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Clinical Pharmacology Data 
The following clinical pharmacology data of pasireotide were obtained from 15 trials 
results; 11 trials in healthy subjects, 1 trial in patients with hepatic impairment and 3 
trials in patients with Cushing’s disease. Refer Section 2.2.1 of the review for lists of 
studies. 
 
Absorption 
Absolute bioavailability of pasireotide was not evaluated in humans and it was predicted 
to be low (<5%) from in vitro studies with low permeability. Maximum concentrations 
(Cmax) were reached between 0.25 and 0.5 hour following s.c. injection. Pasireotide 
exposure measured using the maximum concentration and area under the concentration-
time curve (AUC) showed apparent proportionality to doses up to 1.5 mg. 
 
Distribution 
Pasireotide plasma protein binding was 88%. Volume of distribution (Vd/F) varied 
significantly among studies and was generally greater than 100 L.  Pasireotide seemed to 
be a substrate of P-glycoprotein (P-gp) because there was polarized permeability and P-
gp inhibitors (i.e., cyclosporine and verapamil) resulted in directional permeability in 
Caco-2 model. Meanwhile, pasireotide was not a substrate or inhibitor for breast cancer 
resistance protein (BCRP), organic cation transporter 1 (OCP1), organic-transporting 
polypeptide (OATP) 1B1, 1B3, or 2B1 according to in vitro study results. 
 
Metabolism 
Its metabolism was insignificant according to mass balance study results. In addition, in 
vitro study results indicate that pasireotide is not a substrate, inhibitor, or inducer for 
metabolic isozymes including UGT1A1 particularly at the proposed dosing range. 
 
Elimination 
Fecal excretion was the major route of elimination with 48 % total radioactivity 
recovered in feces compared to 7.6 % in urine over 10 days post dosing. Hepatic 
impairment increased pasireotide exposure and it indicates that biliary excretion may 
significantly contribute to pasireotide hepatic clearance. The population analysis indicates 
that pasireotide clearance (CL/F) in patients with Cushing’s disease is lower (3.8 L/h) 
compared to that of healthy volunteers (6.7 L/h). Accumulation was more than expected 
according to cross study comparison. Terminal half-life was increased with increasing 
dose, especially with 600 and 1200 mg. The effective half-life was about 12 hours. 
Meanwhile, accumulation seems to be less than 2 based on AUC and steady-sate is 
reached within 3 days following QD dosing.  
 
Intrinsic factors 
Upon correction for covariate effect (age, BMI and albumin), AUCinf was increased by 
60% and 79%, and Cmax increased by 67% and 69%, respectively, in the moderate and 
severe hepatic impairment groups relative to the control group with normal hepatic 
function. We recommend dose adjustment to 0.3 mg BID starting dose and maximum 0.6 
mg BID for patients with moderate hepatic impairment. Population analysis was 
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Pasireotide solution for injection contains pasireotide diaspartate as the active drug 
substance (Figure 1).  Pasireotide diaspartate has been formulated as 0.3 mg/1 ml, 0.6 
mg/1 ml and 0.9 mg/1 ml solution for injection in ampoules. It is an immediate-release 
dosage form for subcutaneous administration. The composition of pasireotide solution for 
injection is summarized in Table 1. The to-be-marketed formulation was used in the 
pivotal clinical trials. 
 

 
 

C58H66N10O9.2C4H7NO4 

MW: 1047.206+266.205=1313.41 
 

Figure 1  Structural formula and relative molecular mass of pasireotide diaspartate 
 
 
 
Table 1 Components and composition of one ampoule of Pasireotide 0.3 mg, 0.6 mg and 0.9 

mg solution for injection 
 

Amount per ampoule (mg)
Ingredient 

0.3 mg 0.6 mg 0.9 mg 
Function 

Reference to 
standards 

Pasireotide diaspartate 
(SOM230 diaspartate) 

0.3762 1 0.7524 2 1.1286 3 Active ingredient Novartis 

Mannitol 49.50 49.50 49.50 Ph. Eur. / USP 

Tartaric acid 1.501 1.501 1.501 Ph. Eur. / NF 

Sodium hydroxide ad pH 4.2 ad pH 4.2 ad pH 4.2 Ph. Eur. / NF 

Water for injections 
/ Water for injection 

ad 1 ml ad 1 ml ad 1 ml Ph. Eur. / USP 

Note: Each ampoule contains an overfill of 0.1 ml to allow accurate administration of 1 ml from the ampoule. 

1 corresponds to 0.3 mg Pasireotide free base (salt/base ratio: 1.254) 

2 corresponds to 0.6 mg Pasireotide free base (salt/base ratio: 1.254) 
3 corresponds to 0.9 mg Pasireotide free base (salt/base ratio: 1.254) 

 

2.1.2 What are the proposed mechanism of action and therapeutic indications? 
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Pasireotdie binds to four of the five known SSTs, namely sst1, sst2, sst3, and sst5 (Table 
2). Activation of somatostatin receptors results in inhibition of hormone secretion such 
ACTH and growth hormone. The proposed indication is for the treatment of patients with 
Cushing’s disease who require medical therapeutics intervention. 
 
Cushing’s disease is caused by an ACTH-secreting pituitary adenoma most commonly 
affecting adult females. The elevated ACTH in turn stimulates the adrenal gland to 
produce cortisol and the development of the clinical signs and symptoms of 
hypercortisolism. According to the epidemiologic study, about 17,000 patients with 
Cushing’s disease are living in United States. 
 
There are two somatostatin analogs approved for different indications as follows: 

 Octreotide acetate, a cyclic octapeptide, for acromegaly, carcinoid tumors, 
vasoactive intestinal peptide tumors 

 Lanreotide acetate, a cyclic octapeptide, for acromegaly 
 
Table 2 Binding affinities of somatostatin (SRIF-14), pasireotide, octreotide and 

somatuline to the five human sst receptor subtypes (hsst1-5) 

 

2.1.3 What are the proposed dosages and routes of administration? 

 
The recommended initial dose is 0.9 mg by subcutaneous (s.c.) injection twice a day. An 
initial dose of 0.6 mg twice a day may be considered for patients with pre-diabetes or 
diabetes mellitus. The recommended initial dose for patients with moderate hepatic 
impairment (Child Pugh B) is 0.3 mg twice a day. A maximum dose of 0.6 mg twice a 
day is recommended for patients with moderate hepatic impairment. It should not be used 
in patients with severe hepatic impairment (Child Pugh C).  
 

2.1.4 What is available pharmacology management for Cushing’s disease? 

There is no pharmacologic therapy approved for the treatment of Cushing’s disease. 
Although ketoconazole (anti-fungal), metyrapone, mitotane (insecticide DDT) and 
cabergoline (prolactinomas/Parkinson’s disease) have been used in patients with 
Cushing’s disease, those have not been prospectively evaluated in multicenter, 
randomized trials. Mifepristone (Korlym™; 300 mg once daily) was approved for the 
Cushing’s syndrome on February 17, 2012. 
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2.2 General Clinical Pharmacology 

2.2.1 What are the design features of the clinical pharmacology and 
biopharmaceutics studies and the clinical studies used to support dosing or 
claims? 

 
Lists of clinical pharmacology trials with PK/PD data are summarized in Table 3. 
 
Table 3  Clinical pharmacology trials  
 

Study Objectives Dose No. of 
subjects 

Healthy volunteers 
[B2101] Safety, 

tolerability, PK, 
PD 

1, 2.5, 10, 30, 100, 200, 300, 600, 1200 µg single dose 72 

[B2102] Safety, 
tolerability, PK, 
PD 

50, 200, 600 µg qd x 14 days 33 

[B2106] Safety, 
tolerability, PK 

900, 1200, 1500 µg single dose 
450, 600, 750 µg twice a day x 1 day 

17 

[B2107] Safety, 
tolerability 

150, 300, 600, 900, 1200, 1500 µg q.d. x 8 days  
150, 300, 450, 600, 750 µg b.i.d, x 8 days 

66 

[B2108] Safety, 
tolerability, PK 

450, 900, 1350, 1800, 2025, 2250 µg/day continuous infusion x 
7 days 

44 

[B2112] ADME, PK, 
safety 

600 µg single dose 4 

Part I: 900, 1200, 1500, 1800, 1950, 2100 µg  x 5 days [B2113] Cardiac safety 
(QT/QTc), PK, 
PD Part II: 1950 µg  x 5 days 

128 

[B2124] Blood glucose 
metabolism, 
safety, PK 

600 µg  x 7 days 90 

[B2125] Cardiac safety 
(QT/QTc), 
safety, PK 

600 µg  x 5 days 

1950 µg  x 5 days 

112 

[B2216] Blood glucose, 
PD, safety 

600, 900, 1200 µg , x 8 days 45* 

[C2101] Safety, 
tolerability, PK 

300 µg single dose 78 

Subjects with varying degrees of hepatic impairment 
[B2114] Hepatic 

impairment, 
PK, safety 

600 µg single dose 34 

Cushing’s disease patients 

[B2208] 

(proof-of-
concept) 

Efficacy, safety, 
PK, PD 

600 µg  x 15 days 39 

[B2208E1] Efficacy, safety, 
PK, PD 

300-900 µg ; dose titration allowed 19 

[B2305] 
(pivotal study) 

Efficacy, safety, 
PK, PD 

300, 600, 900, 1200 µg ; dose titration allowed 162 

q.d.: once daily; : twice a day; QTc: corrected QT interval 
* Study B2216: Although 45 subjects had safety evaluations in all three dose groups, only 38 subjects in the 
600μg and 900μg dose groups were included in the blood glucose and PD analyses. 

Source: [SCP Table 2-1], [SCP Table 2-2]. 
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2.2.2 What is the basis for selecting the response endpoints and how are they 
measured in clinical pharmacology studies? 

 
Hypercortisolism is linked to clinical signs of Cushing’s disease and cortisol level change 
is the primary response endpoint. The primary efficacy endpoint was the proportion of 
patients who achieved levels of mean urinary-free cortisol (mUFC) ≤ upper limit of 
normal (ULN) after 6 months of treatment with pasireotide and no dose increase (relative 
to the randomized dose) prior to Month 6.  The evaluations were based on the 24-hour 
urinary-free cortisol test (24h-UFC). 
 

2.3 Exposure-Response 

2.3.1 What are the characteristics of the exposure-response relationship for 
effectiveness? 

 
The proposed initial dose of 900 ug BID is not supported by exposure-response (E-R) 
relationship for efficacy. There is no clear relationship between exposure (i.e., average 
trough concentration) and probability of response, suggesting no significant additional 
benefit of 900 μg b.i.d. over 600 μg BID In addition, exposure-response analysis was also 
conducted using mUFC as a continuous variable for efficacy and conclusions regarding 
the exposure-response relationship for efficacy remain the same. Please refer the detailed 
pharmacometric review by Dr. Jingyu (Jerry) Yu in the attachment. 
 

2.3.2 What are the characteristics of the exposure-response relationships   for 
safety? 

The proposed initial dose of 900 ug BID for patients with normal baseline HbA1cis not 
supported by exposure-response (E-R) relationship for safety. In patients with normal 
baseline HbA1C, there is a clear trend toward increasing probability of experiencing ≥1% 
post-baseline increase of HbA1C with the increasing exposure in the pivotal trial, 
suggesting that 900 μg BID will result in a higher probability of post-baseline 
hyperglycemia than 600 μg BID. Therefore, for patients with normal baseline HbA1c, we 
recommend a lower starting dose of 600 μg BID. Similar exposure-response relationship 
was identified for patients with pre-diabetic or diabetic status at baseline. Therefore, for 
such patients, we agree with sponsor’s proposed dose of 600 μg BID. Please refer the 
detailed pharmacometric review by Dr. Jingyu (Jerry) Yu in the attachment. 
 

2.3.3 Does this drug prolong QT/QTc Interval? 

QTcI interval was evaluated in a randomized, blinded, crossover study in healthy subjects 
investigating pasireotide doses of 600 μg BID and 1950 μg BID The maximum mean 
(95% upper confidence bound) placebo-subtracted QTcI change from baseline was 12.7 
(14.7) ms and 16.6 (18.6) ms, respectively. Both pasireotide doses decreased heart rate, 
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with a maximum mean (95% lower confidence bound) placebo-subtracted change from 
baseline of -10.9 (-11.9) bpm observed at 1.5 hours for pasireotide 600 μg , and -15.2 (-
16.5) bpm at 0.5 hours for pasireotide 1950 μg BID. The supratherapeutic dose (1950 μg 
b.i.d) produced mean steady-state Cmax values 3.3-fold the mean Cmax for the 600 μg 
b.i.d dose in the study (Dr. Anshu Marathe’s proposed labeling in the QT-IRT consult 
memo dated on August 29, 2012. Please see the detailed QT-IRT review DARRTS). 
 

2.4 What are the PK characteristics of the drug? 

2.4.1 What are the single and multiple dose PK parameters in healthy adults? 

 
 Single dose pharmacokinetics 
 
Single dose pharmacokinetic data of healthy subjects resulted mainly from Study B2101, 
a single ascending dose study, and B2106, a comparison between one dose and two doses 
in a day. Mean concentration-time profiles by treatments are shown in Figure 2 and the 
PK data are summarized in Table 4 (B2101) and 5 (B2106). The data indicate that there 
is apparent linearity between exposure and dose considering data from both studies 
(Figure 3). Pasireotide concentration-time profiles showed tri-exponential disposition 
around the proposed dosing range. Values of tmax were reached within 0.25 and 0.5 
hours. Terminal half-life was increased with increasing dose from 2.43 to 65.9 hours 
following 2.5 and 1200 g, respectively.  
 

   

 
 

Figure 2  Mean concentration-time profiles 
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Table 4  Summary of PK parameters (B2101) 

 
 
Table 5  Summary of PK parameters (B2106) 

 
 

0

5

10

15

20

25

30

35

40

45

0 500 1000 1500 2000

Dose (mcg)

C
m

a
x

 (
n

g
/m

L
)

B2101 SD

B2106 SD

 

0

50

100

150

200

250

300

0 500 1000 1500 2000

Dose (mcg)

A
U

C
in

f 
(n

g
*h

/m
L

)

B2101 SD

B2106 SD

 
Figure 3  Mean concentration-time profiles: Cmax (left) and AUC (right) 
 
 
Reviewer’s Comments 
Injection volumes were significantly different among treatments for B2101: 1) doses of 1 
and 2.5 μg were administered as 0.1 and 0.25 mL of the five-fold diluted solution, 2) 
doses of 10 and 30 μg were administered as 0.2 mL and 0.6 mL of the 0.15 mg per 3 mL 
dose strength respectively, and 3) doses of 100, 200, 300, 600, and 1200 μg were 
administered as 0.1 mL, 0.2 mL, 0.3 mL, 0.6 mL, and 1.2 mL of the 3 mg per 3 mL dose 
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strength, respectively. Injection volumes sometimes affect PK following s.c. injection 
mainly through altered absorption and variability. The above data indicate injection 
volumes differ by up to 12 times (0.1 vs. 1.2 mL) among treatments and higher volume 
was used for a higher dose within each treatment arm in Study B2101. However, there is 
no further evidence to assess the injection volume effect on pasireotide PK. 
 
The terminal half-lives were significantly different by doses and also for the same dose 
across studies (65.9 hours vs. 27.7 hours; Table 4 and 5). Sampling design was 
comparable between the studies and a reason for the difference is not well understood. 
 
Blood sampling scheme was comparable between the studies as up to 144 hours post 
dose sampling. Comparison between AUC0-24 and AUC0-last indicates that the terminal 
phase with a long half-life contribution to the total AUC may not be significant since 
AUC0-24 is about 83% of AUC0-144hr. 
 
 
 Multiple dose 
 
Multiple dose PK resulted mainly from studies B2102 and B2108.  Dosing regimen was 
once daily for 14 days in B2102 and twice daily dosing for 5 days in B2108. 
Pharmacokinetic assessment was part of the thorough QT evaluation in B2108. 
 
Multiple dose PK data following 50, 200 and 600 g QD for 14 days are summarized in 
Table 6 and 7. Steady-state was reached in a few days with accumulation in the range of 
20 to 36% estimated by AUC ratio. PK linearity with dose was assessed using a power 
model (Log (Cmax or AUC) = a*Log (dose) + b) for both Day 1 and Day 14 data. 
Although the results did not meet the prespecified statistical goal post for linearity, there 
was apparent linearity between exposure (Cmax or AUC) and dose (Table 8). 
 
Multiple dose PK data following 600 and 1950 g for 5 days were comparable to those of 
QD dosing. The accumulation was 61 and 70 % for 600 and 1950 g, respectively.  
Higher accumulation was expected following BID compared to that of QD. (Table 9 and 
10). 
 
Reviewer’s Comments 
It was apparent that AUC0-tau following multiple dose was comparable to AUC0-inf 

following single dose (Figure 4). Therefore, it seems that there is no non-linearity with 
time. 
 
The terminal half-life of 600 g (13.1 hours) estimated following multiple dose on Day 14 
was shorter than that of 600 g single dose (44 hours, Table 4).  In general, blood 
sampling following multiple dose is often limited within the dosing interval and it may 
impact on pasireotide half-life estimation. 
 
Values of AUC0-12 following BID was greater than AUC0-24 following QD or AUC0-inf 

following single dose (Figure 5). With those, CL/F became 7.6 and 5.2 L/h following 
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single dose and BID dosing, respectively. It indicates that accumulation is more than 
expected following BID with the time dependent CL/F change. 
 
 
Table 6  Summary of PK parameters on day 1 

 
 
 
 
 
 
Table 7  Summary of PK parameters on day 14 

 
 
 
 
Table 8 Estimate of the slope for the linear regression between log-PK parameter 

and log-dose 
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Figure 4 AUC (SD) vs. dose by treatments: AUCinf after single dose and AUC0-24 after 

multiple dose 
 
Table 9  Summary of pasireotide PK parameters for Day 1 

 
 
Table 10  Summary of pasireotide PK parameters for Day 5 
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Figure 5 AUC vs. dose by treatments: AUCinf after single dose, AUC0-24 after QD and 

AUC0-12 after BID  
 
 
 
 
Table 11 PK/PD parameters obtained by nonlinear regression analysis of GH AUC data and 

the average pasireotide plasma concentration on Day 2 and at steady state (Day 13) 

 
 

2.4.2 Was PK comparable between healthy subjects and patients? 

 
Patients’ PK was characterized as part of Phase 2 study (B2208). Pasireotide plasma 
concentration-time profiles are shown in Figure 6 and its PK parameters are summarized 
in Table 12. Values of tmax and AUC were estimated in a different sampling scheme and 
thus it may be not appropriate to compare those to data of healthy subjects.  
 
Reviewer’s Comment 
Cross study comparison indicates that patients’ accumulation based on AUC (93% as 
Day 15/Day 1 following BID) is higher than those of healthy subject (i.e., 61% following 
600 g BID and 36% following 600 g QD) (Table 12, Table 10 and Table 7). 
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Figure 6  Mean (SD) pasireotide plasma concentration versus time profiles 
 
 
Table 12 Summary of Patients’ PK parameters 

 
 

2.4.3 Does the mass balance study suggest renal or hepatic as the major route of 
elimination? 

 
The majority of dose (48.3%) was recovered in the feces as pasireotide (37.2 ±7.89% of 
dose) following s.c. injection of [14C]pasireotide (600 μg)  in the mass balance study 
(Table 13, Study B2112). In urine, 7.63% of dose was found as total radioactivity and 
about 6% of dose was pasireotide. The ratio of plasma pasireotide to plasma radioactivity 
was close to 1 based on AUC (Table 14). In plasma, the only contributor to the exposure 
was pasireotide and metabolites were not detected. The metabolites of pasireotide in 
urine and feces were not structurally identified because poor detection limits. The above 
data indicate that its metabolism is insignificant. 
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Table 13  Excretion of radioactivity in urine and feces for 10 daysa (% of dose) 

 
 
Table 14 Ratio of plasma pasireotide to plasma radioactivity 

 
 
Reviewer’s Comments 
The recovery of total radioactivity was about 57% in 10 days and it is considered 
incomplete.  Therefore, it should be cautious at the interpretation of the study results. 
Meanwhile, relative comparison within the study results such as urine vs. feces or plasma 
vs. blood seems acceptable. 
 
Although the recovery of total radioactivity was incomplete, its terminal half-life (211 
hours, Table 15) was significantly longer compared to those of other studies, but 
factor(s) for the difference are not well understood. 
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Table 15 Pharmacokinetic parameters for total radioactivity in plasma (upper panel) and 
blood (lower panel) following a single s.c. dose of 600 micrograms [14C]pasireotide 

 

 
 

 
 
            

2.5 Intrinsic Factors 

 

2.5.1 Hepatic Impairment 

 

The hepatic function impact on pasireotide exposure was evaluated in an open-label, 
multi-center, single dose study following 600 g subcutaneous pasireotide in subjects 
with varying degrees of hepatic function. 
 
Pasireotide plasma concentration-time profiles are shown in Figure 7 and PK parameters 
are summarized in Table 16. Pasireotide AUC and Cmax were increased by 12 and 3% 
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Table 16 Summary of pasireotide PK parameters by cohort 

 
 
Table 17 Summary of statistical analysis of key PK parameters for pasireotide 
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2.6 Extrinsic Factors 

2.6.1 Were there data to suspect in vivo metabolic drug-drug interactions? 

Mass balance study results indicate metabolism is not significant. In vitro microsomal 
and hepatocyte study results indicate pasireotid is metabolically stable. 

Pasireotide metabolic inhibition potential was assessed using standard in vitro studies and 
results of those studies are summarized in Table 18. Values of IC50 against major CYP 
isozymes were in the range of M. It indicates that pasireotide is unlikely to inhibit those 
CYP isozymes considering nM range (e.g., Cmax of 15.5 ng/mL or ca. 15 nM) of 
anticipated therapeutic pasireotide plasma concentrations 600 μg subcutaneous dose to 
healthy subjects. 

 
Table 18 Summary of in vitro study results for the metabolic inhibition potential 

 
 

 
 
Pasireotide did not show metabolic induction potential according to in vitro study results. 

 

2.6.2 Is the drug a substrate, an inhibitor and/or an inducer of transporter 
processes? 

 

Pasireotide appears to be substrate of P-glycoprotein because there was polarized 
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permeability in Caco-2 cell model study results (Table 19). However, the sponsor 
concluded that role of P-gp might not be significant in pasireotide disposition because its 
permeability remained much lower than that of mannitol when P-gp was inhibited by 
transporter inhibitors such as cyclosporine (CsA) and verpamil. The sponsor’s assessment 
seems reasonable.  

 

Pasireotide was not a substrate or inhibitor to other important export and import 
transporters including BCRP, OATP1B1, OATP1B3, OATP 2B1 and OCT1 according to 
in vitro study results.  Assessment of hepatic accumulation and influence of known 
hepatic transporter inhibitors on it using human hepatocytes and HEK 292 cells are 
shown in Figure 8-10. There was no significant effect of those inhibitors on hepatic 
accumulation of pasireotide (Figure 7-9). 

 
Table 19 Summary of Caco-2 cell study results 

 

 

 
Figure 8  Uptake of [14C]SOM230 into human hepatocytes in suspension 
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Figure 9 Uptake of probe substrates of OATPs (E217βG) and OCT1 (TEA) into 

human hepatocytes in suspension 

 
Figure 10 Assessment of SOM230 as an inhibitor of OATP1B1 (left) and OATP1B3 (right) 

using HEK292 cells 

2.6.3 What are known in vivo the drug-drug interactions? 

 
Drug interaction between pasireotide and anti-hyperglycemic drugs (i.e., metformin, 
nateglinide, vildagliptin and liraglutide) was evaluated in a randomized, open-label, 
single center study (B2124).  Study design is summarized in Figure 11. Statistical 
analyses on the study results are summarized in Table 20. There is no clinically 
significant drug interaction between pasireotide and anti-diabetic medications. 
 
Pasireotide effect on glucose is one of safety concerns and PD interaction was assessed in 
this study. After 7 days of treatment, pasireotide increased the mean percent from 
baseline in plasma glucose AUC0–4hr and anti-diabetics reduced pasireotide effect in 
sequence of liraglutide (by 29% compared to that of pasireotide) > vildagliption (15%) > 
nateglinide (10%) > metformin (2%) (Table 20). There was no empirical correlation 
between insulin change and glucose change among treatments (Table 21). 
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Figure 11 Schematic summary of study design of B2124 
 
Table 20 Summary of statistical analysis of Day -7 PK parameters 
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Table 21 Summary of statistical analysis for AUC0–4hr of plasma glucose on Day 7 
(hr·mg/dL) 

 
 
Table 22 Summary of statistical analysis for AUC0–4hr of serum insulin on Day 7 (hr·mU/L) 

(PD set) 
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2.7 Analytical Section 

 
Radioimmunoassay was used for plasma pasireotide concentration measurement and the 
limit of quantification was 30 pg/mL using 50 μL of plasma. The QC data indicate that 
the bioanalytical methods are acceptable (Table 23). 
 
Table 23 Summary on representative QC data 
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OFFICE OF CLINICAL PHARMACOLOGY: 

PHARMACOMETRIC REVIEW 

 

1 SUMMARY OF FINDINGS 

1.1 Key Review Questions 

The purpose of this review is to address the following key questions. 

1.1.1 Does the exposure-response relationship for efficacy support the proposed 
initial dose of 900 μg b.i.d.? 

No. The proposed initial dose of 900 μg b.i.d. is not supported by exposure-response (E-
R) relationship for efficacy.  

In the 900 μg b.i.d. group, 21 out of 82 patients (26.3%) were responders at Month 6 with 
95% CI (16.6, 35.9). In the 600 μg b.i.d. group, 12 out of 83 patients (14.6%) were 
responders at Month 6 with 95% CI (7.0, 22.3). The pre-specified criterion for the lower 
bound of the 95% confidence interval (CI) of the response rate was 15%. Therefore, 900 
μg b.i.d. dose group met the pre-specified primary efficacy endpoint while 600 μg b.i.d. 
dose group did not.  

Figure 1: Imbalance in baseline mUFC between 600 μg b.i.d. and 900 μg b.i.d. 
(Geometric Mean Ratio of 600 μg vs 900 μg: 1.50). The box plots depict the distribution 

of baseline mUFC in the two dose groups. 
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It is important to note that although the pivotal trial (Study B2305) was randomized, the 
baseline mUFC of patients in 600 μg b.i.d. dose group was 50% higher than in the 900 μg 
b.i.d. dose group (Figure 1). Furthermore, it was observed that the probability of 
responding to pasireotide decreases with the increase in baseline mUFC (Figure 2). In 
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other words, patients with higher baseline had lower probability of response as they have 
to undergo larger reduction in mUFC to go below the ULN in order to be defined as a 
responder. Therefore, direct comparison of primary efficacy endpoint (i.e., response rate) 
between two dose groups may not be appropriate.  

 

Figure 2: Responder Status is associated with baseline mUFC. Logistic regression model 
includes the probability of responder at month 6 as a function of baseline mUFC. The 

mean and 95% CI of the observed response rate versus the mean observed baseline 
mUFC is represented by black bars while dashed green line and purple band represent the 
model predicted mean and 95% interval of response rate (P value=0.04). The box plots at 

the bottom represent the distribution of baseline mUFC in each dose group. 

 

Furthermore, despite the fact that the median trough concentration is 50% higher in 900 
μg b.i.d. dose group compared to 600 μg b.i.d. dose group, there is a substantial overlap 
in exposures between these two dose groups due to the high inter-subject variability in 
pharmacokinetics (Figure 3).Thus, exposure-response analysis using individual level 
exposure and response was conducted.  

 

 

600 μg  

900 μg  
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Figure 4: No evident relationship between exposure and response rate after adjusting for 
baseline mUFC. Logistic regression model includes the probability of responder at month 

3 as a function of average pasireotide concentration at month 3 after controlling for 
baseline mUFC (Ctrough P value=0.65; Baseline mUFC P value=0.046). The mean and 

95% CI of the observed response rate versus the mean observed baseline mUFC is 
represented by black bars while dashed green line and purple band represent the model 

predicted mean and 95% interval of response rate. The box plots at the bottom represent 
the distribution of trough concentration in each dose group.  
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1.1.2 Does the exposure-response relationship for safety support the proposed 
initial dose of 900 μg b.i.d. for patients with normal baseline HbA1C and 600 
μg b.i.d. for patients with pre-diabetic or diabetics? 

The proposed initial dose of 900 μg b.i.d. for patients with normal baseline HbA1C is not 
supported by E-R relationship for safety. Dose of 600 μg b.i.d. for patients with pre-
diabetic or diabetics is supported by E-R relationship for safety. 

One of the main safety concerns for pasireotide is hyperglycemia. As hyperglycemia 
effect caused by pasireotide reached plateau at month 2, exposure-response analysis was 
conducted at month 2. In patients with normal baseline HbA1C, there is a clear trend 
toward increasing probability of experiencing ≥1% post-baseline increase of HbA1C with 
the increasing exposure in the pivotal trial (Figure 5), suggesting that 900 μg b.i.d. will 
result in a higher probability of post-baseline hyperglycemia than 600 μg b.i.d.. 
Therefore, for patients with normal baseline HbA1c, we recommend a lower starting dose 
of 600 μg b.i.d. 

The analysis was repeated for patients who were pre-diabetic or diabetic at baseline. It 
was observed that there is a clear trend toward increasing probability of experiencing 
≥1% post-baseline increase of HbA1c with the increasing exposure in the pivotal trial 
(Figure 6), suggesting 900 μg b.i.d. will result in a higher probability of post-baseline 
hyperglycemia than 600 μg b.i.d. Therefore, for patients with pre-diabetic or diabetic 
status at baseline, we agree with sponsor’s proposed dose of 600 μg b.i.d.  

It should also be noted that exposure-response relationship for trough concentration is 
more pronounced in patients with pre-diabetic or diabetic (odds ratio: 1.55 for 1 ng/ml 
increase of trough concentration) than that in patients with normal HbA1c baseline (odds 
ratio: 1.31 for 1 ng/ml increase of trough concentration).  
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Figure 5: Increase in probability of developing post-baseline hyperglycemia (>1% 
HbA1c increase from baseline) at month 2 with the increase of exposure in patients with 

normal baseline HbA1c. Logistic regression model includes the probability of post-
baseline hyperglycemia at month 2 as a function of average pasireotide concentration at 
month 2 (Ctrough P value=0.011). The mean and 95% CI of the observed response rate 

versus the mean observed baseline mUFC is represented by black bars while dashed 
green line and purple band represent the model predicted mean and 95% interval of 

probability of post-baseline hyperglycemia. The box plots at the bottom represent the 
distribution of trough concentration in each dose group. 
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Figure 6: Increase in Probability of Developing Post-baseline Hyperglycemia (>1% 
HbA1c increase from baseline) at Month 2 with the Increase of Exposure in Patients who 
are pre-diabetic or diabetic at baseline. Logistic regression model includes the probability 

of post-baseline hyperglycemia at month 2 as a function of average pasireotide 
concentration at month 2 (Ctrough P value=0.011). The mean and 95% CI of the 

observed response rate versus the mean observed baseline mUFC is represented by black 
bars while dashed green line and purple band represent the model predicted mean and 

95% interval of probability of post-baseline hyperglycemia. The box plots at the bottom 
represent the distribution of trough concentration in each dose group.  

 

 

Furthermore, the possibility of developing post-baseline hyperglycemia was found to be 
positively correlated with baseline HbA1c (p value = 0.045). After adjusting for baseline 
HbA1c, exposure-response relationship is also evident in the overall population (Figure 
7). In summary, there is a significant exposure-response relationship for hyperglycemia. 
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Figure 7: Increase in Probability of Developing Post-baseline Hyperglycemia (>1% 
HbA1c increase from baseline) at Month 2 with the Increase of Exposure in all Patients 
after adjusting for baseline HbA1c. Logistic regression model includes the probability of 

post-baseline hyperglycemia at month 2 as a function of average pasireotide 
concentration at month 2 after controlling for baseline mUFC (Ctrough P value=0.0004; 
Baseline HbA1c P value=0.045). The mean and 95% CI of the observed response rate 
versus the mean observed baseline mUFC is represented by black bars while dashed 
green line and purple band represent the model predicted mean and 95% interval of 

probability of post-baseline hyperglycemia. The box plots at the bottom represent the 
distribution of trough concentration in each dose group. 
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disease in the world. However, in US there are no medical therapies approved for the 
treatment of Cushing’s disease. Sponsor submitted this NDA application to seek approval 
of the s.c. formulation of pasireotide for the treatment of patients with Cushing‘s disease 
for whom medical therapy is appropriate.  

3 RESULTS OF SPONSOR’S ANALYSIS 

Sponsor assessed the exposure-response relationship for UFC (efficacy endpoint) and fast 
plasma glucose (FPG) (safety endpoint) through population PK/PD modeling.  

3.1 Sponsor’s population PK/PD model for UFC 

Nonlinear mixed-effect model was used to characterize the UFC as a function of 
pasireotide trough concentrations and patient covariates using the pooled data from one 
Phase 2 study (CSOM230B2208) and one phase 3 (CSOM230B2305). The parameter 
estimates were provided in Table 1. 

 

 

 
Table 1.  Parameter estimates from the final model for UFC versus trough concentration 
 

 

Sources: Sponsor’s Population PK/PD of pasireotide: 12-month update, Page 21 

Reviewer’s Comments: The UFC model by sponsor can adequately describe the observed 
UFC data from phase 2 and phase 3 studies. The typical value of C50 for female is 1540 
pg/mL. However, the median concentration for 600 ug and 900 b.i.d. is 5410 and 7570 
pg/mL, respectively, and is much higher than C50. In addition, As shown in Figure 8, the 
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simulated log ratio of UFC to baseline UFC did not decrease substantially with 
increasing concentrations, and reached plateau at the observed concentration with 600 
ug or 900 ug b.i d. dose. Sponsor also simulated the profiles of normalization of mUFC 
at concentrations corresponding to the median concentration of 300, 600, 900, 1200 ug 
b.i.d. dose. The difference in probability of normalization of UFC between 600 and 900 
ug b.i.d.  is only 2-4% in female (Table 2). These suggest that the efficacy may not be 
dependent on exposure within the range of observed concentrations, raising the question 
about the selection of Emax model. 

No clear exposure-response relationship was identified by visual inspection of observed 
individual profiles of mUFC vs concentrations (see examples in Figure 9).Fitting data 
like this with Emax model may result in reasonable estimates for some parameters, 
especially Emax, even though no underlying association exists between concentration 
and response in the given data. In this particular case, successful estimation of Emax is 
mainly because similar responses observed at all concentrations were identified as 
maximal effect despite insufficient observations of lower response at lower concentration. 
Therefore, successful estimation of Emax does not necessarily mean there is a PK/PD 
relationship following Emax model. This also explains a very high inter-subject 
variability associated with C50 (CV%=138%), suggesting that the observed data does 
not allow a good estimation of C50, a critical parameter in the Emax model. To 
summarize, Emax model does not offer insight regarding the underlying PK/PD 
relationship. An independent analysis by reviewer suggested there is no evidence of 
exposure-response relationship for efficacy (see section 4.). 
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Figure 8: Visual predictive check: log ratio of UFC to baseline mUFC versus pasireotide 
trough concentration by sex and quartile of baseline mUFC, non-Other race only 

 

Sources: Sponsor’s Population PK/PD of pasireotide: 12-month update, Page 23 

 

Table 2.  Probability of attaining normalization (UFC < ULN) versus pasireotide trough 
concentration, given sex and baseline UFC (non-Other race only) 

 

Sources: Sponsor’s Population PK/PD of pasireotide: 12-month update, Page 28 
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Figure 9: Examples of Individual mUFC levels vs pasireotide concentration 
 

 

Sources: Full Clinical Study Report-Study No. SOM230B 2305, Page 261 

3.2 Sponsor’s population PK/PD model for FPG 

To assess association between the hyperglcyemia risk and pasireotide exposures for 
Cushing’s disease patients, sponsor constructed a mixed-effect model for FPG versus 
trough concentration, which had the form of a linear dependence of the log-transformed 
FPG level on the log-transformed trough concentration with baseline characteristics and 
other relevant factors (e.g., concomitant medication) as covariates. The results suggested 
that FPG increases on average with increasing pasireotide trough concentration. In 
addition, at a given concentration of pasireotide, FPG tends to be higher for patients with 
higher baseline FPG, with a baseline hyperglycemia history, and for older patients. 

 
Reviewer’s Comments: The model appears to adequately describe the data. The findings 
based on the modeling are physiological relevant considering the mechanism of action of 
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pasireotide and are comparable with the results from reviewer’s independent analysis in 
section 4. 

3.3 Sponsor’s population PK model 

Population PK analyses were performed to estimate PK parameters of pasireotide and 
identify covariates accounting for the variability in exposure. 

The structural model fitted to the data was a three-compartment disposition model with 
first-order absorption after subcutaneous injection from the depot compartment and first 
order elimination from the central compartment. The data set consisted of the PK data 
collected from the healthy volunteers (HV) and patients. The HV PK data included 4244 
observations from 216 subjects. The patients PK data included 2368 observations from 
197 patients. 

Based on results from previous population PK analysis conducted separately for HV and 
patients, only four covariates were considered in this analysis, including disease status, 
age, WT and lean body weight (LBW). Disease status (HV versus patients) was 
considered as a covariate on all parameters. The population PK models were fitted using 
NONMEM 6.2 with first order conditional estimation with interaction (METHOD = 1 
INTERACTION) method. The final model was selected according to the criterion of 
minimum BIC. Sponsor concluded that no dosage adjustment of pasireotide based on age 
and body size is warranted.  

Key PK parameter estimates were provided in Table 3. Clearance increases with body 
size and decreases with age in a similar way for patients and HV. But the typical values 
of CL/F and V2/F differ between HV and patients. The model predicts that the clearance 
and central volume in patients is 59.3% and 42.6% of that in HV with same age and 
LBW. HV and patients are similar in Ka, k23, and k32, but k24 and k42 are different 
between HV and patients.  
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Table 3: Estimates of Key population PK parameters  

 

Source: sponsor’s Population pharmacokinetics of subcutaneous pasireotide in healthy 
volunteers and in Cushing’s disease patients Modeling Report, Page23 

Reviewer’s comments: 

1. The population PK model can describe adequately the observed data for patients and 
HV (Figure 10). 

2. Age, body weight, race (Caucasian vs Non-Caucasian) and gender has no meaningful 
effect on clearance.  Age and body size has no meaningful effect on clearance. In the 
studied lean body weight range 33 to 83 kg, the AUCss is predicted to range from 67% to 
134% of that of the typical patient of 49 kg. In the studied age range 18 to 73 years, the 
area under the curve at steady state for one dosing interval of 12 hours (AUCss) is 
predicted to range from 86% to 110% of that of the typical patient of 41 years.  

3. The estimates of variance component ω2 for random effect were mistakenly reported 
as ω by sponsor (e.g., in Table 3). But this does not affect the validity of the 
aforementioned conclusions based on estimates of fixed effect.    
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Figure 10: Diagnostic plots for patients and HV 
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Source: sponsor’s Population pharmacokinetics of subcutaneous pasireotide in healthy 
volunteers and in Cushing’s disease patients Modeling Report, Page20, 21 

4 REVIEWER’S ANALYSIS 

4.1 Objectives 

Analysis objectives are: 

1. Exposure-response analysis for efficacy endpoints and explore other significant 
predictors for efficacy. 

2. Exposure-response analysis for safety endpoints and explore other significant 
predictors for safety. 

4.2 Methods 

The exposure metric used in ER analysis was observed steady state pre-dose Cmin (or 
average Cmin) of each individual at a corresponding time of interest (e.g., Month 3 or 6).   

The efficacy assessment was based on mean of urinary free Cortisol (mUFC) values. At 
baseline, months 3, 6 and 12 four 24-hour urine samples were collected. The results from 
the 4 samples per timepoint were averaged to obtain the baseline, Month 3, Month 6 and 
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Month 12 mean urinary free cortisol (mUFC) levels, respectively. The 4 urine samples 
were taken within 14 days of each other; these 14 days had to be within the last 21 days 
prior to start of study treatment at baseline and immediately prior to the visit at months 3, 
6 and 12. 

The primary efficacy variable was defined as the proportion of responders to pasireotide 
in each dose arm. A responder was defined as a patient who attained mUFC ≤ ULN (145 
nmol/day) at Month 6 and whose dose was not increased relative to the randomized dose 
prior to Month 6. A controlled patient was defined as a patients who attained mUFC ≤ 
ULN (145 nmol/day) regardless of the dose escalation. 

The safety endpoint in this ER analysis is the proportion of the patients who had post-
baseline increase of more than 1% in HbA1C. The other safety endpoint is the proportion 
of patients who had abnormal liver function test.  

4.2.1 Data Sets 

Data from the pivotal trial (Study B2305) were used for this analysis to focus on 
risk/benefit profile under long term treatment (>2 months) in Cushing’s disease patients.   

Table 4.  Analysis Data Sets 

Study 
Number 

Name  Link to EDR 

B2305 aeffvis.xpt \\cdsesub1\EVSPROD\NDA200677\\0000\m5 

\datasets\som230b2305\analysis\ B2305 jnpkef5.xpt 

B2305 apk.xpt 

B2305 agluc.xpt 

B2305 aeffsum.xpt 

B2305 alrs.xpt 

 

4.2.2 Software 

SAS 9.2 and S-Plus 6.2 were used for analyses  

4.2.3 Models 

A multivariate logistic regression was conducted to assess the exposure-response 
relationship for efficacy and safety endpoints and identify the covariates that predict 
response. The following covariates were included in the analysis: baseline mUFC, 
baseline HbA1C, baseline ALT, prior medication, prior pituitary irradiation, prior 
pituitary surgery, gender, race, age, BMI.  

4.3 Results 

Patients with higher baseline mUFC tend to have more mUFC reduction compared to 
patients with lower baseline mUFC.  As shown in Figure 12, there is no clear association 
between the pasireotide concentration and mUFC reduction (absolution change or 
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Figure 13: No Evident Relationship between Exposure and ALT Abnormality 

 

 

5 LISTING OF ANALYSES CODES AND OUTPUT FILES 

 

Ctrough P value: 0.612
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File Name Description Location in \\cdsnas\pharmacometrics\ 

Efficacy2.ssc E-R using mUFC as 
continuous measure 

<\\Cdsnas\pharmacometrics\Reviews\Ongoing 
PM Reviews\Pasireotide_ 

NDA200677_JYU\ER_Analyses> ER_Primary_MeanConc90.sas E-R using average 
Ctrough by Month 3 

ER_Primary_MeanConc180.sas E-R using average 
Ctrough by Month 6 

ER_HbA1C.sas E-R for HbA1C 

ER_Liver.sas E-R for liver 
toxicity 

UFC.r UFC reduction by 
dose and baseline 
mUFC 

ER_Explore.sas Explore other 
factors affecting 
safety 
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BIOPHARMACEUTICS REVIEW 
Office of New Drug Quality Assessment 

Application No.:  200-677 

Submission Date: February 17, 2012  
 
Reviewer:  Houda Mahayni, Ph.D.  

Division: DMEP 

Applicant: Novartis 

Biopharmaceutics Team Leader:   
Angelica Dorantes, Ph.D.  
 

Trade Name:   
Signifor® 

Date 
Assigned: February 21, 2012  

Generic Name:  Pasireotide  Date of 
Review:  October 10, 2012 

Indication:  
Treatment of patients with Cushing’s 
disease 

Formulation/strengths  
Injection/ 0.3 mg/mL, 0.6 mg/mL and 
0.9 mg/mL  

Route of 
Administration Subcutaneous  

Type of Submission: Original New Drug 
Application, Resubmission/After Withdrawal  

 
SUBMISSION: 
Pasireotide (Signifor®, SOM230), a somatostatin analog, is a peptide hormone commonly known as somatotropin 
release-inhibiting factor.  Pasireotide solution for injection is an immediate-release dosage form for subcutaneous 
(s.c.) administration via the parentral route.  The formulation is an aqueous solution containing the drug substance 
pasireotide diaspartate formulated in a buffer system.  Pasireotide is intended for the treatment of Cushing’s disease. 
 
This NDA was originally submitted on 21-June-2011.  On 19-August-2011, the Applicant withdrew the NDA due to 
manufacturing issues that would have led to a Refuse-to-File action.  The Applicant proposed to resubmit the NDA 
with a revised drug product section to support the registration of the ampoule drug product and FDA agreed. 
 
Pasireotide s.c. is an immediate-release dosage form.  The proposed market formulation is a solution for injection in 
an ampoule.  The Applicant is requesting approval of three dosage strengths 0.3 mg/mL, 0.6 mg/mL, and 0.9 mg/mL 
supplied in glass ampoules for twice daily subcutaneous injection.  
 
The Biopharmaceutics review will focus on the biowaiver for the 0.3 mg/mL.   
 
BIOPHARMACEUTIC INFORMATION: 
The pivotal Phase III study [B2305] supporting this submission is a randomized, double-blind study assessing the 
safety and efficacy of pasireotide s.c. 0.6 mg b.i.d. versus pasireotide s.c. 0.9 mg b.i.d over a total treatment period of 
12 months, in patients with de novo, persistent or recurrent Cushing’s disease.  The Applicant stated that the 
composition of the product used in the pivotal study supporting this application is identical to the intended market 
form. 
 
The composition of Pasireotide 0.3 mg, 0.6 mg and 0.9 mg solution for injection is provided in Table 1. 
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File name: 5_Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for 
NDA_BLA or Supplement 090808 

 

Office of Clinical Pharmacology 
New Drug Application Filing and Review Form 

General Information About the Submission 

 Information  Information 
NDA/BLA Number NDA 200677 Brand Name SIGNIFOR® 
OCP Division (I, II, III, IV, V) II Generic Name Pasireotide 
Medical Division DMEP Drug Class Somatostatin analogue 
OCP Reviewer Zhihong Li Indication(s) Cushing’s disease 
OCP Team Leader Jayabharathi Vaidyanathan Dosage Form Sterile solution for injection 
Pharmacometrics Reviewer TBD Dosing Regimen 0.3, 0.6, and 0.9 mg/mL, BID 
Date of Submission 6/21/2011 Route of Administration S.C. 
Estimated Due Date of OCP Review 2/17/2012 Sponsor Novartis Pharmaceuticals, Inc. 
Medical Division Due Date  Priority Classification Standard 

PDUFA Due Date 4/21/2012   

Clin. Pharm. and Biopharm. Information 
 “X” if included 

at filing 
Number of 
studies 
submitted 

Number of 
studies 
reviewed 

Critical Comments If any 

STUDY TYPE                                                                                                     

Table of Contents present and sufficient to 
locate reports, tables, data, etc. 

X                                                    

Tabular Listing of All Human Studies  X                                                    
HPK Summary  X                                                    
Labeling  X                                                    
Reference Bioanalytical and Analytical 
Methods 

X 1                        ICPP(EU) R01-0742-01 

I.  Clinical Pharmacology  15                        B2305, B2208, B2208E1. 
B2101, B2102, B2106, B2107, 
B2108, C2101, B2112, B2113, 
B2114, B2124, B2125, B2216.   

    Mass balance: X 1  B2112 
    Isozyme characterization: X 2  DMPK(CH) R01-389, DMPK 

R0400850 
    Blood/plasma ratio: X 1  R99-2082 
    Plasma protein binding: X 1  DMPK(CH) P99-2082 
    Pharmacokinetics (e.g., Phase I) - X 13                        B2305, B2208, B2208E1. 

B2101, B2102, B2106, B2108, 
C2101, B2112, B2113, B2114, 
B2124, B2125.                             

Healthy Volunteers-  12                        B2101, B2102, B2106, B2107, 
B2108, C2101, B2112, B2113, 
B2114, B2124, B2125, B2216.    

single dose: X 5  B2101, B2106, C2101, B2112, 
B2114 

multiple dose: X 6  B2102, B2106, B2107, B2108, 
B2113, B2124, B2125, B2216  

Patients-  3                        B2305, B2208, B2208E1.           
single dose:  0   

multiple dose: X 3  B2305, B2208, B2208E1.           
   Dose proportionality - X 5                        B2101, B2106, C2101, B2102, 

B2113                                           
fasting / non-fasting single dose: X 3  B2101, B2106, C2101 

fasting / non-fasting multiple dose: X 3  B2106, B2102, B2113 
    Drug-drug interaction studies -                                                                                                                               

In-vivo effects on primary drug:     
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In-vivo effects of primary drug:     
In-vitro:     

    Subpopulation studies -                                                                                                                               
ethnicity:     

gender:     
pediatrics:     
geriatrics:     

renal impairment:     
hepatic impairment: X 1  B2114 

    PD - X 5                        B2101, B2102, B2113, B2125, 
B2216 

Phase 2:     
Phase 3:     

    PK/PD -                                                      
Phase 1 and/or 2, proof of concept: X 6  B2101, B2102, B2113, B2125. 

B2208, B2208E1. 
Phase 3 clinical trial: X 1  B2305 

    Population Analyses -                                                      
Data rich: X 1  Report: PopPKHV 

Data sparse: X 6  Report: PopPKCU1, 
PopPKCU2, PopPKCU3, 
PopPKUFC, PopPKGLU, 
PopPKPD 

II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability     
    Relative bioavailability -                                                                            

solution as reference:     
alternate formulation as reference:     

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose:     

replicate design; single / multi dose:     
    Food-drug interaction studies     
    Bio-waiver request based on BCS     
    BCS class     
   Dissolution study to evaluate alcohol induced 
   dose-dumping 

    

III.  Other CPB Studies                                                                                                                               
    Genotype/phenotype studies     
    Chronopharmacokinetics     
    Pediatric development plan     
    Literature References     
Total Number of Studies  16  ICPP(EU) R01-0742-01. 

B2305, B2208, B2208E1. 
B2101, B2102, B2106, B2107, 
B2108, C2101, B2112, B2113, 
B2114, B2124, B2125, B2216.    

     
 
 
On initial review of the NDA/BLA application for filing: 
 

 Content Parameter Yes No N/A Comment 
Criteria for Refusal to File (RTF) 
1 Has the applicant submitted bioequivalence data comparing to-be-

marketed product(s) and those used in the pivotal clinical trials? 
  X  

2 Has the applicant provided metabolism and drug-drug interaction 
information? 

X    

3 Has the sponsor submitted bioavailability data satisfying the CFR 
requirements? 

  X  

4 Did the sponsor submit data to allow the evaluation of the validity X    
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of the analytical assay? 
5 Has a rationale for dose selection been submitted? X    
6 Is the clinical pharmacology and biopharmaceutics section of the 

NDA organized, indexed and paginated in a manner to allow 
substantive review to begin? 

X    

7 Is the clinical pharmacology and biopharmaceutics section of the 
NDA legible so that a substantive review can begin? 

X    

8 Is the electronic submission searchable, does it have appropriate 
hyperlinks and do the hyperlinks work? 

X    

 
Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) 
        Data  
9 Are the data sets, as requested during pre-submission discussions, 

submitted in the appropriate format (e.g., CDISC)?  
X    

10 If applicable, are the pharmacogenomic data sets submitted in the 
appropriate format? 

  X  

        Studies and Analyses  
11 Is the appropriate pharmacokinetic information submitted? X    
12 Has the applicant made an appropriate attempt to determine 

reasonable dose individualization strategies for this product (i.e., 
appropriately designed and analyzed dose-ranging or pivotal 
studies)? 

X    

13 Are the appropriate exposure-response (for desired and undesired 
effects) analyses conducted and submitted as described in the 
Exposure-Response guidance? 

X    

14 Is there an adequate attempt by the applicant to use exposure-
response relationships in order to assess the need for dose 
adjustments for intrinsic/extrinsic factors that might affect the 
pharmacokinetic or pharmacodynamics? 

X    

15 Are the pediatric exclusivity studies adequately designed to 
demonstrate effectiveness, if the drug is indeed effective? 

  X Pediatric plan 
isn’t submitted 

16 Did the applicant submit all the pediatric exclusivity data, as 
described in the WR? 

  X  

17 Is there adequate information on the pharmacokinetics and 
exposure-response in the clinical pharmacology section of the 
label? 

X    

        General  
18 Are the clinical pharmacology and biopharmaceutics studies of 

appropriate design and breadth of investigation to meet basic 
requirements for approvability of this product? 

X    

19 Was the translation (of study reports or other study information) 
from another language needed and provided in this submission? 

  X  

 
IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? 

YES  
 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons and provide 
comments to be sent to the Applicant. 
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Please identify and list any potential review issues to be forwarded to the Applicant for the 74-day letter. 
 
None. 
 
Zhihong Li, Ph.D.        8/011/2011 
Reviewing Clinical Pharmacologist      Date 
 
Jayabharathi Vaidyanathan, Ph.D.       8/011/2011 
Team Leader/Supervisor       Date 
 
 
 
RECOMMENDATIONS: 
 

• This NDA application is fileable from a clinical pharmacology perspective 
• No comments in the 74-day letter 
• No DSI inspection needed for Clinical Pharmacology studies 

 
BACKGROUND: 
 
In accordance with 505(b)(1) of the Federal Food, Drug, and Cosmetic Act (21 USC §355) and 
21 CFR §314.50, Novartis Pharmaceuticals, Inc. has submitted this original New Drug 
Application (NDA 200677) for pasireotide injection for the treatment of Cushing’s disease to be 
marketed under the proposed proprietary name SIGNIFOR®. 
 
Pasireotide (SOM230), a novel somatostatin analog, is a peptide hormone commonly known as 
somatotropin release-inhibiting factor. It is supplied as a sterile solution in a single-dose, 1 mL 
pre-filled glass syringe containing pasireotide in 0.3 mg/mL, 0.6 mg/mL, or 0.9 mg/mL strengths 
for BID subcutaneous injection. 
 
A total of 19 clinical studies including 15 clinical pharmacology studies or studies with clinical 
pharmacology components are submitted in the NDA database. The conducted clinical 
pharmacology studies meet the regulatory requirements for filing and this application is fileable 
from a clinical pharmacology perspective. The filing meeting was held on 8/09/2011. 
 
The key clinical studies that contributed to safety and efficacy database in Cushing’s disease 
include 3 studies, a Phase III pivotal study B2305, a Phase II POC study B2208 with its 
extension B2208E1. Given the rarity of Cushing’s disease and the relatively small size of the 
pivotal study, additional safety data from 4 studies are presented for patients with acromegaly 
(Study B2103, Study B2201, and Study B2201E) and carcinoid syndrome (Study B2202). 
 
Table 1 lists all Phase I, II, and III studies with PK, PD and PK/PD components. 
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Table 1: Summary of Phase I, II, and III studies with PK, PD and PK/PD analyses in 
healthy volunteers, subjects with varying degrees of hepatic impairment, and Cushing’s 
disease patients 
 

 
 
Six studies (B2101, B2102, B2106, B2107, B2108, and C2101) are single dose and multiple 
dose safety, tolerability, PK and PD studies. One study (B2112) is a mass balance study. Two 
studies (B2113 and B2125) are TQT studies. Two studies (B2124 and B2216) are PD studies on 
blood glucose. One study (B2114) is a PK study in patients with hepatic impairment. 
 
Following single-dose and multiple-dose s.c. administration of pasireotide in healthy volunteers, 
pasireotide showed rapid absorption (Tmax: 0.25-0.5 hours), extensive distribution (Vz/F >100 L), 
and low clearance (CL ~6.7 L/hr). The AUC accumulation ratio of pasireotide to steady state was 
approximately 1.20-1.36 upon q.d. dosing for 14 days (Study B2102). Based on the AUC 
accumulation ratio, the calculated effective half-life (t1/2,eff) for pasireotide was approximately 12 
hrs.  
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In Cushing’s disease patients, pasireotide showed a lower clearance (CL ~3.8 L/hr) than that in 
healthy volunteers. The PK exposures in Cushing’s disease patients were approximately 2-fold 
higher than those in healthy volunteers. The PK exposures were approximately dose-proportional 
in healthy volunteers and dose-proportional in Cushing’s disease patients.  
 
The mass balance study (B2112) showed that in humans, pasireotide was eliminated mainly as 
unchanged form in feces and urine; in the total radioactivity recovery (~56%, over a 10 day 
excreta collection period), most of the excretion was via the fecal route (~48%) with a minimal 
amount detected in urine (~8%). 
 
PK study (B2114) from subjects with hepatic impairment (mild, moderate, and severe) showed 
that compared to subjects with normal hepatic function, pasireotide exposure (Cmax and AUC) 
showed a moderate increase in patients with hepatic impairment, and the severity of hepatic 
impairment correlated with the extent of pasireotide exposure increase. 
 
Study B2113 and Study B2125 are two TQT studies. Both studies showed that pasireotide 
prolonged QT and reduced heart rate (HR). In Study B2113, when given at supra-therapeutic 
doses of 1950 μg s.c. b.i.d., pasireotide showed a peak effect on QTcF prolonging at 2 hours 
post-dose with a 17.5 ms mean difference versus placebo (90%CI: 15.53; 19.38). Maximum 
change from baseline of HR reduction is 10.7 bpm. In Study B2125, the maximal placebo-
subtracted change from baseline in QTcI is 13.19 ms (90% CI: 11.38; 15.01) for pasireotide 600 
μg b.i.d., and 16.12 ms (90% CI: 14.30; 17.95) for pasireotide 1950 μg b.i.d. Both pasireotide 
doses decreased heart rate, with a maximal difference to placebo observed at 1 hour for 
pasireotide 600 μg b.i.d. (-10.39 bpm), and at 0.5 hours for pasireotide 1950 μg b.i.d. (-14.91 
bpm). 
 
Population PK/PD analysis indicated a trend in which urinary free cortisol (UFC) decreases with 
increasing pasireotide trough concentration and a positive correlation between pasireotide 
exposure and fasting plasma glucose levels in Cushing’s disease patients. 
 
The formulation used to characterize the safety and efficacy of pasireotide in the Phase III Study 
B2305 is solution for injection in ampoule, it is essentially identical to the intended marketing 
formulation pre-filled glass syringe except for the primary packaging. The sponsor requested 
biowaiver for the to-be-marketed formulation and bioequivalence (BE) study was not conducted 
to bridge these two formulations.  
 
Pasireotide is proposed for s.c. administration and no food effect study was conducted. 
 
Pasireotide is analyzed in human plasma using a radioimmunoassay (RIA), the mean inter-day 
accuracy for quality control samples was in the range of 82.8 - 95.2%. The overall precision was 
in the range of 6.1 - 20.1%. 
 
In nonclinical studies, the distribution of pasireotide between blood cell and plasma showed that 
pasireotide was primarily located in the plasma component (91%), and distribution in blood was 
independent of concentration. The extent of plasma protein binding observed with pasireotide 
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was moderate (88%) and concentration-independent at therapeutic levels (i.e. < 0.05 μM) in 
Cushing’s disease patients.  
 
Pasireotide is highly metabolically stable. At therapeutic dose levels, pasireotide is not expected 
to be a substrate, inhibitor, or inducer of any major CYP450 enzymes; not a substrate of BCRP, 
OCT1, OATP1B1, OATP1B3 or OATP2B1. Pasireotide is likely to be a substrate of P-
glycoprotein (P-gp), but P-gp may not play a significant role in the absorption, distribution or 
elimination of pasireotide. 
 
Potential key clinical pharmacology review issues include: 
 

• Exposure/dose-response analysis on primary efficacy endpoint (UFC) and selected safety 
endpoints (such as HbA1c) to support dosage in the general patient population and dose 
individualization in specific patient populations such as pre-diabetes/diabetes patients, 
patients with renal impairment, geriatric patients. Effect of other covariates (such as body 
weight, gender etc.) will also be explored 

• PK in patients with hepatic impairment (dedicated study)  
• PK, ADME, DDI and metabolic characterization 
• QT analysis (consult QT-IRT) 
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BIOPHARMACEUTICS REVIEW 
Office of New Drugs Quality Assessment 

Application No.:  NDA 200-677 (000) 
Division: DMEP 

Reviewer:  Houda Mahayni, Ph.D. 

Sponsor: Novartis  Team Leader: Angelica Dorantes, Ph.D 
. 

Trade Name:  Signifor® Supervisor: Patrick J. Marroum, Ph.D 
 

Generic Name:  Pasireotide   
Date Assigned: June 22, 2011 

Indication:  Treatment of patients with 
Cushing’s disease  

 
Date of Review: August 12, 2011  

Formulation Pre-filled syringe   
Route of 
Administration Subcutaneous  

 

SUBMISSIONS REVIEWED IN THIS DOCUMENT  

Submission date CDER Stamp 
Date 

Date of informal/Formal 
Consult 

PDUFA 
DATE 

June 21, 2011 June 21, 2011 June 22, 2011 December 21, 2011  
Type of Submission: Original NDA 
Type of Consult: Biowaiver Request ---FILING REVIEW 
REVIEW SUMMARY: 
 
Pasireotide (Signifor®, SOM230), a somatostatin analog, is a peptide hormone commonly known 
as somatotropin release-inhibiting factor.  It is intended for the treatment of Cushing’s disease. 
 
Pasireotide solution for injection is an immediate-release dosage form for subcutaneous (s.c.) 
administration via the parenteral route.  The sponsor seeks approval of three dosage strengths 0.3 
mg/mL, 0.6 mg/mL, and 0.9 mg/mL supplied in single dose pre-filled syringes for twice daily 
subcutaneous injection.  The formulation is an aqueous solution containing the drug substance 
pasireotide diaspartate formulated in a buffer system.   
 
The composition of Pasireotide 0.3 mg, 0.6 mg and 0.9 mg solution for injection is provided in 
Table 1 below.  
 
Table 1:  Declared content of one pre-filled syringe of Pasireotide 0.3 mg, 0.6 mg and 0.9 mg 
solution for injection 
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The three dosage strengths (0.3 mg/mL, 0.6 mg/mL, and 0.9 mg/mL) were used to characterize 
the efficacy and safety of pasireotide in the pivotal Phase III trial in cushing’s disease patients.  
The composition of the product used in the pivotal study supporting this application is identical to 
the intended market form but they differ in primary packaging.  The primary package of the 
clinical form was glass ampoules, while the one for the market form is a pre-filled glass syringe. 
The sponsor is requesting a biowaiver to conduct a bioequivalence study to link the pivotal study 
form and the intended market form because both forms are essentially identical with the exception 
of the primary packaging.    
 
The biopharmaceutics review focuses on the biowaiver request.  
 
 
RECOMMENDATION:  
The ONDQA/biopharmaceutics team has reviewed NDA 200-677(000) for filing purposes. We 
found this NDA filable from biopharmaceutics perspective.  There are no comments to be 
conveyed to the sponsor at this time. 
 
 
Houda Mahayni, Ph. D.                                                         Patrick J. Marroum, Ph. D. 
Biopharmaceutics Reviewer                                                    Biopharmaceutics Supervisor 
Office of New Drugs Quality Assessment                              Office of New Drugs Quality Assessment 
 
cc: NDA 200-677,  ADorantes,  JJohnson, KSharma, AAl Hakim, STran 
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