AUC and pantoprazole concentration at end of the 15 min infusion (Cmay) increased
linearly with increasing dose (see Fig. 2).

Fig. 2. Assessment of Dose Linearity of AUC Following Intravenous Doses
of 10, 20, 40 and 80 mg
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Table 2. ANOVA Assessment of Equivalence of Pantoprazole Pharmacokinetic

Parameters Following Intravenous Doses of 10, 20, 40 and 80 mg with the 80
mg Dose as Reference

point estimates and %0%-~confidence limits, reference: 80 mg

Dosas
10 mg 20 ng <0 mg
€(0.25 1) 0.91 1.04 1.06

(0.81, 1.03) (0.92, 1.17) (0.94, 1.20)

AUC(0=Inf) 0.85 0.92 0.97
(0.78, 0.92) (0.85, 1.01) (0,89, 1.06)

Dose
10 mg 20 mg 40 mg
tk 0.80 0.89 0.50
(0.71, 0.91) (0.79, 1.01) (0.80, 1.02)
Cl/kg - . 1.18 1.08 1.03
(1.08, 1.28) (0.99, 1.17) (0.94, 1.12)
Vdarea 0.95 0,94 0.981

(0.83, 1.08) (0.83, 1.07) (0.80, 1.04)
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The kinetics of pantoprazole was best described by the two-compartmental model. Across
dose levels, the mean Clr, V4 and t,, were, respectively, 7.6-9.0 L/h, 11.0-12.0 L and
0.9-1.2 h and were dose independent. The inter-compartmental rate constants and the
volume of distribution in the central compartment were determined by simultaneously
fitting the function (Q, /V.) describing the pantoprazole concentration versus time for the
20, 40 and 80 mg dose groups using a two-compartmental, first order elimination
intravenous infusion model. Q, and V. represent the amount of pantoprazole in the central
compartmental and apparent volume of distribution in the central compartment,
respectively. The mean values of K, Ky, and K, were 0.40 h", 091 h' and 1.12 h',
respectively. The mean V. was 6.9 L.

Using individual subject dose normalized, log transformed values, equivalence of the
Crax (serum concentration at the end of infusion) and AUC of for the dose range (10-80
mg was assessed using ANOVA for the 90% confidence limits, with the 80 mg dose as
reference and the 10, 20 and 40 mg doses tests, (Table 2). The point estimates and
confidence intervals for Cmay for the 10, 20 and 40 mg doses were entirely within the
range of required for equivalence as were those for AUC for the 20 and 40 mg
doses. The lower 90% confidence limit for AUC of the 10 mg dose was 78%. Overall, it
could be considered that dose proportional of AUC was established in the dose range of

10-80 mg for Cmax and AUC. Similarly, equivalence of body weight normalized Cly and

V4 was established for the dose range of 10-80 mg indicating that these parameters are
dose independent in this dose range.

The pharmacokinetics of pantoprazole was also evaluated in 6 male subjects each
receiving a single 40 mg dose of '*C-labeled pantoprazole (37.5 uCi) by constant rate
intravenous infusion over 15 min (Byk GuldenProtocol #FHP108E). The mean values of
body weight normalized Clr and Vd,r, (0.123 L/h/kg and 0.152 L/g, respectively)
determined. in this study, were within the range of values for the dose range in Table 2
which, when expressed per kg, are as follows: Cly : ——— L/h/kg and Vdurea: ——
‘= L/kg. The elimination half-life obtained in this study (0.89 h) also approximated 1

- h. These findings suggest consistency of pharmacokinetic data across studies.

(b) Intravenous Kinetics of Pantoprazole from Injection Concentrate and Lyophile
Formulations: The kinetics of pantoprazole was evaluated in 12 normal, male subjects
each receiving a single 40 mg dose as an injection concentrate and 45.5 mg and 91 mg
doses as a lyophile formulation. Each dose was administered by a 15 min constant rate
intravenous infusion in a placebo controlled crossover study (Byk Gulden Protocol
FHPO27E; GMR-29734). The lyophile formulation is proposed for marketing for
intravenous administration. The concentrate formulation was used for intravenous
administration in the early clinical development. Plots of pantoprazole serum
concentration versus time for the tested doses are presented in Fig. 3. The mean+SD
pharmacokinetic parameters are presented in Table 3. CO and LY in parentheses

represent concentrate formulation and lyophile formulation, respectively.




Fig. 3. Mean * SD Pantoprazole Serum Concentration Versus Time For Single Intravenous
Doses of 40 and 80 mg as Lyophile Formulation and 40 mg as Injection Concentrate.
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Table 3. Mean + SD Pantoprazole Pharmacokinetic Parameters in Normal Subjects
Following Administration of 10, 20, 30 and 40 mg doses by Intravenous Infusion

Dose n Coas lous AUC L2 Clr \
(1ag) (mg/L) (L)) ([mg'L}h) (h) (L) (L)
a0(C0O) 12 3.67+0.95 025 3.6+2.2 1.3+0.3 14.0+64 23.6+8.8
A55(LY) 12 4.00+0.55 0.25 40+19 1.2403  11.7+40 19.3+6.3
9i(LY) 12 9.24+1.15 025 9.3+ 45 1.2+03 10.3+4.2 17.2+53

Panroprazole half-life values were similar for the three treatments as were the Cly and V,
values for the two lyophile formulation. Clt and V4 values for the Injection concentrate
appeared to be slightly greater than those for the two lyophile formulations. C,,, values
for the 40 mg lyophile injection and the 40 mg injection concentrate were similar. In this
study, for the 40 mg dose of injection concentrate, both the mean Cly and Vg4
approximately 100% higher and the mean AUC was 50% lower as compared to values
cotzined in Byk Gulden Protocol FHP0O03 (see page 3). No explanation was provided as
to the observed kinetic differences between the two intravenous formulations. Since the
Increases in Clrand Vg were similar, the half life values for both studies (1.0-1.3 h) were
similar,

The results of comparison of log transformed AUC by the Two One-sided T-tests

Procedure for the 90% confidence limits for (i) the 40 mg injection concentrate dose as

reference versus the 45.5 mg lyophile dose (adjusted to 40 mg) as test and (ii) the 40 mg

. Ivophile cose as reference versus the 91 mg lyophile dose (adjusted to 80 mg) as test are
presented in Table 4.

Lyemwr.ogy ¥
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Table 4. Pantoprazole AUC Equivalence: 40 mg Lyophile Formulation Versus 40 mg Injection
Concentrate and 40 mg Lyophile Formulation Versus 80 mg Lyophile Formulation

Two One-sided T-Tests Test/Reference (%)
Point Estimate . 90% Confidence Limits
Reference: 40 mg Inj. Cone. 100 90-110

Test: 40 mg Lyophile

Reference: 40 mg Lyophile
Test: 80 mg Lyophile (adjusted) 116 107-125

In both cases, the point estimates and the confidence of limits of the ratio (test/reference)
of the mean log transformed AUC values were in the interval of 80-125%. These findings
suggest (i) that the systemic exposures for the 40 mg pantoprazole injection concentrate,
that was used for the early clinical development, and the 40 mg pantoprazole lyophile
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dose is proposed for marketing.

(¢) Oral Administration: Single Dose: The kinetics of pantoprazole for the orally ]
administered enteric coated tablet was characterized for the dose range of 10-80 mg (Byk
Gulden Protocol #A9907-GER; GMR 29717) in 10 normal male subjects. Plots of mean
= SD pantoprazole serum concentration versus time are presented in Fig. 4. The mean +
SD pantoprazole pharmacokinetic parameters are presented in Table 5. Also presented in

Fig. 4. Plots of Mean + SD Pantoprazole Serum Concentration Versus Time Following Single
Oral Doses of 10, 20, 40 and 80 mg 11 12 Normal Subjects

10

r . —8— 10mg Pantoprazole
—0— 20mg Pantoprazale
—t— 40 mg Pamopra.zo]e
—%— 80 mg Pantoprazol.
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Table 5. Mean + SD Pantoprazole Pharmacokinetic Parameters in Normal Subjects
Following Administration of Single Oral Doses of 10, 20,40 and 80 mg

Protocol n Dosc Can g . AUC tin
(mg) (ug/mL) ()] M) (mg/Lh  (h)
A9907-GER 9 10' 0.4140.12 31405 07406 09406
GMR-2917 10 20" 0.78+0.37 32411 15414 0.9+0.6
9 40' 1.20+0.56 : 3T41LS 26416 12407
10 4" 1.39+0.62 32412 28+21  09+03
10 80’ 2.78+1.12 31412 50441 0.5+0.6
FHPO14 35 40™ 2.30+0.7 18+1.0 28411 43+20 12403
GMR-29687 1= 40™ 27 20 30 27.0 10.0
s 40m 2.42+0.77 14+0.7  25+08 44321 12+03
L 40" 3.59 1.0 20 320 9.1
FHPO28 s 40" 2.50+1.06 15208 26509 4.9+32 12404
GMR-29716 1™ 40" 4,03 . 8.4 67
35 40~ 2.45+0.77 14406 24+06 42+28 12404
L 40=" 436 34.0 8.4
FHP041 3 40™ 2.51+0.67 17308 26+0.9 46220 1.24+0.3
GMR-31756 36 a0* 258+0.84 14208 25411 5124 13+04

IEarly Phase I Formulation (Formulation A), 'R?_peated; UPhase 11 formulation; "Phase
III formulation, ™To-be-marketed formulation; "New formulation, "Poor metabolizer.
2 Xx20 mg tablet. -

In extensive metabolizers of pantoprazole receiving the 40 mg dose, the pharmacokinetic
parameters of pantoprazole were comparable across studies for the later formulations
(Phase IIb, Phaes III, the to-be-marketed and the new enteric coated 40 mg pantoprazole
tablet formulations). For this dose, the Cpyy and AUC obtained in the dose ranging study
(Protocol A9907-GER) were markedly lower than the values for the Phase IIb, Phase 111
and the to-be-marketed formulations. This could be due to differences between the
formulation used in the initial stages of drug development versus the improved, later
phase and to-be-marketed formulations. Across studies, tm., and t;; were dose
independent. '

In the dose ranging study (Protocol A9907-GER; GMR-2917), AUC and Cmax were
dose linear in the dose range of 10-80 mg (Fig.5). Generally, dose normalized AUC
values were equivalent (Fig. 6a) suggesting its dose proportionality in this dose range
except that one subject showed significant deviation from dose proportionality. Dose
normalized Cmae values were not equivalent (Fig. 6b), subsequently, Cnux Was not
considered dose proportional in this dose range. However, dose proportionality is not an
issue of concem as only the 40 mg dose is proposed for marketing,

APPEARS THIS WAY
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Fig. 5. Assessment of Dose Lineanty ofAUC (a) and C
Pantoprazole Doses of 10, 20, 40 and 80 mg
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Fig. 6. Relationship between Dose normalized AUC (2) and Cpy (b)
Following Oral Pantoprazole Doses of 10, 20, 40 and 80 mg
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(d) Oral Administration: Multiple Dose: The multiple dose kinetics of orally
administered enteric coated pantoprazole tablet was determined in 16 healthy male
subjects receiving the 20, 40 and 80 mg doses for 7 days (Byk Gulden Protoco] #FK3029;
GMR-29707) and in 12 healthy male subjects receiving the 20 and 40 mg doses also for 7
days (Byk Gulden Protocol #FHPOO7E; GMR-30133). In each study, the doses were
administered in a crossover fashion. Plots of mean + SEM pantoprazole serum
concentration versus time for Byk Gulden Protocol FHPOOTE are presented in Fig. 7. The

mean * SD pharmacokinetic parameters of pantoprazole for both studies are provided in
Table 6.

Fig. 7. Plots of Mean + SD Pantoprazole Serum Concentration Versus Time for
Days 1 and 7 Following Multiple Oral Doses of 20 and 40 mg in 12 Normal

Subjects
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Table 6. Mean + SD Pantoprazole Pharmacokinetic Parameters in Normal
Subjects Following Multiple Oral Doses of 20 and 40 mg

Frotoco! -n Day Dose Coax ‘ tlag [ . AUC tin
(mg) (ug/mL) t) () (mgL)h  (h)
TIINY 15 7 20 1.02+0.30 _— 21414 17406 12402
GMR-26707 Rl 7 20 1.54 — 2.43 12.8 .
15 7 40 2.16+0.85 —_— 19305 32411  1.0+02
1= 7 40 3.80 — 243 262 }
15 7 80 4.08+125 — 194106 72428 13+06
1= 7 20 591 - 2.43 50.7 56
FHPOQTE 11 1 20 1.194+0.31 — 27407 22408 11403
GMR-30133 12 7 20 123+0.20 — 30H.9 21406 1.0+05
- 12 1 40 2.6140.75 —— 28412 49+1.9 11405
11 7 40 252+0.77 — 25+09 47411 11405
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The multiple dose pharmcokinetic parameters of orally administered enteric coated
pantoprazole tablets were similar to its single dose values for the 20 and 40 mg tablets
(Byk Gulden Protocol FHPOOTE). Tma and t;;; were dose independent in both studies. In
extensive metabolizers, t;» values for both studies were similar. For the 40 mg dose, the
mean Cray values for Protocol FHPOO7E were slightly (17-21%) higher. The mean AUC
for this study (Protocol FHPOO7E) was 47-53% higher.

(e) Systemic Accumulation in Normal Metabolizers upon Multiple Oral Dosing:
The results of Byk Gulden Protocol FHPOO7E in Table 7 above show that in extensive
metabolizers, pantoprazole Cp, for Day 1 and Day 7 were similar. These results suggest
that in normal, metabolizers (all subjects in this study were normal metabolizers),
pantoprazole would not accumulate in the serum upon multiple dosing.

(f) Systemic Accumulation in Poor Metabolizers upon Multiple Oral Dosing: In
Byk Gulden Protocols FHP014 and FHP028, some poor metabolizers of pantoprazole,
with dramatically high AUC and t,, values, were identified (see Table 5). It was noted
that the Crmax values for these poor metabolizers were not equally dramatically higher
than those of the normal metabolizers. Steady state Cnuy values were not determined

since these were single dose studies. This reviewer has, therefore, predicted the potential

of steady state accumulation of pantoprazole in poor metabolizers using the following
standard pharmacokinetic equation:

R= 1/(1-eX

where R is the accumulation ratio (factor), K is the terminal elimination rate constant and
T 1s the dosing interval for pantoprazole (24 h). The worst case scenario is the subject
with the half-life of 10 h. In this subject, the accumulation ratio is only 1.23 (i.e., the
ratio, Cruaxss) : C max[dose #1) Would be 1.23: 1.00). This finding suggests that even in poor
metabolizers with pantoprazole half-life as long as 10 h (half-life is approximately 1 h in
extensive metabolizers), there would be no significant steady state drug accumulation

- upon multiple dosing. This is due to the long dosing interval (24 h) of the drug.

-

= BIOAVAILABILITY: The absolute bioavailability of pantoprazole enteric coated
tablet was studied in 12 healthy male subjects each receiving a single oral dose of 40
mg (2x20 mg tablets) and a single 40 mg dose by intravenous infusion over 15 min in a
crossover fashion (Byk Gulden Protocol #A9915-GER; GMR-29728). The mean absolute
bioavailability (AUCor/AUCy) was 77% (range= ————. Excluding the single poor
pantoprazole metabolizer (y»>3.5 h for both routes of administration) did not
significantly affect the mean absolute bioavailability (76% in this case).

APPEARS THIS WAY
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3. BIOEQUIVALENCE:

(a) Bioequivalence of the To-be-marketed Formulation and the Phase III Clinical
Safety and Efficacy Study Formulation: The bioequivalence of the to-be-marketed

enteric coated 40 mg pantoprazole tablet formulation (Formulation E: test) and the

enteric coated 40 mg tablet that was used in the Phase III clinical safety and efficacy
trials (Formulation C: reference) was assessed in 36 healthy male subjects (Byk Gulden
Protocol #FHP028E). Plots of the mean + SEM serum concentration of pantoprazole
versus time for both formulations are presented in Fig. 8. The mean + SD of al
pharmacokinetic parameters have already been presented (see Table 5).

Fig. 8. Plots of Mean + SEM Pantoprazole Serum Concentration Versus Time
Following a Single Oral Dose 40 mg of Phase III Clinical Study Formulation or
the Proposed Market Formulation in 36 Normal Subjects
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Table 7. Assessment of Bioequi#alence Phase III clinically Tested Formulation
and the Proposed Market Formulation :

[Pantoprazole | Reference: Test: i Equivalence ratie |
| 40 mg p.o. | formulation ¢ formalation E | (Test/Reference) !
I ) ] | Point 90%-confidence |
| Pharmacokinetic | Geometric mean, n « 36 | estimate interval |
|eharacter{stic | exp (mean(1n) ¢ S0 (1n)) §) | after logarithmic transf.s))
| — I Il |
[AUC(0,InF.) (kg/mixh) | 4,37 (2.25, 8.47) 4.35 (2.21, 8.56) | 1.00 0.92  1.07 |
] |

[Cmax {ug/mL) | 2.28 (1.41, 3.68) 2.32 (1.65, .27y | 1l.e2 0.91 1.15 ]l
|- k| i
itl/z (h) 1.17 (0.77, 1.738) 1.23 (0.76, 1.9¢; | 1.05 . 1.0 1.1 _i
=_ ]
!imax-tiag_(h) | 1.19  (0.74) 1.00  (0.34) -0.19 -0.43 40,08 |

i

1
$) mean (SD) for tmax-tlag, additive model {no transformation), confidence interval in hours
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The bioequivalence of the the test formulation (Formulation E) and the reference
formulation (Formulation C) was assessed using the Two One-sided Test Procedure for
the 90% confidence limits. The ratios (test/reference) of the mean values of log
transformed Crex and AUC were within the interval of 0.80-1.25 required for
bioequivalence (Table 7). Therefore, the bioequivalence of the to-be-marketed enteric
coated 40 mg pantoprazole tablet and the enteric coated 40 mg tablet that was used in the
Phase IIT clinical safety and efficacy studies has been demonstrated.

(b) B'ioequivalence of Two 20 mg Enteric Coated Phase IIb Tested Pantoprazole
Tablets (Formulation B: test) and One Phase III Tested 40 mg Enteric Coated

~ Tablet (Formulation C: reference): The bioequivalence of the 2x20 mg enteric coated

&
e

tablets that were used in the Phase IIb clinical safety and efficacy trials (Formulation
B:test) and the 1x40 mg enteric coated pantoprazole tablet that was used in the Phase II]
clinical safety and efficacy trials (Formulation C: reference) was assessed in 36 healthy
male subjects (Byk Gulden Protocol #FHP014; GMR-29687). The mean plots of mean
Serum  concentration of pantoprazole versus time for these formulations were not
provided; therefore typical individual subject plots are presented in Fig. 9. The mean +
SD pharmacokinetic parameters for this study have already been presented (see Table 5).

Fig. 9. Typical Plots of Individual Subject Pantoprazole Serum Concentration
Versus Time Following a Single Oral Dose 40 mg of Phase III Clinjcal Study
Formulation or the 2 x 20 mg Phase Ib Formulation in 36 Norma] Subjects

4~| 4 4 (-—-
~ 3.5 ~ 2.541
e = 3 3
{0 ] o ]
L 2.5- L 2.5
. 2 4 SUBJECT 25 o 27 SUBJECT 28
1.5+ w 1.5+
11 1-{
.5 J .S- !
e e . . -
e 4 8 12 18 286 24 e <4 8 12 168 253 24
TIME CHDURS) TIME (HQURS)

Table 8. Assessment of Bioequivalence Phase II] clinically Tested Formulation
and the Phase ITb Clinically Study Formulation

Pan;oprazole Reference: Test: Bioequivalence ratio
@ single coral dese 40 mg tablet 2 X 20 mg tablets (Test/Refereuce)
cf 40 &g in each in a capsyle
period (Phase II forn.) (Phase IIb form.)

Point 90%~confidenc
Pharmacok;netic Geometric mean, n = 3¢ estinate 1ntervaln ¢
Character;stic (exp(nean(ln) t s8d(1ln)) after logarithmic

transformation

ALC(0,00) (mg/1 h) 4.22 (2.43, 7.32). 4.14 (2.44, 7.04) 0.98 0.94, 1.02
Cmax (rg/l) 2.31 (1.70, 3.15) 2.20 (1.65, 2.94) 0.95 0.89, 1.01
Half-life (h) 1.28 (0,85, 1.92) 1.27 (o0.82, 1.96) 0,99 0.96, 1.03
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The bioequiiralence of the test formulation (Formulation B) and the reference
formulation (Formulation C) was assessed using the Two One-sided Test Procedure for
the 90% confidence limits. The ratios (test/reference) of the mean log transformed Crmax

(c) Bioequivalence of a New Formulation and the To-be-marketed Formulation:
The bioequivalence of new enteric coated 40 mg  pantoprazole tablet formulation
(Formulation F: test) and the to-be-marketed enteric coated 40 mg pantoprazole tablet
formulation (Formulation E- reference) was assessed in 36 healthy male subjects (Byk

Fig. 10. Plots of Mean + SEM Pantoprazole Serum Concentration Versus Time

Following a Single Oral Dose 40 mg of a Enteric Formulation or the Proposed
Enteric Coated Market Formulation in 36 Norma] Subjects
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The bioequivalence of the test formulation
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(Formulation F) and the reference formulation

(Formulation E) was assessed using the Two One-sided Test Procedure for the 90%

confidence limits. The ratios (test/reference)
Cmax were within the interval of 0.80-1.25 tha

Table 9. Assessment of Bioe

quivalence Phase III Clinical Study Formulation

of the mean log transformed AUC and
t is required for bioequivalence (Table 9).

and the Phase ITb Clinical Study Formulation
Reference: Test: Equivalence ratio
Pharmacokinetic geomaetric mean geometric mean (Test/Reference)
characterisﬁc (N = 36) (N=236) Point estimate
of pantoprazoie-Na {68%-range) {68%-range) (90% confidence interval)
AUC (mgxhn) 4.11 4.51 1.10
_ | e——— (1.03, 1.16)
Cru/AUC (1/h) 0.577 l 0.516 0.89
———— e (0.83, 0-96)
t, (h) 1.18 | 1.26 1.07 "“
e —— e — (1.02,1.12) -
-
Crax (M) 2.37 l 2.33 0.98 .
| — (0.80, 1.07) i
T ;

The ratio (test/reference) of the mean values of log transformed Cmax/AUC, which the
sponsor also used as an indicator of bioequivalence was within the interval of 0.80-1.25.
Therefore, the bioequivalence of the new enteric coated 40 mg pantoprazole tablet
formulation (Formulation F) and the to-be-marketed enteric coated 40 mg pantoprazole
tablet formulation (Formulation E) has been demonstrated.

APPEARS THIS WAY
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4. METABOLISM:

(@) Metabolic Pathways: The metabolism of  pantoprazole was evaluated in 6
healthy male volunteers who received a single 60 mg dose of the “C-labeled drug
(37.5 uCi) as an intravenous injection over 15 min and a single 80 mg dose of the
labeled drug (50 uCi) as an ora] solution in a crossover fashion (Byk Gudlden Protocol

#FHPO18E, GMR-29693). The main pathways of pantoprazole metabolism are
presented in Fig. 11. :

Fig. 11. Pathways of Pantoprazole Metabolism

-

|

Three primary metabolic pathways were identified: (a) demethylation by CYP2C19
with subsequent sulfate conjugation to a P-O-desmethyl-O-sulfate derivative designated
as M2, (b) oxidation by CYP3A4 to a sulfone and (c) reduction at the sulfur atom and
demethylation to a p-O-desmethyl-sulfide derivative designated as M3-deconjugate, a
portion of which undergoes sulfate conjugation to a p-O-desmethyl-O-sulfate sulfide
derivative designated as M3, as well as glucuronic acid conjugation to a p-O-desmethyl-
O-glucuronyl sulphide derivative designated as M4. M2 is further oxidized by
CYP3A4 to a p-O-desmethyl-O-sulfate sulphone derivative designated as M1, The

. Pantoprazole metabolism. However, the metabolic pathways mediated by these two

isozymes have not been specified.
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An unidentified metabolite, designated as MX, was also formed from pantoprazole. In
this study, the sulfone metabolite was not detected in urine whereas M4 and MX were
not detected in serum. Plots of the Sérum concentration of pantoprazole and its main
metabolites are presented in Fig. 12.

Fig 12.  Plots of Mean Serum Concentrations of Total Radioactivity,
Pantoprazole and its Metabolites Following Administration of “C-labeled
Pantoprazole as an Intravenous Injection (60 mg) and as an Oral Solution (80
mg) in Six Normal Subjects
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The serum concentrations of pantoprazole metabolites were in the order of M2> > M3
(in all forms)> M1 > sulfone following intravenous infusion and M2> >M3 (in all
forms) > sulfone > M1 following oral solution administration .

Pantoprazole was eliminated mainly in urine, as its metabolites, and to a minor extent
in feces. No unmetabolized pantoprazole was excreted in urine The mean cumulative
percentages of the administered doses ultimately eliminated in' urine and feces, were,

respectively, 70.9% and 18.5% for the intravenous dose and 72.4% and 18.45% for
the dose of oral solution (Table 10). :

Table 10. Renal and Fecal Excretion of Total Radioactivity Following
Administration of "C-labeled Pantoprazole as an Intravenous Solution
(60 mg) and as an Oral Solution (80 mg) in Six Norma subjects

Charaétcrislic Mean SD Median Rapge
A% iv. 70.9 7.6 68.7
unne

(% of actual dose) oral 724 6.4 74.8

Alfcces v, 18.5 4.8 19.2

(% of actual dose)  oral 18.4 6.3 15.0

Aoul i.v. . 894 5.1. 91.2

(% of actual dose)  oral 90.7 1.4 90.8 _._,.J

The mean cumulative renal excretion was 29.3% of the intravenous dose versus 37.7%
of the oral dose at 8 h postdose and 37.9% for the intravenous dose versus 46.1% for
the oral dose at 24 h postdose. The higher cumulative metabolite values for the oral

. Toute at 8 and 24 hours postdose is likely to be related to pre-systemic metabolism. At

24 h postdose pantoprazole metabolites ultimately excreted in urine were in the
following order of M2> > M3-decongugate> Mi> M4=MX > M3 for the
intravenous dose and M2 > > M3-deconjugate> M1> Md4> MX> M3 for the oral

- dose. Based on these findings, M2 is the major metabolite of pantoprazole and

CYP2C19 is the predominant isozyme for its metabolism. The roles of the other
isozymes (CYPs 3A4, 2C9.and 2D6) are relatively minor.

CYP2C19 exhibits a genetic polymorphism and is deficient in some individuals (e.g., 3-
5% of Caucasians and 15-20% of Indians). It is expected ihat some patients (those
deficient in this isozyme) would be poor metabolizers of pantoprazole as compared to
those with normal amounts of the isozyme (normal metabolizers) who would

metabolize the drug more efficiently. This would result in pantoprazole kinetic
differences between these two sub-populations.

In a study evaluating the kinetics of a 50:50, racemate of pantoprazole in poor
meiabolizers (n=4), the mean elimination half-lives of the unresolved pantoprazole and
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the (+)- and (-)- enantiomers, were 5.4 h, 8.0 h and 3.0 h, respectively (Byk Gulden
Report 227/92; GMR-30131 [see Item 5§ below]). Furthermore, 2-3 half-lives following
dose administration, 80-90% of pantoprazole in the serum was in the form of the (+)-
enantiomer in these subjects. These findings suggest that only the metabolism of the

(+)- enantiomer of pantoprazole is significantly affected by the genetic polymorphism
exhibited by CYP2C19.

(b) Metabolite Kinetics: The pharmacokinetic parameters of pantoprazole, M2 and
the sum of pantoprazole and its serum metabolites following an intravenous dose of 60
mg and an oral dose of 80 mg in normal volunteers are presented in Table 11.

Table 11. Pharmacokinetic Parameters of Pantoprazole and Metabolites
Following Administration of “C-labeled Pantoprazole as an Intravenous
Solution (60 mg) and as an Oral Solution (80 mg) in Six Normal subjects

Characteristie Mean sD Median Range
PANTOPRAZOLE

Cour oral 14,25 1.50 13.B8

(umol.L'") )

Lpaz oral 0.25

(k)

AUCH,, iv. 16.15 2.95 16.00

(smol.b.L") oral 20,96 8.05 17,00

Ly v 0.89 025 0.88

) oral 1.07 0.16 1.05 -

(] v 0.123 0.021 0.119

(L.b " kg™")

V‘"“ iv, 0.152 0.026 0.152

(Lkg") ]

METABOLITE M2

Cour iv. 429 0.98 4.54
(emolegL!) oral 553 0.81 541
Lpus v 0.67
(k)

oral 0.50
AUCq. iv. 8.95 1.69 9.12
(kmoleg.h L") gral 11.24 1.74 1148
tw iv. 1.20 0.24 1.20 k
(k) oral 118 0.17 1.08

SUM QF PANTOPRAZOLE AND METABOLITES

Coax oral 20.34 236 20.19
(kmoleq.L")
oral i

[T 050
(k)

AUC, .o iv. 29 41 5.48 30.61
(xmoieq.b.LY) oral 40,53 10.38 3720

t iv. . .
o m B -
Like the parent drug, the metabolites of pantoprazole are rapidly cleared from the
serum. :

!
|

A
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(c) Confirmation of Metaboljc Pathways: In in virro studies with human liver microsomes,
pantoprazole metabolism was significantly inhibited by ketoconazole, quinidine and
sulfaphenazole, confirming the participation of CYP3A4 and/or CYP2C19, CYP2D6 ang
CYP2C9, respectively, in the metabolic process (Byk Gulden Protocol 120/96; GTR 31216).

3. PHARMACOKINETICS OF PANTOPRAZOLE ENANTIOMERS: Pantoprazole is a
racemic compound with the center of optical activity at the sulfur atom. In the NDA, it is stated
the pharmacologic activities of its enantiomers are “indistinguishable. However, toxicology
studies in animals have shown that the (-)-enantiomer is more toxic than the ( +)-enantiomer
and that only the (+)-enentiomer converts to the (-)-enantiomer. The Kinetics o the (+)- and
(-)-enantiomers was evaluated in (i) 8 extensive metabolizers (sélected from Protocol HFP016)

receiving a single 80 mg dose of pantoprazole by intravenous bolus injection, (ii) 9 extensive

concentration versus time for the racemic (+) [unresolved] pantoprazole and its (+)- and (-)-
e€naniomers are presented in Figs. 13-16 for these subject groups. The mean + SD
pharmacokinetic parameters of these moieties in these sub-populations are presented in Table
12. IV, PO, NM and EM, represent intravenous administration, oral administration, normal
metabolizer and poor metabolizer, respectively.
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Fig 14, Typical Individual Subject Plots of Serum Concentrations of Racemic Pantoprazole and

its (+)- and (-)-Enantiomers Following Oral Administration of 40 mg Racemic Pantropazole in
Normal Metabolizers
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Fig 15. Typical Individual Subject Plots of Serum Conéemrations of Racemic Pantoprazole
and its (+)- and (-)-Enantiomers Following Intravenous Administration of 30 mg Racemjc
Pantropazole in Poor Metabolizers
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Table 12. Pharmacokinetic Parameters of Racemic Panto
Enantiomers Following Intravenous and Oral

and Poor Metabolizers

8(EM)
8(EM)
8(EM)

9(EM)
9(EM)
S(EM)

Dose
(mg)

BO(TV)

40(PO)

C-l
(mg/L)

2.7+1.1
1.44+0.5
1.4+1.1

lmas AUC 2 Chr
M) ([mg/L]h) (h) 09

— 93+38 1.2+0.6 10.0+4.]
—_ 43420 09+0.5 22.34 10.0
— 48+ 32 1.1+0.5 19.4+8.2

24411 58430 13403 -——
28+1.0 31418 10+05 -—
24411 30414 11504

ey 9

prazole and its (+)- and (-)-
Administration in Norma] Metabolizers

Vs
@

17.5+12.4
28.7+21.4
29.4+22.9
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In extensive metabolizers, regardless of the route of administration (intravenous or
oral), the elimination of the (+)-enantiomer ie essentially the same as the (-)-
enantiomer but in general, the pharmacokinetic parameters of both species were
comparable. In poor metabolizers, the elimination half-life for the (+)- enantiomer
more than doubled and its AUC (where determined) more than tripled the values for the
(-)-enantiomer. In three of the four poor metabolizers, the elimination half-life values
for the (-)-enantiomer (2.5-2.8 h) were within the range (< 3.5 h) specified in the
NDA for extensive metabolizers of pantoprazole. The value for the remaining one
subject (3.9 h) was close to this range. It was further noted that in the serum of
extensive metabolizers, the percentage of pantoprazole in the form of the (+)-
enantiomer generally decreased with time and was less than 50% of total pantoprazole
by 7 h postdose regardles of the route of administration (Figs. 17 and 18). The reverse
was true of poor metabolites, with the percentage of pantoprazole in the form of the
(+)-enantiomer being approximately 80-90% of tota] pantoprazole in serum in the
interval of 12-24 h postdose (Fig. 19). '

I
|

Fig. 17. Percentage of (+)-Enantiomer in Serum Following Intravenous .'_-__;‘_
Administration of 80 mg Racemic Pantoprazole in Extensive Metabolizers i
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Fig._ 18. Percentage of (+)-Enantiomer in Serum Following Intravenous
Administration of 40 mg Racemic Pantoprazole in Extensjve Metabolizers
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6. PRE-SYSTEMIC ELIMINATION: In a crossover study of intravenous and oral
solution doses of l‘C-pantoprazole- in six healthy volunteers (Byk Gudlden Protocol
#FHPO18E, GMR-29693), the absolute bioavailability of pantoprazole for the oral
solution was 81% whereas 96% of the dose. was absorbed. It is reasonable to infer that
the difference in the absorbed and bioavailable amounts (15% of the oral dose) is due
pre-systemic metabolism. The higher amounts of pantoprazole metabolites at 8 and 24 h
postdose for the oral dose as compared to the intravenous dose (see item 4 [page 19))
also suggests the occurrence of pre-systemic metabolism. '

7. BINDING TO ERYTHROCYTES: In the above crossover study of intravenous and
oral solution doses of “(C- pantoprazole in six healthy volunteers (Byk Gudlden
Protocol #FHPO18E, GMR-29693), the geometric mean + SD ratio (AUCsenm/AUCunor
tos) Of total radioactivity was high (1.66+0.66 for oral solution and 1.59+0.15
intravenous administration). These results suggest that erythocyte binding or penetration
of pantoprazole is minimal to negligible as compared to it binding to serum
components. These findings are supported by the 98% binding to serum components
determined in the serum protein binding studies (see item 8).

8. SERUM PROTEIN BINDING: The serum protein binding of pantoprazole was

determined (i) in serum obtained from five healthy male subjects injrcted with “C-
labeled pantoprazole (*C-pantoprazole), (ii) in 3.5% human albumin and (iii) in 0.2%
alphal-acid glycoprotein at pantoprazole concentrations ranging from 0.23 ug/mL to
100.23 um/mL. The method of cquilibrium dialysis was utilized (Byk Guiden
#RZ93002/BY1023). Pantoprazole was 97% bound to serum proteins at all
concentrations tested, 94% bound to serum albumin in the concentration range of 0.23
- 20.23 um/mL and 91% bound to serum albumin at a concentration of 100.23 ug/mL.

Pantoprazole binding to alphai-glycoprotein  (64%, 50%, 31% and 15% at

concentrations of 0.23, 2.23, 20.23 and 100.23%, respectively) was drug concentration
dependent. These results suggest the presence of multiple pantoprazole binding sites on
alphai-glycoprotein. In vitro study of pantoprazole binding to human serum proteins
by the method of equilibrium dialysis was estimated in two other studies, Byk Gulden
Report #244E/88 (five pantoprazole concentrations in the range of 0.9-9.8 umol per
liter) and Byk Gulden Report #90E/96 (pantoprazole concentrations of 0.5 and 3.0
ug/mL) . In both studies pantoprazole was 98% bound to human serum proteins.
Pantoprazole was also 98% bound to serum proteins of renally impaired patients

receiving a single dose of the 40 mg enteric coated tablet (Byk Gulden Protocol
FHP023).

Based on these findings, (i) pantoprazole is highly bound to human serum proteins, (ii)
the primary serum binding protein is serum albumin and (iii) alpha:-glycoprotein plays
only a minor role in the binding of pantoprazole and may have multiple binding sites

for it.




9. PHARMACODYNAMICS: Pantoprazole
proton pump which suppresses the final step
covalently to the (H+,K+)-ATPase enzyme s

gastric parietal cell.
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is a non-competitive inhibitor of the

in gastric acid secretion by binding

ystem at the secretory surface of the

10 PHARMACOKINETICS/PHARMACODYNAMICS (PK/PD) RELATIONS: The

relationship between the
was evaluated for the 0

pharmacokinetics and pharmacodynamics of pantoprazole
(placebo), 20, 40, 80 and 120 mg doses of pantoprazole
administered by intravenous infusion, over 15 min, to normal subjects in whom gastric

acid secretion was induced using pentagastrin (Protocol 3001k1-100-US). The

irreversible effect pharmacodynamic model was utilized.

were not measured in this study,
40 and 80 mg doses in another

Since drug concentrations

the pantoprazole concentrations obtained for the 20,
study (Byk Gulden Protocol FHP003) and those

predicted for the 120 mg dose using the data from Byk Gulden Protocol FHPO003
(assuming dose proportionality in the pantoprazole dose range of 20-120 mg) were used

to buil_d the model The resul_ts are

Fig. 20. Pharmacodynamic Profile of Pantoprazole
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presented in Fig. 20.
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In Byk Gulden Protocol FHP0O03, dose proportionality of Cmax and AUC for single

dose administration was demonstrated
dose was mnot evaluated. Therefore,

iew,

for the dose range of 20-80 mg. The 120 mg
in this rev

the assumption of dose

proportionality in the dose range of 20-120 mg is not considered to be tenable.
Accordingly, the data for the 120 mg dose is not considered in discussing the results.

- The 20 mg and 40 mg doses of intravenous

gastric acid output from the
and 2.5 mEq/h, respectively.

pantoprazole reduced pentagastrin induced

placebo value of 35 MEg/h to approximately 10 mkEq/h
With the 80 mg dose, pentagastrin induced acid secretion




T

28

was completely eliminated within 2 h of dosing. In this study, pantoprazole reduced
pentagastrin induced acid secretion in a dose dependent fashion. ‘

The effect of pantoprazole on gastric acid reduction lasts about 24 h which supports the
dosing interval of 24 h.

In a placebo controlled, clinical efficacy trial that used enteric coated pantoprazole
tablets at doses of 20, 40 and 80 mg, the median intragastric pH values for the 40 and
80 mg doses were similar but were significantly lower than the values for the 20 mg
dose (Table 13). These findings suggest that the 80 mg dose would have no significant

therapeutic advantage over the 40 mg dose, which was ultimately selected for
marketing.

Table 13. Effects of Single 20, 40 and 80 mg Doses of Pantoprazole On Intragastric pH as
Compared to Placebo

AaAr pH
Time placebo 20 mg 40 mg B0mp
8am.-8am. 1.3 2.9* 18 3.9*#
(24 hours)
§am -10p.m. 16 32= 4.4%4 4 84
(Daytime)
10pm.-Bam 1.2 2.1 30 26"
(Nighttime)

* Significantly different from placebo
# Significantly different from 20 mg

11. EFFICACY END POINT: HEALING OF EROSIVE ESOPHAGITIS
ASSOCIATED WITH REFLUX DISEASE (GERD): The rate of GERD healing was
assessed at the end of 4 and 8 weeks of treatment in 541 patients receiving the enteric
coated 10, 20 and 40 mg pantoprazole tablets for 8 weeks in a placebo controlled

* efficacy trial (n=68, 153, 158 and 162 for Placebo, 10, 20 and 40 mg doses,
respectively). The healing rates for 4 and 8 weeks of treatment are presented in Table _

14.

Table 14. Erosive Esophagitis Healing Rates for Oral 10, 20 and 40 mg Oral Pantoprazole
Treatment of Patients with GERD as Compared 10 Placebo

Erosive Esophaguiis Healing Rates

————— PROTONIX - Placebo
10mg QD 20 mg QD 40 mg QD
Week (n=153) (n = 158) (n=162) (n=568)
4 45.6%" 58.4% 75.0% 14.3%
& 66.0%" 835 %™ 926%" 397%

Hp <0.001) PROTONIX versus placzbo.
“(p <0.05) versys 10 mg. or 20 mg PROTONIX
¥ (p<0.05) versus 10 mg PROTONIX
For the evaluated dose range of pantoprazole, erosive esophagitis healing rate increased

sigrificantly with increasing pantoprazole dose. The healing rate for the 40 mg dose
was considered optimal. :




