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1 Executive Summary

1.1 Recommendations

The Office of Clinical Pharmacology / Division of Clinical Pharmacology Evaluation II
(OCP/DCP-II) has reviewed the OraVerse® NDA submitted on 4/9/07.

From OCP perspective, the information contained in the Application is acceptable
provided that a satisfactory agreement can be reached with the Applicant regarding the
Labeling for OraVerse.



1.2 Phase IV Commitments
None

1.3 Summary of CPB Findings

Novalar, Inc. has submitted OraVerse® Injection 0.4 mg, NDA 22-159 in accordance
with 505(b)(2) of the Food, Drug and Cosmetic Act and 21 CFR 314.50 and 21 CFR
314.54, for the reversal of soft tissue anesthesia and the associated deficits resulting from
an intraoral submucosal injection of a local anesthetic containing a vasoconstrictor. The
following local anesthetics were assessed in the Phase 3 trials: Lidocaine, Articaine,
Prilocaine, and Mepivacaine.

Reference was made to Regitine® NDA 8-278 (a lyophilized powder of 5.0 mg
phentolamine mesylate and 25.0 mg mannitol, USP, per vial; it is reconstituted with 1 mL
sterile water; NDA was approved in January 1952; it was marketed by Ciba (now
Novartis)), for use in the diagnosis and treatment of patients with pheochromocytoma and
for treatment and prevention of dermal necrosis following intravenous administration or
extravasation of norepinephrine. The Applicant is relying on the FDA’s previous
findings of safety and efficacy for Regitine, as described in the Drug Efficacy Study
Implementation (DESI) finding published in the Federal Register on April 6, 1971 (DESI
8278, Federal Register Notice Volume 36, No. 66). Novartis discontinued marketing
Regitine in the U.S. in 2000. A generic version was approved (ANDA 40-235;
phentolamine mesylate for injection, USP) on March 11, 1998 (manufactured by Ben
Venue Laboratories for Bedford Laboratories). The ANDA was granted biowaiver for its
5 mg/vial product based upon 21 CFR 320.22. This generic version is currently marketed
in the U.S. '

For its use in dental patients, OraVerse is to be given in units of 1 or 2 cartridges
(delivering 0.4 mg and 0.8 mg of phentolamine mesylate, respectively) by intraoral
submucosal injection, with the number of cartridges of OraVerse equal to the number of
cartridges of anesthetic used to achieve pulpal anesthesia. A dose of ¥ cartridges (0.2
mg) is indicated for children weighing more than 15 kg and less than 30 kg. These doses
represent approximately 1/12 to 1/16 the approved adult dose (5-10 mg, intravenous or 5
mg, intramuscular) or 1/15 to 1/5 the approved pediatric dose (1 mg, intravenous; 3 mg,
intramuscular) of phentolamine mesylate indicated in the labeling for both Regitine and
the currently marketed generic product.

Data from two pharmacokinetic studies using the to-be-marketed formulation was
submitted. Since the drug is applied at the local site for the local treatment, the critical
clinical pharmacology aspect of this NDA was to focus on the phentolamine systemic
exposure.

Exposure-response relationship

The drug is injected at the local tissue site for the local treatment effect. The
phentolamine concentrations at the local site were not sampled. Therefore, there is no



exposure-response relationship for this product. However, the Applicant explored other
markers (return of sensation to lips, tongue, teeth, and chin) produced by a local
anesthetic injection of lidocaine/epinephrine in Phase 2 trials. OraVerse decreased the
time to return to normal sensation in affected tissues.

In the Phase 3 trials, the majority of subjects were evaluated with OraVerse/lidocaine
(n=82). For other local anesthetics, the evaluated subjects were some what fewer:
Articaine (n=16), Prilocaine (n=13), and Mepivacaine (n=11). According to the
reviewing medical officer, OraVerse decreased the time to return to normal sensation for
lidocaine and for other local anesthetics (a ‘similar trend’ was observed).

Single dosing

Data are available from two single dose studies, NOVA-04-PK and NOVA-05-PEDS-
PK.

The following table contains overall PK parameters. It appears that there is a clear
difference in phentolamine Cmax, due to subject body weight. Phentolamine Cmax in
subjects who is weighs less than 30 kg (pediatric subjects 3 — 8 years of age) increased
approximately 70% compared to > 30 kg body weight.

The OraVerse dosing scheme proposed by the Applicant is acceptable in that in pediatric
patients weighing 15-30 kg, the maximum dose of OraVerse recommended is 1/2

cartridge (0.2 mg).
Subjects | Treatments .
(No. (M/F) (Dose, Phentolamine - Mean Parameters (SE)
Type Age: Dosage ,
Median Form, Cmax AUClast AUCinf Tmax t1/2
| Range) | Route) | (ngmL) | (aghr/mL) | (mghe/mL) | (min) | @r:min | ST | VED)
NOVA 16 (7/9) . '
o4 oy I\(I)Y‘ L(l)gl ’ 15 3:08 160.93 470.61
subjects 23 . + : + . + . +
(18-50) | wreoral | 134 169 288 2 | oss | 2402 | 6272
NV-101,
0.8 mg 11+ | 02:14+ | 203.64 £ | 499.68 +
infraoral | 273 329 4.8 1 | oo2s | 3621 | 60.08
submucosal
NV-101, " 2:24 + 17549+ | 441.99%
04mgrv | 1098 | 171 276 [ 7%3 0 538 | 3036 | 8368
NOVA | 8(5/3)
05- Pediatric
PEDS- subjects NV-101,
PK | undergoing 0.2 mg Ny ” 10+ | 2:32+ | 58.79+ 190.56 =
dental intraoral 2.60 1.93 3.62 1 0:34 8.06 35.69
procedures | submucosal
5(3-8)
15-30kg




11 (8/3)

Pediatric

subjects NV-101,
undergoing 0.4 mg 21+ | 2:59+ | 132.18% | 396.50+

dental intraoral 147 1.81 3.39 4 0:56 17.59 22.98

procedures | submucosal

13 (8-16)

>30kg

Study 04 (NOVA 04-PK)

This was a Phase 1, open-label PK, PD, and Safety in Healthy Adult Volunteers. The
main study objectives were to determine the PK of phentolamine administered by
intraoral (0.4 and 0.8 mg) and intravenous (IV) injections (0.4 mg) and to determine the
effects of NV-101 by intraoral injection on the PK of lidocaine and epinephrine
administered by intraoral injection (1 or 4 cartridges).

Phentolamine:
Phentolamine was completely bioavailable after intraoral injection (104%).

The mean phentolamine Cmax and AUC values were dose-proportional. Compared to
intravenous injection, OraVerse intraoral Cmax value was 8 times less. The
phentolamine t1/2, CL, and Vd values were similar for all treatments. The phentolamine
Tmax was earlier (7 min.) as administered alone compared to that of with a local
anesthetic, lidocaine and epinephrine (11 - 15 min.).

Lidocaine:

The lidocaine Cmax and AUC values were dose proportional (1 vs. 4 cartridges). The
lidocaine t1/2 and CL values were similar for all treatments.

The lidocaine Vd was smaller when administered with OraVerse and administered alone
(192 L vs. 237 L).

Epinephrine:

The epinephrine Cmax, Tmax, AUClast, AUCinf, t1/2 and Vd values were similar for all
treatment groups. However, the epinephrine CL was smaller when administered with
OraVerse than administered alone.

This was a Phase 1 open label study of OraVerse to evaluate the PK and safety in
pediatric dental patients. The objectives of the study were 1) to evaluate the PK of
OraVerse in pediatric dental patients who were undergoing dental procedures under




general anesthesia or conscious sedation, to the extent possible with blood sampling
limited to the duration of the intravenous (IV) access line after NV-101 administration
and 2) to evaluate the safety of OraVerse in pediatric dental patients as measured by the
incidence and severity of adverse events and concomitant medications. Plasma
concentrations of phentolamine and lidocaine were assayed with a validated LC/MS/MS
method.

Phentolamine
Phentolamine AUC and t1/2 parameters were similar between 0.2 and 0.4 mg groups.

The mean phentolamine Cmax plasma concentration in the 0.2-mg dose group (lighter
body weight group) was approximately 70% greater the mean in the 0.4-mg group
(heavier body-weight group) from 5 to 15 minutes post administration. However, by 30
minutes, the mean plasma concentrations in the two groups were nearly identical and
remained similar through the 2-hour sampling point.

The mean CL and Vd parameters were noticeably larger in the 0.4-mg group than in the
0.2-mg group.

Lidocaine

The mean plasma concentration of lidocaine in the 0.4-mg dose group was less than the
mean in the 0.2-mg group from immediately prior to OraVerse injection through the 2-
hour sample. Lidocaine plasma concentrations increased after OraVerse injection,
peaking at 20-30 minutes post administration, followed by gradual decline. Overall, the
lidocaine concentrations were lower than those that are expected are to expected to have a
systemic pharmacologic effect (>1000 ng/mL) in the broader population.

Linearity
The mean phentolamine Cmax and AUC values were dose-proportional, 0.4 and 0.8 mg,

as stated above.

Absolute bioavailability

Phentolamine was completely bioavailable after intraoral injection (104%), as stated
above.
Multiple dosing

This product is not intended to be used in a multiple dosing setting. As such, multiple
dose studies were not conducted.



Pediatric population

The Applicant requested a waiver for pediatric population under the age of l years.
Study 05 assessed OraVerse exposure in pediatric subjects from 3 to 16 years of age (see
above for findings from Study 05).

Phentolamine interaction with lidocaine and epinephrine concomitant
administration

Phentolamine systemic exposure did not change when concomitantly administered with a

local anesthetic, lidocaine and epinephrine. Lidocaine -and epinephrine systemic
exposure did not change when concomitantly administered with OraVerse.

Assay

The LC/MS/MS assays validated for the measurement of epinephrine, phentolamine,
lidocaine and were based on with LLOQ
of] respectively.

Overall, the information submitted in this NDA is acceptable pending a mutual
agreement can be reached with the Applicant with respect to OraVerse Labeling.

2 QBR
2.1 General Attributes of the Drug

2.1.1 What are the highlights of the chemistry and physical-chemical properties of the
drug substance, and the formulation of the drug product?

Phentolamine mesylate USP is the active ingredient in OraVerse, and is a white to off-
white, odorless crystalline powder with a molecular weight of 377.46. It is sparingly
soluble in water, soluble in alcohol, and slightly soluble in chloroform. OraVerse
(phentolamine mesylate) Injection is a clear, colorless, sterile, non pyrogenic, isotonic,
preservative free solution. Each 1.7 mL cartridge contains 0.4 mg phentolamine mesylate,
D-mannitol, edetate disodium, and sodium acetate. Acetic acid and sodium hydroxide
may be used to adjust the pH.

Phentolamine mesylate structure:

b(4)
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Drug product composition

OraVerse existing formulations:

Phase 2 Formulation Phase 3/Commercial

Ingredient (per mL) Formulation (per mL)

Phentolamine mesylate, USP
(Reliable Chemical) - 0.235 mg

EDTA Na2, USP

D-Mannitol, USP

Sodium acetate trihydrate, USP

Acetic acid, USP

WEFI

Only one clinical study was conducted with P2 formulation, namely Study NOVA 03-001.
All other studies were conducted with to-be-marketed formulation.

Note regarding degradation product- in the formulation:

licant  stated that
is a degradation product,

. This is a degradation product in the drug substance
may increase over time during long term storage of the OraVerse. * was
measured in plasma samples collected in the adult pharmacokinetic study, Study 04, to
evaluate the extent of 7z wiveo conversion of phentolamine into . The results
from Study 04 indicated that the measured# plasma concentrations were mostly
below the limit of quantification, indicating that phentolamine did not significantly

convert to following intraoral submucosal or IV administration of NV-101.

Comparison of OraVerse and Regitine formulations

It is noted that the Reference Listed Drug, Regitine® NDA 8-278 (NDA was approved in
January 1952; not currently marketed) is a simple drug product which contains
lyophilized powder of mentolamine mesylate and ﬁmg mannitol, USP, per

vial. It is reconstituted wit sterile water. As indicated in the table above, there are

b(4)

h(4)

b(4)



no significant differences between the two products, except that OraVerse contains less
thanﬁ of additional inactive ingredients.

2.1.2  What are the proposed mechanism of action and therapeutic indication(s)?

OraVerse is indicated for the reversal of soft tissue anesthesia and the associated deficits
resulting from an intraoral submucosal injection of a local anesthetic containing a
vasoconstrictor.

Drug development plan

The development of phentolamine mesylate for local anesthetic reversal is based on the
idea that competitive inhibition of administered vasoconstrictor and increased local blood
flow resulting from vasodilatation will enhance the clearance of the local anesthetic
agent(s) from the nerves and surrounding tissue. The ability of phentolamine to block
the vasoconstrictor activities of catecholamines has been reportedly demonstrated in
many settings; the most relevant being the oral cavity as well as the dental pulp and oral
mucosa of cats leading sponsor hypothesize that phentolamine mesylate could be
effective in dental patients and the rationale for developing phentolamine mesylate as an
agent to accelerate recovery of sensation and associated functional deficits following
local dental anesthesia.

Mechanism of action

The mechanism by which OraVerse reverses soft tissue anesthesia and the associated
functional deficits is not well understood. The active moiety, phentolamine mesylate, is a
sympatholytic competitive alpha-adrenergic blocker that non-selectively antagonizes both
alpha-1 and -2 receptors, and when administered to vascular smooth muscle,
phentolamine produces an alpha-adrenergic block of relatively short duration resulting in
vasodilatation.

Pre-clinical support of tissue vasodilatation due to phentolamine

Phentolamine mesylate at the plasma concentrations achieved in pre-clinical
studies appears to have no direct binding on the sodium ion channels that are the target
proteins of local anesthetics used in these studies. Therefore, phentolamine mesylate is
unlikely to compete with the local anesthetics for ion channel binding in nerve axons.
After local injection into the oral mucosa of dogs, OraVerse ‘stimulated’ local blood flow
in the ipsilateral but not contralateral jaw of beagle dogs. In this study, no effects were
detected on blood pressure measured centrally. It was concluded that OraVerse likely
increases the blood flow to the local tissue as demonstrated in dogs and enhancing the
clearance of the local anesthetic from the tissue while not damaging local tissues.

In clinical settings, the plasma concentration of lidocaine increased immediately after an
intraoral injection of OraVerse when given as an intraoral submucosal injection 30

b(4)



minutes after injection of lidocaine, possibly indicating that lidocaine is released from the
local tissues into the systemic circulation, decreasing the unpleasantness of local soft
tissue anesthesia.

2.1.3 What are the proposed dosage and route of administration?

The recommended dose of OraVerse for intraoral procedures when using a local
anesthetic containing a vasoconstrictor is:

e 1/2 cartridge (0.2 mg) of OraVerse when 1/2 cartridge of local anesthetic has been
administered;

® 1 cartridge (0.4 mg) of OraVerse when 1 cartridge of local anesthetic has been administered;

e 2 cartridges (0.8 mg) of OraVerse when 2 cartridges of local anesthetic have been
administered.

OraVerse is administered using the same location(s) and same techniques(s) (infiltration
or block injection) used for the administration of local anesthetic.

In pediatric patients weighing 15-30 kg, the maximum dose of OraVerse recommended is
1/2 cartridge (0.2 mg). More than 1 cartridge [0.4 mg] of OraVerse has not been studied
in children less than 12 years of age.)

Use in pediatric patients underl years of age-<15 kg is not recommended.

2.2 General Clinical Pharmacology

2.2.1 What type of information has been submitted?

The Applicant submitted two pharmacokinetic studies. Aside from these studies, the
Applicant requested a Bioavailability/Bioequivalence (BA/BE) waiver, specifically ‘a
study comparing the proposed product to the listed drug (if any),” per 21 CFR 314.90 for
the requirement stated in the Guidance for Industry: Applications Covered by Section
503(b)2), dated October 1999. The Applicant’s waiver request was granted prior to the
submission of this NDA (pre-NDA meeting, December, 2006), based on the fact that the
Regitine, the reference listed drug (RLD) is no longer marketed and the Applicant
conducted clinical studies, including OraVerse absolute bioavailability study (comparing
phentolamine systemic concentrations from a local tissue injection to that of the systemic
injection).

From the clinical pharmacology perspective, data from the OraVerse absolute BA study
is relevant in providing the 505 (b)(2) linkage in that Regitine and OraVerse formulations
are practically similar in composition and there are no concerns of expecting different
phentolamine mesylate availability in vivo from the two formulations. See Section 2.1.1
of this review for formulation discussion. Thus, OraVerse systemic injection served as a
‘replacement’ for the Regitine systemic injection.

10
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The Applicant determined that the absolute bioavailability OraVerse by intraoral
submucosal injection was 104% when compared to an intravenous injection OraVerse.
The Cmax of phentolamine (1.34 ng/mL) following an intraoral submucosal OraVerse
injection, which was 8§ times lower than the ‘Cmax’ (10.98 ng/mL) following the
intravenous injection of the same dose of OraVerse.

Regitine (NDA 8-278) as RED

Regitine is listed in the FDA Orange Book as the reference listed drug (RLD) for
phentolamine mesylate (a lyophilized powder of] hentolamine mesylate and-
p sterile water; NDA was

mg mannitol, USP, per vial; it is reconstituted wit
approved in January 1952), for and marketed by Ciba (now Novartis), for use in the
diagnosis and treatment of patients with pheochromocytoma and for treatment and
prevention of dermal necrosis following intravenous administration or extravasation of
norepinephrine. It is the Applicant’s intention to rely on the FDA’s previous findings of
safety and efficacy for Regitine, as described in the Drug Efficacy Study Implementation
(DES]) finding published in the Federal Register on April 6, 1971 (DESI 8278, Federal
Register Notice Volume 36, No. 66). Novartis discontinued marketing Regitine in the
U.S. in 2000.

Phentolamine mesylate injection

A generic version was approved (ANDA 40-235; phentolamine mesylate for injection,
USP) on March 11, 1998 (manufactured by Ben Venue Laboratories for Bedford
Laboratories). The ANDA contained a waiver request (which was granted by FDA) of 7#
vzveo bioequivalance for its 5 mg/vial product based upon 21 CFR 320.22. This generic
version is currently marketed in the U.S.

2.2.2 Are the active moieties in the plasma (or other biological fluid) appropriately
identified and measured to assess pharmacokinetic parameters and exposure
response relationships? (If yes, refer to II. F, Analytical Section; if no, describe
the reasons)

Yes.

2.2.3 Exposure-response

2.2.3.1 What are the characteristics of the exposure-response relationships (dose-
response, concentration-response) for safety and efficacy?

The OraVerse is injected at the local tissue site for the local treatment effect. The
phentolamine concentrations at the local site were not analyzed. Study 04 attempted to
explore the concentration-response relationship in 16 healthy subjects. Due to the
minimal number of subjects and slightly different study design compared to other P2 and

11
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3 studies, the E-R relationship was not conclusive. For the pediatric PK study, the
Applicant attempted to look at the dose-body weight correlation.

However, the Applicant explored dose-response relationships in P2 studies. Lastly, the
systemic phentolamine concentrations were assessed for possibly assessing the systemic
adverse events. Overall, OraVerse decrease the time to return to normal sensation in
affected tissues.

It should be noted that the correlation coefficients(r) were calculated between body
weight and the phentolamine Cmax and AUCinf parameters in treatments A, B, and C
from Study 04. The results indicated that no significant relationships were found
between body weight and Cmax or AUCinf values.

The dosing in the pediatric PK study was based on the subject's body weight. These
weight-based dose levels fall within the dose range given, and deemed safe, in the Phase
2 study (NOVA 03-001) in which doses of 0.4 mg and 0.8 mg were administered to
adults and adolescents weighing 45 to 115 kg. All subjects in NOVA 05-PEDS-PK were
required to weigh at least 15 kg.

The individual body weights, Cmax values, and AUC values from Study 05 are presented
in the next two tables for subjects dosed with 0.2 and 0.4 mg OraVerse. A significant
inverse correlation was found between body weight and Cmax values in the smaller
subjects, but not between AUC values and body weight. Among the larger subjects, no
relationships were found between body weights and either Cmax or AUC.

Relationships between Body Weight and Pharmacokinetic Valnes in Pediatric Subjects Given
0.2 mg NV-101 in Study NOVA 03.PEDS-PK

Subject ID Dose (ng/ke)  EBody Weight (kg) Con AlGy
01001 00100 20 23 313
01002 00118 ' 17 2 645
01-003 00125 16 43 232
01004 0.0080 5 19 24
02-001 0.0083 b7} 24 na
02.002 0.0095 b1 17 kY
02-003 00125 16 53 466
03012 0.0077 26 1.5 . 493

Mesn £ 3D 00100 = 0.0020 14 35=13 86+ L3

Pesrscu & ‘

(ve. Body Weigh) NA NA .85 017
Abkrevianons: '%Q;mm&mmmt 2ora tane O 10 ALY, (o, DIXIUNS

concentration; NA, pot applicable; SD, standard deviation
S mp=00]
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Relationships beteen Body Weight and Pharmacokinetic Valwet in Pediatric Subjects Given

0.4 rag NV-101 in Study NOVA 0SPEDS-PR

% ect1D Dete Wi G
Q3002 00133 30 16 412
03.003 0.0080 & 2 2,
03.008 0.0080 20 12 1.76
03005 00083 48 1.7 £.3%
03008 0.0053 78 1.6 3.0
03007 0.0082 ] 13 293
03.008 0.0008 41 13 22
03.009 Q0111 36 22 wn
03010 Q0083 &7 09 NA
03-011 00108 37 16 1157

Mean & SD 0.0084 #0.@2_; 35& 27 [REY ] 3004295

vs. Bodv Wei WA NA 0.2t 02
MMA&%‘WW&QW&W%‘MW@&M%W

soncenration: NA, wot applicable; SD, stundard deviarion

Therefore, administration of 0.2 mg OraVerse for subjects between 15 - 30 kg was
considered reasonable. These studies further demonstrated that 0.2 and 0.4 mg of
phentolamine mesylate in %2 or 1 cartridge of NV-101, respectively, administered after
the treatment and in the same manner and location as the local anesthetic/vasoconstrictor,
was safe for pediatric individuals.

Phase 2

Study NOVA 02-01: A Phase 1/2, Single Center, Double-Blind, Randomized, Placebo-
Controlled Study of the Safety and Efficacy of a Single Injection of Phentolamine
Mesylate in Healthy Subjects

The objective of this study was to evaluate safety and the effect of an injection of
phentolamine mesylate on the duration of anesthesia in the lips, tongue, teeth, and chin
produced by an injection of lidocaine/epinephrine. Twenty subjects received a
conventional inferior alveolar nerve block (IANB) using 1.8 mL of 2% lidocaine (36 mg)
with 1:100,000 epinephrine (18 pg). Subjects were randomly assigned to receive a single
injection of placebo (1.8 mL) or 0.2 mg of phentolamine mesylate (1.8 mL of a 0.11
mg/mL solution) at 60 minutes after administration of the IANB, in the same site where
the anesthetic was injected. The following information was presented by the Applicant.

Time to return to normal sensation in affected tissues:
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Study No. NOVA 02-02: A Dose-Ranging, Single Center, Double-Blind, Randomized,
Placebo-Controlled Study of the Safety and Efficacy of a Single Injection of
Phentolamine Mesylate in the Mandibular Region of Healthy Subjects

The objectives of this study were to evaluate the safety and the effect of an injection of
phentolamine mesylate on the duration of anesthesia in the lips, tongue, teeth, and chin
produced by an injection of lidocaine/epinephrine.  Forty subjects received a
conventional IANB using 1.8 mL of 2% lidocaine (36 mg) with 1:100,000 epinephrine
(18 pg). Subjects were randomly assigned to receive a single injection of placebo, 0.02,
0.06, or 0.4 mg of phentolamine mesylate (1.8 mL of 0, 0.011, 0.033, or 0.2267 mg/mL
solution, respectively) at 60 minutes after administration of the IANB, in the same site
where the anesthetic was injected. The following information was presented by the

Applicant.

Time to return to normal sensation in affected tissues:

160 - BPlacebo

_§14o 4 [10.02 mg

§1zo 4 [10.06 mg

3 ;100 ] W04 mg
S5 04
| -§‘ 60 -
B 49
i
o I L
Lip Chin Tongue Teeth
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Study NOVA 02-03: A Dose-Ranging, Single Center, Double-Blind, Randomized,
Placebo-Controlled Study of the Safety and Efficacy of a Single Injection of
Phentolamine Mesylate in the Maxillary Region of Healthy Subjects

The objectives of this study were to evaluate the safety and the effecacy of an injection of
phentolamine mesylate on the duration of anesthesia in the upper lip, teeth, and nose
produced by an injection of lidocaine/epinephrine. Thirty-two subjects received a
maxillary lateral incisor infiltration using 1.8 mL of 2% lidocaine (36 mg) with 1:100,000
epinephrine (18 ug). Subjects were randomly assigned to receive a single injection of
placebo, 0.02, 0.08, or 0.4 mg of phentolamine mesylate (1.8 mL of a 0, 0.011, 0.2267, or
0.044 mg/mL solution, respectively) at 40 minutes after administration of the local
anesthetic, in the same site where the anesthetic was injected. The following information
was presented by the Applicant.

Time to return to normal sensation in affected tissues:

c 160 - M Placebo

% 140 4 [0.02 mg

[£10.08 mg

3 :;: 1 MO0.4mg
w -t

82

20 80-
=§ 60 -
» 40 -
g 20 4
ﬂd

Study NOVA 03-001: A Double-Blind, Randomized, Placebo-Controlled Study of the
Efficacy and Safety of NV-101 in Dental Patients

The main objective of this study was to evaluate the efficacy of NV-101 to reduce the
duration of local anesthesia in the lip, chin, nose, and tongue produced by any one of four
local anesthetic agents formulated with a vasoconstrictor. One hundred twenty-two
patients requiring one of four routine dental procedures were enrolled (61 active; 61
placebo). The investigators were licensed dentists in private practice. Patients received a
single 1.8 mL injection of NV-101 (0.4 mg phentolamine mesylate) or placebo in each
site at which injections of anesthetic had been given. The following information was
presented by the Applicant.

Reductions in recovery times in the lip with 0.4 mg OraVerse:
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Anesthetic n Mean %Reduction Relative | Mean %Reduction Relative
(Minutes) to Placebo (Minutes) to Placebo
Articaine | 15 85 49 15 35 21
Lidocaine | 15 101 67 15 71 46
Mepivacaine | 18 78 50 18 56 32
Prilocaine | 13 47 42 13 60 46

Overall, the following table was presented by the Applicant on the reduction in recovery
time to normal lip sensation by OraVerse dose group:

2.2.3.2 What are the single dose and multiple dose PK parameters? (Provide tables to
refer to in subsequent questions in this section)

This product is not intended to be used in a multiple dosing setting. Multiple dose studies
were not conducted.

Single dose

Table 15: Reduction in Recovery Time to Normal Lip Sensation by Dose Group
M. Perceat
Phentolamine Mesylate Dose Study Reducton ~ Scduction p-Value
(minntes) tool-lztebo

0.02 mg NOVA 02-02 53.0 34% 0.002
0.02 mg NOVA 02-03 39.9 26% 0.110
0.06 mg NOVA 02-02 575 36% = 0.001
0.08 mg NOVA 02-03 381 25% 0.138
02mg NOVA 02-01 58.0. 41% 0.001
0.4mg NOVA 02-02 70.7 45% <0.001
04mg NOVA 02-03 654 43% 0011
0.4mg NOVA 03-001 64.7 43% not available
0.8mg NOVA 03-001 874 49% not available
0.4 mg and 0.8 mg (combiped) _ NOVA 03-001 69 44% <0.001

Study 04 (NOVA 04-PK

This was a Phase 1, open-label PK, PD, and Safety in Healthy Adult Volunteers. The
study objectives were 1) to determine the PK of phentolamine administered by intraoral
and intravenous (IV) injections; 2) to determine the effects of NV-101 by intraoral
injection on the PK of lidocaine and epinephrine administered by intraoral injection; 3) to
evaluate the PD of NV-101 as measured by time to normal sensation of the lip(s) in
Treatments A, C, and D; and 4) to evaluate the safety and tolerability of NV-101. Blood

samples were drawn to assay for phentolamine, lidocaine, epinephrine,
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Local
anesthetic*

Trt A | 1 cartridge 1 cartridge (0.4 mg) - Lido/epi given as a supraperiosteal
infiltration over the first molar in the maxilla.
- NV-101 injected 30 minutes later where
anesthetic was given.

NV-101 ‘ Comments

Trt B | 1 cartridge as
. Intravenous injection

Trt C | 4 cartridges | 2 cartridges (0.8 mg) - 2 cartridges of lido/epi as an inferior

: alveolar nerve block;
2 cartridges of lido/epi as a supraperiosteal
infiltration over the first motar in the maxilla.
These injections were administered in the
same side of the face.
- 2 cartridges of NV-101 injected (one
cartridge at each site) 30 minutes later where
anesthetic was given

TrD. | 4 cartridges ' Same as Treatment C, without NV-101

Notes: :
1. 1 cartridge 2% lidocaine HCI with 1:100,000 epinephrine - 1.8 mL
2. 1 cartridge NV-101: 0.4 mg phentolamine in 1.7 mL

The following plasma profiles were obtained:

1) Phentolamine mean plasma concentration profile
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Plasma Concentrations Summarized by Time Point Phentolamine

-
N

Plasma Concentration (ng/iml)
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# : Local anesthetic injection
@ : OraVerse injection (30 minutes after local anesthetic injection)
2) Lidocaine mean plasma concentration profile
Ptasma Concentrations Summarized by Time Point: Lidocaine
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# : Local anesthetic injection
@ : OraVerse injection (30 minutes after local anesthetic injection)

3) Epinephrine mean plasma concentration profile
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Ptasma Concentrations Summarized by Time Point: Epineplyine

065
060
055
050
045

0.35

Plasma Concentration {ng/mi)
o
3

# @ 30 min. th 1.5h
Time AfrInjocton@
Treatment  e-diesk¢ + +—0

# : Local anesthetic injection
@ : OraVerse injection (30 minutes after local anesthetic injection)

bid)

The following PK parameters were obtained:



Table 3: Ph kinetic P: s of Phentolamine, Lidocaine, and Epinephrine in Study NOVA 04-PK
Phentolamine” Lidocaine® Epinephrine®
Porameter Y I I X (9 ) T )
Cax (ng/ml)
geometric mean 134 10.98 27 212.26 799.82 716.67 095 0.75
ég'/ % CI fox C/D (77.76, 103.24) (89.17, 183.7D
AUCun
‘;@“ﬁ geometric mean 1.69 1.1 39 639.15 2371.71 2137.11 027 026
% CT fox C/D (78.95, 102.85) (71.37, 152.09)
AUGus (nghrml)
Adjusted geometric mean 288 276 4.58 736.46 2602.95 2533.72 055 041
90% CI fox CD (81.84, 115.78) (55.59,328.19)
Tex (r:min)
Adjusted mean (= SE) 00:15 00:07 00:11 00:50 00:43 00:28 00:22 00:20
(200:02) 00:03) (=00:01) (=00:03) 00:04) (200:03) (£00:05) (£00:05)
95% CI foc CD (00:03, 00:25) (-00:08, 00:12)
Ad]nstzdmem =SE) 03:08 02:24 02:14 02:42 021 03:02 00:27 00:29
@00:55)  (=00:3%) (£ 00:25) (& 00:15) & 00:16) & 00:15) (£00:15) (200:16)
95% Clfx C/D (-01:26, 00:03) (-01:40, 01:36)
Cl (Uh)
Adjusted mean ¢ SE) 160.93 175.49 203.64 50.34 5645 60.10 147.92 206.33
&24.02) (=3036) &3621) (=449 (*4.70) (*4.50) @®2781) (228.30)
95% ClI fox C/D (-16.85,9.54) (-107,-9.49)
Vi)
Adjusted mean (= SE) 470.61 441.99 499.68 182.16 191.62 2670 76.06 97.06
@6272) (8369 (=60.08) &13.7D @ 1424) (= 13.80) (£20.79) 422.50)
95% Cl fox C/D (-76.51, -13.66) (-151.109.2)
Source: Table 26, Table 27.1, Table 27.2, and Table 27.3 m CSR NOVA 04-PK, Section 3.3.3.1
Abbreviations: AUC, area under the concentration-time curve; CL, confidence interval; Cl, clearance; C.,,,, maxinum concentration; SE, standard error; t; 5, half-
life; T.mmmxmcmm, Vd,vohmofdnmbmm
*No NV-101 was adnnmmdmlrumD
"Noloul e values ¢ prese for ed LS for and epi ine. The 4-hour ine value of
mean are means are
o P e et e s s Tt
outliers and treated as missing in the PX caleulations, figures, and parameter estimates. Estimation of phentolamine pharmacokinetic parameters using log
concentrations was also performed to see if there was a marked effect of the sharp peak in phentolamine concentration.

Phentolamine PK parameters:

a)

b)

d)
e)

The phentolamine Cmax values for Treatments A and C were dose-proportional. The
phentolamine Cmax value for Treatment B (iv injection) was 8 times larger than the
value for Treatment A.

The phentolamine AUClast and AUCinf values were dose proportional, with
Treatments A and B similar in value, and Treatment C approximately twice the value
of Treatments A and B.

The phentolamine Tmax was earlier for Treatment B (7 minutes) than for Treatments
A (15 minutes) or C (11 minutes).

The phentolamine t1/2, CL, and Vd values were similar for Treatments A, B, and C.
Phentolamine was completely bioavailable after intraoral injection (Treatment A)
(104% or 111%, using linear or log trapezoidal methods, respectively, for AUC
calculation, compared to its bioavailability after intravenous injection (Treatment B).

Lidocaine PK parameters:

a)

b)
<)

The lidocaine Cmax, AUClast and AUCinf values were all dose proportional, with
similar values for Treatments C and D, and values for Treatment A that were
approximately one-fourth the values of Treatments C and D.

The lidocaine t1/2 and CL values were similar for Treatments A, C, and D.

The lidocaine Vd value was statistically significantly smaller in Treatment C than in
Treatment D.

20

b(4)



'd) The observed difference in lidocaine Vd, 192 liters in Treatment C and 237 liters in
Treatment D, although statistically significant, is not clinically meaningful because
neither Cmax nor AUC values differed significantly between these two treatments.

Epinephrine PK parameters:

a) Treatments C and D were evaluated for epinephrine PK parameters. (No local
anesthesia was administered in Treatment B, and it was felt that the epinephrine
concentrations resulting from the injections in Treatment A might be so low that they
would not be discernable from endogenous epinephrine.)

b) The epinephrine Cmax, Tmax, AUClast, AUCinf, t1/2 and Vd values were all similar
among treatment groups.

c) The epinephrine CL for Treatment C was statistically significantly smaller than the
epinephrine CL for Treatment D. The decreased CL of epinephrine in Treatment C
relative to Treatment D, although statistically significant, is not considered to be
clinically meaningful. Epinephrine clearance could be calculated for only 8 of the 16
subjects and might thus be a biased estimate of epinephrine clearance.

H PK parameters: The plasma concentrations of - were almost entirely
elow the limit of quantitation. Therefore, PK parameters were not estimated for

All causalities (treatment-related) Treatment-Emergent AEs occurring in at least 2
subjects after at least 1 treatment (number of subjects):

_Study Treatment
Adverse Event A B [ D
_ N=16 N=16 N=16 N=16
{Preferred Term)
Hypotension 5(3") 5(3") 2(2% 9(3
Bradycardia 4(2% 2(1%) 0(0%) 0(0")
Headache 2(1") 1(0%) 31 009
Paraesthesia 0(0") a{0%) 2(1%) 4(0)
Facial pain 1(0") 0{0%) 2{0M 0 (0%)
Dizziness 0(0% a(0%) 0 (0" 2(0%)
Pain in jaw 0(0%) 0 (0%) 2(0% 0 (0")
ﬁ\;: 1 cartridge of local anesthetic and 1 cartridge of NV-101; B = 1 cartridge of 1V Injection of
-101;
C = 4 cartridges of local anesthetic and 2 carfridges of NV-101; D = 4 cartridges of local
anesthetic.
*Treatment-related = related to study injection.

This was a Phase 1 open label study of OraVerse to evaluate the PK and safety in
pediatric dental patients. The objectives of the study were 1) to evaluate the PK of
OraVerse in pediatric dental patients who were undergoing dental procedures under
general anesthesia or conscious sedation, to the extent possible with blood sampling
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limited to the duration of the intravenous (IV) access line after NV-101 administration
and 2) to evaluate the safety of OraVerse in pediatric dental patients as measured by the

incidence and severity of adverse events and concomitant medications.

Plasma

concentrations of phentolamine and lidocaine were assayed with a validated LC/MS/MS

method.
Local NV-101 Comments
anesthetic*
Treatment A | 1/2 cartridges 1/2 cartridges | NV-101 was administered by submucosal
15-30kg (0.2 mg) injection approximately 30 minutes after the
] ' injection of local anesthetic (2% lidocaine
Treatment B | 1 cartridge 1 cartridge with 1:100,000 epinephrine) and completion
>30kg (0.4 mg) of the dental procedure using the same
location and same technique used for the
administration of local anesthetic.
Notes:

1. 1 cartridge 2%.lidocaine HCI with 1:100,000 epinephrine - 1.8 mL

2. 1 cartridge NV-101: 0.4 mg phentolamine in 1.7 mL

Subject Disposition Summarized by Age Group and Treatment

AGE Group
3 — 6 years 7 - 11 years 12 - 17 years Overall
NV-101 Dose Grou N=19
P 02mg | 04mg | 02mg | 04mg | 02mg | 0.4 me
N=6 N=0 N=2 N=4 | N=0 N=7
Number of subjects 6 - 2 4 - 7 19
OraVerse doses by body weight:
OraVerse Dose = 0.2 mg OraVerse Dose = 0.4 mg
. Body Weight Weight/Weight Dose iect | Body Weight Weight/Weight Dose
Subject 1.D. (ka) (mg/kg) Subject I.D. (kg) (mg/kg)

01-001 20 0.0100 03-001 127 0.0031
01-002 17 0.0118 03-002 30 0.0133
01-003 16 0.0125 03-003 67 0.0060
01-004 25 0.0080 03-004 50 0.0080
02-001 24 0.0083 03-005 48 0.0083
02-002 21 0.0095 03-006 78 0.0051
02-003 16 0.0125 03-007 49 0.0082
03-012 26 0.0077 03-008 41 0.0098

03-009 36 0.0111

03-010 47 0.0085
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03-011 37 0.0108

Mean 20.625 ; 0.0100 Mean 55.455 0.0084
Range 16-26 0.0077-0.0125 Range ] 30-127 0.0031-0.0133

The following profiles were obtained:
1) Phentolamine mean plasma concentration profile

The mean phentolamine Cmax plasma concentration in the 0.4-mg dose group was nearly
half the mean in the 0.2-mg group from 5 to 15 minutes after study drug administration.
However, by 30 minutes after study drug administration, the mean plasma concentrations
in the two groups were nearly identical and remained similar through the 2-hour sampling
point.

Mean Plasma Concentrations Summarized by Time Point: Phentolamine

Plasma Cocesaion (ngwi}

05|

o

T T T T T T T T T T r T
L] smn 3o 4Smn. m 1250 1.5 1750 o 22 25 FAL xn
Time Adet njection
Texmere  e-ewa 5 E8s

# : OraVerse injection (30 minutes after local anesthetic injection)

2) Lidocaine mean plasma concentration profile

The mean plasma concentration of lidocaine in the 0.4-mg dose group was less than the
mean in the 0.2-mg group from immediately prior to OraVerse injection through the 2-
hour sample. Lidocaine plasma concentrations increased after OraVerse injection,
peaking at 20-30 minutes after dosing, then declined.
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Mean Plasma Concentrations Summarized by Time Point: Lidocaine

Plasna Concentration (ng/on)

[}

T T T T T T
#  13mn 0mR 45 125 93 178 an 228 25% 2% 3
Tene ASer injecton
Texmart  W-—ka B BHe

# : OraVerse injection (30 minutes after local anesthetic injection)

The following PK parameters were obtained from the study:

PK parameters for phentolamine:

Individual PK parameters:

Area under the Curve Area under the

Peak Plasma Time to Paak Plasma to the Last Measurable Curve Extrapolated Elimination Total Bedy Volume of

Cong ion C on [ ation to Time Infinity Half-Life Clearance Distribution
Subject 1D (ng/mL) (HH :MM) (ng.hr/mL) {ng.hr/mL) (HH:MM) {liters/hr) {liters)
400-01-201 0:18 2.33 3.13 1:20 €3.9%
400-01-002 0:05 2.59 .49 3:42 39.83
400-01-003 0:05 1.80 2.32 1:22 86.27 b(a)
400-01-004 0:10 1.78 2.44 1:07 82.08
400-02-001 0:15 1.13
400-02-002 0:10 1.58 3.08 3:50 €4.,92
400-02-903 0:10 3.16 4.66 1:37 42.93
400-03-012 0:18 1.76 . 4.93 4:47 40.54

Area under the Curve Area under the

Peak Plasma Time to Peak Plasma to the Last Measurable Curve Exctrapolated Elimination Total Body Volume of

[» ion ion C ion to Time Infinity Half-Life Clearance Distribuction|
Subject 1D (ng/mL) (BH:MM) (ng.hz/ml) {ng.hr/=mL) (HH:MM) {liters/nr) (1iters)
400-03-001 0:20 1.84 2.88 1:42 149.53
400~03-002 0:45 2.76 4.12 2:00 96.98
400-03-003 @:20 1.85 2.5% 1:39 154.17
400-03-004 0:10 1.38 1.76 1:08 227.17
400-03-005 0:45 2.17 6.38 5:16 €2.95 b(4)
400-03-00¢ 0:20 1.89 3.00 2:09 133.12
400-03-207 0:30 1.87 2.93 1:82 136.63
400-03-008 0:08 1.66 2.23 1:38 179.62
400-03-009 0:05 1.47 2.72 1:38 147.04
400-03-010 2:30 1.28
400-03-011 0:10 2.18 11.57 10:51 34.56
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Overall PK parameters:

OraVerse Dose Group

0.2 mg N=8 ] 0.4 mg N=11
Peak plasmé concentration (Cmax), ng/mL
Geometric Mean 2.60 1.47
95% Cl (1.73, 3.97) (1.26, 1.76)
Time to peak plasma concentration (Tmax), HH:MM
Mean (+SE) ' 0:10 (+0:01) 0:21 (+0:04)
95% Cl (0:07, 0:14) (0:12, 0:31)
AUCH1 to last measurable concentration (AUClast), ng hr/mL
Geometric Mean 1.93 1.81
95% Cl (1.48 2.55) (1.57,2.14)
AUC1 extrapolated to time infinity (AUCinf), ng hr/mL
Geometric Mean 3.62 3.39
95% Cl (2.44,5.29) (1.88,6.11)
Elimination half-life (t1/2), HH:MM
Mean (+SE) 2:32 (+0:34) 2.59 (+0.56)
Median (min, max) (1:017:,31:47) (1 :05,2170:51)
95% Cl (1:08, 3:56) (0:51, 5:08)
Total body clearance (CL), L/hr ] .
Mean (£SE) 58.79 (+8.06) 132.18 (+17.59)
95% CI (39.07, 78.52) | (92.38,171.98)
Volume of distribution (Vd), L
Mean (+SE) 190.56 (+35.69) 396.50 (+22.98)
95% Cl (103.23, 277.89) (344.52, 448.49)

This difference in dose level was not reflected in AUC values for the two groups
as these parameters were approx. equal between the groups. Cmax values were,
however, lower in the heavier-weight group.

The greater mean Vd in the 0.4 mg dose group is consistent with the greater mean
body weight in this dose group.

The greater mean CL in the 0.4 mg dose group is consistent with the greater dose
and similar mean AUC in this dose group.

The mean peak plasma concentration (Cmax) of the 0.4 mg dose group was less
than that of the 0.2-mg NV-101 dose group. The AUClast and AUCinf were
similar in the 2 dose groups.

The mean elimination half-life (t1/2) was similar in the 0.4-mg dose group and
0.2-mg group, and the median values in the 2 groups were nearly identical. The
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mean total body clearance (CL) and mean volume of distribution (Vd) were
noticeably larger in the 0.4-mg group than in the 0.2-mg group.

The following table contains incidence of treatment-related adverse events. The
OraVerse appears to be tolerated in the pediatric subjects.

Incidence of Treatment-Related Adverse Events

NV-101 Dose Group
Overall N=19
0.2 mg N=8 0.4 mg N=11

Number of adverse events 0 3 ‘ 3

Gastrointestinal disorders 0(0.0) 1(9.1) 1(5.3)
Vomiting 0(0.0) 1(9.1) 1(5.3)
Injury, poisoning, and procedural complications ' 0 (0.0) 1(9.1) 1(5.3)
Oral pain 0 (0.0) 1(9.1) 1(5.3)
Nervous system disorders 0(0.0) 1(9.1) 1(5.3)
Headache 0(0.0) 1(9.1) 1(5.3)

2.2.3.3 What information is available to assess linearity?

After 0.4 and 0.8 mg OraVerse intraoral submucosal injections, the phentolamine Cmax
and AUC values were dose-proportional. (Study 04)

2.2.3.4 What is the bioavailability from the local tissue injection?

The absolute bioavailability of phentolamine from OraVerse was 104% after intraoral
submucosal injection compared to intravenous administration (Study 04).

2.2.3.5 What other clinical pharmacology information is available of phentolamine?
Metabolism:

According to the literature information phentolamine is extensively metabolized
primarily by conjugation or by hydroxylation conjugation and excreted by urinary route.

Following oral ingestion of phentolamine mesylate tablets, the reported phentolamine
half-life is 5 to 7 hours and is excreted primarily in the urine (80%) and feces (20%). The

main metabolite of phentolamine found in both human plasma and urine was reported to b(4)
et al. . ’ ‘ '
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According to the Regitine Injection Labeling, phentolamine has a half-life of 19 minutes
and approximately 10% to 13% of an intravenous dose is recovered in the urine
unchanged.

Hepatic Impairment:

Once phentolamine reaches the general circulation, phentolamine is metabolized
primarily by conjugation or by hydroxylation conjugation. It is not likely that the hepatic
enzymatic system will play a role in metabolizing phentolamine. Additionally, since
OraVerse will be used in a single injection setting, there will be no dosage adjustment
warranted in patients with hepatic impairment.

Renal Impairment:

Phentolamine and its metabolite(s) excreted by urinary route. Since OraVerse will be used
in a single injection setting, there will be no dosage adjustment in patients with renal
impairment.

Elderly:

No pharmacokinetic studies were performed in elderly population. Elderly subjects may
have reduced liver or kidney functions and may require reduced dose. However, as stated
above, due to the single dose usage, a dose adjustment may not be necessary in elderly
subjects.

There were 76 elderly subjects (55 and 21 were age 65 and over and age 75 and over,
respectively) in the clinical efficacy and safety studies. There were no overall differences
in effectiveness or safety was observed between elderly subjects and younger subjects.

2.3 Intrinsic Factors

2.3.1 What is the status of pediatric studies and/or any pediatric plan for study?

The Applicant requests a partial waiver to assess the safety and efficacy of OraVerse in
newborn, birth to 1 month of age, 1 month to 2 years of age, in accordance with 21 CFR
314.55(c)(2). The basis for this waiver request is that studies are impossible or highly
impractical because the number of pediatric patients is too small.

In general, the earliest a child has the first tooth erupt is approximately 5 months of age

(The American Academy of Pediatric Dentistry, AAPD, 2003b). The range of ages when
the first tooth erupts is between 4 to 13 months. The various organizations currently
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recommend that children receive their first dental evaluation within the first year of life
(AAPD 2003a, Erickson et al, 1997).

1. Pediatric age group(s) included in waiver request: Newborns and birth to 1
month of age

Newborns (birth to 1 month of age) have no teeth, and therefore no need for
administration of a local anesthetic containing vasoconstrictor prior to a dental
procedure. The number of pediatric patients in this subgroup (newborn, birth to 1
month) would be virtually non-existent.

2. Pediatric age group(s) included in waiver request: Infants (1 month to 2 years
of age)

For infants with teeth up to age 2, most dental visits are “wellness visits” where
no dental procedure is performed. Therefore, no local anesthetic containing a
vasoconstrictor would be administered (AAPD 2004; AAPD 2005). Studies in
this subgroup (infants, 1 month to 2 years) would be highly impractical due to the
small number of pediatric patients.

*American Academy of Pediatric Dentistry (AAPD), American Dental
Association, American Public Health Association, Association of State and
Territorial Dental Directors, California Dental Association, and California Society
of Pediatric Dentists

2.3.2 What factors influence phentolamine exposure?

The relationship between OraVerse exposure and the body weight was evaluated. In
adults, no significant relationships were found between body weight and Cmax or
AUCinf values (Study 04).

In pediatric subjects (Study 05), OraVerse was dosed based on the subject's body weight,
based on the preliminary information from a Phase 2 study (Study NOVA 03-001) in
which doses of 0.4 mg and 0.8 mg were administered to adults and adolescents weighing
45 to 115 kg. In Study 05, pediatric subjects weighed at least 15 kg. A significant
correlation (p < 0.01) was found between body weight and Cmax values among subjects
weighing 15 to 30 kg and dosed with 0.2 mg NV-101.

AUC values of the pediatric subjects doses with 0.2 and 0.4 mg were within the range of

AUC values observed in adults dosed with 0.8 and 0.4 mg, respectively. Therefore, it is
considered justified to recommend administration of 0.2 mg NV-101 for subjects > 15 kg.
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2.4 Extrinsic Factors

2.4.1 Are there any lidocaine-phentolamine interaction?

Administration of phentolamine delayed lidocaine Tmax (mean values of 43 and 28
minutes for Treatments C and D, respectivel

No other parameters were atfected.

2.4.2 Are there any epinephrine-phentolamine interaction?

OraVerse minimally increased epinephrine Cmax and AUC. However, this increase may
not be clinically significant.

2.4.3 Are there any interactions between other local anesthetics and phentolamine
expected?

For the three local anesthetics evaluated in the Phase 3 studies, no phentolamine-local
anesthetic drug interaction is predicted. Phentolamine is extensively metabolized
primarily by conjugation or by hydroxylation conjugation. Local anesthetics are
metabolized by esterases or by oxidative N-dealkylation and hydroxylation of amide
linkage.

Articaine

Articaine is unique among local anesthetics because it contains a thiophene group, and
also because it contains both ester and amide groups. The major metabolism of Articaine
is due to plasma and tissue esterases (e.g., pseudocholinesterase (90-95%)) follow by
minimal amide group allows hepatic metabolism (5-10%).

Prilocaine

Prilocaine is metabolized in both the liver and kidneys by amidases to various
metabolites including ortho-toluidine and N-n-propylalanine. It is not metabolized by
plasma esterases. :

Mepivacaine

Mepivacaine is mostly metabolized in the liver by amidases, hydroxylation and N-
demethylation, to various metabolites, e.g., to phenols, which are excreted almost
exclusively as their glucuronide conjugates, and the N-demethylated compound (2',6'-
pipecoloxylidide). It is not metabolized by plasma esterases. ‘
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2.5 General Biopharmaceutics - Not applicable
2.6 Analytical Section

2.6.1 How are the active moieties identified and measured in the plasma in the clinical
pharmacology and biopharmaceutics studies? What is the QC sample plan?
What are the accuracy, precision and selectivity of the method?

Plasma samples from these studies were analyzed for phentolamine, q
epinephrine concentrations using validated methods by liquid chromatography/tandem mass h@)
spectroscopy (LC/MS/MS). The LC/MS/MS assay quantitation range is validated over a

range from 0.2 to 500 ng/mL for phentolamine, lidocaine and (Calibration

standards for phentolamine, lidocaine, and were 0.2, 0.5, 1, 2, 5, 10, 20, 50,

100, 200 and 500 ng/mL), and, range from 0.05 to 50 ng/mL for epinephrine (0.05, 0.1,
0.2,0.5,1,2,5, 10, and 50 and 500 ng/mL). For all moieties 3 QC concentrations were

prepared.

The typical results for the QC samples in human plasma are as follows:

Phentolamine

Curve number QC at 0.6 ng/mL QC at 12 ng/mL QC at 238 ng/mL
Mean 0.57 12.5 253

% Dev -4.2 5.4 6.2

CV % 7.9 4.6 1.2

lidocaine

Curve number QC at 0.6 ng/mL QC at 12 ng/mL QC at 248 ng/mL
Mean 0.6 12.3 | 260

SD -3.6 -0.9 4.8

CV % 15.2 8.1 7.3

h(4)
epinephrine
Curve number QC at 0.1 ng/mL QC at 0.52 ng/mL QC at 5.19 ng/mL
Mean 0.11 0.56 5.4
SD 6.2 8.6 4
CV % 2.9 - 8.3

3 Detailed Lélbeling Recommendations
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4.2 Individual study review

Study NOVA 04-PK

Title: A Phase 1, Open-Label Study of NV-101 for Pharmacokinetics, Pharmacodynamics, and Safety in
Healthy Adult Volunteers

Study Objectives:

1) to determine the PK of phentolamine administered by intraoral and intravenous (IV) injections;
(2) to determine the effects of NV-101 by intraoral injection on the PK of lidocaine and epinephrine
administered by intraoral injection; (3) to evaluate the pharmacodynamics (PD) of NV-101 as measured by
time to normal sensation of the lip(s) in Treatments A, C, and D; and (4) to evaluate the safety and
tolerability of NV-101.
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Study Design: This was a single center, open-label, 4-treatment, 4-period, crossover study designed to
evaluate the PK, PD, and safety of HV-101 when administered as an intraoral injection following local
anesthesia with 2% lidocaine HCI with 1:100,000 epinephrine and when administered as an IV injection
over 1 minute.

Sequence # First Period Second Period

1 AD BC
2 CB DA
3 DA CB
4 BC AD

1) Sixteen healthy adult volunteers were enrolled. Subjects received 2 of the 4 treatments during each of
2 Clinic admissions.

2) Each admission lasted for 2 full days (2 overnights). Subjects were admitted to the clinical testing
facility (Clinic) on the first morning of each 2-day visit and remained in the Clinic until the morning
after the second treatment. An interval of at least 24 hours separated each treatment.

3) Subjects were contacted by telephone 2 days after discharge from each Clinic admission (Day 4, where
Day 1 = the first day of that Clinic admission) to inquire about adverse events and concomitant
medication use.

4) Each subject received all 4 treatments (A, B, C, and D) in 1 of 4 sequences. The 4 treatments were the

following:
2% lido/epi* NV-101 Comments
Treatment A 1 cartridge, 1.8 | 1 cartridge, - Lido/epi given as a supraperiosteal
mL infiltration over the first molar in the maxilla.
0.4 mg - NV-101 injected 30 minutes later where
phentolamine | anesthetic was given.
Treatment B 1 cartridge as
Intravenous
Treatment C 4 cartridges, 2 cartridges - 2 cartridges of lido/epi as an inferior
7.2 mL alveolar nerve block;
0.8 mL 2 cartridges of lido/epi as a supraperiosteal
phentolamine | infiltration over the first motar in the maxilla.
These injections were administered in the
same side of the face.
- 2 cartridges of NV-101 injected (one
cartridge at each site) 30 minutes later where
anesthetic was given
Treatment D 4 cartridges, Same as Treatment C, without NV-101
7.2 mL
Notes:

1. 1 cartridge 2% lidocaine HCI with 1:100,000 epinephrine - 1.8 mL
2. 1 cartridge NV-101: 0.4 mg phentolamine in 1.7 mL

Thus, the following comparison is carried out: Compare A vs. B, Compare A vs. C, and Compare C vs. D

Study Population and Criteria for Inclusion/Exclusion: Healthy subjects, between the ages of 18 to 65
years.

[nclusion criteria:
1. Male or female between 18 and 65 years of age; 2. Body weight between 55 to 120 kg; 3. Subjects were

to be healthy as determined based on medical history, physical examination, and vital signs; 4. Subjects
were to have white blood count and prothrombin time within normal limits; 5. Subjects were to have no
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clinically significant abnormalities of hemoglobin, platelets, albumin, BUN, creatinine, glucose, alanine
aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, calcium, phosphorus, or thyroid
stirnulating hormone (TSH); 6. Female subjects of childbearing potential were to have negative urine
pregnancy tests. (Women of childbearing potential included all women except for those whose menstrual
periods had not occurred for >1 year after menopause, who were surgically sterilized, or who had had a
hysterectomy.); 7. Subjects were to have electrocardiogram results within normal limits; 8. Subjects were to
be able to understand and sign the informed consent document, and be able to communicate with the
investigator, understand, and comply with, the requirements of the protocol.

Exclusion criteria:

1. History or presence of any condition that would contraindicate the use of lidocaine or epinephrine; 2.
Clinically relevant surgical history, e.g., maxillofaciaf procedures that would alter blood supply or
innervation; 3. Subjects who took concomitant medications including nonselective beta blockers (e.g.,
propranolol) or tricyclic antidepressants; or used opioid or opioid-like analgesics within 52 hours of the
procedure; 4. Subjects with any of the following concurrent conditions: cardiac arrhythmias, unstable
angina, uncontrolled hypertension, uncontrolled hyperthyroidism, significant infection or inflammatory
process (systemic or oral cavity requiring prescribed treatment), or acute gastrointestinal symptoms (e.g.,
nausea, vomiting, diarrhea); 5. History of alcoholism and/or drug abuse within the last five years; 6.
Allergy or intolerance to lidocaine, epinephrine, sulfites, phentolamine, or topical benzocaine; 7. Use of
any investigational drug and/or participation in any clinical trial within 30 days of study drug
administration; 8. Participation in any previous trial of phentolamine for reversal of local anesthesia; 9.
Pregnant or lactating women; or women who were attempting to conceive (who were unwilling to use an
effective method of contraception or abstinence for 2 days after study drug); 10. Subject with any condition
that in the opinion of the investigator increased the risk to the subject of participating in this trial or
decreased the likelihood of compliance with the protocol.

Treatments: NV-101 was manufactured by M) as a sterile,
pyrogen-free, isotonic solution for administration in glass dental cartridges that delivered 0.4 mg
phentolamine mesylate in 1.7 mL (per cartridge). The concentration of the active ingredient (phentolamine

mesylate) in NV-101 was 0.235 mg/mL. The lot number of NV-101 used for this study was 3067. Local
anesthetic was obtained by the site from a commercial supplier.

Pharmacokinetics (PK): Blood samples were drawn to assay for phentolamine, lidocaine, epinephrine

samples were drawn for PK analysis, starting
immediately prior to first injection of local anesthetic (if given) or injection of NV-101, and ending 8.5
hours after the first injection of local anesthetic (if given) and/or 8 hours after injection of NV-101. Per
protocol, -only selected samples were assayed for epinephrine. - PK parameters were estimated based on
non- compartmental methods. i

Samples:

¢ Treatment A: immediately prior to injection of anesthetic and at 5, 10, 20, 30 minutes (just prior to
injection of f4V-101), at 35, 40, 50 minutes, and at 1.0, 1.5, 2.0, 2.5, 4.5, and 8.5 hours after injection of
anesthetic (14 samples; 126 mL blood).

¢ Treatment B: immediately prior to [V injection of NV-101, at 1 minute (at the end of injection), at 5, 10,

20, 30 minutes, and at 1.0, 1.5, 2.0, 4.0, and 8.0 hours after injection of NV-101 (11 samples; 99 mL blood).

¢ Treatment C: immediately prior to the first injection of anesthetic, at 5, 10, 20, 30 minutes (just prior to
injection of NV-101), at 35, 40, 50 minutes, and at 1.0, 1.5, 2.0, 2.5, 4.5, and 8.5 hours after the first
injection of anesthetic (14 samples; 126 mL blood).

* Treatment D: immediately prior to first injection of anesthetic, at 5, 10, 20, 30, 35, 40, 50 minutes, and at
1.0, 1.5, 2.0, 2.5, 4.5, and 8.5 hours after the first injection of anesthetic (14 samples; 126 mL blood).
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Assay:

The methods for the assay of phentolamine, lidocaine, epinephrine

Pharmacodynamics (PD): The PD endpoints were the times to normal sensation in the upper lip, lower lip,
and tongue in subjects who experienced numbness and/or tingling in these sites.

Safety: Safety assessments included adverse events, changes in vital signs (temperature, respirations, blood
pressure, and pulse), clinically significant changes in cardiac rhythm as measured by Holter monitor
recordings, and clinically significant changes in oraf cavity examinations.

Statistical Methods: Safety, PK, and PD data were summarized in tabular and/or graphical format by
treatment.

D

2)

4)

5)

The effect of NV-101 on the PK parameters of lidocaine and epinephrine was compared with an
ANOVA model. A linear mixed effect model was used to analyze the data, where sequence, treatment,
and period effects were deemed fixed, and subject effect (within sequence) was considered random.
Restricted Maximum Likelihood Estimates (REML) was utilized as the estimation method, and the
covariance matrix was assumed to have a standard variance components structure.

The comparison between Treatment C and Treatment D was made using the "ESTIMATE"
statement of the SAS MIXED procedure performed on the log-transformed variables, and was based
on the difference of Least-Square (LS) adjusted means and the standard error associated with this
difference. The null hypothesis that the PK parameters of lidocaine and epinephrine were the same
with and without subsequent treatment with NV-101 (comparing lidocaine and epinephrine PK after
Treatments C and D) was tested via the use of the “ESTIMATE?” statement on log-transformed Cmax,
AUClast, and AUCinf. Treatment C and Treatment D were compared with respect to lidocaine and
epinephrine Cmax, AUClast, and AUCinf, and by a 90% confidence interval on the ratio of geometric
means by first constructing on the log scale a confidence interval on the difference of LS adjusted
means, and then transforming the endpoints by anti-logarithm back to the original scale. For these 3
PK parameters, if the lower and upper limits of the confidence interval for the ratio of geometric means
(C/D: expressed in %) were both within the interval [80%, 125%l], it was concluded that there was no
statistically significant difference between the treatments.

The comparisons between Treatment C and Treatment D for PK parameters other than C and AUC
were performed via the use of the “ESTIMATE” statement and were based on the difference of LS
adjusted means (C-D) and the standard error associated with this difference. For these comparisons, if
the lower and upper limits of the 95% confidence interval on the difference in LS means included 0, it
was concluded that there was no statistically significant difference between the treatments.

For lidocaine and epinephrine Cmax and AUC, LS adjusted geometric means, and the 90% confidence
interval for the true mean ratio are presented. For other lidocaine and epinephrine PK parameters, the
adjusted means and the 95% CI for the true difference in means are presented.

Descriptive statfstics, including arithmetic mean, median, standard deviation (SD), coefficient of
variation (%CV), and range are also presented on the original (untransformed) scale.

Results

1. Demographic and Additional Baseline Characteristics
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Overall

Number of 16
Subjects
Gender

Male 7

Female 9
Race:

White 16
Age (years):

Mean (£SD) 24.3 (£7.6)

Range 18.0-50.0
Height:(inches)

Mean % SD 68.6 3.6

Range 63.0~-76.0
Weight (lbs):

Mean £ 8D 163.2121.4

Range 119.0 - 200.4
SD = Standard Deviation.

2. PK figures and tables
A. Profiles

1) Phentolamine mean plasma concentration profile

Plasma Concentrations Summarized by Time Point Phentolamine
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2) Lidocaine mean plasma concentration profile

44




Ptasma Concentrations Summarized by Time Point: Lidocaine
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3) Epinephrine mean plasma concentration profile

Plasma Concentrations Summarized by Time Point: Epinephrine
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Note:

The plasma concentrations of

Therefore, PK parameters were not estimate

B. PK parameters:

Wost entirely below the limit of quantitation.
or

Table 3: Ph okinetic P: s of Phentolamine, Lidocaine, aud Epinephrine in Study NOVA 04-PK
P Phentolamine® Tidocaine® Rrine®
A B C A C D T m—ﬁ_
Coue (0g/ml)
Adjusted geometric mean 134 1098 213 2226 799.82 716.67 0.95 0.75
90% CI for C'D (77.76, 103.24) (89.17,183.79)
AUCu( )
justed geometric mean 1.69 n 39 639.15 BUN 2137.11 027 0.26
%Cl for C/D (7895,10285) (7137,15209)
AUCqs (nghe/ml)
j geomewic mean 2.88 276 4.58 736.46 2602.95 2533.72 0355 041
90% CI fox C'D (81.84, 115.78) (55.59,328.19)
Tosae (hr-min)
Adjusted mean ¢+ SE) 00:15 00:07 00:11 00:50 00:43 00:28 00:22 00:20
@00:0)  (00:03) @00:01) (200:03) @00:09) (200:03) £00:05) (200:05)
95 % Clfor CD (00:03, 00:25) (-00:08, 00:12)
Ad;med mean (= SE) 03:08 02:24 0214 02:42 02:21 03:02 00:27 00:29
@00:55) 0039 @ 00:25) & 00:15) @ 00:16) @ 00:15) (£00:15) (£00:16)
95% CI for C'D (-01:26, 00:03) (01:40, 01:36)
Cl{L't)
Adjusted mean (= SE) 160.93 175.49 203.64 50.34 5645 60.10 14792 20633
@240) (3036 @3621) (=449 (*4.70) (£4.50) @®27.81) (£28.30)
v 933 Clfor CD (-16.85,9.59) (-107,-9.4%)
d
Adjusted mean (= SE) 470.61 441.99 199.68 182.16 191.62 236.70 76.06 97.06
@627) (28369 @60.08) @137 @14.29) (£13.80) (£20.79) ©22.50)
95% C1 fox C/D (-76.51, -13.66) (-151,109.2)
able 26, T2ble 27.1, Table 27.2, and 3m OVA Section 5.3.3.1

: AUC, mmﬂs&mmmmgﬂcmmqm Crae, Iaximum concentration; SE, standard erxor; 15, half-
life; T_,nmetommnmcmcmnm,w,vohmofmﬂmnon
2No NV-101 was:dmstaedmneannemb
ool values pesend for o - s The 4-hour

mean are means are

M mme«mmmmS&wWepmm for treatment tormb)edPKOIommregarMu
outhiers and treated as missing in the PK calculations, figures, and parameter estimates. Estimation of phentolamine pharmacokinatic parameters using log
concentrations was also performed to see if there was a marked effect of the sharp peak in phentolamine concentration.

jdocaine and olamine value of

[ Study Trestment (Phentoleminey 1 Swidy Trewkment (Udocae Trestment ring'
B B {Log) € Ly 3 ) 3 D
18 16 5 16 15 8 15 B
10.98 1008 P 21236 790. 71667 093 078
(77.16, 103.24) 86.17_ 16377}
¥l 158 320 $39.18 AN Fikr ALl 02 - 626
278 FZ) 458 73646 260295 755372 35 041
. 90% Ctfor { 8184, 1157 [ esImy |
) I
Adjusted Mean (258) 00:15 G007 00:07 0011 0050 00:43 00:28 (323 0G20
{£00:02) {£00.03) (200:03} (200:01) : (£00:08) (200.05)
" BRI CO 1 (-00:08, 0012}
iz = EWM
[ diccted VSR ESE) ) 721} ) (AT o ] i W5
(+00:55; 200:38) :25) (£00: 1 200;10) :13) £00: 1 £00:16)
BRCCD {:01:26_00:03) {-01:40, G1:36)
L - koo
Wewn (£ 16093 17549 18440 20064 | X X 6010 TATSZ 200,33
Adsied 4 30.36) 1.3 236,21 24.49) 7 24, (227.8%) (£28.30)
BRCAICO (-16.88, 9.54) 107, 0.44)
ww- oo 7081 23K [k .68 1818 .62 230,70 76,06 97.00
“ (£62.72) (283.68) (£84.69) {£60.08) 13, £14.24 213 £22.50]
£7851,-1366) 613, 109.2]

RGO ]
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fidocaine and eginephrine.
stimation of phamoiamine parformed 0 s60 if there wes 8 manad efect jpask in phentolamine concentration.
Rmcmmw Bfmmmm 18 and the Minuie 30 epineptiine vale “WDNWM"WMWUWW
trealed as missing in the PK calculations, figures. and parameter

1) PK parameters for phentolamine

46

b(4)

b(d)

n(®)



Table 26. inetic

: Phentolamine

study Troatment

Parameter
statiscic A B B {Log < D

Number of subjects - no. 16 16 16 1S NA
Peak plasma concentration - ng/mbL

Obgerved Nean (4SE) 1.32 {10.13) 15.57 {£3.70} 15.57 {£3.70) 2.63 {£0.25) MA

Geometric mean 1.34 10.98 10.98 B HA
Area under the curve to the last measurable concemtration - ng.hr/mbL

Obgerved Nean (£58) 1.82 {0.26) 2.42 {£0.54} 2.20 {£0.46) 3.54 {40.51) HA

Seomatric mean 1.71 1.59 3.29 NA
Arga under the curve extrapolated to time infimity - ng.hr/mL

Obgaerved Mean {43S8) 3.41 {20.62) 3.45 {20.76) 3.19 {40.68) $.26 {40.82) M

Geomatric mean . 2.76 2. < m
Time to paak plagma concentration - HH:MM

Obaerved Mean (1SB) 00:15 (£00:02) 00:07 {£00:03) 00:07 {£00:03) 00:11 {£00:01) A
Blimination half-1ife - HH:MM

Obgerved Nean (4SB) 03:08 {200:55) 02:24 {£00:38) 02:24 {£00:38) 02:14 {£00:25) A
Total body clearance - liters/hr

Obgarved Mean (458) 160.93 {4£24.02} 175.49 {£30.36) 184.99 {431.30) 203.64 {23€.21) NA
Volume of distribution - liters

Obsarved Nean (4S8} 470.61 (262.72) 441.99 {£83.68) 463.39 {+84.89) 499.68 {460.08) NA

2) PK parameters for lidocaine

Table 27.1. Pharmacokinetic Parametar Bstimates: Lidocaine

study Treatment

Parameter
statistic A B =4 D

Number of subjecta - no. 16 A 15 16

Peak plasma concentration - ng/wh A
Observed Mean {458) 218.19 (220.26} 823.33 {252.42) 767.93 {471.93)
Mdtustad geomaetric mean 212.26 A 799.82 716.67
90% C1 for C/D HA { 71.78, 103.24}

Area under the curve to the last measurable concentration - ng.hr/mL HA
oboerved Nean (iSB) 644.49 (426.69) 2397.52 {#121.15) 2249.71 {4138.65)
Adjusted geometric mean €39.18 NA 2372.71 2137.11
90% CI for C/D m { 78.95, 102.85)

Area under the curve extrapolated to time infinity - ng.hr/mb HA
obaexrved Nean {4SB) 771.75 {474.66) 2619.77 {4137.87) 2679.00 {£161.71)
Mjusted geometric mean 736.46€ A 2602.95 2533.72
90% C1 for ¢/D n { »81.84, 115.78)

Tine to peak plasma concentration -~ HH:MM HA
Obgexvad Mean (45B) 00:50 {£00:05) 00:44 {£00:02) 00:29 (£00:02)
Mjusted mean (458 00:50 {£00:03) NA  00:43 (200:04)} 00:28 (£00:03)
95% CI for ¢-D o 100:03, 00:25)
Nedian -3 00:49 00:30
P-value* NA 0.0013

Blimination half-iifo - HH:MM NA
Observed Nean (45E) 02:42 {£00:20) 02:20 {200:04} 03:05 (£00:14)
Adjusted mean (as8) 02:42 (400:18) NA  02:21 {400:16) 03:02 (400:15)
95% C1 for C-D uA (-01:26, 00:03)

Total body clearance - liters/hr mn
observed Mean (458) $0.75 {43.18) §7.27 (#3.21) 59.01 (46.35)
AMdjusted mean {458) 50.34 {34.49) MNA 5$6.45 {£4.70) €0.10 (£4.50)
95% CI for C-D M ( -16.85, 9.54)

volume of distribution - liters b 3
Obgerved Mean {458) 180.56 (49.75) 191.27 (410.22) 236.74 (217.86)
Mjusted wean {(158) 282.16 {213.77) HA  191.62 {£14.24} 236.70 (£13.80)
95% CI for C-D -3 { -76.81, -13.6€)

3) PK parameters for epinephrine
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Table 27.2. Pharmacokinetic Paramater Eatimates: Eptnephrine

study Treatwent

area under

Paramecer
statistie [ o
Rumber of subjects - no. 15 1€
Peak plasma concentration - ng/uk
Obgerved Maan {4SE) 1.05 (40.13) T 0.90 {20.17)
Adjusted geomatric waan 0.95 0.78

90% CI for ¢/D

Obgerved Mean {4SE)
Adjusted geometric mean
$0% CI for ¢/D

Area under the curve extrapolated to time infinity - ng.hr/mL
Obgerved Mean {iSR) 0.78 {40.13) 1.08 {£0.50)
. Mjusted geometric wmean 0.55 0.4

90% CI for ¢/D

Time to peak plasma concentration - HE:MM
Cbsexved Mean {158)
Adjusted mean {158)
95% CI for C-D

Blimination half-1life - HH:NM
Obgarved Mean {:SE)
Ajusted wean (1S8)

95% CT for ¢-D

Tetal body clearance - liters/hr
Cbserved Nean {:SE) 113.25 (£19.20) 169.50 {£36.38)
Adjusted mean {SB) 147.92(£27.81) 206.33{228.30)
95% CI for C-D { -107.39, -9.44)

voluwme of distribution - liters
obaerved Mean {iSE) 72.17 {£16.46) 85.12 {222.55)
Adjusted mean (+58) 76.06{£20.79} 97.06{222.50)

95% CT for C-D

( 89.17, 183.77)

the curve to thae last measurable concentration - ng.hr/mL
0.36 {£0.07) 0.38 {£0.09)
0.27 0.26
( 71.37, 152.09)

{ 55.59, 328.19)

00:21 (£00:08) 00:20 {£00:03)
00:22 (£00:08) 00:20 {£00:05)
{-00:08, 00:12)

00:31 {£00:10) 00:39 {£00:16}
00:27 {200:15}) 00:29 (200:1€)
{-01:40, 01:36)

BF S BN OB OBE B BF OB BF B BF OB BB B Bl
BE § BB P BE B BE B BP P BB P BB B Ple

~-151.19, 109.21)

C. Discussion

1). Phentolamine PK parameters:

a)
b)

<)
d)

Treatments A, B, and C were evaluated for phentolamine PK parameters.

The phentolamine Cmax values for Treatments A and C were dose-proportional. The
phentolamine Cmax value for Treatment B (iv injection) was 8 times larger than the value for
Treatment A.

The phentolamine AUClast and AUCinf values were dose proportional, with Treatments A and B
similar in value, and Treatment C approximately twice the value of Treatments A and B.

The phentolamine Tmax was earlier for Treatment B (7 minutes) than for Treatments A (15
minutes) or C (11 minutes).

The phentolamine t1/2, CL, and Vd values were similar for Treatments A, B, and C.

Phentolamine was completely bioavailable after intraoral injection (Treatment A) (104% or 111%,
using linear or log trapezoidal methods, respectively, for AUC calculation, compared to its
bioavailability after intravenous injection (Treatment B).

2) Lidocaine PK parameters:

a)
b)

c)
d)
€)

Treatments A, C, and D were evaluated for lidocaine PK parameters.

The lidocaine Cmax, AUClast and AUCinf values were all dose proportional, with similar values
for Treatments C and D, and values for Treatment A that were approximately one-fourth the
values of Treatments C and D.

The lidocaine t1/2 and CL values were similar for Treatments A, C, and D.

The lidocaine Vd value was statistically significantly smaller in Treatment C than in Treatment D.
The observed difference in lidocaine Vd, 192 liters in Treatment C and 237 liters in Treatment D,
although statistically significant, is not clinical)y meaningful because neither C ,,nor AUC values
differed significantly between these two treatments.

The phentolamine-induced delay of the lidocaine Tmax in Treatment C, relative to Treatment D, is
a demonstration of phentolamine’s ability to accelerate the clearance of lidocaine from oral
tissues into the circulatory system.

3) Epinephrine PK parameters:
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a) Treatments C and D were evaluated for epinephrine PK parameters. (No local anesthesia was
administered in Treatment B, and it was felt that the epinephrine concentrations resulting from the
injections in Treatment A might be so low that they would not be discernable from endogenous
epinephrine.)

b) The epinephrine Cmax, Tmax, AUClast, AUCinf, t1/2 and Vd values were all similar among
treatment groups.

c) The epinephrine CL for Treatment C was statistically significantly smaller than the epinephrine
CL for Treatment D. The decreased CL of epinephrine in Treatment C relative to Treatment D,
although statistically significant, is not considered to be clinically meaningful. Epinephrine
clearance could be calculated for only 8 of the 16 subjects and might thus be a biased estimate of

epinephrine clearance.
d) ﬁ PK parameters: The plasma concentrations of q were almost entirely below
the limit of quantitation. Therefore, PK parameters were not estimate for-.

3. Pharmacodynamics:

1)

2)

3)

The sensation rating for the upper lip was evaluated for Treatments A (maxillary injection), C (both
mandibular and maxillary injections), and D (both mandibular and maxillary injections). Only
subjects who experienced numbness and/or tingling in their upper lip were evaluable for return of
normal sensation in the upper lip. For treatments A, S, and C, the time to return of normal sensation
was calculated relative to the time of NV-101 injection. For Treatment D, NV-101 was not

administered. Thus, for this treatment, the time to normal sensation (“adjusted time”) was calculated .

relative to the injection time of the local anesthetic plus a constant equal to the mean time between the
first injection of local anesthetic and first injection of NV-101 for Treatment C.

a. By 60 minutes after injection of NV-101 for Treatments A and C or “adjusted time” for
Treatment D, the percentage (%) of evaluable subjects with normal sensation in the upper lip
was markedly greater with Treatments A and C than with Treatment D.

b. By 90 minutes after injection of NV-101 for Treatment C, all evaluable subjects had normal
sensation in the upper lip, with maintenance of normal upper lip sensation through the rest of
the 5-hour follow-up period.

c. After Treatment A, all evaluable subjects had normal upper lip sensatlon by 170 minutes after
injection of NV-101.

d. In contrast, with Treatment D, not until 230 minutes “adjusted time” did all evaluable subjects
regain normal upper lip sensation. Consistent with these findings, the median time to normal
sensation of the upper hp for Treatment D was approximately twice as long as the median
time for Treatments A or C.

The sensation rating for the lower lip was evaluated for Treatments C and D (both mandibular and
maxillary injections), but not for Treatments A (maxillary injection) and B (IV injection). Only
subjects who experienced numbness and/or tingling in their lower lip were evaluable for return of
normal sensation in the lower lip.
. a. All evaluable subjects regained normal lower lip sensation after Treatment C by 170 minutes
after dosing with NV-101.

b. In contrast, with Treatment D, at the 170 minute “adjusted time” time point only
approximately 10% of evaluable subjects had regained normal lower lip sensation, and by 250
minutes “adjusted time” to the end of the 300- minute “adjusted-time” follow-up period, only
approximately 80% of evaluable subjects had regained normal lower lip sensation.

c. Consistent with these findings, the median time to normal sensation of the lower lip for
Treatment D was approximately twice as long as the median time for Treatment C.

The sensation rating for the tongue was evaluated for Treatments C and D (both mandibular and
maxillary injections), but not for Treatments A (maxillary injection) and B (IV injection). Only
subjects who experienced numbness and/or tingling in their tongue were evaluable for return of
normal sensation in the tongue.
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a. All evaluable subjects regained normal tongue sensation after Treatment C by 160 minutes
after dosing with NV-101. In contrast, with Treatment D, at the 160 minute “adjusted-time”
time point only approximately 25% of evaluable subjects had regained normal tongue
sensation, and from 260 minutes “adjusted time” to the end of the 300-minute “adjusted-time”
follow-up period, approximately 95% of evaluable subjects had regained normal tongue
sensation. Consistent with these findings, the median time to normal sensation of the tongue
for Treatment D was approximately twice as long as the median time for Treatment C.

4. Safety:

1)
2)
3)

4)

There were no deaths or serious adverse events reported during this study.

No subjects discontinued due to adverse events.

Overall, the most frequent all-causalities adverse event was hypotension, which was deﬁned in the
protocol as systolic blood pressure <100 mm Hg. Hypotension was most frequent after Treatment D, in
which no NV-101 was administered. Either all or a majority of the episodes of hypotension were
judged to be treatment-related after Treatments A, B, and C. All episodes of hypotension were mild
and asymptomatic. Other frequent adverse events included bradycardia, headache, and paraesthesia (an
anticipated side effect of anesthetic), for which either no or no more than half of the episodes were
judged to be treatment-related after treatment. A1l episodes of bradycardia, which was defined in the
protocol as pulse <50 beats per minute (bpm), were also asymptomatic.

All adverse events in this study were listed as resolved.

All causalities (treatment-related) Treatment-Emergent AEs occurring in at least 2 subjects after at least 1
treatment (number of subjects):

Study Treatment
Adverse Event A 8 [ D
_ _ N=16 N=18 N=18 N=18
{Preferred Term)
Hypotension 5(39) 5(3") 2(2%) 9(3")
Bradycardia 4(2%) 2(1) 0(0") 0 (0"
Headache 2(1% 1{0%) 3(1Y) 00"
Paraesthesia 0(0%) a(0") 2(1") 4 (0%
Facial pain 1(0%) 0 (0% 2(0") 0 (0%)
Dizziness 0 (0*) o (0% 0 (0%) 2(0%)
Pain in jaw 0 (0%) 0 (0" 2 (0% 0 (0"
A = 1 cartridge of local anesthetic and 1 cartridge of NV-101; B = 1 cartridge of IV injection of
NV-101;
C = 4 cartridges of local anasthetic and 2 cartridges of NV-101; D = 4 cartridges of local
anasthetic.

*Treatment-related = related to study injection.

5)

Other Safety Parameters — Vital Signs:

a. The mean changes from baseline were small for all treatment groups at all time points:
between +4 mm Hg and -8 mm Mg for systolic and diastolic blood pressure and between +12
beats per minute (bpm) and -13 bpm for pulse rate.

b. Oral Assessments: Oral assessments were performed for Treatments A, C, and D. No
abnormalities from the oral cavity assessment were reported for Treatment C. Very few
abnormalities were reported for Treatments A and D, and none of these abnormalities were
considered clinically significant. A total of 4 of the 16 subjects had abnormal assessments
including abnormal oral cavity assessment (mucosa), abnormal condition of soft tissue at
maxillary injection (hyperemic, edema, and pale), and abnormal condition of soft tissue at
mandibular injection (edema). There were no clinically significant abnormalities from oral
cavity assessments with an onset either before or after injection of NV-101 reported for any
subject.

c. Holter Monitor Readings: Holter monitor readings were performed for 12 of 16 subjects for
Treatment A, for 12 of 16 subjects for Treatment B, for 11 of 36 subjects for Treatment C, and
for 15 of 16 subjects for Treatment D. The results of all Holter monitor readings were normal.
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CONCLUSIONS:

* After intraoral injection of NV-101, the PK properties for phentolamine were the following: Tmax was
short (11-15 minutes after injection), Cmax, AUClast, and AUCinf were roughly dose proportional, CL
was rapid (approximately 160-200 L/hr), Vd large (approximately 470-500 L), and t<m brief
(approximately 2-3 hours).

* After IV injection of NV-101, the PK properties for phentolamine were the following: Tmax was earlier
(7 minutes after injection) than the values observed after intraoral injection, Cmax was approximately 8
times that after intraoral injection, and AUClast, AUCinf, CL, Vd, and t1/2 were similar to the values seen
with intraoral injection,

* Phentolamine was completely bioavailable after intraoral injection.

» Administration of phentolamine as HV-101 significantly delayed lidocaine Tmax (mean values of 43 and
28 minutes for Treatments C and D, respectively).

The phentolamine-induced delay of the lidocaine Tmax in Treatment C is a demonstration of
phentolamine’s ability to accelerate the clearance of lidocaine from oral tissues into the circulatory system.

* NV-101 administration did not affect the pharmacokinetics of epinephrine in a clinically meaningful
manner. '

e Intraoral treatments of NV-101 substantially accelerated the return of normal sensation to the upper lip
(Treatments A and C vs. Treatment D), the lower lip (Treatment C vs. Treatment 13), and the tongue
(Treatment C vs. Treatment D). .

» Treatment with both intraoral and [V NV-101 was well-tolerated.

Study NOVA 05-PEDS-PK

Title: A Phase 1, Open Label Study of NV-101 to Evaluate the Pharmacokinetics and
Safety in Pediatric Dental Patients

Study Objectives:

Primary Objective: To evaluate the pharmacokinetics (PK) of NV-101 (phentolamine) in
pediatric dental patients who were undergoing dental procedures under general anesthesia
or conscious sedation, to the extent possible with blood sampling limited to the duration

of the intravenous (IV) access line after NV-101 administration.

Secondary Objective: To evaluate the safety of NV-101 in pediatric dental patients as
measured by the incidence and severity of adverse events and concomitant medications.

Study Design: This was a multicenter, open label study of NV-101 to evaluate the PK
and safety of NV-101 in pediatric dental patients who were undergoing a dental
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procedure under general anesthesia or conscious sedation and required an IV line. All
subjects were administered local anesthetic consisting of 2% lidocaine with 1:100,000
epinephrine. All subjects were monitored at the site for at least 2 and up to 3 hours after
the administration of study drug (NV-101) to perform safety assessments and for venous
blood sampling.

NV-101 was administered by submucosal injection approximately 30 minutes after the
injection of local anesthetic (2% lidocaine with 1:100,000 epinephrine) and completion of
the dental procedure using the same location and same technique used for the
administration of local anesthetic.

The doses of local anesthetic and study drug (NV-101) depended upon the weight of the
subject. See Treatment section.

Note: If additional injections of local anesthetic were required for dental
procedures elsewhere in the oral cavity, additional injections of 2% mepivacaine
with 1:20,000 levonordefrin or 3% mepivacaine were permitted. There were S
subjects in the 3 — 6 year group who received additional local anesthetics. See
Results section.

Schedule of study assessments and procedures:
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Period 1 Period2 | Period3 | Period4 | Period 8
Screening Anesthetic/ NV-101 Observation | Telephone

Event/Assessment Day -14 to Dental Day 1 Day1 Follow-Up
Day t Procedure Day 1;
Day 1 2-3

-| Informed Consent/Assent X

Precperative evaluation including limited X

physical examination

Medical/Dental History/Concurrent liness X3 x*

Demographics (including height, weight & X

grade level)

Urine pregnancy test, if applicable X®

BP & puise (supine) X x" X

Temperature & respirations x* X

Administer general anesthesia or X

conscious sedation with IV line in place

Administer 2% lidacaine with 1:100,000

epinephrine (record time and type of X

injection)

Dental Procedure {record time completed) X

Assign Subject 1D # x®

Obtain PK samples at specified times X" X

Administer NV-101 (record time X

completed)

General Oral Cavily Assessments X* X

Specific Oral Cavity Assessments b x

(Injection/Procedure Sites)

Concomitant Medications x° X X X X!

Adverse Events X X

Schedule/Telephone Follow-Up X x*

Discharge subject (record time) X

Study Population and Criteria for Inclusion/Exclusion:

Inclusion criteria:

Both male and female subjects age 3 to 17 years were eligible for study entry; sufficiently
healthy as determined by the Investigator to receive dental care under general anesthesia
or conscious sedation requiring an indwelling IV catheter; a negative urine pregnancy test
in all females of childbearing potential (past menarche).

Exclusion criteria:

Weight less than 15 kg; history or presence of any condition that contraindicated dental
care under general anesthesia or conscious sedation; allergy or intolerance to
phentolamine, epinephrine, sulfites, or relevant local and general anesthetics and
conscious sedation agents; use of any investigational drug and/or participation in any
clinical study within 30 days of study drug administration; participation in this study or
any previous study of phentolamine mesylate for reversal of local soft tissue anesthesia;
or any condition which in the opinion of the Investigator increased the risk to the subject
of participating in this study or decreased the likelihood of compliance with the protocol.

Treatments: NV-101 was manufactured bym
as a sterile, pyrogen-free, isotonic solution for administration in glass dental cartridges

that delivered 0.4 mg phentolamine mesylate in 1.7 mL (per cartridge). The
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concentration of the active ingredient (phentolamine mesylate) in NV-101 was 0.235
mg/mL. The lot/batch number was 51115.

2% lido/epi* NV-101 Comments

Treatment A | 1/2 cartridge 1/2 cartridge | NV-101 was administered by submucosal

>15 kg and | 0.9 mL injection approximately 30 minutes after the

<30 kg 0.2 mg injection of local anesthetic (2% lidocaine
phentolamine | with 1:100,000 epinephrine) and completion

Treatment B | 1 cartridge 1 cartridge of the dental procedure using the same

>30 kg 1.8 mL location and same technique used for the
0.4 mg administration of local anesthetic.
phentolamine

Notes:

1. 1 cartridge 2% lidocaine HCI with 1:100,000 epinephrine - 1.8 mL
2. 1 cartridge NV-101: 0.4 mg phentolamine in 1.7 mL

The Applicant stated that these doses were selected based on an analysis of the mg/kg
dose of phentolamine received by subjects in the Phase 2 study (NOVA 03-001):

¢ 0.0053 £+ 0.0014 mg/kg (mean + S.E.) for those given one cartridge of NV-101
*0.0121 £ 0.002 mg/kg (mean + S.E.) for those given two cartridges of NV-101

The highest weight/weight doses given any subject in this study were:

* 0.0088 mg/kg to those given one cartridge of NV-101
'» 0.0166 mg/kg to those given two cartridges of NV-101

In NOVA 04-PK, the mean NV-101 dose of phentolamine was 0.0055 +0.0008 mg/kg
(mean + S.E.) with one cartridge of NV-101 and 0.011 £ 0.0016 mg/kg (mean + S.E.)
with two cartridges of NV-101.

Thus, general scheme is:

“]?:idy t Dosing Scheme
Ibs. kg | Fraction of Cartridge | Phentolamine Dose (mg) | Phentolamine Dose (mg/kg)
33 | 15 12 0.2 | 0.013
44 20 12 0.2 | 0.010
55 | 25 12 0.2 0.008
66 30 1 0.4 | 0.013
88 40 1 0.4 0.010
110 | 50 | 1 0.4 | 0.008
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Pharmacokinetics (PK): Blood samples were drawn to assay for phentolamine and
lidocaine. Blood samples were drawn for PK analysis, starting immediately prior to first
injection of local anesthetic (if given) or injection of NV-101, and 5, 10, 15, 20, 30, and
45 minutes, and at 1.0, 1.5, 2.0 and 3.0 hours post study drug administration.

The following pharmacokinetic parameters were estimated for phentolamine: peak
plasma concentration (Cmax), time to peak plasma concentration (Tmax), the area under
the plasma disposition curve from 0 to the last time-point with measurable concentration
(AUClast), the area under the plasma concentration-time curve from time 0 to infinity
(AUCinf), elimination half-life (t/%), clearance (CL), and the volume of distribution (Vd).
PK parameters were estimated based on non- compartmental methods.

The Applicant stated that the lidocaine PK parameters were not estimated. No
explanation was provided in the study report.

Assay:
Plasma concentrations of phentolamine and lidocaine were assayed with a validated

LC/MS/MS method. Plasma samples were shipped frozen on dry ice for overnight
delivery to

, for assay with the method

Safety: Safety assessments included adverse events, vital signs (temperature, respirations,
blood pressure and pulse), oral cavity examinations and use of concomitant medications.

Statistical Methods:

General:

Inferential testing was not planned. The results of the analyses were presented by rotocol-
specified time points and by dose level of NV-101 (0.2 mg and 0.4 mg). Continuous
variables were summarized using descriptive statistics, including N (sample size), mean,
median, standard deviation, minimum, and maximum. Categorical variables were
summarized using frequency count and percentage.

Pharmacokinetics:

Pharmacokinetic parameters for phentolamine were determined using the non-
compartmental model with extravascular input in WinNonlin 2.1. Plasma concentrations
below the limit of quantitation were treated as zero for the calculation of pharmacokinetic
parameters. The calculation of pharmacokinetic parameters was based on the protocol-
planned nominal sampling times.

Plasma concentration data for phentolamine and lidocaine were presented graphically as

treatment means (0.2 mg and 0.4 mg dose groups) and for individual subjects.
Descriptive statistics including N (sample size), mean (geometric mean for AUC and
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Cmax), median, standard deviation, minimum, and maximum, were employed to describe
the results for phentolamine by dose group (0.2 mg and 0.4 mg).

Safety:

The subject incidence of treatment-emergent adverse events was tabulated by system
organ class (SOC), preferred term, and dose group. SOCs and preferred terms were coded
from the reported adverse event terms using the Medical Dictionary for Regulatory
Activities (MedDRA®), version 8.2. The severity of each adverse event was graded
according to the World Health Organization (WHO) criteria. In addition, subjects with
serious adverse events were summarized by dose group. Subject incidence of severity of
treatment-emergent adverse events was tabulated by SOC, preferred term, and dose group.
These summary tables were presented for all-causality and treatment-related adverse
events. The administration of concomitant medications, including analgesic medications
for intraoral pain, was tabulated by medication class (WHO Anatomic Therapeutic
Chemical Classification System), drug dictionary preferred term, and NV-101 treatment
(0.2 and 0.4 mg) according to the WHO Drug dictionary. Medications taken within 24
hours of first anesthetic administration were reported. In addition, medications taken
from discharge to telephone follow-up on Day 1 and Day 2 to 3 were also reported.

Vital signs were listed but not summarized, as the effects of study medication on vital
signs would be confounded with the effects of the medications administered to produce
general anesthesia or conscious sedation in all subjects. Similarly, oral cavity assessments
were listed but not summarized, as it was anticipated that oral cavity assessments might
be abnormal in many subjects because no restrictions were placed on the dental
procedures to be performed.

Results
1. Demographic and Additional Baseline Characteristics

Subject Disposition )

The number of subjects in the 3-6 years, 7-11 years, and 12-17 years age groups was 6, 6,
and 7, respectively. All of the 3-6 year old subjects were in the 0.2 mg dose group, and
all of the 12-17 year old subjects were in the 0.4 mg dose group. Ofthe 7-11 year old
subjects, 2 were in the 0.2 mg dose group and 4 were in the 0.4 mg dose group. All of
the enrolled subjects were treated and all completed the study assessments.
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NV-101 Dose Group
- Overall N=19

Characteristic 0.2 mg N=8 0.4 mg N=11
Number of subjects, n
(%)
Gender
Male 5 (62.5%) 8 (72.7%) 13 (68.4%)
Female 3(37.5%) 3 (27.3%) 6 (31.6%)
Ethnicity
Hispanic or Latino 4 (50.0%) 8 (72.7%) 12 (63.2%)
Not Hispanic or
Latino 4 (50.0%) 3 (27.3%) 7 (36.8%)
Race
White 6 (75.0%) 3 (27.3%) 9 (47.4%)
Other 2(25.0%) 8 (72.7%) 10 (52.6%)
Age, years
Mean (+SE) 5.4(0.6) ' 12.5 (0.8) 9.5 (1.0)
Median 5.0 13.0 9.0
(minimum, maximum) (3, 8) (8, 16) 3, 16)
Height, cm
Mean (+SE) 109.4 (6.5) 157.4 (4.7) 142.4 (6.8)
Median 104.0 160.0 148.0
(minimum, maximum) (94, 130) (133, 185) (94, 185)
Weight, kg ,
Mean (+SE) 20.6 (1.4) 55.5(8.3) 40.8 (6.2)
Median (minimum, _ 48.0 36.0
maximum) 20.5 (16, 26) (30, 127) (16, 127)
=15 kgand <30 kg 8 (100.0%) 0 (0.0%) 8 (42.1%)
>30 kg 0 (0.0%) 11 (100.0%) 11 (57.9%)

Subject Disposition Summarized by Age Group and Treatment

_ AGE Group
3 -6 years 7 - 11 years | 12 - 17 years Overall
NV-101 D ' N=19
ose Group 02mg | 04mg | 02mg | 04mg | 02mg | 0.4me
N=6 N=0 N=2 N=4 N=0 N=7

Number of subjects k ‘ k _
Enrolled subjects 6 - 2 4 - 7 19
Treated subjects 6 - 2 4 - 7 19
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2. Dose administered

Phentolamine dose:

With an even distribution of body weights of children, the target average dose was
expected to be 0.010 mg/kg. The mean dose in the lighter-weight group (0.0100 mg/kg)
was on target but the mean dose of the larger children (0.0084 mg/kg) was slightly below
the target. The following table shows doses administered in each group:

OraVerse Dose = 0.2 mg OraVerse Dose = 0.4 mg
Subject 1.D. Bod)(l:/g)eight Wagh?n%e/g;t Dose Subject 1.D. Bod)zlllvweight Weig h;/nv‘\!/;i?gt;t Dose
01-001 20 0.0100 03-001 127 0.0031
01-002 17 0.0118 03-002 30 0.0133
01-003 16 0.0125 03-003 67 ’ 0.0060
01-004 25 0.0080 03-004 50 0.0080
02-001 24 0.0083 03-005 48 0.0083
02-002 21 0.0095 03-006 78 0.0051
02-003 16 0.0125 03-007 49 0.0082
03-012 26 0.0077 03-008 41 0.0098
03-009 36 0.0111
03-010 47 0.0085
03-011 37 0.0108
Mean 20.625 0.0100 Mean 55.455 0.0084
Range 16-26 0.0077-0.0125 Range 30-127 0.0031-0.0133

Local anesthetics

There were subjects who received additional local anesthetics. The additional local
anesthetics were injected in elsewhere and do not obstruct with the overall findings.

AGE Groups Overall
3 =6 years 7«11 years 12 « 17 years
NV-101 Dose Group 0.2mg 0.4mg 0.2mg 0.4mg 0.2mg | 0.4mg 0.2mg 0.4 mg
N=6 N=0 N=2 N=4 N=0 N=7 N=8 N=11
General anesthesia or
conscious sedation
General anesthesia 6(100.0) | - 1 (50.0) 0 (0.0) = 0(0.0) 7 (87.5) 0(0.0)
Conscious sedation 0(0.0) - 1(50.0) 4(100.0) | - 7(100.0) 1(12.5) 11(100.0)
Total volume of local
anesthetica administered
0.85 mL (1/2 cartridge) 6 (100.0) | - 2(100.0) { 0(0.0) - 0 (0.0) 8(100.0) | 0(0.0)
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1.7 mL (1 cartridge) 0 (0.0) - 0 (0.0) 4 (100.0) | - 7 (100.0) 0 (0.0) 11 (100.0)
Number of subjects who
received additional local - -
anesthetic
Yes 5 (83.3) - 1 (50.0) 1(25.0) - 2 (28.6) 6 (75.0) 3(27.3)
No 1(16.7) - 1 (50.0) 3 (75.0) - 5(71.4) 2 (25.0) 8 (72.7)
Additional local
anesthetic
2% mepivacaine 2(33.3) | - 1(50.0) | 1(25.0) | - 2 (28.6) 3(37.5) | 3(27.3)
3% mepivacaine 3(50.0) | - 0 (0.0) 0 (0.0) - 1(14.3) 3(37.5) | 1(9.1)
Table I: NV-101 Administration
Age Group
3-6 years 7-11 yoars 12417 years Overall
02mg 0.4mg 02mg o4mg 02mg 0.4mg 02mg 04mg
NV-101 Dose Group Neg Nsg N=2 N=4 N=0 Ne7 Neg N=11
Total volume of NV-101 - -
administered
0.85 mL (112 cariridge) 6 (100.0) - 2 (100.0) 0(0.0) - 0(0.0) 8(100) 0(00)
1.7 mi (1.0 cartridge) 0(0.0) 0(0.0) 4 (100.0) - 7(100.0) 0(00) 11 (100.0)
Elapsed time between injections of - -
local anesthetic and NV-101
25 t0 29 minutes 2(33.3) - 2(100.0) 0{0.0) - 1(14.3) 4(50.0) 1(9.1)
30 to 34 minutes 2(33.3) - 0(0.0) 4(100.0) - 5(71.4) 2(25.0) 9(81.8)
35 o 39 minutes 1(16.7), - 0(0.0) 0(0.0) - 0(0.0) 1(12.5) 0¢0.0)
40 to 44 minutes 0(0.0) - 0(0.0) 0(0.0) - 0(6.0) 0(0.0) 0(0.0)
other 1(16.7) - 0(0.0) 0(0.0) - 1(14.3) 1(12.5) 1(9.1)
N 6 - 2 4 - 7 8 11
Mean (SE) 28.3(2.2) - 285(05) |318(08) |- 330(23) {284(16) |325(14)
Median 275 - 285 31.0 - 300 285 31.0
Range (22.0, 37.0) - {26.0,200) |(31.0,340) |- (29.0,460) |(220.37.0) |(290,4560)

For the total volume of NV-101 administered and the elapsed time between injections of local anesthetic and NV-101, the table entries are the number of
subjects (n) and the percentage of subjects meeting the stated criteria.

Source: Table 7

3. PK figures and tables

1) Phentolamine mean plasma concentration profile

Only one subject in the 0.2 mg group contributed a sample at the 3-hour time point.

The mean plasma concentration of phentolamine in the 0.4-mg dose group was nearly
half the mean in the 0.2-mg group from 5 to 15 minutes after study drug administration.

By 30 minutes after study drug administration, the mean plasma concentrations in the two
groups were nearly identical and remained similar through the 2-hour sampling point.




Mean Plasma Concentrations Summarized by Time Point: Phentolamine

Plasma Concentration (rgimi)

s

o1

¥ L] T L] ¥
# 1Smin. 30min 4Smin. th 1250 15h 1750 -] 22%n 25n 275 3
Time Mler njecticn
Treamert M-k B B-H8s

A = Subject weighed 215 kg and <30 kg, and half a cartridge of 2% lidocaine with 1:100, 000
epinephrine and half a cartridge of NV-101 (0.2 mg) were administered.

B = Subject weighed 230 kg, and a whole cartridge of 2% lidocaine with 1:100,000 eplnephnne and a
whole cartridge of NV-101 (0.4 mg) were administered.

# = prior to study drug administration.

For the 0.2 mg dose group, only 1 data point was used to calculate the 3-hour value.

2) Lidocaine mean plasma concentration profile

The mean plasma concentration of lidocaine in the 0.4-mg dose group was less than the
mean in the 0.2-mg group from immediately prior to NV-101 injection through the 2-
hour sample. Lidocaine plasma concentrations increased after NV-101 injection, peaking
at 20-30 minutes after dosing, then declined.
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Mean Plasma Concentrations Summarized by Time Point: Lidocaine

1000

Plasma Concentration (ng/mi}

T T T T T T
» Smin. 30mn  Smin n 1250 15h 1750 2h 225n P2 275n 3n

Time At Injection
Treament kA B BEHs

A = Subject weighed 215 kg and <30 kg, and half a cartridge of 2% lidocaine with 1:100,000
epinephrine and half a cartridge of NV-101 (0.2 mg) were administered.

B = Subject weighed 230 kg, and a whole cartridge of 2% lidocaine with 1:100,000 epinephrine and a
whole cartridge of NV-101 (0.4 mg) were administered.

# = prior to study drug administration.

For the 0.2 mg dose group, only 1 data point was used to calculate the 3-hour value.

B. PK parameters:
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PK parameters for phentolamine:

NV-101 Dose Group

0.2 mg N=8 0.4 mg N=11
15-30 kg wt > 30 kg wt
Peak plasma concentration (Cmax), ng/mL
Geometric Mean 2.60 1.47
Median (min, max) 2.45 (1.50, 5.30) 160 (0.90, 2.20)
95% Cl (1.73,3.97) (1.26, 1.76)
Time to peak plasma concentration (Tmax), HH: MM
Mean (£SE) 0:10 (£0:01) 0:21 (£0:04)
Median (min, max) 0:10 (0:05, 0:15) 0:20 (0:05, 0:45)
95% Cl (0:07,0:14) (0:12, 0:31)
AUC1 to last measurable concentration (AUClast), ng hr/mL
Geometric Mean 1.93 1.81
Median (min, max) (1.113',73.16) (1.218.,827.76)
95% Cl (1.48, 2.55) (1.57,2.14)
AUC1 extrapolated to time infinity (AUCinf), ng hr/mL
Geometric Mean 3.62 3.39
Median (min, max) (2\3%,1349) (1.75,'6321.57)
95% Cl (2.4 5.29) (1.88,6.11)
Elimination halfdife (t1/2), HH:MM
Mean (+SE) 2:32 (+0:34) 2.59 (£0.56)
Median (min, max) ( :017:,31:47) ( :og,:%:sn
95% Cl (1:08, 3:56) (0:51, 5:08)
Total body clearance (CL), L/hr
Mean (+SE) 58.79 (+8.06) 132.18 (+17.59)
63.99 141.84

Median (min, max)

(30.83, 86.27)

(34.56, 227.17)

9% Ci_ ‘ (39.07,7852) | (92.38 171.98)

Volume of distribution (Vd), L ‘

Mean (+SE) 190.56 (+35.69) 396.50 (+22.98)
164.59 371.67

Median (min, max)

(100.76, 359.91)

(280.77, 541.37)

95% Cl

(103.23, 277.89)

(344.52, 448.49)

This difference in dose level was not reflected in AUC values for the two groups as these
parameters were remarkably equal between the groups. Cmax values were, however,

lower in the heavier-weight group.
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The greater mean Vd in the 0.4 mg dose group is consistent with the greater mean body
weight in this dose group.

The greater mean CL in the 0.4 mg dose group is consistent with the greater dose and
similar mean AUC in this dose group.

The mean peak plasma concentration (Cmax) of the 0.4 mg dose group was less than that
of the 0.2-mg NV-101 dose group. The AUClast and AUCinf were similar in the 2 dose
groups.

The mean elimination half-life (t1/2) was similar in the 0.4-mg dose group and 0.2-mg
group, and the median values in the 2 groups were nearly identical. The mean total body
clearance (CL) and mean volume of distribution (Vd) were noticeably larger in the 0.4-
mg group than in the 0.2-mg group.

Area under the Curve Area under the
Peak Plasxa Iime to Peak Plasma to the Last Measurable Curve Extrapolated Eliminaticn Total Bedy Volume of
C tion C ration Concentration to Time Infinity Half-Life Clearance Distribution
Subject ID (ng/mL} (BH:MM) (ng.hr/mL}) i {ng.hr/mLi} (Hi 1 MM) {liters/hr) {liters)
400-01-001 0:18 2.33 3.13 1:20 63.99
400-01-002 0:05 2.5% 6.49 3:42 30.83
400-01-003 0:05 1.80 2.32 1:22 8€.27
400-01~004 0:10 1.7% 2.44 1:07 82.08
400-02-001 0:15 1.13
400-02-002 0:10 1.58 3.08 3:50 €4.92
400-02-003 0:10 3.16 .66 1:37 42.93
400-03-012 06:15 1.76 4.93 4:47 40.54
Area under the Curve Area under the
Peak Plasma Time to Peak Plasma to the Last Measurable Curve Extrapolated Elimination Total Body Volume of
G on C ration Concentration to Time Infinity Half-Life Clearance Distribution
Subject ID (ng/ml) (HH:MM) {ng.hr/ml) {ng.hx/mL) (HH:MM) {liters/hr) {liters)
400-03-001 0:20 1.84 2.é8 1:42 14%.53
400-03-002 0:45 2.7 4.12 2:00 96.98
400~03-003 0:20 1.85 2.5% 1:39 1354.17
400-03-004 0:10 1.3% 1.76 1:08 227.17
400-03-005 0:45 2.17 6.35 S:l1é 62.95
400-03-008 0:20 1.88 3.00 2:09 133.12
400-03-007 0:30 1.87 2.83 1:52 136.83
400-03-008 0:05 1.66 2.23 1:38 179.862
400-03-003 0:08 1.47 2.72 1:38 147.04
400-03-010 0:30 1.28
400-03-011 0:10 2.18 11.57 10:51 34.56
3. Safety:

Overall, there were a total of 5 adverse events experienced by 4 subjects in the 0.4 mg
NV-101 dose group and zero adverse events in the 0.2 mg NV-101 dose group. There
were no severe adverse events or serious adverse events (SAEs) and there were no
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subjects who discontinued due to adverse events. A total of 3 treatment-related adverse

events were experienced by 2 subjects.

Incidence of Treatment-Emergent Events

NV-101 Dose Group

Overall N=19

0.2 mg N=8 0.4 mg N=11
Number of adverse events 0 5 5
Number of subjects with adverse events, n (%) 0(0.0) 4 (36.4) 4(21.1)
Gastrointestinal disorders 0(0.0) 1(9.1) 1(5.3)
Vomiting 0 (0.0) 1(9.1) 1(5.3)
Injury, poisoning, and procedural complications 0(0.0) 3(27.3) 3(15.8)
Oral pain 0(0.0) 1(9.1) 1(5.3)
Post-procedural pain 0(0.0) 2(18.2) 2(10.5)
Nervous system disorders 0 (0.0) 19.1) 1(5.3)
Headache 0 (0.0) 19.1) 1(5.3)
Incidence of Treatment-Related Adverse Events
NV-101 Dose Group
Overall N=19
0.2 mg N=8 0.4 mg N=11
Ndmber of adverse events 0 3 3
Numbér of subjects with adverse events, n (%) 0(0.0) ‘ 3(18.2) 2 (i 0.5)
Gastrointestinal disorders ' 0 (0‘.0) 1(9.1) 1(5.3)
Vomiting 0 (0.0) 1(9.1) 1(5.3)
Injury, poisoning, and pfocedural complications 0 (0.0) 1(9.1) ’ 1(5.3)
Oral pain 0(0.0) 1(9.1) 1(5.3)
Nervous system disorders 0(0.0) k 1(9.1) 1(5.3)
Headache - 0(0.0) 1(9.1) 1(5.3)
CONCLUSIONS:

The pharmacokinetics of phentolamine after intraoral injection in pediatric dental patients
indicates that systemic exposure is brief and at low levels, consistent with the low

incidence of safety findings in this study.

NV-101 was well-tolerated at the doses administered in this study.

4.3 Consult Review (including Pharmacometric Reivews) — Not applicable
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In-vivo effects of primary drug:
In-vitro:
Subpopulation studies -
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gender:

pediatrics: X
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renal impairment:

hepatic impairment:
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Phase 2/3:

PK/PD:
Phase 1 and/or 2, proof of concept:

Phase 3 clinical trial:

Population Analyses -

Data rich:

Data sparse:
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Absolute bioavailability: X Phentolamine [V

Relative bioavailability -

solution as reference:

alternate formulation as reference:

Bioequivalence studies -

traditional design; single / multi dose:

replicate design; single / multi dose:

Food—drug interaction studies:
Dissolution:

(IVIVC):

Bio-wavier request based on BCS

BCS class

III. Other CPB Studies

Genotype/phenotype studies:

Chronopharmacokinetics

Pediatric d¢vélopment plgn

Literature References

Total number of studies ’ 1 _ 2 - _

Filability and QBR comments

“X7ifyes | Comments
— — — Related IND: ___ W
Application filable ? ' X [ Yes. As a 505(b)(2) application, the Applicant

submitted relative BA, multiple dose and dose
proportionality (looking at the maximum likely
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Clinical Pharmacology summary presented by the Applicant;

This New Drug Application (NDA) is a 505(b)(2) application for approval of NV-101
(phentolamine mesylate) Injection. Phentolamine mesylate has been marketed in the U.S.



since 1952 [Regitinew is the reference listed drug (RLD)] and is currently marketed as generic
phentolamine mesylate by Bedford Laboratories.

Proposed Indication

NV-101 (phentolamine mesylate) Injection is being developed for the reversal of soft tissue
anesthesia and the associated functional deficits resulting from an intraoral submucosal
injection of a local anesthetic containing a vasoconstrictor.

Pharmacological Class of Medicinal Product

Phentolamine mesylate is a sympatholytic competitive a-adrenergic blocker that
nonselectively antagonizes both ai and a2 receptors. The anatomical therapeutic chemical
(ATC) code of phentolamine is C04ABO1 (cardiovascular system, peripheral vasodilators,
peripheral vasodilators, imidazoline derivatives).

To-be-marketed formulation of NV-101 was used in Phase 1 PK studies (NOVA 04-PK in
Section 5.3.3.1 and NOVA 05-PEDS-PK in Section 5.3.3.2):

Table 2: Comparison of NV-101 Formaulations

. Ingredient (erml) (per mL*
Phentolamme mesylate, USP
EDTA Na, USP '
D-mannitol, USP
Sodium acetate trihydrate, USP
Acetic acid, USP .
Sodium hvdroxide, NF _4/

- Abue\runo‘l.:s: EDTA, ethylenediaminetetraacetic acid; NA, not apphicable; NF, National Formulary; qs.. tiuaﬁtity
sufficient; USP, United States Pharmacopoeia;’ a
* Formulation used in NOVA 03-001 ; 1.8 mL (0.4 mg) was delivered for each injection
® Formulation used in NOVA 04-100, NOVA 04-200, NOVA 04-PK, NOVA 05-PEDS, and
NOVA 05-PEDS-PK ; 1.7 ml. (0.4 mg) was delivered per cartridge

Study synopses
Status No.of Geader
No. of Subjects by MF
Stady Total Study Study &. Arm Diagunosis
Ceaters | Enroflment/ | Desigmand | Crl Drugs Median
Enroliment Typeof Dose, Route Study Eatered/ Age Inclusion CcTD
Stady ID | Locations Goal Confrol & Regimen | Objective | Complefed | Duratioa | (Range) Criteria | Location
NOVA G- 1 Toapletsd | Opes labal, W%ﬁ o1 PR, afety | 1616 | Singie dose 7% | Resltay TOVA O3-
= 4 trestment, subjects ?Kin
uUs. 1616 4 peciod, 04.08mg 3 2204 18-65 | Section
CTOsS0tRr futracral (18-30) | years 5331
subtmxcosal
Nv-101,
. . 04melV )
| NOVAD:- | 3 Completad | Openlsbal | NV-101 | K, saity i Shsledose | D36 | Subjets NOVA 65-
PEDS-PE F:%3 aged 317 | PEDS-PK
us. 1912 02 mg 1 9(3-16) | yesrs i Section
Gimg undergoing | 5332
deatal
Inersorst procadures

h{4)



Subjects (No.
b%wn(\ Treatments Phentolamaine - Mean Parameters (£ SE)
Study No. w&u:iy Trpe ‘mm Cow | AUG. | AUCk | T
Age: Median AU AU, L) D
ange | ProuetIDl | (oginl)¢ | ugheini | oghoimb)* | (e | (e | AT | VAT
RUATIN
04mg s "
mol | 134 | 1@ s | WD sagapss | 105 | AL
, 02 Pes) 2
16{79) {3067]
xovA | ¢ beoten, . Nv-Lol;
MFK | dperod, | Heallysbiecs | Ofme - ez | oms | ous | mes | e
crossover 2 (18.50) submmcosal® | - 00:01 00:25 3621 6008
—
4 ma Tt 00:07% | .. 17540¢ | 44199¢
0'[436‘;‘711‘] 1098 17 236 pryel BETPYE S RS Al By
363
N-101,
Pediatric whjects | 02mg ! .
wdergoing dectal | ingacral | 260 193 36 | U0E o403 Bt ) 19036+
sl 0:01 206 3569
NOVA s [SULT
05-PEDS. | Open label 308
K T@3)
Nv-01,
Pediatric sabjects | 0.4mg _ e
undergoing deutal | intraomal 147 181 313 %—’jé: 2394 0:56 ‘3137‘;* 3";6,';%*
procedures submncosal : - <
[SUBF
13(8-16)

Request for Waiver of In Vivo Bioavailability Studies

The Applicant requests a waiver per 21 CFR 314.90 for the requirement stated in the
Guidance for Industry: Applications Covered by Section 505(b)(2), dated October 1999,
on page 8, that one of the items that should be included in a 505(b)(2) application is, “A
Bioavailability/Bioequivalence (BA/BE) study comparing the proposed product to the
listed drug (if any)” for the NV-101 NDA 22-159 submitted in accordance with 505(b)(2)
of the Food, Drug and Cosmetic Act and 21 CFR 314.50 and 21 CFR 314.54. Regitine®
is listed in the FDA Orange Book as the reference listed drug (RLD) for phentolamine
mesylate. Regitine (NDA 8-278) was approved in January 1952 for and marketed by
Ciba (now Novartis). A generic version of Regitine was approved (ANDA 40-235) on
March 11, 1998. The ANDA contained a waiver request of in vivo bioequivalance for its
5 mg/vial product based upon 21 CFR 320.22 which was granted by FDA. This generic
version is currently marketed in the U.S. The Applicant believes it is justified for FDA to
grant a waiver for evidence of in vivo bioavailability comparing NV-101 to Regitine, the
reference listed drug because: 1) the RLD, Regitine, is not currently marketed in the U.S.
and is unavailable; 2) the bioavailability of intraoral submucosal NV-101 was evaluated,
and the absolute bioavailability is 104% when compared to IV administration of NV-101
(as determined by AUC); 3) the recommended clinical dose of NV-101 is several fold
lower than that of the RLD recommended dose, and the Cmax levels when NV-101 was
administered IV were 8 times higher than the Cmax of NV-101 administered by intraoral
submucosal injection; 4) the NV-101 NDA 22-159 contains clinical data in over 400 NV-
101 treated dental subjects for use in evaluating the safety and efficacy of NV-101.
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