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DEPARTMENT OF HEALTH & HUMAN SERVICES
Food and Drug Administration

Memorandum

Date: March 4, 2014
From:  Miyun Tsai-Turton PhD, MS; Pharmacologist; DMEP
Subject: Pharmacology/Toxicology Memo
To:  NDA 22-472 Afrezza/Mannkind
Reference:  Pharmacology/Toxicology Review & Evaluation of NDA 22-472
(eCTD SN 0074)

Background
Afrezza or Technosphere insulin (TI) is inhaled as a dry powder with the aid of a Gen2 inhaler.  
Technosphere insulin is comprised of recombinant human insulin, a novel excipient fumaryl 
diketopiperazine (FDKP), the MannKind proprietary excipient and primary component of 
Technosphere, and  polysorbate 80 (PS80).  FDKP undergoes acid-induced intermolecular 
self-assembly in aqueous solution resulting in adsorption of insulin onto the Technosphere 
particles to form Technosphere insulin.

This NDA 22472 (originally submitted under IND 61729) has gone through two review cycles 
since 2008 and both cycles resulted in Completed Response letters being issued.  All 
correspondents between FDA and the sponsor to address deficiencies were documented in 
DARRTS.  The NDA was resubmitted on Oct 2013.

Drug Product
Technosphere Insulin is provided as a 0.35 mg (10 U) insulin cartridge (3.33 mg TI powder) and a 
0.7 mg (20 U) insulin cartridge (6.67 mg TI powder), based on cartridge fill weights.
The highest anticipated clinical dose for TI is 4 U/kg/day or 300 U/day (assuming 75 kg body 
weight). It will be administered during meal time 3 to 4 times daily.  Appropriate doses for each 
patient will be established by titration.  Note:  The sponsor’s designation of U refers to Units 
of Afrezza not International Units of insulin.  For example 300 U Afrezza=99 mg TI=  mg 
insulin + mg Technosphere (FDKP).  

Regulatory History
 March 2009 – original NDA submission with the MedTone device
 Dec 2009 - Nonclinical reviews are in DARRTS.  Pharm/tox recommended approval.  

Labeling recommendation was also included in the review.
 March 2010 – FDA issued a CR letter containing clinical, clinical pharmacology, labeling, and 

device deficiencies
 June 2010 – EOR meeting was held.  The sponsor resubmitted this NDA application with the 

Gen2C device later that month.
 Jan 2011 – FDA issued another CR letter containing clinical, clinical pharmacology, product 

quality, device, and labeling deficiencies.
 May 2011 – EOR meeting was held.
 Oct 2011 – Type C meeting: written response was granted.
 Nov 2011 – The briefing document for the Written Response was submitted (eCTD SN 0064).
 Jan 2012 - Nonclinical memo is in DARRTS.  The sponsor submitted one 28 day repeat-

dose toxicity study to support their impurity limits (MKC-PC-2010-0042; 37 out of 813 pages 
was provided).  This study focused on TI-related impurities/degradants.
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 August 2012 – Meeting package was submitted re: Labeling and Human Factors Usability.  
Written Responses Letter was issued in Nov 2012.

 Feb 2013 – Meeting package was submitted re: Clinical and Labeling.  Written Responses 
was issued in March 2013.

 Oct 2013 – Resubmission of NDA

There are two pivotal Phase III clinical trials conducted in T1DM (Study No. MKC-TI-171) and 
T2DM (Study No. MKC-TI-175).  These studies intend to demonstrate that the efficacy of the TI-
Gen2 group (Technosphere Insulin Inhalation Powder administered using the Gen2C inhaler in 
combination with a basal insulin) will be non-inferior to the insulin aspart group (insulin aspart in 
combination with a basal insulin) by measuring HbA1c levels in T1DM or T2DM patients.

Nonclinical Aspect of Afrezza
During 1

st
cycle NDA submission, Pharm/tox reviewed all nonclinical studies with Technosphere 

Insulin (TI) and/or Technosphere particles alone (FDKP was the novel excipient).  Pharm/tox 
concluded that there might be lung irritation, based on 39 week inhalation dog study, where 
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in lungs for all TI-
treated groups.  However, these findings regressed after 8 weeks recovery.

During 2
nd

cycle NDA (re)submission, pharm/tox did not provide any additional comments since 
there were no new nonclinical studies submitted.  Even though the delivery device was changed 
from the MedTone system in 1

st
review cycle to Gen2C system in 2

nd
review cycle, such a switch 

in device did not affect the outcome of Afrezza’s nonclinical development program.

With this resubmission, the sponsor includes 1) one study (MKC-PC-2010-0042) to qualify insulin 
impurities, 2) assessment of PCNA (proliferating cell nuclear antigen) evaluation of lung tissues 
from the prior 26 week rat inhalation toxicity study and the 39 week dog inhalation toxicology 
study, and 3) updated safety margins based on FDKP exposure data obtained from a new clinical 
study (MKC-TI-176) with Gen2 inhaler.  MKC-TI-176 is a Phase I study in healthy volunteers 
using Gen2 inhaler, with doses of 10U (10U cartridgex1), 30U (10U + 20U cartridge), 60U (20U 
cartridgex3) and 80U (20U cartridgex4).

The MKC-PC-2010-0042 was originally submitted under IND 61729 annual report period: Jan 
2010-Jan 2011.  This was a 28-day toxicity rat study with 14-day recovery for insulin impurities 
qualification.  The study was previously reviewed (see memo in DARRTS dated Jan 2012.  At that 
time, only 37 out of 813 pages were submitted for review.  Based on this study, impurities were 
appropriately quantified and there were no impurity-related safety concerns.  See Appendix for 
study details.

Reassessment of PCNA Analysis

26 Week Rat Toxicity Study
In the 26 week rat toxicity study (MKC-PC-2003-2002), exposure to Technosphere particles at 10 
mg/kg/day in males and 12.8 mg/kg/day in females caused an increase in cell replication in the 
epithelium of large bronchioles in female rats and terminal bronchioles in male and female rats 
when compared to air exposed rats.  Such increase in cell replication in the large and terminal 
bronchioles, but not the alveoli, of rats may be due to the load of Technosphere particles 
impacting the conducting airway epithelium.  Due to their size, inhaled particles would be 
expected to deposit primarily in the conducting airway.  On the contrary, exposure to TI (particles 
+ insulin) at both of the exposure levels did not increase cell replication in the epithelium of large 
bronchioles or terminal bronchioles of male or female rats.  There was also no increase of cell 
replication observed in the alveolar epithelium of male or female rats in this study.

Reference ID: 3464275
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39 Week Dog Toxicity Study
In the 39 week dog toxicity study (MKC-PC-2003-0004), PCNA stained cells within alveolar and 
bronchiolar epithelia were qualified.  There were no differences observed in the cell proliferating 
activity of control and treated groups (TI at 0.39 mg/kg/day in males and 1.92 mg/kg/day in 
females) of the sacrifice occasions between sexes.  Since cell proliferation activity was observed 
in the lungs of animals across all treatment groups and sacrifice occasions, the labeling was 
attributed to a response to the inhalation procedure and unrelated to treatment with test or control 
article.

There was no indication that insulin caused or exacerbated epithelial cell replication or 
proliferation.  No hyperplastic or metaplastic signals indicative of cell proliferation were observed.  
The NOAEL was considered 1.91 mg/kg/day in males and 1.28 mg/kg/day in females for TI and 
10.5 mg/kg/day for males and 12.8 mg/kg/day for females for Technosphere particles.

Reference ID: 3464275
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Summary of PCNA analysis (generated by the reviewer based on individual data provided 
by the sponsor)

Group Day 183 Day 274 Recovery
M F M F M F

Alveoli Others Alveoli Others Alveoli Others Alveoli Others Alveoli Others Alveoli Others

1 - Air 0 7 3 85 1 5 14 14 0 0 1 2
2 – T 
low

1 8 18 14

3 – T 
high

1 9 11 20

4 – TI 
low

2 11 2 2

5 – TI 
high

1 3 1 5 0 5 1 1 0 0 3 8

Individual data of PCNA analysis (provided by the sponsor in the original NDA 
submission)

Reference ID: 3464275
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Impurities

The original NDA submission included studies to address FDKP impurities.  This resubmission 
includes a new study to qualify insulin related compounds present at % (MKC-PC-2010-
0042) and presumably adjust specification limits for these impurities.  The primary degradation 
products of insulin in TI were A21 desamido insulin and high molecular weight proteins (HMWP) 
which are primarily covalent insulin dimers.  Insulin impurities containing modification of a single 
amino acid residue were present at much lower levels are grouped together by the sponsor as 
total other impurities (TOI).  The results of this 28-day rat toxicity study administered product 
containing these impurities qualify acceptance criteria of % for A21  for HMWP and  for 
TOI.  See Appendix for study details.

Safety Margin Readjustment
In original NDA submission, human FDKP exposure used to calculating safety margins were 
determined using data from clinical studies with the MedTone® Inhaler.  Subsequent to the 
completion of this section of the NDA, clinical trials were conducted with the Gen2 Inhaler.  The 
Gen2 Inhaler produced human FDKP exposure values that were higher than when using the 
MedTone Inhaler.  The sponsor provided their calculations in the tables below.

Drug product of 10U = 3.3 mg TI =  mg insulin +  mg T (FDKP)
Maximum daily dose of 300 U/day = 99 mg TI = mg insulin + mg T

The sponsor indicates that the maximum human dose is changed from 315 U Afrezza/day with 
the prior MedTone device to 4 U/kg/day or 300 U/day (assuming a 75kg human) with the Gen 2 
device.  A human dose range study with the Gen2 device was performed for 10-80 U doses, 
which shows dose proportionality.  Higher doses were not tested. Human PK data indicates that 
15 U delivered by the MedTone device is comparable to 10U delivered by the Gen2 device.  
Based on the comparability across devices and adjustment for maximum human dose it seems 
reasonable the safety margins calculated across devices should be similar.  Therefore the initial 
labeling comments from the Dec 18, 2009 Pharm/Tox Supervisory Memo should still be valid.  
The sponsor has decided to readjust safety margins for nonclinical studies based on 
technosphere alone.  This is rationale based on the focus of the toxicology program being the 
FDKP in the Technosphere and not rh-insulin.  However the label needs to reflect the drug 
product being administered.  These cross-species calculations are only estimates because of the 
nature of the route of drug administration in the animals (nose, nose-mouth passive inhalation) 
compared to humans with an inhaler device.

Safety Margin: Repeated Dose Toxicity Studies
In 26 week inhalation rat study, there were increases in pulmonary organ weights, which 
correlated with T administration, in a dose-related manner at Week 26.  Histopathological 
findings, such as eosinophilic globules and epithelial degeneration in the nasal cavities, were 
observed in M and F given T and TI in non dose-dependent fashion, suggesting a local effect of T 
inhalation.  These changes were diminished in females, but not in males, during the recovery 
period.  In addition, the PCNA (proliferating cell nuclear antigen) analysis showed a slight change 
in epithelial cell activity in the upper airway bronchial cells in both T and TI groups at Week 26.  
However, no histopathological changes of epithelial hyperplasia were noted in any of the 
respiratory tree tissues.  Carcinogenicity studies confirmed an absence of 
preneoplastic/neoplastic findings.  Furthermore, there was minimal to slight myocardial 
degeneration/necrosis seen in 50% T-treated males at 11.7 mg/kg/day.  Three deaths post-
dosing were also found in T-treated group.

In 39 week inhalation dog study, there were minimal to mild alveolar and/or bronchial-interstitial 
neutrophil infiltrate of the lungs in both TI groups after 39 weeks of treatment.  These findings 
regressed after 8 weeks of recovery.  This lung irritation appeared to be in a T-dose dependent 
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manner.  Other findings, such as minimal to mild thymic atrophy (high-dose T), minimal to 
moderate hypocellularity of the seminiferous epithelium and minimal to mild germ cell 
degeneration (low-dose T and high-dose TI) were noted.

Species Duration Route Doses
(mg/kg/day)

NOAEL/NOEL

Findings

Spraque-
Dawley

26 wk w/ 
30 d 

recovery, 
daily for 35-

180 min

Inhalation
Pivotal
(nasal)

T: 11.7

TI: 1.05/0.04 (m/f), 
1.91/1.28 (m/f)

NOAELT: < 11.7 

NOAELTI: 
1.91(m)/1.28(f) 

  body wt in T control and HD TI  
groups in T dose-dependent 
manner

  glucose at HD TI groups
 ↑ pulmonary wt in T dose-related 

fashion
 Eosinophilic globules and 

epithelial degeneration were noted 
in the nasal cavities of both T and 
TI groups

 ↑ PCNA (bronchial cells) in TI 
groups, diminished during 4 wk 
recovery.

 50% T-treated males: myocardial 
degeneration/necrosis, no 
functional effects seen.

Beagle 26/39 wk Inhalation
Pivotal
(nose & 
mouth)

T:  2.4, 10.9

TI:  0.39, 1.92

NOAELT: 2.4 

NOAELTI: 1.92

  Serum glucose
 Neutrophil infiltrate of the lung in 

TI groups after 39 wk, regressed 
during 8 wk recovery

 Thymic atrophy in 6/8 high-dose T 
group at Week 29

 Hypocellularity of the seminiferous 
epithelium and germ cell 
degeneration in ¼ low-dose T and 
2/4 high-dose TI groups at Week 
39

In all species tested, safety margins for Technosphere® particles alone were considered 
underestimated since Technosphere NOAELs were tested the at the maximum dose.  Safety 
margins for Technosphere® insulin were modest because doses were limited by hypoglycemia, 
which was an expected pharmacological activity of insulin.

Safety margin:  The NOAELs for T in both rats and dogs are approx. 1.5x in rats and <1x in 
dogs, based AUCs for FDKP.

According to the sponsor re: human exposure:
Maximum daily dose of 99 mg TI 

Approx. 89 mg Technosphere, with AUC = 398,155 ngmin/mL

In 26 week rat study:
NOAEL of T = 11.7 mg/kg/day in rats

AUC (FDKP) on Day 182 = 514362 ngmin/mL (male) and 703445 ngmin/mL (female)
Combined M and F AUC = 608904 ngmin/mL

In 39 week dog study:
NOAEL of T = 2.4 mg/kg/day in dogs

AUC (FDKP) on Day 182 = 102,604 ngmin/mL (male) and 112,946 ngmin/mL (female)
Combined M and F AUC = 107775 ngmin/mL

Reference ID: 3464275
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Safety Margin: Reproductive Toxicity Studies
In rats, Technosphere® particles did not have effects on male fertility, however pre- and post-
natal implantation loss was observed at 100 mg/kg/day  (NOAEL=30 mg/kg/day).  There is an 
effect on pre/postnatal development (i.e. learning impairment at higher doses of T).  In rabbits, 
Technosphere® particles seemed to produce maternal toxicity (i.e. weight loss at 2 mg/kg/day) 
and some malformations in fetuses (i.e. absent lung lobe and gallbladder in survived fetuses and 
cleft palate in dead fetus).  

Species Duration Route Doses
(mg/kg/day)

NOAEL/NOEL

Findings

Spraque-
Dawley 

rats

M: 4 wk prior 
to mating 

F: 2 wk prior to 
mating - GDs -
7, twice daily

SC 
injection

T :  10, 30, 100
Fertility

NOAEL for F0 (M/F): 100
NOAEL for F1 (litters): 100 

 No maternal toxicity
 No effect upon fertility
 No early embryonic 

developmental toxicity

Spraque-
Dawley 

rats

GDs 6-17 (f)
21 d (m)

SC 
injection

T:  10, 30, 100
Pivotal Seg II

NOAEL for F0 (F): 100
NOAEL for F1 (litters): 100

 No maternal toxicity
 Only minor anomalies 

(e.g. dilated ureters), but 
no difference between 
the control and treated 
groups

New 
Zealand 
White 
rabbits

GDs 7-19, 
once daily

SC 
injection

T:  2, 10, 100
Pivotal Seg II

NOAEL for F0 (F): < 2
NOAEL for F1 (litters): < 2

Sponsor: NOAEL for F0: 10
Sponsor: NOAEL for F1 

(litters): 100

 Maternal toxicity:  One 
mortality at 100 
mg/kg/day, Scant and 
soft/liquid feces, and 
Reduced body weigh at 
2 mg/kg/day

 Malformations (i.e. cleft 
palate in one dead fetus, 
absence lung lobe and 
gallbladder in survived 
fetuses) at 2 mg/kg/day

Spraque-
Dawley 

rats

GDs 7 to LDs 
20, twice daily

SC 
injection

T:  10, 30, 100
Pre/postnatal

NOAEL for F0 (F): 100
NOAEL for F1 (M): 10
NOAEL for F2 (F): 100

Sponsor: NOAEL for F1: 100

 F0: No maternal toxicity
 F1: Some pups failed to 

learn from at 30 
mg/kg/day groups

 F1: Decreased male 
reproductive organ 
weights (testes and 
epididymides absolute 
weights) at 100 
mg/kg/day

 F2: No T-treated gross 
external alternations 
observed in F2 
generation.

Safety margin:  FDPK safety margin is approx. 21x in rats and 1.3x in rabbits, based on 
AUC.

According to the sponsor re: human exposure:
Maximum daily dose of 99 mg TI 

Approx. 89mg Technosphere, with AUC = 398,155 ngmin/mL

Seg II rat study:
For NOAEL of T = 100 mg/kg/day in rats
AUC on GD 7 = 8,335,854 ngmin/mL

Reference ID: 3464275
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Seg II rabbit study:
For NOAEL of T < 2 mg/kg/day in rabbits

AUC on GD 19 (at 2 mg/kg/day) = 506,098 ngmin/mL

Safety Margin: Carcinogenicity Studies
In rats, no pre-neoplasia and/or neoplasia were seen in the lung with both Technosphere® 
particles (46 mg/kg/day) and Technosphere® Insulin (up to 1.23 mg/kg/day).  In mice, there was 
no evidence of increased oncogenicity associated with Technosphere® particles (25 or 75 
mg/kg/day) or with Technosphere® Insulin (2.5 and 5 mg/kg/day in males or 0.6 and 1.25 
mg/kg/day in females).  

Species Duration Route Doses
(mg/kg/day)

Findings

Spraque-
Dawley rats

104 wk Inhalation
Pivotal

T:1.1041/0.6784 
(m/f), 41/46 (m/f)

TI: 
0.6572/0.4413 

(m/f), 
1.2313/0.7608 

(m/f)

Insulin:  
0.0787/0.0529 

(m/f), 
0.1457/0.0900 

(m/f)

 Adrenal cortical carcinoma (significant 
in high-dose TI females)

 Malignant astrocytoma (in low- and 
high-dose T males)

 Malignant schwannoma in nasal cavity 
(of low-dose T males)

 Fibroma in the skin/subcutis (in low-
dose TI males and females)

 Pituitary adenoma/carcinoma (in low-
dose TI males)

Lacks of dose-response and low 
incidences, within historical (background) 

rates, indicate not drug-related.

rasH2 mice 26 wk SC 
injection
Pivotal

T: 25/75

TI: 2.5/0.6 (m/f), 
5/1.25 (m/f)

 Bronchiolar-alveolar 
adenoma/carcinoma in the lung

 Hemangioma/hemangiosarcoma, 
primarily spleen

 Harderian gland adenoma/carcinoma
 Squamous cell neoplasms at multiple 

sites – stomach and skin/subcutis
 Myeloproliferative neoplasia
Found in the sham, vehicle control, high 
T, and high TI groups, not drug related.

Safety margin:  FDPK safety margin is approx. 5x in rats, based on relative body surface 
area across species.

According to the sponsor re: human exposure:
Maximum daily dose of 99 mg TI 

Approx. 89 mg/day Technosphere = 55 mg/m2 (based on 60 kg adult)

104 week inhalation rat study:
For NOAEL of T = 41/46 mg/kg/day in M/F rats (246/276 mg/m2)

Updated Safety Margin for FDKP Provided by the Sponsor

Reference ID: 3464275
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Overall Conclusion:  The results of these additional data, changes, and subsequent 
evaluations do not change the original overall non-clinical conclusions.

Labeling

Sponsor proposed Labeling 
8 Use in Specific Populations
8.1 Pregnancy

Reference ID: 3464275
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FDA recommendations
8 Use in Specific Populations

Reference ID: 3464275
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8.1 Pregnancy
Teratogenic Effects: Pregnancy Category C 

AFREZZA has not been studies in pregnant women.  AFREZZA should not be 
used during pregnancy unless the potential benefit justifies the potential risk to 
the fetus.

In pregnant rats given SC doses of 10, 30, and 100 mg/kg/day of carrier 
particles (vehicle without insulin) from gestation day 6 through 17 
(organogenesis), no major malformations were observed at up to 100 mg/kg/day 
(a systemic exposure 21 times the human systemic exposure, resulting from the 
maximum recommended daily dose of 99 mg Afrezza based on AUC.

In pregnant rabbits given SC doses of 2, 10, and 100 mg/kg/day of carrier 
particles (vehicle without insulin) from gestation day 7 through 19 
(organogenesis), adverse maternal effects were observed at all dose groups (at 
human systemic exposure following a 99 mg Afrezza dose, based on AUC. 
Fetal mortality and malformations observed included cleft palate, non-patent 
nares, absent intermediate lung lobs, absent gallbladder, as well as 
vertebral/rib/scapular malformations and irregular ossified skull bones.

In pregnant rats given SC doses of 10, 30, and 100 mg/kg/day of carrier
particles (vehicle without insulin) from gestation day 7 through lactation day 20 
(weaning), decreased epididymis and testes weights and impaired learning 
were observed in pups at  30 mg/kg/day (a systemic exposures less than the
human systemic exposure at the maximum daily AFREZZA dose of 99 mg 
based on AUC).

8.2 Nursing Mothers
Many drugs are excreted in human milk.  A study in rats indicates that the carrier is 
excreted in milk at approximately 10% of maternal exposure levels.  It is therefore highly
likely that AFREZZA is excreted in human milk.  A decision should be made whether to 
discontinue nursing or suspend use of the drug since AFREZZA has not been studied in 
lactating women.  

8.3 Pediatric Use
AFREZZA has not been studied in patients younger than 18 years of age.

13 Nonclinical Toxicology
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility

In a 104 week carcinogenicity study, rats were given doses up to 46 mg/kg/day 
of the carrier and up to 1.23 mg/kg/day of insulin, by nose-only inhalation.  No 
increased incidence of tumors was observed at systemic exposures equivalent 
to the insulin (5 times the systemic exposure to Technosphere at a maximum 
daily AFREZZA dose of 99 mg based on a comparison of relative body surface 
areas across species).  

In a 26 week carcinogenicity study, transgenic mice (TgrasH2) given doses up 
to 75 mg/kg/day of Technosphere and up to 5 mg/kg/ day of AFREZZA.  No 
increased incidence of tumors was observed.

AFREZZA was not genotoxic in Ames bacterial mutagenicity assay and in the 
chromosome aberration assay, using human peripheral lymphocytes with or 
without metabolic activation.  The carrier alone was not genotoxic in the in vivo 

Reference ID: 3464275



15

mouse micronucleus assay.

In female rats given SC doses of 10, 30, and 100 mg/kg/day of carrier particles
(vehicle without insulin) beginning 2 weeks prior to mating until gestation day 7, 
there were no adverse effects on male fertility at doses up to 100 mg/kg/day (a 
systemic exposure 21 times that following the maximum daily AFREZZA dose of 
99 mg based on AUC).  In female rats there was increased pre- and post-
implantation loss at 100 mg/kg/day (21 times higher systemic exposure than the 
maximum daily AFREZZA dose of 99 mg based on AUC) but not at 30 
mg/kg/day (less than the systemic exposure from an AFREZZA daily dose of 99 
mg).

Reference ID: 3464275
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Appendix 1
STUDY No. MKC-PC-2010-0042

Study title:  Insulin Impurities: A 28-day Subcutaneous Toxicity Study with a 14-Day Recovery 
Period in Spraque-Dawley Rats

Key study findings:  
 Spraque-Dawley rats were treated with a mixture of insulin-related compounds (0, 0.0244, 

0.1435, or 0.3021 mg/kg/day) twice daily for 28 days via sc injection and with 14 day recovery 
period.  Since the sponsor submitted incomplete final study report, most data was not reviewed 
in details.

 There was one death (attributed to hypoglycemia) in HD group.
 No test article-related adverse effects on clinical signs, body weight, food consumption, 

ocular toxicity, coagulation, and organ weights.
 There were several changes in hematological parameters (i.e. white blood cell populations in 

treated groups and neutrophils, monocytes, eosinophils, basophils, and large unstained cells 
in HD group).  These changes were recoverable.

 There were dose-dependent increases in AST and TRIG levels on Day 29.  These changes 
were recoverable.

 There were also increased urine volume and decreased specific gravity in HD males.  These 
changes were recoverable.

 Dark areas were seen at injection sites of both control and treated animals.  This correlated 
with microscopic findings (i.e. sc haemorrhage and mixed/mononuclear cell infiltrates).

 One test-article related microscopic finding was noted.  Dark areas of the glandular stomach 
were seen in 2/20 MD animals and 8/19 HD animals.  This correlated with microscopic 
findings (i.e. focal/multifocal erosion in 1/20 MD animals and 13/19 HD animals, 
focal/multifocal mucosal congestion/haemorrhage in 4/20 MD animals).  These were not 
present during the recovery period.

 The NOAEL for this study was a total mean daily dose of 0.024 mg/kg/day (A21: 0.0097 
mg/kg/day, HMWP: 0.0034 mg/kg/day, and combined other insulin related impurities  

 0.0113 mg/kg/day) due to stomach findings (i.e. hemorrhage and erosion in the 
glandular stomach) in MD and/or HD groups.

Study no.:  MKC-PC-2010-0042
Volume #, and page #:   813 pages 
Conducting laboratory and location:  
Date of study initiation:  Nov 2

nd
2010 

GLP compliance:  Yes
QA report:  yes (x) no (  )
Drug, lot #, and % purity:  Lot No. FD10294 with 7.52% purity

 Test article is a mixture of 9 insulin impurities

Reference ID: 3464275
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Methods
 Doses:  0, 0.0244, 0.1435, or 0.3021 mg/kg/day.  The test article was prepared as a mixture 

of impurities without insulin to avoid exaggerated insulin pharmacology, hypoglycemia.

Amendment No 1

Reference ID: 3464275
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 Species/strain:  Spraque-Dawley rats
 Number/sex/group or time point (main study):  10/sex/group
 Route, formulation, volume, and infusion rate:  
 Satellite groups:  Recovery: n=5 for control and HD groups and TK: n=3 for control and 6 for 

LD, MD, HD groups.
 Age:  8-10 weeks
 Weight: 266-385g for males and 216-258 for females
 Sampling times:  Blood samples were collected from each TK phase rat on Days 1 and 28: 

predose, 5, 15, 30 min, 1, 2, 4, and 6 hrs.
 Unique study design or methodology (if any):  None.

Obervations and Results
Mortality:  Once a day)
One HD animal was found dead on Day 28 due to hypoglycaemia.

Clinical signs:  Once a day
No test-article related clinical signs were observed in these animals.

Body weights:  Days 1, 7, 14, 21, 28 (main and recovery animals), 35 and 42 (recovery animals)
No test-article related adverse effects on the mean body weight in these animals in this study.  

Food consumption:  Weekly
No test-article related adverse effects on food consumption in these animals during dosing 
period.  However, the mean food consumption for the HD males was lower compared to the 
concurrent control during the recovery period.  This might be due to individual variation.  

Ophthalmoscopy:  Once pre-treatment, once during Week 4, and at the end of recovery period
No test-article related adverse ocular effects were observed in these animals.

EKG:  N/A

Hematology:  Day 29 (main) and Day 43 (recovery)

The WBC in the treated groups was differed from the controls in a dose-dependent manner.  
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Others, including neutrophils (NEUT), monocytes (MONO), eosinophils (EOS), basophils (BASO), 
and large unstained cells (LUC), were also elevated in the HD group.  These changes were 
somewhat reversed by the end of recovery period (Day 43).  These findings were within normal 
reference ranges.

Clinical chemistry:  Day 29 (main) and Day 43 (recovery)

The serum AST and TRIG were higher on Day 29 in the treated groups than the controls in a
dose-dependent manner.  Both AST and TRIG are linked to the pharmacology of insulin.  These 
changes were reversed by the end of recovery period (Day 43).  These findings were within 
normal historical ranges.  
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Urinalysis:  Day 29 (main) and Day 43 (recovery)

There were no effects on urinalysis parameters except the HD males had increased urine 
volumes, corresponding decreased specific gravity.  This was comparable to the control group.  
The toxicological significance of this finding was unknown.  NOTE:  No data was provided for review.

Gross pathology:  Day 29 (main) and Day 43 (recovery)
Dark areas around injection sites were observed but there were no comparable between the 
control and treated groups.  This is probably due to the administration procedure.  There changes 
were still observed at the end of recovery period.  They correlated with microscopic findings (i.e. 
haemorrhage and inflammation).  In addition, depressed areas of the glandular stomach were 
noted in 2/20 MD animals and 9/19 HD animals.  These findings correlated with microscopic 
findings (i.e. erosion).

Organ weights:  Day 29 (main) and Day 43 (recovery)
No test article related changes in mean absolute or relative organ weights were seen.  There 
were some significant differences but were not consistent across dosing groups or between 
sexes.  These changes were not associated with any macroscopic or microscopic findings.  

Histopathology: Adequate Battery:  yes (x),  no (  )
             Peer review:  yes (  ),  no (x)
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Incidence of subcutaneous haemorrhage and subcutaneous mixed or mononuclear cell infiltrates 
was observed at dosing/injection sites in both control and treated animals.  In addition, there was 
test article related focal or multifocal erosion of the glandular stomach seen in 1/20 MD animals 
and 13/19 HD animals.  Focal or multifocal mucosal congestion/haemorrhage of the glandular 
stomach was also seen in 4/20 MD animals.  These findings were consistent with studies in rats 
exposed to insulin alone at high doses by sc injection or animals under chronic stress.  All 
stomach microscopic findings were no longer present, suggesting complete recovery.  
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Toxicokinetics:  Days 1 and 28 (predose, 5, 15, 30 min, 1, 2, 4, 6 hours)
TK data was used to confirm systemic exposure of the test article in animals.  Twice daily sc 
injections of the test article in rats for 28 days resulted in consistent insulin detection (with dose-
related increases in exposure).

Other:  
Formulation analysis:  The results of LD, MD, and HD samples collected for analysis were lower 
than expected: % for Group 2 % for Group 3, and % for Group 4.  These measured 
concentrations did not meet the acceptance criterion of % of the nominal concentration, 
so the measured concentrations were used to calculate dosage.  These low results may be due 
to loss of protein to the glass and the filter and such loss had more effect on lower dose groups 
(i.e. more diluted solutions).

Overall Conclusion:
This 28 day toxicity study with a 14 day recovery was to qualify a mixture of insulin related 
compounds (impurities and degradation products) in Technosphere Insulin Inhalation Power (TI).  
The sponsor identified 7 impurities which were then subdivided into three groups: A21 (A21 
desamido insulin), HMWP (high molecular weight proteins, primarily covalent insulin dimers), and 
Total Others (mixtures of   Due to their structural similarity to insulin, all 
compounds were expected to have biological activity of insulin.

This study showed one mortality in HD group (hypoglycemia), no adverse effects on clinical 
sign/body weight/food consumption/organ weights, some changes (but recoverable) in 
hematological parameters (i.e. ↑ WBC/NEUT/MONO), clinical chemistry (i.e. ↑ AST and TRIG),
and urinalysis (i.e. ↑ urine volume and specific gravity).  The study also found macroscopic 
changes (dark areas at injection sites in control/treated groups and dark areas in glandular 
stomach in MD/HD groups).  These gross findings further correlated with microscopic findings 
(i.e. injection site inflammations in both control/treated groups and stomach erosion and 
inflammation in MD and/or HD groups).  Based on all these study findings, NOAEL was
established at the LD (total dose of 0.0244 mg/kg/day).

Based on these study findings, the NOAEL was the low dose.  However, the sponsor argued the 
mid dose should be the NOAEL based on the fact that such stomach findings were known 

Reference ID: 3464275

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)



23

species-specific pharmacologic effects of insulin doses > 0.087 mg/kg (2.5 U/kg) or chronic.  
Even though the sponsor provided references to establish the probable association between 
chronic hyperinsulemia and increased incidence of ulcer, the NOAEL for this study should remain 
at the low dose, where no toxicity was observed.

All in all, based on this 28 day toxicity rat study, insulin impurities and degradation products in the 
Technosphere Insulin Inhalation Powder were qualified and had 1 to 3 fold safety margins at the 
proposed acceptance criteria.

Estimate safety margins based on NOAEL (low dose):
Impurites Mean 

Achieved 
Dose 

(mg/kg/day)

Level 
Qualified

Acceptance 
Criterion

Max. 
Anticipated 

Clinical Dose* 
(mg/kg/day)

Dose Multiple

A21
HMWP

Total other 
impuritie  
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Pharmacology/Toxicology Mid-Cycle Deliverables 

Since this NDA 22472 is a resubmission.  Goal date time line is no longer applied.  This resubmission 
has a 6 month review cycle.  The resubmission includes 1) one new study (MKC-PC-2010-0042) to 
qualify insulin impurities, 2) assessment of Proliferating Cell Nuclear Antigen (PCNA) evaluation of 
lung tissues from the 26 week rat inhalation toxicology study and the 39 week dog inhalation 
toxicology study, 3) updated safety margin based on FDKP exposure data obtained from a new 
clinical study (MKC-TI-176) with the Gen2 Inhaler.

NDA 22472 is for Afrezza (inhaled insulin).  The NDA was first submitted in 2009.  Original 
nonclinical review can be found in DARRTS.  In original review, there were no nonclinical safety
concerns relevant to clinical use.  Only possible lung irritation was noted based on 39 week inhalation 
dog study, where minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in 
lungs of all TI (insulin+FDKP) treated groups.  However, these findings regressed following 8 weeks 
recovery.  Hence pharm/tox recommended approval during the last review cycle.

Mid-Cycle Deliverable Goal Date Status
Filing Review Meeting
 Deliverable: Regulatory history, 

summary of pharmacology and 
toxicology findings from preliminary 
review of existing data, adequacy of 
NDA submission

45- day of NDA 
submission

N/A

Genetox Study Review (impurities and 
drug substance)
 Deliverable: Draft review, label 

recommendation/interact with 
genetox committee

2-3 months of 
NDA submission

N/A
 Negative findings by chromosome 

aberration assays (T and TI) and by 
mouse micronucleus test (T only)

Carcinogenicity Study Review
 Deliverable: Identify statistical 

reviewer

1-month of NDA 
submission

N/A

 Deliverable: Schedule ECAC meeting 1-month of NDA 
submission

N/A

 Deliverable: Draft review of 
Carcinogenicity study with statistical 
input, Interact with statistician

6-months of 
NDA submission

N/A.

 Deliverable:  ECAC review of 
carcinogenicity study, incorporation 
of eCAC comments in the review, 
Identification of issues from 
Carcinogenicity study & related post 
marketing commitments, labeling 
recommendation

7- month of NDA 
submission

N/A
 Negative for carcinogenicity

ReproTox Study Review (Seg III and I)
 Deliverable: Draft review, Identify 

issues (special studies for post 
marketing commitments), labeling 
recommendation, Interact with 
Reprotox committee

5- month of NDA 
submission

N/A
 Category C labeling is proposed.

Impurity/Extractable Qualification
 Deliverable:  Begin review; interact 

with CMC

3-month of NDA 
submission-will 
depend on CMC 
also

Currently under review
 A new study was conducted to 

qualify insulin-related impurities 
(MKC-PC-2010-0042)

 Deliverable: Identify whether the 5-6 month of N/A
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impurities are qualified, Identify 
approvability/post marketing 
commitment issues

NDA 
submission-if 
sponsor has final 
formulation

Toxicokinetic Study Review
 Deliverable: Draft review; Interact 

with Clinical Pharmacology for dose 
and ADME, Interact with Medical
Reviewer for adverse event 
comparison and dose multiples

6- months of 
NDA submission

N/A

Chronic Toxicity Study Review
 Deliverable: Draft review

6- months of 
NDA submission

Currently under review. 
 An assessment of cellular 

response based on new data from 
a GLP Proliferating Cell Nuclear 
Antigen (PCNA) evaluation of 
lung tissues from the 26 week rat 
inhalation tox study (MKC-PC-
2003-0002; Report No 09-RS-
006) was conducted.

 A more detailed summary of 
GLP PCNA analysis from the 39 
week dog inhalation tox study 
(MKC-PC-2003-0004) was
conducted.

 Safety margins have also been 
updated based on FDKP 
exposure data (AUC margins 
only) obtained in a new clinical 
study with Gen2 Inhaler (MKC-
TI-176)

Pharmacology Study Review
 Deliverable:  Draft review, identify 

PD issues

6- months of 
NDA submission

N/A

Tox findings compared in animal 
chronic studies and human phase 3 
studies
 Deliverable: Input in ODS database

8- months of 
NDA submission

Pending completion of comprehensive 
review
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Study MKC-PC-2010-0042
Study design: To qualify insulin impurities administered to rats by sc injection as a solution twice daily for 
28 days followed by 14 day recovery.

Findings: Hypoglycemia caused mortality in the high dose group (0.3021 mg/kg/day).  The other treatment-
related change was erosion and congestion/hemorrhage of the glandular stomach (limited to surface of the 
mucosa), which is consistent with studies in rats exposed to high dose of insulin by sc injection or animals 
under stress.  Such glandular stomach erosion was not noted in the recovery animals.  The NOAEL was the 
low dose of 0.0244 mg/kg/day.  The NOAEL can be further broken down by component:  mg/kg/day 
for A21 and  mg/kg/day for HMWP, and  mg/kg/day for other insulin-related compounds 
combined 
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PCNA analysis: 26 week rat tox study
Findings:  Exposure to Technosphere particles at 10.5 and 12.8 mg/kg/day caused an increase in cell 
replication in the epithelium of large bronchioles in female rats and terminal bronchioles in male and 
female rats.
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PCNA analysis: 39 week dog tox study
Findings: PCNA stained cells within alveolar and bronchiolar epithelia were quantified.  There were no 
differences observed in the cell proliferation activity of control and treated groups at any of the sacrifice 
occasions of between sexes.

Updated safety margin
In original NDA, human FDKP exposures used to calculating safety margins were determined using data 
from clinical studies with the MedTone® Inhaler.  Subsequent to the completion of this section of the 
NDA, human trials were conducted with the Gen2 Inhaler.  The Gen2 Inhaler produced human FDKP 
exposure values that were higher than when using the MedTone Inhaler since the Gen2 Inhaler delivers 
powder more efficiently than the MedTone Inhaler.
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DEPARTMENT OF HEALTH & HUMAN SERVICES   
Food and Drug Administration  
 

Memorandum 
 
Date: January 5th 2012 
From:  Miyun Tsai-Turton PhD, MS; Pharmacology; DMEP 
Subject:  Pharmacology/Toxicology Memo 

 To:  NDA 22-472 Afrezza/Mannkind 
 
Reference:  Pharmacology/Toxicology Review & Evaluation of NDA 22-472 (eCTD SN 0064) 
 
Background 
 
Afrezza or Technosphere insulin (TI) is inhaled as a dry powder with the aid of a Gen2 inhaler.  
Technosphere insulin is comprised of recombinant human insulin, a novel excipient fumaryl 
diketopiperazine (FDKP), the MannKind proprietary excipient and primary component of 
Technosphere, and  polysorbate 80 (PS80).  FDKP undergoes acid-induced intermolecular 
self-assembly in aqueous solution resulting in adsorption of insulin onto the Technosphere 
particles to form Technosphere insulin. 
 
This NDA 22472 (originally submitted under IND 61729) has gone through two review cycles 
since 2008 and both cycles resulted in Completed Response letters being issued.  All 
correspondents between FDA and the sponsor to address deficiencies were documented in 
DARRTS. 
 
Regulatory History: 

 March 2009 – original NDA submission with the MedTone device 
 March 2010 – FDA issued a CR letter containing clinical, clinical pharmacology, libeling, and 

device deficiencies 
NOTE:  In original NDA submission, the sponsor did one 28 day repeat-dose toxicity study to 
support their impurity limits.  This study focused on FDKP-related impurities.  The pharm/tox 
was OK with that study. 

 June 2010 – EOR meeting was held.  The sponsor resubmitted this NDA application with the 
Gen2C device later that month. 

 Jan 2011 – FDA issued another CR letter containing clinical, clinical pharmacology, product 
quality, device, and labeling deficiencies. 

 May 2011 – EOR meeting was held. 
 Oct 2011 – Type C meeting: written response granted 
 Nov 2012 – The briefing document for the Written Response was submitted (eCTD SN 0064).  

NOTE:  The pharm/tox is assisting CMC to address comment 7 under Product Quality.  The 
sponsor submitted one 28 day repeat-dose toxicity study (which is being reviewed here) to 
support their impurity limits.  This study focused on TI-related impurities/degradants. 

 
For clinical development thus far, there are two proposed Phase III studies which will be 
conducted in T1DM (Study No. MKC-TI-171) and T2DM (Study No. MKC-TI-172).  There studies 
intend to demonstrate that the efficacy of the TI-Gen2 group (Technosphere Insulin Inhalation 
Powder administered using the Gen2C inhaler in combination with a basal insulin) will be non-
inferior to the insulin aspart group (insulin aspart in combination with a basal insulin) by 
measuring HbA1c levels in T1DM or T2DM patients. 
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Nonclinical Aspect of Afrezza 
 
During 1st cycle NDA submission, Pharm/tox reviewed all nonclinical studies with Technosphere 
Insulin (TI) and/or Technosphere particles alone (FDKP was the novel excipient).  Pharm/tox 
concluded that there might be lung irritation, based on 39 week inhalation dog study, where 
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in lungs for all TI-
treated groups.  However, these findings regressed after 8 weeks recovery. 
 
During 2nd cycle NDA (re)submission, pharm/tox did not provide any additional comments since 
there were no new nonclinical studies submitted.  Even though the delivery device was changed 
from the MedTone system in 1st review cycle to Gen2C system in 2nd review cycle, such switch in 
device did not affect the outcome of Afrezza’s nonclinical development program. 
 
According to the most current annual report (report period: Jan 2010-Jan 2011) for IND 61729, 
there were two ongoing nonclinical studies: MKC-PC-2010-0043 (HPLC analytical method 
validation and MKC-PC-2010-0042 (insulin impurities qualification with a 28 day toxicity study 
with 14 day recovery in rats).  There were no nonclinical studies planned.  NOTE:  The 28 day 
toxicity study is reviewed in this memo.  
 
-------------------------------------------------------------------------------------------------------------------------------- 
 
STUDY No. MKC-PC-2010-0042 
 
Study title:  Insulin Impurities: A 28-day Subcutaneous Toxicity Study with a 14-Day Recovery 
Period in Spraque-Dawley Rats 
 
Key study findings:   

 Spraque-Dawley rats were treated with a mixture of insulin-related compounds (0, 0.0244, 
0.1435, or 0.3021 mg/kg/day) twice daily for 28 days via sc injection and with 14 day recovery 
period.  Since the sponsor submitted incomplete final study report, most data was not reviewed 
in details. 

 There was one death (attributed to hypoglycemia) in HD group. 
 No test article-related adverse effects on clinical signs, body weight, food consumption, 

ocular toxicity, coagulation, and organ weights. 
 There were several changes in hematological parameters (i.e. white blood cell populations in 

treated groups and neutrophils, monocytes, eosinophils, basophils, and large unstained cells 
in HD group).  These changes were recoverable. 

 There were dose-dependent increases in AST and TRIG levels on Day 29.  These changes 
were recoverable. 

 There were also increased urine volume and decreased specific gravity in HD males.  These 
changes were recoverable. 

 Dark areas were seen at injection sites of both control and treated animals.  This correlated 
with microscopic findings (i.e. sc haemorrhage and mixed/mononuclear cell infiltrates). 
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 One test-article related microscopic finding was noted.  Dark areas of the glandular stomach 
were seen in 2/20 MD animals and 8/19 HD animals.  This correlated with microscopic 
findings (i.e. focal/multifocal erosion in 1/20 MD animals and 13/19 HD animals, 
focal/multifocal mucosal congestion/haemorrhage in 4/20 MD animals).  These were not 
present during the recovery period. 

 The NOAEL for this study was a total mean daily dose of 0.024 mg/kg/day (A21:  
mg/kg/day, HMWP:  mg/kg/day, and combined other insulin related impurities  

 mg/kg/day) due to stomach findings (i.e. hemorrhage and erosion in the 
glandular stomach) in MD and/or HD groups. 

 
Study no.:  MKC-PC-2010-0042 
Volume #, and page #:   813 pages (Note: Only 37 out of 813 pages were provided) 
Conducting laboratory and location:   
Date of study initiation:  Nov 2nd 2010  
GLP compliance:  Yes 
QA report:  yes (x) no (  ) 
Drug, lot #, and % purity:  Lot No. FD10294 with 7.52% purity 
 

 Test article is a mixture of 9 insulin impurities 
 

 
 

 

 
 
Methods 

 Doses:  0, 0.0244, 0.1435, or 0.3021 mg/kg/day.  The test article was prepared as a mixture 
of impurities without insulin to avoid exaggerated insulin pharmacology, hypoglycemia. 
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 Species/strain:  Spraque-Dawley rats 
 Number/sex/group or time point (main study):  10/sex/group 
 Route, formulation, volume, and infusion rate:   
 Satellite groups:  Recovery: n=5 for control and HD groups and TK: n=3 for control and 6 for 

LD, MD, HD groups. 
 Age:  8-10 weeks 
 Weight: 266-385g for males and 216-258 for females 
 Sampling times:  Blood samples were collected from each TK phase rat on Days 1 and 28: 

predose, 5, 15, 30 min, 1, 2, 4, and 6 hrs. 
 Unique study design or methodology (if any):  None. 

 
Obervations and Results 
NOTE:  Since the sponsor only submitted partial final study report (37 out of 813 pages), most data 
were not available for review. 
 
Mortality: 

 Once a day 
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One HD animal was found dead on Day 28 due to hypoglycaemia. 
 
Clinical signs: 

 Once a day 
 
No test-article related clinical signs were observed in these animals.  NOTE:  No data was provided 
for review. 
 
Body weights:   

 Days 1, 7, 14, 21, 28 (main and recovery animals), 35 and 42 (recovery animals) 
 
No test-article related adverse effects on the mean body weight in these animals in this study.  
NOTE:  No data was provided for review. 
 
Food consumption:   

 Weekly 
 
No test-article related adverse effects on food consumption in these animals during dosing 
period.  However, the mean food consumption for the HD males was lower compared to the 
concurrent control during the recovery period.  This might be due to individual variation.  NOTE:  
No data was provided for review. 
 
Ophthalmoscopy:   

 Once pre-treatment, once during Week 4, and at the end of recovery period 
 
No test-article related adverse ocular effects were observed in these animals. 
 
EKG:   

 This was not examined in these animals. 
 
Hematology:   

 Day 29 (main) and Day 43 (recovery) 

 
 
The WBC in the treated groups was differed from the controls in a dose-dependent manner.  
Others, including neutrophils (NEUT), monocytes (MONO), eosinophils (EOS), basophils (BASO), 
and large unstained cells (LUC), were also elevated in the HD group.  These changes were 
somewhat reversed by the end of recovery period (Day 43).  These findings were within normal 
reference ranges.  NOTE:  Only summary tables were provided. 
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Clinical chemistry:   

 Day 29 (main) and Day 43 (recovery) 

 
 
The serum AST and TRIG were higher on Day 29 in the treated groups than the controls in a 
dose-dependent manner.  Both AST and TRIG are linked to the pharmacology of insulin.  These 
changes were reversed by the end of recovery period (Day 43).  These findings were within 
normal historical ranges.  NOTE:  Only summary table was provided. 
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Urinalysis:   

 Day 29 (main) and Day 43 (recovery) 

 
 
There were no effects on urinalysis parameters except the HD males had increased urine 
volumes, corresponding decreased specific gravity.  This was comparable to the control group.  
The toxicological significance of this finding was unknown.  NOTE:  No data was provided for review. 
 
Gross pathology:   

 Day 29 (main) and Day 43 (recovery) 
 
Dark areas around injection sites were observed but there were no comparable between the 
control and treated groups.  This is probably due to the administration procedure.  There changes 
were still observed at the end of recovery period.  They correlated with microscopic findings (i.e. 
haemorrhage and inflammation).  In addition, depressed areas of the glandular stomach were 
noted in 2/20 MD animals and 9/19 HD animals.  These findings correlated with microscopic 
findings (i.e. erosion).  NOTE:  Only summary table was provided. 
 

 

 
 
Organ weights (specify organs weighed if not in histopath table):   

 Day 29 (main) and Day 43 (recovery) 
 
No test article related changes in mean absolute or relative organ weights were seen.  There 
were some significant differences but were not consistent across dosing groups or between 
sexes.  These changes were not associated with any macroscopic or microscopic findings.  
NOTE:  No data was provided for review. 
 
Histopathology: Adequate Battery:   yes (x),  no (  ) 
              Peer review:   yes (  ),  no (x) 
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Incidence of subcutaneous haemorrhage and subcutaneous mixed or mononuclear cell infiltrates 
was observed at dosing/injection sites in both control and treated animals.  In addition, there was 
test article related focal or multifocal erosion of the glandular stomach seen in 1/20 MD animals 
and 13/19 HD animals.  Focal or multifocal mucosal congestion/haemorrhage of the glandular 
stomach was also seen in 4/20 MD animals.  These findings were consistent with studies in rats 
exposed to insulin alone at high doses by sc injection or animals under chronic stress.  All 
stomach microscopic findings were no longer present, suggesting complete recovery.  NOTE:  
Only summary table was provided. 
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Toxicokinetics:   

 Days 1 and 28 (predose, 5, 15, 30 min, 1, 2, 4, 6 hours) 
 
TK data was used to confirm systemic exposure of the test article in animals.  Twice daily sc 
injections of the test article in rats for 28 days resulted in consistent insulin detection (with dose-
related increases in exposure).  NOTE:  No data was provided for review. 
 
Other:   
 

 Formulation analysis 
 
The results of LD, MD, and HD samples collected for analysis were lower than expected: % 
for Group 2 % for Group 3, and % for Group 4.  These measured concentrations did not 
meet the acceptance criterion of % of the nominal concentration, so the measured 
concentrations were used to calculate dosage.  These low results may be due to loss of protein to 
the glass and the filter and such loss had more effect on lower dose groups (i.e. more diluted 
solutions).  NOTE:  Only summary data was provided. 
 

 

 
 
Overall Conclusion: 
 
This 28 day toxicity study with a 14 day recovery was to qualify a mixture of insulin related 
compounds (impurities and degradation products) in Technosphere Insulin Inhalation Power (TI).  
The sponsor identified 7 impurities which were then subdivided into three groups: A21 (A21 
desamido insulin), HMWP (high molecular weight proteins, primarily covalent insulin dimers), and 
Total Others (mixtures of   Due to their structural similarity to insulin, all 
compounds were expected to have biological activity of insulin. 
 
This study showed one mortality in HD group (hypoglycemia), no adverse effects on clinical 
sign/body weight/food consumption/organ weights, some changes (but recoverable) in 
hematological parameters (i.e. ↑ WBC/NEUT/MONO), clinical chemistry (i.e. ↑ AST and TRIG), 
and urinalysis (i.e. ↑ urine volume and specific gravity).  The study also found macroscopic 
changes (dark areas at injection sites in control/treated groups and dark areas in glandular 
stomach in MD/HD groups).  These gross findings further correlated with microscopic findings 
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(i.e. injection site inflammations in both control/treated groups and stomach erosion and 
inflammation in MD and/or HD groups).  Based on all these study findings, NOAEL was 
established at the LD (total dose of 0.0244 mg/kg/day). 
 
Based on incomplete final study report prepared by the CRO ( ), the NOAEL was the 
low dose.  However, the sponsor argued the mid dose should be the NOAEL based on the fact 
that such stomach findings were known species-specific pharmacologic effects of insulin doses > 
0.087 mg/kg (2.5 U/kg) or chronic.  Even though the sponsor provided references to establish the 
probable association between chronic hyperinsulemia and increased incidence of ulcer, the 
NOAEL for this study should remain at the low dose, where no toxicity was observed. 
 
All in all, based on this 28 day toxicity rat study, insulin impurities and degradation 
products in the Technosphere Insulin Inhalation Powder were qualified and had 1 to 3 fold 
safety margins at the proposed acceptance criteria. 
 
Estimate safety margins based on NOAEL (low dose): 

Impurites Mean 
Achieved 

Dose 
(mg/kg/day) 

Level 
Qualified 

Acceptance 
Criterion 

Max. 
Anticipated 

Clinical Dose*  
(mg/kg/day) 

Dose Multiple 

A21 
HMWP 

Total other 
impurities  

 
 

 
-------------------------------------------------------------------------------------------------------------------------------- 
 
Pharm/tox-related CMC Issue 
 

 In FDA’s Jan 2011 2nd CR letter  

 
 

 Sponsor’s question 
 

 
 

 Sponsor’s rationale 
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Pharm/tox Response to Comment 7: 
 
Based on your 28 day toxicity study provided in your briefing document, insulin impurities 
and degradation products seemed appropriately qualified.  The impurities were considered 
qualified at the following levels: A21 - %; HMWP- %; total other impurities - % and 
are now considered safe. 
 
Other pharm/tox comments: 
 
For the 28 day rat toxicity study report, the  Study Report in Appendix 2 was 
incomplete; there were only 37 out of 813 pages submitted in your briefing document for 
review.  We also do not agree that there was a 10-fold safety margin at the proposed 
acceptance criteria, using the mid dose as your NOAEL.  The NOAEL of this study should 
be based on the dose which there was no observable toxicity, which would be the low 
dose used in this study. 
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DEPARTMENT OF HEALTH & HUMAN SERVICES   
Food and Drug Administration  
 

Memorandum 
 
Date: December 18, 2009   
From:  Karen Davis-Bruno PhD; Pharmacology Supervisor; DMEP  
Subject:  Pharmacology/Toxicology Supervisor’s Memo 

 To:  NDA 22-472 Afrezza/Mannkind 
  
Reference:  Pharmacology/Toxicology Review & Evaluation of NDA 22-472 
   
Afrezza or Technosphere insulin (TI) is inhaled as a dry powder with the aid of a 
MedTone inhaler.  Technosphere insulin is comprised of recombinant human insulin, a 
novel excipient fumaryl diketopiperazine (FDKP) and primary component of 
Technosphere, and  polysorbate 80 (PS80).  FDKP undergoes acid-induced 
intermolecular self-assembly in aqueous solution resulting in adsorption of insulin onto 
the Technosphere particles to form Technosphere insulin.  A 28-day rat inhalation 
toxicity study with Technosphere particles containing  PS80 was conducted which 
was unremarkable in its outcome.  This exposure to PS80 represents a 25X higher rat 
PS80 dose than with the maximum human TI dose on a mg/kg basis.   
 
The proposed clinical indication is Type 1 and Type 2 diabetics, administered at 
mealtime 3-4X daily.  The maximum recommended human daily dose (MRHD) is 315 U 
of insulin in 105 mg TI powder (  mg insulin +  mg T).  TI is intended as rapid acting 
insulin with a faster onset of action and shorter duration than other marketed insulins.  
This pharmacokinetic profile is proposed to result from the efficient delivery of TI 
powder into the deep lung where it dissolves rapidly.  This is in part a function of the 
Technosphere particle diameter being 2-2.5 µm.   

  Larger particles may be deposited in the upper 
airways/bronchial tree.  The insulin from these larger particles may also be absorbed.  A 
variation in the particle size pulmonary distribution (because of differing inhalation flow 
rates) may affect the amount of insulin absorbed.  The mechanism involved in the rapid 
systemic absorption of insulin from Technospheres has not been established.  It may be 
related to some unidentified action of FDKP on the pulmonary cells.  Cell-based studies 
were performed to demonstrate that FDKP and TI do not disrupt cellular tight junctions 
and FDKP does not increase the permeability of cell membranes.  Technospheres 
administered alone. did not result in a reduction in blood glucose, confirming that FDKP 
has no effect on blood glucose concentrations. 
 
Nonclinical Development Program The nonclinical development program for TI focused 
on the effects of local toxicity of inhaled insulin and on characterization of 
FDKP/Technospheres.  FDKP is not metabolized and undergoes renal excretion, 
unchanged.  The pharmacology/toxicology of inhaled human insulin has been well 
established in humans and animals over the last 90 years. 
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Afrezza Carcinogenicity:  A 2-year carcinogenicity study in rat and a subcutaneous 
transgenic mouse study (Tg.rasH2) were performed.  The results of the carcinogenicity 
assessment with Technosphere and TI indicate an absence of any drug-induced neoplastic 
findings with administration either via inhalation (2-year rat) or subcutaneous (Tg.rasH2 
mouse) routes at systemic exposures of Technosphere (FDKP) 13X and 1X respectively, 
compared to the AUC at the MRHD (105 mg).  Cell proliferation activity (proliferating 
cell nuclear antigen; PCNA) was confirmatory of the absence of neoplasias/pre-
neoplastic signals as assessed in alveolar and bronchiolar cells across treatment and 
control groups from the rat carcinogenicity study.  The genotoxicity of Technosphere and 
insulin was assessed in an Ames bacterial mutagenicity assay, chromosome aberration 
assay in human peripheral blood lymphocytes with and without metabolic activation as 
well as a mouse micronucleus assay with Technosphere alone.  All genotoxicity studies 
were negative. 
Carcinogenicity of Related Insulin Products 
Exubera (NDA 21-868; 2006) was the first marketed recombinant human insulin in 
powdered form, delivered via a pulmonary inhaler.  Marketing ceased in 2007 by Pfizer 
because the product failed to gain acceptance among patients and physicians.  In April 
2008, Pfizer announced that Exubera may have been associated with lung cancer (6/4740 
patients vs. 1/4292 placebo patients from clinical trials). This incidence was not 
statistically significant.   Carcinogenicity studies were not performed with Exubera 
because recombinant human insulin is identical to the endogenous hormone and 
treatment is considered replacement therapy.  Chronic toxicity studies indicated there was 
no effect on cell proliferation indices in alveolar or bronchiolar areas of the lung in either 
species.  Compared to control animals, there were no drug-related adverse effects in 
either rats or Cynomolgus monkeys following 6-month duration repeat-dose chronic 
toxicity studies with regard to pulmonary function, gross or microscopic morphology of 
the respiratory tract or bronchial lymph nodes.  
 
Lantus (NDA 21-081) is a recombinant human insulin analogue (insulin glargine) which 
is modified to slow the release of microprecipitated insulin glargine from the 
subcutaneous injection site.  Two year life-time carcinogenicity bioassays with insulin 
glargine were performed in mice and rats at doses up to 0.455 mg/kg at exposures 10-
times in the rat and 5-times in the mouse compared to human exposures at the starting 
dose of 10 IU (0.008 mg/kg/d) based on body surface area comparisons across species 
(mg/M2).  Female mice had survival issues during the study and the findings were 
inconclusive as a result of the excessive mortality in all dose groups attributable to 
hypoglycemia. Malignant histiocytomas were observed at the injection sites in male rats 
and male mice.  The histiocytomas reached statistical significance in the male rats (2-fold 
human exposure at 10 IU) but was not statistically significant in the male mice.  
Histiocytomas were not observed in female rats, saline control, or in the insulin 
comparator group using a different (non-acidic) vehicle.  Indices of mitogenicity and 
relative IGF-1 receptor binding were reported as slightly higher for insulin glargine 
compared to human insulin. 
 
Afrezza General Toxicology:  The chronic inhalational toxicology studies included 6-
month rat and 9-month dog studies. Toxicology data with Technospheres suggest some 
potential for respiratory irritation with therapeutic use.  The chronic toxicity studies (rat, 
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dog) indicate minimal to mild respiratory irritation at 2X human systemic exposure.  This 
did not correlate to any preneoplastic or neoplastic findings as discussed previously.   
 
In the 26-week chronic rat study with dose groups:  11.7 mg/kg/d for T, low dose (LD) TI 
(1.05 M, 0.404 F mg/kg/d) and high dose (HD) TI (1.91 M, 1.28 F mg/kg/d) administered 
by nose only inhalation, respiratory findings including increased lung weights, nasal 
cavity eosinophilic globules and epithelial degeneration were observed.  These findings 
were recoverable in females but remained in the males following a 4-week drug 
withdrawal period. A slight increase in bronchiolar cell PCNA (but not alveolar cells) in 
the upper respiratory tract in T and in LD, HD TI groups may be associated with 
particulate impaction.  This is in contrast to the results from the 2-year rat carcinogenicity 
study showing an absence of bronchiolar and alveolar cell PCNA.  Insulin is known to 
have an adaptive effect on late phase G1 in conjunction with IGF-1, therefore an 
increased proliferation rate of exposed, regenerating cells such as the bronchial cells is 
not surprising.  However since these cells did not show neoplastic findings and PCNA 
analysis was negative after lifetime exposure in rat, the slight increase in bronchiolar cell 
PCNA in the chronic rat study may be considered an adaptive response.  These results 
showing a slight increase in the upper airway (bronchial) but not in the deep alveolar 
tissues suggest that rats were exposed to larger Technosphere particles than proposed for 
human use with the MedTone (DPI) inhaler.  In addition to pulmonary effects, 
approximately half the males treated with T (11.7 mg/kg/d) had evidence of myocardial 
degeneration/necrosis which was not observed in any TI treated groups nor was this 
observed in female rats or in the dog.  The 2-year rat carcinogenicity study with lifetime 
exposure did not show any increase in treatment related cardiac findings above 
concurrent controls.  The NOAEL for the chronic rat toxicity study was 1.91 mg/kg/d in 
males and 1.28 mg/kg/d in females.  Based on FDKP exposure, the NOAEL was 2-fold 
greater than the maximum anticipated daily human therapeutic exposure (105 mg 
Afrezza) based on AUC. 
 
In the 2-year rat carcinogenicity study, with nose only inhalation, the nasal cavity of the 
HD Technosphere (41, 46 mg/kg/d) treated group had goblet cell hyperplasia of the 
respiratory epithelium, accumulation of eosinophilic droplets in the olfactory and 
respiratory epithelium.  These findings were considered an adaptive response to chronic 
inhalation of Technospheres because they were seen at comparable severity/frequency in 
the control and TI treated groups.  Consistent with this observation, is the minimal to 
slight mixed macrophage and neutrophils infiltrates and degenerative skeletal muscle 
myopathy seen in the subcutis in the SC transgenic mouse carcinogenicity study in all 
groups, including controls. 
 
In the 39-week chronic dog study with administered doses of:  LD T (2.4 mg/kg/d), HD T 
(10.9 mg/kg/d and LD TI (0.39 mg/kg/d) and HD TI (1.92 mg/kg/d) were tested using 
oronasal exposure.  Respiratory findings included increased minimal to mild neutrophils 
infiltration of the lungs in the HD TI group which recovered following an 8-week drug 
withdrawal.  Thymic atrophy and hypocellularity of the seminiferous epithelium and 
germ layer degeneration were observed in the T and TI groups.  These findings are 
commonly associated with immature dogs, consistent with age 7-8 month old dogs at 
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study initiation.  These male reproductive effects were not observed in the subsequent 
reproductive toxicity test battery.  The NOAEL for the chronic dog toxicity study was 
1.92 mg/kg/d.  Based on FDKP exposure this NOAEL provides an exposure margin 2-
fold greater than the maximum anticipated daily human therapeutic exposure (105 mg 
Afrezza) based on AUC comparisons across species. 
  
Afrezza Reproductive Toxicity:  A reproductive and developmental toxicology study 
battery was performed in rats with assessment from preconception through lactation and 
during organogenesis in rabbits via subcutaneous exposure (SC) to Technospheres.  
There were no adverse effects on fertility in male rats administered a dose of 100 
mg/kg/d which is 180X the projected maximum human exposure (105 mg Afrezza) based 
on AUC comparison.  This suggests that the male seminiferous epithelium and germ cell 
degeneration in seen in the chronic dog toxicity study could be attributable to the 
immaturity of the dogs used instead of drug-associated findings.  In assessing female rats 
fertility  an increased incidence of pre- and post-implantation loss was observed at 100 
mg/kg/d (180X human exposure) but not at 30 mg/kg/dwhich is 50X the maximum 
human exposure (105 mg Afrezza) based on AUC comparison.  FDKP was detected in 
rat fetal circulation at concentrations comparable to maternal plasma concentrations on 
gestation day 18.  FDKP was present in rat milk at ~10% of the maternal systemic 
exposure.   
 
The rabbit is more sensitive to Technosphere (FDKP) than the rat during organogenesis.  
Maternal toxicity is seen in pregnant rabbits as evidenced by significantly decreased body 
weight at all doses.  Mortality is seen in pregnant female rabbits at 100 mg/kg/d.  In 
pregnant rabbits given subcutaneous doses of Technosphere (2, 10, 100 mg/kg/d), 
resulted in malformations in 2-3 fetuses (1 dead fetus with many of these findings) which 
included: cleft palate, non-patent nares, absent intermediate lung lobes, gall bladder as 
well as vertebral/rib/scapular malformations and irregular ossified skull bones at 2 
mg/kg/d which is 10X the human systemic exposure at the 105 mg Afrezza dose based on 
AUC.   However since there is clear evidence of maternal toxicity in rabbits at the 2 
mg/kg/d dose these fetal findings may be attributed to this confounder.  Pregnant women 
would not be dosed to toxicity.  The rabbit appears to have greater systemic exposure 
(AUC=10X higher) to Technospheres than the rat at the same mg/kg dose and greater 
exposure may account for the increased toxicity observed in the rabbit.  
 
Pregnant rats given subcutaneous doses of 10, 30, 100 mg/kg/d Technosphere during 
organogenesis resulted in no major treatment related findings at 180X the projected 
human systemic exposure at the 105 mg TI dose based on AUC comparison.  In pregnant 
rats given the same doses from organogenesis through weaning (lactation day 20), 
decreased absolute epididymis and testes weights (without histopathological correlates) 
and impaired learning were observed in pups at ≥30 mg/kg/day.  These developmental 
delays at 50X the human systemic exposure at the 105 mg Afrezza dose based on AUC 
comparison across species occur at exceedingly high systemic exposures. 
 
Afrezza Immunogenicity: The immunogenicity assessment of TI and Technosphere 
particles following inhalation or SC administration to rats for 28 days followed by a 28 
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day recovery period indicate no adverse effects on lymphoid tissue, lymphocyte 
subpopulations or T-cell dependent antibody responses.  There was a decrease in absolute 
and relative percentages of NK lymphocytes observed in animals given 75 mg/kg/d SC 
Technospheres but the absence of an SC control group makes the interpretation of this 
observation unclear.  Anti-drug antibody responses were not evaluated in chronic toxicity 
studies for this application. 
 
Potential Impurities/Extractables/Leachables 
Additional studies evaluating the toxicity of FDKP manufacturing process impurities as 
well as qualification of extractables, leachables and foreign particles were provided by 
the sponsor. 
 
Impurities:  FDKP process impurities  
were identified and qualified.  The major process impurities  were 
qualified in a 28-day rat SC toxicology study where each of these impurities were tested 
at % respectively.  The results of this study support the sponsor’s proposed 
release specifications.  This 28-day rat impurity qualification study tested impurities 
levels that were >10X the maximum human TI dose of 105 mg based on mg/m2 body 
surface area comparison across species.  Impurities:     were 
not qualified in this study because they were previously qualified in other studies at >8X 
the maximum human TI dose based on mg/m2 body surface area comparison across 
species.  FDKP impurity  was not qualified because it was removed during 
reformulation to TI.  Bacterial mutagenicity studies with FDKP impurities alone or 
FDKP containing impurities were not conducted due to solubility limitations in vitro.  
Genotoxicity testing of FDKP were negative. 
 
Impurity NOAEL 

(mg/m2) 
Impurity @ MRHD 
(mg/m2) 

Multiple of human impurity 
dose based on specification* 

 
Reference is made to the ONDQA chemistry review of Dr. Alan Schoeder regarding 
concerns for the safety of leachables/extractables/foreign particles in the insulin/device 
combination of Afrezza.   
Leachables:  Drug product was stored for 12 months at 5oC plus 4 months at 25 oC/60% 
relative humidity.  The headspace of the cartridge was evaluated for potential leachables 
consisting of the five largest extractable peaks    

  The five largest 
extractable peaks, which make up the list of potential leachables, are listed below along 
with their quantitation limits.  Since the five largest potential leachables were not present, 
the likelihood of finding other, smaller extractables peaks as leachables in the drug 
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product is low. 

 

  
The Division of Pulmonary and Allergy Products (DPAP) accept the 
extractable/leachable qualification limits in the Product Quality Research Institute 
(PQRI) proposal for orally inhaled and nasal drug products.  The PQRI qualification 
threshold of 0.15 µg/d for leachables having a structural alert for inhalational products is 
used.  

 
 

 
Therefore there potential leachables listed at or below their proposed product 
specification does not elicit a safety concern. 
 
Extractables:  Analysis for potential extractables found using extreme testing conditions, 
for the inhaler mouthpiece and chamber  

have been performed.   
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  The risk seems to be 

quite small here, for a dry powder inhaler.   
 
Foreign particulates:  The mass of foreign particles  µm in size) obtained from the 
emitted dose of the drug product observed in multiple batches is provided in section 
3.2.P.5.6.8 of the original NDA (Technosphere Insulin Inhalation System).  Estimation of 
quantification uses the following assumptions:   

 
 

 The following is the applicant’s 
summary of the characterization of foreign particulates in the drug product: 
 

 
At FDA’s request, the applicant has (subsequent to the original NDA) also proposed 
acceptance criteria for particle sizes larger than  microns.  The revised foreign 
particulate acceptance criteria are listed below: 

 

 
Since the sponsor is setting the specification for foreign particles as NMT  µg/d 
limit (particles  µm) based on an assumption that  

 a worse case scenario and this specification 
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clearly meets the EPA limits and in accordance with an IPAC-RS “International 
Pharmaceutical Aerosol Consortium on Regulation and Science”, this is acceptable.   

Afrezza Product Labeling 
Sponsor’s proposed label: 
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1 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) immediately 
following this page 
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Conclusions: 
The pharmacology and toxicology of insulin has been established over the last 90 years.  
Therefore the supporting nonclinical data for Afrezza have focused on the novel 
components of the inhalational Technosphere delivery system.  A complete nonclinical 
development program of repeat-dose, genetic, reproductive/developmental, local 
tolerance, sensitization, immune toxicology and carcinogenicity studies have been 
performed.  The results of these studies have suggested some potential for pulmonary 
irritation with Afrezza at maximum clinical exposures (105 mg Afrezza). This is based on 
minimal to mild lung irritation observed in rats and dogs following chronic exposure to 
Technospheres by inhalation at 2-fold higher exposures in animals relative to therapeutic 
exposure at the maximum clinical dose (105 mg Afrezza).  These findings in test species 
did not have any functional significance on respiratory function.  The respiratory 
irritation appeared to recover with discontinuation of Technosphere inhalation in animals.  
Evidence of pulmonary inflammation was not observed following chronic inhalational 
administration in rats and dogs, including lifetime exposure in rat. Based on the limited 
nature of these nonclinical findings, this application is recommended for approval with 
the enclosed labeling comments. 
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EXECUTIVE SUMMARY 
 
I. Recommendations 
 

A. Recommendation on approvability 
 

 Pharmacology recommends approval of this application. 
 

B. Recommendation for nonclinical studies 
 

 No further nonclinical studies will be needed. 
 
C. Recommendations on labeling 

 
  See draft labeling changes on pages 456 – 458. 
 
II. Summary of nonclinical findings 
 

A. Brief overview of nonclinical findings 
 

In nonclinical studies, both Technosphere® Insulin (TI), insulin absorbed to 
Technosphere® particles) and Technosphere® particles (T) alone were tested.  
Technosphere® particles are comprised of a novel excipient, fumaryl 
diketopiperazine (FDKP).  TI doses were limited by the pharmacology of insulin, 
which resulted in hypoglycemia, so higher doses of Technosphere® particles 
were administered alone to maximize FDKP exposure.   

 
The toxicology of TI and T was characterized in repeated-dose inhalation 
studies in rats and dogs.  TI and T were well-tolerated in general.  The primary 
toxicity was related to expected exaggerated insulin pharmacology 
(hypoglycemia) at high doses.  In 26 week rat study, 11.7 mg/kg/day for T and 
1.05/0.404 (male/female, low-dose TI) and 1.91/1.28 (male/female, high-dose TI) 
mg/kg/day TI were tested by nose only inhalation.  There were some findings: 1) 
increased lung weights in rats with no histological correlation, 2) eosinophilic 
globules and epithelial degeneration observed in nasal cavities of T group, which 
regressed in females but remained in males after a 4-week recovery, 3) slightly 
increased bronchial proliferating cell nuclear antigen activity in the upper 
respiratory tract, probably related to exposure duration and upper airway 
particulate impaction in T alone (in males) and low/high-dose TI (in males and 
females) groups, and 4) degeneration and necrosis of the myocardium and 
infiltration of mononuclear cells in approx. 50% males treated with T, which 
remained in males after 4 week recovery.  Such cardiac finding, associated with 
T, was not observed in dog histopathological finding.  The airway findings were 
consistent with minimal to mild respiratory irritation at 2x human systemic 
exposure and did not correlate to any preneoplastic or neoplastic findings.  This 
suggests the possibility of some mild airway irritation with clinical use.  The 
NOAELT was < 11.7 mg/kg/day and the NOAELTI was 1.91/1.28 (male/female) 
mg/kg/day.  The safety margin based on FDKP exposure was approx 1.5-fold 
greater than maximum anticipated daily exposure. 
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In 39 week dog study, 2.4 (low-dose T) and 10.9 (high-dose T) mg/kg/day T and 
0.39 (low-dose TI) and 1.92 (high-dose TI) mg/kg/day TI were tested.  There 
were some findings: 1) increased minimal to mild neutrophil infiltrate of lungs in 
high-dose TI group, which regressed after an 8-week recovery and 2) thymic 
atrophy, hypocellularity of the seminiferous epithelium, and germ cell 
degeneration seen in both T and/or TI groups.  The NOAELT was 10.9 
mg/kg/day and the NOAELTI was 1.92 mg/kg/day.  The safety margin based on 
FDKP exposure was approx 2-fold greater than maximum anticipated daily 
exposure.   
 
Genotoxicity studies were conducted in vitro with Technosphere (T) and 
Technosphere + insulin (TI) and in a mouse micronucleus assay (T only).  T and 
TI showed no apparent genotoxic potential.   
 
Carcinogenicity studies in rats (inhalation) and transgenic mice (subcutaneous) 
were conducted.  There was no evidence of increased oncogenicity, as well as 
microscopic pathological findings, related to TI or T.  NOAELs for T in the 
mouse (75 mg/kg/day) and rat (46 mg/kg/day) carcinogenicity studies were at the 
maximum doses tested, and represented approx. 1.2- and 0.2-fold of the projected 
maximum human exposure (or max blood levels) respectively. 
 
Technosphere® particles were evaluated in reproductive and developmental 
toxicity studies in rats and/or rabbits (subcutaneous).  In rats, there was no T-
induced impairment of fertility and no teratogenic findings at 100 mg/kg/day, and 
some effects (learning impairment and decreased male reproductive organ 
weights) on offspring at 30 and 100 mg/kg/day.  Exposure was confirmed in 
pregnant animals, and a separate rat fetal TK study confirmed in utero.  FDKP 
was also present in the mother’s milk in rats at about 10% of the maximum 
concentration detected in the systemic circulation.  FDKP was also detected in rat 
fetal circulation at concentrations comparable to the maternal plasma 
concentrations of GD (gestation day) 18.  In rabbits, there was maternal weight 
loss and malformations observed at 2 mg/kg/day T.  In addition, T had safety 
margins for tolerability and embryo/fetal development, ranging from approx. 3 to 
8-fold human exposure multiples in rats and rabbits) during pregnancy.  
 
Additional studies to toxicity of process impurities were also performed.   
impurities  

) were identified and qualified in toxicology studies.  Major impurities 
 were further studied in 28-day 

SC rat study and there was no additional systemic toxicity seen in these animals, 
compared to the parent drug. 

 
B. Pharmacologic activity 

 
In vitro study results, from an evaluation of FDKP binding to 63 diverse 
receptors or enzyme of neurotransmitter-related receptors, steroids, ion channels, 
secondary messenger, prostaglandins, growth factors or hormones, and brain or 
gut peptides showed that only 1 of 63 receptors (γ-Bungarotoxin insensitive 
nicotinic receptor was inhibited at > 50%.  In follow-up experiments, the Ki 
values ranged from 95.9 to 333 µM, suggesting weak inhibition.  The anticipated 

(b) (4)

(b) (4)

(b) (4)
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maximum concentration of FDKP in humans is approx.  µM, so the safety 
margin is 96-fold the maximum anticipated clinical dose for this receptor. 
 
In vitro study results, from inhalation studies in rats and dogs, showed that blood 
glucose reductions were observed in rats and dogs, in a dose-dependent manner,.  
In dogs, following TI inhalation, the nadir in glucose levels happened approx. 20 
to 60 min postdose.  This was correlated to mean peak serum insulin levels that 
occurred approx.10 min postdose.  On the other hand, following T inhalation, no 
reduction in blood glucose was observed, suggesting that FDKP had no effect on 
blood glucose levels. 

 
C. Nonclinical safety issues relevant to clinical use 

 
There might be lung irritation, based on 39 week inhalation dog study, where 
minimal to mild alveolar/bronchial interstitial neutrophil infiltration was seen in 
lungs of all TI-treated groups.  These findings regressed following 8 weeks 
recovery. 
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2.6  PHARMACOLOGY/TOXICOLOGY REVIEW 
  

2.6.1 INTRODUCTION AND DRUG HISTORY 
 
NDA number:  22-472 
Review number:  001 
Sequence number/date/type of submission:  0000 (original application as a 505(b)(1) 
submission), March 16th 2009, e-CTD submission. 
Information to sponsor: Yes ( ) No (x) 
Sponsor and/or agent:  MannKind Corporation (Paramus, NJ) 
Manufacturer for drug substance:  MannKind Corporation (Danbury, CT) 
Reviewer name:  Miyun Tsai-Turton, Ph.D., M.P.H. 
Division name:  DMEP 
HFD #:    510 
Review completion date:  December 1st, 2009 
 
Drug: 
 Trade name:  Afrezza 
 Generic name:  Insulin monomer human [rDNA origin] 
 Code name:  FDKP/Fumaryl Diketopiperazine/224 
 Chemical name:  FDKP as:  
 

 
 
 CAS registry number:  11061-68-0 (insulin); 294659-59-9 (FDKP) 
 Molecular formula/molecular weight:  C257H383N65O77S6 / 5808 (insulin) 
                                                               C20H28N65N4O8 / 452.46 (FDKP) 
 Structure:  See below. 
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Technosphere + insulin (TI) drug product is prepared by absorption of recombinant-
human insulin onto Technosphere particles which are comprised of FDKP.  FDKP 
undergoes acid-induced intermolecular self assembly in water. 

 
Relevant INDs/NDAs/DMFs:  IND 61,729, DMF  
 
Drug class:  Hyperglycemic agent 
 
Intended clinical population:  T1DM  and T2DM  

 
 
Clinical formulation:  15 U insulin (5 mg TI powder) and 30 U insulin (10 mg TI powder), 
Technosphere® Insulin (TI) Inhalation Powder/MedTone® Inhaler combination: human insulin, 
fumaryl diketopiperazine (FDKP),  polysorbate 80. 
 
Note from the reviewer:  MRHD = 315 U insulin (105 mg TI powder in divided doses over 3 
meals (90 U or 30 mg/meal) and 1 snack (45 U or 15 mg). 
 

 
 
Route of administration: Oral inhalation using a novel device; MedTone® Inhaler  
 
Disclaimer:  Tabular and graphical information are constructed by the reviewer unless cited 
otherwise. 
 
Studies reviewed within this submission:  PD, safety pharm, PK, and tox 
 
Pharmacodynamics (3 studies) 

 MKC-2002-2009: IC50/Ki in vitro study (non-GLP) 
 MKC-2006-0023: PD/PK study in dogs 
 MKC-2006-0024: PD/PK study in rats 

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Safety Pharmacology (8 studies) 

 PDC-PC-2002-0007: CNS study in rats 
 PDC-PC-2002-0005: CV in vivo study in dogs 
 MKC-PC-2005-17: CV in vitro study 
 MKC-PC-2006-38: Renal study in rats 
 MKC-PC-2007-21: Pulmonary study of T in rats - fxn 
 MKC-PC-2007-22: Pulmonary study of TI in rats - fxn 
 MKC-PC-2007-23: Pulmonary study of T in rats - RR and TV 
 MKC-PC-2007-24: Pulmonary study of TI in rats – RR and TV 

 
Pharmacokinetics (23 studies) 

 Absorption  
 PDC-PC-2000-2011: T in rat lung 
 MKC-PC-2005-0003: 14-day sc PK study in CD-1 mice (T) 
 MKC-PC-2006-0001: PK sc study in male dogs (TI) 
 MKC-PC-2006-0002: PK sc study in minipigs (TI) 
 MKC-PC-2006-0034: AME after a single iv in rats (T) 
 MKC-PC-2006-0035: AME after a single iv in rats (TI) 
 MKC-PC-2006-0036: AME after a single iv in dogs (T) 
 MKC-PC-2007-0005: AME after a single IT, sc, or po  in rats (T) 
 MKC-PC-2007-0009: AME after a single IT, sc, or po in dogs (T) 
 MKC-PC-2007-0010: AME after a single IT or po  in rats (TI) 
 MKC-PC-2007-0011: AME after a single iv in dogs (T) 
 MKC-PC-2007-0012: AME after a single iv in rats (TI) 
 MKC-PC-2007-0013: AME after a single iv in rats (T) 

 Distribution 
 PDC-PC-2002-0008: PK/Distribution after a single IT in rats (TI) 

 Metabolism  
 PDC-PC-2000-0004: Cytochrome P450 activity (T) 
 MKC-PC-2003-0007: Metabolite stability and profiling using hepatocytes (T) 
 MKC-PC-2004-0009: In vitro metabolism of FDKP 
 MKC-PC-2006-0014: Cytochrome P450 (T and TI) 

 Elimination  
 PDC-PC-2000-0007: Excretion in urine after iv in rats (T) 
 MKC-PC-2004-0020: Metabolite profile in urine and recovery in feces after a single IT or 

sc in rats (T) 
 PK Drug Interaction and Other PK 

 MKC-PC-2003-0018: Protein binding in plasma (T) 
 MKC-PC-2006-2008: PK of TI after sc, iv, po in rats (TI) 
 MKC-PC-2006-0009: PK of TI after crossover sc and po in dogs (TI) 

 
Single dose toxicity (3 studies) 

 PDC-PD-1993-0001: acute oral tox rat study  
 PDC-PC-1993-0002: acute oral tox rat study 
 PDC-PD-1004-0002: acute oral tox dog study 

 
Repeat dose toxicity (11 studies) 

 PDC-PC-1994-0001: 4-week study in dogs 
 PDC-PC-1996-0001: 5-day study in dogs 
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 PDC-PC-1996-0002: 4-week study in rats 
 PDC-PC-1997-0001: 4-week study in dogs 
 PDC-PC-1999-0002: 26-week study in rats  
 PDC-PC-2000-0003: 13-, 26-, 39-week study in dogs 
 MKC-PC-2003-0002: 26-week study in rats  
 MKC-PC-2003-0004: 39-week study in dogs 
 MKC-PC-2003-0022: 5-day study in dogs 
 MKC-PC-2005-0011: 13-week study in CD-1 mice 
 MKC-PC-2006-0011: 28-day study in rasH2 Hybrid mice 

 
Carcinogenicity (2 studies) 

 MKC-PC-2004-0001: 104-Weekinhalation study in rats 
 MKC-PC-2007-0003: 26-Week sc study in transgenic mice 

 
Reproductive Toxicity (7 studies) 

 Fertility and early embryonic development (T only) 
 PDC-PC-2001-0006: fertility study in rats 
 MKC-PC-2004-0003: development study in rabbits  

 Embryofetal development (T only) 
 PDC-PC-2002-0012: embryo-fetal dev study in rats 
 PDC-PC-2001-0003: teratology study in rats  
 MKC-PC-2004-2004: dev tox study in rabbits 
 MKC-PC-2006-0010: fetal TK study in rats  

 Prenatal and postnatal development (T only) 
 PDC-PC-2004-0008: peri/post-natal repro tox study in rats 

 
Local tolerance & special toxicity (14 studies) 

 MKC-PC-2007-0019: skin irritation in rabbits 
 PDC-PC-2001-0001: antigen 
 MKC-PC-2007-0004: phototox 
 MKC-PC-2008-0001: ecotox, Daphnia magna 
 MKC-PC-2008-0002:: ecotox, green alga 
 MKC-PC-2008-0005: PS80 tox/TK profile 
 MKC-PC-2008-2006: impurity 
 MKC-PC-2008-0016: skin irritation w/ 3 FDKP intermediates 
 MKC-PC-2008-0018: delayed contact hypersensitivity w/ 3 FDKP intermediates 
 MKC-PC-2008-0019: cute oral tox w/ 3 FDKP intermediates 
 MKC-PC-2008-0020: immunotox 
 MKC-PC-2008-0021: partition coefficient of FDKP 
 MKC-PC-2008-0023: eye irritation w/ 3 FDKP intermediates 
 MKC-PC-2008-0024:biodegradability of FDKP 

 
Studies not reviewed within this submission:  None. 
 
Note:  For NDA reviews, all section headings should be included. 
 
Introduction and drug history:  
 
Afresa™ is an ultra rapid acting prandial insulin for treatment of T1DM and T2DM in adults.  It 
consists of Technosphere® Insulin Inhalation Powder pre-metered into unit dose cartridges and 
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the MedTone® inhaler.  Technosphere® Insulin (TI) Inhalation Powder is a dry powder 
formulation of insulin.  It is administered by the reusable, high resistance, breath-powered 
MedTone® inhaler.  TI is comprised primarily of insulin and a novel excipient, fumaryl 
diketopiperazine (FDKP).   
 
TI is formed by adsorbing insulin into the surface of Technosphere® particles.  Technosphere 
particles are formed prior to insulin adsorption by the acid-induced crystallization of FDKP.  
Subsequently, those crystals were self-assembled into particles with a compact, approximately 
spherical shape.  TI particles have a median diameter of approx. 2.5 µm and are sized 
appropriately for inhalation into the deep lung.  Following inhalation, TI particles dissolve 
immediately at physiological pH and insulin and FDKP are absorbed systemically.  Peak 
circulating insulin concentrations occur within 12-14 min after administration.  This closely 
mimics the natural mealtime insulin release characteristics of healthy individuals.   
 
Regulatory history of Technosphere® Insulin Inhalation System is listed below, provided by the 
sponsor.   
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2.6.2 PHARMACOLOGY 
 
2.6.2.1 Brief summary   
 
The pharmacology program was conducted with both T and TI.  Pharmacodynamic studies were 
done to evaluate the glucose lowering capability of insulin, administered as TI.  Safety 
pharmacology studies included both in vitro assays (hERG channel assay) and in vivo studies (CV 
studies in dogs, respiratory function studies in rats, a CNS study in rats, and a renal study in rats) 
with T and TI.   
 
Primary pharmacodynamics:  In vitro study results, from an evaluation of FDKP binding to 63 
diverse receptors or enzyme of neurotransmitter-related receptors, steroids, ion channels, 
secondary messenger, prostaglandins, growth factors or hormones, and brain or gut peptides 
showed that only 1 of 63 receptors (γ-Bungarotoxin insensitive nicotinic receptor) inhibited at > 
62%.  In follow-up experiments, the Ki values ranged from 95.9 to 333 µM, suggesting weak 
inhibition.  The anticipated maximum concentration of FDKP in humans is approx.  µM, so 
the safety margin is 96-fold the maximum anticipated clinical dose with TI for this receptor.  In 
addition, in vitro study results, from inhalation studies in rats and dogs, showed that blood 
glucose reductions were observed in rats and dogs, in a dose-dependent manner,.  In dogs, 
following TI inhalation, the nadir in glucose levels happened approx. 20 to 60 min postdose.  This 
was correlated to mean peak serum insulin levels that occurred approx.10 min postdose.  On the 
other hand, following T inhalation, no reduction in blood glucose was observed, suggesting that 
FDKP had no effect on blood glucose levels. 
 
Safety pharmacology:  These studies demonstrated that neither T nor TI affected CV, respiratory, 
CNS, or renal functions. 
 

 CNS safety pharmacology study used a Functional Observational Battery (FOB) test, 
including grip strength, hind limb splay, body temperature, and motor activity, to detect 
potential undesirable CNS effect of T and TI, in albino male rats.  When compared to predose 
values, there was a decrease in motor activity in the 0.125 mg/kg TI group.  When compared 
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to high-dose T (12.5 mg/kg) group, there was an increase in motor activity in the 0.125 mg/kg 
TI group.  This might suggest that T could lead to decreased motor activity if compared to 
untreated control group.  This finding was considered, by the sponsor, biologically irrelevant 
because predose motor activity in the TI group was higher than postdose motor activity.  
However, with no untreated control group was included in this study, it would be hard to 
determine the relevance of this finding. 

 
 In vivo CV safety pharmacology study demonstrated that there was no evidence of cardiac 

adverse effects in telemeterized, conscious dogs in a single-dose, as well as in a 39-week dog 
inhalation toxicity study.  There were no effects on ECG or QTc intervals.  Hemodynamic 
changes were seen in dogs received T containing PS80, a component of TI powder.  
However, these changes were not seen with PS80-free T and were considered to be species-
specific.  In vitro CV safety pharmacology study also showed that T and TI did not 
significantly block the hERG channel at levels up to 100 µM, which were 65- and > 96-fold 
over the maximum human serum FDKP levels, respectively.   

 
 Respiratory safety pharmacology studies indicated that T up to 50 mg/kg and TI up to 0.32 

mg/kg, via the IV and IT routes, did not alter tidal volume, respiratory rate, airway resistance, 
mean arterial pressure, dynamic lung compliance, or heart rate in conscious and anesthetized 
rats.  Safety margins for Technosphere particles (T) were 15X and 2X for Technosphere + 
insulin (TI).  Maximum FDKP levels attained in these studies were approx 90-fold greater 
than the max anticipated human exposure.  On a mg/kg basis, for the tidal volume and 
respiratory rate, safety margins were 33-fold for T and 2-fold for TI.  For airway resistance, 
mean arterial pressure, dynamic lung compliance, and heart rate, safety margins were 33-fold 
(IV injection) and 15-fold (IT delivery) for T and 2-fold for TI. 

 
 Renal safety pharmacology study revealed that T up to 50 mg/kg and TI up to 0.32 mg/kg had 

no effects on electrolyte concentration, urine output, and creatinine clearance, in rats via the 
IV route, suggesting no renal toxicity and normal renal function. 

 
 Drug-drug interaction studies showed that FDKP did not bind to proteins in mouse, rat, 

rabbit, dog, monkey, and human plasma.  Up to 200 µM FDKP did not inhibit CYP1A2, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, and CYP3A4 in vitro, indicating that FDKP was 
not an inhibitor of cytochrome P450 enzymes.  Therefore, it was unlikely to cause clinically 
relevant drug-drug interactions when administered with cytochrome P450 substrates, 
including warfarin, simvastatin, and dextromethorphan.  In addition, FDKP+insulin and up to 
10 µM FDKP did not induce CYP3A4 activity in cultured human hapatocytes.  Thus, neither 
TI nor T was likely to cause decreased exposure of CYP3A4 substrates. 

 
2.6.2.2 Primary pharmacodynamics   
 
Mechanism of action:  To lower blood glucose levels by stimulating peripheral glucose uptake 
by skeletal muscle and fat, and by inhibiting hepatic glucose production. 
 
Drug activity related to proposed indication:   
 
2 studies were provided by the sponsor. 
 

 MKC-2006-0023: PD/PK study in dogs 
 MKC-2006-0024: PD/PK study in rats 
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MKC-PC-2006-0023: Single Dose Inhalation Pharmacokinetics and Pharmacodynamic Study of 
Technosphere® and Technosphere®/Insulin in Beagle Dogs [By  Study No. 65016] 
 
This study was to determine the PD and PK profile of T and TI following a single oronasal 
inhalation administration to dogs.  Twenty-four animals were allocated to 4 groups (3/sex/group).  
Groups 1, 3, and 4 animals were exposed once for 15 min where as Group 2 animals were 
exposed for 65 min.  Blood samples were collected predose, during dose (10 min after the start of 
dosing for all groups, and 20 and 40 min after the start of dosing for Group 2), immediately after 
dosing (within 5 min), 10, 20, 40, 60 min, 2, 4, 8, 24 hrs after the end of dosing. 
 

 
 

 
 

 
 
Findings:  T and TI were well tolerated by the dogs.  There were no significant treatment related 
mortalities or clinical observations noted during or immediately after exposure.  For insulin, dose 
related increases in insulin Cmax and AUC0-4h as a function of dose were seen in both males and 
females.  These increases were greater than dose-proportional.  No sex differences in insulin t½ 
and tmax were seen for both insulin dose levels.  For FDKP, it was detected in all samples 
collected from all groups, following the initiation of T and TI treatments.  Dose-related increases 
in Cmax and AUC0-last were observed in this study.  These increases were approx. dose-
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proportional.  No sex differences in the PK of FDKP were noted.  For glucose, a dose-dependent 
decrease in glucose levels was seen 10 min after the end of dosing in both sexes of Groups 3 and 
4, ranging between 19 and 47%, when compared to their respective pre-treatment levels.  The 
lowest glucose levels were seen 20 to 40 min after treatment, down to 44 and 33% of pre-
treatment levels for Group 4 males and females, respectively.  These glucose levels returned to 
normal by the 2 hr timepoint in males and by the 4 hr timepoint in females.  The decrease in the 
glucose levels was more pronounced in Group 4 (high TI) than in Group 3 (low TI) animals.  As 
the decrease in glucose levels was expected pharmacology of treatment with insulin, they were 
not considered to be of any toxicological significance. 
 
MKC-PC-2006-0024: Single Dose Inhalation Pharmacokinetics and Pharmacodynamic Study of 
Technosphere® and Technosphere®/Insulin in Spraque Dawley Rats [By  Study no. 75022] 
 
This study was to determine the PD and PK profile of T and TI following a single nasal inhalation 
administration to rats.  Seventy-two animals were allocated to 4 groups (9/sex/group).  All 
groups, except females from Groups 3 and 4, were exposed once for 60 min.  Females from 
Groups 3 and 4 were exposed for 20 and 36 min respectively.  Blood samples were collected 
during dose (20 and 40 min after the start of dosing), immediately after dosing (within 5 min), 10, 
20, 40, 60 min, 2, 4, 8, 24 hrs after the end of dosing. 
 

 
 

 
 
Findings:  T and TI were well tolerated by the rats at all doses administered and no treatment 
related mortalities or clinical observations occurred during or immediately after exposure.  For 
insulin, quantifiable levels of insulin were observed in Groups 3 and 4 after a single nasal 
inhalation TI administration.  The increases in Cmax and AUC0-24h were dose-dependent.  Female 
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rats seemed to have higher systemic exposures of insulin after adjusting for the administered 
dose.  The elimination half-life of human insulin in rats was short and approx. 1 hr where 
determinable.  For FDKP, it was detectable in the serum of male and female rats after a single 
nasal T or TI administration for at least 9 hrs after the initiation of administration.  Peak serum 
levels (Cmax) of FDKP in rats were achieved with 1.17 hrs after the start of dosing at all dose 
levels.  Serum FDKP levels declined bi-exponentially with half-life values ranging from 1.2 to 
3.8 hrs, when able to calculate.  In general, Cmax values were higher in female rats than in male 
rats after adjusting for the administered dose, with the exception of Group 3 in which the males 
had a higher Cmax.  There was no clear relationship between AUC0-last values and sex.  Increases in 
dose resulted in increases in FDKP Cmax and AUC0-last in both males and females.  These increases 
were nearly dose-proportional.  For glucose, dose-dependent decreases in glucose levels were 
observed after completion of treatment, attaining 19% in Group 4 males and 23% in Groups 4 
females, when compared to pre-dose levels.  Glucose levels were back to normal, or higher, 60 
min after treatment in Group 4 (high TI). 
 
2.6.2.3 Secondary pharmacodynamics   
 
MKC-PC-2002-0009: Receptor Binding: IC50/Ki Determination [By  – Non-GLP] 
 
No study summary was provided.  The results from this non-GLP study were described in the 
Module 2.4 Nonclinical Overview.  Only 1 of 63 receptors (γ-Bungarotoxin insensitive nicotinic 
receptor) from the Ames Assay was inhibited at > 50%.  The Ki values for this receptor ranged 
from 95.9 to 333 µM, suggesting weak inhibition.   
 
2.6.2.4 Safety pharmacology   
 
8 studies were provided by the sponsor. 
 

 PDC-PC-2002-0007: CNS study in rats 
 PDC-PC-2002-0005: CV in vivo study in dogs 
 MKC-PC-2005-17: CV in vitro study 
 MKC-PC-2006-38: Renal study in rats 
 MKC-PC-2007-21: Pulmonary study of T in rats - fxn 
 MKC-PC-2007-22: Pulmonary study of TI in rats - fxn 
 MKC-PC-2007-23: Pulmonary study of T in rats - RR and TV 
 MKC-PC-2007-24: Pulmonary study of TI in rats – RR and TV 

 
Neurological effects:   
 
PDC-PC-2002-20007: Safety Pharmacological Assessment: Effects of Technosphere® and 
Technosphere®/Insulin on the Central Nervous System of the Albino Rat [By  
Study No. 93556] 
 
The study was to detect undesirable effects of T (vehicle) or TI (test article) on the CNS 
following IV administration to male albino rats.  All animals were observed twice daily for signs 
of reaction to treatment.  A FOB (Functional Observational Battery) assessments of grip strength, 
hind limb splay, and body temperature, and motor activity were performed for all animals once 
predose and at approx. 15 min, 1, and 24 hrs postdose.   
 

(b) (4)
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Findings:  There were no deaths and no clinical signs observed in these rats.  No biological 

significant effects on FOB parameters were observed.  However, at the 15 min post-dose 
timepoint animals given TI at 0.125 mg/kg showed increased total activity counts when 
compared to the groups given T at 0.125 and 12.5 mg/kg.  This trend continued at the 1 
hr and 24 hr post-dose timepoints.  The significance of this increase motor activity in TI 
group was uncertain since when compared the animals’ predose values, motor activity 
was decreased.  In addition, this finding might suggest that T could lead to decreased 
motor activities if compared to untreated controls.  However, there was no untreated 
control group except pre-dose values from each dose group. 
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Cardiovascular effects: 
 
PDC-PC-2002-20005: A Pharmacological Assessment of Intravenous Administration of 
Technosphere®/Insulin Formulations on the Cardiovascular System of the Conscious 
Telemetered Beagle Dog [By  Study No. 93554] 
 
This study was to evaluate the pharmacological effects of T (control article) and TI (test article) 
with and without Tween, on the cardiovascular system following IV bolus administration to the 
conscious beagle dog.  The vehicle article was PBS in this study.  These dogs were instrumented 
with radiotransmitters for the recording of systemic blood pressure (mean, systolic, and diastolic), 
heart rat, and modified lead II ECG.  The test articles were administered by IV bolus injection to 
a peripheral vein.  These animals were observed for mortality and signs of reaction to treatment 
twice daily.  In addition, details examinations were performed once prior to treatment initiation 
and after each dosing occasion.  Blood samples were collected for plasma histamine levels, 
approx. 10-14 min postdose, commencing on Dose 4 through Dose 7.  Blood samples were also 
collected for immunoglobulin levels, prior to treatment for Doses 5 through 7, and at approx. 24 
hrs post treatment for Doses 4 through 7. 
 

(b) (4)
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Findings:  Treatment-related clinical sings were seen immediately following Dose 3 (125 mg/kg 
T) on Day 8 in 4/6 dogs.  Clinical signs included labored breathing, elevated respiratory rate, 
defecation, moderate to hyper salivation, pale skin, and reduced activity.  There reactions to 
treatment were consistent with the systemic release of histamine.  However, no reaction treatment 
was observed on Days 1 to 4 or subsequent (Days 53, 57, 64, and 71) dose occasions.   
 
The CV studies showed that on Dose 2, Day 4, there were no hemodynamic effects associated 
with 0.125 mg/kg T.  On Dose 3, Day 8, 2 animals (1001 and 1002) had slight but transient 
elevations in heart rate post-dosing at 12.5 mg/kg T.  However, it was not determined if the blood 
pressure was reduced or maintained between 0 and 30 min postdose.  One animal (1004) had the 
largest but transient heart rate increase postdose and a slight reduction in blood pressure (approx. 
25 mm Hg), which resolved between 2 and 3 hrs postdose.  One animal (1005) had a transient 
reduction in blood pressure (approx. 20 mm Hg), which resolved by approx. 3 hrs postdose.  
These observations were suspected to be related to the histamine reactions observed in most 
animals at this dose level.  Two other animals (1003 and 1006) were unaffected.  On Dose 4, Day 
52, there were no hemodynamic effects associated with Tween-free T at 12.5 mg/kg.  On Dose 5, 
Day 57, 3 out of 6 animals (1002, 1003, and 1005) showed slight but transient reduction in 
systolic blood pressure (approx. 15-20 mm Hg) following dosing with TI at 0.125 mg/kg.  These 
changes were considered to be related to animals’ activity and/or the experimental procedure.  On 
Day 6, Day 64, mild but transient blood pressure effects were noted in 50% of the dogs receiving 
T at 1.25 mg/kg.  These were considered likely related to Tween formulation and subsequent 
histamine release in some animals.  On Dose 7, Day 71, 1 animal (1003) had a transient reduction 
in blood pressure and heart rate postdose at 12.5 mg/kg T.  It was considered due to individual 
variation rather than a direct effect of T. 
 
The ECG results showed that there were no test article related effects following any of the 7 
treatments.  The histamine levels were also measured in these dogs.  At Doses 4-7, very low 
levels of histamine (< 1.5 ng/ml) were seen in 2/6 to 5/6 animals.  In the TI group (Dose 5), 2/6 
animals had detectable histamine levels, compared to all other dose groups.  At Doses 3 and 7 
(given 12.5 mg/kg T), the highest number of animals with detectable histamine levels were 
observed.  However, there was no correlation with the presence of histamine or histamine levels 
and hemodynamic changes. 
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MKC-PC-2005-0017: Effect of Technosphere® and Technosphere® Insulin on Cloned hERG 
Potassium Channels Expressed in Mammalian Cells [By , Study No. 
050726.NBD] 
 
The in vitro effect of T and TI (test articles) on hERG currents were evaluated in HEK293 cells 
stably expressing hERG channel.  E-4031 was a reference substance, which was prepared in 
DMSO (test article carrier), to selectively inhibits hERG current with IC50 of 12 nM.  Findings:  T 
inhibited hERG current by 14% (n=3) at 100 µM.  Since a mean current inhibition at this 
concentration did not exceed 20% the lower concentrations selected for this study, IC50 was not 
determined.  In addition, TI inhibited the hERG currents by 1.3%, 12.9%, 27.4%, and 61.2% at 1, 
10, 30, and 100 µM.  The IC50 of TI for hERG currents was calculated to be 67.64 µM.  By 
contrast, the positive control, 60 nM Terfenadine (positive control article), inhibited the hERG 
current by 82%.   
 

 
 

 
 
Pulmonary effects:   

(b) (4)
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MKC-PC-2007-0021: Influence of Technosphere® Powder on Pulmonary Function in the 
Anaesthetized, Ventilated Spraque-Dawley Rat [By  Study no.  
07043-RPT01988] 
 
This study was to assess the effects of T (test article) administered 1) at doses of 5 mg via the IT 
(intratracheal) route, and 2) at a dose of 11 and 50 mg/kg via the IV (intravenous) route, on 
airways resistance (RL), dynamic lung compliance (Cdyn), heart rate, and mean arterial blood 
pressure (MAP) in anaesthetized, ventilated male rats, and to determine the FDKP levels in rat 
serum.  There were 5 treatment groups with 8 rats per group.  Each rat received a single IT or IV 
dose.  Rats were then anaesthetized, paralyzed, and ventilated via a tracheal cannula with a 
mixture of air and oxygen.  PBS was used as the vehicle article and acetylcholine chloride was 
used as the reference article in this study.   
 

 
 
Findings:  One animal from Group 5 died under anesthesia approx. 45 min after dosing.  The 
death was related to problems in cannulation of the carotid artery. 
 

 For dosing solution analysis, all dosing solution samples contained ≤ 90% of the projected 
concentration.  Actual concentrations ranged from 64.0 to 84.0%.  Therefore, the actual doses 
of the test substance were approx. 3.54 mg (Group 2), 8.14 mg/kg (Group 4), and 33.9 mg/kg 
(Group 5). 

 
 For respiratory function via the IT route, T (5 mg) had no effect on RL at any time.  A small 

decrease in Cdyn was observed (see figure below).  However, these changes were not 
significantly different when compared to time-matched VH (PBS) treated animals.  A small 
but significant decrease in heart rate was seen 15 and 25 min after dosing, when compared to 
time-matched VH treated animals (see figure below).  No significant decrease was observed 
at any other time point and it was likely that such effect was not biologically significant.  
Administration of ACh (100 µg/kg) at 120 min caused a substantial increase in RL, and a 
decrease in Cdyn, heart rate, and MAP.  T at 5 mg did not significantly affect the magnitude of 
the response to ACh. 

 

(b) (4) (b) (4)
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 For respiratory function via the IV route, T (11 and 50 mg/kg) had no effect on RL and Cdyn at 
any time.  Transient decreases in heart rate and MAP were observed right after IV dosing 
with either VH or T.  T had no effect on either heart rate or MAP at any time point in the 
study.  Administration of ACh (100 µg/kg) at 120 min caused a substantial increase in RL, 
and a decrease in Cdyn, heart rate, and MAP.  T at 11 and 50 mg/kg did not significantly affect 
the magnitude of the response to ACh. 
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All in all, T had no significant effect at the doses used in this study on either RL, Cdyn, heart rate, 
and MAP when administered by either the IT and IV routes.   
 
MKC-PC-2007-0022: Influence of Technosphere®/Insulin on Pulmonary Function in the 
Anaesthetized, Ventilated Spraque-Dawley Rat [By  Study no.  
07044-RPT01989] 
 
This study was to assess the effects of TI (test article) administered 1) at doses of 1 mg via the IT 
route, and 2) at a dose of 0.32 mg/kg via the IV route, on airways resistance (RL), dynamic lung 
compliance (Cdyn), heart rate, and mean arterial blood pressure (MAP) in anaesthetized, ventilated 
male rats, and to determine the FDKP levels in rat serum.  There were 4 treatment groups with 8 
rats per group.  Each rat received a single IT or IV dose.  Rats were then anaesthetized, paralyzed, 
and ventilated via a tracheal cannula with a mixture of air and oxygen.  PBS was used as the 
vehicle article and acetylcholine chloride was used as the reference article in this study.   
 

 
 
Findings:   
 

 For dosing solution analysis, all dosing solution samples contained ≤ 90% of the projected 
concentration.  Actual concentrations ranged from 40.17 to 57.3%.  Therefore, the actual 
doses of the test substance were approx. 0.51-0.57 mg by the IT route and 0.13 mg/kg by the 
IV route.   

 
 For respiratory function via the IT route, TI (1 mg) or VH (100 µL PBS) caused an increase 

in RL and a reduction of Cdyn (see figures below).  However, the magnitude of the changes in 
response to TI was not significantly different from VH except for Cdyn at 20 min after dosing 
(small decrease when compared to time-matched VH treated animals).  Since no significant 
decrease was seen at any other time point, it was likely that this effect was not biologically 
significant.  In addition, TI had no effect on heart rate and MAP at any time after IT 
administration.  Administration of ACh (100 µg/kg) at 120 min caused a substantial increase 
in RL, and a decrease in Cdyn, heart rate, and MAP.  TI at 1 mg did not significantly affect the 
magnitude of the response to ACh. 

 

(b) (4) (b) (4)
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 For respiratory function via the IV route, TI (0.32 mg/kg) had no effect on RL, heart rate, and 
MAP at any time.  A small but significant increase in Cdyn was seen only at 10 min after 
dosing, when compared to time-matched VH treated (1 ml/kg) animals (see figure below).  
Since no significant decrease was observed at any other time point, it was likely that the 
effect was not biologically significant.  Administration of ACh (100 µg/kg) at 120 min 
caused a substantial increase in RL, and a decrease in Cdyn, heart rate, and MAP.  TI at 0.32 
mg/kg did not significantly affect the magnitude of the response to ACh. 
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Overall, TI had no biologically significant effect at the doses administered in this study on RL, 
Cdyn, heart rate, and MAP, when administered by either the intratracheal or intravenous routes.   
 
MKC-PC-2007-0023: Effect of Technosphere® Powder on Respiration Rate and Tidal Volume in 
Conscious Rats [By  Study No.  07044 – RPT01989] 
 
This study was to assess the effect of Technosphere® Powder (test article), at 11 or 50 mg/kg by 
bolus IV injection, on respiration rate and tidal volume in conscious rats.  There were 4 treatment 
groups with 8 rats per group.  Because of the concentration for the high dose group formulation 
was found to be out of specification, the actual concentration was 64.4% (32.2 mg/kg) of the 
projected 50 mg/kg.  PBS was used as the vehicle article and morphine was used as the reference 
article in this study. 
 

 
 
Findings:  For respiration rate, IV administration of T at 11 and 32.2 mg/kg did not significantly 
affect the respiration rate of rats at any of the time points tested, when compared to VH group 
data.  On the contrary, morphine caused a significant decrease in respiration rate at 5, 10, and 60 
min post-dose, when compared to pre-dose values, which was consistent with its known 
pharmacological activity.  For tidal volume, IV administration of T at 11 and 32.2 mg/kg did not 
significantly affect the tidal of rats at any of the time points tested, when compared to VH group 
data.  However, morphine caused a significant decrease in tidal volume at 5, 10, and 60 min post-
dose, when compared to pre-dose values.  All in all, bolus IV administration of T at 11 and 32.2 

(b) (4)(b) (4)
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mg/kg did not affect the respiration rate or tidal volume of male rats at any of the time points 
tested. 
 
MKC-PC-2007-0024: Effect of Technosphere® Insulin on Respiration Rate and Tidal Volume in 
Conscious Rats [By  Study No. ZNA14662.002] 
 
This study was to assess the effect of TI (test article) at 0.32 mg/kg administered by IV injection 
on respiration rate and tidal volume in conscious Spraque-Dawley male rats.  There were 3 
treatment groups with 8 rats per group.  PBS was used as the vehicle article and morphine was 
used as the reference article in this study. 
 

 
 
Findings:  For respiration rate, IV administration of TI at 0.32 mg/kg did not significantly affect 
the respiration rate of rats at any of the time points tested, when compared to VH group data.  On 
the other hand, morphine caused a significant decrease in respiration rate at 5, 10, and 60 min 
postdose, when compared to VH group values, which was consistent with its known 
pharmacological activity.  For tidal volume, IV administration of TI at 0.32 mg/kg did not 
significantly affect the tidal of rats at any of the time points tested, when compared to VH group 
data.  However, morphine caused a significant decrease in tidal volume at 5, 10, and 60 min post-
dose, when compared to VH group values.  All in all, bolus IV administration of TI at 0.32 mg/kg 
did not affect the respiration rate or tidal volume of male rats at any of the time points tested. 
 
Renal effects: 
 
MKC-PC-2006-0038: Effect of Technosphere® Particles and Technosphere® Insulin: Effects on 
Renal Function in the Rat Following Intravenous Administration [By  Study no. 2778-
001] 
 
The study was to determine if treatment with T or TI (test articles) would modify renal function 
in the rats by examining the potential effects on creatinine clearance, urine output, and electrolyte 
excretion.  The vehicle article for the T and TI was 29.6% ammonia in water for injection, 
whereas the diluent for T and TI was PBS.  Groups of 5M and 5F Spraque-Dawley rats were 
given a single bolus IV administration of VH, test article, or reference compound, via a tail vein.  
After dosing, the animals were placed into individual metabolic cages and the urine volume 
measured at 1, 2, 3, 4, 5, 6, and 24 hrs postdose.  After the 6 and 24 hr observation, the urine was 
collected for electrolyte and creatinine analysis.  To determine creatinine clearance, a blood 
sample was also taken following the urine collection at 6 and 24 hr post-dose. 
 

(b) (4)

(b) (4)
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Findings:   
 
For female rats given T, IV administration at dose levels of 11 or 50 mg/kg (Groups 2 and 3) had 
no effect on urine output, urinary electrolyte excretion (Na+, Cl-, K+) or creatinine clearance, 
when compared to the VH-treated animals (Group 1).  For male rats given T, IV administration at 
dose levels of 11 or 50 mg/kg had no effect on urinary electrolyte excretion during 0-6 hrs post-
dose, when compared to VH-treated animals.  However, for 6-24 hrs post-dose urine sample, 
there was a significant increase in K+ in both dose groups, Na+ in 11 mg/kg group, and Cl- in 50 
mg/kg group.  The findings were not thought to be of any biological significance since these 
electrolyte values were comparable to the levels seen in untreated group.  In addition, there was 
no effect on creatinine clearance in male rats given 11 mg/kg T, when compared to the VH-
treated group.  On the other hand, there was a significant increase in creatinine clearance in male 
rats given 50 mg/kg T 6 hr post-dose.  The significant was attributable to the relatively low group 
mean of the VH control group, which was likely to have resulted from n=3 (rather than n=5), due 
to insufficient plasma samples for analysis from 2 animals in this group.  This finding was not 
biologically significant as the clearance value was comparable to male rats in the untreated group 
(Group 6).  For female and male rats given TI, IV administration at a dose level of 0.32 mg/kg 
(Group 4) had no effect ton urine output, urinary electrolyte excretion or creatinine clearance, 
when compared to the VH-treated group (Group 1).  For female and male rats given furosemide 
(Group 5) at 10 mg/kg, it produced a significant increase in urine output, when compared to the 
VH group.  A significant decrease in CI- (males), Na+ (females) and K+ (males and females) was 
observed at 0-6 hrs post-dose.  In addition, a significant decrease in Na+ (males) and increase in 
K+ (males) were observed at 6-24 hrs post-dose.  Moreover, furosemide had no effect on 
creatinine clearance in male rats, but did have an effect (significant decrease) in female rats at 6 
hrs post-dose.  Overall, IV administration of T (11 or 50 mg/kg) and TI (0.32 mg/kg) to male and 
female rats had no effect on creatinine clearance, electrolyte concentration or urine output. 
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Gastrointestinal effects:  Not provided. 
 
Abuse liability: Not provided. 
 
Other:  None.  
 
2.6.2.5  Pharmacodynamic drug interactions   
 
Not provided by the sponsor. 
 

2.6.3 PHARMACOLOGY TABULATED SUMMARY  
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2.6.4 PHARMACOKINETICS/TOXICOKINETICS 
 
2.6.4.1 Brief summary   
 
The PK profiles of insulin (Technosphere® Insulin) and FDKP (Technosphere® particles) were 
characterized. The ADME of TI and T were also characterized.  There studies were done in rats 
and dogs via various routs including inhalation, PO, SC, and IV.  Technosphere particles have a 
median diameter of 2-2.5 µm; a size designed for deep lung delivery. 
 
The HPLC and LC-MS methods were used to validate assays for FDKP in serum and plasma, test 
solutions, and air sampling substrates, such as filters.  The assays for insulin included ELISA, 
electrochemiluminescence (ECL) immunoassay, and radioimmunoassay methods. 
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These PK studies showed that TI was absorbed rapidly in all nonclinical species tested, and the 
PK profile was consistent with the human PK profile.  The PK profiles for both insulin and FDKP 
have remained the same throughout the clinical and nonclinical TI programs.  The mean tmax for 
insulin and FDKP were about 15 min after dosing across all studies.  Insulin levels returned to 
near baseline between 180 and 240 min postdose, and the mean t ½ ranged between 135 and 170 
min.  Insulin and FDKP exposure following TI inhalation were approx. dose linear. 
 

Clinical Exposure: 
1 mg Technosphere Insulin =  mg insulin (or 3 U) + mg FDKP 

1 U insulin = 0.0347 mg insulin 
MRHD = 105 mg Technosphere Insulin 

 
FDKP AUC following 40 mg Technosphere without insulin: 1631.16 (ng*h/mL) (CV% 27.32) 

FDKP AUC following 30 U Technosphere with insulin at Day 7 following 7 days administration: 20658 
(min*ng/mL) (CV% 36.2) 

 
PK and absorption: 
 

 In rats, following the IV administration, FDKP showed moderate systemic clearance (approx. 
2-fold GFR), moderate volume of distribution (1.5-4-fold of body water volume), and a short 
terminal ½ life.  There were no apparent PK differences between T and TI.  Theses data 
showed that insulin did not influence the PK disposition of FDKP.  Following the SC 
administration, systemic exposure was equivalent to the exposure following IV 
administration.  However, following the PO and IT administrations, minimal absorption 
occurred.  There were no notable sex-related differences in the PK of FDKP in rats. 

 
 In dogs, following the inhalation administration, the PK of FDKP and insulin were evaluated 

with doses up to 46.8 mg/kg T and 1.27 mg/kg TI.  After dosing, serum insulin levels rose 
rapidly in a dose linear manner and peaked at 18 min, with apparently elimination half-lives 
ranging from 10 to 30 min.  Dose-dependent reductions in glucose levels were seen only in 
the TI dose group up to 1 hr in males or 2 hrs in females.  Higher insulin Cmax and AUC0-4h 
were observed in females compared with males.  Increased FDKP Cmax and AUC0-4h were 
observed in a dose-dependent manner.  In addition, the dose-normalized FDKP systemic 
exposure was about 4-time higher than that observed following IV administration, indicating 
that approx. 25% bioavailability by the oronasal route.  No sex differences in FDKP Cmax and 
AUC0-last, tmax, or t1/2 were observed.  Following the IV administration, FDKP was highly 
bioavailable and systemic clearance approximated the GFR.  Following the SC 
administration, FDKP was also highly bioavailable.  On the other hand, following the PO 
administration, the relative bioavailability of FDKP was about 3% compared to the SC 
administration.  There was no evidence of any sex-related differences in the PK of FDKP in 
dogs. 

 
 In both rats and dogs, FDKP bioavailability was high by the IV route, moderate (20 to 30%) 

by the inhalation route, and poor following the PO administration.  Regardless of route of 
exposure, the primary route of excretion was through the kidney. 

 
Distribution: 
 

 FDKP did not bind to proteins in human, mouse, rat, dog, monkey, and rabbit plasma.  
Following IT instillation (as a solution) or insufflation (as a dry powder) of 14C-FDKP, 
radioactivity levels were highest and AUC0-last was largest in the lungs and trachea (site of 

(b) (4)(b) (4)
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administration) and kidneys (site of excretion).  Notable radioactivity was also observed in 
the thyroid/parathyroid glands, in the walls of the GI tracts, and the wall of the urinary 
bladder.  The lowest radioactivity was found in the eyes, brain, spinal cord, seminal vesicle, 
and testis.   

 
 In general, the tissue to plasma ratios remained constant over the study interval, indicating 

that radioactivity was cleared at approx. the same rate from plasma and tissues.  The FDKP 
levels in milk of lactating rats were approx. 1/10 of peak plasma levels, indicating that FDKP 
distributed into milk to a modest extent.  FDKP did cross blood-placental barrier in a facile 
manner in rats, with comparable levels attained in maternal and fetal blood. 

 
Metabolism: 
 

 In vitro studies showed that FDKP was not metabolized in the presence of cryopreserved 
hepatocytes from mice, rats, rabbits, dogs, and humans, suggesting that FDKP was not a 
substrate for Phase I or II metabolism.  FDKP was also not metabolized when incubated with 
human liver microsomes in the presence of NADPH.  Moreover, in vivo studies in rats and 
dogs showed that FDKP was not metabolized.  Based on these findings, metabolism was not 
likely to contribute to the clearance of FDKP in either animals or humans.  FDKP was not 
metabolized in humans.   

 
Excretion: 
 

 14C-FDKP excretion was evaluated in rats and dogs following IV, SC, and PO, and IT 
administrations.  Following a single IV dose of 14C-FDKP or 14C-FDKP+insulin to rats, 85-
95% of the administered 14C-FDKP was excreted, unchanged, in the urine within 18 hr 
postdose.  The remainder of the administered dose was eliminated by the hepato-biliary route.  
In addition, following the SC administration to rats, approx. 83% of the administered 14C-
FDKP was excreted in the urine, with a minor amount (13-16%) excreted in feces.  Following 
the PO administration to rats, 87-96% of the dose was recovered in feces with 2-5% in the 
urine, and <1% in bile.  All these findings indicated that limited absorption of 14C-FDKP 
from the GI tract.  Following the IT administration, 72-85% of the administrated dose was 
recovered in feces with 6-12% in the urine, and <1% in bile.  Moreover, following a single IV 
dose of 14C-FDKP to dogs, approx. 95% of the administered dose was recovered in urine and 
<1% by biliary and fecal elimination.   

 
2.6.4.2 Methods of Analysis  

[See under individual study reviews] 
 
12 studies were provided by the sponsor. 
Note from the reviewer: study conclusions were cut and pasted from each study report. 
 
MKC-PC-2003-2027: Validation of a HPLC method for the determination of Technosphere on 
Filers 

 
MKC-PC-2003-2028: Method validation of an LC-MS/MS assay for the determination of 
fumaryl technosphere in rat serum 
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MKC-PC-2003-2029: Assay of insulin in technosphere/insulin: collected from air sampling 
substrates 
 

 
 
MKC-PC-2003-2031: Method validation of an LC-MS/MS assay for the determination of 
fumaryl technosphere in dog plasma 
 

 
 
MKC-PC-2004-0021: Technosphere: HPLC analytical method validation for the assay of 
Technosphere: collected from air sampling substrates 

 

 

 

(b) (4)

(b) (4)
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MKC-PC-2006-0006: Mouse serum validation study: determination of human insulin in mouse 
serum by ELISA 
 

 

(b) (4)

(b) (4)
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MKC-PC-2006-0007: Rat serum validation study: determination of human insulin in rat serum by 
ELISA 
 

 

 
 
MKC-PC-2006-0013: Dog serum validation study: determination of human insulin in dog serum 
by ELISA 
 

 

(b) (4)

(b) (4)
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MKC-PC-2006-0015: A cross validation of an HPLC method to determine levels of 
Technosphere® and Technosphere®/insulin formulated in DMSO 
 

 

 

 
 
MKC-PC-2006-0018: Stability determination and validation of an analytical method for the 
determination of Technosphere® particles and Technosphere®/insulin particles in PBS 
 

(b) (4)
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MKC-PC-2007-0025: Validation of FDKP determination in mouse serum by LC/MC/MS 
(addendum 2) 
 

 
 
MKC-PC-2008-0010: Analytical method validation for the HPLC assay of FDKP in PBS 
 

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

(b) (4)
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2.6.4.3 Absorption   
 
13 studies were provided d by the sponsor.   
 

 PDC-PC-2000-2011: T in rat lung 
 MKC-PC-2005-0003: 14-day PK SC study in CD-1 mice (T) 
 MKC-PC-2006-0001: PK SC study in male dogs (TI) 
 MKC-PC-2006-0002: PK SC study in minipigs (TI) 
 MKC-PC-2006-0034: AME after a single IV in rats (T) 
 MKC-PC-2006-0035: AME after a single IV in rats (TI) 
 MKC-PC-2006-0036: AME after a single IV in dogs (T) 
 MKC-PC-2007-0005: AME after a single IT, SC, or PO in rats (T) 
 MKC-PC-2007-0009: AME after a single IT, SC, or PO  in dogs (T) 
 MKC-PC-2007-0010: AME after a single IT or PO in rats (TI) 
 MKC-PC-2007-0011: AME after a single IV in dogs (T) 
 MKC-PC-2007-0012: AME after a single IV in rats (TI) 
 MKC-PC-2007-0013: AME after a single IV in rats (T) 

 
PDC-PC-2000-0011: 3H-Mannitol and Technosphere™ in Rat Lungs [  

, Study No. RD.2000.01] 
 
This study was to compare the rate of elimination of mannitol from rat lungs following IT 
administration with and without T.  Since pulmonary administered TI could be absorbed more 
rapidly through the lung into the systemic circulation than insulin alone.  One explanation for this 
might be due to opening of the tight junctions.  This study was conducted to determine whether 
tight junctions play a role in Technosphere™ absorption enhancement.  Three tritiated PBS, 
containing 1 mM mannitol (mannitol, T+mannitol, EDTA+mannitol), were given to anesthetized 
rats via IT instillation.  After 0, 65, or 120 min, the rats were sacrificed and their lungs were 
removed and counted for radioactivity.  Findings:  There was no significant difference in the 
amount of 3H-mannitol remaining in the lungs following all absorption periods with or without T.  
Therefore, it was unlikely that Technosphere™ opened or disrupted the tight junction region.  On 
the other hand, the EDTA addition significantly enhanced the absorption of mannitol, 
theoretically by opening the tight junctions.   
 

(b) (4)

(b) (4)
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PDC-PC-2005-0003: Technosphere®-Particles: A 14-Day Subcutaneous PK Study in CD-1 Mice 
[By  Study No. 7634] 
 
This study was to generate the PK profile of T during the course of SC administration to CD-1 
mice once daily for 14 days.  The dose levels evaluated were 10, 25, and 75 mg/kg/day.  The 
study population was subdivided into replicates (A and B).  The mice of Replicate A were dosed 
only on Day 1 and subgroups of these animals (3/sex/timepoint) were bled terminally at 6 
specified time points (10, 20, ,30, 45, 60, and 120 min) during the 24 hr period, following single 
SC administration of T or the VH (PBS).  The mice of Replicate B were dosed on each of 14 days 
and were bled terminally at 6 specified time points during the 24 hr period, following the final 
Day 14 treatment.  The animals were monitored for mortality and clinical signs, and weighted at 
intervals for dose calculation purposes.   
 

 
 
Findings:  The exposure was approx. dose proportional, and there did not appear to be any change 
in exposure (ACUlast or ACUinf), when compared single dose to multiple dosing for 14 days.  No 
sex difference was observed.  The mean serum ACUinf was approx. 4280,000 ng•min/mL for the 
high dose T animals, and the t½ ranged from 12.6 to 16.3 min.  No apparent differences were 
observed due to the amount of the daily dose or the number for daily doses.  In addition, daily SC 
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injection of T at doses up to 75 mg/kg/day was well-tolerated.  The NOEL was considered as 75 
mg/kg/day, and therefore acceptable for long-term repeated studies. 
 

 

 
 

 

 
 
MKC-PC-2006-0001: PK of Human Insulin Following Subcutaneous Dose Administration to 
Non-Naïve Male Beagle Dogs [By Study No. LCL00006] 
 
This study was to investigate the PK of Humalog insulin, regular insulin, and TI formulations (in 
suspension or solution), following the SC administration to non-naïve male beagle dogs.  18 male 
dogs were placed into 3 groups of 6 animals.  For Dose Session 1, Group 1 animals received 
regular insulin via SC injection at 0.5 U/kg.  Group 2 animals received Humalog via SC injection 
at 0.5 U/kg.  Group 3 received TI, in sterile water, via SC injection at 0.5 U/kg.  For Dose Session 
2, Group 3 animals were given a 2-day washout period and assigned as Group 4 to receive TI, in 
6.6% Tribasic phosphate solution/93/4% PBS, via SC injection at insulin dose of 0.5 U/kg.  
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Viabilities and clinical observations were recorded.  Blood samples from all animals were 
collected via direct venipuncture of a cephalic vein, prior to dosing and at the following time 
points: 5, 10, 20, 30, 40 min, and 1, 2, 4, 6 hrs following SC administration.  Findings:  TI in 
suspension and in solution had higher insulin exposure (Cmax, AUClast, and AUCinf) then either 
regular insulin or Humalog insulin following SC administration.  The PK profile of insulin 
administered as TI in suspension showed that the shortest tmax, but was comparable to that of 
Humalog insulin.  Humalog insulin had the shortest terminal ½ life.  Overall, the kinetics of 
insulin over time was similar among Humalog insulin, TI suspension, and TI solution groups for 
the earlier portion of the graph, while the regular insulin curve showed slower kinetics and 
reached a lower Cmax.  Animals given regular insulin showed a slower insulin onset and a lower 
max circulating insulin level.  Moreover, TI suspension produced higher FDKP exposure (Cmax, 
AUClast, and AUCinf) than TI solution, following the SC administration.  There was no significant 
difference in tmax for FDKP between TI suspension and solution.  TI suspension had a shorter 
terminal ½ life for FDKP (72.51 min) than TI solution (94.77 min) following the SC 
administration. 
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MKC-PC-2006-0002: PK Study of Regular Insulin, Humalog® Insulin, and 
Technosphere®/Insulin Following Subcutaneous Administration of Minipigs [By  

 Study No. 11803.01.01] 
 
This study evaluated the PK profile of TI vs. regular and fast acting (Humalog) insulin, via SC 
injection to male pigs.  Blood samples were collected for insulin and PDKP analysis at 0, 5, 10, 
15, 20, 30, 40, 60, 90 min and at 2, 4, 6 hrs after dosing.  Mortality and clinical observations were 
also recorded. 
 

 
 
Findings:  No clinical signs of toxicity or hypoglycemia were observed in all treatment groups.  
No treatment-related change in body weight was seen during dosing period (Days 1-3).  For 
glucose levels, SC administration of 0.125 U/kg TI as a suspension (2/4 pigs) or a solution (3/4 
pigs) was associated with slightly less consistent insulin responses and less steep drops in glucose 
value than those observed for insulin responses with SC administration of 0.125 U/kg regular 
insulin or Humalog.  A trend for glucose levels to remain lower than baseline values at the 120, 
240, and 360 min was seen for pigs given TI, but not for pigs given regular insulin or Humalog.  
The trend for continued lower glucose levels seen in pigs given TI was considered a potential test 
article related effect.  In addition, no definitive between-group differences in glucose responses 
were seen between two TI formulations (solution or suspension), although a slightly higher 
incidence (3/4 vs. 2/4) of pigs with insulin responses was observed with the solution formulation 
than with the suspension formulation.   
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MKC-PC-2006-0034: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP Following a Single IV Administration in CRL:CD(SD) Rats [By  Study 
No. N107962A] 
 
The absorption, metabolism, and elimination of 14C FDKP was examined following a single IV 
dose of 14C FDKP to male and female Spraque-Dawley rats.  The target dose level of the FDKP 
was 10 mg/kg with a target radioactivity (14C-FDKP) dose of 200 µCi/ml for the Excreta group 
and 50 µCi/ml for the PK group.  Urine, cage rinse, bile, feces (Excreta group) and blood (PK 
group) were collected at the protocol-specified times from each animal.  Metabolic profiles were 
generated for selected urine, bile, and plasma samples when a concentration of radioactivity was 
sufficient to generate an adequate metabolic radiochromatographic profile. 
 

 

 
 
Findings:  the majority of the total radioactivity for male and female rats was excreted in the 
urine.  The % administered dose recovered in the urine was 82.0±6.7% in males and 94.4±7.4% 
in females.  Greater than 90% of the radioactivity found in the male and female rat urine was 
eliminated during the 0-6 hr collection period with the exception of one male (> 90% of 
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radioactivity excreted in 0-12 hrs) and two females (>90% of radioactivity excreted during the 6-
12 hr collection period).  The % administered excreted in the bile and feces was approx. 5-6% 
and 1-2% of the total radioactivity administered.  Greater than 90% of the radioactivity was found 
in bile collected during the 0-3 hr collection period and in feces collected up to 72 hrs.  These 
findings suggested that the major pathway of elimination occurred by the kidney with greater than 
90% of the elimination radioactivity recovered in the urine.  The liver represented a minor 
pathway of elimination as the percent of elimination radioactivity was low in the bile and feces.   
 
In addition, there was no evidence that FDKP was metabolized as there were no new peaks in the 
metabolic profiles.  This finding indicated that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no peaks in the metabolic profiles 
that suggested even minor metabolites were found.  Moreover, the 14C FDKP plasma radioactive 
equivalent concentrations vs. time curves were biphasic, indicating that there was a distribution 
phase that preceded the elimination phase.  Peak concentration at a 10 mg/kg FDKP target dose 
was 20.0 µg-eq/ml for males and 20.5 µg-eq/ml for females.  The ½ life was 6.27 hrs and 
clearance value was 730 ml/hg/kg.  Lastly, the findings of this study using FDKP alone were very 
similar to the findings with FDKP+insulin, taking into account of the 10 vs. 1 mg/kg difference.  
The 10X difference had no effect on clearance or ½ life but did result in a dose-proportional 
increase in Cmax and AUC. 
 

 
 
MKC-PC-2006-0035: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP/Insulin Following a Single IV Administration in CRL:CD(SD) Rats [By  
Study No. N107962B] 
 
The absorption, metabolism, and elimination of 14C FDKP was examined following a single IV 
dose of 14C-FDKP/insulin to male and female Spraque-Dawley rats.  The target dose level of the 
FDKP/insulin was 1/0.13 mg/kg (FDKP/insulin), with a target radioactivity (14C-FDKP) dose of 
100 µCi/ml and the target radioactivity concentration dose of 20 µCi/ml.  Urine, cage rinse, bile, 
feces (Excreta group) and blood (PK group) were collected at the protocol-specified times from 
each animal.  Metabolic profiles were generated for selected urine, bile, and plasma samples 
when a concentration of radioactivity was sufficient to generate an adequate metabolic 
radiochromatographic profile. 
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Findings:  The majority of the total radioactivity for male and female rats was excreted in the 
urine.  The % administered dose recovered in the urine was 83.5±7.3% in males and 87.7±14.8% 
in females.  Greater than 95% of the radioactivity found in the male and female rat urine was 
eliminated during the 1st 6 hrs after dose administrations.  The % administered excreted in the bile 
and feces was approx. 3-6% and 2-3% of the total radioactivity administered.  Greater than 90% 
of the radioactivity was found in the bile collected during the 0-3 hr collection period and in the 
feces collected during 48 hrs.  These findings suggested that the major pathway of elimination 
occurred by the kidney with greater than 90% of the elimination radioactivity recovered in the 
urine.  The liver represented a minor pathway of elimination as the percent of elimination 
radioactivity was low in the bile and feces.   
 
In addition, there was no evidence that FDKP was metabolized as there were no new peaks in the 
metabolic profiles.  This finding indicated that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no peaks in the metabolic profiles 
that suggested even minor metabolites were found.  Moreover, the 14C-FDKP plasma radioactive 
equivalent concentrations vs. time curves were biphasic, indicating that there was a distribution 
phase that preceded the elimination phase.  Peak concentration at a 1 mg/kg FDKP target dose 
were 1.66 µg-eq/ml for males and 1.52 µg-eq/ml for females.  The elimination ½ life was 
4.87(M)/4.15(F) hrs and clearance value was 839(M)/985(F) ml/hg/kg.  There was no evidence of 
a gender-related effect.  Lastly, the PK findings of this study using FDKP alone were very similar 
to the findings with FDKP+insulin, taking into account of the 10 vs. 1 mg/kg difference.  The 
10X difference had no effect on clearance or ½ life but did result in a dose-proportional increase 
in Cmax and AUC. 
 

 
 
MKC-PC-2006-0036: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP Following a Single IV Dose in Beagle Dogs [By  Study No. N107963] 
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The absorption, metabolism, and elimination of 14C FDKP was examined following a single IV 
dose of 14C-FDKP to male and female Beagle dogs.  The target dose level of the FDKP was 3 
mg/kg with a target radioactivity (14C-FDKP) dose of 75 µCi/Kg.  Urine, cage rinse, bile, feces, 
and blood were collected at the protocol-specified times from each animal.  Metabolic profiles 
were generated for selected urine, bile, and plasma samples when a concentration of radioactivity 
was sufficient to generate an adequate metabolic radiochromatographic profile.   
 

 
 
Findings:  the majority of the total radioactivity for male and female dogs was excreted in the 
urine.  The % administered dose recovered in the urine was 96.8±2% in males and 94.8±2.8% in 
females.  Greater than 95% of the radioactivity found in the male and female dog urine was 
eliminated during the 1st 12 hrs after dose administration.  The % administered recovered in the 
bile was 0.7±0.2% in males and 0.5±0.3% in females.  Greater than 95% of the radioactivity 
found in the male and female dog bile was eliminated during the 1st 6 and 12 hrs after dose 
administration.  The % administered recovered in the feces was 0.3±0.2% in males and 0.7±0.4% 
in females.  Greater than 95% of the radioactivity found in the male and female dog feces was 
eliminated during the 1st 84hrs after dose administration.   
 
In addition, the urine, bile, and plasma metabolic profiles showed that FDKP was eliminated 
unchanged.  There was no evidence that FDKP was metabolized extensively as there were no new 
peaks in the metabolic profiles that suggested even minor metabolites were formed.  Moreover, 
the 14C-FDKP plasma concentration vs. time profiles was biphasic.  The time-dependent PK 
parameters, such as ½ life and clearance, showed that FDKP underwent rapid phase elimination.  
The ½ life values for this phase were 0.639±0.024 hrs for the males and 0.804±0.095 hrs for the 
females.  On the other hand, the ½ life values for the slow phase elimination ere approx. 6 hrs for 
the males and 7 hrs for the females.  Clearance values were approx. 270 ml/hr/kg for the males 
and 200 mg/hr/kg for the females.  This was in agreement with the GFR for dogs (368 ml/hr/kg), 
indicating the kidney had a major role in clearing the drug.  Furthermore, observed Cmax values 
were 11.1±1.1 and 12.7±1.1 µg/ml for the males and females respectively, whereas ACUinf values 
were 10400±1200 and 14300±2500 ng/ml•hr for the males and females respectively.  There was 
no evidence of any sex differences.   
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MKC-PC-2007-0005: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP Following a Single IV Dose (IT, SC, or PO) in CRL:CD(SD) rats [By  
Study No. N107964A] 
 
The absorption, metabolism, and elimination of 14C FDKP was examined following a single 
intratracheal (IT), oral (PO), or subcutaneous (SC) administration of 14C-FDKP dose to male and 
female Spraque-Dawley rats.  The target dose level of the FDKP, following IT, PO, and SC 
dosing, was 50 mg/kg, with a target radioactivity (14C-FDKP) dose of 100 µCi/Kg for Excreta 
group rats and 50 µCi/Kg for PK group rats.  Urine, cage rinse, bile (not collected for SC 
animals), feces, and blood were collected at the protocol-specified times from each animal.  
Metabolic profiles were generated for selected urine, bile, and plasma samples when a 
concentration of radioactivity was sufficient to generate an adequate metabolic 
radiochromatographic profile. 
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Findings:  Feces:  For IT and PO groups, the majority of the total radioactivity for male and 
female rats was excreted in the feces.  The % administered dose recovered in the feces from IT 
group rats was 85.3±18.5% in males and 72.2±16.9% in females.  The % of administered dose 
recovered in the feces from PO group rats was 87.1±11.2% in males and 96.1±2.9% in females.  
For most animals in the IT and PO dose groups, greater than 95% of the radioactivity found in the 
male and female rat urine was eliminated by 48 hrs after dose administration.  The % 
administered recovered in the feces from SC group rats was 13.3±4.8% in males and 16.5±7.5% 
in females.  For most animals that received a SC dose, greater than 95% of the radioactivity found 
in feces was eliminated during the 1st 36 hrs after dose administration.  Urine:  For IT and PO 
groups, the minor of the total radioactivity was excreted in the urine.  The % administered 
recovered in the urine from IT group rats was 6.42±2.30% in males and 12.3±10.9% in females.  
For most animals in IT group, greater than 95% of the radioactivity found in the male and female 
rats was eliminated during the 1st 48 hrs after dose administration.  The % administered recovered 
in the urine from PO group rats was 4.83±3.11% in males and 2.30±1.09% in females.  For most 
animals in PO group, greater than 95% of the radioactivity found in the male and female rats was 
eliminated by 60 hrs after dose administration.  The % administered recovered in the urine from 
SC group rats was 83.2±14.9% in males and 83.4±9.5% in females.  For most animals that 
received a SC dose, greater than 95% of the radioactivity found in urine was eliminated during 
the 1st 6 hrs after dose administration.  Bile:  The % administered recovered in the bile from IT 
group rats was 0.419±0.142% in males and 0.436±0.227% in females.  For most animals in IT 
group, greater than 95% of the radioactivity found in bile was eliminated during the 1st 36 hrs 
after dose administration.  The % administered recovered in the bile from PO group rats was 
0.118±0.024% in males and 0.321±0.476% in females.  For most animals in PO group, greater 
than 95% of the radioactivity found in the male and female rats was excreted by 60 hrs after dose 
administration.  Therefore, based on these findings, the major pathway of elimination was GI 
tract following IT (equivocal) and PO administration and the kidneys following SC 
administration.  Although the dose was administered intratracheally, the results indicated that the 
dose spilled over into the esophagus, thereby resulting in poor absorption and elimination by the 
GI tract. 
 
In addition, the metabolic profiles of urine from the IT, PO, and SC rats, and bile from PO rats 
showed that FDKP was eliminated unchanged.  There was no evidence that FDKP was 
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metabolized extensively as there were no new peaks in the metabolic profiles that suggested even 
minor metabolites were formed. 
 
Moreover, for the IT dose group, the 14C-FDKP plasma radioactivity equivalents concentration 
vs. time curves had highly variable absorption and elimination phase that included multiple peaks 
and sawtooth appearances.  Tmax occurred at 1 hr for the males and females.  The elimination ½ 
life values were 4.12(M)/2.74(F) hrs, and clearance values were 35.2(M)/26.8(F) ml/hr/kg.  
Systemic exposure PK parameters (Cmax and AUC) were similar for males and females.  Peak 
concentrations were 0.274(M)/0.455(F) µg-eq/ml.  AUC∞ values were 1.42(M)/1.86(F) 
µg/ml•hr.  There was no evidence for any sex differences.  For the PO dose group, the 14C-FDKP 
plasma radioactivity equivalents concentration vs. time profiles had a sawtooth appearance in the 
absorption phase and a flat appearance in the terminal linear phases that precluded any PK 
analysis, except for the observed PK endpoints.  Tmax and Cmax were similar for box sexes and the 
values were approx. 1 hr and 0.440 µg-eq/ml, respectively.  For the SC dose group, the 14C-FDKP 
plasma radioactivity equivalents concentrations vs. time profiles were well-defined.  Tmax and ½ 
life values were 0.5 and 0.7 hrs, respectively for box sexes.  Clearance values were 
762(M)/727(F) ml/hr/kg.  Peak concentrations (Cmax) were 47.5(M)/47.8(F) µg-eq/ml.  AUC∞ 
values were 65.6(M)/68.7(F) µg/ml•hr.  There was no evidence for any sex differences.  All in 
all, the SC route of administration compared to the IT and PO routes produced an earlier Tmax and 
higher systemic exposure (Cmax and AUC with > 10X).  These findings were likely due to the 
poor absorption by the PO route. 
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MKC-PC-2007-0009: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP Following a Single Dose (IT, SC, or PO) in Beagle Dogs [By  Study No. 
N107965A] 
 
The absorption, metabolism, and elimination of 14C FDKP was examined following a single 
intratracheal (IT), oral (PO), or subcutaneous (SC) administration of 14C-FDKP dose to male and 
female dogs.  The target dose level of the FDKP, following IT, PO, and SC dosing was 50 mg/kg, 
with a target radioactivity (14C-FDKP) dose of 50 µCi/Kg.  Urine, cage rinse, bile, feces, and 
blood were collected at the protocol-specified times from each animal.  Metabolic profiles were 
generated for selected urine, bile, and plasma samples when a concentration of radioactivity was 
sufficient to generate an adequate metabolic radiochromatographic profile.   
 

 
 

Findings:  Urine:  For IT and SC groups, the majority of the total radioactivity for male and 
female rats was excreted in the urine.  The % administered dose recovered in the urine from IT 
group dogs was 80.2±21.8% in males and 68.9±11.6% in females.  Greater than 89% of the 
radioactivity found in the urine was eliminated within 24 (M) and 36 (F) hrs after IT dose 
administration.  The % of administered dose recovered in the urine from SC group dogs was 
89.1±5.0% in males and 97.7±8.1% in females.  Greater than 80% of the radioactivity found in 
the urine was eliminated during the 1st 18 hrs after dose administration.  On the contrary, urine 
was a minor excretory route for PO group dogs.  The % administered recovered in the urine from 
PO group dogs was 23.8±21.3% in males and 7.31±3.99% in females.  Greater than 90% of the 
radioactivity found in feces was eliminated within 24-36 hrs after dose administration.  Feces:  
For IT and SC groups, the minor of the total radioactivity was excreted in the feces.  The % 
administered recovered in the feces from IT group rats was 16.3±22.0% in males and 18.9±9.2% 
in females.  Greater than 93% of the radioactivity found in the feces of male and female dogs was 
eliminated within 84 hrs after dose administration.  The % administered recovered in the urine 
from SC group dogs was 2.27±0.89% in males and 1.37±0.41% in females.  Greater than 84% of 
the radioactivity found in the feces of male and female dogs was eliminated within 48 hrs after 
dose administration.  On the other hand, feces were the major elimination route for the PO dose 
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group.  The % administered recovered in the feces from PO group rats was 63.0±27.9% in males 
and 99.2±10.2% in females.  Greater than 92% of the radioactivity found in feces was eliminated 
during the 1st 36 hrs after dose administration.  Bile:  Only traces of radioactivity were recovered 
in the bile for males (0.105±0.056%) and females (0.0411±0.0211%) that received an IT dose.  
Similarly, only a minimal % of the total radioactivity was excreted in the bile (approx. 0.06 and 
0.04% of the administered PO dose was recovered in the male and female dog bile, respectively).   
 
In addition, the urine metabolic profiles from the IT, PO, and SC groups indicated that FDKP was 
eliminated unchanged.  The feces water extracts metabolic profiles from selected dog receiving 
PO dose indicated that FDKP was also eliminated unchanged.  There was no evidence that FDKP 
was metabolized extensively as there were no new peaks in the metabolic profiles that suggested 
even minor metabolites were formed. 
 
Moreover, for the IT, PO, or SC dose groups, the 14C-FDKP plasma radioactivity equivalents 
concentration vs. time profiles had well-defined absorption, peak concentration, and elimination 
phases.  Based on Tmax values, absorption occurred faster following by the IT (0.75 and 0.92 hrs) 
and SC (1.6 and 1.3 hrs) routes than by the PO (2.3 and 1.7 hrs) route.  IT route achieved an 
earlier Tmax than SC route.  Thus, the IT route of administration provided the fastest achievement 
of a max plasma concentration, although the differences following a SC administration was not 
clearly biologically relevant.  Regardless route of administration, ½ life values were similar.  This 
was expected since the dosage was the same for all routes and systemic concentrations achieved 
following each route did not culminate in rate limited elimination.  Clearance values following 
PO administration differed by approx. an order of magnitude to the IT and SC groups.  However, 
a direct comparison of clearance by route of administration was not possible unless the fraction 
absorbed following each route was known, since clearance was dependent on fraction absorbed 
for non-IV routes of administration. 
 
Lastly, systemic exposure was greater following IT and SC administration than following PO 
administration.  Based on Cmax values, the highest levels were achieved after a SC administration 
(31.7 and 29.2 µg-eq/ml).  The IT administration produced Cmax values about ½ as much (16.3 
and 15.4 µg-eq/ml) but the actual administrated dose was lower than what was administered SC.  
The lowest Cmax values were obtained after the PO administration (4.52 and 1.73 µg-eq/ml), 
which indicated poorer absorption occurred by this route.  The relative degree of systemic 
exposure among the different routs was supported by the AUC∞ estimates (IT: 90.5 and 87.2, 
PO: 37.5 and 15.7, and SC: 224 and 232 hr•µg/ml for males and females respectively).  However, 
such estimates indicated a much larger systemic exposure occurred after the SC administration 
and the relative difference could be biological relevant. 
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MKC-PC-2007-0010: Absorption, Metabolism, and Elimination Study of 14C (Lysine Arm 
Labeled) FDKP/Insulin Following a Single IV Dose (IT or PO) in CRL:CD(SD) Rats [By 

 Study No. N107964B] 
 
The absorption, metabolism, and elimination of 14C FDKP was examined following a single 
intratracheal (IT) administration of 14C-FDKP/insulin dose to male and female Spraque-Dawley 
rats.  The target dose level of the FDKP/insulin was 1.1/0.125 mg/kg, with a target radioactivity 
(14C-FDKP) at 100 µCi/Kg for the Excreta group animals and 50 µCi/Kg for the PK group 
animals.  Urine, cage rinse, bile, feces (Excreta group), and blood (PK group) were collected at 
the protocol-specified times from each animal.  Metabolic profiles were generated for selected 
urine, bile, and plasma samples when a concentration of radioactivity was sufficient to generate 
an adequate metabolic radiochromatographic profile.   
 

 

 
 
Findings:  Based on the radioactivity recovery pattern following IT administration, it appeared 
that absorption did not occur via the lungs.  The majority of the radioactivities for most animals 
were recovered in the feces and not in the urine or bile, indicating that the radioactivity recovery 
results were more typical of oral than pulmonary absorption.  The % administered dose recovered 
in the feces was 55.3±17.9% in males and 70.6±29.1% in females.  Greater than 90% of the 
radioactivity found in the male and female rat feces was eliminated within 48 hrs after dose 
administration.  The % administered recovered in the urine was 6.0±2.1% in males and 
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16.2±4.4% in females.  Greater than 90% of the radioactivity found in the male and female rat 
urine was eliminated within 48 hrs after dose administration.  The % administered recovered in 
the bile was 0.755±0.551% in males and 0.793±0.607% in females.  Greater than 90% of the 
radioactivity found in the male and female rat bile was eliminated within 60 hrs after dose 
administration.   
 
In addition, the metabolic profiles showed that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic 
profiles.  Moreover, the 14C-FDKP plasma radioactive equivalent concentration vs. time profiles 
had no absorption phase but had a sawtooth appearance.  The latter concentration time points (≥ 4 
hrs) allowed the terminal linear phases to be measured but the resulting PK parameters were 
questionable due to the uncertainty of the route of administration (PO vs. IT).  The PK parameters 
for males and females were 96.3 and 83.4 ng-eq/ml (Cmax), 1 hr (Tmax), and 1.20 and 1.59 hrs (½ 
life), 4170 and 3410 ml/hr/kg (appearance clearance). 
 

 

 
 
MKC-PC-2007-0011: Absorption, Metabolism, and Elimination Study of 14C (Fumaryl Arm 
Labeled) FDKP Following a Single IV Dose in Beagle Dogs [By  Study No. N107967] 
 
The absorption, metabolism, and elimination of 14C (fumaryl arm labeled) FDKP was examined 
following a single IV administration of 14C-FDKP dose to male and female Beagle dogs.  The 
target dose level of the FDKP was 3 mg/kg, with a target radioactivity (14C-FDKP) at 75 µCi/Kg.  
Urine, cage rinse, bile, feces, and blood were collected at the protocol-specified times from each 
animal.  Metabolic profiles were generated for selected urine, bile and plasma samples when a 
concentration of radioactivity was sufficient to generate an adequate metabolic 
radiochromatographic profile.   
 

 

 
 
Findings:  The majority of the total radioactivity for male and female dogs was excreted in the 
urine.  The % administered dose recovered in the urine was 103±9% in males and 99.6±2.5% in 
females.  Greater than 90% of the radioactivity found in the male and female dog urine was 
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eliminated 1st 12 hrs after dose administration.  The % administered recovered in the bile was 
0.4% in males and 0.2% in females.  The % administered recovered in the feces was 0.4% in 
males and 0.5% in females.  Greater than 84% and 83% of the radioactivity were found in the vile 
and feces collected 6 and 60 hrs after dose administration, respectively. 
 
In addition, the metabolic profiles showed that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic 
profiles.  Moreover, the 14C-FDKP plasma concentration vs. time profiles were biphasic.  The 
time-dependent PK parameters, such as ½ life and clearance, showed that FDKP underwent rapid 
phase elimination.  The ½ life values for this phase were 0.667±0.043 hrs for the males and 
0.670±0.007 hrs for the females.  Late phase elimination ½ life values approx. 6 hrs.  However, 
for the slow (late) phase, the terminal linear portions of the profile were not characterized for the 
necessary number of ½ lives and the R2 values were less than 0.85, suggesting that the PK 
parameters determined were from a poor regression.  Clearance values were 342±32 ml/hr/kg for 
the males and 332±51 mg/hr/kg for the females, which were in close agreement with the GFR for 
dogs (368 ml/hr/kg), indicating kidney had a major role in clearing the drug.  Furthermore, 
observed Cmax values were 9.91±0.65and 12.1±1.3 µg/ml for the males and females respectively, 
whereas ACUinf values were 9590±610 and 10500±1400 ng/ml•hr for the males and females 
respectively.  However, to negate any effect of poor regression of the terminal linear phase, the 
observed AUClast was used to evaluate systemic exposure.  The AUClast values were 9580±610 
and 10500±1400 ng/ml•hr for the males and females, respectively.  The AUC for the females 
were slightly larger than the males but the differences was not considered to be biologically 
relevant since the time-dependent PK parameters were similar.  There was no evidence of any sex 
differences.  Lastly, the PK parameter results for 14C-fumaryl arm vs 14C-lysine arm labeled 
FDKP study were similar. 
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MKC-PC-2007-0012: Absorption, Metabolism, and Elimination Study of 14C (Fumaryl Arm 
Labeled) FDKP/Insulin Following a Single IV Dose in CRL:CD(SD) [By  Study No. 
N107966B] 
 
The absorption, metabolism, and elimination of 14C (fumaryl arm labeled) FDKP was examined 
following a single IV administration of 14C-FDKP/insulin dose to male and female rats.  The 
target dose level of the FDKP/insulin was 1/0.113 mg/kg, with a target radioactivity (14C-FDKP) 
at 100 µCi/Kg for the Excreta group and PK group animals.  All animals had jugular vein catheter 
for IV dosing, additionally Excreta group animals were bile-duct cannulated and PK group had 
femoral vein catheter (blood collection).  Urine, cage rinse, bile, feces, and blood were collected 
at the protocol-specified times from each animal.  Metabolic profiles were generated for selected 
urine, bile and plasma samples when a concentration of radioactivity was sufficient to generate an 
adequate metabolic radiochromatographic profile.   
 

 

 
 
Findings:  The majority of the total radioactivity for male and female dogs was excreted in the 
urine.  The % administered dose recovered in the urine was 85.2±2.9% in males and 89.5±3.2% 
in females.  Greater than 95% of the radioactivity found in the male and female rat urine was 
eliminated during the 1st 6 hrs after dose administration.  The % administered recovered in the 
feces was 1.54±0.91% in males and 1.14±0.73% in females.  Greater than 93% of the 
radioactivity was found in the feces collected 48 hrs after dose administration, respectively.  The 
% administered recovered in the feces was 0.4% in males and 0.5% in females.  The % 
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administered recovered in the bile was 4.81±2.95% in males and 6.11±3.23% in females.  Greater 
than 98% of the radioactivity was eliminated during the 1st 6 hrs after dose administration. 
 
In addition, the metabolic profiles showed that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic 
profiles.  The administration of insulin along with FDKP had no effect on metabolism and 
excretion of FDKP.  Moreover, the 14C-FDKP plasma radioactivity equivalents concentration vs. 
time curve was biphasic.  Closer-selected time points were used to define the terminal linear 
phase since the WinNonlin algorithm did not make a distinction between the 2 phases.  The peak 
concentrations at a 1 mg/kg FDKP target dose were 2.56 and 2.65 µg-eg/ml for males and 
females, respectively.  The elimination ½ life and clearance values were similar between genders; 
2.23 and 3.37 hrs and 625 and 611 ml/hr/kg for males and females, respectively.  There was no 
evidence of a gender-related effect.  Lastly, the findings of this study with FDKP/insulin were 
very similar the finings with FDKP alone, taking into account the 10 vs. 1 mg/kg dosage 
difference.  The 10X difference had no effect on clearance or ½ life but did result in a dose 
proportional increase in Cmax and AUC. 
 

 

 
 
MKC-PC-2007-0013: Absorption, Metabolism, and Elimination Study of 14C (Fumaryl Arm 
Labeled) FDKP Following a Single IV Dose in CRL:CD(SD) [By  Study No. 
N107966A] 
 
The absorption, metabolism, and elimination of 14C (fumaryl arm labeled) FDKP was examined 
following a single IV administration of 14C-FDKP dose to male and female rats.  The target dose 
level of the FDKP/insulin was 10 mg/kg, with a target radioactivity (14C-FDKP) of 1 µCi/Kg for 
the Excreta group animals and 500 µCi/Kg for PK group animals.  Urine, cage rinse, bile, feces, 
and blood were collected at the protocol-specified times from each animal.  Metabolic profiles 
were generated for selected urine, bile and plasma samples when a concentration of radioactivity 
was sufficient to generate an adequate metabolic radiochromatographic profile.   
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Findings:  The majority of the total radioactivity for male and female dogs was excreted in the 
urine.  The % administered dose recovered in the urine was 94.7±6.2% in males and 92.9±4.3% 
in females.  Greater than 95% of the radioactivity found in the male and female rat urine was 
eliminated during the 1st 12 hrs after dose administration.  The % administered recovered in the 
feces was 1.32±1.05% in males and 1.62±1.54% in females.  Greater than 91% of the 
radioactivity was found in the feces collected 72hrs after dose administration, respectively.  The 
% administered recovered in the feces was 0.4% in males and 0.5% in females.  The % 
administered recovered in the bile was 3.28±1.81% in males and 2.85±2.71% in females.  Greater 
than 95% of the radioactivity was eliminated during the 1st 6 hrs after dose administration. 
 
In addition, the metabolic profiles showed that FDKP was eliminated unchanged.  There was no 
evidence that FDKP was metabolized extensively as there were no new peaks in the metabolic 
profiles.  The administration of insulin along with FDKP had no effect on metabolism and 
excretion of FDKP.  Moreover, the 14C-FDKP plasma radioactivity equivalents concentration vs. 
time curves was biphasic.  User-selected time points were used to define the terminal linear phase 
for the males (not the females) since the WinNonlin algorithm did not make a distinction between 
the 2 phases.  The peak concentrations at a 10 mg/kg FDKP target dose were 22.7 and 25.9 µg-
eg/ml for males and females, respectively.  There was no evidence of a gender-related effect, 
except for longer elimination ½ life for males than females.  Lastly, the findings of this study with 
FDKP alone were very similar the finings with FDKP insulin, taking into account the 1 vs. 10 
mg/kg dosage differences.  The 10X difference had no effect on clearance or ½ life but did result 
in a dose proportional increase in Cmax and AUC. 
 

 

 
 
2.6.4.4 Distribution   
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PDC-PC-2002-0008 (memo to file: MKC-PC-2003-0007): PK, Tissue Distribution and Mass 
Balance of Radioactivity in Spraque-Dawley Rats Following a Single IT administration of 
Radiolabeled Technosphere®/Insulin [By  Study No. 440035] 
 
This study was to determine 1) the concentration and/or content of radioactivity in whole blood, 
urine, feces, cage wash, expired CO2, and carcass, and 2) the distribution in tissues, whole blood, 
and plasma, after a single IT administration of 14C-Technosphere/3H-insulin in rats, at a target 
dose level of 1.13 mg/kg (Groups 1 and 2) and 0,965 mg/kg (Groups 3 and 4) T and 0.113 mg/kg/ 
(Groups 1 and 2) and 0.097 mg/kg (Groups 3 and 4) insulin.  For Groups 1 and 3 animals, blood 
samples were collected at selected time point prior to euthanasia.  Following sacrifice, 
radioactivity concentration in tissues was obtained by quantitative whole-body 
autoradioluminography (QWBA).  For Groups 2 and 4 animals, urine, feces, expired air, and cage 
rinses were collected over designated intervals up to 169 hrs post-dose.  Carcasses were also 
solubilized in-toto at 168 hrs post dose for radioactivity concentration analysis.  The radioactivity 
concentration in blood/plasma sample was measured. 
 

 
 
Findings:  For all groups, following IT administration of 14C-T and 3H-insulin, the observed 
radioactivity concentrations in whole blood were fairly low, indicating that little dose-related 
material was present in the systemic circulation at any one time.  This might suggest that that 
absorption of test article-related material from the IT dosing was limited or that absorbed material 
was preferentially distributed to the tissues. 
 
For Groups 1 and 3, PK parameters, the values for plasma, whole blood, and RBCs (where 
applicable), were calculated.  See Table below.  Also, the highest tissue radioactivity 
concentrations and largest AUC0-tlast were generally observed in the lung, trachea, and kidney for 
both 14C and 3H.  Notable levels of radioactivity were also observed in the thyroid/parathyroid 
glands, in the walls of the GI tract, and in the urinary bladder wall.  The smaller AUC0-tlast was 
generally observed in the eye, brain, spinal cord, seminal vesicle, and testis.   
 

(b) (4)



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 70 
 

 
 
Moreover, the tissue to plasma ratios for Groups 1 and 3 remained constant over the study 
interval, indicating that radioactivity was cleared at approx. the same rate from plasma than from 
tissues.  For lung and trachea (except for Group 3 for 14C), the tissue to plasma values generally 
decreased over the study interval, suggesting a faster clearance from these tissues than from 
plasma.  This was expected since the lung and trachea were the sites of administration. 
 
For Groups 2 and 4, the excretion routes for 14C were via urine (with approx. 33% and 25% 
recovered for Groups 2 and 4 respectively) and feces (with approx. 42% and 38% recovered for 
Groups 2 and 4 respectively) at 168 hrs post dose.  Excretion of radioactivity in expired air 
accounted for < 1% for both groups.  Recovery in the cage washes was < 3.0% for both groups.  
The excretion routes for 3H were via urine (with approx. 31% and 30% recovered for Groups 2 
and 4 respectively) and feces (with approx. 10.2% and 7.3% recovered for Groups 2 and 4 
respectively) at 168 hrs post dose.  Recovery in the cage washes was 2.1% and 0.79% for Groups 
2 and 4, respectively.  When compared to 14C with 3H, the majority of the recovered radioactivity 
was excreted by 72 hrs postdose with 14C, whereas a more constant excretion was seen 
throughout the collection period up to 168 hrs with 3H.  A similar pattern of excretion was seen, 
regardless of the method of IT administration (e.g. liquid vs. powder).  
 
Lastly, no labeled metabolites or degradation products were detected on the 
autoradioluminograms, indicating that the tritium might be linked to smaller molecules, which 
would not have been retained during the protein transfer from the gel to the nitrocellulose 
membrane.  3H-insulin was detected only in the rat plasma at the 10- and 20- min time points.  
Therefore, radioactivity detected in plasma from time points 2 hr and higher was not linked to the 
parent 3H-insulin.   
 
2.6.4.5 Metabolism   
 
PDC-PC-2000-0004: Inhibition of Cytochrome P4501A2, P4502C8, P4502D6, P4502C19, 
P4502C3A4 Catalytic Activities by Technosphere [By , Study No. 
000720b] 
 
This study was to determine whether the selected test substances inhibit human cytochrome P450 
activity.  The inhibition study consisted of the determination of an IC50 for the test substance of 
each enzyme.  Findings:  Technosphere was essentially non-inhibitory at the highest 
concentration tested for all enzymes selected for this study. 
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MKC-PC-2003-0007: Metabolite Stability and Profiling of 14C-Technosphere Particles Using 
Cryopreserved Hepatocytes from Rats, Dogs, Rabbits, Mice, and Human [By , Study No. 
400011] 
 
This study was to evaluate the metabolic stability and profiling of T in cryopreserved primary 
hepatocytes from rats, dogs, mice, rabbits, and humans.  First, two concentrations (5 and 50 µM) 
of T were incubated with cryopreserved primary human hepatocytes at various concentrations of 
viable cells/ml and for various time points to determine the optimal incubation conditions and the 
time-dependent nature of the metabolite profile of T.  Next, at 2 time points (0 and 4 hrs) and 1 
cell concentration (ca 400,000 viable cells/ml), T at 5 and 50 µM were incubated with 
cryopreserved primary hepatocytes from rats, dogs, mice, rabbits, and humans to compare the 
metabolic profile between species.  Additionally, 14C-T were incubated with cryopreserved 
primary hepatocytes from rats, dogs, mice, rabbits, and humans at 1, 5, and 50 µM for 0 and 4 hrs 
in order to facilitate the detection of metabolites that may have gone undetected in unlabeled 
incubations.  Unlabeled samples were analyzed by HPLC equipped with a photodiode array 
detector.  The presences of any novel peaks were quantitated for each chromatogram.  
Radiolabeled samples were analyzed by HPLC equipped with radiometric detection.  Findings:  
No metabolites were detected across the species tested by HPLC equipped with a photodiode 
array detector.  Also, no 14C-labeled metabolites were detected in presence of rats, dogs, mice, 
rabbits, and human primary hepatocytes.  The almost complete recovery or T and 14C-T in all 
incubations, indicating that the test article was not metabolized by cryopreserved primary 
hepatocytes.  This study showed that T was not a substrate for hepatocytes for any of the species 
tested. 
 
MKC-PC-2004-0009: In Vitro Metabolism of FDKP in Human Microsomes [By  

 Study No. 04774] 
 
In vitro metabolism of FDKP in human liver microsomes (HLM) was examined.  The metabolic 
stability of FDKP in HLM incubation was determined by LC/MS/MS in MRM mode.  Screening 
for possible metabolites of FDKP was performed by highly sensitive LC/MS/MS method 
developed at   Metabolites search was based on the possible metabolic pathways such as 
oxidation, hydroxylation, and hydrolysis.  The calculated molecular and respective fragment ions 
of 14 proposed possible metabolites were search.  Findings:  FDKP was found to be stable after 
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incubations with HLM for up to 1 hr at 5 and 25 µM. having a mean recovery of > 95% as FDKP.  
However, no FDKP metabolites were detected.  This study concluded that FDKP was stable 
under in vitro HML experimental conditions.   
 
MKC-PC-2006-0014: Technosphere® and Technosphere®/Insulin: Evaluation of CYP450 
Induction using Primary Cultures of Human Hepatocytes [By  Study No. 7260-101] 
 
This study tried to measure the extent of induction of CYP3A4, following exposure of human 
hepatocytes from three donors to T (FDKP) and TI and to compare the effects of the test articles 
with those of a prototypical inducer (rifampicin).  Fresh human hepatocytes were exposed to 0.1, 
1, or 10 µM FDKP containing in T or TI, rifampicin, or representative solvent control for 72 hrs.  
The doses were refreshed every 24 hrs during this exposure period.  The CYP3A4 activities were 
evaluated by incubating testosterone for 1 hr and determining the rate of production of 6β-
hydroxytestosterone using LC/MS/MS detection. 
 

 
 
Findings:  Inducibility of CYP3A4 in human hepatocytes from all donors was demonstrated by 
rifampicin.  Exposure of human hepatocytes to 0.1, 1, or 10 µM FDKP in T alone or TI did not 
result in notable induction of CYP3A4 activity in vitro.  If the concentration of FDKP in the liver 
is maintained consistently at or below 10 µM for up to 72 hrs, no in vitro induction effect on 
CYP3A4 isoform activity would be anticipated in humans. 
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2.6.4.6 Excretion   
 
PDC-PC-2000-0007: Technosphere™ Excretion in Urine Following IV Administration to Rats 
[By PDC] 
 
The study evaluated the urinary excretion of T in 9 male Spraque-Dawley rats, following the IV 
administration at 40 mg/kg T (FDKP in solution).  FDKP was analyzed in urine samples collected 
at specific time points to 24 hrs postdose.  The amount of FDKP in the urine was determined by 
HPLC with UV detection.  Each amount was then added together to define the total amount 
excreted from each rat.  Findings:  Cumulative recoveries ranged from 64-117% of the total 
amount injected.  The majority of FDKP was excreted in the urine within 3 hrs post dose.  Mean 
% cumulative recovery of FDKP in the urine was 95.5%±18.4% after 24 hrs, suggesting that 
urinary excretion of FDKP was a major clearance mechanisms in rats. 
 

 

 
 

 
 
MKC-PC-2004-0020: Metabolite Profile of Radioactivity in Urine and Recovery of Radioactivity 
in Feces from Spraque-Dawley Rats following a Single IT or SC administration of Radiolabeled 
FDKP [By  Study No. 440105] 
 
This study was to determine 1) the metabolite profile of 14C-FDKP and major 14C-FDKP 
metabolites in urine sample, and 2) the recovery of radioactivity in feces up to 7 days postdose, in 
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Spraque-Dawley rats after a single IT or SC administration of 14C-T powder.  Twelve male rats 
(Groups 1 and 2) were given 14C-FDKP powder by IT administration via an insufflator, whereas 3 
male rats (Group 3) were given 14C-FDKP by sc injection.  Blood sample were collected from 
animals at selected timepoints prior to euthanasia for possible metabolite profiling in plasma.  
Urine and feces (for Groups 2 and 3 animals only) were also collected over designated intervals 
up to 168 hrs post-dose.  Following sacrifice, carcasses were discarded without further 
examination.  The profile of 14C-FDKP and major 14C-labelled metabolites in urine samples were 
determined.  Plasma samples were not examined due to suspected low concentrations of 
radioactivity in these samples.  Findings:  No difference was observed in the recovery of 
radioactivity in feces between the animals administered powder via IT instillation (Group 2, a 
dose level of 1.54 mg/kg 14C-FDKP) and the animals administered a formulation subcutaneously 
(Group 3, a dose level of 1.45 mg/kg 14C-FDKP).  This study suggested that for Groups 2 and 3 
animals, the radioactivity was absorbed into the general circulation and recovered in feces via 
biliary excretion.  However, it was possible that some radioactivity was transferred into the GI 
tract through swallowing, following the IT instillation (Group 2).  HPLC analysis also showed 
that in every urine sample except one, almost the entire radioactivity excreted from rats, 
following a single IT or SC administration of 14C-FDKP, was the intake parent compound. 
 

 
 
2.6.4.7 Pharmacokinetic drug interactions   
 
MKC-PC-2003-0018: Determination of Protein Binding of Technosphere in Various Species of 
Plasma [By  Study No. TTP-MFN-M0002] 
 
This study determined protein binding of FDKP in various species of plasma (human, canine, rat, 
rabbit, mouse, and monkey).  Concentrations of FDKP at 200, 400, 800, and 1200 ng/ml were 
used to against the various species of animal plasma using 96-well equilibrium dialysis.  The 
concentrations of FDKP were determined suing LC/MS/MS.   
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2.6.4.8 Other Pharmacokinetic Studies 
 
MKC-PC-2006-0008: Pharmacokinetics of Technosphere/Insulin Following Subcutaneous, 
Intravenous and Oral Administration to Male and Female Spraque-Dawley Rats [By  

, Study No. LCL00007-06-574] 
 
This study was to study the effect on blood glucose levels and the PK profiles of TI and T 
following the SC, IV, and PO administration to male and female Spraque-Dawley rats.  Rats were 
placed into 9 groups (6M/6F per group).  For Dose Session I, Group 1 animals received T at a 
target dose of 100 mg/kg whereas Group 2 animals received at a target dose of 50 mg/kg via an 
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IV bolus injection via the jugular vein catheter.  For Dose Session II, Group 3 animals received 
TI at a target dose of 1.0 U/kg insulin and 0.32 mg FDKP, via an IV bolus injection via the 
jugular vein catheter.  Group 4 animals received T at a target dose of 11 mg/kg, via a sc injection.  
For Dose Session III, Group 5 animals received T at 50 mg/kg via a sc injection.  Group 6 
animals received TI at a target dose of 2.5 U/kg insulin and 0.8 mg/kg FDKP, via SC injection.  
For Dose Session IV, Group 7 animals received T at a target dose of 11 mg/kg via oral gavage.  
Group 8 animals received at a target dose of 50 mg/kg via oral gavage.  For Dose Session V, 
Group 9 animals received TI at a target dose of 156 U/kg insulin and 50 mg/kg FDKP via oral 
gavage.  Viabilities and clinical observations were recorded.  All rats were sacrificed at the 
conclusion of the in-life study.  Blood samples were collected prior to dosing and 5, 10, 15, 20, 
30, 40 min, and 1, 2, 4, and 6 hrs following the SC, IT, or PO administration.   
 

 
 
Findings on glucose analysis:  No animals became hypoglycemic, therefore no Dextrose 
treatments were given.   
 
Findings on TK analysis:  The exposure of FDKP increased with dose, following IV, SC, or oral 
administration as either a solution of T or TI.  There were no significant differences in exposure 
of FDKP between males and females.  Exposure to the rats to human insulin following the TI 
administration via the IV and SC routs showed sex differences of greater exposure in the male 
rats than the female rats.  There were only a few of the rats that had quantifiable human insulin 
within oral administration group of TI. 
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MKC-PC-2006-0009: Pharmacokinetics of Technosphere/Insulin Following Crossover 
Subcutaneous and Oral Administration to Non-Naïve Male and Female Beagle Dogs [By  

 Study No. LCL00008-06-555] 
 
This study was to study the effect on blood glucose levels and the PK profiles of TI and T 
following the SC or PO administration to non-naïve male and female beagle dogs.  Dogs were 
placed into 2 groups (3M/3F per group).  The dogs received a single oral or sc dose via oral 
gavage or an interscapula region of the dorsal thorax once on 3 occasions.  For Dose Session I, 
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Group 1 animals received at a target dose of 11 mg/kg via SC injection.  The Group 2 animals 
received T at a target dose of 50 mg/kg via SC injection.  For Dose Session II, Group 1 animals 
received T at a target dose of 11 mg/kg via oral gavage.  Group 2 animals received T at a target 
dose of 50 mg/kg via oral gavage.  For Dose Session III, Group 1 animals received TI at a target 
dose of 0.25 U/kg insulin and 0.08 mg/kg FDKP via SC injection.  Group 2 animals received TI 
at a target dose of 156 U/kg insulin and 50 mg/kg FDKP via SC injection.  Viabilities and clinical 
observations were recorded.  All rats were sacrificed at the conclusion of the in-life study.  Blood 
samples were collected prior to dosing and 5, 10, 15, 20, 30, 40 min, and 1, 2, 4, and 6 hrs 
following SC and PO administrations. 
 

 
 
Findings for glucose analysis:  In Dose Session I, Groups 1 and 2, there was an effect on blood 
glucose levels from dosing to the 6 hr time point.  In Dose Session II, Group 1 males, there was a 
transient increase in blood glucose levels from dosing to the 1 hr time point.  The blood glucose 
levels then decreased to within 3.5% of the baseline average by the 6 hr time point.  For Group 1 
females, there was no effect on blood glucose levels from dosing to the 6 hr time point.  For 
Group 2 males, there was no effect on blood glucose levels from dosing to the 6 hr time point.  
For Group 2 females, there was a transient increase in blood glucose levels from dosing to the 2 
hr time point.  The blood glucose levels then decreased to 25% below baseline average by the 6 
hr time point.  In Dose Session III, Group 1 males, there was a dramatic decrease in blood 
glucose levels starting at the 5 min time point and continued until the 1 hr time point, where the 
blood glucose level was 34.9% of the baseline average.  The blood glucose levels then began to 
increase and were 90.1% of the baseline average by the 6 hr time point.  For Group 1 females, 
there was a dramatic decrease also in blood glucose levels starting at the 15 min time point and 
continued to drop until the 30 min time point, where blood glucose level was 48.8% of the 
baseline average.  The blood glucose levels then began to increase and were 86.3% of the 
baseline average by the 6 hr time point.  For Group 2 males, there was a transient decrease in 
blood glucose levels from dosing to the 40 min time point.  The blood glucose level then 
increased to within 0.5% of the baseline average by the 6 hr time point.  For Group 2 females, 
there was a transient decrease in blood glucose levels from dosing to the 30 min time point.  The 
blood glucose levels then increased to within 88.3% of the baseline average by the 6 hr time 
point.   
 
Findings for TK analysis:  The exposure in dogs to FDKP following either SC or PO 
administration of FDKP as T or TI increased in approx. a dose proportional manner.  There were 
no significant differences in exposure of FDKP between males and females.  The relative 
bioavailability of the PO vs. SC is approx. 3%.  The mean tmax following oral administration was 
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approx 85 min with a large variability.  The mean tmax following sc administration was approx. 45 
min for the lower doses and 70 min for the 50 mg/kg dose of T.  Where calculable, the mean 
plasma t½ values ranged from 44 to 57 min for FDKP by the sc route and 84-110 min following 
the oral route.  In addition, the interpretation of the insulin concentration data was confounded by 
the cross-reactivity of endogenous dog insulin with the ELISA used to measure the administered 
human insulin.  After adjusting with the time zero insulin (baseline), the sc administration of TI 
(approx. 0.25 U/kg) produced a Cmax of 59 and 94 uU/ml in the females and males respectively, 
with a tmax of approx. 30 min. 
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2.6.5 PHARMACOKINETICS TABULATED SUMMARY  
[Pivotal studies pertinent to the primary indication and core pharmacology studies 
relevant to the primary pharmacodynamic effect, as available and as provided by the 
sponsor] 
 
Note from the Reviewer:  Usually this section refers to studies demonstrating MOA.  
However, the sponsor included an extensive tabulated summary, which most these 
studies were non-GLP.  Only PK overview tabulated summary is included here. 
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2.6.6 TOXICOLOGY 
 
2.6.6.1 Overall toxicology summary   
 
General toxicology:  The toxicity of TI and/or T alone was evaluated in single-dose studies in rats 
and dogs by the PO route and in repeat-dose studies in mice, rats, and dogs by the SC, PO, or 
inhalation routes. 
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Single dose studies showed that T was well-tolerated acutely at the limit dose of 5 g/kg 
administered by the PO route.  The focus of this review is the inhalational route since this is the 
intended clinical route. 
 
Repeat dose studies were done with both TI and T alone in mice (SC route only), rats (inhalation 
route only), dogs (inhalation, PO, and SC routes).  The rat inhalational studies were primarily 
nose only and dog inhalational studies were nose and mouth.  In all studies, FDKP administered 
as Technosphere particles (T) and TI were well tolerated.  There were no target organs affected 
by chronic exposure across species.  The primary effects were pharmacologic in nature and 
related to high doses of insulin.   
 

 
 
In mice, T and TI were tested in TgrasH2 for 28 days and CD-1 mice for 13 weeks by the SC 
administration.  The transgenic mouse study was also used to identify doses for the subsequent 
carcinogenicity study.  The CD-1 mouse study was used to support repeat-dose exposure as 
second rodent specie.  There was evidence of hypoglycemia at high insulin doses in both studies. 
 

 Transgenic mouse study:  Up to 75 mg/kg/day T and up to 35 mg/kg/day TI was given to 
mice by the SC route for 28 days.  Because there were early deaths, likely due to 
hypoglycemia, additional lower dose TI groups were added.  Blood glucose levels were 
variable in these transgenic mice following TI administration.  In addition, T alone was well-
tolerated and did not affect glucose levels.  Moreover, insulin and FDKP Cmax and exposure 
(AUC0-inf) increased with increasing doses in males and females.  High circulating insulin 
levels were achieved within 15 min post dosing.  The transgenic mouse study revealed that 
the NOAEL for TI was 5 mg/kg/day, and the NOAEL for T was 75 mg/kg/day. 

 
 CD-1 mouse study:  T (10 and 75 mg/kg/day) and TI (10 and 35 mg/kg/day) were given to 

mice by sc route for 13 weeks.  At 35 mg/kg/day TI, deaths were seen and considered as 
secondary to hypoglycemia.  There was an increased body weight which was apparently 
treatment-related.  Blood glucose levels were lowered substantially in these CD-1 mice 
following TI administration.  Additionally, T alone was well-tolerated and did not impact 
glucose levels.  The CD-1 mouse study showed that the NOAEL for TI was 10 mg/kg/day 
and the NOAEL for T was 75 mg/kg/day. 

 
Note from the reviewer:  Re: 26 week rat study vs. 39 week dog study:  When compared to rat 
inhalation study, there were no decreased body weights in dogs, and there were also no increased 
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lung organ weights observed in dogs in a T dose-dependent fashion.  In addition, no increased 
proliferating activity in bronchial cells was detected in dogs treated with T and TI.  With regards 
to histopathological findings, a local effect of T inhalation in the nasal cavities (i.e. eosinophilic 
globules and epithelial degeneration; unrecoverable) was seen in rats, whereas a local effect of T 
inhalation in the lungs (i.e. alveolar and/or bronchial interstitial neutrophil infiltrate; recoverable) 
was observed in dogs.  Moreover, T could also lead to degeneration and necrosis of the 
myocardium and infiltration of mononuclear cells, which was not recoverable in rats, whereas T 
(or TI) could lead to thymic atrophy, and hypocellularity of the seminiferous epithelium, germ 
cell degenerations in dogs.   
 
In rats, three inhalation studies up to 26 weeks were conducted.  For T, it was well-tolerated with 
no apparent dose-limiting toxicities observed.  In 4-week study, there was no change in body 
weight.  However, in 13- and 26-week studies, there was a slight decrease in male body weights.  
For TI, there was a dose-related decrease in blood glucose levels.  In addition, upon necropsy, 
pulmonary organ weights were apparently increased in a T dose-related fashion.  However, there 
were no gross or histological correlates.  There were also histological findings, such as 
eosinophilic globules and epithelial degeneration (olfactory, respiratory epithelium and maxillary 
sinus) with higher severity and incidence, noted in the nasal cavities of T groups, indicating a 
local effect of T inhalation.  These changes did not show recovery after 30 days following 
discontinuation of treatment.  Approx. 50% males treated with T had degeneration and necrosis of 
the myocardium and infiltration of mononuclear cells.  The cardiac effects were not recoverable. 
 

 The PCNA (Proliferating Cell Nuclear Antigen) analysis (non-GLP) was performed to assess 
epithelial cell activity in selected sites of the respiratory tree.  A slight numerical imbalance 
was observed in the upper airway bronchial cells in the T and TI groups at week 26.  
However, the magnitude of change was below the threshold, i.e. > 3x increase over 
background.  This change was likely related to duration of exposure and upper airway 
particulate impaction, since alveolar airway cells were not affected.  No histological changes 
of epithelial hyperplasia or metaplasia were observed in any of the respiratory tree tissues.  In 
addition, insulin was not likely to cause these changes because these changes also occurred in 
animals not receiving insulin, and were limited to upper airways.  In addition, no histological 
changes of hyperplasia or metaplasia indicative of biologically significant cell proliferation 
were observed. 

 
 The rat inhalation studies revealed that the NOAEL was < 11.7 mg/kg/day for T and 1.9 

mg/kg (males) or 1.3 mg/kg (females) for TI.  Hyperplasia and metaplasia are seen in various 
organs including lung but not in a T dose-dependent manner.  Other T related toxicities were 
seen, including nasal and heart effects with mortality so NOAEL would be lower than 11.7 
mg/kg/day.  However, only one dose of T was tested in this 26 week rat study.  Note: NOAEL 
of 11.7 mg/kg/day was determined by the sponsor. 

 
In dogs, six studies up to 39 weeks were conducted.  For T, no effects on clinical signs, body 
weight, feed consumption, or hematology/clinical chemistry parameters were observed up to 15-
17 mg/kg/day.  Measurable plasma FDKP levels (Cmax – 4.56-12.15 µg/ml) were observed.   
 

 In 5-day study, TI was well-tolerated and had dose-dependent decreases in blood glucose 
levels.  In 30-day study, 50 mg/kg/day T was well tolerated following via PO administration.  
A greater incidence of occasional emesis and change in feces was observed in animals 
receiving T.  In 4-week study, up 40.3 mg/kg/day T via the inhalation route was well-
tolerated.  The NOAEL for T was 40.3 mg/kg (mean Cmax of 18.6 µg/ml and mean AUC0-24h 
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of 55 µg•h/ml).  In 26-week study, 1.9 mg/kg/day TI produced an increase in the female body 
weight.   

 
 In one 39-week study, Up to 38 mg/kg/day T produced no toxicologically significant effects. 

In another 39-week study, both TI (0.36 mg/kg/day for males and 1.92 mg/kg/day for 
females) and T (2.4 mg/kg/day for males and 10.9 mg/kg/day for females) were well 
tolerated.  Minimal toxicity was observed at the high TI dose and was characterized by 
neutrophil infiltrate of the lung that regressed following 8 weeks of recovery.  In addition, TK 
analyses showed that T and TI were absorbed quickly and Cmax was achieved within 20 min 
after the end of dosing.  The NOAEL for T was at the highest dose of 10.9 mg/kg/day and for 
TI was at the highest dose of 1.92 mg/kg/day. 

 
Genetic toxicology:  In vitro studies with TI and T (bacterial reverse mutational and mammalian 
chromosomal aberration w/ S9) and in vivo studies with T only (mouse micronucleus) showed 
that there was no mutagenic potential and no apparent genetic toxicity with either T alone, or TI 
in valid studies.  Note from the reviewer:  The sponsor did not give an explanation why a mouse 
micronucleus assay was not done with TI.  This might be due to the fact that the genotoxic 
potential of insulin is well established (negative). 
 
Carcinogenicity:  Two studies were done in rats (via inhalation administration for 104 weeks) and 
transgenic mice (via SC administration for 6 months). 
 

 In mice, they were given T at 25 and 75 mg/kg/day and TI at 2.5 and 5 mg/kg/day (in males) 
and 0.6 and 1.25 mg/kg/day (in females) for 6 months via the sc route.  In rats, they were 
given T up to 46 mg/kg/day and TI up to 1.23 mg/kg/day (in males) and 0.76 mg/kg/day (in 
females) for 24 months via the inhalation route.  In both studies, the survival rates were not 
different among groups.  Hypoglycemia-related mortality was observed at the higher doses in 
the transgenic mouse study.  The observed dose-limiting toxicity was related to hypoglycemia 
at high insulin doses.  No evidence for carcinogenicity due to T alone or TI in either species. 

 
 In the mouse study, exposure to FDKP was dose proportional and there were no sex 

differences or evidence of accumulation.  Exposure to TI was also dose-proportional for 
males but greater than dose-proportional for females, with no evidence of accumulation.  In 
addition, no evidence of increased oncogenicity or microscopic pathological effects related to 
T alone or TI in both male and female transgenic mice. 

 
 In the rat study, both T and TI were well-tolerated by inhalation.  Exposure to FDKP 

increased with increasing dose in all treated groups.  There was no definitive TK analysis was 
not definitive due to the variability in circulating insulin concentrations measured in TI 
treatment groups.  There were no indications of carcinogenic potential of either T alone or TI 
in both males and females.  In addition, lung PCNA analysis showed that alveolar and 
bronchiolar cells were not different across all groups.   

 
Reproductive toxicology:  Reproductive and development toxicity studies were done in rats and 
rabbits via the sc route.  Only T alone was studied to avoid potential confounding effects of 
insulin-induced hypoglycemia.  In rats, there were no teratogenic findings (during organogenesis) 
and no impairment of fertility or effects on offspring.  However, in rabbits, there was maternal 
toxicity as well as teratogenic findings (i.e. major malformation) during organogenesis. 
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 Exposure to FDKP was confirmed in pregnant animals; where the exposure was substantial in 
pregnant rats and rabbits during the critical gestation periods for both species.  In rats given 
100 mg/kg/day T, AUClast was 8,335,854 ng•min/mL on GD7.  In rabbits given 2 mg/kg/day 
T, AUClast was 482,240 ng•min/mL on GD19.  In a clinical setting, the projected human 
AUC would be approx. 46,000 ng•min/ml, with the projected human daily exposure of 105 
mg TI     

 
 Utero-exposure was confirmed in a separate rat fetal TK study.  This study determined fetal 

blood FDKP levels in rats after maternal exposure to sc injection of T (0, 10, 30, and 100 
mg/kg/day) on presumed GD 6 through 17, indicating dose-proportional fetal exposure at 
concentrations.  Also, the FDKP was still present at least 24 hrs after exposure to the dam. 

 
 In rats, there was no maternal toxicity.  The NOAEL in pregnant rats was 100 mg/kg/day, 

whereas the fetal NOAEL was 100 mg/kg/day.  In rabbits, there was a death at the high dose 
of 100 mg/kg/day.  There was also body weight loss at lower doses of 2 mg/kg/day, 
indicating maternal toxicity.  The NOAEL in pregnant rabbits was < 2 mg/kg/day, whereas 
the fetal NOAEL was 100 mg/kg/day. 

 
Special toxicology:  Local tolerance toxicity, Immunotoxicology, PS80 toxicity, photoxicity, 
environmental toxicology, industrial toxicology of FDKP intermediates, and FDKP impurities 
qualification study were evaluated for T and/or TI. 
 

 Local tolerance of T and TI was evaluated in a primary skin irritation study in rabbits and as 
part of a guinea pig dermal hypersensitivity study (T only).  In rabbits, both T and TI were 
similar in dermal response, with early signs of irritancy abating after 24 hrs.  Both T and TI 
were considered non-irritating, using U.S. FDA criteria.  In guinea pigs, there was no dermal 
sensitization after single intradermal injections of T (5% wt /volume), followed by dermal 
application (25% wt/wt) with dermal application challenges twice, every 2 weeks. 

 
 An immunotoxicity assessment was conducted in rats exposed to T or TI by inhalation 

administration once daily for 28 days.  These animals were evaluated for absolute and relative 
numbers of lymphocytes, and the ability to mount an antibody response to antigen (T-cell 
dependent).  Up to 44 mg/kg/day (males) and 47 mg/kg/day (females) T and up to 1.33 
mg/kg/day (males) and 0.79 mg/kg/day (females) TI were achieved.  In addition, a separate 
subgroup received a dose of 75 mg/kg/day daily by the SC administration.  These animals 
had no significant changes in lymphocyte subpopulations or response to T-cell dependent 
antigen.  However, a decrease in NK cells was noted after the SC administration but was no 
known clinical relevance in the absence of the control group by the same route of exposure. 

 
 The toxicity of PS80 (polysorbate 80), a component of TI, was studies in rats given T 

containing  PS80 for 28 days.  The NOAEL was the high dose of 43 mg/kg/day T (1.11. 
mg/kg/day PS80).  The safety margin for PS80 administered by pulmonary delivery at the 
maximum anticipated human dose was 24.7 fold, based on mg/kg basis for TI. 

 
 The photoxicity of T and TI were study in mouse 3T3 fibroblasts cells, in the presence or 

absence of UVA light, which was assessed by neutral red uptake.  Neither TI nor T particles 
was considered to be phototoxic at the highest concentration (1000 mg/L) tested. 

 
 The exotoxicity potential of FDKP was studied in freshwater fishes and algae at a maximum 

concentration of 100 mg/L, in the presence of Daphnia magna.  FDKP showed no exotoxic 
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potential.  In addition, FDKP can be biodegraded in the presence of microorganisms in 
sewage treatment plant.  It is not likely to bioaccumulate or result in terrestrial exposures due 
to its low octanol-water partition coefficient. 

 
 Seven FDKP impurities  

 were monitored during manufacturing development.  These impurities were 
qualified in core toxicology studies and in an additional 28-day impurity qualification study 
with three major impurities  by the SC administration.  
There were no systemic toxicities with these major impurities.  Others such as  

 were not tested in this 28-day study, but had been qualified previously 
at 16-, 10-, and 7.5-fold the maximum anticipated human dose, respectively.   was 
only not tested because it could be removed during TI formulation.  Moreover, Ames 
mutagenicity studies for these individual FDKP impurities were not conducted due to 
solubility issues.  However, mutagenicity studies with FDKP containing the impurities were 
negative. 

 

 
 
2.6.6.2 Single-dose toxicity   
 
3 studies were submitted by the sponsor: 
 

 PDC-PD-1993-0001: acute oral tox rat study  
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 PDC-PC-1993-0002: acute oral tox rat study 
 PDC-PD-1004-0002: acute oral tox dog study 

 
PDC-PC-1993-0001 - Acute, Single Dose Oral Toxicity in Rats; Limit Test 
 
Young Spraque-Dawley adult rats (5/sex/group) were given a single dose on Day 1 at 5 g/kg 
FDKP (25% w/v) or 20 ml/kg (0.1 M) citric acid as VH control by gavage.  These animals were 
observed for clinical signs for 14 days after dosing.  Body weights were obtained on the day of 
the dosing and at the end of the 14-day observation period.  Findings:  There were no clinical 
signs and no changes in body weight related to TI or VH control.  The acute oral LD50 for 0.1M 
citric acid was > 20 ml/kg and for FDKP was > 5 g/kg, in both male and female rats. 
 
PDC-PC-1993-0002 – Acute Oral Toxicity Study in Rats (Limit Test) with Technosphere 
Calcitonin 
 
Young Spraque-Dawley adult rats (5/sex/group) were given a single dose on Day 1 at 50 mg/kg 
FDKP by gavage.  These animals were observed for clinical signs for 14 days after dosing.  Body 
weights were obtained on the day of the dosing and at the end of the 14-day observation period.  
Serum chemistry analysis was done before the study and at the end of the 14-day observation 
period.  Animals were sacrificed at the end of the study and examined grossly at necropsy.  
Histopathology was also done on heart, lung, liver, kidneys, esophagus, stomach, duodenum, 
jejunum, ileum, colon, rectum, mesenteric lymph node, bone with marrow, and all gross lesions.  
Findings:  There were no FDKP treatment related clinical signs, changes in body weight, serum 
chemistry parameters, gross, or histopathology findings.  The acute oral LD50 for FDKP was > 50 
mg/kg in both male and female rats. 
 
PDC-PC-1994-0002 – Acute Oral Toxicity Study of Technosphere in Dogs (Limit Test) 
 
Beagle dogs at age of 5 months (2/sex/group) were given a single oral dose on Day 1 at 5 g/kg 
FDKP (paced in gelatin capsules).  These animals were observed for clinical signs for 14 days 
after dosing.  Body weights were obtained on the day of the dosing and at the end of the 14-day 
observation period.  Animals were sacrificed at the end of the study and examined grossly at 
necropsy.  Findings:  There were no mortalities in this study.  However, a moderate amount of 
emesis, containing traces of test material, was seen at 5 and/or 24 hrs after dosing.  Firm/liquid 
feces were also seen, with trace amounts of test material present, within the 1st 24 hrs after 
dosing.  There were no test article-related gross findings at necropsy. 
 
2.6.6.3 Repeat-dose toxicity   
 
11 studies were submitted by the sponsor: 
 

 PDC-PC-1994-0001: 4-week study in dogs 
 PDC-PC-1996-0001: 5-day study in dogs 
 PDC-PC-1996-0002: 4-week study in rats 
 PDC-PC-1997-0001: 4-week study in dogs 
 PDC-PC-1999-0002: 26-week study in rats  
 PDC-PC-2000-0003: 13-, 26-, 39-week study in dogs 
 MKC-PC-2003-0002: 26-week study in rats (pivotal) 
 MKC-PC-2003-0004: 39-week study in dogs (pivotal) 
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 MKC-PC-2003-0022: 5-day study in dogs 
 MKC-PC-2005-0011: 13-week study in CD-1 mice 
 MKC-PC-2006-0011: 28-day study in rasH2 Hybrid mice 

 
PDC-PC-1994-0001: Technosphere And T/Calcitonin (5% Load), 4 Week Toxicity Study in 
Dogs, Inhalation and Subcutaneous [By  Study No. 94443] 
 
Sixteen dogs (8 M/8 F) were assigned into 4 groups and administered with VH control (saline), T, 
or T+Calcitonin at either 5 mg/kg or 50 mg/kg for 30 days. 
 

 
 
Findings:  All dogs survived to their terminal sacrifice.  No-test article related toxicity was noted 
in any of the antemortem parameters measured in these dogs.  However, a greater incidence of 
occasional emesis and changes in feces were evident in animals receiving T (Groups 2, 3, and 4).  
Similarly, no test-article related postmortem changes were found in these dogs.  However, there 
were few gross changes, including small right thyroid in one VH control male, tan/pink mottling 
of the left cranial and left cardiac lobes of the lung in one 50 mg/kg T male, and red/congested 
axillary lymph node in one 50 mg/kg T male.  There were also some microscopic tissues changes, 
such as peribronchiolar and granulomatous inflammation, thymus atrophy, and axillary lymph 
hemorrhage.  Nonetheless, these gross and microscopic changes observed in this study were not 
related to T or TI treatment.  All in all, the study indicated that T and T+Calcitonin did not 
produce pathologic changes in beagle dogs. 
 
PDC-PC-1996-0001: Preliminary 5-Day Inhalation Feasibility Study in Dogs on Technosphere 
[By  Study No. I96009, reviewed by Herman Lee and his 
review was dated 08/20/02 in DARRTS] 
 
This inhalation feasibility study was performed in 2 beagle dogs (1 M/1 F).  These dogs were 
given FDKP powder daily for 5 days (15.18 mg/kg BW/day for the male and 16.74 mg/kg 
BW/day for the female).  Findings:  The FDKP was well-tolerated.  There were no mortalities and 
no toxicologically changes in clinical observations, body weight gain, food consumption, 
hematology, and clinical chemistry parameters.  In addition, TK analysis showed the evidence of 
FDKP exposure with a Cpeak, ranging from 4.56 to 15.0 µg/ml, approx. 15 min after the end of 
exposure.  The values of the females were approx. 3X as high as the plasma levels of males. 
 
PDC-PC-1996-0002: Fumaryl-Technosphere (Powder) Four-Week Inhalation (Nose-Only) 
Toxicity Study in the Rat [By  Study No. I96032, reviewed by 
Herman Lee and his review was dated 08/20/02 in DARRTS] 
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A total of 140 (70 M/70 F) rats were dosed daily for 4 weeks with an inhalation exposure system 
for dusts.  The dust was administered 60, 150, and 180 min.  The effectively achieved doses were 
calculated to be 0.5 (low dose), 14.4 (mid dose), and 61.7 (high dose) FDKP mg/kg BW/day. 
 

 

 
 
Findings:  There were 7 deaths but these were not caused by the test article.  All deaths were from 
TK animals due to blood sampling or cardiac puncture.  There were no test article-related changes 
in clinical signs, body weight, food consumption, ophthalmology, hematology, clinical chemistry, 
and urinalysis parameters, observed in these animals.  In addition, there were no test-article 
related organ weight changes, as well as gross or histopathological findings observed in these 
rats.   
 
PDC-PC-1997-0001: Fumaryl-Technosphere™/ Fumaryl-Technosphere™ about 5% Salmon 
Calcitonin 4-Week Toxicity Study in Dogs, Inhalation and Subcutaneous Administration [By 

 Study No. I97003] 
 
A total of 36 (18 M/18 F) Beagle dogs were dosed for 4 weeks.  The animals from Groups 2, 3, 
and 5, were dosed once a day for 8 min whereas the animals from Groups 1 and 4 were dosed 
three times a day for 21 min each.   
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Findings:  There was no compound-related mortality.  Clinical signs, including emesis, were seen 
in Group 4 females and in Group 5 males and females.  Emesis was probably caused by the high 
amount of dust, causing local and unspecific irritation in the pharynx.  Females were more 
affected.  In addition, there were no changes in mean body weight gain and mean food 
consumption in animals treated with Technosphere alone.  However, a severe decrease in body 
weight due to reduced food intake was observed in animals treated with Salmon Calcitonin 
Technosphere (Groups 5 and 6).  There was also were no changes in ECG, and ophthalmology, 
urinalysis, bone marrow parameters.  Moreover, for hematology, animals treated with T showed 
no compound-related changes.  However, animals treated with T+Calcitonin or Calcitonin 
showed a tendency to slightly increased platelet counts.  Male animals from this group also 
showed slightly decreased thrombin times.  For clinical chemistry, animals treated with T 
revealed no dose or time dependent changes that could be attributed to the test article.  However, 
animals treated with T+Calcitonin or Calcitonin had minor changes, such as slight reductions of 
APT in Groups 5 and 6 females, decreased bilirubin levels in Group 6 males and females, and 
slight decrease of total protein in Group 6 animals.  Furthermore, there were no gross 
pathological findings and organ weight changes that could be attributed to test compound.  No 
treatment-related histopathological findings were seen in the respiratory tract or other organ 
systems.  Lesions at the sc injection site were indicative of mild to moderate local toxicity of the 
compound.  Lastly, the NOAEL of T was 40.3 mg/kg, with overall mean Cmax of 18.6 µg/ml and 
AUC0-24h of 55 µg*h/ml.   
 
MKC-PC-2003-0022: Technosphere®/Insulin: A 5-Day Dose Range Finding Inhalation Toxicity 
Study in Beagle Dogs [By  Study No. 6031] 
 
This study was conducted to help select target doses for a subsequent 39-week inhalation study in 
the dog (pivotal study #2).  The animals were exposed to T or TI for 15 min via an oronasal face 
mask once daily for 5 days.  Estimated achieved dosages were 0, 0.0265, 0.0894, and 0.1996 mg 
Insulin/kg/day for Groups 1, 2, 3, and 4, respectively.   
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Findings:  There were no mortalities during the study and there were no adverse clinical signs 
observed.  No changes in body weights and food consumption in treated animals.  There were 
dose-dependent decreases in plasma glucose levels, following exposure in mid and high dose 
groups (Groups 3 and 4).  However, levels steadily increased to within 20% of predose levels by 
4 hrs post exposure.  TK analyses showed that high dose TI was able to produce measurable 
plasma exposure to T (as measured by plasma FDKP) and to Insulin.  For both plasma FDKP and 
insulin, female dogs seemed to receive a greater exposure than the male dogs.  A decrease in 
exposure to both FDKP and Insulin by Day 5 was also observed in the mid and high dose groups 
(Groups 3 and 4).  However, only 1 dog/sex/group, the significance of these findings could not be 
established.   
 
MKC-PC-2005-0011: A 13-Week Study of the Comparative Toxicokinetic Profile and of the 
Comparative Toxicity of Technosphere®-Particles and of Technosphere®-Insulin in CD-1 Mice 
[By  Study No. 7679] 
 
This study was conducted in mice given T or TI daily for 13 weeks via SC injection.  The test 
article doses evaluated were 10 and 75 mg/kg/day T and 10 and 35 mg/kg/day TI.  The SC 
injection was the route of administration chosen because it was the route by which TI would be 
evaluated in a subsequent carcinogenicity study in mice. 
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Findings:  Nine mice were found dead.  Since these animals belonged to high dose TI group (35 
mg/kg/day), their deaths were considered to be related to a hypoglycemic response.  Besides 
hypoglycemic responses, there were no compound-related adverse clinical signs.  The body 
weight, food consumption, hematology, and clinical chemistry parameters, were unaffected by 
the T or TI treatment.  With regards to blood glucose levels, 10 and 35 mg/kg/day TI resulted in a 
lowering of blood glucose to approx. 50% (or less) when compared to control and pre-treatment 
levels.  This effect was comparable at both doses and showed no sign of reversal during the 120 
min post-dosing sampling period.  In addition, there were no effects on organ weight and 
macroscopic/microscopic findings when treated with T or TI.  As for TK analysis in mice, after 
SC injection up to 13 weeks, exposure to FDKP was approx. dose-proportional.  Based on the 
similarity of the exposure to FDKP in Group 2 and 4, FDKP exposure did not appear to be 
affected by the presence of insulin with T.  On the other hand, insulin exposure increased with an 
increase in dose, although less than dose-proportionally.  Exposure was also slightly higher in the 
male mice, although generally less than 20% greater than seen in the female mice. 
 
Overall, daily SC injection of T (up to 75 mg/kg/day) produced no adverse effects on any of the 
parameters evaluated.  Daily SC injection of TI (up to 35 mg/kg/day) caused deaths in a total of 6 
animals receiving 35 mg/kg/day and 3 animals at the same dose levels euthanized for humane 
reasons.  Decreased blood glucose levels were observed in both 10 and 35 mg/kg/day groups 
treated with TI.  This was, however, known as a pharmacological effect of insulin.  No other 
adverse effect in any of the other parameters evaluated.  Also, insulin exposure, as measured by 
Cmax and AUC, was less than dose proportional, with slightly higher exposures in males when 
compared to females.  In the high dose group, the insulin exposures were slightly decreased after 
repeated exposure when compared to a single dose.  Lastly, based on the mortality observed in 
mice receiving TI at a dose of 35 mg/kg/day, the NOAEL for TI was 10 mg/kg/day.  Based on 
lack of changes in any of the parameters evaluated, the NOEL for T was 75 mg/kg/day. 
 
MKC-PC-2006-0011: 28-Day Repeated Dose Subcutaneous Toxicity Study in Model 00178-W 
CB6F1/Jic-TgrasH2@Tac Hybrid Mice [By  Study No. 
AB29DV/AB29DW.2S3R  
 
This study was designed for the selection of doses for the subsequent pivotal TgrasH2 6-month 
carcinogenicity original and supplemental study.  Animals were treated with VH alone (PBS), T 
or TI, daily for 28 days via sc injection.  The dose levels for the T were 10, 35, 75 mg/kg/day 
whereas the dose levels for the TI were 2.5, 5, 10, 15, and 35 mg/kg/day. 
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Findings:  22 moralities were seen following treatment with TI (1 at 2.5 mg/kg, 2 at 10 mg/kg, 3 
at 15 mg/kg/day, and 16 at 35 mg/kg) among main and TK animals.  Male groups had increased 
mortalities of 3.3%, 3.3%, and 16.7% following treatment with 10, 15, and 35 mg/kg/day TI, 
respectively.  Female groups had increased mortalities of 3.3%, 6.7%, and 33.3% following 
treatment with 10, 15, and 35 mg/kg/day TI, respectively.  Mortality in TI-treated animals was 
presumed to be the result of severe hypoglycemia.  During cageside and hands-on observations, 
lethargy was noted in 1 male at 10 mg/kg/day TI and in 1 female at 35 mg/kg/day T.  A hunched 
appearance was also noted in 1 female at 35 mg/kg/day TI.  During unscheduled observations, 
comatose, prostrate, labored/dyspnea, and lethargy were noted in 1 TK animal at 15 mg/kg/day 
TI.  In addition, treatment with T or TI did not have effects on body weights, body weight gains, 
and weekly and total food consumption (Groups 2-6 vs. Group 1, and Groups 8-10 vs. Group 7) 
in either sex.  Several hematology (i.e. decreased WBC, lymphocytes, and monocytes in some 
males and decreased RBC, hemoglobin with increased platelets and lymphocytes in some 
females), and clinical chemistry (i.e. increased Na+ and Cl- in Group 2 male [vs. Group 1] and 
increased K+ and AST in Groups 8 and 10 females [vs. Group 7]) parameters were significantly 
different in treated groups when compared to the corresponding VH group.  However, these 
changes were considered, by the sponsor, to be biologically insignificant due to lack of dose 
dependency and corresponding microscopic findings.  Furthermore, there were no changes in 
organ weights in males or females across all does groups.  No macroscopic and microscopic 
findings were observed in treated animals. 
 
As for TK analysis, high circulating insulin levels were achieved within 15 min after sc injection 
of TI.  Insulin, FDKP Cmax and AUC0-inf increased exponentially with increasing doses in male 
and female mice.  At dose < 15 mg/kg, the relationship between Cmax and dose was linear.  The 
doses > 15 mg/kg, Cmax increases were not linear in both males and females.  Multiple dosing of 
TI lead to higher systemic insulin exposure in females compared to males in 3/5 dose groups 
evaluated (5, 10, and 35 mg/kg/day).  All in all, based on this study, the suggested MTD for use 
in a 26 week oncogenecity transgenic mice was 10 mg/kg/day for TI.  The NOAEL for TI in this 
study was 5 mg/kg/day.  The NOAEL and MTD for the T were determined to be 75 mg/kg/day.   
 
PDC-PC-1999-0002: A 26-Week Inhalation Toxicity Study of Fumaryl Technosphere™ 

 in the Albino Rat [By  Study No. 91740, reviewed by 
Herman Rhee and his review was dated 08/20/02 in DARRTS] 
 
Rats (141 M/141 F) were given FDKP daily via inhalation for 26 week.  The animals in the 
Group 1 were exposed daily to conditioned room air for the same duration as the high dose group 
(Group 3).  The animals in the treated groups were exposed daily to a powder formulation of 
FDKP   The theoretical achieved doses were 5.3 and 51.3 for Groups 2 and 3, 
respectively. 
 

 
 

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

(b) (4)
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Findings:  There were no treatment related deaths, clinical signs, or ocular changes.  A slight 
decrease in mean body weight was observed in the high dose males, starting from Week 6 and 
was still evident following the 4-week recovery period.  However, there was no toxicologically 
significant effect on food consumption, clinical pathology parameters (hematology, clinical 
biochemistry, and urinalysis), or organ weight (except minor adrenal weight change).  In addition, 
there were no treatment-related macroscopic findings.  Minor increases in the number of alveolar 
macrophages and phagocytic activities were noted (see table below).  Such increases, however, 
were considered to be a normal physiological response to the inhalation of particulate matter than 
a toxic effect.  These increases were absent after 4-week recovery.  Other histological changes 
included foci of tension lipidosis in livers, renal pelvic dilation, erythrocytosis in lymph nodes, 
and thymic, possibly agonal, focal hemorrhage.  These changes were considered, by the sponsor, 
to be spontaneous in origin.  Overall, daily 60 min exposure of rats to FDKP  for 26 
weeks resulted in slightly decreased body weights at the high dose.  Therefore, the NOEL was 
determined to be < 48 mg/kg/day. 
 

 
 
Herman Rhee’s review on this study: 
 

 
 

(b) (4)
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PDC-PC-2000-0003: 13, 26, or 39 Week Inhalation Toxicity Study of Fumaryl 
Technosphere  or Insulin with Fumaryl Technosphere  Powder 
Formulation in the Beagle Dog [By  Study No. 91739, reviewed by 
Herman Rhee and his reviews were dated 08/20/02 and 09/17/02 in DARRTS] 
 
The animals in the Group 1 were exposed daily to conditioned room air for the same duration as 
the high dose group (Group 3).  The animals in Groups 2 and 3 were exposed daily to a 
Technosphere powder.  Individual doses for Group 4 animals were calculated based on the most 
recent body weight to achieve a target dose of 5 U insulin/kg/day.  The targeted doses for FDKP 
for Groups 2 and 3 were 5.2 and 40.5 mg/kg/day respectively. 
 

 
 

(b) (4)

(b) (4) (b) (4)
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Findings:  There was no deaths and no treatment-related clinical signs, ocular, or cardiovascular 
changes during the treatment period.  There was an increased body weights in females exposed to 
TI.  Food consumption and clinical chemistry parameters were not affected by treatment.  There 
were also no treatment-related changes in the hematology parameters.  However, higher 
eosinophil counts were observed in 3 treated males during the main study when compared to 
control animals.  Due to a huge individual variability, this finding was not considered treatment 
related.  In addition, there were no treatment related changes in organ weights (except an increase 
in lung weights in males after 13 weeks, a trend decrease in kidney weights in males and females 
after 13 weeks, and an increase in adrenal gland weights after 39 weeks) and pathological 
findings (except occasional changes in localized foci or inflammation sites of the respiratory 
tract).  Moreover, spontaneous changes (i.e. congestion or hemorrhage in lymph node sinuses, 
localized areas of inflammation within the lungs, accompanied by fibrosis and increased width of 
subpleural alveolar septae, pituitary cysts, and thymic atrophy) were observed in animals from all 
treatment and recovery groups.  However, these findings were considered, by the sponsor, within 
the normal range of common findings for dogs of this age.  Overall, daily exposure of FDKP to 
dogs for 26 weeks produced an increase in the body weight of females but not in the males.  
However, daily exposure of FDKP (as high as 42.0 mg/kg/day) to dogs for 39 weeks produced no 
toxicologically significant effects.   
 
Herman Rhee’s review on this study: 
 

 
 

 
 

 
 

(b) (4)
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(b) (4)
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Pivotal Study #1 
 
Study title:  A 26-Week Inhalation Toxicity Study of A Powder Technosphere®/Insulin 
Formulation In The Albino Rat With A 13-Week Interim Kill and A 30-Day Recovery Period 
(MKC-PC-2003-2002) 
 
Key study findings:   

 Exposure to T (11.7 mg/kg/day) and TI (as high as 3.46 IU/kg/day in females and 5.18 
IU/kg/day in males) were stable and respirable.  T and TI were well-tolerated by the rats after 
26 weeks of exposure. 

 Hypoglycemic responses were observed, leading to the death of 1 high dose male, which was 
considered pharmacological responses to TI. 

 There were no other clinical signs that were considered of toxicological significance that 
could be attributed to T or TI treatment. 

 Decreased body weights and/or body weight gains were noted in T control (Group 2) and 
high dose TI (Group 4) males and females, in a T-dose dependent manner.  Decreased body 
weights (i.e. approx. 8% on Day 183) were also observed in females from the T control group 
(Group 2).  In addition, slightly decreased food consumptions were observed in T control 
(Group 2) females when compared to air control Group 1.  Decreased body wt was 
consistently seen with T treatment in rodents. 

 No treatment related changes were observed on ophthalmology, hematology, clinical 
chemistry, and urinalysis parameters.  No change in monthly insulin levels that could be 
attributed to treatment. 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 105 
 

 Slightly increased glucose levels, prior to exposure, were observed in high-dose TI males and 
females (Group 4) during the Month 6.  Glucose levels at a dose of 3.46 (F)/5.18 (M) 
IU/kg/day were slightly to significantly decreased in rats from both sex on Days 1 (main 
group and newly added TK group single-dosed on Study Day 176), 90, and 182 following the 
exposure. 

 The T administration correlated with an increase in pulmonary weight in a dose-related 
manner when compared to control (Group 2 [5.9%] > Group 4 [3.4%] > Group 3 [2.9%]) at 
Week 26.  However, the toxicological significance could not be clearly confirmed as this 
dose did not correlate with any gross or microscopic findings. 

 There were no macroscopic changes observed that could be attributed to treatment.  Most of 
microscopic findings, such as eosinophilic globules and epithelial degeneration in the nasal 
cavities, seen in M and F given T and TI were not dose-dependent.  Higher severity and 
incidence of these findings were observed in the T control group, suggesting that the changes 
observed in the T/TI animals were likely due to the inhalation of the T particulate.  In 
addition, the presence of insulin did not influence either the incidence or severity of these 
lesions.  Moreover, histological alterations were limited to those consistent with impaction on 
the nasal epithelium.  There were no signs of recovery in the males and a slight decrease in 
the incidence of the findings was observed in females. 

 Minimal to slight myocardial degeneration/necrosis was seen in 50% T-treated males at 11.7 
mg/kg/day. 

 There was no dose-dependent lung histopathology observed with T or TI.  The PCNA 
analysis in the lung sections showed that an increase in proliferation rate of bronchial cells 
was observed at Weeks 13 and 26 in the TI-treated groups.  However, there were signs of 
recovery in high-dose TI animals (Group 4) following a 4-week recovery period.  This was 
considered as a pharmacological effect of the insulin.  In addition, there were no increases in 
alveolar cells PCNA. 

 For TK analysis of insulin, Cmax and AUC0-tlast values were generally slightly higher in 
females when compared to males after corrected for insulin dose.  There was a slight increase 
detected following repeated TI exposure, however such increase was not considered to be the 
result of accumulation to steady-state levels, due to the relatively short terminal 1/2 life seen 
and the general lack of quantifiable levels at pre-dose.  For TK analysis of FDKP, as 
measured by mean serum Cmax and AUClast as a function of dose across a single blood 
sampling day, showed an increase with dose, but was less than dose proportional. 

 A dose-dependent increase (1.4-1.6 fold) in CYP3A1/2 activity was seen in low-dose and 
high-dose TI (Groups 3 and 4) male rats. 

 The NOAEL for TI (Technosphere+ insulin) was 5.18/3.46 (MF) IU/kg/day or 1.91/1.28 
(M/F) mg/kg/day. 

 The NOAEL for T (Technosphere) was < 11.7 mg/kg/day due to 50% male having 
myocardial degeneration/necrosis and 3 deaths post-dosing.   

 
Study no.:  PCS-MTL Study No. 78235 
Volume #, and page #:  Module 4.2.3.2 repeat-dose-tox, 1468 pages 
Conducting laboratory and location:  

 
Date of study initiation:  April 2003. 
GLP compliance:  Yes.  Few exceptions were listed below. 

(b) (4)
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QA report:  yes (x) no (  ) 
Drug, lot #, and % purity:  See below. 
 

 
 
Methods 
 Doses:  See table below. 
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 Species/strain:  Spraque-Dawley CD® (Crl: CD® (SD) BR) rats 
 Number/sex/group or time point (main study): 
  15/sex/group (#1, #3, and #4) for 13 week or 26 week phase 
  15/sex/group (#2) for 26 week phase only 
  10/sex/group (#5) for 13 week phase only 
 Route, formulation, volume, and infusion rate:  Inhalation, exposure daily  
  180 min for Groups 1 and 2 
  35 and 100 min for Groups 3 and 4 females respectively 
  110 and 180 min for Groups 3 and 4 males respectively  
 Satellite groups used for toxicokinetics or recovery:   
  TK: 6/sex/group; Recovery: 5/sex/group 
 Age:  9 to 10 weeks of age 
 Weight: Between 309-393 g (males) and 153-258 g (females) 
 Sampling times:  See Observations and Times. 
 Unique study design or methodology (if any):  TK and 30-day recovery period,  

 inhalation by nose only 
 
Observations and times: 
 
Mortality:  Twice daily 
Clinical signs: Twice daily 
Body weights:  Weekly 
Food consumption:  Weekly 
Ophthalmoscopy:  Once prior to the start of treatment and again on Weeks 13 and 26. 
EKG:  Not done. 
Hematology:  During Week 13 and again at study termination (Weeks 13 and 26 phases) 
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Clinical chemistry:  Same as above. 
 

 

 
 
Urinalysis:  Same as above. 
 

 
 
Gross pathology:  Upon completion of the treatment and recovery periods. 
 
Organ weights:  At the end of the study. 
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Histopathology: Adequate Battery:  yes (x), no (  ) - explain: See below for tissues collected. 
  Peer review:   yes (  ), no (x) – Not mentioned by the sponsor. 
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TK/Cytochrome P450 Analyses: 
 

 P450 analysis:  At termination of the 13 Week phase.  Activities of CYP1A1/2, 2B1/2, 
3A1/2, and 2E1 were determined. 

 
 TK analysis:  Blood samples were collected on Days 1 and 90, Day 176 (7 time points), and 

on Day 182 (6 time points) 
 

 

 
 
Note from the reviewer: Anti-drug antibody detection was not found in this study. 
 
Results 
 
Mortality:  On Day 2, one high-dose TI male (No. 4038) had neurological dysfunction with 3 
mg/dL glucose (historical range was 104-223 mg/dL).  On Day 56, one high-dose TI female (No. 
4531) had a moderate mass and severe lesion on the abdominal region.  On Day 73, three T 
control group (Nos. 2504, 2508, and 2517) died immediately after dosing.  These three animals 
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were weak, cold to touch, and had decreased activity.  On Day 86, one high-dose TI male (No. 
4008) died after ophthalmology assessment.  On Day 176, one high-dose TK female (No. 4542) 
died after blood collection.  On Day 182, one Air Control female (No. 1539) and one high-dose 
male (No. 4042) died also after blood collections.  These signs were typical of hypoglycemic 
shock in TI-treated animals.  However, the deaths in T-treated animals suggest that the T dose at 
11.7 mg/kg/day exceeds the MTD.  Note from the reviewer: Based on cardiac histopathology, it 
indicates that these deaths might be cardiac related since these animals were given insulin. 
 
Clinical signs:  Clinical signs included protruding eyeballs in 2 low-dose TI females (Group 3) on 
Days 52/59 and in 2 high-dose TI females (Group 4) on Days 73/80/87.  The sponsor considered 
this was not related to treatment even though this was not observed in the control animals.  In 
addition, other clinical signs included thin fur cover and/or staining of the fur in various regions, 
scabbing and/or dried skin or scab of the tail, and broken teeth.  These observations were sporadic 
and were considered unrelated to treatment. 
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Body weights:  During main study period, slight decreases in body weights and/or body weight 
gains were noted in all groups in the males in a T dose-related manner, when compared to air 
control group.  There were statistically significant decreases in body weights in T-treated females 
(Group 2), when compared to the air control group from Week 10 onwards.  During recovery 
period, high-dose TI males (Group 4) regained weight and body weights were similar to the 
control animals (Group 1).  There were no differences in the females’ body weights during the 
recovery period, when compared to controls.  Lastly, other statistically significances were seen 
sporadically and were not considered to be any toxicological significance.   
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Food consumption:  During main study period, significantly lower food consumption was noted 
from Week 1 onwards in Group 2 females, when compared to air control Group1.  On the other 
hand, increased food consumption was noted in Groups 3 and 4 females, when compared to T 
control Group 2 females throughout the study.  In addition, no change in food consumption was 
observed in T or TI-treated males.  During recovery period, there were no differences in food 
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consumption noted.  Lastly, other statistically significances were seen sporadically and were not 
considered to be of any toxicological significance.   
 
Ophthalmoscopy:  There were no treatment-related ocular findings noted at Weeks 13 and 26. 
 
EKG:  Not performed.   
 
Hematology:  At Week 13, slight increases in WBC and lymphocytes in T control Group 2 males 
and females were noted when compared to air control Group 1.  However, the levels were within 
historical reference range and were not considered to be any of toxicological significance.   
 

Hematology Sex Time Air  
control 

T  
control 

TI 
low 

TI 
high 

↓ BASO (%) 
WBC Differential Count 

M Week 13  0.38 
±0.11 

0.29 
±0.13 

0.28 
±0.11 

↓ WBC (103/µL) 
 

M Week 13  10.100 
±2.131 

8.415 
± 2.414 

8.398 
± 2.047 

↓ LYMP (n) 
WBC Differential Count Absolute 

M Week 13  8.002 
±1.765 

6.344 
±2.179 

 

↓ MONO (n) 
WBC Differential Count Absolute 

M Week 13  0.275 
±0.095 

 0.190 
±0.067 

↓ BASO (n)  
WBC Differential Count Absolute 

M Week 13  0.040 
±0.013 

0.026 
±0.016 

0.024 
±0.012 

↑ MPV (fL) M Week 13 7.48 
±0.29 

7.72 
±0.27 

7.95 
±.38 

8.23 
±0.38 

↓ EOS (%) 
WBC Differential Count 

F Week 13  2.21 
±1.14 

 1.67 
±0.45 

↓ EOS (n)  
WBC Differential Count Absolute 

F Week 13  0.135 
±0.044 

 0.098 
±0.030 

MPV (fL) F Week 13 7.85 
±0.56 

7.82 
±0.26 

8.10 
±0.28 

8.40 
±0.43 

↑ MCHC (g/dL) F Week 13 31.74 
±0.71 

 32.19 
±0.53 

32.15 
±0.73 

↓ RETIC (%) F Week 13  2.09 
±0.42 

 1.63 
±0.51 

       

↑ PT (sec) M Week 26 15.27 
±0.88 

16.45 
±1.21 

  

↑ MPV (fL) F Week 26 7.26 
±0.39 

  7.78 
±0.31 

↑ PT (sec) F Week 26 14.70 
±0.59 

15.36 
±0.53 

  

       

↑ MONO (%) 
WBC Differential Count 

M Recovery 2.20 
±0.41 

  2.96 
±.30 

↓ ESO (%) 
WBC Differential Count 

M Recovery 2.64 
±0.40 

  1.82 
±0.68 

↓ EOS (%) 
WBC Differential Count 

F Recovery 3.14 
±0.72 

  1.98 
±0.55 
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↑ WBC (103/µL) 
 

F Recovery 2.124 
±0.500 

  3.862 
±1.036 

↑ LYMP (n) 
WBC Differential Count Absolute 

F Recovery 1.448 
±0.322 

  2.822 
±0.899 

↑ MCHC (g/dL) F Recovery 33.72 
±0.49 

  34.46 
±0.29 

* generated by the reviewer. 
 
Clinical chemistry/Urinalysis:  At Week 13, increases in AST and ALT (2X higher than other 
animals) were noted in two low-dose TI animals (1 male and 1 female).  This was not observed in 
high-dose TI animals (Group 4).  At Week 26, decrease in cholesterol level was observed in T 
control group, when compared to air control Group 1.  However, this was within historical 
reference ranges and was not considered any toxicological significance.  Moreover, there were no 
changes in clinical chemistry parameters noted at the end of the recovery period.  Lastly, there 
was no T or TI treatment-related change in urinalysis parameters at Weeks 13 and 26, and at the 
end of the recovery period. 
 

Clinical Chemistry Sex Time Air  
control 

T  
control 

TI 
low 

TI 
high 

↑ BUN (mg/dL) M Week 13 15.93 
±2.54 

18.71 
±2.69 

  

↓ CREA (mg/dL) 
 

M Week 13  0.66 
±0.08 

 0.60 
±0.06 

CA (mg/dL) M Week 13 10.96 
±0.85 

12.00 
±1.17 

10.94 
±.75 

11.05 
±0.65 

NA (mEq/L) M Week 13 148.0 
±3.5 

154.1 
±4.4 

149.0 
±3.3 

149.1 
±2.5 

↓ BUN (mg/dL) F Week 13  20.93 
±2.18 

18.12 
±2.60 

 

↓ CREA (mg/dL) F Week 13  0.68 
±0.04 

0.64 
±0.05 

 

GLUC (mg/dL) F Week 13 108.2 
±25.4 

83.8 
±6.0 

108.6 
±25.9 

107.3 
±28.5 

↓ NA (mEq/L) F Week 13  148.4 
±1.6 

146.7 
±2.2 

 

PHOS (mg/dL) F Week 13 6.732 
±1.042 

5.728 
±0.971 

6.600 
±1.107 

6.604 
±0.945 

       

GLUC (mg/dL) M Week 26 144.8 
±29.7 

192.0 
±69.4 

175.5 
±25.3 

 

CHOL (mg/dL) M Week 26 71.9 
±16.9 

54.9 
±23.9 

71.9 
±14.1 

 

↑ NA (mEq/L) M Week 26 145.9 
±2.6 

  148.6 
±3.1 

↑ CL (mEq/L) M Week 26 105.1 
±2.2 

108.6 
±2.9 

108.1 
±2.2 

108.6 
±2.2 

↑ GLUC (mg/dL) F Week 26 129.7 
±19.3 

 162.0 
±18.2 

150.9 
±34.1 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 117 
 

↓  TP (g/dL) F Week 26 7.84 
±0.72 

7.03 
±0.53 

  

↓  ALB (g/dL) F Week 26 5.53 
±0.5 

4.93 
±0.49 

  

↑ NA (mEq/L) F Week 26 145.0 
±1.3 

  147.7 
±2.4 

       

↑ CA (mg/dL) F Recovery 10.32 
±0.50 

  10.94 
±0.30 

* generated by the reviewer. 
 
Glucose levels:  Slight increases in glucose levels were observed in high-dose TI males and 
females (Group 4) at Month 6, when compared to control Groups 1 and 2.  At the end of the 
recovery, levels remain slightly higher in Group 4, compared to control Group 1.  Lower glucose 
levels were seen in low- and high-dose TI males and females (Groups 3 and 4) when compared to 
control groups on Days 1, 90, 176, and 182 at the selected time points.   
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Gross pathology:  There were no macroscopic findings that could be attributed to T or TI 
treatment. 
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Organ weights:   
 
There was a significant increase in absolute pulmonary weights in males receiving 2.94 IU/kg/day 
in the 13 week phase compared to the air control group.  At Week 26, there was a significant 
increase in relative pulmonary weights for the T control group (Group 2) males (14%) and 
females (15%).  Such increases in relative pulmonary weights were also observed in TI males 
receiving 5.18 IU/kg/day (11%) when compared to air control group (Group 1).  However, there 
was a significant decrease (12 to 14%) in relative pulmonary weights in TI females receiving 1.14 
and 3.46 IU/kg/day when compared to the T control group (Group 2).  These data suggested that 
the Technosphere administration correlated with an increase in pulmonary weight, and such 
increase was dose-related (Group 2 > Group 4 > Group 3).  However, such effects were not 
consistent among absolute and relative measures.  In addition, effects in males at 5.18 IU/kg/day 
did not indicate a progression of increase in lung weight from 13 to 26 weeks of treatment.  The 
insulin combined with Technosphere did not potentiate effects on lung weight.  Moreover, the 
significant organ weigh difference observed in the lung in all phases was without macroscopic or 
microscopic correlative change.  These weight differences were not evident after recovery period.  
Lastly, other differences, including those that reached statistical significance, were not considered 
toxicological significance.  Note from the reviewer:  Increased relative lung weight seen in M and 
F in T and high TI groups.  This seems to indicate that the presence of Technosphere particles 
could result in increased relative lung weight, corrected for body weight. 
 

Organ Weights Sex Time Air  
control 

T  
control 

TI 
low 

TI 
high 
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↑ Lung (g) M 13 weeks 1.5677 
±0.07335 

  1.7044 
±0.15782 

↑ Lung   
Relative to body wt (%) 

M 26 Weeks 0.29250 
±0.036241 

0.33392 
±0.036241 

 0.32357 
±0.025428 

↓ Prostate (g) M 26 weeks 1.5982 
±0.17718 

  1.4158 
±0.07873 

↑ Adrenal 
Relative to body wt (%) 

F 26 weeks 0.01972 
±0.004530 

0.02435 
±0.003981 

 0.02071 
±0.002786 

↑ Lung 
Relative to body wt (%) 

F 26 weeks 0.40511 
±0.036898 

0.46577 
±0.029980 

0.40042 
±0.034027 

0.41008 
±0.028485 

* generated by the reviewer. 
 
Histopathology:  There were findings related to the T or TI in the nasal cavities, such as 
eosinophilic globules and epithelial degeneration.  The main treatment related finding was an 
increased cytoplasmic accumulation of eosinophilic globules and occurred in 4 areas: 
sustentacular cells of olfactory epithelium, respiratory epithelial cells in areas bordering the 
olfactory epithelium, respiratory epithelial cells in the dorsal portion of the maxillary sinus, and 
occasionally, in the nasal seromucos glands in the lamina propria.   
 
At Week 13, there was accumulation of eosinophilic globules observed in the epithelia of the 
ethmoid turbinates located in the posterior portion of the nasal cavity (histologic section level 3).  
There was an effect in the high-dose females both in terms of incidence (1/2 in T control group, 
1/10 at 1.14 IU/kg/day, and 8/11 at 3.46 IU/kg/day) and severity (minimal in T control females 
and 1.14 IU/kg/day groups, and minimal to slight at 3.46 IU/kg/day).  In addition, even though 
there was no T control for direct comparison in males, there was an apparent increase in severity 
from minimal to slight in males at 2.94 IU/kg/day compare to minimal to moderate at 5.28 
IU/kg/day.  Moreover, there was also an increase in the incidence and the severity of the lesion in 
males compared to the females (1/10 and 8/11 in females compared to 9/10 males in Groups 3 
and 4 respectively, and minimal to slight in females compared to minimal to moderate in males). 
 
At Week 26, there was accumulation of eosinophilic globules observed in the epithelia of the 
ethmoid turbinates (histologic section level 3), and the lesion also extended anteriorly involving 
the septum and dorsal meatus of the nasoturbinate area (histologic section level 2 and a less 
extent, level 1).  In addition, when compared with 13 week phase, there was an apparent 
increased incidence in the occurrence of the finding in females (5/10 and 10/10 compared to 1/10 
and 8/11 in the 13 week phase at 1.14 and 3.46 IU/kg/day, respectively).  However, when taken 
into account with the incidence in the T control (10/10), such effect appeared to be due to T itself 
rather than TI.  Moreover, there was an increase in severity in males (minimal to slight compared 
to minimal to moderate at 2.94 IU/kg/day, and minimal to moderate compared to minimal to 
marked at 5.18 IU/kg/day).  The magnitude of this severity was not progressive with duration of 
treatment relative to the severity observed at 13-weeks of treatment. 
 
All in all, similar findings were observed from both 13-week and 26-week phases.  There was still 
a dose-related increase in incidence in females but also a slight increase in males.  There was a 
dose-related increase in severity in both sexes.  There was also an increase in the incidence and 
the severity of the lesion in males compared to the females. 
 
In addition, Group 3 (low-dose TI) males received the same dose level as Group 4 (high-dose TI) 
females.  When compared these groups, there was a trend towards an increase in severity in 
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males.  Minimal to slight epithelial degeneration was occasionally described in the T and TI 
animals.  However, a specific distribution pattern could not be established.  Epithelial 
degeneration could also be observed in 1 male from Group 4 in each phase.  There was an 
increased incidence of this finding in the 2/10 males and 2/10 females from T control group 
(Group 2). 
 
Moreover, the greatest severity of eosinophilic globules accumulation was seen in the T control 
group (Group 2).  The lesion distribution was similar to the Group 3 and Group 4 in the 26-week 
phase, which included histologic section levels 3, 2, and to a lesser extent, level 1.  In this Group 
2, the severity of the lesion was greater in males, although the distribution of the lesion appeared 
to be more extensive in females (the lesion extended to level 1 in most females).  Since rats were 
obligate nose breathing animals, the presence of globules was consistent with the physiological 
impaction of particulate material on the nasal cavity.  The presence of insulin did not seem to 
influence either the incidence or severity of these lesions.  Furthermore, histological alterations 
were limited to those consistent with impaction on the nasal epithelium.  No drug-related 
alterations were observed in the lower respiratory trace, particularly in the deep lung. 
 
At the end of the recovery period, accumulation of eosinophilic globules was still present.  The 
lesion distribution was similar to the 26-week phase.  There was no evidence of recovery in 
males, as the incidence and severity of the finding was similar to the 26-week phase group.  
However, there was a decrease in the severity of the lesion in males. 
 
Other microscopic findings were considered incidental and not associated with T or TI treatment. 
Note from the reviewer:  HD T (11.7 mg/kg/d) was not assessed at 13 weeks. 
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RECOVERY PERIOD 
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Note from the reviewer: 
 There were pancreas and kidney findings in males during recovery: pancreas may be related 

to insulin whereas kidney may relate to FDPK. 
 There was no recovery of nasal cavity finding 30 days post-dose in females but not in males. 
 There were also more kidney effects showing up in the recovery groups more than treated 

group.  This might be due to long t ½ life of FDKP.  
 

Toxicokinetics: 
 

 Insulin:  Dose dependent exposure (as indicated by Cmax and AUC0-tlast parameters) was 
observed in almost all cases from low to high dose level (2.94 to 5.18 IU/kg/day for males, 
1.14 to 3.46 IU/kg/day for females).  It was dose-proportional increases for insulin exposure 
in males and less than dose-proportional increases for females following a single dose.  
Similar results were observed on Day 182, although exposure in males was less than 
proportional.  In addition, Cmax and AUC0-tlast values were generally higher in females 
compared to males at each dose level after correcting for the lower dose received in females.  
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Moreover, peak insulin levels were generally observed between the 2 and 10 min post 
exposure.  A slight increase could be observed following repeated powder TI exposure.  
However, this increase was not considered to be the result of accumulation to steady-state 
levels, due to the relatively short terminal half-life and the general lack of quantifiable levels 
at pre-dose. 

 

 
 

 
 

 Technosphere®:  Exposure to Technosphere® particles was determined by measurement of 
its major component, FDKP.  FDKP exposure (as measured by mean serum Cmax and AUC0-

tlast) showed an increase with dose, but was less than dose proportional.  The analysis for 
FDKP in serum on Days 1 and 90 appeared equivalent with the exception of the Group 2 (T 
control) females where the Cmax and AUC0-tlast were nearly three times greater on Day 90.  
The Cmax and AUC0-tlast on Day 176 (equivalent Day 1) and Day 182 did not show any 
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significant difference in single vs. multiple daily dosing up to 182 days and no differences 
between the sexes.  In addition, the tmax occurred shortly after the conclusion of dosing, with a 
median value of 10 min post-dose.  AUCinf and T1/2 could not be determined for Days and 90 
due to insufficient data.  For the equivalent Day 1 (Day 176), the t1/2 of FDKP ranged from 
48-80 min.  For Day 182, t1/2 of FDKP ranged from 76-121 min. 

 

 
 
Other:   
 

 PCNA analyses in lung sections: 
 
No difference in the proliferation rate of alveolar cells in any group or any occasion.  However, 
there were significant changes in the proliferation rate of bronchial cells in Groups 3 and 4 
animals.  This was consistent with anatomical topography of bronchial cells being cephalad to the 
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alveolar cells since bronchial cells were the first to be exposed and to absorb TI.  In addition, the 
increase could be attributed only to insulin since the amount of T was lower in Group 4 than in 
the T control group (Group 2).  Such increase in the proliferation rate of bronchial cells was seen 
at Week 13 and continued through Week 26.  All groups showed significant increases by Week 
26.  During the recovery phase, the PCNA values of Group 4 males and females significantly 
decreased, indicating a recovery trend. 
 
Chronic insulin administration has known to have an adaptive effect on late phase G1, together 
with IGF-1, thereby increasing the proliferation rate of renewing cell type such as the bronchial 
cells.  Upon discontinuation of insulin, recovery is evident, as seen in Group 4 animals.  The 
increase in the proliferation rate of bronchial cells with daily TI administration to rats via 
inhalation did not reflect evidence of risk for neoplastic transformation of bronchial cells.  Rather, 
it reflected adaptive effects. 
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Note from the reviewer:  Based on the safety pharmacology study, 50 mg/kg T and 0.32 mg/kg TI 
did not affect pulmonary functions.  Increased bronchial cell proliferations were seen in LD/HD 
TI groups (male: 3/5 IU/kg insulin & 1.12/1.87 mg/kg FDKP; female: 1/3 IU/kg insulin & 
0.37/1.12 mg/kg FDKP).  The exposure levels of T and/or TI in this study were much lower than 
the doses used in the pulmonary safety pharmacology study. 
 

 P450 quantification: 
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There were no statistically significant differences observed in total cytochrome P450 content in 
males and females.  However, a statistically significant increase (1.4-1.6 fold) in CYP3A1 
activity was seen in low- and high-dose TI male (Groups 3 and 4) rats (2.94 IU/kg/day and 5.18 
IU/kg/day respectively).  The CYP3A1 activity increase was dose-dependent in male rats and also 
gender specific as no statistically significant differences was seen with female rats.  In addition, 
there were no significant differences in male and female rats with others P450s, including 
CYP1A1/2, CYP2B1/2, and CYP2E1, at any dose levels when compared with air control groups. 
 

 
 
Pivotal Study #2 
 
Note from the reviewer: PDC-PC-2000-003 (13, 26, and 39 week inhalation dog study with T 
and TI) was described above and was not included as pivotal studies.  That study used oronasal 
administration by mask and duration of exposure depended on the dose administered.  This study 
was done by previous sponsor, PDC.  MKC-PC-2003-2004 is chosen as the pivotal study for dog 
for consistency reasons because this study is not previously reviewed and was conducted by the 
current sponsor, MKC. 
 
Study title:  Technosphere®/Insulin: A 39-Week Inhalation Toxicity Study in Beagle Dogs 
Followed by a 8-Week Recovery Period (MKC-PC-2003-2004) 
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Key study findings: 
 

 Exposure to T and TI were stable and respirable.  See below for estimated achieved dosages. 
 

Estimated 
dosages 

Group 1  
(Air) 

Group 2  
(T low) 

Group 3 
(T high) 

Group 4 
(TI low) 

Group 5 
(TI high) 

T (mg/kg/day) 0 0.39 10.9 0.39 1.92 
Insulin 

(mg/kg/day) 
0 0 0 0.0407 0.2198 

 
 T and TI were well-tolerated by the dogs. 
 Two mortalities (one T low male and one Air Control male) were observed during the course 

of the study.  Neither was considered to be related to treatment. 
 Clinical signs such as increased respiration, increased activity, and salivation, were observed 

in both treated and control groups.  These signs were transient.  Hypoglycemic events were 
observed in two high-dose TI animals (on days of TK sampling; Day 15 and Week 20).  
Those events occurred because the altered feeding regimen to prevent interference from 
endogenous insulin.  These animals recovered following administration of dextrose and no 
such events were observed on any other days. 

 Body weights, food consumption, ophthalmoscopy, EKG, hematology, clinical chemistry, 
and urinalysis parameters were not affected by T or TI treatment.  This differs from rat 
findings described in the pivotal study #1. 

 There were dose-dependent decreases in serum glucose values in the TI groups.  The most 
significant decreases in serum glucose levels occurred 15 to 30 min post end of exposure in 
the high-dose TI group.  In addition, decreases in glucose levels for the low-dose TI group 
were not as significant, with decreases observed immediately post exposure.  Glucose levels 
for both groups, then steadily increased, reaching pre-dose levels at 240 min post end of the 
exposure. 

 Organ weights, macroscopic findings, or cell proliferation activity was not affected by T or 
TI treatment.  This differs from rat findings described in the pivotal study #1. 

 There were minimal to mild alveolar and/or bronchial-interstitial neutrophil infiltrate of the 
lungs in both TI groups (1/8 for low-dose TI group and 3/8 for high-dose TI group) after 39 
weeks of treatment.  These findings regressed following 8 weeks of recovery.  These suggest 
lung irritation in a T dose-dependent manner. 

 In addition, minimal to mild thymic atrophy was seen in 6/8 high-dose T group at Week 39.  
Minimal to moderate hypocellularity of the seminiferous epithelium and minimal to mild 
germ cell degeneration were seen in T or TI group (1/4 for low-dose T and 2/4 for high-dose 
TI) at Week 39.  The sponsor considered these findings were commonly observed in young 
Beagle dogs kept under laboratory conditions. 

 Furthermore, testes and epididymal findings appeared in the TI group above concurrent 
controls.   

 TK analyses showed that systemic exposure to insulin and FDKP was rapid and Cmax was 
normally achieved within 20 min after the end of dosing.   

 For FDKP, the mean tmax values ranged from 7.5 to 37.5 min post end of dosing.  These were 
similar between days, sexes, and dose, and were similar between T and TI groups.  The mean 
terminal ½ life ranged from 52.9 to 83.9 min, when calculable.  Within the T groups, FDKP 
levels were relatively consistent for the 39 weeks of exposure and between sexes.  The mean 
AUClast and AUCinf were slightly less than dose-proportional.  Within the high-dose T group, 
mean AUClast were 395,379 (males) and 493,440 (females) ng•min/mL. 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 149 
 

 For insulin, in the high-dose TI group, the terminal ½ life of insulin ranged from a mean of 
16.9 to 26.7 min and mean AUClast was 4278 (males) and 3998 (females) µU•min/mL.  In the 
low-dose TI group, too many samples were below the lower limit of quantification.   

 The NOAEL for T (FDKP) was 10.9 mg/kg/day, whereas the NOAEL for TI was 0.2198 
mg/kg/day. 

 
Study no.:   Study No. 2973 
Volume #, and page #:  Module 4.2.3.2 repeat-dose-tox, 1312 pages 
Conducting laboratory and location:   
Date of study initiation:  Nov 14th, 2003 
GLP compliance:  Yes. 
QA report:  yes (x) no (  ) 
Drug, lot #, and % purity:  See below. 
 

 
 

 
 
Methods 
 Doses:  Tlow - 2.4 mg/kg/day and Thigh - 10.9 mg/kg/day 
  TIlow - 0.39 mg/kg/day and TIhigh - 1.92 mg/kg/day 
 

(b) (4)

(b) (4)
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 Species/strain:  Beagle dogs (Canis familiaris) 
 Number/sex/group or time point (main study):  32/sex for 26 or 39 weeks  
 Route, formulation, volume, and infusion rate:  Inhalation (15 min daily exposure) 
 Satellite groups used for toxicokinetics or recovery:  Recovery: 2/sex (Groups 1 and 5) 
 Age:  Between 7 and 8 months old 
 Weight: Between 6.8-9.9 kg (males) and 5.4-8.0 kg (females) 
 Sampling times:  See Observations and Times. 
 Unique study design or methodology (if any):  8-week recovery period, dosing is 

administered by nose/mouth inhalation.  Dogs were exposed for 15 min daily with T or 
TI. 

 
Observations and times: 
 
Mortality:  Once daily during the pre-treatment phases and twice daily (a.m. and p.m.) thereafter. 
Clinical signs:  Once daily and twice daily on dosing days. 
Body weights:  Once prior to randomization and weekly thereafter. 
Food consumption:  Once daily. 
Ophthalmoscopy:  Once during the acclimation period and during Weeks 12/13, 26, and 39. 
EKG:  Once during the acclimation period and during Weeks 13, 26, and 39. 
Hematology:  Once during the pretreatment period and during Weeks 13, 26, and 39 of treatment, 
and again during the last week of the recovery period. 
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Clinical chemistry:  Same as above. 
 

 
 

 Plasma level determinations (for glucose, insulin, and T levels): Days 1, 15, 22 and during 
Week 20, and the last day of treatment.  Following time points: predose, immediately 
postdose, and 15, 30, 60, 120, and 240 min postdose. 

 
Urinalysis:  Same as above. 
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Gross pathology:  The day following their respective last dose (Weeks 26 and 39) and following 
the 8 week recovery period. 
 
Organ weights:  At the end of the study. 
 

 
 
Histopathology: Adequate Battery:  yes (x), no (  ) - explain: See below for tissues collected. 
  Peer review:   yes (  ), no (x) – Not mentioned by the sponsor. 
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Others: 
 

 PCNA analyses in lung sections:  At the Week 26, 39, and following the 8-week recovery 
period. 

 
Note from the reviewer:  No anti-drug antibody assessment was found. 
 
Results 
 
Mortality:  Two mortalities during the course of the study.  One low-dose T control male was 
found dead on Day 19 due to a hemorrhage caused during TK sampling.  Another Air Control 
male was found dead on Day 128 due to procedure-related stress during restraint. 
 
Clinical signs:  Signs of vocalization, increased respiration, increased activity and salvation were 
observed in treated and control groups.  These were transient in duration and as they are 
commonly observed during inhalation dog exposure. 
 

 Hypoglycemic events were observed for two high-dose TI groups following exposure on Day 
15 and Week 20.  Both occurred on days of TK sampling, which the feeding regimen was 
altered to prevent interference from endogenous insulin.  These two animals recovered 
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following administration of dextrose and no such hypoglycemic events were observed any 
other days. 

 
Body weights:  No adverse effects on body weights were seen.  Body weight profiles were 
comparable across dose groups and between sexes. 
 

 

 
 

 

 
 
Food consumption:  There were no treatment related effects on food consumption. 
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Ophthalmoscopy:  There were no ophthalmoscopic findings that were treatment-related. 
 
EKG:  EKG parameters were unaffected by treatment.  There were no observable effects on the 
morphology of the P-QRS-T complexes, PR, and QT intervals, as well as QRS complex duration 
in any animals of any groups compared to pre-treatment.  All values, including mean heart rates, 
showed minor random variations.  No rhythm abnormalities were noted. 
 
Hematology:  There were no treatment related trends in T or TI treated animals when compared 
to Air Control.  Clotting times were also unaffected by treatment with T or TI. 
 

Hematology Sex Time Air control T 
low 

T 
high 

TI 
low 

TI 
high 

↓ HGB 
(g/L) 

F Week 13 155 
±6.3 

139 
±7.8 

   

↓ HCT 
(L/L) 

F  0.48 
±0.028 

0.42 
±0.038 

   

↓ MCV 
(fL) 

F  70.9 
±2.28 

67.0 
±2.99 

   

↑ PLT 
(x109/L) 

F  323 
±49.2 

423 
±65.9 

   

↑ PLT 
(x109/L) 

F Week 26 322 
±61.6 

417 
±78.1 

   

↓ MCH 
(g/L) 

F Week 39 23.9 
±0.63 

23.0 
±0.37 

   

Coagulation Sex Time Air control T 
low 

T 
high 

TI 
low 

TI 
high 

↑ APTT 
(sec) 

F Pretreatment 12.9 
±0.93 

   14.4 
±1.70 

* generated by the reviewer.  The absence of data in the boxes indicates no significant change. 
 
Clinical chemistry:  There were no treatment related effects in clinical chemistry parameters.  
However, the liver enzymes (ALP and ALT) were generally decreased, but not statistically 
significant, in TI treated males (Groups 4 and 5) throughout the study, when compared to Air 
Control (Group 1).  However, similar differences from Air Control were also noted pretreatment.  
The wide intra-group variations were noted in these parameters at all sampling occasions and the 
values were considered to be within normal biological variation.  In addition, cholesterol levels 
were significantly lower in Tlow-treated females (Group 2) at the Week 26, but the values were 
comparable to pretreatement values.  This value was considered unrelated to treatment. 
 

Clinical  
Chemistry 

Sex Time Air control T 
low 

T 
high 

TI 
low 

TI 
high 

↑ ALP 
(U/L) 

F Pretreatment 67 
±16.0 

 100 
±40.8 

  

↑ ALT 
(U/L) 

F Pretreatment 26 
±7.0 

69 
±37.8 

   

↓ CHOL 
(mmol/L) 

F Week 26 4.75 
±0.790 

3.36 
±0.548 

   

* generated by the reviewer. 
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Glucose:  
 
Glucose levels were comparable between all time points throughout the treatment period.  There 
was also no difference between males and females. 
 
The VH control groups which did not receive insulin and received T alone (Groups 2 and 3) 
remained relatively unchanged over the 240 min sampling period. 
 
Decrease in serum glucose levels for TI low animals (Group 4) were not as significant, with 
decreased observed immediately post exposure of up to 6%, with the most significant decreases 
between 19 to 34 %. 
 
In addition, dose-dependent decreases in serum glucose levels were seen in TI high animals 
(Group 5): a decrease in serum glucose was detected immediately post exposure with decreases 
from predose values of between 14 to 22 %.  The most significant decreases in serum glucose 
levels occurred 15 to 30 min post end of exposure.  The decreases at these time points were 
comparable between sexes, with decreases from predose values of between 57 and 65% for males 
and 57 to 70 % for females. 
 
Lastly, glucose levels for both TI high and TI low  groups then steadily increased, reaching 
predose levels at the final sampling time point of 240 min post end of exposure. 
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Urinalysis:  Urinalysis parameters were not affected by treatment with T or TI.   
 

Urinalysis Sex Time Air control T 
low 

T 
high 

TI 
low 

TI 
high 

↓ Specific 
Gravity 

F Pretreatment 1.064 
±0.0090 

  1.034 
±0.0083 

 

* generated by the reviewer. 
 
Gross pathology:  No remarkable lesions were noted.  There were a variety of spontaneous 
changes were seen across all groups and sexes with no indication of an effect of treatment.  The 
sponsor noted that these findings were consistent with changes commonly observed in dogs of 
their ages kept under laboratory conditions.  See tables below for details (provided by the 
sponsor). 
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Organ weights:  There were no treatment-related changes on organ weights. 
 
There was a significant increase in adrenal weight in females from TI groups at Week 39, 
however, the increases were not proportional to dose or sex and the weights were considered 
within normal variation.  In addition, there was a significant decrease in brain weight in high-dose 
TI females at Week 26.  This decrease was not seen in the males or at Week 39 or following 8 
weeks of recovery.  Moreover, there were minor, but not significant, differences in liver, prostate 
and spleen weights in males at Week 39 from low-dose T control and/or high-dose TI.  However 
these differences showed no dose relationship.   
 

Organ Wt Sex Time Air control T 
low 

T 
high 

TI 
low 

TI 
high 

↑ Adrenals 
(g) 

F Day 274 1.141 
±0.0955 

  1.514 
±0.2362 

1.516 
±0.2748 
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↑ Adrenals 
(%/body wt) 

F Day 274 0.0149 
±0.00188 

  0.0190 
±0.00197 

0.0188 
±0.00243 

↓ Brain 
(%/body wt) 

F Day 183 1.0641 
±0.07871 

   0.9172 
±0.02450 

* generated by the reviewer. 
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Histopathology:   
 
Overall, there were no findings at Week 26 or following 8 weeks of recovery.  But there were 
histopathological changes in respiratory tract tissues that following 39 weeks of treatment, which 
were considered to be related to treatment. 
 

 Week 26 (Day 183): 
 
There were higher incidences of epithelial metaplasia, mixed or mononuclear cell infiltrate and 
lymphoid aggregations in the upper respiratory tract (i.e. nasal cavity, larynx, trachea, carina, and 
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bronchi) were seen in Air Control group (Group 1) and high-dose TI group (Group 5) when 
compared to unexposed controls.  The sponsor suggested that these were commonly seen in 
inhalation studies and were indicative of an adaptive change within the respiratory tract rather 
than overt toxicity.  Note from the reviewer:  The absence of neoplastic findings in the rodent 
carcinogenicity studies conforms this. 
 
In addition, there were other histopathology findings, including minimal to mild bronchial and 
epithelial metaplasia in TI-treated males, minimal to mild larynx epithelial metaplasia in TI-
treated females, lung mononuclear cell infiltrate in TI-treated males and females, pituitary cysts 
in TI-treated males, mild to moderate decreases in spleen blood volume of TI-treated males, and 
minimal to mild thyroid c-cell complexes in TI-treated females.  
 

 Week 39 (Day 274):   
 
Minimal to mild alveolar and/or bronchial-interstitial neurtophil infiltrate of the lungs were seen 
in TI groups (Groups 4 and 5) following 39 weeks of treatment.  However, the incidence of these 
findings were low (1/8 and 3/8 animals respectively).  These findings completely regressed 
following 8 weeks of recovery (Group 5).   
 
Minimal to mild thymic atrophy was seen in 6/8 high-dose T control (Group 3) animals at Week 
39.  This finding was inconsistent between doses of T and was commonly observed in dogs of 
their ages.  The sponsor considered as unlikely to be related to treatment with T.   
 
Minimal to moderate hypocellularity of seminiferous epithelium and minimal to mild germ cell 
degeneration were noted in 1/4 animals in the low-dose T control group (Group 2) and in 2/4 
animals in high-dose TI group (Group 5) at Week 39.  Germ cell degeneration was also observed 
in Air Control (Group 1).  Minimal to severe hypospermia/aspermia was noted treated groups 
(esp. ¾ in Group 5) when compared to Air Control group.  Furthermore, there were other 
histopathology findings, including minimal to mild colon congestion/hemorrhage in low and 
high-dose TI groups (Groups 4 and 5, not recoverable in females). 
 
Note from the reviewer:  Target organs were nasal cavity and heart in rats, whereas target organs 
in dogs were lung, thymus, testis, and epididymis in dogs.  Microscopic findings were T related in 
a dose-dependent manner.  Historical control was not provided by the sponsor.   
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Toxicokinetics: 
 

 Technosphere®:  Exposure to Technosphere® particles was determined by measurement of 
its major component, FDKP. 

 
The mean tmax values had a range of 7.5 to 37.5 min post end of dosing and were similar between 
days, sexes, and dose.  Such tmax values were also similar between T and TI groups.  The t ½ of 
FDKP ranged from 52.9 to 83.9 min.  With the T groups (Groups 2 and 3), FDKP levels were 
relatively consistent throughout 39 weeks and between sexes.  In addition, the mean AUClast and 
AUCinf were slightly less than dose proportional.  For the high-dose T group (Group 3), the mean 
AUClast values, obtained at the end of the study, were 395,370 (in males) and 493,440 (in 
females) ng•min/mL. 
 
For the low-dose TI group (Group 4), female mean FDKP levels remained relatively consistent 
throughout the study, whereas its levels were lower in male dogs after Day 15.  On Days 15 and 
20 (in both males and females), and Week 20 (in females only), mean FDKP levels were similar 
the low dose T group (Group 2) and high dose TI group (Group 5), which received the same dose 
of T.  In addition, On Week 20 (for males only) and Week 39 (both males and females), mean 
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FDKP levels were lower in the TI animals than in the corresponding low dose T group (Group 2).  
Such difference was unknown but the individual animal data showed a notable decrease in FDKP 
concentration was not uncommon in the high-dose TI animals (Group 5), with no consistency 
between animals. 
 

 
 

 Insulin: 
 
There were no significant differences in exposure to insulin over the course of the study in the TI 
low dose group (Group 4), with the exception of low values of Week 20.  However, insulin 
exposure could not be determined in TI high does group (Group 5) due to large variability in the 
data. 
 
A number of samples were collected from T groups (Groups 2 and 3) that had quantifiable insulin 
levels.  However, the insulin levels detected from those samples showed no relationship to dose.  
These insulin levels were also inconsistent in between time points and the presence of insulin in 
these samples were likely due to post exposure contact contamination, and were not related to the 
animal exposures.  In addition, due to small number of samples involved and the amount of 
insulin detected, there was no interpretation of TK data. 
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In most cases, tmax was reached shortly after end of dosing although there were instances within 
the TI low dose group (Group 4) where the Cmax occurred at later times.  This was due to the 
overall low insulin levels, which resulted in no real difference in insulin levels over the duration 
of the sampling times.  In addition, the t ½ of insulin ranged from a mean of 16.9 to 26.7 min in 
high dose TI group (Group 5).   
 

 
 
Other: 
 

 PCNA analyses in lung sections: 
 
Cell proliferation activity was seen in the lungs of animals across all treatment groups and time 
points.  Therefore, this was considered to be a reactive response to the inhalation procedure and 
unrelated to treatment with test or control article. 
 
2.6.6.4 Genetic toxicology   
 
4 studies were submitted by the sponsor: 
 

 MKC-PC-2004-0002 (bacterial mutagenicity with T and TI) 
 PDC-PC-2000-0006  (chromosome aberration with T) 
 PDC-PC-2002-0003  (chromosome aberration with TI) 
 PDC-PC-2002-0011- (mouse micronucleus with T) 

 
MKC-PC-2004-002: AMES Technosphere and Technosphere/Insulin [By  Study No. 
AA89DG-DH.503 ] 
 
Both Technosphere® (T) and Technosphere®/Insulin (TI) were each tested in the Bacterial 
Reverse Mutation Assay using Salmonella typhimurium tester strains (TA98, TA100, TA1535, 
and TA1537) and Escherichia coli tester strain (WP2 uvrA with or without S9).  The first phase 
(initial toxicity-mutation assay) was used to establish the dose-range for the confirmatory 

(b) (4)

(b) (4)
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mutagenicity assay.  The second phase (confirmatory mutagenicity assay) was used to evaluate 
and to confirm the mutagenic potential of T and TI. 
 
Findings:  For T, in the initial toxicity-mutation assay, the max dose tested was 5000 µg/plate.  
There were no positive mutagenic response and precipitate or appreciable toxicity were observed.  
Based on the findings, the max dose plated in the confirmatory mutagenicity assay was 5000 
µg/plate.  In the confirmatory mutagenicity assay, there were also no positive mutagenic response 
and precipitate or appreciable toxicity were observed.  For TI, in the initial toxicity-mutation 
assay, the max dose tested was 5000 µg/plate.  No positive mutagenic response was seen, and no 
precipitate nor appreciable toxicity was seen.  Therefore, the max dose plated in the confirmatory 
mutagenicity assay was 5000 µg/plate.  In the confirmatory mutagenicity assay, no positive 
mutagenic response was observed.  Neither precipitate nor appreciable toxicity was observed.  All 
in all, both T and TI were negative in the Bacterial Reverse Mutation Assay.   
 

 
 

(b) (4)
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PDC-PC-2000-0006: In Vitro Mammalian Chromosome Aberration Test [By  Study 
No. AA37RS.341  reviewed by Herman Rhee and his review was dated 08/20/02 in 
DARRTS] 
 
FDKP (  was tested in the in vitro mammalian chromosome aberration test using 
human peripheral lymphocytes (HPBL) with or without S9 activation.  This test was used to 
evaluate the clastogenic potential of FDKP.  In the preliminary toxicity assay, the maximum dose 
was 4500 µg/ml.  Based on that assay, the doses ranged from 35 to 4500 µg/ml were chosen for 
the chromosome aberration assay for non-activated and the S9 activated 4 hr exposure groups, 
and ranged from 17.5 to 2250 µg/ml for the non-activated 20 hr exposure group.  In the 
chromosome aberration assay, the cells were treated with 4 and 20 hrs in the non-activated test 
system, and for 4 hrs in the S9 activated test system.  All cells were harvested 20 hrs after 
treatment. 
 
Findings:  All cells were harvested at 20 hrs after treatment.  Toxicity (mitotic inhibition) was 
approx. 61% and 55% at the highest dose levels evaluated from chromosome aberrations, 1125 
and 140 µg/ml, in the non-activated 4 ht and 20 hr exposure groups, respectively.  Toxicity 
(mitotic inhibition) was approx 34% at the highest dose levels evaluated for chromosome 
aberrations, 2250 µg/ml, in the S9 activated study.  Due to excessive toxicity at 4500 µg/ml (78% 
reduction in mitotic index relative to the solvent DMSO control group), 2250 µg/ml was selected 
as high dose which was also the lowest precipitating dose level.  In addition, the non-activated 
and activated 4 hr exposure groups showed that there were no significant increases in structural 
and numerical chromosome aberrations, relative to the solvent control groups, regardless of dose 
level.  The non-activated 20 hr exposure groups also showed that there were no significant 
increases in structural and numerical chromosome aberrations when compared to the solvent 
control group.   
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Overall, these findings showed that  FDPK was negative for the induction of structural 
and numerical chromosome aberrations in the in vitro mammalian chromosome aberration test 
using human peripheral lymphocytes. 
 

 
 
Herman Rhee’s review on this study: 
 

 
 
PDC-PC-2002-0003: In Vitro Mammalian Chromosome Aberration Test [By  Study 
No. AA60RE.341  
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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The Technosphere®/Insulin (TI) was tested in the in vitro mammalian chromosome aberration 
test using human peripheral lymphocytes (HPBL) with or without S9 activation.  This test was 
used to evaluate the clastogenic potential of TI.  In the preliminary toxicity assay, the maximum 
dose was 5000 µg/ml.  Based on that assay, the doses ranged from 625 to 5000 µg/ml were 
chosen for the chromosome aberration assay for non-activated 4 hr and 20hr exposure groups, 
and ranged from 313 to 5000 µg/ml for the activated 4 hr exposure group.  In the chromosome 
aberration assay, the cells were treated with 4 and 20 hrs in the non-activated test system, and for 
4 hrs in the S9 activated test system.  All cells were harvested 20 hrs after treatment. 
 
Findings:  There was no significant increase in the % of cells with structural aberrations in the TI-
treated groups when compared to the solvent control at any dose level.  Based on the findings of 
this study, TI was considered to be negative for the induction of structural and numerical 
chromosome aberrations in the in vitro mammalian chromosome aberration test using human 
peripheral lymphocytes. 
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PDC-PC-2002-0011: Mammalian Erythrocyte Micronucleus Test [By  Study No. 
AA68EH.123  
 
The Technosphere™ (T) was tested in the mouse micronucleus assay.  During the first phase 
(dose range-finding) was designed to assess toxicity of T and set dose levels for the definitive 
study.  The second phase (the definitive micronucleus study) was designed to evaluate the 
potential of T to increase in the incidence of micronucleated polychromatic erythrocytes in bone 
marrow of male and female ICR mice.  This phase was consisted of a pilot toxicity study 
followed by a toxicity study.  In the definitive phase, cyclophosphamide monohydrate (CP) was 
used as the positive control article at a dose of 50 mg/kg.  In these two phases, test (T) and control 
(saline and CP) were administered at a dose volume of 20 ml/kg by a single IP injection. 
 
Findings in the pilot study:  2 male mice each were exposed to T at 1, 10, 100, or 1000 mg/kg 
whereas 5 male and 5 female mice were exposed to T at 2000 mg/kg.  Clinical signs including 
lethargy and piloerection were observed in males at 1000 mg/kg and in males and females at 2000 
mg/kg.  Finding In the toxicity study:  5 male and 5 female mice each were exposed to T at a dose 
of 1400, 1600, or 1800 mg/kg.  Mortality was observed in 1/5 male mice at 1800 mg/kg.  Clinical 
signs included ataxia and lethargy in males and females at 1400, 1600, and 1800 mg/kg and 
piloerection in males at all dose groups.  The study results suggested the difference in toxicity 
between male and female mice, the high dose for the micronucleus test was therefore set at 1600 
mg/kg for male mice and at 1800 mg/kg for female mice (as estimated maximum tolerated doses).   
 
Finding in definitive study: 5 male and 5 female mice each were exposed to T at 400, 800, 1600 
mg/kg (male mice) or 450, 900, and 1800 mg/kg (female mice).  These animals were euthanized 
24 hrs after treatment.  Animals in negative control or T at 1600 mg/kg (males)/1800 mg/kg/ 
(females) were euthanized 48 hrs after treatment.  Morality was observed in 1/15 female mice at 
1800 mg/kg.  Clinical signs included piloerection in males at 1600 mg/kg and in females at 1800 
mg/kg.  All other animals treated with the T or controls appeared normal following treatment.  
Bone marrow cells (polychromatic erythrocytes, PCEs) collected 24 or 48 hrs after treatment 
were examined microscopically for the presence of micronuclei (MPCEs).  Reduction (up to 
16%) in the ratio of polychromatic erythrocytes to total erythrocytes was observed in some T-
treated groups when compared to the respective VH controls.  There was no significant increase 
in micronucleated polychromatic erythrocytes in T-treated groups when compared to the 
respective VH controls in male or female mice at 24 or 48 hrs after treatment. 
 
Overall, this study showed that a single IP injection of T at doses up to 1600 mg/kg (male mice) 
and 1800 mg/kg (female mice) did not induce a significant increase in micronucleated 
polychromatic erythrocytes in bone marrow.  Therefore, Technosphere™ was considered 
negative in the mouse micronucleus assay. 
 

(b) (4)

(b) (4)
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2.6.6.5 Carcinogenicity   
 
Pivotal Study #1 
 
Study title:  104-Week Inhalation Carcinogenicity Study in Rats with Technosphere Insulin in 
Rats 
 
Key study findings:   

 Up to 1.23 mg/kg/day Technosphere® Insulin (TI) and 46 mg/kg/day Technosphere® 
particles (T) were well-tolerated in rats. 

 Circulating insulin concentrations were measured in TI treatment groups.  Variability 
prevented accurate TK analysis.   

 Serum glucose concentrations following TI treatment generally decreased. 
 FDKP exposure increased with increasing dose in all treated groups. 
 There were no adverse events observed, and no indication of carcinogenic potential of either 

T or TI in males and females. 
 The numbers of animal with masses were comparable across all groups.  There were approx. 

14-30% (males) and 64-76% (females) of masses present at the necropsy.  The total number 
of masses were consistently higher in females than in males due to the presence of palpable 
mammary masses and was not an indication of any sex-related effects. 

 Neoplastic histopathological findings showed that 1) adrenal cortical carcinoma was seen in 
3/60 high-dose TI females, 2) malignant astrocytoma was observed in 4/60 low-dose T males, 
4/60 high-dose T males, and 3/60 low-dose TI males, 3) malignant schwannoma in the nasal 
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cavity in 3/60 low-dose T males, and 4) fibroma in the skin/subcutis in 3/60 low-dose TI 
males and 2/60 low-dose TI females.  The sponsor considered those findings as incidental. 

 Non-neoplastic histopathological findings showed that lesions were observed in the nasal 
cavity in high-dose T males and females, which consisted of a higher incidence and severity 
of goblet cell hyperplasia of respiratory epithelium and accumulations of eosinophilic 
droplets in the olfactory and respiratory epithelia.  These findings were considered non-
specific protective or adaptive responses to chronic inhalation of T.  These findings were seen 
with comparable frequency and severity in air control and TI treated groups. 

 No differences were observed in the cell proliferation activity (PCNA) in the lung tissues, 
such as alveolar and bronchiolar cells, across all groups (0.5-0.6/1000 vs. 0/1000 between 
Group 1 vs. Groups 2-5). 

 
Adequacy of the carcinogenicity study and appropriateness of the test model:  Yes  
 
Evaluation of tumor findings:   
Study no.:  MKC-PC-2004-0001 
Volume #, and page #:  eEDR, module 4.2.3.4.1 
Conducting laboratory and location:   
Date of study initiation:  August 16th 2004 
GLP compliance:  Yes 
QA report:  yes (x), no (  ) 
Drug, lot #, and % purity:  

 Technosphere® with ~ 98-99% purity: D03502008, D03502009, D035U03011, 
D035U03012, D035U04001 though D035U04009, D035U05001, D035U05004, 
D035UA04002, D232060001, D232060002,PM5069A, and PM5283A  

 Technosphere® insulin with 11.3-12.8% insulin: D043RD04001 through D043RD04003, 
D043RD04005 through D043RD04008, and D043RD03001 

 
CAC concurrence:  Yes 
 
Methods 
 Doses:  See table below for achieved dosages. 

 

 
 

(b) (4)
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 Targeted exposure concentrations and dose levels: 
 

 
 

 Duration of daily exposure: 
 

 
 
 Basis of dose selection:  FDKP: 25X AUC, insulin: MTD due to hypoglycemia 
 

 Group 5 (high dose) was selected on minimal toxicity observed during a 13 week inhalation 
rat study (an interim group of an ongoing 26 week inhalation study).  The high dose in that 
study was 5 IU/kg/day TI for males and 3 IU/kg/day TI for females.   

 Group 4 (low dose) was selected based on a multiple of the anticipated human therapeutic 
dose. 

 Group 2 (VH low dose) was exposed to VH (Technosphere® particles) at a mass 
concentration equal to that of Group 5. 

 Croup 3 (VH high dose) was exposed to aerosols of VH 25X that of the anticipated human 
therapeutic does. 

 
 Species/strain:  Spraque-Dawley rat [Crl:CD (SD) IGS BR] 
 Number/sex/group (main study):  Main study: 60/sex/group 
 Route, formulation, volume:  Inhalation as aerosolized powders 
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 Frequency of dosing:  Once daily for minimum of 104 weeks (dosing phase) 
 Satellite groups used for toxicokinetics or special groups:  TK study: 6/sex/group 
 Age:  6 weeks old 
 Animal housing:  Individually housed after randomization 
 Restriction paradigm for dietary restriction studies:  5 (male) and 4 (female) food pellets 
 per day for longer survival 
 Drug stability/homogeneity:  The homogeneity of the exposure test/control aerosols was  
 confirmed by collecting aerosol samples from the top, middle, and bottom of each  
 exposure chamber.  The concentration homogeneity of the aerosols within the exposure  
 systems was acceptable if the CV and mean aerosol concentration at different ports was  
 less than 20%. 
 

 

 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 204 
 

  
 
 Dual controls employed:  Yes.  Main study: vehicle control (T) and air control (air) 
 Interim sacrifices:  Main-study animals were euthanized upon the completion of the 104- 
 week treatment period.  The necropsies were conducted over a 3-week period (Weeks  
 105-107) due to the larger number of animals. 
 Deviations from original study protocol:  Minor deviations from the protocol, typically 
procedural. 
 
Observation times 
Mortality:  Twice daily during all phases of the study 
Clinical signs:  Once in the morning (pre-dose) and before the end of the working day, following 
the end of dosing 
Body weights:  Day 1 (before dosing), weekly until Week 26, and every 4 weeks thereafter 
Food consumption:  A standard weight of food (pellets) was offered to each rate per day.  To 
weight a sample of feed pellets once a month to confirm that the variability of this weight 
remained within acceptable limits throughout the study. 
Histopathology:  Upon completion of the 104-Week treatment period.   
   Peer review:  yes (x), no (  ) 
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 Peer review was conducted on-site at  and consisted of: 
 

 
 
Toxicokinetics:  Samples were collected from 3 rats/sex/group during Weeks 52, 78, and 104 at 
pre-dose and Tmax (10 min post end of exposure).   
 
Results 
Mortality:  There were no differences in the number of mortalities across the groups.  The 
cumulative survival at the end of the study was 65-73% for males and 62-72% for females.  For 

(b) (4)

(b) (4)
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survival analysis the trend tests were not significant.  The pairwise comparisons of the control 
groups were also not statistically significant.   
 

 
 
In addition, there were 5 deaths over the duration of the study which was unrelated to treatment.  
These deaths occurred during the exposure periods and were due to the stress associated with the 
restraint and handling. 
 

 
 

 

(b) (4)
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Clinical signs:  There were no clinical signs related to treatment with T or TI.  The animals 
seemed to be healthy over the duration of the study.  Fur thinning, ungroomed/dull/matted/stained 
fur, and changes in feces were observed throughout the study.  Since these signs were noted with 
a similar incidence across the treated and control groups, they were not considered test article-
related.  In addition, foot lesions (ulcerative pododermatitis) were observed in a number of 
animals across all groups, which were due to long-term housing.  A course of topical application 
of iodine was used to present infection whereas Isoblocks® were placed to allow relief from the 
cage floor until the wounds were healed in these animals. 
 

(b) (4)
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Body weights:  There were no significant treatment-related effects on body weight in T- or TI-
treated animals.  Body weights were comparable across all groups, with only difference of 18 g 
(for males) and 31 g (for females) across groups at the end of the treatment period.   
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Food consumption:  It was not measured in this study. 
 
Ophthalmoscopy:  There were no ocular changes caused by treatment with T or TI. 
 

(b) 
(4)

(b) (4)
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Hematology:  No changes in hematological parameters were observed in animals treated with T 
or TI.  Monocyte counts appeared higher than control values for males in Group 5 (high T) at 
Week 54 and Group 4 (low TI) at the end of the study.  The sponsor justified such differences 
from control group values were due to values obtained from a single animal.  
 

 

 

 
 

 

(b) (4)

(b) (4)
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Glucose:  A definitive assessment of an effect was difficult due to the high variability of the data.  
However, post-dose glucose values were generally decreased in one or both TI groups (Groups 4 
and 5) at Weeks 52, 78, and at the end of study, when compared to the corresponding pre-dose 
values.  In contrast, glucose values in all other groups were increased post exposure, likely due to 
the stress associated with the dosing and/or restraint procedures. 
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(b) (4)

(b) (4)
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Gross pathology:  There was no evidence of treatment-related findings.  All gross observations 
were noted as procedure-related or incidental since there was low incidence or occurred in control 
and treated animals. 
 
Gross Pathology on Animals Survived at the End of the Main Study 
 

(b) (4)



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 214 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 215 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 216 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 217 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 218 
 

 
 
Gross Pathology on Animals Found Dead prior to the End of the Study 
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Histopathology:   
 
 Non-neoplastic:   
 
Nonproliferative lesions were noted in the nasal cavity in high-dose T males and females (Group 
3), which consisted of a higher incidence and severity of goblet cell hyperplasia of respiratory 
epithelium and accumulations of eosinophilic droplets in the olfactory and respiratory epithelia.  
Both of these lesions were considered non-specific protective or adaptive responses to chronic 
inhalation of Technosphere particles.  These findings were seen with comparable frequency and 
severity in air control and TI treated groups. 
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 Neoplastic:   
 

The numbers of animal with masses were comparable across all groups.  These masses were 
transient with 14-30% (in males) and 64-76% (in females) of masses present at the necropsy.  
The total number of masses was consistently higher in females than in males due to the presence 
of palpable mammary masses and was not an indication of any sex-related effects. 

 

 
 
Adrenal cortical carcinoma was seen in 3 high-dose TI females (Group 5), with no evidence of an 
effect in males or in females from any other dose group.  The incidence rate of 5% was 
statistically significant for the trend test but not by the pairwise comparison.  It was slightly 
exceeded air control and historical incidence of 1%.  In addition, there was no indication of 
increased incidences of preneoplastic lesions and other benign and malignant tumors in the 
adrenal cortex in this group, which cortical adenoma observed in 1 out 60 controls (Group 1) and 
2 out of 60 high-dose T males (Group 3).  The sponsor indicated that the occurrence of 3 tumors 
at this dose alone was incidental due to the absence of an effect of treatment on the overall 
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incidence of focal proliferative lesions and the limited statistical significance of tumors in high-
dose TI females. 
 

 
 
Incidence of malignant astrocytoma was marginally higher in low and high-dose T males (Groups 
2 and 3) and in the low-dose TI group (Group 4) when compared with the air control.  The 
sponsor considered such as incidental. 
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There was a slight increase in the incidence of malignant Schwannoma (neurilemmoma) in the 
nasal cavity in low does T males (Group 2).  On the other hand, there was no dose-dependent 
PCNA activity in respiratory tissue in animals sacrificed at the end of the study.  Therefore, the 
sponsor considered such as incidental.  In addition, there was a slight increase in the incidence of 
fibroma in the skin/subcutis in low-dose TI males (Group 4). 
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 PCNA activity data: 
 

 
 
There was a slight decrease in the incidence of pars distalis (in anterior pituitary) adenoma in 
low-dose TI females (Group 4).  This was not in dose-dependent manner and was considered 
incidental by the sponsor. 
 
Tumor Histopathology on Animal Survived at the End of the Study 
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Tumor Histopathology on Animal Found Dead prior to the End of the Study 
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Non-Tumor Histopathology on Animals Survived at the End of the Study 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 240 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 241 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 242 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 243 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 244 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 245 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 246 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 247 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 248 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 249 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 250 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 251 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 252 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 253 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 254 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 255 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 256 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 257 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 258 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 259 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 260 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 261 
 

 
 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 262 
 

 
 

Non-Tumor Histopathology on Animals Found Dead Prior to the End of the Study 
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Toxicokinetics:   
 
FDKP was quantifiable in all T or TI groups at concentrations which increased with the 
corresponding increase in dose of T.  Cmax concentrations were generally comparable between 
each sampling time point (Weeks 52, 78, and 104).  FDPK was also quantifiable in most pre-dose 
samples but at concentrations notably less than post-exposure samples. 
 
Moreover, a number of samples collected from control animals (Group1) had quantifiable 
concentrations of FDKP.  They were generally close to the limit of detection and were 
inconsistent in between time points.  The presence of FDKP in these samples was likely due to 
post exposure contact contamination of samples and not relate to the animal exposures. 
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Insulin was only quantifiable in TI-treated animals (Groups 4 and 5) at the post exposure 
sampling.  Due to high variability of the data, a definitive comparison of circulating insulin levels 
between groups and sexes was not possible. 
 

 
 
Pivotal Study #2 
 
Study title:  26-Week Subcutaneous Injection Oncogenicity Study With Technosphere Particles 
and Technosphere Insulin in Transgenic (Model 001178-T (hemizygous rasH2)) Mice 
 
Key study findings:   

 Due to Technosphere® Insulin (TI) tolerability issues in female mice, doses were lowered 
from 2.5 to 0.6 mg/kg/day (Group 5) and from 5.0 to 1.25 mg/kg/day (Group 6).  The dose 
adjustment on Day 77 to 0.6 and 1.25 mg/kg/day was well-tolerated.  There were no 
comparable dose limitations in males. 

 Technosphere® particles (T) alone were well-tolerated at doses of 25 and 75 mg/kg/day. 
 Exposure to FDKP, the primary component of T, was generally dose proportional.  There 

were no sex differences or evidence of accumulation. 
 Exposure to insulin was generally dose-proportional for males, but greater than dose-

proportional for females, with no evidence of accumulation. 
 There was no evidence of increased oncogenicity, or other clinical, gross or microscopic 

pathological effects related to treatment with T alone up to 75 mg/kg/day, or with TI up to 5.0 
mg/kg/day in males, or up to 5.0/1.25 mg/kg/day in females after 26 weeks of treatment in 
transgenic mice. 
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Adequacy of the carcinogenicity study and appropriateness of the test model:  Yes  
 
Evaluation of tumor findings:   
Study no.:  MKC-PC-2007-0003 
Volume # and page #:  eEDR, module 4.2.3.4.2 
Conducting laboratory and location:   
Date of study initiation:  June 26th 2007 
GLP compliance:  Yes 
QA report:  yes (x), no (  ) 
Drug, lot #, and % purity:  See table below 

 
 
CAC concurrence:  Yes 
 
Methods 
 Doses:  Technosphere Particles: 0, 25, 75 mg/kg/day (male and female) 
   TI: 0, 2.5, 5 mg/kg/day (male) and 0, 2.5/0.6, 5/1.25 mg/kg/day (female) 
 

(b) (4)
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 Basis of dose selection (MTD, MFD, AUC etc.):  MFD for T and MTD for TI 
 Species/strain:  Model 001178-T transgenic mice  
 Number/sex/group (main study):  Main study: 25/sex/group 
 Route, formulation, volume:  SC injection at the volume of 10 ml/kg 
 Frequency of dosing:  Once daily for at least 26 weeks (dosing phase) 
 Satellite groups used for toxicokinetics or special groups:  Model 001178-W (wt) 
 Age:  8 weeks old 
 Animal housing:  Individually housed after randomization 
 Restriction paradigm for dietary restriction studies:  None 
 Drug stability/homogeneity:   Tested.  2 weeks when stored refrigerated   
     (MKC-PC-2006-018) 
 Dual controls employed:  Yes.  Main study: sham, PBS (VH), and MNU (positive) 
 Interim sacrifices:  No, all surviving animals were euthanized at the end of study. 
 Deviations from original study protocol:  Minor deviations from the protocol, typically  
 procedural. 
 
Observation times 
Mortality:  Daily 
Clinical signs:  Twice daily (a.m. and p.m.) 
Body weights:  Once during the pre-dose phase, before dosing on Day 1 of the dosing phase, and 
weekly thereafter 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 294 
 

Food consumption:  Weekly during the dosing phase 
Histopathology:  All tissues from animals in the control and high dose groups (Groups 1,2,4,6, 
and 7) and from animals that died or were sacrificed at an unscheduled interval 
  Peer review:  yes (x),  no (  ) 
Toxicokinetics:  Samples were collected from 3 mice/sex/group (Group 9 through 12) on Day 1 
and 178 (Week 26) predose and at 15, 30, 45, and 120 min postdose (± 2 min) 
 
Results 
Mortality:   

 Males: 1 death in Group 1, 3, and 6, 2 deaths in Group 5, and 22 deaths in Group 7. 
 Females: 1 death in Group 1, 3, and 4, 4 deaths in Group 4, 6 deaths in Group 6, and 17 

deaths in Group 7. 
 

 
 

 
 

Unscheduled deaths of undetermined cause in females in the 2.5 and 5 mg/kg/day TI groups prior 
to Day 77 were attributed to the pharmacologic activity of insulin.  Only 1 death in female Group 
5 and Group 6 occurred after the Day 77 when the doses were lowered.  Therefore, for other 
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unscheduled deaths in the TI-treated groups where cause of death was undetermined 
histologically, an association with insulin pharmacology is plausible.  The sponsor provided the 
summary table (see below) of unscheduled death. 
 

 

 
 
Clinical signs:  An increased incidence of rough haircoat was observed in animals (that survived 
to scheduled termination) given 75 mg/kg/day T and 2.5 and 5 mg/kg/day TI, when compared to 
VH controls.  In addition, hypoactivity was seen in two males given 5 mg/kg/day TI.  
Convulsions and hunched posture were seen in 1 male given 75 mg/kg/day T.  Moreover, 
hypoactivity and irregular respiration were seen in two 2.5 mg/kg/day TI-treated females. 
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Hematology:  There were no treatment-related abnormalities in the hematology data from the 
unscheduled-sacrifice females when compared to either the sham or VH control group.  In 
addition, there was no conclusive evidence in the clinical pathology data of an effect from the 
administration of either T or TI in the control and treated groups during the scheduled intervals.  
Moreover, the hematology data were, in general, similar among control, and T or TI-treated 
groups. 
  WBC – 3.98±0.813 E3/µl (T75 female) vs. 5.67±1.293 E3/µl (VH control female) 
 
Clinical chemistry data/glucose level: There were no treatment-related effects on clinical 
chemistry parameters.  There was no difference on mean blood glucose level. 
 
  TRIG - 86±24.3 (TI5 male) vs. 131±44.7 (VH control male) 
  ALP - 103±7.8 U/L (TI5/1.25 female) vs. 120±12.6 (VH control female) 
 
Body weights:  There were no significant treatment-related effects on mean body weight or body 
weight gain in T or TI-treated animals when compared with VH controls.   
 
Differences observed included:  

 Less than 5% decreases in mean body weight were observed at 25 and 75 mg/kg/day of T and 
at 2.5 and 5 mg/kg/day of TI, when compared to VH control males during Week 27. 

 A decrease in mean body weight gain was observed in 2.5 (4%) and 5 (15%) TI males during 
Week 1 to 26 in relation to VH control males. 

 Slight decreases in mean body weight gain were observed in 75 mg/kg/day (6.5%) T females 
and 0.6 (6.5%) and 1.25 (2%) mg/kg/day TI females in relation to VH controls. 
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Food consumption:  There were no treatment-related effects on mean food consumption in T or 
TI-treated animals when compared with VH controls.  Weekly mean food consumption values for 
T or TI groups were comparable to controls.  Even though there were occasional significant 
differences, these differences were not toxicologically meaningful on the basis of magnitude and 
in the absence of effects on body weight or body weight gain. 
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Gross pathology:  There were few in incidence in the controls and treated groups in the 
unscheduled deaths and dosing phase final sacrifice.  No evidence of treatment-related (both T 
and TI) macroscopic findings were noted.  The most frequent findings were observed in the 
spleen, such as discolored, large, mess, or mottled.  The sponsor indicated these was correlated to 
pigment or vascular neoplasm in many affected control and treated groups and occurred unrelated 
to test article administration. 
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Organ weight:  There was no evidence of treatment-related organ weight changes in mice given T 
or TI.  Organ weight changes included an increase in kidney weight parameters in males and 
females given 25 mg/kg/day and/or 75 mg/kg/day T, and a decrease in heart weight in females 
given 25 mg/kg/day.  The sponsor considered incidental and unrelated to treatment due to lack of 
a dose response and/or absence of microscopic correlation.  The significant findings with regards 
to organ weights were listed in the table below. 

 
Organ wt Sex Sham 

 
VH control T 

25 
T 
75 

TI 
2.5 or 2.5/0.6 

TI 
5 

5/1.25 

Pos. 
Control 

↑ Kidney  
(g) 

M  0.6530 
±0.06612 

 0.7219 
±0.05552 

   

↑ Kidney  
(% body wt) 

M  2.0637 
±0.11726 

2.2555 
±0.09864 

2.3763 
±0.13508 

   

↑ Kidney  
(% brain wt) 

M  131.2970 
±12.00312 

139.4080 
±12.15421 

146.7065 
±10.95531 

   

↓ Liver/gall 
bladder (g) 

M  1.6548 
±0.13885 

  1.5043 
±0.12323 

1.4693 
±0 19300 

 

↓ Liver/gall 
bladder  

(% body wt) 

M  5.2420 
±0.38156 

   4.9046 
±0.44002 

 

↓ Liver/gall 
bladder  

(% brain wt) 

M  333.2344 
±30.32631 

  307.2913 
±24.39981 

296.4446 
±37.49246 

 

↑ Kidney  
(g) 

F  0.4259 
±0.03710 

 0.4548 
±0.03626 
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↑ Kidney  
(% body wt) 

F  1.7523 
±0.10426 

 1.8639 
±0.13189 

   

↑ Kidney  
(% brain wt) 

F  83.3688 
±6.32287 

 89.3992 
±5.79941 

   

↓ Heart  
(g) 

F  0.1711 
±0.01768 

  0.1485 
±0.04514 

  

↓ Heart  
(% brain wt) 

F  33.5085 
±3.30551 

  29.0125 
±9.04082 

  

*generated by the reviewer. 
 
Histopathology:   
 
 Non-neoplastic:  The incidence of non-neoplastic findings was comparable between the 
control and treated groups. 
 
Minimal to slight inflammation (i.e. a mixed macrophage and neutrophil infiltrates, a focal lesion 
in the subcutis) was seen in the sc injection sites of most mice among all groups (sham, VH 
control, Thigh and TIhigh).  There was no microscopic evidence of pre-neoplasia or neoplasia at sc 
injection sites. 
 
In addition, minimal to slight degenerative myopathy in the skeletal muscle and pigment in the 
spleen were observed in mice from all groups.  This was considered common findings for this 
mouse strain.  The sponsor marked these microscopic changes as typical incidental findings with 
relation to treatment. 
 
 Neoplastic:  There was no evidence of increased oncogenicity associated with the sc 
administration of the test articles (T or TI).  The overall incidence of neoplasia was low for all 
groups (compared to positive controls). 
 
The sponsor provided a summary table noted the incidence of the more frequent neoplasms (see 
below).  Main neoplastic findings, presented in the control sham, VH control, high T, and high TI 
groups included: bronchiolar-alveolar adenoma/carcinoma in the lung, 
hemangioma/hemangiosarcoma (primarily spleen), Harderian glad adenoma/carcinoma, 
squamous cell neoplasms (multiple sites), and myeloproliferative neoplasia.  The sponsor 
suggested that these neoplastic findings were typical neoplasms commonly seen in this mouse 
strain and noted as no relation to treatment. 
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Incidence of microscopic observations – dosing phase – final phase sacrifice: 
 Note: Findings with Group 7 (positive control, MNU) was not included. 
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Incidence of microscopic observations – unscheduled deaths: 
 Note: Findings with Group 7 (positive control, MNU) was not included. 
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Toxicokinetics:   
 
Exposure to FDKP increased with the increase in TI from 2.5 to 5.0 mg/kg/day (males) and 0.6 to 
1.25 mg/kg/day (females) on Day 1 and during Week 26.  The increases in Cmax and AUC0-120 
were dose-proportional.  Less than 2 fold sex differences were observed in FDKP Cmax and AUC0-

120 values.  FDKP t1/2 values ranged from 10.8 to 34.8 min on Day 1, and from 14.9 to 46.1 min 
during Week 26.  Moreover, no accumulation of FDKP was seen after multiple dosing of T or TI 
in males and T in females.  Accumulation of FDKP in females was not able to estimate because 
of the decreased doses of TI administered on the beginning on Day 77. 
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Exposure to insulin increased with the increase in TI from 2.5 to 5.0 mg/kg/day (males) and 0.6 to 
1.25 mg/kg/day (females) on Day 1 and during Week 26.  The increases in Cmax and AUC0-120 
were dose-proportional in males and greater than dose proportional in females.  Males had higher 
insulin Cmax and AUC0-120 values than females.  Insulin t1/2 values were ranged from 10.8 to 21.5 
min on Day 1.  Due to the lack of a distinct elimination phase on Week 26, insulin t1/2 value was 
only estimated in Group 11 (2.5 mg/kg/day TI) males at 18.5 min.  Moreover, no accumulation of 
insulin was seen after multiple dosing of T or TI in males.  Accumulation of insulin in females 
could not be estimated because of the decreased doses of TI administered on the beginning of 
Day 77. 
 

 
 
All in all, in transgenic ras H2 mice via sc injection once daily for 26 weeks at 25 or 75 
mg/kg/day T, or 2.5 and 5 mg/kg/day TI (male) [0.6 and 1.25 mg/kg/day TI in female], there was 
no conclusive evidence that either T or TI caused increased oncogenicity or remarkable organ 
weight, macroscopic, or non-neoplastic microscopic changes.  In Spraque-Dawley rats via 
inhalation once daily for 104 week, T or TI was well-tolerated.  There were no indications that T 
or TI had carcinogenic potential.  Also, there were no PCNA activity changes in bronchial or 
alveolar lung cells across all groups. 
 
2.6.6.6 Reproductive and developmental toxicology   
 
7 studies were submitted by the sponsor. 
 

 PDC-PC-2001-0006 (fertility rat) 
 MKC-PC-2004-0003 (Seg II rabbit) 
 PDC-PC-2002-0012 (Seg II rat) 
 PDC-PC-2001-0003 (Seg II rat) 
 MKC-PC-2004-0004 (Seg II rabbit) 
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 MKC-PC-2006-0010 (TK rat fetus) 
 MKC-PC-2004-0008 (Pre-/Perinatal rat) 

 
Fertility and early embryonic development 

 
Pivotal Fertility Rat - PDC-PC-2001-0006: A Subcutaneous Injection Fertility Study of Fumaryl-
Technosphere™ in Rats [By  Study No. 98064, reviewed by Herman 
Rhee and his review was dated 01/06/03 in DARRTS] 
 
This study examined the potential effects on FDPK upon the reproduction and fertility of male 
and female albino rats of the F0 generation.  Parameters evaluated included clinical observations, 
body weights, and food consumption.  Complete necropsy examination were conducted on all 
males approx. 2 weeks after the end of the mating period, and on all females on GD 13.  A uterine 
examination was conducted for each female and the number of live/dead embryos, and 
resorptions were recorded.  Reproductive assessments were performed for all males.  Testicular 
histopathology was done for males of the control and 100 mg/kg/day treatment groups. 
 

 
 
Findings:  No treatment-related mortality and no clinical signs attributable to FDKP exposure.  
No effects were seen upon body weight, body weight gains, or food consumption.  Necropsy 
revealed no treatment-related macroscopic changes. 
 
For the females:  The number of corpora lutea, implantation sites, resorptions, live/dead embryos, 
and pre- and post-implantation losses for the control and treated groups were similar.  In addition, 
for the females, ovarian and uterine weights were unaffected by treatment with FDKP.  For the 
males, there were no significant differences in the epididymis, prostate, seminal vesicle and testis 
weights of the control and treated males.  For the males, there were also no effects upon the 
sperm counts, motility, or morphology.  The spermatogenic cycle was not affected by FDKP 
treatment. 
 
 

(b) (4)
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Overall, twice-daily SC injection of FDKP at doses up to 100 mg/kg/day was well-tolerated by 
male and pregnant female rats and resulted in no evidence of paternal or maternal toxicity.  There 
was no evidence of effects upon fertility or early embryonic development at dose levels up to 100 
mg/kg/day. 
 
Herman Rhee’s review on this study: 
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MKC-PC-2004-0003: Subcutaneous Dosage-Range Development Toxicity Study of 
Technosphere® in Rabbits [By , Study No. 
LCL00001] 
 
This study was to select dosages for the later development toxicity study of FDKP in New 
Zealand White, presumed pregnant female rabbits.  Twenty five rabbits were assigned to 5 dosage 
groups (0, 1, 10, 30, and 100 mg/kg/day).  These rabbits were given FDKP once daily via sc 
injection on GDs 7 through 19.  Clinical observations and body weights were recorded.  All 
rabbits were sacrificed on GD 29 and examined for the number and distribution of corpora lutea, 
implantation sites and uterine contents.  A gross necropsy of the thoracic, abdominal and pelvic 
viscera was conducted.  Fetuses were weighted and examined for gross external alternations and 
sex. 
 
Maternal findings:  All rabbits survived to the scheduled sacrifice.  One adverse clinical sign that 
appeared to be test article-related was scant feces in all treated groups.  Other observations, 
including localized alopecia on the underside and limbs, soft or liquid feces, and ungroomed coat, 
were considered not test-article related due to the incidence was not dose-dependent.  All rabbits 
appeared normal at necropsy (except one at 100 mg/kg/day had dark red and mottled lobes of the 
lungs and pink and frothy liquid in the trachea).  A body weight loss was recorded on GDs 7 to 10 
in the 10, 30, and 100 mg/kg/day dosage groups.  Body weight gains were reduced in each of the 
treated groups for the entire dosing period (GDs 7-20).  This is indicative of maternal toxicity as 
during pregnancy dams should increase weight at all doses (NOAEL< 1 mg/kg/day).   Food 
consumption were reduced in the 30 and 100 mg/kg/day groups on GDs 7-10, 10-13, and 13-16, 
and for the entire dosing period. 
 

(b) (4)
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Fetal findings:  When caesarean-sectioned on GD29, live fetal body weights were slightly 
reduced (91-93% of VH values) in the 100 mg/kg/day dose group, when compared to the VH 
control group.  All other C-section and littler parameters were not affected by FDKP.  The litter 
averages for corpora lutea, implantations, litter size, early and late resorptions, and % resorbed 
conceptuses were comparable among dose groups.  Moreover, no fetal gross external alternations 
were observed in live fetuses. 
 

 

 
 
TK findings:  Mean FDKP exposure (serum conc., Cmax, and mean AUC0-last) was approx 
proportional to the dose on both GDs 7-19.  The t½ mean values were approx. 1 hr when 
reportable.  Administration of FDKP as a daily sc injection to pregnant rabbits from GDs 7 to 19, 
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showed dose proportional serum exposure (Cmax and AUC0-last), indicating that there was no 
evidence of accumulation. 
 

 
 
All in all, based on this study, dosages of 0, 2, 10, and 100 mg/kg/day of FDKP were selected for 
the subsequent developmental toxicity study in rabbits.  The 2 mg/kg/day dosage is expected to 
be a NOAEL for both maternal and embryo-fetal toxicity, whereas 100 mg/kg/day dosage is 
expected to produce maternal toxicity and little or no developmental toxicity. 
 

Embryofetal development 
 
PDC-PC-2002-0012:  A Range-Finding Subcutaneous Injection Toxicity and Embryo-Fetal 
developments Study of Fumaryl Technosphere™ in the Rat [By  Study 
No. 96921] 
 
Note from the reviewer:  This title was provided by the sponsor, even though it was really not a 
dose range finding study.  Comparing to PDC-PC-2001-2003, these two studies look like the 
pivotal Seg II rat studies, which are the combination of fertility/embryo-fetal development.   
 
Key study findings:   

 All animals survived to scheduled termination.  There were no treatment-related clinical signs 
and no effects upon body weight or food consumption attributable to FDKP in rats given 
FDKP up to 100 mg/kg/day for 21 days (in males) or during GDs 6-17 (in females). 

 No macroscopic changes and organ weights changed were observed in FDKP-treated rats. 
 The numbers of corpora lutea, implantation sites, number of fetal resorptions, live/dead 

fetuses, sex ratio, and pre and post-implantation losses remained within the range of historical 
control data for all treatment groups. 

 Once daily SC injection of FDKP at doses of 10, 30, or 100 mg/kg/day was well-tolerated by 
male and pregnant female rats and resulted in no evidence of maternal toxicity. 

(b) (4)
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 In the teratology phase, there was similarly no evidence of toxic effects upon embryo-fetal 
development at dose levels of FDKP up to 100 mg/kg/day. 

 
Study no.:  96921  
Volume # and page #:  eEDR Module 4.2.3.5.2, 232 pages 
Conducting laboratory and location:   
Date of study initiation:  July 24th 2001 
GLP compliance:  No 
QA reports:  yes (  ), no (x)  
Drug, lot #, and % purity:  FDKP - PDC 035A060501 with 98.2% purity 
 
Methods 
 Doses:  0, 10, 30, and 100 mg/kg/day FDKP 
 

 
 
 Species/strain:  Spraque Dawley CD (Crl:CD®(SD)BR) rats 
 Number/sex/group:  6/sex/group 
 Route, formulation, volume, and infusion rate:  sc injection with a dose vol. of 10 ml/kg 
 Satellite groups used for toxicokinetics:  TK n=6 females in 100 mg/kg/day group 
 Study design:  VH or FDKP were given to males daily by SC injection in the mid 

scapular region for 21 days.  Females were similarly dosed on GDs 6-17. 
 Parameters and endpoints evaluated:  clinical observations, body weights and food 

consumption was performed and the fetuses examined externally and weighed.  Males 
were euthanized on Day 22 following collection of TK blood samples to confirm 
exposure.  All animals were subjected to macroscopic examination and organ weight 
assessment at necropsy.  A satellite group of high dose females was bled for TKs on GDs 
6-17 and thereafter euthanized and their pregnancy status confirmed.  No uterine or fetal 
examination was performed for these females. 

 
Results 
 
Mortality (dams):  All animals survived to scheduled termination. 
 
Clinical signs (dams):  Clinical signs, relating to skin and/or fur condition, broken toe nails and/or 
swollen forepaws, were noted in a few individuals.  However, no clinical signs attributable to 
FDKP were observed.  
 

(b) (4)
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Body weight (dams):  No clear effects of FDKP upon body weights or body weight gains were 
observed.  A slight reduction in body weight gain was evident during the first 3 days of treatment 
(especially in females from GDs 6-9).  In addition, there seemed to have a clear decrease in body 
weight in group 3 and 4 males compared to the other groups throughout the study. 
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Food consumption (dams):  FDKP had no effect on food consumption. 
 

 

 
 
Terminal and necroscopic evaluations: C-section data (implantation sites, pre- and post-
implantation loss, etc.):   
 

Gross pathology:  No macroscopic changes were observed in FDKP treated rats.  Minor 
areas of dark discolorations at the injection sites of a small number of treated and control 
animals were the result of the injection procedure and not associated with the FDKP 
treatment.  Dark areas in the ventral subcutis of a number of high dose male animals were 
the consequence of blood sampling and were not associated with FDKP treatment.  
Remaining gross changes seen at necropsy were considered to be spontaneous. 
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 Organ weights:  Epidydymis, prostate, testis and ovary weights were similar for control 

and treated animals with no treatment related effect of FDKP evident within the absolute 
and relative to body organ weights. 
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 Uterine findings:  the pregnancy rate ranged from 83.3 (10 and 30 mg/kg/day) to 100 % 

(control and 100 mg/kg/day) for the main study females.  All the TK females assigned to 
Group 4 were also confirmed to be pregnant.  The number of corpora lutea, implantation 
sites, number of resorptions, live/dead fetuses, sex ratio, and pre and post implantation 
losses remained within the range of historical control data for all groups, according to the 
sponsor.  
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Note from the reviewer:  A slight decrease in live fetuses was seen in all T-treated pregnant dams 

compared to control. 
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Note from the reviewer:  Group 4 shows an increase in preimplantation and post-implantation 
loss compared to controls, suggesting some issue at 100 mg/kg/day.  Normally, these findings 

would not be considered drug-related in a Seg II study.  However, due to the timing of the dosing, 
this is a combined Seg I/II study.  Therefore, this could be related to drug.  

 
Offspring (malformations, variations, etc.):  Fetal weights were similar for control and treated 
groups and considered unaffected by treatment.  There were also no external findings for the 
fetuses in any group. 
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Note from the reviewer:  Embryo-fetal studies usually look at external, visceral and skeletal 
malformations/variations in all dose groups.  These parameters were not examined in this study, 
hence this study was considered as a dose-range finding study by the sponsor. 
 
Toxicokinetics:  The high dose animals achieved a peak concentration in the plasma of ~ 125 
µg/ml FDKP in a single dose of 100 mg/kg/day.  Previous studies on humans following a 
pulmonary dose of 20 mg Technosphere (1 of 3 daily doses) by SC administration showed an 
average peak plasma concentration of 0.46 µg/ml.  The peak concentration achieved in the rat 
was ~ 270x of a single 20 mg dose in man or ~ 100x the total daily dose.  However, a dose of 20 
mg is 2-4x what is typically required therapeutically in humans.  Therefore, it’s more likely that 
5-10 mg would be given 3x a day, allowing an even greater margin over typical daily dosing. 
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Pivotal Seg II rat study – Study Title:  A Subcutaneous Injection Teratology Study of Fumaryl-
Technosphere™ in Rats [PDC-PC-2001-0003] 
 
Key study findings: 
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 Twice daily SC injection of FDPK at doses of 10, 30, or 100 mg/kg/day was well-tolerated by 

pregnant females rats, resulting in no evidence of maternal toxicity.  There was no evidence 
of effects upon embryo-fetal development at doses up to 100 mg/kg/day.   

 Two animals died due TK bleeds.  No effects on maternal food consumption, body weight, or 
body weight gains.  No treatment related macroscopic change was noted. 

 For the mothers, there were also no effects on the numbers of corpora lutea, implantation 
sites, resorptions, pre- and post-implantation losses, the numbers of live/dead fetuses, and the 
sex ratio. 

 For the fetuses, fetal weights were not affected by FDPK and there were no major 
malformations.  The group incidences of litters and fetuses with both overall and individual 
minor anomalies (primarily dilated ureters) were low with no differences between the control 
and treated groups.  In addition, overall minor skeletal anomalies were observed at similar or 
lower incidences for litters and fetuses of treated groups when compared to the control group.  
The group percentages of fetuses with common skeletal variants were similar for all groups. 

 The NOAEL of FDKP for F0 male/female was 100 mg/kg/day.   
 The NOAEL of FDKP for F1 litter was 100 mg/kg/day. 

 
Study no.:  98061 
Volume # and page #:  eEDR module 4.2.3.5.1., 393 pages 
Conducting laboratory and location:   
Date of study initiation:  November 19t  2001 
GLP compliance:  Yes 
QA reports:  yes (x) no (  )  
Drug, lot #, and % purity:  See below. 
 

 
 
Methods 
 Doses:  0, 10, 30, and 100 mg/kg/day, twice daily on GDs 6 to 17 
 Species/strain:  Spraque Dawley CD (Crl: CD(SD) IGS BR) rats  
 Number/sex/group:  136 female rats, 22/group (Group I through IV) 
 Route, formulation, volume, and infusion rate:  SC injection in the volume of 5 mL/kg 
 Satellite groups used for toxicokinetics:  9 rats for TK, 3/group (Group I through IV) 

Study design:  Dosages were selection on the basis of a dosage-range study (  No. 
96921). 

 

(b) (4)

(b) (4)
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 Parameters and endpoints evaluated:  Viabilities, clinical observations, body weights, and 
feed consumption values were recorded.  Gross pathology was performed for main study females 
on GD 20.  Ovaries were removed and the corpora lutea were counted.  The gravid uterus was 
weighted and the uterine contents, including the placentas, were examined.  The numbers and 
positions of live fetuses, dead fetuses, and early/middle/late resporptions were recorded.  In 
addition, necropsy consisted of an external examination, including identification of all clinically 
recorded lesions, as well as detailed internal examination. 
 
Moreover, each fetus was weighed.  Detailed external examination was performed.  A detailed 
internal examination was performed on approx. ½ of the fetuses in each litter.  The heads of these 
fetuses were removed and examined by the technique of Wilson.  The remaining ½ of fetuses in 
each litter was stained with alizarin red S and skeletal examination.   
 
Results 
 
Mortality:  Two control females found dead on GDs 6 and 17, following a TK bleed.  Otherwise, 
there were no compound-related deaths. 
 
Clinical signs:  There were no FDKP-related adverse clinical observations.  Some clinical signs, 
including skin and/or fur condition were noted for a few rats from all groups.  These findings 
could be due to experimental procedures. 
 

 
 
Body weight:  There was a statistical difference between the 30 mg/kg/day dose group and 
control group on GD 6 (278.2±15.5 vs. 294.3±14.3 respectively).  Since the magnitude of the 
body weight difference remained similar throughout the treatment period and did not seem to be 
affected by dose, the subsequent statistical differences in body weights and corrected mean body 
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weights might be due to biological variation.  In addition, the transient statistical differences 
observed between 10 mg/kg/day group and control group mean body weights were probably also 
due to the inter-individual variability in body weights and body weight gains.   
 

 
 
Food consumption:  There were no dose-related effects on food consumption. 
 
Toxicokinetics:  Not found in the study report.  Note from the reviewer:  However, the result was 
later mentioned in MKC-PC-2006-0010 (see table below). 
 

 
 
Necropsy:  No treatment related macroscopic findings were observed.  There was a low incidence 
of injection site reactions in the 100 mg/kg/day groups (2/22), with occasional individuals with 
dark material in the vagina in treated-groups.  There were some gross changes in liver, kidney, 
and thymus, observed in both control and treated animals. 
 

(b) (4)
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Uterine Findings:  The pregnancy rate ranged from 90.9 to 100% for main study females.  All TK 
females, except one female (in 10 mg/kg/day group) were also confirmed to be pregnant.  The 
number of corpora lutea, implantation sites, number of resorptions, live and dead fetuses, sex 
ratio, and pre- and post-implantation losses for the control and treated groups were similar 
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Fetal Findings:   
 

 Fetal weights:  There were similar for control and treated groups, with mean fetal total 
weights of 3.72, 3.79, 3.74, and 3.71 g for Groups 1 to 4 respectively). 

 

 
 

 Major/minor malformations:  No major malformations were noted.  The group incidences of 
litters and fetuses with both overall and individual minor anomalies (mainly dilated ureters) 
were low with no differences between the incidences of control or treated groups. 

 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 338 
 

 
 

 Minor skeletal anomalies:  Overall minor skeletal anomalies were seen at similar or lower 
incidences for litters and fetuses of treated groups when compared to the control group.  The 
lower incidences of litters and fetuses affected in the 10 mg/kg/day attained statistical 
differences.  This was the result of lower incidences of individual findings, including reduced 
ossification of the hyoid bones and irregular ossification of the interparietal bones.  There 
differences might be due to biological variation.   
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 Common skeletal variants:  The group percentages of fetuses with common skeletal variants 
were similar for all groups. 
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Pivotal Seg II Rabbit Study - Study title:  Subcutaneous Developmental Toxicity Study of 
Technosphere® in Rabbits [MKC-PC-2004-2004] 
 
Key study findings:   

 The 100 mg/kg/day FDKP caused mortality, increased numbers with adverse clinical signs of 
scant and soft or liquid feces, reduced body weight gain, and decreased absolute and relative 
feed consumption in pregnant rabbits. 

 The small reductions in feed consumption were observed in the 10 mg/kg/day group.  These 
were not considered related to the test article because they were transient and did not affect 
body weight.  However, decreased body weight was significant at 2 mg/kg/day, suggesting 
maternal toxicity. 

 The maternal NOAEL of FDKP was < 2 mg/kg/day.   
 No C-sectioning or litter parameters were affected and no fetal gross external, soft tissue or 

skeletal alternations (malformations and variations) were caused by FDKP, as high as 100 
mg/kg/day. 

 The developmental NOAEL of FDKP was 100 mg/kg/day. 
 FDKP exposure, as measured by mean serum Cmax and AUClast, were approx. proportional to 

the dose on both GDs 7 and 19.  There was no evidence of accumulation of FDKP in serum 
following repeated dosing.  The t ½ for FDKP was estimated to be < 2 hrs. 

 
Study no.:  LCL0002 
Volume # and page #:  eEDR module 4.2.3.5.1., 317 pages 
Conducting laboratory and location:   
Date of study initiation:  August 13th 2004 
GLP compliance:  Yes 
QA reports:  yes (x) no (  )  
Drug, lot #, and % purity:  See below. 
 

(b) (4)
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Methods 
 Doses:  0, 2, 10, and 100 mg/kg/day, once daily on GDs 7 to 19 
 Species/strain:  Rabbit/Hra:(NZW)SPF 
 Number/sex/group:  91 rabbits, Time-mated females, 20/group (Group I through IV) 
 Route, formulation, volume, and infusion rate:  SC injection in the volume of 5 mL/kg 
 Satellite groups used for toxicokinetics:  9 rabbits for TK, 3/group (Group II through IV) 
 Study design:  Dosages were selection on the basis of a dosage-range study (LCL0001). 
 

(b) (4)

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

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

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

(b) 
(4)

(b) (4)

(b) (4) (b) (4)
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 Parameters and endpoints evaluated:  Viabilities, clinical observations, body weights, and 
feed consumption values were recorded.  Blood samples were collected from the additional 
rabbits assigned to Groups II to IV on GDs 7 and 19.  All surviving rabbits were sacrificed on GD 
29, c-sectioned, and examined for the number and distribution of corpora lutea, implantation sites 
and uterine contents.  A gross necropsy of the thoracic, abdominal and pelvic viscera was 
performed.  Fetuses were weighted and examined for gross external, visceral, and skeletal 
alternations, and sex.   
 
Results 
 
Mortality:  One rabbit in the 100 mg/kg/day group was found dead on GD 26.  Adverse clinical 
signs, including scant feces on GDs 11-25, loss of body weight from GDs 7-17 and GDs 18-25, a 
reduction in food consumption throughout the dosing period, were observed in this rabbit.  There 
were 9 fetuses in utero, and all fetuses appeared normal for their developmental age.  This death 
was considered related to the test article.  Note from the reviewer:  Since it occurred in the 
highest dosage group, this suggests that 100 mg/kg/day given during organogenesis might exceed 
the maternal MTD.   
  
Clinical signs:  Scant feces were observed in a significantly increased number of rabbits in the 
100 mg/kg/day group.  Soft or liquid feces were observed in 5 and 4 rabbits in each 10 and 100 
mg/kg/day groups, respectively.  Other clinical signs (e.g. localized alopecia on the underside, 
ungroomed coat, swollen vulva, scab on the mouth or right hindpaw, no feces in the cage pan, 
and ulceration on the right hindpaw) were not considered to be test article-related because a 
similar number of rabbits in the control groups were affected, and only 1-3 rabbits in each dose 
group were affected with the clinical sign in non-dose dependent manner. 
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Body weight:  There were significant reductions in body weight gain observed in the 2 and 100 
mg/kg/day groups throughout gestation, which suggests maternal toxicity at these doses.  
However, it is unusual in that the 10 mg/kg/day group did not have reduced body weight gain.  
Body weight gains were reduced in the 100 mg/kg/day group on GDs 7 through 20 (during dosing 
period, 46% of the control group value), as well as GDs 7-29 (during the gestation period 
following initiation of dosing) and GDs 0-29 (the entire gestation period), when compared with 
the respective control group values.  Body weight gains were comparable among the groups 
during the post-dosing period.   
 

 
 
Food consumption:  A significant reduction in absolute feed consumption and a reduction in 
relative feed consumption occurred in the 100 mg/kg/day group on GDs 7-10, following initiation 
of dosing.  Feed consumption remained reduced in the 100 mg/kg/day group from GD 10, as well 
as in the 10 mg/kg/day group on GDs 24-29. 
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Toxicokinetics:  The mean exposure (peak serum concentration, Cmax, and AUClast) for FDKP was 
approximately proportional to dose on both GDs 7 and 19.  The t ½ mean value was less than 2 
hrs.  There was no evidence of accumulation.  In all but one rabbit, AUClast obtained on GD 7 was 
higher compared to that obtained on GD 19.  However, due to the small numbers of rabbits in 
each group and high intragroup variability in AUC, the decrease in mean AUClast was only 
significant for rabbits given FDKP at 2 mg/kg/day. 
 
Based on the projected human AUC of approx. 46,000 min•ng/mL, rabbits were dosed in the 
range of 10 to 1000 fold the projected human daily exposure (105 mg TI). 
 

 
 
Necropsy:  No gross lesions were seen.   
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Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):  No C-
sectioning or litter parameters were affected and no gross external, soft tissue or skeletal fetal 
alternations were caused by T dosages, up to 100 mg/kg/day. 
 

 C-sectioning and litter observations:  Pregnancy occurred in 18-20 of the 20 in each group.  
C-sectioning observations on GD 29 were based on 18, 19, 20, and 19 surviving pregnant 
rabbits with one or more live fetuses in the 4 respective dosages groups (0, 2, 10, and 100 
mg/kg/day).  There was 1 dead fetus in the 2 mg/kg/day group.  Note from the reviewer: this 
dead fetus might account for the increase seen in table 8 where 6.7% vs. 5.4% dead or 
resorbed/litter in 2 mg/kg/day and control groups respectively.  No historical control was 
provided by the sponsor. 

 

 
 

No c-sectioning or litter parameters were affected by FDKP, as high as 100 mg/kg/day.  The 
litter averages for corpora lutea, implantation, littler sizes, live fetuses, resorptions, % live 
male fetuses, fetal body weights, and % resorbed conseptuses were comparable among all 
groups.  No dam had a littler consisting of only resorbed conceptuses.  All placentae appeared 
normal.   
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 Fetal alternations:  Fetal alterations were defined as malformation or variation.  Litter 
averages were calculated for specific fetal ossification sites as part of the evaluation of the 

degree of fetal ossification.  Fetal evaluations were based on 149, 165, 186, and 155 live, GD 
29 C-sectioned delivered fetuses in 18, 19, 20, and 19 litters in the 0, 2, 10, and 100 

mg/kg/day groups, respectively.  Each of these fetuses were examined for gross external, soft 
tissue, and skeletal alterations, fetal ossification site averages. 

 
Table 9 – summary of fetal alterations:  In Group I to IV, 61.1%, 68.4%, 75%, and 15.8% of 
litters with fetuses were seen with alterations respectively.  There were 14.1%, 15.8%, 14.5%, 
and 1.9% fetuses with alterations in these same respective dosage groups.  All of the values 
reported for these parameters in the 100 mg/kg/day groups were significantly decreased when 
compared to the respective control group values.  In addition, none of the alterations occurred in 
more than 1 litter in any group and/or in a dosage dependent manner.  Skeletal ossification 
averages per fetus per litter did not significantly differ among groups.  Note from the reviewer:  
There was an increase (fetuses with alternations) at 2 mg/kg/day group when compared with 
controls.  This dose was the lowest dose tested, which was also associated with maternal toxicity.  
This finding is most likely attributed to maternal toxicity. 
 

 
 
Table 10 – fetal gross external alterations:  Total of 149, 165, 186, and 155 live fetuses were 
examined for gross external alterations.  One fetus in the 10 mg/kg/day group had the right 
forepaw flexed downward (see table below).  One dead fetus in the 2 mg/kg/day group had both 
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forepaws flexed downward, both hindpaws rotated medially, cleft palate, and non-patent nares.  
Note from the reviewer:  These were major malformation associated with mortality.  In addition, 
skeletal examination of this dead fetus showed that nasals contained an internasal, the 
interparietals were not ossified, the palate was incompletely ossified, and the scapular bodies 
were irregularly shaped. 
 

 
 
Table 11 – fetal soft tissue alterations: 
 
Malformations:  1) diaphragm – 1 fetus in the 0 mg/kg/day had a diaphragmatic hernia, 2) heart – 
1 fetus in the 0 mg/kg/day group had a large heart, a septal defect, a distended aorta, and a 
constricted pulmonary artery, as well as an absent intermediate lobe of the lung, and 3) vessels – 
1 fetus in the 0 mg/kg/day group had a distended aorta and a constricted pulmonary artery.   
 
More Malformations/variations:  1) lungs – absence of the intermediate lobe of the lung (common 
in this strain) was seen in 1 fetus in each of 0, 2, and 10 mg/kg/day groups, and 2) gallbladder – 
absent from 3 littermates in 2 mg/kg/day dose group.  Note from the reviewer:  Historical control 
was not provided by the sponsor to support that absent intermediate lung lobes and gall bladder 
were common findings for this rabbit strain.  These findings at 2 mg/kg/day suggest that the dose 
of 2 mg/kg/day is associated with malformations.  This dose was also associated with maternal 
toxicity (weight loss). 
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 Tables 12 and 13 – fetal skeletal alterations:   
 
Malformations:  1) vertebrae/ribs – 1 fetus in each of 0 and 2 mg/kg/day groups had interrelated 
vertebral/rib malformations (i.e. small and fused arches and fused centra in the cervical 
vertebrae, hemivertebrea as well as split ribs, misaligned caudal vertebrate, and irregularly 
shaped ribs). 
 
Variations:  1) skull – small irregularities in ossification of the skull were observed in 9, 14, 20, 
and 2 fetuses in 6, 9, 13, and 2 litters in the 0, 2, 10, and 100 mg/kg/day groups, respectively.  
The litter and fetal incidences of these irregularities were significantly increased in the 10 
mg/kg/day group, whereas the fetal incidence of these irregularities was significantly decreased 
in the 100 mg/kg/day group, 2) hyoid – one or both hyoid were angulated in 3, 5, 3, and 1 
fetuses from 2, 4, 2, and 1 litters in the 0, 2, 10, and 100 mg/kg/day dose groups, respectively, 
3) vertebrae – bifid centra in cervical vertebrae occurred in 1 fetus in the 2 mg/kg/day group, 4), 
sternum – delayed sternal ossification occurred in 3 fetuses from 2 litters in the 2 mg/kg/day 
group and 1 fetus in the 100 mg/kg/day.  Fused sternal centra also occurred in 3, 1, and 2 fetuses 
from 2, 1, and 2 litters in the 0, 2, and 10 mg/kg/day groups respectively.  Asymmetric sternal 
centra occurred in 1 fetus in the 0 mg/kg/day group, 5) scapulae – irregularly shaped ala of the 
scapular bodies occurred in 3, 1, and 1 fetuses from 1, 1, and 1 litter in the 0, 2, and 10 
mg/kg/day groups, respectively, and 6) fetal ossification site averages – No significant 
differences among the 4 dose groups in the average numbers of ossification sites per fetus for 
the hyoid, vertebrae, ribs, sternum, forelimbs, or hindlimbs but unossified skull.   
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MKC-PC-2006-0010: Fetal Toxicokinetic Study of Subcutaneous Technosphere® Particles in 
Rats [By , Study No. LCL00009] 
 
This study was to determine exposure levels in fetuses following twice daily FDKP treatment of 
pregnant female rats.  40 pregnant Crl:CD(SD) female rats (10 rats per group) were given FDKP 
twice daily via sc injection on GDs 6-17 at dosages of 0, 10, 30, and 100 mg/kg/day.  Viabilities, 
clinical observations, body weights, and feed consumption values were measured.  The female 
rats were euthanized on GD 18.  Fetuses were removed from the uterus, and fetal blood samples 
were collected. 

(b) (4)
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Maternal and fetal findings:  No mortality and no clinical signs were observed during the course 
of the study.  Mean maternal body weights and body weight gains and absolute and relative feed 
consumption values were not affected by the FDKP treatment. 
 
TK findings:  Fetal TK samples were collected from 8, 9, 10, and 10 pregnant dams in 0, 10, 30, 
and 100 mg/kg/day groups, respectively.  Fetal plasma samples were collected on GD 18, approx. 
24 hrs after the final SC injection of the treated dam on GD 17, yielded the exposure values of 
0.031356, 0.06833, and 0.2637 mg/kg/day in 10, 30, and 100 mg/kg/day groups, respectively (see 
Table 1 below).   
 

 
 
Fetal plasma level in the 10 mg/kg/day group was 45.9% of the level in the 30 mg/kg/day group, 
which was 25.9% of the level in 100 mg/kg/day group.  This suggested the levels were roughly 
dose proportional.  It also indicated that FDKP levels remained present in fetal plasma at least 24 
hrs after treatment of the dam. 
 
When the fetal exposure levels were compared to maternal Cmax values obtained (in a separate 
development toxicity study in rats, see table below), fetal plasma levels represented 0.47% 
(0.031356 / 6.73), 0.39% (0.06833 / 17.6), and 0.43% (0.2637 / 61.6) of maternal plasma levels of 
10, 30, and 100 mg/kg/day respectively. 
 

 
 

(b) (4)
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Overall, this study indicated that fetal exposure occurred as a result of treatment of the F0 
generation dams twice daily via SC injection on GDs 6 through 17. 
 

Prenatal and postnatal development 
 
Study title:  Developmental and Perinatal/Postnatal Reproduction Toxicity Study of 
Subcutaneous Technosphere® Particles in Rats, Including a Postnatal Behavioral/Functional 
Evaluation [MKC-PC-2004-0008] 
 
Key study findings:   

 Pregnant rats (F0 generation) were given Technosphere® at 0, 10, 30, or 100 mg/kg/day 
twice daily via SC injection from GD (gestation day) 7 to LD (lactation day) 20.  The study 
showed that there were no clinical or necropsy observation in the F0 generation female rats 
that were considered treatment related.  Maternal body weights and body weight gains, 
absolute/relative food consumption values during gestation and lactation, and natural delivery 
and litter parameters were not affected by T particles as high as 100 mg/kg/day.  No clinical 
or necropsy observations in the F1 generation pups were attributed to T particles as high as 
100 mg/kg/day. 

 No deaths were observed in F1 generation related to treatment of the F0 generation dams with 
the test article.  All clinical and necropsy observations in the F1 generation male and female 
rats were considered unrelated to treatment of the F0 generation dams with T particles.  

 Doses up to 100 mg/kg/day also did not affect the absolute weights of testes or epididymides 
or the ratios of these weights to the terminal body weight and resulted in no microscopic 
changes in F1 generation male rats.  Although there were reductions in the absolute weights 
of the testes and epididymides in the maternal 100 mg/kg/day group, as well as the ratios of 
these organ weights to terminal body weights, there reductions were not considered to be 
related to the T articles because there were no corresponding effects in mating and fertility 
and no microscopic changes revealed by histopathological evaluation.   

 Body weights and body weight gains, absolute/relative food consumption values, sexual 
maturation, and performance in the passive avoidance and water maze tests for the F1 
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generation rats were not affected by maternal dosage of T particles up to 100 mg/kg/day.  
However, there were 3 pups that failed to learn from the 10 and 30 mg/kg/day groups.  
Mating and fertility parameters and C-sectioning and litter parameters for the F1 generation 
were not affected and no fetal gross external alterations were caused by maternal dosages of 
T particles up to 100 mg/kg/day. 

 TK analyses showed that administration of T particles in saline as a SC injection increased 
the exposure with increasing dose.  Following the first of the 2 daily injections on GD7, the 
increase was proportional to the dose.  However, following the first of the 2 daily injections 
on LD 20, the increase was proportional to the dose in 10 and 30 mg/kg/day groups.  There 
was no difference between GD 7 and LD 20.  For the 100 mg/kg/day group, the total AUCinf, 
due to the twice daily dosing, on GD 7 than on LD 20 were 8,340 and 5,870 µg•min/mL 
respectively, indicating the NOAEL (maternal) of 8.34 mg•min/mL. 

 In addition, the tmax occurred at 30 min post injection for the 10 mg/kg/day group and 60 min 
for the 30 and 100 mg/kg/day groups.  The t ½ ranged from 27.4 to 36.6 min for all groups, 
except the 100 mg/kg/day group on LD 20, where the value was 64.9 min. 

 Moreover, the mean concentrations found in the mother’s milk at 4 hrs postdose on LD 12 
were dose proportional at 308, 886, and 3515 ng/mL for the 10, 30, and 100 mg/kg/day 
groups, respectively.  This concentration was approx. 10% of the serum concentration at 1 hr 
(approx. the tmax), suggesting that secretion of T into milk.   

 The maternal NOEL for Technosphere® was 100 mg/kg/day, the highest dose given.  The 
reproductive NOEL in the dams was also 100 mg/kg/day.  However, the F0 females were 
dosed from GD 7 (during organogenesis).  Therefore, the T particles were not on board to 
evaluate parameters such as implantation, resorptions, and etc. 

 The NOEL for viability and growth in the offspring to weaning and continuing through 
maturation was 100 mg/kg/day.  The reproductive and developmental NOEL in the F1 
generation dams was also 100 mg/kg/day.  Note from the reviewer:  Decreased male 
reproductive organ weights and impaired learning were observed in F1 pups at 30 and/or 100 
mg/kg/day, suggesting that the developmental NOAEL is probably 10 mg/kg/day.   

 
Study no.:  LCL00003  
Volume # and page #:  eEDR Module 4.2.3.5.3., 508 pages 
Conducting laboratory and location:   
Date of study initiation:  Feb 25th, 2005 
GLP compliance:  Yes 
QA reports:  yes (x) no (  )  
Drug, lot #, and % purity:  D-035U-04-006 (see table below) – Technosphere® particles 

 

(b) (4)
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Methods 
 Doses:  0, 10, 30, and 100 mg/kg/day twice daily via SC injection from GD 7 (gestation 
day) through LD (lactation day) 20 or GD 24 (rats that did not deliver a litter).   

(b) (4)

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

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

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

(b) 
(4)

(b) (4)

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

(b) (4)

(b) (4)
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 Species/strain:  Crl:(CD)SD VAF/Plus® rats 
 Number/sex/group:  Females; 25 per group (for both F0 and F1) 
 Route, formulation, volume, and infusion rate:  sc injection with volume of 5 mL/kg 
 Satellite groups used for toxicokinetics:  TK 9 per group (II to IV for F0) 
 
 Study design:  100 pregnant female rats were randomly assigned to 4 groups (25 

rats/group).  An additional 27 pregnant females rats were randomly assigned to Group 2 
through 4 (9 rats/group) for TK sample collections.  Test article and or VH were 
administrated via sc injection twice daily from GD 7 through LD 20 for rats that 
delivered a litter, or GD 24 for rats that did not deliver a litter. 

 
Parameters and endpoints evaluated:  F0 generation rats:  viabilities, clinical 
observations, and observations of maternal behavior were recorded.  Blood samples were 
collected from the female rats assigned for TK sample collections from GD 7 and either 
GD 25 (if necessary) or PN 20.  Blood and milk samples were collected from these 
females rats on either LD 12 or LD 13.  F1 generation rats:  viabilities, clinical 
observations, and body weights were recorded.  On LD 21, all F0 generation dams and all 
F1 generation pups not selected for continued evaluation were sacrificed by CO2 and 
examined for gross lesions. 
 

 Approx. 200 F1 generations rats (25/sex/group) were chosen for continued evaluation.  
Viabilities, clinical observations, body weights, and food consumption were recorded.  
These rats were also evaluated for sexual maturation and learning and memory by passive 
avoidance and water maze tests. 
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 At approx. 90 days of age, the F1 generation rats were assigned to cohabitation.  Male 

rats were sacrificed after completion of the cohabitation period and a gross necropsy was 
performed.  Tests and epididymides weights were recorded.  Female rats were sacrificed 
on GD 21, C-sectioned and a gross necropsy was performed.  Each fetus was weighted 
and examined for sec and gross external alterations.   

 
Results 
 
F0 in-life findings:  
 
 Mortality:  All rats survived to scheduled sacrifice. 
 
 Clinical signs:  All signs were considered unrelated to the test article because 1) a similar 

number of rats were affected in the control group and 2) signs were observed in only 1 rat 
in any dose group.  The observations included soft or liquid feces, localized alopecia, 
chromorhinorrhea, dehydration, urine-stained abdominal fur, portion of tail missing, 
swollen digit, incisors misaligned, red perivaginal substance, sparse hair coat, and ptosis.  
In addition, localized alopecia on the forelimbs occurred in a significant number of F0 
generation female rats in the 30 mg/kg/day group during the gestation period. 
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Maternal body weights:  Maternal body weights and body weight gains during gestation 
and lactation were not affected by T particles as high as 100 mg/kg/day.  All values were 
comparable among the 4 dose groups.  In addition, there were maternal body weight 
losses occurred on LDs 7 through 10 in the 10, 30, and 100 mg/kg/day group, on LDs 10 
through 14 in the 10 and 30 mg/kg/day groups, and on LDs 14 through 21 in all groups, 
including the control.  The losses in the treated groups either coincided with comparable 
reductions in body weight gain or comparable body weight losses in the control group 
during each of the respective intervals. 
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 Food consumption:  Relative food consumption values were significantly increased in the 

10 and 100 mg/kg/day groups and increased in the 30 mg/kg/day group on GDs 12 
though 15.  These transient increases were not considered related to the test article 
because the increases were not dose-dependent. 

 
 F0 necropsy:  There were no necropsy observations related to the test article in the F0 

generation female rats.  One rat in the 100 mg/kg/day group had a constriction 1.0 cm 
from the distal portion of the vagina and slight bilateral hydrometra.  This rat was not 
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pregnant.  No other gross lesions were observed.  Also, absolute (g/day) and relative 
(g/kg/day) food consumption values during gestation and lactation were unaffected by 
doses of T particles as high as 100 mg/kg/day. 

 

 
 
 Natural delivery and litter observation:  Pregnancy occurred in 24, 24, 23, and 24 of the 

25 mated female rats in the 0, 10, 30, and 100 mg/kg/day groups respectively.  All 
pregnant dams delivered litters.  Natural delivery observations were not affected by T 
particles as high as 100 mg/kg/day.  Numbers of dams delivering litters, the duration of 
gestation, average for implantation sites per delivered litter, the gestation index, the 
numbers of dams with still born pups and of dams with all pups dying were comparable 
among the 4 groups.   
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 Clinical and Necropsy Observation – F1 pups:  No clinical or necropsy observations were 

attributed to T particle up to 100 mg/kg/day.  All clinical observations were considered 
unrelated to the test article by the sponsor because 1) no more than 4 litters in any dose 
groups were affected, 2) no dose-dependent relationship, and 3) observations occurred 
only in litters in the control groups.  The observations included scab on the lower midline 
or tip of tail, cold to touch, not nursing, no milk band present, dehydration, dark purple 
area on the ear, nose, or back, alopecia on the lower midline or head, ungroomed coat, 
lacrimation, dried cornea, and etc. 

 
 In addition, no milk was found in the stomachs of 1,2,1, and 3 F1 generation pups that 

were found dead in the 0, 10, 30, and 100 mg/kg/day groups respectively.  The right 
forelimb and internal organs of 1 F1 generation pup in the control group that was found 
dead were missing and presumed to have been cannibalized by the dam.  No additional 
gross lesions were revealed by necropsy of the F1 generation pups that were found dead.  
Moreover, 1 F1 generation pup in each of 30 and 100 mg/kg/day groups had moderate 
dilation of the pelvis of the right or left kidney, and 1 F1 generation pup in the 10 
mg/kg/day group had marked dilation of the lateral ventricles of the brain.  No other 
gross lesions were revealed by necropsy of the F1 generation pups not selected for 
continued evaluation. 
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 TK analysis:  Administration of T particles in saline as sc injection increased exposure 

with increasing dose.  Following the first of the 2 daily injections on GD 7, the increase 
was proportional to the dose, whereas following the first of the two injections on LD 20, 
dose proportionality was seen for the 10 and 30 mg/kg/day groups.  No accumulation for 
the two lower dose groups.  For the 100 mg/kg/day group, the AUCinf was lower on LD 
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20 than on GD 7 (2,930,000 vs 4,170,000 ng•min/mL).  The total daily AUCinf would be 
double these values due to the twice daily dosing.  The Tmax occurred at 30 min post 
injection for 10 mg/kg/day group and 60 min for 30 and 100 mg/kg/day groups.  The t ½ 
ranged from 24.7 to 36.6 min for all groups, except the 100 mg/kg/day group on LD 20 
was 64.9 min. 
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In addition, the mean concentrations found in the mother’s milk at 4 hrs postdose on LD 
12 were dose proportional at 308, 886, and 3515 ng/mL for the 10, 30, and 100 
mg/kg/day groups, respectively.  This concentration was approx. 10% of the serum 
concentration at 1 hr (approx. the Tmax). 

 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 365 
 

 
 
F1 in life & physical development findings:   
 
 Mortality:  All F1 generation rats selected for further evaluation, survived to the day of 

scheduled sacrifice.  One F1 generation dam in the maternal 10 mg/kg/day group began 
to deliver and was sacrificed on GD 21.  This occurrence was not attributed to treatment 
of the F0 generation dams with the test article because it was a single occurrence in the 
low dose group.   

 
 Clinical observations:  All clinical observations in the F1 generation male and female rats 

were considered unrelated to treatment of the F0 generation dams with T particle because 
the incidences were not dose dependent, occurred in a relatively small number of rat.  
The observations were also common in this strain provided by the sponsor, with historical 



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 366 
 

data generated from   These observations included misaligned and/or 
missing/broken incisors, chromodacryorrhea, sparse hair coat, soft or liquid feces, scab, 
swollen or bent snout, dehydration, localized alopecia, ulceration, and etc. 

 

 
 

 
 

(b) (4)
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 Necropsy observations:  All necropsy observations in the F1 generation rats were 

considered unrelated to treatment of F0 generation dams with T particles because the 
incidences were not dose-dependent and only occurred in 1 rat.  In addition, slight 
dilation of the left and/or right kidney occurred in the one F1 generation male in each of 
the maternal 10, 30, and 100 mg/kg/day groups.  Note from the reviewer:  this kidney 
dilation finding that appeared as single incidence in all treated groups because T could be 
excreted unchanged from the kidney and could across into the rat fetus.  One F1 
generation male rat in the maternal 100 mg/kg/day group had small testes and small 
epididymides.  An additional male in the same maternal group had a mass in the 
abdominal adipose tissue above the right testis.  Moreover, moderate dilation and marked 
dilation of the pelvis of the right kidney was observed in F1 generation dams in the 
maternal 0 and 30 mg/kg/day groups.  The placentas for fetuses 2 and 3 were fused in a 
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dam in the maternal 10 mg/kg/day group.  No other gross lesions were seen by necropsy 
examination of the F1 generation rats. 

 

 
 
 Terminal body weights, epididymides and testes weights and ratios (%) of epididymides 

and testes weight to terminal body weight:  These parameters were examined on pups on 
Day 90 after birth.  Terminal body weights in the F1 generation male rats were 
comparable among the 4 groups.  Absolute weights for paired epididymides and paired 
testes, as well as the ratio of these organ weights to terminal body weight were 
significantly reduced in the maternal 100 mg/kg/day group.  Absolute weights for paired 
testes, as well as the ratios of these organs to terminal body weights, were also 
significantly reduced in the maternal 30 mg/kg/day group.  However, these observations 
were not considered toxicologically important because there were no microscopic 
changes on testes or epididymides and there were no effects on the mating or fertility of 
the F1 generation male rats.  Moreover, absolute weights for paired epididymides were 
significantly increased in the maternal 10 mg/kg/day group.  This observation was not 
toxicologically important because the increase was not dose dependent.  There was no 
corresponding increase in the ratio of these organ weights to terminal body weights. 

 

 
 
 Histopathological Evaluations:  Treatment of the F0 generation dams with T particles up 

to 100 mg/kg/day did not produce microscopic changes in F1 generation male rats, with 
regards to only testes/epididymis weight, thoracic/abdominal/pelvic viscera 
examinations.  A standard battery of tissues was not evaluated in this study.   
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 Body weights and body weight changes:  Not affected by maternal dosages of T particles 

up to 100 mg/kg/day.  There were no significant differences observed among the 4 
dosage groups for the F1 generation male rats during the post-weaning period.  In 
addition, body weight recorded for the F1 generation female rats on the day that 
cohabitation began, as well as body weight gains during the entire pre-cohabitation 
period, were significantly increased in the maternal 10 and 30 mg/kg/day groups.  These 
increases were not attributed to maternal treatment with the test article because these 
increases did not occur in the dose-dependent manner.  Moreover, body weight gains for 
F1 generation dams were significantly increased in the maternal 10, 30, and 100 
mg/kg/day groups on GDs 17 to 20.  These were not attributed to maternal treatment 
because body weight gain during the entire gestation period (GDs 0 to 21) was 
comparable among the 4 groups. 
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 Absolute and relative food consumption:  Not affected by maternal doses of T particles 
up to 100 mg/kg/day.   

 
 Sexual maturation:  Not affected by maternal doses of T particles up to 100 mg/kg/day.  

The average day on which preputial separation occurred was comparable among the 4 
groups.  The average number of days required for vaginal patency was significantly 
increased in the 30 mg/kg/day group compared to the average time for the control group.  
However, it was not toxicologically significant because the increase did not occur in a 
dose dependent manner. 

 

 
 
F1 in life & behavioral evaluation findings:   
 
 Passive Avoidance:  Treatment of T particles had no effect on learning, short-term 

retention, long-term retention, or response inhibition in the F1 generation male and 
female rats.  One F1 generation male rat in the maternal 30 mg/kg/day group and 1 F1 
generation female rat in the maternal 100 mg/kg/day failed to learn.  These occurrences 
were not attributed to the F0 generation dams with the test article because the incidences 
were not dose-dependent by the sponsor. 
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 Water maze performance:  Treatment of T particles had no effect on water maze 

performance of the F1 generation rats regarding learning, short-term retention, long-term 
retention, or response inhibition.  Two F1 generation male rats in the maternal 30 
mg/kg/day group and one F1 generation female rat in each of the maternal 10 and 30 
mg/kg/day groups failed to learn.  These observations were not attributed to treatment of 
the F0 generation dams with T particles because the incidences occurred in no more than 
2 rats/sex/group and there incidences were not dose-dependent. 
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F1 in life & reproduction findings: 
 
There were no effects on the mating and fertility parameters evaluated in the F1 generation rats.  
Values for the number of days in cohabitation, the number of rats that mated, the fertility index, 
the number of rats with confirmed mating dates during the 1st, 2nd, and/or 3rd weeks of 
cohabitation, and the number of pregnancies per number of rats in cohabitation were comparable 
among the 4 groups and did not significantly differ. 
 

 
 

 
 
 C-sectioning and litter observations:  No c-sectioning or litter parameters were affected 

by maternal dosages of T particles up to 100 mg/kg/day.  C-sectioning observations were 
based on 24, 22, 23, and 24 pregnant rats with 1 or more live fetuses in Groups I through 
IV, respectively.  Also, the mean number of early resorptions, the mean % of dams with 
any resorptions and the mean % of resorbed conceptuses per litter were significantly 
reduced in the maternal 10 mg/kg/day group.  The mean % of dams with any resorptions 
was significantly reduced in the maternal 30 mg/kg/day corresponding increase in each of 
these parameters in the control group.  Therefore, the sponsor did not considered these 
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observations to be toxicologically relevant.  Moreover, the litter averages for corpora 
lutea, implantations, litter sizes, live fetuses, late resporptions, fetal body weights, and % 
live male fetuses were comparable among the 4 groups.  No dam had a litter consisting 
only resorbed conceptuses, and there were no dead fetuses.  All placentae appeared 
normal.   

 

 
 

 
 
F2 in life findings:   
 
None of the gross external alternations in the F2 generation fetuses were attributed to treatment of 
the F0 generation dams with T particles as high as 100 mg/kg/day.  Fetus (8379-14) in the 
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maternal 100 mg/kg/day group had a depressed left eye bulge and whole body edema, whereas 
fetus (8320-5) in the maternal 10 mg/kg/day group had thread-like tails, which did not exceed 
concurrent controls.  All other fetuses appeared normal at gross external examination.  These 
alterations however were not attributed to treatment of the F0 generation dams with the T 
particles because the alternations occurred in single fetus. 
 

 
 
2.6.6.7 Local tolerance   
 
MKC-PC-2007-0019: A Single Dose Primary Skin Irritation Study in Rabbits with 
Technosphere® Particles and Technosphere®/Insulin [By  Study No. 
LCL00021] 
 
The potential irritant and/or corrosive effects of T and TI were evaluated in the skin of New 
Zealand White rabbits.  Initially, 1 animal per test article received a single dermal application to 
one intact and one abraded test sites.  Since no severe irritation was observed, 5 additional 
animals per test article were dosed for a total of 6 rabbits in each group (see table below).  These 
doses were applied to the skin for 24 hrs.  Test sites were subsequently examined and scored for 
dermal irritation for up to 14 days following test article application.   
 

 
 
For T on intact test sites, it produced well-defined to moderate erythema and very slight to slight 
edema at 6/6 sites by 1 hr scoring interval.  The dermal irritation resolved at 1/6 sites by the 72 hr 
scoring interval, at 3/6 sites by Study Day 7, at 1/6 sites by Study Day 10, and at 1/6 sites by 
Study Day 14.  Desquamation was also noted at 2/6 sites during the study.  For T on abraded test 
sites, it produced well-defined to moderate to severe erythema and very slight to slight edema at 
6/6 sites by 1 hr scoring interval.  The dermal irritation resolved at 3/6 sites by Study Day 7, at 
2/6 sites by Study Day 10, and at 1/6 test sites by Study Day 14.  Desquamation was also noted at 
3/6 test sites during the study.   
 

(b) (4)
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For TI on intact test sites, it produced well-defined to moderate to severe erythema at 6/6 sites 
and very slight edema at 5/6 sites by 1 hr scoring interval.  The dermal irritation resolved at 3/6 
sites by the 72 hr scoring interval, at 2/6 sites by Study Day 7, at 1/6 sites by Study Day 10, and 
at 1/6 sites by Study Day 14.  Desquamation was also noted at 2/6 sites during the study.  For TI 
on abraded test sites, it produced well-defined to moderate to severe erythema and very slight to 
slight edema at 6/6 sites by 1 hr scoring interval.  The dermal irritation resolved at 3/6 sites by 
Study Day 7, at 2/6 sites by Study Day 10, and at 1/6 test sites by Study Day 14.  Desquamation 
was also noted at 3/6 test sites during the study.   
 
All in all, both T and TI were considered to be moderate irritants to the skin of the rabbit. 
 

 

 
 

 
 

 
 

 
 
2.6.6.8 Special toxicology studies   
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13 studies were submitted by the sponsor: 
 

 PDC-PC-2001-0001 (antigen) 
 MKC-PC-2007-0004 (other: phototox) 
 MKC-PC-2008-0001 (other: ecotox), Daphnia magna) 
 MKC-PC-2008-0002 (other: ecotox, green alga) 
 MKC-PC-2008-0005 (other: PS80 tox/TK profile) 
 MKC-PC-2008-2006 (impurities) 
 MKC-PC-2008-0016 (other: skin irritation w/ 3 FDKP intermediates) 
 MKC-PC-2008-0018 (other: delayed contact hypersensitivity w/ 3 FDKP intermediates) 
 MKC-PC-2008-0019 (other: acute oral tox w/ 3 FDKP intermediates) 
 MKC-PC-2008-0020 (immunotox) 
 MKC-PC-2008-0021 (other: partition coefficient of FDKP) 
 MKC-PC-2008-0023 (other: eye irritation w/ 3 FDKP intermediates) 
 MKC-PC-2008-0024 (other: biodegradability of FDKP) 

 
PDC-PC-2001-0001: Dermal Sensitization w/ Technosphere in Guinea Pigs – Maximization Test 
[By  Study No. 7260-100] 
 
This study was to assess the contact sensitization potential of FDKP via the intradermal injection 
and topical application in guinea pigs.  Total of 38 healthy young adult male albino guinea pigs 
were participated in this two-phased study.  First phase was an irritation screening study using 8 
animals to determine the irritation threshold of the test article, FDKP.  This study was to find 1) 
the highest concentration that does not produce excessive irritation to use for intradermal 
injections, 2) a moderately irritating concentration to use for the topical induction application, and 
3) the highest nonirritating topical concentration to use for the challenge application.   
 

 
 
For irritation screening study, 4 animals received FDKP (1% w/v in sterile water) via intradermal 
injection showed mild to moderate dermal reactions.  Moderate dermal reactions were exhibited 
to the 5% w/v concentration, and moderate to intense dermal reactions were observed to the 10, 
15 and 25% w/v concentrations of FDKP in sterile water.  Blanching of the injection sites were 
also seen at concentrations > 5%.  In addition, 4 other animals received FDKP via topical 
application.  No dermal irritation was seen with either of the concentration applied (10 or 25% 
w/w in petrolatum). 
 

(b) (4)



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 377 
 

 
 

 
 
For definitive study, all animals in all groups appeared normal throughout the study with the 
exception of 1 animal in the initial irritation control group which exhibited a thin appearance on 
Days 11 through 20.  All animals showed body weight gain during the study with the exception of 
one additional control animal that maintained the same weight from Day 36 to Day 39.  With 
regards to dermal reaction at induction sites, the irritation was consisted of mild to moderate 
erythema and edema reactions with scab formation at injection sites.  The irritation at the 
induction sites of the animals in the test group was slightly greater than the ones in the initial 
irritation control group.  With regards to dermal reaction to FDKP at initial challenge, 10 out of 
20 animals (in the test group) showed mild dermal reactions to the initial challenge application of 
the 25% w/w mixture of FDKP at 24 hrs.  At 48 hrs, 2 out of these 10 animals no longer had 
dermal reactions but 3 animals that didn’t have reaction at 24 hrs exhibited dermal reactions at 48 
hrs.  In addition, 1 out of 20 animals (in the test group) showed a mild dermal reaction to the 
application of petrolatum at 48 hrs only.  Moreover, 2 out of 10 animals (in the initial irritation 
control group) showed mild dermal reactions to the 25% w/w mixture of the FDKP at the initial 
challenge phase at the 24 hr observation, but 1 out of these two animals no longer had a dermal 
reaction at 48 hrs.  With regards to dermal reaction to FDKP at second challenge, 4 out of 20 
animals (in the test group) showed mild to moderate dermal reactions to 25% w/w mixture of the 
FDKP at 24 hr observation, and in 3 of the same animals at 48 hrs.  Of the 3 of 20 animals with 
reactions (in the test group), 2 had a scattered mild redness reaction and 1 had a moderate and 
diffuse redness reaction.  These reactions were considered to be probable sensitization reactions.  
In addition, none of the 5 additional native control animals showed a dermal reaction to 25% w/w 
of FDKP at the second challenge. 
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Overall, the EC and US EPA Guidelines require a response of > 30% (i.e. 6 of 20 animals) to 
classify a compound as a skin sensitizer by an adjuvant-type test method.  Based on the number 
of animals in the test group that was considered to have exhibited sensitization reactions at the 
second challenge (i.e. 3 of 20 animals), a risk phase was not required for dermal sensitization 
hazard.  Note from the reviewer:  It is unclear how this mild to moderate skin sensitization would 
relate to the clinical use by inhalation. 
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MKC-PC-2007-0004: Neutral Red Uptake Phototoxicity Assay of Technosphere and 
Technosphere/Insulin in Balb/c 3T3 Fibroblasts [By  Study No. 
LCL00016] 
 
This study was to evaluate the phototoxicity potential of T and TI measured by the relative 
reduction in viability of Balb/c 3T3 mouse fibroblasts administered the test articles and exposed 
to UVA, as compared with those without UVA.  One range-finding assay and two definitive 
assays were conducted. 
 
In the range-finding assay, up to 1000 mg/l of T and up to 1000 mg/l TI were tested.  However, 
the IC50 with or without UVA could not be achieved for T and TI.  Since no IC50s were 
determined, the PIF (photoirritancy factor) values could not be calculated.  Therefore, the PIF 
was designated as 1 to characterize the results.  The MPE (mean photo effect) values for T and TI 
were 0.007 and -0.001, respectively.  The CPZ (chlorpromazine) was used as positive control.  Its 
IC50 was 1.396 mg/l with UVA and 38.96 mg/l without UVA.  The PIF and MPE values for CPZ 
were 27.913 and 0.490, respectively. 
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In the definitive assays, up to 1000 mg/l for T and up to 1000 mg/l for TI were tested with and 
without UVA exposure.  The assay results showed that both T and TI did not elicit cytoxicity in 
the absence and presence of UVA irradiation.  Again, since no IC50s were determined for T or 
TI, the PIF values were designated as 1 to characterize the results.  The MPE values for T were -
0.012 and -0.007 in definitive assays 1 and 2, respectively.  The MPE values for TI were -0.013 
and -0.009 in definitive assays 1 and 2, respectively.  The CPZ was again used as positive control.  
Its IC50 was 1.419 mg/l with UVA and 37.22 mg/l without UVA.  The PIF and MPE values for 
CPZ were 26.233 and 0.458, respectively. 
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Overall, based on the definitive assay results and the OECD (Organization for Economic 
Cooperation and Development) guidelines for the conduct of the 3T3 NRU test, the phototoxic 
potential for both T and TI were non-phototoxic. 
 
MKC-PC-2008-0001: Technosphere® Powder Acute Toxicity to Daphnia Magna [By 

 Study No. MKC0002] 
 
This study was to study the acute toxicity of T to Daphnia magna under static exposure 
conditions.  Twenty Daphnia (less than 24 hrs old) was exposed to T for 48 hrs at 100 mg/l (an 
overall mean measured level of 97.2 mg/l.  Findings:  One Daphnia (5%) was immobile after 48 
hrs exposure to T at 97.2 mg/l.  According to the OECD guideline, an incidence rate of < 10% 
was not considered to be significant.  This study revealed that the 48 hr IC50 for T was > 97.2 
mg/l and the NOEL for T was 97.2 mg/l. 
 
MKC-PC-2008-0002: Technosphere® Powder Algal Growth Inhibition Assay [By  

 Study No. MKC0003] 
 
This study was to assess the growth of the unicellular green alga Pseudokirchneriella subcapitata 
under non-axenic conditions.  Six replicate algal cultures, with an initial cell density of 1 x 104 
per ml were exposed to T at 100 mg/l (an overall mean measured level of 101 mg/l).  Cell 
numbers were counted daily to monitor growth.  Findings:  When compared to control cultures, 
neither the AUC nor the average specific growth rate was significantly reduced at a mean 
measured level of 101 mg/l.  Both EbC50 (72 hr, AUC) and ErC50 (0-72hr, average specific growth 
rate) were > 101 mg/l.  NOEC (no observed effect concentration) was 101 mg/l. 
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MKC-PC-2008-0005: A 28-Day Powder Inhalation Toxicity Study Followed by a 14-Day 
Recovery Period of PS80-Enriched Technosphere® Powder in Spraque-Dawley Rats [By  
Study No. 75065] 
 
This study was to determine the toxicity and TK profile in rats given PS80-enriched T via 60 min 
inhalation exposure for 28 days with 14 day recovery period.  Mortality, clinical signs, body 
weights, food consumption, ophthalmoscopy and clinical pathology were assessed.  Serial blood 
samples were collected to determine circulating serum FDKP levels.  All animals were 
euthanized upon completion of their respective treatment or recovery periods.  Selected tissues 
were retained, weighted, and examined microscopically. 
 

(b) (4)



Reviewer:Miyun Tsai-Turton     NDA No. 22-472 
 
 

 383 
 

 
 
Tox findings:  Inhalation administration of PS80-enriched FDKP was well-tolerated.  There were 
no adverse clinical signs or ocular changes related to PS80-enriched T treatment.  Following 
necropsy, there were also no organ weight changes or macroscopic or microscopic findings. 
 
TK findings:  The PS80-enriched T was readily absorbed with Tmax between 0.05 to 0.25 hr 
across all dose groups.  Exposure, based on Cmax and AUC0-t increased in a dose-dependent 
manner on Days 1 and 28 in males and females.  Mean PS80-enriched T increased by 1.7 to 2.3 
fold in males and 1.7 to 2.2 fold in females on Days 1 and 28 respectively.  Mean PS80-enriched 
T at the high dose group were similar in males compared to females on Days 1 and 28, indicating 
no gender differences in exposure.  In addition, the accumulation ratio (Rc) for PS80-enriched T 
ranged from 1.18 to 1.81 across males and females, indicating no accumulation following 28 days 
of daily dosing. 
 
Overall, inhalation administration of PS80-enriched T once daily for 28 days was well-tolerated 
by rats.  There were no indications of local and systemic effects related to the test article.  The 
NOEL was at the high dose of 45 mg/kg/day for Technosphere® powder and 1.11 mg/kg/day for 
PS80. 
 
 Macroscopic Findings:   
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 Microscopic Findings:   
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MKC-PC-2008-0006: A 28-Day Subcutaneous Injection Toxicity Study Followed by a 14-
Day Recovery Period of FDKP with Three Known Impurities in Spraque-Dawley Rats [By 

 Study No. 70569] 
 
This study was to determine the toxicity and TK profile of FDKP with three known impurities 
( , following daily SC injections to rats for 28 days.  Mortality, 
clinical signs, body weights, food consumption, ophthalmoscopy and clinical pathology were 
assessed.  Serial blood samples were collected to determine circulating serum FDKP levels.  All 
animals were euthanized upon completion of their respective treatment or recovery periods.  
Selected tissues were retained, weighted, and examined microscopically. 
 

 
 

 
 

 
 
Tox findings:  Subcutaneous administration of FDKP + 3 known impurities for 28 days was well-
tolerated by rats.  There were no systemic effects related to the test article.  Test articled changes 
were gross lesions at necropsy at the sites of SC administration in mid and high dose animals.  
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Mid-dose animals had higher incidences of subcutaneous dark areas at 1 injection site (R2) when 
compared to VH control animals.  However, there was no correlation to any histological changes 
and no adverse changes were observed in any tissues from this group.  In addition, high-dose 
animals had higher incidences of subcutaneous dark areas at 3 injection sites (R1, R2, and L2).  
There changes did correlate with microscopic subcutaneous focal mineralization in several 
animals.  The mineralization was minimal to mild (low severity) and was not present following 
the 14-day recovery period. 
 

 
 
TK findings:  FDKP was readily absorbed with Tmax between 0.25 to 0.5 hr across all dose 
groups.  Exposure, based on Cmax and AUC0-t increased in a dose-dependent manner from 10 to 
75 mg/kg/day on Days 1 and 28 in males and females.  There were no gender differences in 
exposure and no accumulation following 28 days of daily dosing. 
 
Overall, subcutaneous administration of FDKP with 3 known impurities once daily for 28 days 
was well-tolerated by rats.  There were no indications of systemic effects related to the test 
article.  Subcutaneous dark areas were noted grossly at necropsy in mid and high dose animals 
(correlating to microscopic subcutaneous mineralization at high dose).  Such finding was local 
with low severity, and it was reversible.  Exposure to FDKP was dose proportional in both males 
and females.  Lastly, the NOEL was at the low dose of 10 mg/kg/day and NOAEL was at the high 
dose of 74 mg/kg/day for FDKP with 3 known impurities (  
 
Note from the reviewer:  The 3 impurities were tested at  of total dose (spiked) in 
all FDKP dose groups 10, 35, 75 mg/kg/day, which means the 75 mg/kg/day FDKP group had a 
higher amount of 3 impurities tested than the 10 and 30 mg/kg/day FDKP groups.  
 
 Macroscopic findings: 
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 Microscopic findings: 
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MKC-PC-2008-0016: Primary Dermal Irritation/Corrosion Study with Three FDKP Intermediates 
in Rabbits [By  Study No. 7260-112] 
 
This study was to assess the relative level of primary skin irritation/corrosion of 3 FDKP 
intermediates on rabbits under semioccluded conditions.  Moistened test articles were applied to 
the intact skin area of rabbits which were covered with a semiocclusive dressing.  Patches were 
removed approx. 4 hrs.  The untreated skin of each animal served as its own control.  The degree 
of erythema and edema was evaluated approx. 60 min, 24 hrs, 48 hrs, and 72 hrs after patch 
removal.  Mortality, clinical observation, and body weight were assessed.  Among these 3 FDKP 
intermediates, test article  was starting materials, whereas test articles  were 
intermediates. 
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Findings:  There was no irritation present at the 72 hr exam.  No signs of erythema or edema at 
any observation interval.  No clinical signs were observed during the study.  
 
Overall, all 3 compound were classified as dermally non-irritating. 
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MKC-PC-2008-0018: Dermal Sensitization Study in Guinea Pigs with Three FDKP 
Intermediates-Closed Patch Technique [By  Study No. 7260-115] 
 
This two-phase study (irritation phase and definitive study) was to assess the delayed contract 
hypersensitivity potential of 3 FDKP intermediates (test articles ) in guinea 
pigs.  Male Crl(HA)BR guinea pigs were assigned to 11 groups.  The results from the Groups 1 -3 
Irritation Phase animals were used to pick the induction and challenge doses for the Definitive 
Study animals.  These animals received 4 doses each of different concentrations.  Each site was 
treated with 37.5, 50, 75 or 95% mixed in petrolatum.  The animals were then scored for dermal 
irritation at 24 and 48 hrs post-applications.  During the induction phase, the Groups 4-6 and 
Group 10 animals remained untreated.  The Groups 7-9 and Group 11 received 3 induction doses 
(95% test article #1, 86% test articles #2 and #3).  All Definitive Study groups received challenge 
doses.  At approx. 24 and 48 hrs after the induction and challenge applications, each animal was 
examined for a dermal irritation reaction.  Toxicity was assessed based on mortality, clinical 
observations, and body weights.  Sensitization potential was based on the induction and challenge 
irritation scoring. 
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Findings:  Based on the irritation phase, 95% was selected as the induction dose for Test Article 
#1, and 86% was selected as the induction dose for Test Articles #2 and #3.  Also, the doses 
selected for the challenge dose were 95%, 86%, and 86% for Test Articles #1, #2, and #3, 
respectively.  All animals survived to their respective termination.  Clinical observations and 
body weights were comparable between the control and treated groups. 
 
During the induction phase, Groups 7-9 animals were normal and did not have any dermal 
irritation.  On the other hand, Group 11 positive control animals were normal after the 1st 
induction dose.  Very faint erythema were noted in 6/10 animals after the 2nd induction dose and 
in 8/10 animals after the 3rd induction dose.  During the challenge phase, Groups 4-9 animals 
appeared to be normal with any reaction during the 24 and 48 hr challenge dermal irritation 
readings.  On the other hand, some of Group 10 and 11 positive control animals had very faint 
erythema after the challenge dose. 
 
Overall, test article #1  at a dose level of 95% for the induction dose and 95% for the 
challenge dose was not considered to be a sensitizer.  Test article #2  at a dose level of 86% 
for the induction dose and 86% for the challenge dose was not considered to be a sensitizer.  Test 
article #3  at a dose level of 86% for the induction dose and 86% for the challenge dose was 
not considered to be a sensitizer.  In short, all 3 compounds were classified as non-sensitizers. 
 
 
MKC-PC-2008-0019: Acute Oral Toxicity Study with Three FDKP Intermediates in Rats (Acute 
Toxic Class Method) [By  Study No. 7260-114] 
 
This study was to assess the acute oral toxicity induced by three FDKP intermediates by oral 
gavage to rats.  Three females were dosed at 2000 mg/kg for each test article and three males 
were also dosed at 2000 mg/kg for each test article two days later.  Each test article was mixed 
with corn oil and administered as a single dose.  Due to unscheduled deaths in Group 1 males, 
Group 5 males were dosed at 300 mg/kg.  Following dosing, animals were observed for 14 days 
prior to necropsy.  Toxicity was assessed based on mortality, clinical signs, body weights, and 
macroscopic observations.   
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Findings:  For Test Article #1 , 2 female rats survived to scheduled necropsy at 2000 mg/kg.  
Clinical observations, including hunched appearance, hypoactivity, nonformed feces, irregular 
and labored respiration, rough haircoat, were observed in these 2 animals.  One female was found 
dead on SD 1 and clinical observations, including ataxia, hypoactivity, recumbency, irregular 
respiration, and rough haircoat, were observed prior to her death.  There findings were treatment-
related.  In addition, 3 male rats given 2000 mg/kg were found death on SDs 1, 5, and 6.  Clinical 
observations, including hunched appearance, ataxia, hypoactivity, red discharge from nose and/or 
eye, yellow oral discharge, squinted eyes, irregular and labored respiration, rough haircoat, and/or 
body tremors, were observed.  These findings were considered treatment-related.  Moreover, 3 
male rats given 300 mg/kg survived to scheduled necropsy.  Clinical observations, including 
hypoactivity, squinted eyes, irregular respiration, rough haircoat, were seen in 1 male rat on Days 
1, 2, and 4, which were considered to be treatment-related.  Two other male rats given 300 mg/kg 
were normal during clinical observations and at the time of necropsy.  All 3 animals gained 
weight during the study.  For Test Article #2 , all 3 female and male rats at 2000 mg/kg 
survived to necropsy.  All animals were normal during clinical observations and gained weight 
throughout the study.  One female had white particulate matter in the stomach at the time of 
necropsy while all remaining animals were normal during necropsy.  For Test Article #3 , 
all 3 female and male rats at 2000 mg/kg survived to necropsy.  All animals were normal during 
clinical observations and gained weight throughout the study.  All animals were normal at the 
time of necropsy. 
 
All in all, Test Article #1 ) orally at 2000 mg/kg for female and male rats and 300 mg/kg for 
male rats was considered to be a Category 4.  Test Article #2  orally at 2000 mg/kg for 
female and male rats was considered to be a Category 5.  Test Article #3  orally at 2000 
mg/kg for female and male rats was considered to be a category 5.  In short, the starting material 

 showed greater acute oral toxicity in rats, and was more irritating to the eye than the other 2 
intermediates   Note from the reviewer:  It is unclear how the toxic dose of test 
article #1 related to an impurity level in T, given in a clinical setting by inhalation route.   
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MKC-PC-2008-0020: A 28 Day Inhalation Immunotoxicity Study with a 28 Day Recovery 
Period of Technosphere® Powder and Technosphere®/Insulin in Spraque-Dawley Rats [By 

 Study no. 75101] 
 
The study was to determine the potential immunotoxicity of T and TI in male and female rats, 
following daily inhalation exposure for 28 days following a 28 day recovery period.  There was a 
separate group of animals received SC administration of FDKP.  Mortality, clinical signs, body 
weights and food consumption were performed throughout the course of the study.  
Immunotoxicity was assessed by immunophenotyping peripheral blood lymphocytes and by 
evaluating the primary IgM and IgG antibody responses to a T-cell dependent antigen (KLH).   
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Findings:  All animals survived to study termination.  Dosing was well-tolerated via either route 
of administration.  No adverse clinical signs related to treatment.  Body weights and food 
consumption were unaffected by inhaled T or TI, as well as after repeated subcutaneously 
injected FDKP. 
 

 For immunotoxicity assessment: blood immunophenotyping, no changes were seen in total 
lymphocyte counts from all groups at the end of the main and recovery periods.  In Groups 3-
5, there were no clear changes in absolute numbers of lymphocytes subsets (Helper T, 
cytotoxic T lymphocytes, and B lymphocytes) at the end of the treatment period.  There were 
some changes in the relative % of these lymphocytes subsets.  However, without clear 
changes in absolute numbers, these relative changes were considered, by the sponsor, 
insignificant.  In Group 6 (FDKP via SC), the absolute numbers and relative % of NK 
lymphocytes were decreased at the end of the treatment period compared to the air control 
group.  This change was more pronounced in females than males.  Partial recovery of this 
change was also seen in these animals.  However, due to the absence of a similarly-treated 
VH-only SC control group, it was unclear the significance of this particular finding. 
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 For immunotoxicity assessment: T-cell dependent antibody response (TDAR), there were no 
changes in the primary IgM and IgG T-cell dependent antibody response in any treated group 
compared to the air inhalation control group.  Moreover, there were no organ weight changes 
or macroscopic/microscopic findings for the animals dosed via inhalation.  However, most of 
animals dosed via SC administration at 75 mg/kg/day showed a minimal to moderate local 
irritation and dark or red area/focus at necropsy and minimal to moderate subcutaneous 
hemorrhage and/or inflammation, occasionally associated with regeneration of subcutaneous 
muscle and/or necrosis of the subcutaneous connective tissues, during histological 
examination.  These findings were not observed at the end of the recovery period. 
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Overall, daily inhalation of either T or TI powder in male and female rats after 28 days of 
exposure via inhalation or SC administration resulted in treatment-related changes in the relative 
percentage of some lymphocyte subsets but had no effect on their absolute numbers, in a decrease 
in NK lymphocytes, and no changes in the IgM and IgG T-cell dependent antibody response.  
Note from the reviewer:  Anti-drug antibody responses were not looked at in chronic toxicology 
studies with neither T nor TI. 
 
MKC-PC-2008-0021: FDKP (as Technosphere® Particles) Partition Coefficient [By  

, Study No. MKC0004] 
 
This study was to determine the partition coefficient FDKP.  As the test substance is an ionisable 
compound, separate tests were conduced at each of pH 4, 7, and 9.  Findings:  FDKP was 
determined to have log10Pow values of -2.4, <-3.4, and <-3.4 at pH 4, 7, and 9 respectively.  Note 
from the reviewer:  This study should be included in the PK section as this has to do with lung 
absorption but it is unclear how based on the study findings. 
 
MKC-PC-2008-0023: Primary Eye Irritation/Corrosion Study with Three FDKP Intermediates in 
Rabbits [By  Study no. 7260-113] 
 
This study assessed the relative level of irritation/corrosion produced following a single exposure 
of 3 FDKP intermediates to one eye of albino rabbits.  Male Hra:(NZW)SPF rabbits received a 
single ocular instillation of 1 of 3 test articles: #1 , #2  or #3  for 24 hrs before 
rinsed with saline.  The treated eyes of all animals were examined for ocular irritation at approx. 
1, 24, 48, and 48 hrs after treatment.  Mortality, clinical observation, and body weights were 
assessed. 
 
Findings:  There were no treatment-related changes in body weights.  For Test Article #1 , 
ocular instillation caused mild irritation to the iris and severe irritation to the conjunctiva, 
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including swelling, redness, and discharge that progressed in severity from Total Irritation Score 
of 21 at 1 hr after treatment to 25 at 24 hrs after treatment.  The severe irritation and other 
observations such as hyperemia, blepharspasm, and photophobia, led to the animals being 
euthanized on Day 2.  The irritancy category of severely irritating for test article #1 was also 
based on the appearance of the animals and the observations, such as severe peri-orbital swelling.   
 

 

 
 
For Test Article #2 , it caused mild signs of irritation of the conjunctivae at 1 hr after 
treatment with Total Irritation Score of 6.  The treated eyes were normal after 24 hrs and 
thereafter with the Total Irritation Score of 0.   
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For Test Article #3 , it caused mild signs of irritation to the conjunctivae at 1 hr after 
treatment with Total Irritation Score of 3.3.  The treated eyes were normal after 24 hrs and 
thereafter with the Total Irritation Score of 0.  The irritancy of mildly irritating was based on all 
scores were not 0 at the 48 hr reading. 
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Overall, Test article #1 was severely irritating with maximum mean primary ocular irritation 
index of 25 at 24 hr postinstillation.  Test article #2 was minimally irritating and non-corrosive 
with the maximum mean primary ocular irritation index of 6 at 1 hr postinstillation, and with the 
additional observations of hyperemia, blepharspasm, and photophobia, led to the animals being 
euthanized on Day 2 of the study.  Test article #3 was mildly irritating and noncorrosive with a 
maximum mean primary ocular irritation index of 3.3 at 1 hr postinstillation.  In short, the starting 
material showed a higher ocular irritancy score in rabbits than either of the other 2 
intermediates   Note from the reviewer: it is unclear how these three FDKP 
intermediates relative to the MRHD in a clinical setting.   
 
MKC-PC-2008-0024: Technosphere® Powder Assessment of Ready Biodegradability: Modified 
Strum Test [By  Study No. MKC0006] 
 
This study was to assess the ready biodegradability of Technosphere® powder in the CO2 
Evolution test.  The test duration was 43 days.  Findings:  substances were considered to be 
readily biodegradable in such test if CO2 production is equal to or greater than 60% of the 
theoretical value within 10 days of the level, therefore, achieving 10% Technosphere® powder, 
cannot be considered readily biodegradable.  However, the test substance may be considered as 
ultimately biodegradable.   
 

2.6.7 TOXICOLOGY TABULATED SUMMARY  
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions:   
 
Afrezza™ is a rapid acting prandial insulin.  It consists of Technosphere® Insulin Inhalation 
Powder pre-metered into unit dose cartridges (15 IU insulin and 30 IU insulin) and the 
MedTone® inhaler.  Technosphere® Insulin (TI) has a medium diameter of 2.5 µm and is 
comprised of insulin, fumaryl diketopiperazine (FDKP, a novel excipient), and  polysorbate 
80.  The MannKind Corporation intends to use Afresa™ for T1DM and T2DM patients.  Note: 
MKC has since submitted a protocol to change its inhaler from MedTone® to Gen2® and to lower cartridge doses from 
15/30 to 10/20 IU insulin under IND 61,729.   
 

Clinical Exposure: 
1 mg Technosphere Insulin =  mg insulin (or 3 U) + mg Technosphere 

1 U insulin = 0.0347 mg insulin 
MRHD = 105 mg Technosphere Insulin  

Projected human AUC = 46,000 ng•min/mL 
FDKP AUC following 40 mg Technosphere without insulin: 1631.16 (ng*h/mL) (CV% 27.32) 

FDKP AUC following 30 U Technosphere with insulin at Day 7 following 7 days administration: 20658 
(min*ng/mL) (CV% 36.2) 
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(b) (4)(b) (4)
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 Pharmacology:   
 
Inhalation studies in rats and dogs showed that TI could lower blood glucose levels in a dose-
dependent manner whereas T alone had no effect on blood glucose levels.   
 
Reviewer’s comment:  Inhaled Technosphere® insulin generated an expected pharmacological 
activity.  The excipient, FDKP (Technosphere® particles), did not interfere the pharmacological 
activity of insulin. 
 
 Safety Pharmacology:   
 
Neither TI nor T produced adverse: i) neurological effects (i.e. FOB testing) in male rats by IV 
administration, ii) pulmonary effects (i.e. tidal volume, respiratory rate, airway resistance, arterial 
pressure, and heart rate) in male rats by IT or IV administration, iii) renal effects (i.e. electrolyte 
level, urine output, and creatinine clearance) in male and female rats by IV administration, and iv) 
cardiovascular effects (i.e. ECG and QTc intervals) in vivo (male dogs) by IV administration, as 
well as in vitro (hERG channel assay).  Some findings such as an increase in motor activity in rats 
(high dose TI), hemodynamic changes with heart rate and blood pressure in dogs (PS80 contained 
T) were seen but were not considered treatment-related.  In addition, PS80-enriched 28 day 
inhalation rat study showed that PS80-enriched Technosphere Powder (once daily for 28 days) 
did not produce any local or systemic effect. 
 
Reviewer’s comment:  Based on the safety pharmacology findings, Technosphere® insulin or 
Technosphere® particles did not cause any treatment-related safety concerns. 
 
 ADME: 
 
TI (insulin+ FDKP) were absorbed rapidly in all species tested (mouse, minipigs, rat, and dog).  
PK profiles for both insulin and FDKP were consisted with the human PK profiles.  The mean 
tmax for insulin and FDKP were about 15 min after dosing across all studies.  Insulin levels 
returned to near baseline between 180 and 240 min after dosing.  The mean t ½ ranged between 
135 and 170 min.  Insulin and FDKP exposure after TI administration were approx. dose linear. 
 
T (FDKP) bioavailability in both rats and dogs was high by the IV administration, moderate by 
the inhalation administration, and poor following PO administration.  Regardless of route of 
exposure, the primary route of excretion was through the kidney.  FDKP could be distributed into 
lungs, trachea, kidney, thyroid/parathyroid glands, GI wall, and urinary bladder wall.  In addition, 
FDKP could not be metabolized and was not a substrate for phase I and II biotransformation.  
Limited absorption of FDKP was detected in GI tract.  Lastly, FDKP could also be detected in 
milk and it could also cross blood placental barrier in rats (1/10 peak plasma level). 
 
Reviewer’s comment:  Animal findings suggested that Technosphere® insulin can be absorbed 
quickly and Technosphere® particles were not metabolized and primarily eliminated by the 
kidney.  A similar PK profile of Technosphere® insulin was seen in humans. 
 
 Repeated Dose Toxicology:   
 
In 26 week inhalation rat study, there were increases in pulmonary organ weights, which 
correlated with T administration, in a dose-related manner at Week 26.  Histopathological 
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findings, such as eosinophilic globules and epithelial degeneration in the nasal cavities, were 
observed in M and F given T and TI in non dose-dependent fashion, suggesting a local effect of T 
inhalation.  These changes were diminished in females, but not in males, during the recovery 
period.  In addition, the PCNA (proliferating cell nuclear antigen) analysis showed a slight 
change in epithelial cell activity in the upper airway bronchial cells in both T and TI groups at 
Week 26.  However, no histopathological changes of epithelial hyperplasia were noted in any of 
the respiratory tree tissues.  Carcinogenicity studies confirmed an absence of 
preneoplastic/neoplastic findings.  Furthermore, there was minimal to slight myocardial 
degeneration/necrosis seen in 50% T-treated males at 11.7 mg/kg/day.  Three deaths post-dosing 
were also found in T-treated group. 
 
In 39 week inhalation dog study, there were minimal to mild alveolar and/or bronchial-interstitial 
neutrophil infiltrate of the lungs in both TI groups after 39 weeks of treatment.  These findings 
regressed after 8 weeks of recovery.  This lung irritation appeared to be in a T-dose dependent 
manner.  Other findings, such as minimal to mild thymic atrophy (high-dose T), minimal to 
moderate hypocellularity of the seminiferous epithelium and minimal to mild germ cell 
degeneration (low-dose T and high-dose TI) were noted. 
 

Species Duration Route Doses 
(mg/kg/day) 

NOAEL/NOEL 

Findings 

Spraque-
Dawley 

26 wk w/ 30 
d recovery, 

daily for 35-
180 min 

Inhalation 
Pivotal 
(nasal) 

T: 11.7 
 

TI: 1.05/0.04 (m/f), 
1.91/1.28 (m/f) 

 
NOAELT: < 11.7  

 
NOAELTI: 

1.91(m)/1.28(f)  

 ↓ body wt in T control and HD TI  
groups in T dose-dependent manner 

 ↓ glucose at HD TI groups 
 ↑ pulmonary wt in T dose-related 

fashion 
 Eosinophilic globules and epithelial 

degeneration were noted in the nasal 
cavities of both T and TI groups 

 ↑ PCNA (bronchial cells) in TI 
groups, diminished during 4 wk 
recovery. 

 50% T-treated males: myocardial 
degeneration/necrosis, no functional 
effects seen. 

Beagle 26/39 wk Inhalation 
Pivotal 
(nose & 
mouth) 

T:  2.4, 10.9 
 

TI:  0.39, 1.92 
 

NOAELT: 2.4  
 

NOAELTI: 1.92 

 ↓ Serum glucose 
 Neutrophil infiltrate of the lung in TI 

groups after 39 wk, regressed during 8 
wk recovery 

 Thymic atrophy in 6/8 high-dose T 
group at Week 29 

 Hypocellularity of the seminiferous 
epithelium and germ cell degeneration 
in ¼ low-dose T and 2/4 high-dose TI 
groups at Week 39 

 
Reviewer’s comment:  Animal findings indicated that Technosphere® insulin and 
Technosphere® particles were well-tolerated in mice, rats, and dogs.  There were inflammation 
observed in nasal cavities and lungs of T and/or TI treated animals, including eosinophilic 
globules and epithelial degeneration in the nasal cavities (rat), localized foci/inflammation sites of 
the respiratory tract (rat), and increased eosinophil counts and neutrophil infiltrates in the lungs 
(dog).  These findings were apparent to be Technosphere® particles related in a dose-dependent 
manner. 
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Safety margin:  The NOAELs for T in both rats and dogs are approx. 1.5X to 2X, based AUCs for 
FDKP.  See calculations below. 
 

105 mg TI – approx.  Technosphere, with projected human AUC = 46,000 ng•min/mL 
Assumed 60 kg as adult body weight = 1.57 mg/kg T 

Therefore, 1 mg/kg T = 29,299 ng•min/mL 
 

  26 week rat study: 
 

For NOAEL of T = 11.7 mg/kg/day in rats 
AUC (FDKP) on Day 182 = 514362 ng•min/mL (male) and 703445 ng•min/mL (female) 

Therefore, 1 mg/kg = 43,962 ng•min/mL (male) and 60,124 ng•min/mL (female) 
 

Rat AUC vs. Projected human AUC - 1.5x (male) and 2x (female) 
 

  39-week dog study: 
 

For NOAEL of T = 2.4 mg/kg/day in dogs 
AUC (FDKP) on Day 182 = 102,604 ng•min/mL (male) and 112,946 ng•min/mL (female) 

Therefore, 1 mg/kg = 42,752 ng•min/mL (male) and 47,060 ng•min/mL (female) 
 

Dog AUC vs. Projected human AUC - 1.5x (male) and 1.6x (female) 
 

 
In all species tested, safety margins for Technosphere® particles alone were considered 
underestimated since Technosphere NOAELs were tested the highest doses tested.  Safety 
margins for Technosphere® insulin were modest because doses were limited by hypoglycemia, 
which was an expected pharmacological activity of insulin. 
 
 Genetic Toxicology:   
 
In vitro mammalian chromosome aberration and Ames assays (for T and TI) and mammalian 
erythrocyte micronucleus test (for T only) showed that there was no mutagenic potential and no 
apparent genetic toxicity with either T alone or TI.  A micronucleus was not conduced with TI.  
This might be due to the facts that insulin genotoxicity is well established (negative). 
 
 Carcinogenicity:   
 
In rats, no pre-neoplasia and/or neoplasia were seen in the lung with both Technosphere® 
particles (46 mg/kg/day) and Technosphere® Insulin (up to 1.23 mg/kg/day).  In mice, there was 
no evidence of increased oncogenicity associated with Technosphere® particles (25 or 75 
mg/kg/day) or with Technosphere® Insulin (2.5 and 5 mg/kg/day in males or 0.6 and 1.25 
mg/kg/day in females).   
 

Species Duration Route Doses 
(mg/kg/day) 

Findings 

Spraque-
Dawley rats 

104 wk Inhalation 
Pivotal 

T:1.1041/0.6784 
(m/f), 41/46 (m/f) 

 
TI: 0.6572/0.4413 

(m/f), 
1.2313/0.7608 

(m/f) 
 

Insulin:  
0.0787/0.0529 

 Adrenal cortical carcinoma (significant in 
high-dose TI females) 

 Malignant astrocytoma (in low- and high-
dose T males) 

 Malignant schwannoma in nasal cavity (of 
low-dose T males) 

 Fibroma in the skin/subcutis (in low-dose 
TI males and females) 

 Pituitary adenoma/carcinoma (in low-dose 
TI males) 

(b) (4)
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(m/f), 
0.1457/0.0900 

(m/f) 

Lacks of dose-response and low incidences, 
within historical (background) rates, indicate 

not drug-related. 
rasH2 mice 26 wk SC 

injection 
Pivotal 

T: 25/75 
 

TI: 2.5/0.6 (m/f), 
5/1.25 (m/f) 

 Bronchiolar-alveolar adenoma/carcinoma 
in the lung 

 Hemangioma/hemangiosarcoma, primarily 
spleen 

 Harderian gland adenoma/carcinoma 
 Squamous cell neoplasms at multiple sites 

– stomach and skin/subcutis 
 Myeloproliferative neoplasia 
Found in the sham, vehicle control, high T, 

and high TI groups, not drug related. 
 

Reviewer’s comment:  Animal findings suggested that Technosphere® insulin and 
Technosphere® particles did not have carcinogenic potential.  The carcinogenicity study findings 
were presented to ECAC on Sept 29th 2009 and ECAC concurred that these studies were adequate 
and were negative for carcinogenicity. 
 
Safety margin:  The NOAELs for T in both rats and mice are approx. 0.15X and 1.2X, based on 
Cmax (rat) and AUC (mouse), respectively.  See calculations below. 
 
  104 week inhalation rat study:  

 
Approx 20 mg Technosphere, with Cmax = 247 ng/mL (from MKC-T-131 clinical study) 

Assumed 60 kg as adult body weight = 0.33 mg/kg T 
Therefore, 1 mg/kg T = 748 ng/mL 

 
For NOAEL of T = 41/46 mg/kg/day in M/F rats 

Cmax on Week 104 = 4488 ng/mL (male) and 6260 ng/mL (female) 
Therefore, 1 mg/kg = 109 ng/mL (male) and 136 ng/mL (female) 

 
Rat Cmax vs. Projected human Cmax – 0.14x (male) and 0.18x(female) 

 
  26-week SC mouse study: 

 
105 mg TI – approx.  Technosphere, with projected human AUC = 46,000 ng•min/mL 

Assumed 60 kg as adult body weight = 1.57 mg/kg T 
Therefore, 1 mg/kg T = 29,299 ng•min/mL 

 
For NOAEL of T = 75 mg/kg/day in mice 
AUC on Week 26 = 2,753,474 ng•min/mL 
Therefore, 1 mg/kg = 36713 ng•min/mL 

 
Mouse AUC vs. Projected human AUC - 1.2x  

 
 
 Reproductive Toxicology:   
 
In rats, Technosphere® particles did not have effects on fertility or embryo/fetal development, 
but have an effect on pre/postnatal development (i.e. learning impairment at higher doses of T).  
In rabbits, Technosphere® particles seemed to produce maternal toxicity (i.e. weight loss at 2 
mg/kg/day) and some malformations in fetuses (i.e. absent lung lobe and gallbladder in survived 
fetuses and cleft palate in dead fetus).   
 

Species Duration Route Doses 
(mg/kg/day) 

Findings 

(b) (4)
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NOAEL/NOEL 
Spraque-
Dawley 

rats 

M: 4 wk prior to 
mating  

F: 2 wk prior to 
mating - GDs -
7, twice daily 

SC 
injection 

T :  10, 30, 100 
Fertility 

 
NOAEL for F0 (M/F): 100 

NOAEL for F1 (litters): 100  

 No maternal toxicity 
 No effect upon fertility 
 No early embryonic 

developmental toxicity 

Spraque-
Dawley 

rats 

GDs 6-17 (f) 
21 d (m) 

SC 
injection 

T:  10, 30, 100 
Pivotal Seg II 

 
NOAEL for F0 (F): 100 

NOAEL for F1 (litters): 100 

 No maternal toxicity 
 Only minor anomalies (e.g. 

dilated ureters), but no 
difference between the 
control and treated groups 

New 
Zealand 
White 
rabbits 

GDs 7-19, once 
daily 

SC 
injection 

T:  2, 10, 100 
Pivotal Seg II 

 
NOAEL for F0 (F): < 2 

NOAEL for F1 (litters): < 2 
 

Sponsor  NOAEL for F0  10 
Sponsor  NOAEL for F1 (litters)  100 

 Maternal toxicity:  One 
mortality at 100 mg/kg/day, 
Scant and soft/liquid feces, 
and Reduced body weigh at 
2 mg/kg/day 

 Malformations (i.e. cleft 
palate in one dead fetus, 
absence lung lobe and 
gallbladder in survived 
fetuses) at 2 mg/kg/day 

Spraque-
Dawley 

rats 

GDs 7 to LDs 
20, twice daily 

SC 
injection 

T:  10, 30, 100 
Prei/postnatal 

 
NOAEL for F0 (F): 100 
NOAEL for F1 (M): 10 
NOAEL for F2 (F): 100 

 
Sponsor  NOAEL for F1  100 

 F0: No maternal toxicity 
 F1: Some pups failed to 

learn from at 30 mg/kg/day 
groups 

 F1: Decreased male 
reproductive organ weights 
(testes and epididymides 
absolute weights) at 100 
mg/kg/day 

 F2: No T-treated gross 
external alternations 
observed in F2 generation. 

 
Reviewer’s comment:  Rabbits seemed to be more sensitive to Technosphere® particles than rats, 
indicating specie difference. 
 
Safety margin:  FDPK safety margin is approx. 3x in rats and 8x in rabbits, based on AUC. 
 

105 mg TI – approx  Technosphere, with projected human AUC = 46,000 ng•min/mL 
Assumed 60 kg as adult body weight = 1.57 mg/kg T 

Therefore, 1 mg/kg T = 29,299 ng•min/mL 
 

  Seg II rat study [based on study pdc-pc-2001-0003]: 
 

For NOAEL of T = 100 mg/kg/day in rats 
AUC on GD 7 = 8335854 ng•min/mL 

Therefore, 1 mg/kg = 84458.54 ng•min/mL 
 

Rabbit AUC vs. Projected human AUC – 3x 
 

  Seg II rabbit study [based on study : 
 

For NOAEL of T = 2 mg/kg/day in rabbits 
AUC on GD 19 = 482240 ng•min/mL 

Therefore, 1 mg/kg = 241,120 ng•min/mL 
 

Rabbit AUC vs. Projected human AUC – 8x 
 

(b) (4)
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 Special Toxicology:   
 
T and/or TI was not considered as a dermal irritant (in rabbits and guinea pigs), immunotoxic (28-
day inhalation/SC rat study), phototoxic (in mouse 3T3 fibroblasts cells), or exotoxic (in fresh 
fishes and algae).  In addition, PS80, a component of TI, was not toxic in rats given up to 43 
mg/kg/day T containing  PS80. 
 
Lastly, FDKP impurities  

 were identified by the sponsor.  These impurities were qualified in toxicology studies.  
Major impurities  were further studied in 28-day SC rat study.  
Even though others, such as , were not tested in this 28 day study, 
they were qualified in various studies (see tables below).   was not tested because it 
could be removed during TI formulation.  Lastly, even though individual FDKP impurities were 
not tested, FDKP containing the impurities was not mutagenic by Ames assay. 

 

 

 
 
Reviewer’s comment re: impurities:  The sponsor provided their responses to two FDA questions 
with regards to impurities in the drug batches used in toxicology studies on 8/24/09 (see 
sponsor’s response below).  Three impurities ( ) were above % 

(b) (4)

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)

(b) (4) (b) 
(4)
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level, which were further studied in 28 day rat study.  No additional toxicity study needed for 
FDKP impurities.   
 

 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

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

(b) (4)
(b) (4)
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Unresolved toxicology issues (if any):   
 
None. 
 
Recommendations:   
 
From the pharmacology/toxicology point of view, this application is recommended for approval. 
 
Suggested labeling:   
 
The labeling is in general acceptable.  However, following changes in the pregnancy and 
carcinogenicity section of the label are recommended. 
 
 Sponsor’s proposed label: 
 

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

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)

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

(b) (4)

(b) (4)

(b) (4)

2 Page(s) of Draft Labeling have been Withheld in Full as B4 (CCI/TS) 
immediately following this page 
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(b) (4)
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ECAC Reviews for 6 mo carcinogen bioassay 
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NDA 22-472/Filing  Signed off in DFS on x/xx/xxxx 

45 Day Meeting Checklist 
NONCLINICAL PHARMACOLOGY/TOXICOLOGY 

 
NDA 22-472:  This NDA is a 505(b)(1) application. 
Submission date:  March 16th 2009 
Sponsor:  MannKind Corporation (MKC), Paramus, NJ. 
Drug:  Afresa® (insulin monomer human [rDNA origin] inhalation powder) and Afresa® Inhaler 
 
Introduction:  Afresa® is a durg-device combination product.  The Afresa® inhalation powder is 
premetered into a single unit dose cartridge, whereas the Afresa® inhaler is used as the delivery 
device for oral inhalation.  The inhalation powder is formulated with absorbed insulin and 
Technosphere particles (fumaryl diketopiperazine, FDKP, and  polysorbate 80). 
 
Upon submission, a non-clinical development program was completed, under GLP and current 
FDA/ICH Guidelines.  The program evaluated the pharmacology, safety pharmacology, 
pharmacokinetics, pharmacodynamics, toxicology/toxicokinetics, genotoxicity, reproductive and 
developmental toxicology, carcinogenicity of Afresa and/or the excipients, FDKP.  In addition, a 
total of 44 clinical trials were conducted and completed by MKC.  Currently, there are 5 ongoing 
trials. 

 
ITEM YES NO COMMENT 

1)   Does this section of the NDA appear to 
be organized (according to 21 CFR 314 and 
current guidelines for format and content) in 
a manner that would allow a substantive 
review to be completed? 
 

Yes  The EDR submission has 5 modules – 
regional (forms), common technical 
document summary, quality (CMC), 
nonclinical study reports (pharm/tox), and 
clinical study reports (clinical trials). 

2)   Is this section of the NDA indexed and 
paginated in a manner to enable a timely 
and substantive review? 
 

Yes  EDR submission 

3)   Is this section of the NDA sufficiently 
legible so that a substantive review can be 
done?  Has the data been presented in an 
appropriate manner (consider tables, 
graphs, complete study reports, inclusion of 
individual animal data, appropriate data 
analysis, etc.)? 
 

Yes   

4)   Are all necessary and appropriate 
studies for this agent, including special 
studies/data requested by the Division 
during pre-submission 
communications/discussions, completed 
and submitted in this NDA?  Please itemize 
the critical studies included and indicate 
any significant studies that were omitted 
from the NDA. (genotox, reprotox, adequate 
duration of chronic tox, carcinogenicity) 

Yes  Have electronic files of the carcinogenicity 
studies been submitted for statistical 
review? Yes (Statistician: Min Min) 
 
Under 4.2.3.4 carcinogenicity that has data 
tabulation dataset (in XPT format) for: 
 
MCK-PC-2007-0003 – 26 week sc study 
with T/TI in rasH2 mice (CAC 1) 
 
MCK-PC-2004-0001 – 104 week inhalation 
study with TI in rats (CAC 2) 
 

 

(b) (4)
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ITEM YES NO COMMENT 
5)   Were the studies adequately designed 
(i.e. appropriate number of animals, 
adequate monitoring consistent with the 
proposed clinical use, state-of-the art 
protocols, etc.)? 

Yes  GLP non-clinical development program was 
conducted by MKC. 

6)   If the formulation to be marketed is not 
identical to the formulation used in the 
toxicology studies (including the impurity 
profiles), has the sponsor clearly defined 
the differences and submitted reviewable 
supportive data (i.e. adequate repeat 
studies using the marketed product and/or 
adequate justification for why such 
repetition would not be necessary)? 
 

Yes  FDKP impurities, including  
 

were tested under Afresa’s non-
clinical development program and were 
monitored during manufacturing 
development. 
 

7)   Does the route of administration used in 
animal studies appear to be the same as 
the intended human exposure route? If not, 
has the sponsor submitted supportive data 
and/or an adequate scientific rationale to 
justify the alternative route? 
 

Yes  Oral inhalation route 

8)   Has the proposed draft labeling been 
submitted? Are the appropriate sections for 
the product included and generally in 
accordance with 21 CFR 201.577? Is 
information available to express human 
dose multiples in either mg/m2 or 
comparative serum/plasma AUC levels? 
 

Yes  In Module 1.14. Labeling: 
 
7 Drug Interactions: (7.1 Agents Affecting 
Glucose Concentrations: ) 
8 Use In Specific Populations: (8.1 
Pregnancy: and 8.2  Nursing Mothers: ) 
13 Nonclinical Toxicology: (13.1 
Carcinogenesis, Mutagenesis, and 
Impairment of Fertility: ) 
 

 
ITEM YES NO COMMENT 

9)   From a pharmacology/toxicology 
perspective, is this NDA fileable? If not, 
please state in item # 10 below why it is 
not. 

Yes  A full non-clinical development program was 
implemented. 

10)   Reasons for refusal to file: None 

 
 
Reviewing Pharmacologist: Miyun Tsai-Turton 
 
Supervisory Pharmacologist:  Karen Davis-Bruno 

(b) (4)
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