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(b) (4)

8.3 Females and Males of Reproductive Potential 
(b) (4)

Section: 12 CLINICAL PHARMACOLOGY 

12.1 Mechanism of Action 
(b) (4)

Octreotide exerts pharmacologic actions similar to the natural hormone somatostatin, 
but is a more potent inhibitor of growth hormone, glucagon, and insulin than 
somatostatin. Like somatostatin it also suppresses luteinizing hormone (LH) response 
to gonadotropin-releasing hormone (GnRH), decreases splanchnic blood flow, and 
inhibits release of serotonin, gastrin, vasoactive intestinal peptide, secretin, motilin, and 
pancreatic polypeptide. 

Section: 13 NONCLINICAL TOXICOLOGY 

13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

13.1 Carcinogenesis & Mutagenesis & Impairment Oof Fertility 

Studies in laboratory animals have demonstrated no mutagenic potential of 
octreotide acetate. 

(b) (4)

No carcinogenicity studies have been conducted with MYCAPSSA. 
(b) (4)

(b) (4)

No carcinogenic 
potential was demonstrated in mice treated with SC  injectable octreotide acetate 
for 85 to 99 weeks at doses up to 2000 μg/kg/day (8× the based on 
octreotide acetate injection 

(b) (4)
body surface area). In a 116-week SC study in rats 

administered octreotide acetate, a 27% and 12% incidence of injection site 
sarcomas or squamous cell carcinomas was observed in males and females, 

(b) (4)

(b) (4)
respectively, at the highest dose level of 1250 μg/kg/day (10× the 
based on octreotide injection body surface area) compared to an incidence of 
8% to 10% in the vehicle-control groups. The increased incidence of injection site 

(b) (4)

(b) (4)

tumors was most probably caused by irritation and the high sensitivity of the rat to 
repeated SC injections at the same site. 
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There was also a 15% incidence of uterine adenocarcinomas in the1250 μg/kg/day 
female  compared to 
7% in the saline-control females and 0% in the vehicle-control females. The presence of 

(b) (4)

endometritis coupled with the absence of corpora lutea, the reduction in mammary 
fibroadenomas, and the presence of uterine dilatation suggest that the uterine tumors 
were associated with estrogen dominance in the aged female rats, which does not 
occur in humans. 

No fertility studies have been conducted with MYCAPSSA. injectable octreotide 
acetate did not impair fertility in rats at doses up to 1000 μg/kg/day, which represents 7× 
the based on injectable octreotide body surface area. 

(b) (4)

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

(b) (4)

(b) (4)

2 Drug Information 
2.1 Drug 
CAS Registry Number 
79517-01-4 

Generic Name 
USAN: Octreotide acetate 
INN: Octreotide 

Code Name 
Oral octreotide acetate (OOA) 
SMS 201-995 
Octreolin 

Proposed Trade Name 
Mycapssa 
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Chemical Name 
L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L-phenylalanyl-D-tryptophyl-L-lysyl-L
threonyl-N-[2-hydroxy-1-(hydroxymethyl)propyl]-, cyclic (2→7)-disulfide, [R-(R*, R*)]
acetate (salt) 

H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-threoninol, acetate salt 
(Disulfide bond between Cys2 and Cys7) 

Molecular Formula/Molecular Weight 
C49H66N10O10S2 / 1019.26 g/mol 

Structure or Biochemical Description 
Octreotide is the acetate salt of cyclic octapeptide, an analog of the tetradecapeptide 
somatostatin. 
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Sponsor's Figure 1: Octreotide Structures 

(Figures excerpted from the Sponsor’s package) 
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octreotide-TPE formulation, which did not result in any significant toxicities (see section 
6 General Toxicology).  Overall, there is not a significant safety concern for the 
level of sodium caprylate used in the Mycapssa drug product. 

2.5 Comments on Impurities/Degradants of Concern 
In the initial IND #108163 submission, total impurities and degradation product 

≤(b) (4)specifications were limited to %.  However, the specification for total 

(b) (4)
impurities/degradation products of the commercial drug product has been broadened to 

% for total degradation products in order to account for impurities that were 
identified after the Phase 3 clinical trial and initiation or completion of nonclinical 
toxicology studies.  Thus, for a 20 mg capsule administered 4 times a day (80 mg/day 
Mycapssa), the total daily consumption of impurities and/or degradation products is 

(b) 
(4)limited to mg. 

Specifications for microbial limits did not change.  It is unclear if 
specifications changed or not. 

(b) (4)
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 A new IND package was submitted on 11/10/2010 under the code name oral 
octreotide acetate. 

 (b) (4)

 
IND application #108163 based on incomplete histopathology evaluation of all 
treatment groups in the 28-day repeat dose study in monkeys. 

 The partial clinical hold was removed on 3/30/2011 after receiving a complete 
response to the partial clinical hold letter which included the histopathology 
evaluation of all treatment groups. 

 On 6/29/2011, Chiasma requested the End-of-Phase 2 (EOP2) meeting to 
discuss the development plans for treatment of acromegaly. In the EOP2 
package, a draft of the Phase 3 protocol (CH-ACM-01) and a complete report for 
the 3-month repeat dose toxicity study in monkeys were submitted. 

 In the EOP2 meeting on 7/25/2011, the Agency stated that a chronic toxicology 
study would be required to support dosing for more than 3 months. In this 
meeting, the Agency noted concerns with the long-term toxicity and potential 
carcinogenicity of the two excipients sodium caprylate and glyceryl tricaprylate. 
The Agency also requested additional safety information for TPE. 

 On 8/9/2011, a meeting between the sponsor’s representatives and the FDA was 
held to discuss the development plans. 

 On 8/30/2011, additional nonclinical safety data from the 3-month monkey 
toxicology study was submitted with histopathological evaluation of all lung 
tissues and the nonclinical contract research organization’s historical data. 

 On 9/15/2011, Chiasma communicated their plans to conduct a 9-month chronic 
toxicology study in monkeys to address FDA’s request for chronic toxicity data 
and provided a written assessment of the chronic toxicity and carcinogenicity of 
the two excipients sodium caprylate and glyceryl tricaprylate. In addition, the 
Sponsor requested FDA’s concurrence that, pending the results of the 9-month 
toxicity study, the nonclinical package with Octreolin would be sufficient to 
support marketing approval. 

 On 11/3/2011, the Agency stated that since the drug product will be used as a 
chronic indication, a carcinogenicity study might be required depending on the 
results of a 9-month monkey toxicity study. 

 In April of 2013, a waiver for the conduct carcinogenicity studies was discussed 
with ECAC by email and was considered to be acceptable (review #3). 

 On 4/11/2014, the sponsor submitted their pre-meeting package for a Type B 
Meeting (Face to Face) containing 2 nonclinical questions.  The purpose of this 
meeting was to discuss the proposed content and format of an NDA application 
for oral octreotide acetate via the 505(b)(2) pathway.  According to previously 
addressed Type C meeting questions received 11/1/2013, the specification for 
impurities/degradation products of the commercial drug product was broadened 
to account for impurities that were identified after the Phase 3 clinical trial and 
nonclinical toxicology studies were already initiated or completed. 

 On 5/19/2014, the following nonclinical responses were sent to the sponsor: 
o Response to nonclinical question #9: 
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 “The scope of the nonclinical studies is sufficient to support filing of 
the NDA application.  Whether or not the nonclinical studies are 
sufficient to support approval of OOA is a matter of review of the 
NDA application package.” 

o	 Response to nonclinical question #10: 
 “The proposed 4-week monkey bridging toxicology study is of 

duration sufficient to satisfy ICH guideline Q3B(R2) 
recommendations; however, qualification of the current drug 
product in the 4-week monkey study is a matter of review.  Please 
clearly indicate the differences in drug product formulation and 
specifications used in the bridging and original toxicology studies.” 

	 On 5/21/2014, the agency met with sponsor representatives, but did not discuss 
the nonclinical questions. 

	 On 10/3/2014, a request for a Pre-NDA meeting was received; however, a type C 
guidance meeting via teleconference was granted for 12/8/2014 instead.  No 
nonclinical issues were discussed at this meeting. 

	 Chiasma submitted the NDA #208232 package to the Agency on 6/15/2015. 

3 Studies Submitted 
3.1 Studies Reviewed 
Studies Not Reviewed in This or Previous Reviews 
Study # Brief Title 

Excipient Reports 
756509 Excipient Review for PVP-12 
756501 Excipient Review for Acryl-EZE 
756502 Excipient Review for Gelatin Capsules 
756503 Excipient Review for Gelatin 
756504 Excipient Review for Glyceryl Monocaprylate 
756505 Excipient Review for Glyceryl Tricaprylate 
756506 Excipient Review for Magnesium Chloride 
756507 Excipient Review for Opacode Black Ink 
756508 Excipient Review for Polysorbate 80 
756510 Excipient Review for Sodium Caprylate 

Pharmacokinetics 
LCMSC 296.1 Quantitation of Octreotide in Monkey Plasma via HPLC with MS/MS Detection 

75-30-17 Pharmacokinetic Analysis of Octreotide after intrajejunal Administration to Rats (15
66 mg/g) 

1300-003 Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in 
Cynomolgus Monkeys after a Single or Subcutaneous Dose 

1300-005 Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in 
Cynomolgus Monkeys after Single or Multiple Oral Doses 

Toxicology 
1300-015 Octreotide Capsules: A 28-Day Oral (capsule) Toxicity Study in Cynomolgus 

Monkeys 
Special Toxicology Review 
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756903 DEREK & Leadscope Evaluation of the Five Octreotide Degradants Structures 
756904 DEREK & Leadscope Evaluation of the Two Octreotide Degradants Structures 

3.2 Studies Not Reviewed 
None 

3.3 Previous Reviews Referenced 
Referenced works include Pharmacology and Toxicology review #1 (12/4/2010), review 
#2 (7/8/2011), review #3 (4/20/2013), memo #1 (3/16/2011), and memo #2 (10/20/2011) 
written by Dr. Parvaneh Espandiari under IND #108163. 

The Pharmacology review (10/9/1998) under NDA #21008 for Sandostatin LAR written 
by Dr. David Hertig was also referenced for comparison to Sandostatin data. 

4 Pharmacology 
4.1 Primary Pharmacology 
Octreotide is an octapeptide that acts as an analog of the natural hormone somatostatin 
by interacting with G protein-coupled somatostatin receptors.  There are 5 distinct 
human somatostatin receptor subtypes, SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5, 
which have distinct chromosomal localizations and tissue-specific expressions that 
indicate differential function in different organ systems (Hofland and Lamberts, 1996, 
Barbieri et al., 2013).  Octreotide binds with highest affinity to the SSTR2 subtype (IC50 
= 0.4-2.1 nM), see Table 3: Octreotide Affinity for Somatostatin Receptor Subtypes, 
which is expressed in the brain and kidney, leading to stimulation of phosphotyrosine 
phosphatase activity and inhibition of adenylyl cyclase and calcium influx.  Octreotide 
binds with a lower affinity to the SSTR5 subtype (IC50 = 5.6-32 nM), which is expressed 
in the brain, heart, adrenal, placenta, pituitary, small intestine, and skeletal muscle, 
leading to inhibition of adenylyl cyclase.  Octreotide also binds with a similar affinity to 
the SSTR3 subtype (IC50 = 4.4-34.5 nM), which is expressed in the brain and pancreas, 
also leading to inhibition of adenylyl cyclase.  Relatively very low to no affinity (IC50 >1 
M) has been reported for SSTR1 (brain, lung, stomach, jejunum, kidney, liver, and 
pancreas) and SSTR4 (brain and lung) subtypes.  Somatostatin receptor-mediated 
inhibition of adenylyl cyclase activity leads to downstream decreases in intracellular 
cyclic adenosine monophosphate (cAMP) levels and decreased hormone secretion 
(Figure 1: Somatostatin Receptor Signaling).  SSTR2 activation inhibits calcium influx 
via either a direct interaction with voltage-activated calcium channels or an indirect 
interaction with ion-channels, such as stimulation of potassium channels (Patel et al., 
1990). SSTR2 activation also stimulates phosphotyrosine phosphatases, such as SHP
1, SHP-2 and PTPɳ, leading to induction of downstream proapoptotic signals and 
caspase activation.  Somatostatin receptors have also been linked to stimulation of 
phospholipase C and mobilization of intracellular calcium with the following order of 
potency: SSTR5 > SSTR 2 > SSTR3 > SSTR4 > SSTR1 (Hofland and Lamberts, 1996). 
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Table 3: Octreotide Affinity for Somatostatin Receptor Subtypes 

(Table excerpted and highlighted from Barbieri et al., 2013) 

Figure 1: Somatostatin Receptor Signaling 

(Figure excerpted from Barbieri et al., 2013) 

In the anterior pituitary, activation of somatostatin receptors inhibits release of growth 
hormone (GH), thyroid-stimulating hormone (TSH) and prolactin (PRL).  In patients with 
acromegaly, octreotide substantially reduces GH and/or IGF-I (somatomedin C) levels. 
Like somatostatin, octreotide suppresses the luteinizing hormone (LH) response to 
gonadotropin releasing hormone (GnRH), decreases splanchnic blood flow, and inhibits 
the release of serotonin, gastrin, vasoactive intestinal peptide, secretin, motilin, and 
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Mycapssa with levonorgestrel showed a reduction in the bioavailability of levonorgestrel. 
There were no drug-drug interactions with co-administration of Mycapssa and either 
ethinyl estradiol or warfarin.  Co-treatment with proton pump inhibitors may decrease 
Mycapssa absorption and systemic bioavailability. Octreotide acetate may increase 
availability of bromocriptine, but decrease bioavailability of cyclosporine.  Similarly, 
Mycapssa decreases the rate of absorption of digoxin. 

Somatostatin analogs are known to inhibit the secretion of insulin and glucagon.  Thus, 
patients on insulin or hypoglycemic agents may be at an increased risk for 
hypoglycemia. 

Nonclinical studies evaluating interactions with Mycapssa and CYP 450 enzymes have 
not been evaluated.  However, limited published data indicate that somatostatin analogs 
may decrease the metabolic clearance of compounds known to be metabolized by 
cytochrome P450 enzymes, which may be due to the suppression of GH.   Thus, 
increased exposure of concomitant drugs metabolized by CYP3A4 may be possible.  

4.3 Safety Pharmacology 
The sponsor conducted 5 pharmacology studies examining the effects of the TPE 
system on gastrointestinal permeability.  Although the sponsor labeled these as safety 
pharmacology studies, they are considered to be molecular mechanism and absorption 
studies; thus, they are discussed under primary pharmacology and PK/ADME sections 
of this review. 

Dedicated respiratory, cardiovascular and neurological safety pharmacology studies 
were not conducted for Mycapssa.  However, the safety pharmacology of the active 
component, octreotide, has been fully characterized.  Furthermore, there is extensive 
clinical experience with octreotide.  As described in the LD label, incidences of 
bradycardia, conduction abnormalities, and arrhythmias have occurred in acromegaly 
patients treated with octreotide.  Other ECG changes observed include QT 
prolongation, axis shifts, early repolarization, low voltage, R/S transition and early wave 
progression. 

5 Pharmacokinetics/ADME/Toxicokinetics 
5.1 PK/ADME 

(b) (4)

The pharmacokinetics (PK) of octreotide is linear and increases dose-proportionally in 
(b) 
(4)

(b) (4)non-clinical species and in humans.  With the % Acryl-EZE 
used in Mycapssa, Tmax was achieved in monkeys approximately 3 hours 

after oral administration. The half-life of orally administered enteric-coated Mycapssa 
capsules is approximately 45 minutes in monkeys, which is 15 times longer than the 2 
to 3 minute half-life of somatostatin, but less than the 1.7 to 1.9 hour half-life of the SC 
injectable octreotide formulation.  

Nonclinical PK studies were conducted by the sponsor following different routes of 
administration in rats, pig and monkeys. 
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In rats, 12-day repeat administration of the octreotide-TPE formulation did not result in 
any changes in the octreotide PK profile; however, plasma levels were >50-fold higher 
after direct intestinal administration compared to oral administration.  Systemic 
exposures to octreotide increased linearly with intrajejunal doses of the TPE 
formulation, but reached maximal absorption at 50 mg/g (50,000 mg/kg), of which an 
equivalent dose is not likely to be achieved clinically.  Octreotide absorption along the 
gastrointestinal (GI) tract was highest when the formulation contained TPE.  Octreotide 
absorption occurred throughout the small intestine with the greatest amount of 
absorption in the duodenum-jejunum and the least amount in the ileum-colon. Overall 
absorption in rats ranged from 3.5% to 10.3% after jejunal administration of the 

TPE formulation.  Studies in rats also demonstrated that levels of liver 
exposure to octreotide were similar for both oral and SC administration, suggesting that 

(b) (4)

increased liver toxicity from active drug exposure is not anticipated with the oral 
octreotide-TPE formulation.  

In pigs, lower systemic levels of octreotide were observed after oral administration of 
gelatin capsules compared to SC administration.  

(b) (4)
Nevertheless, bioavailability of up to 

5.8% was achieved with jejunal intubation of TPE formulations. 

Administration of enteric-coated octreotide-TPE capsules in monkeys resulted in 
octreotide exposures that increased linearly with increasing doses and oral 
bioavailability ranging from ~1.5% to 2.4%.  

(b) 
(4)

(b) (4)
The greatest bioavailability was reported 

(b) (4)
with use of a % Acryl-EZE which is also used in the final Mycapssa 
drug product.  Cmax, Tmax and half-life PK parameters were unaffected by 
formulations. 

Although the comparison of octreotide absorption under fed and fasted conditions were 
not determined in animals, clinical studies indicate that administration of Mycapssa (Lot 
#OT-3-120710-1) with a high-fat/high-calorie meal leads to an approximately 90% 
decrease in absorption. 

The distribution of systemically absorbed octreotide is likely to be similar to the LD.  
Relatively quick elimination from most organs is anticipated with exposures declining to 
less than 20% of maximal within 4 hours of absorption.  Slower elimination rates are 
expected for the pituitary, pancreas and thyroid target organs.  The highest levels of 
systemic octreotide exposures are expected in the kidney and liver.   Octreotide protein 
binding is 65%, in which octreotide is primarily bound to lipoprotein and, to a lesser 
extent, albumin. 

The formulation used in Mycapssa does not result in a chemical or physical change in 
the active component octreotide.  Thus, the metabolism and excretion of octreotide is 
considered to be identical to that of the LD, which has been previously characterized. 
Hence, the active moiety in Mycapssa is expected to be predominantly excreted via the 
urine, with 32% being eliminated as unchanged octreotide.  Thus, prolonged exposure 
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is anticipated in subjects with renal impairment, the elderly, and with hepatic function 
impairment. 

Study title: Quantitation of Octreotide in Monkey Plasma via HPLC with MS/MS 
Detection 
Sponsor’s study #LCMSC 296.1 

Key Study Findings 
 A high performance liquid chromatography with tandem mass spectrometry 

(HPLC-MS/MS) method was validated for quantitation of octreotide in 200 l of 
monkey plasma between concentrations of 0.084 and 25.0 ng/mL 

 Octreotide plasma samples were stable up to 25 hours at room temperature or 
up to 218 days at -70 °C 

 Octreotide binds to container walls in the absence of matrix-related components 

Methods 
For validation of bioanalytical method “LCMSC 296.1”, reproducibility, precision, 
accuracy, stability, carryover, and recovery of the octreotide analyte were assessed 
using monkey plasma samples. 

Monkey plasma aliquots of 200 l were diluted with phosphate buffer containing internal 
standard and octreotide concentrations, and were quantified by HPLC-MS/MS.  Eight 
calibration standards from 0.100 to 25.0 ng/mL were used to evaluate linearity. 
Precision and accuracy were determined using quality control pools at the lower limit of 
quantitation, 2.5 times the lower limit, the approximate midpoint of the calibration range, 
and 80% of the upper limit of quantitation.  Intra-assay and inter-assay precision and 
accuracy were evaluated for each pool by analyzing 6 replicates during 3 validation 
runs, 1LYP2-A, 2LYP2-A, and 3LYP2-A.  General extraction recovery was evaluated in 
one of the validated runs (2LYP2-A) by comparing analyte responses of pre-extraction 
spiked samples to those of post-extraction spiked samples. Two follow-up runs, 1LYP4
A and 2LYP4-A, assessed extraction recovery in which spiking solutions were either not 
dried in matrix-related samples or non-matrix samples, or where all extracts were 
collected in deactivated glass vials prior to drying.  Stability was evaluated after 5 
freeze/thaw cycles thawed at room temperature of low- and high-level octreotide quality 
controls. Stability in thawed matrix was assessed after remaining at room temperature 
for 25 hours prior to extraction and analysis.  Long-term analyte stability was assessed 
by storing in frozen matrix up to 218 days at -70 °C.  To evaluate specificity, monkey 
plasma (n=6) samples containing 5% aprotinin, +/- spiking with 0.250 ng/mL octreotide, 
were extracted and analyzed for the octreotide internal standard during validation run 
3LYP2-A. Matrix blanks were analyzed directly following high-concentration analyte 
samples to assess carryover between samples. 

Results 
The lower limit of quantitation for octreotide was 0.084 ng/mL.  In monkey plasma 
specificity samples, no significant chromatographic peaks were detected at mass 

30
 

Reference ID: 3891521 



 

   

  

   
 

  
 

  

 

 

  

 
   

 
  

NDA #208232 Reviewer: Jessica Hawes, Ph.D. 

transitions or expected retention times of the analyte or its internal standard that would 
interfere with quantitation.  There were no significant matrix suppression effects that 
could compromise sensitivity or accuracy of the assay.  There were no indications of 
carryover from high-concentration samples into the next run. 

Extraction recovery analyses indicated that octreotide adsorbs to container walls in the 
absence of matrix-related components, most likely because it is a very hydrophobic 
peptide. 

Octreotide was stable when stored at room temperature up to 25 hours and at -70 °C for 
up to 218 days. 

Overall, quantitation of octreotide using bioanalytical method “LCMSC 296.1” was 
validated in 200 L Cynomolgus monkey plasma samples in the concentration range of 
0.084 to 25.0 ng/mL, containing tripotassium EDTA in the absence or presence of 5 % 

aprotinin.
 
.
 
Study title: Pharmacokinetic Analysis of Octreotide after Intrajejunal 
Administration to Rats (15-66 mg/g) 
Sponsor’s study #75-30-17 

Key Study Findings 
 Linear increases in exposure with intrajejunal doses of the octreotide-TPE 


formulation up to 50 mg/g
 
 Maximal absorption at 50 mg/g (50,000 mg/kg)
 

Methods 
Cannulated rats were used to determine the effect of high levels of octreotide (15 to 66 

administered 15, 33, 50, and 66 mg CH-906-4 via cannula 

minutes post-dose.  Octreotide plasma concentrations were measured using a validated 
HPLC-MS/MS method. 

mg/g) on TPE-mediated absorption kinetics.  Cannulated SD rats (10/group) were 

at their proximal jejunum.  Blood samples were collected at 3, 6, 10, 25, 60, and 90 

(b) (4)
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Sponsor's Figure 2: Octreotide TPE Formulation PK – Intrajejunal Rat 

Sponsor's Table 6: Octreotide TPE Formulation PK – Intrajejunal Rat 

(Table & Figure excerpted from Sponsor’s package) 

Study title: Amendment to the Final Report – A Pharmacokinetic Study of 
Octreotide in Cynomolgus Monkeys after a Single Oral or Subcutaneous Dose 
Sponsor’s study #1300-003 
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Key Study Findings 
	 The CH-906-1 formulation, which is similar to the Mycapssa formulation, is likely 

to improve absorption efficiency 
o	 CH-906-1 bioavailability = 1.5% 
o	 The bioavailability of the CH-811-1 formulation could not be determined 

Method 
Five male Cynomolgus monkeys were administered octreotide acetate (80 g/kg) via 
SC injection or oral Octreolin (0.5, 0.5, 5, or 8 mg) capsules in a cross-over design 

  Oral dose groups 1, 3 and 4 were of the same “ (b) (4)(Sponsor's Table 7).

(b) (4)

formulation, CH-811-1, and were prepared the same.  
(b) (4)

Oral dose group 5 was prepared 
(b) (4)with a different formulation, CH-906-1, containing 

(Sponsor's Table 8).  After SC injection and administration of oral dose groups 1, 
3 and 4, blood samples were collected prior to dosing and at 15, 30, 45, 60, 80, 100, 
140, 180, and 240 post-dose.  After the oral dosing of group 5, blood samples were 
collected prior to dosing and at 45, 90, 135, 180, 225, 270, 315, 360, 405, 465, 525, and 
585 minutes post-dose.  Octreotide plasma concentrations were measured using HPLC
MS/MS. 

Sponsor's Table 7: Study #1300-003 Design 

(Table excerpted from Sponsor’s package) 
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baseline by 240 hours (Sponsor's Table 10); therefore, the bioavailability of octreotide 
could not be accurately calculated.  However, since exposures were determined up to 
585 minutes post-dose for dose group 5, the bioavailability of Octreotide could be 
assessed and was determined to be 1.5% after oral administration.  The Cmax exposure 
of the 5 mg CH-906-1 (group 5) formulation was 50% higher than that of the 8 mg CH
811-1 (group 1) oral dose, indicating that the CH-906-1 formulation was likely to be 
more efficiently absorbed. Nevertheless, the bioavailability between the different 
formulations could not be compared. 

Sponsor's Table 9: SC Dose Group 2 PK 

(Table excerpted from Sponsor’s package) 
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Sponsor's Figure 3: SC Dose Group 2 PK 

(Figure excerpted from Sponsor’s package) 

37
 

Reference ID: 3891521
 





 

 

 
 

 

    
   

  
     

 
  

  

 
   

NDA #208232 Reviewer: Jessica Hawes, Ph.D. 

Sponsor's Figure 4: Oral Dose Groups 1, 3, 4 & 5 PK 

(Figures excerpted from Sponsor’s package) 

Study title: Amendment to the Final Report – A Pharmacokinetic Study of 
Octreotide in Cynomolgus Monkeys after Single or Multiple Oral Doses 
Sponsor’s study #1300-005 

Key Study Findings 
 

(b) (4)
Octreotide capsule exposures and bioavailability were higher with the 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) 
(4)% 

% and % enteric coatings were 
comparable 

 
(b) (4)

PK profiles of % and 
enteric coatings with and 

(b) (4)-
enteric coating compared to 

(b) 
(4)

(b
) 

(4

(b) 
(4)

(b) 
(4)

(b) (4)

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

% 
 PK profiles of 

% enteric coatings were comparable 
 did not significantly alter octreotide PK 

parameters 
 Pentagastrin administration did not alter octreotide PK parameters 
 Enteric coatings did not alter Cmax, Tmax or half-life PK parameters of octreotide 

Methods 
Eight non-naïve cynomolgus monkeys (2 males and 2 females per group, 2 groups per 
treatment) were administered 1 or 2 capsules of 9.75 mg octreotide acetate with 6 
different coatings via oral gavage.  Prior to dosing in the morning, animals were fasted 
for 10 hours.  Animals in group 3 received 2 capsules with coating 1 at the same time in 
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the morning.  Animals in group 8 received 2 doses with coating 1 administered 6 hours 
apart and were fasted 4 hours prior to the 2nd dose. At approximately 30 minutes prior 
to dosing, animals in group 4, 9 and 10 were pretreated with a single SC injection of 
0.15 mg/mL pentagastrin (15 g/kg) prior to being dosed with 1 capsule with coating 1.  
Blood samples were collected according to the table below.  Detailed clinical 
examinations were performed at pretest and 1 hour post-dosing. 

Sponsor's Table 11: Study #1300-005 Design 

(Table excerpted from the Sponsor’s package) 

Results 
White, frothy vomitus was observed in 1 animal at 1 hour post-dose on Day 1.  There 
were no other drug-related clinical signs or reoccurrences of vomitus. 

Given the small number of animals and the large inter-animal and inter-group variability, 

not statistically significant, increase in octreotide absorption with capsules 
(b) (4)

it is difficult to come to concrete conclusions.  Nevertheless, there was an apparent, yet 
(b) (4)

with an approximate 2-fold increase in bioavailability.  
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5.2 Toxicokinetics 
The toxicokinetics (TK) of enteric coated octreotide-TPE capsules were evaluated in 
monkeys and humans, but could not be evaluated in rats and pigs. 

After repeat administration, steady-state AUC and Cmax exposures were similar between 
monkeys and humans that were administered daily doses of Mycapssa capsules 

(b) (4)consisting of the octreotide-TPE formulation with an  enteric coating.   
However, it is noted that Tmax increased from 1 hour to 3-4 hours in monkeys after 
repeat dosing.  The increase in Tmax in monkeys is indicative of slower absorption after 
repeat dosing. 

Table 4: Steady State TK & PK Parameters of the Final Mycapssa Formulation in 
Monkeys and Humans 

Species 
Dose AUC(0-t)

(h∙ng/mL) 
Cmax 

(ng/mL) 
Tmax 

(hours) 
T1/2

(hours)mg Dose 
(mg/kg) HED 

Monkey 
20 mg 

(Study 1300
015) 

3 - 5 1.6 - 1.8 15.5 - 18.6 3 - 4.14 3 - 4* ND 

Human 
40 mg 

(20 mg BID) 0.7 0.7 8.41 2.51 1.5 3.5 

(Study 
CH-ACM-01) 

60 mg 
(40 mg + 20 mg) 1 1 14.7 3.83 1.4 3.2 

80 mg 
(40 mg BID) 1.3 1.3 19.6 5.30 1.0 4.5 

* Day 1 Tmax = 1 hour 

Sponsor's Table 15: TK & PK Parameters in Monkeys – Study 1300-015 

(Table excerpted from Sponsor’s package) 
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Sponsor's Table 16: TK & PK Parameters in Humans - Study CH-ACM-01 

(Table excerpted from Sponsor’s package) 

6 General Toxicology 
To evaluate the potential toxicity and TK of Mycapssa, the sponsor conducted 4 GLP-
compliant toxicology studies in cynomolgus monkeys with oral octreotide capsules 
including a 28-day study, a 13-week study, a chronic 9-month study, and a 28-day 
bridging study. 

In the 28-day repeat-dose toxicity study (#1300-002), monkeys received daily 
administration of 9.75 or 19.5 mg octreotide-TPE, the TPE system alone, or olive oil 
vehicle control.  Histopathology evaluations were originally limited to high dose animals, 
but were subsequently conducted on all treatment groups, except for TPE alone.  
Infiltration of lymphocytes in the kidney and minimal inflammation in the liver was 
observed in the 19.5 mg treatment group; however, since there were no indications of 
kidney or liver dysfunction, these findings are considered to be non-adverse.  Therefore, 
the NOAEL for this study was established at 19.5 mg/day (4.9 mg/kg/day), which is 
relatively similar to the MRHD of 80mg with a safety margin of 1.2x MRHDBSA (based on 
body surface area).  Overall, there were no significant signs of drug-related toxicity, 
including the GI tract, liver and kidney which are expected to be exposed to the highest 
concentrations of octreotide and the TPE components.  In the TPE system alone group, 
all excipients were tested at higher levels than Mycapssa except for the Acryl-EZE 

(b) (4) (b) 
(4)which only contained mg per capsule compared to the clinical formulation of 

mg/capsule. Although histopathology was not evaluated for the TPE system alone 
group, there were no significant clinical signs of toxicity.  Thus, the higher level of 
excipients alone was not fully characterized in this study.  Nevertheless, the higher level 
of Acryl-EZE is not likely to significantly increase toxicity and was evaluated in the 28
day bridging study. 
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In the 3-month study (#1300-007), monkeys were dosed once a day for 13 weeks with 
20 mg/day of Octreolin (enteric-coated oral octreotide-TPE capsule), 0.1 mg/day of the 
LD (SC Sandostatin injection, positive control) and olive oil (oral capsule, vehicle 
negative control).  Increases in uterus with cervix organ weights in females and 
decreases in mandibular salivary gland organ weights in both sexes were reported with 
test article administration; however, the organ weights remained within the normal 
biological ranges for this species and there were no corresponding microscopic-related 
findings. In addition, statistically significant increases were reported in the absolute 
brain weight of males treated with Octreolin compared to the negative control males; 
however, statistical significance was not achieved in brain weights relative to body 
weight and there were no histopathology-related findings in the brain of any animals 
across all groups.  Thus, the organ weight changes are not considered to be significant 
or adverse drug-related findings.  Cmax and AUC exposures were 2.5 to 3-fold higher in 
LD-treated animals on Days 1 and 28, but were comparable to animals treated with the 
test article by Day 91.  Given the small number of animals and individual variability, 
there was not a significant difference in steady-state exposures.  Overall, there were no 
adverse test article-related toxicities and the safety profile of the test-article was 
considered to be comparable to the LD after daily administration for 3 months. 

The 9-month monkey study (#1300-009) was conducted to provide chronic exposure 
data for the octreotide-TPE formulation and for the excipients sodium caprylate and 
glyceryl tricaprylate.  Animals received daily oral administration of 20 mg octreotide-TPE 
enteric coated capsules, wherein all excipients, except for Acryl-EZE, were tested at 
higher levels compared to the levels of excipients in the final drug product.  
was evaluated at a (b) (4)

Acryl-EZE 
% lower level than the final drug product formulation.  Gelatin 

encapsulated olive oil was orally administered as a negative control and 0.1 mg/day of 
the LD Sandostatin was administered subcutaneously as a positive control. An 
increased incidence of sparse hair and red discolored skin was observed in both sexes 
treated with the test article and the LD, which is consistent with known octreotide
related effects in humans.  A higher incidence of watery feces was also observed in 
animals treated with the test article.  Although potentially drug-related, these clinical 
findings are not considered to be adverse.  There were no significant drug-related 
effects on ECG, clinical pathology parameters, organ weights or microscopic 
examinations. Exposures were reasonably comparable between test-article and the LD 
on Days 1, 180, and 270, with the exception of the interim Day 90 where test article 
exposures were comparatively low.  Overall, the data suggest that the chronic systemic 
exposure and tolerance of the test article was comparable to the LD.  Furthermore, 
there were no new drug-related toxicities observed in animals treated with the 
octreotide-TPE enteric coated capsules compared to the LD. Based on these findings 
and available data for human use of sodium caprylate and glyceryl tricaprylate, a waiver 
for the conduct of carcinogenicity studies was granted for the test article.  The NOAEL 
for chronic exposure of the test article was set at 20 mg/day with safety margins of 1-2x 
MRHDBSA, 1.5-5x MRHDAUC (based on AUC exposure), and 2.4-8x MRHDCmax (based 
on Cmax exposure). 
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A 28-day GLP-compliant bridging study (#1300-015) was conducted in monkeys with 
the final Mycapssa drug product formulation containing stress-induced elevated levels 
of octreotide-related impurities and degradation products.  The intention of this study 
was to qualify the stress-induced impurities.  The bridging study is reviewed below. 

Study title: Octreotide Capsules: A 28-Day Oral (Capsule) Toxicity Study in 
Cynomolgus Monkeys 
Sponsor’s study #1300-015 

Study no.: 1300-015 
Study report location: eDr, SDN #1, 6/15/2015 

9/24/2014 

Conducting laboratory and location: 

Date of study initiation: 
GLP compliance: Yes 

QA statement: Yes 

Drug, lot #, and % purity: 

Oral Octreotide Acetate (Octreolin) 20 
mg, Batch #3165K12A, 95.4% purity, 
stored under stress conditions (7 months 
at 25°C/60%RH followed  by 12 months 
at 2 to 8°C) 

Key Study Findings 
	 NOAEL = 20 mg/animal/day 

o Safety margins of 1x MRHDBSA, 1x MRHDAUC and 1x MRHDCmax 
 Potentially drug-related, yet non-adverse, decreased heart rate in 50% of males 

o Consistent with clinical experience with octreotide acetate 
 No new drug-related toxicities were identified 
 Despite significant variability, overall PK and TK are comparable to data from the 

previous formulation used in the pivotal 9-month monkey toxicology study 
	 The drug formulation used in this study is an acceptable representation of
 

anticipated impurities and degradation products in the proposed marketed 

formulation
 

	 This study sufficiently bridges the new formulation to the pivotal 9-month monkey 
toxicology study 

Sponsor's Table 17: Study Design 

(Tables excerpted from sponsor’s package) 
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Methods 

Doses: 20 mg/day 
Frequency of dosing: Once daily for 28 consecutive days 

Route of 
administration: Oral 

Dose volume: 1 capsule 
Formulation: 20 mg octreotide acetate enteric-coated capsules containing TPE 

Vehicle: Olive oil in enteric-coated capsules 
Species/Strain: Cynomolgus monkey / Macaca fascicularis 

Number/Sex/Group: 4/sex/group 
Age: 4 years and 8 months to 7 years of age 

Weight: Males ranged in weight from 4.77 to 7.19 kg.  
Females ranged in weight from 3.89 to 5.02 kg. 

Satellite groups: None 

Unique study design: 

 Animals were fasted 8-10 hours prior to dosing and fed 2 hours 
(±1 hour) after dosing 

 Mycapssa capsules were treated under stress conditions (7 
months at 25°C/60% RH followed by 12 month at 2 to 8°C) to 
enrich for  octreotide-related impurities. 

Deviation from study 
protocol: 

Animals were fasted approximately 12 hours prior to dosing on Day 
1. Deviations from the study protocol did not affect the integrity of 
the study data. 

Clinical Findings: 

Cageside observations for morbidity, mortality, and injury were 
conducted twice daily.  Detailed examinations were conducted once 
weekly and included evaluation of skin, fur, eyes, ears, nose, oral 
cavity, thorax, abdomen, external genitalia, limbs and feet, 
respiratory and circulatory effects, salivation, tremors, convulsions, 
reactivity to handling, and unusual behavior. 

Body weights: Animals were weighed the day before dosing and once weekly 
thereafter. 

Food consumption: Qualitative observations of food consumption were conducted twice 
daily. 

Ophthalmoscopy: Animals were examined once prior to dosing and again prior to 
scheduled necropsy. 

Electrocardiogram: 
QRS duration and RR, PR, and QT intervals were measured prior 
to the dosing phase and predose and 1-2 hours postdose on Day1 
and during the last week of dosing. 

Hematology: 

Overnight fasted blood samples were collected from all animals 
prior to the dosing phase and terminal necropsy.  Parameters 
evaluated included leukocyte counts, erythrocyte counts, 
hemoglobin, hematocrit, mean corpuscular hemoglobin, mean 
corpuscular volume, calculated mean corpuscular hemoglobin 
concentration, absolute reticulocytes, and platelet counts.   
Evaluated coagulation parameters included prothrombin time, 
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activated partial thromboplastin time, and fibrinogen.  Blood smears 
were also prepared and stained for potential evaluation. 

Clinical chemistry: 

Overnight fasted blood samples were collected from all animals 
prior to the dosing phase and terminal necropsy.  Parameters 
evaluated included cardiac troponin, alkaline phosphatase, total 
bilirubin, aspartate aminotransferase, alanine aminotransferase, 
gamma glutamyl transferase, urea nitrogen, creatinine, total protein, 
albumin, globulin and A/G (albumin/globulin) ratio, glucose, total 
cholesterol, triglycerides, electrolytes (sodium, potassium, and 
chloride), calcium, and phosphorus. 

Urinalysis: 

Urine was collected from all animals using steel pans under the 
cages for at least 16 hours.  Parameters evaluated included 
volume, color, appearance, specific gravity, pH, protein, glucose, 
bilirubin, ketones, blood, urobilinogen, and microscopy of 
centrifuged sediment. 

Gross pathology: 
At necropsy on Day 29, all animals were examined for external and 
body cavity (abdominal, thoracic, and cranial) abnormalities, as well 
as palpable masses. 

Organ weights: 

Absolute organ weights and weight ratios relative to body and brain 
weights were determined for all animals at necropsy on Day 29.  
Organs evaluated included adrenal glands, brain, epididymides, 
heart, kidneys, liver, ovaries, pituitary gland, prostate gland, spleen, 
testes, thymus, thyroid and parathyroid gland, and the uterus with 
the cervix.  Paired organs were weighed together.  Thyroid and 
parathyroid glands were weighed together. 

Histopathology: 

Tissues were harvested at necropsy on Day 29. Eyes, optic nerves, 
and testes were fixed using a modified Davidson’s fixative, followed 
by formalin.  All other tissues were fixed in neutral buffered formalin.  
Fixed tissues from all animals were embedded in paraffin, 
sectioned, and stained with hematoxylin and eosin for microscopic 
evaluation. 
Adequate Battery:  yes ( X ), no ( ) 
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(Table excerpted from sponsor’s protocol) 
Peer review:   yes ( ), no ( X ) 

Toxicokinetics: 

Non-fasted blood samples were collected from all animals on Day 1 
and Day 28 at 0 (predose), 1, 2, 4, and 8 hours postdose. 
Octreotide concentrations were determined in all drug-treated 
samples and 1 hour post-dosing of control samples using a 
validated HPLC-MS/MS method. 

Observations and Results 

Clinical Signs 
There were no abnormal treatment-related clinical signs. 
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Hematology 
There were no biologically significant or treatment-related effects. 

A statistically significant decrease in lymphocytes (↓35%) was observed in females 
treated with Mycapssa capsules compared to concurrent controls.  However, a similar 
28% decrease was present prior to dosing and values are within the normal biological 
range. Thus, despite the statistical significance, the reported decrease in lymphocytes 
is not considered to be drug-related. 

Clinical Chemistry 
There were no biologically significant or treatment-related effects. 

A small, but statistically significant, decrease in male albumin/globulin (A/G) ratio 
(↓14%) was reported in males after drug treatment compared to concurrent control 
mean values.  However, the A/G ratio values were similar to values prior to dosing and 
were within the normal biological range.  Thus, the difference in A/G ratio was not 
considered to be biologically significant or treatment-related. 

Compared to concurrent control mean values, statistically significant increases in 
female alkaline phosphatase (↑35-41%), gamma glutamyl transferase (↑56-62%) and 
aspartate aminotransferase (↑76%) values were present prior to dosing and were not 
treatment-related. Similarly, statistically significant decreases in female triglyceride 
levels (↓30-38%) compared to concurrent control mean values were also present prior 
to dosing and were not treatment-related. 

Urinalysis 
There were no treatment-related effects. 

Gross Pathology 
There were no treatment-related effects. 

Organ Weights 
There were no statistically significant changes in organ weights of drug-treated animals. 

Histopathology 
There were no biologically significant or treatment-related effects. 

An increase in the incidence rate of minimal mononuclear cell infiltration of the kidneys 
was reported in 50% of males (2/4) and 100% of females (4/4) with drug treatment 
compared to no findings in concurrent control males and an incidence rate of 50% (2/4) 

(b) (4)in concurrent control females.  However,  historical control data 
demonstrate that lymphocytic infiltrates are frequently and incidentally observed in up to 
75% of cynomolgus monkeys.  Furthermore, published studies have demonstrated that 
background renal lymphocytic infiltration rates can be as high as 100% in Cynomolgus 
monkeys (Chamanza et al., 2010).  Thus, the reported renal lymphocytic infiltration 
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incidence rates in drug-treated animals are considered to be within the range of normal 
background findings and are not likely to be treatment-related. 

Urinary bladder findings in males and females are considered to be incidental findings 
within the normal biological range. 

Sponsor's Table 19: Microscopic Urinary Tract Findings 

(Tables excerpted from sponsor’s package) 

Toxicokinetics 
AUC and Cmax exposures were 4 to 10-fold lower on Day 28 compared to Day 1; 
however, the exposures were also associated with significant variability.  Despite the 
high variability and reduction in exposures on Day 28, overall drug exposures are 
comparable to those achieved in the pivotal 9-month monkey toxicology study #1300
009. An apparent trend for a gender effect with increased exposures in males was 
reflected in the mean data on both Day 1 and Day 28, but is considered to be 
confounded by the large variability, particularly in males.  Tmax was achieved by 1 hour 
after dosing on Day 1, but was delayed to 3-4 hours post-dose on Day 28.  In previous 
toxicology studies with administration of Mycapssa capsules, Tmax ranged from 0.5 to 3 
hours. Thus, overall pharmacokinetics is considered to be similar to the previous 
capsule formulation used in the previous toxicology studies, including the pivotal 9
month monkey study. 
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coupled with findings from the 9-month toxicity study and available data for human use 
of sodium caprylate and glyceryl tricaprylate, a waiver for the conduct carcinogenicity 
studies was granted for Mycapssa. 

No carcinogenic potential was demonstrated in mice treated subcutaneously with 
octreotide for 85 to 99 weeks at doses up to 2000 g/kg/day, which was equivalent to 8x 
MRHDBSA for the LD, but which is roughly 10-fold lower than the Mycapssa oral dose 
based strictly on body surface area (0.12x MRHDBSA for Mycapssa). 

In a 116-week subcutaneous study in rats administered octreotide, a 27% and 12% 
incidence of injection site sarcomas or squamous cell carcinomas was observed in 
males and females, respectively, at the highest dose level of 1250 g/kg/day (10x 
MRHDBSA for LD, 0.15x MRHDBSA for Mycapssa) compared to an incidence of 8%-10% 
in the vehicle-control groups. The increased incidence of injection site tumors was most 
probably caused by irritation and the high sensitivity of the rat to repeated subcutaneous 
injections at the same site. However, there have been no reports of injection site tumors 
in patients treated with Sandostatin Injection for at least 5 years. There was also a 15% 
incidence of uterine adenocarcinomas 1250 g/kg/day females compared to 7% in the 
saline-control females and 0% in the vehicle-control females. The presence of 
endometritis coupled with the absence of corpora lutea, the reduction in mammary 
fibroadenomas, and the presence of uterine dilatation suggest that the uterine tumors 
were associated with estrogen dominance in the aged female rats which does not occur 
in humans. 

9 Reproductive and Developmental Toxicology 
The sponsor did not conduct any reproductive and developmental toxicology studies. 
Nevertheless, nonclinical reproductive and developmental toxicology studies conducted 
in vitro and in vivo with octreotide acetate have been described in the label for the LD 
Sandostatin. 

As described in the LD label, octreotide did not impair fertility in rats at doses up to 1000 
g/kg/day, which represents 7x the human exposure based on body surface area of 
subcutaneously injected octreotide acetate (7x MRHDBSA for LD), but which is roughly 
10-fold lower than the Mycapssa oral dose of 80 mg/day based on body surface area 
alone (0.12x MRHDBSA for Mycapssa).  Since animal studies with octreotide have failed 
to reveal evidence of fetotoxicity or teratogenicity, octreotide has been listed as a 
pregnancy category B compound. 

According to the LD label, reproduction studies have been performed in rats and rabbits 
at doses up to 16x MRHDBSA for the LD and revealed no evidence of harm to the fetus 
due to octreotide. However, because animal reproduction studies are not always 
predictive of human response, this drug should be used during pregnancy only if clearly 
needed. 

Although there is no controlled data for exposure to octreotide during human pregnancy, 
postmarketing data indicate that a limited number of exposed pregnancies have been 
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  The active 
ingredient, octreotide, is poorly absorbed from the gut, resulting in the use of 

(b) (4)

subcutaneous, intramuscular, and intravenous injection drug delivery systems for prior 
Octreotide formulations.  The sponsor has developed a new formulation of octreotide 
acetate for oral delivery containing TPE, which increases intestinal absorbance via 
inducing a transient opening of the tight junctions between cells to increase 
bioavailability through paracellular transit across the gastrointestinal wall. 

For the safety of the octreotide, the sponsor is relying on previous findings of safety for 
the LD, Sandostatin Injection that was approved under NDA #019667 and included a 
comprehensive nonclinical safety evaluation including acute, subchronic, chronic 
toxicity, and carcinogenicity studies, as well as reproduction and mutagenicity studies in 
mice, rats, rabbits, dogs, and monkeys.  Nonclinical studies conducted by Chiasma 
under this NDA application focus on the characterization and development of the TPE 
formulation to promote the oral bioavailability of octreotide in animals.  The sponsor 
conducted 4 GLP-compliant toxicology studies in cynomolgus monkeys with octreolin 
capsules including a 28-day study, a 13-week study, a chronic 9-month study, and a 28
day bridging study.  In all 4 studies, no new drug-related toxicities were identified and 
the toxicology findings with oral octreotide acetate and the TPE formulation were 
considered to be comparable to the LD Sandostatin injection.  The chronic 9-month 
study supports long-term oral administration with safety margins of 1-2x MRHDBSA, 1.5
5x MRHDAUC and 2.4-8x MRHDCmax. 

The 28-day bridging study evaluated the Mycapssa final drug product (lot #3165K12A) 
formulation stored under stress conditions.  Lot #3165K12A was one of 17 lots 
administered to acromegaly patients in the pivotal Phase 3 study #CH-ACM-01, wherein 
patients received Mycapssa for 7 months and an optional additional 6 months. Overall, 
lot #3165K12A is considered to be a reasonable representation of the Mycapssa 
commercial drug product.  The 28-day bridging study NOAEL was equivalent to clinical 
exposures and the only remarkable finding was potentially treatment-related, yet non-
adverse, ECG parameter changes in 50% of monkeys that were consistent with sinus 
bradycardia observed with clinical administration of octreotide acetate.  Since this 
finding does not represent a new toxicological finding, the safety profile of octreotide 
acetate and TPE administration with stress-induced impurities and degradation products 
is considered to be comparable to the LD Sandostatin.  Thus, the bridging study 
successfully qualifies the Mycapssa final drug product formulation and the increase in 
stress-induced impurities and degradation products, supporting the increase in 

≤(b) (4)Mycapssa specification to % for total degradation products and impurities. 

The sponsor’s identification and qualification of degradation products and impurities are 
in accordance with the Guidance for Industry Q3A Impurities in New Drug Substances.  
Seven degradants above the identification threshold were identified and further 
evaluated using 2 independent and complementary QSAR methodologies that were 
knowledge based or statistically based, which is in accordance with the Guidance for 
Industry M7 Assessment and Control of DNA Reactive (Mutagenic) Impurities in 
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Pharmaceuticals to Limit Potential Carcinogenic Risk.  All 7 of the assessed 
degradation products were found to be negative for genotoxic potential.  

All 4 novel excipients, as well as the 1 excipient above the current IIG maximum, of the 
TPE formulation were qualified in the sponsor’s GLP toxicology studies in monkeys.  In 
the 9-month toxicology study, all excipients, except for Acryl-EZE, were assessed at 
clinically relevant or higher levels and are considered to be qualified.  

(b) (4)
The percentage of 

Acryl-EZE used in the 28-day bridging monkey study was identical to the 
clinical formulation, and the Acryl-EZE dose in monkeys was considered to be 
equivalent to the clinical dose of Acryl-EZE in 4 capsules.  Thus, the amount of Acryl-
EZE in the final drug product formulation was considered to be qualified in the monkey 
bridging study.  Together, all excipients were qualified in the monkey toxicology studies 
and the nonclinical data support long-term oral administration of the TPE formulation. 

The overall weight of evidence indicates that the excipients and potential impurities and 
degradation products in Mycapssa are unlikely to present any potential risk for 
genotoxicity, mutagenicity, or carcinogenicity.  Furthermore, the sponsor’s 
characterization of the drug product excipients, impurities and degradation products are 
considered to be sufficient and hazard assessment of the TPE formulation and 
Mycapssa impurities/degradation products are considered to be complete. 

In summary, the nonclinical toxicological profile of Mycapssa is comparable to that of 
the LD Sandostatin.  Furthermore, the nonclinical data indicate that there is not a 
significant safety concern for the new excipients of the TPE formulation or for 
Mycapssa’s anticipated impurities or degradation products.  Therefore, the nonclinical 
data are sufficient to support approval of the proposed dose of Mycapssa in acromegaly 
patients. 
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	No fertility studies have been conducted with MYCAPSSA. injectable octreotide acetate did not impair fertility in rats at doses up to 1000 μg/kg/day, which represents 7× the based on injectable octreotide body surface area. 


	2 Drug Information 
	2 Drug Information 
	2.1 Drug 
	2.1 Drug 
	CAS Registry Number 
	79517-01-4 
	Generic Name 
	USAN: Octreotide acetate INN: Octreotide 
	Code Name 
	Oral octreotide acetate (OOA) SMS 201-995 Octreolin 
	Proposed Trade Name 
	Mycapssa 
	Chemical Name 
	L-Cysteinamide, D-phenylalanyl-L-cysteinyl-L-phenylalanyl-D-tryptophyl-L-lysyl-Lthreonyl-N-[2-hydroxy-1-(hydroxymethyl)propyl]-, cyclic (2→7)-disulfide, [R-(R*, R*)]acetate (salt) 
	H-D-Phe-Cys-Phe-D-Trp-Lys-Thr-Cys-threoninol, acetate salt (Disulfide bond between Cysand Cys) 
	2 
	7

	Molecular Formula/Molecular Weight 
	C49H66N10O10S2 / 1019.26 g/mol 
	Structure or Biochemical Description 
	Octreotide is the acetate salt of cyclic octapeptide, an analog of the tetradecapeptide somatostatin. 

	Sponsor's Figure 1: Octreotide Structures 
	Sponsor's Figure 1: Octreotide Structures 
	Figure
	(Figures excerpted from the Sponsor’s package) 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	octreotide-TPE formulation, which did not result in any significant toxicities (see section 6 General Toxicology).  Overall, there is not a significant safety concern for the level of sodium caprylate used in the Mycapssa drug product. 

	2.5 Comments on Impurities/Degradants of Concern 
	2.5 Comments on Impurities/Degradants of Concern 
	In the initial IND #108163 submission, total impurities and degradation product specifications were limited to %.  However, the specification for total impurities/degradation products of the commercial drug product has been broadened to 
	≤
	Figure

	% for total degradation products in order to account for impurities that were identified after the Phase 3 clinical trial and initiation or completion of nonclinical toxicology studies.  Thus, for a 20 mg capsule administered 4 times a day (80 mg/day Mycapssa), the total daily consumption of impurities and/or degradation products is limited to 
	Figure

	mg. 
	Specifications for microbial limits did not change.  It is unclear if specifications changed or not. 
	Figure
	Figure
	Figure
	 
	 
	 
	A new IND package was submitted on 11/10/2010 under the code name oral 

	TR
	octreotide acetate. 

	 
	 
	TD
	Figure


	 
	 

	TR
	IND application #108163 based on incomplete histopathology evaluation of all 

	TR
	treatment groups in the 28-day repeat dose study in monkeys. 

	 
	 
	The partial clinical hold was removed on 3/30/2011 after receiving a complete 

	TR
	response to the partial clinical hold letter which included the histopathology 

	TR
	evaluation of all treatment groups. 

	 
	 
	On 6/29/2011, Chiasma requested the End-of-Phase 2 (EOP2) meeting to 

	TR
	discuss the development plans for treatment of acromegaly. In the EOP2 

	TR
	package, a draft of the Phase 3 protocol (CH-ACM-01) and a complete report for 

	TR
	the 3-month repeat dose toxicity study in monkeys were submitted. 

	 
	 
	In the EOP2 meeting on 7/25/2011, the Agency stated that a chronic toxicology 

	TR
	study would be required to support dosing for more than 3 months. In this 

	TR
	meeting, the Agency noted concerns with the long-term toxicity and potential 

	TR
	carcinogenicity of the two excipients sodium caprylate and glyceryl tricaprylate. 

	TR
	The Agency also requested additional safety information for TPE. 

	 
	 
	On 8/9/2011, a meeting between the sponsor’s representatives and the FDA was 

	TR
	held to discuss the development plans. 

	 
	 
	On 8/30/2011, additional nonclinical safety data from the 3-month monkey 

	TR
	toxicology study was submitted with histopathological evaluation of all lung 

	TR
	tissues and the nonclinical contract research organization’s historical data. 

	 
	 
	On 9/15/2011, Chiasma communicated their plans to conduct a 9-month chronic 

	TR
	toxicology study in monkeys to address FDA’s request for chronic toxicity data 

	TR
	and provided a written assessment of the chronic toxicity and carcinogenicity of 

	TR
	the two excipients sodium caprylate and glyceryl tricaprylate. In addition, the 

	TR
	Sponsor requested FDA’s concurrence that, pending the results of the 9-month 

	TR
	toxicity study, the nonclinical package with Octreolin would be sufficient to 

	TR
	support marketing approval. 

	 
	 
	On 11/3/2011, the Agency stated that since the drug product will be used as a 

	TR
	chronic indication, a carcinogenicity study might be required depending on the 

	TR
	results of a 9-month monkey toxicity study. 

	 
	 
	In April of 2013, a waiver for the conduct carcinogenicity studies was discussed 

	TR
	with ECAC by email and was considered to be acceptable (review #3). 

	 
	 
	On 4/11/2014, the sponsor submitted their pre-meeting package for a Type B 

	TR
	Meeting (Face to Face) containing 2 nonclinical questions.  The purpose of this 

	TR
	meeting was to discuss the proposed content and format of an NDA application 

	TR
	for oral octreotide acetate via the 505(b)(2) pathway.  According to previously 

	TR
	addressed Type C meeting questions received 11/1/2013, the specification for 

	TR
	impurities/degradation products of the commercial drug product was broadened 

	TR
	to account for impurities that were identified after the Phase 3 clinical trial and 

	TR
	nonclinical toxicology studies were already initiated or completed. 

	 
	 
	On 5/19/2014, the following nonclinical responses were sent to the sponsor: 

	TR
	o Response to nonclinical question #9: 

	TR
	23 


	Chiasma submitted a letter of authorization from  for using all or part of octreotide acetate (DMF No. On 12/17/2010, a partial clinical hold letter was issued by the FDA in response to 
	“The scope of the nonclinical studies is sufficient to support filing of the NDA application.  Whether or not the nonclinical studies are sufficient to support approval of OOA is a matter of review of the NDA application package.” 
	

	o. Response to nonclinical question #10: 
	“The proposed 4-week monkey bridging toxicology study is of duration sufficient to satisfy ICH guideline Q3B(R2) recommendations; however, qualification of the current drug product in the 4-week monkey study is a matter of review. Please clearly indicate the differences in drug product formulation and specifications used in the bridging and original toxicology studies.” 
	

	. On 5/21/2014, the agency met with sponsor representatives, but did not discuss the nonclinical questions. 
	. On 10/3/2014, a request for a Pre-NDA meeting was received; however, a type C guidance meeting via teleconference was granted for 12/8/2014 instead.  No nonclinical issues were discussed at this meeting. 
	. Chiasma submitted the NDA #208232 package to the Agency on 6/15/2015. 


	3 Studies Submitted 
	3 Studies Submitted 
	3.1 Studies Reviewed 
	3.1 Studies Reviewed 
	3.1 Studies Reviewed 
	3.2 Studies Not Reviewed 

	Studies Not Reviewed in This or Previous Reviews 
	Studies Not Reviewed in This or Previous Reviews 
	Studies Not Reviewed in This or Previous Reviews 

	Study # 
	Study # 
	Brief Title 

	Excipient Reports 
	Excipient Reports 

	756509 
	756509 
	Excipient Review for PVP-12 

	756501 
	756501 
	Excipient Review for Acryl-EZE 

	756502 
	756502 
	Excipient Review for Gelatin Capsules 

	756503 
	756503 
	Excipient Review for Gelatin 

	756504 
	756504 
	Excipient Review for Glyceryl Monocaprylate 

	756505 
	756505 
	Excipient Review for Glyceryl Tricaprylate 

	756506 
	756506 
	Excipient Review for Magnesium Chloride 

	756507 
	756507 
	Excipient Review for Opacode Black Ink 

	756508 
	756508 
	Excipient Review for Polysorbate 80 

	756510 
	756510 
	Excipient Review for Sodium Caprylate 

	Pharmacokinetics 
	Pharmacokinetics 

	LCMSC 296.1 
	LCMSC 296.1 
	Quantitation of Octreotide in Monkey Plasma via HPLC with MS/MS Detection 

	75-30-17 
	75-30-17 
	Pharmacokinetic Analysis of Octreotide after intrajejunal Administration to Rats (1566 mg/g) 

	1300-003 
	1300-003 
	Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in Cynomolgus Monkeys after a Single or Subcutaneous Dose 

	1300-005 
	1300-005 
	Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in Cynomolgus Monkeys after Single or Multiple Oral Doses 

	Toxicology 
	Toxicology 

	1300-015 
	1300-015 
	Octreotide Capsules: A 28-Day Oral (capsule) Toxicity Study in Cynomolgus Monkeys 

	Special Toxicology Review 
	Special Toxicology Review 


	756903 DEREK & Leadscope Evaluation of the Five Octreotide Degradants Structures 756904 DEREK & Leadscope Evaluation of the Two Octreotide Degradants Structures 

	None 
	None 

	3.3 Previous Reviews Referenced 
	3.3 Previous Reviews Referenced 
	Referenced works include Pharmacology and Toxicology review #1 (12/4/2010), review #2 (7/8/2011), review #3 (4/20/2013), memo #1 (3/16/2011), and memo #2 (10/20/2011) written by Dr. Parvaneh Espandiari under IND #108163. 
	The Pharmacology review (10/9/1998) under NDA #21008 for Sandostatin LAR written by Dr. David Hertig was also referenced for comparison to Sandostatin data. 


	4 Pharmacology 
	4 Pharmacology 
	4.1 Primary Pharmacology 
	4.1 Primary Pharmacology 
	Octreotide is an octapeptide that acts as an analog of the natural hormone somatostatin by interacting with G protein-coupled somatostatin receptors.  There are 5 distinct human somatostatin receptor subtypes, SSTR1, SSTR2, SSTR3, SSTR4, and SSTR5, which have distinct chromosomal localizations and tissue-specific expressions that indicate differential function in different organ systems (Hofland and Lamberts, 1996, Barbieri et al., 2013).  Octreotide binds with highest affinity to the SSTR2 subtype (IC50 = 

	Table 3: Octreotide Affinity for Somatostatin Receptor Subtypes 
	Table 3: Octreotide Affinity for Somatostatin Receptor Subtypes 
	Figure
	(Table excerpted and highlighted from Barbieri et al., 2013) 

	Figure 1: Somatostatin Receptor Signaling 
	Figure 1: Somatostatin Receptor Signaling 
	Figure
	(Figure excerpted from Barbieri et al., 2013) 
	In the anterior pituitary, activation of somatostatin receptors inhibits release of growth hormone (GH), thyroid-stimulating hormone (TSH) and prolactin (PRL).  In patients with acromegaly, octreotide substantially reduces GH and/or IGF-I (somatomedin C) levels. Like somatostatin, octreotide suppresses the luteinizing hormone (LH) response to gonadotropin releasing hormone (GnRH), decreases splanchnic blood flow, and inhibits the release of serotonin, gastrin, vasoactive intestinal peptide, secretin, motili
	Figure
	Mycapssa with levonorgestrel showed a reduction in the bioavailability of levonorgestrel. There were no drug-drug interactions with co-administration of Mycapssa and either ethinyl estradiol or warfarin.  Co-treatment with proton pump inhibitors may decrease Mycapssa absorption and systemic bioavailability. Octreotide acetate may increase availability of bromocriptine, but decrease bioavailability of cyclosporine.  Similarly, Mycapssa decreases the rate of absorption of digoxin. 
	Somatostatin analogs are known to inhibit the secretion of insulin and glucagon.  Thus, patients on insulin or hypoglycemic agents may be at an increased risk for hypoglycemia. 
	Nonclinical studies evaluating interactions with Mycapssa and CYP 450 enzymes have not been evaluated.  However, limited published data indicate that somatostatin analogs may decrease the metabolic clearance of compounds known to be metabolized by cytochrome P450 enzymes, which may be due to the suppression of GH.   Thus, increased exposure of concomitant drugs metabolized by CYP3A4 may be possible.  

	4.3 Safety Pharmacology 
	4.3 Safety Pharmacology 
	The sponsor conducted 5 pharmacology studies examining the effects of the TPE system on gastrointestinal permeability.  Although the sponsor labeled these as safety pharmacology studies, they are considered to be molecular mechanism and absorption studies; thus, they are discussed under primary pharmacology and PK/ADME sections of this review. 
	Dedicated respiratory, cardiovascular and neurological safety pharmacology studies were not conducted for Mycapssa.  However, the safety pharmacology of the active component, octreotide, has been fully characterized.  Furthermore, there is extensive clinical experience with octreotide.  As described in the LD label, incidences of bradycardia, conduction abnormalities, and arrhythmias have occurred in acromegaly patients treated with octreotide.  Other ECG changes observed include QT prolongation, axis shift


	5 Pharmacokinetics/ADME/Toxicokinetics 
	5 Pharmacokinetics/ADME/Toxicokinetics 
	5.1 PK/ADME 
	5.1 PK/ADME 
	The pharmacokinetics (PK) of octreotide is linear and increases dose-proportionally in non-clinical species and in humans.  With the 
	Figure
	Figure
	Figure

	% Acryl-EZE 
	used in Mycapssa, Tmax was achieved in monkeys approximately 3 hours after oral administration. The half-life of orally administered enteric-coated Mycapssa capsules is approximately 45 minutes in monkeys, which is 15 times longer than the 2 to 3 minute half-life of somatostatin, but less than the 1.7 to 1.9 hour half-life of the SC injectable octreotide formulation.  
	Nonclinical PK studies were conducted by the sponsor following different routes of administration in rats, pig and monkeys. 
	In rats, 12-day repeat administration of the octreotide-TPE formulation did not result in any changes in the octreotide PK profile; however, plasma levels were >50-fold higher after direct intestinal administration compared to oral administration.  Systemic exposures to octreotide increased linearly with intrajejunal doses of the TPE formulation, but reached maximal absorption at 50 mg/g (50,000 mg/kg), of which an equivalent dose is not likely to be achieved clinically.  Octreotide absorption along the gas
	absorption in the duodenum-jejunum and the least amount in the ileum-colon. Overall absorption in rats ranged from 3.5% to 10.3% after jejunal administration of the TPE formulation.  Studies in rats also demonstrated that levels of liver exposure to octreotide were similar for both oral and SC administration, suggesting that 
	increased liver toxicity from active drug exposure is not anticipated with the oral octreotide-TPE formulation.  
	In pigs, lower systemic levels of octreotide were observed after oral administration of gelatin capsules compared to SC administration.  Nevertheless, bioavailability of up to 5.8% was achieved with jejunal intubation of 
	Figure

	TPE formulations. 
	Administration of enteric-coated octreotide-TPE capsules in monkeys resulted in octreotide exposures that increased linearly with increasing doses and oral bioavailability ranging from ~1.5% to 2.4%.  The greatest bioavailability was reported with use of a 
	Figure
	Figure
	Figure

	% Acryl-EZE 
	which is also used in the final Mycapssa drug product.  Cmax, Tmax and half-life PK parameters were unaffected by formulations. 
	Although the comparison of octreotide absorption under fed and fasted conditions were not determined in animals, clinical studies indicate that administration of Mycapssa (Lot #OT-3-120710-1) with a high-fat/high-calorie meal leads to an approximately 90% decrease in absorption. 
	The distribution of systemically absorbed octreotide is likely to be similar to the LD.  Relatively quick elimination from most organs is anticipated with exposures declining to less than 20% of maximal within 4 hours of absorption.  Slower elimination rates are expected for the pituitary, pancreas and thyroid target organs.  The highest levels of systemic octreotide exposures are expected in the kidney and liver.   Octreotide protein binding is 65%, in which octreotide is primarily bound to lipoprotein and
	The formulation used in Mycapssa does not result in a chemical or physical change in the active component octreotide.  Thus, the metabolism and excretion of octreotide is considered to be identical to that of the LD, which has been previously characterized. Hence, the active moiety in Mycapssa is expected to be predominantly excreted via the urine, with 32% being eliminated as unchanged octreotide.  Thus, prolonged exposure 
	The formulation used in Mycapssa does not result in a chemical or physical change in the active component octreotide.  Thus, the metabolism and excretion of octreotide is considered to be identical to that of the LD, which has been previously characterized. Hence, the active moiety in Mycapssa is expected to be predominantly excreted via the urine, with 32% being eliminated as unchanged octreotide.  Thus, prolonged exposure 
	is anticipated in subjects with renal impairment, the elderly, and with hepatic function impairment. 

	Study title: Quantitation of Octreotide in Monkey Plasma via HPLC with MS/MS Detection 
	Sponsor’s study #LCMSC 296.1 
	Key Study Findings 
	 A high performance liquid chromatography with tandem mass spectrometry 
	(HPLC-MS/MS) method was validated for quantitation of octreotide in 200 l of 
	monkey plasma between concentrations of 0.084 and 25.0 ng/mL 
	 Octreotide plasma samples were stable up to 25 hours at room temperature or 
	up to 218 days at -70 °C 
	 Octreotide binds to container walls in the absence of matrix-related components 
	Methods 
	For validation of bioanalytical method “LCMSC 296.1”, reproducibility, precision, accuracy, stability, carryover, and recovery of the octreotide analyte were assessed using monkey plasma samples. 
	Monkey plasma aliquots of 200 l were diluted with phosphate buffer containing internal standard and octreotide concentrations, and were quantified by HPLC-MS/MS.  Eight calibration standards from 0.100 to 25.0 ng/mL were used to evaluate linearity. Precision and accuracy were determined using quality control pools at the lower limit of quantitation, 2.5 times the lower limit, the approximate midpoint of the calibration range, and 80% of the upper limit of quantitation.  Intra-assay and inter-assay precisio
	Results 
	The lower limit of quantitation for octreotide was 0.084 ng/mL.  In monkey plasma specificity samples, no significant chromatographic peaks were detected at mass 
	The lower limit of quantitation for octreotide was 0.084 ng/mL.  In monkey plasma specificity samples, no significant chromatographic peaks were detected at mass 
	transitions or expected retention times of the analyte or its internal standard that would interfere with quantitation.  There were no significant matrix suppression effects that could compromise sensitivity or accuracy of the assay.  There were no indications of carryover from high-concentration samples into the next run. 

	Extraction recovery analyses indicated that octreotide adsorbs to container walls in the absence of matrix-related components, most likely because it is a very hydrophobic peptide. 
	Octreotide was stable when stored at room temperature up to 25 hours and at -70 °C for up to 218 days. 
	Overall, quantitation of octreotide using bioanalytical method “LCMSC 296.1” was validated in 200 L Cynomolgus monkey plasma samples in the concentration range of 
	0.084 to 25.0 ng/mL, containing tripotassium EDTA in the absence or presence of 5 % .aprotinin.. .. 
	Study title: Pharmacokinetic Analysis of Octreotide after Intrajejunal Administration to Rats (15-66 mg/g) 
	Sponsor’s study #75-30-17 
	Key Study Findings 
	 Linear increases in exposure with intrajejunal doses of the octreotide-TPE .formulation up to 50 mg/g.  Maximal absorption at 50 mg/g (50,000 mg/kg). 
	Methods 
	Cannulated rats were used to determine the effect of high levels of octreotide (15 to 66 
	administered 15, 33, 50, and 66 mg CH-906-4 via cannula 
	minutes post-dose.  Octreotide plasma concentrations were measured using a validated HPLC-MS/MS method. 
	mg/g) on TPE-mediated absorption kinetics.  Cannulated SD rats (10/group) were at their proximal jejunum.  Blood samples were collected at 3, 6, 10, 25, 60, and 90 
	Figure

	Sponsor's Figure 2: Octreotide TPE Formulation PK – Intrajejunal Rat 
	Sponsor's Figure 2: Octreotide TPE Formulation PK – Intrajejunal Rat 
	Figure
	Sponsor's Table 6: Octreotide TPE Formulation PK – Intrajejunal Rat 
	Figure
	(Table & Figure excerpted from Sponsor’s package) 
	Study title: Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in Cynomolgus Monkeys after a Single Oral or Subcutaneous Dose 
	Sponsor’s study #1300-003 
	Key Study Findings 
	. The CH-906-1 formulation, which is similar to the Mycapssa formulation, is likely to improve absorption efficiency 
	o. CH-906-1 bioavailability = 1.5% 
	o. CH-906-1 bioavailability = 1.5% 
	o. CH-906-1 bioavailability = 1.5% 

	o. The bioavailability of the CH-811-1 formulation could not be determined 
	o. The bioavailability of the CH-811-1 formulation could not be determined 


	Method 
	Five male Cynomolgus monkeys were administered octreotide acetate (80 g/kg) via SC injection or oral Octreolin (0.5, 0.5, 5, or 8 mg) capsules in a cross-over design (Sponsor's Table 7).formulation, CH-811-1, and were prepared the same.  Oral dose group 5 was prepared with a different 
	  Oral dose groups 1, 3 and 4 were of the same “ 
	Figure
	Figure
	Figure

	formulation, CH-906-1, containing 
	(Sponsor's Table 8).  After SC injection and administration of oral dose groups 1, 3 and 4, blood samples were collected prior to dosing and at 15, 30, 45, 60, 80, 100, 140, 180, and 240 post-dose.  After the oral dosing of group 5, blood samples were collected prior to dosing and at 45, 90, 135, 180, 225, 270, 315, 360, 405, 465, 525, and 585 minutes post-dose.  Octreotide plasma concentrations were measured using HPLCMS/MS. 
	Sponsor's Table 7: Study #1300-003 Design 
	Figure
	(Table excerpted from Sponsor’s package) 
	Figure
	baseline by 240 hours (Sponsor's Table 10); therefore, the bioavailability of octreotide could not be accurately calculated.  However, since exposures were determined up to 585 minutes post-dose for dose group 5, the bioavailability of Octreotide could be assessed and was determined to be 1.5% after oral administration.  The Cmax exposure of the 5 mg CH-906-1 (group 5) formulation was 50% higher than that of the 8 mg CH811-1 (group 1) oral dose, indicating that the CH-906-1 formulation was likely to be mor
	Sponsor's Table 9: SC Dose Group 2 PK 
	Figure
	(Table excerpted from Sponsor’s package) 
	Sponsor's Figure 3: SC Dose Group 2 PK 
	Figure
	(Figure excerpted from Sponsor’s package) 
	Figure
	Sponsor's Figure 4: Oral Dose Groups 1, 3, 4 & 5 PK 
	Figure
	(Figures excerpted from Sponsor’s package) 
	Study title: Amendment to the Final Report – A Pharmacokinetic Study of Octreotide in Cynomolgus Monkeys after Single or Multiple Oral Doses 
	Sponsor’s study #1300-005 
	Key Study Findings 
	 Octreotide capsule exposures and bioavailability were higher with the 
	Figure
	Figure
	Figure

	% 
	Figure

	% 
	and % 
	enteric coatings were comparable  PK profiles of % and 
	Figure

	enteric coatings with and 
	-enteric coating compared to %  PK profiles of 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure

	% enteric coatings were comparable 
	 
	did not significantly alter octreotide PK 
	parameters  Pentagastrin administration did not alter octreotide PK parameters  Enteric coatings did not alter Cmax, Tmax or half-life PK parameters of octreotide 
	Methods 
	Eight non-naïve cynomolgus monkeys (2 males and 2 females per group, 2 groups per treatment) were administered 1 or 2 capsules of 9.75 mg octreotide acetate with 6 different coatings via oral gavage.  Prior to dosing in the morning, animals were fasted for 10 hours.  Animals in group 3 received 2 capsules with coating 1 at the same time in 
	Eight non-naïve cynomolgus monkeys (2 males and 2 females per group, 2 groups per treatment) were administered 1 or 2 capsules of 9.75 mg octreotide acetate with 6 different coatings via oral gavage.  Prior to dosing in the morning, animals were fasted for 10 hours.  Animals in group 3 received 2 capsules with coating 1 at the same time in 
	the morning.  Animals in group 8 received 2 doses with coating 1 administered 6 hours apart and were fasted 4 hours prior to the 2dose. At approximately 30 minutes prior to dosing, animals in group 4, 9 and 10 were pretreated with a single SC injection of 
	nd 


	0.15 mg/mL pentagastrin (15 g/kg) prior to being dosed with 1 capsule with coating 1.  Blood samples were collected according to the table below.  Detailed clinical examinations were performed at pretest and 1 hour post-dosing. 
	Sponsor's Table 11: Study #1300-005 Design 
	Figure
	(Table excerpted from the Sponsor’s package) 
	Results 
	White, frothy vomitus was observed in 1 animal at 1 hour post-dose on Day 1.  There were no other drug-related clinical signs or reoccurrences of vomitus. 
	Given the small number of animals and the large inter-animal and inter-group variability, it is difficult to come to concrete conclusions.  Nevertheless, there was an apparent, yet 
	not statistically significant, increase in octreotide absorption with capsules 
	Figure

	with an approximate 2-fold increase in bioavailability.  
	Figure
	Figure
	5.2 Toxicokinetics 
	The toxicokinetics (TK) of enteric coated octreotide-TPE capsules were evaluated in monkeys and humans, but could not be evaluated in rats and pigs. 
	After repeat administration, steady-state AUC and Cmax exposures were similar between monkeys and humans that were administered daily doses of Mycapssa capsules consisting of the octreotide-TPE formulation with an 
	Figure

	 enteric coating.   However, it is noted that Tmax increased from 1 hour to 3-4 hours in monkeys after repeat dosing.  The increase in Tmax in monkeys is indicative of slower absorption after repeat dosing. 
	Table 4: Steady State TK & PK Parameters of the Final Mycapssa Formulation in Monkeys and Humans 
	Species 
	Species 
	Species 
	Dose 
	AUC(0-t)(h∙ng/mL) 
	Cmax (ng/mL) 
	Tmax (hours) 
	T1/2(hours)

	mg 
	mg 
	Dose (mg/kg) 
	HED 

	Monkey 
	Monkey 
	20 mg (Study 1300015) 
	3 - 5 
	1.6 - 1.8 
	15.5 - 18.6 
	3 - 4.14 
	3 - 4* 
	ND 

	Human 
	Human 
	40 mg (20 mg BID) 
	0.7 
	0.7 
	8.41 
	2.51 
	1.5 
	3.5 

	(Study CH-ACM-01) 
	(Study CH-ACM-01) 
	60 mg (40 mg + 20 mg) 
	1 
	1 
	14.7 
	3.83 
	1.4 
	3.2 

	80 mg (40 mg BID) 
	80 mg (40 mg BID) 
	1.3 
	1.3 
	19.6 
	5.30 
	1.0 
	4.5 


	* max = 1 hour 
	Day 1 T

	Sponsor's Table 15: TK & PK Parameters in Monkeys – Study 1300-015 
	Figure
	(Table excerpted from Sponsor’s package) 
	Sponsor's Table 16: TK & PK Parameters in Humans - Study CH-ACM-01 
	Figure
	(Table excerpted from Sponsor’s package) 
	6 General Toxicology 
	To evaluate the potential toxicity and TK of Mycapssa, the sponsor conducted 4 GLP-compliant toxicology studies in cynomolgus monkeys with oral octreotide capsules including a 28-day study, a 13-week study, a chronic 9-month study, and a 28-day bridging study. 
	In the 28-day repeat-dose toxicity study (#1300-002), monkeys received daily administration of 9.75 or 19.5 mg octreotide-TPE, the TPE system alone, or olive oil vehicle control.  Histopathology evaluations were originally limited to high dose animals, but were subsequently conducted on all treatment groups, except for TPE alone.  Infiltration of lymphocytes in the kidney and minimal inflammation in the liver was observed in the 19.5 mg treatment group; however, since there were no indications of kidney or 
	Figure
	Figure

	mg per capsule compared to the clinical formulation of mg/capsule. Although histopathology was not evaluated for the TPE system alone group, there were no significant clinical signs of toxicity.  Thus, the higher level of excipients alone was not fully characterized in this study.  Nevertheless, the higher level of Acryl-EZE is not likely to significantly increase toxicity and was evaluated in the 28day bridging study. 
	In the 3-month study (#1300-007), monkeys were dosed once a day for 13 weeks with 20 mg/day of Octreolin (enteric-coated oral octreotide-TPE capsule), 0.1 mg/day of the LD (SC Sandostatin injection, positive control) and olive oil (oral capsule, vehicle negative control).  Increases in uterus with cervix organ weights in females and decreases in mandibular salivary gland organ weights in both sexes were reported with test article administration; however, the organ weights remained within the normal biologic
	The 9-month monkey study (#1300-009) was conducted to provide chronic exposure data for the octreotide-TPE formulation and for the excipients sodium caprylate and glyceryl tricaprylate.  Animals received daily oral administration of 20 mg octreotide-TPE enteric coated capsules, wherein all excipients, except for Acryl-EZE, were tested at higher levels compared to the levels of excipients in the final drug product.  Acryl-EZE % lower level than the final drug product formulation.  Gelatin encapsulated olive 
	was evaluated at a 

	A 28-day GLP-compliant bridging study (#1300-015) was conducted in monkeys with the final Mycapssa drug product formulation containing stress-induced elevated levels of octreotide-related impurities and degradation products.  The intention of this study was to qualify the stress-induced impurities.  The bridging study is reviewed below. 
	Study title: Octreotide Capsules: A 28-Day Oral (Capsule) Toxicity Study in Cynomolgus Monkeys 
	Sponsor’s study #1300-015 
	Study no.: 
	Study no.: 
	Study no.: 
	1300-015 

	Study report location: 
	Study report location: 
	eDr, SDN #1, 6/15/2015 9/24/2014 

	Conducting laboratory and location: 
	Conducting laboratory and location: 

	Date of study initiation: 
	Date of study initiation: 

	GLP compliance: 
	GLP compliance: 
	Yes 

	QA statement: 
	QA statement: 
	Yes 

	Drug, lot #, and % purity: 
	Drug, lot #, and % purity: 
	Oral Octreotide Acetate (Octreolin) 20 mg, Batch #3165K12A, 95.4% purity, stored under stress conditions (7 months at 25°C/60%RH followed  by 12 months at 2 to 8°C) 


	Key Study Findings 
	. NOAEL = 20 mg/animal/day 
	o Safety margins of 1x MRHDBSA, 1x MRHDAUC and 1x MRHDCmax  Potentially drug-related, yet non-adverse, decreased heart rate in 50% of males 
	o Safety margins of 1x MRHDBSA, 1x MRHDAUC and 1x MRHDCmax  Potentially drug-related, yet non-adverse, decreased heart rate in 50% of males 
	o Safety margins of 1x MRHDBSA, 1x MRHDAUC and 1x MRHDCmax  Potentially drug-related, yet non-adverse, decreased heart rate in 50% of males 

	o Consistent with clinical experience with octreotide acetate  No new drug-related toxicities were identified  Despite significant variability, overall PK and TK are comparable to data from the 
	o Consistent with clinical experience with octreotide acetate  No new drug-related toxicities were identified  Despite significant variability, overall PK and TK are comparable to data from the 


	previous formulation used in the pivotal 9-month monkey toxicology study 
	. The drug formulation used in this study is an acceptable representation of. anticipated impurities and degradation products in the proposed marketed .formulation. 
	. This study sufficiently bridges the new formulation to the pivotal 9-month monkey toxicology study 
	Sponsor's Table 17: Study Design 
	Figure
	Methods 
	Doses: 
	Doses: 
	Doses: 
	20 mg/day 

	Frequency of dosing: 
	Frequency of dosing: 
	Once daily for 28 consecutive days 

	Route of administration: 
	Route of administration: 
	Oral 

	Dose volume: 
	Dose volume: 
	1 capsule 

	Formulation: 
	Formulation: 
	20 mg octreotide acetate enteric-coated capsules containing TPE 

	Vehicle: 
	Vehicle: 
	Olive oil in enteric-coated capsules 

	Species/Strain: 
	Species/Strain: 
	Cynomolgus monkey / Macaca fascicularis 

	Number/Sex/Group: 
	Number/Sex/Group: 
	4/sex/group 

	Age: 
	Age: 
	4 years and 8 months to 7 years of age 

	Weight: 
	Weight: 
	Males ranged in weight from 4.77 to 7.19 kg.  Females ranged in weight from 3.89 to 5.02 kg. 

	Satellite groups: 
	Satellite groups: 
	None 

	Unique study design: 
	Unique study design: 
	 Animals were fasted 8-10 hours prior to dosing and fed 2 hours (±1 hour) after dosing  Mycapssa capsules were treated under stress conditions (7 months at 25°C/60% RH followed by 12 month at 2 to 8°C) to enrich for  octreotide-related impurities. 

	Deviation from study protocol: 
	Deviation from study protocol: 
	Animals were fasted approximately 12 hours prior to dosing on Day 1. Deviations from the study protocol did not affect the integrity of the study data. 

	Clinical Findings: 
	Clinical Findings: 
	Cageside observations for morbidity, mortality, and injury were conducted twice daily.  Detailed examinations were conducted once weekly and included evaluation of skin, fur, eyes, ears, nose, oral cavity, thorax, abdomen, external genitalia, limbs and feet, respiratory and circulatory effects, salivation, tremors, convulsions, reactivity to handling, and unusual behavior. 

	Body weights: 
	Body weights: 
	Animals were weighed the day before dosing and once weekly thereafter. 

	Food consumption: 
	Food consumption: 
	Qualitative observations of food consumption were conducted twice daily. 

	Ophthalmoscopy: 
	Ophthalmoscopy: 
	Animals were examined once prior to dosing and again prior to scheduled necropsy. 

	Electrocardiogram: 
	Electrocardiogram: 
	QRS duration and RR, PR, and QT intervals were measured prior to the dosing phase and predose and 1-2 hours postdose on Day1 and during the last week of dosing. 

	Hematology: 
	Hematology: 
	Overnight fasted blood samples were collected from all animals prior to the dosing phase and terminal necropsy.  Parameters evaluated included leukocyte counts, erythrocyte counts, hemoglobin, hematocrit, mean corpuscular hemoglobin, mean corpuscular volume, calculated mean corpuscular hemoglobin concentration, absolute reticulocytes, and platelet counts.   Evaluated coagulation parameters included prothrombin time, 


	Table
	TR
	activated partial thromboplastin time, and fibrinogen.  Blood smears were also prepared and stained for potential evaluation. 

	Clinical chemistry: 
	Clinical chemistry: 
	Overnight fasted blood samples were collected from all animals prior to the dosing phase and terminal necropsy.  Parameters evaluated included cardiac troponin, alkaline phosphatase, total bilirubin, aspartate aminotransferase, alanine aminotransferase, gamma glutamyl transferase, urea nitrogen, creatinine, total protein, albumin, globulin and A/G (albumin/globulin) ratio, glucose, total cholesterol, triglycerides, electrolytes (sodium, potassium, and chloride), calcium, and phosphorus. 

	Urinalysis: 
	Urinalysis: 
	Urine was collected from all animals using steel pans under the cages for at least 16 hours.  Parameters evaluated included volume, color, appearance, specific gravity, pH, protein, glucose, bilirubin, ketones, blood, urobilinogen, and microscopy of centrifuged sediment. 

	Gross pathology: 
	Gross pathology: 
	At necropsy on Day 29, all animals were examined for external and body cavity (abdominal, thoracic, and cranial) abnormalities, as well as palpable masses. 

	Organ weights: 
	Organ weights: 
	Absolute organ weights and weight ratios relative to body and brain weights were determined for all animals at necropsy on Day 29.  Organs evaluated included adrenal glands, brain, epididymides, heart, kidneys, liver, ovaries, pituitary gland, prostate gland, spleen, testes, thymus, thyroid and parathyroid gland, and the uterus with the cervix.  Paired organs were weighed together.  Thyroid and parathyroid glands were weighed together. 

	Histopathology: 
	Histopathology: 
	Tissues were harvested at necropsy on Day 29. Eyes, optic nerves, and testes were fixed using a modified Davidson’s fixative, followed by formalin.  All other tissues were fixed in neutral buffered formalin.  Fixed tissues from all animals were embedded in paraffin, sectioned, and stained with hematoxylin and eosin for microscopic evaluation. 

	Adequate Battery:  yes ( X ), no ( ) 
	Adequate Battery:  yes ( X ), no ( ) 
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	(Table excerpted from sponsor’s protocol) 

	Peer review:   yes ( ), no ( X ) 
	Peer review:   yes ( ), no ( X ) 

	Toxicokinetics: 
	Toxicokinetics: 
	Non-fasted blood samples were collected from all animals on Day 1 and Day 28 at 0 (predose), 1, 2, 4, and 8 hours postdose. Octreotide concentrations were determined in all drug-treated samples and 1 hour post-dosing of control samples using a validated HPLC-MS/MS method. 


	Observations and Results Clinical Signs 
	There were no abnormal treatment-related clinical signs. 
	Figure
	Figure
	Hematology 
	There were no biologically significant or treatment-related effects. 
	A statistically significant decrease in lymphocytes (↓35%) was observed in females treated with Mycapssa capsules compared to concurrent controls.  However, a similar 28% decrease was present prior to dosing and values are within the normal biological range. Thus, despite the statistical significance, the reported decrease in lymphocytes is not considered to be drug-related. 
	Clinical Chemistry 
	There were no biologically significant or treatment-related effects. 
	A small, but statistically significant, decrease in male albumin/globulin (A/G) ratio (↓14%) was reported in males after drug treatment compared to concurrent control mean values.  However, the A/G ratio values were similar to values prior to dosing and were within the normal biological range.  Thus, the difference in A/G ratio was not considered to be biologically significant or treatment-related. 
	Compared to concurrent control mean values, statistically significant increases in female alkaline phosphatase (↑35-41%), gamma glutamyl transferase (↑56-62%) and aspartate aminotransferase (↑76%) values were present prior to dosing and were not treatment-related. Similarly, statistically significant decreases in female triglyceride levels (↓30-38%) compared to concurrent control mean values were also present prior to dosing and were not treatment-related. 
	Urinalysis 
	There were no treatment-related effects. 
	Gross Pathology 
	There were no treatment-related effects. 
	Organ Weights 
	There were no statistically significant changes in organ weights of drug-treated animals. 
	Histopathology 
	There were no biologically significant or treatment-related effects. 
	An increase in the incidence rate of minimal mononuclear cell infiltration of the kidneys was reported in 50% of males (2/4) and 100% of females (4/4) with drug treatment compared to no findings in concurrent control males and an incidence rate of 50% (2/4) in concurrent control females.  However, 
	Figure

	 historical control data demonstrate that lymphocytic infiltrates are frequently and incidentally observed in up to 75% of cynomolgus monkeys.  Furthermore, published studies have demonstrated that background renal lymphocytic infiltration rates can be as high as 100% in Cynomolgus monkeys (Chamanza et al., 2010).  Thus, the reported renal lymphocytic infiltration 
	 historical control data demonstrate that lymphocytic infiltrates are frequently and incidentally observed in up to 75% of cynomolgus monkeys.  Furthermore, published studies have demonstrated that background renal lymphocytic infiltration rates can be as high as 100% in Cynomolgus monkeys (Chamanza et al., 2010).  Thus, the reported renal lymphocytic infiltration 
	incidence rates in drug-treated animals are considered to be within the range of normal background findings and are not likely to be treatment-related. 

	Urinary bladder findings in males and females are considered to be incidental findings within the normal biological range. 
	Sponsor's Table 19: Microscopic Urinary Tract Findings 
	Figure
	(Tables excerpted from sponsor’s package) 
	Toxicokinetics 
	AUC and Cmax exposures were 4 to 10-fold lower on Day 28 compared to Day 1; however, the exposures were also associated with significant variability.  Despite the high variability and reduction in exposures on Day 28, overall drug exposures are comparable to those achieved in the pivotal 9-month monkey toxicology study #1300
	009. An apparent trend for a gender effect with increased exposures in males was reflected in the mean data on both Day 1 and Day 28, but is considered to be confounded by the large variability, particularly in males. Tmax was achieved by 1 hour after dosing on Day 1, but was delayed to 3-4 hours post-dose on Day 28.  In previous toxicology studies with administration of Mycapssa capsules, Tmax ranged from 0.5 to 3 hours. Thus, overall pharmacokinetics is considered to be similar to the previous capsule for
	Figure
	Figure
	Figure
	Figure
	Figure
	coupled with findings from the 9-month toxicity study and available data for human use of sodium caprylate and glyceryl tricaprylate, a waiver for the conduct carcinogenicity studies was granted for Mycapssa. 
	No carcinogenic potential was demonstrated in mice treated subcutaneously with octreotide for 85 to 99 weeks at doses up to 2000 g/kg/day, which was equivalent to 8x MRHDBSA for the LD, but which is roughly 10-fold lower than the Mycapssa oral dose based strictly on body surface area (0.12x MRHDBSA for Mycapssa). 
	In a 116-week subcutaneous study in rats administered octreotide, a 27% and 12% incidence of injection site sarcomas or squamous cell carcinomas was observed in males and females, respectively, at the highest dose level of 1250 g/kg/day (10x MRHDBSA for LD, 0.15x MRHDBSA for Mycapssa) compared to an incidence of 8%-10% in the vehicle-control groups. The increased incidence of injection site tumors was most probably caused by irritation and the high sensitivity of the rat to repeated subcutaneous injections
	9 Reproductive and Developmental Toxicology 
	The sponsor did not conduct any reproductive and developmental toxicology studies. Nevertheless, nonclinical reproductive and developmental toxicology studies conducted in vitro and in vivo with octreotide acetate have been described in the label for the LD Sandostatin. 
	As described in the LD label, octreotide did not impair fertility in rats at doses up to 1000 g/kg/day, which represents 7x the human exposure based on body surface area of subcutaneously injected octreotide acetate (7x MRHDBSA for LD), but which is roughly 10-fold lower than the Mycapssa oral dose of 80 mg/day based on body surface area alone (0.12x MRHDBSA for Mycapssa).  Since animal studies with octreotide have failed to reveal evidence of fetotoxicity or teratogenicity, octreotide has been listed as a
	According to the LD label, reproduction studies have been performed in rats and rabbits at doses up to 16x MRHDBSA for the LD and revealed no evidence of harm to the fetus due to octreotide. However, because animal reproduction studies are not always predictive of human response, this drug should be used during pregnancy only if clearly needed. 
	Although there is no controlled data for exposure to octreotide during human pregnancy, postmarketing data indicate that a limited number of exposed pregnancies have been 
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	  The active ingredient, octreotide, is poorly absorbed from the gut, resulting in the use of 
	subcutaneous, intramuscular, and intravenous injection drug delivery systems for prior Octreotide formulations.  The sponsor has developed a new formulation of octreotide acetate for oral delivery containing TPE, which increases intestinal absorbance via inducing a transient opening of the tight junctions between cells to increase bioavailability through paracellular transit across the gastrointestinal wall. 
	For the safety of the octreotide, the sponsor is relying on previous findings of safety for the LD, Sandostatin Injection that was approved under NDA #019667 and included a comprehensive nonclinical safety evaluation including acute, subchronic, chronic toxicity, and carcinogenicity studies, as well as reproduction and mutagenicity studies in mice, rats, rabbits, dogs, and monkeys.  Nonclinical studies conducted by Chiasma under this NDA application focus on the characterization and development of the TPE f
	The 28-day bridging study evaluated the Mycapssa final drug product (lot #3165K12A) formulation stored under stress conditions.  Lot #3165K12A was one of 17 lots administered to acromegaly patients in the pivotal Phase 3 study #CH-ACM-01, wherein patients received Mycapssa for 7 months and an optional additional 6 months. Overall, lot #3165K12A is considered to be a reasonable representation of the Mycapssa commercial drug product.  The 28-day bridging study NOAEL was equivalent to clinical exposures and th
	≤

	The sponsor’s identification and qualification of degradation products and impurities are in accordance with the Guidance for Industry Q3A Impurities in New Drug Substances.  Seven degradants above the identification threshold were identified and further evaluated using 2 independent and complementary QSAR methodologies that were knowledge based or statistically based, which is in accordance with the Guidance for Industry M7 Assessment and Control of DNA Reactive (Mutagenic) Impurities in 
	The sponsor’s identification and qualification of degradation products and impurities are in accordance with the Guidance for Industry Q3A Impurities in New Drug Substances.  Seven degradants above the identification threshold were identified and further evaluated using 2 independent and complementary QSAR methodologies that were knowledge based or statistically based, which is in accordance with the Guidance for Industry M7 Assessment and Control of DNA Reactive (Mutagenic) Impurities in 
	Pharmaceuticals to Limit Potential Carcinogenic Risk.  All 7 of the assessed degradation products were found to be negative for genotoxic potential.  

	All 4 novel excipients, as well as the 1 excipient above the current IIG maximum, of the TPE formulation were qualified in the sponsor’s GLP toxicology studies in monkeys. In the 9-month toxicology study, all excipients, except for Acryl-EZE, were assessed at clinically relevant or higher levels and are considered to be qualified.  The percentage of Acryl-EZE 
	Figure

	used in the 28-day bridging monkey study was identical to the clinical formulation, and the Acryl-EZE dose in monkeys was considered to be equivalent to the clinical dose of Acryl-EZE in 4 capsules.  Thus, the amount of Acryl-EZE in the final drug product formulation was considered to be qualified in the monkey bridging study.  Together, all excipients were qualified in the monkey toxicology studies and the nonclinical data support long-term oral administration of the TPE formulation. 
	The overall weight of evidence indicates that the excipients and potential impurities and degradation products in Mycapssa are unlikely to present any potential risk for genotoxicity, mutagenicity, or carcinogenicity.  Furthermore, the sponsor’s characterization of the drug product excipients, impurities and degradation products are considered to be sufficient and hazard assessment of the TPE formulation and Mycapssa impurities/degradation products are considered to be complete. 
	In summary, the nonclinical toxicological profile of Mycapssa is comparable to that of the LD Sandostatin.  Furthermore, the nonclinical data indicate that there is not a significant safety concern for the new excipients of the TPE formulation or for Mycapssa’s anticipated impurities or degradation products.  Therefore, the nonclinical data are sufficient to support approval of the proposed dose of Mycapssa in acromegaly patients. 
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