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Executive Summary

1.1

Introduction

Reviewer: Edmund Nesti

Dr. Reddy’s Laboratories Limited (DRL) has developed an intranasal (IN) formulation of
sumatriptan, a 5-HT1B/1D receptor agonist, for the acute treatment of migraine with or
without aura. The formulation is intended to improve the PK of sumatriptan by reducing
Tmax, compared to Imitrex nasal spray, by including 1-O-n dodecyl-β-D-maltopyranoside
(b) (4)
(DDM),
. For sumatriptan,
DRL is relying on the findings of safety and efficacy of Imitrex subcutaneous injection
(NDA-020080) via the 505(b)(2) pathway. For DDM, an unqualified excipient, safety is
(b) (4)
supported by an LOA to DMF
and nonclinical studies conducted by DRL.

1.2

Brief Discussion of Nonclinical Findings

In safety pharmacology studies, IN administration of DFN-2 did not show any adverse
findings in the central nervous system, respiratory system, or gastrointestinal tract in
(b) (4)
rats or [DMF
: cardiovascular findings in conscious telemetered dogs].
In general toxicology studies to qualify DDM, IN administration of DDM was
assessed in rat and dog in studies of up to 26 and 39 weeks, respectively. In both
species, there was minimal to slight squamous metaplasia of the transitional and/or
respiratory epithelium, which was observed at all DDM dose levels. In rats, atrophy of
the olfactory epithelium was observed in some HD animals, and in the 13-week study,
there was squamous epithelial hyperplasia in the nares. The NOAEL was the HD in all
DDM toxicity studies.
Embryofetal development was not assessed because of low systemic levels of
DDM in patients (see 2.7 Regulatory Background).
In TK studies, Tmax after IN administration of sumatriptan + DDM to rat and
monkey occurred within ~5 min and Cmax was 3- to 25-fold higher compared to
administration of sumatriptan alone.
The 104-week carcinogenicity study indicated that DDM is not tumorigenic.
The safety margins for DDM in the rat toxicology and carcinogenicity studies, and
the dog toxicology studies were 191x, 57x, and 172x, respectively, based on nasal
surface area (mg/cm2).

1.3
1.3.1

Recommendations
Approvability

The nonclinical NDA package supports approval of DFN-2.
1.3.2

Additional Nonclinical Recommendations

None
1.3.3

Labeling
(b) (4)

In section 12.1, Mechanism of Action, the description of
should be removed.
In section 13.1, Animal Toxicology and/or Pharmacology, under Impairment of
(b) (4)
(b) (4)
Fertility, the description of
should be remove, because
(b) (4)
In section 13.2, text related to the 6- and 9-month toxicology studies should be
3
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revised to included safety margins and a description of the drug-related nasal cavity
findings in rat and dog.

2

Drug Information

2.1

Drug

CAS Registry Number: 103628-46-2
Generic Name: Sumatriptan
Code Names: DFP-02, DFN-02
Chemical Name: 1H-Indole-5-methanesulfonamide, 3-[2-(dimethylamino)ethyl]-Nmethylmethanesulfonamide
Molecular Formula/Molecular Weight: C14H21N3O2S/ 295.40
Structure or Biochemical Description

Sponsor’s Figure

Pharmacologic Class: serotonin-1b/1d receptor agonist

2.2
•
•
•

Relevant INDs, NDAs, BLAs and DMFs
(b) (4)

(b) (4)

DMF
IND 108088, for DFN-02.
NDA 020080, for Imitrex subcutaneous injection (Listed Drug).
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Studies Submitted

3.1

Studies Reviewed

Reviewer: Edmund Nesti

Safety Pharmacology
• CNS, respiratory, and gastrointestinal studies in rat.
PK/ADME
• PK assessment in monkey following IN and IV administration of DDM.
• PK assessment in rat following IN administration of DDM.
• Validation of analytical methods in rat, dog, and monkey plasma.
General toxicology
• 4-week daily IN administration of DFP-02 in rat + 2-week recovery period.
• 13-week daily IN administration of DFP-02 in rat + 4-week recovery period.
• 26-week daily IN administration of DFP-02 in rat + 4-week recovery period.
• 4-week daily IN administration of DFP-02 in dog.
• 4-week daily IN administration of DFP-02 in dog + 2-week recovery period.
• 13-week daily IN administration of DFP-02 in dog + 4-week recovery period.
• 39-week daily IN administration of DFP-02 in dog + 4-week recovery period.
Genetic toxicology
• In vitro Ames and chromosome aberration assays.
• In vivo micronucleus assay in rat.
Carcinogenicity
• 104-week carcinogenicity study in rat.
DMF

(b) (4)

Safety Pharmacology
• Cardiovascular study in dog.
PK/ADME
• Metabolic profile and tissue distribution assessment of DDM following a single
intranasal administration to male albino rats.
General toxicology
• 2 single continuous IV (24 h) DDM dose-rang finding studies in beagle dog.
• 2 continuous IV (24 h) DDM dose-rang finding studies in rat.
• 2-week every other day IN administration of DDM in rat + 2-week recovery
period.
• 13-week daily IN administration of DDM in dog + 4-week recovery period.
• 2-week weekly SC administration of DDM in rabbit to assess dermal irritation.
Reproductive and Development toxicology
• Continuous IV (24 h) DDM pilot study in pregnant rat.

3.2

Studies Not Reviewed

None
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Methods
(b) (4)

Doses: Vehicle control with
% DDM or DFP-02: 5,
(b) (4)
10, or 15 mg sumatriptan with
% DDM.
Frequency of dosing: Single dose
Route of administration: Intranasal
(b)
(b)
Dose volume: (4) μL ( (4) μL/ nostril)
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
(b) (4)
(b)
basic sodium phosphate,
( (4)
(b) (4)
) and water.
Species/Strain: Rat, Crl:CD(SD)
Number/Sex/Group: 6/males/group
Age: At dosing initiation: ~7 weeks old
Weight: At dosing initiation: 219-276 g
Satellite groups: None
Unique study design: None
Deviation from study protocol: There were minor deviations that did not affect
study validity.
Observations and Results
The neurobehavioral effects of single ascending doses of DFP-02 (5, 10, or 15 mg) or
vehicle control with DDM were assessed using a functional observational battery
consisting of open field, handling, and general observations (according to the method of
Irwin, 1968) at 15, 30, 60, 180, and 360 minutes post-dosing. Additionally, body
temperature measurements were taken following each Irwin observation. Rats were
observed for gross signs of toxicity and mortality for seven days and sacrificed without
necropsy.
All animals survived to scheduled sacrifice and no drug-related findings were observed.
(Based on Pharmacology/Toxicology IND Review and Evaluation, IND 108088, D.
Charles Thompson, Ph.D., February 13, 2013)
Study title: DFP-02: Measurement of Respiratory Parameters In The Freely
Moving Conscious Rat Using Whole Body Plethysmography
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Methods
Doses: Vehicle control with DDM or DFP-02: 5, 10, or
15 mg sumatriptan.
Frequency of dosing: Single dose
Route of administration: Intranasal
(b)
(b)
Dose volume: (4) μL ( (4) μL/ nostril)
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
basic sodium phosphate,
and water.
Species/Strain: Rat, Crl:CD(SD)
Number/Sex/Group: 6/males/group
Age: At dosing initiation: ~7 weeks old
Weight: At dosing initiation: 217-268 g
Satellite groups: None
Unique study design: None
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
The gastrointestinal effects of single ascending doses of DFP-02 (5, 10, or 15 mg
(b) (4)
sumatriptan) or vehicle control ( % DDM) were evaluated in fasted animals. Thirty
minutes after dosing, each animal was orally administered a 5% (w/v) charcoal
suspension (marker) in 0.25% (w/v) methylcellulose using a constant dose volume of 10
mL/kg. Twenty minutes after charcoal administration, the animals were sacrificed, and
the full length of the small intestine was dissected. Both the length of the intestinal tract
and the distance the charcoal marker had traveled were measured. The stomach and
contents were also weighted to assess stomach emptying.
All animals survived to scheduled necropsy. All dose levels of sumatriptan had slightly
delayed group mean intestinal transit (~11%) and a reduction in gastric emptying
(≤17%).
(Based on Pharmacology/Toxicology IND Review and Evaluation, IND 108088, D.
Charles Thompson, Ph.D., February 13, 2013)
Study title: DFP-02: Evaluation of Potential Cardiovascular Effects in the Conscious
Dog using Radiotelemetry
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Methods
(b) (4)

Doses: Vehicle control +
% DDM or 100 mg/kg
Moxifloxacin (positive control) or DFP-02: 15, 30,
(b)
or 45 mg sumatriptan + (4) % DDM.
Frequency of dosing: Single dose
Route of administration: Vehicle control and DFP-02: intranasal
moxifloxacin: oral gavage
Dose volume: Vehicle control and DFP-02: 100 μL (in a single
nostril); moxifloxacin: 5 mL/kg
Formulation/Vehicle: Vehicle control and DFP-02: Citric acid,
monobasic potassium phosphate, di basic
(b) (4)
sodium phosphate,
and water.
moxifloxacin: 0.5% (w/v) methylcellulose
Species/Strain: Beagle dogs
Number/Sex/Group: 4/males/group
Age: At dosing initiation: 25-42 months old
Weight: At dosing initiation: 14-21 kg
Satellite groups: None
Unique study design: Each animal received all doses, with a washout
period of 6 days between doses.
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
The cardiovascular effects of single ascending doses of DFP-02 (5, 10, or 15 mg/rat,
(b) (4)
sumatriptan) or vehicle control ( % DDM) or positive control (100 mg/kg moxifloxacin)
were evaluated in non-naïve, telemetered dogs. Dogs were given a 6-day washout
period between doses. Telemetry data were recorded from one hour prior to dosing to
24 hours post dosing. The cardiovascular parameters evaluated were: arterial blood
pressure, heart rate, and ECG intervals (RR, QRS, PR, QT, and QTc). Blood was
collected to determine plasma drug and excipient concentrations. All animals survived
to scheduled sacrifice. Sumatriptan was detected in the plasma (at 30 min) in all
animals dosed with DFP-02; however, no excipient (DDM) was detected (validated
(b) (4)
range
ng/mL). The sumatriptan levels were highly variable (see sponsor’s
table).
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Sponsor’s tables

A second study was conducted in rat to compare the PK of sumatriptan and DDM
following single IN administration of DFN-02 (to-be-marketed) formulations containing
(b) (4)
DDM from two different vendors (A:
and
(b) (4)
and
AUC)
were
generally
higher
in
B:
; C: no DDM). Sumatriptan exposures (Cmax
group A, compared to group B, with A/B exposure ratios ranging from 1.03 to 2.88.
Sumatriptan AUC values in females were higher in all groups compared to males, with
F/M ratios ranging from 1.03 to 1.76. DDM increased sumatrptan Cmax and AUC 13 and
1.4-fold for group A compared to C, respectively, and 6-fold and no change for group B
compared to C, respectively. Females had higher sumatriptan AUC values for all
formulations, with F/M ratios up to ~2.
DDM exposure (Cmax and AUC) values in group A were up to ~2-fold higher, for
both sexes, compared to group B. Females in groups A and B had 20 to 50% higher
DDM exposure values, respectively, compared to males.
(b) (4)
Based on these data, DDM from
was used in the subsequent studies.
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Sponsor’s tables

Validation of analytical methods assays were conducted to determine DDM and
sumatriptan levels in rat and dog plasma using liquid chromatography coupled with
tandem mass spectrometric detection (LC-MS/MS). In monkey, a “fit for purpose”
LC/MS/MS method was used for quantifying DDM and sumatriptan in PK study 826824,
the upper and lower limits of quantification could not be located.
(b) (4)

DMF#
The metabolic profile and tissue distribution of DDM following a single intranasal
administration to male albino rats were assessed. Overall, DDM was detectable in most
rat tissues and was primarily excreted in the urine. Cmax and AUC0-24h were highest in
the liver at 37800 ng equiv/g and 306000 h*ng equiv/g, respectively. T1/2 was
approximately 8 hours in blood and plasma and 6 hours in the liver.
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Methods
Doses:
Frequency of dosing:
Route of administration:
Dose volume:
Formulation/Vehicle:
Species/Strain:
Number/Sex/Group:
Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study protocol:

Dodecyl maltoside: 1, 2.6, or 10 mg/kg
Single dose
Intravenous
3 mL/kg/h
(b) (4)
% Sodium Chloride for Injection (USP)
Dog, Beagle
2/sex/group
At dosing initiation: ~7 months old
Dosing initiation: 7.4 to 8.6 kg
None
None
There were minor deviations, with no impact on
study validity.

Observations and Results
Mortality
Animals were observed twice a day.
There were no unscheduled animal deaths.
Clinical Signs
Observations were made daily.
There were no DDM-related findings.
Body Weights
Measurements were recorded twice a week.
There were no DDM-related findings.
Food Consumption
Measurements were recorded daily.
There were no DDM-related findings.
Ophthalmoscopy
Not assessed.
ECG
Not assessed
Hematology
Samples were taken once prior to dosing and 24 h after each dose (fasted). A standard
battery of parameters was assessed.
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Sponsor’s table

Dosing Solution Analysis
The mean concentrations of the dose preparations were within ±

6.2

(b)
(4)

% of nominal.

Repeat-Dose Toxicity

Study title: DFP-02: 4-Week Intranasal Administration Toxicity Study in the Rat
Followed by a 2 Week Treatment-free Period

23
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Methods
(b) (4)

(b) (4)

Doses: Vehicle (no DDM),
(DDM),
(DDM), 10
(b) (4)
+30
(DDM), 30 (Suma), and
DDM
Suma (DFP-02)
mg/day.
Frequency of dosing: Daily
Route of administration: Intranasal
(b)
(b)
Dose volume: (4) μL ( (4) μL/ nostril)
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
basic sodium phosphate,
and water.
Species/Strain: Rat, Crl:CD(SD)
Number/Sex/Group: Tox: 10/sex/group; recovery: 5/sex/group; TK:
9/sex/dosing group, 3/sex/control group.
Age: At dosing initiation: 7 to 8 weeks old
Weight: At dosing initiation: M: 263.2 to 348.5 g; F: 167.1
to 237.5 g
Satellite groups: Recovery and TK
Unique study design: None
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
Mortality
Animals were observed twice a day.
All animals survived until scheduled necropsy.
Clinical Signs
Detailed physical examinations were made daily during the dosing period and weekly
during recovery.
Approximately 30% of the DFP-02 dosed animals were observed with thinning fur
around the muzzle.
Body Weights
Measurements were recorded weekly.
There were no drug- or excipient-related findings.
Food Consumption
Consumption was measured daily.
There were no drug- or excipient-related findings.
Ophthalmoscopy
All animals were examined in Week 4.
There were no excipient- or drug-related findings.
25
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ECG
An ECG was not conducted.
Hematology
A standard battery of parameters was assessed.
There were no excipient- or drug-related findings.
Coagulation
Prothrombin time and activated partial thromboplastin time were assessed.
There were no excipient- or drug-related findings.
Clinical Chemistry
Blood samples were taken prior to dosing, in Week 4, and at the end of the recovery
period. A standard battery of parameters was assessed.
There were no excipient- or drug-related findings.
Urinalysis
Urine samples were collected prior to dosing, in Week 4, and at the end of the recovery
period.
There were no excipient- or drug-related findings.
Gross Pathology
There were no excipient- or drug-related findings.
Organ Weights
There were no excipient- or drug-related findings.
Histopathology
Adequate Battery: Yes
Signed pathologists report: Yes
Peer Review: No
Histological Findings
In the DDM and DDM + sumatriptan groups, one or two animals of either sex had
minimal squamous cell metaplasia of the respiratory tract.
Special Evaluation
None
Toxicokinetics
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There was high inter-animal variation in plasma concentrations due to cross –
contamination of DDM and sumatriptan samples. Exposure differences between males
and females were not clearly discernable due to high inter-animal variation.
Sumatriptan
Tmax and half-life (in females only) was 0.25 and 2.6 hours, respectively. Sumatriptan
did not accumulate with repeat dosing.
Sumatriptan in DFP-02
Tmax and half-life (in females only) was 0.033 and 3.3 hours, respectively. Both single
and repeat dosing with DFP-02 resulted in a 1.5-fold increase in sumatriptan exposure
(Cmax and AUC(0-t)), compared to sumatriptan alone. Sumatriptan in DFP-02 did not
accumulate with repeat dosing.
DDM
Tmax was 0.167 hours and the half-life was between 0.4 and 2.7 hours (HD); by 4 hours
DDM was below the limit of quantification (0.5 ng/mL). DDM did not accumulate with
repeat dosing.
DDM in DFP-02
Tmax and half-life (in females only) was 0.033 and 3.3 hours, respectively. Exposure
(Cmax and AUC(0-t)) of DDM increased approximately dose proportionally, except at the
HD, where exposure increased less then dose proportionally. DDM in DFP-02 did not
accumulate with repeat dosing.
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Sponsor’s tables

Dosing Solution Analysis
The mean concentrations of the dose preparations were within ±
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Methods
(b) (4)

(b) (4)

Doses: Vehicle (no DDM),
(DDM),
(DDM), 10
(b) (4)
+30
(DDM), 30 (Suma), and
DDM
Suma (DFP-02)
mg/day.
Frequency of dosing: Daily
Route of administration: Intranasal
(b)
(b)
Dose volume: (4) μL ( (4) μL/ nostril)
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
basic sodium phosphate,
and water.
Species/Strain: Rat, Crl:CD(SD)
Number/Sex/Group: Tox: 10/sex/group; recovery: 5/sex/group; TK:
9/sex/dosing group and 3/sex/control group
Age: At dosing initiation: 6 to 7 weeks old
Weight: At dosing initiation: M: 167.9 to 290.8 g; F: 144.8
to 225.6 g
Satellite groups: Recovery and TK
Unique study design: None
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
One Main Study control animal and one TK sumatriptan only animal were found dead
on Day 93 and 80, respectively. The control animal was found to have enlarged lymph
nodes and no cause of death was observed in the sumatriptan only animal. Daily
detailed physical examinations revealed a higher incidence of thinning fur in animals
given DFP-02. Weekly body weight and food consumption measurements revealed a
16% gain in mean body weight, which corresponded with an 8% increase in food
consumption, compared to controls, in males dosed with sumatriptan. In females given
20% DDM or DFP-02, mean food consumption was 10 and 14% higher, respectively,
compared to control, with no corresponding effect on weight. An adequate battery of
histopathology tissues were assessed. In males given DFP-02, mean adjusted to body
spleen weight ratios were 20% higher than control, with no histological correlate.
Histological findings consisted of a marginal increase in the incidence/severity of minor
squamous cell hyperplasia, in the nose/nares, at 10 mg DDM in males and 0.3 and 10
mg DDM in females.

Sponsor’s table
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There were no drug- or excipient-related effects observed in ophthalmoscopy,
hematology (standard battery), coagulation (prothrombin time and activated partial
thromboplastin time), clinical chemistry (standard battery), urinalysis, or gross pathology
assessments.
TK assessments showed high inter-animal variation in plasma concentrations.
One control sample was positive for DDM (1.87 ng/mL; LLOQ=0.5ng/mL). Three control
samples were positive for sumatriptan (1.33, 2.24, and 1.95 ng/mL, respectively; LLOQ
= 1.0 ng/mL). The source of the inadvertent DDM and sumatriptan exposure could not
be identified. Exposure differences between males and females were sometimes not
clearly discernable due to high inter-animal variation. Co-administration of sumatriptan
and DDM appeared to markedly increase sumatriptan Cmax values in both sexes after
single and repeated doses.
Sumatriptan AUC values were increased in the presence of DDM but not to the
extent of Cmax values. Exposures (Cmax and AUC(0-t)) to DDM in males increased greater
than dose proportionally between 0.1 and 0.3 mg/day and less than dose proportionally
at 10 mg/day. In females, exposure increased less than dose proportionally. Coadministration of DDM with sumatriptan in most cases reduced the exposure to DDM
relative to that observed with DDM alone.
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Methods
(b) (4)

(b) (4)

Doses: Vehicle (no DDM),
(DDM),
(DDM), 10
(b) (4)
+30
(DDM), 30 (Suma), and
DDM
Suma (DFP-02)
mg/day.
Frequency of dosing: Daily
Route of administration: Intranasal
(b)
(b)
Dose volume: (4) μL ( (4) μL/ nostril)
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
basic sodium phosphate,
and water.
Species/Strain: Rat, Crl:CD(SD)
Number/Sex/Group: Tox: 10/sex/group; recovery: 5/sex/group; TK:
9/sex/dosing group, 3/sex/control group
Age: At dosing initiation: 6 to 7 weeks old
Weight: At dosing initiation: M: 196 to 290.8 g; F: 144.8
to 225.6 g
Satellite groups: Recovery and TK
Unique study design: None
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
One DDM LDM was killed in extremis (Day 178) due to physical trauma sustained
during blood sampling. One male given sumatriptan 30 mg/day was removed on Day
101 due to severe clinical signs (hunched posture, semi closed eyes, and thin
appearance) resulting from focal encephalopathy. One DDM TK LDF was removed
(Day 120) due to severe clinical signs (swollen paws), with no clear cause identified.
None of the findings in these animals were considered drug-related. Daily detailed
physical examinations revealed a higher incidence of thinning fur in animals given DFP02, which improved but did not completely resolve during the recovery period. There
were no drug- or excipient-related effects on body weight, food consumption,
ophthalmoscopy, hematology (standard battery), coagulation (prothrombin time and
activated partial thromboplastin time), clinical chemistry (standard battery), urinalysis,
gross pathology, or organ weight assessments. The histological examinations included
an adequate battery of tissues for main study animals of Groups 1, 2, 4, and 6. Animals
in Groups 3 and 5 (main study) and Groups 1, 2, 4, and 6 (recovery), only had the nasal
passages and gross lesions examined. Dose-related minimal to moderate squamous
cell metaplasia of the respiratory epithelium and atrophy of the olfactory epithelium was
observed in the nasal cavity of DDM only animals, which partially resolved during the
recovery period.
Sumatriptan Cmax values markedly increased and Tmax decreased when
administered with DDM. In females, sumatriptan AUC values modestly increased with
DDM; however, in males AUC values decreased. DDM levels increased less in the
presence of sumatriptan compared to DDM alone.
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Methods
(b) (4)

Doses: Vehicle (no DDM), 5 mg Suma +
% DDM, 15
(b) (4)
mg Suma +
% DDM, 15 mg Suma, no DDM
Frequency of dosing: Daily
Route of administration: Intranasal (right nostril)
Dose volume: 100 μL/dose
Formulation/Vehicle: Citric acid, monobasic potassium phosphate, di
(b) (4)
basic sodium phosphate,
and water.
Species/Strain: Dog/beagle
Number/Sex/Group: 4/sex/group
Age: At dosing initiation: 6 to 7 months old
Weight: At dosing initiation: M: 8.9 to 10.4 g; F: 6.0 to 7.8
g
Satellite groups: None
Unique study design: None
Deviation from study protocol: There were minor deviations, with no impact on
study validity.
Observations and Results
All animals survived to scheduled necropsy. There were no drug-related effects
observed on clinical signs, body weight, food consumption, ophthalmoscopy, ECG,
hematology (standard battery), coagulation (prothrombin time and activated partial
thromboplastin time), clinical chemistry (standard battery), urinalysis, gross pathology,
or organ weight assessments. The histological examinations included an adequate
battery of tissues for in all animals. There was a slight non-dose related increase in the
incidence of mixed leukocyte infiltration in the lungs of animals that received drug.
DDM tended to increase sumatriptan exposure (Cmax and AUC) in males and
decrease it in females. Exposure values on Day 28 were lower than Day 1.
(Based on Pharmacology/Toxicology IND Review and Evaluation, IND 108088, D.
Charles Thompson, Ph.D., February 13, 2013)
Study title: DFP-02: 4-Week Intranasal Administration Toxicity Study in the Dogs
Followed by 2 Week Treatment-free Period
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There were no drug- or excipient-related findings.
ECG
Examinations were performed during pre-treatment and Week 4.
There were no drug- or excipient-related findings.
Hematology
Blood samples were taken prior to dosing, in Week 4, and at the end of the recovery
period. A standard battery of parameters was assessed.
There were no drug- or excipient-related findings.
Coagulation
Prothrombin time and activated partial thromboplastin time were assessed.
There were no drug- or excipient-related findings.
Clinical Chemistry
Blood samples were taken prior to dosing, in Week 4, and at the end of the recovery
period. A standard battery of parameters was assessed.
There were no drug- or excipient-related findings.
Urinalysis
Urine samples were collected prior to dosing, in Week 4, and at the end of the recovery
period.
There were no drug- or excipient-related findings.
Gross Pathology
There were no drug- or excipient-related findings.
Organ Weights
The organs weighed are identified in the histopathology table below.
There were no drug- or excipient-related findings.
Histopathology
Adequate Battery: Yes
Signed pathologists report: Yes
Peer Review: No
Histological Findings
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In DDM dosed animals, a few animals of both sexes had minimal squamous metaplasia
of the respiratory epithelium in the nasal passages, which was not correlated with dose
level.

Sponsor’s table

Special Evaluation
None
Toxicokinetics
Blood samples were taken on Day1 and 24.
Single or repeat administration of DDM had minimal effect on sumatriptan exposure
(Cmax and AUC). Half-life following a single dose of sumatriptan with or without DDM
was ~3 to 4 hours.
Generally, DDM exposure (Cmax and AUC) values increased greater than dose
proportionally. Half-life following a single dose of DDM was ~7 hours. When DDM was
combined with sumatriptan (DFP-02) exposure of DDM increased. Repeat
administration of DDM or DDM + sumatriptan had minimal effect on exposure levels of
both substances.
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Sponsor’s tables

Dosing Solution Analysis
The mean concentrations of the dose preparations were within ±
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Coagulation
Prothrombin time, activated partial thromboplastin time, and fibrinogen were assessed.
There were no DDM-related findings.
Clinical Chemistry
A standard battery of parameters was assessed.
There were no DDM-related findings.
Urinalysis
Not assessed
Gross Pathology
At the infusion site, at 600 mg/kg, there was thickening in one female; at 1000 mg/kg,
there was thickening in one male, swelling in one female; and a mass in one male.
In the spleen at 600 mg/kg, there was enlargement in one male and female; at 1000
mg/kg, there was enlargement in all animals.
Organ Weights
Not assessed
Histopathology
Not assessed:
Special Evaluation
None
Toxicokinetics
Not assessed
Dosing Solution Analysis
The mean concentrations of the dose preparations were within ±
(b) (4)

(b)
(4)

% of nominal.

DMF#
Study title: A Two-Week Repeat Dose Intranasal Toxicity Study of n-Dodecyl-βD-Maltoside (with a Two-Week Recovery) in Rats
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Observations and Results
Mortality
Animals were observed twice a day.
There were no DDM-related deaths. One HD animal was euthanized after being
accidently dropped.
Clinical Signs
Detailed physical examinations were made once on non-dosing days and twice on
dosing days.
Sporadic noisy breathing was observed in MD and HD animals.
Body Weights
Measurements were recorded on Day 1(prior to dosing), 8, 14, 21 (recovery), and 27
(recovery).
There were no DDM-related findings.
Food Consumption
Consumption was measured weekly.
There were no DDM-related findings.
Ophthalmoscopy
All animals were examined prior to dosing and in the last week of dosing.
There were no DDM-related findings.
ECG
Not assessed
Hematology
A standard battery of parameters was assessed.
There were no DDM-related findings.
Coagulation
Prothrombin time and activated partial thromboplastin time were assessed.
There were DDM-related findings.
Clinical Chemistry
Blood samples were taken prior to dosing, on Day 15, and at the end of the recovery
period (Day 29). A standard battery of parameters was assessed.
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There were no DDM-related findings.
Urinalysis
Not assessed
Gross Pathology
There were no DDM-related findings.
Organ Weights
There were no DDM-related findings.
Histopathology
Adequate Battery: Yes
Signed pathologists report: Yes
Peer Review: No
Histological Findings
At the MD and HD in both sexes, there was minimal to moderate nasal cavity
inflammation, which was characterized by infiltrates of neutrophils in the epithelium.
One HDM had nasal epithelial hyperplasia and necrosis which were an extension of
inflammation. One HDM and 2 HDF had areas of epithelial degeneration. There were no
DDM-related findings in the recovery animals.
Special Evaluation
No
Toxicokinetics
Not assessed
Dosing Solution Analysis
The mean concentrations of the dose preparations were within ±
(b) (4)

(b)
(4)

% of nominal.

DMF#
Study title: An 8-day Intravenous Infusion (Once Weekly over 24 Hours) Dose
Range-Finding Study of Dodecyl Maltoside in the Wistar Rat
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Measurements were recorded on Days -5, -1, 3, 7, 9, and prior to necropsy.
There were no DDM-related findings.
Food Consumption
Measurements were recorded on Days -5, -1, 3, 7, and 9.
There were no DDM-related findings.
Ophthalmoscopy
Not assessed.
ECG
Not assessed.
Hematology
Samples were taken at necropsy (Day 10). A standard battery of parameters were
assessed.
There were no DDM-related findings.
Coagulation
Prothrombin time and activated partial thromboplastin time were assessed.
There were no DDM-related findings.
Clinical Chemistry
There were no DDM-related findings.
Urinalysis
Not assessed.
Gross Pathology
There were no DDM-related findings.
Organ Weights
Not assessed.
Histopathology
Not assessed.
Special Evaluation
None
Toxicokinetics
Samples were taken on day 8.
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Observations and Results
Mortality
Animals were observed twice a day.
There were no unscheduled animal deaths.
Clinical Signs
Observations were made daily, which included an otoscope examination of the nasal
tracts.
There were no DDM-related findings
Body Weights
Measurements were recorded weekly.
There were no DDM-related findings.
Food Consumption
Measurements were recorded daily.
There were no DDM-related findings.
Ophthalmoscopy
Not assessed.
ECG
Not assessed.
Hematology, Coagulation, Clinical Chemistry, and Urinalysis
Not assessed.
Gross Pathology
There were no DDM-related findings.
Organ Weights
There were no DDM-related findings.
Histopathology
The following tissues were assessed:
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Sponsor’s table

Adequate Battery: No
Peer Review: Yes (no signature)
Signed pathology report: No
Histological Findings
There were no DDM-related findings.
Special Evaluation
None
Toxicokinetics
Not assessed.
Dosing Solution Analysis
Could not be found in the study report
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Observations were made twice daily and detailed observations made weekly.
There were no DDM-related findings
Body Weights
Measurements were recorded weekly.
There were no DDM-related findings.
Food Consumption
Not assessed.
Ophthalmoscopy
Not assessed.
ECG
Not assessed.
Hematology
Blood was collected prior to necropsy. The following parameters were examined: blood
cell morphology, erythrocyte indices (MCV, MCH, and MCHC), hematocrit, hemoglobin,
platelet count, red blood cell count, reticulocytes (absolute and percent), and white
blood cell count (total, absolute, and percent differential).
There were no DDM-related findings.
Coagulation, Clinical Chemistry, and Urinalysis
Not assessed.
Gross Pathology
There were no DDM-related findings.
Organ Weights
Not assessed.
Histopathology
The following tissue was preserved: injection sites with skin and underlying tissues (site
of injection was accordingly identified to correlate to dosing occasion).
Adequate Battery: No
Peer Review: Yes (non-GLP and non-QA)
Signed pathology report: Yes
Histological Findings:
There was minimal to marked subacute inflammation in the dermis and/or subcutis of all
6 DDM injection sites, which was often accompanied by myofiber degeneration.
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Observations and Results
Mortality
Animals were observed daily.
There were no unscheduled animal deaths.
Clinical Signs
Observations were made daily. Skin reaction assessments were performed after
intradermal induction (test day 1), epidermal induction (test day 8), and after skin
reaction challenge (day 22).
After epidermal induction, there were discrete/patchy to moderate/confluent erythema in
all animals at the 24- and 48-hour time points. After challenge, there was no local skin
reaction, indicating DDM does not sensitize the skin.
Body Weights
Measurements were recorded on the first day of treatment and at the termination of the
study.
There were no DDM-related findings.
Food Consumption
Not assessed.
Ophthalmoscopy
Not assessed.
ECG
Not assessed.
Hematology, Coagulation, Clinical Chemistry, and Urinalysis
Not assessed.
Necropsy, Organ Weights, and Histopathology.
Not assessed
Special Evaluation
N/A
Toxicokinetics
Not assessed.
Dosing Solution Analysis
Could not located in study report.
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Mortality
Animals were monitored twice daily.
Females administered DDM had survival rates similar to control, while males
administered DDM had survival rates slightly higher than controls (see sponsor’s table
and figures).
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Clinical Signs
Detailed physical examinations were made weekly.
There were no DDM-related findings.
Body Weights
Measurements were made weekly until Week 16, once every 4 weeks from Week 17 to
85, and then weekly from Week 86 until termination.
In males administered DDM, group mean body weights were 11 to 15% lower than
control animals at the final weighing (Week 102), which was attributed to fewer control
animals surviving to scheduled necropsy. There were no DDM-related differences in
female animals.
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Sponsor’s figures

Food Consumption
Measured weekly
There were no DDM-related findings.
Ophthalmic examinations
Control and HD animals were examined during weeks 26, 52, 78, and 102.
There were no DDM-related findings.
Clinical chemistry
There were no DDM-related findings.
Gross Pathology
There were no DDM-related findings.
Histopathology
Complete battery: Yes
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Methods
Doses: 0 and 30 mg/kg/day
Frequency of dosing: Daily, from day 6 to 17 of gestation (continuous
infusion for 24 h).
(b) (4)
Dose volume:
mL/hour
Route of administration: Intravenous
(b) (4)
Formulation/Vehicle: Sterile physiological saline (
% NaCl)
Species/Strain: Rat/Wistar
Number/Sex/Group: 8/females/group
Satellite groups: None
Study design: Females were mated by the supplier and
received by the testing facility on gestation day
0.
Deviation from study protocol: Minor deviations were noted, with no impact on
study integrity.
Observations and Results
Mortality
Animals were monitored twice daily.
There were no animal deaths prior to necropsy.
Clinical Signs
Observations were made twice daily.
There were no DDM-related findings.
Body Weight
Animal weights were recorded on gestation days 0, 6, 9, 12, 15, 18, and 20.
There were no DDM-related findings.
Food Consumption
Recordings were made during the following gestation day intervals: 0 to 6, 6 to 9, 9 to
12, 12 to 15, 15 to 18, and 18 to 20.
There were no DDM-related findings.
Toxicokinetics
Not assessed.
Dosing Solution Analysis
All samples were within ±

(b)
(4)

% of nominal.

Necropsy
There were no DDM-related findings.
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Fertility Parameters (pregnancy incidence, preimplantation data, post-implantation data,
fetal body weight, fetal examinations and observations, soft tissue findings, skeletal
observations)
There were no DDM-related findings.
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dose-related increases in medullary hyperplasia in the adrenal gland in males.
Additionally, males administered DDM had slightly lower mean body weights (11 to
15%) than control animals at Week 102.
Overall, the study findings indicate that DDM is not tumorigenic.
Summary
DNF-2 did not have any adverse effects in safety pharmacology or general toxicology
studies and was negative in a 104-week carcinogenicity study. The nonclinical NDA
package supports approval.
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