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1 INTRODUCTION 
On March 7, 2019, Novartis Pharmaceuticals Corporation submitted for the 
Agency’s review a New Drug Application (NDA) 212801 for ISTURISA 
(osilodrostat) film coated tablets, for oral use. This NDA is proposing an indication  
for the treatment of patients with Cushing’s disease. 
This collaborative review is written by the Division of Medical Policy Programs 
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a 
request by the Division of Metabolism and Endocrinology Products (DMEP) on 
February 14, 2020, for DMPP and OPDP to review the Applicant’s proposed Patient 
Package Insert (PPI) for ISTURISA (osilodrostat) film coated tablets, for oral use.   

2	 MATERIAL REVIEWED 

•	 Draft ISTURISA (osilodrostat) PPI received on March 7, 2019, revised by the 
Review Division throughout the review cycle, and received by DMPP and OPDP 
on February 21, 2020. 

•	 Draft ISTURISA (osilodrostat) Prescribing Information (PI) received on March 7, 
2019, revised by the Review Division throughout the review cycle, and received 
by DMPP and OPDP on February 21, 2020. 

3	 REVIEW METHODS 
To enhance patient comprehension, materials should be written at a 6th to 8th grade 
reading level, and have a reading ease score of at least 60%. A reading ease score of 
60% corresponds to an 8th grade reading level. 
Additionally, in 2008 the American Society of Consultant Pharmacists Foundation 
(ASCP) in collaboration with the American Foundation for the Blind (AFB) 
published Guidelines for Prescription Labeling and Consumer Medication 
Information for People with Vision Loss. The ASCP and AFB recommended using 
fonts such as Verdana, Arial or APHont to make medical information more 
accessible for patients with vision loss. We reformatted the PPI document using the 
Arial font, size 10. 
In our collaborative review of the PPI we: 

•	 simplified wording and clarified concepts where possible 

•	 ensured that the PPI is consistent with the Prescribing Information (PI) 

•	 removed unnecessary or redundant information 

•	 ensured that the PPI is free of promotional language or suggested revisions to 
ensure that it is free of promotional language 

•	 ensured that the PPI meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006) 
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4 CONCLUSIONS 
The PPI is acceptable with our recommended changes. 

5 RECOMMENDATIONS 

•	 Please send these comments to the Applicant and copy DMPP and OPDP on the 
correspondence. 

•	 Our collaborative review of the PPI is appended to this memorandum.  Consult 
DMPP and OPDP regarding any additional revisions made to the PI to determine 
if corresponding revisions need to be made to the PPI.  

 Please let us know if you have any questions. 
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FOOD AND DRUG ADMINISTRATION 
Center for Drug Evaluation and Research
Office of Prescription Drug Promotion 

****Pre-decisional Agency Information**** 

Memorandum 
Date: February 28, 2020 

To: Diala El-Maouche, M.D., Medical Officer 
Division of Metabolism and Endocrinology Products (DMEP) 

Jennifer Johnson, Project Manager, (DMEP) 

Monika Houstoun, Associate Director for Labeling, (DMEP) 

From: Charuni Shah, Regulatory Review Officer 
Office of Prescription Drug Promotion (OPDP) 

Through: Melinda McLawhorn, Team Leader, OPDP 

Subject: OPDP Labeling Comments for ISTURISA® (osilodrostat) film-coated 
tablets, for oral use 

NDA: 212801 

In response to DMEP’s consult request dated January 14, 2020, OPDP has reviewed the 
proposed product labeling (PI), and Patient Package Insert (PPI) for ISTURISA® (osilodrostat) 
film-coated tablets, for oral use. This is a New Drug Application. 

PI, IFU: OPDP’s comments on the proposed PI are based on the draft materials sent by DMEP 
on February 27, 2020 and are provided below. 

Please note that comments on the PPI will be provided under separate cover as a 
collaborative review between OPDP and the Division of Medical Policy Program (DMPP). 

Thank you for your consult.  If you have any questions, please contact Charuni Shah at (240) 
402-4997 or charuni.shah@fda.hhs.gov. 

1 

Reference ID: 4568040 

20 Page(s) of Draft Labeling have been Withheld in Full as b4 (CCI/TS) 
immediately following this page

mailto:charuni.shah@fda.hhs.gov


--------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------

------------------------------------------------------------

Signature Page 1 of 1 

This is a representation of an electronic record that was signed 
electronically. Following this are manifestations of any and all 
electronic signatures for this electronic record. 

/s/ 

CHARUNI P SHAH 
02/28/2020 10:54:45 AM 

Reference ID: 4568040 



 

 

 

 

 

 

DEPARTMENT OF HEALTH & HUMAN SERVICES       Public Health Service 
8 

Division of Pediatric and Maternal Health 
Office of New Drugs 

Center for Drug Evaluation and Research 
Food and Drug Administration 

Silver Spring, MD 20993 
Tel   301-796-2200 

FAX 301-796-9744 

Division of Pediatric and Maternal Health Memorandum 

Date: February 21, 2020 Date Consulted: January 2, 2020 

From: Kristie Baisden, DO, Medical Officer, Maternal Health 
Division of Pediatric and Maternal Health (DPMH) 

Through: Tamara Johnson, MD, MS, Team Leader, Maternal Health, DPMH 

Lynne Yao, MD, Director, DPMH 

To: Jennifer Johnson, Regulatory Project Manager (RPM) 
Division of Metabolism and Endocrinology Products (DMEP) 

Drug: Osilodrostat tablets 

NDA: 212801 

Proposed 
Indication: Treatment of Cushing’s disease 

Applicant: Novartis Pharmaceuticals 

Subject: Pregnancy and Lactation labeling as part of original NDA application 

Materials Reviewed: 
 NDA 212801 submitted on March 7, 2019. 
 Previous DPMH PLLR Review of Korlym (mifepristone) tablets NDA 202107 by Leyla 

Sahin, MD, dated August 29, 2018. DARRTS Reference ID: 4313640.1 

Consult Question:	 DMEP requests DPMH assistance with the PLLR labeling review for this 
new molecular entity (NME). 

1DPMH did not rely on data in the Korlym NDA or the agency’s finding of safety and effectiveness for Korlym to 
support labeling sections of this Osilodrostat NDA. Rather, the cross-reference to the Korlym consult is included to 
avoid duplicating background information relevant to these products.  
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INTRODUCTION 
On March 7, 2019, the applicant, Novartis Pharmaceuticals, submitted an original NDA 
(212801) for a new molecular entity (NME), Osilodrostat tablets for the treatment of Cushing’s 
disease. On January 2, 2020, DMEP consulted DPMH to provide input on the proper format and 
content of the Pregnancy, Lactation, and Females and Males of Reproductive Potential 
subsections of Osilodrostat labeling to follow the Pregnancy and Lactation Labeling Rule 
(PLLR). 

REGULATORY HISTORY 
	 Osilodrostat is a cortisol synthesis inhibitor with a proposed indication for the 

treatment of Cushing’s disease. 
 Osilodrostat was 

(b) (4)

(b) (4)

	 Osilodrostat is an NME and has not yet been approved in any country. 
	 Osilodrostat was granted orphan drug status for the treatment of Cushing’s disease on 

September 13, 2013.  

BACKGROUND 
Drug Characteristics2 

	 Drug Class: cortisol synthesis inhibitor 
	 Mechanism of action (MOA): inhibits 11-beta-hydroxylase (CYP11B1), the enzyme 

responsible for the final step of cortisol biosynthesis in the adrenal gland 
	 Dosage and Administration: the recommended starting dose is 2 mg orally twice daily. 

Cortisol levels should be monitored regularly. The dose can be gradually titrated based on 
individual response and tolerability, with the goal of achieving normal cortisol levels. The 
maximum recommended dose is 30 mg twice daily. 

	 Molecular weight: 325.24 Daltons 
	 Bioavailability: oral absorption in humans is assumed to be nearly complete. 
	 Protein binding: 34.6% 
	 Half-life: 4 hours 
 
	 Drug Interactions: In a healthy female  no clinically significant drug-

drug interaction was observed when oral contraceptives (0.03 mg ethinyl estradiol and 0.15 
mg levonorgestrel) were co-administered with osilodrostat (30 mg twice daily for 12 days). 

Reviewer’s Comment 
The Clinical Review Team at the mid-cycle meeting noted a safety concern that 51% of patients 
in the single phase 3 study (C2301) for osilodrostat developed adrenal insufficiency, which may 
have been related to the dose being titrated too rapidly. 

2 Osilodrostat (NDA 202801) proposed prescribing information 

Adverse reactions: adrenal insufficiency, headache, vomiting, nausea, fatigue, and edema 
(b) (4)
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Condition: Cushing’s Syndrome and Pregnancy3,4 

	 Incidence: Cushing’s Syndrome (CS) is a rare disease with an incidence of approximately 2­
25 per million/year. Cushing’s disease is a subset of CS.  Pregnancy is rare in patients with 
untreated CS, because excess cortisol leads infertility. However, over 210 pregnancies in 
women with active CS have been reported. (Refer to Table 1 below for pregnancies 
demonstrated by disease status and etiology, from Caimari F, et al. 2017 systematic review of 
published cases from 1952-2015). 

	 Etiology: CS has various etiologies including, but not limited to, corticotropin-secreting 
pituitary adenoma (i.e., Cushing’s Disease), adrenal adenoma and adrenal carcinoma.  
Women with active CS who become pregnant are most frequently adrenal in origin (50-60% 
of cases), while a lesser proportion have pituitary-dependent Cushing’s disease (CD). The 
reason for this difference is not known; however, it has been suggested that in CD there is 
hypersecretion of both cortisol and androgens, impairing fertility, while in CS of adrenal 
origin hypersecretion is almost exclusively of cortisol with minimal androgen production. 

	 Diagnosis: CS during pregnancy is challenging to diagnose due to overlap with many of the 
signs and symptoms that women without CS may experience during pregnancy (fatigue, 
weight gain, hypertension), which is accompanied by physiological hypercortisolism. 

	 Maternal morbidity and mortality: women with CS who become pregnant are at much higher 
risk of developing gestational diabetes, hypertension, preeclampsia, and risk of death in 
comparison to healthy pregnancies. 

	 Fetal morbidity and mortality: higher risk of miscarriage, fetal death, preterm birth, and 
several other complications including infections, hypoglycemia, or respiratory distress. 
(Refer to Table 2 below from Caimari F, et al. 2017 systematic review of published cases 
from 1952-2015.) 

	 Treatment: there is no consensus on the management of CS during pregnancy, which is 
usually individualized for each patient, depending on the cause, the stage of pregnancy, and 
the severity of hypercortisolism. Surgery (unilateral/bilateral adrenalectomy or 
transsphenoidal surgery for pituitary adenoma) during the second trimester has generally 
been recommended as a first-choice treatment. Medical treatment with different drugs has 
also been reported in several patients (such as metyrapone, ketoconazole, aminoglutethimide, 
crypoheptadine, cabergoline, and mitotane) at different stages of gestation when surgery was 
contraindicated or initially after diagnosis for symptom control, with off-label metyrapone 
being used most commonly. 

3 Nieman L, et al. Diagnosis and management of Cushing’s Syndrome during pregnancy. Dec 2019. 

www.uptodate.com
 
4 Caimari F, et al. Cushing’s syndrome and pregnancy outcomes: a systematic review of published cases. Endocrine 

(2017) 55:555-563. 
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Reviewer’s Comment 
DPMH recommends including a Clinical Consideration in subsection 8.1 of osilodrostat labeling 
to alert prescribers regarding the maternal and fetal risks associated with active CS during 
pregnancy (including gestational diabetes, hypertension, pre-eclampsia, miscarriage, preterm 
birth, fetal loss, and maternal death). 

REVIEW 
PREGNANCY 
Nonclinical Experience5 

No adverse developmental outcomes were observed in reproduction studies in pregnant rats and 
rabbits when exposed to osilodrostat during organogenesis at doses that produced maternal 
exposures of 7 and 0.5-times the 30 mg twice daily maximum clinical dose, by AUC. In rabbits, 
exposures associated with maternal toxicity at 7-times the maximum clinical dose resulted in 
decreased fetal viability. No adverse developmental outcomes were observed in a pre- and 
postnatal development study with administration of osilodrostat to pregnant rats from 
organogenesis through lactation at 8-times the 30 mg twice daily maximum clinical dose.  For 
more details, refer to the Nonclinical Review by Dan Minck, PhD. 

5 Pharmacology/Toxicology NDA Review and Evaluation (NDA 212801) Osilodrostat by Daniel Minck, PhD, dated 
12/12/2019. DARRTS Reference ID: 4532599. 

4
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Reviewer’s Comment
 
The “Assessment of the Clinical Relevance” section of the Nonclinical Review states:
 

The pharmacology studies demonstrated that osilodrostat has the desired cortisol 
lowering activity although aldosterone levels are also lowered and, at higher drug levels, 
may also lower estrogens secondary to aromatase inhibition. As a result, one may 
anticipate some degree of unintended pharmacology from potential reduction in 
aldosterone and estrogens and from any associated compensatory response. 
Nonclinical toxicology studies revealed effects in the adrenal, liver, female reproductive 
tissues, and on embryofetal development. To the extent that these observations are due to 
excessive reduction in cortisol, such changes would not be expected to occur in the 
context of Cushing’s disease. In addition, the majority of effects occurred at exposures 
>10-fold the MRHD, although there were some effects at lower multiples. However, since 
only a limited number of patients are likely to require doses up to the proposed MRHD of 
60 mg/day (refer to the Clinical Review), the actual safety margins at the nonclinical 
NOAELs and LOAELs identified in healthy animals are likely to be at least 2-fold higher 
for the vast majority of patients that would be exposed to LCI699. 

This Reviewer agrees that glucocorticoids are known to play a crucial role in regulation of fetal 
organ development and maturation; whereas fetal exposure to excessive maternal 
glucocorticoids may cause fetal growth restriction and even hypertension later in life. The 
placenta regulates exposure of the fetus to glucocorticoids by the 11ß- hydroxy-steroid 
dehydrogenase enzymes. The timing and extent of fetal glucocorticoid exposure is crucial for 
survival, development, and to prevent fetal programming for diseases later in life.  However, 
there remains a large knowledge gap concerning how glucocorticoids direct fetal development 
and the molecular mechanism of glucocorticoid action in the fetus.6 

Applicant’s Review of Published Literature 

The applicant did not perform a literature search related to osilodrostat use and pregnancy.
 

DPMH’s Review of Published Literature 
PubMed, Embase, Micromedex7, TERIS8, Reprotox9, and Briggs10 were searched using 
“osilodrostat” AND “pregnancy,” “pregnant women,” “birth defects,” “congenital 
malformations,” “stillbirth,” “spontaneous abortion,” and “miscarriage.”  No relevant 
publications were identified. 

6 Busada JT, et al. Mechanisms of Glucocorticoid Action During Development. Current topics in developmental 

biology. Volume: 125. 2017.
 
7 Truven Health Analytics information, http://www micromedexsolutions.com/Accessed 1/14/20.
 
8 TERIS database, Truven Health Analytics, Micromedex Solutions, Accessed 1/14/20.
 
9 Reprotox® Website: www.Reprotox.org.  REPROTOX® system Accessed 1/14/20.
 
10 Briggs, GG. Freeman, RK. & Yaffe, SJ. (2017). Drugs in pregnancy and lactation: A reference guide to fetal 

and neonatal risk.  Philadelphia, Pa, Lippincott Williams & Wilkins.
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Clinical Trials 
Pregnant women or women of childbearing potential not using effective methods of 
contraception were excluded from the clinical trial program for osilodrostat. 

Table 1: Reported Pregnancy Cases from Osilodrostat Clinical Trials 
Patient ID Timing of Exposure Pregnancy outcome Reviewer Comment 
C2301­ Preconception to
 Elective Abortion
 Abortion performed due to social reasons 


6 weeks gestation and no abnormalities were reported in 
the fetus. 

C2108­ 1st trimester Unconfirmed Patient had taken osilodrostat for 11 days 
Pregnancy at the time of positive pregnancy test; 

however, the pregnancy was not 
confirmed by ultrasound and the serum 
HCG level reverted to normal. 

(b) (6)

*Source: Reviewer’s Table 

LACTATION 
Nonclinical Experience
 
No dedicated study on the excretion of osilodrostat into the milk of lactating rats was performed. 


Applicant’s Review of Published Literature 

The applicant did not perform a literature search related to osilodrostat use and lactation.
 

DPMH’s Review of Published Literature 
PubMed, Embase, Micromedex7, TERIS8, Reprotox9, and Briggs10, Medications and 
Mother’s Milk11, and LactMed12 were searched using “osilodrostat” AND “breastfeeding” or 
“lactation.”  No relevant publications were identified. 

Clinical Trials 
Lactating women were excluded from the clinical trial program for osilodrostat. There were no 
reported cases of exposure in lactation. 

FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
Nonclinical Experience13 

Observations in female reproductive tissues included reversible effects in the ovary (increased 
weights, follicular degeneration, prominent corpora lutea) and uterus (increased or decreased 
weights, atrophy) at exposures that were >0.3-fold those at the MRHD across species. As 
osilodrostat is also an inhibitor of aromatase (an important enzyme involved in the conversion of 

11 Hale, Thomas (2017) Medications and Mothers’ Milk.  Amarillo, Texas, Hale Publishing.
 
12 http://toxnet nlm nih.gov/cgi-bin/sis/htmlgen?LACT.  LactMed is a National Library of Medicine (NLM)
 
database with information on drugs and lactation geared toward healthcare providers and nursing women.  LactMed 

provides information when available on maternal levels in breast milk, infant blood levels, any potential effects in 

the breastfed infants if known, alternative drugs that can be considered and the American Academy of Pediatrics 

category indicating the level of compatibility of the drug with breastfeeding.  Accessed 1/14/20
 
13 Pharmacology/Toxicology NDA Review and Evaluation (NDA 212801) Osilodrostat by Daniel Minck, PhD, 

dated 12/12/2019. DARRTS Reference ID: 4532599.
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testosterone to estradiol), this pharmacologic activity may be the basis for the induction of some 
of the observed effects. 

Fertility studies revealed effects on female fertility and maintenance of pregnancy (e.g., 
increased time to mating, decreased mating and fertility, decreased implantation sites, increased 
resorptions, etc.) at exposures >100-fold those at the MRHD. The NOAEL was considered 5 
mg/kg (8-fold the exposure at the MRHD). Similar effects were not seen in untreated females 
mated to drug-treated males, indicating the effects are female mediated. There were no effects on 
male fertility. For more details, refer to the Nonclinical Review by Dan Minck, PhD. 

Reviewer’s Comment
 
The “Integrated Summary and Safety Evaluation” section of the Nonclinical Review states:
 

The observations in the reproductive studies, in conjunction with the effects observed on 
female reproductive organs in the repeat dose studies, suggest the female reproductive 
system is sensitive to perturbations induced by LCI699.  Although the mechanism(s) by 
which these effects were induced is unknown, they could be related to the inhibition of 
CY11B1/cortisol, CYP11B2/aldosterone, or aromatase either alone or in combination.  
The CYP11B1 null mouse is generally infertile (Mullins, L et al 2009) so it’s not 
surprising that reduced fertility would occur in rats with reduced corticosterone/cortisol 
levels.  The antifungal ketoconazole, which acts on 11β-hydroxylase as one of its 
pharmacologic actions, was also found to induce post-implantation loss and effects on 
fetal development (Amaral, V and Nunes, G 2009).  The aldosterone antagonist 
spironolactone induced altered estrous cycles, reduced fertility, decreased number of 
implants, increased resorptions (rabbits), and delayed puberty in rodents (Nagi S and 
Virgo, B 1982). These effects were analogous to those seen in reproductive toxicity and 
juvenile animal studies conducted with LCI699.  Alternatively, these effects may be 
related to the inhibition of aromatase as similar effects on reproduction and embryofetal 
development have been reported with aromatase inhibitors such as letrozole and 
fadrozole (Tiboni GM, et al 2008; Tamada H. et al 2003).  The enantiomer LCI698 is 
also an aromatase inhibitor.  In a study in which the enantiomer at various 
concentrations was administered with LCI699, increased post-implantation loss, 
decreased fetal viability, and altered fetal morphological development occurred, but 
effects on embryofetal development were not seen in the group administered the 
enantiomer alone, suggesting the effects are related to LCI699 treatment.  Although the 
specific mechanism by which these compounds exert their effects on fertility/embryofetal 
development are not known, the hormonal environment is altered in all cases which may 
be responsible for the observed effects.  These potential effects on reproductive and 
embryofetal development can be addressed by labeling. 

Applicant’s Review of Published Literature
 
The applicant did not perform a literature search related to osilodrostat use and fertility.
 

DPMH’s Review of Published Literature
 
PubMed, Embase, Reprotox9 were searched using, “osilodrostat” AND “fertility,” “infertility,”
 
“contraception,” and “oral contraceptives.” No relevant publications were identified.
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DISCUSSION AND CONCLUSIONS 
Pregnancy 
There are no available data on the use of osilodrostat in pregnant women to evaluate for a drug-
associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. Active 
Cushing Syndrome in pregnancy, although rare, has been associated with significant maternal 
and fetal morbidity and mortality (including maternal hypertension, diabetes, pre-eclampsia, fetal 
loss, preterm birth, etc.). There is no standard of care for the management of pregnant women 
with Cushing’s disease; however, 2nd trimester surgical resection is generally recommended as 
first-line, with the use of medical therapy also reported (mostly off-label metyrapone). 

Overall, treatment with osilodrostat in pregnancy to control cortisol levels in patients with 
Cushing disease presents potential benefit to the pregnant woman and fetus; however, any 
potential benefit must be weighed against the potential risks. The Clinical Review Team noted a 
safety concern in that adrenal insufficiency was noted in 51% of patients during the phase 3 
study (C2301) for osilodrostat. Pregnancy is a state of physiological hypercortisolism and 
maintaining appropriate cortisol levels plays an important role in fetal development. Labeling for 
osilodrostat will include a Warning and Precaution for the risk of hypocortisolism with 
associated adrenal insufficiency, as well as recommendations for monitoring cortisol levels with 
dose titration as necessary.  The Nonclinical Review notes that pharmacology studies 
demonstrated that osilodrostat has the desired cortisol lowering activity although aldosterone 
levels are also lowered, and at higher doses, may also lower estrogens secondary to aromatase 
inhibition. 

DPMH recommends subsection 8.1 Pregnancy Risk Summary describe the lack of available 
human data and lack of adverse developmental effects in animal studies at clinically relevant 
exposures. Language under subsection 8.1 Pregnancy Clinical Considerations is recommended 
to alert prescribers to the “Disease-associated Maternal and/or Embryo/Fetal Risk.” 

In addition, considering osilodrostat is a systemically absorbed NME with potential for use 
amongst females of reproductive potential, gathering pregnancy exposure data is important to 
assess the safety of osilodrostat use during pregnancy. DPMH recommends issuing a 
postmarketing requirement for a single-arm pregnancy safety study (SPSS) to monitor the 
outcomes of women and infants exposed to osilodrostat during pregnancy, with the contact 
information for reporting pregnancies exposed to osilodrostat to Novartis included in subsection 
8.1 and section 17 of labeling.  The SPSS would be conducted as a worldwide, prospective, 
single-arm, descriptive study in women exposed to osilodrostat during pregnancy to assess risk 
of pregnancy and maternal complications, adverse effects on the developing fetus and neonate, 
and adverse effects on the infant.  Infant outcomes will be assessed through at least the first year 
of life. Results will be analyzed and reported descriptively. The study will collect information for 
a minimum of 10 years. The proposed methodology for data collection should be agreed upon 
with the Agency and submitted in a protocol.  The applicant should be referred to the recently 
published Draft Guidance, “Postapproval Pregnancy Safety Studies.14 

14 FDA Draft Guidance. “Postapproval Pregnancy Safety Studies.” May 2019. CDER/CBER. 
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DPMH discussed the SPSS with the DMEP review team.  It was determined that an SPSS would 
not be issued as a postmarketing requirement at this time, however, if through routine 
pharmacovigilance or published scientific literature, osilodrostat use is demonstrated during 
pregnancy, an SPSS would be required by the applicant to better collect data on pregnancy and 
infant outcomes. 

Lactation 
There are no available data on the presence of osilodrostat in human or animal milk, the effects 
on the breastfed infant, or the effects on milk production. Osilodrostat is likely to be present in 
human milk based on its physiochemical properties including: low molecular weight (325.24 
Daltons), high oral bioavailability (oral absorption in humans is assumed to be nearly complete), 
and low protein binding (34.6%). Adverse reactions in adults during the clinical trial program 
included adrenal insufficiency (51% of patients), headache, vomiting, nausea, fatigue, and 
edema. Because of the potential for serious adverse reactions in the breastfed infant (such as 
adrenal insufficiency), DPMH recommendations subsection 8.2 of osilodrostat labeling include 
recommendations not to breastfeed during treatment and for one day (5 x half-life of 4 hours = 
20 hours). 

Females and Males of Reproductive Potential 
There are no available data on the effects of osilodrostat on human fertility. No adverse effects 
on male fertility were observed in animal studies. Adverse effects on female fertility were 
evident in animal studies at 118-fold the exposure at the MRHD which the Nonclinical Team 
noted is not likely to be an issue with clinical use. (b) (4)

RECOMMENDATIONS 
DPMH recommends the following: 

1.	 If osilodrostat use during pregnancy is demonstrated through routine pharmacovigilance 
or published scientific literature, the applicant should be required to conduct a single-arm 
pregnancy safety study to monitor the outcomes of women and their infants exposed to 
osilodrostat during pregnancy. 

2.	 DPMH revised Highlights, subsections 8.1 and 8.2, and section 17 of labeling for 
compliance with the PLLR (see below). DPMH discussed our labeling recommendations 
with DMEP on February 11, 2020. The labeling recommendations below include input 
from the DMEP Nonclinical Team. DPMH refers to the final NDA action for final 
labeling. 

DPMH Proposed Osilodrostat Pregnancy and Lactation Labeling 

HIGHLIGHTS OF PRESCRIBING INFORMATION 
--------------------------USE IN SPECIAL POPULATIONS------------------------------------------­
 during treatment with TRADENAME and for one (b) (4)

(8.2). (b) (4)
Lactation: (b) (4)

Reference ID: 4565088 
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FULL PRESCRIBING INFORMATION 
8 USE IN SPECIFIC POPULATIONS 
8.1 Pregnancy 
Risk Summary 
There are no available data on osilodrostat use in pregnant women to evaluate for a drug-
associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. There 
are risks to the mother and fetus associated with active Cushing Syndrome during pregnancy (see 
Clinical Considerations). No adverse developmental outcomes were observed in reproduction 
studies in pregnant rats and rabbits when exposed to osilodrostat during organogenesis at doses 
that produced maternal exposures of 7 and 0.5-times the 30 mg twice daily maximum clinical 
dose, by AUC. In rabbits, exposures associated with maternal toxicity at 7-times the maximum 
clinical dose resulted in decreased fetal viability. No adverse developmental outcomes were 
observed in a pre- and postnatal development study with administration of osilodrostat to 
pregnant rats from organogenesis through lactation at 8-times the 30 mg twice daily maximum 
clinical dose (see Data). 
The estimated background risk of major birth defects and miscarriage for the indicated 
population is unknown. 

  In the U.S. general population, the estimated background risk of major birth 
defects and miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, 

(b) (4)

respectively. 

Clinical Considerations 
Disease-associated Maternal and/or Embryo/Fetal Risk 
Active Cushing Syndrome during pregnancy has been associated with an increased risk of 
maternal and fetal morbidity and mortality (including gestational diabetes, gestational 
hypertension, pre-eclampsia, maternal death, miscarriage, fetal loss, and preterm birth). 

Data 
Animal Data 
Osilodrostat administered to pregnant Wistar Han rats from gestation day 6 -17 at doses of 0.5, 5, 
50 mg/kg did not adversely affect embryo-fetal development up to 5 mg/kg (8-times the 30mg 
twice daily maximum clinical dose, by AUC). Maternal toxicity, increased embryonic and fetal 
deaths, decreased fetal weights, and malformations occurred at 50 mg/kg (118-times the 
maximum clinical dose, by AUC). 

Osilodrostat administered to pregnant New Zealand rabbits from gestation day 7-20 at doses of 
3, 10, and 30 mg/kg did not adversely affect embryo-fetal development at 3mg/kg (0.5-times the 
30mg twice daily maximum clinical dose, by AUC). Maternal toxicity, increased embryo 
resorption and decreased fetal viability was observed at ≥10mg/kg (7-times the maximum 
clinical dose, by AUC). 

Osilodrostat administered to Wistar Han rats from gestation day 6 through lactation day 20 at 
doses of 1, 5, and 20 mg/kg did not adversely impact behavioral, developmental, or reproductive 
parameters up to 5 mg/kg (~8 times the 30mg twice daily maximum clinical dose, by AUC). 
Delayed parturition and dystocia in maternal rats and decreased pup survival were observed at 
20mg/kg (43-times the maximum clinical dose, by AUC). 

Reference ID: 4565088 
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8.2 Lactation 
Risk Summary 
There are no available data on the presence of osilodrostat in human or animal milk, the effects 
on the breastfed infant, or the effects on milk production. Because of the potential for serious 
adverse reactions (such as adrenal insufficiency) in the breastfed infant, advise patients that 

(b) (4)breastfeeding is not recommended during treatment with TRADENAME and for one after 
the final dose. 

17 PATIENT COUNSELING 
Lactation 
Advise females not to breastfeed during treatment with TRADENAME and for one 

[see Use in Specific Populations (8.2)]. 

(b) (4)
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MEMORANDUM 

REVIEW OF REVISED LABEL AND LABELING
 

Division of Medication Error Prevention and Analysis (DMEPA)
 
Office of Medication Error Prevention and Risk Management (OMEPRM)
 

Office of Surveillance and Epidemiology (OSE)
 
Center for Drug Evaluation and Research (CDER)
 

Date of This Memorandum: January 23, 2019 

Requesting Office or Division: Division of Metabolism and Endocrinology Products 
(DMEP) 

Application Type and Number: NDA 212801 

Product Name and Strength: Isturisa (osilodrostat), tablet, film coated;
 1 mg, 5 mg, and 10 mg 

Applicant/Sponsor Name: Novartis Pharmaceuticals Corporation 

OSE RCM #: 2019-535-1 

DMEPA Safety Evaluator: Melina Fanari, R.Ph. 

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA 

1 PURPOSE OF MEMORANDUM 
The Applicant submitted revised container label and carton labeling received on December 19, 
2019 for Isturisa. The Division of Metabolism and Endocrinology Products (DMEP) requested 
that we review the revised container labels and carton labeling for Isturisa (Appendix A) to 
determine if they are acceptable from a medication error perspective.  The revisions are in 
response to recommendations that we made during a previous label and labeling review.a 

2  CONCLUSION 
The Applicant implemented all of our recommendations and we have no additional 
recommendations at this time. 

a Fanari, M. Label and Labeling Review for Isturisa (NDA 212801). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 Aug 22. RCM No.: 2019-535. 

1 
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     Clinical Inspection Summary 

Date 11/4/2019 

From 

Cynthia F. Kleppinger, M.D., Senior Medical Officer 
Min Lu, M.D., M.P.H., Team Leader 
Kassa Ayalew, M.D., M.P.H., Branch Chief 
Good Clinical Practice Assessment Branch (GCPAB) 
Division of Clinical Compliance Evaluation (DCCE) 
Office of Scientific Investigations (OSI) 

To 

Diala El-Maouche, M.D., M.S., Medical Officer 
Marina Zemskova, M.D., Medical Team Leader 
Jennifer Johnson, Regulatory Project Manager 
Division of Metabolism and Endocrinology Products (DMEP) 

NDA 212801 
Applicant Novartis Pharmaceuticals Corporation 
Drug Osilodrostat (LC1699) 
NME Yes 
Therapeutic Classification Inhibitor of 11 beta-hydroxylase (CYP11B1) 
Proposed Indication Treatment of Cushing’s disease 
Consultation Request Date 4/26/2019 
Summary Goal Date 11/7/2019 
Action Goal Date 3/6/2020 
PDUFA Date 3/7/2020 

I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 

The inspection for this new drug application (NDA) consisted of three domestic clinical sites and 
one foreign clinical site in addition to the sponsor.  Furthermore, there was a previous for-cause 
inspection of a domestic site that was involved with the study under investigation. 

One site (Site 3103), Dr. Findling, was issued a Form FDA-483 citing significant inspectional 
observations. Data from this site is not considered reliable. It is recommended that the review team 
perform sensitivity analyses excluding the data from Site 3103 to determine the robustness of the 
results and the primary conclusion of the trial. 

Overall, while the inspectional findings based on the inspections of the remaining three clinical 
sites, the for-cause site, and the sponsor represent observed regulatory deficiencies, these findings 
are unlikely to have a significant impact on overall results. The study data generated are 
considered acceptable and may be used in support of this NDA. 

All classifications are considered preliminary until the final communication letter is sent to the 
inspected entity. 
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NOTE: The European Medicines Agency also received a Marketing Authorization Application 
(MAA) for osilodrostat (b) (4)

In addition, the sponsor (Novartis, Basel) was inspected. The finding at the sponsor site included 
incomplete and/or incorrect information provided in relation to contracted third parties, inadequate 
archiving of study documentation at the investigator sites, multiple major findings on the trial 
master file (TMF), inadequate processing of protocol deviations, inadequate handling of and 
actions on safety data (ECGs and 24h Holter ECGs), inadequate processes related to yearly 
Investigator’s Brochure (IB) review and update, inadequate processes related to investigational 
product handling (e.g., relabelling, production and distribution), a serious label-issue (too small 
font size for investigational product strength) which had caused or contributed to deviations at 
multiple investigator sites, inadequate processes related to clinical data management (e.g., data 
entry, query process, review and cleaning processes), and inadequate monitoring. 

Upon careful evaluation by the inspection team of all findings and the corrective and preventive 
actions (CAPAs) provided by the inspectees, the data was considered acceptable for use in support 
of the MAA. 

II. BACKGROUND 

Novartis Pharmaceuticals Corporation has submitted an original new drug application (NDA) for 
LCI699 (osilodrostat) indicated for treatment of subjects with Cushing’s disease. Osilodrostat is a 
new chemical entity and has been in clinical development as an investigational drug for Cushing’s 
disease since 2011 (IND 117,489). 

Inspections were requested for the pivotal study CLCI699C2301 entitled “A Phase III, multi-
center, double-blind, randomized withdrawal study of LCI699 following a 24 week, single-arm, 
open-label dose titration and treatment period to evaluate the safety and efficacy of LCI699 for the 
treatment of patients with Cushing’s disease (CD)”. 

The first subject enrolled October 6, 2014 (first subject first visit). The study is ongoing (last 
subject last visit for the current analysis is February 21, 2018). First database lock was May 10, 
2018. 

This is a multi-center, double-blind, randomized withdrawal study of osilodrostat following a 24 ­
week, single-arm, open-label dose titration and treatment period. The study consists of: 

	 Period 1: Single-arm, open-label (Week 1 to Week 12). This was the individual subject 
dose titration period. Dose adjustments were based on the mean of three 24-hour urine free 
cortisol (mUFC) values as measured by the central laboratory. 

Reference ID: 4517385 
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	 Period 2: (Week 13 to Week 24) was the period to assess the efficacy and safety of LCI699 
at the therapeutic dose determined during the dose titration period. 

	 Period 3: Double-blind, placebo-controlled randomized withdrawal (Week 26 to Week 34). 
Randomization was implemented at the Week 26 visit based on urine samples collected at 
Week 24. Eligible subjects were randomized in a double-blinded fashion at a 1:1 ratio 
either to continue treatment with LCI699 at the same dose or to placebo. Subjects were 
stratified at randomization according to: LCI699 dose at Week 24 (≤ 5mg b.i.d. vs. > 5mg 
b.i.d.) and history of pituitary irradiation (yes/no). 

	 Period 4: Single-arm, open-label therapy (Week 34 to Week 48). At Week 34, subjects 
continued open-label treatment until Week 48 based on the mUFC result. The Investigator 
had the discretion to select the dose during this period and was advised to consider the 
guidelines given. 

	 Optional Extension Period: Subjects who wished to enter the extension period had to be re-
consented at Week 48. Subjects who entered the extension period did so without 
interruption of study drug or assessments. 

After discontinuing the study treatment, the subject was followed for the 28-day safety follow-up 
visit. 

To be eligible for randomization in study Period 3, subjects had to have completed dose titration 
during study Period 1 and had to be classified as complete responders at Week 24 of study Period 
2. Subjects not eligible for randomization received open-label osilodrostat until the end of the Core 
Period (Week 48), unless there was a reason to discontinue from the study prematurely. 

During study Period 3, a subject was discontinued from the randomized withdrawal (RW) Period 
and declared a nonresponder if the mUFC increased to >1.5×ULN, and at least two individual 
urine samples showed UFC >1.5×ULN at a single visit.  Subjects who discontinued from the study 
during the RW Period were no longer in the study, and consequently they were not permitted to 
receive open-label osilodrostat and could not move to study Period 4. 

The primary efficacy variable is the proportion of randomized subjects in each treatment arm 
that are complete responders at the end of the eight (8) weeks of the randomized withdrawal period 
(Week 34). A complete responder is defined as a subject who has mUFC ≤ ULN (based on central 
laboratory result) at Week 34 and was neither discontinued nor had LCI699 dose increase above 
the level at Week 26 during the randomized withdrawal period of the study. Subjects who 
discontinued during the randomized withdrawal period are counted as nonresponders for the 
primary endpoint. 

This study was conducted in 66 centers across 19 countries and enrolled 137 subjects. Nineteen 
subjects discontinued at or prior to Week 26. Of the remaining 118 subjects, 71 subjects were 
randomized (36 to osilodrostat and 35 to placebo) and 47 subjects who were not randomized 
continued on open-label osilodrostat treatment. 

Reference ID: 4517385 
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III. RESULTS (by Site): 

NOTE: Site inspections focused on review of informed consent documents (ICDs), institutional 
review board (IRB)/ ethics committee (EC) correspondences, 1572s/investigator agreements, 
financial disclosures, training records, CVs and licenses, delegation of duties, monitoring logs and 
reports, inclusion/exclusion criteria, enrollment logs, subject source documents including medical 
history records, drug accountability, concomitant medication records, and adverse event reports. 
Source records were compared to the sponsor’s data line listings. 

1.	 James W. Findling, M.D. 
W129 N7055 Northfield Drive 
Menomonee Falls, WI 53051 
Site: 3103 

Dates of inspection: July 11 – August 02, 2019 

There were 4 subjects screened and 4 subjects enrolled into the study; 3 subjects enrolled 
into Period 3 of the study. The study remains open and currently Subjects are (b) (6)

continuing the study medication in the extension phase. There were 4 subject records 
reviewed. 

Dr. Findling is an endocrinologist at Froedtert Medical Center and maintains his office at 
the Menomonee Falls address listed above. All the subjects were current patients of Dr. 
Findling or the sub-investigators and were being treated for Cushing’s Disease.  All study 
physicians are employees of the Medical College of Wisconsin and Froedtert Medical 
Center. The study was conducted at the endocrinology center in the outpatient clinic and at 
the Translational Research Unit (TRU) at Froedtert Medical Center. The Investigational 
Pharmacy at Froedtert Medical Center was used for storage, dispensing, and maintaining 
study drug accountability. 

The original study coordinator conducted all study coordinator duties from the beginning of 

clinical trials office) was hired to 
 is a pool of staff that clinical investigators 

working for Froedtert Medical Center can pull from to conduct study coordinator duties. 

The IRB of record was (b) (4)

Source records were legible, organized, and available. Random electronic case report forms 
(eCRFs) were reviewed and there were audit trails showing queries and responses with 
dates. Source records were compared to the sponsor data line listings and there was one 

(b) (6)discrepancy: a missing lab result for Subject (Week 28, Visit 14, 6/26/17) and the 

the study in October of 2014 until October 2018. After this person left employment, the 

conduct the study coordinator duties. The (b) (4)

(b) (4)
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study site was not able to provide by the closeout of the inspection.  The data listings 
provided to the FDA reported the laboratory results of the mUFC and serum cortisol values 
in nmol/24hr and the lab results were reported as MCG/24hr. This meant that every data 
listing value had to be converted from MCG/24hr to nmol/24hrs during the inspection to 
verify the values. 

Eligibility for enrollment into the study was evaluated and all subjects met inclusion 
criteria and none of the exclusion criteria. None of the subjects had previous history of 

(b) (6)pituitary irradiation and were appropriately stratified at randomization. Subject was 
withdrawn from the study due to adverse events. Only one of the six adverse events had 
been reported to the IRB prior to the inspection. 

At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was 
issued for the following deficiencies: 

1.	 An investigation was not conducted in accordance with the signed statement of 
investigator and investigational plan.  Specifically, 

(b) (6)a. Source documents show that Subjects  were determined by 
study staff to be eligible and enrolled into the randomization withdrawal 

(osilodrostat) and Subject 
(b) (6)

(b) (6)

(b) (6)Period 3 of the study. However, Subjects 
(placebo) were not eligible. Subjects

OSI Reviewer Comment: Subject was enrolled into Period 1 on 
at a dose of 2 mg BID. On (Week 14), Subject had a 
dose increase from 5 mg to 7 mg BID. Subject was receiving a 3 mg 
dose BID on 

 had dose increases of the 
study medication during Weeks 13-24 (Period 2), which made them 
ineligible for randomization into Period 3 of the study. 

(b) (6)

(b) (6) (b) (6)

(b) (6)

(b) (6)

(b) (6)

(b) (6)
(Visit 11, Week 20) and was receiving a 7 mg BID dose 

(b) (6)on  (Week 23). Source documents for Subject
(b) (6)

 show a dose 
increase on from 5 mg to 7 mg BID during Period 2 between Week 
20 and Week 24. Dr. Findling stated during the inspection and in his 
response that he was not aware that these two subjects had been 
randomized. However, there was overwhelming source documentation of 
the randomization and his awareness. 

Electronic case report form queries from the sponsor identified and 
confirmed the protocol deviations and the response by the study coordinator 
was that the subjects were accidently randomized. 

b.	 The study site did not withdraw Subject (placebo) and Subject 
(b) (6)

(placebo) during the randomized withdrawal period (Weeks 26-34, Period 3) 
per the requirements of the protocol. 

(b) (6)

OSI Reviewer Comment: Section 4.1.3.6 of the protocol requires that 
subjects be discontinued from the randomized withdrawal study period and 
resume open-label LCI699 when their mUFC increases to >1.5xULN, and 
at least 2 individual urine samples show UFC >1.5XULN at a single visit. 
However, these two subjects were kept in the study on the randomized 
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treatment throughout Weeks 26-34 (Period 3). ULN was defined as 50 mcg. 

 For Subject  mUFC was 105.8 mcg with 
(b) (6)individual UFC of 130.20 mcg and 77.35 mcg. On 

(b) (6)

, 
mUFC was 88.3 mcg with individual UFC of 115.1 mcg and 106.4 
mcg. However, this subject was not discontinued from randomization 

(b) (6)on , and continued through the end of the eight weeks 

(b) (6)

(b) (6)

of Period 3. Subject then received open-label study drug starting on 

(b) (6)

 (~14 days later). 
 For Subject  mUFC was 108.6 mcg with individual 

UFC of 105.2 mcg, 124.7 mcg, and 67.84 mcg.  mUFC 
was 159.3 mcg with individual UFC of 130.8 mcg, 158.4 mcg, and 

(b) (6)188 mcg.  mUFC was 102.2 mcg with individual UFC 
of 88.3 mcg, 113.4 mcg, and 104.8 mcg. However, the subject was 

(b) (6)not discontinued from randomization on and 
continued through the end of the eight weeks of Period 3. Subject 

(b) (6)then received open-label study drug starting on (~23 
days later). 

The physicians were reviewing the lab results by evidence of the 
signatures and dates of review by the physicians on the lab records. 

, 
Visit13) and on  during Week 33 Subject 

c.	 The study site prescribed a study drug dose increase to Subject 
(b) (6)

during 
the randomized withdrawal period (Weeks 26-34). Section 4.1.3.5 of study 
protocol does not permit dose increases during the randomized withdrawal 

(b) (6)

(b) (6)
 was randomized to 5 mg BID at Week 26 

(b) (6)

(b) (6)period. Subject
had a dose increase 

from 5 mg to 7 mg BID. 
OSI Reviewer Comment: Source records show that the subject’s dose was 
increased from 5 mg to 7 mg during Period 3 which was not allowed by the 
protocol. Dr. Findling acknowledged not knowing that the subject was 
randomized to placebo/investigational product and was unaware that the 
subject’s lab results were showing ineffectiveness. 

d. Photographs of Subject
(b) (6)

 were either not completed or not maintained by 
the study site. 
OSI Reviewer Comment: To assess the change from baseline in the physical 
features of Cushing’s disease as a secondary endpoint, the protocol 
required photography to be performed at Baseline, Weeks 12, 24, 34, 48 and 
every 24 weeks in extension.  Photographs were to be reviewed locally by 
the investigator and centrally by a vendor. The study site could not provide 

(b) (6)the FDA inspector with any photographs for Subject  Novartis could not 
provide them either. Post inspection, the site was able to confirm with the 
vendor that the screening photos were sent. 

2. Failure to assure that an IRB complying with applicable regulatory requirements was 
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Specifically, the study site did not report protocol deviations and adverse events to the 
IRB as required by the 

 FDA regulations, and study protocol CLCI6992301 Sections 12, 
8.1.1, and 10.5.3.2. 

a. Subject and Subject should not have been randomized to study drug 
or placebo at Week 26 due to dose increases (unstable dose) of the study 

(b) (6) (b) (6)

(b) (4)

responsible for the initial and continuing review and approval of a clinical study. 

drug during Period 2 (Weeks 13-24), which caused them to be ineligible. 
(b) (6)Subjects were not withdrawn from the randomization 

withdrawal period of the study after lab results identified mUFC increases to 
>1.5xULN and at least 2 individual UFC values were >1.5xULN at a single 
visit. These known significant protocol deviations with potential subject 
safety concerns were not reported to the IRB at the time of the inspection. 
The IRB requires that significant safety related protocol deviations be 
reported within five days of identification and this time line was not met. 
OSI Review Comment: Dr. Findling stated that he was not aware of the 
deviations so was unable to report them. However, source records confirm 
that the site was aware of the deviations. 

b.	 Adverse events identified between 8/23/17 and 7/25/18 were not reported 
with the Continuing Progress Report (CPR) until July 2019. No adverse 
events were reported for IRB review at the 08/23/17 or the 9/28/16 IRB 

was
(b) (6)

meeting. Only one of six adverse events experienced by Subject 
reported to the IRB prior to 2019 and should have been reported to the IRB 
with the 10/28/15 review. The complete list of 43 adverse events, with only 
1 previously submitted, for all four subjects enrolled in study CLCI6992301 
starting 5/26/15 through 07/12/19 was supplied to the IRB with the CPR for 
review during the July 2019 IRB meeting, which did not meet the time line 
required by your IRB. 
OSI Reviewer Comment: The IRB requires that a list of all adverse events 
experience by subjects be reported for the approval year with each annual 
continuing review. The complete list of 43 adverse events for all four 
subjects starting 5/26/15 through 07/12/19 was not supplied to the IRB until 
July 2019, when discovered during the inspection. 

c.	 The study site did not provide a list of all known protocol deviations that 
occurred during the study with the submitted annual progress report during 
the 2017 continuing review and during the 2018 continuing review by the 
IRB. 
OSI Reviewer Comment: The IRB requires that a list of all deviations be 
reported for the approval year with each annual report. The sponsor 
identified a list of significant protocol deviations experience by the four 
subjects and the study site did not submit these significant protocol 
deviations to the IRB as of July 2019, when discovered during the 
inspection. These deviations included ineligible subjects being randomized 
into Period 3, missing ECG, subject taking prohibited medications, and 
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subjects not discontinued from randomized withdrawal period. The study 
site knew about the protocol deviations as seen in the subjects’ visit notes 
and queries from the sponsor and monitor. 

Furthermore, the study coordinator corrected questionnaires for Subject 
(b) (6) (Cushing’s Syndrome Quality of Life Questionnaire).  

(b) (6)
The monitoring 

report for monitoring visit conducted  identified the deviation 
and directed the site to notify the IRB of the deviation. The study site did 
not notify the IRB of this deviation. 

The study staff agreed during the inspection that the deviations and adverse 
events were not reported to the IRB during the 2016-2018 continuing 
reviews in accordance with the IRB’s SOPs. 

Dr. Findling responded to the Form FDA-483 on August 22, 2019. The response was deemed 
unacceptable. The audit indicates serious deviations/findings that would impact the validity and 
reliability of the submitted data. Data from this site based on inspection are considered not reliable. 
It is recommended that sensitivity analyses be done with exclusion of the data from this site. 

2.	 Richard Auchus, M.D., Ph.D. 
University of Michigan Medical School 
1150 West Medical Center Drive, 5560A MSRB2 
Ann Arbor, MI 48109 
Site: 3113 

Dates of inspection: August 26 – 30, 2019 

There were 9 subjects screened, and 5 subjects enrolled into the study; 2 subjects enrolled 
(placebo) and (b) (6)into Period 3 of the study. The study remains open and currently Subject 

Subject (b) (6) (osilodrostat) are continuing the study medication in the extension phase.  
There were 9 subject records reviewed. 

Dr. Auchus is an endocrinologist and professor of internal medicine and pharmacology at 
the University of Michigan Medical School. He became involved with clinical trials in 
2008. Dr. Auchus has a private practice and sees approximately 20 patients per week at the 
University of Michigan Taubman out-patient clinic. All subjects were recruited from his 
private practice. 

The IRB of record is the (b) (4)

Source records were paper in study binders stored securely in the Endocrine Research 
Office. Records were organized and available. Source records were compared to the 
sponsor data line listings and there were no discrepancies. All subjects were enrolled 
properly. Photos, ECGs, and subject questionnaires were completed appropriately.  Drug 
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accountability was performed with no discrepancies noted.  IRB submissions and reviews 
were completed appropriately. There was no under-reporting of adverse events. The 
primary efficacy endpoint was verifiable. 

The inspection revealed adequate adherence to the regulations and the investigational plan. 
There were no objectionable conditions noted and no Form FDA-483, Inspectional 
Observations, issued. 

3.	 Maria Fleseriu, M.D. 
OHSU Center for Health and Healing 
3303 SW Bond Ave, Mailcode CH8N 
Portland, OR 97239 
Site: 3101 

Dates of inspection: July 23 – 29, 2019 

There were 6 subjects screened and 4 subjects enrolled into the study; 2 subjects enrolled 
(b) (6)into Period 3 of the study. The study remains open and currently Subject is continuing 

the study medication in the extension phase. There were 4 subject records reviewed. 

Dr. Fleseriu spends two days a week seeing patients at the Oregon Health and Science 
University's Center for Health and Healing and the rest of her time is devoted to research 
on studies related to the pituitary.  Subjects were recruited from the patient population. 
Subjects were seen at the Center for Health and Healing Building or at the Physicians 
Pavilion which is accessible via a tram. 

The IRB of record was the (b) (4)

Subject records were kept as hard copies with visit records as electronic medical records. 
Other documentation such as the protocol and regulatory documentation were kept 
electronically. Records were organized and available. Source records were compared to the 
sponsor data line listings. Criteria to assess primary and key secondary endpoint data was 
available/verifiable at the site; however, laboratory values were reported to the site in 
MCG/24hr which had to be converted by the FDA inspector to nmol/24hr using a molar 
mass for cortisol of 362.46 to compare to the provided data tables. The converted values 
were close (with some matching) the data table values when converted. However, some 
values were not exact. Examples of conversions over a range of values for Subject : 

(b) (6)

(b) (6)

Reference ID: 4517385 

9 



                                         
  

 

 

 

                                  Clinical Inspection Summary 
                                                                                                                                 NDA 212801 osilodrostat (LC1699) 

There were no other discrepancies. Subjects met enrollment criteria. There was no under­
reporting of adverse events. The primary efficacy endpoint was verifiable. 

The inspection revealed adequate adherence to the regulations and the investigational plan. 
There were no objectionable conditions noted and no Form FDA-483, Inspectional 
Observations, issued. 

4.	 Andre Lacroix, M.D. 
3840 Saint Urbain Street 
Montreal H2W 1T8 
Canada 
Site: 1402 

Dates of inspection: August 26 – 30, 2019 

There were 6 subjects screened and 5 subjects enrolled into the study; 4 subjects enrolled 
into Period 3 of the study.  The study remains open and currently three subjects are 
continuing the study medication in the extension phase. There were 5 subject records 
reviewed. 

The Clinical Research Associate for Novartis Pharmaceuticals Corporation served as 
translator during the inspection.  She provided verbal translation of French documents and 
served as a translator on occasion. She stated that Novartis will attempt to secure third 
party translator services for future FDA inspections, when applicable. 

Dr. Lacroix is a physician at the Centre hospitalier de l’Universite de Montreal 
and Professor of Medicine in the University’s Department of Medicine - Endocrinology 
Division. The site was a non-IND site. 

The IRB of record was the 
The site offered the consent in both French and English. 

(b) (4)

The source records were handwritten study visit notes, handwritten documentation of 
phone calls, laboratory reports, and electronic medical records/history for each subject 
enrolled. Source records were organized and legible.  Source records were compared to the 
sponsor data line listings. There were no discrepancies. There was no under-reporting of 
adverse events. The primary efficacy endpoint was verifiable. 

Subject 
(b) (6)

(placebo) had investigational drug increased from 2 mg b.i.d. to 5 mg b.i.d. 
upon receipt of lab results following Visit 6. The increased dose was in violation of the 
protocol because the subject’s mUFC was still within the normal range. The subject’s 

(b) (6)mUFC as reported on lab results  was “132.1 nmol/d”, within the 
normal range of 11.0 – 138.0 nmol/d. Dr. Lacroix stated that because the subject’s mUFC 
had increased to the upper end of the normal range from Visit 5 to 6, he felt the dose was 
with the subject’s best interest in mind. He acknowledged this dose increase conflicted with 
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the protocol. 

The inspection revealed adequate adherence to the regulations and the investigational plan. 
There were no objectionable conditions noted and no Form FDA-483, Inspectional 
Observations, issued. 

5.	 Mark E. Molitch, M.D 
Northwestern University Feinberg School of Medicine 
645 N. Michigan Avenue, Suite 530 
Chicago, IL 60611 
Site: 3107 

Dates of inspection: February 1 – March 27, 2019 (included inspection of another trial) 

This for-cause inspection was conducted as requested by the Division of Clinical 
Compliance Evaluation, Office of Scientific Investigations (OSI), as a result of a complaint 

(b) (6)of a medication dispensing error for Subject 3107 that occurred at Visit 6 during the 
study. The complaint further detailed that the subject took 20 mg tablets twice daily (40 
mg/day) instead of the correct dose of 10 mg twice daily (20 mg/day) for approximately 
two weeks. The complaint was confirmed. 

There were 3 subjects screened and 2 subjects enrolled into the study. The study remains 

(b) (6)open and currently Subject is continuing the study medication in the extension phase. 


There were 3 subject records reviewed.  


Dr. Molitch is Professor of Medicine, Division of Endocrinology, Metabolism and
 
Molecular Medicine, Northwestern University. He has been a clinical investigator at the 

site for approximately thirteen years and has been involved in clinical research since 1981. 

The subjects enrolled in the study were patients of Dr. Molitch or the sub-investigators.
 
Recruitment materials and outreach via letters to endocrinology colleagues and other
 
practitioners were used.
 

The IRB of record is . (b) (4)

The source documents were created and maintained in paper format. The study records 
include nurses and physicians progress notes, laboratory test results, and drug 
administration records. The subjects’ electronic medical records were stored in 
Northwestern Hospital’s EPIC system. EPIC also contains progress notes and discharge 
summaries for subject hospitalizations and non-study office visits at Northwestern 
Hospital. Study staff communication is primarily via email messages, which are also 
printed and maintained in the Regulatory Binder. 

The staff receive study drug kit assignments via email from the IRT (Interactive Response 
Technology) system. The staff dispense the test articles to the subjects. The staff 
maintain records of study drug receipt, storage location, dispensing/return, and inventory. 
Randomization/treatment allocation was accomplished through the IRT. The two subjects 
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enrolled, randomized, and treated with the test article met the protocol inclusion/exclusion 
criteria. 

The source records were compared to the sponsor data line listings. There were no 
discrepancies. There was no under-reporting of adverse events. The primary efficacy 
endpoint was verifiable. 

At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was 
issued for failure to conduct an investigation in accordance with the investigational plan 
which was demonstrated by the following. Specifically, failure to oversee medication 
dispensing which resulted in dispensing errors for Study Protocol CLCI699C2301. 

(b) (6)1.	 On February 15, 2016 at Week 6 visit, Subject 3107- was incorrectly 
dispensed and took 20 mg tablets twice daily (40 mg/day) instead of the correct 
dose of 10 mg twice daily (20 mg/day) until February 29, 2016. The Clinical Nurse 
Specialist dispensed bottle No. 250009 with the incorrect dosage instead of bottle 
No. 250049. She did not correctly verify the lot numbers on the bottles. 

(b) (6)2.	 On January 22, 2016, Subject 3107- was dispensed and took the incorrect 

3.	 On May 23, 2016, Subject 3107-  was dispensed and took the incorrect dosage 
of 5 mg b.i.d instead of the correct dosage of 2 mg b.i.d.  The protocol does not 
permit any dose increases during the first two weeks of the Dose Escalation Period. 
The Clinical Nurse Specialist dispensed the medication in error. This was 

(b) (6)discovered during the monitoring visit dated 

dosage of 3 mg b.i.d instead of the correct dosage of 5 mg b.i.d until February 5, 
2016. A dose of 3mg (b.i.d) during up-titration (dose-escalation) was not consistent 
with the protocol dosing instructions.  The Clinical Nurse Specialist instructed the 
subject to take the wrong medication in error. 

(b) (6)

. The sponsor instructed 
the site to inform the subject to discontinue dose that evening and resume the 2 mg 
dosage (not 5 mg) the next day through Week 2. 

Although regulatory violations were noted as described above, they are unlikely to significantly 
impact primary safety and efficacy analyses. Data from this site appear acceptable. 

6.	 Novartis Pharmaceuticals Corporation / Sponsor 
One Health Plaza 
East Hanover, NJ 07936-1080 

Dates of inspection: June 19 – July 02, 2019 

The inspection consisted of reviewing the organizational structure and responsibilities, 
transfer of obligations, contractual agreements, selection of sites, training, investigational 
product accountability, the evaluation of the adequacy of monitoring and corrective actions 
taken by the sponsor/monitor/contract research organization (CRO), deviations related to 
key safety and efficacy endpoints, quality assurance and audits, adverse events evaluation 
and reporting, 1572s and investigator agreements, the interactive voice/web response 
system, financial disclosures, standard operating procedures (SOPs), trial master file 
(TMF) review, record retention, data management, escalation of issues, and clinical trial 
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oversight. 

(b) (4)
There are approximately  employees worldwide at Novartis, and approximately 

 employees at the East Hanover, NJ site. 

(b) (4)

A Transfer of Regulatory Obligations (TORO) was not filed for this study for monitoring. 
Monitoring activities were conducted by either external monitors, in-house monitors, or a 
mix of both. The monitoring model would be determined by investigational site’s country. 
The monitoring was provided by monitors hired externally under a contract and acted as a 
Novartis Pharmaceutical Corporation employee having access to Novartis emails and 
computers. 

There was approximately 3-5% of the sites that were audited by Novartis under a risk-
based plan. There were no sites closed for-cause nor were any sites withdrawn for non­
compliance. However, there were sites that were closed because there were no patients 
screened. 

Monitoring visit reports were reviewed for Site 1504, Site 1802, Site 1904, Site 2005, Site 
2201, Site 2203, Site 2801, Site 3113, Site 1601, and Site 3107. For Site 3107. there was 
only one monitoring visit report found conducted in 2018 and one in 2019.  The monitor 
did not complete all reports of all visits. 

During the inspection, while fulfilling a request for protocol deviations, Novartis staff 
noticed some inconsistencies in the number of protocol deviations in the interim clinical 
study report (CSR), Listing 16.2.2-1, dated 06 September 2018. There were 79 out of 137 
subjects that received an incorrect dose or a missing dose. The duplicate protocol 
deviations were not included in their listing. 
 57 subjects instead of 42 subjects had incorrect doses at least on one occasion 
 43 subjects instead of 37 subjects had missed doses at least on one occasion. 

A root cause analysis was performed. To adhere to FDA requirements, raw data is 
converted to SDTM (Standard Data Tabulation Model, according to CDISC compliance 
rules for electronic submission), which is a different format. This conversion does not 
allow any duplicate record, as duplicates would trigger a warning during the system 
compliance test. The study PD listing displays the country, center, subject ID, the deviation 
code, the deviation description and visit.  Protocol deviations records with the same 
deviation description are considered duplicates. Only one deviation term per patient is kept 
in the converted dataset. For the interim CSR, the number of occurrences of treatment 
related PDs was manually counted from the listing 16-2.2.1, which was incorrect. The 
listing 16.2.2-1 does not include all occurrences of the same type of protocol deviations. 

A resubmission of the updated PD list was submitted to the Agency on July 9, 2019. In the 
final CSR, expected in 2020, the inconsistencies in the numbers of protocol deviations per 
patient will be updated with a complete listing included. 

During Week 34 of the trial, there was a CAPA that was created for medication error. This 
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was evaluated fully during the inspection. On 16 March 2016, 
 requested from the Global clinical team some clarification on the drug 

dispensed by the Interactive Response Technology (IRT) at the Week 34 visit. One of their 

(b) (4)

randomized patients that completed this visit and was continuing in Period 4 (Open label 
[OL] phase) received double-blind supplies instead of open label supplies. 

The IRT set-up for dispensing at Week 34 visit was not aligned with the trial protocol. 
Based on protocol Section 2.2 “Rationale for the study design”, the randomized withdrawal 
phase (Double-blind [DB] phase) was intended to last 8 weeks with Week 34 being the end 
of the DB phase (with data collected needed for the statistical analysis) and also the start of 
the OL phase. Per the protocol VES (visit assessment schedule), Week 34 belongs to the 
DB phase and, therefore, the IRT was set-up at study start (October 2014) to dispense at 
Week 34 DB supplies as per the IRT cURS (Condensed User Requirements 
Specifications). This, inadvertently, did not take into account that the Week 34 visit is also 
the beginning of the OL period. When this occurred, the double-blind supplies were 
assigned to be dispensed instead of the open label supplies. 

On 31 March 2016, all  were informed of this deviation via e-mail and were 
requested to notify the sites. This communication included information regarding the 

(b) (4)

immediate temporary solution (use of the existing IRT functionality of the discontinuation 
from the randomized withdrawal phase) as well as the long-term solution (IRT 

(b) (4)specifications amendment and system updates). The  were requested to assess if any 
reporting to IRB/EC was required based on local regulatory requirements, as endorsed by 
the Clinical Trial Team (CTT). 

Once the error was discovered, there was an update to their Validation and Planning 
Module 3 document to ensure the protocol deviations are captured in the database. They 
made sure the cURS was updated with the IRT system to ensure the drug dispensing was 
consistent with the protocol requirements. This was completed on 30 June 2016. 

A Risk Assessment of the deviation was performed. There were no patients’ safety concern 
since the incremental increase in mean Urinary Free Cortisol (mUFC - the primary efficacy 
of the trial) over these additional 2 weeks was expected to be small; in addition, the 
discontinuation from the randomization withdrawal period (DB phase) has functioned 
correctly; hence patients who met the criteria for discontinuation (Protocol Section 4.1.3.6) 
and declared as non-responders would have resumed open-label LCI699. 

This deviation impacts only patients that have met the criteria of randomization for the DB 
phase (Period 3) and have completed Week 34 by 31 March 2016; based on a review of 
current data, 17 patients across 12 countries met this definition. Based on the 1:1 
randomization ratio used in the study and on the number of randomized patients who 
continued beyond Week 34, it is anticipated that approximately 9 patients were exposed to 
placebo for up to 10 weeks instead of up to 8 weeks. 

The primary endpoint is not impacted since randomized patients have been accordingly 
receiving DB up to 8 weeks. 
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At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was 
issued for failure to ensure the study is conducted in accordance with the protocol and/or 
investigational plan. Specifically, Novartis failed to follow the protocol and SOP-7012380 
titled 

Version 3.0, dated 22 May 2013. 
 The CRO  Interactive Response Technology (cIRT) was used to support 

clinical trial activities from screening to treatment completion including drug 

(b) (4)

(b) (4)

dispensing, dose escalation, study treatment randomization, and dose titration for 
this study. Novartis failed to provide the necessary documents for the reconstruction 
and evaluation of the trial to indicate the IRT User Acceptance Test (UAT) was 
approved and signed for the following documents: 

o	 Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 04 June 2014 
o	 Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 13 January 

2015 
o	 Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 16 March 

2015. 

This IRT system went live starting on 27 June 2014 and the first use of the IRT for 
screening was on 6 October 2014. 

OSI Reviewer Comment: Novartis explained that the person who was responsible 
for the UAT testing was no longer with Novartis and the responsible Project 

(b) (4)Manager was no longer at the CRO  Employees at Novartis should sign off 
on the approval page of the IRT UAT test plan and this document should have been 
filed in the TMF. Due to poor document management, these documents could not be 
found. However, the certificates for the testing showing it was approved were 

(b) (4)available. The fifth  IRT UAT was completed on 28 June 2016. The 
certificate and the UAT Test plan were available for review. Review of this test plan 
showed no deficiencies. 

Although regulatory violations were noted as described above, they are unlikely to significantly 
impact primary safety and efficacy analyses. Data from this sponsor appear acceptable. 

{See appended electronic signature page} 

Cynthia F. Kleppinger, M.D. 
Senior Medical Officer 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 
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CONCURRENCE: {See appended electronic signature page} 

Min Lu, M.D., M.P.H. 
Team Leader 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 

CONCURRENCE: {See appended electronic signature page} 

Kassa Ayalew, M.D., M.P.H 
Branch Chief 
Good Clinical Practice Assessment Branch 
Division of Clinical Compliance Evaluation 
Office of Scientific Investigations 

cc: 
Central Doc. Rm./ NDA 212801 
DMEP/Acting Division Director/ Lisa Yanoff 
DMEP /Acting Deputy Director/William Chong 
DMEP/Team Lead/Marina Zemskova 
DMEP/Clinical Reviewer/ Diala El-Maouche 
DMEP /Regulatory Project Manager/Jennifer Johnson 
OSI/DCCE/Division Director/Ni Aye Khin 
OSI/DCCE/GCPAB/Branch Chief/Kassa Ayalew 
OSI/DCCE/GCPAB/Acting Team Leader/Min Lu 
OSI/DCCE/GCPAB Reviewer/Cynthia Kleppinger 
OSI/DCCE/GCPAB/Program Analyst/Yolanda Patague 
OSI/DCCE/Database Project Manager/Dana Walters 
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LABEL AND LABELING REVIEW 
Division of Medication Error Prevention and Analysis (DMEPA)
 

Office of Medication Error Prevention and Risk Management (OMEPRM)
 
Office of Surveillance and Epidemiology (OSE)
 

Center for Drug Evaluation and Research (CDER)
 

*** This document contains proprietary information that cannot be released to the public*** 

Date of This Review: August 22, 2019 

Requesting Office or Division: Division of Metabolism and Endocrinology Products (DMEP) 

Application Type and Number: NDA 212801 

Product Name and Strength: Isturisa (osilodrostat), tablet, film coated;
 1 mg, 5 mg, and 10 mg 

Product Type: Single Ingredient Product 

Rx or OTC: Prescription (Rx) 

Applicant/Sponsor Name: Novartis Pharmaceuticals Corporation 

FDA Received Date: March 7, 2019 and August 7, 2019 

OSE RCM #: 2019-535 

DMEPA Safety Evaluator: Melina Fanari, R.Ph. 

DMEPA Team Leader: Sevan Kolejian, PharmD, MBA 

1 

Reference ID: 4480963 



  

 
 

 

 
 

   
 

 
 

 

  

1 REASON FOR REVIEW 
As part of the approval process for Isturisa (osilodrostat) tablet, the Division of Metabolism 
and Endocrinology Products (DMEP) requested that we review the proposed Isturisa 
prescribing information (PI), container labels, and carton labeling for areas of vulnerability 
that may lead to medication errors. 

2 MATERIALS REVIEWED 

Table 1. Materials Considered for this Label and Labeling Review 
Material Reviewed Appendix Section 

(for Methods and Results) 

Product Information/Prescribing Information A 

Previous DMEPA Reviews B-N/A 

ISMP Newsletters C-N/A 

FDA Adverse Event Reporting System (FAERS)* D-N/A 

Other E-N/A 

Labels and Labeling F 

N/A=not applicable for this review 
*We do not typically search FAERS for our label and labeling reviews unless we are 
aware of medication errors through our routine postmarket safety surveillance 

3 FINDINGS AND RECOMMENDATIONS 

Tables 2 and 3 below include the identified medication error issues with the submitted 
prescribing information (PI), container labels, and carton labeling, our rationale for concern, 
and the proposed recommendation to minimize the risk for medication error.  

Table 2. Identified Issues and Recommendations for Division of Metabolism and 
Endocrinology Products (DMEP) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 

Prescribing Information – General Issues 

Full Prescribing Information – Section 16 How Supplied/Storage and Handling 

1. Section lacks information 
about tablet imprinting, 
scoring, shape, and color. 

Facilitate product 
identification in case of mix-
up and to prevent wrong 
strength medication errors. 

We recommend adding a 
description of each tablet 
strength to include imprint 
code, shape, scoring (if 
present) and color for each 

2 
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(b) (4)

Table 2. Identified Issues and Recommendations for Division of Metabolism and 
Endocrinology Products (DMEP) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
tablet strength to the How 
Supplied/Storage and 
Handling section. 

2. NDC number denoted by 
a placeholder. 

Avoid selecting and 
dispensing of the wrong 
strength. 

Per 21 CFR 207.33, drug 
products subject to listing with 
the FDA must have a unique 
NDC to identify its labeler, 
product, and package size and 
type. The NDC number should 
be updated to reflect the 
actual numerical NDC number. 

3. Tablet quantity for 
blister pack does not 
match container labels 
and carton labeling. 

PI states “Each carton 
contains 3 blister packs. 
Each blister pack 
contains tablets” and 
the proposed blister pack 
labeling states 20 film-
coated tablets. 

Avoid confusion Revise blister pack tablet 
statements to reflect each 
blister pack contains 20 
tablets. 

For example, 

Each carton contains 3 blister 
packs (total of 60 tablets). 
Each blister pack contains 20 
tablets” 

4. The proposed packaging 
configurations may not 
support all titration 
doses and maintenance 
doses. 

We are concerned that 
blister cards (20 tablets) 
and the entire carton of 60 
tablets may not support all 
dosing regiments and if 
dispensed may not provide 
enough quantities to 
support the prescribed 
duration and/or provide 
more doses than needed. 

We communicated our 
concern to DMEP and sent an 
Information request (IR) to the 
Applicant (dated 7/31/2019) 
requesting they provide a 
rationale for their proposed 
packaging. 

The review of the proposed 
titration doses and schedule is 
ongoing.  Therefore, at this 
time we do not have any 
further comments related to 
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Table 2. Identified Issues and Recommendations for Division of Metabolism and 
Endocrinology Products (DMEP) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
the acceptability of the 
proposed packaging 
configuration and will await 
final determination of dosing 
and titration by DMEP. 

Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation 
(entire table to be conveyed to Applicant) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 

ALL Carton Labeling and Container Labels 

1. NDC number denoted by 
a placeholder. 
Therefore, we were 
unable to assess the 
appropriateness of the 
NDC numbers from a 
medication safety 
perspective. 

Per 21 CFR 207.33, drug 
products subject to listing 
with the FDA must have a 
unique NDC to identify its 
labeler, product, and 
package size and type. 

Please submit the actual NDC 
number for review. 

2. Lack of established name 
prominence. 

The established name is not 
at least half the size of the 
proprietary name. 

Revise the established name to 
be in accordance with 21 CFR 
201.10(g)(2). 

Blister Card Labels (Front and Back) 

1. Product strength per 
single unit statement is 
missing. 

To avoid wrong dose errors 
and to clarify the 
designated strength is per 
unit. 

Add the following statement 
on front of the blister card: 

“Each tablet contains XX mg 
osilodrostat (as osilodrostat 
phosphate)”. 

2. Linear Bar code is 
absent. 

The drug barcode is often 
used as an additional 
verification before drug 
administration in 
healthcare setting; 
therefore, it is an important 
safety feature that should 

We request you add the 
product’s linear barcode to 
each individual [PACKAGE] as 
required per 21CFR 
201.25(c)(2).  The barcode 
should be surrounded by 
sufficient white space to allow 
scanners to correctly read the 
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Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation 
(entire table to be conveyed to Applicant) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
be part of the label barcode in accordance with 21 
whenever possible. CFR 201.25(c)(i). In accordance 

with 21 CFR 201.25(c)(ii), the 
barcode should be placed in an 
area where it will not be 
damaged because it appears at 
the point of label separation 
(e.g., perforation). 

3. The expiration date is 
absent. 

Minimize risk for 
deteriorated drug 
medication errors. 

We request that you add the 
expiration date in a defined 
format (see comment 2 below 
about the format of the 
expiration date). 

4. The lot number is 
absent. 

The lot number statement 
is required per 21 CFR 
201.10(i)(1). 

We request that you add the 
lot number statement to the 
front or back of the blister 
card. Ensure that there are no 
other numbers located in close 
proximity to the lot number 
and clearly differentiated from 
the expiration date. 

Blister Pack Labels 

1. Product strength per 
single unit statement 
lacks sufficient 
prominence. 

Increase prominence. Relocated the “Each tablet 
contains XX mg osilodrostat (as 
osilodrostat phosphate)” to the 
principle display panel. 

2. The format for expiration 
date is not defined. 

Clearly define the 
expiration date will 
minimize confusion and risk 
for deteriorated drug 
medication errors. 

Identify the expiration date 
format you intend to use.  FDA 
recommends that the human-
readable expiration date on the 
drug package label include a 
year, month, and non-zero day.  
FDA recommends that the 
expiration date appear in YYYY­
MM-DD format if only 
numerical characters are used 
or in YYYY-MMM-DD if 
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Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation 
(entire table to be conveyed to Applicant) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
alphabetical characters are 
used to represent the month.  
If there are space limitations 
on the drug package, the 
human-readable text may 
include only a year and month, 
to be expressed as: YYYY-MM if 
only numerical characters are 
used or YYYY-MMM if 
alphabetical characters are 
used to represent the month.  
FDA recommends that a 
hyphen or a space be used to 
separate the portions of the 
expiration date. 

Blister Pack Carton Labeling 

1. The product identifier 
required under the drug 
supply chair security act 
(DSCSA) is missing. 

DSCSA requires 
manufacturers and 
repackages, respectively, to 
affix or imprint a product 
identifier to each package 
and homogeneous case of a 
product intended to be 
introduced in a transaction 
in (to) commerce beginning 
November 27, 2017, and 
November 27, 2018, 
respectively. 

We recommend that you 
review the draft guidance to 
determine if the product 
identifier requirements apply 
to your product’s labeling.   

The draft guidance is available 
from: https://www.fda.gov/uc 
m/groups/fdagov­
public/@fdagov-drugs­
gen/documents/document/uc 
m621044.pdf 

2. The expiration date is 
absent. 

Minimize risk for 
deteriorated drug 
medication errors. 

We request that you add the 
expiration date in a defined 
format (see comment 2 above). 

3. The lot number is 
absent. 

The lot number statement 
is required per 21 CFR 
201.10(i)(1). 

We request that you add the 
lot number statement to the 
front or back of the blister 
card. Ensure that there are no 
other numbers located in close 
proximity to the lot number 
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Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation 
(entire table to be conveyed to Applicant) 

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION 
and clearly differentiated from 
the expiration date. 

4. Product strength per 
single unit statement 
lacks sufficient 
prominence. 

Increase prominence Relocated the “Each tablet 
contains XX mg osilodrostat (as 
osilodrostat phosphate)” to the 
principle display panel. 

4 CONCLUSION 

Our evaluation of the proposed Isturisa prescribing information (PI), container labels, and 
carton labeling identified areas of vulnerability that may lead to medication errors.  Above, we 
have provided recommendations in Table 2 for the Division and Table 3 for the Applicant. We 
ask that the Division convey Table 3 in its entirety to Novartis Pharmaceuticals Corporation so 
that recommendations are implemented prior to approval of this NDA. 
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APPENDICES: METHODS & RESULTS FOR EACH MATERIAL REVIEWED 
APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION 

Table 4 presents relevant product information for Isturisa that Novartis Pharmaceuticals 
Corporation submitted on March 7, 2019 and August 8, 2019. 

Table 4. Relevant Product Information for Isturisa 

Initial Approval Date N/A 

Active Ingredient osilodrostat 

Indication Treatment of adults with Cushing’s disease 

Route of Administration oral 

Dosage Form Film coated tablet 

Strength 1 mg, 5 mg, and 10 mg 

Dose and Frequency Starting dose of 2 mg twice daily followed by individual dose 
titration in increments of 1 mg or 2 mg. Chronic daily dosing, 
twice daily administration frequency (every 12 hours. Maximum 
total daily dose of 60 mg (30 mg twice daily). For patients with 
moderate hepatic impairment, the recommended starting dose 
is 1 mg twice daily and 1 mg once daily in evening for severe 
hepatic impairment. 

How Supplied Blister packs of 20 tablets; 3 blister packs per carton 

Storage Do not store above 30℃ 

Container Closure 3 blister packs of 20 tablets in each carton 

APPENDIX F. LABELS AND LABELING 
F.1 List of Labels and Labeling Reviewed 

Using the principles of human factors and Failure Mode and Effects Analysis,a along with 
postmarket medication error data, we reviewed the following Isturisa labels and labeling 
submitted by Novartis Pharmaceuticals Corporation. 

 Blister Card and Pack Labels received on March 7, 2019 
 Carton labeling received on March 7, 2019 
 Prescribing Information (see link) received on Marcy 7, 2019 Application 212801 - 

Sequence 0000 - Proposed Label (pdf) - Original NDA Application 

a Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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Interdisciplinary Review Team for QT Studies Consultation Review
 

Submission NDA 

Submission Number 212801 

Submission Date 3/7/2019 

Date Consult Received 4/18/2019 

Clinical Division DMEP 

Note: Any text in the review with a light background should be inferred as copied from the 
sponsor’s document. 

This review responds to your consult regarding the sponsor’s QT evaluation. The QT-IRT 
reviewed the following materials: 

 Previous QT-IRT review dated 07/01/2013 in DARRTS (Link); 
 Previous QT-IRT review dated 09/19/2013 in DARRTS (Link); 
 Clinical study report for Study # CLCI699-C2105 (SN0000 / SDN001; link); 
 Investigator’s brochure Ed. 14 under IND-117489 (SN0098 / SDN101; link); 
 Proposed product label (SN0000 / SDN001; link); and 
 Highlights of clinical pharmacology and cardiac safety (SN0007; link). 

1 SUMMARY 
Significant QTc prolongation effect of osilodrostat (ISTURISA film-coated tablets) for 
supra-therapeutic dose (150 mg) was detected in this QT assessment. 

The effect of osilodrostat was evaluated in Study # CLCI699-C2105. The highest dose 
evaluated was 150 mg single dose, which is 5-fold the Cmax for the therapeutic dose (30 mg 
bid) and covers ~2-fold of the worst-case exposure scenario (severe hepatic impairment, 
section 3.1). The data from Study # CLCI699-C2105 was analyzed using central tendency 
as the primary analysis, which did not suggest that osilodrostat is associated with 
significant QTc prolonging effect at the proposed therapeutic dose. However, supra-
therapeutic dose studied (150 mg single dose) was associated with significant QTc 
prolonging effect (refer to section 4.3 and 4.5) – see Table 1 for overall results. 

The findings of this analysis are further supported by the available nonclinical data (section 
3.1) and exposure-response analysis (section 4.5) and categorical analysis (section 4.4). 

Table 1: The Point Estimates and the 90% CIs (FDA Analysis) 
ECG 
parameter 

Treatment Time ∆∆QTcF(ms) 90% CI (ms) 

QTc Osilodrostat 10 mg 3 1.2 (-0.3, 2.8) 

QTc Osilodrostat 150 mg 1 25.4 (23.8, 27.0) 

QTc Moxifloxacin 400 mg 4 12.4 (10.8, 14.0) 

Reference ID: 4467662 
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(b) (4)

(b) (4)

(b) (4)

(b) (4)

The concentration-QT analysis was used to predict the QT effects for maximum 
recommended therapeutic dose of 30 mg twice daily (Cmax 232.26 ng/mL). The estimated 
ΔΔQTcF was 4.3 ms (90% CI: 3.7, 4.9) (Table 8). 

1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 

Not applicable. 

1.2 COMMENTS TO THE REVIEW DIVISION 

Not applicable. 

2 PROPOSED LABEL 
Below are proposed edits to the label submitted to SDN001 (link) from the QT-IRT. Our 
changes are highlighted (addition, deletion). Each section is followed by a rationale for the 
changes made. Please note, that this is a suggestion only and that we defer final labeling 
decisions to the Division. 

5.2 QTc Prolongation 
ISTURISA is associated with a dose-dependent QT interval prolongation (maximum 
mean estimated QTcF increase of up to ms at 30 mg), which may cause cardiac 
arrhythmias [see Adverse Reactions (6), Clinical Pharmacology (12.2)]. 

Reviewer’s comments: 
The highest evaluated dose of osilodrostat (single 150 mg dose) resulted in an 
exposure ~2-fold of the worst-case therapeutic concentrations and a mean QTc 
prolongation of 25.4 ms (Table 1). If this exposure is unlikely to be seen in the patient 
population under the recommended therapeutic dose, then the study results indicate 
that the normal patients are unlikely to experience a clinically significant QTc effects 
(see ICH E14 Q&A R3 #7.1). It’s unclear to us why the sponsor is proposing ECG 
monitoring  Thus, we recommend that ECG monitoring should be 
performed in patients with risk factors for QT prolongation 

12.2 Pharmacodynamics 
Cardiac Electrophysiology 

Reference ID: 4467662 
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(b) 
(4)

(b) (4)

(b) 
(4)

(b) 
(4)

A thorough QT study in 86 male and female healthy volunteers showed a maximum 
mean placebo-corrected QTcF interval increase of 1.73 ms [90% confidence interval 
(CI): 0.15, 3.31] at a 10 mg single dose, and 25.38 ms (90% CI: 23.53, 27.22) at a 

150 mg single dose [see Warnings and Precautions (5.2)]. 
The predicted mean placebo-corrected QTcF change from baseline at the highest 
recommended dose in clinical practice (30 mg twice daily) was estimated as 5. ms 
(90% CI: 4.  6. , based on an interpolation of the data from the thorough QT Study 
and population PK analysis [see Warnings and Precautions (5.2)]. 

Reviewer’s comments: 
1. Considering that the maximum recommended therapeutic dose was not evaluated 

in this dedicated QT study, the exposure response analysis was utilized to 
estimate the effect of osilodrostat on QTc interval at 30 mg twice daily dose. 

2. The sponsor’s by-timepoint analysis results were obtained using PROC 
HPMIXED in SAS. FDA reviewer’s by-timepoint analysis results were obtained 
using PROC MIXED in SAS. The sponsor’s largest upper bounds in the label are 
larger than the corresponding values from the FDA’s results. Therefore, we 
accepted the sponsor’s results in the label. 

3 SPONSOR’S SUBMISSION 

3.1 OVERVIEW 

Novartis is developing osilodrostat (LCI699 or ISTURISA, MW: 325.24 phosphate salt) 

in the adrenal gland. The product is formulated as immediate-release film-coated tablets 
(three strengths - 1, 5, or 10 mg of osilodrostat as osilodrostat phosphate). Initial studies 
(Phase I & II) were performed using hard gelatin capsules. The sponsor claims comparable 

daily (total daily dose 4 mg) followed by a gradual titration to achieve and maintain normal 
cortisol levels. The maximum recommended dose is 30 mg twice daily. 

The sponsor completed a thorough QT study in healthy adult subjects utilizing by-time 
analysis as the method for primary analysis and exposure-response analysis was included 
as secondary analysis (Study # CLCI699-C2105). 

Previously (Dt: 07/01/2013), the QT-IRT reviewed the sponsor’s QT study protocol (Study 
# CLCI699-C2105). The sponsor proposed a phase I, randomized, double-blind, placebo- 
and active-controlled, 4-way crossover study to evaluate the effect of LCI699 on the 
QT/QTc interval (ΔΔQTcF). The sponsor proposed to use single dose of LCI699 using 
capsule formulation under fasting condition at two dose levels — 10 mg (a therapeutic 
dose) and 80 mg (supratherapeutic dose). In general, the study design, sample size, and 
ECG and PK Assessments were found to be reasonable. However, the QT-IRT provided 

for the treatment of Cushing’s disease. The product was 

Osilodrostat is a cortisol synthesis inhibitor which inhibits 11-beta­
hydroxylase (CYP11B1), the enzyme responsible for the final step of cortisol biosynthesis 

(b) (4)

exposure (AUCinf and Cmax) of osilodrostat between two formulations (i.e. tablets vs 
capsules) based on which is supported with a cross-study 
comparison (studies A2101, C2103, and, C2104). The proposed starting dose is 2 mg twice 

(b) (4)

Reference ID: 4467662 
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specific recommendations on dose selection in absence of the information on worst-case 
scenario. Additionally, the QT-IRT provided general recommendations on the exposure-
response analysis to assess effect at other concentrations of interest. Post-hoc analysis of 
ECG data from the first-in-human study indicated considerable increase in QTcF at 100 
mg (> 10 ms) and 200 mg (> 20 ms) doses (Study # A2101). Subsequently, the sponsor 
used 150 mg single dose as supra-therapeutic dose. In addition, the sponsor proposed to 
use intensive ECG monitoring is their Phase II study and phase III study, which was found 
to be acceptable for cardiac safety monitoring (Dt: 09/19/2013). 

In this 4-way cross-over study, 86 subjects were randomized (~1:1:1:1) to one of treatment 
sequences which included 4 single-dose treatment periods. Subjects received 1) 
osilodrostat 10 mg capsule, 2) osilodrostat 150 mg capsule, 3) matching placebo, and 4) 
moxifloxacin 400 mg tablet with a ≥ 5-days washout period. Continuous 12-lead ECG 
Holter data was obtained during baseline (Day -1, 7, 14, and 21) and profile days (Day 1 
of each treatment period on Days 1, 8, 15, and 22). Time-matched ECG/PK samples were 
collected at 0, 0.25, 0.5, 1, 1.5, 2, 3, 4, 8, 12, and 24 h post-dose. 

Following single-dose, the peak concentrations of 57.9 ng/mL (CV: 25.2%) and 1190 
ng/mL (CV: 18.5%) were observed at ~ 1 h post-dose with the proposed therapeutic dose 
(10 mg once daily) and supratherapeutic dose (150 mg), respectively. This indicates a more 
than dose proportional increase in LCI699 exposures (~20-fold increase for 15-fold 
increase in dose). The Sponsor’s POP-PK report (Addendum 1) indicates that the predicted 
median Cmax is 232.26 (CV: 22.63%) ng/mL at steady-state with 30 mg twice daily dose 
(60 mg total daily dose). Thus, the supratherapeutic dose (150 mg; single dose) used in this 
study offers ~5-fold margin for Cmax with the maximum therapeutic dose at the steady-
state. 

The sponsor claims a low drug interaction potential for osilodrostat considering that 
osilodrostat majorly metabolized by multiple enzymes with no single enzyme contributing 
more than 25% of the total clearance. Although the peak concentration of osilodrostat, 
following single dose, were not significantly impacted in subjects with severe hepatic 
impairment, the exposures (AUCinf) were considerably higher (2.6-fold) in subjects with 
severe hepatic impairment compared to subjects with normal hepatic function. Considering 
the model predicted peak concentrations with 30 mg twice daily dosing at steady-state 
(Cmax 232.26 ng/mL), the peak concentrations observed with the supratherapeutic dose 
(Cmax 1190 ng/mL) would offers ~2-fold margin in worst-case scenario (~2.6-fold). Based 
Phase-3 data, the sponsor’s model estimates indicated a mean QTcF change from baseline 
of -2.13 ms (90% CI: -10.51; 6.24; median Cmax: 167 ng/mL) at the highest dose of 30 mg 
(median Cmax 167 ng/mL) (Study # CLCI699C2301). 

Nonclinical (in vitro and in vivo) studies indicated that LCI699 has the potential to induce 
cardiac arrhythmias as it inhibits (low affinity in a concentration-dependent manner) hERG 
currents (IC50: 54 µM) and prolongs APD 60 in rabbit heart (≥ 1 μM). Moreover, A dose-
dependent QT interval prolongation (PR and QRS as well) was reported in telemetry 
studies conducted in cynomolgus monkeys (≥ 30 mg/kg SAD). 
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3.2 SPONSOR’S RESULTS 

3.2.1 Central tendency analysis 
Osilodrostat failed to exclude the 10 ms threshold at the supratherapeutic dose level. The 
sponsor’s by-timepoint analysis results were obtained using PROC HPMIXED in SAS. 
FDA reviewer’s by-timepoint analysis results were obtained using PROC MIXED in SAS. 
Results are similar.  Please see section 4.3 for additional details. 

3.2.1.1 Assay Sensitivity 
Assay sensitivity was established by the moxifloxacin arm. Both FDA’s analysis and 
sponsor’s analysis confirm that the assay sensitivity was established. Please see section 4.3 
for additional details. Exposure-response analysis was also performed for assay sensitivity 
analysis. Please see section 4.5 for additional details. 

3.2.1.1.1 QT bias assessment 
QT bias assessment was not conducted by the sponsor. 

3.2.2 Categorical Analysis 
One subject in supratherapeutic dose level (Osilodrostat 150 mg ) had absolute QTcF 
>480 ms and none of the subjects had a change from baseline QTcF > 60 ms. The results 
of the reviewer’s analysis are similar to the sponsor’s results. Please see section 4.4 for 
additional details. 

3.2.3 Safety Analysis 
There were no deaths reported. One subject (1.3%) (# C2105 ) reported a SAE (b) (6)

(intervertebral disc protrusion) during osilodrostat 150 mg treatment. Nine subjects had 
AEs leading to study drug discontinuation (blood cortisol decreased [6 subjects], 
angioedema [1 subject], intervertebral disc protrusion [1 subject] and pharyngitis [1 
subject]). 

More than half of the subjects (54.7%) experienced at least one AE. However, no grade 3 
/ 4 AEs were reported in this study. The most frequently reported TEAE by preferred term 
included (more than 5% of all subjects) were headache (14 subjects, 16.3%), decreased 
blood cortisol (10 subjects, 11.6%), nausea (8 subjects, 9.3%), diarrhea (7 subjects, 8.1%), 
and dizziness (6 subjects, 7.0%). While receiving 150 mg osilodrostat as compared to other 
treatments, AEs that were slightly more frequent (reported in more than 5% of subjects) 
included headache (7 subjects, 8.9%), dizziness (5 subjects, 6.3%), and decreased blood 
cortisol (4 subjects, 5.1%). 

Reviewer’s comment: None of the events identified to be of clinical importance per the 
ICH E14 guidelines (i.e., syncope, seizure, significant ventricular arrhythmias or sudden 
cardiac death) occurred in this study. 

3.2.4 Exposure-Response Analysis 
The sponsor performed exposure-response analyses to explore the relationship between the 
QTc interval and plasma concentrations of osilodrostat, using a linear random-effects 
modeling approach. 

Reference ID: 4467662 
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For osilodrostat 10 mg and 150 mg, the observed mean Cmax concentrations were 59.66 
ng/mL and 1210.66 ng/mL, respectively and the predicted mean placebo adjusted QTcF 
change from baseline were 1.90 ms (90% CI: 0.74, 3.06) and 24.33 ms (90% CI: 23.02, 
25.64) for these two concentration values. 

The sponsor’s analysis indicates that the mean ΔΔQTcF for 20 mg twice daily dose is 
3.53 ms (90% CI: 2.38, 4.69; median Cmax: 143.3 ng/mL CV: 21.5%) and for 30 mg twice 
daily dose (the maximum recommended dose in clinical practice) is 5.27 ms (90% CI: 4.12, 
6.42; median Cmax: 232.3 ng/mL CV: 22.6%). 

Please see section 4.5 for additional details. 

4 REVIEWERS’ ASSESSMENT 

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 

The sponsor used QTcF for the primary analysis, which is acceptable as no significant 
increases or decreases in heart rate (i.e., mean < 10 bpm) were observed (see sections 4.3.2 
and 4.5). 

4.2 ECG ASSESSMENTS 

4.2.1 Overall 
Overall ECG acquisition and interpretation in this study appears acceptable. 

4.2.2 QT bias assessment 
Not applicable. 

4.3 CENTRAL TENDENCY ANALYSIS 

4.3.1 QTc 
The statistical reviewer used mixed model to analyze the QTcF effect. The model 
includes treatment, time, time by treatment interaction, period and sequence as fixed 
effects. Compound symmetry covariance structure specified by subject (sequence) was 
used to model the repeated time effect. Baseline values are also included in the model as 
a covariate. The results are presented in Table 2. Overall, QTc prolongation effect was 
observed at supratherapeutic dose level. The largest upper bounds of the 90% confidence 
interval on QTcF are 2.8 ms for osilodrostat 10 mg and 27.0 ms for osilodrostat 150 mg. 

Table 2: Analysis Results of QTcF and QTcF for Osilodrostat 
Treatment group 

Time 
(Hours) 

Osilodrostat 10 mg Osilodrostat 150 mg 

ΔQTCF Placebo ΔΔQTCF ΔQTCF ΔΔQTCF 

Lsmean 
(msec) 

Lsmean 
(msec) 

Diff LS 
Mean 

(msec) 
90.0% CI 
(msec) 

Lsmean 
(msec) 

Diff LS 
Mean 

(msec) 
90.0% CI 
(msec) 

0.25 -2.1 -2.8 0.7 (-0.8, 2.3) -1.6 1.2 (-0.4, 2.8) 

0.5 -3.9 -4.8 1.0 (-0.6, 2.5) 8.9 13.7 (12.1, 15.3) 

Reference ID: 4467662 
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Treatment group 

Time 
(Hours) 

Osilodrostat 10 mg Osilodrostat 150 mg 

ΔQTCF Placebo ΔΔQTCF ΔQTCF ΔΔQTCF 

Lsmean 
(msec) 

Lsmean 
(msec) 

Diff LS 
Mean 

(msec) 
90.0% CI 
(msec) 

Lsmean 
(msec) 

Diff LS 
Mean 

(msec) 
90.0% CI 
(msec) 

1 -3.9 -4.0 0.1 (-1.5, 1.7) 21.4 25.4 (23.8, 27.0) 

1.5 -3.2 -4.2 1.1 (-0.5, 2.6) 16.6 20.9 (19.3, 22.4) 

2 -2.8 -3.9 1.1 (-0.4, 2.7) 14.8 18.7 (17.1, 20.3) 

3 -4.7 -6.0 1.2 (-0.3, 2.8) 11.7 17.7 (16.1, 19.3) 

4 -4.8 -5.1 0.3 (-1.3, 1.9) 10.1 15.2 (13.6, 16.8) 

8 -10.9 -10.4 -0.6 (-2.2, 1.0) -0.6 9.8 (8.2, 11.4) 

12 -9.0 -6.8 -2.2 (-3.8, -0.6) -2.5 4.3 (2.7, 5.9) 

24 -6.0 -3.9 -2.1 (-3.6, -0.5) -4.5 -0.6 (-2.2, 1.0) 

Figure 1 displays the time profile of ΔΔQTcF for different treatment groups. 

Figure 1: Mean and 90% CI of ΔΔQTcF Time course (unadjusted CIs). 

4.3.1.1 Assay sensitivity 
The statistical reviewer used the same statistical model to analyze moxifloxacin and 
placebo data. The results are presented in Table 3. For QTcF the largest lower bound of the 
unadjusted 90% confidence interval is 10.8 ms. By considering Bonferroni multiple 
endpoint adjustment, the largest lower bound is 10.3 ms, which indicates that an at least 5 
ms QTcF effect due to moxifloxacin can be detected from the study. The time profile of 
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moxifloxacin is consistent with ascending, peak, and descending phase of historical 
moxifloxacin profile. Overall, assay sensitivity was demonstrated in this study. 

Table 3: Analysis Results of QTcF and QTcF for Moxifloxacin 

Time 
(Hours) 

Treatment group 
Moxifloxacin 400 mg 

ΔQTCF Placebo ΔΔQTCF 

Lsmean 
(msec) 

Lsmean 
(msec) 

Diff LS 
Mean 

(msec) 
90.0% CI 
(msec) 

97.5% CI 
(msec) 

0.25 -1.9 -2.8 0.9 (-0.6, 2.5) (-1.2, 3.1) 

0.5 2.8 -4.8 7.7 (6.1, 9.2) (5.5, 9.8) 

1 6.9 -4.0 10.9 (9.3, 12.4) (8.7, 13.0) 

1.5 6.7 -4.2 10.9 (9.3, 12.5) (8.7, 13.0) 

2 8.0 -3.9 11.9 (10.3, 13.5) (9.8, 14.1) 

3 5.3 -6.0 11.3 (9.7, 12.8) (9.1, 13.4) 

4 7.3 -5.1 12.4 (10.8, 14) (10.3, 14.6) 

8 -1.0 -10.4 9.4 (7.8, 11) (7.2, 11.5) 

12 -0.2 -6.8 6.6 (5.0, 8.2) (4.4, 8.8) 

24 -0.8 -3.9 3.2 (1.6, 4.7) (1, 5.3) 

4.3.2 HR 
The same statistical analysis was performed based on HR (Figure 2). No large increase or 
decrease was observed in the HR mean differences between osilodrostat 10 mg or 150 mg 
groups and placebo measured by the largest upper limits of 90% CI. 

Reference ID: 4467662 
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Figure 2: Mean and 90% CI of ΔΔHR Time course 

4.3.3 PR 
The same statistical analysis was performed based on PR interval (Figure 3). No large 
increase or decrease was observed in the PR mean differences between osilodrostat 10 mg 
or 150 mg groups and placebo measures by the largest upper limits of 90% CI. 

Figure 3: Mean and 90% CI of ΔΔPR Time course 

4.3.4 QRS 
The same statistical analysis was performed based on QRS interval (Figure 4). No large 
increase or decreases was observed in the QRS mean differences between osilodrostat 10 
mg or 150 mg groups and placebo measured by the largest upper limits of 90% CI. 
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Figure 4: Mean and 90% CI of ΔΔQRS Timecourse 

4.4 CATEGORICAL ANALYSIS 

4.4.1 QTc 
Table 4 lists the number of subjects as well as the number of observations whose QTcF 
values are ≤ 450 ms, between 450 ms and 480 ms, between 480 ms and less or equal 500 
ms. No subject’s QTcF was above 500 ms. 

Table 4: Categorical Analysis for QTcF 

Treatment 
Total (N) Value <= 450 msec 

450 msec < 
Value <= 480 

msec 

480 msec < 
Value <= 500 

msec 

# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. 

Osilodrostat 10 mg 81 809 80 
(98.8%) 

807 
(99.8%) 

1 
(1.2%) 

2 
(0.2%) 

0 
(0.0%) 

0 
(0.0%) 

Osilodrostat 150 mg 80 797 62 
(77.5%) 

753 
(94.5%) 

17 
(21.2%) 

43 
(5.4%) 

1 
(1.2%) 

1 
(0.1%) 

Placebo 80 800 80 
(100.0%) 

800 
(100.0%) 

0 
(0.0%) 

0 
(0.0%) 

0 
(0.0%) 

0 
(0.0%) 

Table 5 lists the categorical analysis results for ΔQTcF. No subject’s change from baseline 
was above 60 ms. 

Table 5: Categorical Analysis of ΔQTcF 

Treatment 
Total (N) Value <= 30 msec 30 msec < Value <= 60 

msec 

# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. 

Osilodrostat 10 mg 81 809 81 (100.0%) 809 (100.0%) 0 (0.0%) 0 (0.0%) 

Osilodrostat 150 mg 80 797 54 (67.5%) 762 (95.6%) 26 (32.5%) 35 (4.4%) 

Placebo 80 800 80 (100.0%) 800 (100.0%) 0 (0.0%) 0 (0.0%) 
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4.4.2 PR 
The outlier analysis results for PR are presented in Table 6. There are no subjects who 
experienced PR interval greater than 220 ms in osilodrostat 10 mg or osilodrostat 150 mg 
groups. 

Table 6: Categorical Analysis for PR 

Treatment 
Total (N) Value <= 200 msec 200 msec < Value <= 220 msec 

# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. 

Osilodrostat 10 mg 81 809 75 (92.6%) 766 (94.7%) 6 (7.4%) 43 (5.3%) 

Osilodrostat 150 mg 80 797 75 (93.8%) 775 (97.2%) 5 (6.2%) 22 (2.8%) 

Placebo 80 800 73 (91.2%) 770 (96.2%) 7 (8.8%) 30 (3.8%) 

4.4.3 QRS 
The outlier analysis results for QRS are presented in Table 7. There are 3 and 2 subjects 
who experienced QRS interval greater than 110 ms in osilodrostat 10 mg and osilodrostat 
150 mg group, respectively. None of the subjects had more than 25% increase compare to 
the baseline QRS. 

Table 7: Categorical Analysis for QRS 

Treatment 
Total (N) Value <= 100 

msec 
100 < Value <= 

110 msec 
Value > 110 msec 

& <=25% 

# Subj. # Obs. # Subj. # Obs. # Subj. # Obs. # Subj. # Obs. 

Osilodrostat 10 mg 81 809 43 
(53.1%) 

508 
(62.8%) 

35 
(43.2%) 

286 
(35.4%) 

3 
(3.7%) 

15 
(1.9%) 

Osilodrostat 150 mg 80 797 37 
(46.2%) 

499 
(62.6%) 

41 
(51.2%) 

292 
(36.6%) 

2 
(2.5%) 

6 
(0.8%) 

Placebo 80 800 43 
(53.8%) 

537 
(67.1%) 

35 
(43.8%) 

250 
(31.2%) 

2 
(2.5%) 

13 
(1.6%) 

4.4.4 HR 
There are no subjects who experienced HR greater than 100 bpm in osilodrostat 10 mg or 
osilodrostat 150 mg groups. 

4.5 EXPOSURE-RESPONSE ANALYSIS 

The objective of the clinical pharmacology analysis is to assess the relationship between 
ΔQTcF and osilodrostat concentration. 

Prior to evaluating the relationship using a linear model, the three key assumptions of the 
model were evaluated using exploratory analysis: 1) absence of significant changes in heart 
rate (more than a 10 bpm increase or decrease in mean HR); 2) delay between plasma 
concentration and ΔQTcF and 3) presence of non-linear relationship. 

An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF 
is shown in Figure 5, which shows an absence of significant changes in HR. The time at 
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maximum effect on ΔΔQTcF appears to correlate better with Tmax of osilodrostat and do 
not appear to show significant hysteresis. 

Figure 5: Time course of osilodrostat concentration (top), heart rate (middle) and
 
QTcF (bottom)
 

After confirming the absence of significant heart rate changes or delayed QTc changes, the 
relationship between drug concentration and ΔQTcF was evaluated to determine if a linear 
model would be appropriate. Figure 6 shows the relationship between osilodrostat 
concentration and ΔQTcF and supports the use of a linear model. 
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Figure 6: Assessment of linearity of osilodrostat concentration-QTc relationship 

Finally, the linear model was applied to the data and the goodness-of-fit plot is shown in 
Figure 7. 

Figure 7: Goodness-of-fit plot for QTc 

Considering that the maximum recommended therapeutic dose in clinical practice was not 
evaluated in this dedicated QT study, the exposure response analysis was utilized to 
estimate the effect of osilodrostat on QTc interval. The model predicted peak 
concentrations at steady-state (median Cmax 232.26 ng/mL; accumulation ratio ~1.3) 
following 30 mg twice daily dose (under normal and worst-case scenario) were utilized to 
predict the mean ΔΔQTcF. Predictions from the concentration-QTc model are provide in 
Table 8. 
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Table 8: The Point Estimates and the 90% CIs (FDA Analysis) 
Treatment Concentration 

(ng/mL) 
ΔΔQTcF 

(ms) 
90% CI 

(ms) 
Osilodrostat 10 mg single-dose 57.9 0.9 (0.4, 1.3) 
Osilodrostat 150 mg single-dose 1182.4 23.1 (21.6, 24.7) 
Osilodrostat 30 mg twice-daily* 232.3 4.3 (3.7, 4.9) 
Osilodrostat 30 mg twice-daily# (worst-case) 603.7 11.7 (10.7, 12.7) 

* predicted peak concentrations (based on the Sponsor’s POP-PK model; addendum 1) at 
steady-state with 30 mg twice daily osilodrostat; #expected peak concentrations under 
worst-case scenario (i.e. hepatic impairment) at steady-state with 30 mg twice daily 
osilodrostat considering dose proportional pharmacokinetics. 

4.5.1 Assay sensitivity 
To demonstrate assay sensitivity, the sponsor included oral moxifloxacin 400 mg as a 
positive control to detect small increases from baseline for QTcF in this study. Assay 
sensitivity was established using central tendency analysis. Please see section 4.3.1.1 for 
additional details. 

The PK profile in the moxifloxacin group are generally consistent with the ascending, peak, 
and descending phases of historical data (Figure 8). 

Figure 8: Time course of moxifloxacin concentration (top), heart rate (middle) and 
QTcF (bottom) 

Concentration-response analysis of moxifloxacin data also indicated a positive slope in the 
relationship between ΔQTcF and the plasma concentration of moxifloxacin. The lower 
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limit of the two-sided 90% confidence interval at the observed mean peak concentrations 
of moxifloxacin is above 5 ms. 

Table 9: The Point Estimates and the 90% CIs (FDA Analysis) 
ECG 
parameter 

Treatment Time ∆∆ QTcF(ms) 90% CI (ms) 

QTc Moxifloxacin 400 mg 2590.5 13.1 (11.9, 14.3) 

Figure 9: Assessment of linearity of moxifloxacin concentration-QTc relationship 
(Left) and goodness-of-fit plot for QTc (Right) 

4.6 SAFETY ASSESSMENTS 

See section 3.2.3 
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	Consult Question:. DMEP requests DPMH assistance with the PLLR labeling review for this new molecular entity (NME). 
	DPMH did not rely on data in the Korlym NDA or the agency’s finding of safety and effectiveness for Korlym to support labeling sections of this Osilodrostat NDA. Rather, the cross-reference to the Korlym consult is included to avoid duplicating background information relevant to these products.  
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	INTRODUCTION 
	On March 7, 2019, the applicant, Novartis Pharmaceuticals, submitted an original NDA (212801) for a new molecular entity (NME), Osilodrostat tablets for the treatment of Cushing’s disease. On January 2, 2020, DMEP consulted DPMH to provide input on the proper format and content of the Pregnancy, Lactation, and Females and Males of Reproductive Potential subsections of Osilodrostat labeling to follow the Pregnancy and Lactation Labeling Rule (PLLR). 
	REGULATORY HISTORY 
	. Osilodrostat is a cortisol synthesis inhibitor with a proposed indication for the 
	treatment of Cushing’s disease.  Osilodrostat was 
	. Osilodrostat is an NME and has not yet been approved in any country. 
	. Osilodrostat was granted orphan drug status for the treatment of Cushing’s disease on September 13, 2013.  
	BACKGROUND 
	Drug Characteristics
	Drug Characteristics
	2 

	. Drug Class: cortisol synthesis inhibitor 
	. Mechanism of action (MOA): inhibits 11-beta-hydroxylase (CYP11B1), the enzyme responsible for the final step of cortisol biosynthesis in the adrenal gland 
	. Dosage and Administration: the recommended starting dose is 2 mg orally twice daily. Cortisol levels should be monitored regularly. The dose can be gradually titrated based on individual response and tolerability, with the goal of achieving normal cortisol levels. The maximum recommended dose is 30 mg twice daily. 
	. Molecular weight: 325.24 Daltons 
	. Bioavailability: oral absorption in humans is assumed to be nearly complete. 
	. Protein binding: 34.6% 
	. Half-life: 4 hours 
	 
	. Drug Interactions: In a healthy female  no clinically significant drug-drug interaction was observed when oral contraceptives (0.03 mg ethinyl estradiol and 0.15 mg levonorgestrel) were co-administered with osilodrostat (30 mg twice daily for 12 days). 
	Reviewer’s Comment The Clinical Review Team at the mid-cycle meeting noted a safety concern that 51% of patients in the single phase 3 study (C2301) for osilodrostat developed adrenal insufficiency, which may have been related to the dose being titrated too rapidly. 
	 Osilodrostat (NDA 202801) proposed prescribing information 
	 Osilodrostat (NDA 202801) proposed prescribing information 
	2


	Adverse reactions: adrenal insufficiency, headache, vomiting, nausea, fatigue, and edema 
	Condition: Cushing’s Syndrome and Pregnancy
	Condition: Cushing’s Syndrome and Pregnancy
	3,4 

	. Incidence: Cushing’s Syndrome (CS) is a rare disease with an incidence of approximately 2­25 per million/year. Cushing’s disease is a subset of CS.  Pregnancy is rare in patients with untreated CS, because excess cortisol leads infertility. However, over 210 pregnancies in women with active CS have been reported. (Refer to Table 1 below for pregnancies demonstrated by disease status and etiology, from Caimari F, et al. 2017 systematic review of published cases from 1952-2015). 
	. Etiology: CS has various etiologies including, but not limited to, corticotropin-secreting pituitary adenoma (i.e., Cushing’s Disease), adrenal adenoma and adrenal carcinoma.  Women with active CS who become pregnant are most frequently adrenal in origin (50-60% of cases), while a lesser proportion have pituitary-dependent Cushing’s disease (CD). The reason for this difference is not known; however, it has been suggested that in CD there is hypersecretion of both cortisol and androgens, impairing fertili
	. Diagnosis: CS during pregnancy is challenging to diagnose due to overlap with many of the signs and symptoms that women without CS may experience during pregnancy (fatigue, weight gain, hypertension), which is accompanied by physiological hypercortisolism. 
	. Maternal morbidity and mortality: women with CS who become pregnant are at much higher risk of developing gestational diabetes, hypertension, preeclampsia, and risk of death in comparison to healthy pregnancies. 
	. Fetal morbidity and mortality: higher risk of miscarriage, fetal death, preterm birth, and several other complications including infections, hypoglycemia, or respiratory distress. (Refer to Table 2 below from Caimari F, et al. 2017 systematic review of published cases from 1952-2015.) 
	. Treatment: there is no consensus on the management of CS during pregnancy, which is usually individualized for each patient, depending on the cause, the stage of pregnancy, and the severity of hypercortisolism. Surgery (unilateral/bilateral adrenalectomy or transsphenoidal surgery for pituitary adenoma) during the second trimester has generally been recommended as a first-choice treatment. Medical treatment with different drugs has also been reported in several patients (such as metyrapone, ketoconazole,
	 Nieman L, et al. Diagnosis and management of Cushing’s Syndrome during pregnancy. Dec 2019. . Caimari F, et al. Cushing’s syndrome and pregnancy outcomes: a systematic review of published cases. Endocrine .(2017) 55:555-563. .
	 Nieman L, et al. Diagnosis and management of Cushing’s Syndrome during pregnancy. Dec 2019. . Caimari F, et al. Cushing’s syndrome and pregnancy outcomes: a systematic review of published cases. Endocrine .(2017) 55:555-563. .
	 Nieman L, et al. Diagnosis and management of Cushing’s Syndrome during pregnancy. Dec 2019. . Caimari F, et al. Cushing’s syndrome and pregnancy outcomes: a systematic review of published cases. Endocrine .(2017) 55:555-563. .
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	www.uptodate.com. 
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	Figure
	Reviewer’s Comment DPMH recommends including a Clinical Consideration in subsection 8.1 of osilodrostat labeling to alert prescribers regarding the maternal and fetal risks associated with active CS during pregnancy (including gestational diabetes, hypertension, pre-eclampsia, miscarriage, preterm birth, fetal loss, and maternal death). 
	REVIEW 
	PREGNANCY 
	No adverse developmental outcomes were observed in reproduction studies in pregnant rats and rabbits when exposed to osilodrostat during organogenesis at doses that produced maternal exposures of 7 and 0.5-times the 30 mg twice daily maximum clinical dose, by AUC. In rabbits, exposures associated with maternal toxicity at 7-times the maximum clinical dose resulted in decreased fetal viability. No adverse developmental outcomes were observed in a pre- and postnatal development study with administration of os
	Nonclinical Experience
	5 

	 Pharmacology/Toxicology NDA Review and Evaluation (NDA 212801) Osilodrostat by Daniel Minck, PhD, dated 12/12/2019. DARRTS Reference ID: 4532599. 
	 Pharmacology/Toxicology NDA Review and Evaluation (NDA 212801) Osilodrostat by Daniel Minck, PhD, dated 12/12/2019. DARRTS Reference ID: 4532599. 
	5


	Reviewer’s Comment. The “Assessment of the Clinical Relevance” section of the Nonclinical Review states:. 
	The pharmacology studies demonstrated that osilodrostat has the desired cortisol lowering activity although aldosterone levels are also lowered and, at higher drug levels, may also lower estrogens secondary to aromatase inhibition. As a result, one may anticipate some degree of unintended pharmacology from potential reduction in aldosterone and estrogens and from any associated compensatory response. Nonclinical toxicology studies revealed effects in the adrenal, liver, female reproductive tissues, and on e
	This Reviewer agrees that glucocorticoids are known to play a crucial role in regulation of fetal organ development and maturation; whereas fetal exposure to excessive maternal glucocorticoids may cause fetal growth restriction and even hypertension later in life. The placenta regulates exposure of the fetus to glucocorticoids by the 11ß- hydroxy-steroid dehydrogenase enzymes. The timing and extent of fetal glucocorticoid exposure is crucial for survival, development, and to prevent fetal programming for di
	6 

	The applicant did not perform a literature search related to osilodrostat use and pregnancy.. 
	Applicant’s Review of Published Literature .

	PubMed, Embase, Micromedex, TERIS, Reprotox, and Briggs were searched using “osilodrostat” AND “pregnancy,” “pregnant women,” “birth defects,” “congenital malformations,” “stillbirth,” “spontaneous abortion,” and “miscarriage.”  No relevant publications were identified. 
	DPMH’s Review of Published Literature 
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	 Busada JT, et al. Mechanisms of Glucocorticoid Action During Development. Current topics in developmental .biology. Volume: 125. 2017..  TERIS database, Truven Health Analytics, Micromedex Solutions, Accessed 1/14/20.. REPROTOX® system Accessed 1/14/20..  Briggs, GG. Freeman, RK. & Yaffe, SJ. (2017). Drugs in pregnancy and lactation: A reference guide to fetal .and neonatal risk.  Philadelphia, Pa, Lippincott Williams & Wilkins.. 
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	Pregnant women or women of childbearing potential not using effective methods of contraception were excluded from the clinical trial program for osilodrostat. 
	Clinical Trials 

	Table 1: Reported Pregnancy Cases from Osilodrostat Clinical Trials 
	Patient ID Timing of Exposure Pregnancy outcome Reviewer Comment 
	C2301­Preconception to. Elective Abortion. Abortion performed due to social reasons .
	6 weeks gestation 
	and no abnormalities were reported in the fetus. 
	C2108­1 trimester Unconfirmed Patient had taken osilodrostat for 11 days 
	st

	Pregnancy 
	at the time of positive pregnancy test; however, the pregnancy was not confirmed by ultrasound and the serum HCG level reverted to normal. 
	Figure
	Source: Reviewer’s Table 
	*

	LACTATION 
	No dedicated study on the excretion of osilodrostat into the milk of lactating rats was performed. .
	Nonclinical Experience. 

	The applicant did not perform a literature search related to osilodrostat use and lactation.. 
	Applicant’s Review of Published Literature .

	PubMed, Embase, Micromedex, TERIS, Reprotox, and Briggs, Medications and Mother’s Milk, and LactMed were searched using “osilodrostat” AND “breastfeeding” or “lactation.”  No relevant publications were identified. 
	DPMH’s Review of Published Literature 
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	12

	Lactating women were excluded from the clinical trial program for osilodrostat. There were no reported cases of exposure in lactation. 
	Clinical Trials 

	FEMALES AND MALES OF REPRODUCTIVE POTENTIAL 
	Observations in female reproductive tissues included reversible effects in the ovary (increased weights, follicular degeneration, prominent corpora lutea) and uterus (increased or decreased weights, atrophy) at exposures that were >0.3-fold those at the MRHD across species. As osilodrostat is also an inhibitor of aromatase (an important enzyme involved in the conversion of 
	Nonclinical Experience
	13 

	 Hale, Thomas (2017) Medications and Mothers’ Milk.  Amarillo, Texas, Hale Publishing.. LactMed is a National Library of Medicine (NLM). database with information on drugs and lactation geared toward healthcare providers and nursing women.  LactMed .provides information when available on maternal levels in breast milk, infant blood levels, any potential effects in .the breastfed infants if known, alternative drugs that can be considered and the American Academy of Pediatrics .category indicating the level o
	11
	12
	 http://toxnet nlm nih.gov/cgi-bin/sis/htmlgen?LACT.  
	13

	testosterone to estradiol), this pharmacologic activity may be the basis for the induction of some of the observed effects. 
	Fertility studies revealed effects on female fertility and maintenance of pregnancy (e.g., increased time to mating, decreased mating and fertility, decreased implantation sites, increased resorptions, etc.) at exposures >100-fold those at the MRHD. The NOAEL was considered 5 mg/kg (8-fold the exposure at the MRHD). Similar effects were not seen in untreated females mated to drug-treated males, indicating the effects are female mediated. There were no effects on male fertility. For more details, refer to th
	Reviewer’s Comment. The “Integrated Summary and Safety Evaluation” section of the Nonclinical Review states:. 
	The observations in the reproductive studies, in conjunction with the effects observed on female reproductive organs in the repeat dose studies, suggest the female reproductive system is sensitive to perturbations induced by LCI699.  Although the mechanism(s) by which these effects were induced is unknown, they could be related to the inhibition of CY11B1/cortisol, CYP11B2/aldosterone, or aromatase either alone or in combination.  The CYP11B1 null mouse is generally infertile (Mullins, L et al 2009) so it’s
	The applicant did not perform a literature search related to osilodrostat use and fertility.. 
	Applicant’s Review of Published Literature. 

	PubMed, Embase, Reprotox were searched using, “osilodrostat” AND “fertility,” “infertility,”. “contraception,” and “oral contraceptives.” No relevant publications were identified.. 
	DPMH’s Review of Published Literature. 
	9
	9


	DISCUSSION AND CONCLUSIONS 
	There are no available data on the use of osilodrostat in pregnant women to evaluate for a drug-associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. Active Cushing Syndrome in pregnancy, although rare, has been associated with significant maternal and fetal morbidity and mortality (including maternal hypertension, diabetes, pre-eclampsia, fetal loss, preterm birth, etc.). There is no standard of care for the management of pregnant women with Cushing’s disease; however,
	Pregnancy 
	nd

	Overall, treatment with osilodrostat in pregnancy to control cortisol levels in patients with Cushing disease presents potential benefit to the pregnant woman and fetus; however, any potential benefit must be weighed against the potential risks. The Clinical Review Team noted a safety concern in that adrenal insufficiency was noted in 51% of patients during the phase 3 study (C2301) for osilodrostat. Pregnancy is a state of physiological hypercortisolism and maintaining appropriate cortisol levels plays an 
	DPMH recommends subsection 8.1 Pregnancy Risk Summary describe the lack of available human data and lack of adverse developmental effects in animal studies at clinically relevant exposures. Language under subsection 8.1 Pregnancy Clinical Considerations is recommended to alert prescribers to the “Disease-associated Maternal and/or Embryo/Fetal Risk.” 
	In addition, considering osilodrostat is a systemically absorbed NME with potential for use amongst females of reproductive potential, gathering pregnancy exposure data is important to assess the safety of osilodrostat use during pregnancy. DPMH recommends issuing a postmarketing requirement for a single-arm pregnancy safety study (SPSS) to monitor the outcomes of women and infants exposed to osilodrostat during pregnancy, with the contact information for reporting pregnancies exposed to osilodrostat to Nov
	8.1 and section 17 of labeling.  The SPSS would be conducted as a worldwide, prospective, single-arm, descriptive study in women exposed to osilodrostat during pregnancy to assess risk of pregnancy and maternal complications, adverse effects on the developing fetus and neonate, and adverse effects on the infant.  Infant outcomes will be assessed through at least the first year of life. Results will be analyzed and reported descriptively. The study will collect information for a minimum of 10 years. The prop
	Studies.
	14 

	 FDA Draft Guidance. “Postapproval Pregnancy Safety Studies.” May 2019. CDER/CBER. 
	14

	DPMH discussed the SPSS with the DMEP review team.  It was determined that an SPSS would not be issued as a postmarketing requirement at this time, however, if through routine pharmacovigilance or published scientific literature, osilodrostat use is demonstrated during pregnancy, an SPSS would be required by the applicant to better collect data on pregnancy and infant outcomes. 
	There are no available data on the presence of osilodrostat in human or animal milk, the effects on the breastfed infant, or the effects on milk production. Osilodrostat is likely to be present in human milk based on its physiochemical properties including: low molecular weight (325.24 Daltons), high oral bioavailability (oral absorption in humans is assumed to be nearly complete), and low protein binding (34.6%). Adverse reactions in adults during the clinical trial program included adrenal insufficiency (
	Lactation 

	There are no available data on the effects of osilodrostat on human fertility. No adverse effects on male fertility were observed in animal studies. Adverse effects on female fertility were 
	Females and Males of Reproductive Potential 

	evident in animal studies at 118-fold the exposure at the MRHD which the Nonclinical Team noted is not likely to be an issue with clinical use. 
	RECOMMENDATIONS 
	DPMH recommends the following: 
	1.. 
	1.. 
	1.. 
	If osilodrostat use during pregnancy is demonstrated through routine pharmacovigilance or published scientific literature, the applicant should be required to conduct a single-arm pregnancy safety study to monitor the outcomes of women and their infants exposed to osilodrostat during pregnancy. 

	2.. 
	2.. 
	DPMH revised Highlights, subsections 8.1 and 8.2, and section 17 of labeling for compliance with the PLLR (see below). DPMH discussed our labeling recommendations with DMEP on February 11, 2020. The labeling recommendations below include input from the DMEP Nonclinical Team. DPMH refers to the final NDA action for final labeling. 


	DPMH Proposed Osilodrostat Pregnancy and Lactation Labeling 
	HIGHLIGHTS OF PRESCRIBING INFORMATION --------------------------USE IN SPECIAL POPULATIONS------------------------------------------­
	 Lactation: 
	during treatment with TRADENAME and for one (8.2). 

	Figure
	FULL PRESCRIBING INFORMATION 8 USE IN SPECIFIC POPULATIONS 
	8.1 Pregnancy 
	There are no available data on osilodrostat use in pregnant women to evaluate for a drug-associated risk of major birth defects, miscarriage, or adverse maternal or fetal outcomes. There are risks to the mother and fetus associated with active Cushing Syndrome during pregnancy (see Clinical Considerations). No adverse developmental outcomes were observed in reproduction studies in pregnant rats and rabbits when exposed to osilodrostat during organogenesis at doses that produced maternal exposures of 7 and 0
	Risk Summary 

	The estimated background risk of major birth defects and miscarriage for the indicated population is unknown.   In the U.S. general population, the estimated background risk of major birth defects and miscarriage in clinically recognized pregnancies is 2 to 4% and 15 to 20%, 
	respectively. 
	Clinical Considerations 
	Clinical Considerations 

	Disease-associated Maternal and/or Embryo/Fetal Risk 
	Active Cushing Syndrome during pregnancy has been associated with an increased risk of maternal and fetal morbidity and mortality (including gestational diabetes, gestational hypertension, pre-eclampsia, maternal death, miscarriage, fetal loss, and preterm birth). 
	Data 
	Data 

	Animal Data 
	Osilodrostat administered to pregnant Wistar Han rats from gestation day 6 -17 at doses of 0.5, 5, 50 mg/kg did not adversely affect embryo-fetal development up to 5 mg/kg (8-times the 30mg twice daily maximum clinical dose, by AUC). Maternal toxicity, increased embryonic and fetal deaths, decreased fetal weights, and malformations occurred at 50 mg/kg (118-times the maximum clinical dose, by AUC). 
	Osilodrostat administered to pregnant New Zealand rabbits from gestation day 7-20 at doses of 3, 10, and 30 mg/kg did not adversely affect embryo-fetal development at 3mg/kg (0.5-times the 30mg twice daily maximum clinical dose, by AUC). Maternal toxicity, increased embryo resorption and decreased fetal viability was observed at ≥10mg/kg (7-times the maximum clinical dose, by AUC). 
	Osilodrostat administered to Wistar Han rats from gestation day 6 through lactation day 20 at doses of 1, 5, and 20 mg/kg did not adversely impact behavioral, developmental, or reproductive parameters up to 5 mg/kg (~8 times the 30mg twice daily maximum clinical dose, by AUC). Delayed parturition and dystocia in maternal rats and decreased pup survival were observed at 20mg/kg (43-times the maximum clinical dose, by AUC). 
	8.2 Lactation 
	There are no available data on the presence of osilodrostat in human or animal milk, the effects on the breastfed infant, or the effects on milk production. Because of the potential for serious adverse reactions (such as adrenal insufficiency) in the breastfed infant, advise patients that breastfeeding is not recommended during treatment with TRADENAME and for one after 
	Risk Summary 
	Figure

	the final dose. 
	17 PATIENT COUNSELING 
	Advise females not to breastfeed during treatment with TRADENAME and for one 
	Lactation 

	[see Use in Specific Populations (8.2)]. 
	Figure
	Signature Page 1 of 1 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	TAMARA N JOHNSON 02/21/2020 07:22:51 PM I am also signing for the primary reviewer, Kristie Baisden, D.O. 
	LYNNE P YAO 02/26/2020 10:23:49 AM 
	MEMORANDUM .REVIEW OF REVISED LABEL AND LABELING. 
	Division of Medication Error Prevention and Analysis (DMEPA). Office of Medication Error Prevention and Risk Management (OMEPRM). Office of Surveillance and Epidemiology (OSE). Center for Drug Evaluation and Research (CDER). 
	Date of This Memorandum: 
	Date of This Memorandum: 
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	January 23, 2019 
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	Requesting Office or Division: 
	Division of Metabolism and Endocrinology Products 
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	(DMEP) 

	Application Type and Number: 
	Application Type and Number: 
	NDA 212801 

	Product Name and Strength: 
	Product Name and Strength: 
	Isturisa (osilodrostat), tablet, film coated;

	TR
	 1 mg, 5 mg, and 10 mg 

	Applicant/Sponsor Name: 
	Applicant/Sponsor Name: 
	Novartis Pharmaceuticals Corporation 

	OSE RCM #: 
	OSE RCM #: 
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	DMEPA Safety Evaluator: 
	DMEPA Safety Evaluator: 
	Melina Fanari, R.Ph. 

	DMEPA Team Leader: 
	DMEPA Team Leader: 
	Sevan Kolejian, PharmD, MBA 


	1 PURPOSE OF MEMORANDUM 
	The Applicant submitted revised container label and carton labeling received on December 19, 2019 for Isturisa. The Division of Metabolism and Endocrinology Products (DMEP) requested that we review the revised container labels and carton labeling for Isturisa (Appendix A) to determine if they are acceptable from a medication error perspective.  The revisions are in response to recommendations that we made during a previous label and labeling review.
	a 

	2 CONCLUSION 
	The Applicant implemented all of our recommendations and we have no additional recommendations at this time. 
	 Fanari, M. Label and Labeling Review for Isturisa (NDA 212801). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 2019 Aug 22. RCM No.: 2019-535. 
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	     Clinical Inspection Summary 
	Date 
	Date 
	Date 
	11/4/2019 

	From 
	From 
	Cynthia F. Kleppinger, M.D., Senior Medical Officer Min Lu, M.D., M.P.H., Team Leader Kassa Ayalew, M.D., M.P.H., Branch Chief Good Clinical Practice Assessment Branch (GCPAB) Division of Clinical Compliance Evaluation (DCCE) Office of Scientific Investigations (OSI) 

	To 
	To 
	Diala El-Maouche, M.D., M.S., Medical Officer Marina Zemskova, M.D., Medical Team Leader Jennifer Johnson, Regulatory Project Manager Division of Metabolism and Endocrinology Products (DMEP) 

	NDA 
	NDA 
	212801 

	Applicant 
	Applicant 
	Novartis Pharmaceuticals Corporation 

	Drug 
	Drug 
	Osilodrostat (LC1699) 

	NME 
	NME 
	Yes 

	Therapeutic Classification 
	Therapeutic Classification 
	Inhibitor of 11 beta-hydroxylase (CYP11B1) 

	Proposed Indication 
	Proposed Indication 
	Treatment of Cushing’s disease 

	Consultation Request Date 
	Consultation Request Date 
	4/26/2019 

	Summary Goal Date 
	Summary Goal Date 
	11/7/2019 

	Action Goal Date 
	Action Goal Date 
	3/6/2020 

	PDUFA Date 
	PDUFA Date 
	3/7/2020 


	I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 
	I. OVERALL ASSESSMENT OF FINDINGS AND RECOMMENDATIONS 
	The inspection for this new drug application (NDA) consisted of three domestic clinical sites and one foreign clinical site in addition to the sponsor.  Furthermore, there was a previous for-cause inspection of a domestic site that was involved with the study under investigation. 
	One site (Site 3103), Dr. Findling, was issued a Form FDA-483 citing significant inspectional observations. Data from this site is not considered reliable. It is recommended that the review team perform sensitivity analyses excluding the data from Site 3103 to determine the robustness of the results and the primary conclusion of the trial. 
	Overall, while the inspectional findings based on the inspections of the remaining three clinical sites, the for-cause site, and the sponsor represent observed regulatory deficiencies, these findings are unlikely to have a significant impact on overall results. The study data generated are considered acceptable and may be used in support of this NDA. 
	All classifications are considered preliminary until the final communication letter is sent to the inspected entity. 
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	NOTE: The European Medicines Agency also received a Marketing Authorization Application (MAA) for osilodrostat 
	In addition, the sponsor (Novartis, Basel) was inspected. The finding at the sponsor site included incomplete and/or incorrect information provided in relation to contracted third parties, inadequate archiving of study documentation at the investigator sites, multiple major findings on the trial master file (TMF), inadequate processing of protocol deviations, inadequate handling of and actions on safety data (ECGs and 24h Holter ECGs), inadequate processes related to yearly Investigator’s Brochure (IB) revi
	Upon careful evaluation by the inspection team of all findings and the corrective and preventive actions (CAPAs) provided by the inspectees, the data was considered acceptable for use in support of the MAA. 

	II. BACKGROUND 
	II. BACKGROUND 
	Novartis Pharmaceuticals Corporation has submitted an original new drug application (NDA) for LCI699 (osilodrostat) indicated for treatment of subjects with Cushing’s disease. Osilodrostat is a new chemical entity and has been in clinical development as an investigational drug for Cushing’s disease since 2011 (IND 117,489). 
	Inspections were requested for the pivotal study CLCI699C2301 entitled “A Phase III, multi-center, double-blind, randomized withdrawal study of LCI699 following a 24 week, single-arm, open-label dose titration and treatment period to evaluate the safety and efficacy of LCI699 for the treatment of patients with Cushing’s disease (CD)”. 
	The first subject enrolled October 6, 2014 (first subject first visit). The study is ongoing (last subject last visit for the current analysis is February 21, 2018). First database lock was May 10, 2018. 
	This is a multi-center, double-blind, randomized withdrawal study of osilodrostat following a 24 ­week, single-arm, open-label dose titration and treatment period. The study consists of: 
	. Period 1: Single-arm, open-label (Week 1 to Week 12). This was the individual subject dose titration period. Dose adjustments were based on the mean of three 24-hour urine free cortisol (mUFC) values as measured by the central laboratory. 
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	. Period 2: (Week 13 to Week 24) was the period to assess the efficacy and safety of LCI699 at the therapeutic dose determined during the dose titration period. 
	. Period 3: Double-blind, placebo-controlled randomized withdrawal (Week 26 to Week 34). Randomization was implemented at the Week 26 visit based on urine samples collected at Week 24. Eligible subjects were randomized in a double-blinded fashion at a 1:1 ratio either to continue treatment with LCI699 at the same dose or to placebo. Subjects were stratified at randomization according to: LCI699 dose at Week 24 (≤ 5mg b.i.d. vs. > 5mg b.i.d.) and history of pituitary irradiation (yes/no). 
	. Period 4: Single-arm, open-label therapy (Week 34 to Week 48). At Week 34, subjects continued open-label treatment until Week 48 based on the mUFC result. The Investigator had the discretion to select the dose during this period and was advised to consider the guidelines given. 
	. Optional Extension Period: Subjects who wished to enter the extension period had to be re-consented at Week 48. Subjects who entered the extension period did so without interruption of study drug or assessments. 
	After discontinuing the study treatment, the subject was followed for the 28-day safety follow-up visit. 
	To be eligible for randomization in study Period 3, subjects had to have completed dose titration during study Period 1 and had to be classified as complete responders at Week 24 of study Period 
	2. Subjects not eligible for randomization received open-label osilodrostat until the end of the Core Period (Week 48), unless there was a reason to discontinue from the study prematurely. 
	During study Period 3, a subject was discontinued from the randomized withdrawal (RW) Period and declared a nonresponder if the mUFC increased to >1.5×ULN, and at least two individual urine samples showed UFC >1.5×ULN at a single visit.  Subjects who discontinued from the study during the RW Period were no longer in the study, and consequently they were not permitted to receive open-label osilodrostat and could not move to study Period 4. 
	The primary efficacy variable is the proportion of randomized subjects in each treatment arm that are complete responders at the end of the eight (8) weeks of the randomized withdrawal period (Week 34). A complete responder is defined as a subject who has mUFC ≤ ULN (based on central laboratory result) at Week 34 and was neither discontinued nor had LCI699 dose increase above the level at Week 26 during the randomized withdrawal period of the study. Subjects who discontinued during the randomized withdrawal
	This study was conducted in 66 centers across 19 countries and enrolled 137 subjects. Nineteen subjects discontinued at or prior to Week 26. Of the remaining 118 subjects, 71 subjects were randomized (36 to osilodrostat and 35 to placebo) and 47 subjects who were not randomized continued on open-label osilodrostat treatment. 
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	III. RESULTS (by Site): 
	III. RESULTS (by Site): 
	: Site inspections focused on review of informed consent documents (ICDs), institutional review board (IRB)/ ethics committee (EC) correspondences, 1572s/investigator agreements, financial disclosures, training records, CVs and licenses, delegation of duties, monitoring logs and reports, inclusion/exclusion criteria, enrollment logs, subject source documents including medical history records, drug accountability, concomitant medication records, and adverse event reports. Source records were compared to the 
	NOTE

	1.. James W. Findling, M.D. W129 N7055 Northfield Drive Menomonee Falls, WI 53051 Site: 3103 
	Dates of inspection: July 11 – August 02, 2019 
	There were 4 subjects screened and 4 subjects enrolled into the study; 3 subjects enrolled into Period 3 of the study. The study remains open and currently Subjects 
	are 
	continuing the study medication in the extension phase. There were 4 subject records reviewed. 
	Dr. Findling is an endocrinologist at Froedtert Medical Center and maintains his office at the Menomonee Falls address listed above. All the subjects were current patients of Dr. Findling or the sub-investigators and were being treated for Cushing’s Disease.  All study physicians are employees of the Medical College of Wisconsin and Froedtert Medical Center. The study was conducted at the endocrinology center in the outpatient clinic and at the Translational Research Unit (TRU) at Froedtert Medical Center. 
	The original study coordinator conducted all study coordinator duties from the beginning of 
	clinical trials office) was hired to  is a pool of staff that clinical investigators working for Froedtert Medical Center can pull from to conduct study coordinator duties. 
	The IRB of record was 
	Source records were legible, organized, and available. Random electronic case report forms (eCRFs) were reviewed and there were audit trails showing queries and responses with dates. Source records were compared to the sponsor data line listings and there was one discrepancy: a missing lab result for Subject 
	Figure

	(Week 28, Visit 14, 6/26/17) and the 
	the study in October of 2014 until October 2018. After this person left employment, the conduct the study coordinator duties. The 
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	study site was not able to provide by the closeout of the inspection.  The data listings provided to the FDA reported the laboratory results of the mUFC and serum cortisol values in nmol/24hr and the lab results were reported as MCG/24hr. This meant that every data listing value had to be converted from MCG/24hr to nmol/24hrs during the inspection to verify the values. 
	Eligibility for enrollment into the study was evaluated and all subjects met inclusion criteria and none of the exclusion criteria. None of the subjects had previous history of pituitary irradiation and were appropriately stratified at randomization. Subject was withdrawn from the study due to adverse events. Only one of the six adverse events had been reported to the IRB prior to the inspection. 
	Figure

	At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was issued for the following deficiencies: 
	1.. An investigation was not conducted in accordance with the signed statement of investigator and investigational plan.  Specifically, 
	Figure

	a. Source documents show that Subjects
	 were determined by study staff to be eligible and enrolled into the randomization withdrawal Period 3 of the study. However, Subjects (placebo) were not eligible. Subjects
	(osilodrostat) and Subject 
	Figure

	: Subject was enrolled into Period 1 on at a dose of 2 mg BID. On (Week 14), Subject had a dose increase from 5 mg to 7 mg BID. Subject was receiving a 3 mg dose BID on 
	OSI Reviewer Comment

	 had dose increases of the study medication during Weeks 13-24 (Period 2), which made them ineligible for randomization into Period 3 of the study. 
	Figure
	Figure
	Figure

	Figure
	(Visit 11, Week 20) and was receiving a 7 mg BID dose on 
	Figure
	Figure

	 (Week 23). Source documents for Subject
	Figure

	 show a dose increase on 
	from 5 mg to 7 mg BID during Period 2 between Week 20 and Week 24. Dr. Findling stated during the inspection and in his response that he was not aware that these two subjects had been randomized. However, there was overwhelming source documentation of the randomization and his awareness. 
	Electronic case report form queries from the sponsor identified and confirmed the protocol deviations and the response by the study coordinator was that the subjects were accidently randomized. 
	b.. The study site did not withdraw Subject (placebo) during the randomized withdrawal period (Weeks 26-34, Period 3) per the requirements of the protocol. 
	(placebo) and Subject 

	Figure
	: Section 4.1.3.6 of the protocol requires that subjects be discontinued from the randomized withdrawal study period and resume open-label LCI699 when their mUFC increases to >1.5xULN, and at least 2 individual urine samples show UFC >1.5XULN at a single visit. However, these two subjects were kept in the study on the randomized 
	OSI Reviewer Comment
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	treatment throughout Weeks 26-34 (Period 3). ULN was defined as 50 mcg. 
	 For Subject
	 mUFC was 105.8 mcg with individual UFC of 130.20 mcg and 77.35 mcg. On 
	Figure
	Figure

	, mUFC was 88.3 mcg with individual UFC of 115.1 mcg and 106.4 mcg. However, this subject was not discontinued from randomization on 
	Figure

	, and continued through the end of the eight weeks of Period 3. Subject then received open-label study drug starting on  (~14 days later).  For Subject mUFC was 108.6 mcg with individual UFC of 105.2 mcg, 124.7 mcg, and 67.84 mcg. 
	Figure
	Figure

	 mUFC was 159.3 mcg with individual UFC of 130.8 mcg, 158.4 mcg, and 188 mcg. 
	Figure

	 mUFC was 102.2 mcg with individual UFC of 88.3 mcg, 113.4 mcg, and 104.8 mcg. However, the subject was not discontinued from randomization on 
	Figure

	and continued through the end of the eight weeks of Period 3. Subject then received open-label study drug starting on 
	Figure

	(~23 days later). 
	The physicians were reviewing the lab results by evidence of the 
	signatures and dates of review by the physicians on the lab records. 
	, Visit13) and on during Week 33 Subject 
	c.. The study site prescribed a study drug dose increase to Subject during the randomized withdrawal period (Weeks 26-34). Section 4.1.3.5 of study protocol does not permit dose increases during the randomized withdrawal period. Subject
	Figure
	Figure
	 was randomized to 5 mg BID at Week 26 
	Figure

	had a dose increase from 5 mg to 7 mg BID. 
	: Source records show that the subject’s dose was increased from 5 mg to 7 mg during Period 3 which was not allowed by the protocol. Dr. Findling acknowledged not knowing that the subject was randomized to placebo/investigational product and was unaware that the subject’s lab results were showing ineffectiveness. 
	OSI Reviewer Comment

	d. Photographs of Subject
	 were either not completed or not maintained by the study site. 
	Figure

	: To assess the change from baseline in the physical features of Cushing’s disease as a secondary endpoint, the protocol required photography to be performed at Baseline, Weeks 12, 24, 34, 48 and every 24 weeks in extension.  Photographs were to be reviewed locally by the investigator and centrally by a vendor. The study site could not provide the FDA inspector with any photographs for Subject
	OSI Reviewer Comment
	Figure

	 Novartis could not 
	provide them either. Post inspection, the site was able to confirm with the 
	vendor that the screening photos were sent. 
	2. Failure to assure that an IRB complying with applicable regulatory requirements was 
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	Specifically, the study site did not report protocol deviations and adverse events to the IRB as required by the  FDA regulations, and study protocol CLCI6992301 Sections 12, 8.1.1, and 10.5.3.2. a. Subject and Subject should not have been randomized to study drug or placebo at Week 26 due to dose increases (unstable dose) of the study 
	responsible for the initial and continuing review and approval of a clinical study. 
	drug during Period 2 (Weeks 13-24), which caused them to be ineligible. Subjects were not withdrawn from the randomization withdrawal period of the study after lab results identified mUFC increases to >1.5xULN and at least 2 individual UFC values were >1.5xULN at a single visit. These known significant protocol deviations with potential subject safety concerns were not reported to the IRB at the time of the inspection. The IRB requires that significant safety related protocol deviations be reported within f
	Figure

	: Dr. Findling stated that he was not aware of the deviations so was unable to report them. However, source records confirm that the site was aware of the deviations. 
	OSI Review Comment

	b.. Adverse events identified between 8/23/17 and 7/25/18 were not reported with the Continuing Progress Report (CPR) until July 2019. No adverse events were reported for IRB review at the 08/23/17 or the 9/28/16 IRB meeting. Only one of six adverse events experienced by Subject reported to the IRB prior to 2019 and should have been reported to the IRB with the 10/28/15 review. The complete list of 43 adverse events, with only 1 previously submitted, for all four subjects enrolled in study CLCI6992301 start
	was

	: The IRB requires that a list of all adverse events experience by subjects be reported for the approval year with each annual continuing review. The complete list of 43 adverse events for all four subjects starting 5/26/15 through 07/12/19 was not supplied to the IRB until July 2019, when discovered during the inspection. 
	OSI Reviewer Comment

	c.. The study site did not provide a list of all known protocol deviations that occurred during the study with the submitted annual progress report during the 2017 continuing review and during the 2018 continuing review by the IRB. 
	: The IRB requires that a list of all deviations be reported for the approval year with each annual report. The sponsor identified a list of significant protocol deviations experience by the four subjects and the study site did not submit these significant protocol deviations to the IRB as of July 2019, when discovered during the inspection. These deviations included ineligible subjects being randomized into Period 3, missing ECG, subject taking prohibited medications, and 
	OSI Reviewer Comment
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	subjects not discontinued from randomized withdrawal period. The study site knew about the protocol deviations as seen in the subjects’ visit notes and queries from the sponsor and monitor. 
	 (Cushing’s Syndrome Quality of Life Questionnaire).  The monitoring report for monitoring visit conducted 
	Furthermore, the study coordinator corrected questionnaires for Subject 
	Figure

	 identified the deviation and directed the site to notify the IRB of the deviation. The study site did not notify the IRB of this deviation. 
	The study staff agreed during the inspection that the deviations and adverse events were not reported to the IRB during the 2016-2018 continuing reviews in accordance with the IRB’s SOPs. 
	Dr. Findling responded to the Form FDA-483 on August 22, 2019. The response was deemed unacceptable. The audit indicates serious deviations/findings that would impact the validity and reliability of the submitted data. Data from this site based on inspection are considered not reliable. It is recommended that sensitivity analyses be done with exclusion of the data from this site. 
	2.. Richard Auchus, M.D., Ph.D. University of Michigan Medical School 1150 West Medical Center Drive, 5560A MSRB2 Ann Arbor, MI 48109 Site: 3113 
	Dates of inspection: August 26 – 30, 2019 
	There were 9 subjects screened, and 5 subjects enrolled into the study; 2 subjects enrolled into Period 3 of the study. The study remains open and currently Subject 
	(placebo) and 

	Subject 
	(osilodrostat) are continuing the study medication in the extension phase.  There were 9 subject records reviewed. 
	Figure

	Dr. Auchus is an endocrinologist and professor of internal medicine and pharmacology at the University of Michigan Medical School. He became involved with clinical trials in 2008. Dr. Auchus has a private practice and sees approximately 20 patients per week at the University of Michigan Taubman out-patient clinic. All subjects were recruited from his private practice. 
	The IRB of record is the 
	Source records were paper in study binders stored securely in the Endocrine Research Office. Records were organized and available. Source records were compared to the sponsor data line listings and there were no discrepancies. All subjects were enrolled properly. Photos, ECGs, and subject questionnaires were completed appropriately.  Drug 
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	accountability was performed with no discrepancies noted.  IRB submissions and reviews were completed appropriately. There was no under-reporting of adverse events. The primary efficacy endpoint was verifiable. 
	The inspection revealed adequate adherence to the regulations and the investigational plan. There were no objectionable conditions noted and no Form FDA-483, Inspectional Observations, issued. 
	3.. Maria Fleseriu, M.D. OHSU Center for Health and Healing 3303 SW Bond Ave, Mailcode CH8N Portland, OR 97239 Site: 3101 
	Dates of inspection: July 23 – 29, 2019 
	There were 6 subjects screened and 4 subjects enrolled into the study; 2 subjects enrolled into Period 3 of the study. The study remains open and currently Subject is continuing 
	Figure

	the study medication in the extension phase. There were 4 subject records reviewed. 
	Dr. Fleseriu spends two days a week seeing patients at the Oregon Health and Science University's Center for Health and Healing and the rest of her time is devoted to research on studies related to the pituitary.  Subjects were recruited from the patient population. Subjects were seen at the Center for Health and Healing Building or at the Physicians Pavilion which is accessible via a tram. 
	The IRB of record was the 
	Figure
	Subject records were kept as hard copies with visit records as electronic medical records. Other documentation such as the protocol and regulatory documentation were kept electronically. Records were organized and available. Source records were compared to the sponsor data line listings. Criteria to assess primary and key secondary endpoint data was available/verifiable at the site; however, laboratory values were reported to the site in MCG/24hr which had to be converted by the FDA inspector to nmol/24hr u
	: 
	Figure
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	There were no other discrepancies. Subjects met enrollment criteria. There was no under­reporting of adverse events. The primary efficacy endpoint was verifiable. 
	The inspection revealed adequate adherence to the regulations and the investigational plan. There were no objectionable conditions noted and no Form FDA-483, Inspectional Observations, issued. 
	4.. Andre Lacroix, M.D. 3840 Saint Urbain Street Montreal H2W 1T8 Canada Site: 1402 
	Dates of inspection: August 26 – 30, 2019 
	There were 6 subjects screened and 5 subjects enrolled into the study; 4 subjects enrolled into Period 3 of the study.  The study remains open and currently three subjects are continuing the study medication in the extension phase. There were 5 subject records reviewed. 
	The Clinical Research Associate for Novartis Pharmaceuticals Corporation served as translator during the inspection.  She provided verbal translation of French documents and served as a translator on occasion. She stated that Novartis will attempt to secure third party translator services for future FDA inspections, when applicable. 
	Dr. Lacroix is a physician at the Centre hospitalier de l’Universite de Montreal and Professor of Medicine in the University’s Department of Medicine - Endocrinology Division. The site was a non-IND site. 
	The IRB of record was the The source records were handwritten study visit notes, handwritten documentation of phone calls, laboratory reports, and electronic medical records/history for each subject enrolled. Source records were organized and legible.  Source records were compared to the sponsor data line listings. There were no discrepancies. There was no under-reporting of adverse events. The primary efficacy endpoint was verifiable. 
	The site offered the consent in both French and English. 

	Subject 
	(placebo) had investigational drug increased from 2 mg b.i.d. to 5 mg b.i.d. upon receipt of lab results following Visit 6. The increased dose was in violation of the protocol because the subject’s mUFC was still within the normal range. The subject’s mUFC as reported on lab results 
	Figure
	Figure

	 was “132.1 nmol/d”, within the normal range of 11.0 – 138.0 nmol/d. Dr. Lacroix stated that because the subject’s mUFC had increased to the upper end of the normal range from Visit 5 to 6, he felt the dose was with the subject’s best interest in mind. He acknowledged this dose increase conflicted with 
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	the protocol. 
	The inspection revealed adequate adherence to the regulations and the investigational plan. There were no objectionable conditions noted and no Form FDA-483, Inspectional Observations, issued. 
	5.. Mark E. Molitch, M.D Northwestern University Feinberg School of Medicine 645 N. Michigan Avenue, Suite 530 Chicago, IL 60611 Site: 3107 
	Dates of inspection: February 1 – March 27, 2019 (included inspection of another trial) 
	This for-cause inspection was conducted as requested by the Division of Clinical Compliance Evaluation, Office of Scientific Investigations (OSI), as a result of a complaint of a medication dispensing error for Subject 3107 
	Figure

	that occurred at Visit 6 during the study. The complaint further detailed that the subject took 20 mg tablets twice daily (40 mg/day) instead of the correct dose of 10 mg twice daily (20 mg/day) for approximately two weeks. The complaint was confirmed. 
	There were 3 subjects screened and 2 subjects enrolled into the study. The study remains .open and currently Subject is continuing the study medication in the extension phase. .There were 3 subject records reviewed.  .Dr. Molitch is Professor of Medicine, Division of Endocrinology, Metabolism and. Molecular Medicine, Northwestern University. He has been a clinical investigator at the .site for approximately thirteen years and has been involved in clinical research since 1981. .The subjects enrolled in the s
	Figure

	The IRB of record is . 
	The source documents were created and maintained in paper format. The study records include nurses and physicians progress notes, laboratory test results, and drug administration records. The subjects’ electronic medical records were stored in Northwestern Hospital’s EPIC system. EPIC also contains progress notes and discharge summaries for subject hospitalizations and non-study office visits at Northwestern Hospital. Study staff communication is primarily via email messages, which are also printed and main
	The staff receive study drug kit assignments via email from the IRT (Interactive Response Technology) system. The staff dispense the test articles to the subjects. The staff maintain records of study drug receipt, storage location, dispensing/return, and inventory. Randomization/treatment allocation was accomplished through the IRT. The two subjects 
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	enrolled, randomized, and treated with the test article met the protocol inclusion/exclusion criteria. 
	The source records were compared to the sponsor data line listings. There were no discrepancies. There was no under-reporting of adverse events. The primary efficacy endpoint was verifiable. 
	At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was issued for failure to conduct an investigation in accordance with the investigational plan which was demonstrated by the following. Specifically, failure to oversee medication dispensing which resulted in dispensing errors for Study Protocol CLCI699C2301. 
	Figure

	1.. 
	1.. 
	1.. 
	On February 15, 2016 at Week 6 visit, Subject 3107-was incorrectly dispensed and took 20 mg tablets twice daily (40 mg/day) instead of the correct dose of 10 mg twice daily (20 mg/day) until February 29, 2016. The Clinical Nurse Specialist dispensed bottle No. 250009 with the incorrect dosage instead of bottle No. 250049. She did not correctly verify the lot numbers on the bottles. 
	Figure


	2.. 
	2.. 
	On January 22, 2016, Subject 3107-was dispensed and took the incorrect 

	3.. 
	3.. 
	On May 23, 2016, Subject 3107- was dispensed and took the incorrect dosage of 5 mg b.i.d instead of the correct dosage of 2 mg b.i.d.  The protocol does not permit any dose increases during the first two weeks of the Dose Escalation Period. The Clinical Nurse Specialist dispensed the medication in error. This was discovered during the monitoring visit dated 
	Figure



	dosage of 3 mg b.i.d instead of the correct dosage of 5 mg b.i.d until February 5, 2016. A dose of 3mg (b.i.d) during up-titration (dose-escalation) was not consistent with the protocol dosing instructions.  The Clinical Nurse Specialist instructed the subject to take the wrong medication in error. 
	Figure

	. The sponsor instructed the site to inform the subject to discontinue dose that evening and resume the 2 mg dosage (not 5 mg) the next day through Week 2. 
	Although regulatory violations were noted as described above, they are unlikely to significantly impact primary safety and efficacy analyses. Data from this site appear acceptable. 
	6.. Novartis Pharmaceuticals Corporation / Sponsor One Health Plaza East Hanover, NJ 07936-1080 
	Dates of inspection: June 19 – July 02, 2019 
	The inspection consisted of reviewing the organizational structure and responsibilities, transfer of obligations, contractual agreements, selection of sites, training, investigational product accountability, the evaluation of the adequacy of monitoring and corrective actions taken by the sponsor/monitor/contract research organization (CRO), deviations related to key safety and efficacy endpoints, quality assurance and audits, adverse events evaluation and reporting, 1572s and investigator agreements, the in
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	oversight. 
	There are approximately 
	Figure

	 employees worldwide at Novartis, and approximately  employees at the East Hanover, NJ site. 
	Figure

	A Transfer of Regulatory Obligations (TORO) was not filed for this study for monitoring. Monitoring activities were conducted by either external monitors, in-house monitors, or a mix of both. The monitoring model would be determined by investigational site’s country. The monitoring was provided by monitors hired externally under a contract and acted as a Novartis Pharmaceutical Corporation employee having access to Novartis emails and computers. 
	There was approximately 3-5% of the sites that were audited by Novartis under a risk-based plan. There were no sites closed for-cause nor were any sites withdrawn for non­compliance. However, there were sites that were closed because there were no patients screened. 
	Monitoring visit reports were reviewed for Site 1504, Site 1802, Site 1904, Site 2005, Site 2201, Site 2203, Site 2801, Site 3113, Site 1601, and Site 3107. For Site 3107. there was only one monitoring visit report found conducted in 2018 and one in 2019.  The monitor did not complete all reports of all visits. 
	During the inspection, while fulfilling a request for protocol deviations, Novartis staff noticed some inconsistencies in the number of protocol deviations in the interim clinical study report (CSR), Listing 16.2.2-1, dated 06 September 2018. There were 79 out of 137 subjects that received an incorrect dose or a missing dose. The duplicate protocol deviations were not included in their listing. 
	 57 subjects instead of 42 subjects had incorrect doses at least on one occasion 
	 43 subjects instead of 37 subjects had missed doses at least on one occasion. 
	A root cause analysis was performed. To adhere to FDA requirements, raw data is converted to SDTM (Standard Data Tabulation Model, according to CDISC compliance rules for electronic submission), which is a different format. This conversion does not allow any duplicate record, as duplicates would trigger a warning during the system compliance test. The study PD listing displays the country, center, subject ID, the deviation code, the deviation description and visit.  Protocol deviations records with the same
	A resubmission of the updated PD list was submitted to the Agency on July 9, 2019. In the final CSR, expected in 2020, the inconsistencies in the numbers of protocol deviations per patient will be updated with a complete listing included. 
	During Week 34 of the trial, there was a CAPA that was created for medication error. This 
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	was evaluated fully during the inspection. On 16 March 2016,  requested from the Global clinical team some clarification on the drug dispensed by the Interactive Response Technology (IRT) at the Week 34 visit. One of their 
	randomized patients that completed this visit and was continuing in Period 4 (Open label [OL] phase) received double-blind supplies instead of open label supplies. 
	The IRT set-up for dispensing at Week 34 visit was not aligned with the trial protocol. Based on protocol Section 2.2 “Rationale for the study design”, the randomized withdrawal phase (Double-blind [DB] phase) was intended to last 8 weeks with Week 34 being the end of the DB phase (with data collected needed for the statistical analysis) and also the start of the OL phase. Per the protocol VES (visit assessment schedule), Week 34 belongs to the DB phase and, therefore, the IRT was set-up at study start (Oct
	On 31 March 2016, all 
	 were informed of this deviation via e-mail and were requested to notify the sites. This communication included information regarding the immediate temporary solution (use of the existing IRT functionality of the discontinuation from the randomized withdrawal phase) as well as the long-term solution (IRT specifications amendment and system updates). The 
	Figure
	Figure

	 were requested to assess if any reporting to IRB/EC was required based on local regulatory requirements, as endorsed by the Clinical Trial Team (CTT). 
	Once the error was discovered, there was an update to their Validation and Planning Module 3 document to ensure the protocol deviations are captured in the database. They made sure the cURS was updated with the IRT system to ensure the drug dispensing was consistent with the protocol requirements. This was completed on 30 June 2016. 
	A Risk Assessment of the deviation was performed. There were no patients’ safety concern since the incremental increase in mean Urinary Free Cortisol (mUFC - the primary efficacy of the trial) over these additional 2 weeks was expected to be small; in addition, the discontinuation from the randomization withdrawal period (DB phase) has functioned correctly; hence patients who met the criteria for discontinuation (Protocol Section 4.1.3.6) and declared as non-responders would have resumed open-label LCI699. 
	This deviation impacts only patients that have met the criteria of randomization for the DB phase (Period 3) and have completed Week 34 by 31 March 2016; based on a review of current data, 17 patients across 12 countries met this definition. Based on the 1:1 randomization ratio used in the study and on the number of randomized patients who continued beyond Week 34, it is anticipated that approximately 9 patients were exposed to placebo for up to 10 weeks instead of up to 8 weeks. 
	The primary endpoint is not impacted since randomized patients have been accordingly receiving DB up to 8 weeks. 
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	At the conclusion of the inspection, a Form FDA-483, Inspectional Observations, was issued for failure to ensure the study is conducted in accordance with the protocol and/or 
	investigational plan. Specifically, Novartis failed to follow the protocol and SOP-7012380 titled Version 3.0, dated 22 May 2013.  The CRO  Interactive Response Technology (cIRT) was used to support clinical trial activities from screening to treatment completion including drug 
	dispensing, dose escalation, study treatment randomization, and dose titration for this study. Novartis failed to provide the necessary documents for the reconstruction and evaluation of the trial to indicate the IRT User Acceptance Test (UAT) was approved and signed for the following documents: 
	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 04 June 2014 
	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 04 June 2014 
	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 04 June 2014 

	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 13 January 2015 
	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 13 January 2015 

	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 16 March 2015. 
	o. Test Plan for C.I.R.T User Acceptance Test Version 1.0, dated 16 March 2015. 


	This IRT system went live starting on 27 June 2014 and the first use of the IRT for 
	screening was on 6 October 2014. 
	: Novartis explained that the person who was responsible for the UAT testing was no longer with Novartis and the responsible Project Manager was no longer at the CRO 
	OSI Reviewer Comment
	Figure

	 Employees at Novartis should sign off on the approval page of the IRT UAT test plan and this document should have been filed in the TMF. Due to poor document management, these documents could not be found. However, the certificates for the testing showing it was approved were available. The fifth
	Figure

	 IRT UAT was completed on 28 June 2016. The certificate and the UAT Test plan were available for review. Review of this test plan showed no deficiencies. 
	Although regulatory violations were noted as described above, they are unlikely to significantly impact primary safety and efficacy analyses. Data from this sponsor appear acceptable. 
	{See appended electronic signature page} 
	Cynthia F. Kleppinger, M.D. Senior Medical Officer Good Clinical Practice Assessment Branch Division of Clinical Compliance Evaluation Office of Scientific Investigations 
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	LABEL AND LABELING REVIEW 
	Division of Medication Error Prevention and Analysis (DMEPA). Office of Medication Error Prevention and Risk Management (OMEPRM). Office of Surveillance and Epidemiology (OSE). Center for Drug Evaluation and Research (CDER). 
	*** This document contains proprietary information that cannot be released to the public*** 
	Date of This Review: 
	Date of This Review: 
	Date of This Review: 
	August 22, 2019 

	Requesting Office or Division: 
	Requesting Office or Division: 
	Division of Metabolism and Endocrinology Products (DMEP) 

	Application Type and Number: 
	Application Type and Number: 
	NDA 212801 

	Product Name and Strength: 
	Product Name and Strength: 
	Isturisa (osilodrostat), tablet, film coated;

	TR
	 1 mg, 5 mg, and 10 mg 

	Product Type: 
	Product Type: 
	Single Ingredient Product 

	Rx or OTC: 
	Rx or OTC: 
	Prescription (Rx) 

	Applicant/Sponsor Name: 
	Applicant/Sponsor Name: 
	Novartis Pharmaceuticals Corporation 

	FDA Received Date: 
	FDA Received Date: 
	March 7, 2019 and August 7, 2019 

	OSE RCM #: 
	OSE RCM #: 
	2019-535 

	DMEPA Safety Evaluator: 
	DMEPA Safety Evaluator: 
	Melina Fanari, R.Ph. 

	DMEPA Team Leader: 
	DMEPA Team Leader: 
	Sevan Kolejian, PharmD, MBA 


	1 
	1 REASON FOR REVIEW 
	As part of the approval process for Isturisa (osilodrostat) tablet, the Division of Metabolism and Endocrinology Products (DMEP) requested that we review the proposed Isturisa prescribing information (PI), container labels, and carton labeling for areas of vulnerability that may lead to medication errors. 
	2 
	2 
	MATERIALS REVIEWED 

	Table 1. Materials Considered for this Label and Labeling Review 
	Table 1. Materials Considered for this Label and Labeling Review 
	Table 1. Materials Considered for this Label and Labeling Review 

	Material Reviewed 
	Material Reviewed 
	Appendix Section (for Methods and Results) 

	Product Information/Prescribing Information 
	Product Information/Prescribing Information 
	A 

	Previous DMEPA Reviews 
	Previous DMEPA Reviews 
	B-N/A 

	ISMP Newsletters 
	ISMP Newsletters 
	C-N/A 

	FDA Adverse Event Reporting System (FAERS)* 
	FDA Adverse Event Reporting System (FAERS)* 
	D-N/A 

	Other 
	Other 
	E-N/A 

	Labels and Labeling 
	Labels and Labeling 
	F 


	N/A=not applicable for this review 
	*We do not typically search FAERS for our label and labeling reviews unless we are 
	aware of medication errors through our routine postmarket safety surveillance 
	3 FINDINGS AND RECOMMENDATIONS 
	Tables 2 and 3 below include the identified medication error issues with the submitted prescribing information (PI), container labels, and carton labeling, our rationale for concern, and the proposed recommendation to minimize the risk for medication error.  
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	Prescribing Information – General Issues 
	Prescribing Information – General Issues 

	Full Prescribing Information – Section 16 How Supplied/Storage and Handling 
	Full Prescribing Information – Section 16 How Supplied/Storage and Handling 

	1. 
	1. 
	Section lacks information about tablet imprinting, scoring, shape, and color. 
	Facilitate product identification in case of mix-up and to prevent wrong strength medication errors. 
	We recommend adding a description of each tablet strength to include imprint code, shape, scoring (if present) and color for each 


	2 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	TR
	tablet strength to the How Supplied/Storage and Handling section. 

	2. 
	2. 
	NDC number denoted by a placeholder. 
	Avoid selecting and dispensing of the wrong strength. 
	Per 21 CFR 207.33, drug products subject to listing with the FDA must have a unique NDC to identify its labeler, product, and package size and type. The NDC number should be updated to reflect the actual numerical NDC number. 

	3. 
	3. 
	Tablet quantity for blister pack does not match container labels and carton labeling. PI states “Each carton contains 3 blister packs. Each blister pack contains tablets” and the proposed blister pack labeling states 20 film-coated tablets. 
	Avoid confusion 
	Revise blister pack tablet statements to reflect each blister pack contains 20 tablets. For example, Each carton contains 3 blister packs (total of 60 tablets). Each blister pack contains 20 tablets” 

	4. 
	4. 
	The proposed packaging configurations may not support all titration doses and maintenance doses. 
	We are concerned that blister cards (20 tablets) and the entire carton of 60 tablets may not support all dosing regiments and if dispensed may not provide enough quantities to support the prescribed duration and/or provide more doses than needed. 
	We communicated our concern to DMEP and sent an Information request (IR) to the Applicant (dated 7/31/2019) requesting they provide a rationale for their proposed packaging. The review of the proposed titration doses and schedule is ongoing.  Therefore, at this 

	TR
	time we do not have any further comments related to 
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	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 
	Table 2. Identified Issues and Recommendations for Division of Metabolism and Endocrinology Products (DMEP) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	TR
	the acceptability of the proposed packaging configuration and will await final determination of dosing and titration by DMEP. 


	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	ALL Carton Labeling and Container Labels 
	ALL Carton Labeling and Container Labels 

	1. 
	1. 
	NDC number denoted by a placeholder. Therefore, we were unable to assess the appropriateness of the NDC numbers from a medication safety perspective. 
	Per 21 CFR 207.33, drug products subject to listing with the FDA must have a unique NDC to identify its labeler, product, and package size and type. 
	Please submit the actual NDC number for review. 

	2. 
	2. 
	Lack of established name prominence. 
	The established name is not at least half the size of the proprietary name. 
	Revise the established name to be in accordance with 21 CFR 201.10(g)(2). 

	Blister Card Labels (Front and Back) 
	Blister Card Labels (Front and Back) 

	1. 
	1. 
	Product strength per single unit statement is missing. 
	To avoid wrong dose errors and to clarify the designated strength is per unit. 
	Add the following statement on front of the blister card: “Each tablet contains XX mg osilodrostat (as osilodrostat phosphate)”. 

	2. 
	2. 
	Linear Bar code is absent. 
	The drug barcode is often used as an additional verification before drug administration in healthcare setting; therefore, it is an important safety feature that should 
	We request you add the product’s linear barcode to each individual [PACKAGE] as required per 21CFR 201.25(c)(2).  The barcode should be surrounded by sufficient white space to allow scanners to correctly read the 
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	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	TR
	be part of the label 
	barcode in accordance with 21 

	TR
	whenever possible. 
	CFR 201.25(c)(i). In accordance with 21 CFR 201.25(c)(ii), the barcode should be placed in an area where it will not be damaged because it appears at the point of label separation (e.g., perforation). 

	3. 
	3. 
	The expiration date is absent. 
	Minimize risk for deteriorated drug medication errors. 
	We request that you add the expiration date in a defined format (see comment 2 below about the format of the expiration date). 

	4. 
	4. 
	The lot number is absent. 
	The lot number statement is required per 21 CFR 201.10(i)(1). 
	We request that you add the lot number statement to the front or back of the blister card. Ensure that there are no other numbers located in close proximity to the lot number and clearly differentiated from the expiration date. 

	Blister Pack Labels 
	Blister Pack Labels 

	1. 
	1. 
	Product strength per single unit statement lacks sufficient prominence. 
	Increase prominence. 
	Relocated the “Each tablet contains XX mg osilodrostat (as osilodrostat phosphate)” to the principle display panel. 

	2. 
	2. 
	The format for expiration date is not defined. 
	Clearly define the expiration date will minimize confusion and risk for deteriorated drug medication errors. 
	Identify the expiration date format you intend to use. FDA recommends that the human-readable expiration date on the drug package label include a year, month, and non-zero day.  FDA recommends that the expiration date appear in YYYY­MM-DD format if only numerical characters are used or in YYYY-MMM-DD if 
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	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	TR
	alphabetical characters are used to represent the month.  If there are space limitations on the drug package, the human-readable text may include only a year and month, to be expressed as: YYYY-MM if only numerical characters are used or YYYY-MMM if alphabetical characters are used to represent the month.  FDA recommends that a hyphen or a space be used to separate the portions of the expiration date. 

	Blister Pack Carton Labeling 
	Blister Pack Carton Labeling 

	1. 
	1. 
	The product identifier required under the drug supply chair security act (DSCSA) is missing. 
	DSCSA requires manufacturers and repackages, respectively, to affix or imprint a product identifier to each package and homogeneous case of a product intended to be introduced in a transaction in (to) commerce beginning November 27, 2017, and November 27, 2018, respectively. 
	We recommend that you review the draft guidance to determine if the product identifier requirements apply to your product’s labeling.   The draft guidance is available from: https://www.fda.gov/uc m/groups/fdagov­public/@fdagov-drugs­gen/documents/document/uc m621044.pdf 

	2. 
	2. 
	The expiration date is absent. 
	Minimize risk for deteriorated drug medication errors. 
	We request that you add the expiration date in a defined format (see comment 2 above). 

	3. 
	3. 
	The lot number is absent. 
	The lot number statement is required per 21 CFR 201.10(i)(1). 
	We request that you add the lot number statement to the front or back of the blister card. Ensure that there are no other numbers located in close proximity to the lot number 
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	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 
	Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table to be conveyed to Applicant) 

	TR
	IDENTIFIED ISSUE 
	RATIONALE FOR CONCERN 
	RECOMMENDATION 

	TR
	and clearly differentiated from the expiration date. 

	4. 
	4. 
	Product strength per single unit statement lacks sufficient prominence. 
	Increase prominence 
	Relocated the “Each tablet contains XX mg osilodrostat (as osilodrostat phosphate)” to the principle display panel. 


	4 CONCLUSION 
	Our evaluation of the proposed Isturisa prescribing information (PI), container labels, and carton labeling identified areas of vulnerability that may lead to medication errors.  Above, we that recommendations are implemented prior to approval of this NDA. 
	have provided recommendations in Table 2 for the Division and Table 3 for the Applicant. We 
	ask that the Division convey Table 3 in its entirety to Novartis Pharmaceuticals Corporation so 

	7. 
	APPENDICES: METHODS & RESULTS FOR EACH MATERIAL REVIEWED APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION 
	 presents relevant product information for Isturisa that Novartis Pharmaceuticals Corporation submitted on March 7, 2019 and August 8, 2019. 
	Table 4

	Table 4. Relevant Product Information for Isturisa 
	Table 4. Relevant Product Information for Isturisa 
	Table 4. Relevant Product Information for Isturisa 

	Initial Approval Date 
	Initial Approval Date 
	N/A 

	Active Ingredient 
	Active Ingredient 
	osilodrostat 

	Indication 
	Indication 
	Treatment of adults with Cushing’s disease 

	Route of Administration 
	Route of Administration 
	oral 

	Dosage Form 
	Dosage Form 
	Film coated tablet 

	Strength 
	Strength 
	1 mg, 5 mg, and 10 mg 

	Dose and Frequency 
	Dose and Frequency 
	Starting dose of 2 mg twice daily followed by individual dose titration in increments of 1 mg or 2 mg. Chronic daily dosing, twice daily administration frequency (every 12 hours. Maximum total daily dose of 60 mg (30 mg twice daily). For patients with moderate hepatic impairment, the recommended starting dose is 1 mg twice daily and 1 mg once daily in evening for severe hepatic impairment. 

	How Supplied 
	How Supplied 
	Blister packs of 20 tablets; 3 blister packs per carton 

	Storage 
	Storage 
	Do not store above 30℃ 

	Container Closure 
	Container Closure 
	3 blister packs of 20 tablets in each carton 

	APPENDIX F. LABELS AND LABELING 
	APPENDIX F. LABELS AND LABELING 


	F.1 List of Labels and Labeling Reviewed 
	Using the principles of human factors and Failure Mode and Effects Analysis, along with postmarket medication error data, we reviewed the following Isturisa labels and labeling submitted by Novartis Pharmaceuticals Corporation. 
	a

	 Blister Card and Pack Labels received on March 7, 2019  Carton labeling received on March 7, 2019  Prescribing Information (see link) received on Marcy 7, 2019 
	Application 212801 - 

	Sequence 0000 - Proposed Label (pdf) - Original NDA Application 
	Sequence 0000 - Proposed Label (pdf) - Original NDA Application 

	 Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
	a

	8. 
	Reference ID: 4480963 
	Signature Page 1 of 1 
	This is a representation of an electronic record that was signed electronically. Following this are manifestations of any and all electronic signatures for this electronic record. 
	/s/ 
	MELINA N FANARI 08/22/2019 12:05:29 PM 
	SEVAN H KOLEJIAN 08/22/2019 12:11:04 PM 

	Interdisciplinary Review Team for QT Studies Consultation Review. 
	Interdisciplinary Review Team for QT Studies Consultation Review. 
	Submission 
	Submission 
	Submission 
	NDA 

	Submission Number 
	Submission Number 
	212801 

	Submission Date 
	Submission Date 
	3/7/2019 

	Date Consult Received 
	Date Consult Received 
	4/18/2019 

	Clinical Division 
	Clinical Division 
	DMEP 


	Note: Any text in the review with a light background should be inferred as copied from the sponsor’s document. 
	This review responds to your consult regarding the sponsor’s QT evaluation. The QT-IRT reviewed the following materials: 
	 Previous QT-IRT review dated 07/01/2013 in DARRTS (); 
	Link

	 Previous QT-IRT review dated 09/19/2013 in DARRTS (); 
	Link

	 Clinical study report for Study # CLCI699-C2105 (SN0000 / SDN001; ); 
	link

	 Investigator’s brochure Ed. 14 under IND-117489 (SN0098 / SDN101; ); 
	link

	 Proposed product label (SN0000 / SDN001; ); and 
	link

	 Highlights of clinical pharmacology and cardiac safety (SN0007; ). 
	link

	1 SUMMARY 
	1 SUMMARY 
	Significant QTc prolongation effect of osilodrostat (ISTURISA film-coated tablets) for supra-therapeutic dose (150 mg) was detected in this QT assessment. 
	The effect of osilodrostat was evaluated in Study # CLCI699-C2105. The highest dose evaluated was 150 mg single dose, which is 5-fold the Cmax for the therapeutic dose (30 mg bid) and covers ~2-fold of the worst-case exposure scenario (severe hepatic impairment, as the primary analysis, which did not suggest that osilodrostat is associated with significant QTc prolonging effect at the proposed therapeutic dose. However, supra-therapeutic dose studied (150 mg single dose) was associated with significant QTc 
	section 3.1). The data from Study # CLCI699-C2105 was analyzed using central tendency 
	4.3
	 and 4.5) – see Table 1 for overall results. 

	The findings of this analysis are further supported by the available nonclinical data (section ) and exposure-response analysis (section ) and categorical analysis (section ). 
	3.1
	4.5
	4.4

	Table 1: The Point Estimates and the 90% CIs (FDA Analysis) 
	ECG parameter 
	ECG parameter 
	ECG parameter 
	Treatment 
	Time 
	∆∆QTcF(ms) 
	90% CI (ms) 

	QTc 
	QTc 
	Osilodrostat 10 mg 
	3 
	1.2 
	(-0.3, 2.8) 

	QTc 
	QTc 
	Osilodrostat 150 mg 
	1 
	25.4 
	(23.8, 27.0) 

	QTc 
	QTc 
	Moxifloxacin 400 mg 
	4 
	12.4 
	(10.8, 14.0) 


	The concentration-QT analysis was used to predict the QT effects for maximum recommended therapeutic dose of 30 mg twice daily (Cmax 232.26 ng/mL). The estimated ΔΔQTcF
	 was 4.3 ms (90% CI: 3.7, 4.9) (Table 8). 

	1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 
	1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR 
	Not applicable. 

	1.2 COMMENTS TO THE REVIEW DIVISION 
	1.2 COMMENTS TO THE REVIEW DIVISION 
	Not applicable. 


	2 PROPOSED LABEL 
	2 PROPOSED LABEL 
	Below are proposed edits to the label submitted to SDN001 () from the QT-IRT. Our changes are highlighted (addition, ). Each section is followed by a rationale for the changes made. Please note, that this is a suggestion only and that we defer final labeling decisions to the Division. 
	link
	deletion

	5.2 QTc Prolongation ISTURISA is associated with a dose-dependent QT interval prolongation (maximum mean estimated QTcF increase of up to ms at 30 mg), which may cause cardiac arrhythmias [see Adverse Reactions (6), Clinical Pharmacology (12.2)]. 
	5.2 QTc Prolongation ISTURISA is associated with a dose-dependent QT interval prolongation (maximum mean estimated QTcF increase of up to ms at 30 mg), which may cause cardiac arrhythmias [see Adverse Reactions (6), Clinical Pharmacology (12.2)]. 
	5.2 QTc Prolongation ISTURISA is associated with a dose-dependent QT interval prolongation (maximum mean estimated QTcF increase of up to ms at 30 mg), which may cause cardiac arrhythmias [see Adverse Reactions (6), Clinical Pharmacology (12.2)]. 

	Reviewer’s comments: The highest evaluated dose of osilodrostat (single 150 mg dose) resulted in an exposure ~2-fold of the worst-case therapeutic concentrations and a mean QTc prolongation of 25.4 ms (Table 1). If this exposure is unlikely to be seen in the patient population under the recommended therapeutic dose, then the study results indicate that the normal patients are unlikely to experience a clinically significant QTc effects (see ICH E14 Q&A R3 #7.1). It’s unclear to us why the sponsor is proposin
	Reviewer’s comments: The highest evaluated dose of osilodrostat (single 150 mg dose) resulted in an exposure ~2-fold of the worst-case therapeutic concentrations and a mean QTc prolongation of 25.4 ms (Table 1). If this exposure is unlikely to be seen in the patient population under the recommended therapeutic dose, then the study results indicate that the normal patients are unlikely to experience a clinically significant QTc effects (see ICH E14 Q&A R3 #7.1). It’s unclear to us why the sponsor is proposin

	12.2 Pharmacodynamics Cardiac Electrophysiology 
	12.2 Pharmacodynamics Cardiac Electrophysiology 


	A thorough QT study in 86 male and female healthy volunteers showed a maximum mean placebo-corrected QTcF interval increase of 1.73 ms [90% confidence interval (CI): 0.15, 3.31] at a 10 mg single dose, and 25.38 ms (90% CI: 23.53, 27.22) at a 150 mg single dose [see Warnings and Precautions (5.2)]. The predicted mean placebo-corrected QTcF change from baseline at the highest recommended dose in clinical practice (30 mg twice daily) was estimated as 5. ms (90% CI: 4. 6. , based on an interpolation of the dat
	A thorough QT study in 86 male and female healthy volunteers showed a maximum mean placebo-corrected QTcF interval increase of 1.73 ms [90% confidence interval (CI): 0.15, 3.31] at a 10 mg single dose, and 25.38 ms (90% CI: 23.53, 27.22) at a 150 mg single dose [see Warnings and Precautions (5.2)]. The predicted mean placebo-corrected QTcF change from baseline at the highest recommended dose in clinical practice (30 mg twice daily) was estimated as 5. ms (90% CI: 4. 6. , based on an interpolation of the dat
	A thorough QT study in 86 male and female healthy volunteers showed a maximum mean placebo-corrected QTcF interval increase of 1.73 ms [90% confidence interval (CI): 0.15, 3.31] at a 10 mg single dose, and 25.38 ms (90% CI: 23.53, 27.22) at a 150 mg single dose [see Warnings and Precautions (5.2)]. The predicted mean placebo-corrected QTcF change from baseline at the highest recommended dose in clinical practice (30 mg twice daily) was estimated as 5. ms (90% CI: 4. 6. , based on an interpolation of the dat

	Reviewer’s comments: 1. Considering that the maximum recommended therapeutic dose was not evaluated in this dedicated QT study, the exposure response analysis was utilized to estimate the effect of osilodrostat on QTc interval at 30 mg twice daily dose. 2. The sponsor’s by-timepoint analysis results were obtained using PROC HPMIXED in SAS. FDA reviewer’s by-timepoint analysis results were obtained using PROC MIXED in SAS. The sponsor’s largest upper bounds in the label are larger than the corresponding valu
	Reviewer’s comments: 1. Considering that the maximum recommended therapeutic dose was not evaluated in this dedicated QT study, the exposure response analysis was utilized to estimate the effect of osilodrostat on QTc interval at 30 mg twice daily dose. 2. The sponsor’s by-timepoint analysis results were obtained using PROC HPMIXED in SAS. FDA reviewer’s by-timepoint analysis results were obtained using PROC MIXED in SAS. The sponsor’s largest upper bounds in the label are larger than the corresponding valu


	3 SPONSOR’S SUBMISSION 
	3.1 OVERVIEW 
	Novartis is developing osilodrostat (LCI699 or ISTURISA, MW: 325.24 phosphate salt) 
	in the adrenal gland. The product is formulated as immediate-release film-coated tablets (three strengths - 1, 5, or 10 mg of osilodrostat as osilodrostat phosphate). Initial studies (Phase I & II) were performed using hard gelatin capsules. The sponsor claims comparable 
	daily (total daily dose 4 mg) followed by a gradual titration to achieve and maintain normal cortisol levels. The maximum recommended dose is 30 mg twice daily. 
	The sponsor completed a thorough QT study in healthy adult subjects utilizing by-time analysis as the method for primary analysis and exposure-response analysis was included as secondary analysis (Study # CLCI699-C2105). 
	Previously (Dt: 07/01/2013), the QT-IRT reviewed the sponsor’s QT study protocol (Study # CLCI699-C2105). The sponsor proposed a phase I, randomized, double-blind, placebo- and active-controlled, 4-way crossover study to evaluate the effect of LCI699 on the QT/QTc interval (ΔΔQTcF). The sponsor proposed to use single dose of LCI699 using capsule formulation under fasting condition at two dose levels — 10 mg (a therapeutic dose) and 80 mg (supratherapeutic dose). In general, the study design, sample size, an
	Previously (Dt: 07/01/2013), the QT-IRT reviewed the sponsor’s QT study protocol (Study # CLCI699-C2105). The sponsor proposed a phase I, randomized, double-blind, placebo- and active-controlled, 4-way crossover study to evaluate the effect of LCI699 on the QT/QTc interval (ΔΔQTcF). The sponsor proposed to use single dose of LCI699 using capsule formulation under fasting condition at two dose levels — 10 mg (a therapeutic dose) and 80 mg (supratherapeutic dose). In general, the study design, sample size, an
	specific recommendations on dose selection in absence of the information on worst-case scenario. Additionally, the QT-IRT provided general recommendations on the exposure-response analysis to assess effect at other concentrations of interest. Post-hoc analysis of ECG data from the first-in-human study indicated considerable increase in QTcF at 100 mg (> 10 ms) and 200 mg (> 20 ms) doses (Study # A2101). Subsequently, the sponsor used 150 mg single dose as supra-therapeutic dose. In addition, the sponsor pro

	for the treatment of Cushing’s disease. The product was Osilodrostat is a cortisol synthesis inhibitor which inhibits 11-beta­hydroxylase (CYP11B1), the enzyme responsible for the final step of cortisol biosynthesis 
	exposure (AUCinf and Cmax) of osilodrostat between two formulations (i.e. tablets vs capsules) based on which is supported with a cross-study comparison (studies A2101, C2103, and, C2104). The proposed starting dose is 2 mg twice 
	In this 4-way cross-over study, 86 subjects were randomized (~1:1:1:1) to one of treatment sequences which included 4 single-dose treatment periods. Subjects received 1) osilodrostat 10 mg capsule, 2) osilodrostat 150 mg capsule, 3) matching placebo, and 4) moxifloxacin 400 mg tablet with a ≥ 5-days washout period. Continuous 12-lead ECG Holter data was obtained during baseline (Day -1, 7, 14, and 21) and profile days (Day 1 of each treatment period on Days 1, 8, 15, and 22). Time-matched ECG/PK samples wer
	Following single-dose, the peak concentrations of 57.9 ng/mL (CV: 25.2%) and 1190 ng/mL (CV: 18.5%) were observed at ~ 1 h post-dose with the proposed therapeutic dose (10 mg once daily) and supratherapeutic dose (150 mg), respectively. This indicates a more than dose proportional increase in LCI699 exposures (~20-fold increase for 15-fold increase in dose). The Sponsor’s POP-PK report (Addendum 1) indicates that the predicted median Cmax is 232.26 (CV: 22.63%) ng/mL at steady-state with 30 mg twice daily d
	The sponsor claims a low drug interaction potential for osilodrostat considering that osilodrostat majorly metabolized by multiple enzymes with no single enzyme contributing more than 25% of the total clearance. Although the peak concentration of osilodrostat, following single dose, were not significantly impacted in subjects with severe hepatic impairment, the exposures (AUCinf) were considerably higher (2.6-fold) in subjects with severe hepatic impairment compared to subjects with normal hepatic function.
	Nonclinical (in vitro and in vivo) studies indicated that LCI699 has the potential to induce cardiac arrhythmias as it inhibits (low affinity in a concentration-dependent manner) hERG currents (IC50: 54 µM) and prolongs APD 60 in rabbit heart (≥ 1 μM). Moreover, A dose-dependent QT interval prolongation (PR and QRS as well) was reported in telemetry studies conducted in cynomolgus monkeys (≥ 30 mg/kg SAD). 
	3.2 SPONSOR’S RESULTS 
	3.2.1 Central tendency analysis 
	Osilodrostat failed to exclude the 10 ms threshold at the supratherapeutic dose level. The sponsor’s by-timepoint analysis results were obtained using PROC HPMIXED in SAS. FDA reviewer’s by-timepoint analysis results were obtained using PROC MIXED in SAS. Results are similar.  
	Please see section 4.3 for additional details. 

	3.2.1.1 Assay Sensitivity 
	Assay sensitivity was established by the moxifloxacin arm. Both FDA’s analysis and for additional details. Exposure-response analysis was also performed for assay sensitivity 
	sponsor’s analysis confirm that the assay sensitivity was established. Please see section 4.3 
	analysis. Please see section 4.5 for additional details. 

	3.2.1.1.1 QT bias assessment 
	QT bias assessment was not conducted by the sponsor. 
	3.2.2 Categorical Analysis 
	One subject in supratherapeutic dose level (Osilodrostat 150 mg ) had absolute QTcF >480 ms and none of the subjects had a change from baseline QTcF > 60 ms. The results additional details. 
	of the reviewer’s analysis are similar to the sponsor’s results. Please see section 4.4 for 

	3.2.3 Safety Analysis 
	There were no deaths reported. One subject (1.3%) (# C2105 (intervertebral disc protrusion) during osilodrostat 150 mg treatment. Nine subjects had AEs leading to study drug discontinuation (blood cortisol decreased [6 subjects], angioedema [1 subject], intervertebral disc protrusion [1 subject] and pharyngitis [1 subject]). 
	) reported a SAE 

	More than half of the subjects (54.7%) experienced at least one AE. However, no grade 3 / 4 AEs were reported in this study. The most frequently reported TEAE by preferred term included (more than 5% of all subjects) were headache (14 subjects, 16.3%), decreased blood cortisol (10 subjects, 11.6%), nausea (8 subjects, 9.3%), diarrhea (7 subjects, 8.1%), and dizziness (6 subjects, 7.0%). While receiving 150 mg osilodrostat as compared to other treatments, AEs that were slightly more frequent (reported in mor
	Reviewer’s comment: None of the events identified to be of clinical importance per the ICH E14 guidelines (i.e., syncope, seizure, significant ventricular arrhythmias or sudden cardiac death) occurred in this study. 
	3.2.4 Exposure-Response Analysis 
	The sponsor performed exposure-response analyses to explore the relationship between the QTc interval and plasma concentrations of osilodrostat, using a linear random-effects modeling approach. 
	For osilodrostat 10 mg and 150 mg, the observed mean Cmax concentrations were 59.66 ng/mL and 1210.66 ng/mL, respectively and the predicted mean placebo adjusted QTcF change from baseline were 1.90 ms (90% CI: 0.74, 3.06) and 24.33 ms (90% CI: 23.02, 25.64) for these two concentration values. 
	The sponsor’s analysis indicates that the mean ΔΔQTcF for 20 mg twice daily dose is 
	3.53 ms (90% CI: 2.38, 4.69; median Cmax: 143.3 ng/mL CV: 21.5%) and for 30 mg twice daily dose (the maximum recommended dose in clinical practice) is 5.27 ms (90% CI: 4.12, 6.42; median Cmax: 232.3 ng/mL CV: 22.6%). 
	Please see section 4.5 for additional details. 
	Please see section 4.5 for additional details. 

	4 REVIEWERS’ ASSESSMENT 
	4.1 EVALUATION OF THE QT/RR CORRECTION METHOD 
	The sponsor used QTcF for the primary analysis, which is acceptable as no significant and ). 
	increases or decreases in heart rate (i.e., mean < 10 bpm) were observed (see sections 4.3.2 
	4.5

	4.2 ECG ASSESSMENTS 
	4.2.1 Overall 
	Overall ECG acquisition and interpretation in this study appears acceptable. 
	4.2.2 QT bias assessment 
	Not applicable. 
	4.3 CENTRAL TENDENCY ANALYSIS 
	4.3.1 QTc 
	The statistical reviewer used mixed model to analyze the QTcF effect. The model includes treatment, time, time by treatment interaction, period and sequence as fixed effects. Compound symmetry covariance structure specified by subject (sequence) was used to model the repeated time effect. Baseline values are also included in the model as observed at supratherapeutic dose level. The largest upper bounds of the 90% confidence interval on QTcF are 2.8 ms for osilodrostat 10 mg and 27.0 ms for osilodrostat 1
	a covariate. The results are presented in Table 2. Overall, QTc prolongation effect was 

	Table 2: Analysis Results of QTcF and QTcF for Osilodrostat 
	Treatment group 
	Treatment group 
	Treatment group 

	Time (Hours) 
	Time (Hours) 
	Osilodrostat 10 mg 
	Osilodrostat 150 mg 

	ΔQTCF 
	ΔQTCF 
	Placebo 
	ΔΔQTCF 
	ΔQTCF 
	ΔΔQTCF 

	Lsmean (msec) 
	Lsmean (msec) 
	Lsmean (msec) 
	Diff LS Mean (msec) 
	90.0% CI (msec) 
	Lsmean (msec) 
	Diff LS Mean (msec) 
	90.0% CI (msec) 

	0.25 
	0.25 
	-2.1 
	-2.8 
	0.7 
	(-0.8, 2.3) 
	-1.6 
	1.2 
	(-0.4, 2.8) 

	0.5 
	0.5 
	-3.9 
	-4.8 
	1.0 
	(-0.6, 2.5) 
	8.9 
	13.7 
	(12.1, 15.3) 


	Table
	TR
	Treatment group 

	Time (Hours) 
	Time (Hours) 
	Osilodrostat 10 mg 
	Osilodrostat 150 mg 

	ΔQTCF 
	ΔQTCF 
	Placebo 
	ΔΔQTCF 
	ΔQTCF 
	ΔΔQTCF 

	Lsmean (msec) 
	Lsmean (msec) 
	Lsmean (msec) 
	Diff LS Mean (msec) 
	90.0% CI (msec) 
	Lsmean (msec) 
	Diff LS Mean (msec) 
	90.0% CI (msec) 

	1 
	1 
	-3.9 
	-4.0 
	0.1 
	(-1.5, 1.7) 
	21.4 
	25.4 
	(23.8, 27.0) 

	1.5 
	1.5 
	-3.2 
	-4.2 
	1.1 
	(-0.5, 2.6) 
	16.6 
	20.9 
	(19.3, 22.4) 

	2 
	2 
	-2.8 
	-3.9 
	1.1 
	(-0.4, 2.7) 
	14.8 
	18.7 
	(17.1, 20.3) 

	3 
	3 
	-4.7 
	-6.0 
	1.2 
	(-0.3, 2.8) 
	11.7 
	17.7 
	(16.1, 19.3) 

	4 
	4 
	-4.8 
	-5.1 
	0.3 
	(-1.3, 1.9) 
	10.1 
	15.2 
	(13.6, 16.8) 

	8 
	8 
	-10.9 
	-10.4 
	-0.6 
	(-2.2, 1.0) 
	-0.6 
	9.8 
	(8.2, 11.4) 

	12 
	12 
	-9.0 
	-6.8 
	-2.2 
	(-3.8, -0.6) 
	-2.5 
	4.3 
	(2.7, 5.9) 

	24 
	24 
	-6.0 
	-3.9 
	-2.1 
	(-3.6, -0.5) 
	-4.5 
	-0.6 
	(-2.2, 1.0) 


	 displays the time profile of ΔΔQTcF for different treatment groups. 
	Figure 1

	Figure 1: Mean and 90% CI of ΔΔQTcF Time course (unadjusted CIs). 
	4.3.1.1 Assay sensitivity 
	The statistical reviewer used the same statistical model to analyze moxifloxacin and unadjusted 90% confidence interval is 10.8 ms. By considering Bonferroni multiple endpoint adjustment, the largest lower bound is 10.3 ms, which indicates that an at least 5 ms QTcF effect due to moxifloxacin can be detected from the study. The time profile of 
	The statistical reviewer used the same statistical model to analyze moxifloxacin and unadjusted 90% confidence interval is 10.8 ms. By considering Bonferroni multiple endpoint adjustment, the largest lower bound is 10.3 ms, which indicates that an at least 5 ms QTcF effect due to moxifloxacin can be detected from the study. The time profile of 
	placebo data. The results are presented in Table 3. For QTcF the largest lower bound of the 

	moxifloxacin is consistent with ascending, peak, and descending phase of historical moxifloxacin profile. Overall, assay sensitivity was demonstrated in this study. 

	Table 3: Analysis Results of QTcF and QTcF for Moxifloxacin 
	Time (Hours) 
	Time (Hours) 
	Time (Hours) 
	Treatment group Moxifloxacin 400 mg 

	ΔQTCF 
	ΔQTCF 
	Placebo 
	ΔΔQTCF 

	Lsmean (msec) 
	Lsmean (msec) 
	Lsmean (msec) 
	Diff LS Mean (msec) 
	90.0% CI (msec) 
	97.5% CI (msec) 

	0.25 
	0.25 
	-1.9 
	-2.8 
	0.9 
	(-0.6, 2.5) 
	(-1.2, 3.1) 

	0.5 
	0.5 
	2.8 
	-4.8 
	7.7 
	(6.1, 9.2) 
	(5.5, 9.8) 

	1 
	1 
	6.9 
	-4.0 
	10.9 
	(9.3, 12.4) 
	(8.7, 13.0) 

	1.5 
	1.5 
	6.7 
	-4.2 
	10.9 
	(9.3, 12.5) 
	(8.7, 13.0) 

	2 
	2 
	8.0 
	-3.9 
	11.9 
	(10.3, 13.5) 
	(9.8, 14.1) 

	3 
	3 
	5.3 
	-6.0 
	11.3 
	(9.7, 12.8) 
	(9.1, 13.4) 

	4 
	4 
	7.3 
	-5.1 
	12.4 
	(10.8, 14) 
	(10.3, 14.6) 

	8 
	8 
	-1.0 
	-10.4 
	9.4 
	(7.8, 11) 
	(7.2, 11.5) 

	12 
	12 
	-0.2 
	-6.8 
	6.6 
	(5.0, 8.2) 
	(4.4, 8.8) 

	24 
	24 
	-0.8 
	-3.9 
	3.2 
	(1.6, 4.7) 
	(1, 5.3) 


	4.3.2 HR 
	decrease was observed in the HR mean differences between osilodrostat 10 mg or 150 mg groups and placebo measured by the largest upper limits of 90% CI. 
	The same statistical analysis was performed based on HR (Figure 2). No large increase or 

	Figure 2: Mean and 90% CI of ΔΔHR Time course 
	Figure
	4.3.3 PR 
	increase or decrease was observed in the PR mean differences between osilodrostat 10 mg or 150 mg groups and placebo measures by the largest upper limits of 90% CI. 
	The same statistical analysis was performed based on PR interval (Figure 3). No large 

	Figure 3: Mean and 90% CI of ΔΔPR Time course 
	4.3.4 QRS 
	increase or decreases was observed in the QRS mean differences between osilodrostat 10 mg or 150 mg groups and placebo measured by the largest upper limits of 90% CI. 
	The same statistical analysis was performed based on QRS interval (Figure 4). No large 

	Figure 4: Mean and 90% CI of ΔΔQRS Timecourse 
	Figure
	4.4 CATEGORICAL ANALYSIS 
	4.4.1 QTc 
	values are ≤ 450 ms, between 450 ms and 480 ms, between 480 ms and less or equal 500 ms. No subject’s QTcF was above 500 ms. 
	Table 4 lists the number of subjects as well as the number of observations whose QTcF 

	Table 4: Categorical Analysis for QTcF 
	Treatment 
	Treatment 
	Treatment 
	Total (N) 
	Value <= 450 msec 
	450 msec < Value <= 480 msec 
	480 msec < Value <= 500 msec 

	TR
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 

	Osilodrostat 10 mg 
	Osilodrostat 10 mg 
	81 
	809 
	80 (98.8%) 
	807 (99.8%) 
	1 (1.2%) 
	2 (0.2%) 
	0 (0.0%) 
	0 (0.0%) 

	Osilodrostat 150 mg 
	Osilodrostat 150 mg 
	80 
	797 
	62 (77.5%) 
	753 (94.5%) 
	17 (21.2%) 
	43 (5.4%) 
	1 (1.2%) 
	1 (0.1%) 

	Placebo 
	Placebo 
	80 
	800 
	80 (100.0%) 
	800 (100.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 
	0 (0.0%) 


	ΔQTcF. No subject’s change from baseline was above 60 ms. 
	Table 5 lists the categorical analysis results for 

	Table 5: Categorical Analysis of ΔQTcF 
	Treatment 
	Treatment 
	Treatment 
	Total (N) 
	Value <= 30 msec 
	30 msec < Value <= 60 msec 

	TR
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 

	Osilodrostat 10 mg 
	Osilodrostat 10 mg 
	81 
	809 
	81 (100.0%) 
	809 (100.0%) 
	0 (0.0%) 
	0 (0.0%) 

	Osilodrostat 150 mg 
	Osilodrostat 150 mg 
	80 
	797 
	54 (67.5%) 
	762 (95.6%) 
	26 (32.5%) 
	35 (4.4%) 

	Placebo 
	Placebo 
	80 
	800 
	80 (100.0%) 
	800 (100.0%) 
	0 (0.0%) 
	0 (0.0%) 


	4.4.2 PR 
	experienced PR interval greater than 220 ms in osilodrostat 10 mg or osilodrostat 150 mg groups. 
	The outlier analysis results for PR are presented in Table 6. There are no subjects who 

	Table 6: Categorical Analysis for PR 
	Treatment 
	Treatment 
	Treatment 
	Total (N) 
	Value <= 200 msec 
	200 msec < Value <= 220 msec 

	# Subj. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 

	Osilodrostat 10 mg 
	Osilodrostat 10 mg 
	81 
	809 
	75 (92.6%) 
	766 (94.7%) 
	6 (7.4%) 
	43 (5.3%) 

	Osilodrostat 150 mg 
	Osilodrostat 150 mg 
	80 
	797 
	75 (93.8%) 
	775 (97.2%) 
	5 (6.2%) 
	22 (2.8%) 

	Placebo 
	Placebo 
	80 
	800 
	73 (91.2%) 
	770 (96.2%) 
	7 (8.8%) 
	30 (3.8%) 


	4.4.3 QRS 
	who experienced QRS interval greater than 110 ms in osilodrostat 10 mg and osilodrostat 150 mg group, respectively. None of the subjects had more than 25% increase compare to the baseline QRS. 
	The outlier analysis results for QRS are presented in Table 7. There are 3 and 2 subjects 

	Table 7: Categorical Analysis for QRS 
	Treatment 
	Treatment 
	Treatment 
	Total (N) 
	Value <= 100 msec 
	100 < Value <= 110 msec 
	Value > 110 msec & <=25% 

	TR
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 
	# Subj. 
	# Obs. 

	Osilodrostat 10 mg 
	Osilodrostat 10 mg 
	81 
	809 
	43 (53.1%) 
	508 (62.8%) 
	35 (43.2%) 
	286 (35.4%) 
	3 (3.7%) 
	15 (1.9%) 

	Osilodrostat 150 mg 
	Osilodrostat 150 mg 
	80 
	797 
	37 (46.2%) 
	499 (62.6%) 
	41 (51.2%) 
	292 (36.6%) 
	2 (2.5%) 
	6 (0.8%) 

	Placebo 
	Placebo 
	80 
	800 
	43 (53.8%) 
	537 (67.1%) 
	35 (43.8%) 
	250 (31.2%) 
	2 (2.5%) 
	13 (1.6%) 


	4.4.4 HR 
	There are no subjects who experienced HR greater than 100 bpm in osilodrostat 10 mg or osilodrostat 150 mg groups. 
	4.5 EXPOSURE-RESPONSE ANALYSIS 
	The objective of the clinical pharmacology analysis is to assess the relationship between ΔQTcF and osilodrostat concentration. 
	Prior to evaluating the relationship using a linear model, the three key assumptions of the model were evaluated using exploratory analysis: 1) absence of significant changes in heart rate (more than a 10 bpm increase or decrease in mean HR); 2) delay between plasma concentration and ΔQTcF and 3) presence of non-linear relationship. 
	An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF 
	An evaluation of the time-course of drug concentration and changes in ΔΔHR and ΔΔQTcF 
	is shown in Figure 5, which shows an absence of significant changes in HR. The time at 

	maximum effect on ΔΔQTcF appears to correlate better with Tmax of osilodrostat and do not appear to show significant hysteresis. 

	Figure 5: Time course of osilodrostat concentration (top), heart rate (middle) and. QTcF (bottom). 
	Figure
	After confirming the absence of significant heart rate changes or delayed QTc changes, the relationship between drug concentration and ΔQTcF was evaluated to determine if a linear model would be concentration and ΔQTcF and supports the use of a linear model. 
	appropriate. Figure 6 shows the relationship between osilodrostat 

	Figure 6: Assessment of linearity of osilodrostat concentration-QTc relationship 
	Figure
	Finally, the linear model was applied to the data and the goodness-of-fit plot is shown in . 
	Figure 7

	Figure 7: Goodness-of-fit plot for QTc 
	Considering that the maximum recommended therapeutic dose in clinical practice was not evaluated in this dedicated QT study, the exposure response analysis was utilized to estimate the effect of osilodrostat on QTc interval. The model predicted peak concentrations at steady-state (median Cmax 232.26 ng/mL; accumulation ratio ~1.3) following 30 mg twice daily dose (under normal and worst-case scenario) were utilized to predict the mean ΔΔQTcF. Predictions from the concentration-QTc model are provide in 
	Table 8. 

	Table 8: The Point Estimates and the 90% CIs (FDA Analysis) 
	Treatment 
	Treatment 
	Treatment 
	Concentration (ng/mL) 
	ΔΔQTcF (ms) 
	90% CI (ms) 

	Osilodrostat 10 mg single-dose 
	Osilodrostat 10 mg single-dose 
	57.9 
	0.9 
	(0.4, 1.3) 

	Osilodrostat 150 mg single-dose 
	Osilodrostat 150 mg single-dose 
	1182.4 
	23.1 
	(21.6, 24.7) 

	Osilodrostat 30 mg twice-daily* 
	Osilodrostat 30 mg twice-daily* 
	232.3 
	4.3 
	(3.7, 4.9) 

	Osilodrostat 30 mg twice-daily# (worst-case) 
	Osilodrostat 30 mg twice-daily# (worst-case) 
	603.7 
	11.7 
	(10.7, 12.7) 


	* predicted peak concentrations (based on the Sponsor’s POP-PK model; addendum 1) at steady-state with 30 mg twice daily osilodrostat; expected peak concentrations under worst-case scenario (i.e. hepatic impairment) at steady-state with 30 mg twice daily osilodrostat considering dose proportional pharmacokinetics. 
	#

	4.5.1 Assay sensitivity 
	To demonstrate assay sensitivity, the sponsor included oral moxifloxacin 400 mg as a positive control to detect small increases from baseline for QTcF in this study. Assay additional details. 
	sensitivity was established using central tendency analysis. Please see section 4.3.1.1 for 

	The PK profile in the moxifloxacin group are generally consistent with the ascending, peak, and descending phases of historical data (). 
	Figure 8

	Figure 8: Time course of moxifloxacin concentration (top), heart rate (middle) and 
	QTcF (bottom) 
	Concentration-response analysis of moxifloxacin data also indicated a positive slope in the relationship between ΔQTcF and the plasma concentration of moxifloxacin. The lower 
	limit of the two-sided 90% confidence interval at the observed mean peak concentrations of moxifloxacin is above 5 ms. 
	Table 9: The Point Estimates and the 90% CIs (FDA Analysis) 
	ECG parameter 
	ECG parameter 
	ECG parameter 
	Treatment 
	Time 
	∆∆ QTcF(ms) 
	90% CI (ms) 

	QTc 
	QTc 
	Moxifloxacin 400 mg 
	2590.5 
	13.1 
	(11.9, 14.3) 


	Figure 9: Assessment of linearity of moxifloxacin concentration-QTc relationship (Left) and goodness-of-fit plot for QTc (Right) 
	Figure
	4.6 SAFETY ASSESSMENTS 
	See section 
	3.2.3 
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