
3.9/7.2 10.2/12.6  8.6/15.1 10.9/16.4 —-
54% 81% - 57% 66% :
6.9/7.8 5.7/12.3 9.9/14.6 10.8/17.5
88% 46% 68% 62%
. 5.4/7.4 11.0/13.9 9.0/14.0 12.9716.8 -
S 73% 79% 64% 77% 0 - -
'10.8/11.4 . 10.8/15.5 . .C.8/15.2 12.3/17.5

70% -




Raw Mean Decrease (mm Hg) in

Table S. Supine DBP at Trough
(Study 906-303) C
- ) Age < 65 years Age 2 65 years
_ . Mean Mean
Study Drug - N - Baseline ~~Decrease N Baseline Decrease
= Low Dose Phase _ A
"QNPL 10 mg 70 110.2 - 12.3 31  108.% _ _13.3
HCTZ 12.5 mg- €9 109.8 10.1 - 40 1059.3 - 16.3
QHPL + HCTZ B0 - __110.1 13.6: , 28 11071 18.0
Hi ose s -
* "QNPL 20 mg 62 .-110.3 17.17 T .20 109.2 17.5
HCTZ 25 ng 60 10%8.98 15.2 39 109.4 20.0
QONPL + HCTZ 70 110.3 18.9 TT24 110.5 20,7
< - : ' = B
- . APPEARS THIS WAY -
| ON ORIGINAL .-




