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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 204767 are owned by Fresenius Kabi USA, LLC or are 
data for which Fresenius Kabi USA, LLC has obtained a written right of reference.
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Any information or data necessary for approval of NDA 204767 that Fresenius Kabi 
USA, LLC 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 reflected in the drug’s approved labeling.  Any data or information 
described or referenced below from reviews or publicly available summaries of a 
previously approved application is for descriptive purposes only and is not relied upon 
for approval of NDA 204767.
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Taken together, the Applicant has provided adequate nonclinical data to support the 
safety of the identified leachables from the container closure system and therefore we 
recommend approval from the nonclinical pharmacology toxicology perspective.

1.3 Recommendations

1.3.1 Approvability
From the pharmacology toxicology perspective, the Acetaminophen Injection (10 
mg/mL) in freeflex®  may be approved.

1.3.2 Additional Non Clinical Recommendations
None.
1.3.3 Labeling
Proposed changes to the Applicant’s proposed labeling have not been altered since the 
first cycle review.  Labeling will eventually have to be revised to conform to the Final 
Pregnancy Labeling and Lactation Rule (which will remove the Pregnancy Category and 
insert a Risk Summary Statement).

2 Drug Information

2.1 Drug
CAS Registry Number
103-90-2

Generic Name
Acetaminophen; paracetamol

Code Name
N/A

Chemical Name
N-acetyl-p-aminophenol;
4’-hydroxyacetanilide;
p-hydroxyacetanilide;
p-acetamidophenol;
p-acetaminophenol;
p-acetylaminophenol

Molecular Formula/Molecular Weight
C8H9NO2 / 151.16 g/mol

Structure 
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Drug Substance and Drug Product
The drug substance specifications, drug product specifications, and residual solvents 
were deemed acceptable after the first cycle review and have not been amended since 
the time of the original nonclinical review.  The reader is referred to the nonclinical 
review dated June 20, 2013 for information regarding the safety and adequacy of the 
specifications for drug substance impurities and drug product degradants.

Container Closure System
To support the safety of the container closure system the Applicant submitted in the 
initial NDA submission, a LOA to DMF 26696, which contains several nonclinical 
migration studies (see nonclinical review of MF 26696).  However after review of the 
DMF, several identified leachables were not adequately qualified for safety and were 
deemed deficiencies after the first NDA review cycle. 

The Applicant has submitted updated migration studies to reflect 24 months of storage 
in various batches.  The following table illustrates the storage scheme for the migration 
studies (from the Applicant’s submission):

The following tables illustrate the migration studies done after 6, 12, and 24 months of 
storage (from the Applicant’s submission):
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4.2 Secondary Pharmacology
There were no secondary pharmacology studies with acetaminophen submitted in this 
NDA.

4.3 Safety Pharmacology
There were no safety pharmacology studies with acetaminophen submitted in this NDA.

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
There were no PK/ADME studies with acetaminophen submitted in this NDA.

5.2 Toxicokinetics 
There were no toxicokinetics studies with acetaminophen submitted in this NDA.

6 General Toxicology
There were no general toxicology studies with acetaminophen submitted in this NDA.  

The Applicant submitted two final reports for repeat-dose IV toxicity studies with either 
conducted in rats.  These studies were submitted to the NDA 

to justify the safety of these two leachables present in the Freeflex®  and are 
reviewed below.

6.2 Repeat-Dose Toxicity
Study title:    Toxicity Study by Intravenous Infusion to CD 
Rats for 4 Weeks

Study no.: HKQ0012
Study report location: Module 4 of the SDN 17 electronic 

submission
Conducting laboratory and location:

Date of study initiation: March 5, 2014
GLP compliance: Yes.  Signature provided on August 18, 

2014.
QA statement: Yes.  Signature provided on August 18, 

2014.
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A detailed weekly physical examination was performed for each rat to monitor general 
health.  Injection site observations were observed daily, prior to dosing.  The signs 
associated with dosing were also examined once weekly during the first week of 
treatment and more detailed observations thereafter during Weeks 2 to 4, which 
included pre-dose and 1 to 2 hour post-dose observations.

The following table illustrates the clinical signs observed at the injection site (data from 
the Applicant’s submission):

Observation Male Dose 
Groups 
Affected 

Female Dose 
Groups Affected 

Days (Number of 
male 
rats/dose/day)

Days (Number of 
female 
rats/dose/day)

N = 10
Bruising of the tail 25 and 50 

mg/kg/day
12.5, 25, and 50 
mg/kg/day

5 to 26 (up to 2 
rats/dose/day)

2 to 30 (up to 3 
rats/dose/  day)

Erosion and or 
ulceration

50 mg/kg/day None 26 to 29 (1 
rat/day)

None

Erythema of the tail 25 and 50 
mg/kg/day

25 and 50 
mg/kg/day)

6 to 29 (up to 3 
rats/dose/day)

8 to 30 (up to 3 
rats/dose/day)

Eschar of the tail 25 and 50 
mg/kg/day

25 and 50 
mg/kg/day)

5 to 29 (1 
rat/dose/day)

4 to 30 (up to 3 
rats/dose/day)

Loss of flexibility 50 mg/kg/day None 26 to 29 (1 
rat/day)

None

Pale area on tail 50 mg/kg/day 25 and 50 
mg/kg/day

8 to 18 (1 rat/day) 8 to 11 (1 rat/day 
from the 25 
mg/kg/day dose 
group); 28 to 30 
(1 rat/day from 
the 50 mg/kg/day 
dose group)

Reddening of the tail 50 mg/kg/day None 26 to 29 (1 
rat/day)

None

As shown in the table above, these effects seen at the injection site were observed 
mainly in the 25 and 50 mg/kg/day dose groups.  The bruising of the tail in the female 
12.5 mg/kg/day dose group was observed in 1 rat/day on Days 2, 3, 10, and 11.  There 
were none of the above findings in the control group.

The remaining clinical signs were sporadic in nature and are common with this species 
of rat.

The Applicant noted that there were rats that did not receive the daily scheduled dose of 
 as illustrated in the following table (from the Applicant’s submission):
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As shown the table above, there were 6 occasions each from the 12.5 and 25 
mg/kg/day dose groups and 14 occasions from the 50 mg/kg/day dose group where rats 
did not receive the daily scheduled dose of   For each missed dose, the 
reason appears to be a technical error and not due to treatment-related adverse effects 
or moribundity.  Moreover, the days of missing dosing as well as the number of animals 
missing the dose appear to be sporadic with any given animal not missing more than 4 
doses out of a total of 28 dose administrations.

Body Weights
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An ECG was not performed during this study.

Hematology
Blood samples for hematology, coagulation, and clinical chemistry were collected after 
an overnight fast prior to dosing during Week 4 on all rats.  The following hematology 
parameters were examined (from the Applicant’s submission):

The following coagulation parameters were examined (from the Applicant’s submission):
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In males, there were decreases in the MCHC by 2.2, 1.2, and 1.5% in the 12.5, 25, and 
50 mg/kg/day dose groups, respectively, compared to control.  This finding is below 
10%, is within the normal control range ( ), and is not dose-dependent.  
Thus, the decrease in MCHC does not represent a safety concern.  There was an 
increase in monocytes by 63.2% in the 50 mg/kg/day dose group compared to control.  
Increases in monocytes in the blood may be caused by chronic infections and are not 
necessarily treatment-related.  Moreover, there were no macroscopic (gross pathology) 
for microscopic (histopathology) correlates for this finding.  Thus, the increase in 
monocytes does not represent a safety concern.  There were no other treatment-related 
changes in hematology and coagulation in the males or females.

Clinical Chemistry
The following clinical chemistry parameters were examined (from the Applicant’s 
submission):

In addition, the albumin/globulin ratio (A/G ratio) was calculated from total protein 
concentration and analyzed albumin concentration.
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In males, there was an increase of 7.4 and 12.5% in glucose levels in the 25 and 50 
mg/kg/day dose groups, respectively, an increase of 45.5% in triglyceride levels in the 
50 mg/kg/day dose group, and an increase of 12.5, 6.3, and 23.4% in phosphorous 
levels in the 12.5, 25, and 50 mg/kg/day dose groups, respectively.  In contrast, there 
was a decrease of 2.6, 5.3, and 2.6% in albumin in the 12.5, 25, and 50 mg/kg/day dose 
groups, respectively, and a decrease of 7.0% in the albumin/globulin ratio, respectively, 
compared to control.  The changes in glucose, albumin, and the albumin/globulin ratio, 
however, are within the normal range ( ).  Thus, the changes in glucose, 
albumin, and the albumin/globulin ratio do not represent a safety concern.  The increase 
in triglycerides and phosphorous levels may be caused by liver and kidney damage.  
There were histopathological changes in the liver and kidney at the 50 mg/kg/day dose 
group including infiltration of inflammatory cells in the kidney as well as aggregates at 
the cortico-medullary junction and vacuolation in the liver at the male 50 mg/kg/day 
dose group; however, there were no liver and kidney findings in the 12.5 and 25 
mg/kg/day dose groups.    

In females, there was an increase of 2.0% in chloride levels in the 50 mg/kg/day dose 
group.  This increase in the chloride levels is within the normal range ( ).  
Thus, the increase in chloride levels does not represent a safety concern.  

There were no further treatment-related changes in clinical chemistry.

Urinalysis
Rats were placed in individual metabolism cages overnight (fasted) to collect urine 
samples over a period of approximately 16 hours during Week 4.  The following 
urinalysis parameters were examined (from the Applicant’s submission):
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There were no treatment-related changes in urinalysis in the males.  There were 23.9 
and 42.1% increases in sodium and chloride levels, respectively, in the female 50 
mg/kg/day dose group.  These increases in the sodium and chloride levels are within 
the normal range ( ).  Thus, the increases in the sodium and chloride 
levels do not represent a safety concern.  There were no further treatment-related 
changes in urinalysis.  

Gross Pathology
At the scheduled sacrificed, all rats were subjected to a detailed necropsy including a 
full macroscopic examination of the tissues.  All external features and orifices were 
examined visually.  Abnormalities in appearance or size of any organ and tissue 
(external and cut surface) were recorded.  Organs and tissue samples were preserved.

The following table illustrates the gross pathology observations (data from the 
Applicant’s submission):

Number of Rats Affected (N = 10 rats/dose examined)
Males (mg/kg/day) Females (mg/kg/day)

Findings

Control 12.5 25 50 Control 12.5 25 50
Diaphragm
  Hernia 0 0 0 1 0 0 0 0
Epididymis
  Small 0 0 0 1 N/A N/A N/A N/A
Kidneys
  Depression 0 0 0 1 0 0 0 0
Liver
  Irregular   
    Surface
  Masses
  Small

0
0
0

0
0
0

0
0
0

1
1
1

0
0
0

0
0
0

0
0
0

0
0
0

Testes
  Small 0 0 0 1
Thyroids
  Unilaterally 
    Absent 0 0 0 0 0 0 0 1
Venous IS*
 (Lateral and 
Caudal)
  Depression
  Scab

0
0

0
0

0
0

2
0

0
0

0
0

0
0

1
1

* Injection Site
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As shown in the table above, macroscopic changes were observed in the diaphragm, 
epididymis, kidneys, liver, and testes in the male 50 mg/kg/day dose group as well as in 
the thyroids in the female 50 mg/kg/day dose group.  The incidences of these findings 
were only in 1 rat/dose group.  Additionally, injection site (IS) observations include 
depressions that were observed in 2 males from the 50 mg/kg/dose group.  
Depressions and scabs were also observed in 1 female from the 50 mg/kg/dose group.  
Depression and scab were correlated microscopically with perivascular necrosis, 
epidermal ulceration, and scabs (see histopathology below).

Organ Weights
Each organ was weighed and recorded from all rats at the scheduled necropsy (end of 
Week 4).  For bilateral organs, left and right organs were weighed together.  In the 
males, there was a decrease of 15.8 and 17.5% in the absolute weight of the adrenals 
in the 25 and 50 mg/kg/day dose groups compared to control.  There were no 
macroscopic (gross pathology) or microscopic correlates with the decrease in the 
weight of the adrenals and thus, the increase in the weight of the adrenals can be 
dismissed.  There were no other treatment-related changes in organ weights in the 
males or females.

Histopathology
Adequate Battery
The following table illustrates the organs and tissues that were weighed and examined 
microscopically (from the Applicant’s submission):
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A signed pathology report was provided on August 18, 2014.  There appears to be one 
pathologist for the study and as such, a peer review was not evident.

Histological Findings
The following table illustrates the microscopic findings at the injection site (data from the 
Applicant’s submission):

Venous Injection Site (Lateral, Caudal) Observations (Histopathology)
Number of Rats Affected

Males (mg/kg/day) Females (mg/kg/day)
Findings

Control 12.5 25 50 Control 12.5 25 50
Number of rats 
examined

10 10 10 10 10 10 10 10

Hemorrhage, 
Perivascular
  Minimal
  Slight
  Moderate
  Total

6
0
0
6

0
0
0
0

1
1
0
2

5
1
0
6

3
2
0
5

4
0
0
4

1
2
1
4

1
2
0
3

Infiltration, 
Inflammatory Cells, 
Perivascular
  Minimal
  Slight
  Moderate
  Total

0
1
0
1

2
1
0
3

2
1
0
3

2
1
0
3

3
1
0
4

1
1
0
2

0
5
1
6

3
1
1
5

Fibrosis, 
Perivascular
  Minimal
  Slight
  Moderate
  Marked
  Total

3
0
1
0
4

1
2
4
0
7

1
4
2
0
7

0
0
3
0
3

2
3
0
1
6

0
2
2
1
5

0
4
4
0
8

4
2
2
0
8

Granuloma, Hair 
Shaft
  Minimal
  Slight
  Moderate
  Total

1
1
0
2

1
0
0
1

0
0
0
0

0
0
0
0

2
0
0
2

0
0
0
0

0
0
0
0

0
0
1
1

Proliferation, 
Vascular Intimal
  Minimal
  Slight
  Moderate
  Marked
  Total

1
1
0
0
2

2
1
1
0
4

1
3
0
0
4

1
0
0
0
1

0
2
0
0
2

3
2
0
0
5

1
2
2
0
5

1
2
1
1
5

Scab(s) 0 0 0 2 0 0 0 1
Ulceration, 
Epidermal
  Slight
  Moderate
  Total

0
0
0

0
0
0

0
0
0

1
1
2

0
0
0

0
0
0

0
0
0

0
1
1

Necrosis, 
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Perivascular
  Minimal
  Slight
  Moderate
  Total

0
0
0
0

0
1
0
1

1
0
0
1

1
0
1
2

3
0
0
3

1
1
0
2

0
3
0
3

1
1
0
2

Abscess
  Moderate 0 0 0 0 0 0 0 1
Hyperplasia, 
Epidermal
  Marked 0 0 0 0 0 0 0 1
Thrombus, 
Recanalizing 0 1 5 3 1 0 6 4

As shown in the tables above, there were a number of findings observed at the injection 
site microscopically.  There was no clear dose-dependency on the incidence and 
severity of perivascular hemorrhage.  Although the incidence of recanalized thrombus 
was greater than control, there does not appear to be a dose-dependency.  The 
recanalizing thrombus observation reflects the traumatic character of repeated IV 
dosing as the observation was also noted in the female control group.  Although the 
incidence of vascular intimal proliferation was greater than control, there does not 
appear to be dose-dependency in the incidence of this finding; however, the severity of 
the finding is dose dependent with marked severity observed in the female 50 
mg/kg/dose group only.  The increase in the incidence and severity of epidermal 
ulceration as well as the incidence of scabs were dose-dependent as these findings 
were observed in the 50 mg/kg/dose groups (male and female) only.  These 
histopathological findings at the injection site are indicative of mild localized vascular 
irritation.

Other histopathological changes at the injection site include perivascular inflammatory 
cell infiltration, the severity of which appears dose-dependent for the male 25 and 50 
mg/kg/day dose groups.  Perivascular fibrosis does not appear to be clearly dose-
dependent for incidence and severity.  Granuloma of the hair shaft, abscess, and 
epidermal hyperplasia appears to be dose dependent in terms of severity as the finding 
was highest in the female 50 mg/kg/day dose group.  The severity of perivascular 
necrosis appears to be dose dependent as the moderate severity of this finding was 
observed in male 50 mg/kg/day dose group.  

Moreover, the following table illustrates additional histopathological changes that were 
observed (data from the Applicant’s submission):

Number of Rats Affected
Males (mg/kg/day) Females (mg/kg/day)

Findings

Control 12.5 25 50 Control 12.5 25 50
Number of rats 
examined

10 10 10 10

Epididymes
  Cell debris   
    (intraluminal)
    Slight
  Sperm 

0 1 N/A N/A
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    (reduced, 
    luminal)
    Moderate 0 1 N/A N/A
Eyes
  Rosettes/ 
  Folds (retina)
  Minimal 0 1 0 0
Kidneys
  Infiltration of   
  Inflammatory   
  Cells 
  (interstitial)  
    Minimal 0 2 1 1
Liver
  Aggregates 
  (Cortico-
  Medullary 
  Junction)
    Minimal
    Slight
    Total
Glycogen 
  (decreased,   
  periportal)
    Slight
Nodule 
  (hepato-
  diaphragmatic)
Vacuolation   
  (hepato-
  cellular,   
  centrilobular)
    Minimal

4
0
4

0

0

0

4
1
5

1

1

1

8
0
8

0

0

0

8
0
8

0

0

0
Lungs
  Infiltration of 
  Inflammatory 
  Cells 
  (perivascular)
    Minimal
  Hemorrhage 
  (Aveoli)

    Minimal

Granuloma
    Minimal
    Slight
    Total

1

0

0
0
0

4

1

0
0
0

1

1

2
0
2

Note: 1 
rat 

exam.

1
Note: 1 

rat 
exam.

1
Note: 

no rats 
exam.

0
0
0

0

0

0
0
0

1

0

4
1
5

Lymph Node 
(left axillary)
  Plasmacytosis
    Slight 0 0 0 1
Lymph Node 
(inguinal)
  Plasmocytosis
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    Minimal 0 1 0 0
Pancreas
  Atrophy 
  (Acinar Cells)
    Minimal
    Slight
    Total

0
0
0

0
0
0

1
0
1

0
1
1

Prostate
  Infiltration of 
  Inflammatory 
  Cells
    Minimal 0 1 N/A N/A
Testes
  Degeneration,
  Tubular
    Moderate 0 1 N/A N/A
Thyroids
  Aggregates, 
  Lymphoid
    Minimal 0 0 0 1

It is noted that only the control and 50 mg/kg/day dose group were examined 
microscopically unless otherwise indicated.  As shown in the table above, several 
findings were observed in the 50 mg/kg/day dose group.  These findings include 
intraluminal cell debris and reduced luminal sperm in the epididymis, rosettes/folds in 
the retina, glycogen as well as hepatodiaphragmatic nodules and hepatocellular 
vacuolation in the liver, hemorrhage in the aveoli of the lungs, plasmacytosis in the left 
axillary and inguinal lymph nodes, atrophy of the acinar cells in the pancreas, infiltration 
of inflammatory cells in the prostate, degeneration of the tubules in the testes, and 
lymphoid aggregates in the thyroid.  These findings were minimal to slight, only 
occurred in 1 rat from the 50 mg/kg/day dose group and did not occur in both sexes.   
Histopathological examination of the 12.5 and 25 mg/kg/day dose groups would most 
likely render these findings incidental or not-dose dependent and unlikely treatment 
related.  

Other histopathological findings in the 50 mg/kg/day dose group were observed in more 
than 1 rat or demonstrated increased severity.  These findings include aggregates at the 
corticomedullary junction in the liver as well as perivascular infiltration of inflammatory 
cells and granuloma in the lungs.

There were no further treatment-related histopathological changes.

Special Evaluation
There was no special evaluation performed in this study.

Toxicokinetics
Toxicokinetics was not performed for this study.
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As shown in the tables above, there were a number of findings at the injection site (tail) 
including dark areas, pale areas, scab, as well as flaccid, rigid, and swollen properties in 
the 25 mg/kg/day dose group.  Other findings include axillary lymph node (enlarged) 
and inguinal lymph nodes (enlarged) in the 25 mg/kg/day dose group.

One male from the 15 mg/kg/day dose group was found dead on Day 7 approximately 1 
hour after dosing.  Clinical signs of this animal included rapid respiration and dull eyes 
on Day 6 as well as dull eyes, elevated gait, hunched posture, piloerection, and 
lachrymation immediately after dosing on Day 7.  The Sponsor believes that the clinical 
signs following dosing were procedural rather than test article-related.  The tail lesions 
observed in the deaths at the 25 mg/kg/day males was not observed in this animal.  
Although, there were no macroscopic or microscopic changes indicative of a cause of 
death, the relationship of this unscheduled death to the administration of  is 
uncertain.  The lack of any dose-dependent impact on mortality supports the conclusion 
that this was not likely treatment-related and most likely procedural. 

Clinical Signs
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Food Consumption
Food consumption was measured weekly throughout the study.  There were no 
treatment-related changes in food consumption.

Ophthalmoscopy
An eye examination was performed using a binocular indirect ophthalmoscope during 
pretreatment and at Week 4.  The adnexae, conjunctiva, cornea, sclera, anterior 
chamber, iris (pupil dilated), lens, vitreous, and fundus were examined.  There were no 
treatment-related changes in ophthalmoscopy.

ECG
An ECG was not performed during this study.

Hematology
Blood samples for hematology, coagulation, and clinical chemistry were collected after 
an overnight fast prior to dosing during Week 4 on all rats as well as for the rats 
terminated early from the 25 mg/kg/day dose group.  The following hematology 
parameters were examined (from the Applicant’s submission):

The following coagulation parameters were examined (from the Applicant’s submission):
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The following tables illustrate the red cell parameters and hematology parameters that 
are treatment related after Week 4 (from the Applicant’s submission):
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As shown in the tables above, there were significant decreases in red blood cells in the 
15 mg/kg/day dose group in both males and females compared to control.  The loss of 
red blood cells may be due to blood vessel injury as the test compound is injected into 
the caudal veins.  There were significant increases in reticulocytes in the male 7.5 and 
15 mg/kg/day dose groups as well as the female 15 mg/kg/day dose group compared to 
control.  However, the reticulocytes are within the normal range ( ) and 
do not represent a safety concern.  All other changes in the red cell parameters (Hct, 
Hb, MCH, MCHC, MCV, and RDW) at the 7.5 mg/kg/day dose groups were dismissed 
because they did not deviate significantly from the control; however, the changes at the 
15 mg/kg/day dose groups were more significant.  Although the change in hemoglobin 
in the MD females may have clinical significance, the LD was not significantly different 
than controls.  There were significant increases in white blood cells (WBC) and 
lymphocytes in the both the male and female 15 mg/kg/day dose groups as well as in 
the eosinophils in the female 15 mg/kg/day dose group and large unstained cells (LUC) 
and the platelets in the male (with a smaller increase in females) 15 mg/kg/day dose 
group compared to control.  The increases in WBC and platelets in both males and 
females are within normal range ( ).  Thus, the increase in platelets 
does not represent a safety concern.  There were significant decreases in neutrophils in 
the male and female 7.5 mg/kg/day dose groups followed by significant increases in 
neutrophils in the male and female 15 mg/kg/day dose groups compared to control.  In 
males, the decrease in eosinophils in the 7.5 mg/kg/day dose group was not observed 
in the 15 mg/kg/day dose group compared to control.  In females, there was a dose-
dependent increase in the LUC in the 7.5 and 15 mg/kg/day dose groups compared to 
control.  There were histopathological changes in the spleen (extramedullary 
hemopoiesis) that showed a dose-dependent increase in incidence and severity that 
may account for the increases in lymphocytes, WBC, eosinophils, neutrophils, and LUC 
(see histopathology below)

In addition, there were increases of 8.1% in the prothrombin time (PT) in the female 15 
mg/kg/day dose group as well as in the APTT by 26.8 and 16.8% in the female 7.5 and 
15 mg/kg/day dose groups, respectively, compared to control.  The increase in PT was 
below 10%, which does not represent a biologically significant change and as such, 
does not represent a safety concern.  The increases in the APTT are within the normal 
control range ( ) and do not represent a safety concern.

There were no further treatment-related changes in hematology and coagulation in the 
males and females.

Clinical Chemistry
The following clinical chemistry parameters were examined (from the Applicant’s 
submission):
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In addition, the albumin/globulin ratio (A/G ratio) was calculated from total protein 
concentration and analyzed albumin concentration.

In males, there was an increase in triglycerides by 75.9% and an increase in 
phosphorous by 9.7% in the 15 mg/kg/day dose group.  The increase in triglycerides 
may be caused by damage to the liver or kidney.  There were histopathological changes 
in the liver at the 15 mg/kg/day dose group (see histopathology below), mainly 
infiltration of inflammatory cells with and without hepatocellular necrosis and 
extramedullary hemopoiesis observed in the 15 mg/kg/day dose group, that may 
account for the increases in the levels of triglycerides and phosphorous.  However, the 
increase in phosphorous is below 10%, and as such, is not biologically significant.  
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There were no further treatment-related changes in clinical chemistry in the males.  In 
females, there were decreases in the ALT, AST, total protein, and albumin in both the 
7.5 and 15 mg/kg/day dose groups as well as decreases in the glucose level in the 15 
mg/kg/day dose group that were within the normal range ( ) and as 
such, do not represent a safety concern.  There were increases in urea levels by 26.8 
and 23.3% in the 7.5 and 15 mg/kg/day dose groups, respectively, compared to control 
that did not show a clear dose dependency.  The increase in urea is not dose-
dependent but was only observed in the 7.5 and 15 mg/kg/day dose groups.  Increased 
urea was only observed in the female 15 mg/kg/day dose group.  Thus, the increase in 
urea may not be treatment-related.  There were decreases in the calcium levels by 3.7 
and 4.1% in the 7.5 and 15 mg/kg/day dose group, respectively, compared to control do 
not appear to be a cause for concern.  Thus, the decrease in calcium levels does not 
represent a safety concern.  There was an increase in the phosphorous levels by 13.8% 
in the 15 mg/kg/day dose group.  Increased phosphorous may be caused by kidney 
failure or liver disease.  Infiltration of inflammatory cells with and without hepatocellular 
necrosis and extramedullary hemopoiesis in the liver were observed in the 15 
mg/kg/day dose group in the histopathological examination that may account for the 
increase in phosphorous.  There were no further treatment-related changes in clinical 
chemistry in the females.

Urinalysis
Rats were placed in individual metabolism cages overnight (fasted) to collect urine 
samples over a period of approximately 16 hours during Week 4.  The following 
urinalysis parameters were examined (from the Applicant’s submission):
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There was an increase of 1.5% in specific gravity in the male 7.5 mg/kg/day dose group.  
The increase in specific gravity is within the normal range ( ) and 
therefore is not considered biologically relevant.  There were no further treatment-
related changes in urinalysis in the males.  There were no treatment-related changes in 
urinalysis in the females.

Gross Pathology
At the scheduled sacrificed after Week 4 as well as during Week 2 (Day 15) following 
early termination of the 25 mg/kg/day dose group, all rats were subjected to a detailed 
necropsy including a full macroscopic examination of the tissues.  All external features 
and orifices were examined visually.  Abnormalities in appearance or size of any organ 
and tissue (external and cut surface) were recorded.  Organs and tissue samples were 
preserved.

The following table illustrates the macroscopic findings after 4-weeks of treatment with 
 (data from the Applicant’s submission):

Number of Rats Affected
Males (mg/kg/day) Females (mg/kg/day)

Findings

Saline 
Control

Vehicle 
Control

7.5 15 Saline
Control

Vehicle 
Control

7.5 15

Number of rats 
examined

5 10 10 9 5 10 10 10

Kidneys
  Depression(s) 0 0 0 1 0 0 0 0
Lungs and Bronchi
  Pale area(s) 0 0 0 1 0 1 2 0
Oviducts
  Cyst(s) N/A N/A N/A N/A 0 0 0 1

As shown in the table above, there are a number of macroscopic findings in the kidneys, 
lungs, and oviducts.  Kidney depression was observed in only 1/9 males from the 15 
mg/kg/day dose group compared to control.  There was 1/9 males from the 15 
mg/kg/day dose group observed with pale areas of the lungs and bronchi compared to 
control.  There were 1/10 females in the vehicle control and 2/10 females in the 7.5 
mg/kg/day dose groups observed with this finding and as such, this finding does not 
appear to be dose-dependent.  However, there are microscopic findings in the lungs 
(see histopathology below).  There was 1/10 females observed with cyst(s) in the 
oviducts from the 15 mg/kg/day dose group compared to control.  There were no further 
treatment-related changes in gross pathology (macroscopically) in both males and 
females.

Organ Weights
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Each organ was weighed and recorded from all rats at the scheduled necropsy (end of 
Week 4) as well as during Week 2 (Day 15) following early termination of the 25 
mg/kg/day dose group.  For bilateral organs, left and right organs were weighed 
together.

In males, there were decreases of 6.8% in the adrenal weight in the 15 mg/kg/day dose 
group as well as decreases of 5.2 and 5.5% in the brain weight in the 7.5 and 15 
mg/kg/day dose groups, respectively, compared to control.  The changes in the adrenal 
and brain are below 10% and as such, are not likely biologically relevant.  Thus, the 
decreases in the adrenal and brain weights do not represent a safety concern.  An 
increase of 30.4% in mean spleen weight in the 15 mg/kg/day dose group was also 
noted.

In females, there were increases of 6.8 and 4.5% in the kidneys and liver weights, 
respectively, in the 15 mg/kg/day dose group compared to control.  The increases in the 
kidneys and liver weights are below 10% and as such, are not biologically relevant.  
Thus, the decreases in the kidneys and liver weights do not represent a safety concern.

There were no further treatment-related changes in organ weights in both males and 
females.

Histopathology
Adequate Battery
The following table illustrates the organs and tissues that were weighed and examined 
microscopically for the rats terminated early from the 25 mg/kg/day dose group during 
Week 2 (on Day 15) and the remaining rats at the end of Week 4 (from the Applicant’s 
submission):
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There were a number of changes noted in the spleen, injection site, and lungs.  The 
following table illustrates the histopathological changes noted in the spleen after 4 
weeks of treatment with  (from the Applicant’s submission):

As shown in the table above, the incidence of extramedullary hemopoiesis is not clearly 
dose-dependent; however, the moderate severity of the finding was only observed in 
the 15 mg/kg/day dose group.

The following table illustrates the histopathological changes noted in the injection site 
after 4 weeks of treatment with  (from the Applicant’s submission):
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As shown in the table above, chronic thrombus at the injection site was observed with 
dose-dependent incidence and severity with significant increases in both incidence and 
severity at the 15 mg/kg/day group compared to the controls.  Acute thrombus at the 
injection site was observed with dose-dependent increases in incidence and severity 
with significant increases in both incidence and severity at the 15 mg/kg/day dose group 
compared to the controls.  Perivascular inflammation at the injection site was observed 
with dose-dependent incidence and severity with significant increases in both incidence 
and severity at the 15 mg/kg/day dose group compared to the controls.  According to 
the pathology report, this inflammation is thought to be chronic .  Perivascular 
hemorrhage was observed with dose-dependent severity with significant increases in 
severity at the 15 mg/kg/day dose group compared to the controls.

In addition, these findings were also noted at the injection site (data from the Applicant’s 
submission):
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Additional Injection Site Findings
Number of Rats Affected

Males (mg/kg/day) Females (mg/kg/day)
Findings

Saline 
Control

Vehicle 
Control

7.5 15 Saline
Control

Vehicle 
Control

7.5 15

Number of rats 
examined

5 10 10 9 5 10 10 9

Fibrosis, Perivascular
  Minimal
  Slight
  Moderate
  Marked
  Total

0
0
0
0
0

0
2
0
0
2

2
0
2
0
4

0
2
0
0
2

0
1
0
0
1

0
6
1
0
7

1
0
1
2
4

0
3
3
0
6

As shown in the table above, there were more females observed with perivascular 
fibrosis with moderate severity in the 15 mg/kg/day dose group compared to the 
controls.

The following table illustrates the histopathological changes noted in the lungs after 4 
weeks of treatment with  (from the Applicant’s submission):
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As shown in the table above, thickening pulmonary arterioles was observed in the 7.5 
and 15 mg/kg/day dose group with increased severity when compared to the vehicle 
control group.  However, the incidence of this finding is not dose dependent.  The 
incidence and severity of foamy alveolar macrophages are not clearly dose dependent.  
The severity of perivascular inflammatory is not clearly dose dependent; however, the 
incidence is significantly increased in the 15 mg/kg/day dose group compared to the 
controls.  The incidence and severity of granuloma is not dose dependent.  These lung 
findings were dismissed in the pathology report.as being not treatment-related.  This is 
a reasonable conclusion. 

The following table illustrates other noted histopathological changes (data from the 
Applicant’s submission):

Number of Rats Affected
Males (mg/kg/day) Females (mg/kg/day)

Findings

Saline 
Control

Vehicle 
Control

7.5 15 Saline
Control

Vehicle 
Control

7.5 15

Number of rats 
examined

5 10 0 9 5 10 0 10

Bone, Femur 
including Joint
  Hypoplasia, 
  Synovium
    Slight 0 0 0 1 0 0 0 0
Heart
  Infiltration, 
  Inflammatory Cells, 
  Myocardial
    Minimal
    Slight
    Total

0
0
0

0
0
0

0
0
0

1
1
2

0
0
0

0
0
0

0
0
0

0
0
0

Liver (rats examined)
  Infiltration, 
  Inflammatory Cells 
  with or without 
  Hepatocellular 
  Necrosis
    Minimal
    Slight
    Total
  Extramedullary 
  Hemopoiesis
    Minimal
    Slight
    Total

(5)

1
0
1

2
0
2

(10)

0
0
0

4
1
5

(10)

6
0
6

2
0
2

(9)

4
1
5

5
0
5

(5)

2
0
2

4
0
4

(10)

4
0
4

5
1
6

(10)

4
0
4

2
0
2

(10)

3
0
3

7
1
8
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Lymph Node, 
Inguinal
  Erythrocytosis/ 
  Erythro-
  phagocytosis, 
  Sinuses
    Minimal 0 0 0 0 0 0 0 1
Oviducts (rats exam.)
  Dilatation
    Moderate
  Infiltration, 
  Inflammatory Cells
    Slight N/A N/A N/A N/A

(0)

0

0

(0)

0

0

(0)

0

0

(1)

1

1
Prostate
  Aggregates, 
  Lymphoid
    Minimal
  Inflammation
    Slight

0

0

0

0

0

0

1

1

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
Skeletal Muscle
  Degeneration, 
  Myofiber
    Minimal
    Slight
    Total

0
0
0

1
0
1

0
0
0

0
1
1

0
0
0

0
0
0

0
0
0

0
0
0

It is noted that the controls (saline and vehicle) and 15 mg/kg/day dose group were 
examined microscopically unless otherwise indicated.  Hypoplasia of the synovium of 
the bone, myocardial infiltration of inflammatory cells of minimal and slight severity, 
lymphoid aggregates and inflammation in the prostate, and myofiber degeneration of 
skeletal muscle was observed in the male 15 mg/kg/day dose group.  However, the 
incidence of these findings was in only 1 male rat.  Erythrocytosis/erythrophagocytosis, 
sinuses in the inguinal lymph node as well as dilatation and infiltration of inflammatory 
cells in the oviducts were observed in the 15 mg/kg/day dose group.  However, the 
incidence of these findings was in only 1 female rat.  As these findings only occurred in 
only 1 rat from the 15 mg/kg/day dose group, histopathological examination of the 7.5 
mg/kg/day dose group would most likely render these incidental findings unlikely to be 
dose dependent or treatment related.

The incidence of infiltration of inflammatory cells in the liver (with or without 
hepatocellular necrosis) was not clearly dose-dependent; however, the severity is dose-
dependent with significant increases in severity at the 15 mg/kg/day dose group 
compared to the controls.  The severity of extramedullary hemopoiesis in the liver was 
not dose-dependent; however, the incidence is dose-dependent with significant 
increases in incidence at the 15 mg/kg/day dose group.
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  was not mutagenic under the conditions of this assay.

Methods
Strains: S. typhimurium strains TA1535, TA1537, 

TA98, and TA100; E. coli strain WP2 uvrA
 Concentrations in definitive study: 0, 50, 150, 500, 1500, and 5000 mcg/plate

Basis of concentration selection: High dose was 5000 mcg/plate, which is the 
standard limit concentration recommended 
in regulatory guidelines

Negative control: DMSO
Positive control: Without S9 activation, sodium azide (TA100 

and TA1535), 9-aminoacridine (TA1537), 2-
nitrofluorene (TA98), and 4-nitroquinoline-1-
oxide (WP2 uvrA);
With S9 activation, 2-aminoanthracene 
(TA100, TA1535, and WP2 uvrA) and 
benzo[a]pyrene (TA98 and TA1537)

Formulation/Vehicle: DMSO
Incubation & sampling time:  in vehicle (DMSO), vehicle 

alone (negative control), or positive control 
was pre-incubated with the bacteria with 
and without S9 mix in the top agar.  The 
solution was mixed and overlaid onto a 
minimal bottom agar.  After the overlay 
solidified, the plates were inverted and 
incubated at 37˚C for 48 hrs.  Afterwards, 
the plates were scored.  All concentrations 
and controls (both positive and negative) in 
the initial toxicity-mutation assay and in the 
confirmatory mutagenicity assay were 
plated in triplicate.

Study Validity
The study is considered valid for the following reasons: 1) the appropriate controls were 
used; 2) the appropriate strains were tested; 3) the positive control substances 
produced reliable positive results; 4) the highest concentration of  tested 
reached the maximum recommended concentration of 5000 mcg/plate. 

The study report states that the criteria for a positive is when a reproducible increase in 
revertant colony numbers of at least twice (three times in the case of TA1535 and 
TA1537) that of the concurrent vehicle controls, with some evidence of a positive 
concentration-response relationship.

Results
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Two sets of tests were performed (Test 1 and Test 2).  The second test (Test 2) is 
considered a confirmatory test for the first test (Test 1).

The following table illustrates the number of revertants in Test 1 without metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, the number of revertants in the TA98 dose groups was not 
different than control.  The number of revertants in 500 mcg/plate dose of TA100 was 
slightly greater than control; however, there was no clear dose dependency in the 
number of revertants in this strain and the number of revertants in all other dose groups 
was lower than control.  The number of revertants in all dose groups in the remaining 
strains was no greater than their respective controls.  The number of revertants in these 
strains in Test 1 without metabolic activation was  than the 
historical control (see historical control table below).

The following table illustrates the number of revertants in Test 1 with metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, there were no clear dose-dependent increases in the 
number of revertants in any of the strains.  The number of revertants in these strains in 
Test 1 with metabolic activation was  than the historical control 
(see historical control table below).

The following table illustrates the number of revertants in Test 2 without metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, in general, there were no clear dose-dependent increases 
in the number of revertants in any of the strains tested; however, in strains TA98 and 
TA100, the number of revertants were slightly increased in treated groups.  Precipitate 
was noted at the 5000 mcg/plate.  The number of revertants in these strains in Test 2 
without metabolic activation was  than the historical control (see 
historical control table below).

The following table illustrates the number of revertants in Test 2 with metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, in general, there were no increases in the number of 
revertants in any of the strains tested.  The number of revertants in all other doses in 
these strains was lower than control.  The number of revertants in these strains in Test 
2 with metabolic activation was  than the historical control (see 
historical control table below).

The following table illustrates the historical control for these strains in the DMSO vehicle 
(from the Applicant’s submission):

The number of revertants in the positive control groups was within the range of the 
historical control.  Thus, taken together,  was not mutagenic under the 
conditions of this assay.
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minimal bottom agar.  After the overlay 
solidified, the plates were inverted and 
incubated at 37˚C for 48 hrs.  Afterwards, 
the plates were scored.  All concentrations 
and controls (both positive and negative) in 
the initial toxicity-mutation assay and in the 
confirmatory mutagenicity assay were 
plated in triplicate.

Study Validity
The study is considered valid for the following reasons: 1) the appropriate controls were 
used; 2) the appropriate strains were tested; 3) the positive control substances 
produced reliable positive results; and 4) the highest concentration of  
tested reached the maximum recommended concentration of 5000 mcg/plate 

The study report states that the criteria for a positive is when a reproducible increase in 
revertant colony numbers of at least twice (three times in the case of TA1535 and 
TA1537) that of the concurrent vehicle controls, with some evidence of a positive 
concentration-response relationship.

Results
The following table illustrates the number of revertants in Test 1 without metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, there were no dose-dependent increases in the number of 
revertants in all strains.  

The following table illustrates the number of revertants in Test 1 with metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, there were no dose-dependent increases in the number of 
revertants.  The number of revertants in the TA100, TA1535, TA1537, and WP2 uvrA 
strains at all doses tested were within the historical control range for those strains with 
metabolic activation in DMSO.

It is noted that despite the thinning of colonies in the 5000 mcg/plate dose of 
 is the TA98, TA100, TA1535, and TA1537 strains without metabolic activation 

in Test 1, these bacterial strains are viable and the results may be considered valid as 
shown in the table below (from the Applicant’s submission):

The following table illustrates the number of revertants in Test 2 without metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, the number of revertants from the TA100 strain shows 
slight increases; however, the number of revertants from all remaining strains does not 
show a clear dose-dependency.  It is noted that with the exception of the 150 mcg/plate 
dose group in the TA98 strain, the number of revertants in all dose groups in all strains 
are within the historical control range for those strains without metabolic activation in 
DMSO (see historical control table below).

The following table illustrates the number of revertants in Test 2 with metabolic 
activation (from the Applicant’s submission):
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As shown in the table above, there were incidences of slight increases in the number of 
revertants in the TA98 and TA100 strains.  However, there was no dose-dependency in 
the number of revertants in all strains tested.  The number of revertants in all dose 
groups in all strains were within the historical control range for each strain with 
metabolic activation in DMSO (see historical control table below).

It is noted that despite the thinning of colonies in the 5000 mcg/plate dose of 
 in all strains with and without metabolic activation in Test 2, these bacterial 

strains are viable and may be considered valid as shown in the table below (from the 
Applicant’s submission):

The historical control is illustrated in the following table (from the Applicant’s 
submission):
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The number of revertants in the positive control groups was within the range of the 
historical control.  Thus, taken together,  was not mutagenic under the 
conditions of this assay.

8 Carcinogenicity
There were no carcinogenicity studies with acetaminophen submitted in this NDA.  The 
following information on the carcinogenicity of acetaminophen is from the
OFIRMEV label (Cadence Pharma, November 2011):

Carcinogenesis
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Long-term studies in mice and rats have been completed by the National 
Toxicology Program to evaluate the carcinogenic potential of acetaminophen. In 
2-year feeding studies, F344/N rats and B6C3F1 mice were fed a diet containing 
acetaminophen up to 6000 ppm. Female rats demonstrated equivocal evidence of 
carcinogenic activity based on increased incidences of mononuclear cell leukemia 
at 0.8 times the maximum human daily dose (MHDD) of 4 grams/day, based on a 
body surface area comparison. In contrast, there was no evidence of carcinogenic 
activity in male rats (0.7 times) or mice (1.2-1.4 times the MHDD, based on a 
body surface area comparison).

9 Reproductive and Developmental Toxicology
There were no reproductive and developmental toxicology studies with acetaminophen 
submitted in this NDA.  The following information on the impairment of fertility of 
acetaminophen is from the OFIRMEV label (Cadence Pharma, November 2011):

Impairment of fertility
In studies conducted by the National Toxicology Program, fertility assessments 
have been completed in Swiss mice via a continuous breeding study. There were 
no effects on fertility parameters in mice consuming up to 1.7 times the MHDD of 
acetaminophen, based on a body surface area comparison. Although there was no 
effect on sperm motility or sperm density in the epididymis, there was a 
significant increase in the percentage of abnormal sperm in mice consuming 1.7 
times the MHDD (based on a body surface area comparison) and there was a 
reduction in the number of mating pairs producing a fifth litter at this dose, 
suggesting the potential for cumulative toxicity with chronic administration of 
acetaminophen near the upper limit of daily dosing.

Published studies in rodents report that oral acetaminophen treatment of mal 
animals at doses that are 1.2 times the MHDD and greater (based on a body 
surface area comparison) result in decreased testicular weights, reduced 
spermatogenesis, reduced fertility, and reduced implantation sites in females 
given the same doses. These effects appear to increase with the duration of 
treatment. The clinical significance of these findings is not known.

There were no further reproductive and developmental toxicology studies with IV 
acetaminophen submitted in this NDA.  The following information on the reproductive 
and developmental toxicology of acetaminophen is from the pregnancy section of the
OFIRMEV label (Cadence Pharma, November 2011):
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Pregnancy Category C. There are no studies of intravenous acetaminophen in 
pregnant women; however, epidemiological data on oral acetaminophen use in 
pregnant women show no increased risk of major congenital malformations. 
Animal reproduction studies have not been conducted with IV acetaminophen, 
and it is not known whether OFIRMEV can cause fetal harm when administered 
to a pregnant woman. OFIRMEV should be given to a pregnant woman only if 
clearly needed. 

The results from a large population-based prospective cohort, including data from 
26,424 women with live born singletons who were exposed to oral acetaminophen 
during the first trimester, indicate no increased risk for congenital malformations, 
compared to a control group of unexposed children. The rate of congenital 
malformations (4.3%) was similar to the rate in the general population. A 
population-based, case-control study from the National Birth Defects Prevention 
Study showed that 11,610 children with prenatal exposure to acetaminophen 
during the first trimester had no increased risk of major birth defects compared to 
4,500 children in the control group. Other epidemiological data showed similar 
results. 

While animal reproduction studies have not been conducted with intravenous 
acetaminophen, studies in pregnant rats that received oral acetaminophen during 
organogenesis at doses up to 0.85 times the maximum human daily dose (MHDD 
= 4 grams/day, based on a body surface area comparison) showed evidence of 
fetotoxicity (reduced fetal weight and length) and a dose-related increase in bone 
variations (reduced ossification and rudimentary rib changes). Offspring had no 
evidence of external, visceral, or skeletal malformations. When pregnant rats 
received oral acetaminophen throughout gestation at doses of 1.2-times the 
MHDD (based on a body surface area comparison), areas of necrosis occurred in 
both the liver and kidney of pregnant rats and fetuses. These effects did not occur 
in animals that received oral acetaminophen at doses 0.3-times the MHDD, based 
on a body surface area comparison. 

In a continuous breeding study, pregnant mice received 0.25, 0.5, or 1.0% 
acetaminophen via the diet (357, 715, or 1430 mg/kg/day). These doses are 
approximately 0.43, 0.87, and 1.7 times the MHDD, respectively, based on a body 
surface area comparison. A dose-related reduction in body weights of fourth and 
fifth litter offspring of the treated mating pair occurred during lactation and post-
weaning at all doses. Animals in the high dose group had a reduced number of 
litters per mating pair, male offspring with an increased percentage of abnormal 
sperm, and reduced birth weights in the next generation pups.

10 Special Toxicology Studies
There were no special toxicology studies with acetaminophen submitted in this NDA.
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Division of Anesthesia, Analgesia, and Addiction Products
FDA Center for Drug Evaluation and Research 
10903 New Hampshire Avenue, Silver Spring, MD  20993 

 
SUPERVISOR’S SECONDARY REVIEW 

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 
 

Date:   June 20, 2013 
 
To:   NDA 204767 (Acetaminophen Injection) 
 
From:   R. Daniel Mellon, Ph.D. 

Supervisory Pharmacologist, Division of Anesthesia, Analgesia, 
and Addiction Products DAAAP 

 
Subject: Complete Response Recommendation 
 
 
Dr. Carlic Huynh has recommended that a complete response action be taken for 
NDA 204767 (Acetaminophen Injection).  I concur with the deficiencies noted in Dr. 
Huynh’s review and the information he recommends to address these deficiencies. 
 
There were no communications with the Sponsor of this NDA application prior to 
submission of this 505(b)(2) NDA that relies upon the Agency’s previous finding of 
safety for Ofirmev (NDA 22450).  There are outstanding patents listed in the Orange 
Book for Ofirmev.  The focus of the nonclinical pharmacology toxicology review was 
on the potential need for an IV toxicology study, local tissue toxicology study, the 
safety of the drug substance and drug product specifications, the excipients in the 
drug product formulation, and the FreeFlex® container closure system 
(extractables/leachables). 
 
As noted in his review, Dr. Huynh has concluded that there are no safety concerns 
with the proposed drug substance and drug product specifications.  The formulation 
is comparable to the referenced product and is isotonic, therefore, we did not feel that 
an IV toxicology study or a local tissue toxicity study was necessary to support 
approval of this product.  However, at the time of NDA submission, adequate 
information on the safety of the container closure system was not readily available as 
supporting data was referenced via a CBER Master File and long-term stability data 
were not yet completed.  Nonetheless, based on the information available to us at the 
time of filing, adequate safety information for several identified leachable compounds 
did not appear to be available to support the NDA.  Following discussion with the 
Sponsor they agreed to submit a Master File to CDER for the FreeFlex®  (MF 
26696).  As noted in the 74-day letter, we also informed them that additional data 

Reference ID: 3329303

(b) (4)





 

Page 3 of 3  NDA 204767  
  Acetaminophen Injection 
  Frasenius Kabi USA
   

1. Submit the results of the proposed 4-week IV toxicology study of 
 and a revised toxicological risk assessment. 

 
2. Conduct and submit the results of a 4-week IV toxicology study of  and 

a revised toxicological risk assessment for this compound.  Alternatively, you 
may be able to provide adequate data to support your conclusion that  

 is virtually instantaneous in vivo such that exposure to the parent 
compound, when the product is used as directed, would not occur and your 
risk assessment based on the major metabolites alone is adequate to address 
the safety of the parent compound.   

 
Additional Nonclinical Recommendations 
 
The following comments are not deficiencies, but should still be relayed to the 
Sponsor nonetheless. 
 

1. You have proposed to complete in vitro bacterial reverse mutation studies 
(Ames tests) for both .  The final reports for 
these studies are not required for approval; however, should the studies be 
completed, the results should be submitted to the NDA.   

 
2. Once you have evaluated the levels of leachables in the drug product over the 

course of the entire intended shelf-life, you must submit revised risk 
assessments based on the worst-case exposures.  Final determination of the 
adequacy of your leachables safety assessment can only be provided upon 
review of the definitive stability data.   
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Except as specifically identified, all data and information discussed below and 
necessary for approval of 204767 are owned by Fresenius Kabi USA, LLC or are data 
for which Fresenius Kabi USA, LLC has obtained a written right of reference. 
Any information or data necessary for approval of 204767 that Fresenius Kabi USA, 
LLC 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 reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of 
204767.
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The label for the Fresenius Kabi IV APAP formulation is the same as the referenced 
OFIRMEV for the mutagenesis, carcinogenesis, impairment of fertility, and pregnancy 
sections.  The labeling will eventually have to be revised to conform to the proposed 
Pregnancy Labeling and Lactation Rule (which will remove the Pregnancy Category and 
insert a Risk Summary Statement). 
 

1.3 Recommendations 

1.3.1 Approvability 
From a nonclinical pharmacology toxicology perspective, we cannot recommend 
approval of this product at this time.  We recommend a complete response. 
 
Deficiency 
 
You have not provided adequate safety justification for the levels of  

leachables from the container closure system.   
 
Information needed to resolve the deficiency 
 

1. Submit the results of the proposed 4-week IV toxicology study of  
and a revised toxicological risk assessment. 
 

2. Conduct and submit the results of a 4-week IV toxicology study of  and a 
revised toxicological risk assessment.  Alternatively, you may be able to provide 
adequate data to support your conclusion that  is virtually 
instantaneous in vivo such that exposure to the parent compound, when the 
product is used as directed, would not occur and your risk assessment based on 
the major metabolites alone is adequate to address the safety of the parent 
compound.   

 
1.3.2 Additional Nonclinical Recommendations 
The Applicant proposed to submit results from in vitro bacterial reverse mutation studies 
(Ames tests) for both .  The final reports for these 
studies are not required for approval; however, should the studies be completed, the 
results should be submitted to the NDA.   
 
1.3.3 Labeling 
The following changes to the Applicant’s proposed labeling are illustrated in the table 
below: 
 

Applicant’s proposed labeling Reviewer’s proposed changes Rationale for changes 
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INDICATIONS AND USAGE 
Acetaminophen injection is 
indicated for the: 
• Management of mild to 

moderate pain. (1) 
• Management of moderate to 

severe pain with adjunctive 
opioid analgesics. (1) 

• Reduction of fever. (1) 

INDICATIONS AND USAGE 
Acetaminophen injection is 
indicated for the: 
• Management of mild to 

moderate pain. (1) 
• Management of moderate to 

severe pain with adjunctive 
opioid analgesics. (1) 

• Reduction of fever. (1) 

 
No changes were 
necessary. 

USE IN SPECIFIC 
POPULATIONS 
• Pregnancy: Category C.  

There are no studies of 
intravenous acetaminophen 
in pregnant women.  Use 
only if clearly needed. (8.1) 

 

USE IN SPECIFIC 
POPULATIONS 
• Pregnancy: Category C. 

There are no studies of 
intravenous acetaminophen 
in pregnant women. Use only 
if clearly needed. (8.1) 

No changes were 
necessary.  As per the 
Maternal Health Team 
labeling initiative, nonclinical 
pregnancy information with a 
reference to Section 8.1 was 
placed in the Highlights 
section. 

8.1 Pregnancy 
  

 
Pregnancy Category C. 
 
There are no studies of 
intravenous acetaminophen in 
pregnant women; however, 
epidemiological data on oral 
acetaminophen use in pregnant 
women show no increased risk 
of major congenital 
malformations.  Animal 
reproduction studies have not 
been conducted with IV 
acetaminophen, and it is not 
known whether acetaminophen 
can cause fetal harm when 
administered to a pregnant 
woman.  Acetaminophen should 
be given to a pregnant woman 
only if clearly needed. 
 
The results from a large 
population-based prospective 
cohort, including data from 
26,424 women with live born 
singletons who were exposed to 
oral acetaminophen during the 

8.1 Pregnancy 
  

 
Pregnancy Category C. 
 
There are no studies of 
intravenous acetaminophen in 
pregnant women; however, 
epidemiological data on oral 
acetaminophen use in pregnant 
women show no increased risk of 
major congenital malformations.  
Animal reproduction studies have 
not been conducted with IV 
acetaminophen, and it is not 
known whether acetaminophen 
can cause fetal harm when 
administered to a pregnant 
woman.  Acetaminophen should 
be given to a pregnant woman 
only if clearly needed. 
 
The results from a large 
population-based prospective 
cohort, including data from 
26,424 women with live born 
singletons who were exposed to 
oral acetaminophen during the 
first trimester, indicate no 

No changes were necessary 
to the content.  The header 
is being removed as per the 
draft PLLR.  Ultimately, the 
pregnancy category will be 
removed and a risk 
summary statement will be 
inserted. 
 
The Applicant’s proposed 
labeling is identical to the 
current Cadence’s 
OFIRMEV (acetaminophen) 
injection label (version 
approved on November 2, 
2010) including an 
introductory paragraph as 
per the CFR for Category C 
drugs and human data to be 
placed first as per the 
Maternal Heath Team 
initiative. 
 
Like the referenced product 
labeling, this entire section 
will have to be revised to 
remove the pregnancy 
category and include a risk 
summary statement once 
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first trimester, indicate no 
increased risk for congenital 
malformations, compared to a 
control group of unexposed 
children.  The rate of congenital 
malformations (4.3%) was 
similar to the rate in the general 
population.  A population-based, 
case-control study from the 
National Birth Defects 
Prevention Study showed that 
11,610 children with prenatal 
exposure to acetaminophen 
during the first trimester had no 
increased risk of major birth 
defects compared to 4,500 
children in the control group.  
Other epidemiological data 
showed similar results. 
 
While animal reproduction 
studies have not been 
conducted with intravenous 
acetaminophen, studies in 
pregnant rats that received oral 
acetaminophen during 
organogenesis at doses up to 
0.85 times the maximum human 
daily dose (MHDD = 4 
grams/day, based on a body 
surface area comparison) 
showed evidence of fetotoxicity 
(reduced fetal weight and length) 
and a dose-related increase in 
bone variations (reduced 
ossification and rudimentary rib 
changes).  Offspring had no 
evidence of external, visceral, or 
skeletal malformations.  When 
pregnant rats received oral 
acetaminophen throughout 
gestation at doses of 1.2 times 
the MHDD (based on a body 
surface area comparison), areas 
of necrosis occurred in both the 
liver and kidney of pregnant rats 

increased risk for congenital 
malformations, compared to a 
control group of unexposed 
children.  The rate of congenital 
malformations (4.3%) was similar 
to the rate in the general 
population.  A population-based, 
case-control study from the 
National Birth Defects Prevention 
Study showed that 11,610 
children with prenatal exposure 
to acetaminophen during the first 
trimester had no increased risk of 
major birth defects compared to 
4,500 children in the control 
group.  Other epidemiological 
data showed similar results. 
 
While animal reproduction 
studies have not been conducted 
with intravenous acetaminophen, 
studies in pregnant rats that 
received oral acetaminophen 
during organogenesis at doses 
up to 0.85 times the maximum 
human daily dose (MHDD = 4 
grams/day, based on a body 
surface area comparison) 
showed evidence of fetotoxicity 
(reduced fetal weight and length) 
and a dose-related increase in 
bone variations (reduced 
ossification and rudimentary rib 
changes).  Offspring had no 
evidence of external, visceral, or 
skeletal malformations.  When 
pregnant rats received oral 
acetaminophen throughout 
gestation at doses of 1.2 times 
the MHDD (based on a body 
surface area comparison), areas 
of necrosis occurred in both the 
liver and kidney of pregnant rats 
and fetuses.  These effects did 
not occur in animals that 
received oral acetaminophen at 

the pregnancy labeling and 
lactation rule is finalized.  As 
this product cannot be 
approved as of the date of 
this review, no further action 
is necessary at this time. 
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and fetuses.  These effects did 
not occur in animals that 
received oral acetaminophen at 
doses 0.3 times the MHDD, 
based on a body surface area 
comparison. 
 
In a continuous breeding study, 
pregnant mice received 0.25, 
0.5, or 1% acetaminophen via 
the diet (357, 715, or 1430 
mg/kg/day).  These doses are 
approximately 0.43, 0.87, and 
1.7 times the MHDD, 
respectively, based on a body 
surface area comparison.  A 
dose-related reduction in body 
weights of fourth and fifth litter 
offspring of the treated mating 
pair occurred during lactation 
and post-weaning at all doses.  
Animals in the high dose group 
had a reduced number of litters 
per mating pair, male offspring 
with an increased percentage of 
abnormal sperm, and reduced 
birth weights in the next 
generation pups. 

doses 0.3 times the MHDD, 
based on a body surface area 
comparison. 
 
 
 
In a continuous breeding study, 
pregnant mice received 0.25, 
0.5, or 1% acetaminophen via 
the diet (357, 715, or 1430 
mg/kg/day).  These doses are 
approximately 0.43, 0.87, and 
1.7 times the MHDD, 
respectively, based on a body 
surface area comparison.  A 
dose-related reduction in body 
weights of fourth and fifth litter 
offspring of the treated mating 
pair occurred during lactation 
and post-weaning at all doses.  
Animals in the high dose group 
had a reduced number of litters 
per mating pair, male offspring 
with an increased percentage of 
abnormal sperm, and reduced 
birth weights in the next 
generation pups. 
 
 
 
 

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility 
Carcinogenesis 
Long-term studies in mice and 
rats have been completed by the 
National Toxicology Program to 
evaluate the carcinogenic 
potential of acetaminophen.  In 
2-year feeding studies, F344/N 
rats and B6C3F1 mice were fed 
a diet containing acetaminophen 
up to 6000 ppm.  Female rats 
demonstrated equivocal 
evidence of carcinogenic activity 

13.1 Carcinogenesis, 
Mutagenesis, Impairment of 
Fertility 
Carcinogenesis 
Long-term studies in mice and 
rats have been completed by the 
National Toxicology Program to 
evaluate the carcinogenic 
potential of acetaminophen.  In 
2-year feeding studies, F344/N 
rats and B6C3F1 mice were fed 
a diet containing acetaminophen 
up to 6000 ppm.  Female rats 
demonstrated equivocal 
evidence of carcinogenic activity 

No changes were necessary 
to the content. 
 
 
The Applicant’s proposed 
labeling is identical to the 
current Cadence’s 
OFIRMEV (acetaminophen) 
injection label (version 
approved on November 2, 
2010). 
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based on increased incidences 
of mononuclear cell leukemia at 
0.8 times the maximum human 
daily dose (MHDD) of 4 
grams/day, based on a body 
surface area comparison.  In 
contrast, there was no evidence 
of carcinogenic activity in male 
rats (0.7 times) or mice (1.2 to 
1.4 times the MHDD, based on a 
body surface area comparison). 
 
Mutagenesis 
Acetaminophen was not 
mutagenic in the bacterial 
reverse mutation assay (Ames 
test).  In contrast, 
acetaminophen tested positive in 
the in vitro mouse lymphoma 
assay and the in vitro 
chromosomal aberration assay 
using human lymphocytes.  In 
the published literature, 
acetaminophen has been 
reported to be clastogenic when 
administered a dose of 1500 
mg/kg/day to the rat model (3.6 
times the MHDD, based on a 
body surface area comparison).  
In contrast, no clastogenicity 
was noted at a dose of 750 
mg/kg/day (1.8 times the MHDD, 
based on a body surface area 
comparison), suggesting a 
threshold effect. 
 
Impairment of Fertility 
In studies conducted by the 
National Toxicology Program, 
fertility assessments have been 
completed in Swiss mice via a 
continuous breeding study.  
There were no effects on fertility 
parameters in mice consuming 
up to 1.7 times the MHDD of 
acetaminophen, based on a 

based on increased incidences 
of mononuclear cell leukemia at 
0.8 times the maximum human 
daily dose (MHDD) of 4 
grams/day, based on a body 
surface area comparison.  In 
contrast, there was no evidence 
of carcinogenic activity in male 
rats (0.7 times) or mice (1.2 to 
1.4 times the MHDD, based on a 
body surface area comparison). 
 
Mutagenesis 
Acetaminophen was not 
mutagenic in the bacterial 
reverse mutation assay (Ames 
test).  In contrast, acetaminophen 
tested positive in the in vitro 
mouse lymphoma assay and the 
in vitro chromosomal aberration 
assay using human lymphocytes.  
In the published literature, 
acetaminophen has been 
reported to be clastogenic when 
administered a dose of 1500 
mg/kg/day to the rat model (3.6 
times the MHDD, based on a 
body surface area comparison).  
In contrast, no clastogenicity was 
noted at a dose of 750 
mg/kg/day (1.8 times the MHDD, 
based on a body surface area 
comparison), suggesting a 
threshold effect. 
 
 
Impairment of Fertility 
In studies conducted by the 
National Toxicology Program, 
fertility assessments have been 
completed in Swiss mice via a 
continuous breeding study.  
There were no effects on fertility 
parameters in mice consuming 
up to 1.7 times the MHDD of 
acetaminophen, based on a body 
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body surface area comparison.  
Although there was no effect on 
sperm motility or sperm density 
in the epididymis, there was a 
significant increase in the 
percentage of abnormal sperm 
in mice consuming 1.7 times the 
MHDD (based on a body surface 
area comparison) and there was 
a reduction in the number of 
mating pairs producing a fifth 
litter at this dose, suggesting the 
potential for cumulative toxicity 
with chronic administration of 
acetaminophen near the upper 
limit of daily dosing. 
 
Published studies in rodents 
report that oral acetaminophen 
treatment of male animals at 
doses that are 1.2 times the 
MHDD and greater (based on a 
body surface area comparison) 
result in decreased testicular 
weights, reduced 
spermatogenesis, reduced 
fertility, and  reduced 
implantation sites in females 
given the same doses.  These 
effects appear to increase with 
the duration of treatment.  The 
clinical significance of these 
findings is not known. 

surface area comparison.  
Although there was no effect on 
sperm motility or sperm density 
in the epididymis, there was a 
significant increase in the 
percentage of abnormal sperm in 
mice consuming 1.7 times the 
MHDD (based on a body surface 
area comparison) and there was 
a reduction in the number of 
mating pairs producing a fifth 
litter at this dose, suggesting the 
potential for cumulative toxicity 
with chronic administration of 
acetaminophen near the upper 
limit of daily dosing. 
 
Published studies in rodents 
report that oral acetaminophen 
treatment of male animals at 
doses that are 1.2 times the 
MHDD and greater (based on a 
body surface area comparison) 
result in decreased testicular 
weights, reduced 
spermatogenesis, reduced 
fertility, and  reduced 
implantation sites in females 
given the same doses.  These 
effects appear to increase with 
the duration of treatment.  The 
clinical significance of these 
findings is not known. 

 

2 Drug Information 

2.1 Drug 
CAS Registry Number 
103-90-2 
 
Generic Name 
Acetaminophen; paracetamol 
 
Code Name 
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• An increase in liver weight, hepatocyte hypertrophy and relatively minor 
elevations in liver transaminases were noted in the 30 and 100 mg dose groups.   

• Necrosis was noted in the liver of one male 100 mg/kg dose group.  
Cholangiofibrosis of the intrahepatic bile duct was observed in one male each 
treated with 30 and 100 mg/kg dose group male and one female treated with 100 
mg/kg.   

• Histopathologic changes in the lung were noted; however, these were likely due 
to the gavage process.   

• Tthe Applicant had determined a no observed effects level (NOEL) of 3 mg/kg.  
We concur with this assessment. 

• The NOAEL is 10 mg/kg based on changes in the liver at 30 and 100 mg/kg and 
foamy cell accumulation in the alveoli of the lungs at 100 mg/kg.   

• The rat NOAEL of 10 mg/kg supports a human equivalent dose (HED) of  mg 
of   Since this toxicity study used oral administration and this IV 
APAP formulation is for intravenous administration, an additional safety factor of 
10 may be used.  The HED is then reduced to  mg of   The 
levels  found in migration studies using this IV acetaminophen drug 
product formulation were  mcg at the MDD of 4 g/day of APAP, which 
represents a safety margin of 363. 

• Based on the levels of  that were noted in MF 26696 (see 
nonclinical review) and on migration studies using this IV acetaminophen drug 
product formulation, there is an adequate safety margin based on the NOAEL 
from this rat study to support the levels of  in the Freeflex®  to 
be used with this IV acetaminophen drug product. 
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Methods 
Doses: 0, 3.0, 10, 30, and 100 mg/kg 

Frequency of dosing: Once daily, 7 times a week, for 3 months 
Route of administration: Oral gavage 

Dose volume: 10 mL/kg 
Formulation/Vehicle: Carboxymethyl-cellulose (0.5%) and Tween 80 

(0.1%) 
Species/Strain: Rat, Tif; RAIf (SPF) 

Number/Sex/Group: 20/sex/group 
Age: Approximately 6 weeks 

Weight: 165-169 g males; 135-141 g females 
Satellite groups: None 

Unique study design: Addition parameters were measured including 
hearing test, water consumption, and food 
conversion.  Urinalysis was not specifically 
measured.  There were no toxicokinetics 
performed in this study.  There was 
20/sex/group. 

Deviations from study 
protocol: 

The animals were transferred to a new pathogen 
free facility during the course of the study.  The 
transfer took place under close supervision of 
the quality assurance unit on July 8, 1982 (Week 
7 of the study). 
Necropsy was performed between Day 92 to 
Day 96 during Week 14 of the study.  Dosing 
continued in all study animals until the day prior 
to sacrifice. 
There were slightly higher temperatures than 
specified in the protocol.  Temperatures of 23 to 
24°C on Days 52, 55-62, 64-74, 76-77, 80-82, 
86, 90, 92, and 94-95 were reported during the 
study. 
The relative humidity was above the specified 
range in the protocol.  The relative humidity was 
74% during Day 60 of the study. 
These deviations were considered to have no 
impact on the validity of the study. 

 
Observations and Results 

Mortality 
Mortality was observed daily.  A total of three animals died during the test period.  A 
male from the 100 mg/kg dose group died on Day 62 of treatment due to gavage error 
(lung edema).  A female from the 100 mg/kg dose group died on Day 82 with no 
macroscopic findings.  A male from the 10 mg/kg dose group died on Day 88 due to 
gavage error (perforation of the esophagus).  All mortalities were considered accidental; 
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however, the 1 female death from the 100 mg/kg dose group was not stated as caused 
by gavage error as there were no macroscopic findings. 
 
Clinical Signs 
Clinical signs were observed daily.  No clinical symptoms and no signs of local and/or 
systemic toxicity were observed. 
 
Body Weights 
Body weights were measured and recorded weekly.  There were no treatment-related 
changes in body weights. 
 
Food Consumption 
Food consumption, water consumption, and food conversion were measured and 
recorded weekly.  There were no treatment-related changes in food consumption, water 
consumption, and food conversion. 
 
Ophthalmoscopy 
Eye examination was performed at the beginning and towards the end of the treatment 
period.  There were no treatment-related changes noted during the eye examination. 
 
ECG 
None. 
 
Hematology 
Blood was collected for hematology, coagulation, and clinical chemistry at the end of the 
treatment period.  Food was withheld for 20 hours prior to blood collection.  Out of the 
20/sex/group, only 10 animals were used for hematology, coagulation, and clinical 
chemistry. 
 
The following parameters were measured for hematology and coagulation (from the 
Sponsor’s submission): 
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Changes in hematology and coagulation are noted in the clinical chemistry section 
below. 
 
Clinical Chemistry 
The following parameters were measured for clinical chemistry (from the Sponsor’s 
submission): 
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As shown in the tables above, several changes were observed in hematology, 
coagulation, and clinical chemistry in males and females at Week 14.   
 
In males, hemoglobin was decreased by 3% in 100 mg/kg dose group compared to 
control.  Thrombocytes were increased by 11.9, 48.7, and 28.5% in the 3, 30, and 10 
mg/kg male dose groups, respectively, compared to control.  The changes observed in 
thromobocytes did not occur in a dose-dependent manner and thus do not represent a 
safety concern.  The levels of alanine aminotransferase were increased by 31.9% in the 
100 mg/kg male dose group compared to control.  The levels of gamma-glutamyl 
transpeptidase were increased by 88.9, 44.4, 11.1, and 66.7% in the 3, 10, 30, and 300 
mg/kg male dose groups, respectively, compared to control.  Although the changes 
observed in the levels of gamma-glutamyl transpeptidase did not occur in a dose-
dependent manner, they may be indicative of changes in liver weight and 
histopathology at higher doses (hepatocellular hypertrophy; see organ weight and 
histopathology sections).  Creatinine was increased by 11.4% in the 100 mg/kg male 
dose group compared to control.  Cholesterol was increased by 25% in both the 30 and 
100 mg/kg male dose groups compared to control.  There is no clear dose-dependency 
to the increase in cholesterol and thus does not represent a safety concern.  Total 
proteins were increased by 7.1 and 8.7% in the 30 and 100 mg/kg male dose groups, 
respectively, compared to control.  Total globulin was increased by 12.0 and 15.5% in 
the 30 and 100 mg/kg male dose groups, respectively, compared to control.  The 
albumin to globulin ratio (A/G ratio) was decreased by 7.6 and 10.2% in the 30 and 100 
mg/kg male dose groups.  There were no other treatment-related changes in 
hematology, coagulation, and clinical chemistry in the males.  None of these changes 
are believed to have biological significance. 
 
In females, band neutrophils were noted as having a statistically significant change in 
the 3, 10, and 100 mg/kg dose groups; however, the mean values in each of those 
groups were the same as control.  As such, the finding in band neutrophils is dismissed.  
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The levels of alkaline phosphatase were increased by 45.4% in the 100 mg/kg female 
dose group compared to control.  Calcium was increased by 6.9, 3.7, and 4.8% in the 
10, 30, and 100 mg/kg female dose groups, respectively, compared to control.  The 
changes observed in calcium did not occur in a dose-dependent manner and thus do 
not represent a safety concern.  Glucose was decreased by 17.1, 18.4, 21.1, and 19.7% 
in the 3, 10, 30, and 100 mg/kg female dose groups, respectively, compared to control.  
The changes observed in glucose did not occur in an overt dose-dependent manner 
and thus do not represent a safety concern.  Urea was decreased by 12.5, 25.0, 19.6, 
and 16.1% in the 3, 10, 30, and 100 mg/kg female dose groups, respectively, compared 
to control.  The changes observed in urea did not occur in a dose-dependent manner 
and thus do not represent a safety concern.  Total globulin was increased by 8.2, 8.2, 
and 14.2% in the 10, 30, and 100 mg/kg female dose groups, respectively, compared to 
control.  The changes observed in total globulin did not occur in an overt dose-
dependent manner and thus do not represent a safety concern.  The albumin to globulin 
ratio (A/G ratio) was decreased by 12.0, 12.0, and 13.7% in the 10, 30, and 100 mg/kg 
female dose groups, respectively, compared to control.  The changes observed in the 
albumin to globulin ratio (A/G ratio) did not occur in an overt dose-dependent manner 
and thus do not represent a safety concern.  There were no other treatment related 
changes in hematology, coagulation, and clinical chemistry in the females. 
 
All changes in hematology, coagulation, and clinical chemistry are considered 
monitorable in a clinical setting and, based on the magnitude of the changes, do not 
appear to have biological significance. 
 
Urinalysis 
Urine samples were not collected.  It is noted that urea was measured in the blood. 
 
Gross Pathology 
At the end of the treatment period, all treatment and control animals were sacrificed and 
necropsied. 
 
The following table illustrates the macroscopic findings in the male and female rats after 
3-months of exposure to  (from the Sponsor’s submission): 
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As shown in the tables above, there are a number changes in the organ weights, the 
organ to body weight ratios, and the organ to brain weight ratios. 
 
In the 30 mg/kg male dose group, there was a decrease in the brain to body weight ratio 
by 4.2% compared to control.  This finding was not observed in the 100 mg/kg male 
dose group as there was no dose-dependency and thus does not represent a safety 
concern.  There was an initial decrease in the liver weights by 1.3% in the 3 mg/kg male 
dose group followed by an increase of 7.5, 27.0, and 41.2% in the 10, 30, and 100 
mg/kg male dose groups, respectively, compared to control.  There was an increase in 
the liver to body weight ratio by 0.4, 5.8, 22.5, and 43.1% in the male 3, 10, 30, and 100 
mg/kg dose groups, respectively, compared to control.  There was an initial decrease in 
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the liver to brain weight ratio by 1.8% in the male 3 mg/kg dose group followed by an 
increase of 5.0, 26.2, 41.9% in the male 10, 30, and 100 mg/kg dose groups, 
respectively, compared to control.  These liver weight changes occurred with changes in 
liver enzymes (e.g. gamma-glutamyl transpeptidase, alanine aminotransferase, and 
alkaline phosphatase) beginning at 3 mg/kg.  Moreover, the changes in liver weight at 
the lower doses of 3 and 10 mg/kg were not considered because there were no 
treatment related changes in liver histopathology at those doses (see histological 
findings below).  There was decrease in the gonads to body weight ratio by 5.9% in the 
male 30 mg/kg dose group compared to control.  This finding was not observed in the 
male 100 mg/kg dose as there was no dose-dependency and thus does not represent a 
safety concern.  There were no other treatment related changes in organ weight, organ 
to body weight ratio, and organ to brain weight ratio in the males. 
 
In females, the brain weight increased by 2.9 and 2.4% in the 10 and 100 mg/kg dose 
group, respectively, compared to control.  As there is no clear dose-dependency in this 
finding, brain weight changes do not represent a safety concern.  There was an 
increase in the liver weight by 11.7, 17.6, and 35.1% in the female 10, 30, and 100 
mg/kg dose groups, respectively, compared to control.  There was an increase in the 
liver to body weight ratio by 13.5, 21.2, and 36.1% in the female 10, 30, and 100 mg/kg 
dose groups, respectively, compared to control.  There was an increase in the liver to 
brain weight ratio by 8.6, 15.4, and 31.9% in the female 10, 30, and 100 mg/kg dose 
groups, respectively, compared to control.  These liver weight changes occurred with 
changes in liver enzymes (e.g. gamma-glutamyl transpeptidase, alanine 
aminotransferase, and alkaline phosphatase) beginning at 3 mg/kg.  Moreover, the 
changes in liver weight at the lower dose of 10 mg/kg were not considered because 
there were no treatment-related changes in liver histopathology at this dose (see 
histological findings below).  There was a decrease in the weight of the kidneys by 5.4% 
in the 30 mg/kg dose group compared to control.  This finding was not observed in the 
female 100 mg/kg dose group as there was no dose-dependency and thus does not 
represent a safety concern.  There was a decrease in the kidney to brain weight ratio by 
6.2, 7.2, and 4.4% in the female 3, 30, and 100 mg/kg dose groups, respectively, 
compared to control.  This finding was not observed in the female 10 mg/kg dose group 
as there was no dose-dependency and thus does not represent a safety concern.  
There was a decrease in the weight of the adrenal glands by 17.3 and 14.4% in the 
female 30 and 100 mg/kg dose groups, respectively, compared to control.  This finding 
was not dose dependent and thus does not represent a safety concern.  There was a 
decrease in the adrenals to body weight ratio by 14.9 and 13.8% in the female 30 and 
100 mg/kg dose groups, respectively, compared to control.  This finding was not dose 
dependent and thus does not represent a safety concern.  There was a decrease in the 
adrenals to brain weight ratio by 19.1 and 16.7% in the female 30 and 100 mg/kg dose 
groups, respectively, compared to control.  This finding was not dose dependent and 
thus does not represent a safety concern. 
 
Histopathology 
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Adequate Battery 
The following tissues and organs were collected, preserved, and examined 
microscopically (from the Sponsor’s submission): 
 

 
 
This appears to be an adequate histopathology battery. 
 
Peer Review 
There was no dedicated Pathology Report but the signature of scientist responsible for 
the Pathology section was provided on September 14, 1983.  Peer review was not clear 
but an additional signature from the Pathology staff was provided on September 14, 
1983. 
 
Histological Findings 
The histopathological findings are illustrated in the following table (adapted from the 
Sponsor’s submission): 
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females each, from the 10 mg/kg dose groups as well as 1/20 females from the 100 
mg/kg dose group.  There was no dose-dependency in this finding and thus, congestion 
in the lung does not represent a safety concern.  Hemorrhage in the lung was observed 
in 1/20 males and 2/20 males from the 10 and 100 mg/kg dose groups as well as in 
1/20 females from the 100 mg/kg dose group.  Hemorrhage in the lung was not dose-
dependent and thus, does not represent a safety concern.  There was a foreign body 
observed in the lung alveolus in 1/20 males and females each, from the 100 mg/kg dose 
group.  Foreign body in the alveolus could be the result of error in the oral gavage 
technique.  Foamy cells in the lung alveolus was observed in 2/20, 2/20, 2/20, 1/20, and 
13/20 males as well as 1/20, 1/20, 2/20, 2/20, and 7/20 females from the 0, 3, 10, 30, 
and 100 mg/kg dose groups, respectively. 
  
In the liver, recent necrosis was noted in 1/20 males from the 100 mg/kg dose group.  
Cholangiofibrosis of the intrahepatic bile duct was observed in 1/20 males each from the 
30 and 100 mg/kg dose groups as well as 1/20 females from the 100 mg/kg dose group.  
Hepatocyte hypertrophy in the liver was observed in 6/20 and 20/20 males as well was 
5/20 and 14/20 females from the 30 and 100 mg/kg dose groups.  Changes in the liver 
at 30 and 100 mg/kg dose groups were preceded by changes in liver enzymes (e.g. 
gamma-glutamyl transpeptidase, alanine aminotransferase, and alkaline phosphatase) 
that were observed beginning at 3 mg/kg. 
 
The Pathology Report notes the slight hypertrophy of the hepatocytes in the liver in the 
30 and 100 mg/kg dose groups as well as the slight focal accumulation of foamy cells in 
the alveoli of the lungs in the 100 mg/kg dose group as treatment-related changes due 
to the test article.  Foamy cells in the alveoli of the lungs are a part of the recycling 
process of surfactant production in type II alveolar cells which accounts for the finding in 
the control animals and the 3, 10, and 30 mg/kg dose groups ( ); 
however, due to the high incidence of the finding in the 100 mg/kg dose group, this 
finding is considered treatment-related, although still likely a byproduct of the gavage 
process.  All other lung changes were due to gavage error.  All other histopathological 
changes were spontaneous in nature and common in this stain of rats.  This reviewer 
concurs with the assessment of the Pathology Report.  However, the Pathology Report 
does not determine a NOAEL. 
 

Special Evaluation 
In addition, a hearing test was performed at the beginning and towards the end of the 
treatment period.  There were no treatment related effects on hearing. 
 
Toxicokinetics 
Toxicokinetics were not assessed in this study. 
 

Dosing Solution Analysis 
No dedicated dosing solution analysis was performed.  There was chemical analysis of 
the stability performed.  Pretest samples of the suspension were analyzed for stability 
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8 Carcinogenicity 
There were no studies on the carcinogenicity of IV acetaminophen submitted in this 
NDA.  The following information on the carcinogenicity of acetaminophen is from the 
OFIRMEV label (Cadence Pharma, November 2011): 
 

Carcinogenesis  
Long-term studies in mice and rats have been completed by the National Toxicology 
Program to evaluate the carcinogenic potential of acetaminophen. In 2-year feeding 
studies, F344/N rats and B6C3F1 mice were fed a diet containing acetaminophen up to 
6000 ppm. Female rats demonstrated equivocal evidence of carcinogenic activity based 
on increased incidences of mononuclear cell leukemia at 0.8 times the maximum human 
daily dose (MHDD) of 4 grams/day, based on a body surface area comparison. In 
contrast, there was no evidence of carcinogenic activity in male rats (0.7 times) or mice 
(1.2-1.4 times the MHDD, based on a body surface area comparison). 

 

9 Reproductive and Developmental Toxicology 
There were no fertility studies with IV acetaminophen submitted in this NDA.  The 
following information on the impairment of fertility of acetaminophen is from the 
OFIRMEV label (Cadence Pharma, November 2011): 
 

Impairment of fertility  
In studies conducted by the National Toxicology Program, fertility assessments have 
been completed in Swiss mice via a continuous breeding study. There were no effects on 
fertility parameters in mice consuming up to 1.7 times the MHDD of acetaminophen, 
based on a body surface area comparison. Although there was no effect on sperm motility 
or sperm density in the epididymis, there was a significant increase in the percentage of 
abnormal sperm in mice consuming 1.7 times the MHDD (based on a body surface area 
comparison) and there was a reduction in the number of mating pairs producing a fifth 
litter at this dose, suggesting the potential for cumulative toxicity with chronic 
administration of acetaminophen near the upper limit of daily dosing.  
 
Published studies in rodents report that oral acetaminophen treatment of male animals at 
doses that are 1.2 times the MHDD and greater (based on a body surface area 
comparison) result in decreased testicular weights, reduced spermatogenesis, reduced 
fertility, and reduced implantation sites in females given the same doses. These effects 
appear to increase with the duration of treatment. The clinical significance of these 
findings is not known. 

 
There were no further reproductive and developmental toxicology studies with IV 
acetaminophen submitted in this NDA.  The following information on the reproductive 
and developmental toxicology of acetaminophen is from the pregnancy section of the 
OFIRMEV label (Cadence Pharma, November 2011): 
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Pregnancy Category C. There are no studies of intravenous acetaminophen in pregnant 
women; however, epidemiological data on oral acetaminophen use in pregnant women 
show no increased risk of major congenital malformations. Animal reproduction studies 
have not been conducted with IV acetaminophen, and it is not known whether OFIRMEV 
can cause fetal harm when administered to a pregnant woman. OFIRMEV should be 
given to a pregnant woman only if clearly needed.  
 
The results from a large population-based prospective cohort, including data from 26,424 
women with live born singletons who were exposed to oral acetaminophen during the 
first trimester, indicate no increased risk for congenital malformations, compared to a 
control group of unexposed children. The rate of congenital malformations (4.3%) was 
similar to the rate in the general population. A population-based, case-control study from 
the National Birth Defects Prevention Study showed that 11,610 children with prenatal 
exposure to acetaminophen during the first trimester had no increased risk of major birth 
defects compared to 4,500 children in the control group. Other epidemiological data 
showed similar results. 
 
While animal reproduction studies have not been conducted with intravenous 
acetaminophen, studies in pregnant rats that received oral acetaminophen during 
organogenesis at doses up to 0.85 times the maximum human daily dose (MHDD = 4 
grams/day, based on a body surface area comparison) showed evidence of fetotoxicity 
(reduced fetal weight and length) and a dose-related increase in bone variations (reduced 
ossification and rudimentary rib changes). Offspring had no evidence of external, 
visceral, or skeletal malformations. When pregnant rats received oral acetaminophen 
throughout gestation at doses of 1.2-times the MHDD (based on a body surface area 
comparison), areas of necrosis occurred in both the liver and kidney of pregnant rats and 
fetuses. These effects did not occur in animals that received oral acetaminophen at doses 
0.3-times the MHDD, based on a body surface area comparison.  
 
In a continuous breeding study, pregnant mice received 0.25, 0.5, or 1.0% acetaminophen 
via the diet (357, 715, or 1430 mg/kg/day). These doses are approximately 0.43, 0.87, 
and 1.7 times the MHDD, respectively, based on a body surface area comparison. A 
dose-related reduction in body weights of fourth and fifth litter offspring of the treated 
mating pair occurred during lactation and post-weaning at all doses. Animals in the high 
dose group had a reduced number of litters per mating pair, male offspring with an 
increased percentage of abnormal sperm, and reduced birth weights in the next generation 
pups. 

 

10 Special Toxicology Studies 
The Applicant has submitted information regarding the osmolality of their drug product 
and the referenced product (OFIRMEV).  The following table illustrates the osmolality 
between their drug product and OFIRMEV (from the Applicant’s submission): 
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As shown in the table above, the Applicant’s drug product and OFIRMEV have similar 
osmolality and both are considered isotonic.  As such, blood compatibility testing on the 
Applicant’s IV acetaminophen drug product will not be necessary.  Thus, there are no 
issues with the osmolality of this IV acetaminophen drug product. 
 

11 Integrated Summary and Safety Evaluation 
The Applicant has submitted an osmolality comparison between their IV APAP 
formulation and OFIRMEV, migration studies with their IV APAP formulation, and a 3-
month oral toxicity study in rats to justify the levels of the  leachable from 
the container closure system.  There were no other nonclinical studies submitted in this 
NDA.   
 
There are no novel excipients in this IV APAP formulation that preclude approval.  
There are no safety concerns with the drug substance specifications, including the 
specifications for  as well as the residual 
solvents of the drug substance.  There are no additional safety concerns with the drug 
product specifications, including the specifications for  compared to the 
FDA-approved OFIRMEV.  There are no safety concerns with the residual solvents 

 of the drug product.  The label for the Fresenius Kabi IV 
APAP formulation is the same as the referenced OFIRMEV for the mutagenesis, 
carcinogenesis, impairment of fertility, pregnancy sections.  The osmolality of this IV 
APAP formulation indicates that the solution is isotonic, and similar to OFIRMEV.  As 
such, blood compatibility testing with this IV APAP formulation will not be necessary. 
 
Migration studies (Leachables) with this IV APAP formulation were done under various 
storage conditions for up to 24 months.  Results up to 12 months have been submitted 
in this NDA to date.  Identified leachables include  
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On initial overview of the NDA/BLA application for filing: FILABLE 
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

X  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

X 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

X 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)?  

 
 
 

 
Not applicable.  The Sponsor did not 
conduct any new nonclinical studies.  
The submitted 505(b)(2) New Drug 
Application (NDA) included referenced 
nonclinical studies.  The Sponsor relies 
upon the literature for carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and 
repeat dose adult animal studies, 
maximum tolerated dose determination, 
dermal irritancy, ocular irritancy, photo 
co-carcinogenicity, animal 
pharmacokinetic studies, safety 
pharmacology, etc.  

5 
 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

 
 

 
 

 
Not applicable.  The Sponsor did not 
conduct any new nonclinical studies.  
The submitted 505(b)(2) New Drug 
Application (NDA) included a reference 
to OfirmevTM. 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

 
 

 
 

 
Not applicable.  The Sponsor did not 
conduct any new nonclinical studies.  
The submitted 505(b)(2) New Drug 
Application (NDA) included a reference 
to OfirmevTM. 
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Content Parameter 

 
Yes

 
No

 
Comment 

7 Has the applicant submitted a statement(s) 
that all of the pivotal pharm/tox studies 
have been performed in accordance with the 
GLP regulations (21 CFR 58) or an 
explanation for any significant deviations? 

 
 

 
 

Not applicable.  The Sponsor did not 
conduct any new nonclinical studies.  
The submitted 505(b)(2) New Drug 
Application (NDA) included a reference 
to OfirmevTM. 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

  

 
Not applicable.  The Agency did not have 
any previous discussions with the 
Applicant. 

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

X  

 
The Applicant’s proposed labeling is the 
same as the referenced product OfirmevTM 
for the pharmacology/toxicology sections 
(carcinogenesis, mutagenesis, teratogenic 
effects, nonteratogenic effects, and 
impairment of fertility). 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

 X 

 
DS specifications appear acceptable. The 
DP specification for  should be 
reduced to as low as reasonably possible 
( ) based on information suggesting 
the impurity is genotoxic.   
 
In terms of leachables and extractables from 
the container closure system, based on other 
reviews of the data in the referenced BB-
DMF ( ), migration studies 
performed by the DMF holder show 
leachables that have not been deemed 
adequately qualified for systemic safety.  
However, there are other FDA-approved IV 
drug products that employ this container 
closure system; therefore, this will require 
further review. 

11 Has the applicant addressed any abuse 
potential issues in the submission? 

X  

 
The submitted 505(b)(2) New Drug 
Application (NDA) included a reference 
to OfirmevTM. 
 

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

 
Not applicable.  This is a 505(b)(2) New 
Drug Application (NDA) submitted to 
support a Rx. 
 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ___Yes___ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
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.  Unless adequately justified otherwise, the IV 
safety of these three identified leachables from the container closure system should be 
qualified via an IV toxicology study that provides an adequate safety margin for the 
levels of these identified leachables that a person would be exposed to when treated with 
up to 4 grams of acetaminophen per day via this drug product formulation.  The duration 
of such a toxicology study should be comparable to the predicted maximum duration 
proposed in your drug product labeling (i.e., up to 14 days duration). 

 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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