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Recommendation:

From the clinical pharmacology perspective, this NDA is acceptable.

Executive Summary:

Symbicort is pressurized metered dose inhaler (pMDI) is a combination product consisting of
budesonide and formoterol fumarate dehydrate. In terms of formulation, the clinical and to be
marketed are the same. Therefore, there no bioequivalence study to establish a link between the
clinical and to-be-marketed formulation was necessary in this NDA.

Budesonide is a corticosteroid and formoterol is a long-acting 32-agonist. The product is
proposed to be used in the long-term maintenance treatment of asthma in patients 12 years of age
and older. The product is available in the following strengths:

e 80/4.5 mcg ((budesonide/formoterol) 120 actuation)
e 160/4.5 mcg (budesonide/formoterol) (120 actuation)

e — . 80/4.5 and 160/4.5, are to-be-marketed at this time,
Therefore, from the clinical pharmacology perspective, the focus of the review will be on the to-
be-marketed strengths. To better understand the content of this review and the entire clinical
pharmacology program, it is important to introduce the following products/acronyms used
throughout this NDA:

Combination Products:

Symbicort pMDI: This was used in all clinical studies with a standard actuator
Symbicort — pMDI: This is the final-to-be marketed device with shield actuator
Symbicort TBH: This products contains dry-powder that is marketed outside the US
Budesonide (In the US, AstraZeneca)

The following products are available in the US:

e Entocort EC capsule
e Pulmicort Respules
e Rhinocort Aqua Nasal Spray

Formoterol:
o Foradil Aerolizer (available in the US manufactured by Schering/Novartis)

e OXIS TBH: This is formoterol Turbuhaler (TBH) product available outside the US: It
was used in some clinical pharmacology studies as comparator monoproduct.
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Based on the data submitted to this NDA, the following conclusions can be made:

e The AUC ratio of budesonide from a combination product, Symbicort pMDI, is
approximately 98% compared to that from budesonide pMDI alone (Figure I and Table
I). However, the exposure of formoterol was approximately 84% from Symbicort pMDI
relative to OXIS TBH (Figure I and Table H). Using the urine data, the systemic

exposure to formoterol from Symbicort pMDI ranged from 82% to 135% relative to

OXIS TBH.

Figure 1. Mean Plasma Concentration-Time Profiles of Budesonide and Formoterol (Study

#0721)
A) Budesonide

Wy

0]

iy ©—— Gymbicert pMBI
B Gxis Turbuhcier+bugesanide phDf
»y B

\

budesanide {nmal/L)

G 2 4 & 8 10
Time since administration (0}

B) Formoterol

ninsey ol

s
Turbuhaer + budasenige pM3I

{prmel /L)

,
\
oQ
o

1

-~ ‘1'3

£ A

oo i = .

£ 8] S8y

Tirre gince cdminiziration {n}

Table 1. PK Parameters and 90% CI for Budesonide (Study # 0721)

Symbicort pMDI ws.
Cxis Turbuhaler = budesenide pMDI

CsayedNDASPulmonarySymbicortReview(52306dfs.doc

Parameter Ratio® 98% conf. Hm.
AUC {nmoi*hdL) 9738 (921, 10413
AU (rmel*R1) 973 (91.6, 1034}
Copy {(maeld} 972 (82.0. 104.13
ty () 107.8 {100.3, 115.8)
MRT {h) 010 (-0.407, 028
! Difference for MRT, ratio in % for other parameters
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Table I1. PK Parameters, 90% Cl, and Urine Excretion of F ormoterol (Study # 0721)

Symbicort pMDI vs.
Oxis Turbuhaler = budesonide pMDI

Parameter Ratic! 90% conf lm.
ALUC {pmoi*hd) 822 {76.3. 88.9)
AUCs (Pmoi*éﬁj 843 (778 21%
Cmax {pmol L} LAY (823 1047
12 () 938 (834, 1434
MRT () -047 (-1.37 04433
As (nmol) 815 (752, 88.4)

! Difference for MRT, ratio in % for other parameters

e A cross-study comparison reveals that, the systemic exposure (AUC) of budesonide from
Symbicort pMDI ranged from 68% to 73% of Pulmicort TBH. Relative to Symbicort
TBH, the AUC of budesonide from Symbicort pMDI was 90% and for formoterol was

116%.

e For dosage strengths equivalency, the systemic exposure to budesonide and formoterol
appears to be comparable or lower for 160/4.5 compared to 80/4.5 (Figures I1I). The
plasma concentration-time profiles for fomroterol were superimposed following the three
dosage strengths. From this study it can also be concluded that there was apparent dose
proportionality for budesonide. The dose proportionality for budesonide and also for
formoterol was confirmed in other study (Figures 1V).

Figure 111. Mean Plasma Concentration-Time Profiles for Budesonide and Formoterol
Following Three Dosage Strength (Study # 723)
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Figure IV. Mean Plasma concentration-Time Profiles of Budesonide and Formoterol
(Study # 724)
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e It should be noted that the exposure to budesonide and formoterol was lower by

approximately 30 to 50% after Symbicort pMDI compared to Pulmicort TBH or Oxis TBH
(Figure V). The Cmax in particular was more affected for each component.

Figure V. Mean Plasma Concentration-Time Profiles of Budesonide and Formoterol (Study
#10)
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» There was no evidence of interaction between budesonide and formoterol when each
component was administered either alone (Budesonide pMDI vs Oxis TBH) or together Oxis
TBH + Budesonide pMDI (Figure VI).
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Figure V1. Mean Budesonide and Formoterol Plasma Concentration-Time Profiles When
Administred as Either Budesonide pMDI or Oxis TBH (Study # 722)
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e Following two weeks of treatments, the steady-state plasma concentration-time profiles of
budesonide and formoterol were almost superimposed following Symbicort PMDI and its
mono-components in asthmatic patients 12 years or older (Figure VII).

Figure V11. Mean Budesonide and Formoterol Plasma Concentration-Time Profiles
(Clinical Study # 717)

A) Budesonide B) Formoterol

¥ 53
g Z
g s § 3¢
S £
A £ oz
g £
3 H z - t&. ~
H £ =

i -
5 L R ;"’
Y ¥ il
T & o
i i
é‘ ‘ £ &L
% ’ o
5 20 43 & 3 100 2] B P ME 256 26F 3EC 320 340 2%

Treaiment. e 3YY3 B-8-8 SUCES-FORM 44+ FORM

Teesmwenss . SYMBICORT I
Trimer e+ SYME ;. Ef.i Sudesonide PO b

g D3 23TAE -3 arianars bd Sormoveral TBE 4.3 g parinhalatior >} inwiators
chizicn 7 2 scvuasies: s zmovers! TSE 4.4 ug por Ehelation 1 1 hinas

e Based on Pop PK analysis, there was no single covariate that raises any concern or may
affect the PK characteristic of either budesonide or formoterol. Specifically, gender, weight,
height and other demographic variants do not appear to affect the PK characteristic of either
component. Therefore, based on Pop PK analysis none of the tested covariates may have a
significant clinical impact on the performance of Symbicort.
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Conclusion:

Overall, the systemic exposure to budesonide from Symbicort pMDI appears to be comparable to
the exposure from the monoproducts. For formoterol, however, the systemic exposure appears to
be comparable or slightly lower than the monoproduct. Therefore, no there is no systemic safety
concern, at least from formoterol, when administered as combination product, Symbicort pMDL.

Reviewer

Sayed (Sam) Al Habet, R.Ph., Ph.D.
Office of Clinical Pharmacology and Biopharmaceutics
Division of Clinical Pharmacology and Biopharmaceutics 2

Final version signed by Emmanuel Fadiran, R.Ph., Ph.D., Team Leader
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Background:

Symbicort pressurized metered dose inhaler (pMDI) 1s a combination product consisting of
budesonide and formoterol fumarate dehydrate availble in the following strengths:

e 80/4.5 mcg (120 actuation)
e 160/4.5 mcg (120 actuation)

Budesonide is a corticosteroid and formoterol is a long-acting $2-agonist. The product is
proposed to be used in the long-term maintenance treatment of asthma in patients 12 years of age
and older.

What is the Formulation and Product/Device?

The clinical program for the development of Symbicort pMDI consisted of 14 Phase 1 clinical
pharmacology/PK, 4 Phase 2 pharmacodynamic (PD) studies and 9 Phase 3 safety and efficacy
studies. The focus of the review is on the PK studies comparing the bioavailability of Symbicort

pMDI to mono-products (budesonide and formoterol).

No change was made between the clinical and the to-be-marketed formation. This formulation
contains the active drugs, two excipients, and HFA 227 (Table 1).

Table 1. Composition for the Clinical and the Commercial Formulation

Component Nominal concentration in canister

80/4.5 yg product  16044.5 pg product

Budesonide micronized”

Formotero] fumarate dihydrate micronized®

PEG 1080 ~—

Povidone X23

HFA 227

a

® Drug concantiations mrinde formulation cverzges v Zor both drug substances te compensate for drug

losses on the can. valve, and achuator monthpiece. Refer to P 2.2 Phanmarzeutical Develepment — Ding Product for
further details.
— ; PEG Polyethyiene glyeol HFA Evdrofluorcaikans

The device used in all clinical studies had a standard actuator. However, the to-be-marketed
device will be attached to a shield actuator. The shield component is attached to the base of the
canister. The rest of the assembly of the device such as the mouthpiece for the clinical and
commercial device is identical. Based on in vitro testing, the performance of the two devices is
virtually similar (see CMC review). Therefore, no bioequivalence study is necessary to establish
the link between the two devices.

CsayedNDASPulmonarySymbicortReview052306dfs.doc 9



What Studies Submitted in this NDA?

Since there was no change in the clinical and to-be-marketed formulation, no bioequivalence
study was necessary. Therefore, the clinical pharmacology program was focused on the
following issues:

e The PK characteristics following a single and multiple dose of Symbicort pMDI and mono-
products.
¢ Potential interaction between budesonide and formoterol

Therefore, the sponsor conducted a series of studies in order to establish the relationship between
the following products:

¢ Budesonide pMDI (used as active comparator in Phase 3 trial)
e OXIS TBH (used as active comparator in Phase 3 trial)
¢ Pulmicort TBH (for large safety data)

Some studies were conducted in healthy subjects and some in asthmatic adults or children. One
important study was conducted to establish dosage strength equivalency and dose proportionality
for the three formulation strengths. Furthermore, Pop PK and across studies analysis were
performed to evaluate the entire PK data from different studies and to determine the effect of
covariates on PK characteristics of budesonide and formoterol. To minimize confusion, the
clinical pharmacology and biopharmaceutics studies will be summarized in this review under the
following three main headings:

A) Relative Bioavailability and Comparaﬁve Studies
B) Multiple Dose/Steady State Studies
C) Clinical/Phase 3 Studies with PK/PD subsets

The Pop PK and a cross-study PK analysis and conclusions will be summarized toward the
end of the review. '
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Summary of Individual Studies:

A) Relative Bioavailability and Comparative Studies

1.0 Study # 0721 (Symbicort pMDI vs budesonide pMDI plus OXIS TBH):
Objective:

The objective of this study was to determine the systemic bioavailability of budesonide and
formoterol when administered via Symbicort pMDI compared to individual components
administered as budesonide pMDI Plus Oxis Turbuhaler (TBH).

Study Design:

e Two-way crossover, single dose
e n=28§ healthy adult subjects

Dose:

e Symbicort pMDI: 160/4.5 mcg x 8 actuation = 1280/36 mcg (single dose)
e Oxis Turbuhaler (fermoterol): 4.5 mcg per inhalation x 8 = 36 mcg
e Budesonide pMDI: 160 mcg per actuation x 8 = 1280 mcg

Results:

e For budesonide, the ratio of AUC between Symbicort pMDI and OX1 Turbuhaler PLUS
budesonide was 98%. Also, the 90% CI for both Cmax and AUC was within 80-125%
(Table 1.1 and Figure 1.1). The mean PK parameters are similar in both treatments
(Table 1.2).

e For formoterol, however, the exposure was lower than that of budesonide (Table 1.3 and
Figure 1.2). Based on the AUC ratio it was 82% when comparing Symbicort pMDI to
mono-components given individually (Oxis Turbuhaler plus budesonide). The mean PK
data i1s shown in Table 1.4. This was consistent with the urine excretion data which
showed that the mean of 81.5% (Table 1.3). The fraction of administered dose excreted
in urine were 8.8% and 10.9% for Symbicort pMDI and Oxis Turbuhaler + budesonide
pMDI (Table 1.5).
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Table 1.1. PK Parameters and 90% C1 for Budesonide (Study # 0721)

Symbicort pAiDI ws.
Oxis Turbuhaler + budesonide pMDI

Parameter Ragio® 96% conf. lim.
AUC (nmei*h’L) 979 (9211045
AUCq (omol*B7L5 973 {91.6, 1039
Crax (mmolL} 572 (89.0, 106.1%
i {h) 1078 {1063, 115.8)
MRT {(h) D18 (-007. 028

! Difference for MRT. ratio in % for other parameters

Figure 1.1. Mean Plasma Concentration-Time Profiles of Budesonide (Study # 0721)

budesonide {nrmal/L)

[T] T Y T T

<t q\ &— Symbicort pMDi .
E @\ B Guis Turbuhcier+budesonide phDl
L%

MY

o4

w ik i s
0 yl 4 2 8 10

e

Time since gdrinistration ()

Table 1.2. Mean PK Parameters of Budesonide (Study 0721)

Oxis Turbuhaler +

Sybicert pMDI budesomide pMDE
Parameter Xfean! 0% conf. lim. Mean! 90% conf. lim.
AUC (nmoi*h/L) . i445 (140 133) 148 (143 156
AUCy, {mmol*h/L} i35 (13.0, 141 139 (133, 14.5)
Cmax {(nmickL} 39 (37,4 4.0 (38 43)
ti2 () 36 (34,39 33 (32,33
MET ) 43 4.1 44 4.1 40 43)

! Anthmetic mesn for MRT, geometric means for other parameters
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Table 1.3. PK Parameters, 90% CI , and Urine Excretion of Formoterol (Study # 0721)

Symbicort pMDI vs.
Oxis Tarbuhaler + budesonide pMDI
Parameter Ratio! 00% conf. Hm.
AUC {pmei*hd) 22 (763, BR.6)
AUCo (pmol*h/1} 843 (778, 81.5)
Cmax {pmol L) 829 (823, 1047}
1y (B} 93. (834, 105.4)
MRT ¢h) 547 (-1.37, 043}
A (nmol) 815 (732 884

! Difference for MRT, ratio in % for sther parameters

Figure 1.2. Mean Plasma Concentration-Time Profiles of Formoterol (Study # 0721)
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Table 1.4. Mean PK Parameters of Formoterol (Study 0721)

Oxis Turbuhaler +
Symbicort pMDI budesconide pMDI
Paramerer Mean! 93% conf. im. Mean! 0% conf. lim.
AUC {(pmol*h1L) 5157 (4832 3437 627.1 {594 8. 661.2)
AUCq {pmol*h/L} 3g40 (3633, 407D 436 4 {4310 4834
Cmax {pmold) 147 {135.1, 160.0) 158.2 (1434, 1722
t1:2 (hy 45 (5.5, 6.5 6.4 (38,69
MRT {h) 87 (8.1, 9.4 a2 {83, 98
A {nmol} 76 (7.2, 8.8 a3 {8.8,9.8)

! Anthmetic mesn for MRT, geometric means for other paramsters
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Table 1.5. Mean Amount of Formoterol Excreted in Urine (Study # 0721)

Oxis Tarbwhaler +

Symbicort pHEDI budesonide pMDI

Parameter Mean Range Mean Eange
Aspasr (nmol) 5.8 (3.8 - 137 83 (34 - 129
A4 255 (nmol) 08 (0.5 - 1.3) 09 05-15
A (nmol) 7.8 43-15.0 93 (6.2 - 14
fegaan (78) 84 d44-160) 97 (6.3 - 130
feraaz p (%) 0.9 (0.4 - 1.5} 1.1 0.6 - 1.7
£ {%5) §38 (3.0 -17.3) 10.9 (7.3 - 16.63

Conclusion:
Based on this data, it can be concluded that the relative bioavailability of budesonide after

Symbicort pMDI relative to mono-products is close to 100% (98%). However, for formoterol is
about 80%.
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2.0 Study 0713 (Symbicort pMDI vs Pulmicort TBH PLUS OXIS TBH
Objective:

The primary objective of this study was to determine the relative systemic bioavailability of
budesonide and formoterol from Symbicort pMDI compared with Pulmicort Turbuhaler and
Oxis Turbuhaler given at the same time.

Design:

¢ Four-way crossover, replicate design, single dose
e n= 28 healthy adult subject

Treatments:

e Symbicort pMDI: 160/4.5 mcg x 12 inhalation = 1920/54 mcg (single dose).

e Pulmicort Turbuhaler (Budesonide, US Version) powder: 200 mcg equlvalent to 160 mcg per
dose x 6 = 1200 (equivalent to 960 mcg delivered dose)

¢ OXIS Turbuhaler (formoterol, original version)): 4.5 mcg per inhalation x 6 = 27 mcg

Activated Charcoal Arms:

In order to block the fraction of the drug absorbed via the mouth and GI tract, two of the
symbicort pMDI treatments and one of the two Pulmicort TBH plus Oxis TBH treatments were
given together with activated charcoal.

Results:

e The data in the absence and the presence of charcoal is summarized in Tables 2.1-2.4 and
Figures 2.1 and 2.3.

e Based on dose correction, the exposure for budesonide and formoterol was approximately
20% to 35% lower after Symbicort pMDI than monoproducts; Pulmicort Turbuhaler plus
Oxis Turbuhaler (Tables 2. 1-2.4 and Figures 2.1-2.2). The effect was more apparent for
budesonide (30% to 35%). '

¢ When administered with charcoal, the mean relative bioavailability for budesonide was
72% (95% CI: 63-82) and for formoterol was 82% (95% C1 71-95). The same trend was
when administered without charcoal. In the absence of charcoal, the mean Cmax ratios
were 65% (95% CI: 56-74) for budesonide and 95% (95% CI: 81-113) for formoterol.
Therefore, the effect of charcoal appears to be less apparent for Cmax than for AUC. This
may suggest that the initial peak is primarily a result of lung absorption rather than
absorption form the GI tract.

CsayedNDASPulmonarySymbicortReview052306dfs.doc 15



Table 2.1. Mean PK Parameters for Budesonide When Administered Without Charcoal

Pulmicort Turbubaler + Oxis

Symbicort pMDI Turbuhaler Symbicort vs. Puimicort + Oxis *
parameter mean 95% conflim. mean 95% conf.lim. mean 95% conf.lim.
AUC (nmol/L-b) 130 173-209 13.1 119 - 145 72 63 - 82
AUCp. {omol/L-b) 177 16.1 - 19.5 124 11.2- 137 - 71 63 - 81
Creax (nmoVL) 6.05 547 - 6.69 4.68 422 -31% 65 56-74
Tz (h) 3.38 315-362 3.13 291-335 108 98 - 119
MRT (h) 402 3.88-4.16 335 3.61 -390 0.27 007 - 047
Tra, (D) 70 10-60 10 10- 42 5 0- 10
1Ratios (%) for T 12, AUCo+, AUC and Cru, differences for MRT and Tmax. 2 Treatment median and range for T max, Hodge-Lehmann estimate for
treatment comparison.

Table 2.2. Mean PK Parameters for Budesonide When Administered Wlth Charcoal

Pulmicort ’hnl'mhaier +
Symbicort pMDI OxisTurbuhaler Symbiccn vs. Pulmicort + Oxis?
parameter mean 95% conflim | mean | | 95%conflim. mean 95% conflim.
| AUC (zmol/L-b) 159 145174 122 112134 . 65 57--74
“AUCo. (nmoVL-b 151 138-165 e | 1w06-128 | 65 57-74
Crrax (nroi/L) 6.09 5.53-6.71 . 445 404-491 TP 68 - 60-78
T (h) 313 293 -335 3.00  '2.81-320 T 104 . 95 - 115
'MRT () 347 333 -3.61 352" 3.38- 3.66 ©005 | . 025-015
TFenx (mm)z 20 10 - 40 20 10 - 60 0 2-4
TRatios (%) for T 12, AUCp+, AUC and Cpas, differences for MRT and Ty, 2 Treatment medias and range for T mxx. Hodg&Lchmann estimate for
treatzent Comparison. .

Figure 2.1. Mean Plasma Concentration-Time Profiles of Budesonide With and Without

Charcoal
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e Overall, treatment with charcoal significantly reduced the systemic exposure to formoterol
but slightly affected budesonide. The effect was more pronounced after Symbicort pMDI
than monoproducts. The mean relative bioavailability was 65% (95% CI: 57-74) for
budesonide and 76% (95% CI 66-87) for formoterol. The Cmax ratios were 68% (95% CI:
60-78) for budesonide and 96% (95% CI: 82-114) for formoterol (Tables 2.3 and 2.4).

Table 2.3. Mean PK Parameters for Formoterol when Administered Without Charcoal

Symbicort pMDI Pulmicort Turbuhaler + OxisTurbuhaler Symbicort vs, Flmicort +
- mean 95% confiim. mean 95% conflim. mean wii%x;m
AUC (pmol/L-h) 751 677 - 833 456 412- 506 32 71-95
AUCq. (pmol/L-h) 557 503 - 616 335 303 - 371 83 72-95
Coome (PHIOVL) 227 201 - 256 119 105 - 134 5 81 - 113
Tiz () 6.37 5.61-724 634 558 - 7.21 100 84 . 120
MRT () 9.56 8.28 - 1085 8.40 .11 - 10.68 017 158 - 192
T (DP 10 9-11 10 10- 10 0 o-0

iRatios (%) for Tz, AUChy, AUC and Crug, differences for MRT and Tmm.? Treatment median and range for Tmes, Hodge-Lehmann estimate for
treatinent coxaparison.

Table 2.4. Méan PK Parameters for Formoterol When Administered With Charcoal

Pulmicort Turbuhaler + Oxis

Symbicort pMDI . Tuarbohaler Symbicort vs. Palmicort + Oxis !
parameter mem 95% conf.lim niean 95% conf.lim. mean 95% conflim.
AUC (pmeVL-b) - 538 487 - 554 356 322 - 393 76 66 -87
AUCo+ (prol/L-h) ™) 364 - 443 263 738 - 230 76 o7 88
Coome POl 219 195 - 246 118 101 - 128 % 8- 134
T @) 638 582745 603 S3-68 . | 109 52- 130
MRT () 908 784 - 1031 932 8081055 024 199 - 150
s R 10-12 — 10 BNTEST) o 0-0

treatment comparison.

1Ratios (%) for Tin, AUCo.. AUC and Cou, differences for MRT and Tipax2 Treatment median and range for Ting, Hodge-Lehmann estimate for

Figure 2.2. Mean Plasma Concentration-Time Profiles of Formoterol With and Without

Charcoal
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Reviewer’s Comments:

The results from this study can be summarized in Figures 2.3 and 2.4. These figures show
the relative bioavailability of budesonide and formoterol for dose corrected Cmax and AUC
with and without charcoal treatments. These figures show the trend at each treatment and the
spread of the data with some outliers. It should be noted that the variability appears to be
similar for the combination product and the mono-products. However, the data for formoterol
is more spread and variable than that of budesonide (Figures 2.3 and 2.4). According to the
sponsor, some for this variability could have been attributed to inadequacy in dosing.

Figure 2.3. Individual and Mean Dose Corrected Budesonide AUC and Cmax Ratios
Between Symbicort pMDI-and Pulmicort TBH Plus Oxis TBH (Study 713)
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Figure 2.4. Individual and Mean Dose Corrected Formoterol AUC and Cmax Ratios
Between Symbicort pMDI and Pulmicort TBH Plus Oxis TBH (Study 713)
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Considering all sources of variability in the data and all the possibility of dosing errors in some
subjects, there appears to be some relationship between individual AUC for the combination
product and mono-products for both budesonide (Figure 2.5 ) and fotmoterol (Figure 2.6). This
relationship is not a perfect one, but it provides some idea of the trend at individual level and
also further shows the lower trend of exposure for each component with Symbicort pMDI
compared to monoproducts.

Figure 2.5. Comparison of Individual Budesonide AUCs For Symbicort pMDI and
Pulmicort TBH Plus Oxis TBH (Study 713)

Wethaut charcool With charcool

[s1%

7
55 33
. o
5G e 5O
e
45 Ve 45
X A
g 3o o 5 35
B an / 5 50
& 28 5 @ R es o
] = Lo
feds) o Fo e 20 © /‘é =
e TP (SR - S ¥ e
15 e @ 15 - &
<Gf N GE o o
HEe ya & 10 / o, @
- 4 /
b/ 5.(/:
o 5 0 15 20 25 50 o 8 30 15 20 25 30

Dulmicort 4+ Oxis Pulmicort 4+ Oxiz

Figure 2.5. Comparison of Individual Formoterol AUCs For Symbicort pMDI and
Pulmicort TBH Plus Oxis TBH (Study 713)
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Conclusions:

With charcost

I 300 R0 YO0 S00

Puimicort + Oxis

The systemic bioavailability of budesonide and formoterol was 20% to 35% lower when
administered from Symbicort pMDI than individual components from Pulmicort Turbuhaler plus
Oxis Turbuhaler. The presence of charcoal significantly reduced the systemic exposure of
formotrerol. However, the effect of charcoal was less apparent for budesonide.
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3.0 Study # D5896C00010 (Symbicort pMDI vs budesonide pMDI, Pulmicort TBH, and
OXIS TBH)

Objectives:

The primary object of this study is to compare the PK of budesonide and formoterol after
mbhalation from Symbicort pMDI and after inhalation from Pulmicort TBH, budesonide pMD],
or Oxis TBH in adult asthma patients.

Design:
This is a single dose four-way crossover design in 29 asthmatic adult patients
Treatments:

e Symbicort pMDI: 160/4.5 mcg x 12 inhalation = 1920/54 mcg (single dose).

e Budesonide pMDI: 160 mcg x 12 = 1920 mcg ‘

¢ Pulmicort Turbuhaler (Budesonide, US version) powder: 200 mcg equivalent to 160 mcg per
dose x 12 = 2400 (equivalent to 1920 mcg delivered dose)

¢ OXIS Turbuhaler (fermoterol, original version)): 4.5 mcg per inhalation x 12 = 54 mcg

In addition to blood collection, urine was collected over 48 hours for the determination of
formoterol amount excreted.

Results:

e The exposure (Cmax and AUC) of budesonide was lower by approximately 30 to 50% after
Symbicort pMDI and Budesonide pMDI compared to Pulmicort TBH (Table 3.1 and 3.2
and Figures 3.1 and 3.2).

e However, the budesonide exposure from Symbicort pMDI and Budesonide pMDI is similar
with a ratio of 98%. Also, the AUC, but not the Cmax, was within 80 to 125% (Table 3.2).
The Cmax was approximately 25% higher after Symicort pMDI compared to budesonide
pMDIL '
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Table 3.1 Mean PK Parameters of Budesonide (Study # D5896C00010)

S};mbicmi pMDI tndezontda phiDI Pulmicort Turbuhaler
Parameses Yean! 90% conflim. Mean! 30% conflim. }ézan! 90% conflim.
AUC {nmolT-h} 18,43 2’44 -19.47 1883 17.87 - 19.88 273 2574 -2873
AU s famolL b} 1791 1694 - 1883 18.27 17321928 26351 2508 -28.03
MRT ¢hi 5.70 5536 -585 558 584 -8612 549 335-5964
12 4k 4.67 441 -43% 5.07 4.76 - 5.36 499 471-329
e (rain) 20 15 - 326 28 18 - 24¢ 10 10-2
Conys {nmolL) 448 407 -4.94 3160 328-393 521 743 -9.04
1 Median and range for tmyy. arichmetic mean for MRT, and gecmetric means for the other parameters.

Table 3.2 Statistical Anhlysis of PK Parameters for Budesonide (Study # D5896C00010)

Symbicort phiDi Symbicert ghIDI ‘budesonide pMDI

vs. budesonide pDi: v5. Pulmicort Turbuhales! vs. Pulnnicort Torbuhslert
Farameter Mean $0%% conf.lim. Mezn 0% conflim. hfean 5% conflim.
AUC (%) £ 91 - 106 &3 63 - 73 63 £4 - 75
AUCs., (3} 93 91 - 1A 68 83 - 73 89 64-74
MET ¢hy <527 047 - 607 921 301 - 641 .48 028 - 068
12 (%) EX BS - 100 94 86 - 101 102 94 - 110
Cmax £%) 124 195 - 142 33 43 - 82 44 38 -3

1 Ratios for AUC, AUCyy, Cupay and t:+. difference for 3IRT

Figure 3. 1 Mean Plasma Concentration-Time Profiles of Budesonide (Study #

D5896C00010)
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e Similarly, the exposure to formoterol was lower after Symbicort pMDI compared to Oxis
TBH (Tables 3.3 and 3.4 and Figure 3.2). The Cmax in particular was approximately 40%
lower after Symbicort pMDI than after Oxis TBH. However, the AUC was marginally lower
(13%) after Symbicort pMDI compared to Oxis TBH (Table 3.4). This low AUC is
comparable to that seen for total amount excreted in urine over 48 hours. The systemic
bioavaialbity of 13% based on AUC 1s not too far from the 18% based on amount of
formoterol excreted in urine over 48 hours (Table 3.4). '

e The percent of formoterol dose excreted unchanged in urine was approximately 8% ranging
from approximately 7% to 10% (Table 3.3).

Table 3.3 Mean PK Parameters of Formoterol (Study # D5896C00010)

Svmubicort pMDI Ouis Twrbuhaler
Parameter” Mean? 90% conflim. Meszn! 20% conflim.
AUC {pmo¥L-h) 787 &71 - 832 861 716 - 954
AUCs {pmolL k) 630 378 - 7% 733 £55 - 808
MET ¢h} 15.64 933 -11.38% 1180 1§55 - 13.06
12 By 788 687 - 903 873 ?'.6‘:"- 953
$mex (Eutu) 16 10-240 1G - 12
Cnne om0l 136 115 - 156 223 194 - 253
feg-ssn (%o} ':;'_SO 7% - B.5T .45 8.81 - 1044
1 Median and range for tmay, arithmetic mean for MRT. and geometric means for the other parameters.

Table 3.4 Statistical Analysis of PK Parameters for Formoterol (Study # D5896C00010)

Symbicort pMDI
5. Onie Turbuhaler?
Parametar? Meazn 50% conflim.
AUC %) 87 73 - 101
AU ey (%o} 87 76 - 101
MET &} -1.16 28T - 065
112 {%%) 56 74 - 109
Comax {55} 61 . 21 -7
feg-ssn (%o} g2 71-95

1 Ratos for AUC, AUCes Coay. t102. and fep_ygy, difference for MRT
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Figure 3. 2 Mean Plasma Concentration-Time Profiles of Formoterol (Study #
D5896C00010 )
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Reviewer’s Comments:

e Examining the individual PK data (Cmax and AUC) for both budesonide and formoterol at
all treatment shows relatively high inter-and intra-subject variability in the data, including in
urinary excretion of formoterol (Figure 3.3-3.7).

e From the individual data it could be observed that the exposure to both budesonide and
formoterol is lower after Symbicort pMDI compared to Pulmicort TBH or Oxis TBH.
However, the exposure for budesonide after Symbicort pMDI and Budesonide pMDI is
similar with a ratio of 98%.

Figure 3.3 Individual AUC Data for Budesonide (Study # D5896C00010)
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Figure 3. 4 Individual Cmax Data for Budesonide (Study #10)
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Figure 3. S Individual AUC Data for Formoterol (Study # D5896C00010)
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Conclusions:

e The systemic bioavailability of budesonide is approximately 30 to 50% lower after
Symbicort pMDI and Budesonide pMDI compared to Pulmicort TBH. However, budesonide
exposure from the former two products (Symbicor pMDI and Budesonide pMD]) is similar
with a ratio of 98%.

¢ Similarly, the exposure to formoterol when administered as Symbicort pMDI is lower than
Oxis TBH. The effect was more pronounced on the Cmax (39% low) than AUC (13% low).
The bioavailability of formoterol from Symbicort pMDI relative to Oxis TBH based on AUC
(13%) is comparable to that based on urine excretion data over 48 hours (18%).
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4. Study # D5896C00013 (Symbicort pMDI vs Pulmicort TBH plus OXIS TBH)
Objectives:

The primary objective of this study was to compare the systemic availability of budesonide and
formoterol after inhalation from Symbicort pMDI and Pulmicort TBH plus Oxis TBH in
asthmatic children 6 to 11 years of age.

Design:

e Two-way crossover, single dose
e n=24 asthmatic children (6 to 11 years) patients

Treatments:

e Symbicort pMDI: 160/4.5 mcg x 4 inhalation = 640/18 mcg (single dose).

e OXIS Turbuhaler (fermoterol, original version)): 4.5 mcg per inhalation x 4 = 18 mcg

e Pulmicort Turbuhaler (Budesonide, US version) powder: 200 mcg equivalent to 160 mcg per
dose x 4 = 800 (equivalent to 640 mcg delivered dose)

Unlike the previous study #10, only 24 hours urine was collected for fomoterol measurement.
- Therefore, blood was collected only for budesonide plasma concentration measurement
following all treatments.

Results:

e As observed in the previous studies, the exposure to budesonide after Symbicort pMDI was
lower than Pulmicort TBH plus Oxis TBH (Tables 4.1 and 4.2, and Figure 4.1). The mean
ratio for Cmax and AUC was approximately 60% and 75%, respectively (Tables 4.1 and
4.2).

e In this study 5 subjects had 16 missing plasma samples at various time points (10, 20, and 40
min). Therefore, the data was re-analyzed excluding these 5 subjects and presented in Table
4.2. This re-analysis did not make much difference to the data or conclusions.

. o The amount of formoterol excreted in 24 hours urine collection was comparable between
treatment, yet was about 10% higher after Symbicort than Pulmicort + Oxis TBH (Table
4.3). The mean percent of dose excreted unchanged in urine ranged from 3.1 to 3.5 %. It
should be noted that this amount is approximately half of that amount excreted in the
previous Study # 10 in adult asthmatic patients (~8%).
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Table 4.1 Mean PK Parameters For Budesonide in ALL Subjects (Study # D5896C00013)

Symbicort . Palmicort + Oxis Symbicert v, Pulmicert + Oxis?

Parameter Meaxn 3% conf.lim. Mesn 99% conf.Bm. Aean 5% conflim.
AUC {pmelL-hy | 432 3332-337 373 452 -732 73 52103
AUCs. C 354 367-504 552 431 -7907 71 50 - 101
{amolT &}

MET (&) 378 344 -412 280 255-324 G588 G.3% - 1.37

tro (B} 298 276 -321 263 244 -282 i13 2. 16

fomzx (main)! 2% 14 - 240 30 15 - 62

meu QﬁmolfL} 136 099-187 2351 1.68 - 217 59 38 .92
1 Median and range.

2 Ratios {32} for AUC. AUCq+. Chex, and tu2, and difference for MRT.

Table 4.2 Alternative Analysis of PK Parameters Excluding Five (5) Subjects with Missing
Plasma Concentration Values (Study # D5896C00013)

Symbicort Palmicort + Oxis Symbicort vs. Palmicort + Oxis?
Parameter Mean 96% conf.lim, Mean 96%% conflim. Mean 96% conf.lim.
AUC 4.19 330 - 357 335 195 - 724 78 ‘ 51-1%
{nmolL kY
AUCs.. 390 286 -533 514 178 -782 76 49 - 118
{nmo¥L-k}
MRT (h) 338 334 -422 283 241 - 3.?‘9 083 030 - 135
i (B} 3.03 237 -331 2.58‘ 235 - 281 117 104 - 133
trmex (min) kY 10 - 246 20 16 - g2
T max {amolL) 1.33 081 -202 213 143-318 83 3§ - 112

Median and range.
Ratios (%) for AUC, AUCst. Cuex, and t12. and difference for MRT.

td bt
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Figure 4.1. Mean Plasma Concentration-Time Profile of Budesonide (Study #

D5896C00013)
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on Parameters For Formoterol (Study # D5896C00013)

Symbicort Pulmicort + Oxis Symbicort vs, Pulmicort + Oxis?
Parameter Mean  90% conflim. | Mean 90% conflim. Mean 90% conflim.
feg.24x (%o} 348 272-443 3069 243 -391 113 80 - 158

1 Ratio (%o}
Reviewer’s Comments:

® As the previous studies, the

data was variable, yet very consistent within each treatment. The
%CV ranged from approximately 55% to 140% for Cmax and AUC in both treatment arms

(Figures 4.2 and 4.3). In other words, there was clear trend in individual data that
budesonide exposure was lower when administered as Symbicort pMDI than when

administered as individual components of Pulmicort plus Oxis TBH (Figures 4.2 and 4.3).
For formoterol, however, the spread of the urinary excretion data was consistent between the

two treatments with the exception of one subject that appears to be an outlier in Symbicort

pMDI arm (Figure 4.4). Therefore, considering the inter- and intra-subjects variability, the

excretion of formoterol in urine appears to be comparable following both treatments.

CsayedNDASPulmonarySymbicortReview052306dfs.doc
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Figure 4.2. Individual and Mean AUC for Budesonide (Study # D5896C00013)
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Figure 4.4. Individual Formoterol Amount Excreted in Urine (Study # D5896C00013)
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Conclusions:

The trend of lower exposure for budesonide and fomoterol following Symbicort pMDI relative to
monoproducts is consistent with other studies. In this study the exposure to budesonide was 30 to
40% lower following Symbicort pMDI compared to monoproducts. No plasma samples were
collected for formoterol in this study. However, urine data show a similar trend as that shown in
the previous studies.

Variability was large in this studies with %CV ranging from approximately 50% to 140%

following all treatments. Regardless of the variability, the trend at each treatment arm was
consistent and producing a clear separation for overall mean.
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5.0 Study # 723 (DOSage Strength Equivalency/Dose Proportionality Study)

Objective:

To mnvestigate the PK dose proportionality of budesonide and the relative systemic
bioavailability of formoterol when administered via three different formulation strengths of
Symbicort pressurized metered dose inhaler (pMDI).

Design:

e Three-way crossover, single dose
e n= 28 healthy subjects

Treatments:

e Symbicort pMDI: 40/4.5 mcg x 12 inhalations = 480/54 mcg (single dose).

¢ Symbicort pMDI: 80/4.5 mcg x 12 inhalations = 960/54 mcg (single dose).

e Symbicort pMDI: 160/4.5 mcg x 12 inhalations = 1920/54 mcg (single dose).

: Results:

e There was clear dose/strength separation of budesonide for all treatments (Table 5.1 and
Figure 5.1). However, normalizing the PK parameters (Cmax and AUC) for the given dose
at each treatment the criteria for dose proportionality do not meet and deviate by

approximately 10% to 15% for Cmax and AUC (Tables 5.2 and 5.3).

e In terms of dosage strengths equivalency, the data shows that the three dosage strengths are
comparable with 90% CI limit within 80% to 125% for most of the PK parameters, but not

all (Table 5.2).

e Asexpected, the plasma concentration time profiles for formoterol were superimposed for all
treatments (Figure 5.2). Also, there was no change in PK parameters at all treatments
(Tables 5.4 and 5.5). In addition, the normalized ratios for all treatments were within 80. to

125%.
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Table 5.1. Adjusted Means of PK Parameters of Budesonide AUC (Study # 723)

Symbicort 480/34 Symbicort 96034 Symbicort 1920:54
Parameter ' Mean! 0% conf Hm. | Mean! 9% conf lim. | Mean! 20% conf. lim.
AUC (pmed*h'L) &4 (38,63 1.8 (103, 11.3) 26 {187, 203
AUCs. {nmol*h 1} 5.6 (5.4, 3.8} 10.0 8.6, 10.4) 56 {17.2, 18.8}
Canax {umold} 1.8 (1.7, 1.9 32 (34 3.4; 5.4 (5.0, 5.8y
£ () 36 (3.3, 3.8) 36 {34, 3.8y 17 (3.9, 403
MET ¢l 42 (4.0, 4.3) 412 1.1 4.4 4.3 (+.2, 4.5}
1 Arthmetic mean for MRT. geometric means for other parameters

Figure 5.1. Mean Plasma Concentration-Time Profiles for Budesonide (Study # 723)
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Table 5.2. Mean PK Parameters of Budesonide (Study # 723)

Symbicort 980:54 w3, Symbicort 1920754 w5, Symbicort 1920/54 vs.
Symbicort $80:34 Symbicort 4806:34 Symbicert 960:34

Parameey Ranol 96% conf. lim. Ratio! %0% conf, Lim. Ratio? 90% conf. Lim.
Daoza-adiusted 885 {842,953 ‘ 232 {763,364 0.7 {852, 96.5}
AUC (%)
Doss-adiusted 8§92 {835 %48} 80.3 {756,856} $6.2 {848, 96.0)
AUCse %)
Doxze-adjusted 387 {815, 98.6; V6.2 {68.2,83%; &0 {772,835
Cmax %)
11 {0} 1305 (21.4, 1i0.4) 1643 {948, 114.8} 1638 (944 114.3)
MRT (b} 0.08 (-6.14, 0.30) 618 £.04, 0.40) 015 (012, 0.3

1 . Difference for MRT, ratie for AUC, AUCo... Cras. ad 812
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Table 5.3. Dose Proportionality Based on Budesonide AUC (Study # 723)

Parameter  Mean Q5% conf lim.
Slope of covariate 0.8 {0.80, 0.90)

Figure 5.2. Mean Plasma Concentration-Time Profiles for Formoterol (Study # 723)
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Table 5.4. Mean PK Parameters of Formoterol (Study # 723)

Symbicort 960754 5. Symbicors 192054 v, Symbicort 192054 vs.
Syvmbicort 48654 Symbicort 48034 Symbicort 560:54
Parameter Ratio! $G% conf, Lm. Ratio! 9% conf. Lm. Ratiol 0% conf. lim.
AUL (%) 891 (83.2, 1053 %63 96.6. 102.4) 372 {314, 103.4)
AUC.e {%) 878 (925, 103.3) $3.3 {83_.2,98.6} 3.4 {96.2, 100.9)
Copax 15} 160.0 {91.2.109.6) 98.7 (893, 108.3) 285 {86.2, 108.2y
$12 £%) . 110.1 {93.2,129.9) 116.6 (28.6,137.%) 1029 {88.5, 125.2)
MRT ih) 0.57 {-1.02, 218 181 (0,20, 3.42% 123 {027 28%)

1 Difference for MRT, ratio for AUC, AU, Cpam. and 110
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Table 5.5. Adjusted Mean PK Parameters of Formoterol (Study # 723)

Symbicor 48034 Symbicess 960°34 Symbicert 1920:54
Parametez Mean? $0% cond lm. | Mean!  50% conf Bm. Meanl 90% conf. Hm.
AUC {pmeoi*hd) 944.3 {504.5, 983 8} 9353 (896.0, 876.3) 605 (§70.3, 930.83
AUCo {pmol¥w/L} 860.7 {827.8,834.%) B4:6 {809.4.875.1) 86259 {771.4, 835:7}
Croax {pmolL} 2748 (237.5,293. 2749 (3376.293) 271 {253.6, 289.8)
) 71 (6.3, 8.0) 78 (7.6, £.8) 83 (7.4, 9.4)
MET (&) 4 90 (7.9, 191} 2.4 (8.4, 10. 7 10.8 {%.6, 119}
1 Arnthmesic mean for MET, geometric means for the other paranzeters

Conclusions:

The three dosage strengths are comparable for budesonide. There is a good dose/exposure
separation for budesonide as described by Cmax and AUC. However, the criteria for dose
proportionality have not met in this study as they were deviated by approximately 10% to 15%.
In other words, the AUC and Cmax of budesonide are expected to be lower by approximately
10% to 15% as the dose of budesonide increases from 480 mcg to 1920 mcg as tested in this
study.

As expected, formoterol plasma concentration-time profiles following the three dosage strengths
were well superimposed.
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| 6.0 Study # 724 (Dose Proportionality of Symbicort pMDI)
Objectives:

The primary objective of this study was to investigate the PK dose proportionality of budesonide
and formoterol when inhaled from Symbicort pMDI. The secondary objective was to investigate
the relationship between single dose and repeated dose PK of budesonide and formoterol when
inhaled from Symbicort pMDIL.

Study Design:
This was three-way crossover study in which 26 healthy subjects as follows:

Treatment A (Multiple Dose): Symbicort pMDI (160/4.5 mcg) x 2 actuations (320/9 mcg) BID
x 5 days = 640/18 mcg daily dose

Treatment B (Multiple Dose): Symbicort pMDI (160/4.5 mcg) x 4 actuations = 640/18 mcg per
dose BID x 5 days = 1280/36 mcg daily dose

Treatment C (Single Dose): Symbicort pMDI (160/4.5 mcg) x 4 actuatlons = 640/18 mcg as a
single dose

Results:

e The plasma concentration-time profiles show that the exposure to both budesonide and
formoterol is doubled by doubling the dose, a characteristic of dose-proportionality (Figures
6.1 and 6.2).

. o The dose normalized Cmax and AUC as well other derived statistical analysis such as the
ratio and the 90% CI confirm that budesonide and formoterol exposure is dose proportional
within the tested dose limits (Tables 6.1-6).

¢ The exposure to budesonide and formoterol was approximately 20% and 40% higher after 5
days BID administration than a single dose administration, respectively. The accumulation
ratios were 132 % and 177% for budesonide and formoterol (Table 6.6).
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Figure 6.1. Mean Budesonide Plasma concentration-Time Profiles (Study # 724)
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Figure 6.2. Mean Formoterol Plasma concentration-Time Profiles (Study # 724)
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Table 6.1. Mean Budesonide PK Parameters (Study # 724)

Symbicort 320:9 big? Symbicort 640/18 bid? ~ Symbicort 640/18 sd?
Parameter Mean® 90% conf Hm. | Mean! 90% conf. fim. | Mean’ Q0% cenf. Lim.
AUC? 4.2 48 4.3 22 (83 9.3 73 8.8, 70
{nmel*hI)
Caax (nmolLY 12 (1.3, 1.3) 24 2226 21 {18, 2.3
1y () 4.0 (38 43 38 (35 4.0) 37 {35408
MET ¢h; 48 4.6, 3.0 48 4.3 48 4.5 (43, 4.6}

f Anthmetic mean for MRT. geomeinic means for other parameters
< (-12 b for bid dosing. 0- = for single dose
* bid - twice daily, sd - single dose

Table 6.2. Statistical Analysis of Budesonide PK Parameters (Study # 724)

Symbicert 640/18 bid ws. Symbicort 640718 bid wvs.
Symbicort 32049 id** Symibicort 640/18 sd**
Parameter Ratiol 93% conf. hm. Rano! 90% conf. lim.
dose adjusted AUC* (%) 1043 {36.6, 112,63 1212 {1122, 1340.8)
dose adjusted Cmas {%) 1804 (900, 112.0% 1136 {1036, 128.9
tyz {38) 936 (3.5, 102.4} 1002 (92.2, 110.4)
MRT () 422 {-0.48, 002} 0.14 (-0.15. 0.38)

! Difference for MBT, matic for AUC, Cpay and f12
* 0-12 h for bid dosing, 0- o for single dose
** bid - twice daily, sd - single dose

Table 6.3. Mean Formoterol PK Parameters (Study # 724)

Symbicor: 320/9 bid?

Symbicort 640:18 bid?

Symbicert 64018 sd?

Parameter Mean!  90% conf lim. | Mean!  90% conf lim. Mean! O0% conf. lim.
AUCE 1317 (1432 15843 3367 (3414, 372.6% 2384 (2454, 267.8)
{pmel*hL)

Tz (prmolL) 477 (443 311D 104 .6 76 112.1) ErRy (718 823)
12 () 5.4 (6.3, 7.7 74 6.3, 7D 33 {48 5.8
MRT (It} 184 (9.3, 113 10.3 (94 113) 78 (68 87

! Anthmenc mean for MRT. geometric means for other parameters
< 0-12 b for bid dosing, 0- > for single dose
™" bid - twice daily, 54 - single dose
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Table 6.4. Statistical Analysis of Formoterol PK Parameters (Study # 724)

Svmbicort 640718 bid va.

Symbicor: 32000 bad*¥

Symbrcort 640718 bid vs.
Symbivort 643:18 =d4**

Parameter Ratiol 4% conf. lim. Ratiol 90% conf, lim.
dose adpasted AUC* {0} 117.6 _ {1103, 123 .1 1391 {1308, 14803
dose adjusted Cray (%43 R 7 804 1210 1338 (1231, 1498}
12 %) 1000 {R70, 113.0) 1312 {1142 1308
KET (hy £.08 {-138. 1.2 2.53 (1.23, 3.85;

! Difference for MRT, ratio for AUC, Cmay and 532
" 0-12 h for bid dosing. 0- s> for single doze
** bad - twice daily, sd - single dose

Table. 6.5 Dose Adjusted AUC

Symbicor: 640/1% bid

Svmbicort $40/12 =d

Drug component Mean! 90% conf. Hm. 3fean! 80% conf lim.
Budesomde (nmol*hsl} 88 {83 2.3 6.7 6.3 7.0)
Formeterol {pmoi*vL) 356.6 (3308 3747 LR (1915, 211.0}

1. ! Geometric means

Table. 6.6. Accumulation Ratio (Rac) Based on AUC (Study # 724)

Symbicort 640/18 bid vs.
Symbicort 640/18 sd

Dmg component Ra: 90% conf. Hm.
Budesonide (%23 1323 1227, 1420
Formoterol ) 1774 {1637, 190.0)

Reviewer’s Comments

This study demonstrates dose proportionality in exposure for budesonide and formoterol when
administered as Sympicort pMDI. Like other studies, there was high variability in the data for
both budesonide and formoterol. The doses tested in this study are within the proposed doses in

the labeling.

Conclusions:

Based on this study it can be concluded that the exposure to budesoniode and fomoterol is

proportional to dose.
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7.0 Study # 722 (PK interaction of Budesonide and Formoterol)
- Objective:

- To investigate the pharmacokinetic interaction between budesonide and formoterol when

administered simultaneously as budesonide pMDI and Oxis Turbuhaler compared with each
product alone.

Design:

This was a single dose three-way crossover study in 27 healthy subjects as follows:

Treatment A (Budesonide pMDI): Budesonide 160 mcg x 8 actuations= 1280 mcg
Treatment B (Oxis Turbuhaler): Formoterol 4.5 mcg x 8 inhalations = 36 mcg
Treatment C (Combination):

e Oxis Turbuhaler): Formoterol 4.5 mcg x 8 inhalation = 1280 mcg single dose
PLUS

¢ Budesonide pMDI: Budesonide 160 mcg x 8 actuation= 36 mcg single dose
Results:

e The plasma concentration-time profiles for both budesonide and formoterol are superimposed
following corresponding treatments (Figures 7.1 and 7.2).

e There were no major noticeable changes in any of the PK parameter for either budesonide or
formoterol in any of the treatments (Tables 7.1-7.4). The comparative ratios for the

corresponding treatments for Cmax and AUC were close to unity (1.00) and the 90% CI was
within 80 to 1025%.

7.1 Figure 1. Mean Budesonide Plasma Concentration-Time Profiles (Study # 722)
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7.2 Figure 1. Mean Formoterol Plasma Concentration-Time Profiles (Study #722)
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Table 7.1. Mean Budesonide PK Parameters (Study # 722)

budesonide p:DI Oms Turbuhaler + budesonide pMDI
Parametey Mean! 90% confidence hmit Mean! §0% confidence limit
AUC (umol /L) 139 {132, 14.6) 13.0 (124, 13.7)
AUy (mmel*R/L) 128 (122 135 111 {115,127
Cooax {nmolL) 38 (3.5, 41 4.0 {3.6. £3)
t1z (k) 34 (3.2, 37 3.6 (3.3, 3.8
MRT (h) 44 {42,435 4.2 (4.0, 44)
! Arithmetic mean for MRET, geometric means for other parameters

Table 7.2. Statistical Analysis of Budesonide PK Parameters (Study # 722)

Oxis Turbuhaler - budesonide pMDI vs. budesonide phdDI
Parzmeter Ratio} 0% confidence Hnmt
AUC (nmol*W/'L} 938 (87.3, 100.6)
AUCo. (nmol*hiL) 239 (87.3. 1607
Cas (amold) 1951 (93.6. 117.%)
13 {hy 1043 (951, 1144y
MRT (h) -0.16 (-0.42, 0.1D)
! Difference for MBT, ratio m % for other parameters
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Table 7.3. Mean Formoterol PK Parameters (Study # 722)

Oxis Turbubaler Ox1s Turbuhaler + budesenide pMDI
Parameter 3ean! 0% confidence limii Mean® 23% confidence limit
AUC (pmol*h/L) 3873 (356.1, 620.3) 5824 {3810, 6236}
AUCs, 447 .4 {430.8. 464.7) 4311 {4160, 44870
{pnuci¥*h/L)
Coax (pmol’L) 1803 (170.7, 190.9} 1789 {1682 18613
t171 {hy 39 (3.2, 8.6} 6.5 (5.8, 7.2}
MRT (b} 83 (6.6, 10.0% LAY (8.2, 11.8)
i Arithmetic mesn for MRT, geometric means for other parameters

Table 7.4. Statistical Analysis of Formoterol PK Parameters (Study # 722)

Oxis Turbubaler + bndesonide p3IDI vs. Oxis Turbuhaler

Parameter ' Ratip? : 93% confidence it

AUC (pmoi*h/L} ' 1005 (93.4, 1090}

AUCss {pmol*hL) 966 £91.5 1019}

Cmax {(pmold) 991 916, 107.2)

121 (b} ' 100.6 (93.0. 129.1)

MET () 1.64 {-0.76, 483}

! Difference for MET, ratio in % for other parameters

Conclusions:

Based on this study it can be concluded that there was no evidence of PK interaction between
budesonide and formoterol.
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B) Multiple Dose/Steady State Studies

8.0 Study # D5896C00011 (Steady State PK of Symbicort pMDI)

Objectives:

The primary objective was to determine the steady-state (PK) of budesonide and formoterol after

Symbicort pMDI in asthmatic and healthy subjects.
Study Design:

healthy subjects (n=26)

Results:

Overall, the Cmax for budesonide and formoterol were

Parallel-group and repeated dose study in adult asthmatic patients (n=26) and adult

Dose: 160/4.6 mcg x 2 actuations of Symbicort pMDI BID for 7 days
Blood was collected for PK analysis over 12 hours on the 7th day

approximately 30% to 50% lower in

asthmatic patients than in healthy subjects (Figures 8.1 and 2 and Tables 8.1 and 2).
However, the AUCs appear to be comparable in both groups. These observations are

consistent with other studies.

The relative bioavailability (patients vs healthy) for budesonide and formoterol was close to

100% (106% and 95%, Table 8.1 and 8.2). These observations are also consistent with other

studies.

Figure 8.1. Mean Budesonide Plasma Concentration-Time Profiles (Study # D5896C00011)
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Table 8.1. Mean Budesonide PK Parameters (Study # D5896C00011)

Healthy Patients Patients vs. Healthy?
90% 20% 90%
Parameter Mean conflim. Mean conflim. Mean conflim.
AUCnim 463 4.09- 525 491 4.33-536 106 89 -126
{amolL-h)
MRT {h) 476 435-317 548 507-389 ) 072 0.14-130
ti2 {h) 3386 349-427 373 338-413 a7 54 - 111
Togax (it} 10 10 - 66 21 16 - 601
Crax (nmolL) 1.58 137-182 £15 1.006-132 73 50 - 8¢
AUCqsm 372 337-424 373 3.28-425 100 83-121
{nmol1-h)
1 Median and range.

2 Ranos (%) for AU 1%, Cmax, and 112, 2nd difference for MRT.

Figure 8.2. Mean Formeterol Plasma Concentration-Time Profiles (Study # D5896C00011)
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Table 8.2. Mean Formoterol PK Parameters (Study # D5896C00011)

Healthy Patients Patients vs. Healthy?
90% 909% 9%
Parameter Mean conflim. Mean conflim, Mean conilim.
AUCoim 167 151 - 184 158 143 - 175 93 $2-110
{pmol’L 1)
MRT {h) 9.63 £34-10.76 1697 086-1309 132 025-2900
ti2 {h) 6.48 584-726 682 6.14 - 757 165 01-122
toney (minn)! 10 10-14 10 9-120 .
Camax (pmol/L} 48 42 - 55 28 24-32 58 48-70
AUCs6n 111 100 - 123 162 97 - 113 92 80 - 106
{pmolt1 h)
1 Median and rangs.

2 Ratos 25} for AUCsh.1on, Caus, 8nd 112, and difference for MRT.

Reviewer’s Comments:

The variability in the data was somewhat similar between asthmatic and healthy subjects for both
budesonide and formoterol (Figures 8.3 to 8.6). Therefore, the observed low Cmax for both '
budesonide and formoterol in asthmatic patients compared to healthy subjects could be real. The
reason (s) for this difference is unknown. These observations should be reflected in the label.

Figure 8.3. Individual Budesonide AUC (Study # D5896C00011)
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Figure 8.4. Individual Budesonide Cmax (Study # D5896C00011)
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Figure 8.5. Individual Formoterol AUC (Study # D5896C00011)
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Figure 8.6. Individual Formoterol Cmax (Study # D5896C00011)
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Conclusions:

The bioavailability of both budesonide and fomoterol in asthmatic patients relative to healthy
subjects is comparable following Symbicort pMDI. However, the Cmax for both budesonide and
formoterol is approximately 30% to 50% lower in asthmatic patients compared to healthy
subjects. The data in reference to low Cmax should be reflected in the labeling.
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9.0 Study # 718 (Steady State in Pediatric and Adolescent Asthmatic Patients)
Objective:

To compare efficacy and safety of Sybmicort pMDI with its monoproducts, budesonide and
formoterol, in children aged 6 through 15 years with mild to moderate asthma.

Design:

This was 12-week, double-blind, double-dummy, active-controlled trial in asthmatic patients 6 to
15 years of age. :

Treatments:

e Symbicort pMDI (40/4.5 mcg) x 2 actuations BID = 80/9 mcg per dose =160/18 mcg daily
dose

e Budesonide pMDI (40 mcg) x 2 actuations BID = 80/9 mcg per dose =160/18 mcg daily dose

e Formoterol TBH (4.5 mcg) x 2 inhalations BID = 9 mcg per dose = 18 mcg daily dose

A limited number of blood samples for PK analysis were collected over 6 hours period after two
weeks of treatment from a subset of approximately 16 patients in each treatment arm.

Results:
e There was a considerable variability in the data as shown from the individual plasma
concentration-time profiles for budesonide (Figures 9.1 and 9.2) and formoterol (Figure 9.3

and 9.4) following all treatments. Most of the variability occurs around the Cmax for either
component.

e Overall, the systemic exposure to budesonide and formoterol was comparable following all
freatments.
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Table 9.1. Mean PK Parameters of Budesonide (Study # 718)

Treatment®

SYMB Budes SYAIB vs Budes
Parameter n LS mean® n LS mean® Ratio 90% (1 p-value
AUCy; 16 (.958 14 1.096 (3.883 (0.680, 1.146) 0425
{nmolh'L) '
Coas 16 0314 16 {.350 0805 (0.603, 1.332 0.642
{nmol:L) ‘
i SYHB 40/4.3 ug per artuainion =2 actuations hud, Budes budescuide 40 yz per actation X2 acreztions bid.

E . . i :
= Geometiic least-zguares mean.

AUCH¢ ares under ths curvs from time O fo & howrs, Cy masimum {peak) plasma drug concentration,
PX-PP analwsis zet Pharmacokinetics per protosad analyas set

Figure 9.3. Individual Formetrol Plasma Concentrations-Time Profiles Following
Symbicort pMDI (Study # 718) ‘
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Figure 9.4. Individual Formetrol Plasma Concentrations-Time Profiles Following
Formoterol (Study # 718)
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Table 9.2. Mean PK Parameters of Formetrol (Study # 718)

Treatment’
SYAMB Form SYMB vs Form
Parameter n LS mean® n LS mean® Ratio 96% C1 p-value
AUCqs 16 90.83 19 1638 0.873 {0.692, 1.107) 0.344
{pmol-hL})
Copax 16 21.14 20 3439 G611 {0.466, 0.801) 0.004
{pmol/L}

£y
b

SYMB 30/4 3 ug per actuation »2 actuztions bid, Form formotero] TBH 4.3 1z par actuation X2 actuations bid,
Geometric least-rquares meas. :

AUC ¢ area under the curve frow time § 1o & hows: Ly maxinwm {peak} plasma dmg concentration,

BX-PP snalvsis set Pharmacokinetics per protocol analysis zet.

Reviewer’s Comments:

The data from this study 1s limited for two reasons. First there was a limited number of blood
samples collected over 6 hours and second the Symbicort pMDI 40/4.5 mcg strength is not
considered for marketing. No new information was provided in this study in relation to the PK
characteristics than it is already known from other formal PX studies.

Conclusions:

In this group of children, the exposures' to budesonide and formoterol appear to be comparable
following the three treatment arms.
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10. Study # 719 (Symbicort pMDI 160/4.5 mcg vs Pulmicort TBH in 6 to 11 years old
Asthmatics)

Design:

This was a 26-week, open-label study with Symbicort pMDI and Pulmicort TBH in children 6 to
<12 years of age with asthma.

Treatments:

e Symbicort pMDI (160/4.5 mcg) x 2 actuations BID = 320/9 mcg per dose = 640/18 mcg
daily dose

¢ Pulmicort TBH (200 mcg = 160 mcg budesonide per inhalation) x 2 inhalation BID = 320
mcg per dose = 640 mcg daily dose

Results:

" e Budesonide plasma concentration-time profiles following both treatments were comparable
(Figures 10.1 to 10.2). The treatment ratios for budesonide for both Cmax and AUC were
close to 1.00 (Table 10.1).

e The plasma concentration-time profiles for formoterol appears to be relatively flat/low in
some subjects (Figure 10.3). The reason (s) for this low concentration is unknown.

Figure 10.1. Individual Budesonide Plasma Concentrations-Time Profiles F ollowing
Symbicort pMDI (Study # 719)
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Figure 10.2. Individual Budesonide Plasma Concentrations-Time Profiles F ollo'wing
Pulmicort TBH (Study # 719)

™~
MM;.«M)
Table 10.1. Mean PK Parameters of Budesonide (Study # 719)
Treatment’
3YMB PULM SYMB vs PULM

Parameter | LS mean® n LS mean® Ratio %09 CI p-value
AUC, 6 4.632 3 4289 1.5680 (3442 2641 0878
(om0l WL}
Conn & 1820 3 2009 D338 (0.568, 2481 (933
{(umolL)

: SYAMB SYMBICORT pMDI 160:4.5 ug per zcaation X2 zetuatiens bid, FULM PULNECORT TBH 200 pg meterad
{zpproximately 160 [ig delivered) per inbalation %2 whalations bid.
Geometric least-squarss mean.

AUCq¢ area under the curve from tinse § to € howrs, Oy maximum {peak) plasma dmg concenmation.
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Figure 10.3. Individual Formoterol Plasma Concentrations-Time Profiles F ollowing
Symbicort pMDI (Study # 719)

Conclusion:

Although the data from this study is limited due to the small number of subjects (n=6) and blood
samples, a conclusion can still be drawn to state that the exposure to budesonide is comparable
between the two treatments.
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C) Clinical/Phase 3 Studies Containing PK/PD Data:

11.0 Study # 717 (12 Weeks Symbicort160/4.5 mcg vs Mono-Products in >12 years of age and
adults)

- Objective:
The primary objective of this study is to compare the safety and efficacy of Symbicort pMDI.
Study Design:
e Double-blind, Placebo controlled in patients >12 years or older
Treatments:

e Symbicort pMDI 160/4.5 mcg x 2 actuation BID

¢ Budesonide pMDI 160 mcg x 2 actuation BID

e Formoterol TBH 4.5 x 2 actuation BID

e Budesonide pMDI 160 mcg x 2 actuation BID + Formoterol TBH 4.5 x 2 actuation BID
e Placebo 2 actuation BID

In a small subset of patients (n=21-31) blood samples were collected over the first 6 hours on
Week 2 (Visit 3). However, not all subjects have provided a complete sample set.

Results:

e The systemic exposure to budesonide and formoterol was comparable following Symbicort
pMDI and mono-product, budesonide and formoterol (Figure 11.1 and Tables 11.1 and
11.2). The Cmax and AUC treatments ratio is close to 1 for each treatment (Table 11.3).

Figure 11.1. Mean Budesonide Plasma Concentration-Time Profiles (Clinical Study # 717)
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Table 11.1 Adjusted Mean Budesonide PK Parameters (Clinical Study # 717)

SEYMB* Bodes” *  Budes-form®
Parameter Y 1S mean® B 1S mean B 1S mean
AUC, (emolal) 21 3.487 2% 3685 51 3873
C... (et Ly 21 1311 2 1301 51 136

b 5YMB 18045 ug per sctustion x2 scnestions bid, Budes budesonide 180 pg per acnuarion =2 achurions
bidk; Brdes~Form: budezonide pMDT 1 g per achistion x 3 achwdens hid pha: formotarol TEH 4.3 2 per inkalation
3 Y ichalations bid

Geometic least-squares mesn.

AT area under the carve Fom e & 1o € bours, O, tsxngem (peak) plaseis $niz corcenirzton

b

Table 11.2 Statistical Analysis of Formoterol PK Parameters (Clinical Study # 717)

From ANCOVA
SYMB vs Budes™ SYMB vs Budes+form™
Treafment Treatment
Paramster ratio %994 C p-raloe ratio 9096 CX p-valoe
A {mnolL) AR 0768, 1387 07 0.899 0,730, 1082 0.364
Cone (oL} 1.008 @773, 1313 008] 0838 0774, 1.183 2.738

* SYMB 180/4.5 pz par scuston »2 scnsstions bid, Bades bwdesonmide 180 pg per actuaton =2 scraations
bit Budes<Farm budesenide pMDT Mz per actation % 2 achuations tig phas fermnterol TBH 4.3 iz per fbaletion
%2 mhalaricss bid

AU, area mcber the e fom time O 1o 8 bouss. G, nexinwmm {pesk] plasms drig concentratdon

e The systemic exposure to formoterol was slightly lower after Symbicort pMDI than mono
product (Figure 6.3 and Tables 6.3 and 6.4). The treatment ratios for both Cmax and AUC
appear to be close to 1 (Table 6.4).

F iguré 11.2. Mean Formoterol Plasma Concentration-Time Profiles (Clinical Study # 717)
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]E*;i budesncide pMDT 280 pg per achzadon % 2 achwrons plus formoterol TBH 4 5 ug por inhzlator x 2 ichalatons .
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Table 11.3 Mean Formoterol PK Parameters (Clinical Study # 717)

SYME* Formn™ Budes+fors®
Parateier EY 1S mean” n 1S mean n L5 mesn.
AT, (pmoldl) 20 TEHEL 22 T2 E 20.819
C o (patL 20 18547 a3 31235 30 24.631

* SYMB 160:4.5 g per armstion =2 actaxtiors bid, Formn forroterol TBE 4.5 pg per irhalation x 2 fubaidions
tid Budes~Fonn budesopide phET 140 wE per achidiozn x 2 actuadens bid ples forewtersd TBH 4.5 g per inhalating
2 inhalatgons bid .

P Geomeric least-squaras mest.

AYC,,, ares wwder the curve Fom time & to S bores, C,, et (pesk) plasma drneg concentration

Table 11.4 Statistical Analysis of Formoterol PK Parameters (Clinical Study # 717)

From ANCOVA
SYMB vs Form® SYMB vs Budes+form”
Treatment Trestment
Parsmeter ratio 935 C1 p-valae ratio Q008 1 p-value
AU (pool k1) $.052 0736, 1337 Q92 0.946 6752, 1.18¢ .68
Coms {(pruoiLl) 0.924 Q.671,1273  Qn8l B.796 0.533,1.001 101

' EYMBE 148043 pg per acrastion 2 acmestons bid Form formetersl TBE 4.5 v peickalation 3 2 fknladons
bid, BudesForm budesepide pMET 160 pg per actuetion x 2 schation: bid plus foomotezed TBH 2.5 we per inhalagen
% X inhalatiens bid

AU, ares under the curve Fom time O ta S howrs, . Hxagnxem (peak) plasms dreg concentraton

Reviewer’s Comments:

e There was a considerable variability in the plasma concentration-time profiles for both
budesonide (Figures 11.3-5) and formoterol (Figures 11.6-11.8). The variably is more
pronounced for formoterol since a few subjects did not show an early peak concentration in
the plasma. There were several sources of variability in this study including but not limited to
incomplete sampling and missing data.

e Overall, in terms of product performance and treatment comparison, the exposure from the
three treatments appears comparable.

Figure 11.3 Individual Budesonide Plasma Concentration-Time Profiles for Symbicort
pMDI Treatment Group (Clinical Study # 717)
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Figure 11.7 Individual Formoterol Plasma Concentration-Time Profiles for Budesonide
treatment Group (Clinical Study # 717)

Protost TINS MNLTES)

Trestpens: formprarol TRE 4.5 g per inhaistor «2 inhintons Bid.

Figure 11.8 Individual Formoterol Plasma Concentration-Time Profiles for Budesonide +
Formoterol Treatment Group (Clinical Study # 717)
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Conclusions:

Considering all sources of variability, the incomplete collection of blood samples and the limited
number of samples (up to 6 hours), the exposure to budesonide and formoterol following the
three treatments is comparable.
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12.0 Study # 729 (Bronchodilating Effects of Symbicort pMDI and Oxis TBH)

Objectives:

The primary objective was to investigate the bornchodialting effect of formoterol when
administered as Symbicort pMDI or Oxis TBH. The secondary object was to characterize the PK
of formoterol following the administration of the two products.

Study Design:

¢ Open label, active control, single dose, 5 period, and crossover in adult asthma.
e 1= 175 to achieve 168 subjects

Treatments/Design:

Budasonide Budesomide mamienance therapy
e pefiod* shaoushout study*
7-14 days
Telb Tx 3P Tx3® Tx 4k Tzs}p
Seial FEV, Serial FEV, Serial FEV, Segiat FEV, Serial FEV,
» - » L L & *
Visit 1 Visit 2 isit 3 Visit 4 Visit 5 Visit §
nm-in
. ;gvmﬂ& 3- eo 14-day washout period between copseqntive visis
H

Run in (7-14 days): Budesonide (pMDI) 80 mcg x 2 actuations BID
Total daily dose = 320
Study Day:

e Budesonide pMDI x 4 actuations (B)

e SYMBICORT pMDI x 1 actuation plus budesonide pMDI x 3 actuations (S1)
e SYMBICORT pMDI x 2 actuations plus budesonide pMDI x 2 actuations (S2)
e SYMBICORT pMDI x 4 actuations (S4)

e OXIS TBH x 1 inhalation plus budesonide pMDI x 4 actuations (O1)

e OXIS TBH x 2 inhalations plus budesonide pMDI x 4 actuations (O2)

e OXIS TBH x 4 inhalations plus budesonide pMDI x 4 actuations (O4)

Only 12-hours urine sample was collected for formoterol measurement. No blood samples were
collected for either budesonide or formoterol determination.
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Results:

e In this study 12-hours urine sample was collected for formoterol measurement. There was
high variability in urine data as shown in Figure 12.1. There was some trend for increase in
formoterol amount excreted in urine with dose.

e The systemic exposure to formoterol was 35% higher after Symbicort pMDI compared to
Oxis TBH. This was consisted across all doses tested in this study (~30% to ~40%). Table

7.1 shows the comparison for all treatments.

Figure 12.1. Formoterol Urine Excretion Data
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Reviewer’s Comments:
The data from this study 1s in contrary to that seen in other studies were the exposure the

exposure for formoterol 1s lower following Symbicosrt pMD than the corresponding mono
product. The reason (s) for this discrepancy is unknown.
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Table 12.1 Amount of Formoterol Excreted Urine (pmol)

From ANOVA (ratios)
Treatment compayison L5means 9894 (1 p-valus
Sl 32 ) 052 0431 3622 =.001
Slws 58 023 0204 0297 =0.001
51+ 08 134 1112 1626 2062
Sl Q2 9.72 0.598 0873 0.001
Slws D4 032 0266 033G =001
52vs 54 043 0391 0389 =001
52w 01 X 213 21:6 =401
S3ss Q2 1.39 1148 1675 0001
52w .52 2311 0747 <$.081
S4+: 04 346 4531 6587 <001
5w 02 294 2435 3550 =0.001
545504 1.3 1084 1583 ' Q005
Ol 02 0.54 0445 (831 <0001
Qw04 223 0198 0250 =051
[S 25546~ 045 03868 0339 <3061
Qverall %1z overall O 135 1267 1562 =0.0¢1

ANOVA Ansbysis of vagence {anduiplcarive spprosch).

B Budescaide only (v SYMBICORT pd@i or OXIS TBH)

CI Corfidence frrensl. LSmeans Least squares 1means.

O OXIS TEH meanneow regerdless of dose,

01, 02, ard 04 O3S TBH =1 scrustion; x2 actuadons; snd x4 acradens, respectively.

& SYMBICORT pMDI regardless of dose. )

51,82, and 34 SYMBICORT phD x1 avmeatior; x2 scvaations; and =3 acwiatons, respecively.
SE Stendard erver of the mean.

Conclusion:
The exposure to formoterol was approximately 35% higher following Symbicort pMDI than
Oxis TBH. However, this is in contrart to what has been seen in other studies whre the exposure

for formoterol following Symbicort pMDI is lower than following individual component such as
Oxis TBH. The reason (s) for these contradicting results is unknown.
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Cross-Studies Analysis:

e A comparison of data from various studies shows that the dose corrected Cmax and AUC of
budesonide are comparable in healthy and adult asthmatics (Table 1). However, it is lower in
asthmatic children compared to adults.

o The same trend is also observed for formoterol data (Table 2). However, formoterol plasma
concentration-time profiles were flat in a quite a few subjects in some studies. The reasons

for this low formoterol concentrations is unknown.

Table 1. Summary of Budesonide PK Parameters of Symbicort pMDI Across Studies

. a N
Parameters Study Samnpling Dose AUC Dose-corrected €, Dozecorrected . 1,,, to
durstion & g) {geometric  ATC* {geometric C,,," ¢medizu:  {geomefric
mesn: Bresn: min} mean: by
emolbL)* nmolL)
Single doze
Asthma DIgHSCHN0I0 24 1920 12.4 0.8 4.3 13 26 $7
DFBeSCO0006 36 60 123 30 37 39 15 4.6
DAgeSCanc1y iz 830 4.2 6.6 14 22 28 - 38
Healthy SL-038-0713 32 193¢ 19.% 0.9 &1 3z 20 3.4
SD-G36-072 iz 1280 156 118 38 30 26 38
SD-338-0723 0 12 430 &4 125 18 i8 it EX
i 960 188 113 32 33 28 38
32 1920 198 102 4 28 i 37
ST-038-0724 32 840 R i1 2.1 13 1¢ 37
Repeated dose?
Asthma DEgRECH0IT  1Z 0 49 133 1.2 3 21 37
SD038-0TIT 6 320 38 09 3 4.3 18 -
SD30-071E 8 30 19 1x5 0.3 38 46 -
SDG38-0TLY § 320 4.8 4.4 12 39 12 -
Healthy DIEASCOR01T 12 320 LS 144 1.6 0 13 39
SD358-0724 0 12 320 432 131 12 38 18 4.
iz 64 &8 138 24 3. 13 38
* Values have beer roundad to the reares; one-tenth, In the repeated-dose stadies. AUC was c2loriaed over e sangpling durasion,
* Dos-comeced wives @e clladated Iy dividing AUC or Do, by the delivered dose inme.
; Pedizzric ard adolescenr smady.

In aach of the repeated-doze studies, the dosage shown is the dosge administered nnrediztely badve tha start of PX tasting, Sulyect: i each of these stadies were
maintaized oo the dosase shown. adnemstered hid.
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Table 2. Summary of Formoterol PK Parameters of Symbicort pMDI Across Studies

Parameters Sruddy Sampting Dose AUC Drose corrected Clsr Dose corrected G,
duration  {pg) {pmot-h Ly AUCH (pmoly’ Cmar® {min) By
) .

Single doze

Astlna DEEe5CO0%10 23 33 47 13.8 138 23 30 R
DSSORCN00NS 38 54 Y 132 49 23 i3 87

Healthy SD-0380713 12 5% 753 135 7 42 4] 5.3

2% 12 38 538 143 47 4.1 30 6.8

24 ¥ 944 17.5 273 51 34 7.1

24 54 933 17.3 2735 51 19 T3

4 5% 910 148 71 bR o) 83

. SD-0380724 12 18 238 142 37 43 0 53

Repeated doss’

Axfhmma DI306COn0L 12 g 138 178 28 31 0 6.3
SD07IT 6 2 77 3.6 X0 22 a7 -
$D0385718 6 @ :H 11 21 23 80 -

DRSO 6 s 10 122 X7 340 4% -

Healthy L:3398C00011 12 2 157 36 48 33 10 8.5

EDW0380724 0 12 g 132 168 48 53 2 6.9
12 18 337 9.8 05 38 el 7.0
> Values have beer rounded 19 the nearest one-tepdh. In the repaased-dose smadies. AUC wes criculased over the sampling durztion.

* Daose-comeried vabuss gre calndated by dividing AUC or G, by e deliverad dse in g

< Thie tadesomide comporent of e SYMBILORT sMIE doze ms 30 g

¢ Tuebudssemide comporent of the SYMBICORT pMI

: Thetudezonide : rEpoCent of tha SYMBICORT pMI

Inaxch of the rapaxted doze smudies, the dosage shownis t”na dosage admmirismed tamediately before the wart of P testins. In addidon, subjecss i sach of these saadies
were muimined o e desaga shown, arenisiersd bid :
* Pedimric and adodezcant stady

Conclusions:

Considering all the sources of variability among different studies including but not limited to
subjects demographics, incomplete blood sampling, assays, study sites, and doses, the dose
corrected exposure (Camx and AUC) is reasonably similar between healthy and asthmatic
subjects, including children. However, dosage titration and individualization is recommended for
this product.
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Population PK Analysis:

Objectives:

The primary objective was to evaluate the impact of subject demographic characteristics on the
PK of budesonide or formoterol from Symbicort pMDI.

Method:

Several covariates were tested in the model including but not limited to: age, body weight, body
surface area, lean body mass, ideal body weight, CLCR, dose, gender, and subject/patient status.
Since the majority of subjects included in the PK ana1y31s were Caucasian race was not included
in the analysis as a covariate.

Results:

e No covariate was identified to significantly impact the PK parameters of either budesonide or
formoterol. Specifically, age, gender, or CLcr had no significant effect on the PK of elther
budesonide or formoterol.

e ]t should be noted however that the analysis shows that subjects with lower body weight may
exhibit higher bioavailability of budesonide.

e Based on this analysis, the relative bioavailability of budesonide between pulmicort TBH and
Symbicort pMDI is 115 % (Table 1). For formoterol, the relative bioavailability to Oxis
TBH to Symbicort pMDI is 104% (Table 2). Considering all the variability among studies,
these values are within those found in other individual studies within this review.

Table 1. Pop PK Analysis for Budesonide

Parameter  Deseription Adfean (standard devialion)
N=447
CLT &) Apparant extravascuiar clearance 195 (1048
AT (LY Apparent volume of cantral comparment 637 {175

QF (L} Apparaxt tntercompartmental distizbution clearznce 303178

Wi IL} © Apparam volume of peripheral compartment 307 {88.3}

K. ') - Firstorder shsorption rate constant of S.6{78%
SYMBICORT pMBE

K, a e’} Fostorder absorption rate constant of PULMICORT 17.3 (267
TBH

K. o™  Fustorder abiorption rate constant of Budesonide phDI 259 {3.825F

E o Bsezvailability for SYMBICORT paIDI 1100408

F..z Relative bivavailability betwzen PULMICORT TBE and 124 {0810
SYMBICORT piDi

Fo.a Relative biosvailabihty between Budesonide pMDI and 115 0040°
SYASBICORT pMDI

b hE=33A.

b 2e=E3.

¢ N=161
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Table 2. Pop PK Analysis for Formoterol

Parameter™ Explanaticen Model- Standard Error
pradicted of Estimate
valee (99"

&, Q. Apgrarent intercompariroental diztnbution clearance

hetwean central conparimeent aud peripherzl

compartmer “47, QT (L) 344 383
8; V. Apparent volume of parpheral conparmment 47
wF (L3 1660 119
S Farst-crder shsoaption rate constany (™) for
SYMBICORT phiDI 61.6 725
& K.z First-order absorption rate constant a™) for QXIS
T84 383 847
9. F, Relative bioavailabiity of OXIS TBH 20
SYMBICORT pMDI 194 3907
@ L Variznee of apparent axtrasvascula clestznce 00331 466
ot .. Varizuce of apparent volume of central
2N conpartment 86 x 109 Teo largs
s Variznee of apparent itercompartmsntal
e distribution clsarance betwesn central commariment
and peripheral compartment "3 6,109 358
©f o %ariance of apparent voheoe of paripharal
A compartment *3” 0.0442 20.5
Qf Yariznce of apparent interromparinexstal
N dishibution clesrance betwees rentral conpartment
and paripheral comparzrent "4 C.211 38
25 . Variznee of apparent volume of peripheral
s 3 - —2 2 T
comypartment 4 573z 10 Too lsige
52 .. Wariznce of the first-order absorphion rate constant
i o for SYMBICCORT p2iD1 351 269
.;z)s: . Variznce of the first-order absorption rate constant
: for OXIS TBH 112 232
@} E Variance of brozvailability of SYMBICCRT pMDI 00928 108
@ Variance of relative bicavailability of OXIS TBH fo
-Ey ABICORT pMDI D116 159
a i Fesichal vaiance 00224 509

Fharmacolkivetic parameters me refererced as them () subscripred with the parewthetical index pumber in
the DIORIIEN subroutte, je, spparent expavasculer clestance iz ®,. Varance:s zre referenced as
omega-squarad (o) in the NOMNMEM subrotsive.

Conclusion:

Based on this analysis, there was no single covariate that raises any concern or may affect the PK
characteristic of either budesonide or formoterol.
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Labelling Comments:

The labeling comments will be incorporated directly into the sponsor’s proposed label after the
discussion with the review team
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Information Information
NDA Number 21-929 Brand Name SYMBICORT®
OCPB Division 1 HFD-870 Generic Name Budesonide/Formoterol
: Fumarate MDI
Medical Division HFD-570 Drug Class Anti-asthmatic

{combination Product)

OCPB Reviewer Sayed (Sam) Al Habet, R.Ph., | Indication(s) Asthma
Ph.D.

OCPB Team Leader Emmanuel (Tayo) Fadiran, Dosage Form: MDI Inhalation

) R.Ph., Ph.D. (Metered Dose Inhaler)

Dosing Regimen

As Needed (BID-TID)
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Route of Administration

Oral Inhalation

Estimated Due Date of OCPB Review
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AstraZeneca
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S
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