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Background 

The product under review is an intravenous formulation of carbamazepine intended as replacement 
therapy in adults (1 8 years and older) who are on a stable maintenance oral dose of carbamazepine 
when oral administration is not feasible. The reference listed drugs (RTD) for this 505(b)(2) NDA are 
Tegretol® IR, 200 mg tablet (NDA 16-608) and Tegretol® XR, 400 mg tablet (NDA 20-234) marketed 
by Novartis. The first approval of Tegretol was March 11, 1968. 

Initial clinical review of NDA 206030 supported approval of this intravenous carbamazepine product 
for replacement therapy of seven days or less when oral carbamazepine administration is 
temporarily not feasible. The OCP recommendation is for administration via 30 minute infusion only. 

Action was taken on the PDUFA Goal Date, 10/23/14. A complete response letter was issued due to 
deficiencies associated with product Chemistry, Manufacturing and Controls. These deficiencies 
included data for critical extractables from the storage of the drug product admixtures in diluent 
bags and safety evaluation of the exposure levels to the extractable components. In addition the 
sponsor proposed an unacceptable limit of no more than  mOsm/kg for osmolality of the drug 
product at release and shelf-life.  

Resubmission is received on 4/8/2016 with no new clinical data. There were changes in labeling that 
are addressed in the section on labeling below.  

Formulation 
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Carbamazepine injection is a sterile, IV solution containing 10 mg/mL carbamazepine and 250 
mg/mL betadex sulfobutyl ether sodium in water for injection. Betadex sulfobutyl ether sodium, 
National Formulary, is the United States Pharmacopeia (USP) name corresponding to the registered 
trademark of Captisol®. During the clinical program, it has also been described as sulfobutylether 
beta-cyclodextrin sodium salt (SBECD). 

Clinical Overview 

The clinical recommendation for approval of intravenous carbamazepine was based on two open 
label clinical trials. The first 13103A was the sponsor’s initial PK, safety and tolerability trial that 
enrolled 98 patients. Study 13103A was a 7 day evaluation of the intravenous formulation of 
carbamazepine administered on a schedule of every 6 hours at 70% of the patient established oral 
dose delivered as 15 or 30 minute infusions. The Division requested additional safety data on this 
intravenous formulation. Subsequently an additional open label safety and tolerability trial, 13181A, 
was performed which entered an additional 105 patients with 70% of the patient established oral 
dose delivered as 15 minute infusions and a subset received their dose in a 2 to 5 minute infusion. 

Resubmission 

Content 

No new clinical data is included in the complete response. The sponsor indicates they have 
completed additional studies to address the deficiencies identified in the Completed Response 
letter.  

Labeling 
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similar to CBZ, that are available as an intravenous formulation include levetiracetam, 
phenytoin, lacosamide and valproic acid. 

2. Background
As Dr. Dinsmore, the medical reviewer, notes a principal issue discussed at the pre-IND 
meeting for this product was the importance of gathering sufficient safety data.  This is 
important as exposures to SBECD, which has potential renal toxicity, will be greater in the 
present CBZ formulation than that of already marketed drugs using this same solubilizer
because of increased exposure to this solubilizer.  Moreover, intravenous anticonvulsants (i.e. 
phenytoin) will sometimes have additional cardiovascular risks that are not observed in the 
oral formulation. The end of phase-2 study discussed issues of the need to demonstrate
bioequivalence, the need to quantify the active epoxide metabolite, the issue of safety of 
SBECD and the need for a total database of 200 patients. This reviewer was not actively 
involved in this latter meeting.  However at the pre-NDA meeting I raised a number of points
where I noted that the designed does not thoroughly allow for the consideration of the 
differences in the shape of the curve between oral and intravenous regimens. To correct for 
that the Division recommended the Sponsor use the approach that is described for the approval 
Trokendi, which compared XR and IR formulations. The Sponsor responded to these 
pharmacokinetic issues.  While briefly discussed in the Clinical Pharmacology section below, 
the reader is also referred the OCP review.  

3. CMC/Device

An issue was raised regarding the high Osmolality of the present formulation by CMC.  The 
Sponsor was asked to provide the following information to support the safety of the 
administration of this product:

“… please provide us with a with a list of other marketed agents whose osmolality exposure is 
equivalent to or greater than the greatest osmolality exposure for your product when administered 
according to the Agency’s revision of your label, taking into consideration not only the osmolality of the 
product, but the volume, and time over which each dose will be infused as well as the regimen (every 6 
hours) and the expected duration of treatment (up to 7 days). The highest osmolality will occur at the 
highest dose, which will require 28 ml of your product diluted in 100 ml of 0.9% sodium chloride, or 
lactated ringers, or 5% dextrose, administered over 30 minutes.”

The Sponsor provided information on similar agents, including levetiracetam, nafcillin and 
oxacillin, and while the infusion parameter do not perfectly match, they are similar.  This helps 
to support the safety of the osmolality of this product.

The Sponsor has not provided adequate information on the potential of this formulation to 
result in potential leachable contaminates.   This information is particularly important 
considering the fact that SBECD has the potential to solubilize hydrophilic compounds that 
may be contained in intravenous bags and tubing. The Sponsor is aware of this as a result of 
telecom. This has led to a CR response. 
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4. Nonclinical Pharmacology/Toxicology

The intravenous safety profile for CBZ is supported by the fact that this anticonvulsant has 
been approved at doses which produce plasma CBZ exposures similar to this product. 
Because of this, only limited non-clinical studies were submitted to support safety.  These 
included acute dose PK studies (rat, dog), 28-day IV infusion studies (rat, dog), an 
embryofetal development study (rat), and a local tolerance study (rabbit). 

Dr. Fisher, the non-clinical reviewer, conclude that has concluded that, while “marginal,” 
the data “…are considered adequate” to support approval of the NDA, “from a 
pharmacology/toxicology standpoint.”

Of importance, while SBECD is contained in other products, exposure in this product will 
be somewhat higher.  Published nonclinical studies revealed SBECD associated 
vacuolization in animal kidneys.  Dr. Fisher notes that these published findings were 
without any manifestation of cell injury, degeneration by light or electron microscopy, or 
alterations of renal functions. The vacuolization observed in the animals treated with 
SBECD was reversible following withdrawal of treatment. Lundbeck reproduced these 
findings in rats and rabbits. Dr. Freed, the Supervisory Pharmacologist, however, feels that 
there is evidence for some degeneration with vacuolization. For these reasons, clinical 
studies and evaluations concentrated on the examination of renal function. 

Dr. Freed noted that, the total daily dose of SBECD in rat was a little lower than humans, 
but that in dogs was 3 times the human dose. Dr. Freed also notes that the embryo fetal 
development 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.” Dr. Freed concludes that, although the toxicity studies were not 
adequate, she has no objection to approval, particularly since the CBZ in Carbella and in 
oral the marketed oral formulations have similar bioavailability in patients.

5. Clinical Pharmacology/Biopharmaceutics 

Efficacy was based upon studies and analyses that demonstrated similar bioavailability.  To 
accomplished this Sponsor conducted a population PK analysis of NINDS PK data and utilized 
a model to estimate absolute bioavailability of oral CBZ for dose selection in a study OV-1015
(see study description in the Safety section). The Sponsor also conducted PK simulations to 
determine if adjusting dose and dose regimen parameters may produce CBZ concentration 
profiles that may be more comparable to oral CBZ profiles. Partial AUC values as well 
concentrations at individual time points were compared with those of RLD. No efficacy trial 
was conducted for Carbella.  OCP evaluated these analyses and believes this product can be 
approved.  It is noteworthy that these studies examined the conversion of an oral dose 
administered  twice daily, three time daily and four times daily converted to intravenous
dosing administered every 6 hours.  Modeling indicated similar bioavailability when 70% of 
the total oral daily dose is replaced by the intravenous dose. OCP argues, that while the 
analysis indicated some variability between the two formulations, the variability was not 
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solubilizing agent and is only referenced from the literature2. It will be described as the Cloyd 
study.  It involved a single administration of 100 mg of CBZ over 10 minutes.  Vital signs and 
EKG were the principal safety outcomes evaluated. 

A total of 203 unique patients were studied in the two principal studies, with 43 patients 
receiving a 30-minute infusion, 160 patients receiving 15-minute infusion. Of these patients 29 
was categorized as having some degree of renal impairment3.  Of these 113 received one dose 
of a  2-minute to 5-minute infusions in addition to their other repeated slower infusions as an 
additional exploration of the range of safety.  Based on the daily oral dose of carbamazepine 
prior to the study, there were 174 patients treated in the <1600 mg range and 29 patients in the 
≥1600 mg range. Among the 174 patients who received <1600 mg. It is noteworthy that 124 
patients received a daily dosage of 1200 mg or greater  and 107 patients with daily dosages of 
1200 mg or greater received infusions over 15 and 2-5 minutes, respectively.   Dr. Dinsmore
notes that these data “... provide a robust experience in high dose, high infusion rate as well as 
adequate overall duration of exposure to the IV formulation.”  I agree. 

SBECD is an important constituent of the present formulation and consideration of its
exposure is important, particularly when one considers that renal changes previously 
discussed. Dr. Dinsmore notes that each 1 mg of CBZ in Carbella results in 25 mg of SBECD
exposure.  Dr. Dinsmore carefully calculated daily and total exposure of SBECD with various 
infusion paradigms.  Thus, for example, in patients receiving 15 minute infusion, 10 patients
received total exposures of greater than184 grams of SBECD, 28 patients received exposures 
of greater than 100 grams as a result of multiple injections throughout the study.  The 
remaining patients received lower total doses.  The exposures for patients receiving a 30 
minute infusion were similar. 

Deaths

Dr. Dinsmore notes that one death was observed in a 76 year old patent who experienced what 
appeared as a hypertensive hemorrhage to the right basal ganglia after the 7th infusion.  While 
this patient did not have a known history of hypertension, all baseline blood pressure 
evaluations revealed pressures to be in the hypertensive range with 2 systolic blood pressures 
exceeding 180 mmHg.  Mean baseline blood pressure prior to infusion was 166, while the 
mean post treatment blood pressure was 157 mmHg. Treatment did not appear to significantly 
elevate his baseline blood pressure.  Dr. Dinsmore concludes that this represents a typical 
hypertensive hemorrhage and is not treatment associated.  The patient appears to have 
untreated and undiagnosed hypertension. I should not that it is hard to draw conclusions from 
a single reported case, and agree that in the light of baseline hypertension treatment  causality 
is difficult to conclude. I would suggest that this may be a post marketing vigilance issue. 

                                                
2  Safety of an IV formulation of carbamazepine; Jeannine M. Conway,∗, James R. White, Angela K. 
Birnbaum,R. Eugene Ramsayd, Page B. Pennell, John O. Rarick, Luna Musiba,1, Ilo E. Leppik, James C. Cloyd;
Epilepsy Research (2009) 84, 242—244
3 It is important to include such patients considering the potential renal effects observed with Captisol. 
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Non-Fatal Serious Adverse Events

A total of 8 patients reported serious adverse events, with 3 being reported around the period 
of time infusion (infusion and inter- infusion period) infusion and 5 following the last infusion. 

The following table, transcribed from Dr. Dinsmore’s review, presents events around the 
infusion/interfusion period. Dr. Dinsmore notes that the cellulitis appears to be more an issue
of intravenous line management.  Non-neurologic status (i.e. psychogenic seizures), would 
unlikely be a result of the infusion and is not uncommon in patents diagnosed with epilepsy. 
The signal case of death was discussed above. 

Table 1   Table of SAEs which occurred during the IV CBZ infusion interval
Subject 

ID
Period of event

Infusion 
Rate

# of SAE 
Terms

Event

S0602 During-IV 1 cellulitis, related to IV

S4100 During-IV 1
non-neurologic convulsion-

status

S4124 During-IV 1 Death-cerebral hemorrhage

.
The following table, transcribed form Dr. Dinsmore’s review, presents events after the last 
infusion period. Those occurring at intervals greater than 10 days and are therefore unlikely to 
result from iv infusion considering the latency.  Specifically, it is difficult to attribute causality 
for to status epilepticus and post-ictal psychosis as these are not uncommon in this population.  
The hemiparesis was unusual. It was associated with a flaccid like paralysis, and without an 
imaging correlate; it spontaneously resolved.  No definitive diagnosis could be made and its 
association to treatment remains unlikely. Cervical injury is unlikely to be caused by prior 
infusion. 

Table 2   Table of Post Infusion SAEs with Time of event

Subject 
ID

Period 
of 

event

# of 
Terms

Event Timeline

S0614 Post-IV 1 Thrombosis at PICC line 3 days post infusion

S4180 Post-IV 10
fall 27 days post treatment, 
Cervical cord injury

27 days post infusion

S4182 Post-IV 1
Post ictal psychosis 12 days after 
treatment

12 days post infusion (proteinuria 
during infusion)

S4216 Post-IV 1 Status epilepticus 12 days post infusion

S4230 Post-IV 1 hemiparesis 2 days post infusion

In summary Dr. Dinsmore did not believe that any of these cases could be attributed to 
Carbella.  I agree. 
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Adverse Events Leading to Discontinuations

Dr. Dinsmore noted some contradictory and/or confusing information between the ISS and 
SCS regarding what patients withdrew because of adverse events.  But upon a closer 
evaluation he has determined that 5 patients withdrew because of such events.  These are noted 
in the table below.

Table 3  Preferred Term associated with AE leading to discontinuation, days of IV treatment, 
daily dose, & infusion rate.

SUBJID
Days IV

Treatment

Daily IV 
CBZ Dose 

(70% of 
oral)

15 min 
infusion

30 min
infusion

AE, preferred term Leading to 
discontinuation

S0602 4 560 N Y

Bactaraemia (verbatim- cellulitis right 
arm)- This is the same as the patient 
noted above, described as a serious 
event. 

S0701† 3.2 304 Y N

Infusion site reaction (mild in 
severity) - withdrew of consent was 
the reason for discontinuation and 
little description is provided. 

S4058 2.5 840 Y N
Infusion site extravasation (diarrhea
also noted during infusion)

S4100 2 840 Y N
Convulsion (verbatim- worsening 
seizure activity)

S4124 2.5 840 Y N
Cerebral hemorrhage- same patients
as noted above which resulted in 
death. 

One important observation is that the majority of withdrawals involve 15 minute infusions.
The hemorrhage and cellulitis were previously discussed.    Dr. Dinsmore notes that 2 of the 4
cases with a 15 minute infusion rate and an AE leading to discontinuation had an infusion site 
event, but he also notes that the number of discontinuations is too small for the assessment of 
causal associations.  I would add that injection site reactions are not that uncommon in the 
present settings, so causality to the formulation is difficult to conclude. Indeed more rapid 
infusions, might lead to more infusion site reactions, based only on increased volume. Infusion 
related reaction and pain will be included in the label.

Events of Clinical Interest

Seizures

Because there is some concern that intravenous administration may not result in adequate 
anticonvulsant exposures the Sponsor examined seizure related events. Dr. Dinsmore notes 
that of 203 studied patients 9 seizure events were classified as AEs.  One event was described 
as “postictal psychosis,” which should not count toward seizures. Six event of seizure, one of 
which is described as status epilepticus, occurred 11 or more days after the completion of 
seizures.  The fact that the expected half-life for CBZ in these patients would be about 12 to 17 
hours makes it unlikely that these represented alteration in exposure from intravenous 
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administration. The remaining 2 AEs represent seizure events occurring on the same day of
intravenous administration.  Dr. Dinsmore performed an analysis of seizure rate changes at 
baseline and during infusion.  This revealed little or no seizure rate changes.  A limited
comparison of type 1C seizures in study 13181A demonstrated an increase in seizure rate
during infusion, but this constituted a very small sample of patients (n=17).  The value of any 
comparison may be considered suspect because of the natural variability in frequency, short 
term observations, and the lack of a parallel controlled comparisons.  Moreover, post-hoc 
subset comparisons are risky.  

Cardiac

As per Dr. Dinsmore, there were 3 patients with 4 cardiac events during intravenous CBZ 
treatment. None were categorized as an SAE nor led to study discontinuation. One patent
reported palpitations, but there is no further information.  One patient had PVCs and “cardiac 
pauses,” and was asymptomatic.  This patient had a medical history coronary artery disease.  
The last patient had atrial tachycardia, and was also asymptomatic, but was noted to have 
numerous baseline atrial arrhythmias.   These data do not suggest a signal for cardiac toxicity. 
Additional data on EKG and blood pressure are discussed are noted below.  But, observations 
in these spheres were not significant to require for labeling.  It does not appear apparent that 
cardiac monitoring is necessary. Cardiac adverse events might be a postmarketing vigilance 
request. 

Safety issues Related to SBECD (Renal)

As noted before this product contains the solubilizing agent SBECD, which has been 
associated with renal tubular vacuolization and degeneration in non-clinical studies that may 
be associated with some degeneration (see the Non-Clinical Pharmacology/Toxioclogy 
section).  SBECD is used as a solubilizing agent in 5 other product (Vfend, Nexterone, 
Kryprolis, Geodon, and Abilify). Dr. Dinsmore notes that it can be deduced that the SBECD 
Cmax levels in the animals were lower than in clinical Study OV-1015 but that the AUC0-24 
was well above that in humans. Note that in animal studies where partially reversable 
degeneration was observed the treatment constituted continuous infusion for a period of one 
month.   Dr. Dinsmore also that the while other products contains this solubilizing agent 
provide multiple dose exposures to SBECD, the present product exposure to SBECD can be 
greater than that seen with these other agents.  He notes that the daily dose of 2 gram exposure
of CBZ 4 would result in grams SBECD exposure. Dr. Dinsmore states that patients 
appeared to tolerate Carbella infusion well, even when the total, multiple dose,  exposure in 
over 62 patients exceeded  grams.   Dr. Dinsmore notes that only one patient, with 
underlying mild renal insufficiency (US013-S4218, 15-minute infusion group) experienced 
mild creatinine renal clearance decrease, and one patient (US003-S4009 , 15-minute infusion 
group) experienced mild urine protein/creatinine ratio. Both of these observations mostly 
reversed on discontinuation following a short period of observation. The former started out 

                                                
4 Albeit the label notes recommended doses of 800-1200 mg. 
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with mild renal dysfunction. Of note, a study using Vfend suggested that the patients with 
moderate renal failure have 3 to 4 fold greater SBECD concentrations that those with normal 
renal function.  Dr. Dinsmore presents data that indicates, while not universally the case, most 
patients in the present studies exhibited an increase in NAG.  This is potentially a sign of early 
renal tubular injury.   These changes, however, where transient. For these reasons, Dr. 
Dinsmore recommends that renal function should be monitored in all patients while Carbella is 
being administered. Additional changes in other markers of renal function were not dramatic.  
The reader is referred to the section below on laboratory changes. 

This begs the question to how to label in various degrees of renal failure.  Some prior products 
make no statement.  Vfend, notes that it should be avoided in patients with moderate or severe 
renal failure.  The Geoden label recommends it should be used with caution in patients with 
impaired renal function.  Only patients with mild and moderate renal function impairment was 
studied here, and while a limited sample, it seems reasonable to recommend that this drug be 
contraindicated in patients with severe renal failure (see below).  In mild and moderate, renal 
failure I would recommend that the drug avoided. Renal function should be monitored in all 
patients.  To alert prescribers, particularly in regard to this potential adverse event, there 
should also be a notation that the safety beyond 7 days has not been studied.  Dr. Dinsmore 
suggest that a study might be performed as a PMR to examine the safety of this drug beyond 7 
days.  I would suggest that this may not be necessary if we recommend monitoring of renal 
function and suggest infusion should be limited to seven days.  I do not think there will be 
many patients in the prescribing population who require infusion beyond seven days, but this 
decision can be deferred, as this will be a CR action, and the Sponsor can be requested to 
provide further information as to whether there might be a significant population who would 
require long term exposure.  

Infusion Site reactions

Nine to 13% of patients experienced infusion site reactions.  Two were serious: i.e. cellulitis 
and thrombosis of PICC line.  It was uncertain whether the latter occurred directly as a result 
of the agent, considering it occurred 3 days after the discontinuation of infusions. The 
verbatim terms reveal that five patients with 6 occurrences experienced pain or burning at the 
infusion site.  Other cases describe infusion site discomfort, burning, redness, “reaction,” or 
pain, infiltration, extravasation, and cellulitis.  Cellulitis was noted in in 6 patients.  One event 
was noted above as a serious event.  The remainder where not serious nor did they lead to 
discontinuation, and little information is available.   Dr. Dinsmore notes that infusion site
reactions were more prominent in the 15 minute than 30 minute groups. Thus,  “infusion site 
pain”, “infusion related reaction”, “infusion site erythema” had no occurrence in the 30 minute 
infusion group but appeared in more rapid infusion groups.  It is noteworthy that the drug will 
be labeled  for 30 minutes.  There, however, appeared to be no dose related differences in 
infusion site reaction frequency.   The adverse event section will describe the fact that infusion 
site reactions were observed.

Common Adverse Events
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Dr. Dinsmore notes some degree of dose dependency in adverse events reporting in general.  
Thus, in patients receiving <1600mg dose 73% of patients experienced an adverse event at 
any time during the study and 56% experienced an adverse event during the intravenous 
treatment interval; this can be compared to subjects in the ≥1600mg dose group where 97% 
experienced an adverse event at any time during the study and 63% of patients had an adverse 
event during the intravenous treatment portion of the study.  While there are no formal placebo 
controls in these studies, and labeled adverse events are based upon post-marketing 
experience, except for events related directly related to infusion (e.g. extravasation, cellulitis, 
infusion site pain, etc.), common adverse events appeared similar to that which in known for 
CBZ. Thus, most commonly reported adverse events which occurred in > 5% of all patients 
(n=203) were dizziness, headache, somnolence, vision blurred and diplopia.  Moreover there 
was a trend for a greater frequency of occurrence for these common adverse events with the 15 
minute as compared to the 30 minute infusions; e.g. dizziness, headache, somnolence, vison
blurred and diplopia occurred in 18%, 8%, 6%, 4% and 4%, respectively in the 15 minute
infusion, which can be compared to 12%, 2% 5%, 5% and 5% in the 30 minute infusion group, 
respectively. This, evaluation, as Dr. Dinsmore points out, is limited by the small sample size.

Blood Chemistries

Dr. Dinsmore performed analyses of blood chemistry on day 4, as that allowed the 
incorporation of the optimal exposure of the higest number of patients (many patients did not 
receive the full 7 day infusion).  These data have some limitations because of the small sample 
size and lack of placebo controls.

Dr. Dinsmore notes a small subtle reduction in albumen, and opines that the underlying cause 
of the small shift to lower serum albumin from baseline to steady state is uncertain.  I would 
add that admission to hospital and the resulting hydration and combined with infusion of 
hyperosmolality solutions, leading to increase thirst, may contribute to this. 

There were no clinically significant changes in bilirubin, transaminases, or alkaline 
phosphatase.  It is noteworthy that these patients are already on carbamazepine, and 
carbamazepine is known to increase transaminases and has been at times associated with liver 
failure.  All of these are already noted in the label in the Precautions and Warnings section. 

Five patients were noted to have mildly high urinary glucose, not all were associated with high 
serum glucose. On follow-up the urine glucose returned to normal.   Dr. Dinsmore notes that 
the clinical significance is uncertain.  This transient urinary glycosuria should be noted in the 
adverse reaction section label.  Of note, while serum glucose appeared elevated during 
treatment in the full safety population, analysis of only fasting values suggested (n=93) 
suggested no change in serum glucose. 

Dr. Dinsmore observed no obvious signal for changes in triglycerides or cholesterol when 
corrected for a number of variables such as baseline values and fasting state. 
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Dr Dinsmore notes no PCS values r consistent shifts in in bicarbonate or uric acid.

There was a mean redustions in BUN.  This may suggest, as noted above for other lab values, 
an effect of hydration. One patient with preexisting mild renal impairment experienced a PCS 
elevation in BUN, which returned to normal following infusion.  This same patient 
experienced increases in serum creatinine outside the reference range and are described in 
other sections. This, however, may suggest some sensitivity of patients with renal impairment 
to SBECD infusion.

There were no clinically significant changes in serum creatinine, although one patient with 
preexisting renal failure did shift outside of the normal range. 

No changes in serum sodium were apparent.  There, however, did appear to be small shifts to 
lower values in serum potassium in the examination of means and shift tables. In the 
examination of the most affected patients. Shifts to below 3.2 were not observed. This should 
be noted in the adverse reaction section in the label. Dr. Dinsmore demonstrated that this effect 
reversed on Carbella discontinuation.  No meaningful changes in serum sodium or chloride 
where apparent were apparent. 

There were trends for small mean reductions in calcium and as determined by shift analysis, 
none were to PCS values and the effects were reversible. Similar reductions in magnesium 
were observed. 

As noted above examination of renal markers were important, as SBECD has been identified
to potentially influence renal function.  Mean and shift table analysis revealed a tendency in 
the decrease in creatinine clearance during the period of infusion.  Examination of the Dr. 
Dinsmore’s table indicates a mean decrease of only about 2%. However, follow up after the 
discontinuation of infusion reveals a return of creatinine clearance to normal. This will be 
described in the label.   Dr. Dinsmore believes these observed changes do not, represent a 
“clinically meaningful change.” I agree.  No clinically meaningful change in urine sodium or 
urine phosphate was observed.  Dr. Dinsmore notes there is a small change in urine calcium
(about 10% mean decrease form baseline), which appears to reverse on follow-up.  He,
however, notes that the “clinical significance is uncertain and this does not appear to indicate a 
safety signal.”  Urine β2-microglobulin, thought to be an early marker of renal tubular injury, 
revealed no clinically significant changes. Changes, however, were observed in another marker 
of renal tubular injury, N-acetyl-β-D-glucosaminidase (NAG).  According to Dr. Dinsmore, 
“NAG has been extensively studied and has proven to be a sensitive, persistent, and robust 
indicator of tubular injury.”  A majority of patients exhibited a mean elevation in the urinary 
NAG during the infusion period with values increasing by 50 to 90% of preinfusion values. 
This, however, was reversible upon the discontinuation of infusion. Dr. Dinsmore observes 
that when functional measures of renal activity are examined no obvious clinical change is 
observed.  NAG increased to a greater extent in the >1600 mg doses; such patients would 
receive a higher SBECD load. For this he suggests the importance of limiting exposure to 
SBECD to 7 days and monitoring renal function.  I, however, recommend that all patients’ 
renal function be monitored.  The NAG observations, animal data, and possibly reversible 
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creatinine clearance should be described in the Warnings section of the label.  The limitation in 
safety data duration should also be included in this section as should a particular attention to 
patients with mild and moderate renal failure.  I believe, because of the absence of data, that 
this product be contraindicated in patients with severe renal failure.

Hematology 

No hematologic changes were noted except a mild reduction in hemoglobin and hematocrit. 
Mean reduction during treatment was about 4%.  There was a trend toward recovery on follow 
up, but this was not complete. There were 4 cases of anemia noted during treatment that were 
neither serious nor led to discontinuation. The significance of this is unclear. One idea that Dr. 
Dinsmore posited is that this may represent a dilutional change, but we both agree this is 
speculative. Small, 4%, reductions in hemoglobin and hematocrit should be noted in the 
adverse section in the label. Table 3 in the label should also anemia added, as the 4 cases 
rounded up achieve 2%, the table criteria.    

Urinalysis

Dr. Dinsmore evaluated urinalyses, which principally constituted qualitative dipstick analysis 
of chemistries. While a number of patients, principally female, exhibited trace blood, at 
baseline and treatment period, these did not deviate from known norms.  No other obvious 
signal was apparent in other qualitative measures (but see above regarding quantitative glucose 
evaluations). 

Vital Signs

The Sponsor performed a number of evaluations for vital signs.  The first evaluation of post-
infusion vital sign was measured at a time calculated to approximately represent the Tmax for 
CBZ concentrations. Thus, for Study 13103A Cmax for 2-5 min infusion, 15min infusion and 
30min infusion occurred at 6.6 minutes, 34 minutes and 53 minutes respectively after the 
initiation of infusion.  Although there was a subtle increase in mean blood pressure and pulse 
orthostatic changes (i.e. increase in mean blood pressure reduction and increase in pulse rate) 
these were not expressed in the differences in frequency of PCS values at the various time 
evaluations from that of the baseline.  

Dr. Dinsmore examined changes in systolic blood pressure, and based upon mean and PCS
values concluded that “there overall data do not show a high level of evidence that there is a 
clinically significant alteration of blood pressure during IV CBZ treatment.”

There were no serious adverse events thought to be directly related to formulation induced 
changes in blood pressure. 

No significant blood pressure or pulse changes were observed in the Cloyd study. 
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EKG

Dr. Dinsmore performed an analysis of QTc values from Study 13103A and demonstrated no 
significant elevations around the time of maximal CBZ concentrations.  There was a small 
increase in >450 msec outliers 4 hours post infusion, although he did not believe this 
represents a signal, and in my opinion likely is natural variability. Dr. Dinsmore also notes no 
notable changes in the PR interval or the QRS complex.

There were no serious adverse events related to EKG. 

No significant EKG changes were noted in the published Cloyd study. 

Drug-Demographic Interactions

Dr. Dinsmore notes that there were too few patients less than 65 years of age to draw 
conclusions regarding the elderly.  Because of this Dr. Dinsmore performed an analysis on 
patients older than 55 years of age in comparison to those who were younger for NAG and 
creatinine values.  This analysis did not reveal an obvious signal.  Although, I would note, that 
the elderly in general have somewhat compromised renal function, and because of this, greater 
care should be taken in this population as it should in the renally impaired population. 

The Sponsor concludes no differences based upon sex.  Dr. Dinsmore noted a slightly greater 
incidence of increased orthostatic systolic blood pressure PCS pressure changes 3% vs. 1%, 
but I consider that this may be an issue of error of multiple comparisons.  

There was some increase in somnolence and dizziness, for Caucasian and compared to non-
Caucasian patients, but Dr. Dinsmore notes that because for the limited number of Caucasian 
patients this should be interpreted with caution. Similar sensitivity to drug in Caucasian vs. 
non-Caucasian was noted for reductions in phosphate and orthostatic changes, but these data 
must be interpreted with great caution because of the small numbers of patients. 

8. Advisory Committee Meeting 

None. 

9. Pediatrics

Studies were performed wholly in adults.  Because of its orphan indication, this formulation 
has no PREA requirements. 

10. Other Relevant Regulatory Issues
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Dr. Dinsmore notes that all financial disclosures were filed.  A single site, Dr. Leppik’s,
exhibited a potential conflict. Dr. Dinsmore notes that sensitivity analysis did not indicate that 
this site should significantly affect the final outcome of the study. 

11. Labeling

See recommendations contained in this review as well as the changes actuated in the label. See 
label

12. Recommendations/Risk Benefit Assessment

 Recommended Regulatory Action: This is a CR action because of the chemistry 
issue noted above. 

 Risk Benefit Assessment: Assuming a favorable resolution to the chemistry issue, I 
believe that there is a favorable benefit/risk ratio with the above recommended 
labeling.

 Recommendation for Postmarketing Risk Management Activities: None.  But a 
number of pharmaco-vigilance issues are noted above.

 Recommendation for other Postmarketing Study Commitments: None in the 
opinion of this reviewer, but see above regarding Dr. Dinsmore’s suggestion of a study
that examines greater than a 7 day exposure. 

 Recommended Comments to Applicant: To include CMC deficiencies. 
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The sponsor proposed to administer 70% of the daily oral dose administered as a  
30-minute IV infusion every 6 hours during each day of IV infusion. 
 
The followings are the key primary reviewers for this NDA 22285/S-18: 

• Clinical: Steven Dinsmore, M.D., (Team Leader: Norman Hershkowitz, M.D., Ph.D.) 
• Clinical Pharmacology: Michael Bewernitz, Ph.D. (Team Leader: Angela Yuxin Men, 

M.D., Ph.D.) 
• CMC: Shastri Bhamidipati, Ph.D., Martha R. Heimann, Ph.D., CMC Lead (Branch 

Chief: Olen Stephens, Ph.D.)  
• Pharmacology/Toxicology: Ed Fisher Ph.D., (Team Leader: Lois M. Freed, Ph.D.) 
• Division of Medication Error Prevention and Analysis (DMEPA): Jacqueline Sheppard, 

Pharm. D (acting Team Leader: Tingting Gao, Pharm. D) 
• Project Manager: Heather Bullock, Pharm. D 

2. Regulatory Background 
 
The Table below is a summary of the regulatory milestone meetings (under IND73686) held 
for Carbella. 
Date Meeting Major Discussion points 
11/30/2005 Pre-IND - Suggested gathering some safety experience at higher 

doses/higher infusion rates during development. 
- Agreed the proposed steady state study in adult patients, which 
should be powered to show bioequivalence, based on the variability 
in the PK data. 
- Interested in evaluating the PK profiles of parent and metabolite 
after oral and IV administration to determine whether the route of 
administration has an effect on the P450- mediated metabolism of 
CBZ. 

1/7/2008 Type C  Comments regarding adequate safety data for SBECD (Captisol®) 
and no agreement with the proposed Study OV-1009, entitled 
“Safety, Tolerability and Pharmacokinetics of Intravenous 
Carbamazepine as Replacement Therapy for Oral Carbamazepine 
in Pediatric and Adult Patients with Epilepsy?” were conveyed to 
the sponsor. The face-to-face meeting was canceled. 

7/7/2009 EOP2 -Agree that no efficacy study is required for the approval of IV 
CBZ, given that bioequivalence with oral CBZ has been 
demonstrated. 
-Reached an agreement on the pivotal PK study. It was clarified 
that, while the sponsor should submit PK data following the first 
IV dose, relative BE of IV CBZ compared to oral CBZ will be 
assessed at steady state only. 
- Raised some concern regarding the Captisol component and it 
appears that the anticipated Captisol exposures in the present 
product is greater than that in those marketed, additional 
information should be provided on the safety of this Captisol.  
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- Enrollment of patients with moderate-to-severe renal impairment 
should be considered, using lower CBZ injection doses (thus lower 
SBECD exposures). 
-Requested safety data for exposure of at least 200 patients to be 
provided in the NDA due to the concerns of insufficient numbers of 
total patients exposed and an insufficient number receiving rapid 
infusion rates. 
- Agreed that rat as the species selected for the embryo-fetal 
development study. 

6/27/2013  Orphan drug designation is  granted 
9/10/2013 Per-NDA Focused on the content and format of data submission. One key 

issue discuss was that additional bridging information (e.g., 
simulations) between different combinations of IV dose and 
infusion rate for each potential oral dosing regimen (q12h, q8h, and 
q6h). 

 
In this submission, Lundbeck has completed eight non-clinical studies and two clinical studies 
to support Carbella development. These two clinical studies are: 
• OV-1015 (Lundbeck Study 13103A): Open Label Study of Pharmacokinetics and Safety of 
Intravenous Carbamazepine Relative to Oral Carbamazepine in Adult Patients with Epilepsy. 
• 13181A: Open Label Study to Assess the Safety and Tolerability of Intravenous 
Carbamazepine as Short Term Replacement of Oral Carbamazepine in Adult Patients with 
Epilepsy 

3. CMC 
 
In this NDA, Lundbeck proposes marketing of a sterile, aqueous solution containing 200 
mg/20 mL CBZ and /20 mL  for 
IV administration.  
In the CMC review dated August 23, 2014, a total of 13 deficiencies were identified and an IR 
letter was sent to the sponsor. Among them, two key requests were related to high osmolality 
and extractables issues: 
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On September 29, 2013, the sponsor provided osmolality data for lowest (0.7 mg/mL) and 
highest (2.2 mg/mL) concentration of CBZ Injection diluted admixtures in three diluents and 
the data ranged from 272-383 mOsm/kg. In addition, the comparative data (osmolality, 
maximum volume administered, infusion times and infusion frequency) for other products 
currently marketed were provided.  
 

Comparison of Osmolality Values of Marketed Products with Osmolality Exposure Greater Than 
Those of the IV CBZ Admixtures 

 

 
Drug 

IV CBZ  
Levetiracetam 

 
Nafcillin 

 
Oxacillin 

Osmolality 
(mOsm/kg; Diluent 

0.9% sodium 
chloride) 

 
394 

 
430 

 
485 

 
406 

Maximum 
Volume to be 
infused/day (ml) 

 
512 

 
230 

 
248 

 
300 

Infusion 
duration (Mins) 

 
30 

 
15 

 
30 

 
30 

Frequency of 
infusion(QnH) 

 
6 

 
12 

 
4 

 
4 

Expected 
Treatment 
Duration (days) 

 
~7 

 
~7 

 
~7 

 
~7 

 
CMC team evaluated the submitted information and concluded that the admixtures are 
considered suitable for infusion over 30 minutes. 
 
However, the NDA applicant failed to provide requested critical quality information in regards to 
extractables data from storage of the drug product admixtures in diluent bags for evaluation. On 
October 8 2014, a teleconference was held and Lundbeck mentioned that such studies to obtain the 
extractables data are ongoing and the results will be submitted for review. In the absence of this 
information which poses potential safety concerns for intended patient population, a complete 
response is recommended for this application from CMC perspective. 

4. Nonclinical Pharmacology/Toxicology 
 
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 and he concluded that 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 

Reference ID: 3647676

(b) (4)



Cross Discipline Team Leader Review 

Page 5 of 10 5 

considered adequate for assessing the safety of iv administration of the CBZ/Captisol fixed 
combination as a short term replacement for oral CBZ in adults. 
 
Dr. Freed Lois, a team leader of Pharmacology/toxicology team, wrote a separate memo to 
further address on why the doses tested in animals, although was considered “marginal”, was 
considered acceptable to approve it. She pointed out that the doses used in the nonclinical 
studies did not provide safety margins for either CBZ or Captisol. While a maximum tolerated 
dose was assessed in the embryofetal development 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 embryofetal development study 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. Dr. Lois also 
identified that renal tubule cell vacuolation and degeneration were associated with Captisol 
administration in rat. Renal function monitoring languages have been put in Dosage and 
Administration and Warning/Precaution sections of Carbella labeling. Based on these 
considerations, Dr. Lois had no objection to the approval of the NDA. 
 
5. Biopharmaceutics 

 
No updated information is submitted. 
 
6. Clinical Pharmacology 
 
Drs. Bewernitz and Men reviewed the pivotal PK study and relevant information regarding the 
impact of captisol in renal impaired patients. Carbella is recommended to approval from a 
clinical pharmacology perspective. 
 
The sponsor conducted a pivotal PK study (OV-1015), an open-label, sequential trial to assess 
safety, tolerability, and PK of IV CBZ as a 30- and 15- minute infusion relative to orally 
administered CBZ in patients with epilepsy. The results of study OV-1015 demonstrated that 
Cmin, Cmax, and AUC0-24 are comparable between oral and IV for the 30-minute infusion, 70% 
oral-to-IV daily dose conversion, when infused Q6h.  

 
 
Dr. Dinsmore also agreed that the traditional bioequivalence criteria are adequate support for 
the transition from oral CBZ to IV CBZ as temporary replacement therapy In light of the 
inherent instability of the oral treatment concentration time curve on a day to day basis. He 
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Based on literature searches and internal discussions, there is no available literature providing 
an adequate exposure-response characterization in order to interpret the clinical significance of 
the observed concentration drop (~2 µg/ml at 6 hr) in the figures above. As such, Dr. 
Bewernitz conducted analyses to compare such drop and the variability of oral CBZ. Within 
each subject, the mean decrease in concentration between the IV C6h (6 hours after IV infusion 
onset) and the patient’s oral C6h (6 hours after oral administration) was 2 μg/mL. However, 
patients in this study demonstrated that over a 2-week period, the intra-subject Cmin fluctuation 
is, on average, 1.7μg/mL. In light of the magnitude of observed intra-subject Cmin variability 
during steady state of oral CBZ therapy q8h and q12h, the 2 μg/mL decrease due to IV CBZ 
administration is not expected to result in a worsening of efficacy. One concern is that there 
was only one subject received oral CBZ q6h and there was no information to compare its PK 
profile and that of IV CBZ. PK simulations demonstrate that when switching from oral Q6h to 
IV Q6h, the steady-state IV C6h values are, on average, 1.4μg/mL lower than steady-state oral 
C6h on an intra-subject basis. This IV C6h decrease when switching from oral q6h CBZ is 
consistent with the C6h decrease observed in patients switching from oral q8h and oral q12h. 
As such, the PK simulations are supportive of Carbella use with patients receiving oral q6h 
CBZ. 
 
Since CBZ-epoxide (CBZ-E) is an active metabolite, a similar comparison was made for the 
“total CBZ” (CBZ concentration + CBZ-E concentration). Over the 2-week period during oral 
steady-state, the mean intra-subject oral Cmin fluctuation in total CBZ over the 2-week period 
was 2.01 ± 0.98μg/mL. The total CBZ concentration decrease due to the Day 7 “worst-case 
scenario” in patients receiving oral Q12h and oral Q8h (2.34 ± 2.5 μg/mL and 2.73 ± 
1.57μg/mL, respectively) was comparable to the mean intra-subject oral Cmin variability for 
total CBZ.  
 
Though the Sponsor recommended  30-minute infusion, the 
30-minute infusion duration is recommended as it is associated with fewer adverse events, 
lower Cmax values, .  
 
Captisol PK was collected after IV administration on day 1 and day 7 in patients with normal 
renal function and mild renal impairment in the pivotal PK study. Patients with normal renal 
function demonstrate 7-day Captisol accumulation is comparable to patients with mild renal 
impairment (for both Cmax and AUC0-tau). No Captisol dose adjustment is required for patients 
with mild renal impairment. Few PK information of Captisol is available for moderate (n=2) 
and severe (n=0) renal impaired patients. Following the same justification with current label 
(04/07/2014) for VFEND (voriconazole solution containing Captisol), use of Carbella in 
patients with moderate and severe renal impairment and ESRD is not recommended. 
 
Overall, the 30-minute infusion, q6h, at a 70% oral-to-IV conversion is the recommended dose 
regimen. Due to observed kidney damage that is likely due to the solubilizing agent, Captisol, 
the recommended monitoring assessments for patients receiving Carbella include a complete 
urinalysis, creatinine, and blood urea nitrogen (BUN). Carbella is not recommended for use in 
patients with moderate or severe renal impairment or ESRD. With such precautious languages 
in the labeling, the Office of Clinical Pharmacology found the application is approvable from a 
clinical pharmacology standpoint. 
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7. Efficacy 
  
There is no clinical efficacy trial conducted.  

8. Safety 
 
Clinical safety review of NDA 206030 conducted by Drs. Dinsmore and Hershkowitz supports 
approval of Carbella for replacement therapy of seven days or less when oral CBZ 
administration is temporarily not feasible. Dr. Dinsmore suggested that the sponsor may need 
to perform an extended study of IVCBZ for use up to 14 days to determine safety for the 
cohort of patients with prolonged need for replacement therapy. 
 
A total of 203 patients were studied in the two principal studies, OV-1015 and 13181A, with 
43 patients receiving a 30-minute infusion, 160 patients receiving 15-minute infusion. 
The key safety concerns associated with this new IV CBZ formulation route are twofold:  1) 
the more rapid exposure at each dose of CBZ; and 2) renal toxicity of Captisol a 
sulfobutylether beta-cyclodextrin (SBECD) excipient needed to solubilize CBZ.  
 
Following IV CBZ, there is an early Tmax and higher Cmax than oral CBZ. The differences 
between the two forms of administration are anticipated to amplify central nervous adverse 
effects, potentially cardiotoxic effects and hemodynamic effects. The effects of dose and rate 
of infusion are superimposed on these areas of interest. Due to a high concentration of the 
excipient solubilizer Captisol, there was also focus on the occurrence of renal adverse effects 
and abnormalities in renal laboratory biomarkers. 
 
There was one death in the development program, Dr. Dinsmore concludes that this represents 
a typical hypertensive hemorrhage and is not treatment associated.  Dr. Hershkowitz thought it 
is hard to draw conclusions from a single reported case, and agree that in the light of baseline 
hypertension treatment, causality is difficult to conclude. 
 
There were 10 serious adverse events during the clinical trials with three occurring during the 
IV CBZ treatment interval. One of the events was an unrelated, non- Neurologic seizure. The 
second event was a local cellulitis at an intravenous placement site while the third event was 
the cerebral hemorrhage described in the deaths, above. 
 
There were 8 patients who did not complete the studies. Five of these patients discontinued 
due to adverse events leading to withdrawal. From among these five patients four of them were 
in the 15 minute infusion group and one in the 30 minute infusion group. 
 
Common adverse event were similar to the profile of adverse events identified in the reference 
drug Tegretol “adverse reactions”. The 3 most common events among all patients in all dose 
groups and infusion rates were “dizziness” 18.7%, “headache” 6.4%, and “somnolence” 6.4%. 
The most commonly reported adverse events which occurred in > 5% of all patients (n=203) 
were dizziness, headache, somnolence, vision blurred and diplopia.  These adverse events were 
more frequent in the 15 minute infusion group than in the 30 minute infusion group. The 
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reactions “Infusion site pain” and “infusion related reactions” occurred exclusively in the 15 
minute infusion group. 
 
As SBECD has been identified to potentially influence renal function, Dr. Dinsmore examined 
the renal functions and indicates a mean decrease of only about 2%. However, follow up after 
infusion reveals a return of creatinine clearance to normal. Clinical team believes the observed 
changes do not represent a “clinically meaningful change.  No clinically meaningful change in 
urine sodium or urine phosphate was observed. Urine β2-microglobulin, thought to be an early 
marker of renal tubular injury, revealed no clinically significant changes. Changes, however, 
were observed in another marker of renal tubular injury, N-acetyl-β-D-glucosaminidase 
(NAG), which has been extensively studied and has been proven to be a sensitive, persistent, 
and robust indicator of tubular injury. A majority of patients exhibited a mean elevation in 
urinary NAG during the infusion period with values reaching 50 to 90% of pre-infusion values 
in the two studies. This, however, was reversible upon the discontinuation of infusion.  Dr. 
Dinsmore observes that when functional measures of renal activity are examined no obvious 
clinical change is observed.  NAG increased to a greater extent in the >1600 mg doses; such 
patients would receive a higher SBECD load. Dr. Dinsmore suggested the importance of 
limiting exposure to SBECD and monitoring renal function.  However, Dr. Hershkowitz 
recommended that all patients’ renal function be monitored and the NAG observations, animal 
data, and possibly reversible creatinine clearance should be described in the Warnings section 
of the label.  In addition, particular attention to patients with mild and moderate renal failure is 
needed and because of the absence of data, IV CBZ is not recommended in patients with 
severe renal failure.  
 
Among the clinical chemistries, the findings in the potassium analysis were the only safety 
signal identified. No significant hematologic changes were noted except a mild reduction in 
hemoglobin and hemotocrit.   
 
There were three epilepsy related events during the IV CBZ infusion interval. However, the 
frequency of valid epilepsy related adverse events was 1%. Examination of the number of 
patient with seizures during the studies revealed a decrease proportion of patients with seizures 
during IV CBZ patients compared to baseline and follow up as well as a decrease in seizure 
frequency among these patients. There was no evidence of a rebound in seizure frequency in 
the follow up period when compared to baseline seizure frequency. 
 
The revised AE tables and precaution/warning languages were updated in the Carbella labeling. 
Overall, the clinical team recommended approval of Carbella to be used in the hospital setting 
as a temporary replacement of oral CBZ. 
 

9. Advisory Committee Meeting  
 
None 

10. Pediatrics 
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Carbella is indicated as the replacement therapy  
when oral administration is not feasible. The sponsor 

submitted orphan drug designation request and it was granted on 27 June 2013. Therefore, 
Lundbeck received an exemption as outlined in 21 CFR 314.55(d) from fulfilling the 
requirements set for in 21 CFR 314.55(a) to assess the safety and effectiveness of CBZ 
injection in all pediatric subpopulation. There is no PREA requirement for Carbella. 
 

11. Other Relevant Regulatory Issues  
 
Dr. Dinsmore notes that all financial disclosures were filed.  A single site, Dr. Leppik’s, 
exhibited a potential conflict.  Dr. Dinsmore notes that sensitivity analysis did not indicate that 
this site should significantly affect the final outcome of the study.  
 

12. Labeling  
 
Carbella labeling was revised based on the submitted available information. The sponsor 
proposed revised carton and container label and labeling is acceptable from a medication error 
perspective. Due to CMC issues, Carbella will receive complete response this review cycle. 
The labeling will be attached to the CR letter.  
 

13. Recommended Regulatory Action  
 
Due to CMC deficiencies discussed above, it is recommended that Carbella receive Complete 
Response.  There is no potential post-marketing requirement/commitment for this NDA 
submission. 
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I concur with the conclusions reached by the Product Quality Microbiology reviewer regarding 
the acceptability of the microbiology assessments.  The drug product  

 There are no microbiology deficiencies. 
 
Manufacturing site inspections were acceptable.   
 

3. Nonclinical Pharmacology/Toxicology 
 
I concur with the conclusions reached by the pharmacology/toxicology reviewer (Dr. Fisher) 
and supervisor (Dr. Freed) that there are no outstanding pharmacology/toxicology issues that 
preclude approval. As noted by Dr. Freed, the doses used in the nonclinical studies of Carbella 
did not provide safety margins for either carbamazepine or Captisol. However, Dr. Freed notes 
that there are clinical data that may support approval in the absence of adequate toxicity 
studies.  
 
The nonclinical review also notes that published nonclinical studies showed Captisol-
associated vacuolization in animal kidneys, without any manifestation of cell injury, 
degeneration by light or electron microscopy, or alterations of renal functions. The 
vacuolization observed in the animals treated with Captisol was reversible following 
withdrawal of treatment. The applicant reproduced these findings in rats and rabbits. In 
addition, renal tubule cell degeneration was reported by the applicant in a number of animals. 
These findings justify a particular attention to clinical renal safety data. 
 

4.    Clinical Pharmacology/Biopharmaceutics  
 
Bioequivalence between Carbella and oral carbamazepine was established in Study 13103A 
(OV-1015). In that study, patients on oral carbamazepine (IR or XR) were switched to 
carbamazepine injection administered intravenously every six hours for seven days. The 
carbamazepine injection daily dose was set at 70% of the daily dose of oral carbamazepine. 
The carbamazepine injection daily dose was based on pharmacokinetic modeling from a prior 
bioavailability study (conducted by the University of Minnesota, and acquired by the 
applicant), which compared oral and intravenous carbamazepine. Study 13103A used an 
progressive dose escalation  paradigm under which patients were enrolled in a dosing cohort 
based on their total daily dose of oral carbamazepine and calculated creatinine clearance (see 
Table 1Error! Reference source not found.). The duration of infusion varied between dosing 
cohorts (30 minutes vs. 15 minutes), with patients in some cohorts receiving an additional 
infusion of Carbella over two to five minutes (see Table 1). 
 
Table 1: Dosing plan in Study 13103A, copied from page 29 of Dr. Dinsmore review 
 

Dosing Cohort (N) 
Creatinine 
clearance 
(mL/min) 

Corresponding oral carbamazepine 
daily dose (mg) 

Infusion 
time 
(min) 

1A 8 >80 400 – 800 30 
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Dosing Cohort (N) 
Creatinine 
clearance 
(mL/min) 

Corresponding oral carbamazepine 
daily dose (mg) 

Infusion 
time 
(min) 

1B 4 >80 400 – 800 15 
1C 4 >80 400 – 800 15/ 2 – 5 
2A 8 >80 >800 – 2000 30 
2B 4 >80 >800 – 2000 15 
2C 4 >80 >800 – 2000 15/ 2 – 5 
3A1 4 >50 – 80 400 – 800 30 
3A2 4 >50 – 80 >800 – 2000 30 
3B 8 >50 – 80 400 – 2000 15 
3C1 4 >50 – 80 400 – 800 15/ 2 – 5 
3C2 4 >50 – 80 >800 – 2000 15/ 2 – 5 
4A1 4 30 – 50 400 – 800 30 
4A2 4 30 – 50 >800 – 2000 30 
4B 4 30 – 50 400 – 2000 15 

 
Subjects from Dosing Cohorts 1C, 2C, and 3C were treated the same as subjects from Dosing 
Cohorts 1B, 2B, and 3B, respectively, but were consented to stay an additional day for 2-5–
minute infusions of IV carbamazepine. 

 
A total of 98 patients were dosed in Study 13103A. As discussed by Dr. Bewernitz, Study 
13103A demonstrated that Cmin, Cmax, and AUC0-24 are comparable between oral 
carbamazepine and carbamazepine injection administered at a daily dose of 70% of the oral 
dose, divided in four (every 6 hours) 30-minute infusions (see Table 2).  
 
Table 2: Relative bioavailability of oral and intravenous carbamazepine (copied from page 9 of Dr. 
Bewernitz review)  
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Dr. Bewernitz favors 30-minute infusions over 15-minute infusions of Carbella, because Cmax 
with the 15-minute infusion is greater than that observed after oral administration of 
carbamazepine (90% confidence interval for intravenous/oral Cmax ratio up to 1.38), which 
raises concerns about tolerability. I agree. 
 
As concentration-time curves are important for epilepsy drugs, the applicant was also asked to 
compare partial AUC values as well concentrations at individual time points between the oral 
and intravenous formulation of carbamazepine. As discussed by Dr. Bewernitz, the mean 
carbamazepine concentrations were slightly lower for carbamazepine injection than for oral 
carbamazepine between 1 and 6 hours after administration (see Figure 1). However, the 
difference between the blood levels of carbamazepine injection administered every 6 hours 
over 30 minutes, and those of oral carbamazepine administered every 6 hours, 8 hours, or 12 
hours, was comparable to the intra-subject variability for the oral dosing regimens (as assessed 
by comparing carbamazepine blood levels at Day -14, Day -1, and Day 0 in Study 13103A, 
while patients were on oral carbamazepine). Dr. Dinsmore also examined the day-to-day 
variability in carbamazepine Cmin in patients on oral carbamazepine, and observed a mean 
variability of Cmin around 15%, with a range extending to 50%. Dr. Dinsmore concludes that 
the traditional bioequivalence criteria are adequate to support for the transition from oral to 
intravenous carbamazepine, as temporary replacement therapy. This position is also supported 
by the Tegretol drug label, which indicates that both a three times a day regimen or a four 
times a day regimen are acceptable when starting treatment with Tegretol, implying that 
somewhat different concentration-time curves of carbamazepine are acceptable (as long as 
traditional bioequivalence criteria are met). Overall, the data support the bioequivalence of  
Carbella and oral carbamazepine. 
 
Figure 1 (adapted from page 11 of Dr. Bewernitz review): Comparison of pharmacokinetics of oral 
carbamazepine (Day 0, Blue) and carbamazepine infusion (Day 7, Red), expressed as mean ± SD. Top 
panel is for comparison with oral carbamazepine Q12h, and bottom panel is for comparison with oral 
carbamazepine Q8h.  
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5. Clinical/Statistical-Efficacy 
 
There was no efficacy study conducted by the applicant. Instead, efficacy of the product is 
support by data and analyses supporting the bioequivalence of Carbella and oral 
carbamazepine (see above). 
 

6. Safety 
 
As discussed by Dr. Dinsmore, two safety issues were to be addressed during the Carbella 
development program: the risk associated with the more rapidly rising carbamazepine blood 
levels inherent to the relatively short intravenous administration, and the renal toxicity related 
to the dose of Captisol. 
 
This safety database comes from two open-label clinical trials, conducted in 203 patients. 
 
Study 13103A (OV-1015), conducted in 98 patients, is described above.  
 
Study 13181A assessed the safety and tolerability of Carbella administered over 4 days as 
multiple 15-minute infusions to adult patients with epilepsy on a stable dose of 1200 mg to 
2000 mg of oral carbamazepine. As in Study 13013A, the daily dose of carbamazepine 
injection was set at approximately 70% of the total daily dose of oral carbamazepine. The last 
infusion of intravenous carbamazepine was to be administered over 5 minutes or less. 
 
Across Study 13103A and  Study 13181A, 43 patients were administered Carbella over 30-
minute infusions, 160 patients were administered Carbella over 15-minute infusions, and 113 
patients had a single 2- to 5-minute infusion (after previously receiving 15-minute infusions). 
Table 3 shows that most of the experience is with 15-minute infusions, with a large subset of 
patients who received a single infusion of Carbella over up to 5 minutes.  
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Table 3: Daily doses and dosing regimen in Study 13103A and  Study 13181A (adapted from Table 9 of Dr. 
Dinsmore review) 
 
Baseline carbamazepine 
oral daily dose 

Number of Patients 

2– to 5-minutes 15 minutes 30 minutes Total 
  0 to 400 mg 
  401 to 800 mg 
  801 to 1199 mg 
  1200 to 1599 mg 
  1600 to 2000 mg 

3 
2 
1 
85 
22 

9 
21 
7 
94 
29 

0 
22 
7 
14 
0 

9 
43 
14 

108 
29a 

Totala 113 160 43 203 
a Patients could receive the same dose at more than one infusion duration. 

 
Serious Adverse events (including death) and adverse dropouts 
 
None of the cases of serious adverse events observed in Carbella clinical studies was thought 
by Dr. Dinsmore to be related to Carbella. Dr. Dinsmore notes two cases of adverse dropout 
related to infusion site reaction, and one case of cellulitis. This is not an unexpected finding 
with a product administered intravenously. 
 
Events of special clinical interest 
 
Dr. Dinsmore notes that there is no indication of an increase in seizure rate surrounding the 
switch to the intravenous administration of carbamazepine.  
 
Dr. Dinsmore notes that there were three patients with cardiac events, but none of these was 
categorized as serious, or led to study discontinuation, and these events appeared benign in 
nature. Overall, the data do not suggest a signal for cardiac toxicity.   
 
Dr. Dinsmore also notes that about 10% of patients experienced infusion site reactions, 
including a case of cellulitis and thrombosis of the intravenous line three days after infusion 
discontinuation, which is not considered drug-related. There were five patients with pain or 
burning at the infusion site.  There were also reports of infusion site discomfort, burning, 
redness, pain, infiltration, and extravasation.  Cellulitis was noted in six patients. These 
findings are not unexpected for a product administered intravenously. 
 
Common Adverse Events 
 
With the exception of events directly related to drug infusion lines (e.g., extravasation, 
cellulitis, infusion site pain), common adverse events were similar to those known for 
carbamazepine, i.e., dizziness, headache, somnolence, vision blurred, and diplopia.   
 
Laboratory values 
 
Overall, with the exception of the renal function laboratory values discussed below, there were 
no clinically significant changes in blood chemistries.  
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Dr. Dinsmore observed small (and not clinically significant) decreases in serum potassium 
calcium, magnesium, hemoglobin, hematocrit, serum albumin, alkaline phosphatase, blood 
urea nitrogen, creatinine, lactate dehydrogenase, creatine kinase, and bilirubin, largely 
reversible after drug discontinuation. Dr. Dinsmore and Hershkowitz discuss that these 
changes may represent a dilutional change. I see no other plausible explanation. 
 
Dr. Dinsmore also describes four reports of “anemia” during Carbella treatment (not “serious” 
or leading to discontinuation).  These appear related to the likely dilutional phenomenon 
described above.   
 
Renal safety 
 
Dr. Dinsmore also examined the renal safety of Carbella, which is of particular interest, 
considering the nonclinical toxicity signal with Captisol described above. Dr. Dinsmore notes 
that Captisol is used as a solubilizing agent in five approved products (Vfend, Nexterone, 
Kryprolis, Geodon, and Abilify), but that Captisol exposure is somewhat higher with Carbella 
than with the other products.  
 
Dr. Dinsmore describes a very small average decrease in creatinine clearance during the period 
of infusion, reversible after Carbella discontinuation. Dr. Dinsmore believes these changes are 
not clinically meaningful.  I agree, and also note that creatinine clearance values rebounded to 
levels higher than baseline after Carbella was discontinued. In addition, creatinine levels were 
not increased during treatment with Carbella, and shift analyses of creatinine values two 
standard deviations above and below baseline show a similar number of patients shifting in 
either direction, suggesting that the changes are not related to a drug effect. 
 
More importantly, Dr. Dinsmore observes that urine β2-microglobulin, an early marker of 
renal tubular injury, had no clinically significant changes, but that changes in urinary N-acetyl-
β-D-glucosaminidase (NAG), another marker of renal tubular injury, were observed.  Dr. 
Dinsmore notes that a majority of patients exhibited an elevation in urinary NAG during the 
Carbella treatment period. These changes were reversible after Carbella discontinuation.  Dr. 
Dinsmore observes that NAG increased to a greater extent in patients who received Carbella 
doses >1600 mg, but there was no clear difference in NAG changes between patients with 
normal renal function and patients with mild or moderate renal impairment.  Dr. Dinsmore 
also describes one patient with underlying mild renal impairment at baseline who experienced 
a reversible decrease in creatinine clearance while on Carbella. Dr. Hershkowitz also notes the 
limitations of the Carbella database, which includes only a small number (n=29) of patients 
with mild or moderate renal impairment. 
 
Dr. Hershkowitz reviewed how other Captisol-containing products handled labeling 
recommendations in patients with renal impairment, and notes that some products include no 
specific statement, while Vfend labeling states that the drug should be avoided in patients with 
moderate or severe renal failure, and Geodon labeling recommends that the drug should be 
used with caution in patients with impaired renal function.  Dr. Hershkowitz recommends that 
Carbella be contraindicated in patients with severe renal impairment, and recommends 
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monitoring of renal function in patients with mild and moderate renal impairment. Dr. 
Hershkowitz also recommends to alert prescribers that safety beyond 7 days of administration 
has not been studied. Dr. Dinsmore recommends monitoring renal function in all patients 
receiving Carbella. I agree that the potential for renal toxicity deserves prominent description 
in labeling (in Section 5), but disagree that this justifies an absolute contraindication, as 
Carbella may represent the only therapeutic option in some patients, and there has been no 
demonstration of irreversible renal toxicity in patients with renal impairment. 
 
Vital Signs 
 
Dr. Dinsmore found no clinically significant changes in blood pressure during treatment with 
Carbella. There were no serious adverse events related to blood pressure.  
 
ECG 
 
No significant ECG changes were noted during treatment with Carbella.  
 

7. Advisory Committee Meeting   
 
No advisory committee meeting was necessary for this application, which is for a new dosage 
form of an already approved active moiety. 
 

8. Pediatrics 
 
PREA was not triggered because this product has an orphan designation. 
 

9. Other Relevant Regulatory Issues 
 
There are no other unresolved relevant regulatory issues. 
 

10. Labeling 
 
The proposed Proprietary name, Carbella, was found acceptable by DMEPA. DMEPA also 
proposed during the review cycle carton and container labeling changes, to improve the 
readability and prominence of important information to promote the safe use of the product. 
These recommendations were accepted by the applicant. 
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11. Decision/Action/Risk Benefit Assessment 
 

This application adequately established the bioequivalence between carbamazepine 
infusion (Carbella) and the reference listed drugs, Tegretol IR and XR. 
 
Carbella contains high doses of Captisol, a potentially nephrotoxic solubilizing agent, and 
transient changes in urinary N-acetyl-β-D-glucosaminidase (NAG), an early marker of 
renal tubular injury, were observed in some patients who received Carbella. In addition, a 
patient with mild renal impairment experienced a significant but reversible decline in renal 
function during treatment with Carbella.  
 
Carbella is the first intravenous formulation of carbamazepine, and addresses an important 
unmet medical need. Therefore, the transient renal toxicity does not represent an 
unacceptable risk, and can adequately be addressed in labeling. 
 
However, there are product quality issues that preclude approval. These include missing 
critical information on extractables from storage of the drug product in diluent bags, and a 
failed visual inspection  for the batch analysis of the 
commercial scale carbamazepine injection lot. In addition, the proposed acceptance limit 
for osmolality of the drug product is not acceptable. 
 
Because of the product quality deficiencies, I will issue a complete response letter. 
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List of Abbreviations and Definitions of Terms 
 

SBECD  sulfobutylether beta-cyclodextrin sodium salt. The trade name of 
Captisol® is also used in this document. modified cyclodextrin, HPβCD 

 
NAG  N-acetyl-β-D-glucosaminidase 
 
PCS  Values of Potential Clinical Concern 
 
OORR Out of reference range 
During-IV This term, when present in tables indicating study period is used to 

reference events or activities that occur during the experimental treatment 
interval when intravenous carbamazepine is administered. In study 
13103A this is a 7 day interval, in study 13181a it is a 4 day interval. This 
does not indicate an event during physical infusion of study drug.  

OV-1015 this study was renamed by the sponsor as 13103A. Both designations 
appear in the review 

D18/22 D18/22, which appears in some tables and figures, is a reference to follow 
up study day number 18 and number 22 in studies 13181A and 13103A 
respectively 

 

1 Recommendations/Risk Benefit Assessment 

 

1.1 Recommendation on Regulatory Action 

Clinical review of NDA 206030 supports approval of this intravenous carbamazepine 
product for replacement therapy of seven days or less when oral carbamazepine 
administration is temporarily not feasible.  

1.2 Risk Benefit Assessment 

The intravenous delivery of carbamazepine for temporary replacement of oral 
carbamazepine is a useful advance in the care of epilepsy patients. The alternative for 
patients on oral carbamazepine who encounter a medical situation where enteral 
delivery of carbamazepine is not possible is rapid transition to an alternative 
antiepilepsy drug. Transition to an alternative therapy has an unpredictable outcome 
that is associated with an interval of uncertain anticonvulsant effectiveness. In a 
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controlled outpatient situation there is risk that a change to a new agent may not result 
in the same level of seizure control as the patient’s established therapy. The situation 
where an intravenous temporary therapy must be administered is often a time when 
there has been a serious change in medical status, sometimes associated with multiple 
medical complications and intensive care unit oversight. In this type of situation a forced 
change to an alternative AED therapy of unproven effectiveness in an individual patient 
is very undesirable.  
 
The risk associated with this new carbamazepine formulation delivered by intravenous 
route are twofold, first the more rapid exposure at each dose of CBZ. Second there is 
also a concern for renal toxicity of Captisol a sulfobutylether beta-cyclodextrin (SBECD) 
excipient needed to solubilize carbamazepine. The proportion of dextran needed to 
adequately solubilize carbamazepine is high compared to other intravenous 
preparations that utilize SBECD. Non-clinical information raised a concern for the 
potential of renal (tubular) injury.  
 
Renal biomarkers were obtained during both the PK study and safety study. Only NAG 
revealed an increase during steady state which returned to baseline at follow up 
measurement. There was a dose related increase in NAG but no relationship to 
underlying renal function status was identified. The IV CBZ treatment interval increase 
in NAG is consistent with early but reversible renal tubular injury. There was also a 
transient, treatment interval associated decline in serum potassium in some patients 
and a similar but much less frequent decline in serum calcium.  A decline in hemoglobin 
was seen in 11% of patients with only partial recovery of values at follow up in 25% of 
these patients. There were also 5 adverse events of anemia and a single patient was 
identified (no anemia adverse event) with a precipitous drop in hemoglobin, reproduced 
on at two samples with partial recovery at follow up. The explanation for a drop (with 
recovery) in hemoglobin without evidence of blood loss or hemolysis, on such a short 
time scale is elusive   
 
These reversible alterations do not appear clinically threatening in the 7 day 
replacement interval but the trajectory of these abnormalities as well as the impact of a 
more prolonged therapy on renal function is uncertain. It is possible that exposure 
beyond a 7 day IV replacement window may result in more serious renal injury and 
electrolyte disturbance.  
 
No abnormal changes in other urinary biomarkers were seen. No cardiovascular 
changes were seen related to the high Cmax associated with delivery of carbamazepine 
by the intravenous route.  
 
No clear signals were identified for cardiovascular or serious renal toxicity during the 
maximum exposure of seven days during study 13103A and the increase NAG output 
was reversible. The effect of sustained exposure beyond seven days is uncertain. The 
potential for renal tubular injury is supported by the observed NAG elevation at steady 
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sulfobutyl ether sodium, National Formulary, is the United States Pharmacopeia (USP) 
name corresponding to the registered trademark of Captisol®. During the clinical 
program, it has also been described as sulfobutylether beta-cyclodextrin sodium salt 
(SBECD). 
 
The chemical name for active ingredient carbamazepine USP is 5H-Dibenz[b,f]azepine-
5-carboxamide, CAS#: [298-46-4]. 
 
The chemical structures of carbamazepine and its active metabolite carbamazepine 10, 
11-epoxide are shown in Figure 1 and Figure 2, respectively. The molecular weight is 
236.27. 
 
 
 
Figure 1 Chemical Structure of Carbamazepine 
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Figure 2  Chemical Structure of Carbamazepine 10, 11-epoxide 

 
 
 
The inactive ingredient SBECD (Captisol®) serves as a solubilizing agent. Its chemical 
structure is shown in Figure 3 . In support of the use of this agent the sponsor cites 
other approved intravenous formulations which utilize Captisol® as a solubilizing agent. 
These include intravenous formulations of VFEND®, GEODON®, ABILIFY®, 
NEXTERONE®, and KYPROLIS® see Table 25. Carbella requires a higher ratio of 
Captisol to active ingredient (carbamazepine) than these aforementioned products. 
Because each mL contains 10 mg of carbamazepine, 250 mg betadex sulfobutyl ether 
sodium to deliver a payload of one mg of carbamazepine requires 25mg of associated 
SBECD. To deliver a typical 800mg daily dose of carbamazepine as Carbella requires 

mg of SBECD daily.  
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Figure 3 Chemical Structure of Betadex Sulfobutyl Ether Sodium, National Formulary 

 
 
 
The proposed indication for Carbella injection is as an antiepileptic drug indicated as 
replacement therapy in adults (18 years and older) with the following seizure types 
when oral carbamazepine administration is temporarily not feasible: 

• Partial seizures with complex symptomatology    
• Generalized tonic-clonic seizures    
• Mixed seizure patterns which include the above, or other partial or generalized 

seizures  
 
The proposed dosing regimen is as follows:  
• Intravenous replacement therapy: Total daily dose of CARBELLA is 70% equivalent to 

the established total oral daily dose, given in 4 divided doses in 24 hours    
• Dilute each dose of CARBELLA injection  in 100 mL of a compatible diluent and 

intravenously infuse over a period of  30 minutes 
• At the end of the intravenous replacement period, switch back to oral carbamazepine 

administration at the established daily dose and frequency  
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2.2 Tables of Currently Available Treatments for Proposed Indications 

There are several antiepilepsy drugs available with a formulation that may be used 
intravenously. In the clinical situation where a temporary replacement therapy is needed 
none of these is clearly interchangeable with the oral formulation of carbamazepine. In 
the situation where a parenteral administration is needed there is an expectation that an 
alternate drug will have the desired antiepilepsy effect and provide antiseizure coverage 
during the substitution interval, however, it is not clear in these situations how well the 
substitution will approximate the effect of the patient established oral treatment regimen. 
The list compiled in Table 1 represents only antiepilepsy drugs which may be used for 
the purpose of intravenous substitution but not necessarily expected to match exactly 
the performance of the oral regimen of carbamazepine.  
 
Table 1  Antiepilepsy Drugs with Intravenous Formulation 

Drug 
diazepam 
Fosphenytoin (phenytoin) 
Lacosamide 
Levetiracetam 
Lorazepam 
Phentobarbital 
Phenytoin 
Valproic acid 

 

2.3 Availability of Proposed Active Ingredient in the United States 

The reference drug, Tegretol (NDA 16608), was first approved in the United States 
in1968.  

2.4 Important Safety Issues with Consideration to Related Drugs 

Related drugs to consider are antiepilepsy drugs with a similar, postulated, mechanism 
of action. The precise mechanism of action of carbamazepine is not known. 
Carbamazepine blocks Na+ channels.  Sodium channel blockade inhibits high-
frequency repetitive firing in neurons in culture. It is thought that the blockade of sodium 
channels at therapeutic concentrations accounts for the anticonvulsant action of 
carbamazepine. Safety issues with other antiepilepsy drugs that are presumed to act 
through Na+ channel blocking will be the target of discussion.  
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2.5 Summary of Presubmission Regulatory Activity Related to Submission 

Major issues considered at the pre-IND meeting were the need to gather safety 
experience at higher dose and infusion rates. Waiver of pediatric studies for ages under 
2 years however the applicant subsequently received orphan status for his product with 
exemption 21 CFR 314.55(d) for fulfilment of the requirements set forth in  21 CFR 
314.55(a).  
 
At the end of phase two meeting the question of which active moiety of carbamazepine 
should be examined to assess bioequivalence of intravenous carbamazepine to oral 
carbamazepine. The division indicated that 90 CI data should be submitted on three 
assessments to include carbamazepine, the sum of carbamazepine + carbamazepine 
epoxide and carbamazepine epoxide alone. Analysis for these carbamazepine forms 
was also requested for infusion rate subgroups. It was concluded that the relative 
bioequivalence of IV carbamazepine will be assessed at steady state only and the 
acceptance of the results would remain a review issue. If the review concludes there is 
bioequivalence than an efficacy study would not be necessary. The tolerance of patients 
with moderate to severe renal failure was a concern and the sponsor was encouraged 
to enroll patients in this category with a modification of the IV carbamazepine dose. The 
exposure to the cyclodextrin solubilizing agent Captisol is higher in the intravenous 
carbamazepine formulation than in any other currently marketed intravenous 
formulations that utilize Captisol. The sponsor was requested to provide additional 
information on the safety of Captisol at these higher exposures, particularly in the range 
of 35,000 mg/day. The division also requested that expose should be increased to a 
total of 200 patients while study 13103a had 98 patient participants.  
 
An important focus of the pre-NDA meeting was the shape of the PK profile 
(concentration-time curve) on safety and efficacy. The comparison of all oral 
carbamazepine dose schedules to an intravenous q6 hour dose schedule poses a 
concern due to differing shapes of the respective oral PK profiles superimposed on the 
q6 hour intravenous profile. The Division advised the Sponsor to examine the approach 
used for the approval of Trokendi, which compared XR and IR formulations. This 
approach utilized short interval sequential concentrations and partial AUCs.  
 
As follow up to the “shape of the concentration – time curve” concerns the sponsor 
submitted an analysis of partial areas under the curve (pAUC) for comparing 
intravenous to oral carbamazepine. Partial AUCs were determined for the first 6 hours 
after dosing both oral and IV products and included AUC(0-2), AUC(2-4), AUC(4-6), and 
AUC(0-6). These time-points were selected based upon the limited number of samples 
collected over the 6 hour dosing interval. Subsequently the division issued a response 
to this analysis and noted that there was markedly dissimilar concentration time curves 
with departure from the accepted bioequivalence standards at the 4 to 6 hour timepoint 
for the Q12 hour dosing regimen and there was departure at three time intervals, 2 to 4 
hour, 4 to 6 hour and 0 to 6 hour seen in the q8 hour dosing regimen. The division did 
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not agree with the sponsor conclusion that these differences were clinically insignificant 
and requested a consultation and plan prior to NDA submission. The sponsor submitted 
a response on November 5, 2013 with a proposal for PK modeling the be filed during 
the NDA review cycle. This modeling would include an increase in the oral to 
intravenous conversion factor from 70 % while retaining the q6 hour dosing 
interval. A model will be examined with an increase in the conversion factor to %, 
again maintaining the q6 hour intravenous dosing interval. A model will be examined 
with variation in the intravenous dosing interval from q6 hour to q4 hour as well a 
literature search for data which examines the fluctuations of carbamazepine exposure 
when switching among different oral dose formulations. The oral q8 hour will be 
examined further with a simulate increase in sample size for the q8 hour oral dose 
groups and iterative modeling as previously noted for the q12 hour oral dose group.  

2.6 Other Relevant Background Information 

The division suggested examination of the approach used for the approval of Trokendi 
(based on the label) which compared XR and IR formulations using a pAUC analysis of 
the bioequivalence properties of each time interval.  

3 Ethics and Good Clinical Practices 

3.1 Submission Quality and Integrity 

The clinical elements of the submission were in alignment with the division pre-NDA 
meeting requests.  
 
Dataset Issue: ISS Vital Sign dataset did not differentiate pre and post infusion 
orthostatic blood pressure measurements with a unique variable. The only method to 
differentiate two readings was by time of day which only allowed extraction of this 
measurement one patient at a time.  
 
There is no discussion of sex differences in relation to laboratory values or vital signs, 
only  a link to the sponsor’s shift tables. These shift tables examine all laboratory 
parameters for males followed by females. A presentation that does not allow 
comparison by visual inspection.  

3.2 Compliance with Good Clinical Practices 

The sponsor attests that both studies 13103A, “Open-Label Study of the 
Pharmacokinetics and Safety of Intravenous Carbamazepine Relative to Oral 
Carbamazepine in Adult Patients with Epilepsy”,  and 13181A “Open Label Safety and 
Tolerability Study” were conducted in compliance with the principles of Good Clinical 
Practice. 
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4.2 Clinical Microbiology 

none 

4.3 Preclinical Pharmacology/Toxicology 

1. Rat embryo-fetal development study.  
2. Repeat dose toxicity studies 
 
The non-clinical review conclusions are as follows: “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.” 

4.4 Clinical Pharmacology  

4.4.1 Mechanism of Action 

The Tegretol (505(b)(2) reference drug) label states that “Tegretol has demonstrated 
anticonvulsant properties in rats and mice with electrically and chemically induced 
seizures. It appears to act by reducing polysynaptic responses and blocking the post-
tetanic potentiation. Tegretol greatly reduces or abolishes pain induced by stimulation of 
the infraorbital nerve in cats and rats. It depresses thalamic potential and bulbar and 
polysynaptic reflexes, including the linguomandibular reflex in cats. Tegretol is 
chemically unrelated to other anticonvulsants or other drugs used to control the pain of 
trigeminal neuralgia. The mechanism of action remains unknown. 
 
The principal metabolite of Tegretol, carbamazepine-10,11-epoxide, has anticonvulsant 
activity as demonstrated in several in vivo animal models of seizures. Though clinical 
activity for the epoxide has been postulated, the significance of its activity with respect 
to the safety and efficacy of Tegretol has not been established.” 

4.4.2 Pharmacodynamics 

A core concern in the analysis of this application is that the pharmacodynamics of 
carbamazepine may be influenced by the specific shape of the concentration-time 
curve. This concern has been the driver of the pAUC pharmacokinetic analyses.  

4.4.3 Pharmacokinetics 

The sponsor demonstrated bioequivalence based on standard criteria, see. The division 
was concerned that standard criteria do not address approval of IV CBZ based on 
maintenance of acceptable bioequivalence parameters through the entire course of the 
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IV CBZ concentration time curve. The sponsor performed a partial AUC analysis to 
address this issue. Not all interval comparisons were within traditional bioequivalence 
bounds. OCP subsequently performed PK simulations to determine if an increase in the 
oral to IV conversion factor (0.7 to 0.75), alteration of the intravenous infusion interval to 
Q4 hours would improve the match between oral and IV concentration time curves. The 
findings indicted no significant gain would be achieved by these alterations and the 30 
minute infusion interval was determined to be optimal.  
 
OCP also analyzed the Cmin variability in the baseline oral CBZ treatment interval 
compared to the intravenous CBZ treatment interval. The fluctuation in Cmin was found 
to be comparable leading to the conclusion that in those areas where the concentration 
time curve are not within bioequivalence bound the differences are not expected to be 
clinically significant. OCP has found the application acceptable for approval and 
recommends administration of IV CBZ over 30 minutes. 
 
The clinical reviewer has performed an examination of the oral and intravenous 
carbamazepine variability in section 6.1.10 and is in agreement with the conclusion of 
OCP. Also see section 6.1, efficacy summary. 
 

5 Sources of Clinical Data 

5.1 Tables of Studies/Clinical Trials 

This application is based on two open label clinical trials. The first 13103A was the 
sponsor’s initial PK, safety and tolerability trial that enrolled 98 patients. As reported in 
section 2.5 the Division requested additional safety data on this intravenous formulation 
that required an additional open label safety and tolerability trial, 13181A which entered 
an additional 105 patients.  
 
There is one further clinical study in this application that is not included in the sponsor’s 
tabular listing of all clinical studies, Table 21 and Table 22. The study, 15926A, entitled 
“Pharmacokinetic Evaluation of Intravenous Carbamazepine as a Parenteral Alternative 
for Replacement in Adult and Pediatric Subjects with Epilepsy for Whom Continuation of 
Oral Administration is Temporarily Not Feasible”. This study, of the PK of an IV 
formulation of CBZ was provided by the Epilepsy Program Project Grant sponsored by 
the National Institute of Neurological Disorders and Stroke (NINDS) and conducted by 
Dr. James Cloyd and others at the University of Minnesota and not performed by the 
sponsor. The study utilized Cavitron a different cyclodextrin based IV formulation than 
Captisol and, therefore, is not the product reviewed in this application. Results of the 
study did support dosing of IV CBZ at 70% of the patient’s oral dose. The study 
contained 823 CBZ concentration values from 76 subjects but the report, submitted by 

 to Lundbeck, contains no subject safety data, see 7.4.5
 Special Safety Studies/Clinical Trials .  
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Figure 4 Sponsor’s Tabular Listing of All Clinical Studies 

 
Figure 5  Sponsor’s Tabular Listing of All Clinical Studies 

 

5.2 Review Strategy 

The efficacy component of the review will rely on the analysis of the Clinical 
Pharmacology team to examine and analyze the PK characteristics and determine if the 
intravenous carbamazepine to oral carbamazepine bridge PK methodology and results 
indicate a valid bridge, see 4.4.3 Pharmacokinetics.  
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This review is performed by a single reviewer and is primarily a review of the clinical 
safety of the intravenous carbamazepine preparation with special attention to renal 
biomarkers from the laboratory studies and hemodynamic effects pertaining to rapid 
carbamazepine infusion. These effects will be derived from both the adverse events and 
the vital sign safety data. The features of the open label clinical trials will be discussed 
in section 5.3 
 
Safety Examinations 

Adverse Events: Pooled adverse events from studies 13103A and 13181A are 
examined for new carbamazepine safety signals as well as exaggeration of 
cardiotoxic and central nervous system adverse effects that may be anticipated 
with rapid rise in carbamazepine levels associated with intravenous delivery 
CBZ concerns- examine CNS and Cardiotoxic concerns at post infusion Cmax 
on first exposure  
Laboratory:  
Captisol concerns- examined the renal biomarkers in longest exposure in largest 
pool of patients for renal safety signal, day 4 for study 13181A and day 7 for 
study 13103A. This examination is supplemented with sponsor shift PCS tables.  
General: the sponsor’s shift tables are labeled to high or low PCS rather than 
above normal range. The reviewer has used upper limit of reference range in 
analysis of laboratory values therefore the reviewer shift counts will not 
correspond to sponsor shift counts.  

5.3 Discussion of Individual Studies/Clinical Trials 

As noted in section 5.1 the application is based on two open label clinical trials. The first 
of these trials, 13103A, is a study of the pharmacokinetics, safety and tolerability. This 
study contains the source of pharmacokinetic data to establish bioequivalence to orally 
administered carbamazepine (CBZ). In addition the study examines the safety and 
tolerability of intravenous carbamazepine. The purpose of the second trial, 13181A, was 
exclusively to examine safety and tolerability in an addition cohort of approximately 100 
patients, with expansion of the number of patients who would receive high dose 
carbamazepine and also receive rapid infusion.  
 
Study 13103A (OV-1015) 
 
Objectives:  
 
• To assess the safety, tolerability and pharmacokinetics of IV CBZ as a 30 and 15 

minute infusion relative to orally administered CBZ in adult patients with epilepsy. 
• To compare the steady-state pharmacokinetics of intravenously administered CBZ 

(Day 7) relative to orally administered CBZ (Day 0). 
o This study was performed as the basis of support of the IV formulation and 

the switch from oral to intravenous CBZ. The study evaluated the 
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bioavailability and pharmacokinetics of IV CBZ, the CBZ 10,11-epoxice 
(CBZ-D) and total CBZ measured as (CBZ + CBZ-E) and Captisol in adult 
epileptic patients with normal renal function and in adult epileptic patients 
with mild or moderate renal impairment.  

 
Patient Population 
 
Patients must have a diagnosis with any of the approved epilepsy indications for 
carbamazepine that include  

• Partial seizures with complex symptomatology (psychomotor, temporal lobe). 
• Generalized tonic-clonic seizures (grand mal). 
• Mixed seizure patterns that includes the above two bulleted seizure types. 
• Other partial or generalized seizures. 

 
Patients must be receiving a stable dose of oral carbamazepine in equally divided 
doses for a minimum of 14 days prior to study screening (day -28). Patients who 
have an increase in seizure frequency, severity or duration of seizures during the 
lead in period may be excluded from the study. Patients who have a significant 
underlying medical illness such as a history of cardiac, other neurologic disorder, 
psychiatric oncologic, endocrinologic, metabolic or hepatic disease which would 
adversely affect their participation in the study are excluded.  

 
Study Design 
 
This was a multicenter, sequential, open-label study. There was a 7 day treatment 
interval with an 8th day where a rapid 2-5 minute infusion was performed in selected 
cohorts, see Table 2 The study design used an increasing dose/treatment escalation 
cohort paradigm wherein subjects were enrolled in a cohort based on their total daily 
dose (TDD) of oral CBZ and their calculated creatinine clearance (CLcr; calculated by 
the Cockroft-Gault equation) on Day –28 (screening). The purpose of the increasing 
dose/treatment escalation cohort design was to provide a means for the independent 
data monitoring committee (IDMC) to assess safety prior to enrolling in subsequent 
cohorts; data were summarized by infusion time, renal function and dose. The initial 
subjects enrolled had normal renal function (CLcr �80 mL/min) and were stable on oral 
dosing of CBZ from 400 mg/day to 800 mg/day. Subsequent dosing cohorts enrolled 
subjects on higher doses of oral CBZ and allowed subjects with some renal impairment 
to be enrolled. The decision to escalate dose and infusion rate was made based on the 
IDMC and Sponsor’s review of safety data. The planned, progressive, dosing cohorts 
are shown in Table 2. 
 
Table 2  Study 13103A Progressive dose Groups 

Dosing Cohort 
Minimum 
Number 

(N)1 

CLcr 
(mL/min) 

Oral CBZ 
Daily Dose 

(mg) 

Infusion Time 
(min) 
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1A 8 >80 400 – 800 30 
1B 4 >80 400 – 800 15 
1C2 4 >80 400 – 800 15/ 2 – 5 
2A 8 >80 >800 – 2000 30 
2B 4 >80 >800 – 2000 15 
2C2 4 >80 >800 – 2000 15/ 2 – 5 
3A1 4 >50 – 80 400 – 800 30 
3A2 4 >50 – 80 >800 – 2000 30 
3B 8 >50 – 80 400 – 2000 15 

3C1
2 4 >50 – 80 400 – 800 15/ 2 – 5 

3C2
2 4 >50 – 80 >800 – 2000 15/ 2 – 5 

4A1 4 •30 – 50 400 – 800 30 
4A2 4 •30 – 50 >800 – 2000 30 
4B 4 •30 – 50 400 – 2000 15 

CBZ = carbamazepine; CLcr = creatinine clearance 
1. The minimum number of subjects who needed to complete the study before allowing enrollment 
into subsequent dosing cohorts. 
2. Subjects from Dosing Cohorts 1C, 2C, and 3C were treated the same as subjects from Dosing 
Cohorts 1B, 2B, and 3B, respectively, but were consented to stay an additional day for 2-5–minute 
infusions of IV CBZ (ie, open-line infusions with a target duration of 2 to 5 minutes). 

 
Subjects were screened for the study on day -28 of the study timeline (Figure 6) and 
were required to be on stable oral carbamazepine for a minimum of 2 weeks prior to 
screening. From day -27 and continuing through the lead in period eligible subjects 
continued to take their oral carbamazepine as prescribed and kept a dosing and seizure 
diary. Patients returned to the investigative site 2 weeks after screening, now day -14, 
for an assessment of compliance with their oral carbamazepine regimen.  
 
Patients returned again prior to their first dose of oral carbamazepine on day -1 to begin 
the confinement period of the study. During the confinement period patients were 
administered all concomitant medications through day 8 with the exception of oral 
carbamazepine which was temporarily discontinued following the last dose of oral 
carbamazepine on day 0, through day 7 of the study.  
 
On Day 0 the subject’s last dose of oral CBZ was administered. On the morning of Day 
1, the first dose of IV CBZ was administered. IV CBZ was dosed at 70% of the patient’s 
prescribed total daily dose (TDD) of oral CBZ split evenly between 4 daily doses, q6h 
over 30 minutes (Cohort A) or 15 minutes ([Cohort B). Patient’s continued to be 
administered IV CBZ q6h through Day 7 (i.e., a total of 7 days of IV CBZ 
administration). During the confinement period, serial blood samples were collected to 
assess the PK of both oral (Day 0) and IV (Day 7) CBZ. Patient’s resumed their usual 
oral dose of CBZ on the morning of Day 8. In a subset of subjects who received 15-
minute infusions (Cohort B), 2-5–minute infusions (i.e., open-line infusions with target 
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duration of 2 to 5 minutes) of IV CBZ were administered q6h on Day 8 (Cohort C); serial 
blood samples were collected to assess the PK of IV (Day 8) CBZ. Patients in Cohort C 
resumed their usual oral dose on the morning of Day 9. All patients were discharged 
from the investigative site following completion of all IV infusions and checkout 
assessments. 
 
 
Figure 6 Study Timeline OV-1015 (13103A) 

 
 
Study 13181A 
 
This study was determined to be necessary at the end of phase 2 (EOP2) to further 
support the safety of IV CBZ beyond that provided by study 13103A with additional 
rapid infusions and higher carbamazepine doses. 
 
Objectives:  
 
The primary objective of the study was to assess the safety and tolerability of IV 
carbamazepine (carbamazepine injection) administered as multiple 15-minute infusions 
to adult patients with epilepsy on stable higher doses of oral carbamazepine. Secondary 
objectives of the study were to assess the safety and tolerability of IV carbamazepine 
(carbamazepine injection) when administered as a 5-minute infusion and to assess the 
effect of IV carbamazepine on renal biomarkers. 
 
Patient Population:  
 
Patients must have a diagnosis which matches any of the approved epilepsy indications 
for carbamazepine 

• Partial seizures with complex symptomatology (psychomotor, temporal lobe) 
• Generalized tonic-clonic seizures (GTCS) (grand mal): myoclonic, clonic, tonic, 

tonic-clonic, atonic 
• Mixed seizure patterns that include the above or other partial or generalized 

seizures (except absence seizures. 
 
The patient is receiving a stable dose of oral CBZ (tablet or capsule formulation) of 1200 
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mg/day to 2000 mg/day, for a minimum of 14 days prior to study screening (Day -28). 
Patients who have an increase in seizure frequency, severity or duration of seizures 
during the lead in period may be excluded from the study. Patients who have a 
significant underlying medical illness such as a history of cardiac, other neurologic 
disorder, psychiatric oncologic, endocrinologic, metabolic or hepatic disease which 
would adversely affect their participation in the study are excluded. 
 
Study Design 
 
Unlike study 13103A this study had a 4 day interval where intravenous carbamazepine 
was delivered.  
 
Patients were screened for the study on Day –28 (+/-3 days). Beginning on Day -27, 
eligible patients were required to take their oral carbamazepine as indicated by the 
investigator as described in the package insert for commercially available oral 
carbamazepine (eg, every 12 hours for patients taking an extended-release formulation 
of carbamazepine or every 8 hours or every 6 hours (q6h) for patients taking an 
immediate-release formulation of carbamazepine). Patients returned to the investigative 
site approximately 2 weeks later on Day -14 for a study visit to assess their compliance 
with their oral carbamazepine regimen. 
 
Patients returned to the investigative site prior to their first dose of oral carbamazepine 
on Day -1 to begin the Confinement Period. During the Confinement Period, patients 
were administered all concomitant medications through Day 5 with the exception of oral 
carbamazepine which was temporarily discontinued following their last dose of oral 
carbamazepine on Day 0. Eight or 6 hours (for patients taking an immediate-release 
formulation of oral carbamazepine) or 12 hours (for patients taking an extended-release 
formulation of oral carbamazepine) following the last administration of oral 
carbamazepine on Day 0, patients were administered their first infusion of 
carbamazepine injection dosed at approximately 70% of their normal total daily oral 
dose. Patients continued to be administered carbamazepine injection q6h through the 
morning of Day 4.  
 
Patients returned to oral carbamazepine 6 hours after the IV dose given in the morning 
of Day 4. On Day 5, patients were discharged from the investigative site 2 hours 
(immediate-release formulation of oral carbamazepine) or 4 hours (extended-release 
formulation of oral carbamazepine) following the first administration of oral 
carbamazepine on Day 5. 
 
Patients returned to the investigative site approximately 2 weeks from Day 5 (Day 18) 
for their final study visit. The investigative site maintained contact with the patient 
through the Follow-up Period of 28 days following the last IV administration of study 
drug to ensure that any new safety findings were reported. The investigator or designee 
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contacted the patient by phone on Day 32 to ensure that any safety findings in that time 
interval were reported. 
 
Figure 7  Study Timeline 13181A 

 
 
Study 15926A: see 7.4.5 Special Safety Studies/Clinical Trials 

6 Review of Efficacy 

Efficacy Summary 
Study 15926A was the basis for the bioavailability conversion factor of 70%. 
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 Efficacy based on controlled clinical trial data was not part of this 505b2 application. 
This is a new formulation of an approved active pharmaceutical ingredient seeking a 
bridge to efficacy based on bioequivalence at steady state to reference approved 
carbamazepine (Tegretol).  
 
Results of bioequivalence analysis of CBZ and CBZ + CBZ-E (total carbamazepine), at 
steady state were within accepted bioequivalence limits. CBZ-E concentrations alone 
were found to have 90% confidence intervals below the lower limit of the 80% to 125% 
range for AUC0-24, Cmax and Cmin. This information was presented at the pre-NDA 
meeting. At this meeting in September of 2013 the division expressed concern that 
although the CI of the ratio of the oral - IV least square means of the key PK parameters 
were within bioequivalence limits there may be notable differences in the shape of the 
oral and IV concentration time curves which could affect safety and efficacy of the 
product. Three different oral dose regimens are being compared to a single q6h IV dose 
regimen. Each of these three regimens has its own unique concentration time curve that 
is likely to differ from the q6h intravenous concentration time curve based on the 
difference in drug delivery over a 24 hour interval and the difference in absorption rate 
of the oral vs intravenous formulation. The shape of the concentration time curve 
potentially plays a role in the pharmacodynamic effect of the anticonvulsant agent. 
Therefore, there is a concern that the variation of concentration time curves of the oral 
dose form are adequately matched to the concentration time curve of the q6h 
intravenous delivery.  
 
In response to this concern the division recommended examination of the congruence 
of these oral vs IV concentration time curves with the approach used for approval of 
Trokendi which compared XR and IR formulations.  This approach utilized short interval 
sequential concentrations and partial AUCs to examine curve congruence. The sponsor 
subsequently performed an analysis of partial AUC in 2 hour segments from 0 to 6 
hours which spanned a single IV dosing interval.  
 
In the case of Q 12 hr. dosing with ER formulation of CBZ, partial AUC analysis (two 
hour AUC segment) of AUC (Day 7) IV over (Day 0) oral indicated that there were more 
AUC segments that satisfied the bioequivalence criteria (90% CI of the IV/Oral GM ratio 
between 80% and 125%) following 15 min infusion than following 30 min infusion. Only 
the 4-6 hr. AUC time period did not meet the bioequivalence criteria with the lower band 
of the 90% CI being below 80%, see Figure 8. 
 
In the case of Q 8 hr. dosing with IR formulation of CBZ, partial AUC analysis indicated 
that there were more AUC segments that satisfied the bioequivalence criteria following 
15 min infusion than following 30 min infusion. With the 15 min infusion, AUC at 2-4 and 
4-6 hr., time periods did not meet the bioequivalence criteria with the lower band of the 
90% CI being below 80%, see Figure 9. 
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6.1.1 Methods 

The efficacy of IV CBZ is supported by study OV-1015A (13103A) which examined both 
safety – tolerability and pharmacokinetics. Efficacy is supported in this application by 
demonstration of a bioequivalence bridge between approved oral carbamazepine and 
this intravenous carbamazepine infusion. The primary objective of study OV-1015 is to 
compare the steady-state pharmacokinetics of intravenously administered CBZ (Day 7) 
relative to orally administered CBZ (Day 0). 
 
The A total of 64 subjects were included in the statistical analyses for bioequivalence. 
The primary analysis for bioequivalence determination was based upon exposure 
parameters AUC0-24, Cmax and Cmin for CBZ on Day 7. Bioequivalence analyses 
were also done for CBZ-E and Total CBZ. A traditional bioequivalence approach was 
applied for plasma Total CBZ. IV CBZ infused over 30 minutes was bioequivalent to oral 
CBZ; the 90% CIs for the ratios of the LS means for AUC(0-24), Cmax, and Cmin were 
within the 80% to 125% range. The 15-minute and open-line infusions (target 2 to 5 
minutes; actual duration ranged from 2 to 26 minutes), the 90% CIs for the ratios of the 
LS means for AUC(0-24) and Cmin were within the 80% to 125% range; however, the 
90% CI ratios of the LS means for Cmax were above the upper limit of the 80% to 125% 
range. 
 
At the Pre-NDA meeting the division was concerned that although standard 
bioequivalence methodology revealed bioequivalence for the thirty minute infusion 
group there may be differences in the oral and intravenous concentration time curves 
which may impact the pharmacodynamic effect of carbamazepine. This concern was 
heightened by the differences in the timing of the several oral regimens on the first 
transition day of the study and the fixed q6 hour intravenous regimen during steady 
state intravenous infusion. It was considered possible that the discordant timing of Q12, 
Q8 and Q6 hour oral dosing and fixed Q6 hour intravenous dosing may result in 
divergence of concentration time curves while standard bioequivalence criteria are 
satisfied. To investigate this issue the division requested partial AUC analyses of the 
oral to intravenous switch data using point estimate and 90% CIs.  

6.1.2 Demographics 
 

A total of 98 subjects, aged 20 to 68 years, were enrolled in the study. Forty-two 
subjects (42.9%) were male and 56 subjects (57.1%) were female. Eighty-four subjects 
(85.7%) were White/Caucasian, 13 (13.3%) were Black/African American, and 1 (1.0%) 
was Asian  
 
 
Table 3  Overall, Study OV-1015 (13103A) Demographics, Safety Population 

Study OV-1015 (13103A) Demographics, Safety Population 
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Variable 2-5 minute 
infusions 

15 minute 
infusions 

30 minute 
infusions Total 

Overall N=12 N=55 N=43 N=98 
Age     

Mean (SD) 44.8 ( 10.3) 45.8 ( 11.6) 44.4 ( 11.9) 45.2 (11.7) 
Range 23 - 60 23 - 68 20 - 68 20 - 68 

Gender     
Male, n (%) 6 ( 50.0) 26 ( 47.3) 16 ( 37.2) 42 ( 42.9) 
Female, n (%) 6 ( 50.0) 29 ( 52.7) 27 ( 62.8) 56 ( 57.1) 

Race 
White or Caucasian, n (%) 11 ( 91.7) 50 ( 90.9) 34 ( 79.1) 84 ( 85.7) 
Black or African American, n 

 
1 ( 8.3) 5 ( 9.1) 8 ( 18.6) 13 ( 13.3) 

Asian, n (%) 0 0 1 ( 2.3) 1 ( 1.0) 
Ethnicity 

Hispanic or Latino, n (%) 0 3 ( 5.5) 2 ( 4.7) 5 ( 5.1) 
Not Hispanic or Latino, n (%) 12 (100.0) 52 ( 94.5) 41 ( 95.3) 93 ( 94.9)   

 
 
Table 4   Normal Renal Function, Study OV-1015 (13103A) Demographics, Safety Population 

Study OV-1015 (13103A) Demographics, Safety Population 

Variable 2-5 minute 
infusions 

15 minute 
infusions 

30 minute 
infusions Total 

Normal Renal Function
2
 

 
N=12 

 
N=51 

 
N=34 

 
N=85 

Age     
Mean (SD) 44.8 ( 10.3) 44.5 ( 11.0) 41.8 ( 11.7) 43.4 (11.3) 
Range 23 - 60 23 - 68 20 - 65 20 - 68 

Gender     
Male, n (%) 6 ( 50.0) 26 ( 51.0) 16 ( 47.1) 42 (49.4) 
Female, n (%) 6 ( 50.0) 25 ( 49.0) 18 ( 52.9) 43 (50.6) 

Race 
White or Caucasian, n (%) 11 ( 91.7) 46 ( 90.2) 28 ( 82.4) 74 (87.1) 
Black or African American, n 

 
1 ( 8.3) 5 ( 9.8) 5 ( 14.7) 10 (11.8) 

Asian, n (%) 0 0 1 ( 2.9) 1 (1.2) 
Ethnicity 

Hispanic or Latino, n (%) 0 3 ( 5.9) 1 ( 2.9) 4 (4.7) 
Not Hispanic or Latino, n (%) 12 (100.0) 48 ( 94.1) 33 ( 97.1) 81 (95.3)   

 
 
Table 5  Mild Renal Impairment, Study OV-1015 (13103A) Demographics, Safety Population 

Study OV-1015 (13103A) Demographics, Safety Population 

Variable 2-5 minute 
infusions 

15 minute 
infusions 

30 minute 
infusions Total 

Mild Renal Impairment2 
 

N=0 
 

N=4 
 

N=9 
 

N=13 
Age     
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Mean (SD) 0 62.0 ( 6.1) 54.1 ( 6.7) 56.5 (7.3) 
Range 0 54 - 68 46 - 68 46 - 68 

Gender     
Male, n (%) 0 0 0 0 
Female, n (%) 0 4 (100.0) 9 (100.0) 13 (100.0) 

Race 
White or Caucasian, n (%) 0 4 (100.0) 6 ( 66.7) 10 ( 76.9) 
Black or African American, n 

 
0 0 3 ( 33.3) 3 ( 23.1) 

Asian, n (%) 0 0 0 0 
Ethnicity     
Hispanic or Latino, n (%) 0 0 1 ( 11.1) 1 (7.7) 
Not Hispanic or Latino, n (%) 0 4 (100.0) 8 ( 88.9) 12 ( 92.3) 

 
Reviewer Comment: The overall composition of the patient group reveals balance for 
age and gender among the infusion groups. There is a predominance of caucasian 
participants in the overall study. These proportions remain similar in the normal renal 
function group. The mild renal impairment group has a somewhat higher age and is all 
female. Robust generalization to non-Caucasians is not present based on this 
composition; however use of the API (carbamazepine) in the oral form in a broad 
distribution of ethnicity lowers the concern about lack of generalizability. 

6.1.3 Subject Disposition (study OV-1015)  

Informed consent was obtained from 140 patients. Twenty patients were screen failures 
due to their creatinine clearance value, 11 were screen failures due to failure of an 
inclusion or exclusion criteria, 2 were screen failures due to withdrawal of consent and 6 
were screen failures due to other reasons. Ninety eight patients entered the study and 
had a last dose of medication. From among these 98 patients 2 patients withdrew 
consent, 1 discontinued due to adverse event and 1 was lost to follow up with a 
remaining 94 patients completing the study, see Table 6.  
 
Table 6   Study OV-1015 (13103A) Table of Patient Disposition 

Disposition Event, Reported 
Term 

Standardized Disposition 
Term 

Category for 
Disposition Event 

Number 
of 
Patients 

INFORMED CONSENT INFORMED CONSENT PROTOCOL 
MILESTONE 140 

FIRST DOSE FIRST DOSE PROTOCOL 
MILESTONE 98 

LAST DOSE LAST DOSE PROTOCOL 
MILESTONE 98* 

COMPLETED COMPLETED PROTOCOL 
MILESTONE 94 

CRCL VALUE SCREEN FAILURE DISPOSITION EVENT 20 
INCLUSION / EXCLUSION 
FAILURE SCREEN FAILURE DISPOSITION EVENT 11 
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OTHER SCREEN FAILURE DISPOSITION EVENT 6 
WITHDRAWAL OF CONSENT SCREEN FAILURE DISPOSITION EVENT 5 
WITHDRAWAL OF CONSENT WITHDRAWAL OF CONSENT DISPOSITION EVENT 2 
ADVERSE EVENT ADVERSE EVENT DISPOSITION EVENT 1 
LOST TO FOLLOW-UP LOST TO FOLLOW-UP DISPOSITION EVENT 1 
*From among 98 with last dose of medication 1 was lost to follow up, 2 withdrew consent, and 1 
discontinued due to adverse event with a remaining 94 patient in the category of study completion.  

 
Reviewer Comment: the largest cause of screening failures 20 (48%) was due to a 
creatinine clearance which based on exclusion criteria was less than 30ml/min. The 
disposition profile does not have features which affect generalizability in an 
unanticipated manner.  

6.1.4 Analysis of Primary Endpoint(s) 

The primary analysis for bioequivalence determination was based upon exposure 
parameters AUC0-24, Cmax and Cmin for CBZ on Day 7 relative to orally administered 
CBZ (Day 0). The analysis reveals that all parameters in the 30 minute infusion group 
meet bioequivalence criteria. In the more rapid infusion groups the upper bound of the 
90% CI for Cmax is found to exceed the boundary of 1.25. This is understandable due 
to the rapid infusion of carbamazepine.  
 
Table 7  Summary of Plasma Pharmacokinetics and Associated Statistical Analyses 
(Bioequivalence) for Total Carbamazepine (CBZ + CBZ-E) Following Administration of 
Carbamazepine by Intravenous and Oral Routes [Study OV-1015])1 
 

Infusion Time1
 

Pharmacokinetic  Parameter 

IV Infusion                                           Oral 
Ratio of 
Geometric LS 
Means2 

90% CI for 
Ratio 

Arithmetic         Geometric           Arithmetic          Geometric 
Mean (%CV)        LS Mean         Mean (%CV)         LS Mean 

30 minutes (N=23) 

AUC(0-24) (µg.hr/mL)                                           211.64 (28.14)          203.03           239.83 (33.58)           225.82 
Cmax (µg/mL)                                                           11.85 (34.35)            11.20             11.46 (34.25)             10.78 
Cmin (µg/mL)                                                             7.22 (26.85)              6.95               8.44 (34.69)               7.92 

 

0.899                  (0.837, 0.965) 
1.039                  (0.955, 1.129) 
0.878                  (0.815, 0.945) 

15 minutes (N=41) 

AUC(0-24) (µg.hr/mL)                                           205.63 (26.72)          198.01           222.73 (27.65)           213 58 
Cmax (µg/mL)                                                          12.80 (34.18)            12.11             10.49 (26.38)             10.09 
Cmin (µg/mL)                                                             6.97 (27.91)              6.69               7.86 (30.11)               7.49 

 

0 927                  (0.891, 0.965) 
1.200                  (1.115, 1.290) 
0.894                   (0.855, 0.934) 

2-5 minutes (N=10) 

AUC(0-24) (µg.hr/mL)                                           200.77 (29.14)          192.47           219.53  (32.88)           207.07 
Cmax (µg/mL)                                                          14.28 (49.02)            12.90             10.33 (31.66)               9.77 
Cmin (µg/mL)                                                             6.98 (33.25)              6.62               7.63 (34.79)               7.17 

 

0 929                   (0.860, 1.004) 
1.319                   (1.020, 1.707) 
0.924                   (0.841, 1.015) 

                                            
1 From Table 6, p 20, SUMMARY OF BIOPHARMACEUTIC STUDIES AND ASSOCIATED 
ANALYTICAL METHODS, module 2.7.1  
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%CV = percent coefficient of variation; CI = confidence interval; LS = least-squares. 
 
Note: Geometric LS means, ratio of geometric LS means, and 90% confidence interval for the ratio of geometric LS means are 
determined from a linear mixed effect model for the natural log transformed PK values with treatment as a fixed factor and subject 
as a random factor. Arithmetic means may differ from geometric LS means used for statistical analyses. 
 
Note: Normal renal function = CLcr >80 mL/min. 
1         Subjects in the 2-5–minute infusion group received 15-minute infusions on Day 1 through Day 7 and 2-5–minute infusions 
on Day 8; therefore, they are counted in both the 2-5–minute infusion and 15-minute infusion groups. Bioequivalence  assessment 
for 2-5–minute infusions was not a primary objective of the study. 
2       IV Dose to Oral Dose Ratio (multiply by 100 to give percent). 

 

6.1.5 Analysis of Secondary Endpoints(s) 

Efficacy is supported by an argument for bioequivalence, no additional efficacy 
endpoints are submitted in this application 

6.1.6 Other Endpoints 

none 

6.1.7 Subpopulations 

Refer to Clinical Pharmacology Review of this application 

6.1.8 Analysis of Clinical Information Relevant to Dosing Recommendations 

Relevant discussion to this section is contained in section 6.1.10 where the implication 
of daily variability of oral dose to concentration is included in the analysis of the 
expectations for stability of the concentration time curve.  

6.1.9 Discussion of Persistence of Efficacy and/or Tolerance Effects 

Durability of treatment effect is established by the reference drug Tegretol 

6.1.10 Additional Efficacy Issues/Analyses 

At the pre-NDA meeting the division expressed concern that the shape of the 
concentration time curve may influence efficacy of the antiepilepsy drug. The sponsor 
subsequently performed additional analysis of the study data to determine the 
bioequivalence parameters for discrete segments of the concentration time curve. The 
analyses for the 15 minute infusion rate reveal that the CIs of the pAUC drop below the 
80% boundary at 4 to 6 hours at the first and third infusion of the day in the Q12 hr. oral 
treatment cohort and at several intervals in the Q8 hr. treatment cohort.   
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Figure 8  pAUC Q12 hr ER to IV Q6h, 15 minute infusion rate, (70% oral dose) Conversion with 
Simulation to 24 hours. 
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Figure 9  pAUC Q8 hr IR to IV Q6h, 15 minute infusion rate, (70% oral dose) Conversion with 
Simulation to 24 hours 

 
 
Cmin is considered a point of vulnerability for seizure breakthrough in epilepsy 
treatment and is a focus of attention during transition between antiepilepsy drugs or in 
change to a new dose form. The Cmin also reflects the later portion of the six hour cycle 
of the concentration time curve examined in the partial AUC histograms Figure 8 & 
Figure 9.  
 
Note, all CBZ values in the remaining discussion of section 6.10 represent total 
CBZ (CBZ + CBZ-E) 
 
In order to obtain a measure of Cmin variability in a given patient during oral treatment 
an examination of day to day Cmin is performed for each patient at 5 min before 1st oral 
dose of CBZ on days -14, -1 and 0 of the study. This is performed for the Q12 hr. and 
Q8 hr oral dose cohorts. The examination reveals notable variability at 5 minutes before 
the first oral dose on days -14,-1 and 0 within the same patient. The mean and standard 
deviation of the group of three Cmin values for each patient is calculated. The mean 
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a high concentration of the excipient solubilizer Captisol there was also focus on the 
occurrence of renal adverse effects and abnormalities in renal laboratory biomarkers.  
 
There was one death in the development program, this occurred in a patient with occult 
hypertension after the final infusion of day 2 in study 13103A. There was a high blood 
pressure measurement just prior to the event but lower than values obtained at pre-
treatment time points. Based on the finding of pre-treatment hypertension this patient 
may have had preexisting small vessel cerebrovascular disease, a substrate for the 
observed hemorrhagic lesion.  
 
There were 10 serious adverse events during the clinical trials with three occurring 
during the IV CBZ treatment interval. One of the events was an unrelated, non-
Neurologic seizure. The second event was a local cellulitis at an intravenous placement 
site while the third event was the cerebral hemorrhage described in the deaths, above.  
 
There were 8 patients who did not complete the studies. Five of these patients 
discontinued due to adverse events leading to withdrawal. From among these five 
patients four of them were in the 15 minute infusion group and one in the 30 minute 
infusion group.  
 
Common adverse event were similar to the profile of adverse events identified in the 
reference drug Tegretol “adverse reactions”. The 3 most common events among all 
patients in all dose groups and infusion rates were “dizziness” 18.7%, “headache” 6.4%, 
and “somnolence” 6.4%. These adverse events were more frequent in the 15 minute 
infusion group than in the 30 minute infusion group. The reactions “Infusion site pain” 
and “infusion related reactions” occurred exclusively in the 15 minute infusion group. 
 
Overall adverse events were more frequent in the ≥1600mg dose group than in the 
<1600mg dose group. Elevations of urine NAG were proportionately more frequent in 
the ≥1600mg group than in the <1600mg dose group. The occurrence of PCS value 
orthostatic blood pressure changes was more frequency in the high dose group.  
 
There were alterations noted in the laboratory values of potassium and calcium. A 
notable number of patients had a shift from normal at baseline to low at day 4 serum 
potassium values, see Serum Potassium . There was also a group mean decrease in 
potassium level from baseline to day 4. A similar but less marked change was noted for 
calcium. Serum glucose values were first examined from both trials pooled where a 
mean increase in change from baseline to steady state was noted as well as a finding of 
28 patients with a shift from normal at baseline to high OORR at steady state. However; 
when only patients identified as fasting at procurement of the sample, a subset of study 
13181A, were analyzed, the tendency toward glucose increase was absent. In the study 
of fasting patients there was a mean decrease in glucose from baseline to steady state 
and only 2 patients had a baseline to high OORR shift at steady state. One patient had 
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a baseline normal to low OORR glucose at steady state. Overall among the clinical 
chemistries, the findings in the potassium analysis were the only safety signal identified.  
 
Examination of hematologic parameters revealed a mean decline in change from 
baseline to steady state values with a positive mean change in hemoglobin value from 
steady state to follow up. There was a shift from normal hemoglobin at baseline to low 
OORR at steady state in 19 patients. Fourteen of these patients had a return to ≥ 
baseline value. There were five patients with an adverse event preferred term of 
“anaemia”. There was a single patient identified with a precipitous drop in hemoglobin 
from day -1 to day 4 of the study with continued decline at day 8 and partial recovery at 
day 22. This patient did not have an adverse event of anemia. Hematocrit values were 
parallel to the finding in hemoglobin. Although there is a trend to reversal of hemoglobin 
changes following the IV CBZ treatment interval, the summation of the observed events 
prompts placement of “anemia” in the adverse events table of section 6.1 and a 
recommendation to monitor blood counts during use of Carbella in warnings and 
precautions,  “5.2 Aplastic Anemia and Agranulocytosis”. 
 
Items of special interest were the potential for cardiotoxic and hemodynamic effects 
related to rapid CBZ infusion, renal dysfunction related to the Captisol infusion and 
seizure breakthrough. The most severe cardiac events were two, 2 second cardiac 
pauses and premature ventricular contractions which both occurred in the same patient. 
This was not entered as an SAE and occurred in a patient with known underlying 
coronary artery disease. There were no syncopal events. There were PCS value 
orthostatic blood pressure changes, as noted above, more frequent in the ≥1600mg 
dose group.  
 
There was an increase in NAG during IV CBZ treatment which was reversible in all but 
one patient, S4218.. There was no increase in serum creatinine or BUN related to IV 
CBZ, with one exception, patient S4218. This patient also had an AE of proteinuria and 
entered the study in the category of mild renal insufficiency. Patient S4218 was an 
outlier with an increase in creatinine and BUN during the IV CBZ infusion interval as 
well as an increase in NAG which rose further at follow up measurement. This patient 
may be a sentinel indicator that patients with renal insufficiency harbor some 
vulnerability to Captisol infusion.  
 
There were three epilepsy related events during the intravenous carbamazepine 
infusion interval. One of these was an SAE but does not have a causal relationship to IV 
CBZ because the event was a non-neurologic status epilepticus. There were two 
epilepsy related entries that were non SAEs.  The frequency of valid epilepsy related 
adverse events was 1%.  Examination of the number of patient with seizures during the 
studies revealed a decrease proportion of patients with seizures during IV CBZ patients 
compared to baseline and follow up as well as a decrease in seizure frequency among 
these patients. There was no evidence of a rebound in seizure frequency in the follow 
up period when compared to baseline seizure frequency.  
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They were thus treated under this class of special interest by the sponsor. In addition 
orthostatic blood pressure was examined by the reviewer with a focus on hypotensive 
changes. 

7.1.3 Pooling of Data Across Studies/Clinical Trials to Estimate and Compare 
Incidence 

The application package was composed of two clinical trials, OV1015 to study the 
pharmacokinetics of intravenous carbamazepine (98 patients) and 13181A an open 
label safety and tolerability study (108 patients). These studies were pooled for the ISS 
and these pooled datasets of adverse events, clinical laboratory studies, and vital signs 
were examined.  

7.2 Adequacy of Safety Assessments 

7.2.1 Overall Exposure at Appropriate Doses/Durations and Demographics of Target 
Populations 

A total of 203 unique patients in the clinical development program were exposed to IV 
carbamazepine. Among the 203 patients, 43 patients received a 30-minute infusion, 160 
patients received a 15-minute infusion, and 113 received a 2– to 5-minute infusion (after 
receiving 15-minute infusions). Among the 203 patients, the majority of patients in each 
infusion group completed the studies (ranging from 95.6% to 100%). All patients who 
received a 2– to 5-minute infusion completed the study. In the 15-minute infusion group, 
the most common reasons for discontinuation were AE (3 patients; 1.9%) and 
withdrawal of consent (3 patients; 1.9%); 1 patient (0.6%) prematurely discontinued due 
to lost to follow-up. In the 30-minute infusion group, 1 patient (2.3%) prematurely 
discontinued due to an AE. 
 
Based on the daily oral dose of carbamazepine prior to the study, there were 174 
patients treated in the <1600 mg range and 29 patients in the ≥1600 mg range. Among 
the 174 patients who received <1600 mg, 43 patients received a 30-minute infusion, 
131 patients received a 15-minute infusion, and 91 received a 2– to 5-minute infusion. 
Among the 29 patients who received ≥1600 mg, no patients received a 30-minute 
infusion, all 29 patients received a 15-minute infusion, and of these, 22 received a 2– to 
5-minute infusion. 
 
Table 8  Study Treatment Exposure (All Patients Treated Set) Patient Cohort by Infusion Time 
 2– to 5-

 
15 minutes 30 minutes Total 

Overall 
Total daily IV carbamazepine (mg) (N = 113) (N = 160) (N = 43) (N = 203) 

Mean (SD) 901 (185.92) 823 (251.34) 643 (194.83) 785 (251.08) 
Median 840.0 840.0 630.1 840.0 
Minimum, maximum  280, 1400  64, 1400  350, 1050  64, 1400 
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 2– to 5-
 

15 minutes 30 minutes Total 
Overall 
Total daily IV carbamazepine (mg) (N = 113) (N = 160) (N = 43) (N = 203) 

Duration of exposure to IV carbamazepine 
(days) 

    

Mean (SD) 4.5 (1.47) 5.3 (1.96) 7.7 (0.57) 5.8 (2.02) 
Median 4.0 4.0 7.8 4.0 
Minimum, maximum 3.7, 8.8 1.0, 8.8 4.0, 7.8 1.0, 8.8 
Patients in the 2– to 5-minute infusion cohort received 15-minute infusions prior to 2– to 5-minute infusions 
in both 

                 
 

    

 
Table 8 reveals that a substantial number of patients received a rapid 2-5 minute 
infusion of a high dose range of carbamazepine. The higher dose range was 
predominantly in the 15 minute infusion group which reflects the patients from study 
13181A which had inclusion criteria to capture higher dose range patients. The 30 
minute infusion group had a somewhat lower dose exposure but a longer duration (in 
days) of exposure which reflects the patients from study 13103A (OV-1015). Together 
these studies provide a robust experience in high dose, high infusion rate as well as 
adequate overall duration of exposure to the IV formulation.  
 
Table 9  Number of Patients Exposed to Each Infusion by Baseline Daily Oral Dose of 
Carbamazepine (Studies OV-1015 and 13181A) 
Baseline Daily 
 Oral Dose 

Number (%) of Patients 

2– to 5-minutes 15 minutes 30 minutes Totala 
  0 to 400 mg 
  401 to 800 mg 
  801 to 1199 mg 
  1200 to 1599 mg 
  1600 to 2000 mg 

  3 (2.7) 
  2 (1.8) 
  1 (0.9) 
  85 (75.2) 
  22 (19.5) 

  9 (5.6) 
  21 (13.1) 
  7 (4.4) 
  94 (58.8) 
  29 (18.1) 

  0 
  22 (51.2) 
  7 (16.3) 
  14 (32.6) 
  0 

  9 (4.4) 
  43 (21.2) 
  14 (6.9) 
  108 (53.2) 
  29a (14.3) 

Totalb 113 160 43 203 
a Of these 29 patients, 8 in the 15-minute infusion group and 7 who also received a 2- to 5-minute 
infusion received a dose >1600 mg (ie, 1800 to 2000 mg). 
b Patients could receive the same dose at more than one infusion duration. 

 
Table 10 examines the exposure by number of infusions. The majority infusions are 15 
minute infusions. The total 30 minute infusions predominate in study 13103A. The 2-5 
minute infusions are less numerous because this are primarily single infusions following 
the 15 minute infusion protocols.  
 
Table 10  Number of Patients and Number of Infusions by Carbamazepine Infusion Duration and 
by Baseline Renal Function Status (All Patients Treated Set) 
 Number of 

Patients   Number of 
Infusions 
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Study OV-1015 13181A Total OV-1015 13181A Total 
Overall       

 2–5 minutes 12 101 113 48 101 149 
 15 minutes 55 105 160 1518 1232 2750 
 30 minutes 43 0 43 1189 0 1189 

Normal renal 
function       

 2–5 minutes 9 87 96 36 87 123 
 15 minutes 42 90 132 1154 1057 2211 
 30 minutes 29 0 29 812 0 812 

Impaired renal function 
 2–5 minutes 3 14 17 12 14 26 
 15 minutes 13 15 28 364 175 539 
 30 minutes 14 0 14 377 0 377 
If CrCl ≥90 mL/min, renal function was normal; if CrCl ≥50 to <90 mL/min, renal function was impaired. 

 
 

Captisol exposure 
 
Captisol exposure is proportional to CBZ dose, 1mg of CBZ is couple to 25mg of 
Captisol. Exposure by infusion group is presented in the following tables.  
 
Table 11  15 Minute Infusion Group, Captisol Exposure Sorted by Total Exposure 
Daily IV 
CBZ (mg) 

CBZ / 
infusion 
(mg) 

Captisol / 
infusion (mg) 

Total IV 
Infusions 

Daily 
Captisol 
(grams) 

Total Captisol 
Study 
Exposure 
(grams) 

Number 
of 

Patients 

1400 350 8750 28 35 245 1 
1260 315 7875 28 32 221 1 
1120 280 7000 28 28 196 6 
1050 262.5 6563 28 26 184 1 
1050 262.5 6563 28 26 184 1 
980 245 6125 28 25 172 2 
840 210 5250 28 21 147 6 
700 175 4375 28 18 123 4 
630 157.5 3938 28 16 110 4 
1400 350 8750 12 35 105 2 
560 140 3500 28 14 98 8 
1260 315 7875 12 32 95 3 
560 140 3500 24 14 84 1 
1120 280 7000 12 28 84 14 
1110 277.5 6938 12 28 83 1 
1050 262.5 6563 12 26 79 4 
420 105 2625 28 11 74 1 
420 105 2625 28 11 74 9 
980 245 6125 12 25 74 6 
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951 237.75 5944 12 24 71 1 
910 227.5 5688 12 23 68 1 
840 210 5250 12 21 63 62 
838 209.5 5238 12 21 63 1 
835 208.75 5219 12 21 63 1 
835 208.75 5219 12 21 63 1 
831 207.75 5194 12 21 62 1 
825 206.25 5156 12 21 62 1 
823 205.75 5144 12 21 62 1 
350 87.5 2188 28 9 61 1 
815 203.75 5094 12 20 61 1 
280 70 1750 28 7 49 8 
840 210 5250 7 21 37 2 
840 210 5250 5 21 26 1 
304 76 1900 10 8 19 1 
64 16 400 1 2 0 1 
 
 
Table 12  30 Minute Infusion Group, Captisol Exposure Sorted by Total Exposure 
Daily IV  
CBZ (mg) 

CBZ / 
infusion 
(mg) 

Captisol / 
infusion 
(mg) 

Total IV 
Infusions 

Daily Captisol 
(grams) 

Total 
Captisol 
Study 
exposure 
grams 

Number 
of 

Patients 

1050 262.5 6563 28 26 184 1 
980 245 6125 28 25 172 2 
840 210 5250 28 21 147 11 
733 183.25 4581 28 18 128 1 
700 175 4375 28 18 123 5 
655 163.75 4094 28 16 115 1 
630 157.5 3938 28 16 110 2 
630 157.5 3938 28 16 110 1 
570 142.5 3563 28 14 100 1 
560 140 3500 28 14 98 2 
510 127.5 3188 28 13 89 1 
490 122.5 3063 28 12 86 1 
420 105 2625 28 11 74 12 
350 87.5 2188 28 9 61 1 
560 140 3500 13 14 46 1 
 
 
Table 13  Captisol Exposure in Patients Who Received a 2-5 Minute Infusion. Sorted by total dose* 
Daily IV CBZ 
(mg) 

CBZ / 
infusion 
(mg) 

Captisol / 
infusion 
(mg) 

Total IV 
Infusions 

Daily 
Captisol 
(grams) 

Total 
Captisol 
Study 
exposure 
grams 

Number 
of 
Patients 

1400 350 8750 4 35000 35 1 
1120 280 7000 4 28000 28 1 
1050 262.5 6563 4 26250 26 1 
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840 210 5250 4 21000 21 3 
700 175 4375 4 17500 18 1 
560 140 3500 4 14000 14 1 
420 105 2625 4 10500 11 1 
1400 350 8750 1 8750 9 2 
1260 315 7875 1 7875 8 3 
280 70 1750 4 7000 7 3 
1110 277.5 6938 1 6938 7 1 
1120 280 7000 1 7000 7 14 
1050 262.5 6563 1 6563 7 4 
980 245 6125 1 6125 6 6 
951 237.75 5944 1 5944 6 1 
910 227.5 5688 1 5688 6 1 
823 205.75 5144 1 5144 5 1 
825 206.25 5156 1 5156 5 1 
831 207.75 5194 1 5194 5 1 
835 208.75 5219 1 5219 5 1 
835 208.75 5219 1 5219 5 1 
838 209.5 5238 1 5238 5 1 
840 210 5250 1 5250 5 62 
815 203.75 5094 1 5094 5 1 
* Patients in the 2-5 minute infusion cohort were in the 15 minute infusion cohorts in both 
study 13103A and 13181A and are not unique exposures.  
 
Top ten patients for total study Captisol exposure 
 
USUBJID of Patients who received ≥ 
184 grams of Captisol, total study 
exposure. 15 minute infusion group 
13103A-US001-S0113 
13103A-US001-S0116 
13103A-US002-S0203 
13103A-US006-S0640 
13103A-US006-S0644 
13103A-US006-S0647 
13103A-US006-S0659 
13103A-US007-S0708 
13103A-US010-S1007 
13103A-US011-S1123 

 
Examination by number of patients.  
 
Examination of exposure by number of patients reveals that in the 15 minute infusion 
group there were 62 patients exposed to 21 grams of Captisol daily with a total study 
exposure of 63 grams. Fourteen (14) patients were exposed to 28 grams of Captisol 
daily with an 84 gram total study exposure. Nine (9) patients were exposed to 11 grams 

Reference ID: 3644404



Clinical Review 
Steven Dinsmore D.O.  
NDA 206030 
CARBELLA™ (carbamazepine intravenous)  
 

54 

of Captisol daily with a total study exposure of 74 grams. Eight patients were exposed to 
14 grams of Captisol daily with a total study exposure of 98 grams. These four exposure 
cohorts account for 58% of the 15 minute infusion group patient exposure.  
 
Examination of exposure in the 30 minute infusion group reveals there were 12 patients 
exposed to 11 grams of Captisol daily with total study exposure of 74 grams. There 
were 11 patients exposed to 21 grams of Captisol daily with a total study exposure of 
147 grams. There were 5 patients exposed to 18 grams of Captisol daily with a total 
study exposure of 123 grams. These three cohorts account for 65% of the 30 minute 
infusion cohort.  
 
Examination of the 2-5 minute infusion group reveals that 62 patients were exposed to 1 
infusion containing 5.2 grams of Captisol with a total study exposure of one infusion. 
There were 14 patients exposed to a single infusion containing 7 grams of Captisol, 6 
patients were exposed to a single infusion containing 6 grams of Captisol and 4 patients 
were exposed to 4 infusions containing 5.2 grams of Captisol. These 4 patients had a 
total study exposure of 21 grams of Captisol delivered at a 2-5 minute rate. These five 
cohorts account for 79% of the 2 to 5 minute infusion cohort.  
 
Examination by total Captisol exposure  
 
An examination of the 15 minute infusion group reveals there were 10 patients with a 
total study exposure ≥ 184 grams with a maximum exposure in one patient of 245 
grams of Captisol. There were 28 patients with a total study exposure to greater than 
100 grams of Captisol. These 28 patients account for 18% of the 15 minute infusion 
cohort.  
 
Examination of the 30 minute infusion group reveals that 13 patients had ≥ 147 grams 
of total study Captisol exposure and 25 patients were exposed to ≥ 100 grams of 
Captisol during the study. These 25 patients represent 58% of the 30 minute infusion 
cohort.  
 
Nine (9) patients in the 2 -5 minute infusion group were exposed to 10 grams of Captisol 
over 4 infusions while 3 patients were exposed to 7 grams over 4 infusions. This 
represents 11% of the total 2-5 minute study cohort. The remaining 101 patients had a 
single infusion at a 2-5 minute rate with Captisol exposure ranging from 5 to 9 grams.  
 
Reviewer Comment: Patient exposure to rapid infusion rates and high dose range CBZ 
which was requested at the end of phase 2 meeting was accomplished. The maximum 
total study exposure to Captisol in the 15 minute infusion group was 245 grams with a 
mean of 93 grams and a median of 74 grams. The maximum total study Captisol 
exposure in the 30 minute infusion group was 184 grams with a mean of 109 grams and 
median 110 grams.    
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Table 16  Clinical and Hematology Laboratory Parameters obtained in Studies 13103A and 13181A 
with Number of Instances of Each Sample 

Category of Laboratory 
Test Laboratory Parameter 

# of 
instances of 
test reported 

LIVER Alanine Aminotransferase (IU/L) 1443 
ENDOCRINE, 
METABOLIC Albumin (g/L) 1443 
URINALYSIS Albumin (mg/24 Hr) 512 
URINALYSIS Albumin (mg/d) 307 
URINALYSIS Albumin Concentration (mg/dL) 689 
LIVER Alkaline Phosphatase (IU/L) 1443 
LIVER Aspartate Aminotransferase (IU/L) 1443 
URINALYSIS B2-microglobulin / Creatinine (mcg/mmol Creat) 688 
HAEMATOLOGY Basophils/Leukocytes (%) 1447 
URINALYSIS Beta-2 Microglobulin (ng/24 Hr) 688 
URINALYSIS Beta-2 Microglobulin (ng/d) 307 
URINALYSIS Beta-2 Microglobulin Concentration (ng/ml) 688 
ELECTROLYTES Bicarbonate (mmol/L) 1926 
LIVER Bilirubin (µmol/L) 1443 
KIDNEY Blood Urea Nitrogen (mmol/L) 1928 
URINALYSIS Calcium (mg/24 Hr) 689 
URINALYSIS Calcium (mmol/day) 307 
ELECTROLYTES Calcium (mmol/L) 1928 
URINALYSIS Chloride (mEq/24 Hr) 689 
URINALYSIS Chloride (MEq/day) 307 
ELECTROLYTES Chloride (mmol/L) 1928 
URINALYSIS Chloride Concentration (mEq/L) 689 
LIPIDS Cholesterol (mmol/L) 1443 
CARDIAC/SKELETAL 
MUSCLE Creatine Kinase (IU/L) 1443 
KIDNEY Creatinine (µmol/L) 1928 
URINALYSIS Creatinine (mg/24 Hr) 689 
URINALYSIS Creatinine (mmol/day) 307 
URINALYSIS Creatinine Clearance (mL/min) 945 
URINALYSIS Creatinine Concentration (mg/dL) 689 
LIVER Direct Bilirubin (µmol/L) 1444 
HAEMATOLOGY Eosinophils/Leukocytes (%) 1447 
LIVER Gamma Glutamyl Transferase (IU/L) 1443 
URINALYSIS Glucose 841 
ENDOCRINE, 
METABOLIC Glucose (mmol/L) 1928 
HAEMATOLOGY Hematocrit (V/V) 1447 
HAEMATOLOGY Hemoglobin (g/dL) 1447 
URINALYSIS Ketones 841 
CARDIAC/SKELETAL 
MUSCLE Lactate Dehydrogenase (IU/L) 1443 
HAEMATOLOGY Lymphocytes/Leukocytes (%) 1447 
URINALYSIS Magnesium (mmol/day) 307 
ELECTROLYTES Magnesium (mmol/L) 1928 
HAEMATOLOGY Monocytes/Leukocytes (%) 1447 
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URINALYSIS N-Acetyl Glucosamide (µmol/d) 307 
URINALYSIS N-Acetyl Glucosamide (U/24 Hr) 689 
URINALYSIS N-Acetyl Glucosamide Concentration (U/L) 689 
URINALYSIS N-Acetyl Glucosamide/Creatinine (µm/h/mmol) 307 

URINALYSIS 
N-Acetyl Glucosamide/Creatinine (U/mmol 
Creat) 689 

HAEMATOLOGY Neutrophils/Leukocytes (%) 1447 
URINALYSIS Occult Blood 1927 
URINALYSIS pH 1927 
URINALYSIS Phosphate (mg/24 Hr) 689 
URINALYSIS Phosphate (mmol/day) 307 
ELECTROLYTES Phosphate (mmol/L) 1443 
URINALYSIS Phosphate Concentration (mg/dL) 689 
HAEMATOLOGY Platelet count (10E9/L) 606 
HAEMATOLOGY Platelets (10E9/L) 841 
URINALYSIS Potassium (mEq/24 Hr) 689 
URINALYSIS Potassium (mmol/day) 307 
ELECTROLYTES Potassium (mmol/L) 1928 
URINALYSIS Potassium Concentration (mEq/L) 689 
URINALYSIS Protein (g/L) 1927 
URINALYSIS Sodium (mEq/24 Hr) 689 
URINALYSIS Sodium (mmol/day) 307 
ELECTROLYTES Sodium (mmol/L) 1928 
URINALYSIS Sodium Concentration (mEq/L) 689 
LIPIDS Triglycerides (mmol/L) 1443 
KIDNEY Urate (µmol/L) 1443 
URINALYSIS Urinary Calcium (µmol/L) 689 
URINALYSIS Urinary Glucose (mmol/L) 1086 
URINALYSIS Urinary Ketones (mg/dL) 1086 
URINALYSIS Urine Total Volume (mL) 689 

 
 
Table 17   Vital Sign Parameters Obtained in Studies 13103A and 13181A with Number of 
Instances of Each Measurement 
Vital Sign Parameter # of instances of test 

reported 
Body Mass Index (kg/m2) 214 
Diastolic Blood Pressure (mmHg) 24438 
Height (cm) 13158 
Orthostatic Pulse (bpm) 7455 
Orthostatic Systolic BP (mmHg) 7508 
Pulse Rate (BEATS/MIN) 24438 
Respiratory Rate (BREATHS/MIN) 24438 
Systolic Blood Pressure (mmHg) 24438 
Temperature (C) 13902 
Weight (kg) 13267 
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7.2.5 Metabolic, Clearance, and Interaction Workup 

The metabolic, Clearance and interaction of carbamazepine has been established in the 
reference drug Tegretol and is bridged to the  IV treatment by PK .  

7.2.6 Evaluation for Potential Adverse Events for Similar Drugs in Drug Class 

The adverse event profile is expected to be the same as the reference product Tegretol. 
There may be some accentuation of Cmax related adverse events of intravenously 
delivered carbamazepine. 

7.3 Major Safety Results 

7.3.1 Deaths 

There was a single death during the clinical development program. This patient was a 
participant in study 13181A. Patient S4124, a 76 year old male, suffered a right basal 
ganglia cerebral hemorrhage approximately 45 minutes after the 7th IV carbamazepine 
infusion on day 2 of the treatment program. He then underwent emergency 
neurosurgery for hematoma evacuation. The patient eventually succumbed to post-
operative complications.  
 
The hemorrhage in the territory of small perfusing vessels was a typical hypertensive 
cerebral hemorrhage. The last measured blood pressure prior to the hemorrhage was 
181/92mmHg which raised the possibility that the IV carbamazepine treatment may 
have been related to the elevated blood pressure. The study data revealed that the final 
systolic blood pressure measurement was the highest of the treatment period.  
 
Subsequent examination of the baseline blood pressure measurements reveals almost 
all supine systolic measurements to be in hypertensive ranges with 4 readings 
exceeding the 181mmHg final measurement of the treatment period, see Table 18. Two 
of these elevated reading occurred among 16 standing systolic measurements while 
two occurred among 16 supine measurements. Two occurred within a single orthostatic 
blood pressure pair while two each occurred as single instances in an orthostatic pair, 
one supine and one standing.  
 
The patients mean supine systolic blood pressure derived from all day 0, oral 
carbamazepine treatment interval measurements was 166mmHg while the mean 
treatment interval supine systolic blood pressure was 157mmHg. The patient medical 
history did not indicate hypertension and the medication list did not include 
antihypertensive medication.  
 
The data review does not indicate that IV carbamazepine infusion was associated with 
high blood pressure in this patient; rather the patient had high blood pressure at 
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Table 20   Table of Post Infusion SAEs with Time of event 

Subject 
ID 

Period of 
event 
(study 

interval) 

# of 
Terms Event Timeline 

S0614 Post-IV 1 Thrombosis at PICC line 3 days post infusion 

S4180 Post-IV 10 fall 27 days post treatment, Cervical 
cord injury 27 days post infusion 

S4182 Post-IV 1 Post ictal psychosis 12 days after 
treatment 

12 days post infusion 
(proteinuria during infusion) 

S4216 Post-IV 1 Status epilepticus 12 days post infusion 

S4230 Post-IV 1 

Hemiparesis, clinical features 
inconsistent with a focal CNS lesion 
included repeated falling to the left 
with recovery without assistance. A 
carotid duplex study, 2D 
echocardiogram, cerebral MRA and 
MRI were negative . 

2 days post infusion 

 
 
Reviewer Comment: In the search for a causal relationship to IV CBZ the evnets which 
occur during the interval of experimental treatment are most suspect. The death due to 
the elevation of blood pressure observed at the end of day 2 infusion. This hypertensive 
value may be the underlying cause of the cerebral hemorrhage which occurred in the 
basal ganglia. The location of this hemorrhage is a typical location for a hypertensive 
hemorrhage. Further examination of the case revealed the patient had pre-treatment 
blood pressure which exceeded the end of infusion blood pressure reading therefore 
although this was likely a hypertensive hemorrhage; the episode of hypertension was 
not clearly caused by the IV CBZ infusion.  
 
The two remaining SAEs which occurred during the infusion interval were unrelated to 
the infusion product. The case of cellulitis this may be related to intravenous line 
management. The case of a non-neurologic status epilepticus had features clearly 
inconsistent with electrophysiologic seizure. The patient was transferred to the 
emergency room where during ongoing motor activity (of a seizure) a nurse performed a 
sternal rub. The motor activity stopped, the patient opened his eyes and stated “my 
seizures are stress related”. There was no post-ictal state. This event does not have a 
plausible causal relation to this specific product.   
 
Among the five patients who had an SAE after the experimental treatment interval none 
have characteristics which would link the event causally to the IV CBZ infusion. Those 
occurring at intervals greater than 10 days are unlikely to result from iv infusion 
considering the latency and the fact that status epilepticus and post-ictal psychosis are 
not uncommon in this population.   The event most proximate in time to the 
experimental treatment interval reported focal symptoms and had flaccid left arm and 
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leg, slurring of speech and gait disturbance with symmetric upper extremity deep tendon 
reflexes. A comprehensive vascular and neuroimaging evaluation did not identify a 
concordant focal lesion. Although the discharge diagnosis was “transient ischemic 
attack” this diagnosis is not well supported by the clinical data. There is no clear causal 
mechanism to postulate which can bridge the two day interval separating this event 
from the last IV CBZ treatment.  
 
The event of PICC line thrombosis is causally related to the study intervention of a 
central catheter placement, however, it is uncertain if the infusion product was causally 
related. The possibility is diminished by the 3 day latency from last IV CBZ infusion to 
the identification of the thrombosis.  
 
The remaining three SAE’s occurred following a considerable time lapse from the IV 
CBZ infusion. This displacement in time essentially interrupts a causal link.  
 
Reviewer Comment: Overall there is not a pattern of SAEs which have a specific 
causal relationship to IV CBZ.  

7.3.3 Dropouts and/or Discontinuations 

Subject that did not receive study drug: 
 
One subject (S4204) who was not enrolled into study 13181A experienced a serious 
adverse event of hypotension and was discontinued from the study- note patient did not 
receive study drug 
 
Two patients, S4012, and S4194 experienced an AE but did not receive study drug and 
were non-completers. 
 
Enrolled Patients: 
 
Eight of 203 enrolled patients did not complete the studies. There is divergence 
between the findings of the source datasets and the sponsor Summary of Clinical 
Safety (SCS) narrative report. The subject level ISS dataset, Table 21, identifies 8 study 
enrollees who were non completers. Although all of these patients appear with an 
adverse event in the ISS, ADAE dataset only five of these patients are identified as 
having AE leading to study withdrawal (Drug Dosage Discontinued). There are three 
remaining patients who did not complete the study for reasons other than an adverse 
event.  The SCS narrative states that 4 subjects discontinued due to an adverse event. 
The SCS indicates that from among the remaining four patients 3 withdrew consent and 
one was lost to follow up during the study. The reviewer finds that the discrepancy may 
be due to subject S0701 who had an adverse event of “infusion site reaction” and is 
noted under the variable “AE Action Taken” (AEACTN) to have “Drug Dosage 
Discontinued”. This event is not identified under the variable “AE Leading to Withdraw”” 
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(WITHDRAW) as a withdraw event (N). In the case of patients S0602, S4058, S4100 
and S4124 the “WITHDRAW” variable is indicated as (Y). 
 
Table 21   Patients Discontinued or Withdrawn from Studies due to AE or Other 

STUDYID* SUBJID AGE SEX RACE Days IV 
Treatment 

Daily IV 
CBZ (70% 

of oral) 
15 min 
infusion 

30 min 
infusion 

# IV 
infusion 

Renal 
Function AE 

SAE 

13103A S0602 48 F WHITE 4 560 N Y 13 Mild Y Y 
13103A S0624 44 M WHITE 6.8 560 Y N 24 Normal   
13103A S0627 25 M WHITE 7.8 280 Y N 28 Normal   
13103A S0701† 54 F WHITE 3.2 304 Y N 10 Normal Y  
13181A S4007 35 F BLACK 1 64 Y N 1 Normal   
13181A S4058 29 F WHITE 2.5 840 Y N 7 Normal Y  
13181A S4100 55 M WHITE 2 840 Y N 5 Normal Y Y 
13181A S4124 76 M WHITE 2.5 840 Y N 7 Mild Y Y 

*Study 13103A also identified as OV-1015, PK, and Safety study. 
† S0701 does not show in ADAE dataset as having AE leading to withdraw although AE action taken variable indicates “drug dosage 
discontinued”.  

 

 
 
Table 22  Preferred Term associated with AE leading to discontinuation, days of IV treatment, daily 
dose, & infusion rate. 

SUBJID Days IV 
Treatment 

Daily IV 
CBZ Dose 

(70% of 
oral) 

15 min 
infusion 

30 min 
infusion 

AE, preferred term Leading to 
discontinuation 

S0602* 4 560 N Y 
Bactaraemia (verbatim- cellulitis right 
arm) Also in Table 19 above as an 
SAE 

S0701 3.2 304 Y N Infusion site reaction 

S4058 2.5 840 Y N Infusion site extravasation (diarrhoea 
also noted during infusion) 

S4100* 2 840 Y N Convulsion (verbatim- worsening 
seizure activity) 

S4124* 2.5 840 Y N Cerebral haemorrhage, same patient 
as in “death”, 7.3.1 Deaths 

* same as Table 19 
 
 
Table 21 shows all patients who discontinued or withdrew from studies 13103A or 
13181A. All of these patients have an adverse event identified in the ISS adverse event 
dataset but not all of these adverse events were the cause of study discontinuation. The 
AE column identifies those patients who were discontinued due to adverse event while 
the SAE column indicates those where the adverse event was an SAE. Four of the 5 
patients with AE leading to discontinuation received IV CBZ as a 15 minute infusion 
while one had a 30 minute infusion. Two of the patients with AE leading to withdrawal 
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SBECD (Captisol)  

sulfobutylether beta-cyclodextrin sodium salt. The trade name is Captisol®  
 
In 2002, the IV formulation of voriconazole incorporating SBECD as solubilizing 
excipient was approved by FDA. This excipient has been used as a solubilizing agent in 
several products. There is additional focus on the potential effects of SBECD in this 
application because the exposure is notably higher than in other approved products, 
see Table 25. The daily dose of SBECD for a patient on 2000mg oral carbamazepine 
who is converted to intravenous CBZ is 35000mg (35g). A more typical dose of 800mg 
(oral) carbamazepine will deliver 14,000 mg of Captisol a day. This compares to the 
current product (Vfend) with highest Captisol exposure which delivers a typical daily 
dose of 7680 mg of Captisol (8mg/kg Vfend daily).  
 
 Sponsor Non- clinical information and discussion 
 
In published non-clinical studies on substituted CDs (including SBECD) IV 
administration was associated with vacuolization in the kidney without any manifestation 
of cell injury, degeneration, or alterations of renal functions by light or electron 
microscopy. The vacuolization observed in the animals treated with SBECD was 
reversible following withdrawal of treatment. The duration of the period for complete 
recovery may depend on severity of vacuolization, and period and dosage of treatment. 
Vacuolization in cells is generally regarded as a physiological response and the 
reversibility of vacuolization and lack of evidence of kidney damage or functional 
impairment indicate that the vacuolization induced by SBECD has few toxicological 
implications2. 
 
Lundbeck conducted 2 repeated-dose toxicity studies (one each in rats and dogs), 1 
embryofetal development toxicity study in rats and a local IV tolerance study in rabbits, 
as well as 2 clinical studies. 
 
The rat and dog were used as rodent and non-rodent species, respectively, and repeat-
dose toxicity studies of 4-weeks duration were conducted with IV carbamazepine. No 
treatment-related clinical signs were observed. The main target organs were the urinary 
tract and the liver with vacuolization of the transitional epithelium or renal tubule cells, 
rat and dog, and the liver (vacuolization of hepatocytes, dog). The histological changes 
were described as vacuolization and foamy macrophage infiltration. They were shown 
to be reversible, not associated with changes in kidney or liver function, and thus not 
considered adverse. 
 

                                            
2 ISS P96 
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In the embryo-fetal development study in rats administered IV carbamazepine, minor 
fetal anomalies were found, however, the combination of carbamazepine and SBECD 
did not show signs of embryo toxicity not already described after oral administration of 
carbamazepine. 
 
Sponsor clinical information and discussion 
 
Following approval of voriconazole injection (VFEND®), a study evaluated 
voriconazole/SBECD in patients with normal kidney function (CrCl ≥80 mL/minute) 
compared to patients with moderately impaired kidney function (CrCl 30-50 mL/minute). 
This study found that patients with moderate renal impairment had a 3-4 fold increase in 
plasma exposure due to decreased clearance of SBECD. Increases in plasma 
concentrations of SBECD (accumulation) in patients with CrCl of 30-50 mL/minute were 
not shown to be correlated with increased levels of serum creatinine as an indicator of 
worsening renal function3. 
 
The exposure of SBECD was not determined in the toxicity studies conducted by 
Lundbeck; however, the maximum SBECD dosage (2500 mg/kg/day) used in the animal 
studies of the carbamazepine/SBECD formulation was 5-fold higher than the maximum 
dose used in the clinical studies (500 mg/kg, assuming 70 kg body weight). From 
simulated animal PK data, it can be deduced that the SBECD Cmax levels in the 
animals were lower than in clinical Study OV-1015 but that the AUC0-24 was well above 
that in humans. 
 
In a recent clinical study, very high levels of SBECD (63000 mg/day) were administered 
IV. A total of 18 healthy male volunteers were enrolled and received IV infusions of 2-
iminobiotin/SBECD formulation for 15 to 30 minutes at SBECD dose levels up to 150 
mg/kg/dose, every 4 hours within 24 hours (900 mg/kg/day). Plasma SBECD analysis 
revealed levels of maximum SBECD concentrations between 987 and 1082 μg/mL, 
similar to that observed in patients with renal dysfunction. Preliminary results from 
safety monitoring demonstrated that SBECD was well tolerated in these healthy 
volunteers. (2–Iminobiotin ,4 mg 2–Iminobiotin/mL 50 mg SBECD/mL)4 
 
During the IV infusion period of Study 13181A, Patient US013-S4218 (15-minute 
infusion group) experienced mild creatinine renal clearance decreased and Patient 
US003-S4009 (15-minute infusion group) experienced mild urine protein/creatinine 
ratio. 
 

                                            
3 Löscher W, Hönack D, Richter A, et al. New injectable aqueous carbamazepine solution through 
complexing with 2–hydroxypropyl-beta-cyclodextrin: tolerability and pharmacokinetics after intravenous 
injection in comparison to a glycofurol-based formulation. Epilepsia. 1995;36(3):255-61. 
4 ISS P94: Data and information on SBECD are included in a Type V Drug Master File (DMF ) 
entitled, “Sulfobutyl ether Beta-Cyclodextrin (SBECD) Safety Studies” on file with the Agency. 
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Study OV-1015 included an evaluation of the PK for SBECD following single and 
multiple doses of carbamazepine injection in patients with normal and mild and 
moderate renal impairment. The highest SBECD concentration measured in Study OV-
1015 (in Patient US006-S0659) was 1898 μg/mL following a single 2– to 5-minute 
infusion of carbamazepine/SBECD doses of 1400/35000 mg/day. The patient had 
normal renal function at baseline and experienced no SAEs or AEs that resulted in 
discontinuation. 
 
Captisol (SBECD) Product Comparison 
 
There are 5 approved products that use Captisol as a solubilizer.  
 
Table 25  Captisol Delivery in Products with Approved Parenteral Administration, Label Elements 
Compared to Carbella 

Name 

Daily 
SBECD 
Delivery 

(mg)* 

Treatment 
Duration 

Renal Statement in Labeling 
 

Pregnancy 
Statement in 

Labeling related to 
β-cyclodextrin 

Carbella 20000 7 days   

Abilify 300 

Label indicates 
change to oral 
as soon as 
possible 

No dose adjustment, no notation of 
renal function monitoring. 

none 

Geodon 2352 

Label indicates 
change to oral 
as soon as 
possible 

As the cyclodextrin excipient is 
cleared by renal filtration, 
ziprasidone intramuscular should 
be administered with caution to 
patients with impaired renal 
function. 
No notation of monitoring 
specifically for parenteral dose 
form. 

none 

Kyprolis 850 2 dose per week Adjustment for API drug toxicity 
only. Monitoring for API only 

none 

Nexterone 4500 2 to 3 weeks No dose adjustment none 

Vfend 

11520 (day 
1 loading) 

 
7680 (daily) 

14 days + 
symptomatic 
interval 

Section 12.3 Pharmacokinetics 
“However, in patients with 
moderate renal dysfunction 
(creatinine clearance 30-50 
mL/min), accumulation of the 
intravenous vehicle, SBECD, 
occurs. The mean systemic 
exposure (AUC) and peak plasma 
concentrations (Cmax) of SBECD 
were increased 4-fold and almost 
50%, respectively, in the 
moderately impaired group 
compared to the normal control 
group. 
 

none 
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Intravenous voriconazole should 
be avoided in patients with 
moderate or severe renal 
impairment (creatinine clearance 
<50 mL/min), unless an 
assessment of the benefit/risk to 
the patient justifies the use of 
intravenous voriconazole” 
 
Renal Function monitoring in 
section 5.11. It is unclear if this is 
related to the API or cyclodextrin. 
Instructions state “Patients should 
be monitored for the development 
of abnormal renal function. This 
should include laboratory 
evaluation, particularly serum 
creatinine.” 

*Carbella, Abilify, Geodon daily delivery based on typical dose, Nexterone and 
Vfend based on loading dose (with 28% and 33% reduction for maintenance dose) 

 

 
 
Reviewer Comment: The available non-clinical and clinical information indicate there is 
a renal vulnerability to SBECD. The non-clinical information reveals vacuolization of 
renal tubular cells while the clinical information reveals increase in plasma exposure in 
renal insufficiency.  There is little available information on the exposure in the range 
produce by Carbella with the exception of a trial where 63000 mg/day of Captisol was 
delivered, however safety information is provided in only general terms.  
 
Although there are products that utilize Captisol as a solubilizer none deliver the high 
dose that will accompany IV CBZ. For example, Vfend also had Captisol as a solubilizer 
and is used for treatment durations greater than two weeks, in a typical daily dose will 
deliver 38% of the Captisol exposure of Carbella in a typical daily dose.  In light of the 
vulnerability shown by the outlier patient S4218 and the NAG data, the safety of 
Carbella for an interval longer than 7 days is unknown. Renal function monitoring should 
accompany Carbella treatment longer than 7 days with transition to oral carbamazepine 
as soon as possible thereafter.   

Carbamazepine (API) Intravenous Safety  

In contrast to oral CBZ the intravenous form produces a more rapid rise in blood level. 
This rapid rise may amplify cardiovascular and central nervous system acute effects 
identified in the Tegretol label see 9.6 Tegretol Labeled Adverse Reactions. The mean 
Tmax in the 2-5 min, 15 minute and 30 minute infusion cohorts when CBZ is delivered 
orally are 3.75 hours, 3.72 hours and 4.04 hours respectively. In comparison the mean 
Tmax in these same groups are 0.11 hours, 0.56 hours and 0.86 hours respectively, 
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Table 26. This represents a 664% Tmax increase in the15 minute cohort when CBZ is 
delivered intravenously, compared oral administration.  
 
Table 26  Tmax, from Steady-State Plasma Pharmacokinetic Parameters for CBZ following Oral 
and IV CBZ Administration (Pharmacokinetic Population)5 

Tmax (hr) 
 Normal Renal Function Mild renal impairment 

 2-5 minute 
infusion 

15 minute 
infusion 

30 minute 
infusion 

15 minute 
infusion 

30 minute 
infusion 

Oral CBZ N=10 N=41 N=23 N=4 N=9 
Mean (SD) 3.75 (2.76) 3.72 (2.50) 4.04 (2.79) 4.25 (1.89) 5.00 (2.00) 
%CV 73.64 67.08 68.94 44.54 40.00 
Geometric mean 3.28 3.17 3.54 3.98 4.61 
Median 3.00 3.00 3.00 3.50 5.00 
Range 0.00 - 9.00 0.00 - 11.00 0.00 - 10.00 3.00 - 7.00 2.00 - 8.00 
IV CBZ N=10 N=41 N=23 N=4 N=9 
Mean (SD) 0.11 (0.07) 0.56 (1.03) 0.86 (1.17) 0.74 (0.59) 0.54 (0.12) 
%CV 62.88 183.99 137.36 79.58 22.05 
Geometric mean 0.10 0.31 0.60 0.54 0.53 
Median 0.08 0.23 0.48 0.74 0.48 
Range 0.08 - 0.25 0.13 - 6.00 0.17 - 6.00 0.23 - 1.25 0.48 - 0.75 

 
Overall Adverse Events Examined by Infusion Rate.  
 
There were 482 total adverse event entries from among 203 patients in the “all patients 
treated set”, this set is used in all subsequent analyses. Twenty three percent (23%) of 
these entries occurred in the 2-5 minute infusion cohort, 41% occurred in the 15 minute 
infusion cohort and 12% occurred in the 30 minute infusion cohort. These percentages 
are normalized to the size of the infusion cohort in relation to the total patients in the 
study.  This analysis reveals a normalized adverse event ratio of 0.41, 52, and 0.57 for 
the 2-5 minute, 15 minute and 30 minute infusion groups respectively. These ratios 
indicate the 2-5 minute infusion group had the lowest contribution by cohort when 
compared to the 15 minute and 30 minute infusion cohorts. The highest proportionate 
contributor was the 30 minute infusion group although this was the smallest cohort, 
Table 27.   
 
Table 27  Instances of Adverse Events, Entries by Infusion Rate 
Infusion 
Rate  

# patients 
in cohort 

% of 
patients in 
cohort* 

Number of AE 
instances (not 
unique subjects) 

% of Total 
AE entries 

Normalized 
Ratio (%AE 
entries/% 
patients in 
cohort 

2/5 MIN 113 56 109 23 0.41 
15 MIN 160 79 198 41 0.52 
30 MIN 43 21 60 12 0.57 

                                            
5 From Sponsor Table 13, OV-1015 (13181A) Study Report, page 83 
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Infusion 
Rate  

# patients 
in cohort 

% of 
patients in 
cohort* 

Number of AE 
instances (not 
unique subjects) 

% of Total 
AE entries 

Normalized 
Ratio (%AE 
entries/% 
patients in 
cohort 

No rate 
reported 

  115 24  

Total “All 
patients 
treated” 
set 

N= 203 Total 
Adverse 
event entries 

482  

* # patients in cohort / 203 

 
Adverse Events by Individual Infusion Group. 
 
2-5 minute Infusion 
 
The most common AE which occurred in relation to the 2-5 min infusion was dizziness 
with 19 instances from among 18 patients. There were 13 instances of SAEs in this 
group from among 4 subjects. All of the serious adverse events occurred in the post IV 
treatment interval thus a causal relationship to an acute rise in CBZ is not supported. 
There were 35 instances of adverse events from the “nervous system disorders” SOC 
from 25 patients. The most common AE, preferred term, as noted above, was dizziness 
followed by sleepiness and lightheadedness, each with 2 instances while there was one 
each of the remaining 19 preferred terms. There were no entries in the “Cardiac 
disorders” SOC.  
 
15 minute Infusion 
 
The most common AE preferred term which occurred in relation to the 15 minute 
infusion was dizziness with 36 entries from among 28 patients. There were 3 instances 
of SAEs in this group from among 3 patients. Two of these events occurred during the 
intravenous infusion period, one “convulsion” the second “cerebral hemorrhage”, these 
are further discussed in section 7.3.2 Nonfatal Serious Adverse Events. The 
remaining SAE occurred in the post IV infusion interval. This latter event was a 
preferred term “subclavian vein thrombosis”. Entries were most frequent in the “nervous 
system disorders” SOC” with 77 instances from 48 patients. The most common 
preferred term AE was dizziness with 36 instances from 19 patients. All 77 instances 
occurred during the intravenous infusion interval. Dizziness was followed by the 
preferred term “headache” with 13 entries and “somnolence” which had 10 entries. All of 
these 23 entries occurred during the intravenous treatment interval. There were no 
entries in the “Cardiac disorders” SOC.  
 
30 minute Infusion 
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The most common AE preferred term which occurred in relation to the 30 minute 
infusion was dizziness with 6 entries from among 5 patients. One of these entries 
occurred in the post intravenous infusion interval while the remaining five entries were 
during the intravenous infusion interval. There was one SAE of preferred term 
“bacteremia” which occurred during the infusion interval. Entries were most frequent in 
the “nervous system disorders” SOC with 12 instances from 10 patients, all but one 
occurred during the intravenous infusion interval. The most common AE, preferred term, 
as noted above was “dizziness” followed by “somnolence” with 2 entries. There were 4 
entries in the “Cardiac disorders” SOC from 3 patients. These all occurred during the 
intravenous infusion interval.   
 
Adverse Events by Dose Group 
 
In the <1600mg dose group there were 111 (63.8% of subset total) unique patients with 
adverse events. The top 3 most frequent preferred term instances in this group were 
“dizziness”, “Headache” and “somnolence”. In the >1600mg dose group there were 23 
(79.3% of subset total) unique patients with adverse events. The top 3 most frequent 
preferred term instances in this group were “dizziness”, “infusion site pain” and 
“diplopia”. Adverse events that occurred prior to the intravenous infusion were excluded 
from the analysis. There was an increase frequency of common adverse events in the 
high dose cohort.  
 
Adverse events in the Renal Impairment Cohort 
 
In the mild to moderate group there were 30 unique patients (71% of subset total) with 
adverse events. The top 3 most frequent preferred term instances in this group were 
“dizziness”, “blurred vision” and “diplopia”. From among patients with normal renal 
function there were 101 unique patients (62.7% of subset total) with adverse events. 
The top 3 most frequent preferred term instances in this group were “dizziness”, 
“Headache” and “somnolence”. Adverse events that occurred prior to the intravenous 
infusion were excluded from the analysis. There is a modest increase in AEs in the 
renal insufficiency group with a somewhat different profile of frequent AEs but these are 
also of central nervous system origin.  

Infusion Site Reactions 

Infusion Site Reactions Related to Dose Group (concentration) 
 
All verbatim adverse event terms which likely represent local infusion site reactions are 
extracted from the AE dataset, Table 28. The frequency of these reactions (unique 
patients) is compared between high and low dose (which will translate into higher / 
lower concentrations) groups. The frequency of these events as they occur in the high 
infusion rate group (2-5 minute infusion) will capture the adverse events that occur in 
the highest vs typical concentration delivered at the highest infusion rate. This 
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examination reveals that 13.2% of patients in the <1600mg dose group have an infusion 
site AE while 13.8% of patients in the >1600 mg dose group have an infusion site 
reaction. In those patients who received a rapid infusion (2-5min) 9.9% in the <1600mg 
dose group had an infusion site AE while 13.6% in the >1600 dose group had an 
infusion site AE. There is a small excess of infusion site AEs in the high dose - high 
infusion rate group compared to the typical dose - high infusion rate group, however the 
high dose- high infusion sample is small which limits the generalizability of this 
observation, Table 29. 
 
Reviewer Comment:  there is not a clear signal for a concentration related increase in 
site reaction AE rate.   
 
Table 28  Verbatim Terms Identified as Infusion Site Reactions by Dose Group 
Verbatim Term Dose Group # instances / 

events 
BURNING AT INFUSION SITE <1600 mg 1 
BURNING SENSATION AT INFUSION SITE <1600 mg 1 
BURNING SENSATION, LT. MID-FOREARM, DORSUM 
LT HAND 

<1600 mg 2 

CELLULITIS <1600 mg 3 
CELLULITIS LEFT FOREARM <1600 mg 1 
CELLULITIS RIGHT ARM <1600 mg 1 
CELLULITIS RIGHT UPPER ARM <1600 mg 1 
INFUSION SITE DISCOMFORT <1600 mg 1 
INFUSION SITE REACTION <1600 mg 1 
INJECTION SITE REACTION <1600 mg 1 
IV SITE PAIN <1600 mg 1 
L ARM SWELLING (IV INFILTRATED) WORSENING <1600 mg 1 
L ARM SWELLING AT BICEP (IV SITE) <1600 mg 1 
LEFT BICEP IV INFILTRATE <1600 mg 1 
LEFT FORARM REDNESS (INFUSION SITE REACTION) <1600 mg 1 
LEFT FOREARM IV SITE IRRITATION <1600 mg 1 
PAIN INFILTRATE LEFT WRIST WITH IV CBZ <1600 mg 1 
PAIN LEFT UPPER ARM <1600 mg 1 
PAIN RIGHT ARM <1600 mg 1 
PHLEBITIS LEFT UPPER ARM <1600 mg 1 
PHLEBITIS RIGHT ARM <1600 mg 1 
RASH AT IV SITE <1600 mg 1 
REDNESS AT INFUSION SITE <1600 mg 1 
RIGHT HAND REDNESS AT INFUSION SITE <1600 mg 1 
RIGHT SUBCLAVIAN VEIN STENOSIS <1600 mg 1 
SKIN IRRITATION RIGHT BICEP (DUE TO PICC LINE 
COVERING) 

<1600 mg 1 

BURNING SENSATION AT INFUSION SITE >=1600 mg 2 
INFUSION SITE REACTION >=1600 mg 1 
PAIN AT INFUSION SITE >=1600 mg 1 
PAIN AT IV INFUSION SITE >=1600 mg 1 
REDNESS AT INFUSION SITE >=1600 mg 1 
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Table 29  IV Site Reactions Examined by Dose Group and High Infusion Rate 
High vs Typical dose All patients       
  # 

patients 
Total patients 
in group 

% of patients 
with site 
reaction 

<1600 mg 23 174 13.2 
>1600 mg 4 29 13.8 
High vs Typical dose in Rapid infusion 
group (2-5 min) 

      

<1600 mg 9 91 9.9 
>1600 mg 3 22 13.6 
 
Infusion Site Reactions Related to Infusion Rate 
 
Two patients discontinued due to adverse events related to infusion site, see 7.3.3
 Dropouts and/or Discontinuations . Infusion events are examined in greater detail 
to determine if a more rapid infusion rate induces more adverse events. The verbatim 
term “Infusion site pain” occurred only in the 15 minute infusion group and all indicate 
pain at the infusion site. The verbatim terms reveal that five patients with 6 occurrences 
experienced pain or burning at the infusion site, see Table 30. There was a slight 
excess of infusion site extravasation in the 15 minute infusion group. The infusion site 
extravasation terms, by the nature of the adverse event, all occur at the infusion site. In 
two patients the intravenous line was removed and changed to a new site, in one case 
the intravenous line was discontinued and in the remaining two cases the infusion was 
interrupted. The cellulitis terms are not adequately informative to determine if the 
infection site was localized to the intravenous catheter. All 4 patients who experienced 
infusion site erythema were from the 15 minute infusion group. Four patients from the 
15 minute infusion group had 5 adverse events coded to the preferred term “infusion 
related reaction”. There were no “infusion related reactions” in the 30 minute infusion 
group. Two of the patients experienced only a systemic event, somnolence in one case 
and drowsiness in the other. One patient had a local reaction of tingling in the left upper 
extremity not at the IV site and a systemic reaction of light headedness. The fourth 
patient had a local tingling at the site of intravenous infusion, see Table 31.   
 
Among terms related to the infusion there were three terms with occurrences in the 15 
minute infusion group and none in the 30 minute infusion group. The terms “Infusion site 
erythema” and “Infusion related reaction” had a frequency of 2.5% in the 15 minute 
infusion group and none in the 30 minute group while the term “Infusion site pain” had a 
frequency of 3.1% in the 15 minute infusion group and none in the 30 minute group. The 
term “Infusion site extravasation” was approximately equal in the two groups.  
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Table 30  Verbatim Terms Associated with Preferred Term “infusion site pain” by Infusion Rate 

Subject 
ID 

15 
minute 
infusion 
(Y/N) 

Preferred Term Verbatim term # 
instances 

S4056 Y Infusion site pain BURNING SENSATION AT INFUSION SITE 3 
S4058 Y Infusion site pain BURNING SENSATION AT INFUSION SITE 3 
S4117 Y Infusion site pain PAIN AT IV INFUSION SITE 1 
S4118 Y Infusion site pain BURNING AT INFUSION SITE 1 
S4178 Y Infusion site pain BURNING SENSATION AT INFUSION SITE 3 
S4178 Y Infusion site pain PAIN AT INFUSION SITE 1 

 
 
Table 31   Verbatim Terms Associated with the Preferred Term “Infusion related reaction” by 
infusion rate 

Subject 
ID Preferred Term Verbatim Term 

15 
minute 
infusion 
(Y/N) 

# instances 

S0203 Infusion related 
reaction 

TINGLING IN LEFT VEIN DURING 
INFUSION( FROM IV CARB INFUSION 
SITE) 

Y 1 

S4087 Infusion related 
reaction LIGHT HEADED DURING INFUSION #2 Y 1 

S4087 Infusion related 
reaction 

TINGLING LUE NOT AT IV SITE DURING 
INFUSION Y 1 

S4117 Infusion related 
reaction 

DROWSINESS DURING AND AFTER 
INFUSIONS Y 1 

S4216 Infusion related 
reaction SOMNOLENCE WITH INFUSION Y 1 

 
 
Reviewer Comment, Infusion Site Reactions: Analysis of the AE dataset do not reveal 
a relationship between infusion site reactions and dose group (<1600 or ≥1600 mg/day). 
The analysis of infusion site reactions by infusion rate does reveal an excess of infusion 
site reactions in the 15 minute infusion rate group over the 30 minute infusion rate 
group. All entries for the preferred terms “Infusion site pain” and “Infusion related 
reactions” occurred in the 15 minute infusion group with none in the 30 minute infusion 
group..   

Serum Creatinine Single Patient Outlier, S4218 

Patient S4218 a patient in the <1600mg dose group (1400mg/day total dose), who 
received 15 minute infusion rate, was categorized as mild renal insufficiency. Baseline 
creatinine was 111umol/L (US units 1.45mg/dl) with a BUN of 7.14mmol/L (US units 
20mg/dl). Creatinine and BUN were elevated at screening and continued to rise until 
baseline, visit day 1.  
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Analysis of Creatinine from baseline to day 4 (representative steady state value for both 
studies 13103A and 13181A) revealed a decrease in mean and median values as well 
as more frequent shifts to low than to high. There was a single outlier patient who did 
have a shift to high. This patient, S4218 was found to have an increase of 67umol/L, a 
60% increase from baseline. The resulting value was 63 umol/L over the upper 
boundary of reference range. The creatinine value was observed to decline by the time 
of study completion sample taken 17 days after completion of intravenous CBZ infusion 
but remained 5umol/L above reference normal range and 9umol/L greater than baseline 
value. The patient had values in the upper range of normal at both screening and check 
in. All values may be seen in Table 32 and Figure 16. 
 
Table 32  Patient S4218 Creatinine and BUN All Study Results, Screening to Study Follow up 
Patient S4218  
Visit Day 

Date Results Creatinine* 
umol/L 

Results BUN* 
mmol/L 

Screening Visit (Day -28) 8/20/2012 101 3.93 
Check-in Visit (Day -1) 9/16/2012 105 5.36 
Visit Day 1 9/18/2012 111 7.14 
Visit Day 2 9/19/2012 114 8.57 
Visit Day 3 9/20/2012 118 8.57 
Visit Day 4 9/21/2012 178 11.07 
Check-out (Day 5) 9/22/2012 195 12.85 
Withdrawal / Completion 
Visit (Day 18) 10/8/2012 120 6.07 

Unscheduled 11/9/2012 118 7.5 
*Reference range 44 to 115 umol/L 
**Reference range 1 to 9 mmol/L 
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Figure 16  Patient S4218 Graphic Display of BUN (standard units) & Creatinine (US units) Over 
Course of Study 13181A 

 
 
Examination of the exploratory biomarkers NAG and B2 microglobulin reveal both to 
increase from baseline to steady state which subsequently continued to increase from 
steady state to follow up evaluation which occurred 15 days after last IV CBZ infusion, 
Table 33.   
 
Table 33  Patient 4218 Exploratory Biomarker NAG and B2-Microglobulin at Baseline, Steady State 
and Follow up 

S4218 Study Date NAG 
(µmol/d) 

% of  
baseline 

NAG/Creatinine 
(µm/h/mmol) 

% of 
baseline 

Beta-2 
Microglobulin 

(ng/d) 

% of 
baseline 

Baseline 9/17/2012 194  20  1984840  
Steady-State 9/21/2012 311 160 26 130 55350 3 

Follow-up 10/7/2012 623 321 41 205 4360350 220 

 
Reviewer Comment (patient S4218): Persistent elevation of BUN and the exploratory 
biomarkers NAG and B2 microglobulin seen in this single individual who entered the 
study with mild renal insufficiency may indicate that such patients have a renal 
vulnerability to the intravenous CBZ product. The observation of reversal of the 
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creatinine elevation is consistent with resolution of the biochemical lesion. This data in a 
small sample of patients with renal impairment indicate that patient S4218 may be a 
sentinel subject for patients with renal impairment in the larger population. Based on this 
safety signal the labeling should be modified to direct prescribers to monitor renal 
function in patients with mild to moderate renal insufficiency and the product should not 
be used in patients with severe renal insufficiency.  

Seizure Frequency 

There is no efficacy trial for IV CBZ.  Examination of seizure frequency in adverse 
events (see 7.3.4 Significant Adverse Events) and seizure frequency across the 
clinical trial treatment intervals is a strategy to asses if there is a potential safety signal 
for increase in seizure risk during or following IV CBZ treatment. The mean total seizure 
rates for pooled studies 13103A and 13181A are examined as well as the mean seizure 
frequency,  number of patients with seizures by study, seizure type and infusion interval. 
These seizure rates are an integrated analysis from seizure rates derived from the 
patient seizure diaries6 . 
 
Mean seizure frequency from the pooled studies reveals small changes from baseline 
during and following the IV infusion interval. There is a small reduction in mean 
frequency during IV treatment which rises again following treatment but does not 
exceed the baseline value. The change in the number of patients with seizures across 
the infusion periods is more prominent. Seventy eight (78%) of patients in the pre-IV 
interval had seizures, 42% of patients during IV infusion interval had seizures and 81% 
of patients in the post IV treatment interval had seizures, Table 34.  
 
Type 1C (Partial Seizures evolving to secondary generalized): 
Studies 13103A and 13103A are examined independently. There were 27 type 1c 
seizures in study 13181A and only 6 in study 13103A. This difference may be explained 
by a difference in epilepsy severity of the patients participating in the two studies. The 
objectives of study 13181A included examination of patients in the higher range of 
carbamazepine dose7 where a specific dose range was not specified in the study 
13103A inclusion criteria. The requirement for higher dose of carbamazepine is likely to 
capture a cohort of patients with more severe epilepsy. The small number of 1C 
seizures in study 13103A reduces the validity of comparison across infusion intervals; 
however there was 1 patient in the pre-IV interval 2 patients during IV treatment and 3 
patients in the post-IV interval who experienced seizures while the mean frequency for 

                                            
6 GS Review 5.3.1.2 OV-1015-pAUC – OV-1015-pAUC-Partial Area Under the Curve Analysis and 
Seizure Control Following Carbamazepine Injection. 
\\cdsesub1\evsprod\nda206030\0000\m5\datasets\ov-1015-pauc\analysis\adam\datasets\adsz.xpt 
 
7 13181A Clinical Study Protocol –“ The patient must be receiving a stable dose of oral CBZ (tablet or 
capsule formulation) 1200 mg/day to 2000 mg/day, for a minimum of 14 days prior to the Lead-in Period 
(Day -28).” 
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Reviewer Comment: The profiles of most common adverse events (dizziness, 
headache, somnolence, vision blurred and diplopia) parallel those seen in the reference 
drug label, although in the Tegretol label frequencies and comparison to placebo are 
absent. Among the common adverse events there are several that have a higher 
frequency of association with the more rapid, 15 minute, infusion rate. Those events 
with a frequency of > 2.5% over the 30 minute infusion are, in order of frequency, 
“dizziness”, “headache”, “infusion site pain”, “infusion related reaction”, “infusion site 
erythema” and “rash”, Table 36. The most prominent difference in 15 minute over 30 
minute infusion AE rate is seen in dizziness with an 8% excess. The three preferred 
terms”, “infusion site pain”, “infusion related reaction”, “infusion site erythema” had no 
occurrence in the 30 minute infusion group. These observations indicate that labeling 
should reflect an increase adverse event rate in the 15 minute infusion, especially noted 
for infusion related adverse events.  
   

7.4.2 Laboratory Findings 

All patients have a day four treatment value. In study 13103A this is day number 4 of 7 
days of intravenous treatment while in study 13181A day 4 is the last day of intravenous 
CBZ treatment. Examination of day number 4 allows a pooled examination of laboratory 
parameters for all patients from both studies following four days of sustained exposure. 
In laboratory parameters where further exploration of the effect of sustained exposure is 
needed then day number seven for patients in study 13103A will be examined.  
 
 
Table 37  Sponsor Hematology PCS Values 
Parameter 
Hematology 

Unit PCS Definition 

Hematocrit V/V H: ³0.50 (females); ³0.55 
(males) L: £0.32 (females); 
£0.37 (males) 

Hemoglobin g/dL H: ³16.5 (females); ³18.5 
(males) L: £ 9.5 (females); £ 
11.5 (males) 

Platelet count x10E9/L H: ³ 600 
L: £ 75 

Basophils/Leukocytes % H: ³ 10 
Eosinophils/Leukocytes % H: ³ 10 
Lymphocytes/Leukocytes % H: ³ 75 

L: £ 10 
Monocytes/Leukocytes % H: ³ 15 
Neutrophils/Leukocytes % H: ³ 85 

L: £ 20 
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Table 38  Sponsor Clinical Chemistry PCS Values 
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Table 39  Sponsor Chemistry and Urinalysis PCS Values 

 

Hematology 

The hematologic parameters hemoglobin, hematocrit, lymphocytes, platelets, 
neutrophils, monocytes, eosinophils and basophils are examined. The following 
narrative discussion is based on tables presented in .  
 

Hemoglobin 

 
Examination of hemoglobin reveals a mean decline during the IV CBZ treatment 
interval. Nineteen patients (11.1%) with normal hemoglobin values at baseline have a 
shift to low OORR (out of reference range) at day 4 (steady state) while none shift to 
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The lymphocyte examination reveals a subtle negative change from baseline for percent 
lymphocytes at day 4 seen in the means and median. In the larger patient groups (15 
min infusion and <1600 dose group) the mean and median decline is less than 1%. 
Those patients with shift to PCS low do not show a consistent trend of low percent 
lymphocytes during the course of intravenous CBZ treatment. There are 6 patients who 
have a shift from normal to low with a mean change of -9% and median of -6.25%) 
These changes are not clinically significant. 
 
The platelet count examination reveals a decline in mean and median platelet counts 
from baseline to day 4. The all patient (181) mean decline represents a decline of 7% of 
the baseline mean. There were two normal to low shift patients had a minimum value of 
115x109/L and did not reach a threatening level. There were no patients during or 
following treatment who had a PCS platelet value. The lowest day 4 platelet count was 
90x109/L. No clinically significant change identified. 
 
Examination of the % neutrophil values reveals no notable mean or median change 
from baseline or emergence of outliers. One outlier patient developed a cellulitis which 
accounts for the shift to high PCS. The mean change from baseline of the 8 patients 
who had a shift from normal at baseline to high was 14.2%. The maximum change 
among these was 28% which occurred in patient S0602 who developed cellulitis. The 
remaining patients did not have an increase of notable magnitude. Overall there is no 
clinically significant change in this neutrophil/leukocyte parameter. 
 
Examination of the % monocyte values reveals no notable mean or median change 
from baseline or emergence of outliers. No clinically notable change is identified.  
 
Examination of the % eosinophil values reveals a subtle increase during IV interval but 
does not appear to be clinically significant. Day 8 exam of study 13103A does not show 
increase % EOS with exposure. Exam across study days shows slight increase average 
change from baseline among those with a shift from normal to high but generally this is 
of small magnitude. Those with most noteworthy increase in EOS had potential 
confounding medical conditions, including infusion site reaction and gingival infection. 
The increase in percent eosinophils is not systematic, of sufficient magnitude or 
frequency to indicate a new safety signal. 
 
Examination of percent Basophils reveals almost no change in mean and median value 
from baseline to day 4. No PCS outliers occur during or following treatment and there 
are no patients who shift out of reference range. (OORR). No significant effect is seen 
on percent basophils.  
 
Reviewer Comment: the most notable change in the hematology parameters 
assessment was in hemoglobin and hematocrit. The mean change from baseline to day 
4 (steady state) was negative; however a positive mean change from day 4 to follow up 
measurement is an indication this treatment effect is reversible. There were 19 patients 
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who had normal hemoglobin values at baseline who had a shift to low OORR at steady 
state. These patients were examined at follow up and 14 (74%) had hemoglobin values 
that returned to within reference range. There were five patients with adverse events 
with preferred term “anemia”. One patient S1004 was identified who had a precipitous 
drop in hemoglobin from day -1(13.3mg/dl) to day 4 (10.3mg/dl). The decline continue to 
reach a nadir on day 8 of 8.4 g/dl which rebounded to 10.4 two weeks later. The patient 
had 4 adverse events but none related to anemia. The patient’s urine dipstick tests were 
negative for hemoglobin. The rapid decline of hemoglobin in 4 days does not have an 
explanation. This rapid decline is not consistent with bone marrow suppression since 
the survival of the RBC population is considerably longer than 4 days. The partial 
rebound in 2 weeks indicates the event, regardless of underlying cause, is reversible.  
 
Although the negative impact on hemoglobin is seen to be reversible, the single patient 
with a precipitous decline in hemoglobin, the trend in mean negative change from 
baseline, nineteen patients with shift to low at steady state and from among these 14 do 
not return to baseline, and the finding of five patients with an adverse event of anemia 
are a sufficient signal for placement in labeling. Anemia should be in table 3, section 6.1 
of the label as well as a statement in warnings and precautions to monitor blood count 
during Carbella use (language parallel to the recommendation in renal safety) 

Clinical Chemistry 

Rational for Baseline to day # 4 pooled analyses: The emphasis of the clinical chemistry 
analyses is to examine the impact of IV CBZ exposure on standard clinical biochemical 
parameters. In the subsequent section this is accomplished by examination of the 
change from baseline to a day 4 sample in the biochemical parameter of interest. There 
are two studies in this application of different durations; study 13103A has a 7 day 
infusion interval while study 13181A has a shorter 4 day infusion interval. Analysis of 
the maximum exposure to IV CBZ in each study would require separate examinations, 
one at day 7 another at day 4. Day 4 is therefore the point of maximum exposure 
available for a pooled analysis of clinical laboratory parameters from the combined 
studies.  The half-life of carbamazepine in patients on chronic therapy (as in this study) 
is 12 to 17 hours therefore day 4 represents a steady state examination point for both 
studies, although not the maximum exposure in study 13103A. The value in pooling to 
examine the biochemical profile of the largest number of patients available supersedes 
the potential differences which may develop in the subsequent 3 days of therapy in 
study 13103A. The clinical chemistry analyses are performed using the “Analysis 
Dataset for Laboratory Results” ADLB located in section 5.3.5.3 ISS- ISS Integrated 
Summary of Safety.  
 
All patients entering the studies were on stable doses of oral carbamazepine therefore 
notable changes in the clinical chemistry parameters may be attributed to the 
intravenous infusion of carbamazepine or the solubilizer (Captisol). Identification of 
laboratory safety signals is difficult due to the absence of a placebo control group.  
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Serum Albumin 
 
Table 42   Serum Albumin at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift 

Albumin (g/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154 ) 

30 minute 
infusion 
(n=43 ) 

<1600mg 
group 
(n=169 ) 

≥1600mg 
group 
(n=28 ) 

All 
N= 197 

Mean -2.33 -3.9 -2.8 -1.82 
-2.68 (6.4% of 
baseline mean 
albumin g/L) 

Median -2 -3 -3 -1 -3 
Range -12 to 5 -12 to 1 -12 to 5 -8 to 3 -12 to 5 
Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values 
# Patients High 0 0 0 0 0 
Max value      
# Patients low* 1 1 2  2 (1%) 
Min value 27 27 27  27 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to 
day 4, all (n=195 ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= 152) 

 

 N to L N to H N to L N to H  
 13 (6.7%) 0 7 0  
Min Value 27  27   
The two subjects with shift to albumin value of PCS, S0631 had one AE, a 
“haematoma” right upper extremity. Subject S1004 had 4 AEs, including “lower 
respiratory tract infection”, “nausea”, “sprained right ankle”, “vomiting”. None related 
to renal function or fluid management dysfunction such as edema.  
* PCS low is 27 g/L 

STUDYID* 
Reference 
low  

13181A 32 
13181A 35 
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reveals that in 5 of these 13 patients where a steady state measurement is available 
there was a decrease in 24 hour urinary albumin from baseline rather than an increase. 
In study 13181A where a baseline and steady state value for urine albumin are 
available in 98 subjects there was a small mean increase (0.32mg/d) in urine albumin 
from baseline to steady state. The distribution of change from baseline reveals that 
there were 52 patients with an increase and 44 patients with a decrease from baseline 
to steady state in 24 hour urine albumin measurement (Figure 19 & Figure 20). Three 
patients in study 13103A had both a baseline and steady state 24hr urine albumin 
measurement. All of these patients had a decline in urinary albumin at steady state.  
 
The underlying cause of the small shift to lower serum albumin from baseline to steady 
state is uncertain. If albumin loss is derived from the urinary albumin at the maximum 
single patient outlier value of -347mg/day the impact on total intravascular albumin does 
not appear to account for this shift. This loss over 4 days sums to 1388mg while the 
mean change from baseline of 2.68g/L seen in Table 42 represents a change of 
9380mg for the average intravascular volume of 3.5 liters. 
 
Alkaline Phosphatase 
 
 
Table 44  Alkaline Phosphatase at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift 

ALP (Alkaline Phosphatase) IU/L* 
Change from Baseline to Infusion Day # 4. Means and Medians where baseline 

and Day 4 values are available 

Statistic 
15 minute  
Infusion  
(n=155) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=170) 

≥1600mg 
group 
(n=28) 

All 
N=197 

Mean  -5.3 -8.3 -6.5 -2.5 -5.9 
Median -5 -3 -6 -3.5 -5 
Range -36 to 10 - 34 to 13 -36 to 13 -12 to 10 - 36 to 13 

Outliers, Normal or low at baseline with value ≥ 3x ULN at Day 4 (n=146)* 
# Patients High* 0 0 0 0 0 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 
Shift from baseline to 
day 4, all (n=144 
normal at baseline) 

Shift from baseline to 
day 4, 15 min infusion 
(n=117 normal at 
baseline) 

 

 N to L N to H N to L N to H  
# patients 0 0 0 0  
Maximum Value      
* 51 patients high at baseline, from among these 51 patients none had values ≥ 
3x ULN at day 4, maximum value was 2.4 x ULN and was 2.56 x ULN at 
baseline 

Sponsor Reference Ranges by 
Study 
Study Low  High 

Reference ID: 3644404



Clinical Review 
Steven Dinsmore D.O.  
NDA 206030 
CARBELLA™ (carbamazepine intravenous)  
 

93 

13103A 32 72 
13181A 40 100 
13181A 45 145 

 

 
 Reviewer Comment: a small decline in mean and median alkaline phosphatase levels 
are seen with no 3x ULN outliers or shifts. The clinical relevance of the decline at steady 
state is uncertain.  
 
Alanine transaminase (ALT) 
 
Table 45   ALT (Alanine transaminase) at Day 4 for Both Studies 13181A and 13103A, means, 
medians, outliers and Shift. 

ALT (Alanine transaminase)* 
Change from Baseline to Infusion Day # 4. Means and Medians† where baseline 

and Day 4 values are available 

Statistic 
15 minute  
Infusion  
(n=150) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=164) 

≥1600mg 
group 
(n=28) 

All 
N=192 

Mean 2 2.6 2.1 2.2 2.1 
Median 2 1 2 2 2 
Range -8 to 32 -8 to 29 -8 to 32 -5 to 15 -8 to 32 

Outliers, Normal or low at baseline with value ≥ 3x ULN at Day 4 
# Patients High 0 0 0 0 0 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n=192) 

Shift from baseline to 
day 4, 15 min infusion 
(n=150) 

 

 N to L N to H N to L N to H  
# patients 1 6 1 1  
Maximum Value  39 IU/L  27 IU/L  
†one patient with high baseline of 122 IU/L (3.3 ULN) which drops to 51 IU/L (1.4 
ULN) at day 4 is removed from analysis of central tendency 
Sponsor provided reference range is 5 to 25 IU/L 

 
Reviewer Comment: there were no noteworthy changes in ALT values. There were six 
patients with a shift from normal to high with a maximum shift of 1.6 X ULN. There were 
no outliers with values > 3x ULN.  
 
Aspartate Aminotransferase (AST) 
 
Table 46 AST (Aspartate Aminotransferase) at Day 4 for Both Studies 13181A and 13103A, means, 
medians, outliers and Shift. 

AST (Aspartate Aminotransferase (IU/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians† where baseline 

and Day 4 values are available 

Statistic 
15 minute  
Infusion  
(n=150) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=165) 

≥1600mg 
group 
(n=28) 

All 
N=193 
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AST (Aspartate Aminotransferase (IU/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians† where baseline 

and Day 4 values are available 

Statistic 
15 minute  
Infusion  
(n=150) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=165) 

≥1600mg 
group 
(n=28) 

All 
N=193 

Mean 1.12 2.4 1.5 0.9 1.4 
Median 1 0 1 0 1 
Range -10 to 16 -13 to 27 -13 to 27 -4 to 13 -13 to 27 

Outliers, Normal or low at baseline with value ≥ 3x ULN at Day 4 (n=185) 
# Patients High* 0 0 0 0 0 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n=193) 

Shift from baseline to 
day 4, 15 min infusion 
(n=150) 

 

 N to L N to H N to L N to H  
# patients 3 15 3 6  
Maximum Value  42 IU/L  28 IU/L  
†one patient with high baseline of 115 IU/L (3.2 ULN) which decreases to 26 
IU/L at day 4 (change from baseline -89 IU/L) is removed from analysis of central 
tendency 
*Sponsor provided reference range is 8 to 22 IU/L 

 
 
Reviewer Comment: There was no notable increase in AST is seen in the analysis. 
The maximum shift from normal to high was 1.9 X ULN. 
 
Total Bilirubin 
 
Table 47   Total Bilirubin at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 

Total Bilirubin umol/L*  
Change from Baseline to Infusion Day # 4. Means and Medians where baseline 

and Day 4 values are available 

Statistic 
15 minute  
Infusion  
(n=154) 

30 minute 
infusion 
(n=44) 

<1600mg 
group 
(n=165) 

≥1600mg 
group 
(n=28) 

All 
N=198 

Mean -1 -0.8 -0.9 -1.25 -0.95 
Median -0.85 -0.9 -0.86 -1 -0.85 
Range -5 to 1.5 -2.9 to 1.8 -5 to 1.9 -4.3 to 0 -5 to 1.9 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from Baseline. PCS values H:≥34 

# Patients High 0 0 0 0 0 
# Patients low 0 0 0 0 0 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n=179) 

Shift from baseline to 
day 4, 15 min infusion 
(n=135 normal at 
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and Gastrointestinal disorders.  
** Sponsor provided reference range, study 13103A = 21 to 33mmol/L, study 
13181A = 22 to 29 

 
 
Reviewer Comment: there were two patients with a shift to low. The minimum values 
for bicarbonate was 17 mmol/L. Change in bicarbonate values from steady state (day 4) 
to follow up are also examined, see Bicarbonate, appendix 9.9. There was no consistent 
signal seen in the measures of central tendency, no low shift to PCS values are seen. 
There is no evidence for a metabolic acidosis safety signal. 
 
Blood Urea Nitrogen (BUN) 
 
 
Table 49  Blood Urea Nitrogen (BUN) at Day 4 for Both Studies 13181A and 13103A, means, 
medians, outliers and Shift. 

Blood Urea Nitrogen (mmol/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154 ) 

30 minute 
infusion 
(n=43 ) 

<1600mg 
group 
(n=169) 

≥1600mg 
group 
(n=28) 

All 
N=197  

Mean -0.34 -0.3 -0.29 -0.52 -0.33 
Median -0.36 -0.25 -0.25 -0.54 -0.35 

Range -3.5 to 3.93 -2 to 2.25 -3.5 to 3.93 -1.75 to 
1.78 

-3.5 to 3.93 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 
 Normal (n=156) Mild Impairment (n=38) Moderate Impairment (n=3) 
Mean -0.34 -0.3 0.056 
Median -1 -0.3 0.25 
Range -3.5 to 2.25 -3.21 to 3.93 -1.08 to 1 
Outliers, relative to potentially clinically significant values from sponsor (PCS). Change from baseline. 
PCS values: H ≥11, L ≤0.75 
# Patients 
High* 1 0 1 0 1 

Max value 11.07     
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion groups  

 Shift from baseline to day 4, all (n=192) 
Shift from baseline to day 
4, 15 min infusion 
(n=151) 

 

 N to L N to H N to L N to H  
  2  1  
Max value  11.07  5.25  
Patient S4218 had a change from normal baseline to PCS high value of BUN, this same patient 
represents the maximum value of the two patients who had a shift from normal at baseline to high on day 
4. This patient had one adverse event “Creatinine renal clearance decreased” (also on Day 4, 9/21/12) 
which was not entered as an SAE. Examination of the values for BUN through the study time line reveal a 
steady increase from day -1 to check out day 5 with return to normal range on follow up, day 18. This 
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Blood Urea Nitrogen (mmol/L)* 
patient did have an increase in NAG from baseline to follow up (baseline 20.2umol/day, steady state 26 
umol/day, follow up 41 umol/day). Creatinine value revealed a parabolic trajectory from 101umol/l at 
baseline with a peak of 195 on day 5 and return to 120 on follow up day 18. Patient is noted to have mild 
renal impairment. This patient was in the <1600 mg dose group and in the 15 minute infusion group.  
 
The second patient (S1401) with a normal to high shift at day 4 revealed an increase from 3mmol/L at 
baseline to 5.25mmol/L. This shift very near remained in normal range. This second patient with a shift 
had four adverse events with none related to renal function. This patient did not have a consistent 
abnormal trend in other renal parameters during the study. 

Patient S4218 

Visit Day 

BUN 
Value 
mmol/L 

Screening Visit (Day -28) 3.93 
Check-in Visit (Day -1) 5.36 
Visit Day 1 7.14 
Visit Day 2 8.57 
Visit Day 3 8.57 
Visit Day 4 11.07 
Check-out (Day 5) 12.85 
Withdrawal / Completion Visit (Day 18) 6.07 

 

Mild renal impairment chg. from base, Mean -0.3, median -0.305, range -3.21 to 3.93 
Normal chg. from base: mean -0.34, median -0.36, range -3.5 to 2.25 
Moderate: there were 3 patients with moderate renal failure. In this group all patients remained in normal 
range at day 4. One of the three had a negative change from baseline of -1.08 mmol/L. A second patient 
had an increase of 1 mmol/L from baseline and the third patient had an increase of 0.25mmol/L from 
baseline to day 4. All patients in this group were in the <1600mg dose group while 2 received 15 minute 
infusions and one was in the 30 minute infusion group.    
*Sponsor provided reference range is 1.25 to 5 mmol/L 
 
 
Reviewer Comment: the single patient S4218 with mild renal insufficiency had a clear 
treatment related rise in BUN associated with treatment (see Serum Creatinine Single 
Patient Outlier, S4218). This indicates a potential susceptibility of this population to 
elevation of BUN. The magnitude of the maximum elevation was 12.85 mmol/L  
(36mg/dl) with an associated rise in creatinine from 1.1 at baseline to 2.0 on day # 4. 
This biochemistry adverse event was found to be reversible upon laboratory 
measurement at follow up day 18.  
 

Serum Creatinine 

  
Table 50  Serum Creatinine at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift.  

Creatinine (µmol/L)** 
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Creatinine (µmol/L)** 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154 ) 

30 minute 
infusion 
(n= 43) 

<1600mg 
group 
(n=169) 

≥1600mg 
group 
(n=28) 

All 
N= 197 

Mean -3.4 -3.2 -3.37 -3.4 -3.4 
Median -4 0 -4 -1.5 -4 
Range -22.9 to 67 -22.9 to 7.6 -22.9 to 67 -15.3 to 4 -22.9 to 67 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 
 Normal (n=156) Mild Impairment (n=38) Moderate Impairment (n=3) 
Mean -3.7 -2.4 0 
Median -4 -4.5 0 
Range -22.9 to 17 -16 to 67 0 

Outliers, relative to potentially clinically significant values from sponsor (PCS). Change from baseline. 
PCS values 

# Patients 
High* 1 0 1 0 1 

Max value 178     
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion groups  

 Shift from baseline to day 4, all (n=197) 
Shift from baseline to day 
4, 15 min infusion 
(n=155) 

 

 N to L N to H N to L N to H  
# of Patients 4 1 3 1  
Max value  178  178  
Min Value 46  46   
*Outlier patient S4218 is discussed in detail in the analysis of BUN. Both BUN and creatinine are 
correlated in the analysis.  
Outlier: S4218, a mild renal insufficiency patient who had an increase of 67 umol/L (.87mg/dl) from 
baseline to steady state.  
Comment: creatinine conversion from US to SI: 1mg/dl * 88.4 = umol/L, sponsor conversion is 76.3.  
Additional analysis: The change from baseline to day 4, Figure 21 and Figure 22 is in US units. 
 
Examination of means, median and distribution of change from baseline to longest exposure 196 pts by 
normal vs impaired renal function 
 
Mild moderate group: mean -2.69 umol/L, median -7.3 umol/L, n=40. 
% group with a positive change from baseline = 5/40 = 12.5% 
 
Normal group: mean -2.89 umol/L, median -3.0 umol/L, n= 153 
% group with a positive change from baseline =37/153 = 24% 
** Sponsor provided reference range is 53 to 107umol/L for study 13103A, with two values identified for 
13181A: 35 to 106umol/L and 44 to 115umol/L, outlier analysis considers all reference ranges.  
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increase, Figure 21. The distribution of creatinine change from baseline to day 4 in forty 
patients with impaired renal function reveals that 26 (65%) of patients had a decline in 
creatinine from baseline to day 4 while 14 (35%) had an increase, Figure 22. There is 
no evidence of a systematic rise in serum creatinine during IV CBZ treatment while in 
the renal impairment group there is a possible sentinel patient indicating a vulnerability 
to IV CBZ. 
 

Serum Calcium 

 
Table 51  Serum Calcium at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 
Serum Calcium (mmol/L) * 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154) 

30 
minute 
infusion 
(n=43) 

<1600mg 
group 
(n=159) 

≥1600mg 
group 
(n=28) 

All 
N=197 

Mean -.04 -0.08 -0.05 -0.014 -.05 
Median -.03 -0.05 -0.05 0.022 -.03 

Range -0.4 to 0.25 -0.5 to 
0.15 

-0.5 to 
0.25 

-0.23 to 
0.12 

-0.53 to 
0.25 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values in mmol/L- H: ≥3.0, L: ≤1.8 
# Patients High* 0 0 0 0 0 
Max value      
# Patients low* 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to day 4, all 
(n=195) 

Shift from baseline to 
day 4, 15 min infusion 
(n=152) 

 

 N to L N to H N to L N to H  
 7 (3.6%) 0 2 0  
Max value      

Min value 1.93mmol/L 
(n= 2.125 to 2.625)*  

2.1mmol/L 
(n= 2.125 
to 2.625) 

 
 

*patient S1003, 2 AEs, dizziness, IV infiltration. Dizziness occurred after IV treatment 
discontinued. Patient was in 30 minute infusion group and received 7 days of IV 
therapy. Serum Ca+ nadir occurred at approximate midpoint of therapy and then 
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increased.  
Some trend to  shift to lower calcium values in means, medians, normal to low but 
none reach PCS values and magnitude of the change is not clinically threatening 
*sponsor provided reference range study 13103A = 2.125 to 2.625, corresponds to 
8.5 to 10.5mg/dl. Study 13181A = 2 to 3, corresponds to 8 to 12 mg/dl.  
http://www.amamanualofstyle.com/page/si-conversion-calculator 
 

 
 
15 patients with normal calcium values at baseline have 35 values recorded at any time 
during IV CBZ treatment which are below normal reference range. In two patients the 
first low value occurs on day 1, the first day of exposure to IV CBZ. Causality is very 
unlikely due to the low exposure at this point in time. The remaining 13 patients are 
examined to determine if there is a relationship between the sustained exposure to IV 
CBZ and the occurrence of low calcium values. These 13 patients reveal a pattern of a 
calcium trough during IV CBZ treatment which returns to baseline at the end of the 
treatment interval. From among these 13 patient S1401 is provided as an example 
showing this patter. There is a declining trend to day 3 where a nadir is seen, a single 
below normal reference range occurs with a slow increasing trend where the value 
achieves the same level as at screening. The temporal profile of the calcium 
concentration over time for the remaining 12 patients may be seen in appendix 9.8 
Calcium Trough Profile Seen in 13 Patients During IV CBZ Treatment. 
 
Figure 23  Patient S1401 with Calcium Trough During IV CBZ Treatment 

 
 
Reviewer Comment: Some trend is seen to shift to lower calcium values in means and 
medians across all dose groups and infusion rates with no clearly differentiating 
differences between the groups. There were no changes to PCS values in the high or 
low range from baseline to day 4. There were 7 patients who had a shift to out of 
reference range low from baseline to day 4 with no shift to high reference. These seven 
patients were seen to normal reference range at follow up, see Calcium, appendix 9.9.  
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All patients who had normal calcium at baseline and one or more values below 
reference value during IV CBZ treatment were examined in detail. There were 13 such 
patients identified. Seven (7) of these patients have a sustained lower calcium level 
during treatment that returns to baseline or screening value following the study. The 
remaining maintained a low plateau with an isolated drop below reference low normal 
and one had a single marked drop between two normal values, see appendix 9.8 
Calcium Trough Profile Seen in 13 Patients During IV CBZ Treatment .  
 
The instances of decline in serum calcium were not in the range of PCS, there were 
several patients with a trend of decline to mid study followed by recovery to baseline or 
screening values. All declines were reversible. These observations do not provide 
evidence of a safety signal for serum calcium decrease but may indicate a transient 
alteration of calcium that is related to IV CBZ treatment.   
 

Magnesium 

 
 
Table 52  Serum Magnesium at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift.   

Magnesium (mmol/L)** 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=152 ) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=167) 

≥1600mg 
group 
(n=28) 

All 
N= 
195 

Mean -0.015 -0.043 -0.019 -0.03 -.02 
Percent of  
Baseline Mean 
( % day minus1 mean  
(0.87mmol/L) 

1.7% 5% 2.2% 3.4% 

2.3% 

Median 0 -0.05 0 0 0 

Range -0.25 to 0.15 -0.3 to 
0.15 

-0.3 to 
0.15 

-0.25 to 
0.05 

-0.3 to 
0.15 

Outliers, relative to potentially clinically significant values from sponsor (PCS). Change 
from baseline. PCS values H: ≥1.3, L: ≤0.6 

# Patients High      
Max value      

# Patients low 1  1  1 
(0.5%) 

Min value 0.6*  0.6*  0.6* 
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups, study 13103A only, reference range for study 13181A is 1 mmol/L for both high 
and low reference.  AMA manual of style reference range is used for analysis of both 
studies. 0.65 – 1.05 mmol/L† 

 Shift from baseline to day 4, all 
(n= 195) 

Shift from baseline to 
day 4, 15 min infusion 
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Magnesium (mmol/L)** 
(n=40) 

 N to L N to H N to L N to H  

 1 (0.5%) Study  
Ref range 13181A† 

5 (study 
13103A 
ref) 

1 1 
 

Max value  
1.05 
(n=0.55-
0.95)  

 1.05 
 

Minimum value 0.6   0.6   
Examination of the low at baseline patient reveals they did not tend to develop lower Mg+ 
values. Insufficient evidence to propose a safety signal.  
*S4047 , one AE “Accidental overdose”, no SAE 
**Sponsor provided reference 0.55 to 0.95 mmol/L, study 13103A, 
Sponsor provided reference range for study 13181A is Low= 1mmol/L, high= 1mmol/L.. 
Only PCS range available for study 13181A 
Literature Reference, AMA Manual  of Style, SI Conversion Calculator is 0.65 to 
1.05mmol/L 
†. http://www.amamanualofstyle.com/page/si-conversion-calculator 
 

 
 
 
Figure 24  Patient S4047 Serum Mg+ Through the Course of Study.  

 
 
Reviewer Comment: There were small declines in mean and median serum 
magnesium values with no clear difference by infusion rate or dose group. There was 
one outlier at day 4 with a PCS low value and no related AE. Based on the reference 
range for serum magnesium provided in the AMA Manual of Style, SI conversion 
calculator8 there was only one value among all serum magnesium measurements taken 
in the clinical trials which was below reference range. This value was found in the single 
outlier patient S4047, Figure 24. This single patient has a systematic decline in serum 
magnesium during the treatment period but this does not reach the level of evidence to 
support a safety signal. The decline was reversible but does raise the question if there 

                                            
8 http://www.amamanualofstyle.com/page/si-conversion-calculator 
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is a vulnerability to hypomagnesemia if treatment were continued for an extended 
interval beyond the labeled 7 day replacement.  
Magnesium values were examined between steady state day 4 and follow up. Mean 
and median magnesium values were positive. There were no shifts to low at follow up, 
see Magnesium, appendix 9.9. These observations reinforce the conclusion that any 
negative change which may occur during treatment is reversible.   
 
Serum Sodium 
 
Table 53  Serum Na+ at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers and 
Shift. 

Sodium (mmol/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154 ) 

30 minute 
infusion 
(n= 43) 

<1600mg 
group 
(n=169 ) 

≥1600mg 
group 
(n=28 ) 

All 
N= 197 

Mean 0.006 -0.4 -0.14 0.25 -0.09 
Median 0 -1 0 -0.5 0 
Range -9 to 10 - 7 to 7 -9 to 10 -4 to 5 -9 to 10 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values 

# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= 185) 

Shift from baseline to 
day 4, 15 min infusion 
(n=142 ) 

 

 N to L N to H N to L N to H  
 4 1 3 1  
Max value  132  132  
Min value 129  129   
No new signal for hyponatremia. No change to PCS.  
*sponsor provided reference range 133 to 145 mmol/L 

 
Reviewer Comment: No new signal for hyponatremia. No patient had a decline to PCS 
range. 
 

Serum Potassium 

 
Table 54  Serum K+ at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers and 
Shift. 

Potassium (mmol/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 
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Potassium (mmol/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n= 152) 

30 minute 
infusion 
(n= ) 

<1600mg 
group (n= 
167) 

≥1600mg 
group 
(n=28 ) 

All 
N= 195 

Mean -0.13 -0.13 -0.12 -0.22 -0.13 
Median -0.1 -0.2 -0.1 -0.2 -0.1 

Range -1.3 to 1.2 -1 to 2 -1.2 to 2 -1.3 to 
0.3 

-1.3 to 2 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values are : H: ≥6.0, L: ≤3.0 

# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to 
day 4, all (n= 171) 

Shift from baseline to 
day 4, 15 min infusion 
(n=128 ) 

 

 N to L N to H N to L N to H  
 29* (17%) 3 (1.7%) 23 (18%) 1 (0.8%)  
Max value    5.2  
Min value 3.2  3.2   
* These 29 patients have 61 adverse events, no SAEs. The most frequent is 
dizziness. No cardiac disorder or renal and urinary disorder SOCs are present 
among these 61 adverse events. Subtle negative shift of change from baseline 
mean and median in the greater than 1600mg dose group. A signal is present for 
lower K+ although not hypokalemia. 
 
Renal Analysis: 30 of 42 (71%) patients with renal insufficiency with normal K+ at 
baseline experienced one or more potassium values below 3.5mmol/L at any point 
after baseline. 99 of 161(61%) patients with normal renal function and normal K+ 
at baseline experienced one or more potassium values below 3.5mmol/L at any 
point after baseline.   
 
*sponsor provided reference range,study 13103A = 3.5 to 5.0mmol/L, study 
13181A = 4 to 6 mmol/L 

 
 
Declines in group mean potassium levels and a prominent shift from normal at baseline 
to low at day 4 is seen. Due to the decline in mean and median K+ value an additional 
analysis is performed to determine if the subset of patients who had a decline from 
baseline had a systematic decrease in serum potassium related to IV CBZ exposure. 
The dataset of potassium values is examined for patients who were normal at baseline 
and had a decline below reference normal of 3.5mmol/L at any sampling point 
subsequent to baseline. This group was examined to identify patients who had any 
value less than 3.4mmol/L or a decline from baseline of 1mmol/L or greater. There were 
23 subjects who fulfilled these criteria. The characteristics of the K+ values at each 
measurement through the entire study timeline were examined for consistent trends 
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Change in potassium values from steady state to follow up measurement  were 
examined and reveal a mean positive change in the interval for study 13103A with a 
small negative change for study 13181A, see Potassium, appendix 9.9. There were also 
a large proportion (24%) of patients in study 13181A who had low potassium values at 
baseline. Twenty seven (27) of 29 patients in the pooled study group who had a normal 
baseline then a shift to low at steady state (day 4) return to normal range values at 
follow up. An additional 13 patients normal at baseline and day 4 shift to below 
reference range at follow up. These observations reveal notable variability of potassium 
values through the study timeline from baseline through follow up and the pattern 
deviates from a consistent challenge – dechallenge response to IV CBZ but in light of 
the steady state mean decline at day 4 in pooled studies as well as 29 shift to low at 
steady state does reveal a tendency to a decline in potassium during treatment. 
 
These observations do indicate that a subset of the population may be vulnerable to a 
decline in K+ during IV CBZ treatment during the 7 day replacement interval and 
possibly a threat of hypokalemia if treatment is extended beyond seven days.  
 
Serum Chloride 
 
Table 56  Serum Chloride at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 

Serum Chloride (mmol/L) 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=169) 

≥1600mg 
group 
(n=28) 

All 
N=197 

Mean -0.4 -0.046 -0.22 -0.96 -0.32 
Median -1 0 -1 -1 -1 
Range -9 to 12 -7 to 7 -9 to 12 -5 to 4 -9 to 12 
Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from Baseline. PCS values in mmol/L- H: ≥117, L: ≤90 
# Patients High 0 0 0 0 0 
Max value      
# Patients low 1* 0 0 0 1 
Min value 87     
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n=189) 

Shift from baseline to 
day 4, 15 min infusion 
(n=149) 

 

 N to L N to H N to L N to H  
 3 3 2 2  
Max value  113  113  
Min value 92  93   
* patient low at baseline (93mmol/L), 2 AE of dizziness and hyponatremia 
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Review Comment: there is a small decline in mean and median chloride values across 
dose groups and infusion rates. The outlier analysis reveals a single patient with a 
decline from normal baseline to PCS low at day 4. Shift analysis reveals equal numbers 
of shifts from normal chloride at baseline to high or shift to low at day 4. The chloride 
analysis does not reveal a clinically meaningful alteration in chloride during IV CBZ 
treatment.  
 
Lactate Dehydrogenase (IU/L) 
 
Table 57  Lactate Dehydrogenase at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift. 

Lactate Dehydrogenase (IU/L)** 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n= 142) 

30 minute 
infusion 
(n= 41) 

<1600mg 
group (n= 
156) 

≥1600mg 
group (n= 
27) 

All 
N= 
183 

Study 13181A 
 N=91 N= 0 N=72 N=19 N=91 
Mean -3.6  -5 1.8 -3.6 
median -5  -6 2 -5 

range -55 to 38  -55 to 38 -16 to 23 -55 to 
38 

Study 13103A 
 N=54 N=41 N=84 N=8 N=97 
Mean -1.6 -1.3 -0.95 -7.25 -1.5 
median -4 -3 -3.5 -6.5 -4 

range -39 to 95 -79 to 70 -79 to 95 -17 to 4 -79 to 
95 

Outliers, relative to potentially clinically significant values from sponsor 
(PCS). Change from baseline. PCS high value is ≥750 IU/L 

# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 0 9 0 4  

Max Value  183* 
(1.8ULN)  183*  

Min value      
* Patient S1120: one adverse event during infusion interval “infusion site 
extravasation” 
** Sponsor provided reference range study 13181A: 80 to 240 IU/L,  
**Sponsor provided reference range study 13103A: 40 to 100 IU/L 
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Reviewer Comment: there is no clinically meaningful change in lactate dehydrogenase 
values at Day 4.  
 
Creatine Kinase 
 
Table 58  Creatine Kinase at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 

Creatine Kinase (IU/L)* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=153) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=168) 

≥1600mg 
group 
(n=28) 

All 
N=196 

Mean -16.3 -26 -19.6 -11.5 -18.5 
Median -9 -21 -12 -10 -12 

Range -235 to 63 -113 to 13 -235 to 63 -75 to 18 -235 
to 63 

Outliers, relative to potentially clinically significant values from sponsor 
(PCS). Change from baseline. PCS values are H: ≥400 (females); ≥750 

(males) 
# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n=184) 

Shift from baseline to 
day 4, 15 min infusion 
(n=144) 

 

 N to L N to H N to L N to H  
 0 0 0 0  
      
Comment: there was a change from baseline in 4 patients greater than 100 
IU/L, however all of these patients were high at baseline.  
 

*Sponsor provided reference by Study 

STUDYID Reference 
Low 

Reference 
High 

# 
patients 

13103A 0 120 603 
13181A 20 203 4 
13181A 24 170 407 
13181A 24 195 415 

 

 
Reviewer Comment: There are declines in mean and median creatine kinase values at 
day 4. There is variability in CK due to recent physical activity. A decline is not 
associated with acute physiologic threat. There is no clinically meaningful change in the 
creatinine kinase values seen at day 4.  
 
Serum Glucose 
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Table 59  Serum Glucose at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 

Glucose (mmol/L)†, (mixed fasting and non-Fasting) 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=154 ) 

30 minute 
infusion 
(n= 43) 

<1600mg 
group 
(n=169) 

≥1600mg 
group 
(n=28) 

All 
N= 
197 

Mean 0.36 0.86 0.53 0.12 0.47 
Median 0.1 0.44 0.2 0 0.11 

Range -1.87 to 5.3 -1.6 to 5.3 -1.87 to 
5.3 

-1.6 to 
2.3 

-1.87 
to 5.3 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values: H:≥ 9.0 (nonfasting);≥ 8.1 (fasting) / L:≤ 3.9 

(nonfasting); ≤ 3.5 (fasting) 
# Patients High      
Max value      
# Patients low 2** 2*    
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to day 4, 
all (n=187 ) 

Shift from baseline to 
day 4, 15 min 
infusion (n=146 ) 

 

 N to L N to H H to N N to L N to H  
 2 28 3 2 16  

Max Value  
11.9 
(mean 
2.5) 

   
 

Min Value 3.8     
*two patients, S0605 and S0650 had values of 65mg/dl and 68mg/dl flagged as 
PCS low. Less than 70mg/dl is the non-fasting PCS threshold. This value is 
less threatening than the more typically designated value of 60mg/dl although it 
may compensate for the variations in normal range across studies. The 
reference range in the sponsor dataset is 60mg/dl to 114mg/dl- when converted 
to US units.  
** one of these patients S4006 has a value of 68mg/dl, again not critical value 
low. The remaining patient, S4218 has a value of 45mg/dl which is in a critical 
range. 
 

† sponsor provided reference values by study 

STUDYID 

Reference 
Low (SI) 
mmol/L 

Reference 
Low (US) 
mg/dl‡ 

Reference 
High (SI) 
mmol/L 

Reference 
High (US) 
mg/dl‡ 

# 
instances  

13103A 3.3 59.5 6.325 114 1084 
13181A 4 72 7 126 617 
13181A 4 72 8 144 215 
13181A 5 90 6 108 2 
‡ Conversion to mg/dl by AMA Manual of Style Guide, SI Conversion 
Calculator. http://www.amamanualofstyle.com/page/si-conversion-
calculator 
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Table 60  Serum Glucose at Day 4 for the Fasting Cohort of Study 13181A, means, medians, 
outliers and Shift. 

Glucose (mmol/L) Fasting Cohort, 13181A only (baseline mean 5.08) 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic All (n=84) 
Mean -0.17 
Median -0.1 
Range -8.2 to 3.6 
Outliers, relative to potentially clinically significant values from sponsor (PCS). Change 

from baseline. PCS values H;≥ 8.1 (fasting) / L ≤ 3.5 (fasting) 
# Patients High 1 
Max value 8.8 
# Patients low 0 
Min value  
Shifts from Normal at Baseline to High / Low at Day 4, all  
 Shift from baseline to day 4, all (n=83 ) 
 N to L N to H 
 2 1 
Max Value  8.8 
Min Value 4.2  
 

† sponsor provided reference values  

STUDYID 

Reference 
Low (SI) 
mmol/L 

Reference 
Low (US) 
mg/dl‡ 

Reference 
High (SI) 
mmol/L 

Reference 
High (US) 
mg/dl‡ 

# 
instances  

13181A 4 72 7 126 617 
13181A 4 72 8 144 215 
13181A 5 90 6 108 2 
‡ Conversion to mg/dl by AMA Manual of Style Guide, SI Conversion 
Calculator. http://www.amamanualofstyle.com/page/si-conversion-
calculator 

 

 
 
 
Urinary Glucose 
 
Table 61  Positive Urinary Glucose Values with Corresponding Serum Glucose in Patients with 
Negative Urine Glucose at baseline 

Positive Urinary Glucose value in patients with negative value at baseline. Shaded cells represent (+) Urine glucose, (0) 
represents negative urine glucose at “Day or visit” 

Study ID Day or visit 
S0105 

Serum 
Glucose 

mg/dl 
S0633 

Serum 
Glucose 

mg/dl 
S0701 

Serum 
Glucose 

mg/dl 
S1003 

Serum 
Glucose 

mg/dl 
S4009 

Serum 
Glucose 

mg/dl 
  DAY -28 0  0 76 0 136 0  0  

  

Screening 
Visit (Day -
28) 

0 
 

0 
 

0 
 

0 
 

0 
 

13181A 
Check-in 
Visit (Day -1) 0  0  0  0  0 83 

13103A DAY -1 0 94 0 80 0 103 0 89 0  

13181A Visit Day 1 0  0  0  0  0  
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The Glucose dataset has a variable to flag fasting state. Of the 1928 entries for glucose 
measurements only 620 were flagged as fasting, these only occurred in study 13181A. 
There were 838 glucose measurements in study 13181A thus only 74% of values were 
obtained in the fasting state. When only the available values in the fasting cohort were 
analyzed the mean change in glucose value (mmol/l) between baseline and day 4 was -
0.17 with a median of -0.1. There was only one PCS high value identified among and no 
PCS low values at day 4. There were two patients who were in normal range at baseline 
who had a shift to low OORR at day 4 and one patient normal at baseline who had a 
shift to high OORR at day 4. All of these patients returned to normal range at day 5 
(return to oral CBZ treatment). This fasting cohort is the most appropriate group for 
determination of treatment effect on serum glucose. Analysis of this group does not 
reveal a signal for treatment related alteration of serum glucose values.  
 

Serum Phosphate 

 
Table 62  Serum Phosphate at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift. 

Phosphate (mmol/L), Serum Electrolytes* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=153 ) 

30 minute 
infusion 
(n=43) 

<1600mg 
group 
(n=168) 

≥1600mg 
group 
(n=28) 

All 
N= 196 

Mean 0.03 0.002 0.03 0.005 0.025 
Median 0.03 0 0.03 0 0.027 

Range -0.43 to 0.45 -0.35 to 
0.33 

-.43 to 
0.45 

-0.33 to 
0.3 

-0.43 to 
0.45 

Normal at baseline Outliers at Day 4,, relative to potentially clinically significant 
values from sponsor (PCS). Change from baseline. PCS values: H: ≥1.95, L: ≤0.65 
 N= 135 N= 43 N=155 N=23 N= 178 
# Patients High 0 0 0 0 0 
Max value      
# Patients low 4 (3%) 3 (7%) 7 (4.5%) 0 7 (3.9%)** 
Min value      
Shifts from Normal at baseline to high or low at Day # 4, 15 minute infusion group, 
All infusion groups  

 Shift from baseline to day 
4, all (n=178 ) 

Shift from baseline to 
day 4, 15 min infusion 
(n=135 ) 

 

 N to L N to H N to L N to H  
 3 (1.7%) 3 (1.7%) 2 (1.5%) 1 (0.7%)  
Max Value  1.25  1.15  
Min Value 0.525  0.55   
 

*Sponsor Reference Range Values by Study PCS Values, from 
ISS, Both Studies 
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Phosphate (mmol/L), Serum Electrolytes* 

STUDYID Reference 
Low 

Reference 
High 

# Patients in 
reference range 

strata 

PCS low PCS 
High 

13103A 0.625 1.125 97 ≤0.65 ≥1.95 
13181A 1 2 99 ≤0.65 ≥1.95 

**number of patients with normal to low outlier shift is greater than number of 
patients with normal baseline to low OORR shift due to reference low in study 
13103A that is below the sponsor assigned PCS low value identified in the ISS 

 
 
Reviewer Comment: There is a small increase in mean and median change from 
baseline to day 4. The range of the change from baseline as well as the observed shifts 
from normal at baseline to high or low reference indicate symmetry of these changes 
around the mean. Although there were 7 patients with PCS low at day 4, overall the 
findings do not appear clinically meaningful.  
 
Serum Uric Acid 
 
Table 63  Serum Uric Acid at Day 4 for Both Studies 13181A and 13103A, means, medians, outliers 
and Shift. 

Urate (µmol/L)*  
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n= 154) 

30 minute infusion 
(n=43 ) 

<1600mg 
group 
(n=159) 

≥1600mg 
group 
(n=28) 

All 
N= 197 

Mean 2.6 -2.9 0.8 4.6 1.37 
Median 6 -6 6 -03 6.0 
Range -226 to 95 -59.5 to 71.4 -226 to 95 -47.6 to 71 -226 to 95 

Outliers, relative to potentially clinically significant values from sponsor (PCS). Change from 
baseline. PCS values 

# Patients 
High* 0 0 0 0 0 

Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion groups  

 Shift from baseline to day 4, all (n= ) Shift from baseline to day 
4, 15 min infusion (n= ) 

 

 N to L N to H N to L N to H  
# Patients 11 2 9 1  

Max value  
416  
(ref range, 125-410 
umol/L) 

 
416  
(ref. range, 
125-410 
umol/L) 

 

Min Value 
107  
(ref range, 125-
410 umol/L) 

 
107  
(125-410 
umol/L) 

 
 

*Sponsor reference range: There are several reference values due to differences in laboratories.  
STUDYI Low High 
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D Reference Reference 

13103A 119 357 

13103A 238 476 

13181A 125 410 

13181A 214 476 
 

 
Reviewer Comment: no clinically significant change in Urate 
 
Serum Triglycerides 
 
 
 
Table 64  Serum Triglycerides at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift. 

Triglycerides (mmol/L) Study 13181A (fasting) 
Change from Baseline to Infusion Day # 4 (Steady State), Day 5** (All Oral dose), and Day 18 

(Follow up): Means and Medians (including OORR† at baseline) 
Statistic Day 4 (n=82) Day 5 (n=83) Day 18 (n=43)  
Mean 0.28 0.114 0.18 
Median 0.16 0.05 0.12 
Range -1.21 to 2.29 -1.42 to 2.05 -1.21 to 2.43 
Outliers, relative to potentially clinically significant values from sponsor (PCS). PCS values: H: 

≥4.2 mmol/L (Fasting) 
# Patients High 1 1 0 
Max value    
# Patients low No PCS low value provided by sponsor 
Shifts from Normal Baseline to high or low at Day # 4,  
 Shift from baseline to day 4, all (n=43) 
 N to L N to H 
 6 4 
Maximum Value  3.45 
Min Value 0.85  
Shift from High / Low at Day 4 to Day 5 

 High to Normal Low to Normal Normal to High Normal to 
low 

 3 (75%) 2 (33%) 1 (3%) 1 (3%) 
Shift from High / Low at Day 4 to Day 18 (25 normal at baseline) 

 High to Normal Low to Normal Normal to High Normal to 
low 

 1 (50%) 2 (100%) 1 (4.8%) 5 (23.8%) 
*Sponsor reference range: 1 to 3 mmol/L 
† OORR = out or reference range 
**Patient cohort represents only patients with a fasting triglyceride measurement at both Day 4 
and Day 5. Day 18 represents cohort with a fasting triglyceride measurement at Day 4, 5 and 
day 18.  
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Table 65  Distribution of Triglyceride OORR (out of reference range) Indicator at baseline, day 4 
and day 5.  
Study 13181A  (620 of 838 Triglyceride entries are noted as FASTING) 
Triglycerides, Numbers of Patients in Reference Range Categories at Baseline, 
Day 4 and Day 5 

Baseline Reference Range 
Flag (n= 96)  

Days 4 and 5 Reference Range Flag From 
Among All Patients with available Day 4 
and Day 5 values (n=83)* 

BASELINE 
Flag 

Fulfill Flag 
Criteria 

 
DAY 4 Flag 

DAY 5 
FLAG 

Fulfill all Flag 
criteria 

HIGH 7 
 

 NORMAL 1 
LOW 39 

 
HIGH HIGH 3 

NORMAL 50 
 

HIGH NORMAL 5 
   LOW LOW 16 

   
LOW NORMAL 5 

   
NORMAL HIGH 1 

   
NORMAL LOW 9 

   
NORMAL NORMAL 43 

   * normal at baseline not required 
 
Reviewer Comment: An upward shift from baseline to day 4, steady state, mean and 
median is seen in triglyceride values. This shift is equal to 21% of baseline mean. This 
mean change from baseline is seen to decline at day 5, end of study ,oral treatment and 
at follow up. One patient has a PCS high value at Day 4 and also at day 5, although 
there is a decline of 10% between day 4 and day 5. This patient also had high (PCS 
threshold) value at baseline. Six patients with normal baseline triglyceride values are 
seen to shift to low OORR values at day 4 while 4 patients with normal baseline shift to 
high OORR values at day 4. Seventy five (75%) of the patients with shift to high at day 4 
returned to normal range at day 5 while 33% of patients that shifted from normal 
baseline to low at day 4, returned to normal at day 5. One patient each who was normal 
at day 4 shifted to high and low respectively at day 5.  
 
From among those patients with a day 4 and day 18 fasting measurement (n=43) there 
2 patients in the shift to high from baseline at day 4 and one of these (50%) returned to 
reference range at day 18 (follow up). There were 2 patients who were low OORR from 
normal baseline at day 4 and both of these returned to normal range at day 18. One 
patient normal at day 4 shifted to high at day 18 while 5 patients normal at day 4 shifted 
to low at day 18.  
 
The high-low reference flag table shows patients at baseline, day 4 and day 5 with 
values flagged for normal or high – low out of reference range (OORR). At baseline it is 
seen that nearly 50% of patients are OORR, with 40% of these at low OORR. The table 
of reference flags at day 4 and 5 reveal that there is an equal shift of high at day 4 to 
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normal and low at day 4 to normal at day 5. While one patient normal at day 4 shifts to 
high at day five and 9 patients normal at day 4 shift to low.  
 
In summary there is a broad mix of triglyceride values at baseline. From among those 
with a normal baseline value there are similar shift to high and low across steady state 
post IV, oral dose day number 5. There is no signal for a change in triglyceride values 
associated with IV CBZ treatment. 
 
 
Cholesterol 
 
Table 66  Serum Cholesterol at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift.  
 
Table 67  Serum Cholesterol at Day 4 for Both Studies 13181A and 13103A, means, medians, 
outliers and Shift. 

Cholesterol (mmol/L) Study 13181A  
Change from Baseline to Infusion Day # 4 (Steady State), Day 5 (All Oral dose), and Day 18** 

(Follow up): Means and Medians (including OORR† at baseline) 

Statistic 

Day 4, Steady State 
(n=82, patients with 
Day 4 and Day 5 
measurement) 

Day 5, End of 
Study Oral Dose 
(n=83, patients with 
Day 4 and Day 5 
measurement) 

Day 18, Follow up (n=43, 
patients with day 4, day 5 and day 
18 measurement)  

Mean 0.011 0.04 0.057 
Median 0.03 0.05 0.05 
Range -1.34 to 1.37 -1.42 to 1.68 -1.17 to 1.24 
Outliers, relative to potentially clinically significant values from sponsor (PCS). Any patient with 

day 4, 5 or 18 measurement. PCS values: H: ≥6.2 mmol/L (fasting) 

# Patients High 
22 (12 PCS at 
baseline and all high 
OORR at baseline) 

21 (11 PCS at 
baseline and 19 
OORR high at 
baseline) 

14 (10 PCS at baseline and all 
high OORR at baseline) 

Max value 8.94 7.85 8.34 
# Patients low No PCS low value provided by sponsor 
Shifts from Normal Baseline to high or low at Day # 4,  
 Shift from normal baseline to day 4, all (n=33) 
 N to L N to H 
 0 5 
Maximum Value  5.88 
Min Value   
Shift from High / Low at Day 4 to Day 5 

 High to Normal Low to Normal Normal to High Normal to 
low 

 0 (0%) N/A 4 (15%) 0 
Patients with normal baseline, Shift from High / Low at Day 4 to Day 18 (n=16) 

 High to Normal Low to Normal Normal to High Normal to 
low 

 2 (33%) n/a 1 (8.3%) 0 
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were 22 patients with PCS high cholesterol values at Day 4 (steady state), 21 patients 
with PCS high cholesterol at day 5 (1st post study, all oral CBZ) and 14 patients at day 
18  with high PCS cholesterol. A large portion of these patients were in PCS high range 
at baseline and all but 2 were in high OORR at baseline. No patient entered PCS range 
who was normal at baseline.  
 
From among patients with fasting measurements available at days 4 and 5 there were 5 
patients who were normal at baseline who had a shift to high OORR at day 4,these 
patients remained high at day 5 while 2 (33%) returned to normal range at day 18. Four 
patients normal at baseline and at day 4 were found to have shifted to high OORR at 
day 5. One patient normal on day 4 was high OORR on day 18.  
 
The numbers of patients who were normal at baseline and shifted to high OORR during 
treatment is small compared to the baseline tendency for the cholesterol value to be 
high OORR. Fifty seven percent (57%) of patients were found to have elevated 
cholesterol at baseline measurement. Patients who had high cholesterol value at 
baseline tended to remain high. There was no systematic trend for IV CBZ treatment to 
influence cholesterol values. This is seen in the graphic of value trends for PCS high at 
day 4 patients.  
 
In summary the small mean positive change from baseline, the high frequency of high 
OORR values at baseline and the absence of consistent change in high PCS day 4 
values from steady state to late follow up indicate there is no notable signal for an IV 
CBZ influence on serum cholesterol. 
 
Reviewer Comment, Clinical Chemistry: examination of clinical chemistry values 
during IV CBZ treatment reveal a decline in potassium, magnesium and calcium from 
baseline to treatment interval. Some decline in serum albumin was also noted. There 
were some values that dropped out of reference range. These declines were reversible 
(see Appendix 9.9, Potassium) at the close of the IV CBZ treatment but the drop in 
potassium is of sufficient magnitude to raise a concern about the effect of continued 
exposure to the intravenous CBZ formulation if patients remain on treatment longer than 
7 days. The potential for hypokalemia may exist for a subset of vulnerable patients. 
Serum sodium remained normal.  
 
In contrast to the apparent systematic decline associated with exposure to IV CBZ 
treatment in values for several cations there was no systematic change in serum 
creatinine or blood urea nitrogen (BUN). There was a single patient with mild renal 
insufficiency who had a marked increase in serum creatinine and BUN which reached a 
peak the day following the final IV CBZ infusion. Both values returned toward normal by 
the follow up measurement. These findings in addition to an increase in NAG noted to 
occur in this same patient (S4218) suggest that a subset of patients with renal 
insufficiency may be vulnerable to exacerbation of their renal insufficiency during IV 
CBZ treatment.  
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There were no biochemical changes consistent with hepatic toxicity and no Hy’s law 
cases. There was also no evidence of hyperchloremic acidosis. The remainder of the 
clinical chemistry parameters reveals no evidence of emergent biochemical lesion 
during IV CBZ treatment. 

Renal Biomarkers 

Unlike examination of serum studies the sample days for 24 hour urine studies and 
differences in laboratory parameters do not allow study 13103A and 13181A to be 
combined into a single steady state sample. Urine studies are therefore examined by 
individual studies and the reviewer does not examine every parameter for both studies. 
An example of this is urine potassium where the measurement is expressed in 
mmol/day in study 13181A and meq/24hr in study 13103A. In the analysis of potassium 
only study 13181A is independently examined by the reviewer. All measurements in 
both studies of the exploratory biomarkers Urine β2-Microglobulin and NAG (N-acetyl-β-
D-glucosaminidase) are independently examined by the reviewer. 
 
Creatinine Clearance 
 
Table 69  Creatinine Clearance ml/min, Change from Baseline to Steady State, Studies 13103A and 
13181A.  

Creatinine Clearance (mL/min)* 
Change from Baseline to Steady State  Means and Medians† 

Statistic 
15 minute  
Infusion  
(n=154) 

30 minute 
infusion 
(n=41) 

<1600mg 
group 
(n=163) 

≥1600mg 
group 
(n=28) 

All 
N= 
195 

Mean -2.8 -1.7 -1.5 -9.4 -2.5 
Median -2.5 -2.5 -2.5 -0.5 -2.5 

Range -113 to 126 -73 to 129 -113 to 129 -112 to 64 -113 
to 129 

Renal Function Change from Baseline to Steady State. Means and Medians 
 Normal (n=149) Mild - moderate Impairment (n=40) 
Mean -1.7 -5.6 
Median -1 -6.5 
Range *112 to 129 -113 to 67 

Patients with Change ± 2 SD from Baseline mean at Steady State Value.  2 x 
SD= 64 ml/min,  

# Patients High 6 1 6 1 7 
Max value 126 129 129 64 129 
# Patients low 5 2 5 2 7 
Min value -113 -73 -113 -112 -113 
Outliers, patients with a baseline value within the bounds of baseline mean ± 2 
SD from mean, 36ml/min to 164ml/min, n=184 
# Patients High 3 2 3 0 5 
Max value 192 245 192  245 
# Patients low 2 0 2 0 2 
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number of patients who have a baseline CrCL value within reference range is 46. 
Although the numbers of patients is small there is a predominate shift from normal to 
low compared to those who shift normal to high.  
 
Only patients in study 13181A had a sponsor defined reference range (in the ADAM, 
ISS dataset) for creatinine clearance. From among these patients there were15 in the 
“normal renal function” category are found to have baseline CrCL values notably lower 
than typical lower limit values. There are also large differences between day 0 and day 
1 values for creatinine clearance, both representing baseline measurements in study 
13103A. These observations suggest large variability in this laboratory parameter, 
possibly due to variability in laboratory technique, Figure 27. The difference between 
baseline and steady state in study 13103A is examined and reveals large variability, 
somewhat, but not completely symmetric around zero for both measurement intervals, 
Figure 28. There is a subtle shift to a decline in CrCl in the baseline to steady state 
histogram compared to the day 0 to day 1 histogram. This small shift is congruent with 
the movement toward a decline in CrCL seen also in the mean change from baseline 
and shift from normal to low in study 13181A. 
 
In order to determine if the subtle shift is reversible an analysis of change from steady 
state to follow up is subsequently performed.  
 
Table 70  Creatinine Clearance ml/min, Change from Steady State to Follow up, Studies 13103A 
and 13181A. 

Creatinine Clearance (mL/min)† 
Change from SS to Follow up. Means and Medians†† 

Statistic 
15 minute  
Infusion  
(n=143) 

30 minute 
infusion 
(n=40) 

<1600mg 
group 
(n=156) 

≥1600mg 
group 
(n=27) 

All 
N= 195 

Mean 6.8 1.4 5.2 7.9 5.6 
Median 3 4.8 5.5 -7 43 

Range -106 to 127 -163 to 70 -163 to 127 -72 to 125 -1-163 
to 127 

Renal Function Change from Baseline to Steady State. Means and Medians 
 Normal (n=143) Mild - moderate Impairment (n=40) 
Mean 4.4 9.9 
Median 2 7.5 
Range -163 to 127 -43 to 98 
Patients with Change ± 2 SD from Steady State to Follow up Value.  2 x SD= 64 
ml/min,  
# Patients High 11 1 8 4 12 
Max value 127 70 127 125 127 
# Patients low 4 2 5 1 6 
Min value -106 -163 -163 -72 -163 
Outliers at Follow up, patients with a baseline value within the bounds of baseline 
mean ± 2 SD from mean, 36ml/min to 164ml/min, n=184 
# Patients High 9 1 8 2 10 
Max value 265 175 265 228 265 
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# Patients low 1 0 1 0 1 
Min value 26  26  26 
Shifts from Normal to high or low at follow up, 15 minute infusion group, All infusion 
groups, n=99*, 46 have baseline CrCL within reference range 

 Shift from baseline to SS, 
all** (n=46 )   

 N to L N to H    
# 10 11    
Min/max value 44 178    
†† Change from steady state to follow up is calculated, there is no variable supplied for 
this value 
* only study 13181A has reference range for CrCL 
** all are 15 minute infusion 
†Outlier with 380ml/min increase from SS to follow up is deleted due to implausible 
laboratory result.  
 

 
Reviewer Comment: there is a small positive change in the mean change from steady 
state to follow up in contrast to a small decline in mean CrCL in the interval from 
baseline to steady state. The magnitude is small with a -1.9% decline in all patients from 
baseline to steady state and an increase of 3.7% from baseline to follow up. The 
modest increase is seen in the 15 and 30 minute infusion rate as well as all dose groups 
and renal function groups. There are approximately equal numbers with critical change 
(±64ml/min) from baseline in the high and low directions in the all patient analysis. The 
13181A shift analysis (46 pts) reveals a predominance of shift from normal to low. 
Overall the CrCl data suggests a small decline in creatinine clearance during IV CBZ 
treatment which reverses at follow up, however there is a great deal of variability in the 
CrCl measurements as illustrated in the intrapatient change in creatinine clearance 
values between two baseline values, Figure 27. This clouds the interpretation of the 
baseline to treatment observations. 
 
In conclusion, based on evaluation of change in creatinine clearance from both baseline 
to steady state and steady state to follow up measurement, there is no clinically 
meaningful change in creatinine clearance during IV CBZ treatment.  
 
Urine Sodium 
 
Table 71  24 Hour Urine Sodium, Study 13103A, Change from Baseline to Steady State. Means, 
Medians, Outliers and Shift 

Sodium (mEq/24 Hr), 24 hour urine, Study 13103A 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=54 ) 

30 minute 
infusion 
(n= 42) 

<1600mg 
group 
(n=88) 

≥1600mg 
group 
(n=8) 

All 
N= 96 

Mean .003 -.002 -.002 .03 .0009 
Median .008 -.011 -.005 .04 -.002 

Range -.14 to .11 -.106 to 
.233 -.14 to 23 -.05 to 

.08 
-.14 to 
.233 
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Renal Function Change from Baseline to Infusion Day # 4. Means and 
Medians 

 Normal (n=70) Mild - moderate Impairment 
(n=26) 

Mean .002 -.002 
Median .0003 -.004 
Range -.14 to .23 -.13 to .14 

Outliers, relative to potentially clinically significant values from sponsor 
(PCS). Change from baseline. PCS values H=.21, L= .118 

# Patients High 17     
Max value .375     
# Patients low 22     
Min value .084     
Baseline mean= .164, SD= .046 

 
Reviewer Comment: there is no systematic shift to greater or lesser values from 
baseline. No clear clinically significant change in urine sodium content. 
 
Urine Potassium 
 
Table 72  24 Hour Urine Potassium Study 13181A, Change from Baseline to Steady State. Means, 
Medians, Outliers and Shift 

Potassium (mmol/day), 24-h urine collection, Study 13181A* 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 

15 minute  
Infusion  
(n=98 ). No 30 infusion.  
Same as all 

30 minute 
infusion 
(n=0 ) 

<1600mg 
group 
(n=78) 

≥1600mg 
group 
(n=20) 

All 
N=98  

Mean -.67  -.88 .14 -.67 
Median -.75  -1 .38 -.75 

Range -9 to 19.7  -9 to 19.7 -2.8 to 9.5 -9 to 
19.7 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 
 Normal (n=83) Mild - moderate Impairment (n=) 
Mean -.66 -.74 
Median -.79 -.29 
Range -7.5 to 19.7 -9 to 9.6 
Outliers at Steady State relative to baseline mean and SD*. Baseline mean = 4.85, SD = 2.06. Low 
extremeness measure = 2.79, High extremeness measure =6.91** 
 
# Patients High 6 

 Max value 24 
# Patients low 24 
Min value .54 
Proportion of patients with positive or negative change from baseline value for Urine K+ mmol/day at 
steady state. All patients. N= 98 
 Patient change from baseline to day 4   
 Increase Decrease    
 33 65    
 34% 66%    
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*Sponsor Hi-Low values not provided with units and do not match calculated values. No conversion 
factor apparent 
**Normal reference range from Medical literature 25–100 mmol/d9 

 
Reviewer Comment: The relationship of these laboratory values to literature based 
reference range is uncertain. Almost all values in this cohort are below the literature 
reference range and no range is provided by the sponsor. The means and medians of 
all patients and high-low dose groups show a small negative change from baseline to 
steady state. There is a preponderance of low outliers at steady state based on a 
threshold of 1 SD from baseline mean. Clinical significance is uncertain. 
 
Urine Phosphate 
 
Table 73  24 Hour Urine Phosphate Study 13181A, Change from Baseline to Steady State. Means, 
Medians, Outliers and Shift 

Phosphate (mmol/day), 24-h urine collection, Study 13181A 
Change from Baseline to Steady State, Infusion Day # 4. Means and Medians 

Statistic 

15 minute  
Infusion  
(n=96 ) same as “all” 
 no 30 minute 
infusion  
entries 

30 minute infusion 
(n= 0) 

<1600mg 
group (n=79) 

≥1600mg 
group (n=19) 

All 
N= 96 

Mean .01  -.0002 .05 .01 
Median .03  .04 .4 .03 

Range -2.7 to 2.8  -2.7 to 2 -1.08 to 2.8 -2.7 to 
2.8 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 
 Normal (n=84) Mild - moderate Impairment (n=14) 
Mean .001 .06 
Median .035 -.155 
Range -2.7 to 2 -1.26 to 2.8 
Outliers at Steady State**, relative to high- low based on value derived from sum of baseline mean + 1 
SD of baseline mean. High= 4.76, Low = 0.1. All (15 min infusion group) 
# Patients 
High 0 

 Max value  
# Patients low 0 
Min value  
Proportion of patients with positive or negative change from baseline to steady state.  15 minute infusion 
group “all”,  

 
Patient change from baseline 
to day 4, 15 min infusion 
(n=98 ) 

 

                                            
9 Kratz A, Pesce MA, Basner RC, Einstein AJ. Appendix: Laboratory Values of Clinical Importance. In: 
Longo DL, Fauci AS, Kasper DL, Hauser SL, Jameson J, Loscalzo J. eds. Harrison's Principles of Internal 
Medicine, 18e. New York, NY: McGraw-Hill; 2012. 
http://accessmedicine.mhmedical.com/content.aspx?bookid=331&Sectionid=40727226. Accessed July 
14, 2014 
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dataset. A measure of extremeness is derived from the baseline mean and SD. H 
= mean + 1 SD, Low = Mean – (1 SD). H= .192, Low= .052  

 All n=96 

 
# Patients High 16 
Max value .40 
# Patients low 21 
Min value .012 
Proportion of Patients with Positive or negative Change from Baseline 
 # Change from Baseline   
 Increase decrease    
 29 67    
 30% 70    
Baseline mean 0.122 SD .0699  

 
Reviewer Comment: there is a trend toward decline in value of Urinary Ca+ from 
baseline to steady state. The mean change from baseline is negative with a maximum 
negative change seen in the 15 minute infusion group and the patients with mild to 
moderate renal insufficiency. The values of decline are -9.3% and -13% of the value of 
the baseline mean respectively. The number of outlier patients from the whole treatment 
group is somewhat greater for low outlier than high outlier subjects. Those with a 
negative change from baseline outnumber patients with a positive change from baseline 
by approximately 2:1. A brief examination of the urine calcium umol/L at follow up day 
22 reveals this trend has a partial reversal (dechallenge response).  At day 22 the mean 
change from baseline is .006, a 5% portion of the baseline mean. At day 22 there are 44 
patients with a negative change from baseline compared to 48 with a positive change 
from baseline. This dechallenge response at follow up points to a valid signal of 
decrease in urine calcium during IV CBZ treatment, however the clinical significance is 
uncertain and this does not appear to indicate a safety signal. 
 

Exploratory Renal Biomarkers Urine β2-Microglobulin and N-acetyl-β-D-
glucosaminidase (NAG) 

 
These exploratory renal biomarkers are included in intravenous carbamazepine studies 
because abnormalities of typical clinical markers BUN and Creatinine are insensitivity to 
detection of low level decreases in functional nephron mass10. These biomarkers may 
allow earlier detection of renal tubular injury.  
 
Urine β2-Microglobulin 
 

                                            
10 Hart SGE. Assessment of renal injury in vivo. Journal of Pharmacological and Toxicological Methods. 
2005;52: 30– 45 
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This protein is examined in the clinical studies as an exploratory biomarker to identify 
early evidence of renal tubular injury which may be a manifestation of SBECD injury. 
β2-microglobulin (β2M) is an 11.8-kDa protein that is the light chain of the major 
histocompatibility class (MHC) I molecule expressed on the cell surface of all nucleated 
cells. β2M dissociates from the heavy chain in the setting of cellular turnover and enters 
the circulation as a monomer. β2M is typically filtered by the glomerulus and almost 
entirely reabsorbed and catabolized by the proximal tubular cells, a process that may be 
impeded in acute kidney injury. Increased urinary β2M excretion has been observed to 
be an early marker of tubular injury in a number of settings, including nephrotoxicant 
exposure, cardiac surgery, and renal transplantation, preceding rises in serum 
creatinine by as many as 4−5 days11. 
 
Table 75  24 Hour Urine β2-Microglobulin (mcg/mmol Creat), Study 13103A, Change from Baseline 
to Steady State. Means, Medians, Outliers and Shift 

B2-microglobulin / Creatinine (mcg/mmol Creat) 13103A 
Change from Baseline to Steady State*. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=54 ) 

30 minute 
infusion 
(n=41 ) 

<1600mg 
group (n=87) 

≥1600mg 
group (n=) 

All 
N= 96 

Mean -4 -1.36 -3.1 -0.19 -2.9 
Median 0.29 0.37 0.22 0.7 0.33 

Range -254 to 63 -28.4 to 6.3 Range -254 to 
63 

Range -9.1 
to 3.2 

-254 to 62.96 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 
 Normal (n=69) Mild - moderate Impairment (n=26) 
Mean -3.1 -2.39 
Median 0.36 0.077 
Range -254 to 63 -21.3 to 6.1 

Baseline Values, all (95) with normal derived from mean and SD 

Parameters of Central Tendency from 
Baseline values Assign normal 

derived from 
baseline mean 
and SD 

Assign High 
derived from 
baseline 
mean and SD 

Patients with 
an increase 
value from 
baseline to 
steady state* 

Patients with 
decrease 
from 
baseline to 
steady 
state.* 

Mean 22.8 

Median 10.73   
Increase, n = 
51 (53%) 

Decrease n= 
44 (46%) Range  3.65 to 600.58 

1 SD  > mean  86.4 <86.4 
mcg/mmol Creat 

>86.4 
mcg/mmol 
Creat 

                                            
11 Vaidya VS, et al. Biomarkers of Acute Kidney Injury. Annu Rev Pharmacol Toxicol. 2008 ; 48: 463–493. 
doi:10.1146 
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Figure 30  Baseline values for 97 patients, B2 microglobulin (ng/ml) 

 

 
Reviewer Comment: The urinary Beta2 microglobulin concentration in ng/ml did not 
reveal any trend toward an increase value during IV CBZ exposure based on the mean 
and median change from baseline to steady state. The number of patients who had a 
decrease in value from baseline to steady state was greater than those who had an 
increase. Among those who had an increase, the observed maximum value was less 
than the magnitude of the value of 1 SD of from the mean of baseline values. Analysis 
of this biomarker reveals no evidence of renal tubular injury.  
 
N-acetyl-β-D-glucosaminidase (NAG) 
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This protein is examined in the clinical studies as an exploratory biomarker to identify 
early evidence of renal tubular dysfunction which may be a manifestation of SBECD 
injury. NAG is a widely distributed lysosomal enzyme that has a molecular weight of 140 
kDa and is present at highest concentrations in the renal proximal tubules. NAG has 
been extensively studied and has proven to be a sensitive, persistent, and robust 
indicator of tubular injury. Increased NAG levels have been reported with nephrotoxicant 
exposure, delayed renal allograft function, chronic glomerular disease, diabetic 
nephropathy, as well as following cardiopulmonary bypass procedures12. 
 
The measurements of urine NAG in studies 13103A and 13181A were expressed in 
several ways including direct concentration, output over time and output indexed to 
urine creatinine concentration. In study 13103A results were expressed by all three 
methods while in study 13181A NAG results were expressed as output over time and 
output over time per unit of urine creatinine. The units of expression in each study are 
shown in Table 79. 
 
 
Table 79  Study 13103a and 13181A Urine NAG Measurement Units 
Study 13103a and 13181A Urine NAG Measurement Units 
STUDYID Laboratory 

Category 
NAG parameter* # of 

results 
13103A URINALYSIS N-Acetyl Glucosamide (U/24 Hr) 689 
13103A URINALYSIS N-Acetyl Glucosamide Concentration (U/L) 689 
13103A URINALYSIS N-Acetyl Glucosamide/Creatinine (U/mmol Creat) 689 
13181A URINALYSIS N-Acetyl Glucosamide (µmol/d) 307 
13181A URINALYSIS N-Acetyl Glucosamide/Creatinine (µm/h/mmol) 307 
*Extracted from ISS, analysis dataset ADLB 

 
 
 
Table 80  24 Hour Urine NAG/Creatinine (µm/h/mmol), Study 13181A, Change from Baseline to 
Steady State. Means, Medians, Outliers and Shift 

N-Acetyl Glucosamide/Creatinine (Cr-µm/h/mmol), 24-h urine collection (13181A) 
Change from Baseline to Steady State (SS)*. Means and Medians 

Statistic 

15 minute  
Infusion  
(n=94 ) Same as “all”. No 30 
min infusion patients had this 
24 hr collection. 

30 minute 
infusion 
(n=0 ) 

<1600mg 
group (n=76) 

≥1600mg 
group (n=18) 

All 
N= 94 

Mean 16.3  14.5 23.9 16.3 
Median 11.5  10.5 22 11.5 
Range -21 to 86  -21 to 78 -4 to 86 -21 to 86 

Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 

                                            
12 Vaidya VS, et al. Biomarkers of Acute Kidney Injury. Annu Rev Pharmacol Toxicol. 2008 ; 48: 463–493. 
doi:10.1146 
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Table 81  24 Hour Urine NAG/Creatinine (µm/h/mmol), Study 13181A, Change from Steady State to 
Follow up. Means, Medians, Outliers and Shift 

N-Acetyl Glucosamide/Creatinine (µm/h/mmol), 24-h urine collection (13181A) 
Change from Steady State (SS) to Follow up**. Means and Medians 

Statistic 

15 minute  
Infusion  
(n=93 ) Same as “all”. No 30 min infusion patients 
had this 24 hr collection. 

30 
minute 
infusion 
(n=0 ) 

<1600mg 
group 
(n=74) 

≥1600mg 
group 
(n=19) 

All 
N= 93 

Mean -19  -18 -24 -19 
Median -14  -13 -22 -14 

Range -102 to 16  -102 to 
15 -97 to 16 -102 to 

16 
Renal Function Change from Baseline to Infusion Day # 4. Means and Medians 

 Normal (n=78) Mild - moderate Impairment (n=15) 
Mean -21 -11 
Median -14 -1 
Range -102 to 14 -63 to 16 

Analyses Based on Shift from Reference Range: Low = 7 µm/h/mmol, High = 28 µm/h/mmol 

 Shift from baseline to day 4, all (n=68 ) Shift from Day 4 to 
Follow up 

Patients 
with an 
increase 
value 
from 
steady 
state to 
follow up. 

Patients 
with 
decrease 
from 
steady 
state to 
follow up. 

Increase, 
n =12 
(13%) 

Decrease 
n= 79 
(85%) 

 N to L N to H 
N to H 
(48 
normal on 
day 4) 

H to N 
(n=47 high 
day 4) 

12 of 93 
patients who 
had both a SS 
and Follow up 
NAG/Cr 
µm/h/mmol 
entry had an 
increase in 
their NAG/Cr 
µm/h/mmol 
value from the 
SS to the 
follow up 
measurement. 
The mean 
increase in 
this group was 
8 with a 
median of 6.5.  

79 of 93 patients 
who had both a 
SS and follow p 
NAG/Cr 
um/h/mmol entry 
had a decrease 
in their NAG/Cr 
µm/h/mmol value 
from the SS to 
the follow up 
measurement. 
The mean 
decrease of this 
group was -24 
with a median of 
-16. Two patients 
had no change in 
the interval 

 3 32 
2 (4% of 
normal 
shifted  to 
High) 

37 (79% of 
high shifted 
to normal) 

Max  
value  110 41  

Min 
value 3   3 

* Study 13181A steady state is study day 4 
** Study 13181A Day 4 is final IV study day and follow up is study day 17. 
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Range  .0001 to .009 =76  (79%) n=21  
(22%) 1 SD  > 

mean .0027 <.0027 ≥.0027 

2 SD  .0039 

10 of 98 
patients and 
a baseline 
NAG U/L 
value >.0027 

14 of 87 
patients 
who have 
a baseline 
value of 
NAG U/L 
<.0027 
undergo an 
increase to 
≥.0027 
from 
baseline to 
SS.  

76 of 96 patients 
had an increase in 
NAG U/L from 
baseline to steady 
state. The mean 
incese for this 
group was .0011 
with a median of 
.0005. 

. 20 of 96 patients 
had a decrese in 
NAG U/L from 
baseline to SS.  
The mean change 
for this group was 
-.0006 with a 
median of -.0002. 

*Steady-State is the avg. of Day 6 and Day 7 
 
Reviewer Comment: The findings for NAG U/L are in alignment with the analysis for 
NAG U/24hr. There is a mean positive change from baseline for all 96 entries and each 
dose and infusion rate subgroup. There is a shift from normal at baseline to high (as 
defined by the sum of baseline mean and 1 SD from that mean) for 14 patients at 
steady state. 79% of patients have an increase in the NAG U/L value from baseline to 
SS while 22% have a decrease. There was no clear difference between the patients 
with mild-moderate renal insufficiency and patients with normal renal function. The 
conclusions concerning labeling are unchanged from the above analysis of NAG 
U/24hr. 
 
Qualitative Urinalysis 
 
In the laboratory dataset there are qualitative entries (urinalysis) for glucose, pH, 
ketones and occult blood. Quantitative analyses have been performed for glucose. 
Examination of these qualitative parameters is performed for pH, ketones and occult 
blood.  
 
pH is examined and reveals that only two values are out of reference range in the entire 
dataset. Two patients had a shift to high out of normal range at day 5 and day 18 
respectively. All other values were within range. The mean change from baseline at day 
4 is -0.033 with a median of 0 and a range of -2 to 1.5. No safety signal is identified for 
this parameter. 
 
Urinary ketones are examined. Four patients were identified who had positive ketones 
in the urine during or following the IV CBZ treatment interval that were negative for 
urinary ketones during the baseline or lead in period. In two of these patients the 
positive ketones were noted at follow up day 18. In the remaining two patients the 
ketones were noted at visit day 2 and check out day 5 respectively. The dipstick value 
indicates trace ketones in both patients. No safety signal is identified for this parameter.  

Reference ID: 3644404



Clinical Review 
Steven Dinsmore D.O.  
NDA 206030 
CARBELLA™ (carbamazepine intravenous)  
 

149 

 
Urine for occult blood was examined. There were 24 patients (12%) of pooled studies 
who were positive for occult blood prior to intravenous CBZ therapy. One of these 24 
patients was male representing 1% of male patients and 21% representing 21% of all 
female patients. These patients were excluded from further analysis.  
 
There were 26 patients (13%) of pooled study patients with urinary occult blood not 
seen at baseline. Eight patients had this finding at days 18 and 22 only. The latency 
from last treatment to the appearance of the occult blood notably reduces the likelihood 
of causality; these patients are excluded from further analysis. There are 18 (9% of 
pooled patients) patients remaining with any urinary occult blood temporally related to 
the study treatment, 4 patients are male and 14 patients female representing 4% of 
males and 13% of females respectively.  
 
Those 13% of female patients with urinary occult blood during IV CBZ treatment is not 
notable different than the pre-treatment frequency of occult blood. There is an excess of 
urinary occult blood in male patients during treatment compared to the pre-treatment 
frequency. Search of the medical literature reveals that the frequency of urinary occult 
blood during IV CBZ treatment does not differ from the frequency seen in population 
screening for urinary occult blood.  
 
In a study by Kawamura in 1995 a population frequency of urinary occult blood was 
seen in 2.6% of males and 12.1% of females13. In a 1986 study by Mohr there was a 
frequency of 13% among male and 14.2% among females aged 55 to 74. Pre-
menopausal females were excluded from this second study to avoid the potential for 
blood as a contaminant14. The absence of notable difference between the frequency of 
urine occult blood in the IV CBZ interval from the frequency of urine occult blood in 
population screening studies does not support a conclusion that a safety signal has 
been detected. In addition the frequency of urine occult blood in females prior to and 
during IV CBZ treatment does not point to a safety signal. There is also no clear 
mechanism to explain occult blood as pathologic event related to IV CBZ treatment. 
Urine occult blood is most likely related to a structural lesion such as renal calculi or 
malignancy or urinary tract infection. There is no supporting evidence for these lesions 
in the adverse event dataset.  
 

Reviewer Comment Renal Biomarkers:   

Examination of creatinine clearance, 24 hour urinary electrolytes, urine phosphate and 
calcium and β2-Microglobulin and NAG were performed. There was a subtle decrease 
                                            
13 Kawamura T, et al. Significance of Urinalysis for Subsequent Kidney and Urinary Tract Disorders in 
Mass Screening of Adults. Internal Medicine. 1995;34:475.  
14 Mohr DN, et al. Asymptomatic Microhematuria and Urologic Disease. A Population Based Study. JAMA 
1986;256:224 
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in creatinine clearance and urine calcium but not of sufficient magnitude to be clinically 
informative. There was no notable change in urine phosphate or urine electrolytes did 
suggesting a renal lesion related to IV CBZ dose or renal function status. There was an 
increase in 24hr urinary NAG content identified in both studies observed as an increase 
in group mean values from baseline to steady state as well as shifts from normal at 
baseline to increase at steady state. There was a reversal of these trends seen at follow 
up in the U/24 hour examination of study 13103A (dechallenge response). The study of 
urinary NAG in the examination of NAG umol/d in study 13181A and U/mmol creatinine 
of study 13103A revealed a larger mean increase in the high dose (≥1600mg/d) 
compared to the typical dose (<1600mg/d) cohorts. There was no differentiation 
between the normal renal function and impaired renal function cohorts in the content of 
urinary NAG during IV CBZ exposure.  
 
The results of the overall analysis indicate that the baseline to steady state exposure is 
associated with an increase in urinary NAG which is dose related. This may be due to 
early renal tubular injury. This should be noted in labeling as support for limitation of IV 
CBZ use to a 7 day replacement interval. If the replacement interval is prolonged 
beyond this interval there should be close monitoring of renal function parameters.  

7.4.3 Vital Signs   

Vital Sign Review Strategy 
 
The reviewer procedures will be examination of the ISS ADVS.xpt dataset independent 
of the sponsor narrative report. The vital signs of interest for review are items that may 
signal a hemodynamic alteration related to the IV CBZ, these will include heart rate, 
orthostatic systolic blood pressure. Pulse and systolic blood pressures will also be 
evaluated for outliers during the IV CBZ infusion interval. The time of greatest interest is 
the interval of total CBZ Cmax. Study 13103A identifies the Cmax for 2-5 min infusion, 
15min infusion and 30min infusion as 6.6 minutes, 34 minutes and 53 minutes 
respectively, see Table 26.  
 
Orthostatic Systolic change: 
The mean and median changes as well as outliers from individual 13103A and 13181A 
studies will be examined by building a table with variable columns for change from 
supine to standing at the 30min and 60min interval. The change value will be derived by 
the reviewer from the individual study (13103A & 13181A) tabulation datasets because 
the sponsor ISS analysis dataset does not allow sufficient granularity for examination of 
individual measurement times. The sponsor ISS pooled dataset is limited to a less 
granular examination of measurement times identified only as “pre-IV”, “during IV” or 
“post-IV”. No variable is present in the dataset which allows group specific 
measurement times, e.g. 15 min post infusion, 30 min post infusion etc. to be extracted 
for examination. In the ISS ADAM dataset the only variable present which marks the 
specific measurement time, such as 15 minutes post infusion is the actual 
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day/hour/minute variable which is unique time for each measurement and does not 
group the time category of the measurement..    
 
 
Table 88  Orthostatic Change in pulse, beats per minute (BPM) 

Orthostatic Change in pulse, beats per minute (BPM) 
Individual Studies, Examination by Time Point, 25-30 min Pre IV Treatment, 30min Post Infusion, 1 hour Post 
Orthostatic change in 
Pulse beats/min* 

13103A 13181A  

Mean chg, lying to 
standing, Day 1 

Day 1 n Day 1 N 106 Outlier notes 

25 min pre IV 
(13103A)/30min pre IV  
(13181A)z 

5.6 51 9.3  13181A : 14 patients ≥20, Max S4219 
delta 32 
13103A: 3 patients ≥20, max S1111 delta 
35 

30 min post IV 4.4† 
  

80 8.9  13181A : 12 patients ≥20, max S4117 
delta 29 
13103A: 4 patients≥20, max S 0105 delta 
23 

1 hr post IV 5.8 98 9.2  13181A : 14 patients ≥20, Max S4154 
delta 40 
13103A: 7 patients≥20, max S1010 delta 
32 

Mean chg, lying to 
standing, Day 4 

Day 7  n Day 4 n Outlier notes 

25 min pre/30min pre IV  5.4 48 10.2  13181A : 18 patients≥20, max S4149 
delta 36 
13103A: 3 patients ≥20, max S1113 delta 
34 

30 min post IV 4.6†† 75 8.9  13181A : 12 patients ≥20, max S4156 
delta 28 
13103A: 5 patients≥20, max S1010 delta 
27 

1 hr post IV 6.1 95 9.8  13181A : 12 patients≥20, Max S4149 
delta 36 
13103A: 6 patients ≥20, max S0105 delta 
27 

 Combined Studies, Mean Change PRE-IV, During IV 
ISS Dataset** 
 Mean change in heart rate, supine to standing 
 All 15 min 

infusion 
30 
minute 
infusion 

≤ 1600 mg 
dose group 

>1600 mg dose group 

Pre-IV 7.4 7.9 5.4 7.3 7.8 
During IV 8 8.4 6 7.9 8.4 
      
Outlier, pulse increase 
≥20 
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orthostatic BP change at the pre-treatment which was positive at the post infusion 
measurement. The number of outlier patients with PCS supine to standing values ≥ |-20| 
was examined across infusion rates and dose groups at the pre and post treatment 
measurement. In the total cohort, 30min infusion group, and <1600mg dose group there 
are fewer PCS outliers after infusion treatment then in the pre-treatment interval. In the 
15min infusion group the numbers were very close to equal, only in the small >1600 mg 
group were there more numerous PCS outliers at the post-infusion measurement. There 
is no consistent trend toward an orthostatic blood pressure decline during the IV CBZ 
treatment interval. 
 
Orthostatic Blood Pressure Outliers at Any Measurement during IV CBZ Treatment 
Interval 
 
There were 61 instances of PCS low values and no PCS high values of orthostatic 
blood pressure measurement from among 33 patients with a normal orthostatic gradient 
at baseline.  There was no relationship between the PCS low values and duration of 
exposure to IV CBZ. There was no relationship between occurrences of PCS low values 
and day 1 exposure to IV CBZ, Table 90.  
 
Table 90  Instances of low (PCS value) orthostatic blood pressure measurements by study day 
(studies 13181A and 13103A combined) 

 instances # pts Total 
Patients % Total 

Day 1 26 18 202 9 
Day 4 19 10 101 10 
Day 7 14 10 95 10.5 
Day 8 2 1 12 8 

 
 
Systolic Blood Pressure (Any- supine or standing) (PCS H: ≥180 and increase ≥20, 
L: ≤90 and decrease ≥20) 
 
Systolic blood pressure during the entire IV CBZ treatment interval is examined to 
identify PCS outliers. There were 8 instances from among 6 patients with normal 
baseline blood pressure who had an elevation of blood pressure to the PCS range. 
These occurred on visit days 1, 4, 5 and 7 thus no relationship between the duration of 
exposure and increase in blood pressure is observed. There were 5 instances in 6 
patients with normal baseline systolic blood pressure who had a decrease in blood 
pressure to the PCS range. These events occurred on day 1, 4, 7 and 8 with no clear 
relationship to duration of exposure 
 
Systolic blood pressure is next examined on individual days 1, 2, 3, 4, and 7. Outliers 
are listed as well as the distribution of all systolic blood pressure values.   
 
Outliers (PCS value) by study day: 
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96 
IV 4 1 Immediately 

following  
completion 
of 1st Inf. 

97 73 72 50 – 
100  

4 0   

* 4hrs post oral dose is chosen as Cmax for this dose form 
 
 
Supine Pulse Study 13181A 
 Day / Time  Statistic Outliers Change from Day 0 
Dose 
Form 

Day Infusion Time  n Mean Median Range Low 
<60 

High 
> 
100 

Mean 
CHG 
from 
Day 0 

Quantiles 
2.5% / 
97.5% 

Oral 0  + 4 hours 99 69 68 44 - 
104 

11 1   

IV 1 1 + 15 
minutes 

100 68.9 67 51-
105 

14 1 -0.47 -12.5, 17 

IV 1 1 +30 
minutes 

100 69.3 68 48 -96 13 0 0.07 -12, 20 

IV 4 1 +15 
minutes 

100 68.7 68 48 - 
99 

17 0   

            
 
 
Supine Systolic BP 13103A 
 Day / Time  Statistic Outliers Change from Day 0 
Dose 
Form 

Day Infusion Time  n Mean Median Range Low 
<90 

High 
> 
160 

Mean 
CHG 
from 
Day 0 

Quantiles 
2.5% / 
97.5% 

Oral 0  + 4 hours 96 124.2 122 98-
171 

0 1   

IV 1 1 + 15 
minutes 

93 123.2 122 90-
158 

0 0 -1.28 -28.4, 29.5 

IV 1 1 +30 minutes 97 125.4 124 96-
164 

0 3 1.27 -22.3, 26.2 

IV 4 1 Immediately 
following  
completion 
of 1st Inf. 

97 122.9 121 93-
161 

0 1 -1.36 -23.7, 22.6 

            
 
 
Supine Systolic BP 13181A 
 Day / Time  Statistic Outliers Change from Day 0 
Dose 
Form 

Day Infusion Time  n Mean Median Range Low 
<90 

High 
> 
160 

Mean 
CHG 
from 
Day 0 

Quantiles 
2.5% / 
97.5% 

Oral 0  + 4 hours 100 120.3 119 82-
180 

1 3   
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IV 1 1 + 15 
minutes 

101 122 120 91-
175 

0 2 1.87 -24.3, 30 

IV 1 1 +30 
minutes 

101 121.6 120 92-
163 

0 2 1.36 -24, 38 

IV 4 1 +15 
minutes 

101 120.3 119 82-
161 

1 2 0.14 -28.9, 22 

            
 
Reviewer Comment: Examination of supine pulse at oral CBZ Cmax compared to IV 
CBZ Cmax does not reveal a notable change in mean values or low outliers between 
the two groups. Blood pressure at oral Cmax compared to IV Cmax does not reveal a 
notable change in mean blood pressure or high-low outliers between the two groups. 
Overall there is no cardiac chronotropic or hemodynamic safety signal.  

7.4.4 Electrocardiograms (ECGs) 

 
ECG monitoring schedules differed between studies. Study 13103A was directed at 
more comprehensive assessment of cardiac electrophysiologic safety and had more 
intensive ECG collection. Study 13103a will be the primary basis of ECG assessment.  
The ECG monitoring schedules for both studies are provided in the subsequent two 
paragraphs.  
 
Study 13103A 
Twelve-lead ECGs will be performed on Day -28 to ensure the patient meets the 
inclusion criteria for the study. Twelve lead ECGs will be performed prior to the patient’s 
first dose of oral or IV CBZ on Day 0 through Day 8 and at the Final Visit (Day 22). 
Twelve lead ECGs will also be collected within ±5 minutes following the completion of 
the first infusion on Days 1 through 7. All 12-lead ECGs will be assessed for heart rate 
and rhythm and QTc interval. All ECG tracings will be evaluated, signed, and dated by 
the investigator or qualified medical personnel at the site for safety monitoring. 
 
Patients will be placed on a 12 lead Holter monitor on Day 0 through Day 7. Digital 12-
lead ECGs will be extracted from the 24 hour Holter monitors. Triplicate ECGs will be 
extracted from the 12-lead Holter monitor at -30 minute, -15 minutes and -5 minutes 
prior to the first dose of CBZ on Day 0, 1 and 7. Triplicate ECGs will be extracted from 
the 12-lead Holter monitor at or around tmax on Day 0. Triplicate ECGs will be extracted 
from the Holter monitor at +0.25, 0.5, 1, 2, 4 and 6 hours following the start of the first 
infusion of IV on Day 1 and Day 7. At each time point mentioned above (including each 
hour through hour 12 following the first dose of oral CBZ on Day 0), the patient should 
be in a supine position for at least 5 minutes prior to the time point and should remain in 
a supine position for at least 5 minutes following the time point. 
 
The extracted 12-lead ECGs from Day 0, 1 and 7 will be read centrally by a cardiologist 
blinded to time point and treatment for final evaluation. The ECGs will be evaluated for 
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PR, QRS, QT, and QTc intervals, which will be calculated using both Bazett’s and 
Fridericia’s formulae. 
 
 
Study 13181A 
Twelve-lead ECGs will be performed on Day -28 and Day -1 to ensure the patient meets 
the inclusion criteria for the st11dy. Twelve lead ECGs will be performed prior to the 
patient's first dose of oral or IV CBZ on Day 0 through Day 5 and at the Final Visit (Day 
18). All 12- lead ECGs will be assessed for heart rate, rhythm and QTc interval. All ECG 
tracings will be evaluated, signed, and dated by a cardiologist at the site for safety 
monitoring. 
 
 
Analysis Based on Sponsor (Study 13103A) QTcF Tables:  
 
Table 92  QTcF Threshold >450msec, Percent of Patients, instances of ECG recordings and out of 
range ECG recordings per subject.  
Threshold: QTcF >450 msec, Overall Study* 
  % Subjects  % of Instances (ECG 

readings) 
% out of range 
instances/subject 

 Pre-Dose Post-Dose Pre-Dose Post-Dose Pre-Dose Post-Dose 
Day 0 (oral) 
** 2 6 2 1 13.2 4.6 

Day 1 4 4 2 1 10.9 5.4 
Day 7 3 5 1 2 15.7 14.1 
Day 8 0 0 0 0 0 0 
* no entries for QTcF >450 were present in mild-mod renal impairment 
** Day 0 divided into 0-6 hrs and 7-12 hrs. This row is only 0-6 hrs which captures oral Tmax 
 
Table 93  QTcF Threshold >480msec, Percent of Patients, instances of ECG recordings and out of 
range ECG recordings per subject. 
Threshold: QTcF >480 msec, Overall Study* 
  % Subjects  % of Instances (ECG 

readings) 
% out of range 
instances/subject 

 Pre-Dose Post-Dose Pre-Dose Post-Dose Pre-Dose Post-Dose 
Day 0 (oral) 
** 0 0 0 0 0 0 

Day 1 0 0 0 0 0 0 
Day 7 1 1 0 0 11.2 2.8 
Day 8 0 0 0 0 0 0 
* no entries for QTcF >480 were present in mild-mod renal impairment 
** Day 0 divided into 0-6 hrs and 7-12 hrs. This row is only 0-6 hrs which captures oral Tmax 
 
 
Table 94  QTcF >30msec Change From Baseline, Percent of Patients, Instances of ECG, ECG with 
this Change per Patient.  
Change from baseline QTcF > 30 msec 
 Subjects % with delta % of instances with delta % with delta per 
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subject 
Day 0 (oral) 
** 6 2 9.8 

Day 1 8 2 5.9 
Day 7 3 1 4.9 
Day 8 8 1 3.2 
* no entries for QTcF change from baseline >30 msec were present in mild-mod renal 
impairment 
** Day 0 divided into 0-6 hrs and 7-12 hrs. This row is only 0-6 hrs which captures oral Tmax 
 
Table 95  QTcF >60msec Change From Baseline, Percent of Patients, Instances of ECG, ECG with 
this Change per Patient. 
Change from baseline QTcF > 60 msec 
 Subjects % with delta % of instances with delta % with delta per 

subject 
Day 0 (oral) 
** 0 0 0 

Day 1 0 0 0 
Day 7 1 0 1.6 
Day 8 0 0 0 
* no entries for QTcF change from baseline >60 msec were present in mild-mod renal 
impairment 
** Day 0 divided into 0-6 hrs and 7-12 hrs. This row is only 0-6 hrs which captures oral Tmax 
 
Reviewer Comment: Examination of tables with thresholds and change from baseline 
by infusion rate and dose group did not reveal notable differences in QTcF based on 
these additional parameters.  
 
 
Table 96  QTcF, Examination of all Pooled Intervals by Relationship to IV Dose, All Study Days, 
13103A 
ECG Recording  Total 

# 
ECGs 

>450 % of ECG >480 % of 
ECG 

>500 % of 
ECG 

5 Minutes Prior to 1st IV Dose 606 1 0.2 0 0.0 0 0 
15 Minutes Post 1st IV Dose 606 5 0.8 0 0.0 0 0 
30 Minutes Post 1st IV Dose 606 7 1.2 0 0.0 0 0 
1 Hours Post 1st IV Dose 606 3 0.5 0 0.0 0 0 
2 Hours Post 1st IV Dose 606 7 1.2 0 0.0 0 0 
4 Hours Post 1st IV Dose 606 19  3.1(10.2% 

patients) 
0 0.0 0 0 

5 Hours and 58 Minutes Post 
1st IV Dose 

33 1 3.0 0 0.0 0 0 

6 Hours Post 1st IV Dose 590 10 1.7 2 (1% 
patients) 

0.3 0 0 

 
Reviewer Comment: Examination of all QTcF intervals in relation to time of IV CBZ 
infusion does not reveal a trend of acute QT interval change related to the infusion. 
There is an increase in QTcF> 450msec at 4 hours post dose which follows IV CBZ 
Tmax. There are 2 ECGs with QTcF>480 at 6 hrs. post IV and none >500. This analysis 
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represents pooled ECGs from all days, all dose group and all renal function status post- 
IV. The significance of this 4 hr. spike in frequency of QTcF > 450 where 10% of 
patients have crossed the 450msec threshold is uncertain. The mean QTcF of the 19 
ECG recordings is 460 with a median of 457, thus there is not a large bias toward the 
high end of the 451 to 480 msec QTcF duration. Ninety percent (90%) of these patients 
are accounted for in the day by day analysis of QTcF thresholds, Table 92, but 
distributed over days 1 and 7 where 9 patients are found to have a QTcF >450 msec. In 
the analysis by threshold, day 1 and 7 are compared to day 0 where there is a count of 
6 percent of patients with a QTcF > 450msec. There is no corresponding day 0 dose in 
the overall analysis of Table 96 above. In the context of the day 0 comparison and the 
finding of no values greater than 480msec except for 1% in the 6 hr. time band, the 
overall QTcF pooled analysis does not reveal a QT safety signal.  
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Figure 44   PR Interval, Distribution of Values, BASELINE-All ECG 30min Prior to 1st Oral & 1st IV 
Dose, TREATMENT All ECG 30min & 1hr Post 1st IV Dose. From 13103A eg.xpt Dataset 
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Figure 45  QRS Interval, Distribution of Values, BASELINE-All ECG 30min Prior to 1st Oral & 1st IV 
Dose, TREATMENT All ECG 30min & 1hr Post 1st IV Dose. From 13103A eg.xpt Dataset 

 
 
An assessment of the PR and QRS interval was performed to determine if the 
distribution of values changed on an acute basis from pre-IV to post-IV treatment. The 
values were extracted from the sponsor ECG dataset (eg.xpt). As baseline all PR 
measurements from all days take 30 minutes prior to the 1st oral and 1st IV dose were 
selected. The distribution was examined as shown in Figure 44. There were rows in the 
QT ECG dataset with a (-1) entry, although not identified in sponsor narrative this likely 
represents values not obtained. All values with a (-1), no value, were deleted. There 
was a single prolonged baseline outlier in the selected baseline group which is not 
present in the treatment distribution. The mean PR interval was 159 with a median of 
157 and range 95 to 253msec.  
 
The PR interval treatment group selected were all PR intervals from all days obtained 
30 minutes and 1 hour post IV CBZ treatment.  This interval captures the Tmax of IV 
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CBZ of the 15 minute and 30 minute infusion groups. The mean PR interval was 
160msec with a median of 158 and a range of 101 to 240 msec.  
 
The QRS analysis utilized the same pre and post treatment groups, Figure 45. The pre-
treatment mean QRS was 91msec with median of 91 and a range of 60 to 119msec. 
The post treatment mean was 91 msec, median 91 and range of 62 to 119.  
 
 
Table 97    ECG Parameters showing (-1) result 
ECG TEST, 77 Patients with a -1 value for 
Result 

N Rows* 

QTcB - Bazett's Correction Formula 753 
QTcF - Fridericia's Correction Formula 753 
Summary (Mean) HR Duration 380 
Summary (Mean) PR Duration 753 
Summary (Mean) QRS Duration 753 
Summary (Mean) QT Duration 753 
Summary (Mean) RR Duration 380 
*Total Rows in Study 13103A ECG Dataset = 88,831 
 
 
ECG Key Events -Study 13181A  
 
The sponsor reports no clinically relevant mean changes from baseline in ECG values 
and no treatment related trends.  
 
There were three patients who had post baseline PCS values. There was an RR interval 
of 1300msec (PCS high) at baseline and 4 post baseline high values. A second patient 
had a PCS prolonged PR interval at baseline and five post baseline PCS high PR 
intervals. A third patient had a maximum reference range QRS interval at baseline and 
a post baseline PCS high QRS interval at Day 18 and a post baseline PCS low RR 
interval on day 5  of 192 msec. There were no patients with post baseline PCS ECG 
values for heart rate, QT interval or QTcF intervals.  
 
Reviewer Comment: There was no evidence of a clinically important QT prolongation 
in the QTcF analysis. Examination of the distributions of the PR and QRS intervals did 
not reveal a notable treatment related change in distribution of these values.  
 

7.4.5 Special Safety Studies/Clinical Trials 

Study 13181A was performed as an additional safety study to obtain more data on 
patients with high dose and high infusion rate. This study was requested at the EOP2 
meeting and is discussed above.  
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Study 15926a is discussed in this section not as a special safety study but because it 
was a study conducted outside the sponsor’s development program to determine the 
necessary correction factor for the absence of first (hepatic metabolism) pass 
metabolism of the IV CBZ formulation. The study was conducted by researchers from 
the University fo Minnesota. Lundbeck contracted with  and transferred these 
data to  for bioavailability and population pharmacokinetic analyses. The 
sponsor does not have access to the original safety data of this study, however the 
safety results form the study were published16 
 
In this study, one hundred and thirteen patients received a single dose of 100 mg dose 
of IV carbamazepine. A single 100 mg dose of stable label-carbamazepine (CBZ) in an 
investigational injectable formulation (10 mg/ml CBZ in 22.5% 2-hydroxypropyl-β-
cyclodextrin (HPβCD)) was administered intravenously at a rate of 1 ml/min over 10 min 
using a syringe pump. After the infusion was complete, each subject took his/her usual 
maintenance morning oral CBZ dose less 100 mg. The subjects took their other CBZ 
doses as usually prescribed for the remainder of the day. No infusion site reactions 
were observed. One patient complained of light-headedness just prior to end of infusion 
and two patients had asymptomatic nystagmus post-infusion. No ECG changes were 
observed either during or after the infusion and there were no statistical differences in 
the percent change in systolic or diastolic blood pressure comparing baseline to either 
end of infusion or to 30 min post-infusion. In addition, there was no clinically significant 
effect on heart rate. 

7.4.6 Immunogenicity 

Although carbamazepine is a small molecule drug, less likely than a therapeutic protein 
to elicit an antibody response, immunogenic action has been established. Current 
Tegretol labeling contains warning for “Anaphylactic Reactions and Angioedema”, 
“Serious Dermatological Reactions”, and “Multi-Organ Hypersensitivity”. These 
reactions are dysimmune disorders which may be induced by carbamazepine. 

7.5 Other Safety Explorations 

7.5.1 Dose Dependency for Adverse Events 

During the review there was attention to dose dependency for adverse events due to 
the API, carbamazepine and the solubilizing agent Captisol.  
 
Attention to carbamazepine was directed at known adverse effects of the oral dose form 
which potentially may be amplified in the new intravenous form due the rapid rise in 
blood level, Table 26. The labeled adverse reactions of particular relevance to the 

                                            
16 Conway JM, White JR, Birnbaum AK, et al. Safety of an IV formulation of carbamazepine. Epilepsy 
Res.84, 242–244 (2009) 
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intravenous form are events that are more likely to occur on acute, high, exposure to 
carbamazepine. These events included cardiovascular (hypertension, hypotension, 
syncope, and AV block), Nervous system (dizziness, drowsiness, disturbance of 
coordination, confusion, diplopia, speech disturbance).  
 
Adverse Events Observed in the High Dose IV carbamazepine Group 
 
From among the 34 patients with total daily IV CBZ dose > 1000mg there were 22 
patients with 66 adverse events. There were 32 preferred terms present in this adverse 
event list. The most common AE in this group was dizziness which had 20 occurrences 
in 12 patients. The next most common event was infusion site pain which had 4 
occurrences in 3 patients, all in the 15 min infusion group. There were three 
occurrences each for the terms diplopia, dysarthria, headache and vision blurred. From 
among the remaining 26 adverse events only one was related to a cardiovascular 
alteration. This was “Electrocardiogram T wave inversion” from the “investigations” 
SOC.  
 
Adverse Effects Examined by Dose group 
 
There were176 patients who were in the, 1600mg/day dose group and 30 subjects with 
daily CBZ daily intravenous CBZ dose ≥1600mg/day. Examination of the number of 
patients who experienced an adverse event who were in the <1600mg dose group 
reveals that 74% of these patients experienced an adverse event at any time during the 
study and 56% experienced an adverse event during the intravenous treatment interval.  
 
From among the subjects in the ≥1600mg dose group 97% experienced an adverse 
event at any time during the study and 63% of patients had an adverse event during the 
intravenous treatment portion of the study. The frequency of adverse events is 
normalized to the proportion of the total study patients which the dose group represents. 
There was a higher normalized ratio of adverse events relative to the size of the overall 
patient group in the ≥1600 mg dose group. This ratio was 0.86 in the <1600 dose group 
compared to 1.9 in the ≥1600 mg dose group, Table 98. 
 
Table 98  Instances of Adverse Events and Unique patients with AEs by dose group  
Dose 
group 
mg/day 

# 
patients 
in cohort 

% of 
patients 
in 
cohort* 

Number of 
AE 
instances 
(not unique 
subjects) 

% of 
Total AE 
entries 

Normalized 
Ratio (%AE 
entries/% 
patients in 
cohort 

# unique 
patients 
with AE 

% patients 
in dose 
group 

<1600 174 86 357 74 0.86 128 74 
≥1600 29 14 125 26 1.9 28 97 

Total 
“All 
patients 
treated” 

N= 203 Total 
Adverse 
event 
entries 

482    
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Dose 
group 
mg/day 

# 
patients 
in cohort 

% of 
patients 
in 
cohort* 

Number of 
AE 
instances 
(not unique 
subjects) 

% of 
Total AE 
entries 

Normalized 
Ratio (%AE 
entries/% 
patients in 
cohort 

# unique 
patients 
with AE 

% patients 
in dose 
group 

set 
* # patients in cohort / 203   

 
≥1600 Dose Group 
 
The most frequent (≥8%) adverse event instances occurred in the SOCs shown in Table 
99 with “nervous system disorder” as the leading SOC. Within “nervous system 
disorders” the most common preferred term was “dizziness”. 
 
Table 99  Most Frequent (≥8% of total instances) Adverse events in the ≥1600mg/day CBZ dose 
group (during IV and post IV subset) 

SOC # 
instances 

# unique 
patients 

% total 
pts in 
dose 
group 
n=29 

Nervous system disorders 26 11 38 
General disorders and administration site conditions 11 5 17 
Eye disorders 10 7 24 
 
There was one cardiac adverse event of special interest which occurred in the high 
dose group, this was in the SOC “investigations” and was a T wave inversion (patient 
S4022) in leads V1 –V3. This occurred during the infusion interval but was not an SAE 
and is listed as resolved.  
 
<1600 Dose Group 
 
The most frequent (≥8%) adverse event instances occurred in the SOCs shown in Table 
100 with “nervous system disorder” as the leading SOC. Within “nervous system 
disorders” the most common preferred term was “dizziness”  
 
Table 100  Most Frequent (≥8% of total instances) Adverse events in the <1600mg/day CBZ dose 
group (during IV and post IV subset) 

SOC # 
instances 

# 
unique 
patients 

% total pts 
in dose 
group 
n=174 

Nervous system disorders 98 58 33 
General disorders and administration site conditions 31 23 13 
Gastrointestinal disorders 26 21 12 
Infections and infestations 14 13 7 
Injury, poisoning and procedural complications 29 14 8 
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There were three cardiac adverse events of special interest that occurred in the 
<1600mg dose group. These adverse event preferred terms were Arrhythmia, atrial 
tachycardia and ventricular extrasystoles while the corresponding verbatim terms were 
“multifocal atrial tachycardia”, “2x 2 second cardiac pauses” and “intermittent premature 
ventricular contractions” respectively. None of these events were categorized as an 
SAE. The patient with the 2 second pauses and the patient with intermittent PVC’s were 
instructed to follow up with a cardiologist.  
 
Orthostatic Blood Pressure Change 
 
S0114 (<1600mg dose group) had increase in SBP from baseline 141mm/hg to a day 7 
value of 192mm/hg while also on day 7 patient had a orthostatic blood pressure decline 
of 24mmhg with an observed baseline orthostatic gradient of +25mmhg resulting in a 
baseline to day 7 orthostatic BP change of -49mmhg. This patient also had an AE entry 
of hypertension. Note, the systolic blood pressure, supine, may increase from baseline 
while at the same time the orthostatic gradient may increase.  
 
Seventeen patients (17, 10%) in the <1600mg dose group had a safety flag identified for 
orthostatic blood pressure change from baseline. All had a negative change. The mean 
change in orthostatic blood pressure these 17 patients was -23mmhg with a median of -
22mmhg. One of these patients noted in the prior paragraph (S0114) had an AE of 
hypertension.  
 
Five (5, 17%) patients in the ≥1600mg dose group had a safety flag for orthostatic blood 
pressure change from baseline. The mean change in orthostatic blood pressure these 
17 patients was -24mmhg with a median of -22mmhg. One of these patients discussed 
above (S4022) had an electrographic T wave inversion that was not an SAE.  
 
Renal Adverse Events 
 
There were 7 (4%) patients in the <1600 mg dose group with a renal event of interest. In 
3 of these patients the adverse event was hyponatremia, a known adverse effect of 
CBZ. In the remaining 5 patients two (2) had an adverse event of protein in the urine, 
one had an increase in the urinary protein/creatinine ration, another had blood 
creatinine increase and the final had an adverse event of creatinine renal clearance 
decreased. The single patient (3%) in the ≥1600 group with a renal event of interest had 
hyponatremia.  
 
Renal Biomarkers Related to Dose 
 
One of the concerns in the study of intravenous carbamazepine is exposure to the 
excipient Captisol, a solubilizer necessary to permit intravenous delivery. Captisol may 
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cause renal tubular injury. Captisol content is proportional to CBZ dose so exploration of 
renal biomarkers is relevant to the CBZ treatment dose assignment.  
 
Two exploratory renal biomarkers of tubular integrity N-Acetyl Glucosamide and Beta-2 
Microglobulin were captured in studies 13103A and 13181A.  Beta-2 Microglobulin did 
not reveal notable departure from baseline during the study timeline however N-Acetyl 
Glucosamide (NAG) analysis revealed an increase in some patients that was greater 
than twice the standard deviation of the baseline mean. This value is utilized as an 
outlier value of significance in the reviewer analysis because no reference values of 
high – low are provided in the laboratory study table.  
 
The frequency of patients with values in the outlier range is examined in comparison to 
dose group. The <1600mg dose group had 25 patients representing 14% of the total 
dose group with elevated NAG outlier values at steady state. The ≥1600mg dose group 
had 9 patients representing 31% of this total dose group with elevated NAG outlier 
values.  
 
NAG values at SS > 2 SD 
over baseline mean. N=34* 

# 
patients 

% of total patient in dose 
group 

<1600 mg    (n=174) 25 14 
≥1600 mg  (n=29) 9 31 
* The studies used different NAG units, both study outliers are combined 
in this analysis. Study 13103A NAG U/24 hr Urine, Study 13181A N-
Acetyl Glucosamide/Creatinine (µm/h/mmol) 
 
Summary: Dose dependency examination is performed utilizing the dose stratification 
variable provided in the adverse event, vital sign and laboratory datasets. The variable 
stratifies as <1600mg or ≥1600 mg. The variable is used to examine adverse events, 
orthostatic blood pressure safety flags, events of special interest (SOCs “Cardiac 
disorder” / “nervous system disorders”) and the renal tubular injury biomarker NAG.  
 
The proportion of the dose group that experienced adverse events was higher in the 
≥1600mg group at 97% compared to 74% in the <1600mg group. There was no 
difference in the distribution of the adverse events among SOCs between the two 
groups although frequency of adverse events in each of the represented SOCs was 
higher in the ≥1600mg group. The SOCs with the highest frequency of adverse events 
were “Nervous system disorders “,”General disorders and administration site 
conditions”, and “eye disorders”. Two additional SOCs are represented in the<1600mg 
group, this is likely due to the larger sample size in this group.  
 
There is an excess of orthostatic blood pressure safety flag entries at steady state in the 
≥1600 mg group compared to the <1600mg dose group, 17% vs 10%. No difference in 
renal adverse events is noted between groups, however there was an excess of  
positive change in urine NAG outliers in the ≥1600 mg group compared to the <1600mg 
dose group, 31% vs 14%.  
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Reviewer Comment: Based on CBZ dose group there is a differential effect on 
frequency of “nervous system disorders” adverse events, orthostatic blood pressure and 
the NAG renal biomarker. An increase in central nervous system adverse effects is 
reflected by the increase in “nervous system disorders” although the content of 
preferred terms within the SOC is predominantly dizziness and headache for both dose 
groups. There was no differential effect of dose on SAEs, one patient (3.4%) had an 
SAE in the high dose group while 8 patients had SAEs (4.6%) in the low dose group. 
The effect on orthostatic blood pressure is a shift to a decline in blood pressure from 
lying to standing. There was a differential effect on the frequency of patients with an 
orthostatic blood pressure flag although there was no meaningful difference in the mean 
orthostatic blood pressure change of the two groups. The increase in frequency of a 
notable increase in urine NAG seen in the high dose group is likely an effect of the 
greater Captisol exposure required to deliver high does CBZ.   

7.5.2 Time Dependency for Adverse Events 

The short time interval of the clinical trials does not allow a time dependency analysis. 
Labeling is restricted to 7 day replacement therapy with recommendation not to exceed 
this interval without daily renal monitoring. There is evidence of early renal tubular injury 
at steady state based on NAG increase.  

7.5.3 Drug-Demographic Interactions 

Age 
 
The sponsor assigns the age group cut point at 65 years of age. This leaves only 9 of 
203 patients in the older age category. This small sample is insufficient to examine for 
meaningful differentiation of adverse events and laboratory studies between age 
groups.  
 
Adverse events: there were 6 (66%) patients with 14 adverse events who were of age 
greater than 65 while there were 150 (77%) patients with 468 adverse events in patients 
less than 65 years old. There was a lower percentage of patients in the 65 year old or 
greater age category, however the small sample size clouds the meaning of this 
difference.  
 
Clinical Laboratory Interactions 
 
Four laboratory studies are examined using an age group dividing point of age <55 
years or ≥ 55 years to search for an age related effect due to the small size of the >65 
year old cohort. The studies of interest are the urine NAG biomarker for studies 13103A 
and 13181A as well as serum creatinine and leukocytes. These laboratory 
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measurements are examined for shift from normal at baseline to high at a treatment 
interval measurement.  
 
N-Acetyl Glucosamide (U/24 Hr) Study 13103A: 
In the patient group <55 years old there were 67 patients with a baseline value less than 
1 Standard deviation from the mean (.0039 U/24hr). At steady state 26 (38%) of 
patients had an increase to a value greater than .0039 U/24 hours. From among the 
patients aged ≥55 years there were 13 patients with a baseline less than .0039 U/24 
hours. At steady state 5 (38%) patients had an increase to a value greater than .0039. 
In summary there were equal proportions of both age strata that had a shift from a 
baseline to steady state value that was > .0039 U/24 hour.  
 
N-Acetyl Glucosamide/Creatinine (µm/h/mmol), (13181A)  
There is a sponsor provided reference range for this NAG laboratory parameter with an 
upper limit of 28 µm/h/mmol. In the patient group < 55 years old there were 78 patients 
within normal limits at baseline. From among these 78 patients there were 30 (38%) 
who had steady state value greater than the upper limit of the reference range. In the 
patient group aged ≥55 years there were 3 patients within normal limits at baseline. One 
of these patients (33%) had an increase to greater than 28 µm/h/mmol at steady state. 
Although the percentage with shift to abnormal at steady state is similar, the sample 
size in the older age category clouds the comparison.  
 
Serum creatinine: 
In the patient group <55 years old there were 166 patients normal at baseline. One 
(0.6%) of these patients had an increase to a value above normal reference range at 
steady state. In the patient group ≥55 years there were 27 patients with a normal serum 
creatinine value at baseline. All remained within normal limits at steady state.  
 
Blood leukocytes.  
In the patient group <55 years old there were 145 patients normal at baseline, 5 (3.4%) 
of these patients had a shift to low at steady state.  In the patient group ≥55 years there 
were 19 patients with a normal blood leukocyte value at baseline. One (5.2%) had a low 
blood leukocyte value at steady state.  
 
Vital Signs 
The reviewer examines the ISS tables for shift from normal vital sign values at baseline 
to PCS values, during IV treatment interval, at last measurement for the overall study 
group with age as the differentiating parameter. There was a notable difference in the 
frequency of shift from normal at baseline to PCS vital sign values at last measurement 
between the two age strata for orthostatic pulse and orthostatic systolic blood pressure. 
Thirteen of 171 patients less than 65 years of age had a shift to high PCS pulse at last 
measurement while none of 8 patients age 65 or older had a shift to a PCS value. 
Examination of orthostatic systolic blood pressure revealed that 3 of 191 patients who 
were normal at baseline had a shift to low PCS orthostatic blood pressure at the last 
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measurement while 1 of 9 patients aged 65 years or older had a shift form normal at 
baseline to PCS low at last measurement. See Table 101 and Table 102.  
 
 
Table 101  Examination of Orthostatic Pulse shift from Baseline to Last Measurement by age 
strata 

 
 
 
Table 102 Examination of Orthostatic Systolic Blood Pressure shift from Baseline to Last 
Measurement by age strata 

 
 

Sex 
 
The sponsor reports there was no notable difference between male and female patients 
in the incidence of commonly reported adverse events. There is no narrative discussion 
of laboratory values or vital signs as differentiated by sex in the ISS or summary of 
clinical safety, only links to tables. 
 
Clinical Laboratory Studies 
 
The reviewer examines the ISS tables for shift from normal laboratory values at 
baseline to PCS values, during IV treatment interval, at last measurement for the overall 
study group with sex as the differentiating parameter. There was no notable difference 
in the frequency of shift from normal to PCS laboratory values between males and 
females.  
 
Vital Signs 
 
Vital sign ISS tables are examined for shift from normal at baseline to PCS values high 
or low at last measurement for the overall group during IV treatment. Orthostatic systolic 
blood pressure revealed a notable difference between males and females. Three males 
(3.3%) had a shift from normal at baseline to low PCS at last measurement while only 
one female (1%) had a shift to low PCS.  
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Race 

 
 
Table 103  distribution of Race 

Racial Group # % 
AMERICAN INDIAN OR 
ALASKA NATIVE 1 0.5 
ASIAN 3 1.5 
BLACK 37 18.0 
OTHER 8 3.9 
WHITE 157 76.2 

 
 
The sponsor indicates notable differences were observed between White patients and 
non-White patients for the incidence of dizziness (21.2% and 10.6%, respectively) and 
somnolence (5.1% and 10.6%, respectively). However, these results should be 
interpreted with caution, due to the limited number of non-White patients (N = 47) 
relative to White patients (N = 156). 
 
No notable difference was observed between White patients and non-White patients for 
the overall incidence of SAEs in the pooled studies.  
 
The reviewer examines the ISS tables for shift from normal laboratory values at 
baseline to PCS values, during IV treatment interval, at last measurement for the overall 
study group with Caucasian vs non- caucasian as the differentiating parameter. This 
examination revealed a single clinical laboratory parameter, phosphate with notable 
differences between the racial groups in the shift from normal at baseline The 
phosphate measurements revealed that 5 of 151 patients in the “white” group had a 
shift from normal at baseline to PCS low at last measurement while none of the 46 “non-
white” had a shift to low PCS at last measurement, Table 104.  
 
Table 104  Examination of Phosphate Shift from Baseline to Last Measurement by Racial Group 

 
 
Reviewer Comment:  
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Vital Signs 
The ISS tables for vital sign parameters shift from normal at baseline to PCS high or low 
value at last measurements are examined for the overall group during the IV treatment 
interval. A notable difference is found between in the orthostatic blood pressure 
measurement between the “white” and “non-white” groups. There were 154 white 
patients normal at baseline, 4 of these had low PCS values at last measurement while 
there was no change in the 46 non-white patients, Table 105.  
 
Table 105  Examination of Orthostatic Blood Pressure Shift from Baseline to Last Measurement by 
Racial Group 

 
 

7.5.4 Drug-Disease Interactions 

A cohort of patients with mild to moderate renal insufficiency was included in the studies 
to determine if there was a difference in the safety profile. This was done due to the 
potential for decreased clearance of Captisol in patients with renal insufficiency.  

7.5.5 Drug-Drug Interactions 

Drug – Drug interactions are not anticipated to differ from the oral formulation of 
carbamazepine.  

7.6 Additional Safety Evaluations 

 

7.6.1 Human Carcinogenicity 

New non-clinical carcinogenicity studies were not performed. A carcinogenicity 
assessment is not considered required with the SBECD and carbamazepine 
combination according to the current ICH M3 guidance for short term use. The sponsor 
is also reliant on previous finding of safety for Carcinogenicity, Tegretol (505(b)(2)) 
labeling section “Carcinogenesis, Mutagenesis, Impairment of Fertility”  
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7.6.2 Human Reproduction and Pregnancy Data 

In humans, malformations attributed to the use of oral carbamazepine (505(b)(2) 
reference drug Tegretol) during pregnancy have been described. Thus, oral use of 
carbamazepine has been assigned to pregnancy category D. 

7.6.3 Pediatrics and Assessment of Effects on Growth 

The 505(b)(2) reference drug Tegretol is labeled for children as young as under age 6 
years for initial dose of 10 to 20mg/kg/day BID or TID. The label does not contain 
information on assessment of effects on growth.  

7.6.4 Overdose, Drug Abuse Potential, Withdrawal and Rebound 

The application relies on the “Overdosage” section of the 505(b)(2) reference drug 
Tegretol  

7.7 Additional Submissions / Safety Issues 

 

8 Postmarket Experience 

 
IV carbamazepine,  CARBELLA has no post marketing experience.
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9 Appendices 

 

9.1 Literature Review/References 

See individual footnotes 

9.2 Labeling Recommendations 

 
Section 5, Warnings and precautions 
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Section 6.1 Clinical Trials Experience.  
 

9.3 Advisory Committee Meeting- not applicable to this application.  

 

9.4 Calculation of Average Cmin, Days -14, -1, 0 at 5 minutes preceding 1st 
oral dose for all oral dose groups, Q6 hr. (1patient), Q8 hr. (23 patients) 
and Q12 hr. (73 patients).  

 
Total CBZ level (CBZ + CBZ-E) ug/ml taken 5 minutes prior to 1st Oral dose, all dose 
regimen (n=98) 
 TOTAL DAY -14 TOTAL DAY -1 TOTAL CBZ Day 0 

8.067 7.299 7.82 
10.651 9.602 8.636 
10.49 11.73 11.24 
9.91 11.44 11.24 
6.9 6.94 9.71 
13.26 12.46 11.07 
10.43 8.81 11.03 
7.79 8.03 8.64 
9.83 9.69 10.9 
16.87 15.19 13.49 
12.47 11.1 10.97 
5.392 9.98 8.37 
7.296 8.131 7.694 
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Total CBZ level (CBZ + CBZ-E) ug/ml taken 5 minutes prior to 1st Oral dose, all dose 
regimen (n=98) 
 TOTAL DAY -14 TOTAL DAY -1 TOTAL CBZ Day 0 

10.38 9.14 7.85 
4.954 2.731 4.511 
6.16 5.06 4.51 
5.248 6.865 4.174 
7.958 7.946 7.072 
8.61 12.09 10.33 
9.68 8.004 7.66 
5.74 6.971 6.263 
6.871 6.204 6.867 
11.51 7.966 8.114 
5.592 11 11.95 
6.523 6.177 6.149 
6.11 6.973 6.469 
8.587 8.427 7.486 
11.28 9.68 10.97 
10.55 10.34 11.1 
6.38 3.939 5.722 
3.245 2.141 3.8 
6.701 6.32 7.31 
6.032 7.116 6.88 
12.77 10.74 11.98 
10.56 11.01 11.19 
10.31 8.944 10.05 
5.13 4.672 5.13 
8.57 5.151 7.012 
12.56 15.17 12.03 
8.59 7.459 6.708 
6.37 7.34 7.09 
8.228 7.442 9.5 
7.771 8.106 7.955 
10.2 10.84 9.67 
6.428 5.861 7.43 
6.88 4.483 7.725 
15.39 11.93 10.51 
6.52 8.11 5.946 
6.16 1.995 5.8 
5.835 7.683 6.21 
9.72 9.46 8.93 
4.687 5.381 5.686 
7.423 7.213 7.078 
13.16 12.65 11.28 
9.03 11.21 9 
5.24 7.1 6.33 
11.673 6.869 9.378 
6.499 6.567 6.149 
11.68 13.18 12.44 
5.865 4.919 5.386 
9.16 9.55 6.438 
4.551 2.952 3.393 
15.68 15.72 14.05 
10.502 9.893 8.108 
11.68 14.38 12.52 
9.66 13.49 12.27 
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Total CBZ level (CBZ + CBZ-E) ug/ml taken 5 minutes prior to 1st Oral dose, all dose 
regimen (n=98) 
 TOTAL DAY -14 TOTAL DAY -1 TOTAL CBZ Day 0 

9.51 10.75 12.14 
9.64 10.36 8.57 
13.74 11.73 13.75 
15.18 14.37 12.56 
11.07 14.02 12.66 
9.76 8.92 8.24 
5.921 4.296 4.652 
6.232 4.658 4.736 
10.24 12.97 10.53 
8.57 8.44 9.279 
8.53 9.19 9.26 
5.971 6.554 7.455 
8.57 9.35 8.28 
9.23 9.74 8.71 
11.47 9.19 10.12 
9.8 7.36 8.8 
4.36 5.55 4.6 
10.97 9.98 9 
13.06 13.29 11.78 
12.87 10.86 11.54 
13.12 15.47 15.92 
11.05 10.05 10.29 
7.81 10.1 8.39 
11.09 9.36 9.4 
14.02 16.19 15.1 
8.84 10.21 10.78 
9.28 9.84 8.97 
13.82 10.02 12.49 
9.84 13.77 13.66 
11 11.6 9.97 
7.8 10.29 9.82 
13.31 10.42 12.3 

Mean 9.159418367 9.100612245 8.980826531 
Overall mean 
Cmin 9.1 ug/ml 

 

9.5 Patients with IV CBZ dose Greater than 1000mg 

 
Patients with Daily IV 
CBZ dose > 1000mg 
S0659 S4121 
S4078 S4180 
S4193 S4117 
S1123 S4152 
S4056 S4177 
S4208 S4255 
S4155 S4165 
S0113 S4178 
S0116 S4179 
S0640 S4254 

Reference ID: 3644404



Clinical Review 
Steven Dinsmore D.O.  
NDA 206030 
CARBELLA™ (carbamazepine intravenous)  
 

181 

S0647 S4222 
S0708 S0644 
S1007 S1118 
S4022 S4002 
S4023 S4028 
S4018 S4048 
S4026 S4094 
 

9.6 Tegretol Labeled Adverse Reactions 

The most frequently observed adverse reactions, particularly during the initial phases of 
therapy, are dizziness, drowsiness, unsteadiness, nausea, and vomiting. To minimize the 
possibility of such reactions, therapy should be initiated at the low dosage recommended 
Cardiovascular System: Congestive heart failure, edema, aggravation of hypertension, 
hypotension, syncope and collapse, aggravation of coronary artery disease, arrhythmias 
and AV block, thrombophlebitis, thromboembolism (e.g., pulmonary embolism), and 
adenopathy or lymphadenopathy 
Nervous System: Dizziness, drowsiness, disturbances of coordination, confusion, 
headache, fatigue, blurred vision, visual hallucinations, transient diplopia, oculomotor 
disturbances, nystagmus, speech disturbances, abnormal involuntary movements, 
peripheral neuritis and paresthesias, depression with agitation, talkativeness, tinnitus, 
hyperacusis, neuroleptic malignant syndrome. 
 

9.7 Graphic Potassium vs Study Day for Patients with Normal Baseline K+ 
Value and any Post-Baseline Value Less Than 3.4 or a Decline of 
≥1mmol/L .  Shaded Graphs show decline in K+ value during IV CBZ 
treatment.  
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9.8 Calcium Trough Profile Seen in 13 Patients During IV CBZ Treatment 
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SUBJID   
S0602  Patient S0602 has the lowest recorded calcium value. This value is 

found to occur on day 2, bracketed on day 3 and 4 by normal values. 
This is likely a laboratory error. 

 
S0651  Patient S0651 has all normal serum calcium values except for a 

single occurrence of a low value on day 8. There is no trend in the 
course of treatment toward progressively lower values. 

 
S0652  Patient S0652 had a trend from day 1 to day 5 of decreasing calcium 

values with then return to normal  on day 6 and remain normal 
thereafter. 
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S0656  Patient S0656 stays on a plateau at the low end of normal reference 

range from day 1 throughout the study with a small decline below the 
plateau to below reference normal on days 5 and 8 of the study. 

 
 

S1003  Patient S1003 has a single low value on day 4 bracketed by normal 
calcium values.  

 
S1005  Patient S1005 has a single low value on day 7 bracketed by normal 

calcium values. 
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S1007  Patient S1007 has a single low value on day 2 bracketed by normal 

calcium values and no consistent trend through the course of the 
study 

 
S1008  Patient S1008 shows a decline from day 1 with a nadir on day 4, mid 

study, which is below reference range. Values increase fairly 
consistently thereafter. The range ,may be seen in the graphic below. 

 
S1104  Patient S1104 has a similar profile to S1008 with values near low 

reference normal except for a nadir at day 4 with a single below 
reference value and normal but low reference values thereafter until 
post study.  
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S1112 Patient S1112 shows a declining trend to day 4 of the study with the 

nadir below low normal reference range which then trends upward to 
the end of the study. This may be seen in the graphic below.  
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S1401  Patient S1401 shows a declining trend to day 3 where a nadir, a 
single below normal reference range occurs with a slow increasing 
trend where the value achieves the same level as at screening.  

 
S1404  Patient S1404 has no consistent trend through the study except that 

values are at a trough during days 1 thorough 8 bracketed by values 
of 9.7 and 9.6 mg/dl on days -1 and 22. There is a single below 
reference value on day 2.  

  
S4165  Patient S4165 has lower values during treatment than at day -1 and 

day 18 with a nadir on day 2 which is below reference normal.  
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9.9 Electrolytes at Follow Up, Bicarbonate, Calcium, Magnesium, 
Phosphate and Potassium.  

 

Bicarbonate 

Bicarbonate (mmol/L) 
Change from Infusion Day # 4 to Follow up, Means and Medians, Studies 13103A  and 13181A, N= day 

18 (ALL) 

Statistic 

13103A, DAY 22 13181A, Day 18 

All n=94  
15 minute  
Infusion  
(n= 50) 

All n= 97 
(15 min infusion) 

Mean 0.95 0.5 -0.24 
Median 1 0.5 0 
Range -5 to 8 -5 to 8 -8 To 10 

Outliers, Normal at baseline with PCS Value at Follow up, low ≤12, ≥38 
# Patients High 0 0 0 
# Patients Low 0 0 0 

Shifts from Normal at Baseline to high or low at day 4 

 
13103A 13181A 

Shift from normal baseline to day 
4, all (n=84) 

Shift from normal baseline to day 4, all 
(n=81) 

 N to L N to H N to L N to H 
# patients low /high 8 0 4 6 
Minimum Value 16   31 
Maximum value   17  
Outliers, Normal at 
baseline with PCS 
Value at day 4, low 
≤12, ≥38 

0 0 

Shifts from Normal at Baseline to high or low at Follow up. 
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 13103A 13181A 

 Shift from normal baseline to day 
22 , all (n=84) 

Shift from normal baseline to day 18 
(n=81) 

 N to L N to H N to L N to H 
# patients low /high 5 0 3 12 
Minimum Value 16  18  
Maximum value    33 
(Normal Baseline), Low 
at day 4 to Normal or 
High n (%) 

5 (63) 4 (100) 

*Sponsor provided normal range, study 13181A = 22 to 29, study 13103A = 21 to 33 
Comment: Study 13103A reveals multiple shifts from normal to low at steady state and at follow up while 
the trend in study 13181A is reveals greater shift from normal to high than normal to low at both steady 
state and follow up, although the high shift at follow up is greater. There is no clear signal for sustained 
low bicarbonate.  
 

Calcium 

Calcium (mmol/L) 
Change from Infusion Day # 4 to Follow up, Means and Medians, Studies 13103A  and 13181A, (ALL) 

Statistic 

13103A, DAY 22 13181A, Day 18 

All n= 94 
15 minute  
Infusion  
(n=52) 

All n= 98 
(15 min infusion) 

Mean 0.084 0.088 0.058 
Median 0.075 0.075 0.07 
Range -0.1 to 0.53 -0.075 to 0.225 -0.13 to 0.27 

Outliers, Normal at baseline with PCS Value at Follow up, LOW: ≤1.8 , HIGH: ≥3.0 
# Patients High 0 0 0 
# Patients Low 0 0 0 

Shifts from Normal at Baseline to high or low at day 4 

 
13103A 13181A 

Shift from normal baseline to day 
4, all (n=95) 

Shift from normal baseline to day 4, all 
(n=) 

 N to L N to H N to L N to H 
# patients low /high 7 0 0 0 
Minimum Value 1.925    
Maximum value     

Outliers, Normal at baseline with PCS Value at day 4, LOW: ≤1.8 , HIGH: ≥3.0 13103A = 0 
 

Shifts from Normal at Baseline to high or low at Follow up. 
 13103A 13181A 

 Shift from normal baseline to day 
22 , all (n=92) 

Shift from normal baseline to day 18 
(n=18) 

 N to L N to H N to L N to H 
# patients low /high 1 0 0 0 
Minimum Value 2.1    
Maximum value     
(Normal Baseline), Low 6 (86%)  
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Shifts from Normal at Baseline to high or low at Follow up. 
 13103A 13181A* 

 Shift from normal baseline to day 
22 , all (n=75) 

Shift from normal baseline to day 18 
(n=101) 

 N to L N to H N to L N to H 
# patients low /high 0 13 0 1 
Minimum Value     
Maximum value  1.05  1.1 
(Normal Baseline), Low 
at day 4 to Normal or 
High n (%) 

0 1 (100%) 

*Sponsor provided normal range, study 13181A = 1 to 1 , study 13103A = 0.55 to 0.95  
Because sponsor provided range is in error (both high and low values = 1mmol/L) a normal range is 
imputed from the  AMA Manual  of Style, SI Conversion Calculator;  0.65 to 1.05mmol/L 
http://www.amamanualofstyle.com/page/si-conversion-calculator 
Comment: mean and median change from day 4 to follow up are positive in contrast to baseline to day 4 
which had a negative mean change from baseline.  
 

Phosphate 

Phosphate (mmol/L) 
Change from Infusion Day # 4 to Follow up, Means and Medians, Studies 13103A  and 13181A, (ALL) 

Statistic 

13103A, DAY 22 13181A, Day 18 

All n= 94 
15 minute  
Infusion  
(n= ) 

All n= 97 
(15 min infusion) 

Mean 0.002  -0.16 
Median 0  -0.16 
Range -0.475 to 0.325  -0.68 to 0.58 

Outliers, Normal at baseline with PCS Value at Follow up, LOW: ≤0.65** , HIGH: ≥1.95 
# Patients High  0 0 
# Patients Low 10  1 

Shifts from Normal at Baseline to high or low at day 4 

 
13103A 13181A 

Shift from normal baseline to day 
4, all (n=94) 

Shift from normal baseline to day 4, all 
(n=84) 

 N to L N to H N to L N to H 
# patients low /high 3 3 0 0 
Minimum Value 0.525    
Maximum value  1.25   
Outliers, Normal at baseline with PCS Value at day 4, LOW: ≤0.65 , HIGH: 

≥1.95 
13103A: Low 7, high 0 
13181A: Low 0, high 0 

Shifts from Normal at Baseline to high or low at Follow up. 
 13103A 13181A 

 Shift from normal baseline to day 
22 , all (n=91) 

Shift from normal baseline to day 18 
(n=87) 

 N to L N to H N to L N to H 
# patients low /high 5 1 18 0 
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Minimum Value 0.525  0.61  
Maximum value  1.15   

(Normal Baseline), Low 
at day 4 to Normal or 
High at Follow up n (%) 

2 (66%) 

None who are normal at baseline shift to 
low at Day 4. From among 14 low at 
baseline 11 are normal on day 4, 7 

normal on day 18 
*Sponsor provided normal range, study 13181A = 1 to 2 , study 13103A = 0.625  to 1.125  
**note PCS low value obtained from ISS is greater than reference range in clinical laboratory dataset 
Comment: there is no systematic movement of phosphate to high or low across the baseline to follow up 
study timeline.  
 

Potassium 

Potassium (mmol/L)* 
Change from Infusion Day # 4 to Follow up, Means and Medians, Studies 13103A  and 13181A, (ALL) 

Statistic 

13103A, DAY 22 13181A, Day 18 

All n= 93 
15 minute  
Infusion  
(n=51) 

All n= 96 
(15 min infusion) 

Mean 0.12 0.18 -0.038 
Median 0.2 0.2 -0.1 
Range -2.1 to 1.1 -1 to 1.1 -1.2 to 1 

Outliers, Normal at baseline with PCS Value at Follow up, LOW ≤3 , HIGH ≥6 
# Patients High 0 0  
Max value    
# Patients Low 1 1  
Min value 2.9 2.9  

Shifts from Normal at Baseline to high or low at day 4 

 
13103A 13181A† 

Shift from normal baseline to day 
4, all (n=92) 

Shift from normal baseline to day 4, all 
(n=78) 

 N to L N to H N to L N to H 
# patients low /high 12 3 17 0 
Minimum Value 3.2 5.9 3.5  
Maximum value     
Outliers, Normal at 
baseline with PCS 
Value at day 4, 
LOW≤3.0 , HIGH ≥6.0 

0 0 

Shifts from Normal at Baseline to high or low at Follow up. 
 13103A 13181A 

 Shift from normal baseline to day 
22 , all (n=92) Shift from normal baseline to day 18 (n=) 

 N to L N to H N to L** N to H 
# patients low /high 2‡ 0 13 0 
Minimum Value 2.9  3.5  
Maximum value     
(Normal Baseline), Low 
at day 4 to Normal or 11 (92%) 16 (94%) 
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High at follow up, n (%) 
*Sponsor provided normal range, study 13181A = 4 to 6 , study 13103A = 3.5  to 5 
 
† 23 (13181A) Patients had low potassium at baseline 
**one of the 17 patients who had normal to low shift from baseline to day 4 is in this set of 13 with shift to 
low from day 4 (steady state) to day 18 
‡ one of the 12 patients who had normal to low shift from baseline to day 4 is in this set of 2 with shift to 
low from day 4 (steady state) to day 22 
Figure 46  Baseline to Follow up Graphic View, All Patients (29) with Baseline to Day 4 with Shift to Low.  

 
There were 58 patients normal at baseline with below reference range value at any point during treatment. Minimum 2.9, 
range 2.9-3.9, mean 3.55, median 3.4. lowest 3 = 2.9, 3.0, 3.2 
16 patients normal at baseline had above reference range value at any point during study 
Comment: twenty seven (27) of 29 patients who had a normal baseline to low shift at steady state (day 4) return to normal 
range values at follow up. An additional 13 patients normal at baseline and day 4 shift to below reference range at follow up. 
This pattern deviates from a consistent challenge – dechallenge response to IV CBZ but in light of the steady state mean decline 
at day 4 in pooled studies does reveal a tendency to decline in potassium during treatment.  
 
 

10.0 Hematology Tables 

 

Hemoglobin 

 
Hemoglobin (g/dL) 

Change from Baseline to Infusion Day # 4. Means and Medians 
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Statistic 

15 
minute  
Infusion  
(n= 148) 

30 minute infusion 
(n= 42) 

<1600mg 
group 
(n=163) 

≥1600mg 
group (n= ) 

All 
N= 190 

Mean -0.41 -0.94 -0.56 -0.34 -0.53 
Median -0.3 -1 -0.5 -0.2 -0.5 

Range -4.5 to 
1.4 -2.7 to 0.8 -4.5 to 1.4 -2.1 to 1 -4.5 to 

1.4 
Outliers, relative to potentially clinically significant values from sponsor (PCS). Change 

from baseline. PCS values: L: ≤9.5 (females); ≤11.5 (males) 
# Patients 
low* 1 0 1 0 1 

Min value 8.5     
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to day 4, all 
(n=171 ) 

Shift from baseline to day 4, 
15 min infusion (n= 130) 

 

 N to L† N to H N to L N to H 

 19 
(11.1%) 0 14 0 

Min value 9.8  10.3  
* This low PCS patient (S4150) had low hemoglobin at baseline (7.4g/dl) with a change 
of 1.1g/dl. This subject also had the lowest PCS value in the HCT dataset and had 7 
adverse events, none were SAEs. All were at pre and post IV time study intervals. The 
patient did have a post IV adverse event of “fatigue” which may be secondary to 
anemia. The patient also had a pre-IV adverse event of “neutropenia”. 
* The mean change from baseline in those patients with shift from normal to low Hb 
value at day 4 was -1.4 g/dl, with a median of -1.2 and a range of -3 to -0.1. The 
adverse effects of those patients with the three lowest Hb values among the shift to low 
group were examined. There were a total of 8 adverse events identified, none were 
SAEs. One subject, S0649, had an AE of “anaemia”. One subject, S0631, had an 
adverse event of “haematoma”, verbatim term “HEMATOMA RIGHT UPPER 
EXTREMITY”. This event could account for a drop in Hb. The remaining adverse 
events were unrelated to hemoglobin.  
Comment: There is evidence of a decline of hemoglobin during the IV treatment 
interval. This is more prominent in patient with a shift from normal to low at day 4. 
There is recovery at the post study sample. This is also reflected in the means and 
medians of the change from baseline which are also in the negative direction. This 
change from baseline is more prominent in the 30 minute infusion group but is of 
uncertain significance due to the smaller sample size than the 15 minute infusion 
group. The mean and median of change from baseline is also more negative in the 
<1600mg than in the ≥1600 mg group which makes a dose effect unlikely. There was 
one adverse effect of anemia in the AD dataset. The decline in Hb appears to be 
reversible.  

Hemoglobin (g/dL) 
Change between selected intervals 

Statistic Day -1 to 
Day 4 D-1 to Follow up  Day 4 to Follow up 

Mean -0.45 -0.38 0.05 
Median -0.4 -0.3 0 
Range -4.5 to -5.2 to 1.7 -2 to 2.4 
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2.5 
Outliers, relative to potentially clinically significant values from sponsor (PCS). Any patient with day -1, 4 

or Follow up measurement. PCS values: H: ≥16.5 (females); ≥18.5 (males) 
L: ≤9.5 (females); ≤11.5 (males) 

 D-1 D4 D22 
# Patients 
High    

Max value    
# patients 
low 3 1 3 (all Low OORR at Baseline) 

Min value 9.3 8.5 (baseline= 7.4) 8.6 
Shifts from Normal Baseline to high or low OORR at Day # 4,  
 Shift from normal baseline to day 4, all (n=193) 
 N to L N to H 
 19 0 
Maximum 
Value   

Min Value 9.8  
Shift from High / Low at Day 4 to Normal at Follow up 
 H to N L to N   
 na 14 (74%)   
Patients with normal baseline, Shift from Normal at Day 4 (n=155) to High / Low at Follow up 
 N to L N to H   
 11    
Minimum 
value 9.9    

 
 
 
 

Hematocrit 

Hematocrit (V/V) 
Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n= 145) 

30 minute 
infusion 
(n=42 ) 

<1600mg 
group 
(n=160 ) 

≥1600mg 
group 
(n=27 ) 

All 
N= 
187 

Mean -0.012 -0.027 -0.017 -0.008 -0.016 
Median -0.01 -0.029 -0.014 0 -0.011 

Range -0.14 to 0.05 -0.084 to 
0.039 

-0.138 to 
0.05 

-0.066 to 
0.02 

-0.138 
to 
0.05 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values are L: ≤0.32 (females); ≤0.37 (males) 

# Patients low* 13 6  1 19 
Min value 25% 28.9% 25% 32.6%  
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  
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 Shift from baseline to day 
4, all (n= 140) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 18 0 11 0 
 29%  30%  
*There were 8 males with PCS hematocrit values at Day 4, Five (5) of these 
patients had low baseline hematocrit values. Among those males with Day 4 
PCS values who were low at baseline 3 patients had a small increase from 
baseline to day 4. Among the remaining two patients one subject had a further 
decline of 2% and the remaining patient a decline of 0.3%. There were 3 
males who had normal HCT at baseline with a decrease to a PCS value on 
day 4. These declines were 5%, 4% and 2.8% respectively with the lowest 
PCS value of 35.4%.  
 
There were 11 females with PCS hematocrit values at day 4. Two of these 
patients were low at baseline and one of these two patients had an increase 
between baseline and day 4. The remaining patient had a further decrease of 
1%.  
 
The normal values at baseline were generally low normal in magnitude. Those 
patients who had normal HCT values at baseline and dropped into the PCS 
range at day 4 were in the low normal range. The maximum baseline value 
was 38.6%. The mean and median day 4 HCT value for these 9 patients were 
30.5% and 30.1% respectively with a mean and median change that was -
5.2% for each. The profile of HCT value over the study interval form day -28 
to study day 22 was examined for three female patients (all study 13103A) 
who had the largest decline to the lowest day 4 value. This examination 
reveals a consistent decline after treatment initiation with improvement in HCT 
values after cessation of IV CBZ treatment, see Figure 47. From among 
patients who were normal at baseline and remained in the normal range was 
selected for examination a subset with the top 10 baseline HCT values was 
selected. The trend of HCT decline during IV treatment with post study 
improvement was not observed in this subset.  
 
The subject with the lowest PCS value had 7 adverse events, none were 
SAEs. All were at pre and post IV time study intervals. The patient did have a 
post IV adverse event of “fatigue” which may be secondary to anemia. The 
patient also had a pre-IV adverse event of “neutropenia”.  
Comment: A decline in HCT is seen in the means and medians, somewhat 
more prominent in the 30 minute infusion group. This observation is supported 
by the shift from normal to low HCT values at day 4 as well as the frequency 
of PCS values at day 4. Those female subjects with PCS value at day 4 were 
found to have a trend of decline in HCT value over the course of the IV 
treatment interval with improvement after IV treatment cessation. The clinical 
significance is uncertain; the decline trend is not seen in a selection of 10 
subjects normal at baseline and day 4.  
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Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values: H ≥75, L ≤10 

# Patients low† 1 1 2 0 2 
Min value 7% 6%    
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H*  N to L N to H  
 6 1 2 1  
 7% 59% 6% 59%  
* Patient S0649 has 3 adverse events, none SAEs, “anaemia” and “infusion site 
irritation” during the IV infusion interval and “gingival infection “ pre-IV infusion 
interval. Lymphocytosis may be due to gingival infection or infusion site irritation.  

S0649 

Visit day 
Lymphocyte 

% 
DAY -28 41 
DAY -1   
DAY 2 65 
DAY 4 59 
DAY 8 56 
DAY 22   

 

†Two patients had shift from normal to PCS low, S0602 and S0105. Patient S0602 
declined from 24% at baseline to 6% at Day 4 while patient S0105 declined from 
13% at baseline to 7% at Day 4. Patient S0602 a value of 35% and 33% on study 
day 2 and day 7 respectively and the minimal value outside of day 4 was 24%. The 
day 4 value is an anomaly, possibly a laboratory error. Patient S0105 had a 16% 
and 21% lymphocytes on study day 2 and 8 respectively with the lowest value of 
13% on all other study days. Again this appears to be an anomalous drop in percent 
lymphocytes. Subject S0602 had an AE of bacteremia two days prior to the day 4 
decline in percent lymphocytes.  
Comment: There is a subtle negative change from baseline for percent lymphocytes 
at day 4 seen in the means and median. In the larger patient groups (15 min 
infusion and <1600 dose group) the mean and median decline is less than 1%. 
Those patients with shift to PCS low do not show a consistent trend of low percent 
lymphocytes during the course of intravenous CBZ treatment. There are 6 patients 
who have a shift from normal to low with a mean change of -9% and median of -
6.25%) These changes are not clinically significant 

 

Platelets 

 
Platelet count (10E9/L) 

Change from Baseline to Infusion Day # 4. Means and Medians 
Statistic 15 minute  30 minute <1600mg ≥1600mg All 

Reference ID: 3644404



Clinical Review 
Steven Dinsmore D.O.  
NDA 206030 
CARBELLA™ (carbamazepine intravenous)  
 

199 

Infusion  
(n=140 ) 

infusion 
(n=41 ) 

group 
(n=154 ) 

group 
(n=27 ) 

N=181  

Mean -12.3 -34 -18 -13.6 -17.2 
Median --7 -30 -13 -14 -13 

Range -96 to 102 -130 to 18 -130 to 
102 -56 to 25 -130 to 

102 
Outliers, relative to potentially clinically significant values from sponsor (PCS). 

Change from baseline. PCS values: H ≥600, L ≤75 
# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 2 0 2 0  
Min value 115     
Comment:  From among the two normal to low shift patients had a minimum 
value of 115x109/L and did not reach a threatening level. The lowest day 4 
platelet count was 90x109/L. No clinically significant change identified 

 

Neutrophils 

 
Neutrophils/Leukocytes (%) 

Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n= 142) 

30 minute 
infusion 
(n= ) 

<1600mg 
group 
(n=156 ) 

≥1600mg 
group 
(n=27 ) 

All 
N= 183 

Mean 0.06 0.75 0.11 0.8 0.2 
Median -0.05 3 0.95 1.5 1 
Range -17 to 17.7 -24 to 28 -24 to 28 -17 to 17.7 -24 to 28 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values 

# Patients High* 0 2 2 0 2 
Max value  87% 87%   
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 2 8 1 6  
Max value  87%  80%  
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Min value 23%  44%   
*Patient S0602 developed a cellulitis during IV treatment which is the likely cause 
of increase percent neutrophils.  
Comment: no notable mean or median change from baseline or emergence of 
outliers. One outlier patient developed a cellulitis which accounts for the shift to 
high PCS. The mean change from baseline of the 8 patients who had a shift from 
normal at baseline to high was 14.2%. The maximum change among these was 
28% which occurred in patient S0602 who developed cellulitis. The remaining 
patients did not have an increase of notable magnitude. Overall no clinically 
significant change in this neutrophil/leukocyte parameter.  

 

Monocytes 

Monocytes/Leukocytes (%) 

Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=142 ) 

30 minute 
infusion 
(n=41 ) 

<1600mg 
group 
(n=156 ) 

≥1600mg 
group 
(n=27 ) 

All 
N= 183 

Mean -0.14 -0.75 -0.2 -0.2 -0.2 
Median 0 0 0 0 0 
Range -10 to 6 -10 to 6 -10 to 6 -5 to 2 -10 to 6 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline. PCS values: H ≥15 

# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All infusion 
groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 2 2 2 1  
Max value 2.7  2.7 13  
Min value  13.9    
Comment: no clinically significant change identified 

 

Eosinophils 

 
Eosinophils/Leukocytes (%) 

Change from Baseline to Infusion Day # 4. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=142 ) 

30 minute 
infusion 
(n=41 ) 

<1600mg 
group (n= 
156) 

≥1600mg 
group 
(n=27 ) 

All 
N= 183 
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Mean 0.5 1.02 0.7 0.5 0.6 
Median 0.25 1 0.4 0.4  -8.5 to 7 
Range -8.5 to 7 -5 to 7 -5 to 7 -8.5 to 4 -8.5 to 7 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline*. PCS values is elevation to % ≥ 10 

# Patients High 3    3 
Max value† 11     
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
  7  5 7 
Max value 11 11  
* 7 patients are found to have PCS value for percent eosinophil at day 4 
however 4 of seven had elevations at baseline (13.6,13.9,11.9, and 9.1) Three 
patients were normal at baseline with increase of 6%,7%, and 7% respectively. 
Reference range 0 to 7%. 
† Two patients, S0111 and A1010 with maximum value of %11 EOS at shift from 
normal at baseline to high had 4 AEs, no SAE. S011 had phlebitis at infusion 
site while S1010 had “muscle spasms”, “cellulitis”, and ”contusion” 

Eosinophils/Leukocytes (%) 
Change from Baseline to Infusion Day # 8. Means and Medians 

Statistic 
15 minute  
Infusion  
(n=36 ) 

30 minute 
infusion 
(n= 39) 

<1600mg 
group 
(n=69) 

≥1600mg 
group 
(n=6 ) 

All 
N= 75 

Mean 1.4 0.9 1.03 1.8 1.1 
Median 1 1 1 1.5 1 
Range -2 to 5 -3to 11 -3 to 11 1 to 3 -3 to 11 

Outliers, relative to potentially clinically significant values from sponsor (PCS). 
Change from baseline*. PCS values is elevation to % ≥ 10 

# Patients High 1 1 2 0 2 
Max value 12 12 12   
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
  3  1 3 
Max value*† 12 12 12 
* maximum change from baseline 11%,  
† Two patients, S0649 & S1404 reached a maximum of 12% EOS, Patient 
S0649 had an increase of 11%. These two patients had 5 AEs, no SAE. Patient 
S0649 has three PTs, “anaemia”, “Gingival infection”, “infusion site irritation” 
while patient S1404 Had “blurred vision” and “arthralgia. Patient S1404 was 
greater than 65 years old and the arthralgia occurred post infusion.  
Comment: Percent EOS show subtle increase during IV interval but does not 
appear to be clinically significant. Day 8 exam of study 13103A does not show 
increase % EOS with exposure. Exam across study days shows slight increase 
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(PCS). Change from baseline. PCS value is elevation, H: >10 
# Patients High 0 0 0 0 0 
Max value      
# Patients low 0 0 0 0 0 
Min value      
Shifts from Normal to high or low at Day # 4, 15 minute infusion group, All 
infusion groups  

 Shift from baseline to 
day 4, all (n= ) 

Shift from baseline to 
day 4, 15 min infusion 
(n= ) 

 

 N to L N to H N to L N to H  
 0 0 0 0 0 
      
Comment: no signal, no clinical significance 
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1

NDA Number: 206030 Applicant: Lundbeck Stamp Date: 12/23/2013

Drug Name: (Carbella) 
carbamazepine injection

NDA/BLA Type: standard

On initial overview of the NDA/BLA application for filing:

Content Parameter Yes No NA Comment
FORMAT/ORGANIZATION/LEGIBILITY
1. Identify the general format that has been used for this 

application, e.g. electronic CTD.
Electronic, CTD format

2. On its face, is the clinical section organized in a manner to 
allow substantive review to begin?

x

3. Is the clinical section indexed (using a table of contents) 
and paginated in a manner to allow substantive review to 
begin? 

x

4. For an electronic submission, is it possible to navigate the 
application in order to allow a substantive review to begin 
(e.g., are the bookmarks adequate)?

x

5. Are all documents submitted in English or are English 
translations provided when necessary?

x

6. Is the clinical section legible so that substantive review can 
begin?

x

LABELING
7. Has the applicant submitted the design of the development 

package and draft labeling in electronic format consistent 
with current regulation, divisional, and Center policies?

x

SUMMARIES
8. Has the applicant submitted all the required discipline 

summaries (i.e., Module 2 summaries)?
x

9. Has the applicant submitted the integrated summary of 
safety (ISS)?

x

10. Has the applicant submitted the integrated summary of 
efficacy (ISE)?

x Application based on IV 
to oral form 
bioequivalence

11. Has the applicant submitted a benefit-risk analysis for the 
product?

x Section 2.5, Clinical 
Overview

12. Indicate if the Application is a 505(b)(1) or a 505(b)(2).  505(b)(2)
505(b)(2) Applications
13. If appropriate, what is the reference drug? x Tegretol® IR, 200 mg 

tablet (NDA
and Tegretol® XR, 400 
mg tablet

14. Did the applicant provide a scientific bridge demonstrating 
the relationship between the proposed product and the 
referenced product(s)/published literature?

x

15. Describe the scientific bridge (e.g., BA/BE studies) x Approximation to oral 
dose concentration-time 
curves provided in OV-
1015-MODSIM

DOSE
16. If needed, has the applicant made an appropriate attempt to 

determine the correct dosage and schedule for this product 
(i.e., appropriately designed dose-ranging studies)?

x Dose based on modeling 
and simulation in study 
15926A. The sponsor 
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Content Parameter Yes No NA Comment
Study Number: 15926A

      Study Title: “Pharmacokinetic Evaluation of 
Intravenous Carbamazepine as a Parenteral Alternative for 
Replacement in Adult and Pediatric Subjects With Epilepsy 
for Whom Continuation of Oral Administration is 
Temporarily Not Feasible”
    Sample Size:  76                                      Arms:
Location in submission: 5.3.1.2

indicates that the 70% 
conversion factor and Q6 
hour IV dosing interval 
were derived from this 
study. 

EFFICACY
17. Do there appear to be the requisite number of adequate and 

well-controlled studies in the application?

Pivotal Study #1 OV-1015
                                                        Indication: as 
replacement therapy in adults (18 years and older) with the 
following seizure types when oral carbamazepine 
administration is temporarily not feasible.

Pivotal Study #2
                                                        Indication:

x Efficacy based on PK 
data, bioequivalence of 
dose forms is proposed. 
During pre-NDA 
communications the 
sponsor was requested to 
perform further 
explorations of 
conversion factor / IV 
dose delivery 
combinations to 
determine if better 
approximation to oral 
dose concentration-time 
curves could be 
achieved. This is 
provided in OV-1015-
MODSIM 

18. Do all pivotal efficacy studies appear to be adequate and 
well-controlled within current divisional policies (or to the 
extent agreed to previously with the applicant by the 
Division) for approvability of this product based on 
proposed draft labeling?

x

19. Do the endpoints in the pivotal studies conform to previous 
Agency commitments/agreements?  Indicate if there were 
not previous Agency agreements regarding 
primary/secondary endpoints.

x The sponsor was
informed in the pre-
NDA meeting that the 
shape of the 
concentration-time curve 
may markedly differ 
between oral and 
intravenous treatment in 
those patients on b.i.d. or 
t.i.d. oral dose for which 
the label will 
recommend a transition 
to q6h. This difference 
may affect the safety and
efficacy of the product. 
Further exploration of 
this issue was 
recommended and 
subsequently performed 
by the sponsor, see 
question 29. 

20. Has the application submitted a rationale for assuming the x
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Content Parameter Yes No NA Comment
applicability of foreign data to U.S. population/practice of 
medicine in the submission?

SAFETY
21. Has the applicant presented the safety data in a manner 

consistent with Center guidelines and/or in a manner 
previously requested by the Division?

x ISS and Summary of 
Clinical Safety

22. Has the applicant submitted adequate information to assess 
the arythmogenic potential of the product (e.g., QT interval 
studies, if needed)?

Agreed at EOP2 that 
thorough QT study not 
needed

23. Has the applicant presented a safety assessment based on all 
current worldwide knowledge regarding this product?

x ISS section 8.1

24. For chronically administered drugs, have an adequate 
number of patients (based on ICH guidelines for exposure1) 
been exposed at the dose (or dose range) believed to be 
efficacious?

x Labeling for 7 day 
administration. Exposure 
also carried by reference 
drug

25. For drugs not chronically administered (intermittent or 
short course), have the requisite number of patients been 
exposed as requested by the Division?

x Study 13181A 
completed to fulfill 
division request for 
additional exposure and 
more rapid infusion rate

26. Has the applicant submitted the coding dictionary2 used for 
mapping investigator verbatim terms to preferred terms?

x AEs were coded using 
MedDRA version 15.1 in 
the combined OV-1015 
& 13181A database

27. Has the applicant adequately evaluated the safety issues that 
are known to occur with the drugs in the class to which the 
new drug belongs?

x

28. Have narrative summaries been submitted for all deaths and 
adverse dropouts (and serious adverse events if requested 
by the Division)?

x ISS Appendix 3

OTHER STUDIES
29. Has the applicant submitted all special studies/data 

requested by the Division during pre-submission 
discussions?

x In comments of 10/29/12 
the division advised to 
investigating different 
combinations of 
treatment parameters 
(e.g., infusion duration, 
proportion of daily oral 
dose to be administered 
intravenously, infusion 
interval duration, use of 
a loading dose, etc.) via 
pharmacokinetic 

                                                
1 For chronically administered drugs, the ICH guidelines recommend 1500 patients overall, 300-600 
patients for six months, and 100 patients for one year. These exposures MUST occur at the dose or dose 
range believed to be efficacious.
2 The “coding dictionary” consists of a list of all investigator verbatim terms and the preferred terms to 
which they were mapped. It is most helpful if this comes in as a SAS transport file so that it can be sorted 
as needed; however, if it is submitted as a PDF document, it should be submitted in both directions 
(verbatim -> preferred and preferred -> verbatim).
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Content Parameter Yes No NA Comment
simulations may identify 
an intravenous treatment 
regimen that more 
closely approximates the 
oral pharmacokinetics.

30. For Rx-to-OTC switch and direct-to-OTC applications, are 
the necessary consumer behavioral studies included (e.g., 
label comprehension, self selection and/or actual use)?

x

PEDIATRIC USE
31. Has the applicant submitted the pediatric assessment, or 

provided documentation for a waiver and/or deferral?
x Orphan drug designation 

was granted on 27 June 
2013. The sponsor is 
exempt from the 
pediatric assessment
outlined in 21 CFR 
314.55(d).

ABUSE LIABILITY
32. If relevant, has the applicant submitted information to 

assess the abuse liability of the product?
x Sponsor states adds brief 

discussion to ISS section 
14 indicating: “No 
evidence of abuse 
potential has been 
associated with 
carbamazepine, nor is 
there evidence of
psychological or 
physical dependence in 
humans according to the 
approved Tegretol® 
label.[28]
No further assessments 
were conducted in the 
clinical studies.” ISS 
page 123

FOREIGN STUDIES
33. Has the applicant submitted a rationale for assuming the 

applicability of foreign data in the submission to the U.S. 
population?

All sites were in  the 
United States

DATASETS
34. Has the applicant submitted datasets in a format to allow 

reasonable review of the patient data? 
x

35. Has the applicant submitted datasets in the format agreed to 
previously by the Division?

x

36. Are all datasets for pivotal efficacy studies available and 
complete for all indications requested?

x

37. Are all datasets to support the critical safety analyses 
available and complete?

x

38. For the major derived or composite endpoints, are all of the 
raw data needed to derive these endpoints included? 

x The sponsor is seeking 
approval through 
demonstration of PK 
bioequivalence in this 
submission. There is no 
clinical endpoint for  
efficacy conclusions
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Content Parameter Yes No NA Comment
CASE REPORT FORMS
39. Has the applicant submitted all required Case Report Forms 

in a legible format (deaths, serious adverse events, and 
adverse dropouts)?

x

40. Has the applicant submitted all additional Case Report 
Forms (beyond deaths, serious adverse events, and adverse 
drop-outs) as previously requested by the Division?

x

FINANCIAL DISCLOSURE
41. Has the applicant submitted the required Financial 

Disclosure information?
x No, Only primary 

investigators for efficacy 
study OV-1015 have 
signed form 3453 
(Financial interest 
certification). 

GOOD CLINICAL PRACTICE
42. Is there a statement of Good Clinical Practice; that all 

clinical studies were conducted under the supervision of an 
IRB and with adequate informed consent procedures?

x Studies 1015 and 
13181A indicate in the 
study report body that 
they were conducted in 
compliance with the 
principles  of Good 
Clinical Practice

IS THE CLINICAL SECTION OF THE APPLICATION FILEABLE? ___YES_____

If the Application is not fileable from the clinical perspective, state the reasons and provide 
comments to be sent to the Applicant.

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter.

Financial disclosure form 3454 is incomplete with only principal investigators included in the 
listing. Financial disclosure certification for all personnel at each study site who meet the 
definition of "clinical investigator" as defined in “The Guidance for Clinical Investigators,
Industry and FDA staff, Financial Disclosure by Clinical Investigators” will be required. 

Reviewing Medical Officer Date

Clinical Team Leader Date
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