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Recommendation
I concur with Drs. Khan and Chang that NDA 208791 lacks adequate nonclinical data to
permit an approval recommendation, and therefore, from the nonclinical pharmacology
toxicology perspective, a complete response is recommended. However, we recognize
that clinical data exists that may support an overall approval recommendation at the
discretion of the clinical review team. I also concur with the proposed drug product
labeling and post-marketing requirements proposed by Drs. Khan and Chang, should
the product be approved.

Basis of Recommendation
As noted in Dr. Khan’s review, the Applicant submitted adequate justification for the
safety of the proposed drug substance and drug product specifications and the
container closure system for this 505(b)(2) application that relies, in part, on the safety
and efficacy of Nesacaine (NDA 9435). The Applicant also submitted single-dose and
7-day repeat-dose intrathecal toxicology studies in the rat and dog models to support
the novel route of administration. The adequacy of these studies is a key aspect of this
NDA and is the primary topic of this secondary review.
In discussions prior to the submission of this application, the Division recommended
that, in accordance with ICH M3(R2), to support marketing authorization 28-day repeatdose toxicology studies should be completed in two species to characterize the
toxicological potential of the drug product. The Applicant has indicated that following
discussion with various experts in the field, the only manner in which repeat-dose
studies could be completed via this route is to insert an indwelling cannula to permit
repeated administration of the drug to the intrathecal space. We concur that this is the
most viable method to accomplish this task. The laboratory completing the rat study did
not have tremendous success maintaining catheter patency, as patency began to
diminish after several days into the repeat-dose study. As such, at least in the hands of
the laboratory personnel conducting the existing studies, a 28-day study in the rat model
does not seem to be possible. There did not appear to be similar patency challenges in
the repeat-dose dog study. This is not surprising as reduced patency is generally due
to the local tissue response to implanted cannula material. In general, increased local
trauma from insertion procedures increases the likelihood that the local tissue reaction
will occur and which can occlude the cannula. As there is more intrathecal space in the
dog to permit insertion of a cannula, the local tissue impact is reduced and therefore
there is reduced chance for loss of patency. Obviously, the skill and the experience of
2
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the surgeon implanting the cannula contribute to the success rate of this very
challenging procedure.
Regardless of the study duration, as per ICH M3(R2), the goals of the toxicology studies
are to provide “a characterization of toxic effects with respect to target organs, dose
dependence, relationship to exposure, and, when appropriate, potential reversibility.
This information is used to estimate an initial safe starting dose and dose range for the
human trials and to identify parameters for clinical monitoring for potential adverse
effects. The nonclinical safety studies, although usually limited at the beginning of
clinical development, should be adequate to characterize potential adverse effects that
might occur under the conditions of the clinical trial to be supported.” Further, ICH
M3(R2) states “Because of the size of the population at risk and the relatively less
controlled conditions in clinical practice in contrast to clinical trials, longer durations of
nonclinical testing can be valuable.” The guidance states that the recommended
duration of repeat-dose toxicology studies to support marketing of a drug product
indicated for treatment of up to 2 weeks is 1 month. The duration of the studies
recommended is intended to provide a greater characterization of the potential adverse
effects of the drug product. For a single-dose drug product, studies of less than 28days duration could still be deemed acceptable if they adequately characterize the
toxicological potential of the drug product.
ICH M3(R2) also provides clear recommendations with respect to the high dose
selection in general toxicology studies. Specifically, “Generally, in toxicology studies,
effects that are potentially clinically relevant can be adequately characterized using
doses up to the maximum tolerated dose (MTD).” However, “It is not essential to
demonstrate the MTD in every study.” Other appropriate limiting doses include
sufficiently large exposure multiples, saturation of exposure, maximum feasible dose
(MFD), or limit doses (1000 mg/kg/day in most cases).
Upon review of the single-dose and 7-day toxicology studies, Drs. Khan and Chang
have concluded that the existing rat data do meet the minimal requirements for an
appropriate high dose selection or duration of treatment. Specifically, although
transient, the 2% chloroprocaine dose administered to the rat did result in respiratory
impairment leading to the early death of one animal. Although this concentration of
chloroprocaine cannot be administered in the clinical setting via this drug product, the
greater concentration of the drug in the CSF fluid does mimic to some extent a higher
dose of a 1% solution that could occur in the clinical setting. As such, repeating the rat
study in order to dose higher would not likely result in any greater understanding of the
toxicological effects of the drug. Given the challenges of the rat model with respect to
maintaining patency, and the apparent dose-limiting effects observed, I agree that no
3
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further rat studies are warranted. However, the dog studies did not identify any adverse
effects of the drug other than transient hind-limb immobility, an expected
pharmacological effect of the drug. This is not a dose limiting toxicity and there is no
adequate reason why higher doses or longer durations cannot be tested. I concur with
Drs. Khan and Chang that the dog study is technically not adequate to address the
toxicological potential of the drug product and that an adequate study should be
completed to support an approval recommendation from the nonclinical perspective.
Under the usual circumstances where the nonclinical studies are conducted to support
the safety of the proposed clinical trials, this nonclinical development plan would be
deemed inadequate and should not be considered representative of an appropriate
model for an intrathecal drug development program. However, the clinical studies for
this drug product were completed outside of the U.S. and therefore not supported by an
active IND permitted to proceed by the U.S. FDA. As such, in this unusual situation, the
nonclinical and clinical data were submitted simultaneously to support this NDA
application. The existing nonclinical rat studies do define a NOAEL that largely
supports the conclusion that the drug product solution, when administered as labeled, is
not likely to result in adverse histopathological changes in the spinal cord. The dog
study, although limited, provides supportive data as well. They do not, however,
adequately characterize the adverse effects that could occur under the relatively less
controlled conditions of clinical practice, if the drug is approved. As this drug product is
only formulated in a single concentration (1%) solution, the most likely chance for
dosing beyond the labeled dose of 50 mg/day would be if a practitioner would dose a
larger volume of 1% solution in order to deliver greater than 50 mg dose to potentially
improve the efficacy or possibly in an attempt to provide longer duration of anesthesia.
The toxicology studies, to some extent, push the dose delivered by testing a 2%
solution, but, as designed, the dog study does not fully characterize the safety of the
proposed clinical dose, when the relative volumes of CSF across species, are taken into
consideration. As such, if the drug product is approved based on the human safety
data, given the fact that it is not possible to dose a higher concentration of this drug
product in the clinical setting, the Applicant could repeat the dog intrathecal toxicology
study as a post-marketing requirement. If the clinical experience is not deemed
adequate to fully anticipate the potential adverse effects of the drug product once
approved for use in clinical practice, this study should be completed to support
approval.
The short-acting nature of this drug product does offer potential advantage for short
duration pediatric procedures, particularly if there is desire to employ a short-acting
regional blockade in lieu of a general anesthetic. However, adequate juvenile animal
studies are recommended prior to studies in children under the age of 3 years to fully
4
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characterize the potential of the drug to produce neuronal/oligodendrocyte apoptosis
with long-term consequences. As such, I also concur with Drs. Khan and Chang that
the juvenile animal study should be completed as a post-marketing requirement as
agreed upon in the Pediatric Study Plan (PSP).
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1.1

Introduction
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NDA 208791 was submitted to seek marketing approval for chloroprocaine (CP) HCl as
an intrathecal injection in adults for the production of subarachnoid block (spinal
anesthesia). The NDA was submitted as a 505(b)(2) application relying on the
Agency’s previous finding of safety and efficacy of the listed drug Nesacaine (NDA
9435), which was originally approved in the U.S. in 1955. The approved products under
the referenced NDA, Nesacaine (1% and 2%) and Nesacaine®-MPF (2% and 3%
‘methyl-paraben-free’), are indicated for use as a local anesthetic (LA) for infiltration,
nerve block and epidural block but not for spinal (e.g., subarachnoid, intrathecal)
anesthesia. Although it is not approved in the U.S. for intrathecal (IT) injection, the
preservative-free form of the injectable preparation has apparently been used off-label
for spinal anesthesia since the early 1950s according to published observations (Foldes
& Mc, 1952; Hejtmanek & Pollock, 2011; Yoos & Kopacz, 2005).
Prior to submitting the NDA, the Division informed the Applicant that the NDA should
include 28-day repeat-dose toxicological studies in both a rodent and non-rodent
species using the clinical route of administration in accordance with ICH M3(R2), though
a shorter duration may be justified if the toxicological potential of the product was
adequately demonstrated. However, in their NDA application, the Applicant submitted
single-dose IT toxicity studies with 14-day observation periods, and 7-day repeat-dose
studies with 14-day observation periods in both rat and dog species. The Applicant
provided explanations for not complying with the ICH M3(R2) guidance with scientific
justification suggesting longer term studies were not feasible based on nonclinical
studies published by experts in this field and the safety data in humans (with respect to
off-label use in humans and the Applicant’s own post-marketing safety reports of their
product that has been approved in Europe). The above references to scientific (expert)
comments with respect to limitations of indwelling IT catheters in rats and dogs were
taken into consideration during the review of the studies. Notably, the Applicant did not
explicitly justify the limited duration of their conducted studies or the selection of the top
dose tested in the studies which were intended to demonstrate the toxicological
potential of their product as we had advised (refer to Pre-IND meeting minutes dated
1/17/2014). As such, they do not appear to have characterized the toxicological
potential of the drug product solution.

1.2

Brief Discussion of Nonclinical Findings

In rats, both the single- and 7-day repeat-dose studies did not identify any serious
adverse reactions including any histopathological changes in the spinal tissues to
intrathecally-administered 1% or 2% CP. All treated rats exhibited the pharmacological
response of rear-limb immobility and slower respiratory rate. In the 7-day repeat-dose
study one female rat receiving the 40 mcL of 2% CP (1.6X the MRHD based on
estimated steady state CSF concentration) died on Day 2 from respiratory depression.
No deaths were observed in the 2% CP group once the dose was reduced to 30 mcL of
2% CP (1.2X the MRHD based on estimated steady state CSF concentration), which
suggests that the larger dose volume contributed to toxic CP exposures into the
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supraspinal area. The latter dose was considered a NOAEL. To facilitate daily
intrathecal administration to both the rats and dogs in the repeat-dose studies, indwelling catheters were placed in the animals. However, the patency of the catheters
was an issue with the rats. More than 80% of the males and approximately 50% of the
female rats had blocked catheters by Day 7 of treatment. A review of the published
literature did not identify any studies where repeat-dose daily IT administration was
performed in rats for 28 days, but studies are present where daily IT administration has
been performed for 14 days in rats (Svensson, Alari, & Post, 1992). At the same time
the prevailing data does not definitively demonstrate that such studies for 28 days
cannot successfully be performed. In fact, there is clear evidence from both studies
submitted to FDA and available in the published literature where drugs have been
continuously infused through an IT catheter into the rat intrathecal space for greater
than 14 days. In light of the mortality that occurred at the highest dose tested, the 7-day
rat study technically did characterize the toxicological potential of the drug and
therefore, the study is considered acceptable despite having less than 28-day duration
per ICH M3(R2).
In dogs, the Applicant also performed a single-dose study and a separate 7-day repeatdose IT toxicity study. In these studies, no significant toxic effects were observed with
repeated IT administration of CP at up to 500 mcL of 2% CP, which was the highest
dose tested. Dose-dependent pharmacological effects (e.g., hind-limb immobility) were
observed in treated dogs across the doses tested, but the doses were considered welltolerated as the findings lasted only 15-25 minutes. No toxicologically-significant
histopathological changes were observed at the injection sites and in the spinal neural
regions examined in dogs and there were no issues with catheter patency for the
duration of the 7-day daily treatments. Therefore, the NOAEL of the study is the highdose of 2% chloroprocaine. Of note, although the concentrations tested matched (1%)
and exceeded (2%) that of the clinical concentration, the highest dose tested was not
sufficient to provide clinical coverage for the MRHD from a local safety perspective
based on a comparison of the estimated steady state CSF drug concentrations between
dog and human. Given that there were no patency issues and no signs of overt toxicity
in the study, the study did not adequately characterize the toxicological profile of the
drug. Therefore, the submitted 7-day IT dog study is not considered adequate to
support the safety of the drug product and to support approval of this NDA.
Drug substance impurities and drug product degradants are either within specifications
limits according to ICH Q3A(R2) and Q3B(R2) guidances, respectively, or they have
been adequately qualified for safety per these guidances.
Although an extractables/leachables evaluation was not required for this product since
the container closure system is a scored Type 1 glass vial, the Applicant has conducted
an extractables evaluation on the manufacturing equipment. The extraction study
identified several compounds at very low levels and submitted an adequate toxicological
risk assessment to justify the safety of the compounds at the levels detected.
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Recommendations

1.3.1

Approvability

From a nonclinical perspective, the NDA is not supported by adequate nonclinical data
and therefore we cannot recommend approval. Specifically, the Applicant submitted a
7-day IT dog study that did not adequately characterize the toxicological potential of the
product. Note that we informed the Applicant in Pre-IND meeting minutes dated
1/17/2014 and in the filing letter dated 11/8/2016 that 28-day repeat-dose intrathecal
toxicity studies in two species would be needed with the NDA in accordance with ICH
M3(R2). We also noted that shorter duration studies might be acceptable if the study
adequately characterized the toxicological potential of their product; however, if the 7day toxicity studies did not adequately characterize the toxicological potential of their
product, additional studies may be warranted. The submitted 7-day intrathecal dog
study did not show any overt signs of toxicity and therefore did not adequately
characterize the toxicological profile of their product. Moreover, the highest dose
administered in the dog study was not sufficiently high to provide clinical coverage for
the estimated local steady state drug concentrations that could be achieved with the
maximum recommended human dose of 50 mg based on lumbar CSF volume
differences between dog and human. There were also no apparent technical issues
with drug administration in the 7-day dog study that would preclude dosing for greater
duration. Therefore, it is the view of this reviewer that a 28-day IT toxicity study with
higher dosing in the dog is warranted.
Since there appears to be adequate clinical data to support the safety of the product at
the proposed MRHD, we will allow the new GLP repeat-dose intrathecal dog study to be
submitted as a post-marketing requirement.

Deficiencies:
1. You have not submitted an adequate toxicological assessment in dog to support
the safety of your product. We noted in Pre-IND meeting minutes dated
1/17/2014 and in the filing letter dated 11/8/2016 that 28-day repeat-dose
intrathecal toxicity studies in two species would be needed with your NDA in
accordance with the ICH guidance for industry: M3(R2) Nonclinical Safety
Studies for the Conduct of Human Clinical Trials and Marketing Authorization for
Pharmaceuticals, available at:
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation
/Guidances/UCM073246.pdf. We also noted that shorter duration studies might
be acceptable if they adequately characterized the toxicological potential of your
product. However, if your 7-day toxicity studies did not adequately characterize
the toxicological potential of your product, additional studies may be warranted.
There were apparently no issues with drug administration in the 7-day dog study
that would preclude dosing for greater duration. The 7-day intrathecal dog study
you submitted did not show any overt signs of toxicity and therefore did not
adequately characterize the toxicological profile of your product. Note that the
highest dose administered in the dog study was not sufficiently high to provide
5
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clinical coverage for the estimated local steady state drug concentrations that
could be achieved with the maximum recommended human dose of 50 mg
based on lumbar CSF volume differences between dog and human.
Information Needed to Resolve Deficiencies:
1. Submit a 28-day repeat-dose intrathecal toxicity study in a non-rodent species in
accordance with ICH M3(R2). The design of the study should reproduce as
closely as possible the intended clinical dosing regimen, taking into consideration
the drug concentration, the volume to be administered, and the rate of infusion.
In addition to establishing a NOAEL, the goal of the study is to characterize the
toxicological profile of your product to evaluate the potential toxicity that could
occur in the event that higher doses are administered to patients than
recommended. To this end, we recommend pushing the dose in animals by
administering larger volumes to mimic a scenario where a patient might receive
greater than 5 mL of your product. Additionally, it would be ideal for the study
design to include groups that meet and exceed the dose and concentration levels
intended for human study in order to establish potential margins for safety. CSF
evaluations should include cultures, cytology and total protein analysis.
Histopathology of the spinal cord should be carefully evaluated in the vicinity of
the catheter tip and all locally exposed tissue, including spinal levels both rostral
and caudal to the level of the catheter tip. Specialized staining should also be
employed to fully characterize the potential toxicity of the infused drug product to
neurons, neuroglia, and myelin.
As your drug product is centrally active, your general toxicology studies should
include evaluation of at least seven brain slices rather than the standard three
slices. We refer you to the following recent publications that discuss the rationale
behind increasing the number of brain slices in standard toxicology studies. If
you elect to evaluate alternative slices based on the predicted sensitivity of the
specific tissues examined to your drug product, your IND should include
justification for the slices selected.

1.3.2

•

Bolon,B., Garman,R.H., Pardo,I.D., Jensen,K., Sills,R.C., Roulois,A.,
Radovsky,A., Bradley,A., Andrews-Jones,L., Butt,M., and Gumprecht,L.
(2013). STP position paper: Recommended practices for sampling and
processing the nervous system (brain, spinal cord, nerve, and eye) during
nonclinical general toxicity studies. Toxicol Pathol. 41, 1028-1048.

•

Rao,D.B., Little,P.B., Malarkey,D.E., Herbert,R.A., and Sills,R.C. (2011).
Histopathological evaluation of the nervous system in National Toxicology
Program rodent studies: a modified approach. Toxicol. Pathol. 39, 463470.

Additional Non Clinical Recommendations
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(b) (4)

No studies in animals to evaluate
the impairment of fertility have
been conducted with
chloroprocaine.

2

Drug Information

2.1

Drug

Impairment of Fertility should
have its own subheading.

CAS Registry Number: Chloroprocaine 133-16-4; Chloroprocaine HCl 3858-89-7
Generic Name: Chloroprocaine
Code Name: N/A
Chemical Name: 2-(Diethylamino)ethyl 4-amino-2-chlorobenzoate mono
hydrochloride
Molecular Formula/Molecular Weight: C13H19ClN2O2 HCl / 307.22
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Comments on Impurities/Degradants of Concern

The maximum recommended dose of this drug product is 50 mg/day, which will be used
to establish the qualification thresholds for drug substance and drug product
specifications.
Drug substance (DS)
The impurities identified and characterized in the drug substance are the following:

(b) (4)

The following table summarizes the Applicant’s proposed specifications for impurities
(b) (4)
in the drug substance as well as the batch analyses for the
impurities and solvents:
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(b) (4)

(b) (4)

(b) (4)

The PDE was calculated to be
mg/day for
, which is
fold
(b) (4)
higher than the potential daily intake of
mcg/day based on the level detected in the
extraction study.

2.6

Proposed Clinical Population and Dosing Regimen

At this point in time, the drug product solution is only indicated for use in adult patients
(b) (4)
The
recommended dose will be 50 mg via the intrathecal route of administration in order to
obtain efficacy (see medical officer review).

2.7

Regulatory Background

Chloroprocaine (CP) has been approved in U.S. as a local anesthetic (LA) since the
early 1950s. The approved products Nesacaine (1% and 2%) and Nesacaine®-MPF
(2% and 3% ‘methyl-paraben-free’) are indicated for use as an LA for infiltration, nerve
block and epidural block but not for spinal (subarachnoid, intrathecal) anesthesia.
Although it is not approved in the U.S. for spinal injection, the preservative free form of
the injectable preparation has apparently been used off-label for spinal anesthesia since
the 1950s based on published literature. In addition, CP 1% has been approved for
intrathecal injection in Europe since 2012. The Applicant is seeking the U.S. marketing
approval of chloroprocaine HCl for intrathecal injection with an indication for spinal
anesthesia. The Applicant had a Pre-IND meeting (Pre-IND 119674) with the Division
on 12/17/2013.

3

Studies Submitted

3.1

Studies Reviewed
Study Title

Single-Dose toxicology
Chloroprocaine HCl: Single Dose Intrathecal Toxicity Study in the
Beagle Dog Followed by a 2-Week Observation Period
Chloroprocaine HCl: Single Dose Intrathecal Toxicity Study in the
Sprague Dawley Rat Followed by a 2-Week Observation Period
Repeat-Dose Toxicology
Chloroprocaine HCl: 7-Day Repeated Intrathecal Toxicity Study in the
Beagle Dog Followed by a 2-Week Observation Period
Chloroprocaine HCl: 7-Day Intrathecal Toxicity Study in the Sprague
Dawley Rat Followed by a 2-Week Observation Period
Genetic Toxicology
Salmonella typhimurium Reverse Mutation Assay with Cloroprocaina
Idrocloruro (Chloroprocaine Hydrochloride)
In Vitro Chromosome Aberration Test In Chinese Hamster V79 Cells
With Chloroprocaine Hydrochloride
ACBA (4-amino-2-chlorobenzoic acid): Salmonella typhimurium
23
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Reverse Mutation Assay
ACBA (4-amino-2-chlorobenzoic Acid): In vitro Chromosome
Aberration Test in Chinese Hamster V79 Cells

3.2

1640402

Studies Not Reviewed

None

3.3

Previous Reviews Referenced

None

4

Pharmacology

No new pharmacology studies were submitted with this NDA or required for this
505(b)(2) application. According to the referenced product labeling:
Chloroprocaine, like other local anesthetics, blocks the generation and the
conduction of nerve impulses, presumably by increasing the threshold for
electrical excitation in the nerve, by slowing the propagation of the nerve
impulse and by reducing the rate of rise of the action potential. In general,
the progression of anesthesia is related to the diameter, myelination and
conduction velocity of affected nerve fibers. Clinically, the order of loss of
nerve function is as follows: (1) pain, (2) temperature, (3) touch, (4)
proprioception, and (5) skeletal muscle tone.

5

Pharmacokinetics/ADME/Toxicokinetics

No new nonclinical PK/ADME/TK studies were submitted with this NDA or required for
this 505(b)(2) application.
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Methods
Doses: 40 mcL/animal of each of the chloroprocaine solutions including
the degradants or the vehicle (0.9% NaCl) (also see Table 6.3
below).
Frequency of dosing: Single dose
Route of Intrathecal
administration:
Dose volume: 40 mcL/animal
Formulation/Vehicle: 0.9% NaCl
Species/Strain: Sprague-Dawley rats
Number/Sex/Group: 6/sex/group

Age: App. 6 weeks old at initiation of dosing
Weight: Males: 198-219 grams; females: 204-241 grams the day of
dosing.
Satellite groups: N/A
Unique study design: Under anesthesia (an aqueous mixture of ketamine, xylazine
and acepromazine, subcutaneously administered), the rats
were surgically prepared for intrathecal administration.
Deviation from study No deviations reported
protocol:
Surgical Procedure and Dose Administration
Under anesthesia (an aqueous mixture of ketamine, xylazine and acepromazine,
subcutaneously administered), the rats were surgically prepared for intrathecal
administration.
The surgical procedure and drug administration included the following:
A 1.0 cm midline incision starting from T13 was made and the lumbar muscles exposed.
Then, the invertebral membrane between T13 and L1 was exposed. Drug
administration was performed using a 32 G needle attached to a 0.5 mL syringe. A
small drop of tissue adhesive was applied around the puncture hole and the skin
incision was closed with sutures. Surgical procedure was performed by a consultant,
trained to GLP and safety procedures.

26
Reference ID: 4132801

NDA 208791

Reviewer: Imran M. Khan, PhD

Observations and Results
Mortality
Animals were observed for signs of morbidity/survival at least 2X daily during treatment
period.
One male rat was found dead on Day 1 after IT treatment with 1% CP. The animal did
not show any treatment-related signs except that its health condition was recorded as
‘fairly good’ rather than good. However, the rat received an additional induction
anesthetic dose (lower than the first one) as first dose did not induce adequate
anesthesia. No abnormal histopathology was observed; however, the cauda equina of
this animal was not collected. Based on the circumstances it is not clear if the death of
this animal was treatment related. It can be pointed out that some animals in the
repeat-dose studies showed apnea following treatment with 1% CP. No other animals
died.
Clinical Signs
Animals were observed for clinical signs at least 2X daily during treatment period.
Respiratory depression was observed (approximately 2 minutes after IT administration)
of the drug in animals treated with 1% CP and 2% CP as well as the 1% CP+Deg
groups, but not in the vehicle-treated animals. No other clinical signs were noted in any
of the groups.
Body Weights
Body weight was measured once a week.
No treatment-related effect on BW was observed.
Food Consumption
NA
Ophthalmoscopy
NA
ECG
NA
Hematology
Blood was collected from isoflurane anesthetized animals via retroorbital sinus plexus
on Day 2 and Day 15 (from separate groups of 3 animals/sex/group).
On Day 2, increases in RBC, Hbg and HCT values were observed only in males given
2% CP. This was associated with inter-animal variability in the values. In the females
slight decrease in white blood cell count was observed. The decreases seem to be
related to associated decreases in both neutrophils and lymphocytes in 1% CP-treated
group. On Day 15, a decrease in platelet count, with similar high inter-animal variability,
was seen in females given 2% CP. A slight decrease in neutrophils count was also
observed in this group of animals. No other remarkable changes were observed in any
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of the treatment groups. Overall, these changes in blood cell counts do not appear to
be of toxicological significance (lack of dose-response and no associated
histopathological observations were noted).
Clinical Chemistry
Blood was collected from isoflurane anesthetized animals via retroorbital sinus plexus
on Day 2 and Day 15 (from separate groups of 3 animals/sex/group).
In males of 2% CP, minimal increases in total protein, globulin and calcium were
observed on Day 2.
On Day 15 a minimal to moderate increase in triglycerides was observed in males given
1% CP+Deg and in both sexes of the 2% CP-treated group. An increased total
cholesterol and glucose were observed in males and females in the
2% CP-treated group (again with high inter-animal variability). Overall, these changes
in blood cell counts do not appear to be of toxicological significance (lack of doseresponse and no associated histopathological observations were noted).
Urinalysis
Not determined
Gross Pathology
Tissues were collected from animals (fasting overnight) scheduled to be sacrificed on
Day 2 and Day 15 following sodium thiopental IP anesthesia and exsanguination from
abdominal aorta except for the animal found dead on Day 1 (1% CP) which was noted
to be in fairly good condition rather than in good conditions as was noted for all other
treated animals.
No treatment-related changes were observed on Day 2 or Day 15.
The following organs/tissues from all animals surviving to scheduled sacrifices were
collected and examined histologically.
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Organ Weights
Not done
Histopathology
For each portion of the spinal cord (i.e., in the vicinity of the site of injection, rostral and
caudal to the injection site), histological slides were stained with Cresyl violet (in order
to assess the potential toxicity on neurons) and with Luxol Fast Blue (in order to assess
the potential toxicity on myelin from central nervous system) and qualitatively evaluated
at light microscopy level. Samples of cauda equina from all animals sacrificed at
scheduled time were fixed in Karnovsky’s fluid, post-fixed in OsO4 solution and
embedded in epon-araldite after appropriate dehydration. Transversal semi-thin
sections were stained with toluidine blue (in order to assess the potential toxicity on
myelin from peripheral nerves) and qualitatively evaluated at light microscopy.
Adequate Battery: Yes
Peer Review: Yes
Histological Findings
No treatment-related changes were observed in male No 9759 found dead on Day 1,
after receiving intrathecal 1% CP+Deg. No treatment-related changes were observed at
the level of the injection site, (represented by the lumbar spinal cord sampled in the
vicinity of the injection site and rostrally and caudally to it and locally exposed tissue)
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No treatment related effects were observed in any groups. There was a slight increase
in WBC in both control and treated dogs and that could be correlated with the
inflammation observed at the catheter placement site in the animals. NOAEL appears
to be 40 mcL of 2% chloroprocaine HCl. No MTD was achieved in the study.
Methods
Doses: 500 mcL/animal of each of the chloroprocaine
solutions including the degradants or the vehicle
(0.9% NaCl) (also see Table 6.3 below).
Frequency of dosing: Single dose
Route of administration: Intrathecal
Dose volume: 500 mcL/animal
Formulation/Vehicle: 0.9% NaCl
Species/Strain: Harland (n=4) and Marshall (n=12) Beagle dogs
Number/Sex/Group: 2/sex/group with 1/sex/group sacrificed on 24 h
and 15 days after dosing
Age: Males: 11-56 months
Females: 18-57 months
Weight: Males: 9.25-12.08 kg (at pre-test)
Females: 7.45-10.21 kg (at pre-test)
Satellite groups: NA
Unique study design: None
Deviation from study protocol: No significant deviation from the study protocol
was noted.
Observations and Results
Mortality
Animals were observed for death and clinical signs (CS) once a day during the pre-test
and observation period; and twice a day on the day of treatment.
No mortality was observed in any group.
Clinical Signs
No clinical signs were noted on the day of treated, on Day 2 or during the two week
observation period.
Body Weights
Pretest, on the day of treatment, and weekly during recovery.
No toxicologically meaningful changes in body weight were recorded during the study.
Food Consumption
Daily, qualitative, by visual inspection.
Reduced food intake was observed in few male and female dogs in the treated groups;
however, it was evident only sporadically (on few occasions) during the recovery period.
No corresponding changes in body weight (measured weekly) were noted in these
animals.
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Ophthalmoscopy
NA
ECG
NA
Hematology
Increases in white blood cells along with increases neutrophils and monocytes, were
observed in most of treated and control animals on Day 2 as compared to pre-treatment
levels. This was reversed by Day 15. The inflammation observed in the catheter
placement area which could be due to the technique used for compound administration
most probably resulted in increased WBC and neutrophil counts in these animals.
On Day 15, a minimal decrease in platelet count was seen in Animal No. 3410 that
received degradants; however, the toxicological implication of this remains unknown as
it was only in a single treated animal.
Clinical Chemistry
Increases in GGT, AST, ALP, and AP were observed in both treated and control
animals on Day 2 as compared to pre-treatment levels. Although the cause is unknown,
it does not appear to be treatment related (as also observed in control animals). An
increase in TG was also observed on Day 2 in both treated and control animals. All the
above parameters achieved pre-treatment values after 15 days.
Urinalysis
NA
Gross Pathology
Overnight fasted animals 24 hours and 2 weeks after treatment (1 sex/group) were
euthanized using sodium thiopental followed by exsanguination via the femoral artery.
The following organs/tissues from all animals surviving to scheduled sacrifices were
collected and histologically examined.
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Good general condition was noted in all the animals, except for female No. 3063 which
was noted as fairly good general condition. This animal showed multifocal grayish
colored areas in the mid- and right lobes of the lungs. Other than this no other
remarkable observations were made. Changes noted in the lungs and in the general
condition of female No. 3063 were considered related to a spontaneous pathology.
No macroscopic changes were observed on Day 15 except for slightly swollen injection
site (areas corresponding to L7-S1) which could be due to a consequence of the
injection procedure.
Organ Weights
NA
Histopathology
Adequate Battery: Yes
Peer Review: Yes
Histological Findings:
Histological sections of all selected tissues (see 7.6.2) were trimmed, embedded in
paraffin, sectioned, and stained with hematoxylin and erythrosine and qualitatively
evaluated at light microscopy. Residual tissues were preserved in fixative.
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Spinal cord and peripheral nerves from cauda equina were also subjected to specialized
staining to fully characterize the potential toxicity of the test items on neurons, myelin
and neuroglia as follows:
Histological CNS Evaluation
For each portion of the spinal cord (L4, in the vicinity of the site of injection, rostral and
caudal to the injection site) histological slides were stained with Cresyl violet (in order to
assess the potential toxicity on neurons) and with Luxol Fast Blue (in order to assess
the potential toxicity on myelin from central nervous system) and qualitatively evaluated
at light microscopy.
Histological PNS Evaluation
Samples of cauda equina were fixed in Karnovsky’s fluid, post-fixed in OsO4 solution
and embedded in epon-araldite after appropriate dehydration. Transversal semithin
sections were stained with toluidine blue (in order to assess the potential toxicity on
myelin from peripheral nerves) and qualitatively evaluated at light microscopy.
Except for histopathological observations in certain tissues (listed below), which were
either related to the methods for IT drug administration or age-related background, no
treatment related effects were observed. No toxicologically meaningful changes were
noted at the vicinity of the spinal catheter tip insertion point, at the level of the spinal
cord and rostral or caudal to the tip. In addition, no changes were observed for the
neurons, myelin, and neuroglia of the spinal cord as well as the myelin for cauda
equina.
Spinal Cord: Minimal granulocytic infiltration was observed at the site of catheter
misplacement in the dorsolateral white matter of the spinal cord in one degradant
receiving female dog.
Sciatic Nerve: Focal to multifocal occurrences of Renaut bodies were noted in the
sciatic nerves of 1% CP treated animals. This was observed unilaterally in most
animals (except one) and nerve bundles that were greater than 1000 mcm appeared to
be affected only. It also happened only in the Marshall dogs and not in the Harlan dogs.
The fact that these Renaut bodies appear unilaterally in most case, that it occurred in
one strain only and that the lesions seemed to be older lesions, the probability of a toxic
injury by the test item on sciatic nerve seems very unlikely.
Liver: Intra-cytoplasmic hyaline inclusions, brown pigment and some inflammatory foci
were noted in all animals including the control animals indicating that it was not
treatment-related.
Kidney: Lipofuscin like renal tubular pigment was observed in some treated as well as
control animals.
Special Evaluation
CSF (0.5 mL) was collected from cisterna magna using a sterile syringe anesthesia on
Day 2 and Day 15 from Dormitor IP-induced anesthesia in dogs. CSF evaluated
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•

One F died on Day 2 after dosing with 2% CP and the dose in the 2% CP group was
reduced to 30 mcL/animal from Day 3. No other deaths occurred during the
treatment period. The maximum tolerated dose (MTD) appears to 30 mcL of 2% in
female rats and 40 mcL in male rats.

•

Dyspnea was also observed in all treated rats suggesting that the drug may have
reached higher brain center following intrathecal administration in rats. No other
toxicologically significant observations were made in any of the treatment groups.

•

The NOAEL is 30 mcL/animal of 2% CP.

Methods
Doses: 40 mcL/animal of each of the chloroprocaine solutions
including the degradants or the vehicle (0.9% NaCl) (also
see Table 6.3 below). In the 2% CP females, the dose was
decreased to 30 mcL/animal from Day 3.
Frequency of dosing: Daily for 7 days
Route of administration: intrathecal
Dose volume: 40 mcL/animal
Formulation/Vehicle: NaCl 0.9% Sintetica - Ready to use
Species/Strain: Sprague Dawley rats
Number/Sex/Group: 15/sex/group

Age:
Weight:
Satellite groups:
Unique study design:
Deviation from study
protocol:

Approximately 6 weeks old at initiation of dosing
Males: 268-364 grams; females: 222-300 grams on Day 1
NA
None
No significant deviation in study protocol was noted that
could affect the outcome of the study.

Observations and Results
Patency of the Intrathecal Catheters:
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Intrathecal catheters were implanted between the T13 and L1 location. The catheter tip
was placed 15 mm (+5 mm) into the IT space at that location. The catheter was tied to
the lumbar muscle and exteriorized through an incision at the interscapular region.

As shown in Tables 1a and 1b, the IT catheters were not patent for all 7 days in some of
the rats. The IT catheters were patent for 7 days in approximately 23 and 55 percent of
the male and female rats, respectively. However, in the treated males the number was
less than around 20% in each group. In contrast, the female rats had approximately
50% of the rats with catheters patent for the all seven days. Overall, more than 50% of
the animals in any group or sex had patent catheters for at least 5 days and more than
80% for at least 4 days (see Table 1b). Also, no significant differences or unique
toxicities were observed in any specific group based on number of days the catheter
was patent in any group (see below).
Mortality
Rats were observed at least once daily during the pretest period and at least twice daily
during the treatment period.
One female from the 2% CP group died immediately after the 2nd dosing on Day 2. The
reason for death appears to be marked pharmacological effect. The dose in 2% CP
females was lowered to 30 mcL/animal from Day 3. A second rat (male treated with 1%
CP) died on Day 8 immediately before scheduled sacrifice. The death was attributed to
the anesthesia procedure for CSF sampling.
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Clinical Signs
Rats were observed at least once daily during the pretest period and at least twice daily
during treatment period.
At least one clinical sign session was recorded each day. No treatment-related
toxicologically meaningful clinical signs were noted except for the pharmacologically
related motor effects (hind limb motor blockade) including dyspnea were noted during
the dosing days. These effects were observed soon after treatment and lasted for
about 15-20 minutes. The occurrence of dyspnea suggesting that the drug may have
reached higher brain center following intrathecal administration in rats.
Body Weights
Body weight was measured once pre-test and then once a week.
No treatment-related effect on body weight was observed.
Food Consumption
Food consumption was measured once a week.
There were no test article-related effects on food consumption.
Ophthalmoscopy
NA
ECG
NA
Hematology
There were no toxicologically significant changes in any hematology parameters tested.
Overall, only small changes without any specific dose-response or corresponding
histopathological changes were observed.
Clinical Chemistry
There were no toxicologically significance findings observed in clinical chemistry
parameters as the changes were generally small in magnitude, lacked dose
dependency and did not correlate with adverse histopathological changes.
Urinalysis
There were no toxicologically significant findings in urinalysis parameters.
Gross Pathology
No test article-related gross findings were observed at the end of dosing or at the end of
the recovery period. The only notable finding included greyish area adjacent to the
injection site at lumbar vertebrae, which was observed in male No. 1313 from the 1%
CP+Deg group found dead on Day 8 and in other implanted rats probably due to
presence of reactive tissue as a consequence of catheter placement. This was also
observed at the end of the recovery period (Day 22) in almost the majority of male
animals of all groups and some females from the control and 1% CP groups.at the end
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of the recovery period (Day 22) in almost the majority of male animals of all groups and
some females from the control and 1% CP groups.
Organ Weights
No treatment-related variations in mean absolute and relative organ weights were
observed at both scheduled sacrifices.
Histopathology
Adequate Battery: Yes
Peer Review: Yes
Histological Findings:
The examination was performed on H&E sections of the full list of organs and on
additional sections near the injection site, represented by the lumbar spinal cord
(sampled in the vicinity of the injection site, and rostrally and caudally to it) stained with
Luxol Fast blue and Cresyl violet from five animals/sex from Groups 1, 3, and 4
sacrificed at the end of treatment. Additional semi-thin sections of cauda equina stained
with blue of toluidine were examined from five animals/sex from Groups 1, 3, and 4.

39
Reference ID: 4132801

NDA 208791

Reviewer: Imran M. Khan, PhD

In the rats that had unscheduled death (F1359 and M1313, see above also), no
treatment-related changes were observed.
In the scheduled-sacrifice animals, the most prominent findings were a canal in the
white matter of spinal cord in few animals; rarely encountered radicular neuropathy
(radices of nerves at the spinal cord origin) characterized by intraneural myelin sheet
breakdown (‘digestion chambers’) and/or formation of Büngner bands (collapsed myelin
sheets devoid of axonal structures) around the cauda equina and minor focal
inflammatory cell infiltration, acute to chronic, noted in the meninges both around the
brain and around the cauda equina. These lesions were considered not related to the
test item, but consequences of the catheter implantation as they were observed in both
control and treated animals with equal incidence and severity ratings.
Cresyl Violet and Luxol Fast blue stained lumbar spinal cord showed normal
appearance and no pathological changes were observed in both axons and myelin. No
morphological differences between the cauda equina of treated animals of Groups 3
and 4 and controls were observed when additional semithin sections stained with blue
of toluidine were examined. Similar normal appearance of myelinated nerve fibers and
of Schwann cells was observed in the spinal rootlets of the peripheral nerves from
treated animals as well as from controls.
Special Evaluation
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•

Although no treatment-related observations were made, one male dog in the 1% CPtreated group was found dead on Day 10 of treatment (i.e., 3 days after cessation of
treatment). This dog showed signs of inflammation including discharge of fluid from
the site of catheter implantation from Day 3. Although it showed severe signs of
inflammation at the catheter insertion site, no clinical signs were evident until Day 8
when it showed marked decreased activity and increased body temperature. On
Day 9 it appeared unresponsive and was found dead on Day 10. Day 8 clinical
chemistry evaluations performed on this animal showed elevated WBC (including
neutrophils and monocytes). Inflammatory process of the meninges and adjacent
tissue was observed at histopathological examination suggesting that the dog most
likely died from an infection. The death was not considered treatment related, but
rather attributed to catheter complications.

•

Similar to this dog, inflammation (but not of the same severity) was also observed in
other animals including control animals. In those dogs also increase in neutrophil
counts were also observed.

•

In agreement with the Applicant, the NOAEL of the study is 500 mcL of 2% CP, the
highest dose and concentration tested. Moreover, the degradants tested did not
appear to cause toxicity as animals from the 1% CP+Deg group were comparable to
the control group.

42
Reference ID: 4132801

NDA 208791

Reviewer: Imran M. Khan, PhD

Methods
Doses: 500 mcL/animal of each of the chloroprocaine solutions
including the degradants or the vehicle (0.9% NaCl) (also see
Table 6.3 below)
Frequency of dosing: Daily for 7 days
Route of Intrathecal
administration:
Dose volume: 500 mcL/animal
Formulation/Vehicle: 0.9% NaCl
Species/Strain: Beagle Dog
Number/Sex/Group: 5/sex/group

Age: Males: 12-18 months
Females: 1-8 years
Weight: Males: 10.61 - 16.21 kg (at Day 1 of study)
Females: 8.90 - 16.42 kg (at Day 1 of study)
Satellite groups: NA
Unique study design: NA
Deviation from study No deviation reported that could have a significant effect on the
protocol: results of the study.
Observations and Results
Mortality
Animals were checked once a day during the pre-test and observation period and twice
a day on the days of treatment.
No treatment-related deaths were noted. However, a male from the 1% CP+Deg group
was found dead on Day 10 of study, two days after cessation of treatment. The dog did
not show any clinical signs that were not seen with other treated animals except for
decreased activity on Day 8 and increased body temperature (BT) on D9, when the
decreased activity appeared marked up to unresponsive behavior very quickly. The
observation records for this dog indicate that the catheter implantation site was infected
and eventually the infection spread into the subarachnoid space followed by the brain
and meninges. It appears that the dog died from acute meningitis. Inflammation and
infection in this animal also correlated with the increase in white blood cells, specifically
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increases in neutrophils and monocytes, observed via hematological examination on
Day 8 of the study.
It should be noted that there were several other dogs that survived to scheduled
termination including control animals that showed some inflammation at the catheter
site and had increased WBC on Day 8.
Clinical Signs
Once a day during the pre-test and observation period and twice a day on the days of
treatment.
Decreased activity was observed in 1 male (3499) and 1 female (3518) from the 2% CP
group and 1 female (3525) from the 1% CP+Deg group during the post-treatment days
(from Day 11 to 14), and 1 male (3499) from the 2% CP group from Day 6 and on.
Animals 3525 and 3518 also showed abnormal hind limb posture and Animal 3518
alone had tremors on Day 13.
It is not clear what caused these adverse effects. Although they appear to be consistent
with exaggerated pharmacological effects at least for the decreased activity and
abnormal hind-limb posture, however, most occurred well after the dosing period had
ended. Therefore, the effects would either be due to a metabolite or were not directly
related to the treatment entirely. It’s worth noting that several animals had increased
white blood cell counts and one of the animals (3499) also showed visible signs of
inflammation at the site of catheter placement. In addition, several animals from both
treated and control groups showed swelling at the surgery area between Days 5 to 9
indicating potential infection-related inflammation. Therefore, the findings may be
attributable to infection rather than test article.
Apart from the above, all treated dogs experienced pharmacologically-related effects on
motor function where a dose-dependent reduction of motor function of hind-limbs was
observed in treated animals.
Body Weights
Body weight was measured pre-test, Day 1 and weekly thereafter.
No treatment-related effect was observed on body weight.
Food Consumption
It was measured daily qualitatively.
There were no adverse test article-related effects on food consumption. Decreases in
food consumption were observed sporadically in some of the treated as well as control
animals. However, these animals also showed decreased activity in most, but not all
cases.
Ophthalmoscopy
Pre-test, at the end of treatment period (Day 7), and at the end of recovery period (Day
21).
No treatment related effect was observed during the treatment period or during the
recovery period.
ECG
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ECGs were recorded (pre-test, at the end of treatment period (Day 7) and at the end of
recovery period (Day 21)) from fully conscious manually restrained animals from I, II, III,
aVR, aVL, aVF and from precordial leads V1, V3, and V5. Heart rate, RR interval, P-R
interval, QRS complex width, QT interval and Q-T interval corrected for heart rate using
the Fridericia’s formula (QTc = QT/RR1/3) were measured or computed. Morphologic
review for changes in waveform morphology and for presence of arrhythmias was
performed on all recordings.
No abnormalities were detected in complex morphology and no toxicologically relevant
abnormalities or changes over time were identified in all measured or computed
parameter including QT and QTc interval corrected for heart rate using the Fridericia’s
formula (QT/RR1/3). One female No. 3526 from the 2% CP group showed a first
degree atrio-ventricular block in all recordings including pretest. In addition, respiratory
sinus arrhythmia was also observed in a number of dogs of both sexes including
controls, which is a common ECG findings in dogs.
Hematology
Blood (0.5 mL) was collected from unanesthetized fasting (overnight) dogs via the
jugular vein at pre-test and at the end of treatment period (Day 8) and at the end of
recovery period (Day 22).
On Day 8, in the animal (3497, 1% CP+Deg) that died on Day 10 consistent with the
infection observed in the catheter insertion site as well as the meninges an increase
(greater than 2X) in WBC along with neutrophils and monocytes were noted. An
increase in WBC which appeared to be due to increases in neutrophils and monocytes
were also noted in most of the dogs of both sexes in both treated and control animals
including the animals that showed visible signs of inflammation at the catheter site
(3499 2% CP; 3507 control). Also see Table below. On Day 22 a complete
normalization occurred in treated females, while a partial recovery was observed in the
majority of treated males.
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1% CP Degradants 2% Chloroprocaine 1% Chloroprocaine

Control

Table: Percent increase in cell numbers on Day 8 as
compared to Day -2
Females
3186
3309
3490
3519
3522
3485
3520
3523
3524
3527
3450
3451
3517
3518
3526
3256
3492
3521
3525
3528

WBC
WBC
(10^3/mcL)
(10^3/mcL) Males
8.491508
3496
27.0235
-17.0267
3498
18.18182
-0.42735
3507
122.7429
9.321059
3510
-12.8806
29.68338
3513
16.08222
50.62762
3493
104.8374
1.785714
3494
46.38354
80.375
3503
-6.58561
-10.7708
3508
34.59062
12.16
3514
58.14377
55.19922
3499
151.5831
14.35644
3500
5.433376
13.90261
3501
25.11346
33.73206
3502
-25.0667
-27.327
3504
60.35565
127.0983
3497
120.5433
22.06674
3505
-12.7061
-16.0237
3506
119.9552
-7.54717
3509
25.14571
-15.7943
3512
44.28904

A decrease (about 90%) in platelet counts was observed on Day 8 in male 3502 from
the receiving Chloroprocaine HCl 2% CP group. This kind of decrease in platelet count
was also observed in the single dose study. Nevertheless, the animal did not exhibit
any histopathological correlates. Therefore, this observation does not appear to have
any toxicological significance.
Clinical Chemistry
Blood (1.0 mL) was collected from unanesthetized fasting (overnight) dogs via the
jugular vein at pre-test and at the end of treatment period (Day 8) and at the end of
recovery period (Day 22).
No toxicologically significant changes in clinical chemistry parameters were observed in
the test article-treated groups.
On Day 8 a minimal to moderate increase in alkaline phosphatase was seen in males
(↑50-250%) and females (↑40-100%) at all doses and in two control males (↑60-200%).
An increase in ALT was also observed in males from the 2% CP group (app. ↑ 40%)
and 1% CP+Deg group (↑50-60%). An increase in total bilirubin occurred in males from
all treatment groups and in females (↑50-200%) from the 2% CP group and 1% CP+Deg
group. The toxicological implications of these increases in hepatic injury markers are
not clear as no histopathological correlates were noted in the study.
Urinalysis
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Overnight urine was collected at pre-test; the end of treatment period (Day 8) and at the
end of recovery period (Day 22) from animal animals kept in metabolic cages.
No toxicologically significant or adverse changes in urinalysis parameters were
observed in test article-treated groups.
On Days 8 and 22 few instances of hematuria and piuria were seen in all treated and
control animals, predominantly in males. In addition presence of calcium oxalate was
seen in males and females at 2% CP and 1% CP+Deg on Day 8. These changes do
not appear to be treatment-related as they also occurred in control animals and no
histological correlate is present.
Gross Pathology
Overnight fasting animals were euthanized by sodium thiopental IV anesthesia and
exsanguination from femoral vessels on Day 8 (3/sex/group) and D22 or 23
(2/sex/group). The organs/tissues listed in the following table were collected from all
animals surviving to scheduled sacrifices and weighed.
As already noted above (in mortality and clinical signs sections), the male found dead
was in poor general condition before death. It also had soft consistency of the brain and
pituitary, with edematous appearance of the brain, and by abnormal contents, grayish
and gelatinous, at the injection site. The cause of death appears to be infections at the
catheter site that progressed into the CNS.
Apart from the above no significant gross pathological observations were made in
animals sacrificed on Day 8; Day 22 or Day 23.
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Organ Weights
No treatment-related effects were observed at Day 8 or Day 22.
Histopathology
Adequate Battery: Yes
Peer Review: Yes
Histological Findings:
No treatment-related changes were observed in any of the treated animals on Day 8 as
any observations made at the injection site (Lumbar 4 in the vicinity of the injection site
and rostrally and caudally to it) and at the cauda equine were similar between the
treated and control animals. The examination of sections of lumbar spinal cord stained
with Cresyl Violet and Luxol Fast blue from all animals confirmed the normal
appearance of neurons of the grey matter and of the fibers of the white matter columns
and the absence of pathological changes in both axons and myelin. No morphological
differences between the cauda equina of treated animals and controls were observed
when additional semithin sections stained with blue of toluidine were examined. Similar
normal appearance of the myelinated nerve fibers and of the Schwann cells was
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observed in the spinal rootlets of the peripheral nerves from all treated animals as well
as from controls.
Some changes in only the treated groups were observed, but they were mostly minor
changes with single occurrence and without any indication of dose-dependency. These
included focal erosions of the fundic mucosa observed in a single male from the 1% CP
group (No. 3508) and in a single female from the 1% CP+Deg group (No. 3528); the
adrenal cortical hypertrophy noted in a single female from the 1% CP group (No. 3520)
and from the 1% CP+Deg group (No. 3528). All other changes noted in treated animals
killed at termination on Day 8 were related to spontaneous pathology as they were
observed with similar incidence and/or severity as in concurrent controls. The
observations made in dog 3497 that died on Day 10 were consistent with local infection
arising at the site of surgery.
Special Evaluation
Cerebrospinal Fluid: CSF evaluated parameters, protein content, red and white blood
cell count, in control animals, either on Day 8 or on Days 22- 23 of the study, did not
differ from those of any groups treated with 1% CP, 2% CP, or with 1% CP+Deg.
Toxicokinetics
Not determined.
Dosing Solution Analysis
Not done. See study information above (Drug, lot #, and % purity).

7

Genetic Toxicology

7.1

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study title: Salmonella Typhimurium Reverse Mutation Assay
Study no.: 1067701
Study report location: eCTD 4.2.3.3.1; SDN 1; 8/26/2016
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

(b) (4)

February 22, 2007
Yes
Yes
Chloroprocaine HCl, 061076; 99.0%

Key Study Findings
In the in vitro bacterial reverse mutation assay with both the plate incorporation and preincubation methods, the test article chloroprocaine HCl was negative for mutagenicity in
the presence and absence of metabolic activation.
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Methods
Strains: TA 1535, TA 1537, TA 98, TA 100, TA102
Concentrations in 3; 10; 33; 100; 333; 1000; 2500; and 5000 mcg/plate
definitive
study:
Basis of
concentration
selection:
Negative control:
Positive control:

Formulation/Vehicle:
Incubation &
sampling
time:

No toxicity observed at the highest dose used in pre-experiment
assay.
Deionized water
Sodium azide
2-Aminoanthracene
Methyl methane sulfonate
4-Nitro-o-phenylene-diamine
Deionized water
Agar plates with the test solution, bacterial suspension and with
or without S9 mix (for pre-incubation experiment) were
incubated for at least 48 hours at 37°C. The colonies were
counted using the Petri Viewer Mk2 (Perceptive Instruments
Ltd, Suffolk CB 7BN, UK) with the software program Ames
Study Manager.

Study Validity
The Salmonella typhimurium reverse mutation assay was considered acceptable based
on meeting the following criteria:
•

Selection of bacterial tester strains was adequate based upon Guideline for Industry:
Specific Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals (ICH S2A,
April 1996).

•

Dose selection was adequate based upon use of the limit dose (i.e., 5000
mcg/plate).

•

Regular background growth was observed in the negative and solvent control.

•

The spontaneous reversion rates in the negative and solvent control were in the
range of the historical data for the conducting laboratory.

•

The positive control substances produced a significant increase in mutant colony
frequencies.

Results
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•

No reduction in the number of revertants was observed in the test groups with and
without metabolic activation either in the plate incorporation or the pre-incubation
method indicating lack of cytotoxic effect by the test-article.

•

Only in the pre-incubation experiment in the presence of metabolic activation a
reduction in the number of revertants was observed in strain TA1535 at 5000
mcg/plate of chloroprocaine HCl.

•

No substantial increase in revertant colony numbers of any of the five tester strains
was observed following treatment with chloroprocaine HCl at any concentration
level, neither in the presence nor absence of metabolic activation (S9 mix).

•

The positive controls showed a distinct increase in induced revertant colonies.
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Study title: ACBA (4-Amino-2-chlorobenzoic acid): Salmonella
typhimurium reverse mutation assay
Study no.: 1640401
Study report location: eCTD 4.2.3.3.1; SDN 1; 8/26/2016
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

(b) (4)

28 July 2014
Yes
Yes
ACBA (4-Amino-2-chlorobenzoic acid);
S54349V; 100.4 %

Key Study Findings
In the in vitro bacterial reverse mutation assay with the pre-incubation method, the test
article ACBA (4-amino-2-chlorobenzoic acid) was negative for mutagenicity in the
presence and absence of metabolic activation.
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Methods
Strains: TA 1535, TA 1537, TA 98, TA 100, TA102

Concentrations in definitive study: 3; 10; 33; 100; 333; 1000; 2500; and 5000
mcg/plate

Basis of concentration selection: No toxicity observed at the highest dose used in
pre-experiment assay.
Negative control: DMSO
Positive control: sodium azide
2-aminoanthracene
methyl methane sulfonate
4-nitro-o-phenylene-diamine
Formulation/Vehicle: DMSO
Incubation & sampling time: Agar plates with the test solution, bacterial
suspension and with or without S9 mix (for preincubation experiment) were incubated for at
least 48 hours at 37C. The colonies were
counted using the Petri Viewer Mk2 (Perceptive
Instruments Ltd, Suffolk CB 7BN, UK) with the
software program Ames Study Manager.
Study Validity
The Salmonella typhimurium reverse mutation assay was considered valid based on the
following criteria:
•

Selection of bacterial tester strains was adequate based upon Guideline for Industry:
Specific Aspects of Regulatory Genotoxicity Tests for Pharmaceuticals (ICH S2A,
April 1996).

•

Dose selection was adequate based upon use of the limit dose (i.e., 5000 mcg/plate)

•

Regular background growth in the negative and solvent control

•

The spontaneous reversion rates in the negative and solvent control were in the
similar range as compared to the historical control data (from conducting laboratory).

•

The positive control substances produced a significant increase in mutant colony
frequencies.
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At least three out of a minimum of five analyzable dose levels showed no signs of
toxic effects, evident as a reduction in the number of revertants below the indication
(b) (4)
factor of

Results
•

In the pre-incubation (Exp II) assay the number of revertants in the solvent and the
untreated control of strain TA 1535 without S9 mix were very high compared to the
historical control data and the assay with the specific strain was therefore repeated
(Exp IIa). No precipitation of the test item occurred up to the highest investigated
dose.

•

The plates incubated with the test item showed normal background growth up to
(b) (4)
mcg/plate with and without S9 mix in all strains used.

•

No toxic effects, evident as a reduction in the number of revertants (below the
(b) (4)
indication factor of
), occurred in the drug-treated groups with and without
metabolic activation.

•

No substantial increase in revertant colony numbers of any of the five tester strains
was observed following treatment with ACBA (4-Amino-2-chlorobenzoic acid) at any
concentration level, neither in the presence nor absence of metabolic activation (S9
mix). There was also no tendency of higher mutation rates with increasing
concentrations in the range below the generally acknowledged border of biological
relevance.
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In Vitro Assays in Mammalian Cells

Study title: In Vitro Chromosome Aberration Test in Chinese Hamster V79
Cells with Chloroprocaine Hydrochloride
Study no.: RCC-CCR Study Number 1067702
Study report location: eCTD 4.2.3.3.1; SDN 1; 8/26/2016
(b) (4)
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

January 31, 2007
Yes
Yes
Chloroprocaine Hydrochloride; 061076;
99.0%

Key Study Findings
Chloroprocaine HCl does not induce structural chromosome aberrations in V79 cells
(Chinese hamster cell line) when tested up to cytotoxic concentrations (Experiment II) or
the highest scorable concentration (Experiment I).
Methods
Cell line: Chinese Hamster V79 Cells
Concentrations in definitive 23.5, 47.0, 94.1, 188.1, 376.3, 752.5, 1505.0, 3010.0
study: mcg/mL for without S9 mix; 94.1, 188.1, 376.3, 752.5,
1505.0, 3010.0 mcg/mL for with S9 mix
Basis of concentration Lack of cytotoxicity (mitotic index <50%) and/or
selection: precipitation
Negative control: Deionized water
Positive control: Ethylmethane sulfonate (EMS); cyclophosphamide
(CPA)
Formulation/Vehicle: Deionized water
Incubation & sampling time:

Study Validity
The chromosome aberration test performed was considered acceptable as it met the
following criteria:
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•

The number of structural aberrations found in the solvent controls fell within the
range of the laboratory’s historical control data range: 0.0 - 4.0% aberrant cells,
excluding gaps.

•

The positive control substances produced significant increases in the number of
cells with structural chromosome aberrations, which were within the range of the
laboratory’s historical control data (see table below).

Results
•

The following table shows the drug concentrations where cells were scored. The
concentrations higher than the ones noted for each experimental paradigm showed
either cytotoxicity (in Experiment II) or was could not be scored (in Experiment I).

•

In both experiments, in the absence and presence of S9 mix, neither a statistically
significant nor a biologically relevant increase in the number of cells carrying
structural chromosome aberrations was observed (see tables below).
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•

The aberration rates of the cells after treatment with the test item (0.5 - 3.0%
aberrant cells, excluding gaps) were close to the range of the solvent control values
(1.0 - 1.5% aberrant cells, excluding gaps) and within the range of the laboratory’s
historical control data range: 0.0 - 4.0% aberrant cells, excluding gaps.

•

Also, in both experiments, no biologically relevant increase in the rate of polyploid
metaphases was found after treatment with the test item (1.7 - 4.6%) as compared
to the rates of the solvent controls (1.5 - 5.3%). In both experiments, either EMS
(300, 500, or 900 mcg/mL) or CPA (1.4 or 2.0 mcg/mL) were used as positive
controls and showed distinct increases in the number of cells with structural
chromosome aberrations.

•

Overall, the studies indicate that the test item chloroprocaine hydrochloride does not
induce structural chromosome aberrations in V79 cells (Chinese hamster cell line)
when tested up to cytotoxic concentrations (Experiment II) or the highest scorable
concentration (Experiment I).
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Study title: ACBA (4-AMINO-2-CHLOROBENZOIC ACID): In vitro
Chromosome Aberration Test in Chinese Hamster V79 Cells
(b) (4)
Study no.:
Study Number: 1640402
Study report location: eCTD 4.2.3.3.1; SDN 1; 8/26/2016
Conducting laboratory and location:

Date of study initiation:
GLP compliance:
QA statement:
Drug, lot #, and % purity:

(b) (4)

January 09, 2015
Yes
Yes
Chloroprocaine hydrochloride; 061076;
99.0%

Key Study Findings
4-Amino-2-chlorobenzoic acid (ACBA) was non-clastogenic in this chromosome
aberration test when tested up to precipitating or the highest required concentration.
Under the experimental conditions described in the study report, ACBA did not induce
structural chromosomal aberrations in V79 cells in vitro.
Methods
Cell line: Chinese Hamster V79 cells
Concentrations in 6.7, 13.4, 26.8, 53.6, 107.3, 214.5, 429.0, 858.0, 1716.0 mcg/mL.
definitive study:

Basis of
concentration
selection:
Negative control:
Positive control:
Formulation/Vehicle:
Incubation &
sampling time:

Lack of cytotoxicity (mitotic index <50%) and/or precipitation

Dimethyl sulfoxide (DMSO)
Ethylmethane sulfonate (EMS); cyclophosphamide (CPA)
Dimethyl sulfoxide (DMSO)
For pulse exposure, cultures were treated with test-item for 4
hours, washed, and then incubated in complete medium for 14
hours. For continuous exposure (w/o S9 mix), exponentially
growing cells were treated with the test-item for 18 hours.

Study Validity
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The chromosomal aberration assay was considered acceptable as it meets the following
criteria:
•

The rate of chromosomal aberrations in the solvent controls was within the historical
laboratory control data range.

•

The rate of chromosomal aberrations in the positive controls was statistically
significantly increased.

Results
•

In both the pulse (Exp I) and continuous (Exp II) exposure experiments, and in the
absence and presence of S9 mix, no relevant cytotoxicity (indicated by reduced cell
number or mitotic indices) to the highest dose of the test-article tested was
observed.

•

Also, in these studies, the aberration rates of the cells after treatment with the test
item (0.5 – 3.0% aberrant cells, excluding gaps) did not exceed the range of the
solvent control values (1.5 – 3.0% aberrant cells, excluding gaps) and were within
the range of the laboratory historical solvent control data.
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•

In both experiments, no biologically relevant increase in the rate of polyploid
metaphases was found after treatment with the test item (2.1 – 3.4%) as compared
to the rates of the solvent controls (1.3 – 2.5%).

•

In both experiments, no biologically relevant increase in the rate of endomitotic cells
was found after treatment with the test item (0.0 – 0.5%) as compared to the rates of
the solvent controls (0.0 – 0.1%).

•

EMS (1000.0 or 600.0 mcg/mL) and/or CPA (1.4 mcg/mL) that were used as positive
controls showed distinct increases in cells with structural chromosome aberrations.

8

Carcinogenicity

No carcinogenicity studies were submitted with the NDA and none were required as the
proposed use is for an acute indication.
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Reproductive and Developmental Toxicology

No new reproductive and developmental toxicology studies were submitted with the
NDA. These studies were also not done for the previously approved formulation
Nesacaine (NDA 9435). As part of the requirement under the Pregnancy Lactation and
Labeling Rule (PLLR), the Applicant conducted a review of the literature to determine if
there are any reproductive and developmental toxicity data for chloroprocaine HCl in the
public domain (SDN 1, 8/26/2016). Three studies were identified via an adequate
search of relevant databases and the articles were submitted with the NDA. The
Applicant indicated that there were no relevant data in those studies to include in the
label. This reviewer evaluated the studies and also concludes that the data from these
studies are not relevant to be included in the label for this specific indication. The
summary of the evaluation is described below.
1.
Effects of oocyte exposure to local anesthetics on in vitro fertilization and embryo
development in the mouse (Schnell et al. 1992).
The study was undertaken to evaluate the effect of exposure of mouse oocytes to
increasing concentrations of local anesthetics such as lidocaine (L), bupivacaine (B),
and chloroprocaine (C) on subsequent in vitro fertilization rates, embryo cleavage, and
embryo development. Outbred Swiss Webster female mice, 4 weeks of age and 8
(b) (4)
week old proven breeder males
were used.
Oocytes from the mice were exposed in vitro to lidocaine, chloroprocaine, and
bupivacaine at concentrations of 0 (control), 0.01, 0.1, 1.0, 10.0, 100.0 mcg/mL for 30
min, washed, and then inseminated. In vitro oocyte fertilization at 24 and 48 h and
embryo development at 72 h were determined. Concentrations tested were based on
reported ranges of lidocaine levels detected in follicular fluid samples obtained by
transvaginal oocyte retrieval in humans. Osmolarity and pH were adjusted (if
necessary) following addition of anesthetics. Oocytes were transferred into fresh media
and after 18 h coincubation with spermatozoa, and fertilization was determined by the
presence of two pronuclei. Differences in fertilization by 48 h were determined using chi
square analysis of independent samples.
Bupivacaine adversely affected mouse in vitro fertilization and embryo development
only at the highest exposure concentration, 100 mcg/mL, while lidocaine and
chloroprocaine produced adverse effects at concentrations as low as 1.0 and 0.1
mcg/mL, respectively. Furthermore, an adverse dose-related effect on fertilization (Fig.
1) and embryo development (Fig. 2) was shown for lidocaine and chloroprocaine, but
not for bupivacaine. These data demonstrate that the local anesthetics, lidocaine (L),
chloroprocaine (C), and bupivacaine (B), adversely affect mouse in vitro fertilization and
embryo development in the order of chloroprocaine> lidocaine> bupivacaine.
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Reviewer’s Note:
The study shows that there is an effect of local anesthetic like chloroprocaine on the
functional state of mouse oocytes. However, the mechanism for chloroprocaine’s action
on the fertilization of the oocytes by sperm and subsequent embryo development is not
clear. This local effect of chloroprocaine might be important in context with IVF
procedures. However, in regards to pregnancy and lactation this information might not
be relevant for this drug product. Accordingly, this information is not considered by this
reviewer to be appropriate for the label.
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2.
Bradycardia in the fetal baboon following paracervical block anesthesia
(Morishima et al. 1981)
The study was undertaken to decipher the mechanism for fetal bradycardia observed
following paracervical block anesthesia (PCB) in pregnant baboons. A total of 27
pregnant baboons (Papio hybrid) at gestational ages ranging from 135 to 165 days
(term, 185 days) were used in the study. PCB was induced via a 22-gauge needle, with
2.5 mL of drug injected into each lateral vaginal fornix at the 4 and 8 o'clock positions.
PCB was induced 27 times with 3.3 mg/kg lidocaine, and 25 times with 6.6 mg/kg of 2chloroprocaine. On the basis of body weight (average, 15 kg), these dosages and
volumes were comparable to those used clinically. In three instances, 5 mL of
physiologic saline solution was administered in the same fashion to examine the effect
of vehicle/injection alone. Arterial pressure and heart rate in both the mother and fetus,
uterine artery flow velocity, fetal intra-arterial PO2, and intra-amniotic pressure were
continuously recorded. Changes in measured variables obtained after PCB were
compared with pre-PCB values by means of Student’s t-test for paired data.

Based on the responses observed in the baboons following PCB, the animals were
classified into three groups, where following PCS Grp I showed minimal effect on
uterine activity and fetal heart rate. Group II showed significantly increased uterine
activity with no effect on fetal heart rate and Grp III showed both increased uterine
activity and decreased fetal heart rate. In Grp II, the duration of PCB induced uterine
activity was of shorter duration than that observed in Grp III. Furthermore, the effect of
lidocaine on uterine activity appeared to be longer than that of chloroprocaine. In
addition, in Grp III baboons, 13/25 animals (Grp IIIa) were normal based on arterial pH
(>7.3) and oxygen saturation (SaO2 >50) of the blood samples from the fetuses,
whereas the other 12 baboons (Grp IIIb) showed signs of asphyxiation (pH <7.25 and
SaO2 <25%). Bradycardia occurred in 33% of the normal fetuses, whereas 100% of the
asphyxiated fetuses exhibited bradycardia. In addition, an increase in uterine activity
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and a decrease in uterine blood flow were observed following administration of the local
anesthetic (lidocaine and chloroprocaine). The fall in the fetal heart rate after
administration of 2-chloroprocaine was associated with a decrease in fetal pHa and
SaO2 (decreased from 68% to 45%). In addition, the concentrations of the local
anesthetics were not higher in the fetuses as compared to the maternal blood level.
Moreover, the occurrence of bradycardia in the fetuses was not related to the level of
the drug in the fetuses. Thus, the results of this study suggested that changes in fetal
heart rate both bradycardia and tachycardia (only observed with lidocaine) were
associated with an increase in uterine activity and decrease in uterine blood flow.

Reviewer’s Note: Although the mechanism for the increased uterine activity and
decreased uterine blood flow following PCB with local anesthetics (like lidocaine and
chloroprocaine) is not clear, it is apparent from this study that these effects do change
fetal heart rate and accordingly cause bradycardia. The study also suggests that
decreased blood flow results in decreased blood pH and oxygen saturation in fetal
arterial blood. Moreover, in some animals the PCB anesthesia resulted in asphyxiation
of the fetuses.
Overall, it appears that PCB by chloroprocaine can cause decreased heart rate,
decreased uterine blood flow, and asphyxiation in fetuses of baboon. However, these
effects might not be of much significance with respect to IT administration of
chloroprocaine and the very short duration of action of chloroprocaine.

3.
The Effect of Intravenously Administered 2-Chloroprocaine upon Uterine Artery
Blood Flow Velocity in Gravid Guinea Pigs (Chestnut et al., 1989)
In this study, the authors wanted to assess the effect of intravenously administered 2chloroprocaine upon uterine artery blood flow velocity (UBFV) in gravid guinea pigs.
Pulsed Doppler ultrasound was used to continuously monitor UBFV in chronically
instrumented pregnant guinea pigs. Instrumented gravid GPs (between 50 and 60 days
of gestation) with arterial and venous catheters as well as miniaturized Doppler flow
probe attached to the underside of renal artery were used for the study. Each animal
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received four solutions of 2-chloroprocaine each over 15 s intravenously, in random
order, 30 min apart:
1) 2-chloroprocaine 0.67 mg/kg;
2) 2-chloroprocaine 1.34 mg/kg;
3) 2-chloroprocaine 2.0 mg/kg; and
4) 2-chloroprocaine 1.34 mg/kg, with epinephrine 0.2 mcg/kg.
5) Six animals received 0.2 mL of saline.
Changes in MHR, MMAP, and UBFV during the 5 min after administration of a solution
were compared with the pre-injection baseline for that solution.

2-Chloroprocaine with epinephrine significantly, but transiently increased MHR at 30 s
after injection (Figure 1 A). No other solution significantly altered MHR. 2Chloroprocaine 1.34 mg/kg significantly increased MMAP at 30 s (a transient response)
after injection (Figure 1B). 2-Chloroprocaine 2.0 mg/kg and 2-Chloroprocaine 1.34
mg/kg, with epinephrine 0.2 mcg/kg, significantly increased MMAP through 2 min
(Figure 1b). 2-Chloroprocaine 2.0 mg/kg significantly decreased UBFV at 30 s after
injection (Figure 1C). Specifically, UBFV was 89 ± 5% of baseline at 30 s. 2Chloroprocaine 1.34 mg/kg, with epinephrine 0.2 mcg/kg, significantly decreased UBFV
through 2 min. No other solution significantly altered UBFV.
Reviewer’s note:
Similar to the study done by Morishima et al. (above study) with baboons, this study
also shows that local anesthetics like chloroprocaine have an effect on uterine blood
flow and blood pressure in gravid guinea pigs. No assessments on the fetuses were
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done in this study. Thus, the above two studies do provide evidence that the local
anesthetic has an effect on uterine blood flow and blood pressure (in pregnant animals)
whether administered locally or via intravenous route. However, as was mentioned for
the preceding study, these effects may not occur following IT administration of
chloroprocaine and the very short duration of action of this local anesthetic.

10

Special Toxicology Studies

No special toxicology studies were submitted with this NDA.

11

Integrated Summary and Safety Evaluation

Chloroprocaine (CP) is a local anesthetic (LA) that produces nerve block by binding to
sodium channels. It has been approved in the U.S. as a local anesthetic since the early
1950s. The approved products Nesacaine (1% and 2%) and Nesacaine®-MPF (2%
and 3% ‘methyl-paraben-free’) are indicated for use as a LA for infiltration, nerve block
and epidural block but not for spinal (subarachnoid, intrathecal) anesthesia. Although it
is not approved in the U.S. for spinal injection, the preservative-free form of the
injectable preparation has been used off-label for spinal anesthesia since the 1950s and
the number of off-label IT injections in humans in the U.S. exceeds thousands as
accounted by published observations (Foldes & Mc, 1952; Hejtmanek & Pollock, 2011;
Yoos & Kopacz, 2005). In addition, 1% CP has been approved for intrathecal injection
in Europe since 2012. The Applicant is seeking marketing approval of chloroprocaine
HCl for intrathecal injection with an indication for spinal anesthesia.
Chloroprocaine is a very short-acting LA as it is rapidly degraded by
pseudocholinesterases in blood to two pharmacologically inactive major metabolites, βdiethylaminoethanol and 2-chloro-4-aminobenzoic acid. Following IT administration, the
elimination of chloroprocaine from CSF mainly results by diffusion into intrathecal neural
tissue or across the dura and subsequent vascular absorption. Once in the vasculature
it is rapidly hydrolyzed. This is evident by the very short duration of action of IT CP in
both clinical and nonclinical studies.
Prior to this NDA submission, the Division informed the Applicant at a PIND meeting
that as part of the NDA they should submit repeat-dose toxicology studies of 28-day
duration in both rodent and non-rodent species per the ICH M3(R2) guidance using the
intrathecal route of administration (refer to PIND 119674 Meeting Minutes dated
1/17/2014). At that time, the Applicant inquired if 7-day repeat-dose IT toxicology
studies would be acceptable and noted that European regulators agreed to this shorter
duration evaluation. The Division reiterated that 28-day studies are recommended per
ICH M3(R2), but noted that the Applicant may submit a justification supporting a shorter
duration study that will provide adequate characterization of the toxicological profile of
their drug. In this NDA application, the Applicant submitted single-dose IT toxicity
studies and 7-day repeat-dose IT toxicity studies with 14-day observation periods in
both rats and dogs. As an explanation for not complying with ICH M3(R2) guidance that
recommends a 28-day study for marketing authorization for a drug that could be used
up to 14 days, the Applicant provided a justification based on the challenges of
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conducting such a study and a scientific justification based on nonclinical studies
published by experts in the field and the prevailing safety data in humans (with respect
to off-label use in humans and the Applicant’s own post-marketing safety reports of their
product that is currently marketed in Europe). Notably, the justification did not focus on
whether the shorter duration studies had adequately characterized the toxicological
potential of the product.
As part of the justification that a 28-day repeat-dose intrathecal study would be
challenging, the Applicant noted that repeated acute daily intrathecal (IT) injections in
rats or even dogs are technically difficult as there is increased risk for neurological
damage from the mechanical trauma caused by insertion of needle/catheters at the
same thoraco-lumber intrathecal location (e.g., T13-L1 in this case for rat study) of the
animal everyday (even with surgical precision). Thus, repeat-dose administration in
animals was carried out by using an indwelling IT catheter. However, the indwelling
catheters in the IT space gives rise to other potential technical problems when left in the
animals for long periods of time. These include but are not limited to inflammatory/toxic
reactions that are independent of the drug tested, pathological changes in the spinal
cord tissue and local reactions that could be manifested by inflammation at the catheter
placement site, spinal cord compression, and spinal cord nerve fiber degeneration that
progresses over time. In addition to the above, the patency of the catheter could be
impaired due to fibro-proliferative reactions of local tissues and to the small intrathecal
space of the smaller animals like the rats. This is also compounded by the small borage
of the catheters in rodents. Thus, based on the above scientific observations, data and
technical information the Applicant argued that a 7-day repeat dose study would
circumvent most of the technical limitations that could result from placement of
indwelling catheters in the rats and dogs.
These arguments seem reasonable and acceptable for rats based on the limited
intrathecal space in rats, catheter compression on the animal’s spinal cord and the
small bore of catheters that could be easily obstructed by the proliferative tissue
reactivity to the IT catheters (Butt, 2011; Chiari et al., 1999; Yaksh et al., 2004). Thus,
the patency of the IT catheters over prolonged period of time in rats could be a major
technical issue to limit the administration days. It should be noted that a review of the
relevant scientific journals (by this reviewer) did not identify any studies in rats where
repeated daily administration of drugs were performed in rats for > 14 days, yet there
are studies where chronic infusion through the IT catheter into the intrathecal space for
greater than 14 days were performed. One such study demonstrated that the patency
of catheters was efficient for 7 days, but was markedly reduced by 14 days (Jones &
Tuszynski, 2001). The technical issues with respect to smaller volume of the intrathecal
space and smaller bore of catheters do not seem to be limiting factors in case of dogs
and were not reported in any peer-reviewed published studies. Moreover, the IT
catheters may remain patent up to 60 days in dogs (Feldman & Covino, 1981). In fact,
the Agency has received 90-day intrathecal repeat-dose toxicology studies in nonrodent
species using a continuous infusion pump.
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This reviewer took into consideration the above scientific (expert) comments with
respect to limitations of indwelling IT catheters in rats and dogs during review of the
study reports for the single- and repeat-dose studies in rats and dogs with different
concentrations of the clinical formulations as well as the degradants of 1% CP.
Intrathecal Toxicology Studies
Rat
In rats, both the single- and repeat-dose studies did not identify any serious adverse
reactions to spinal CP including any histopathological changes in the spinal tissues at
the doses used in the study. Although a pharmacological response of rear limb
immobility and slower respiratory rate was observed in all treated rats, in the 7-day
repeat-dose study, one female rat receiving the 40 mcL of 2% CP (supposed to be 2X
the clinical dosing) died on Day 2 from respiratory depression. Once the dose was
reduced to 30 mcL of 2% CP from Day 3 no more deaths occurred in this group of rats.
Since the relatively bigger male rats (342 g vs. 246 g) did not die from respiratory
depression and decreased volume (30 mcL) did not result in any more deaths in
females, the respiratory depression was most likely due to cephalad spread of the
spinal CP solution and not due to a direct effect on the spinal cord tissue at the injection
site. The chance of rostral diffusion was larger in the rats than in the dogs because of
relatively large volume being injected into the small intrathecal space volume in rats.
This is further corroborated by the lack of any histopathological findings in the spinal
cord of any of the treated rats. It can be noted that (as observed in a published study,
also see below Table IK-1) slow IT infusion of relatively greater concentration of CP
(>4X) did not result in any death from respiratory depression in the treated rats, but
resulted in significant loss of hind-limb sensory function in rats including neural tissue
damage that was local to spinal cord tissue (Taniguchi, Bollen, & Drasner, 2004).
Overall, it appears that an MTD was reached in the female rats with repeated spinal
dosing of CP of different strengths.
It should be noted that patency of the catheter was an apparent issue with the rats. As
shown in the Table (Table 1b below), more than 80% of the male rats and
approximately 50% of the female rats had blocked catheters by Day 7 of treatment.
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Thus, in the Applicant’s study, the IT catheters did not remain patent in many rats by
Day 7 (see Table above). Review of the line listing data of individual animals indicated
that the surgical technique and handling of post-surgical animals could have contributed
to the decreased number of rats with functional catheters as inflammation at the
catheter site was observed in some of these rats. Although CSF was devoid of any
microbial contamination, plasma WBC was found to be higher in the rats with
inflammation at the catheter site. As also indicated by the Applicant, a literature search
in PubMed (by the reviewer) did not identify any published study where daily IT dose
administration was performed in rats for >14 days, yet there are published studies
where chronic infusion through the IT catheter into the intrathecal space for greater than
14 days were performed successfully. As noted previously, in one of those studies, the
patency of catheters was examined and it was observed that the patency of the
catheters were efficient for 7 days, but was then markedly reduced by 14 days. In the
Applicant’s study, the IT catheters of few rats showed blockage by Day 5, yet, close to
70% of the animals had patent catheters. Patency decreased in this study by Day 6
when approximately 30% of the 2% CP-treated male rats and 60% of the female rats
had patent catheters. Thus, effectively around 70% of the rats (including both male and
female rats) were treated by CP for at least for 5 days. Overall, it appears that it might
technically difficult to conduct a repeat-dose study in rats for 28 days under similar
conditions as employed in this study.
Apart from the issues of catheter patency no other histopathological changes in the
spinal cord tissue, at the site of injection or cauda equina region of the spinal cord were
observed in the treated versus control animals. However, since a maximum tolerated
dose was demonstrated in rat via the pharmacologically-related mortality at 2% CP, the
7-day study is considered acceptable and no additional rat data appear warranted to
support the safety of this product.
Dog
The Applicant’s single- and repeat-dose 7-day IT dog studies did not identify any
significant toxic effects following intrathecal CP administration at up to 500 mcL of 2%
CP. Although dose-dependent pharmacological effects were observed in the treated vs.
control animals (e.g., hind limb immobility and paralysis), all of the doses were welltolerated as the effects were transient and only lasted a short duration. Thus, an MTD
was not reached in this study. It can be added that decreased activity was recorded in
some of the treated dogs; however, it was also observed during the post-treatment
days. Furthermore, two of the three animals that showed decreased activity also had
higher WBC counts in the blood on Day 8. Therefore, the decreased activity was mostly
likely related to infection. On this note, similar to the rat studies, inflammation/infection
at the catheter site was an issue with the dog studies. In fact, one of the dogs, that was
found dead showed serious infection that invaded into the spinal meninges from the site
of the catheter implantation. However, apart from the inflammation/infection at the
catheter implantation site, no other serious toxicological issues were identified in the
dog studies where CP was administered IT for a maximum of 7 days. No
histopathological changes were observed in the dogs in the spinal cord, or the injection
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site except for the one that showed infection and died on Day 10 of the study. No
issues with catheter patency were reported in the 7-day dog study.
The apparent discrepancy in responses between rat and dog data could be reconciled
with respect to difference in species sensitivities (discussed below). On the other hand,
as shown in the CSF Steady State Concentration (SSC) Table below, it is also possible
that the actual drug concentration in the site of injection could be the lowest in the dogs
among animal species tested and humans. It appears that the maximum concentration
achieved in the rat, but not in dogs exceeds the estimated human CSF SSC. Whether
the difference in concentration of CP at the lumbar spinal cord is the reason for not
achieving MTD in dogs is not clear, but it appears that a higher dose of CP could be
tested in the dog based on the fact that the lumbar spinal volume between human: dog
is 10 mL:3 mL (Reinitz et al., 2015; Sabbe, Grafe, Pfeifer, Mirzai, & Yaksh, 1993). In
this line it can be noted that in a published study, a completely reversible motor
blockade (without any apnea, residual paralysis or neurological deficit) following IT CP
was observed following 30 mg dosing of CP in dogs (see below, Table IK-2). In
addition, it is not clear to the reviewer why the repeat-dose administration was limited to
7 days in the dogs since catheter patency issues were neither observed in the
Applicant’s study nor have been reported in any published studies in dogs. In fact,
there are several published studies that demonstrate that IT catheters maintain patency
in dogs at least for 28 day albeit when the drugs were administered by infusion pump
(Yaksh, Grafe, Malkmus, Rathbun, & Eisenach, 1995).
Safety Margins based on Intrathecal Toxicology Studies
Local Safety
Local safety margins were based on a comparison of the estimated steady state lumbar
CSF concentrations associated with the NOAELs of the 7-day rat and 7-day dog IT
toxicity studies and the estimated concentration in human at the maximum
recommended human dose (MRHD) of 50 mg delivered in 5 mL. Note, that this takes
into consideration the difference in lumbar CSF volumes between the toxicology species
and humans. For example, the estimated human CSF concentration at the MRHD
would be 5 mg/mL based on the following calculation: 50 mg (MRHD)/10 mL (human
lumbar CSF volume). The 7-day rat NOAEL for local safety was 30 mcL of 20 mg/mL
(2%) chloroprocaine HCl, which results in an estimated lumbar CSF concentration of 6
mg/mL. Therefore, the rat data provides an adequate local safety margin of 1.2X. The
7-day dog NOAEL for local safety was 0.5 mL of 20 mg/mL chloroprocaine HCl, which
results in an estimated lumbar CSF concentration of 3.3 mg/mL. Therefore, the dog
data do not provide an adequate safety margin as the exposure margin is 0.6X.
Table: Steady state spinal concentration after intrathecal
administration of different doses of Chloroprocaine in rats, dogs
and humans.
Dose *Estimated
SS
Ratio of
(mg) Lumbar CSF
Concentration
NOAEL/NOEL
volume (mL)
(mg/mL)
over Human SSC
Rat

0.4

0.1

4
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0.1
0.1

5
3
10
3
Human
50
10
Bold Blue Font represents NOAEL/NOEL

6
8

1.2
1.6

1.67
3.33
5

0.334
0.666
1

In summary, the 7-day IT dog study did not adequately characterize the toxicological
potential of the product and the highest dose employed in the 7-day dog study, which
was the NOAEL, was not sufficiently high enough to achieve an estimated steady-state
CSF concentration in the intrathecal space to provide clinical coverage for the proposed
clinical use. Therefore, it is the view of this reviewer that a 28-day IT toxicity study with
higher dosing in the dog is warranted.
Systemic Safety
The systemic safety of chloroprocaine HCl and the major human metabolite 4-amino-2chloro-benzoic acid (ACBA) are covered by the levels associated with the reference
product Nesacaine. Refer to the clinical pharmacology review (dated 7/19/2017 in
DARRTS). In that review, the reviewer notes that a scientific “bridge” to Nesacaine was
established. Note, that the human pharmacokinetic data showed that chloroprocaine
could not be detected in plasma following intrathecal dosing at the MRHD.
Discussion about chloroprocaine-associated local toxicity taking into
consideration additional information from published literature
It is evident from the literature that similar to other local anesthetics CP is neurotoxic at
the spinal level at sufficiently high doses when injected intrathecally. The toxicities
documented in humans that resulted from high doses of CP (documented in published
literature and mostly from inadvertent spinal injections of epidural doses and that is
accompanied by higher injection volumes than IT dosing) include mostly respiratory
depression (mostly from cephalad spread) and neurological deficits in the lower limbs
and perineal regions. However, no significant neurotoxicity has been documented
following many hundreds of off-label intrathecal administration of CP in humans.
Although it is not under the purview of this nonclinical reviewer to assess safety of IT CP
for humans from these data, yet these data from human subjects could be utilized to
better evaluate the toxicological considerations of IT CP in animals to determine safety
of IT CP in humans from a nonclinical perspective. Hejtmanek & Pollock published that
as off-label use CP as spinal anesthetic has been administered at doses up to 60 mg
without any serious neurological effect (Hejtmanek & Pollock, 2011). Foldes & McNeil
also did not report any serious side-effects to IT CP (off-label) at doses up to 100 mg
(Foldes & Mc, 1952). A number of studies have also documented the clinical outcomes
of inadvertent spinal injection of CP formulation intended for epidural injection.
Chloroprocaine doses of 190 and 350 mg cause respiratory depression, but do not any
cause irreversible spinal block or neuronal damage at the spinal level (Kim, Mazza, &
Marx, 1975; Woerth, Bullard, & Alpert, 1977). A number of studies demonstrated that
spinal doses greater than 400 mg appeared to cause neurotoxicity (NT) in humans
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(Moore, Spierdijk, vanKleef, Coleman, & Love, 1982; Ravindran, Bond, Tasch, Gupta, &
Luerssen, 1980; Reisner, Hochman, & Plumer, 1980) (Table IK-3).
In order to understand whether the NT observed with high doses of CP used off-label
for intrathecal administration in humans could be attributed to the preservative in the
epidural formulation or the CP itself, several studies were carried out in a variety of
animal species including rats and dogs. The following table (Table IK-1) shows the
responses and histopathological observations to different doses of IT CP (preservative
free) used in rats in two published studies compared to the Applicant’s 7-day study (the
first study), which was submitted to this NDA.

Li et al.

26

28

3.6

36 0.14 0.17

ml/hour=

0.1

2

20 0.25

0.3

5

2

0.3

6

60 0.08

0.1

5

2

0.6

12

120 0.04 0.05

5

2

2.4

48

480 0.01 0.01

10
5
7
5 2.5
7
6.67 3.33
5 2.5
7
1.11 0.56 1(BS
free)
1mcL/
min

Clinical signs (Neurological signs)

Normal; dypsnea hind limb paralys
Normal; dypsnea hind limb paralys

M

N

Histopathological Observations
(HPO)

10 14 Normal
9 14 Normal

death D2; respiratory depression
Increased latency in tail-flick

1.11 0.56 1(BS Increased latency in tail-flick
free)
1mcL/
min
2

L

1 14 Normal
7 Nerve injury: edema,
degeneration and
demyelination
7 Nerve injury: edema,
degeneration and
demyelination

10
10

1

Residual Paralysis
0.67 0.33 3h
infusi
0.33 0.17 6h
Residual Paralysis
infusi
on
0.08 0.04 24h
Residual Paralysis
infusi
on
Normal

2
4

4

5

7 Intra- & perineuronal
vacuolation in the grey matter
7 Intra- & perineuronal
vacuolation in the grey matter
by LM
7 Intra- & perineuronal
vacuolation in the grey matter
by LM
7 Intra- & perineuronal
vacuolation in the grey matter
by LM

As noted above, in the studies by Taniguchi et al. (2004) and Li et al. (Li, Bahar, Cole, &
Rosen, 1985), where the IT administration was made by slower infusion (a specific
volume injected over longer period of time as compared to Applicant’s study, i.e. ~1
mcL/min vs bolus, respectively), but at higher total doses than the Applicant’s study
(see table above, columns D&E) no respiratory depression was observed in the treated
animals. However, in contrast to the Applicant’s study neurological damage was
observed in both of the studies (Column K). It appears that most of the effects are due
to direct effect of the LA rather than any vascular effect as previously suggested. The
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O
Number of animals with HPO

K

Observation period (Post Trt.)

Ratio of SSC at RAT NOAEL/NOEL :
Dose SSC (E)

3 0.12

J

Number of animals with
Neurotoxicity/ Clinical sign

Ratio of Human SSC at 50mg/5mL :
Dose SSC (E)

3 0.12

4
8
6
8
36

I

Days of Treatment

Steady State Concentration (SSC) in
Lumbar SC

1.25 1.5
0.63 0.75
0.83
1
0.63 0.75
0.14 0.17

0.4
0.8
0.6
0.8
3.6

H

Ratio of Human SSC at 200 mg :
Dose SSC (E)

G

Ratio of Human SSC at Neurotoxic
Dose >400 mg : Dose SSC (E)

F

Mean Score Mean Score

1 0 04
2 0 04

E

Mean

10
10

D

Dose in mg

C

Mean

Taniguchi et al.

Rat
Applicant
Study

B

Volume of injectate in ml

Species : Rats

Nummber of animals

A

% Soln

Table IK-1

7

4
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degree of neurotoxicity appears to depend on the concentration as well as the duration
of local tissue concentration because the rats groups with longer duration of infusion
had greater number of rats with neurotoxicity than the groups with shorter duration of
treatment. This is also observed in the spinal cord tissue with other local anesthetics
too (data not shown). Interestingly, the steady-state concentration (SSC) of the doses
of CP that caused neurotoxicity in the rats is similar to the SSC in humans following 400
mg of IT CP that also caused neurotoxicity in humans (ratio of <1.1, Table IK-1, column
H) as reported in published studies (see Tables IK-1 and IK-3).
The following is a similar Table for the dog studies following IT CP administration (Table
IK-2). As noted earlier, in the Applicant study, no respiratory depression was observed
with the 10 mg dose (in 0.5 mL volume). Interestingly, in the study by Feldman and
Covino, a dose of 30 mg in 1 mL (3% solution) produced completely reversible
pharmacological motor blockade in dogs, but did not produce respiratory depression
(Feldman & Covino, 1981).

Feldman
& Covino

I

Ratio of Human SSC at Neurotoxic Dose
>400 mg : Dose SSC (E)

Ratio of Human SSC at 200 mg : Dose
SSC (E)

3

2

24

12

5

1.67

J

K

clinical signs (Neurological
signs)

7 Normal; hind limb paralysis

L

M

N

Histopathological Observations (HPO)

O
Number of animals with the HPO

H

Observation period (Post Trt.)

G

Number of animals with the
Neurotoxicity/ Clinical sign

F

Days of Treatment

E

Ratio of SSC at DOG NOAEL/NOEL : Dose
SSC (E)

volume of injectate in ml

1 0.5

D

Ratio of Human SSC at 50mg/5mL : Dose
SSC (E)

C

Steady State (SS) Concentration in
Lumbar SC

3

B

dose in mg

Dog
Applicant
Study

Nummber of animals

Species : Dogs

A

% Soln

Table IK-2

3 14 Normal
3

3
5

1
0.33

12
4

6
2

180

60 0.08 0.05

0.6

0.33

240

80 0.06 0.04

0.5

0.25

2 0.5 10
31
30

Ravindra 20 3 6
n et al.
8

3.33 1.5
10 0.5

7 Normal; hind limb paralysis
1 no residual paralysis;
complete recovery after
complete motor blockade
1 Apnea

3 14 Normal
5

20 14

paralysis of the hind limbs;
bladder and bowel
incontinence

7 14 Mild leptomeningitis and necrosis of the
subpial area of the cord in the lumbar
area. Minimal inflammatory cellular
infiltrate was noted in the periphery of
the cord; The changes were more
marked and more circumferential in the

Spontaneous death; d6 d8

2 14 Spinal cords showed gross autolytic
changes.
13 14 Mild leptomeningitis and necrosis of the
subpial area of the cord in the lumbar
area. Minimal inflammatory cellular
infiltrate was noted in the periphery of

no paralysis

When compared to the steady state concentration of human dose of 400 mg (at dose
where neurotoxicity has been reported in humans) and 200 mg (dose at which
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respiratory depression is observed, but no residual neurological deficit were reported),
the 30 mg dose in dogs provides a steady state concentration ratio of greater than 1 (4
and 2, respectively, see Table above columns H and I). However, in the study by
Ravindran et al., at an injection volume of >6 mL with doses of >180 mg of CP,
respiratory depression as well as serious neurotoxicity (including mortalities) at the
spinal level are observed in dogs (Ravindran, Turner, & Muller, 1982). The clinical
signs observed in these dogs were similar to the clinical signs observed in humans at
doses of >400 mg. Also, the ratio of the SSC at these doses in dogs to the neurotoxic
doses (400 mg) and respiratory depression doses (200 mg) in humans is <1 (see Table
above columns H and I). Thus, it appears that steady state concentrations are very
similar among rats, dogs and humans at which specific pharmacological and
neurotoxicity responses to spinal CP are observed in these individual species. This
relationship appears to be closer between dogs and human.
This relationship is further illustrated in Table IK-3 where the SSC for the various dog
and rat doses are compared with the SSC concentration for humans following IT
injection and inadvertent spinal injection of epidural (EPI) CP in humans as reported in
published literature. As can be observed, for the 30 mg IT dose of CP in dogs the ratio
of SSC at this dose to the SSC for the various human IT dose up to 100 mg is 1 or
greater (Column K). Similarly, for the NT doses in both rats and dogs, the ratio for the
SSC NT dose in humans (>400 mg) to the SSC in animals is close to 1 (Columns N and
O). Thus, the clinical signs of irreversible neurotoxicity observed in humans above 400
mg spinal dose are also observed at relatively similar SS concentrations in rats and
dogs. It is also evident from the animal and human studies that the chances of
respiratory depression is higher with higher injection volumes that will allow greater
rostral diffusion and possibly be accompanied by inhibition of the synapse rich area of
the brainstem (pons).
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EPI

Moore et al.

Ratio of Human SSC at 200 mg : Dose
SSC (G)

2.50
1.25
0.83
0.61
0.50
0.25
0.14
0.10

3.03
1.52
1.00
0.71
0.60
0.32
0.17
0.13

1.67
0.83
0.56
0.40
0.33
0.18
0.10
0.07

5.00
2.50
1.67
1.20
1.00
0.53
0.29
0.21

10.00 20.00
5.00 10.00
3.33 6.67
2.42 4.76
2.00 4.00
1.04 2.08
0.57 1.11
0.42 0.83

33.33
16.67
10.00
7.14
5.88
3.13
1.72
1.25

16.67
9.09
5.88
4.35
3.57
1.92
1.03
0.75

18

540

54

0.10

0.11

0.06

0.19

0.37

0.74

1.11

0.67

23

690

69

0.07

0.09

0.05

0.14

0.29

0.58

0.87

0.52

27

810

81

0.06

0.07

0.04

0.12

0.25

0.50

0.74

0.44

28

840

84

0.06

0.07

0.04

0.12

0.24

0.48

0.71

0.43

3

EPI

P

Days of Treatment

O

2
4
6
8.25
10
19
35
48

0.7
1.4
2
3.3 2.5
3
10
12
16

3

Resiner et al.

N

20
40
60
82.5
100
190
350
480

3

3

1

M

Ratio of RAT SSC at 3.6 mg (dose with
irreversible NT) : Dose SSC (G)

1

L

Ratio of Dog SSC at 180 mg (dose with
irreversible NT) : Dose SSC (G)

EPI

K

Ratio of Human SSC at Neurotoxic
Dose >400 mg : Dose SSC (G)

1

J

Ratio of Dog SSC at 30 mg (dose
where complete motor blockade is
completely reversible): Dose SSC (G)

EPI

I

Ratio of DOG SSC at NOAEL/ NOEL in
Applicant Study : Dose SSC (G)

1

H

Ratio of RAT SSC at NOAEL in
Aplicant Study : Dose SSC (G)

EPI

G

Ratio of Human SSC at 50mg/5mL :
Dose SSC (G)

1

F

Steady State (SS) Concentration in
Lumbar SC (mg/mL)

Ravindran et al.

214
Foldes &
McNeil
Kim et al.
1
Woerth et al. 1

IT
IT
IT
IT
IT
EPI
EPI

E

Dose (mg)

Hejtmanek &
360
Pollock

D

Volume (ml)

C
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% Soln

B

Route of Administration

Human DATA

Table IK-3
A

Nummber of subjects

NDA 208791

Q

R

Clinical signs (Neurological signs)

Histopathology

No residual paralysis or apnea
No residual paralysis or apnea
No residual paralysis or apnea
No residual paralysis or apnea
No residual paralysis or apnea
Spinal block, No residual paralysis or apnea
Spinal block, No residual paralysis or apnea
Shortness of breath; Four weeks following epidural
analgesia the patient could move her right leg with ease
and was able to flex, abduct, and extend at her left hip,
to dorsiflex her left toes, and to walk with the aid of
crutches and braces on the left leg. She had control of
bladder and rectal sphincters. Ankle jerks were present
bilaterally.
Rapid apnea; She was released from the hospital 72
hours postoperatively with residual numbness in both
heels and both buttocks. These symptoms subsided over
6 months.
Apnea within 10 minutes. One year later she has loss of These complaints have
been confirmed by
perineal sensation, no sensation during sexual
intercourse, positive left and right Babiniski reflexes, and urologic and neurologic
examinations.
clonic left and right Achilles tendon reflexes.
Four years following the procedure, the patient still
complains of pain in the coccygeal area, difficulty in
controlling urine and feces (principally urine), and no
sensation during sexual intercourse.
Difficulty in breathing in 30 seconds. seven weeks after
the incident, she complained of backache, loss of lower
extremity function, and loss of sensation in legs and
buttocks. Examination revealed marked paresis of the
legs and patchy sensory loss to TI2. · Electromyography
now showed changes consistent with a diagnosis of
adhesive arachnoiditis.

Based on the information from these various sources, it appears that pharmacologic
and/or toxicological responses to spinally administered CP in humans and dogs occur at
almost similar steady-state concentration of CP in the lumbar spinal cord. It can be also
surmised from these studies that a dose of 30 mg/mL could be considered as dose in
dogs that cause complete motor blockade without respiratory depression and
neurotoxicity. However, it is noted that the Feldman & Covino (1981) study in dogs is
not a GLP study and is only single-dose study. Based on this information, one could
anticipate a 2X margin of safety (based on steady state concentration) for 50 mg/5 mL
of CP following IT injection in humans as compared to the NOAEL of 30 mg dose in the
published dog study. Nonetheless, the existing dog study does not adequately
characterize the toxicological potential of chloroprocaine and therefore, the dog study
should be repeated with the high dose producing evidence of toxicity in accordance with
ICH M3(R2). If there are adequate human data to support the safety of the drug
product, the following study may be completed as a post-marketing requirement.
As there are inadequate data in the dog to support the safety of Chlorotekal and the
approval of this NDA from the nonclinical perspective, a new study is recommended. It
is acknowledged that there is a substantial body of clinical experience and this
information plus the clinical data may be adequate to support approval of this product.
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Therefore, the additional nonclinical safety data may be considered as a post-marketing
requirement (PMR) if there are adequate human safety data, at the discretion of the
clinical review team. If the Applicant requests Division feedback on the design of a dog
study, the following concepts can be conveyed based on the observations made by this
reviewer:

1. The volume of the injection is important in relation to a dose causing respiratory
depression. In this line the osmolality of the drug solution and position of the
human/animal subject during injection might be important issues too.
2. The continuous local action of CP at the spinal level is important in eliciting the NT
as indicated by the infusion studies in rats (Taniguchi et al., 2004) where the extent
of neuronal toxicity was related to the duration of infusion of the same dose.
Juvenile Animal Studies
Although the current NDA submission is only seeking approval for use of this drug in
adults, this drug product will have a PREA required PMR. As noted in the agreed
Pediatric Study Plan (PSP), juvenile animal studies will be required to support future
clinical studies in pediatric patients. If approved, the following post-marketing
requirement is recommended:
Conduct an intraspinal juvenile animal study to characterize the impact of
chloroprocaine on neuronal development. The study should characterize the
potential for chloroprocaine exposure during the early neonatal period to produce
neuronal and glial cell apoptosis in the developing brain, neurogenesis, and changes
in neuronal architecture, and assess the potential for long-term cognitive/behavioral
changes in animals following exposure during the critical periods of brain
development.

12
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