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1 Executive Summary
1.1 Introduction
The Applicant submitted an NDA for Dyloject (administered as a 37.5 mg intravenous 
bolus injection) on December 2, 2009, referencing the Agency’s prior findings of efficacy 
and safety for diclofenac potassium (Cataflam, NDA 20142). The Applicant received a 
Complete Response Letter (CR) on October 1, 2010. The deficiencies cited in the CR 
letter were related to both the clinical and the chemistry, manufacturing, and controls 
(CMC) disciplines, as well as labeling. In response to the CR letter, the Applicant 
submitted adequate information and data to demonstrate the safety and effectiveness of 
the product. However, the inspection of the manufacturing facilities identified significant 
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issues that precluded approval of this application during the second review cycle and 
the Applicant received the second CR letter on December 23, 2013.

On October 31, 2014, the Applicant submitted this resubmission in response to the 
second CR letter that included a proposal for a pediatric development plan. During this 
third review cycle, we accepted the Applicant’s request to defer conduct of pediatric 
studies for patients ages 1 to <17 until after approval of the NDA as post-marketing 
requirement (PMR) studies.  Additionally, we waived pediatric studies for patients from 
birth to <12 months of age (see medical officer review for rationale).

1.2 Brief Discussion of Nonclinical Findings
There were no new nonclinical data submitted during the third review cycle. Note that 
there were no pharmacology toxicology issues that precluded approval during the first 
and second review cycle.

1.3 Recommendations
1.3.1 Approvability
From the nonclinical pharmacology toxicology perspective, NDA 22396 may be 
approved.  We do recommend a post-marketing requirement for a juvenile animal study 
(see below).

1.3.2 Additional Non Clinical Recommendations
In a teleconference with the Applicant on December 4, 2014, we informed the Sponsor 
that a juvenile animal toxicology study would be required as a post-marketing 
requirement (PMR) to support the safety of clinical dosing in a pediatric population aged 
1-2 years old.  As noted above, the clinical pediatric studies will be completed as PMRs
and will include children from 1 year <17 years of age.  Note that pediatric clinical
studies will evaluate the pharmacokinetics, safety, and efficacy of an age-appropriate 
formulation of Dyloject in pediatric patients in a tiered manner beginning first with 
children of ages 2 to less than 17 years and lastly with children aged 1 to less than 2 
years. The nonclinical juvenile toxicology study is required prior to clinical studies in the 
younger pediatric cohort (1-< 2 years of age) to address the safety of the drug product 
for this age group as the kidney is not fully formed until approximately 1 year of age and 
is potentially a uniquely vulnerable target organ of toxicity for both diclofenac and the 
hydroxypropyl-β-cyclodextrin (HPβCD).  Note that the drug substance, diclofenac 
sodium, has not been approved for pediatric use.  In addition, HPβCD, an excipient, is 
in FDA-approved intravenous drug products, but none of these products have been 
approved for pediatric use.  In general toxicology studies, this excipient showed kidney 
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findings in mature rats (mild renal tubular vacuolation) and mature monkeys (mild 
granular appearance of the renal tubular cells in the medullary rays), but was not 
associated with impairment of renal function or progressive renal disease, and was 
cleared with full histological reversibility.  However, there is no safety information 
available that addresses the potential effects of this excipient on a developing kidney of 
the pediatric population aged 1-2 years old and given the lack of full maturity of this and 
several other organs, a juvenile toxicity study is warranted.  We recommend that the 
study include full histopathology with specialized assessment of the kidney function, 
including validated rat kidney biomarkers.  The study should test the clinical formulation 
as diclofenac and the HPβCD both could impact kidney function.

The Agency did indicate in the initial conversation that, if they feel there are adequate 
data to justify not conducting the juvenile animal study, the Applicant may submit a 
literature-based justification for the safety of their ultimate pediatric formulation and 
request release from the PMR for Agency review.

On December 9, 2014, the applicant submitted their timeline for the conduct of a 
juvenile animal study as a PMR to evaluate the general toxicology of the Dyloject 
pediatric formulation prior to initiation of the clinical study in pediatric patients ≥1 
through <2 years of age. Below is the proposed timeline for juvenile animal study which 
is acceptable in the context of the full pediatric development program.  

 
 

  

Protocol Submission: May 2017
Study Completion: March 2018
Final Study Report Submission: July 2018

1.3.3 Labeling
From the nonclinical perspective, there are no labeling issues that need to be 
addressed prior to approval.  The labeling recommendations were finalized in the last 
review cycle.  Although the Pregnancy Labeling and Lactation Final Rule was just 
published, there is inadequate time remaining in this review cycle to consider including 
these labeling revisions at this time.
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 22-396 are owned by Hospira or are data for which 
Hospira has obtained a written right of reference.  Any information or data necessary for 
approval of NDA 22-396  that Hospira does not own or have a written right to reference 
constitutes one of the following: (1) published literature, or (2) a prior FDA finding of 
safety or effectiveness for a listed drug, as described in the drug’s approved labeling.  
Any data or information described or referenced below from a previously approved 
application that Hospira does not own (or from FDA reviews or summaries of a 
previously approved application) is for descriptive purposes only and is not relied upon 
for approval of NDA 22-396. 
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2 Drug Information 

2.1 Drug 
Dyloject TM 
2.1.1 CAS Registry Number (Optional) 
15307-79-6 
2.1.2 Generic Name 
Diclofenac sodium 
2.1.3 Code Name 
DIC075V 
2.1.4 Chemical Name 
2-[(2, 6-dichlorophenyl) amino] benzeneacetic acid, monosodium 

 
2.1.5 Molecular Formula/Molecular Weight 
C14H10Cl2NNaO2 / 318.13 
2.1.6 Structure 

 
2.1.7 Pharmacologic class 
Non-steroidal anti-inflammatory drug (NSAID) 
 
 
2.2 Relevant IND/s, NDA/s, and DMF/s 
Drug Name 
and  
FDA 
Application 
Number  

 
Active 
Ingredients  

 
Dosage 
Form/Route  

 
Strength 

 
Marketing 
Status  

 
Company  Approval 

date 

VOLTAREN 
(NDA # 
019201)  

diclofenac 
sodium  

tablet, 
delayed 
release; oral  

75MG  Prescription Novartis 1988 

VOLTAREN 
(NDA # 
020037)  

diclofenac 
sodium  

solution/drops; 
ophthalmic  

0.1%  Prescription Novartis 1991 
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mg/kg which suggests low (oral) toxicity. This reviewer believes that the acute nature of 
the treatment with Dyloject reduces concern. 
 
2.4 Proposed Clinical Population and Dosing Regimen 
Dyloject Injection (37.5mg/mL), a parenteral formulation intended for the management 
of acute moderate to severe pain in adults. The dosage regimen is 37.5 mg every six 
hours (not to exceed 150 mg/day)  
 
2.5 Regulatory Background 
• Diclofenac is the same active ingredient in Dyloject, Voltaren®, Cataflam® 

Voltarol®, Zipsor ® and Pennsaid ®. Diclofenac may be supplied as either the 
sodium or potassium salt. Diclofenac has been available in the U.S. in immediate-
release oral preparations, delayed release enteric-coated tablets, sustained-release 
tablets, ophthalmic drops and topical gels. Diclofenac is available as a generic drug 
in a number of formulations. However a parenteral formulation of diclofenac is not 
available in the U.S. Only two parenteral NSAIDs; Ketorolac (Toradol®) and 
Ibuprofen (Caldolor®) have been approved in the U.S. 

 
• Voltarol® (diclofenac sodium, 75 mg/3 mL) and Dyloject (diclofenac sodium, 75 mg/2 

mL) for IM and IV injections are available outside of the U.S. Voltarol Ampoules were 
first approved in the United Kingdom (UK) on 6 August 1981 for IM and 30-minute IV 
infusion administrations. Voltarol Ampoules 75 mg/3 mL which is currently 
manufactured and marketed by Novartis Pharmaceuticals in Europe, was used as 
an active comparator in certain nonclinical studies in this submission and does not 
contain the excipient HP CD. Dyloject was approved by the Medicines and 
Healthcare products Regulatory Agency (MHRA) in October 2007 and is currently 
marketed in the United Kingdom (UK). From approval to April 29, 2009, an estimated 

 patients in the UK have been treated with DIC075V based on cumulative 
sales of  75 mg/2 mL vials (see 3rd Periodic Safety Update Report (CTD 
5.3.6.3 from NDA submision). 

• Related IND 65,048  is active since 06/14/2002 

• From EOP2 meeting on April 21, 2006 
o Provide evidence/data which indicate that Hydroxypropyl- -cyclodextran 

(HPßCD) does not interfere or trap any other chemicals or biological materials 
in the body 

o The Sponsor agreed to provide qualification data for their IIG. 
o For the NDA, you may need to complete nonclinical pharmacokinetic bridging 

studies in order to compare exposures obtained in the listed drug product with 
those obtained with your drug product for the product labeling. 

o The Division commented that because there are different Cmax values 
between the listed drug and the proposed drug, the Sponsor should ensure 
that adequate preclinical coverage is available to cover all doses 

• From Pre-NDA meeting on March 10, 2008 

(b) (4)

(b) (4)

(b) (4)
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o Establishing a cutoff for meaningful HP CD complexation of likely 
coadministered drugs in the intended patient population based on in vitro 
experiments and the derived stability constants is likely to be more 
informative.  

o The nonclinical studies outlined are sufficient to support submission of the 
NDA. However, before submission of the NDA, in vivo non-clinical data may 
be needed to adequately assess the potential for drug-drug interactions 
between diclofenac sodium injection and commonly used drugs to confirm the 
report provided by the consultant in the briefing package. 

• Cataflam® (oral diclofenac potassium, 50 mg immediate release tablets), 
manufactured by Novartis Pharmaceuticals Corporation, East Hanover, New Jersey, 
is the listed product for this 505(b)(2) NDA. 

• Reference also made to Sporanox® (intraconazole, 60-minute IV infusion) to support 
the safety of the excipient HP CD. Sporanox, NDA 20-966, was approved on March 
30, 1999 and was withdrawn on December 4, 2009 due to commercial reasons 
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3.3 Previous Reviews Referenced: This is a 505(b)(2)  application and reference 
is made to the listed drug Cataflam® (diclofenac potassium) 50 mg Tablets, marketed 
by NOVARTIS, NDA 20-142, approved November 24, 1993.  Also for HP CD 
(excipient) reference is made to Sporanox®, owned by Ortho McNeil Janssen, NDA 20-
966, approved March 30, 1999.  

 
4 Pharmacology 

4.1 Primary Pharmacology 
Primary pharmacodynamic studies were not conducted with DIC075V. Extensive 
references on the pharmacology of diclofenac are summarized below.  
Diclofenac is a potent non-selective inhibitor of cyclooxygenase isoforms 1 and 2 (COX- 
1 and COX-2). Diclofenac is a slightly stronger inhibitor of COX-2 (the inducible isoform 
of cyclooxygenase involved in inflammatory responses) than of COX-1 (the constitutive 
isoform of cyclooxygenase that is important in the maintenance of functional 
homeostasis) (Cryer et al, 1998 and Kato et al, 2001). Through the inhibition of 
cyclooxygenase, diclofenac reduces the formation of prostaglandins, prostacyclins and 
thromboxanes. Diclofenac also decreases the formation of products of the lipoxygenase 
pathways, specifically the leucotrienes and 5-hydroxyeicosatetraenoic acid. This 
decrease is not due to a direct inhibition of lipoxygenase, but is related to a reduction of 
the availability of the substrate, arachidonic acid (Scholer, 1986).  
Analgesic, anti-inflammatory and antipyretic activities have been seen in several animal 
models (Menasse  et al., 1978). 
 
4.2 Secondary Pharmacology 
Secondary pharmacodynamic studies were not conducted with DIC075V. High doses of 
diclofenac (100 mg/kg) inhibit adenosine diphosphate or thrombin-induced platelet 
aggregation in rats (Todd et al., 1988).  
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4.3 Safety Pharmacology 
The applicant conducted only one safety pharmacology study (hERG assay) which is 
summarized below. 

Study title: Evaluation of the Effect of Diclofenac, DIC075V and HP CD on the 
Human Potassium Channel using Human Embryonic Kidney 293 Cells 
Transfected with a Human Ether-a-go-go-related Gene 

Study no.: NC-DFC-018 (eCTD 4.2.1.3) 

Conducting laboratory and location:  

Date of study initiation: March 06, 2008 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: Diclofenac sodium, lot # 0701, purity: 99.9%

HP CD, lot # CH2071650 
 
After recording baseline current levels, patched cells (n=7) were sequentially exposed to 
increasing diclofenac concentrations (1.58, 15.8, 158, 474 μg/mL), DIC075V 
concentrations (containing 1.58, 15.8, 158, 474 μg/mL diclofenac and 14, 140, 1400, 
4200 μg/mL HP CD) or HP CD concentrations (14, 140, 1400, 4200 μg/mL). The 
concentrations selected for this study reflect a range calculated to exceed the 
therapeutic exposure to each constituent (diclofenac and HP CD) of DIC075V, and 
provide as safety margin exceeding 50 times the anticipated clinical exposure. 
The 3 highest concentrations of DIC075V tested respectively caused 45.3, 47.8 and 
41% of inhibition of the hERG tail current. None of the concentrations of diclofenac 
tested caused an inhibition of the hERG tail current. The four concentrations of HP CD 
tested respectively caused 22.5, 39.3, 43.5 and 36.5% of inhibition of the hERG tail 
current. 
This suggests that HP CD, in the specific experimental context of this study, interacts 
with the protein encoded by the hERG gene, and is responsible for the effects on IKr 

current at concentrations of 14μg/mL and greater. The Sponsor stated that the absence 
of clinical effect of HP CD suggests that the effect observed in this study represents 
one of the confounding aspects of HP CD use in patch-clamp experiments, as reported 
by the two authors (Himmel H. 2007 and Mikhail A. 2007). 
 

(b) (4)
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1.4-times higher than in humans. Clearance rates correspond well with glomerular 
filtration rates for the various species. After IV administration of 14C-HP CD in rats and 
dogs, plasma levels and total radioactivity are similar for 4-8 hours post-dose and then 
decline gradually. After repeat dosing (during a day), steady state plasma 
concentrations of HP CD were achieved in rats and dogs within the first day.  Plasma 
concentrations demonstrate dose linearity and no accumulation occurs, even following 3 
months of daily dosing in rats with 400 mg/kg/day and in dogs with 825 mg/kg/day. 
Tissue distribution is very limited, likely due to the size of the molecule. However, renal 
tissue concentrations, especially cortical, exceed those of plasma and remain for an 
extended period following drug discontinuation due to known uptake into tubular 
epithelium as a means of elimination. Peak concentrations in the lung and liver are 3 
times lower and 8 times lower than plasma, respectively. Levels of hepatic HP CD 
concentrations were lower than levels of plasma radioactivity, indicating there was some 
hepatic metabolism of HP CD. After intravenous dosing in pregnant rats, 
concentrations of total radioactivity in fetal blood, whole fetuses and amniotic fluid are 
10-25-times lower than the peak maternal and tissue concentrations. Metabolism of 
HP CD after IV dosing is minimal. Most of the dose is excreted intact. Rats eliminate 
only 3% of a radiolabeled dose via the feces and 0.6% by expired air. Dogs excrete only 
0.2% of total radioactivity via the feces. In humans, 80-90% of an IV dose is eliminated 
rapidly via urine.  
 
5.2 Toxicokinetics 
See repeat dose toxicity studies  
 
6 General Toxicology 

6.1 Single-Dose Toxicity  
See section 7.4 In Vivo mouse micronucleus test 
 
6.2 Repeat-Dose Toxicity 
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6.2.1 Non-Pivotal Repeat-Dose Toxicity  
6.2.1.1 Rats 
Groups of 3 or 5 male and 3 or 5 female Sprague-Dawley rats received daily 
intravenous bolus injections of solutions of the test material (DIC075U) via the tail vein, 
at a constant rate of 1 ml/min, for a maximum of two weeks.  
 
The animals treated at HD were only dosed for 4 days and then sacrificed prematurely 
due to poor clinical condition. The animals treated at 15 mg/kg/day (a replacement 
group) were only dosed for the last 8 days of the 2 week dosing period. 
 

 
 
Toxicity at HD was swollen/firm abdomen with the production of black feces (positive 
fecal occult blood analysis); general signs of poor condition, body weight loss and 
reduced food consumption. Necropsy findings confirmed abnormalities of the gastro- 
intestinal tract in those animals most severely affected. Additional findings considered to 
be related to treatment at this level included decreased red blood cells and associated 
parameters and increased mean cell volume, white blood cells and platelets (males 
only). Clinical chemistry investigations revealed decreases in plasma enzyme activity, 
urea, protein parameters, bilirubin and cholesterol. 
 
At 15 mg/kg/day black feces was observed in 2 animals, (but both were negative for 
fecal occult blood); a slight decrease in weight gain and a reduction in food consumption 
was also noted over the first few days of dosing. Other treatment related findings 
included marginal decreases in red blood cells in females accompanied by slight 
increases in white blood cells and platelets in both sexes.  Note that these animals were 
only dosed for 8 days whereas the others were dosed for 2 weeks. 
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There were no premature deaths in the study. In Part A of the study, a DIC075U dose 
level of 100 mg/kg/day was associated with clinical signs (unsteady on feet, impaired 
coordination, hunched appearance, subdued) immediately after dosing, body weight 
reduction, and decreases in red blood cell parameters, total protein, albumin, 
albumin/globulin ratio, AST, and ALT. At DIC075U 60 mg/kg/day, body weight 
reduction, and decreased hematocrit, albumin and albumin/globulin ratio were 
observed. There were no adverse treatment-related clinical signs, body weight, food 
consumption, hematology, clinical chemistry, urinalysis, organ weight, or gross 
necropsy changes following treatment with HP CD alone at any dose tested. At 
necropsy, the male that had received DIC075U had 2 depressed grey dermal foci at 
or near the injection site, whereas the female that received the same treatments 
demonstrated SC reddening at the injection site.  
In Part B of the study, DIC075U at 60 mg/kg/day IV caused decreases in red blood cell 
parameters, an increase in reticulocytes and white blood cell count, decreases in total 
protein, albumin, albumin/globulin ratio and sodium, a slight increase in spleen weight, 
and a very mild to mild granular appearance of renal tubular cells in the medullary rays 
in the kidney. The latter finding was also observed in monkeys treated with HP CD 
alone, but did not appear to be associated with any functional deficits in renal function. 
At necropsy, the female (but not the male) demonstrated a black/red SC area around 
the injection site vein. This reviewer agrees with the Sponsor’s statement that this 
finding was not considered to be related to the test article and was not evaluated 
histologically since it was not dose dependent and was not seen in the control groups. 
 
There were no treatment-related alterations in organ weights or macroscopic pathology 
in any monkey at any phase of the study. Based on these findings, a DIC075U dose 
level of 60 mg/kg/day was established as the maximum tolerated dose in Cynomolgus 
monkeys. 
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6.2.2 Pivotal Repeat-Dose Toxicity  
6.2.2.1 Rats 
Study title:  DF-HP CD 4 Week Toxicity Study in Rats with 
Administration by the Intravenous Route with Recovery Period 

Study no.: NC-DFC-004 (CTD 4.2.3.2.2) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: 10 January, 1997 

GLP compliance: Yes 

QA statement: Yes 

Drug: DF-HP CD; coded DIC075U  
Lot # R &D 227 
% purity: 96.4% 

  
Key Study Findings 
A 4-week IV toxicity study including a 9-week recovery period was performed in rats 
testing DIC075U doses of 3, 7 and 15 mg/kg/day, with respective HP CD doses of 27, 
62, and 133 mg/kg/day. 
One HD male died on Day 6 and 1 HD female was sacrificed on Day 18. Both deaths 
were associated with poor general condition and peritonitis. 
In HD females, slight decrease in red blood cell parameters, slight increase in white 
blood cell count and statistically significant increase in reticulocytes in HD rats were 
noted (regenerative anemia). 
In only females at HD, slight decreases in total protein (12 % ) and albumin (14 % ) 
was observed. 
In HD female increased spleen weights associated with extramedullary hematopoiesis 
were noted. 
There was increased extramedullary hemopoiesis in spleen for all doses and increase 
of incidence was dose dependent. However these findings were reversible after 
recovery period. 
There were gastro-intestinal (stomach, cecum, colon, duodenum, ileum and Jejunum) 
histology findings ( e.g, peritoneal inflammatory cell infiltration or peritonitis) in HD 
animals which severity of most of the findings was very mild to mild. However these 
differences were absent after recovery period.  
There were very mild to mild renal tubular vacuolation LD, MD and HD. These changes 
did not completely disappear after recovery period; however there was evidence of 
reversibility since only very mild renal tubular vacuolation was observed at the end of 

(b) (4)

(b) (4)
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recovery period. This renal tubular vacuolation was an expected observation of 
intravenous administration of HP CD and was not seen amongst the water treated 
control animals.  
Consistent with higher systemic exposure to diclofenac, female rats appeared more 
sensitive than male rats to GI toxicity. 
Due to histopathology, organ weight and hematology findings a dose level of 7 
mg/kg/day was considered to be NOAEL. At 7 mg/kg/day on day 28, the exposure (AUC 
0-t) was 9,496 and 13,408 ng.hr/mL and Cmax was 49,015 and 54,643 ng/mL in males 
and females, respectively. 
 

METHODS 
DOSES: DICLOFENAC: 0, 3, 7 AND 15 MG/KG 

HPβCD: 0, 27, 62 AND 133 MG/KG 
FREQUENCY OF DOSING: DAILY 
ROUTE OF ADMINISTRATION: INTRAVENOUS (SLOW BOLUS, 1ML/MIN) 
DOSE VOLUME: SEE BELOW THE SPONSOR’S TABLE 
FORMULATION/VEHICLE: DIC075U ( DICLOFENAC SODIUM + 

HP CD)  STERILE WATER FOR INJECTION 
USP 

SPECIES/STRAIN: SPRAGUE-DAWLEY RATS 
NUMBER/SEX/GROUP: MAIN GROUP: 10/SEX/GROUP 

RECOVERY GROUP: 5/SEX/GROUP   
DURATION OF DOSING: 4 WEEKS 
DURATION OF POST DOSE: 9 WEEKS 
AGE: 6 WEEKS 
WEIGHT: MALES: 79-88 G 

FEMALES: 54-61 G 
SATELLITE GROUPS: 12/SEX/TEST ARTICLE GROUP FOR 

TOXICOKINETICS 
UNIQUE STUDY DESIGN: NONE 
DEVIATION FROM STUDY 
PROTOCOL: 

NO DEVIATIONS IN THE STUDY PROTOCOL WERE 
DESCRIBED BY THE APPLICANT. 

 
The main and recovery groups consisted of 15 male and 15 female rats which received 
daily intravenous bolus injections of solutions of DIC075U at a nominal concentration of 
25 mg diclofenac sodium/mL via the tail vein, at a constant rate of 1 ml/min (slow bolus). 
All animals were monitored for mortality (twice daily), for adverse clinical signs (daily), 
for body weight (weekly), food and water consumption (weekly), ophthalmic changes 
(Week 4 treatment and recovery), hematology, clinical chemistry, urinalysis changes 
(Week 4 treatment and recovery), and pathologic changes at and after necropsy. All 
rats were given a detailed post mortem examination and major organs were weighed 
and preserved. Histological examination was performed on all tissues from the control 
and HD main study animals and on the kidney, spleen and gastro- intestinal tract from 
all LD and MD group main study animals and control and high group recovery study 
animals. Additionally kidney sections were examined from LD and MD group recovery 
study animals.  

(b) (4) (b) (4)

(b) (4)
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Clinical Signs: 
At HD, abnormal colored feces (dark, probably blood) were recorded for the majority of 
animals (22/28). There were no other treatment related findings in animals during the 
study. 
 
Body Weights: 
There was a decrease (especially in females at HD group) in mean body weight gain 
over the first few days of dosing and thereafter, weight gain appeared to be comparable 
to control (see below figures). 
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Feed Consumption:  No treatment related findings 
 
Ophthalmoscopy:  No treatment related findings 
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Hematology:  
In HD females, slight decrease in red blood cell parameters and slight increase in white 
blood cell count, primarily driven by increased neutrophils, was noted (see below table 
from the IND submission). 
 

 

 
 
  
While there was an increase in reticulocytes (40 % ) in HD female in the main study 
there was a decrease in reticulocytes (35 % ) in HD recovery female group when 
compared with female controls which suggests this effect is reversible. 
 
Clinical Chemistry: 
In HD females, slight decreases in total protein (12 % ) and albumin (14 % ) were 
noted. Very slight increased creatinine (7 % ) in HD males was observed. There were 
no other treatment related findings in clinical chemistry parameters at any of the dose 
levels administered. There were no differences between HD and controls at recovery. 
 
Urinalysis: no treatment-related findings 
 
Gross Pathology: At HD, after 4 weeks of treatment, the findings of note were 
reddening of the jejunum in one male animal, enlarged spleen in one female and 
abdomen containing fluid in the same female in the main study as an unscheduled kill 
due to poor condition. There were no other treatment related necropsy findings after 4 
weeks of dosing and, after the recovery period. 
 
Organ Weights: 
Selected organ weight findings of DIC075U in 28-day repeat dose toxicity in rats: 
(reviewer’s table). 
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In HD female increased spleen weights associated with extramedullary hematopoiesis 
were noted. Mean absolute liver weights and relative to body weight were lower in HD 
male rats compared to the controls. However, these changes seem less affected in 
recovery groups. 
 
 Histopathology: 
 
Adequate Battery:  
Tissues from the gastro-intestinal tract, kidneys, liver and urinary bladder were 
processed and examined histological from the control and high dose animals in the 
main study as high priority. Subsequently all other specified tissues from the control and 
high dose animals were examined. The data obtained from all tissues in control and 
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high dose animals were reviewed and the decision was taken to examine kidney, spleen 
and the gastro-intestinal tract in the low and intermediate main study animals and 
subsequently in the control and high recovery study animals. Finally, kidneys were 
examined in the low and intermediate recovery study animals. 
 
 Peer Review: 
In addition to the routine internal peer review, a second set of kidney sections were 
examined  
 
Histological Findings 
Table below summarizes the microscopic findings of DIC075U in this 28-day repeat 
dose toxicity in rats. 
Note: The protocol stated that the first 10 animals of each group would be for main 
study animals. However, following the premature death of several animals, the animals 
were redistributed into main and recovery study animals. 

(b) (4)
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There was gastro-intestinal (stomach, cecum, colon, duodenum, ileum and jejunum) 
toxicity in HD animals which was considered to be consistent with the administration of 
a non-steroidal anti-inflammatory such as diclofenac sodium. There were no similar 
findings at the lower dose levels and the findings are considered to be reversible within 
a 9 week recovery period.   
In addition, very mild to mild renal tubular vacuolation was observed at 3, 7 and 15 
mg/kg/day of DF-HP CD. There was a greater incidence of the mild changes with 
increasing dosage and also among the females. These changes did not completely 
disappear after recovery period in HD animals; however there was evidence of 
reversibility since only very mild renal tubular vacuolation was observed at the end of 
recovery period.  
This renal tubular vacuolation was an expected observation of intravenous 
administration of HP CD (as described with unsubstituted β-cyclodextrin by Frank et al, 
1976) and was not seen amongst the water treated control animals. It was confirmed as 
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an expected finding by an external pathologist  
experienced in the evaluation of tissues from HP CD treated animals.  
Note: also  in repeat IV dose toxicity in monkey very mild to mild granular appearance of 
the renal tubular cells in the medullary rays was observed at all dose levels of DIC075U 
and in animals given HP CD only in study NC-DFC-011. As noted in the literature 
(Gould and Scott, 2005; Coussement, W. et al, 1990), these findings are considered an 
expected consequence of IV administration of HP CD. 
There was increased extramedullary hemopoiesis (which may link to decreased in RBC, 
increased reticulocytes and increased spleen weight) for all doses and increase in 
incidence was dose-dependent. However these findings were reversible after recovery 
period. 
Also there were findings in liver, lung, pancreas and testis (see above table). However 
these organs in the main study (LD and MD groups) and recovery groups were not 
evaluated and it is not clear weather these findings were treatment related.  
 
Special Evaluation: None 
 
Toxicokinetics: 
Intravenous diclofenac sodium has a large volume of distribution, a rapid clearance and 
a relatively short half-life (0.418 to 2.55 hours). The rate of clearance was higher in 
males but decreased with increasing dosage and the volume of distribution decreased 
with exposure between Day 0 (first day of dosing) and Day 28. Cmax and AUC values 
were dose dependent. AUC values were consistently higher (mild) in females compared 
to males. Some evidence of accumulation was noted in the low dose group. Below table 
copied from NDA submission. 

 
 

(b) (4)
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Stability and Homogeneity: 
Routine analysis of samples of the dosing solutions during the course of the study 
indicated satisfactory stability of the vials of test material. 
The analyzed concentration of the dosing solution was within ± 6% of the nominal at 
each analysis occasion. 

 
 
6.2.2.2.1 Monkey 
Study title:  DF-HP CD and HP CD alone, 4 Week Intravenous 
Toxicity Study in Cynomolgus Monkeys with a 3 Month Recovery 
Period 

Study no.: NC-DFC-010 (CTD 4.2.3.3.1.1) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: February 6, 1997 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: DF-HP CD; coded DIC075U  

Lot # R &D 227,  % purity: 96.4% 

HP CD; Lot # R & D225 

Key Study Findings 
A 4-week IV toxicity study including a 13-week recovery period was performed in 
monkeys testing DIC075U doses of 3, 15 and 60 mg/kg/day, with respective HP CD 
doses of 27, 133, and 533 mg/kg/day.  There were two control groups including 
water and HP CD (533 mg/kg.day) control in this study. 

(b) (4)

(b) (4)
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• HD animals died or were sacrificed moribund prior to scheduled termination.  
Resolution of the toxicology findings could not be assessed in the male and 
female at HD dose (both main and recovery groups), due to the need for 
premature sacrifice.  

o At HD, two monkeys were sacrificed at the end of week 1 and two 
additional monkeys were sacrificed at the end of week 2 due to poor 
clinical condition and tail lesions. The remaining animals were sacrificed 
during Week 3 of the study. 

o Most animal at HD produced dark feces and soft/liquid feces in the first 
week of dosing and a number of these also had red mucoidal material 
(assumed to be blood) in the feces. Some of the animals in this group 
appeared hunched, subdued and lethargic. 

• Dark feces and soft/liquid feces at MD groups were observed in the first week of 
dosing but not in LD or control groups. 

• The majority of clinical signs were skin lesions, primarily of the tail but also on the 
limbs and thorax. Tail skin lesions were observed in a number of animals from all 
groups. The number and severity of these lesions increased as the study 
progressed and notably in MD animals. 

• Animals at HD showed body weight loss (~ 6%) and reduced food consumption. 
• HD animals showed reduced levels of hemoglobin, red blood cells and 

hematocrit and elevated reticulocytes, white blood cell and platelet counts. At 
MD, there were slightly lower levels of hemoglobin and red blood cells and higher 
levels of reticulocytes and platelets in both sexes in week 4 compared with the 
control values. 

• HD animals showed reduced levels of albumin, the albumin-globulin ratio and 
alkaline phosphatase. Albumin levels and albumin-globulin ratios were reduced 
at week 4 in both sexes dosed at MD compared with control.  

• Thymus weights were lower in animals of all groups (only males) including those 
receiving HP CD alone (vehicle control) in both sexes. However after 13 weeks 
recovery, thymus weights were higher in vehicle control group compared to water 
control groups. Spleen weights were higher in all groups compared to vehicle 
control. After 13 weeks recovery spleen weights were higher in vehicle control 
groups (only males) compared to water controls. 

• In one HD female severe gastrointestinal lesions, including multifocal mucosal 
necrosis and submucosal edema was seen. Also pyloric mononuclear-cell 
infiltrate in stomach was seen in one HD male. Other histopathological findings in 
this group included thymus atrophy, polymorphonuclear leukocyte infiltration, and 
ulceration of tail skin lesions, and a very mild to mild granular appearance of the 
renal tubular cells in the medullary rays.  
Histopathological findings in MD groups included mild inflammatory cell 
infiltration in the colon in two animals, moderate thymus atrophy in 1 male, 
polymorphonuclear leukocyte infiltration and ulceration of tail skin, and a very 
mild to mild granular appearance of the renal tubular cells in the medullary rays. 
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Note: At HD more severe clinical finding were elicited in the first week of dosing than 
had been anticipated from preliminary work (Inveresk Project No. 564147). 
 

Clinical Signs: 
Most animal in the HD group produced dark feces and soft/liquid feces in the first week 
of dosing and a number of these also had red mucoidal material (assumed to be blood) 
in the feces. Some of the animals in this group appeared hunched, subdued and 
lethargic. Dark feces and soft/liquid feces at MD groups were observed in the first week 
of dosing. 
 
The majority of clinical signs recorded throughout the study were skin lesions, primarily 
of the tail but also on the limbs and thorax. Tail skin lesions were observed in a number 
of animals from all groups. However the Incidence and the severity of such lesions were 
greater at HD and MD compared to controls. Some lesions were seen pre-trial and 
some animals even had tail lesions before delivery, but they were mild by the start of 
dosing. The number and severity of these lesions increased as the study progressed 
and notably in MD animals (high dose animals were sacrificed early in the study). There 
was no exacerbation of skin lesions at the low dose level or in the group receiving 
HP CD alone. However, tail skin lesions were observed in HP CD alone recovery 
groups (see appendix 4) which shows some effects on tail skin.  
 
Note: A combination of the observed tail lesions and the clinical condition of the animals 
treated at HD led to further animals being sacrificed prematurely. This group was 
considered no longer to be viable.  
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From Toxicology Tabulated Summary: 

 
 

 
 

 

 
  
Note:  
Maximum incidence of observation was 5 or 3 (animals) X 28 (days). However for HD 
male and female the number of observations was 75 and 68 respectively since they 
were sacrificed in week 1-3.  
 
Body Weights: 
Body weight was reduced (~ 6%) in animals dosed at HD compared with the vehicle 
controls but was unaffected by treatment with either HP CD or DIC075U at LD or MD. 
 
Feed Consumption: was reduced in animals dosed at HD compared with the vehicle 
controls but not in other groups. 
 
Ophthalmoscopy: No treatment related findings 
 
ECG: No treatment related findings 
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Hematology: 
Group mean values for main study are presented in below table: 

 
HD animals showed reduced levels of hemoglobin, red blood cells and hematocrit and 
elevated reticulocytes, white blood cell and platelet counts.  
Note: These RBC parameter findings are not unexpected of parenteral administration of 
a non-steroidal anti-inflammatory drug and are considered to be related to the observed 
gastro-intestinal bleeding. The observed elevated white blood cell counts at HD may 
have been related to the tail lesions. 
At MD, there were slightly lower levels of hemoglobin and red blood cells and higher 
levels of reticulocytes and platelets in both sexes in week 4 compared with the control 
values. The differences from the water control were significant for reticulocytes and 
platelet levels but the differences from HP CD controls were significant for hemoglobin, 
red blood cells and hematocrit in males.  
 
Group mean values for week 13 recovery (note this only compares vehicle to water): 
 

DAILY DOSE 
 

 0 MG/KG 
(WATER CONTROL) 

0 MG/KG 
(HP CD CONTROL) 

 M F M F 
HEMOGLOBIN (G/DL) 12.7 12.8 13.6 13.7 
RBC (X1012/L) 6.5 6.18 6.97 6.64 
HEMATOCRIT (L/L) 0.426 0.414 0.432 0.455
NEUT (X109/L) 0.27 0.81 0.46 0.71 
WBC (X109/L) 9.08 11.34 9.57 11.67
RETICULOCYTES (%RBC) 0.7 1.0 0.8 0.8 
PLATELETS (X109/L) 324 359 290 339 
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Clinical Chemistry: 
Group mean values are presented in below table: 

 
 
Compared to control, animals treated for one week at HD, showed reduced levels of 
albumin, the albumin-globulin ratio and alkaline phosphatase. These are considered to 
be effects of treatment. Creatinine, organic phosphate and total bilirubin levels were 
also lower. 
Albumin levels and albumin-globulin ratios were reduced at week 4 in both sexes dosed 
at MD compared with vehicle control.  
Significant findings at week 4 compared with the water control included lower alkaline 
phosphatase (AP) activity for males at LD and males and females at MD, higher 
potassium levels for males at LD and males and females at MD, and higher levels of 
sodium and inorganic phosphate in females at MD. 
 
Urinalysis and fecal occult blood: No treatment related findings  
 
Gross Pathology: One HD female dosed for one week had red mucosa of the stomach 
and the entire length of the small intestines was red with watery contents. One HD 
male, one MD male and two males treated with HP CD alone (at the end of recovery) 
showed reddened gastric mucosa. Three HD animals had spongy lungs which were not 
seen in control groups. One MD animal had a small thymus. Tail lesions were observed 
in a number of animals from all groups, including the controls and the number and 
severity of these lesions increased as the study progressed in MD and HD animals. 
 
Organ Weights: 
Selected organ weight findings of DIC075U in 28-day repeat dose toxicity in monkeys: 
(reviewer’s table, group mean values). 
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Thymus weights were lower in animals of all groups (only males) including those 
receiving HP CD alone in both sexes. However after 13 weeks recovery, thymus 
weights were higher in vehicle control group compared to water control groups.  
After 13 weeks recovery, spleen weights were higher in vehicle control groups (only 
males) compared to water controls. 
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Histopathology: 
 Adequate Battery: Yes 

• A full histological examination of the below listed tissues was undertaken for all 
animals on the study. Recovery groups included water control and vehicle control 
(HP CD alone).  The designated HD recovery groups were sacrificed prior to 
scheduled termination due to deaths and poor condition. 

.  
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Gastrointestinal: 
Severe mucosal necrosis was seen in the stomach and jejunum, together with 
necrotizing ileitis and submucosal edema, in one HD female which showed 
abnormalities of the gastro-intestinal tract at necropsy. Also mononuclear-cell infiltrate in 
the pyloric region of the stomach was seen in one HD male.  
Mild inflammatory cell infiltration in the colon was seen in two MD animals which may 
relate to macroscopic findings. 
 
Kidney: 
In a number of animals in all groups (Groups 2-5), but not those receiving sterile water 
only (Group 1), renal tubule cells in the medullary rays had a mild or very mild granular 
appearance at histopathological evaluation. This was confirmed as an expected finding 
of intravenous HP CD administration by an external pathologist experienced in the 
evaluation of tissues from HP CD treated animals. The finding was absent after a 3 
month recovery period. As described previously this renal toxicity is an expected finding 
in nonclinical toxicology studies.   
 
Heart: 
Very mild focal inflammatory cell infiltration was found in heart in all groups but the 
incidence increased at HD. 
 
Thymus: 
Moderate thymic atrophy was found in one HD and one MD animals. Mild or very mild 
thymic atrophy was also observed in 5 other HD animals. The Sponsor stated that the 
incidence of thymic atrophy at MD is of equivocal significance as thymic atrophy is an 
occasional background finding in Cynomolgus monkeys  The increased 
incidence of thymic atrophy at HD was a probably consequence of the stress of the 
animals clinical condition and was considered to be indirectly related to DIC075U 
administration. Note: this reviewer believes that this finding is drug related since it is 
dose dependent in terms of severity and incidence. Unfortunately there is no HD 
recovery group to evaluate the reversibility of the finding. 
 
Tail skin lesions 
Tail lesions were observed in a number of animals from all groups, including the 
controls. Some had been observed in animals pre-trial and even before delivery from 
the supplier. However there was a tendency towards multiplicity and increased severity 
of lesions in animals treated at MD and HD.  
 

Special Evaluation: None  

Toxicokinetics 
Toxicokinetic samples were obtained pre-dose and at 2, 10, (5, 15 for Group 2), 30, 60, 
120, and 240 minutes post-dose from study animals at all DIC075U dose levels on Day 
1 and at all DIC075U dose levels except 60 mg/kg/day on Day 28. No toxicokinetic 
samples were collected from the diclofenac 60 mg/kg/day animals on Day 28 because 

(b) (4)
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all of these animals had been sacrificed prior to that time due to poor clinical conditions, 
although pre-terminal samples were collected prior to termination when possible. 
Average diclofenac AUC determined on Day 1 ranged from 6.1 to 399.0 μg·h/mL in 
male, and from 7.4 to 413.3 μg.h/mL in female monkeys. Cmax and AUC values of 
diclofenac increased with an increase in dose. AUC values showed a more than dose-
proportional increase. The steady state volume of distribution was 128.2 mL/kg in males 
and 129.2 mL/kg in females. There were only marginal gender differences in AUC 
values. The half-life of elimination of diclofenac averaged between 0.6 and 1 hour and 
appeared to increase slightly after repeated dosing (see below the Sponsor’s table 12). 
HP CD showed an average AUC value of 3918 and 3844 μg h/mL in male and female 
monkeys, respectively, after a single IV dose of 533 mg/kg (see below the Sponsor’s 
table 13). 
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HP CD administration. This reviewer agrees with the Sponsor that these effects in 
kidneys are related to HP CD since these effects were not seen in water controls.  
 
It has been shown that human subjects given a single dose of DIC075V receive 
approximately 66.4 μg·h/mL of HP CD. This exposure is approximately 50 times lower 
than that causing in monkeys very minimal light microscopic changes with no evidence 
for functional renal deficits. 
 
Following the 3 month recovery period there were no differences in renal medullary rays 
in animals from the control or HP CD treated groups. 
 
Toxicokinetic analysis showed a relatively short half-life for HP CD. There were no 
gender differences in HP CD kinetics and  no accumulation in plasma in 4 weeks 
dosing period (see below TK data from NDA submission). 
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7 Genetic Toxicology 
7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
Study title:  DF-HP CD Testing for Mutagenic Activity with Salmonella 
Typhimurium TA 1535, TA1537, TA 98 and TA 100, and Escherichia coli 
WP2uvrA 

Study no.: NC-DFC-007 (eCTD 4.2.3.3.1) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: May 21, 1997 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: DF-HP CD (DIC075U), # R&Q 227, 
96.4% 

Key Study Findings 
• DIC075U was tested in the Ames Reverse Mutation Assays at concentrations of 

17 to 5000 g/plate.   

• The results of both direct plate and preincubation methods were similar. 
DIC075U did not induce mutagenic activity in any of the 5 bacterial strains used, 
in either metabolic activation condition. 

• In the second mutation assay (pre-incubation method) toxicity was observed, in 
the presence of S9 mix only. Slightly thin background lawns of microcolonies 
were observed with S.typhimurium TA 96 and TA 100 at 2500 g per plate. Thin 
lawns with S.typhimurium TA 98 and TA 100 and slightly thin lawns with 
S.typhimurium TA 1537 were noted at 5000 g per plate. 

• A reduction in the number of mutant colonies was observed in both assays in the 
presence and absence of S9 mix, most notably with TA 100 and at 5000 

g/plate. 

• No precipitation of the test material was observed. 

• There was no difference in mutant colony count between the carrier solution 
(HF CD) and vehicle control. 

• Under the conditions of the study, DIC075U was concluded to be negative in     
the bacterial reverse mutation assay when tested up to maximum limit of 
5000 g/plate. 

(b) (4)

(b) (4)
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Results 
• The results of the toxicity test for DIC075U are shown in below table: 

 
A reduction in the number of colonies was observed in 5000 g/plate. No precipitation of 
the test material occurred.  
 
The dose levels used in the first mutation assay, chosen on the basis of the results of 
the toxicity test (in TA 100 only), were:  17, 50, 167, 500, 1667 and 5000 g/plate. The 
dose Ievels were narrowed for the second assay to extend parameters: 156.25, 312.5, 6 
5, 1250, 2500 and 5000 g per plate. 
 

• There was no apparent difference in mutant colony count between the carrier 
solution (DF-HP CD) and vehicle control with pre-incubation method 

 





NDA # 22-396  P/T Reviewer: Armaghan Emami 

 54

 
 

  
             

            
            
         

        
   

   
            

               

             

             

             

 

             

             

             

     

 
           

               

   

  

           

 

   

   

   

   

   

   

   

   

 

  

   



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 55

 

  
             

            
      

        
   

   
            

               

             

             

             

 

             

             

             

     

 
           

               

   

 
 

  
 

 
 

 
 

           

 

   

   

   

   

   

   

   

   

 

  

   



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 56

 

  
             

            
            
         

        
   

   
            

               

             

             

             

 

             

             
  

             
   

     

 
           

               

   

  

        

           

 

   

   

   

   

   

   

   

   

 

  

   



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 57

 

 

 

 

 

 

  
             

            
      

        
   

   
            

               

             

             

             

 

             

             

             

     

 
           

               

   

 
 

  
 

 
 

    
 

           

 

   

   

   

   

   

   

   

   

 

  

   



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 58

7.2 In Vitro Mouse Lymphoma Mutation Assay  
Study title:  DF-HP CD Mouse Lymphoma Mutation Assay 

Study no.: NC-DFC-009 (eCTD 4.2.3.3.1) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: April 30, 1997 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: DF-HP CD (DIC075U), # R&Q 227, 96.4%

Key Study Findings 
• DIC075U was assayed for mutagenic potential in the mouse lymphoma L5178Y 

cell line, clone 3.7.2.C, scoring for forward mutations at the thymidine kinase 
locus: TK +/- to TK -/-.  

• A cytotoxicity test showed that DF-HP CD was toxic at 312.5 g/ml in the 
absence and presence of S9 mix. 

•  Four independent mutation assays (2 in the absence and 2 in the presence of 
S9 mix), were conducted. The final concentrations of DIC075U in the treatment 
medium ranged between 10 and 250 g/ml. No significant evidence of mutagenic 
activity was obtained from cultures treated with DF-HP CD in any of these 4 
assays  

•  DIC075U is not mutagenic in mouse lymphoma L5178Y cells, when tested at 
concentrations extending into the toxic range. 

(b) (4)

(b) (4)
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Results 
• The preliminary toxicity test showed that a concentration of 156.25 g/ml reduced 

the relative suspension growth to 27% and 19% in the absence and presence of 
S9 mix, respectively (see below the Sponsor’s tables). Higher concentrations 
were lethal. 

 
 

 

• Mutant assay 1 (with S9 mix) and assay 2 (without S9 mix): No evidence of 
mutagenic activity was obtained with DIC075U -treated cultures, in either the 
absence or the presence of S9 mix. The mean relative total growth (RTG) at the 
highest concentration was 16% and 15% in the absence and presence of S9 mix, 
respectively. 



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 61

 

 

 

     
   

  
 

      

  

  

  

     

  

     

  

    

  

  

 

    

  

  

  

   

  

  

 

   

  

        
  

  

   
   

  
 

 
   

   

   

   

   

   

   

   

   

   

   

 

 

   

   

   

   

 

  

   

   

    
   
   

  
 
 

   

  

  

  

  

   

   

   

   

   

   

 

 

   

   

 

 

   

   

 

 

   

   



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 62

 

 

In Assay 2, in the presence of S9 mix, DIC075U was assessed for mutagenic activity at 
concentrations of 90, 130, 170 and 210 g/ml. Lower concentrations were surplus to 
requirement, while the highest concentration (250 g/ml) was too toxic for assessment. 
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• Mutant assay 3 (with S9 mix) and assay 4 (without S9 mix): No evidence of 
mutagenic activity was obtained with DIC075U treated cultures, in either the 
absence or the presence of S9 mix. The mean RTG at the highest concentration 
(250 g/ml) was 35% and 13% in the absence and presence of S9 mix, 
respectively. 
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7.3 In Vitro Mouse Lymphoma Mutation Assay (Voltarol) 
Study title:  Voltarol Mouse Lymphoma Mutation Assay 

Study no.: NC-DFC-008 (eCTD 4.2.3.3.1) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: April 30, 1997 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #: Commercially available Voltarol (Batch 
No. 285800), manufactured by Geigy 

Key Study Findings 
• Voltarol was assayed for mutagenic potential in the mouse lymphoma L5178Y 

cell line, clone 3.7.2.C, scoring for forward mutations at the thymidine kinase 
locus: TK +/- to TK -/-.  

• A cytotoxicity test showed that Voltarol was toxic at 156.25 g/ml in the absence 
and presence of S9 mix. 

•  Four independent mutation assay (2 in the absence and 2 in the presence of S9 
mix), were conducted. The final concentrations of test article in the treatment 
medium ranged between 130 and 250 g/ml.  

• Dose-related mutagenic responses were obtained with Voltarol-treated cultures 
in all 4 assays. The responses were larger in the presence of S9 mix. The lowest 
effective concentration was 170 g/ml. 

• Voltarol is mutagenic in mouse lymphoma L5178Y cells when tested at 
concentration extending into the toxic range. 

 
 

(b) (4)

(b) (4)
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Methods 
Strains: Mouse lymphoma L5178Y cell line 

 Concentrations in definitive 
study ( g/ml): 

All 4 assay:  
130,170, 210 and 250 

Basis of concentration 
selection: 

The dose levels chosen on the basis of the results 
 of the toxicity test 

Negative control: water 

Positive control: ethyl methanesulphonate (EMS), methyl 
methanesulphonate (MMS), 3-methylcholanthrene 

Formulation/Vehicle: Volrarol  
Incubation & sampling time: On the day of the test, samples of cell culture were 

dispensed to sterile tubes, each containing 3.9 ml 
madia. Freshly prepared S9 mix or media was added 
to each tube followed by the test solution, vehicle or 
positive control. 
All tubes were incubated on rotating at 37 °C, 10 
r.p.m. for 4 h. After this, the cells were gently 
regimented by centrifuge. The cells were returned to 
the rotating drum and allowed to express their 
genetic lesions at 37°C for 2 days. 
On Day 2, cell counts were determined. All cultures 
were selected for expression of genetic damage. 
This was determined by performing 2 parallel cloning 
assays: the viability assay and the mutant selection 
assay. 
For the mutant selection assay, trifluorothymidine 
(TFT) was added to cloning medium. All plates were 
gelled at room temperature until the agar had set, 
then incubated at 37 °C  in an atmosphere of 5% 
CO2 :95% air (v/v) until the colonies were fully 
developed (usually 14 days). The colonies were then 
counted using a "Domino" image analyzer. 

 

Study Validity 

The criteria for a valid assay were met: e.g. 1) cloning efficiency of solvent control of 56-
129% (soft agar),  2) spontaneous mutant frequencies in solvent control (between 35-
140 mutant/10 +6 clonable above solvent control value. 3) Positive control showed at 
least 100 mutants/10 +6 clonable cells above solvent control. 4) Relative growth 
between 10-20%. 
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Results 
• The preliminary toxicity test showed that a concentration of 156.25 g/ml reduced 

the relative suspension growth to 40% and 14% in the absence and presence of 
S9 mix, respectively (see below the Sponsor’s tables). Higher concentrations 
were lethal. 

 
 

 

• Mutant assay 1 (with S9 mix) and assay 2 (without S9 mix): Both assays were 
classed positive.  
In the absence of S9 mix, no response was obtained at the lowest concentration 
of 130 g/ml , while slight increases (1.5-1.9-fold) in mutant fraction were 
obtained compared to control values at the next 2 concentrations. The highest 
concentration of 250 g/ml resulted in a mean increase of 3.55-fold. The mean 
RTG at this concentration was 21%.  
In the presence of S9 mix, no increase was obtained at the lowest concentration 
of 130 g/ml. At 170 g/ml, a mean increase of 3.4-fold over control was 
obtained in mutant fraction (mean RTG = 33%). This increased to 13.3-fold at 
210 g/ml, where mean RTG was 16.5%. At the highest concentration of 250 

g/ml  the RTG of both cultures was below the minimum acceptable 10%.  
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• Mutant assay 3 (with S9 mix) and assay 4 (without S9 mix): Both assays were 
classed positive. 
In the absence of S9 mix, a single dose increase was obtained at the highest 
concentration of 250 g/ml, giving a mean increase in mutant fraction of 2.25-fold 
compared to control (mean RTG = 18.5%). 
In the presence of S9 mix, no increase was obtained at the lowest concentration 
of 130 g/ml (mean RTG = 65.5%). At 170 g/ml, a slight increase (1.65-fold) 
was obtained (mean RTG = 32%). At 210 g/ml, a mean increase of 4.2-fold over 
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control was obtained in mutant fraction (mean RTG = 14%). At the highest 
concentration of 250 g/ml the RTG of both cultures was below the minimum 
acceptable 10%.  

 

 

 

 

    
   

 
 

    

 

 

 

    

 

   
 

 

   

 

  

 

   

 

  

 

  

 

  

 

  

 

       
      

        
  

  

   
   

  

 
  

   

   

   

    

    

    

    

   

   

   

   

   

   

   

   

   

     
    
     

   
 
 

   

   

   

   

   

    

    

    

    

 

 

 

 

 

 

    

    

    

    

    

    

    

    



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 71

 

 

 

 

 

 

    
  

 
 

     

 

 

 

   

 

   

 

  

 

   

 

  

 

  

 

  

 

  

 

       
      

          
  

  

    
    

   
 

 
  

    

    

    

    

    

    

    

    

    

    

    

    

    

    

    
   
    

   
 
 

  

  

  

  

  

   

   

 

 

 

 

 

 

   

   

   

   

   

   

   

   





NDA # 22-396  P/T Reviewer: Armaghan Emami 

 73

marrow samples were taken 24h after dosing from all dose groups and at 48h from the 
vehicle and high dose groups. 

 
Femur was removed for marrow extraction from five surviving animals in each treatment 
and control group. The bone marrow was flushed and smears were taken on slides. 
2000 polychromatic erythrocytes (PCE) per control animal were analyzed for the 
frequency of micronuclei. The PCE/NCE ratio, a measure of any induced systemic 
toxicity, was determined by counting a minimum total of 1000 erythrocytes (PCE+ NCE) 
per marrow preparation. 
 
 
Study Validity 
The criteria for a valid assay were met: e.g. 1) Dosing appeared to be adequate based 
upon the results of the dose range finding, 2) Positive controls exhibited appropriate 
responses, 3) The proportion of immature erythrocytes among total erythrocytes was 
not less than 20% of the control value (no bone marrow suppression), 4) % 
Micronucleated PCEs and the PCE/NCE ratio in the negative control and the positive 
control groups were within the historical data range for the testing laboratory. 
 

Results 

In dose range finding, mice were dosed intravenously at 0h as follows: 

 
At 200 mg/kg clinical signs were laboured breathing, subdued behavior, prostration, and 
convulsions, rolling gait, hunched appearance and cold. One animal was killed in 
extremis and one died on day1. At 80mg/kg the animals were subdued with rolling gait 
and hunched appearance on day 1. No clinical sign were observed at lower doses. 
 

o In the main toxicity test, findings were summarized as followed : 
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At 160 mg/kg 3 deaths and at 120 mg/kg 1 death occurred. At 120 and 160 mg/kg, 
subdued behavior, hunched appearance, piloerection, rolling gait, tremors, agitated, 
cold, discharge (eyes) and swollen abdomen were observed.  
 

 
o In micronucleus test,  two males died in 120 mg. Clinical signs in this group 

included subdued behavior, rolling gait, hunched appearance, discharge (eyes), 
piloerection and pale appearance.  
There was no indication that DIC075U induced bone marrow micronuclei in the 
treated mice. The highest micronucleated PCE (MN-PCD) frequency recorded for 
the test article was in the HD males samples at 24h (incidence of 0.08%). The 
positive control (CPH) induced large increases in bone marrow micronuclei 
(incidence of 1.15%). See below the Sponsor’s table. 
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7.5 Other Genetic Toxicity Studies (for an impurity) 

7.5.1  In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 
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Study title: Bacterial Reverse Mutation Assay with a Confirmatory Assay  

Study no.: NC-DFC-016 (eCTD 4.2.3.7.6.1) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: July 07, 2009 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity:  

 lot # 71206B, purity: 99.6% 

Key Study Findings 
•  was tested in the Ames Reverse Mutation 

Assays at concentrations of 1.6 to 5000 g/plate.   

• In the initial mutagenicity assay and the confirmatory mutagenicity assay (plate 
incorporation method) with and without S9, revertant frequencies for all doses of 
the test article were less than control values.  

• Normal growth was observed in all five tester strains in both assays.  

• Precipitation of the test material was observed at 500, 1600 and 5000 g/plate. 
• Under the conditions of the study,  was 

concluded to be negative in  the bacterial reverse mutation assay when tested up 
to maximum limit of 5000 g/plate. 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Methods 
Strains: S. typhimurium TA98, TA100, TA1535, 

 TA1537, and E. coli WP2 uvrA. 
Concentrations in initial mutagenicity 

study
1.60, 5.00, 16.0, 50.0, 160, 500, 1600, and 

5000 g/plate 
 Concentrations in definitive study 

(confirmatory assay) :
5, 50, 50, 500, 500, 2500 and 5000  g/plate 
(see protocol deviation) 

Basis of concentration selection: Maximum recommended concentrations of test 
article 

Negative control: Dimethylsulfoxide (DMSO) 

Positive control:

Formulation/Vehicle: / DMSO 
Incubation & sampling time: • The plate incorporation method: Incubation 

was for 52 ± 4 hours at 37 ± 2°C.  
 

Protocol Deviation: In the confirmatory mutagenicity assay (Trial C1), 
the second stock was dosed at 500 g/plate 
instead of 1600 μg/plate, the fourth stock was 
dosed at 50.0 g/plate instead of 160 g/plate, and 
the sixth stock was dosed at 5.00 g/plate instead 
of 16.0 g/plate. 
The top dose of 5000 g/plate was accurate, and 
the second dose in the initial trial (1600 g/plate) 
showed no toxicity or increased revertant counts. 
The Sponsor stated that since this trial is the 
confirmatory mutagenicity assay, and it is 
confirming the results of the initial mutagenicity 
assay, the fact that the 1600, 160, and 16.0 

g/plate (doses used in the initial mutagenicity 
assay) doses were not accurate has no impact on 
study integrity. 

Study Validity 
All positive and vehicle control values were within acceptable ranges, and all criteria for 
a valid study were met. 

Results 
The test article did not produce any increases in the number of revertants in any tester 
stain under the conditions tested (see the Sponsor’s tables).  This is in concurrence with 
the Sponsor’s conclusions. 

(b) (4)
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7.5.2  In Vitro Chromosomal aberration assay  
Study title: Chromosomal Aberrations in Cultured Human Peripheral 
Blood Lymphocytes 

Study no.: NC-DFC-017 (eCTD 4.2.3.7.6.2) 

Study report location:  

Conducting laboratory and location:  

Date of study initiation: July 06, 2009 

GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity:  

 lot # 71206B, purity: 99.6% 

Key Study Findings 
•  was tested in the Chromosomal Aberration 

assay in cultured human peripheral blood lymphocytes  

• The treatment period was for 3 and ~ 22 hours without metabolic activation and 3 
hours with metabolic activation 

• The high doses selected for analysis in the assay had a precipitate at the end of 
the treatment or 50% reduction in mitotic index 

• Cultures treated with concentrations of 58.8, 84.0, and 120 g/mL without 
metabolic activation (3-hour treatment), 120, 172, and 245 g/mL without 
metabolic activation (~ 22-hour treatment), and 120, 172, and 245 g/mL with 
metabolic activation were analyzed for chromosomal aberrations. 

• No significant increase in cells with chromosomal aberrations, polyploidy, or 
endoreduplication was observed in the cultures analyzed. 

• The test article,  was considered negative for 
inducing chromosomal aberrations in cultured human lymphocytes without and 
with metabolic activation. 
 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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9 Reproductive and Developmental Toxicology 
None 
 
9.1 Fertility and Early Embryonic Development: None 

9.2 Embryonic Fetal Development: None 

9.2 Prenatal and Postnatal Development: None 
 
10 Special Toxicity Studies 
The Sponsor conducted non-clinical studies with HP CD alone. In the nonclinical 
studies with DIC075U, HP CD was administered separately or in combination with 
diclofenac. In the dose-finding part of an IV bone marrow micronucleus test with 
DIC075U in mice, no adverse effects were observed at a dose level of 710 mg/kg of 
HP CD, study NC-DFC-012. 
 
In the 4-week IV toxicity studies in rat with DIC075U and in monkeys with DIC075U or 
HP CD only, renal tubular vacuolization in the rat and very mild to mild granular 
appearance of renal tubular cells in the medullary rays in the monkey were attributed to 
HP CD and occurred at a dose level of equal to or higher than 26.6 mg HP CD/kg/day. 
The histopathological findings were partly reversible in the rat after a 9-week treatment 
free period and completely reversible in the monkey after 13 weeks without treatment as 
reviewed by this reviewer (NC-DFC-004, NC-DFC-010 and NC-DFC-011). 
  
 
11 Local Tolerance Studies 
IV and IM local tolerance studies were conducted with DIC075V (to be marketed 
product) in rats and rabbits, respectively 
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• In histopathology, perivascular hemorrhage and inflammation at the injection sites 
were observed within most dose groups including control group. 

o There was a slight increase in severity grades of perivascular inflammation 
in those rats receiving 1.25 mg/kg QID and 2.5 mg/kg QD or QID combined 
with inflammation and necrosis/degeneration in adjacent skeletal muscle at 
2.5 mg/kg QD and 1.25 mg/kg QID, and vascular thrombi at 1.25 mg/kg QID. 
and 2.5 mg/kg QID.  

o Injection site observations of toxicity were relatively absent after the 7 day 
recovery period. 

• Due to microscopic findings at the injection sites (tails) and macroscopic 
observations, a dose level of 1.25 mg/kg diclofenac (11.1 mg/kg HP CD) is 
considered to be acceptable and reversible LOAEL.   

Methods 
Doses: Diclofenac: 0, 1.25 and 2.5 mg/kg 

HP CD: 0, 11.1 and 22.5 mg/kg 
Frequency of dosing: Once or four times daily (see below table) 

Route of administration: Intravenous (Slow bolus, 1 ml/min) 
Dose volume: See below the Sponsor’s table 

Formulation/Vehicle: DIC075V (37.5 mg Diclofenac Sodium + 333 
mg HP CD) /mL Water for Injection USP; 2 
mL/vial 

Species/Strain: (Sprague-Dawley Crl:CD®) 
Number/Sex/Group: Main group: 10 male /Group  

Recovery group: 3 male/group (see below 
table)  

Age: 8 weeks 
Weight: 244.4 to 351.9 g 

Satellite groups: N/A 
Unique study design: N/A 
Deviation from study 

protocol: 
No deviations in the study protocol were 
described by the applicant. 

 
Seventy-eight male animals were assigned to treatment groups. Each animal was 
dosed once or four times daily for 1 or 7 consecutive days by intravenous bolus 
injection. The first day of dosing the animals was designated Day 1. The animals were 
evaluated for changes in clinical signs, body weight, food consumption and other 
parameters, five animals/group were euthanized on Days 2 and 8. The remaining 3 
animals/group remained on test, untreated for an additional 7 days and served as 
recovery animals to determine reversibility of adverse effects. A gross necropsy was 
performed on all animals, tissues were preserved and histopathological evaluation was 
conducted on the injection sites. 
 
 



NDA # 22-396  P/T Reviewer: Armaghan Emami 

 90

 
 
Mortality and clinical signs: 
No deaths. Only one 2.5 mg/kg Q.I.D male shows slight chromorhinorrhea (colored 
discharge from nose) on days 13 and 14. There were no other clinical observations. 
 
Body Weight and food consumption: 
There were no treatment related effects on body weights and food consumption. 
 
Gross Pathology: 
There were no gross treatment related necropsy findings in the organs and in the tails 
(injection sites). 
Reviewer’s table 
Group 
Dose mg/kg 

1 
saline 

2  
Saline QID 

3 
1.25

4 
2.5 

5 
1.25 QID 

6 
2.5 QID 

Finding       
Tan mesenteric nodule 
(presumptive fat necrosis) 

1  
(day 15) 

     

Dilated kidney pelvis 1  
(day 15) 

     

Mottled kidneys   1 (day 8)     
Red focus  lung 
(presumptive hemorrhage) 

   1 (day 
2) 

  

Enlarged iliac lymph nodes 
(presumptive reactive hyperplasia) 
 

   1 (day 
8) 

  

Reddened renal lymph nodes 
(presumptive congestion/or 
hemorrhage) 

     1 (day 8) 

Note: above tissues were not examined microscopically.  
 
Histopathology findings: 
Only the injection sites were examined microscopically (tails). Microscopic findings were 
summarized below for day 2, 8 and 15 by the Sponsor. 
Perivascular hemorrhage and inflammation (generally characterized by mixed 
neutrophilic and mononuclear inflammatory cell infiltrates) were seen in all dose groups 
(day 2 and 8). 
At day 2, the rat receiving 1.25 mg/kg Q.I.D and 2.5 mg/kg S.I.D and Q.I.D had slightly 
higher incidences and severity grades of perivascular inflammation. 
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At day 8, there was the highest incidence (3/5) in those rats given 7 consecutive 
multiple daily doses (Q.I.D.) of 1.25 mg/kg test article. 
Perivascular inflammation had the highest incidences in rats receiving four daily doses 
of saline (4/5) or multiple daily doses (5/5 and 5/5) of 1.25 and 2.5 mg/kg test article. 
Moderate (+3) inflammation was observed in rats receiving multiple daily doses of 1.25 
mg/kg and those receiving single or multiple daily doses of 2.5 mg/kg DF-HP CD. 
Inflammation in 2/5 of 1.25 mg/kg Q.I.D and 2.5 mg/kg S.I.D rats extended into the 
adjacent skeletal muscle. 
Necrosis/degeneration of skeletal muscle was observed in one 1.25 mg/kg Q.I.D 
injection site. 
 
A focal mild vascular thrombus was present in one 1.25 mg/kg Q.I.D rat. 

 
 
 
 
At day 15 (following a 7 day recovery period), no perivascular hemorrhage was present. 
Focal minimal perivascular inflammation was observed in one 1.25 mg/kg S.I.D and two 
1.25 mg/kg Q.I.D rat injection sites which is not dose dependent. A recanalized vascular 
thrombus was present at one 2.5 mglkg Q.I.D injection site. 
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Key finding 
• A 7-days IM local tolerance toxicity study including a 14 days recovery period was 

performed in rabbits testing DIC075V doses of 1.25 and 2.5 mg/kg (with respective 
HP CD doses of 11.1 and 22.5 mg) once (S.I.D) or twice (B.I.D) daily for 1 or 7 
consecutive days.  

• Forty males were assigned to 4 treatment groups. Saline injections were performed 
in the right leg as a negative control at the same dose volume as the test article 

• In gross necropsy, all test article injection sites (including control sites) from all 
rabbits had intramuscular discolorations that were pale, pink or red and 
corresponded microscopically to skeletal muscle degeneration/necrosis and/or 
chronic active inflammation with variable hemorrhage. There were no gross 
necropsy observations at either control or test article injection sites on day 22, after 
14 days of recovery. 

• In histopathology on day 2, increased severity of degeneration /necrosis and 
inflammation with hemorrhage at the test article injection sites were observed 
compared to the control sites. On day 8, most control sites were normal or had 
some areas of hemorrhage or inflammation and test article injection sites were 
characterized by multiple observations of skeletal muscle degeneration/necrosis 
that were mild to marked, chronic active inflammation, hemorrhage, sarcolemmal 
nuclear proliferation with variable areas of mineralization and vasculitis. There were 
no macroscopic observations (evidence of injection site reaction) by day 22 
following 14 days of recovery. 

METHODS 
Doses: Diclofenac: 0, 1.25 and 2.5 mg/kg 

HP CD: 0, 11.1 and 22.5 mg/kg 
Frequency of dosing: Once or Twice daily for 1 or 7 consecutive 

days (see below table) 
Route of administration: Intramuscular (IM) 

Dose volume: See below the Sponsor’s table 
Formulation/Vehicle: (37.5 mg Diclofenac Sodium + 333 mg 

HP CD) /mL Water for Injection USP; 2 
mL/vial 

Species/Strain: New Zealand White rabbits 
Number/Sex/Group: Main group: 8 male /Group  

Recovery group: 2 male/group (see below 
table)  

Age: 16 weeks 
Weight: 2.3 to 2.8 kg 

Satellite groups: N/A 
Unique study design: N/A 

 
The first day of dosing the animals was designated Day 1. The animals were evaluated 
for changes in clinical signs, body weight, food consumption and other parameters as 
described below. Four animals/group were euthanized on Days 2 and 8. The remaining 
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2 animals/group remained on test, untreated for an additional 14 days and served as 
recovery animals to determine reversibility of adverse effects. A gross necropsy was 
performed on all animals, tissues were preserved and histopathological evaluation was 
conducted on the injection sites. 

 
Mortality and clinical sign: 
No deaths or adverse clinical observations associated with systemic toxicity were 
observed. 
 
Body weight and food consumption: 
No adverse effects were observed 
 
Gross necropsy: 
Pink and red discolorations were present in 1, 4, 4 and 4 of injection sites receiving 1.25 
mg/kg QD 2.5 mg/kg QD, 1.25 mg/kg B.I.D. and 2.5 mg/kg B.I.D. test article. These 
findings corresponded primarily to degeneration/necrosis of skeletal muscle with 
variable amounts of hemorrhage and/or inflammation. 
Gross necropsy observations recorded on Day 22 following 7 days of dosing and 14 
days of recovery did not reveal any test article-related findings. 

Histopathology: 
Microscopic findings on day 2 of hemorrhage, inflammation and skeletal muscle 
degeneration/necrosis were variably present in control as well as test article sites, but 
control site observations were minimal to mild and often focal, occurring with greater 
frequency in rabbits receiving B.I.D. injections. Animals in groups 2 and 3 had increased 
severity of degeneration/necrosis and inflammation with hemorrhage at the test article 
injection site. By Day 22, after 14 days of recovery, there was no evidence of injection 
site reaction at test article sites.  
On day 8, most control sites were normal or contained only sporadic foci of hemorrhage 
or inflammation. But most of the test article sites contained observation of 
degeneration/necrosis, chronic active to chronic active granulomatous inflammation, 
hemorrhage, and sarcolemmal nuclear proliferation with variable foci of mineralization 
and necrotizing vasculitis. There were no macroscopic observations (evidence of 
injection site reaction) by day 22 following 14 days of recovery. 
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by Cataflam. Therefore the applicant has conducted the nonclinical studies with IV 
formulation to support both systemic exposure and local tolerance.   
It is thought that the toxicological effects of  –cyclodextrins ( -CD) are associated 
mainly to inclusion complexation with cholesterol and membrane lipids. Different 
substituents on the -CD ring can confer diverse actions and various toxicological 
profiles such as hemolysis-inducing activity. HP CD with having hydroxypropyl groups 
on the CD molecule showed much lower toxic effect when compared to the native and 
methylated -CDs (Kiss et al., 2010). 
The Applicant conducted only one non-clinical pharmacology study to investigate the 
effects of diclofenac, DIC075V, and HP CD on the human cardiac delayed rectifier 
potassium channel using HEK 293 cells transfected with the hERG gene. The inhibition 
of the hERG current by DIC075V correlated closely with the inhibition of the current 
measured following exposure to HP CD. It can be concluded that the effect observed 
for DIC075V is derived from the interaction of HP CD with the hERG channel because 
diclofenac (API), was shown to have no effect on the hERG current. Quantitatively, IC50 
values for HP CD alone (13.13 μg/mL) and for DIC075V (containing 16.8 μg/mL 
HP CD) are similar. Diclofenac causes no inhibition of the hERG current density for the 
concentrations tested (1.58 μg/mL - 474 μg/mL). Himmel, et al demonstrated significant 
inhibition of the hERG currents when HEK 293 cells were exposed to HP CD and 
concluded that HP CD had a direct effect on the hERG current that could lead to 
misleading predictions of arrhythmic risk. Similarly findings were reported by Mikhail, et 
al, who demonstrated a significant inhibition of hERG currents with HEK 293 cells in the 
presence of cyclodextrins. According to the review by the medical officer, the results 
from a thorough QTc interval prolongation phase 1 clinical study DFC-011 in 77 normal 
volunteers revealed no evidence of altered the electrocardiograms or QTc interval 
prolongation following administration of DIC075V, 75 mg, which contained 666 mg of 
HP CD. 
The nonclinical toxicology of Dyloject Injection 37.5 mg/mL (along with HP CD) has 
been characterized to evaluate safety for human use in several nonclinical studies as 
listed in section 3.1 of this document. The studies include a single IV dose in mice (in 
vivo micronucleus assay), 4-week IV repeat-dose toxicity studies (including recovery) in 
the rat and monkey, the full battery of in vitro and in vivo genotoxicity studies, an IV 
local tolerance study in rat and IM local tolerance studies in rabbit. Most of these studies 
were performed with the DIC075U formulation; local tolerance studies were performed 
with the DIC075V formulation. However, the main components in the DIC075V 
formulation (diclofenac sodium and HP CD) were present in the DIC075U formulation, 
dose levels were of relevance, and outcomes reflected individual known toxicities of an 
NSAID such as diclofenac and the -CD, HPβCD. Although monothioglycerol was not 
tested for systemic toxicity or genotoxicity, it is considered an acceptable excipient at 
the proposed concentration and daily dose limit for the IV route due to it’s inclusion in 
the Inactive Ingredients Guide at higher levels. 
A single-dose of DIC075U administered by IV injection to male and female CD-1 mice at 
diclofenac dose levels of 120 or 160 mg/kg was associated with mortality (1 male at 160 
mg/kg), sacrifice for humane reasons (1 male at 120 mg/kg, 2 females at 160 mg/kg) 
and clinical signs (subdued behavior, hunched appearance, piloerection, rolling gait, 
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tremors, agitation, cold on touch, discharge [eyes] and swollen abdomen). No such 
effects were observed at a diclofenac dose level of 80 mg/kg. 
In a 4-week IV repeat-dose study NC-DFC-004, with a 9-week recovery period, when 
DIC075U was administered to rats at diclofenac dose levels of 3, 7, and 15 mg/kg/day 
(corresponding HP CD dose levels of 26.6, 62, and 133 mg/kg/day, respectively), 
systemic exposure was demonstrated at all dose levels. Maximum plasma 
concentration (Cmax) and area under the plasma-concentration-versus-time-curve 
(AUC) values increased with an increase in dose, with a slightly more than dose-
proportional increase in AUC. Consistent with gender differences in toxicity, AUC values 
were consistently higher in females than males. Diclofenac-related findings were 
restricted to the highest dose level and comprised a low incidence of 
mortality/premature sacrifice (due to peritonitis), gastrointestinal toxicity and 
regenerative anemia (females only). These findings were shown to be reversible during 
the recovery period. The very mild to mild renal tubular vacuolation observed in treated 
animals was considered an expected finding following IV administration of HP CD in 
this study. There was evidence of reversibility since only very mild renal tubular 
vacuolation was observed at the end of the recovery period. The No Adverse Effect 
Level (NOAEL) for diclofenac-related effects was 7 mg/kg/day in rats which corresponds 
to an exposure (AUC 0-t) on day 28 of 9,496 and 13,408 ng.hr/mL in males and females, 
respectively.  
These GI findings are possibly the explanation for all the above though the HP CD 
could be playing a role in destabilizing red cell membrane integrity (which would lead to 
reduced RBC parameters and extramedullary hematopoiesis). Unfortunately the 
Sponsor did not include a control group that had HP CD alone in water. However these 
general findings are expected for an NSAID in cyclodextrin. 
In the 4-week IV repeat-dose study NC-DFC-010, with a 13-week recovery period in 
monkeys, animals received DIC075U at diclofenac dose levels of 3, 15, and 60 
mg/kg/day (with corresponding HP CD dose levels of 26.6, 133, and 533 mg/kg/day, 
respectively). In a companion study NC-DFC-011 with the same design, water control or 
the HP CD vehicle was administered alone at a dose level of 533 mg/kg/day. Systemic 
exposure to diclofenac was demonstrated at all dose levels in NC-DFC-010. Cmax and 
AUC values increased with increasing dose, and the increase in AUC was more than 
dose-proportional. There were only marginal gender differences in AUC values. At the 
diclofenac 60 mg/kg/day level, all monkeys were sacrificed prematurely as a 
consequence of poor general condition. Findings at this dose level were attributed to 
diclofenac-included gastrointestinal toxicity, regenerative anemia, and aggravated 
lesions of the tail skin. These findings are expected for an NSAID. NSAIDs cause a loss 
of the protective integrity of the GI tract leading to ulcerations/performations with 
secondary consequence of anemia and negatively affect wound healing, therefore 
treated animals may not be able to heal as quickly as untreated animals. At dose levels 
of 15 mg/kg/day, only slight changes indicative of gastrointestinal blood loss and 
regenerative anemia were observed in combination with aggravated tail skin lesions. 
Due to the premature sacrifice of the high-dose group and the lack of recovery animals 
in the low and mid-dose groups, evaluation of reversibility of diclofenac-associated 
findings was not possible. In studies NC-DFC-010 and NC-DFC-011, a very mild to mild 
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granular appearance of the renal tubular cells in the medullary rays, observed in all 
treatment groups in both studies, was considered due to HP CD and resolved after a 3- 
month treatment-free period.  The NOAEL for diclofenac-related toxicity was 3 
mg/kg/day in monkeys for which the exposure (AUC 0-t) on day 28 was 6054 and 6493 
ng.hr/mL in males and females, respectively.  
To support local tolerability, intravenous administration of DIC075V to rats once or 4 
times daily for up to 7 days at diclofenac dose levels of 1.25 or 2.5 mg/kg/dose was 
associated with minimal to moderate perivascular inflammation at the injection sites. 
Following a 7-day recovery period, the incidence and severity of perivascular 
inflammation had decreased considerably as described in study NC-DFC-013.  The 
repeated insult of IV administration (up to 4 times daily) into the tail vein of the rodent 
model may contribute a non-specific local effect.  Local tolerability was evaluated in the 
clinical development program and based on the medical officer review appears to 
support the MRHD concentration in the injection site and the rate of administration.  

In rabbits, given Dyloject IM into the leg (study NC-DFC-014), injections of DIC075V 
once or twice daily for up to 7 days at dose levels of 1.25 or 2.5 mg/kg/dose, injection 
sites showed pale, pink, and/or red discolorations, corresponding microscopically to 
degeneration/necrosis of skeletal muscle with infiltrations of inflammatory cells and 
variable degrees of hemorrhage. There was a slight but apparent association of 
increased severity with dosage and time. After a 14-day period without treatment, 
minimal or no effects were observed at the injection site. In another local tolerance 
study NC-DFC-006, effects at the injection sites were compared in rabbits following IM 
treatment with HP CD, DIC075U or Voltarol Ampoules 75 mg/3 mL. Doses were 
administered either once or twice a day for 1 or 7 days by IM injection in the left leg. 
Local effects indicative of myositis were observed in all treatment groups but with higher 
incidence and of a more severe nature in the DIC075U and Voltarol Ampoules 75 mg/3 
mL-treated animals than in HP CD -treated rabbits. These local effects indicate that the 
Dyloject may be mildly irritating when injected intravascularly or when extravasated into 
the surrounding perivascular tissue in clinical use. 

DIC075U was evaluated for genotoxicity, and found not to be mutagenic in the Ames 
test when tested up to a maximum diclofenac dose level of 5000 μg/plate in study 
Toxicity to the bacteria was observed in the second mutation assay, in the presence of 
S9-mix only at 2500 and 5000 μg DF-HP CD per plate. In the mouse lymphoma 
mutation assay, DIC075U caused a dose related reduction in relative total growth but 
did not cause an increase in mutant fraction. No significant evidence of mutagenic 
activity was obtained from cultures treated with DF-HP CD in any of the 4 assays (2 in 
the absence and 2 in the presence of S9-mix) and therefore DF-HP CD is not 
mutagenic in mouse lymphoma L5178Y cells, when tested at concentrations extending 
into the toxic range. An in vivo micronucleus study indicated that DIC075U did not 
induce an increase in micronucleated polychromatic erythrocytes when administered by 
IV injection to mice up to the maximum tolerated diclofenac dose of 120 mg/kg. 
The impurity/degradation product, , in 
drug substance and drug product exceeds ICH (Q3A and Q3B) threshold level for 
qualification. Therefore two in vitro genotoxicity studies and a repeat dose toxicity study 
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(of 14 days or greater in a single species using isolated impurity) were required. Two in 
vitro genotoxicity were conducted on the impurity/degradant. These results indicate 

 was negative in the Bacterial Reverse Mutation Assay with a confirmatory 
assay under the conditions of the test protocol. Also  was considered 
negative for inducing chromosomal aberrations in cultured human lymphocytes without 
and with metabolic activation. The repeat dose toxicity study for the impurity/degradant 
has not been conducted and there is no detail information for this specific impurity in 
non-clinical batches (DIC075U, Lot # R&D227) which support the safety of maximal 
human intake of the impurity using the proposed specification. Therefore the Sponsor 
revised the  specification to NMT % to comply with ICHQ3B limits and 
proposed 18-month expiration dating for the product to ensure meeting the NMT % 

specification. 
Due to lack of genotoxic effects in in vitro and in vivo genotoxicity tests with DIC075U 
and in view of the acute clinical treatment duration intended for DIC075V, the sponsor 
did not conduct carcinogenicity studies with diclofenac in a HP CD-containing 
formulation. Data from 2-year oral carcinogenicity studies with diclofenac in mice 
(maximum dose levels of 0.3 and 1 mg/kg/day in males and females, respectively) and 
rats (maximum dose levels of 2 mg/kg/day) have demonstrated no carcinogenic 
potential as described in the approved Cataflam label.  
No reproductive and development studies were performed to support this application. 
Novartis has performed a comprehensive evaluation of the reproductive and 
developmental toxicity of diclofenac for Cataflam as reflected in the approved label. 
Fertility and teratogenicity studies with diclofenac sodium showed no effect on fertility in 
rats (oral dose levels up to 4 mg/kg/day) and no evidence of teratogenicity in mice (oral 
dose levels up to 20 mg/kg/day), rats or rabbits (oral dose levels up to 10 mg/kg/day in 
both species). In reproduction studies conducted by Jannsen to support approval of 
Sporanox, IV administration of HP CD up to 100 mg/kg body weight (bwt) did not result 
in maternal toxicity or in effects on the litter. At 400 mg/kg bwt, a toxic dose as shown by 
repeated dose toxicity studies, a slightly lowered survival rate was noted. In addition, it 
has been demonstrated in a repeat Segment III IV study involving HP CD with second 
undosed generation phase, that there were no adverse effects up to 400 mg/kg bwt. 
Postnatal behavior and reproductive capabilities of the second generation were not 
affected (Janssen Report 105919/1). 
Based on the proposed recommended dose of DIC075V (37mg/ml diclofenac, 333 
mg/mL HP CD), with 4 times daily dosing, the maximum daily exposure to diclofenac 
and HP CD in patients is approximately 2.1 mg/kg/day (4 doses of 0.53 mg/kg/dose) 
and 19 mg/kg/day (4 doses of 4.7 mg/kg/dose), respectively. The Applicant notes the 
dosing limit is 150 mg/day. In study DFC-PK-009 a dose of 37.5 mg of DIC075V 
produces maximum plasma concentration (Cmax) of 7.2 μg/mL and maximum total 
systemic exposure (AUC) of 1.95 μg·h/mL of diclofenac. Human clinical exposure to 
HP CD was also determined in the same clinical trial. Mean maximum plasma 
concentrations in healthy volunteers were 50.3 μg/mL, while mean total systemic 
exposure (AUC) was 66.4 μg·h/mL. 
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interfere with renal function, lead to progressive renal disease, and is cleared with full 
histological reversibility. Therefore from the non-clinical pharmacology toxicology 
perspective, this NDA may be approved. 
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14 Appendix/Attachments 

Appendix 1, 

The PK of diclofenac, following IV administration of DIC075V and oral doses of 
Cataflam, are compared in table below (DFC-PK-006, healthy volunteer).  

 
The data above shows that there is no significant different in PK profile of the first and 
fourth of daily dose. 
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Appendix 2: 
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Appendix 3:  
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Appendix 4: 
The group means incidence of clinical signs observed are presented below (from final 
report). 
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observed in both rats (renal tubular vacuolation) and monkey (granular 
appearance of medullary rays).  The Applicant conducted a separate study in 
monkey in conjunction with the 28-day study which only evaluated the HPβCD
vehicle vs. saline and conclusively demonstrated this was an effect of the 

 HPβCD.  The findings in rat kidney are typical of cyclodextrins 
as reflected in a number of publications (see Dr. Emami’s review) and the prior 
Sporanox NDA studies to which the Applicant has a Right of Reference.  Dr. 
Emami identified NOAELs which generally (rat: 1.5X AUC; 7.1X Cmax; monkey: 
0.8X AUC; 4.5X Cmax) supports the clinical exposure to diclofenac at the 
maximum recommended human dose (MRHD) and I am in agreement with her 
evaluation.    
The Applicant also conducted genetic toxicology studies on the DIC075U 
formulation and the product was negative in Ames and Mouse Lymphoma 
assays, as well as in an in vivo Micronucleus assay in the mouse.   

Support for local safety 
 IV route support is 

necessary for the current application.  Single- or repeated-injection of rats with 
the to-be-marketed DIC075V product produced minimal to moderate perivascular 
inflammation at the injection sites commensurate with the number of injections 
and days administered (up to 4 times/day up to 7 days) but this demonstrated 
general reversibility.  This was seen to a more limited extent with the saline 
vehicle but clearly indicates that in addition to expected local trauma the drug 
product possesses irritative potential.  As Dr. Emami notes this was sufficiently 
captured and evaluated in the clinical safety data.   

III. RECOMMENDATIONS

A. Recommendation on approvability 
The Applicant has provided nonclinical toxicology evaluation of the drug 
product in 28-day intravenous rat and monkey toxicology studies using an 
earlier developmental formulation which adequately support the safety of 
diclofenac systemic exposures associated with the maximum 
recommended human dose. Target organ toxicities were expected and 
are common to NSAID drug products being principally associated with GI 
lesions and secondary regenerative anemia as well as evidence of 
impaired wound healing from skin lesions.  Histologic evidence of kidney 
effects at high dose levels is considered non-adverse and related to the 
vehicle containing hydroxy-propyl β-cyclodextrin. Levels of these 
excipients and others in formulation are also supported based on prior use 
in approved drug products.  Local tolerance of the to-be-marketed drug 
product formulation was supported by a single- and repeat-dose IV study 
in the rat.  While mild to moderate irritation was observed in this local 
tolerance study, this appears reversible and local safety is further 

(b) (4)
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supported by clinical safety data.  Other aspects of the formulation, 
including impurity/degradant specifications and a leachable compound 
observed in stability are acceptable based on ICH guidelines or are 
considered toxicologically qualified based on publicly available data. 

On this basis, I concur with Dr. Emami that NDA 22-396 for Dyloject may 
be approved based on the nonclinical data provided. 

B. Recommendation for nonclinical studies 
None 

C. Recommendations on labeling 
The applicant has utilized the approved listed Cataflam label and adjusted 
safety margins based on a body surface area comparison between the 
described studies and their Dyloject product.  Although safety margins 
from a direct toxicokinetic bridge using animal exposures under identical 
administration conditions and comparison to human exposures would be 
ideal, the proposed label changes with the corrections to include Dr. 
Emami’s recalculations are acceptable. 
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the sponsor? 
 

administration of Diclofenac sodium 
injection (37.5 mg/mL) 

 
Note: In vivo non-clinical data to assess 
for drug-drug interaction between 
diclofenac sodium injection and 
commonly used drugs which were 
requested by Pharm/Tox reviewer in pre-
NDA meeting on March 2008 was not 
conducted.
However, since this drug has been in the 
market for many years we believe there is 
no need for drug-drug interaction study.

10  Are the proposed labeling sections 
relative to pharmacology, reproductive 
toxicology, and carcinogenicity 
appropriate (including human dose 
multiples expressed in either mg/m2 or 
comparative serum/plasma levels) and 
in accordance with 201.57? 
 

 + 

 
Proposed label lacks nonclinical study 
data in section 8.1 and the entire section 
13. Exposure margin adjustment based on 
a mg/day dosing does not appear 
supported by comparative BA studies 
provided; Applicant will need to provide 
a scientific justification for adjusting the 
label margins 

 
11  Has the sponsor submitted any toxicity 

data to address impurities, new 
excipients, leachables, etc. issues. 

+

The only identifiable impurity was   
 

The sponsor has qualified this impurity. 
12 Has the sponsor addressed any abuse 

potential issues in the submission? N/A 

13  If this NDA/BLA is to support a Rx to 
OTC switch, have all relevant studies 
been submitted? 

N/A 

14  From a pharmacology/ toxicology 
perspective, is the NDA/BLA fileable?  
If ``no`` please state below why it is not.

+  

IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE?  Yes

Please identify and list any potential review issues to be forwarded to the Applicant for the 
74-day letter. 

Comments to Sponsor:  
1. We note the proposed label lacks nonclinical study data which may be due to an 

omission in the NSAID class labeling effort as it affected your RLD product; 
earlier labels may contain this information. 

(b) (4)
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• You will need to submit a revised label in which you add nonclinical data to 
Section 8.1 and the entire Section 13.   

• Provide a scientifically justified explanation for proposed margin adjustments. 
Exposure margin adjustment based on a mg/day dosing does not appear 
supported by comparative BA studies provided.   

 

 
 
Reviewing Pharmacologist: Armaghan Emami      02-04-10   
  
        Date 
 
Team Leader:         
        Date   
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