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Drug Name: Taxotere® (Docetaxel)

Formulation: 40 mg/ml Docetaxel (Anhydrous) in Single-Dose Vials
For Intravenous Injection :

Sponsor: Rhone-Poulenc Rorer Pharmaceuticals Inc.
Collegeville, PA

Reviewer: | Safaa Ibrahim, Ph.D. -
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This submission is in response to the OCPB’ Comment that was faxed to the
sponsor on November 3, 1999 for docetaxel. The sponsor was requested to
provide information regarding the potential for drug-drug interactions between
Taxotere® and other drugs commonly prescribed to 1%- and 2™ -line non-small
cell lung cancer (NSCLS) patients.

Docetaxel (Taxotere®) is a semisynthetic member of the taxoid family originally
synthesize

[ .

L _J

Docetaxel is mainly eliminated by hepatic metabolism and only a minor fraction of
the dose is excreted as a parent drug. The-main enzymes involved in docetaxel
metabolism are monooxygenases. Conjugation of the parent drug and
metabolites appeared to be of very minor importance. In human liver
microsomes, cytochrome P-450 isoenzymes of the CYP3A subfamily were
mainly responsible for docetaxel biotransformation. Docetaxel was metabolized
with a Km of 1.1 uM and a Vmax of 9.2 pmol/min/mg protein. In addition
docetaxel is extensively bound to plasma proteins. /n vitro plasma protein binding
is 94 % atfc’ir"ﬂﬁ' Eﬁ'icentrations. The main proteins involved are albumin, a1-acid
glycoprotein and lipoproteins. A binding of 97.8 % was measured in vivo in 3
cancer patients.

The sponsor submitted on June 23 and 30, 1999 a supplemental New Drug
Application (sNDA) for the use of Taxotere® as a first- and second-line therapy in
the treatment of patients with non-small cell lung cancer. The optimal dosing



schedule for this patient population is 60-75 mg/m? administered as a one-hour
intravenous infusion on day one of a 21-day cycle. )

Human pharmacokinetics data submitted for this SNDA were reviewed in the
submissions of September 2 and October 26, 1998. These submissions did not
include any information on the possible drug-drug interactions between
Taxotere® and commonly prescribed drugs in NSCL patients. -

The present submission contains in vitro metabolic inhibition studies and in vitro
protein binding displacement studies to provide some information on the potential
for drug-drug interactions between Taxotere® and commonly prescribed drugs. In
addition, a summary of a literature search was also submitted.

Review of In Vitro Metabolic Inhibition studies: e

-

The effect of several specific inhibitors of cytochrome P450 isoenzymes and
drugs on docetaxel biotransformation in human liver microsomes was studied at
a docetaxel concentration of 5 .M.

Tables 1 and 2 show the results of these in vitro microsomal studies.

Table 1. Effect of cytochrome P450 substrates/inhibitors on docetaxel
biotransformation in human liver microsomes.

[IC50 = concentration inhibiting docetaxel biotransformation rate at 5 “M by 50%]

Compound uM specificity % control IC50 (uM)
Caffeine 400 CYP1A 77

Acetanilide 1000 CYP1A 87
a-naphthoflavone 1 CYP1A 101

Aniline 50 CYP2E 82

SKF 525A 250 several 60

Tolbutamide 50 CYP2C 11

Quinidine 5 CYP2D6 107

Erythromycin 1000 CYP3A 47
Troleandomycin 1-1000 CYP3A 10
Nifedipine . ~ 10-1000 CYP3A 130
Ketoconazole 1-10 CYP3A ~1

From Table 1, it is seen that ketoconazole, troleandomycin, nifedipine and
erythromycin were able to inhibit docetaxel biotransformation, indicating a major
roie of P450 isoenzymes of the CYP3A subfamily in human metabolism.
Substrates and/or inhibitors of other isoenzymes had no effect.



Table 2. Effect of other drugs on docetaxel biotransformation in human
liver microsomes. ' )

Compound Range (uM) IC50 (M)
Ranitidine 1-1000 n.e.
Cimetidine 1-1000 n.e.
Omeprazole 1-100 n.e.
Imipramine 1-100 n.e.

. Diazepam 1-100 n.e.
Paracetamol 1-1000 n.e.

n.e.= no effect.

The anti-H drugs, cimetidine, ranitidine and omeprazolé and also diazepam,
imipramine and paracetamol had no effect on the metabolism of docetaxel.

Review of In Vitro Protein Binding Displacement studies:

The effect of erythromycine, salicylate, sufamethoxazole, diphenhydramine,
propranolol, propafenone, phenytoin and sodium valproate at their therapeutic -
concentrations on the protein binding of docetaxel was studied using
ultrafiltration technique. The effect of docetaxel on 3H-digitoxin serum binding
was also studied. The results of these studies are shown in Tables 3 and 4.

Table 3- Effect of drugs on mean docetaxel (5 pg/ml) serum binding
(expressed in %)

Serum - Concentration Mean SD N

Control 5 ng/mi 93.4 6.0 29
Erythromycine 7 pg/mi 92.7 3.3 10
Salicylate 300 ug/ml 91.4 7.0 10
Sufamethoxazole 60 ng/mi 91.6 8.4 15
Diphenhydramine 100 ng/mi 89.5 8.4 10
Propranolol 900 ng/ml 96.3 3.1 10
Propafenone 3 ug/mi 90.1 10.6 10
Phenytoin 15 pg/ml 89.7 7.3 9

Sodium valproate 100 ng/ml 91.1 13.3 10

SD: standard deviation, N: number of replicates.
ANOVA, F(8,104 D.F.)=0.83, P= 0.57, no significant differences between docetaxel serum
binding percentages (versus control).



Table 4. Effect of docetaxel on mean *H-digitoxin (25 ng/ml) serum binding
(expressed in %) )

Serum Concentration Mean SD N

Control 25 ng/mi 98.1 2.4 5
Docetaxel 5 ng/ml 95.4 6.8 5

SD: standard deviation, N: number of replicates. .
ANOVA, F(1,8 D.F.)=0.72, P= 0.42, no significant differences between “H-digitoxin serum binding
percentages (versus control). .

From the above tables, it is seen that at therapeutic concentrations, drugs such
as erythromycine, salycilate, sufamethoxazol, propranolol, propafenone, and
sodium valproate, have no effect on the protein binding of docetaxel, i.e., no
displacement of docetaxel from protein binding sites occurred. Diphenhydramine
and phenytoin may have an effect on docetaxel protein binding; the % protein
bound of docetaxel decreased from 93.4% to 89.5% and 89.7%, respectively.
The clinical significance of this displacement interaction is not known.

Docetaxel has no effect on the protein binding of digitoxin. No digitoxin
displacement was observed by docetaxel.

Review of Literature Search;

A search in the clinical database was performed to identify concurrent
medications actually prescribed to patients with both previously untreated or first-
line (study 308) and previously treated or second (study 317 and study 320)
patients with NSCLC. The search was limited to the drugs administered the day
of docetaxel infusion at least once during the treatment (i.e. the drugs at risk for
interaction). A literature search was performed on the clinical database to assess
the potential for metabolic drug-drug interactions with docetaxel of the drugs
given to > 10 % of the patients. The assessment was based on the following drug
characteristics:

- Involvement of CYP3A in the metabolism of the drug co-administered with
docetaxel and Km if available. :

- Inhibition of CYP3A by the drug co-administered (even if not metabolized by
CYP3A) and Ki if available.

- Therapeutic plasma levels of the drug co-administered.
The results of this analysis are reported in Table 5 (first line patients) and Table 6

(second line patients). Attachment 1 shows Comment's and reference’s number
as indicated in Tables 5 and 6.



Appendix

5

Table #%. Drugs commonly administered to patients with first line NSCLC (study 308)
and their potential for metabolic interaction with docetaxel.

Drug n (%) CYP 3A Plasma levels { Interaction potential (comment number)
involved Inhibit - May inhibit May be inhibited
(Km)™*' (KG) Docetaxs by Docetaxel
Renitidine 32{23.2) | not known no'? 15pM® unikely (a) unlikely (b)
Tramadol 18 (13.0) | possibly (c) | notknown | 1.9 pM (PDR) not known not known
Bromhexine 16 (11.6) | norelevant | norelevant | 0.09 pM* not known not known
data data Ciinical consequences
of any inhibition
unlikely (farge
' therapeutic margin)
Mmphlne' ‘ 15 (10.9) | unlikely (d) | no (d and 0.035-0.25 unllkgly unlikely

PDR) WM (POR) vk

PDR; Physiclans’ Desk Reference, 1998, edition 52.

Docetaxel drug-drug interactions in NSCLC patients - Appendix




Table AR. Drugs commonly administered to patients with sec

and thelir potential for metabolic interaction with docetaxel,

ond line NSCLC (study 317 and study 320)

Drug n (%) CYP 3A Plasma levels | Interaction potential (comment number)
involved inhibited May inhibit | May be inhibited by
(Km)™ (K Docetaxel Daocetaxet
Granisetron 68 (19.7) | yes (4 uM)® | unfikely (e} | 0.026 uM untikely possibly
' (Clarke's)
Ondansetron 68(19.7) |  yes® yes | 0.5uM (PDR) uniikely possibly, but with no
' PD consequences
Prochlomerazina 53 (15.3) | notknown | notknown | 0.25-3uM® | may inhibit PGP- not known
dependent efflux of
docetaxel
Diphenhydramine 52 (15.0) | notknown | not known 04-4uM not known not known
(Clarke's) '
Morphine 44 (12.2) | unlikely (d) | nro (POR) |0.035-0.25 M uniikely uniikely
(PDR)

PDR: Physicians’ Desk Reference, 1998, edition 52.
Clarke's Isolation and Identification of Drugs, 1986, 2nd edition, Phamaceutical Press, London

Docetaxel drug-drug interactions in NSCLC patients - Appendix




From Tables 5 and 6, it is seen that most drugs that were coadministered with
docetaxel to NSCLC patients during Phase Ill ciinical trials (i.e., given to 10 % or
more of the patients) may unlikely to interact with docetaxel (e.g., ranitidine and
morphine). In other cases (e.g., tramadol and diphenhydramine), the possibility of
interaction is not known.

LABELING COMMENTS

1. The following statement should be added the “CLINICAL PHARMACOLOGY”
section of the package insert for Taxotere®:

“In vitro drug interaction studies reveal that docetaxel is metabolized by CYP3AA4.
Therefore, metabolism of docetaxel can be inhibited by the CYP3A4 inhibitors
such as ketoconazole, erythromycin, troleandomycin, nifedipine. No clinical studies
have been performed to evaluate this finding. Based on the in vitro findings, 3A4
inhibitors and/or substrates may lead to substantial increase in docetaxel blood
concentrations. (see PRECAUTIONS)”

RECOMMENDATION

The sponsor is recommended to incorporate the above labeling Comment in the
current package insert for Taxotere®.

Please forward the above Recommendation and Comment to the sponsor.,

—

.;___.‘LS,[ . 1:.}/.5;/‘?'7 / S/

Team LeadeWAﬁqur Rahman, Ph/D Reviewer: Safaa Ibrahim, Ph.D.
Division of Pharmaceutical Evaluation | Division of Pharmaceutical Evaluation |

cc: sNDA 20-449
HFD-150/Division file
HFD-150/Staten, Beitz, Griebel
HFD-850/Lesko
HFD-860/Mehta, Rahman, Ibrahim
CDR (Biopharm)



Attachment 1
Comments

a - PDR 1998 stipulates, page 1127 in the Drug Interactions section, that
"Although ZANTAC has been reported to bind weakly to cytochrome P-450 in
vitro, recommended dose of the drug do not inhibit the action of cytochrome
P-450-linked oxygenase in the liver."

b - Enzymes involved in phase | metabolism of ranitidine seems not described in
the literature. PDR 1998 indicates, page 1129, in the Pharmacokinetics section,
that "The principal route of excretion is the urine, with approximately 30% of the
orally administered dose collected as unchanged drug in 24 hours." This
hydrophilic compound (freely soluble in water - Merk index 1996) is therefore not
expected to be susceptible to be inhibited by docetaxel via CYP3A.

¢ - PDR 1998 notes, page 2065, in the Drug Interactions chapter, that
"Concomitant administration of ULTRAM (tramadol) with carbamazepine causes
a significant increase in tramadol metabolism, presumably through metabolic
induction by carbamazepine." Since carbamazepine is an inducer of P450s such
as CYP3A, this might be indicative of a CYP3A involvement in tramadol
metabolism.

d - We did not find studies on morphine-related P450 metabolism nor on P450s
inhibition by morphine. However, morphine is 60-70% metabolized by direct 3-
and 6-glucuronidation, and excreted in the urine. Direct 3-sulfoconjugation also
occurs. Phase | N-desmethylation, N-oxidation and O-methylation represents
less than 5%. Therefore, inhibition of CYP3A is not expected to alter morphine
clearance.

e - In reference 6, granisetron up to 250 M did not inhibit the CYP3A-dependent
testosterone 6@-hydmxylation in three different liver microsomes. However, the
authors used 250 pM testosterone. This is about 3-fold the Km value of
testosterone 6B-hydroxylase, and we think that inhibition of CYP3A by
granisetron could have been underestimated in this design. The low Km value

(4 pM) of granisetron metabolism by CYP3A also is in favor of a likely
competitive inhibitory effect of granisetron, as a substrate, on CYP3A.
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sNDA: 20-449/011
Submission Dates: September 2, 1999

October 26, 1999
Drug Name: Taxotere® (Docetaxel) T
Formulation: 40 mg/ml Docetaxe! (Anhydrous) in Single-Dose Vials-

For Intravenous Injection
Sponsor; Rhone-Poulenc Rorer Pharmaceutlcals Inc.

Collegeville, PA ]
Reviewer: Safaa Ibrahim, Ph.D.
Submission Type: Review of Pharmacokinetic data

This submission is in response to OCPB' Comments that were faxed to the
sponsor on August 11, 1999 for docetaxel.

Docetaxel (Taxotere®) is a semlsynthetuc member of the taxoid family orlglnal!y
synthesmed from{

L -
The sponsor submitted on June 23 and 30, 1999 a supplemental New Drug
Application (sNDA) for the use of Taxotere® as a first- and second-line therapy in
the treatment of patients with non-small cell lung cancer. The optimal dosing
schedule for this patient population is 60-75 mg/m administered as a one-hour
intravenous infusion on day one of a 21-day cycle. No human pharmacokinetics
data was submitted in this SNDA and no changes were made in the Clinical
Pharmacology/Pharmacokinetics section of the current package insert for
Taxotere® (see Attachment 1). Therefore, in the review of this SNDA, the sponsor
was recommended to submit any pharmacokinetic information for docetaxel in
patients wuth non-small cell lung cancer at the proposed dosing schedule of 60-
75 mg/m®. The sponsor was also recommended to provide any information on
the potential for drug-drug interactions between docetaxel and other drugs that
are commonly prescribed to patients with non-small cell lung cancer.

The current submission contains the population pharmacokinetic analysis r-port
that was previously submitted in the original NDA for Taxotere® on July 27, 1994.
This report describes the population (NONMEM) analysis of pharmacokinetic

S




data obtained in Phase | and Phase |l studies from 547 patients with a variety of
tumor types including breast and non-small-cell lung cancer (NSCL) at the first
cycle of treatment. Phase | patients received 70-115 mg/m? docetaxel as 1- to 2-
hour infusions and were extensively sampled (9-15 samgles per patient). Phase
[l patients received 75 mg/m? (28 patients) or 100 mg/m* (493 patients) docetaxel
as a 1-hour infusion. A sparse sampling strategy was implemented in Phase ||

“studies (3 samples per patient). The model building and validation of PK data
were reviewed and provided in the original NDA submission (dated July 27,
1994). The final PK model revealed that five covariates were important predictors
of clearance (CL) of docetaxel and hence its exposure (AUC). The three main
predictors were body surface area (BSA), baseline ay-glycoprotein level (AAG),
and hepatic function (HEP). Age (AGE) and albumin level (ALB) had significant
but minor effect on docetaxel CL. The final model is as follows:

CL=BSA (22.1-3.55AAG-0.095AGE+O.225ALB).(1-0.334HEP)
Using the final PK model, the sponsor obtained Bayesian estimates for individual
CL values (Umhr). These individual CL values were stratified by tumor type and
summarized in the table below (see also Attachment 2):

Mean (SD) CL by Tumor Type

Tumor Type N CL (L/hr)
Breast 168 |37.8 (11.8)
NSCL 189 |37.04 (12.4)
Colorectal 59 36.9 (14.8)
Melanoma 29 34.8 (11.8)
SCL 26 34.05 (11.8)
Renal 21 36.4 (15.5)
Head & Neck 28 31.5 (9.2)
Gastric 31 33.2 (9.8)
Sarcoma 16 42.3 (12.5)
Ovarian 10 41.7 (15.6)

From the above table, it can be seen that CL estimates and variability are similar
among tumor types. The slightly higher CL values for patients with sarcoma and

- ovarian cancer may be due to the smaller sample size in the PK database, N =16
and 10, respectively, compared with other tumor types (N=21-189). It is noticed
that in this analysis, most NSCL cancer patients were: admlnlstered a higher dose
(100 mg/m?) than the recommended dose (60-75 mg/m?). However, this does not
matter smce docetaxel displays linear kinetics over the dosage range of 70-

115 mg/m? and thus, docetaxel clearance is independent of dose.

It can be concluded that the pharmacokinetics of docetaxel are not affected by
tumor type at the therapeutic dosing range.




COMMENTS

1. The sponsor should incorporate the following statement in the current
package insert for Taxotere®, under CLINICAL PHARMACOLOGY/ HUMAN
PHARMACOKINETICS (Page 4, third paragraph):

“In addition, population pharmacokinetic analysis revealed that patients with
different tumor types had similar clearance values, indicating that the elimination
of docetaxel is not affected by tumor type”.

2. The sponsor has not yet addressed the potential for&r&g-drug interactions
between docetaxel and other drugs that are commonly prescribed to patients
with non-small cell lung cancer.

RECOMMENDATION

Please forward the above Comments to the sponsor.

IS/ y /S/

Team Leader{/Atigur Rahman, PH.D. Reviewer: Safaa Ibrahim, Ph.D.
Division of Phamaceutical Evaluation | Division of Pharmaceutical Evaluation |

(V)
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Table 2 : RP 56976 (docetaxel) population PK analysis (Phase I studies) :
Summary of Phase II patients available for the different steps of the population PK/PD analysis

Study Section Population PK
Evaluable Additional
for PK/PD  Model Validation Patients
Building For PK/PD
Breast
221  pivotal (Eur) 26 23 3 0
233 (USA) 31 15 13 3
267 (USA) 27 14 11 2
237  suppor. (Eur) 27 25 2 0
266 - (USA) 35 8 17 10
280 (Eur.) 22 17 3 2
168 102 49 17
NSCL
270  pivotal (USA) 22 4 13 5
271 (USA) 30 14 14 2
223 (Eur.) 37 34 3 0
- 231 (USA) 38 14 17 7
232 (USA) 31 6 24 1
269 (USA) 31 2 21 1
189 75 92 22
Safety
220 Colorectal (Eur.) 32 26 S 1
222  Melanoma (Eur.) 29 0 28 1
224  SCL (Eur) 26 24 2 0
225 Renal (Eur.) 21 0 18 3
227 Head&Neck (Eur)) 28 5 19 4
230  Colorectal (USA) 18 5 12 1
236  Gastric (Eur.) 31 0 30 ]
245  Sarcoma (Eur.) 16 0 11 5
252  Ovanan(USA) 10 9 0 1
257  Colorectal (USA) -9 _8 A _0
220 77 126 17
Total Europe 295 154 124 17
USA 282 100 143 39
Overall 577 254 267 56 .
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CLINICAL PHARMACOLOGY/BIOPHARMACEUTICS REVIEW ¢/
sNDA: 20-449/011 end 012 ’ %
Submission Dateg- June 23, 1999
June 30, 1999
Drug Name: Taxotere® (Docetaxel)
Formulation; 40 mg/ml Docetaxel (Anhydrous) in Single-Dose Vials

For Intravenous Injection

Sponsor: Rhone-Poulenc Rorer Pharmaceuticals Inc.
Collegeville, PA

Reviewer: Safaa Ibrahim, Ph.D.

Submission JType: - Review of an Efficacy Supplement

The sponsor submits a supplemental New Drug Application for the use of
Taxotere® as a first- and second-line therapy in the treatment of patients with
non-small cell lung cancer The optimal dosing schedule for this patient
population is 60-75 mg/m? administered as a one-hour intravenous mfusxon on -
day one of a twenty-one day cycle.

Docetaxel (Taxotere®) is a semisynthetic member of the taxoid family originally
synthesized from

[ | | |

In the present application, the technical sections for Chemistry, Manufacturing
and Controls, Preclinical Pharmacology and Toxicology, and Human Pharmaco-.
kinetics and Bioavailability were considered to be irrelevant to this efficacy
supplement, and therefore, were not included in the submission. No changes
have been made in the Clinical Pharmacology/Pharmacokinetics section of the
current package insert for Taxotere®. However, the sponsor should address the
following Comments:




COMMENTS

1. The sponsor is recommended to submit any pharmacokinetic information for
docetaxel in patients with non-small cell lung cancer at the proposed dosing
schedule of 60-75 mg/m?>.

2. The sponsor is also recommended to provide any information on the potential
for drug-drug interactions between docetaxel and other drugs that are most
commonly prescribed to patients with non-small cell lung cancer.

ES

RECOMMENDATION

Please forward Comments 1 and 2 to the sponsor.

/S/ /S/

e n/4/9‘) —
Team Leader: AtiqdrRahman, PA.D- Reviewer: Safaa Ibrahim, Ph.D.
Division of Pharmaceutical Evaluation | Division of Pharmaceutical Evaluation |

cc:  sNDA 20-449.
HFD-150/Division file
HFD-150/Statin, Beitz, Griebel
HFD-850/Lesko .
HFD-860/Mehta, Rahman, Ibrahim
CDR (Biopharm) )



