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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
              Public Health Service

         Food and Drug Administration
________________________________________________________________________

Division of Neurology Products (HFD-120)
Center for Drug Evaluation and Research

Date: October 23, 2014

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 206-030 (Carbella; carbamazepine IV injection)
________________________________________________________________________

This memo is intended to clarify renal findings in the 1-month IV infusion toxicity study 
in rat of carbamazepine (CBZ) formulated in Captisol (Study OVNC-9020). According to 
the primary NDA review (cf. Pharmacology/Toxicology Review and Evaluation, Ed 
Fisher, Ph.D., 9/22/2014), histological findings in kidney consisted of “vacuolation of 
renal tubule and transitional epithelium,” which were not considered adverse by the 
sponsor. The conclusion reached was that “No evidence of inflammatory responses, cell 
death, or cell degeneration was observed,” consistent with studies of Captisol reported in 
published literature.

However, renal tubule cell degeneration was reported in a number of animals, as 
summarized in the following table (C, LD, MD, and HD are in reference to CBZ):

SACRIFICE
MALES FEMALES

C LD MD HD C LD MD HD

premature 2/2 0/1 -- -- -- 1/1 -- 0/1
terminal 6/8 -- 1/1 7/10 5/10 -- -- 5/9

total 8/10 7/10 5/10 5/10

recovery 5/5 4/5 4/5 3/5

Renal tubule regeneration was observed in a few recovery animals (1/5 CM, 2/5 HDM)
but not in main-study animals.

Since the sponsor did not consider the renal findings adverse, kidney was not examined 
microscopically in the low or mid-dose groups. The similar incidence in control and high 
dose groups suggest that the tubule cell degeneration was caused by the excipient
(Captisol), since the dose of Captisol was similar in these groups. The absence of data in 
the lower dose groups precludes an assessment of dose relationship.
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These data suggest that both renal tubule cell vacuolation and degeneration were 
associated with Captisol administration in rat.
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MEMORANDUM

DEPARTMENT OF HEALTH & HUMAN SERVICES
              Public Health Service

         Food and Drug Administration
________________________________________________________________________

Division of Neurology Products (HFD-120)
Center for Drug Evaluation and Research

Date: October 10, 2014

From: Lois M. Freed, Ph.D.
Supervisory Pharmacologist

Subject: NDA 206-030 (carbamazepine injection [Carbella]; submitted on 12/20/2013, 
Lundbeck LLC)

________________________________________________________________________

NDA 206-030 was submitted to support marketing of carbamazepine injection (Carbella) 
as “… replacement therapy in adults (18 years and older) who are on a stable 
maintenance oral dose of carbamazepine when oral administration is not feasible.”  NDA 
206-030 is a 505(b)(2) application, with Tegretol IR (NDA 16-608) and Tegretol XR 
(NDA 20-234) as the Reference Listed Drugs. Clinical development was conducted under 
IND 73686, submitted on July 10, 2006, by Ovation Pharmaceuticals; the IND was later 
transferred to Lundbeck.

The nonclinical studies conducted to support the NDA consist of the following:
 acute dose PK studies (rat, dog)
 28-day IV infusion studies (rat, dog)
 embryofetal development study, IV infusion (rat)
 local tolerance (rabbit)

The sponsor also provided an LoA to cross-reference nonclinical data for Captisol in 
DMF# . 

These data were reviewed by Dr. Fisher (Pharmacology/Toxicology Review and 
Evaluation, NDA 206-030, Ed Fisher, Ph.D., 9/22/2014). Based on his review, Dr. Fisher 
has concluded that, while “marginal,” the data “…are considered adequate” to support 
approval of the NDA, “from a pharmacology/toxicology standpoint.”

Summary

The pivotal 28-day IV toxicity studies were conducted in Sprague-Dawley rat and Beagle 
dog. The doses of carbamazepine (CBZ) and vehicle (Captisol) were the same in both 
studies. Carbamazepine (CBZ) was administered by IV infusion at doses of 0, 25, 56, and 
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100 mg/kg/day. Doses of Captisol were 2500, 625, 1400, and 2500 mg/kg/day in C, LD, 
MD, and HD, respectively. The drug concentration and infusion rate were kept constant 
across groups; the lower doses were attained by limiting the duration of infusion, i.e., 24, 
3, 6.7, and 24 hrs/day in C, LD, MD, and HD, respectively.

In the embryofetal development (EFD) study in rat, CBZ was to be administered by IV 
infusion at doses of 0 (saline), 0 (Captisol), 90, 180, and 360 mg/kg/day; doses of 
Captisol were 0, 9000, 93.75, 187.5, and 9000 mg/kg/day. Infusion durations were 24, 24, 
6, 12, and 24 hrs/day, respectively. However, excessive toxicity resulted in the moribund 
sacrifice of 5 MD and 5 HD animals and subsequent lowering of doses after the first day 
of dosing. In HD animals, the dose of CBZ was reduced to 22.5 mg/kg/day (the new LD) 
and that in MD animals was reduced to 45 mg/kg/day; naïve animals were added to both 
affected groups in order to maintain the number of animals at 22/group. With the dose 
adjustments, the initial LD became the HD. Final doses were 0, 22.5, 45, and 90 
mg/kg/day CBZ and 0, 2250, 562.5, 1125, and 2250 mg/kg/day Captisol. 

According to Dr. Fisher, none of the toxicities observed in the 28-day rat and dog toxicity
studies were “unique or unexpected.”  However, Dr. Fisher noted that the HDs tested in 
these studies were neither maximum tolerated nor maximum feasible doses, and were not 
otherwise adequately justified. Plasma CBZ exposures in rat were less than (Cmax) or 
similar to (AUC) those in humans at the highest dose described in proposed labeling
(estimated Cmax of 18 µg/mL, AUC(0-24 hr) of 240 µg*hr/mL at 1120 mg/day; given as 
280 mg/dose, over 30 min, four times per day). Plasma CBZ exposures (Cmax, AUC) in 
dog were substantially less than those in humans at 1120 mg/day. Plasma CBZ-10,11-
epoxide exposures (AUC) in rat were estimated (based on data at the MD) to be 3 times 
that in humans at 1120 mg/day, whereas that in dog was estimated (based on data at the 
MD) to be less than that in humans at 1120 mg/day.

In the EFD study, no maternal or fetal toxicity was observed at up to the adjusted HD of 
90 mg/kg/day, although the HD was “not far below the MTD.” This is in contrast to the 
developmental toxicity observed with oral CBZ (Vorhees CV et al. Teratol 41:311-317, 
1990). Vorhees et al. (1990) reported significant decreases in maternal body weight (GD 
10-20) at doses >200 mg/kg, significant decreases in fetal body weight at all doses tested 
(200, 400, and 600 mg/kg), and significant increases in malformations and delayed 
ossification at >200 mg/kg. Steady-state (GD 18) serum CBZ concentrations were ≥22.9 
± 2.0 µg/mL (data for the metabolite, CBZ-10,11-epoxide, were not provided). These 
CBZ exposures were substantially higher those that achieved in the IV EFD study, in 
which plasma CBZ levels were ≤5.49 ± 0.55 µg/mL on GD 13. As Dr. Fisher states, the 
lower exposures may explain the lack of developmental toxicity in the IV EFD study.

Plasma exposure for the excipient, Captisol, was quantitated in humans but not in the 
nonclinical studies; therefore, interspecies comparisons must be based on body surface 
area-normalized doses (mg/m2). The rate of Captisol infusion was substantially lower in 
both species compared to human (625 and 2083 mg/m2/hr in rat and dog, respectively, in 
the 28-day studies; 562 mg/m2/hr in the EFD study; 8633 mg/m2/hr at the human dose 
of 280 mg/infusion or 1120 mg/day). The total daily dose of Captisol in rat was slightly 
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less than in human at the CBZ dose of 1120 mg/day in the 28-day and the EFD studies, 
while the total daily dose of Captisol in the 28-day dog study was 3 times that at the 
human dose of 1120 mg/day CBZ, all on a mg/m2 basis. 

As described in the sponsor’s submission of September 10, 2014, EFD studies of Captisol 
were conducted in rat and rabbit. In rat, Captisol was administered as an IV bolus at 
doses of 0, 100, 600, and 3000 mg/kg on GD 6-17. The HD was an NOAEL for 
developmental toxicity but was associated with decreases in food consumption and body 
weight gain in dams. In the EFD study in rabbit, Captisol was administered by IV bolus 
at doses of 0, 100, 400, and 1500 mg/kg on GD 6-18. The HD was an NOAEL for 
developmental toxicity but was also an MFD based on solubility and maximum 
acceptable dosing volume. The HDs tested in these studies are similar to the dose of 
Captisol at the human dose of 1120 mg/day CBZ, on a mg/m2 basis.

Concerns regarding the lack of adequate safety margins for CBZ and CBZ-10,11-epoxide 
are ameliorated by the available clinical data and the fact that Carbella and the RLDs 
have similar bioavailability in humans. As for Captisol, the doses tested in the nonclinical 
studies of CBZ in Captisol also did not provide a safety margin. However, the IV bolus 
EFD studies of Captisol alone in rat and rabbit were conducted up to a maximum feasible
dose. In addition, in rat, effects on body weight gain and food consumption indicate that 
the HD may have been a maximum tolerated dose. 

Conclusions and Recommendations

The doses used in the nonclinical studies of CBZ in Captisol did not provide safety
margins for either CBZ or Captisol. While a maximum tolerated dose was assessed in the 
EFD study in rat, higher doses might have been tolerated if given over a shorter duration 
(<24 hrs). (Carbella is to be administered as a 30-min infusion, up to four times per day 
in humans.) However, there are clinical data that may support approval in the absence of 
adequate toxicity studies, particularly since Carbella and the RLDs have similar 
bioavailability in humans. The EFD studies in rat and rabbit of Captisol alone do not 
provide adequate safety margins for the excipient but were conducted at doses up to a 
maximum tolerated and/or maximum feasible dose.

Based on these considerations, I have no objection to the approval of the NDA. Labeling 
recommendations will be provided in a separate communication. 
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I. INTRODUCTION AND DRUG HISTORY

Carbamazepine (CBZ) injection (10 mg/mL CBZ/250 mg/mL betadex sulfobutyl ether sodium
[SBECD; Captisol]) is to be used as short term replacement therapy for adult patients unable to 
take the drug orally. At the PIND meeting (IND 73,686, minutes dated 5/23/06), the Division 
advised the sponsor that for a 505(b)(2) application (Reference List Drug [RLD]: Tegretol, NDA 
16-608), in addition to a summary of published nonclinical studies addressing the safety of CBZ,
1-month IV toxicity studies in rodent and nonrodent and an embryofetal development study in one 
species (with justification for the species selected) would be needed for this product. These 
studies were to be conducted with CBZ and all excipients used in the clinical formulation. The 
need for additional studies would depend on the results of these studies and available safety
information on the excipient administered by other routes (for reproductive and developmental 
toxicity).

The application contains the following nonclinical studies conducted by the sponsor:

 Single dose PK in rat and dog 
 Four-week iv infusion in rat 
 Four-week iv infusion in dog
 Embryo-fetal development in rat (iv infusion)
 Local tolerance in rabbit

    
In addition, toxicology data for SBECD was available in DMF # , for which a Letter of 
Authorization was provided. 
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II. PHARMACOKINETICS

A.   Rat

1. Determination of Oral Carbamazepine Bioavailability in Rats Following a Single Dose of Oral 
or IV Carbamazepine (OVNC-9030, conducted by , report dated 
6/11/08, non-GLP)

PK parameters for carbamazepine (CBZ) and its active metabolite, CBZ-10, 11-epoxide,
were determined in Sprague-Dawley (S-D) rats (3/sex) given single doses of 20 mg/kg orally 
or 5 and 20 mg/kg as an iv bolus injection in a 3-way crossover design with doses separated 
by 3-day washout periods (Tables 1.1-2). The overall oral bioavailability of CBZ was 
determined to be 61% in males and 80% in females (Table 1.1). Tmax following an oral dose 
was observed at 0.5-1.0 h, indicating fast absorption. Clearance in males was higher (1110 
mL/h/kg) than in females (338 mL/h/kg) and, thus, systemic CBZ exposure (AUC) was 2 to 
4.1 fold higher in females than males but exposure to the epoxide metabolite was higher in 
males.

Table 1.1  PK parameters for CBZ in rats following single oral and iv doses
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Table 1.2  PK parameters for CBZ-10,11-epoxide in rats following single oral and iv doses

2. CSF and Plasma Pharmacokinetics of Carbamazepine Following a Single Dose of Oral or IV 
Carbamazepine in Sprague-Dawley Rats (OVNC-9032, conducted by , 
report dated 2/11/09, non-GLP)

Male S-D rats (21/group) were given CBZ as a single dose of 40 mg/kg orally or 10 mg/kg as 
iv bolus or iv infusion (15 min) and concentrations of CBZ and CBZ-10, 11-epoxide in plasma, 
CSF, and brain were determined. The PK of CBZ and its epoxide metabolite appeared to be 
similar after oral and iv administration. Drug and metabolite levels were similar for iv infusion 
and bolus administration. In plasma, CSF, and brain, concentrations of the epoxide 
metabolite were generally equivalent to or greater than those of parent. The CBZ AUC ratios 
for CSF/plasma were 0.13, 0.22, and 0.21 and for brain/plasma were 1.03, 0.67, and 0.68 
after oral, iv infusion, and iv bolus administration, respectively (Table 2.1). The CBZ-10,11-
epoxide CSF/plasma AUC ratios were 0.45, 0.53, and 0.53 and for brain/plasma were 0.46, 
0.39, and 0.58 after oral, iv infusion, and iv bolus administration, respectively (Table 2.2). 
According to the report, these results suggested that the distribution of CBZ and the epoxide 
into CSF and brain occurred to a similar extent after iv and oral administration.

Reference ID: 3631828

(b) (4)

(b) (4)

(b) (4)



6

Table 2.1  PK parameters for CBZ in rat plasma, CSF, and brain following single oral or iv                        
doses of CBZ

Table 2.2  PK parameters for CBZ 10,11-epoxide in rat plasma, CSF, and brain following 
single oral or iv doses of CBZ
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B.   Dog

1. Determination of Oral Carbamazepine Bioavailability in Dogs Following a Single Dose of 
Oral or IV Carbamazepine (OVNC-9031, conducted by , report dated 
7/11/08, non-GLP)

Beagle dogs (2/sex) were given single doses of 25 mg/kg orally (capsule) and by slow (6 min)
iv bolus (later changed to 15 min infusion due to CNS signs) separated by 14 days (2X2 
cross-over design). The overall bioavailability was determined to be 15% in male and 19% in 
female dogs. Tmax following the oral dose was approximately 2 hr. Clearance was slightly 
higher in females than in males (840 mL/h/kg vs 729 mL/h/kg), but there was no clear sex 
difference in exposures (AUC).

Table 1.1  PK parameters for CBZ in dogs following single oral and iv doses
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Table 1.2  PK parameters for CBZ-10,11-epoxide in dogs following single oral and iv doses

2. CSF and Plasma Pharmacokinetics of Carbamazepine Following a Single Dose of Oral or IV 
Carbamazepine in Beagle Dogs (OVNC-9033, conducted by , report 
dated 12/4/08, non-GLP)

Male beagle dogs (9/group) were given a single dose of 100 mg/kg orally (group 1) or 10 
mg/kg as an iv infusion (over 15 min; group 2) or iv bolus (group 3) and concentrations of 
CBZ and CBZ-10, 11-epoxide were determined in plasma and CSF (Tables 2.1-4). The 
estimated oral bioavailability of CBZ after capsule administration was 26.9% and 24.6% when 
calculated in reference to the iv infusion and bolus doses, respectively. Following oral or iv 
administration, concentrations of the epoxide metabolite exceeded those of CBZ in plasma 
and CSF. Tmax for CBZ and CBZ-10,11-epoxide in CSF occurred earlier after iv compared to
oral administration. The CSF to plasma AUC ratios were 0.228, 0.275, and 0.195 for CBZ 
and 0.463, 0.672, and 0.482 for the epoxide after oral, iv infusion, and iv bolus administration, 
respectively, indicating similar distribution into the CSF and brain after iv or oral
administration.
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Table 2.1 PK parameters for CBZ in dog plasma following single oral and iv doses

Table 2.2 PK parameters for 10,11-epoxide in plasma after single oral and iv doses of CBZ

Table 2.3 PK parameters for CBZ in dog CSF following single oral and iv doses

Table 2.4 PK parameters for 10,11-epoxide in CSF following single oral and iv doses of CBZ
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III. TOXICOLOGY
  
A.   Four-week iv infusion toxicity studies

1. 28-Day Continuous/Intermittent Intravenous Infusion Toxicity and Toxicokinetic Study with 
Intravenous Carbamazepine in Rats with a 4-Week Recovery Period (OVNC-9020, 
conducted by , report dated 3/13/09, GLP)

Methods

Vehicle (SBECD [lot # NC-04A-05023] in sterile water for injection) or CBZ (lot # 
200512050002) in SBECD (Captisol) were administered to rats (Crl:CD(SD)) iv via a femoral 
vein catheter using a programmable syringe pump for 28 days according to the following 
protocol:

Assessment of toxicity was based on mortality, clinical signs, ophthalmologic examinations, 
body weight (BW), food consumption, and clinical and anatomic pathology data. Blood was 
collected from toxicokinetic (TK) animals for plasma drug level determination. All tissues from 
animals in the control (C) and high-dose (HD) groups and from animals that died or were 
sacrificed at an unscheduled interval were processed and examined microscopically. 
Macroscopic lesions from animals in the low- and mid-dose (LD, MD) groups were examined 
microscopically.

According to the sponsor, the study was designed to give maximum exposure of the fixed
ratio of CBZ/SBECD (1:25) used in the clinical formulation. According to the study report, the 
HD was also estimated to be equivalent, based on ~50%  oral bioavailability, to an oral dose 
of 200 mg/kg, which was associated with toxicity (primarily liver) in 4- and 26-week rat studies 
conducted with the RLD as reported in the literature. 

Rat studies of SBECD (Captisol) conducted by the manufacturer (reported in the literature) at 
daily iv bolus doses of up to 3000 mg/kg for 1 month showed kidney and liver toxicity,
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including hemoglobinuria, vacuolation of transitional epithelium in the renal pelvis, 
hypertrophic macrophages in the liver and foamy macrophages in the spleen and lymph 
nodes, increased liver enzymes, mild increases in the absolute and relative liver, kidney and 
spleen weights, vacuolation of hepatocytes, foamy macrophages in the ovary, uterus and 
cardiac valves.

Results

Mortality: 

There were 5 deaths, but none were considered treatment-related (TR) by the sponsor.  Two 
animals were found dead (C male B29521 on day 26 and HD female B29645 on day 11), 1
was euthanized moribund (C male B29523 on day 21), and 2 LD animals were removed from 
study as a result of catheter damage (male B29537 on day 21 and female B29618 on day 
16). The cause of death for control male B29521 was undetermined, but acute pulmonary 
inflammation and edema were thought to be likely contributory. There were no TR clinical 
observations for this animal. HD female B29645 had no remarkable clinical observations 
except rough haircoat on days 8 and 11 and no cause of death was determined. C male 
B29523 was hypoactive, thin, and hunched with a rough coat and moribundity was attributed 
to septicemia. All other animals survived to the scheduled sacrifice.

Clinical signs and BW: 

There were no TR clinical observations. Observations of alopecia, sores and scabs, and 
rough haircoat were noted in all groups, including C, with similar incidence and frequency and 
were associated with the use of the infusion harness. The remaining notable observations 
were those associated with the early deaths or were common observations in rats. There 
were no TR ophthalmologic findings. Small (92 to 94% of control) but statistically significant
(SS) body weight (BW) decreases relative to control were noted on day 22 in MD females 
and on days 21 and 28 of the recovery period for HD females (Table 1.1). 
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Table 1.1  Mean Body Weight Data
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Clinical pathology: 

There were no apparent TR changes in clinical pathology data. 

Toxicokinetics:

TK parameters for CBZ and CBZ-10, 11-epoxide levels in the LD and MD groups are shown 
in Tables 1.2 and 1.3. Steady state levels of CBZ were 2.03 and 4.20 μg/mL and of CBZ-
10,11-epoxide were 3.05 and 3.36 ug/mL in HD males and females, respectively, and were 
reached at Day 8.

Table 1.2 Toxicokinetic Parameters for CBZ in Rat Plasma: Day 28 

Table 1.3 Toxicokinetic Parameters for CBZ-10, 11-epoxide in Rat Plasma: Day 28 

Necropsy: 

There were no organ weight, macroscopic, or microscopic changes associated with CBZ 
treatment at the end of the dosing or recovery periods. Histological changes commonly noted
in iv infusion studies at the catheterization and infusion sites (e.g., thrombus, endothelial 
hyperplasia, inflammation, mineralization, and pigment) were not quantitatively or qualitatively 
different in C and CBZ-treated animals. Histological changes present in both the C and HD 
CBZ-treated animals (vacuolation of renal tubule and transitional epithelium, and urinary 
bladder and prostate transitional epithelium; vacuolation of histiocytes present in mesenteric 
and mandibular lymph node sinuses; infiltrates of macrophages into heart valves and the 
interstitium of testes and epididymides; liver and lung infiltrates; lymphoid hyperplasia in 
spleen; Table 1.4) were considered related to the infusion of the Captisol (CAP) vehicle. At 
the end of the 4-week recovery period, vacuolation of prostate transitional epithelium and 
mandibular lymph node sinus histiocytes, and infiltrates of macrophages into heart valves 
were no longer present. However, vacuolation of the renal tubule and transitional epithelium 
and urinary bladder transitional epithelium were still present at a similar incidence and 
severity (Table 1.5).  According to the report, since these changes “were not associated with 
any correlating signs of toxicity,” they were not considered adverse.
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Table 1.4 Microscopic observations – Terminal sacrifice 
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Table 1.5 Microscopic observations – Recovery 
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Conclusions

Continuous (HD) or intermittent (LD and MD) iv infusion of CBZ/CAP to rats for 28 days did 
not result in any apparent CBZ-related toxicity and produced no evidence of venous irritation.
Administration of the CAP vehicle was associated with histopathological changes 
(vacuolization of renal tubule and transitional epithelium and urinary bladder and prostate 
transitional epithelium; vacuolation of histiocytes in lymph node sinuses; infiltrates of
macrophages into heart valves, testes, and epididymides; liver and lung infiltrates; lymphoid 
hyperplasia in spleen) that were only partially reversible after 4 week. There were no clinical 
pathology correlates for these findings.

2. 28-Day Continuous/Intermittent Intravenous Infusion Toxicity and Toxicokinetic Study with 
Intravenous Carbamazepine in Dogs with a 4-Week Recovery Period (OVNC-9021, 
conducted by , report dated 3/13/09, GLP)

Methods

Vehicle (SBECD [lot # NC-04A-05023] in sterile water for injection) or CBZ (lot 
#200512050002) in SBECD (Captisol [CAP]; 10 mg/mL CBZ:250 mg/mL CAP) were 
administered to beagle dogs intravenously via a jugular vein catheter using a programmable 
pump for 28 days according to the following protocol:

Assessments consisted of mortality, clinical signs, ophthalmologic and electrocardiographic 
examinations, BW and food consumption data, and clinical and anatomic pathology. Blood 
was collected from all dogs on days 1, 8, 15, 22, 28 and/or 29 for plasma drug level 
determination and TK evaluations. All tissues from all animals were examined 
microscopically.

According to the sponsor, the study was designed to give maximum exposure of the fixed 
CBZ/SBECD(1:25) combination used in the clinical formulation. According to the study report, 
the HD was estimated to be equivalent, based on ~30%  oral bioavailability, to an oral dose of 
300 mg/kg, which was associated with toxicity (primarily liver and kidney) in a 52-week dog 
toxicity study conducted with the RLD. 
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In a study conducted by the manufacturer (as reported in the literature), iv bolus 
administration of Captisol (CAP) to dogs at doses of 300, 750 or 1500 mg/kg for 1 month 
induced vacuolation of the urinary tract epithelium (renal tubules, renal pelvis and urinary 
bladder) and hepatocytes, and foamy macrophages in the liver and mesenteric and cervical 
lymph nodes. In addition, the high dose produced an increase in relative and absolute liver 
weights. With the exception of vacuolation of the transitional epithelium of the urinary bladder, 
all changes were dose-related in incidence and/or severity and diminished in severity after 
cessation of treatment. The clinical pathology data did not indicate any functional 
abnormalities in these organs. 

Results

Mortality:

There were no TR deaths during the study. A single HD (100/2500 mg/kg/day) male 
(H47459) was euthanized on day 29 due to weight loss, inappetance and clinical signs of 
hypoactivity, nonformed feces, labored respiration, pale gums and appearance of 
dehydration, but this dog’s condition was attributed to mechanical catheter-related injury 
based on microscopic findings of  localized inflammation. 

Clinical signs and BW:

There were no other TR clinical observations noted during the dosing and recovery phases
other than those associated with infusion procedures. No visible lesions were noted at 
ophthalomologic examination. There were no TR differences in electrocardiographic 
parameters. BW gain was decreased over the dosing period in MD and HD group dogs 
compared to C (Table 2.1). During the recovery phase, HD BW gain was comparable to or 
higher than in C.
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Table 2.1 Mean Body Weight Gain 

.
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Clinical pathology:

No TR effects on clinical pathology parameters were apparent. High neutrophil counts were 
noted in several C and treated dogs were attributed to inflammation at the catheter site.

Toxicokinetics:

TK parameters for CBZ and CBZ-10,11-epoxide levels on day 28 in the LD and MD groups
are shown in Tables 2.2 and 2.3. At the HD, steady state levels of CBZ (1.24 μg/mL in males 
and 1.14 μg/mL in females) and CBZ-10, 11-epoxide (0.61 μg/mL in males and 0.54 μg/mL in 
females) were reached at day 8. 

Table 2.2 Toxicokinetic Parameters of Carbamazepine
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Table 2.3 Toxicokinetic Parameters of Carbamazepine-10,11-epoxide

Gross and microscopic pathology:

There were no changes in body or organ weight that were considered TR by the sponsor.
Small but SS increases in relative liver (27% above C) and kidney weights (11%) in HD 
females were considered in the report to be incidental in the absence of a histomorphological
correlate, but the dose-related (DR) nature of the changes indicates otherwise. There were 
no differences after the recovery period.

No macroscopic or microscopic observations were noted that were considered CBZ-related. 
According to the pathology report, infusion of this formulation (CBZ/CAP) showed no 
evidence of venous irritation. Renal tubule vacuolization, which was present in both C and 
CBZ-treated groups with an incidence ranging from 67 to 100%, was attributed to 
administration of CAP (Table 2.4). This finding was most pronounced in the C and HD 
animals that received the highest dose of CAP.  In the LD group, with the lowest dose of 
CAP, only one male had evidence of renal tubular vacuolization. Renal tubule vacuolization
was absent in both C and HD recovery females but was still present in 1/2 C and 2/2 HD
recovery males (Table 2.5). Infiltrate of vacuolated macrophages in the mandibular lymph 
node was also noted in C and HD males and in females in all groups and was still present at 
a lower incidence after the recovery period. There was no evidence of vacuolation of the 
transitional epithelium of the urinary bladder in this study at any dose. 
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Table 2.4 Histopathology findings - terminal sacrifice
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Table 2.5 Microscopic observations – Recovery 
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Conclusions

Continuous (HD) or intermittent (LD and MD) iv infusion of CBZ/CAP to dogs for 28 days did 
not result in any apparent CBZ-related toxicity and produced no evidence of venous irritation.
Renal tubular vacuolization and infiltration of vacuolated macrophages in the mandibular 
lymph node seen in all groups was attributed to the CAP vehicle. These CAP-induced 
histopathological findings showed only partial reversal after a 4-week recovery period.
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B. Embryofetal development

1. A Continuous Infusion Embryo-fetal Development Study of Intravenous Carbamazepine in 
the Rat (OVNC-9022, conducted by , report dated 3/9/10, 
GLP)

Methods

Pregnant S-D rats were administered saline, vehicle (SBECD [lot # NC-04A-08048] in sterile 
water for injection) or the CB (lot # 200512050002) in SBECD (Captisol) (10 mg/mL CBZ:250 
mg/mL Captisol) by iv infusion (0.375 mL/kg/hr) on days GD 6 to 17 according to the 
following protocol:

Detailed examinations of dams and measurement of BW and food consumption were 
performed and blood was sampled for TK on GD 13 (2 hours following the daily syringe 
change for groups 1, 2 and 3, and 15 minutes prior to the end of infusion for groups 4 and 5).
On GD 21, a gross pathological examination was performed, the gravid uterus was weighed, 
the uterine contents were examined, and the number and position of live and dead fetuses 
and resorptions were recorded. Each fetus was weighed, given a detailed external 
examination and the sex recorded. An internal examination was performed on approximately 
one-half the fetuses in each litter using a dissecting microscope. The heads of these fetuses 
were removed and placed in Bouin’s fluid for examination by the Wilson technique. A skeletal 
examination was performed on the remaining one-half of the fetuses in each litter after they 
were eviscerated and stained with alizarin red S.

According to the report, doses were based on existing rat oral embryofetal development 
studies of CBZ (Vorhees et al, 1990), TK data comparing the oral and iv routes, the rat iv 
infusion toxicity study, and the rate limits for iv infusion. In a published rat embryofetal 
development study, an oral dose of 200 mg/kg was reported to reduce fetal BWs and 
malformations were seen at doses of 400 and 600 mg/kg. Based on an estimated oral 
bioavailability of 80% in pregnant rats (no reference provided) and a maximal dose volume of 
36 mL/kg/day for a non-physiological vehicle, the sponsor estimated that a dose of 360 mg 
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carbamazepine/kg/day (15 mg/kg/hour) was roughly equivalent to an oral dose of 450 
mg/kg/day.

Results:

Maternal toxicity:

Excessive toxicity was noted following less than 5 hours of administration for 5 animals at 
360 mg/kg (original HD group 5) and after 1 day of administration for 5 animals at 180 mg/kg 
(original MD group 4). Clinical signs at these doses included decreased activity, labored 
breathing, increased respiratory rate, coldness to the touch, lying on side, and decreased 
muscle tone. At 360 mg/kg the animals were further described as unconscious. These 
animals were euthanized due to their poor condition and replaced to obtain the full group size 
at adjusted doses of 45 and 22.5 mg/kg/day for Groups 4 and 5, respectively. There were no 
TR clinical signs at 22.5, 45 or 90 mg/kg/day.

Overall body weight gain during the treatment period (GD 6-18) was slightly decreased (SS) 
at 45 and 90 mg/kg/day (10 and 9% less than CAP controls, respectively; Table 1). There 
was no drug-treatment effect on BW, corrected BW (BW on GD 21 minus the gravid uterus 
weight), or corrected BW gain (BW gain GD 6-21 minus gravid uterus weight; Table 2). BW
and BW gain, uncorrected and corrected, were comparable between saline and CAP 
controls.

Table 1 Group Mean Body Weight Gains (g) of Pregnant Females
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Table 2 Group Mean Corrected Body Weights and Body Weight Gains (g)

Toxicokinetics:

Concentrations of CBZ and CBZ-10,11-epoxide on GD 13 are shown in Tables 3 and 4.

Table 3 Concentrations (µg/mL) of CBZ on GD 13

Table 4 Concentrations (µg/mL) of CBZ-10,11-epoxide on GD 13
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Uterine findings:

CBZ administration at the doses tested had no apparent effects on uterine parameters (live 
fetuses or resorptions; placenta and gravid uterus weights) although there was the 
suggestion of an effect on resorption/postimplantaton loss at the MD and HD (groups 4 and 
3; Table 5). Uterine parameters were comparable between the saline and CAP control 
groups . An apparent increase in preimplantation loss in CAP or CAP/CBZ groups is not 
considered to be TR in a study in which dosing began at implantation.

Table 5 Group Mean Uterine Findings
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Table 6 Group litter mean fetal weights (g)

Fetal findings:

There were no clear CBZ- or CAP-related effects on fetal weights (there was again the 
suggestion of an effect at the MD and HD, but no clear dose-relationship) or malformation 
incidences (Tables 6-7). Malformations consisted of conjoined twins (Dam No. 1515/fetus 10) 
in 1 saline control litter; omphalocele (Dam No. 2507/fetus 6) and anophthalmia, ectrodactyly, 
abnormal flexure of the hindlimbs, absent fibula, and severe dilatation of the lateral ventricles 
of the brain (Dam No. 2512/fetus 15) in the CAP control group; and situs inversus (Dam No. 
5509/fetus 1) and anasarca, gastroschisis, and opened eye (Dam No. 5519/fetus 1) in the LD 
group.  

The incidence of wavy ribs was slightly higher in the LD and MD groups compared to CAP 
controls; however, this was not considered a TR finding, since wavy ribs were not increased 
at the HD. The incidence of thoracic centrum ossification variants (unossified, incomplete, 
semi-bipartite, bipartite) was increased (SS) in the HD group (Table 8).
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Table 7 Group Incidence of Fetal External, Visceral and Skeletal Findings - Major 
Malformations and Minor Anomalies
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Table 8 Variations of fetal skeletal ossification 

Conclusions

Administration of CBZ/CAP(1:25) by iv infusion (0.375 mL/kg/hr) to pregnant rats during 
organogenesis at doses of 22.5/562.5, 45/1125, or 90/2250 mg/kg/day produced minimal 
evidence of developmental toxicity at the HD. There was no evidence of developmental 
toxicity when CAP was administered alone by iv infusion at a dose of 2250 mg/kg/day.

C. Local tolerance

1. An Intravenous, Perivenous and Intra-arterial Study in Rabbits with Intravenous 
Carbamazepine (IV Carb) (OVNC-9001, conducted by , 
report dated 5/12/06, GLP)

Methods

Single intravenous, perivenous or intra-arterial injections of a CBZ/CAP formulation (IV Carb; 
10/250 mg/mL) or CAP vehicle (250 mg/mL) were administered to New Zealand White 
rabbits as outlined below:

Reference ID: 3631828

(b) (4)



39

Rabbits (6/sex/group) were dosed by either iv injection to the marginal ear vein, perivenous 
injection just adjacent to the marginal ear vein, or intra-arterial injection to the central ear 
artery. CBZ (IV Carb) was administered once, at a rate of approximately 0.5 mL/minute and a 
dose of 6.125 mg/kg, in the left ear. The right ear of each animal was used as the control ear 
with injection of the CAP once, at the same injection site, volume and mL/minute rate as the 
test ear. The animals were dosed on study day 1. Animal groups had scheduled intervals for 
euthanasia at 1-hour, 24 hours and 72 hours post-dose. Animals were observed daily for 
overt signs of toxicity and local irritation. Individual body weights were recorded on Day 1. All 
animals were subjected to a complete gross necropsy examination at the time of scheduled 
euthanasia. At necropsy, ears and gross lesions were collected from all animals, processed 
routinely to microslides and evaluated microscopically.

According to the report, the dose was selected to assess the local effects of the maximum 
single exposure of iv CBZ in humans. The calculation was determined based on the oral CBZ
product labeling stating that the maximum indicated dose in children under age 6 years old is 
35 mg/kg/day. Data obtained from a published clinical study indicated that the bioavailability 
of oral CBZ is 70% (Cloyd, 2005). Thus, it was estimated that the maximum dose of this iv 
formulation would be 24.5 mg/kg/day. Since this dose is to be administered Q6h, a single 
dose would be 6.125 mg/kg, according to the sponsor’s calculations.

Results

Mortality and clinical observations:

There was no mortality or morbidity and no apparent toxicologically significant clinical signs. 
There were several transient clinical findings noted at or near the site of injection which were 
described as: raised area, apparent bruising, and apparent warming at the site of injection. 
However, these findings were not associated with any TR histopathology and so were 
considered “normal secondary responses to the mechanical trauma associated with the 
injection procedure.”

Dermal observations:

There were no apparent TR changes in dermal findings. Mild dermal responses generally 
consisting of grade 1-2 erythema/edema were noted at the site of injection in the group 2 
(perivenous) and group 3 (intra-arterial) animals. However, these findings were not 
associated with any abnormal histopathology and were therefore considered normal 
secondary responses to the injection procedure. No dermal changes were observed in the 
group 1 (intravenous) animals.
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Anatomic pathology:

There were no TR gross necropsy changes. Purple discoloration was noted at or near the 
site of injection, but there was no histopathological correlate, and this change was also 
considered secondary to the mechanical trauma associated with the injection procedure (i.e., 
bruising). 

Microscopic findings at the iv Carb injection sites were comparable to those at the CAP
injection sites (Table 1). Findings of perivascular hemorrhage, edema, neutrophil or 
mononuclear cell infiltration, collagen degeneration, fibrosis; thrombus; vascular disruption or 
tear, neutrophil infiltration or edema in the tunica media of the central artery, and changes in 
the overlying skin were considered to have been caused by the injection procedures. There 
were no findings considered drug-related.

Conclusions:

Single bolus intravenous, perivenous or intra-arterial injection of CBZ/CAP formulation at a 
dose of in the rabbit ear did not produce toxicologically significant histopathological changes 
at the injection site or evidence of systemic toxicity. Mild changes observed at the injection 
sites were considered to be due to mechanical trauma associated with the injection 
procedure and not evidence of drug- or formulation-related toxicity.
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Table 1 Microscopic findings
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Table 1 Microscopic findings (cont.)
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Table 1 Microscopic findings (cont.)
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IV. SUMMARY AND EVALUATION

Based on Division recommendations, the sponsor conducted rat and dog PK studies, 1-month iv 
toxicity studies in rat and dog, an iv rat embryofetal development study, and a local toxicity study 
in the rabbit (all using the clinical formulation) to support the safety of a new formulation and route 
for CBZ to be used on a short-term basis in epilepsy. Based on the results of the single dose PK 
studies, the change of route from oral to iv did not appreciably affect the distribution of CBZ or 
CBZ-10, 11-epoxide into the brain. The 1-month toxicity and embryofetal development studies did 
not indicate any unique or unexpected effects of the iv CBZ formulation at the doses and infusion 
rates tested, and there was no evidence of drug- or excipient-related local toxicity after 
intravenous, perivenous, or intra-arterial injections of the clinical formulation. 

The study design for the 1-month studies did not include saline controls, which made assessment 
of the effects of the CAP vehicle difficult. However, the toxicity of iv bolus CAP has been 
characterized in the rat and dog studies conducted by the manufacturer (as reported in the 
literature), and the histopathology findings seen in the current iv infusion studies in both the rat 
and dog are consistent with those previously reported (reviewed by Stella and He, Toxicologic 
Pathology, 36:30-42, 2008 and Luke et al., J Pharm Sci, 99:3291-301, 2010). These consist 
primarily of renal tubule, urinary bladder (rat), and hepatocyte vacuolization and macrophage 
infiltration of various organs (including heart valves in rat), which show evidence of reversibility, 
albeit very gradual in some cases. No evidence of inflammatory responses, cell death, or cell 
degeneration was observed. Importantly, there was no evidence of renal or hepatic functional 
toxicity in these studies. In the studies conducted for this application with the CBZ/CAP clinical 
formulation, there was no indication that CBZ contributed any additional toxicity or exacerbated 
the known effects of CAP. 

The highest CBZ doses tested in the 1-month toxicity studies (100 mg/kg/day at a continuous 
infusion rate of 0.42 mL/kg/h in rat and dog) were below the MTD, and there appeared to be no 
solid justification for their selection. The HDs were also not MFDs, since the recommended 
maximum rates for 24 hr iv infusions are 2.5 mL/kg/hr in rats and 1 mL/kg/hr in dogs (Diehl et al, J 
Appl Toxicol 21:15-21, 2001). According to the sponsor, the maximal dose volume for a non-
physiological vehicle is 36 mL/kg/day in rats (1.5 mL/kg/hr), but the volume administered in the 1-
month rat study was well below that (10 mL/kg/day). In both study reports, dose selection was 
said to have been based on estimates of the iv dose that would be comparable to oral doses 
previously associated with toxicity in published studies or publically available information for the 
RLD (Tegretol) using published bioavailability figures (doses “selected on the basis of tolerability 
of oral carbamazepine and published bioavailability data”). This is a very crude comparison, given 
the difference in plasma level profiles expected between the two routes, and the resulting HDs 
produced no significant toxicity in either species.

The results of the rat embryofetal development study indicate that the HD in the 4-week toxicity 
study was not far below the MTD, since a dose of 180 mg/kg produced what was considered 
excessive toxicity. However, the adjusted HD of 90 mg/kg in the embryofetal study failed to 
produce either maternal or developmental toxicity. The steady state concentrations of CBZ 
measured in the current study were well below concentrations associated with developmental 
toxicity in published studies. In a developmental toxicity study conducted by Vorhees et al.
(Teratology 41: 311-317, 1990), maternal serum total CBZ concentrations (approx. Cmax) were 
22.9, 27.9, and 34.4 ug/mL for developmentally toxic oral doses of 200, 400, and 600 mg/kg, 
respectively. Thus, the expected difference in exposure profiles between oral gavage and 
continuous iv infusion administration could explain the inconsistencies in response among 
studies. Administration of CAP alone or in the fixed combination iv formulation did not produce 
evidence of developmental toxicity, in agreement with studies conducted by the manufacturer in 
which iv bolus doses of up to 3000 mg/kg administered to pregnant rats and rabbits during 
organogenesis produced no evidence of developmental toxicity.
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Based on total CBZ exposures (CBZ + CBZ-10,11-epoxide), AUCs at the NOAELs in the 4-week 
toxicity studies were 19 to 86% of the total carbamazepine exposures achieved in humans at the 
mean therapeutic iv dose in the sponsor’s clinical safety study (OV-1015), which were 
comparable to exposures after oral administration (Table 1). The use of combined exposure is 
questionable given species differences in the epoxide/CBZ ratio and uncertainty about the 
relative importance of parent and metabolite in the effects of the drug. The steady state 
concentrations of CBZ at the HD in rats and dogs in the 4-week studies were at the lower end of 
the range (female rats) or below the generally accepted therapeutic range of CBZ in plasma of 4-
12 ug/mL. Simulated animal CAP exposures were 1.5-3X simulated human exposure at the mean 
daily iv dose (Table 2). Although simulated PK data generally do not provide the level of 
confidence needed for regulatory decision making, it was noted that simulated human exposures 
were similar to but somewhat underestimated those actually measured in humans.

According to the sponsor, the doses used in the toxicity studies “were considered appropriate to 
assess toxicity of the carbamazepine/SBECD formulation as they are comparable to the relevant 
dose rates for human iv administration (280 mg/day to 1400 mg/day corresponds to 0.2 to 1 
mL/kg/h (for each 30 min administration, assuming a 70 kg person)).” The maximum 
recommended oral dose of CBZ is 1200 mg/day for adults and 35 mg/kg/day for children, given 
BID or QID (Tegretol label). According to the sponsor’s dosing table (Table 3), an oral dose of 
1200 mg/day would be equivalent to an iv dose of 840 mg/day or 14 mg/kg/day (by assuming 
70% bioavailability). This would result in a CAP dose of 21 g/day or 350 mg/kg/day. The infusion 
rate for this dose given according to the sponsor’s proposed dosing recommendations (i.e., Q6 
hr, infused over 30 min) would be 0.7 mL/kg/h. Although a lower rate was used in the animal 
studies (0.42 mL/kg/hr), the duration of administration was much greater in the animal studies (up 
to 24 hr vs 30 min infusion). On a mg/m

2
basis, the HD in the rat and dog studies is approximately 

equal to and 2X, respectively, the maximum recommended human dose of 840 mg/day for the iv 
CBZ formulation. 

Although systemic exposure to CBZ in the current animal studies was below that expected in 
humans, there is abundant clinical experience with this drug. There is also clinical experience 
with CAP used in several approved iv products (Vfend, Geodon, Abilify, Nexterone), although not 
at the levels that would be given in the proposed iv formulation. Vfend IV contains 16% CAP (1 
mg voriconazole to 16 mg CAP). The recommended clinical dose is 6 mg/kg Q12 hr for the first 
24 hr (192 mg CAP/kg/day), followed by 4 mg/kg Q12 hr (128 mg CAP/kg/day) thereafter for up to 
14 days or more if needed. In a PK/safety study of iv voriconazole in healthy volunteers, in which 
the CAP dose was 96 mg/kg BID on the first day followed by 48 mg/kg BID for 2 to 9 days, no TR 
changes in routine clinical laboratory tests or renal function parameters were reported (Purkins et 
al., 2003). In another study of iv voriconazole in healthy men, CAP was administered at 96 mg/kg 
BID in the loading dose followed by 80 mg/kg BID for 7 days with no serious adverse events 
reported, although LFTs were elevated in some subjects (Purkins et al, 2002). Case reports have
indicated that pediatric patients have been exposed to CAP in iv voriconazole infusions at doses 
of up to 144 mg/kg every 12 hours or 96 mg/kg every 8 hours for more than a week without 
evidence of excipient-related toxicity (Muldrew et al., 2005). When CAP was administered alone 
to healthy volunteers, iv doses of up to 200 mg/kg were reportedly well tolerated (Luke et al., 
2010).

Given the available clinical and nonclinical information on the individual components of the iv 
formulation, the nonclinical data provided in the current application, while marginal in terms of 
doses evaluated, are considered adequate for assessing the safety of iv administration of the 
CBZ/CAP fixed combination as a short-term replacement for oral CBZ in adults. 

V. RECOMMENDATIONS

The application is approvable from a pharmacology/toxicology standpoint. 
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Table 1 Exposure ratios for total carbamazepine after oral and iv administration

Table 2 Measured and simulated exposure ratios for SBECD after iv administration
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Table 3    Sponsor’s dosing recommendations for CBZ injection (Table 4 in Clinical Overview)
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