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1 EXECUTIVE SUMMARY 

Pomalidomide, a derivative of thalidomide, is an immunomodulatory drug (IMiD), which is being developed 
as a capsule formulation for the treatment of multiple myeloma (MM). To support the New Drug Application 
submission, the applicant conducted several studies in healthy subjects and in patients.  
 
To support the proposed indication, the sponsor conducted two pivotal studies in multiple myeloma patients. 
The first study (MM-002) compared pomalidomide alone vs. pomalidomide plus dexamethasone while the 
second study (IFM-2009-02) compared two dosing schedules where pomalidomide was administered either 
for 21 days of a 28 day treatment cycle or continuously for 28 days. The primary endpoint for study MM-002 
was progression free survival (PFS) and response rate for study IFM-2009-02. For study MM-002, the median 
PFS was 10.7 weeks for the pomalidomide alone arm and 16.6 weeks for pomalidomide plus dexamethasone 
arm. For study IFM-200902, dose intensity had no effect; response rates where comparable at 35% and 34% 
for 21 and 28 day treatment schedules, respectively. 
 
The human ADME properties of pomalidomide were evaluated following a single 2 mg radiolabeled dose in 
healthy subjects. It was determined that the predominant (~70%) circulating radioactive entity was 
pomalidomide.  Pomalidomide is eliminated primarily through the kidneys (~ 73% of administered dose), 
with 2.2% of dose excreted as unchanged drug in urine. Approximately 15.5% of administered dose was 
excreted via the fecal route.  Cytochrome P450 dependent metabolites accounted for 43% of the excreted 
radioactivity in humans.  Circulating metabolites accounted for less than 10% of the total radioactivity.  
Pomalidomide is primarily metabolized by CYP3A4 and CYP1A2, with some contributions from CYP2C19 
and CYP2D6.  
 
The applicant conducted a food effect study to assess the influence of food on the PK of pomalidomide. 
However, the food effect study was conducted using a capsule formulation that failed to achieve 
bioequivalence with the to-be-marketed formulation. Therefore, the food effect study results were deemed 
unreliable to properly evaluate the effect of food on the PK of pomalidomide. 
 
To date, population PK analysis, exposure-response analysis, organ impairment studies, and QT study results 
have not been submitted to the Agency for review.  
 

1.1 Recommendation 

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 5 has reviewed the information 
contained in NDA 204026. This NDA is considered incomplete from a clinical pharmacology perspective. 
The applicant will need to address the proposed PMRs. 
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1.2 Post Marketing Requirements 
PMC  
or PMR 

Key drug development question Rationale 

      PMC 
  PMR 
       
 

Should pomalidomide dose be 
increased when taken with relevant 
CYP3A4 inducers? If so, by how 
much? 

Pomalidomide is metabolized by CYP3A4. 
Information on the effect of induction was 
not submitted. 

      PMC 
  PMR 
 

Should pomalidomide dose be 
decreased when taken with relevant 
CYP3A4 inhibitors? If so, by how 
much? 

Pomalidomide is metabolized by CYP3A4. 
Information on the effect of inhibition was 
not submitted. 

  PMC 
     PMR 
 

Should pomalidomide dose be adjusted 
for patients who smoke? If so, by how 
much? 

Pomalidomide is metabolized by CYP1A2. 
Information on the effect of induction was 
not submitted. PBPK modeling or in-vivo 
studies may be performed to determine the 
influence of CYP1A2 induction. 
 

      PMC 
  PMR 
 

Should pomalidomide dose be adjusted 
in hepatic impaired patients? If so, by 
how much? 

Pomalidomide undergoes metabolism, but 
PK in hepatic impaired patients has not 
been assessed. 

      PMC 
  PMR 
 

Should pomalidomide dose be adjusted 
in renal impaired patients? If so, by 
how much? 

Pomalidomide is excreted via the kidneys, 
but PK in renally impaired patients has not 
been assessed. 

      PMC 
  PMR 
 

Does pomalidomide cause QT interval 
prolongation? 

Studies to assess the QT prolongation 
potential of pomalidomide have not been 
performed. 

      PMC 
  PMR 
 

Does food alter the pharmacokinetics 
of pomalidomide? 

Studies to assess the effect of food on 
pomalidomide (final market formulation) 
exposure have not been performed.  

 
 
Signatures: 

 

Reviewer:  Rachelle M. Lubin, Pharm.D. 
Division of Clinical Pharmacology 5 

 Acting Team Leader: Bahru A. Habtemariam, 
Pharm.D. 
Division of Clinical Pharmacology 5 

   
 
Cc:   DDOP:  CSO - A Baird; MTL - A Deisseroth; MO - S Ayache  
 DCP-5:  Reviewers - R Lubin, TL - B Habtemariam, 

DDD - B Booth;  DD - A Rahman 
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1.3 Summary of Important Clinical Pharmacology Findings 

Pomalidomide is an immunomodulatory agent (derivative of thalidomide) with antiangiogenic and 
antineoplastic properties. Pomalidomide is being developed for the treatment of multiple myeloma (MM) 
patients who have received at least two prior therapies including bortezomib  
and have demonstrated disease progression on or within 60 days of completion of the last therapy. The 
applicant completed seven clinical pharmacology studies (Phase 1 and Phase 2) in healthy subjects and 
relapsed or refractory MM patients to evaluate the safety, pharmacokinetics, and efficacy of pomalidomide. 
 
To support the proposed indication, the sponsor conducted two pivotal studies. The first study (MM-002) 
compared pomalidomide alone vs. pomalidomide plus dexamethasone in multiple myeloma patients. The 
second study (IFM-2009-02) compared two dosing schedules where pomalidomide was administered either 
for 21 days of a 28 day treatment cycle or continuously for 28 days. The primary endpoint was progression 
free survival (PFS) for study MM-002 and response rate in study IFM-2009-02. For study MM-002, the 
median PFS was 10.7 weeks for the pomalidomide alone arm and 16.6 weeks for pomalidomide plus 
dexamethasone arm. For study IFM-200902, dose intensity had no effect; response rates where comparable at 
35% and 34% for the 21 and 28 day treatment schedules, respectively. 
 
In MM patients, the peak concentrations (Cmax) of pomalidomide were observed approximately 2 to 3 hours 
post dose. AUC was approximately dose-proportional, while Cmax was less than dose-proportional. Half-life 
ranged from approximately 6 to 11 hours. After administration of radiolabeled pomalidomide (2 mg oral 
suspension), unchanged pomalidomide accounted for approximately 61.9% - 75.2% of circulating total 
radioactivity in plasma. Approximately 73% of the radiolabeled dose was recovered in the urine and 15.5% of 
dose was recovered in the feces. Excretion of unchanged pomalidomide accounted for approximately 10% 
(2.2% in urine and 7.7% in feces).  In plasma, metabolites represented less < 10% of the total circulating 
radioactivity. Cytochrome P450 dependent metabolites account for approximately 43% of the total excreted 
radioactivity, while non-CYP dependent hydrolytic metabolites accounted for 25%. Pomalidomide was 
metabolized by CYP1A2, CYP3A4, CYP2C19, and CYPD6 at relative contributions of 54%, 30%, 11%, and 
4%. Pomalidomide was found to be a substrate of P-glycoprotein (P-gp).  
 
In-vitro findings show that pomalidomide had little or no inhibition on CYP1A2, CYP2A6, CYP2B6, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5 enzymes. The IC50 values for each CYP 
enzyme were greater than the highest concentrations measured (30 uM). Pomalidomide did not appear to 
induce (<1.3-fold increase) CYP enzymes 1A2, 2B6, 2C9, 2C19, and 3A4/5.  
 
Although the applicant conducted a food effect study, the study was conducted using a test formulation that 
failed to meet FDA bioequivalence criteria to the final market formulation (reference). Results of the food 
effect study are deemed unreliable. The sponsor will be asked to conduct a formal food effect study using the 
commercial product as a post marketing requirement.  
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2 QUESTION BASED REVIEW 

2.1 General Attributes 

2.1.1 What are the highlights of the chemistry and physical-chemical properties of the drug substance 
and the formulation of the drug product as they relate to clinical pharmacology and 
biopharmaceutics review?  

Pomalidomide is a thalidomide derivative (immunomodulatory agent) with antiangiogenic and antineoplastic 
properties. 

Physico-chemical properties 
 Structural formula: 

 

         
 Established name: Pomalidomide 
 Molecular Weight:   273.24  
 Molecular Formula:   C13H11N3O4 
 Chemical Name:  (RS)-4-Amino-2-(2,6-dioxo-piperidin-3-yl)-isoindoline-1,3-dione 

 
Pomalidomide is a chiral molecule that contains a racemic mixture of the S-enantiomer and R-enantiomer  

 

2.1.2 What are the proposed mechanism(s) of action and therapeutic indication(s)? 

Pomalidomide, an analogue of thalidomide, is an immunomodulatory agent with antineoplastic activity.  In in-
vitro cellular assays, pomalidomide inhibited proliferation and induced apoptosis of hematopoietic tumor 
cells.  Additionally, pomalidomide inhibited the proliferation of lenalidomide-resistant multiple myeloma cell 
lines and synergized with dexamethasone in both lenalidomide-sensitive and lenalidomide-resistant cell lines 
to induce tumor cell apoptosis.  Pomalidomide enhanced T cell- and natural killer (NK) cell-mediated 
immunity and inhibited production of pro-inflammatory cytokines (e.g., TNF-α and IL-6) by monocytes 
Pomalidomide demonstrated anti-angiogenic activity in a mouse tumor model and in in-vitro umbilical cord 
model. 
 
The proposed pomalidomide indication is for patients with multiple myeloma who have received at least two 
prior therapies including bortezomib  and have demonstrated disease 
progression on or within 60 days of completion of the last therapy. 
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patients ≤ 75 years) or 20 mg (for subjects > 75 years) on days 1, 8, 15, and 22 of each 28 day cycle. The 
MTD was found to be 4 mg per day in the Phase 1 part of the study.  
 
The MTD determined in the phase 1 part of the study (4 mg daily) was used for the phase 2 part of the study. 
Median progression free survival (PFS), the primary endpoint, was 10.7 weeks and 16.6 weeks following 
treatment with pomalidomide alone and pomalidomide plus dexamethasone, respectively. Forty-five patients 
remained on treatment as of the data cutoff (April 1, 2011).  
 
During the Phase 2 portion of this study, PK data were collected from a subset of relapsed/refractory MM 
patients (n=14). The MTD (4 mg daily) determined from the Phase 1 segment of this study was used as the 
starting dose for the Phase 2 segment. AUC0-t and Cmax for pomalidomide plus dexamethasone and 
pomalidomide alone arms were similar on day 1 and day 8.  
 
Study IFM 2009-02 (non-applicant) was a randomized (n=84), open-label study to evaluate the safety and 
efficacy of two regimens (21/28 days vs. 28/28 days) of oral 4 mg pomalidomide in combination with low 
dose 40 mg dexamethasone in relapsed/refractory MM patients who were progressive and received prior 
treatment with lenalidomide and bortezomib. The primary endpoint, response rate (PR+CR), was 
approximately 34.9% and 34.1% in patients who received pomalidomide plus dexamethasone for 21 days out 
of a 28 day treatment cycle and 28 days out of a 28 day treatment cycle, respectively. As of March 1, 2011, a 
total of 23 patients remain in the study.   
 
Supportive Studies (Applicant conducted): 

Study MM-001 was a Phase 1b study (n=45) in relapsed or refractory MM patients to determine the MTD 
and preliminary efficacy of pomalidomide. Pomalidomide doses between 1 – 10 mg QD (Cohort 1) and 1 – 10 
QOD (Cohort 2) were given to patients. Approximately 54% of patients had a response that included: 17% of 
patients with complete response (CR), 13% of patients with a very good partial response (VGPR), and 25% of 
patients with a PR. Median PFS was 9.75 months and median overall survival (OS) was 22.5 months. In 
cohort 2, approximately 10% of patients had a CR, 29% had a VGPR, and 10% of patients had a PR. PFS was 
10.5 months and median OS was 33 months.  
 
The MTD was determined to be 2 mg once daily or 5 mg every other day in Cohort 1 and Cohort 2, 
respectively.  AUC0-∞ and Cmax was less than dose-proportional over the dose range of 1 to 10 mg on day 1 
and at week 4 for the 1 to 5 mg dose range.  
 
Clinical Pharmacology Studies: There are a total of seven clinical studies completed that provide PK 
characteristics of pomalidomide.  
 
Study CP-005 was a Phase 1, 3-period, 2-way crossover study to evaluate the bioequivalence (BE) of a new 
formulation (test) of the 2 mg capsule compared to the reference 2 mg capsule formulation. A secondary 
objective was to evaluate the effect of food on the PK of the 2 mg test capsule formulation. Results show that 
the 2 mg test formulation was not BE to the 2 mg reference formulation. Cmax was for test formulation 
compared to reference formulation  A food effect arm was added to evaluate the 
influence of a high fat meal on the PK of the 2 mg test formulation. Pomalidomide exposure (Cmax: 
by , AUC: by  in the presence of food. Since the food effect was conducted using a formulation that 
was found to be not BE to the final market formulation, the food effect portion of the PK data were deemed 
unreliable to determine the effect of food on the exposure of pomalidomide.  
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Study CP-007 was a Phase 1, open-label, randomized, 2-period, 2-way crossover BE study (n=36) to 
compare the 1 mg and 2 mg reference formulations to the 3 mg and 4 mg test formulations. Results show that 
the 3 mg and 4 mg test formulations were BE to the 1 mg and 2 mg reference formulations based on the FDAs 
80 – 125% criteria for AUC and Cmax.  
 
Study 1398/132 was a single-arm, placebo-controlled, ascending single-dose study to assess safety, PK and 
PD in healthy subjects (n=30). Subjects received pomalidomide doses at 1, 5, 10, 25, and 50 mg. Peak 
concentrations were observed at 2.5 to 6 hours post-dose. AUC increased approximately in a dose-
proportional manner and Cmax increased in a less than dose-proportional manner. Half-life of pomalidomide 
was between 8.2 – 10.8 hours.  
 
Study CP-004 was an open-label mass balance study to assess the absorption, metabolism and excretion of a 
single 2 mg oral suspension dose (100 uCi) of [14C]-pomalidomide. Unchanged pomalidomide accounted for 
61.9% to 75.2% of circulating total radioactivity exposure. Approximately 73% of radiolabeled pomalidomide 
was recovered in the urine and 15.5% in feces. Unchanged pomalidomide accounted for 2.2% and 7.7% in 
urine and feces, respectively. Tmax for pomalidomide and total radioactivity in plasma and whole blood was 
observed at 2.5 to 3.25 hours. Metabolite exposure was < 10% of total radioactive or pomalidomide in plasma. 
 
Study CP-006 was a randomized, placebo-controlled, multiple ascending dose study performed in healthy 
male subjects to evaluate the safety and PK of pomalidomide (0.5, 1, 2 mg dose). Maximum concentrations 
were observed between 1.5 to 2.25 hours post-dose. Pomalidomide AUC and Cmax were approximately dose-
proportional within the dose range studied. Up to 14% accumulation on day 5 compared to day 1 was 
observed for Cmax and AUC0-24. Half-life was approximately 6 hours and pomalidomide Cmin reached steady 
state by day 3 at all dose levels. Pomalidomide is distributed in the semen of healthy subjects at a 
concentration approximately 67% of plasma concentrations at 4 hours post-dose.  
 

2.2.2 What is the basis for selecting the response endpoints or biomarkers and how are they measured 
in clinical pharmacology and clinical studies? 

Efficacy claims are based on two primary studies conducted in relapsed or refractory MM patients: study 
MM-002 and study IFM 2009-02. 

Study MM-002 (Phase 2): A total of 221 patients were enrolled in the trial, 113 patients in the pomalidomide 
plus dexamethasone arm and 108 patients in the pomalidomide alone arm (Table 2). Theses patients had 
received prior treatment with lenalidomide and bortezomib. The median age of the study population was 63 
years (range: 34 – 88 years). The primary endpoint for study MM-002 was PFS.  The median PFS in patients 
treated with pomalidomide plus dexamethasone was 16.6 weeks (Table 2). For those treated with 
pomalidomide alone, the median PFS was 10.7 weeks (Table 2). 

 

Table 2: Summary of Efficacy Endpoints in Study MM-002 

 Pom + Dex (N=113) Pom (N=108) 

Median PFS (weeks) (95% CI) 16.6 (14.1, 21.1) 10.7 (8.3, 16.1) 

Hazard ratio (95% CI) 0.73 (0.54, 0.99) 

Pomalidomide (Pom); Dexamethasone (Dex) 
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Figure 1 (applicant provided): PFS of Pomalidomide (+/- Dexamethasone) in Study MM-002 

 
Figure generated by applicant. 

 
Study IFM 2009-02: The trial enrolled a total of 84 patients with multiple myeloma. Most subjects were males 
(68%) and the median age was 60 years old (range: 42 – 83 years). Patients received 4 mg of pomalidomide 
plus low dose dexamethasone. In this study, the treatment intensity (21 out of 28 days vs. 28 out of 28 days) 
was evaluated. The overall response rate (primary endpoint) was approximately 35% vs. 34%, which was 
similar regardless of the intensity of the treatment (21/28 days vs. 28/28 days) with pomalidomide plus 
dexamethasone (Table 3). Response rates of the two treatment regimens are shown in Table 3.  

 
Table 3: Summary of Efficacy Endpoints in Study IFM 2009-02 
  Pom (21/28) + Dex 

(N=43) 

Pom (28/28) +Dex 

(N=41) 

Overall response rate (CR + PR), n (%) 15 (34.9) 14 (34.1) 

Complete Response (CR), n (%) 1 (2.3) 2 (4.9) 

Partial Response (PR), n (%) 14 (32.6) 12 (29.2) 
 

2.2.3 Are the active moieties in the plasma (or other biological fluid) appropriately identified and 
measured to assess pharmacokinetic parameters and exposure response relationships?  

Pomalidomide was measured in plasma, urine and semen. Pomalidomide has multiple metabolites (6 detected 
by radiochromatography) in plasma, all of which were < 10% relative to parent or total radioactivity. No 
validated analytical methods were developed to quantify metabolites.  

2.2.4 Exposure-Response 

No exposure-response analysis was conducted. 
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2.2.4.1 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for efficacy?  

Because PK samples were collected in a small number of patients (n=14) that took part in the efficacy trial 
(MM-002), exposure-response analyses could not be conducted.  

2.2.4.2 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for safety?  

Clinical studies assessing the relationship between exposure and safety were not performed due to limited 
collection of PK samples in MM patients.  

2.2.4.3 Does this drug prolong the QT or QTc interval?  

A study designed to assess the QT interval prolongation potential of pomalidomide was not performed. The 
applicant plans on conducting a thorough QT study. 
 
ECG/QT data obtained from combined phase 1 studies reported that changes in QRS complex appeared to be 
random in all dose groups without a drug or dose related pattern; however, overall, there were more subjects 
with prolonged or borderline QTc prolongation across the daily dosing groups. 

2.2.4.4 Is the dose and dosing regimen selected by the sponsor consistent with the known relationship 
between dose-concentration-response, and are there any unresolved dosing or administration 
issues?  

There were no sufficient PK and response data to conduct dose-concentration-response analyses. 

2.2.5 What are the PK characteristics of the drug and its major metabolite? 

2.2.5.1 What are the single dose and multiple dose PK parameters?  

Following single oral doses of pomalidomide, ranging from 0.5 to 10 mg, in healthy subjects, AUC increased 
in an approximately dose-proportional manner, while Cmax increased in a less than dose-proportional manner 
over the dose range of 1 to 50 mg (Table 4). Maximum concentrations were observed between 1.75 hours and 
3.25 hours post-dose. AUC and Cmax following multiple-doses of pomalidomide were approximately dose-
proportional. Pomalidomide reached steady state by day 3. The mean half-life ranged from approximately 6 – 
10 hours.  
 
A total of eight metabolites were detected following a single radiolabeled dose of pomalidomide. Six of those 
metabolites were detected with radiochromatography. Metabolites exposures were < 10% of plasma total 
radioactive pomalidomide exposure. Median Tmax for detected metabolites ranged from 1 – 6 hours, with a 
mean half-life of 9 – 13 hours. Table 4 summarizes the PK of single oral doses of pomalidomide. 
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Table 5: PK Parameters of Pomalidomide in Plasma Following Single Oral dose of 4 mg to Healthy Male 
Subjects and Relapsed or Refractory Multiple Myeloma Patients 

 
Table generated by applicant. 

 

2.2.5.3 What are the characteristics of drug absorption?  

Following 2 mg (suspension) of [14C]-pomalidomide in healthy subjects, approximately 70% of radiolabeled 
dose was absorbed. Median Tmax was approximately between 2 and 3 hours.  The absolute bioavailability of 
pomalidomide was not determined. 

2.2.5.4 What are the characteristics of drug distribution?   

Protein Binding 

The protein binding properties of pomalidomide was investigated in an in-vitro study (DMPK-015) using 
pomalidomide (racemate) concentrations of 30, 100, 300, 1000, and 3000 ng/mL. At all concentrations, 
plasma protein binding for R-enantiomer and S-enantiomer was between 11.9 – 24.8% (mean: 15.8%) and 
40.1 – 43.9% (mean: 42.2%), respectively. Mean apparent volume of distribution of pomalidomide ranged 
from 62 – 138 L and 65 – 97 L for healthy subjects and MM patients, respectively (Table 5 in Section 
2.2.5.2). 
 
Blood/Plasma Ratio  

The extent of blood partitioning of pomalidomide was determined in the mass balance study (CP-004). Blood 
to plasma ratios for radioactivity ranged from 0.749 to 0.904, following 0.5 to 24 hours post-dose, 
respectively.  
 
Semen Distribution 

Pomalidomide is distributed in the semen of healthy male subjects at a concentration approximately 67% of 
plasma concentrations at 4 hours post-dose.  
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2.2.5.5 Does the mass balance study suggest renal or hepatic as the major route of elimination?  

In study CP-004, eight healthy male subjects received a single 2 mg oral suspension dose containing 100 uCi 
of [14C]-pomalidomide. Approximately 72.8% of the radiolabeled pomalidomide dose was recovered in the 
urine, while 15.5% was recovered in the feces (Table 6).  Unchanged pomalidomide accounted for 2.2% and 
7.7% of the dose in urine and feces, respectively. Pomalidomide and eight metabolites were identified in 
plasma following 2 mg of [14-C] pomalidomide. Parent compound (unchanged) accounted for approximately 
70% of circulating total radioactivity. Exposures of six metabolites, which were identified by 
radiochromatography, accounted for less than 10% of the total plasma radioactivity.   
 
CYP450 dependent metabolites accounted for approximately 43% of the excreted radioactivity and non-
CYP450 dependent hydrolytic metabolites accounted for 25%.  
 

Table 6: Unchanged Pomalidomide (and metabolites) Characterized/Identified in Human Plasma, Urine, and 
Feces after a Single Oral Dose of 14-C Pomalidomide (2 mg) to Healthy Subjects 

 
Table generated by applicant. 
 

2.2.5.6 What are the characteristics of drug metabolism?  

The in-vitro metabolism studies indicated that the major pathways for metabolism of pomalidomide included 
hydroxylation, followed by glucoronidation and hydrolysis.  
 
Results from a mass balance study indicated that pomalidomide is metabolized to at least 8 metabolites 
(Figure 2) that are present in plasma, urine and feces (see Table 6 is Section 2.2.5.5).  Metabolites did not 
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exceed 10% of the total plasma radioactivity exposure. Metabolites were formed primarily by hydroxylation, 
followed by glucoronidation and hydrolysis of pomalidomide. Parent drug was the major circulating 
radioactive component (~70% of circulating radioactivity).  
 
Figure 2: Propose Metabolic Pathways of Pomalidomide In-Vivo in Rats, Monkeys, and Humans and In-
Vitro in Hepatocytes from Rabbits and Humans 

 
 

2.2.5.7 What are the characteristics of drug excretion? 

Pomalidomide is mainly excreted via the kidneys. Over 216 hours following a 2 mg dose of [14-C] 
pomalidomide in the mass balance study, the majority (72.8%) of the administered dose was recovered in the 
urine, while approximately 15.5% of the dose was recovered in the feces (over 96 hour period).  Unchanged 
pomalidomide accounted for 2.2% and 7.7% of recovered dose in urine and feces, respectively. The major 
metabolites in urine were M11, M12 and M13 and accounted for 23.3%, 17.1% and 12.4%, respectively. 
Additional, minor metabolites, M2, M10, M16, and M17 accounted for 1.44%, 1.51%, 7.03%, and 3.2% of 
dose, respectively. See Table 6, in section 2.2.5.5, for details on individual metabolite excretion results.  

2.2.5.8 Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-
concentration relationship? 

The dose proportionality of pomalidomide was assessed using data from two ascending dose studies in 
healthy subjects and MM patients. Following single oral doses (1, 5, 10, 25, and 50 mg) of pomalidomide in 
healthy subjects, AUC increased in a approximately dose-proportional manner, while Cmax increased in a less 
than dose-proportional manner over the doses studied (study 1398/132; Exploratory ANOVA test: Figure 3). 
In MM patients (study MM-001); pomalidomide dose levels evaluated for PK included 1, 2, 5, and 10 mg 
once daily and 5 mg on alternate days. Exploratory analysis also showed that AUC increased in a dose-
proportional manner and Cmax was less than dose-proportional up to 5 mg. The applicant states that there was 
a dose-dependent decrease in the absorption rate in the dose range of 10 – 50 mg in healthy subjects.  
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Figure 3: Exploratory ANOVA Test on the Dose Normalized AUCinf in Healthy Subjects (Study 1398/132) 

                    
 

2.2.5.9 How do the PK parameters change with time following chronic dosing?  

Following multiple doses of 0.5, 1 and 2 mg of pomalidomide in healthy subjects (study CP-006), minimal 
accumulation of up to 14% was observed for AUC0-24 and Cmax on day 5 compared to day 1.  Similarly, 
modest accumulations were observed in study MM002, with an AUC0-t and Cmax at 27 – 31% and 17 – 22% 
higher on day 8 compared to day 1, respectively.  

2.2.5.10 What is the inter- and intra-subject variability of PK parameters in volunteers and patients, 
and what are the major causes of variability? 

Following single doses of pomalidomide, inter-individual variability of pomalidomide AUC was between 
13.5% to 39.4% and 20.5% to 55.4% in healthy subjects and MM patients, respectively. Intra-subject 
variability of AUC was estimated at approximately 10% in healthy subjects following single doses of 
pomalidomide. Variability for Cmax ranged from 11.3% to 26.2% and 11.1% to 40.6% in healthy subjects and 
MM patients, respectively. Overall, higher inter-subject variability was observed in MM patients. 
 

2.3 Intrinsic Factors 

2.3.1 What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism, 
pregnancy, and organ dysfunction) influence exposure (PK usually) and/or response, and what is 
the impact of any differences in exposure on efficacy or safety responses? 

It is not known which intrinsic factors influence exposure and/or response properties of pomalidomide. The 
sponsor did not conduct organ impairment studies, population PK or exposure-response analyses.  
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2.3.2 Based upon what is known about exposure-response relationships and their variability and the 
groups studied, healthy volunteers vs. patients vs. specific populations, what dosage regimen 
adjustments, if any, are recommended for each of these groups?  

The applicant has not performed formal exposure-response or population PK analyses. Results in sections 
2.3.2.1, 2.3.2.2 and 2.3.2.3 are from visual assessment and exploratory covariate analysis performed using PK 
data in MM patients (studies MM-001 and MM-002). 

2.3.2.1 Body Weight  

Exploratory analysis show that there was no notable relationship between body weight (range: 48-94.5 kg) 
and pomalidomide exposure (Figure 4). Formal population PK analysis will still need to be performed. 
 
Figure 4: Effect of Body Weight on Pomalidomide Exposure in MM Subjects (Exploratory Analysis) 

 
Figure generated by applicant.    

 

2.3.2.2 Gender 

Exploratory analysis shows that there was no notable relationship between gender and pomalidomide AUCinf 

(Figure 5).  Formal population PK analysis will still need to be performed. 
 
 
Figure 5: Effect of Gender on Pomalidomide Exposure in MM Subjects (Exploratory Analysis) 
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Figure generated by applicant. 

 

2.3.2.3 Pediatric Population 

Studies have not been conducted in pediatric patients. 

2.3.2.4 Age 

The applicant claims that there was no notable relationship between age (range: 48 – 65 years) and 
pomalidomide AUCinf (Figure 6).  Formal population PK analysis will still need to be performed. 
 
Figure 6: Effect of Age on Pomalidomide Exposure in MM Subjects (Exploratory Analysis) 

 
Figure generated by applicant. 

 

2.3.2.5 Renal impairment 

Based on the mass balance study, approximately 73% of radiolabeled pomalidomide was excreted via the 
kidneys. To date, the applicant has not completed a renal impairment study. The applicant states that a renal 
impairment study (MM-008) is ongoing and will be completed on 5 June 2017. It was noted that primary 
efficacy studies (MM-002 and IFM 2009-02) excluded patients with a serum creatinine > 3 mg/dL, CrCL > 50 
mL/min (IFM-2009-02 only). 

2.3.2.6 Hepatic impairment 

Based on the in-vitro studies, pomalidomide is metabolized primarily by CYP3A4 and CYP1A2, therefore 
hepatic impairments studies will need to be conducted. The applicant plans to conduct a hepatic impairment 
study in the first quarter of 2013. Thus far, the PK of pomalidomide was not evaluated in patients with hepatic 
impairment. Of note, primary efficacy studies excluded patients with a liver transaminases > 3 x ULN and 
serum total bilirubin > 2 mg/dL.  

2.3.2.7 What pregnancy and lactation use information is there in the application? 

Non-clinical study results show that pomalidomide is teratogenic. Pomalidomide concentrations crossed the 
placenta and were detected in the fetal blood of animals. Pomalidomide was also detected in milk of lactating 
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animals (milk:plasma ratio was 0.63 to 1.5). 

2.3.2.8 Does genetic variation impact exposure and/or response? 

The applicant has not assessed the impact of genetic factors on exposure and /or response to pomalidomide. 

2.4 Extrinsic Factors 

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence dose-
exposure and/or -response and what is the impact of any differences in exposure on response? 

The applicant did not conduct a popPK or exposure-response analysis. 

2.4.2 Drug-drug interactions 

2.4.2.1 Is there an in vitro basis to suspect in vivo drug-drug interactions? 

Yes. See below. 

2.4.2.2 Is the drug a substrate of CYP enzymes?  

An in-vitro study (DMPK-22) showed that the major enzymes involved in the metabolism of pomalidomide 
were CYP3A4 and CYP1A2, with some contribution from CYP2C19 and CYP2D6. Therefore inhibitors and 
inducers of these CYP enzymes could affect the PK of pomalidomide.  

2.4.2.3 Is the drug an inhibitor and/or an inducer of CYP enzymes? 

In-vitro CYP inhibition 

In-vitro studies with pomalidomide were conducted to assess the potential for pomalidomide to inhibit 
CYP450 enzymes. Pomalidomide was evaluated for its ability to inhibit the CYP enzymes directly or in a 
time-dependent manner. The enzymatic metabolic activities of CYP1A2, CYP2A6, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, CYP2D6, CYP2E1, and CYP3A4/5 were investigated in human liver microsomes (pool 
of 16 samples) in the presence and absence of pomalidomide (concentration range: 0 – 30 uM).  
 
Results of the in-vitro CYP450 inhibition study (DMPK-024) showed that pomalidomide had little or no 
inhibition of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, and 
CYP3A4/5 enzymes. The IC50 values for each CYP enzyme was greater than the highest concentrations 
measured (30 uM). The applicant states that the mean Cmax value following multiple-daily doses of 4 mg 
(clinical dose) pomalidomide in MM patients was approximately 80 ng/mL (0.3 uM) (study MM-002). 
Therefore the Cmax /IC50 ratio for all measured CYP enzymes (IC50 values > 30 uM) would be 0.02, which is 
less than 0.1, for both direct inhibition and time dependent inhibition. Listed in Table 7, is a summary of the 
IC50 values for the measured CYP interaction. 
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Table 7: In-Vitro Evaluation of CC-4047 (Pomalidomide) as an Inhibitor of Human CYP Enzymes.  

 
 
In-vitro CYP induction 

The potential of pomalidomide (0.3, 1 and 3 uM) to induce CYP enzymes 1A2, 2B6, 2C9, 2C19, and 3A4/5 
was evaluated in an in-vitro study. Induction was evaluated by catalytic activity. Positive controls included 
omeprazole (100 uM), phenobarbital (750 uM) and rifampin (10 uM) and probe substrates included 
phenacetin (CYP1A2), bupropion (CYP2B6), diclofenac (CYP2C9), S-mephenytoin (CYP2C19), and 
testosterone (CYP3A4/5). Treatment of cultured human hepatocytes with pomalidomide (up to 3 uM) BID for 
three consecutive days, had little or no effect (<1.3-fold increase) on the activity of any of the CYP enzymes 
measured. Listed in Table 8 and Table 9 are the enzyme activities and fold increases following the incubation 
of pomalidomide with probe CYP450 substrates.  
 
Table 8: Effects of Treating Cultured Human Hepatocytes with CC-4047 (Pomalidomide) or Prototypical 
Inducers on the Activity of Microsomal CYP450 Enzymes 
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Table 9: Effects of Treating Cultured Human Hepatocytes with CC-4047 (Pomalidomide) or Prototypical 
Inducers on the Activity of Microsomal CYP450 Enzymes: Fold Increase 

 
 

2.4.2.4 Is the drug a substrate and/or an inhibitor of P-glycoprotein transport processes? 

In-vitro studies were conducted to determine whether pomalidomide is a substrate or an inhibitor of P-gp 
(study DMPK-037).  
 
Using monolayers of MDCK cells (wild type (WT) or MDR1), the apparent permeability (Papp) was 
determined for pomalidomide (1 – 10 uM) in a bidirectional method (A→B and B→A), which was performed 
in the presence of P-gp inhibitors verapamil (250 uM) and ketoconazole (25 uM). Results show that 
pomalidomide was found to be a substrate of P-gp. The net efflux ratios (RE MDR1/RE WT) were 2.65, 4.72, 
and 5.36 at 1, 5, and 10 uM of pomalidomide. Also, the efflux ratio of 13.0 for pomalidomide (5 uM) in 
MDCK-MDR1 cells decreased to 1.72 and 1.37 in the presence of verapamil and ketoconazole, respectively. 
 
In addition, the potential for pomalidomide to inhibit P-gp was measured by determining Papp for the P-gp 
substrate digoxin (100 nM) in the presence and absence of pomalidomide (0.03 – 10 uM) or positive control 
inhibitors (verapamil and ketoconazole). Pomalidomide had < 32% inhibition of digoxin in MDCK-MDR1 
cells.  

2.4.2.5 Are there other metabolic/transporter pathways that may be important? 

In-vitro studies (DMPK-043) were performed to assess the inhibition potential of pomalidomide (2 and 20 
umol/L) for BCRP in the presence or absence of pomalidomide for 60 minutes. BCRP expressing porcine 
kidney epithelial LLC-PK1 cell and control LLC-PK1 cells were investigated in both the apical to basolateral 
(A→B) and the basolateral to apical (B→A) directions.  Positive control included Ko143 inhibitor. Results 
show that following incubation of [3H]-prazosin with pomalidomide at 2 uM and 20 uM, transporter activity 
was 88.1% and 85.9% of control, respectively (Table 10). Study results suggest that pomalidomide is not a 
strong inhibitor of BCRP.  
 
In addition, in-vitro studies were performed to asses the inhibition potential of pomalidomide (2 and 20 
umol/L) with the following transporters and corresponding substrates 1) OAT1: substrate [3H]-p-
aminohippuric acid (1 uM) for 2 minutes; 2) OAT3: substrate [3H]-estrone sulfate (50 nmol/L) for 2 minutes; 
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3) OCT2: substrate [14C]-metformin (10 uM) for 5 minutes in S2 cells expressing OCT2; 4) OATP1B1 & 
OATP1B3: substrate [3H]-estradiol glucuronide (50 nM) for 2 minutes in HEK293 cells expressing 
transporter. Results show that at higher concentrations (20 umol/L), pomalidomide inhibited OAT1 by 26% 
and OAT3 by 30% (Table 11).   
 
Table 10: Summary of Inhibitory Effects of CC-4047 (Pomalidomide) and Ko143 on [3H]-Prazosin Transport 
across Control Cell and BCRP expressing Cell Monolayers 

 
 
Table 11: Summary of Inhibitory Effects of CC-4047 (Pomalidomide) on OAT1, OAT3, OCT2, OATP1B1 
and OATP1B3 Mediated Uptake 

 

 

2.4.2.6 Does the label specify co-administration of another drug (e.g., combination therapy in 
oncology) and, if so, has the interaction potential between these drugs been evaluated? 

The sponsor proposes to use pomalidomide in combination with  dexamethasone. The 
potential for drug-drug interaction between the two drugs was assessed in study MM-002 (Table 12). This 
was a randomized, open-label study in refractory or relapsed MM patients. Patients received 4 mg of 
pomalidomide plus 40 mg of dexamethasone or pomalidomide alone. Pharmacokinetic samples were collected 
on day 1 and day 8 in a sub-set of patients (n=14). The Cmax and AUC of pomalidomide were similar in the 
presence and absence of dexamethasone, indicating that dexamethasone does not influence the exposure to 
pomalidomide (Table 12).  
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Table 12: Summary of Mean Pomalidomide Plasma PK Parameters by Treatment and Study Day Following 
Oral Doses of Pomalidomide 4 mg alone and in Combination with Dexamethasone (Study MM-002) 

 

 

2.4.2.7 What other co-medications are likely to be administered to the target patient population? 

Currently the proposed label recommends that patients take pomalidomide  
 

2.4.2.8 Are there any in vivo drug-drug interaction studies that indicate the exposure alone and/or 
exposure-response relationships are different when drugs are co-administered? 

No other in-vivo drug-drug interaction studies with pomalidomide have been performed. 

2.4.2.9 Are there any unresolved questions related to metabolism, active metabolites, metabolic drug 
interactions, or protein binding? 

Clinical drug interaction studies with pomalidomide will need to be performed to address in-vitro metabolism 
findings. 

2.5 General Biopharmaceutics 

2.5.1 Based on BCS principles, in what class is this drug and formulation? What solubility, 
permeability and dissolution data support this classification? 

The applicant has classified pomalidomide as a BCS Class  compound, 
based on the 4 mg dose. However, it has not received an official BCS classification/designation from the 
FDA. 
 
Solubility 

The solubility of pomalidomide was tested in different pH buffers and different solvents. Pomalidomide at the 
2 mg strength was found to be soluble in 250 mL of aqueous media for pH values 1.2, 4.5 and 6.8, but 4 mg 
(clinical dose) was not soluble. The solubility of pomalidomide does not appear to be pH dependent. Listed in 
Table 13 is the solubility of pomalidomide at 37° C at different pH levels.  
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Table 13: Solubility at Saturation in Aqueous Media as a Function of pH at 37° C  

Theoretic pH (Buffered Solution) Solubility of Pomalidomide after 24 hours 
(ug/mL) 

1.2 (0.05N HCL) 15.0 

4.5 (0.05M acetate) 14.6 

6.8 (0.05M phosphate) 13.2 

 
Permeability 

The in-vitro permeability of pomalidomide was evaluated using MDCK cells (either wild type (WT) or 
MDR1). The apparent permeability (Papp) was evaluated for 1, 5 and 10 uM of pomalidomide in the presence 
of P-gp inhibitors verapamil (250 uM) and ketoconazole (25 uM). Results show moderate intrinsic 
permeability based on Papp values. Pomalidomide showed higher permeability with MDCK-MDR1 cells in 
the BA direction than in the AB direction. Net efflux ratios were 2.65, 4.72 and 5.36 at 1, 5 and 10 uM of 
pomalidomide, respectively.  
 

2.5.2 What is the relative bioavailability of the proposed to-be-marketed formulation to the pivotal 
clinical trial? 

With the exception of different dyes for each capsule shell, the to-be-marketed capsule formulation is 
identical to the formulation used in the pivotal Phase 2 clinical trials.  The 1 mg and 2 mg capsule formulation 
were used in the registration trial (MM-002). The 3 mg and 4 mg capsule formulation used a  

as the 1 mg and 2 mg formulation.  A bridging BE study (CP-007) was 
performed to evaluate the 3 mg and 4 mg capsules (test) with the 1 mg and 2 mg capsule formulation 
(reference). See details of study CP-007 in section 2.5.2.1.   
 

2.5.2.1 What are the safety or efficacy issues, if any, for BE studies that fail to meet the 90% CI using 
equivalence limits of 80 – 125%? 

The applicant performed two BE studies. The first BE study (CP-005) was performed to assess the 
equivalence of a new test formulation (2 mg) compared to the reference formulation (2 mg). Results show that 
Cmax did not meet the FDA’s 80 – 125% BE criteria, therefore the applicant will not use this test formulation 
for the commercial product. 
 
The second BE study (CP-007) evaluated the 3 mg and 4 mg capsules formulation in healthy subjects. The 
objective was to evaluate the BE of a new 3 mg (test) capsule formulation vs. 1 mg plus 2 mg (reference) 
capsules and 4 mg (test) formulation vs. 2 mg plus 2 mg (reference) capsules.  Results show that the 3 mg and 
4 mg capsules test formulations was similar to the reference formulations. The 90% confidence intervals of 
the geometric least square mean between the two formulations (3 mg vs. 1 mg + 2 mg and 4 mg vs. 2 x 2 mg) 
were within the 80 – 125% BE criteria for AUC and Cmax. Table 14 and Table 15 provide the PK findings for 
both the 3 mg and 4 mg capsule comparison, respectively.  
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2.6 Analytical Section 

2.6.1 Were relevant metabolite concentrations measured in the clinical pharmacology and 
biopharmaceutics studies? 

Pomalidomide was evaluated in human plasma, urine and semen using a validated LC/MS/MS method. 
Metabolites were analyzed in plasma, urine and feces in the mass balance study (CP-004) with a non-
validated HPLC method. Metabolites were found to be present < 10% relative to parent and relative to total 
radioactivity.  

2.6.2  Which metabolites have been selected for analysis? 

Metabolites were only analyzed in the mass balance study following 2 mg of [14C]-pomalidomide in healthy 
subjects. No metabolites were analyzed further in clinical studies, other than the mass balance study. 
 

2.6.3 For all moieties measured, is free, bound, or total measured? What is the basis for that decision, 
if any, and is it appropriate? 

Total pomalidomide concentrations were measured. Pomalidomide (30 – 1000 ng/mL) enantiomers expressed 
low to moderate protein binding in human plasma. Protein binding for the R-Enantiomer (CC-6016) in human 
plasma ranged from 11.96 to 24.85% and S-Enantiomer (CC-5083) ranged from 40.11 to 43.94%.  

2.6.4 What bioanalytical methods are used to assess concentrations? 

LC/MS/MS was used to measure the concentrations of pomalidomide in plasma, urine and semen.  Listed in 
Table 18 is a summary of analytical methods. 
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Table 18: Summary of Bioanalytical methods for Pomalidomide from Clinical Studies 
Studies Matrix/ Analytes Method Assay Performance description 
1398/130-
D0142  
 

Plasma/ 
pomalidomide 

LC-MS/MS Lower limit of quantification: 0.2 ng/mL 
Calibrated Range: 0.2 to 50 ng/mL ,  
Intra-assay Precision (%CV): <7.5%  
Inter-assay Precision (%CV): < 9.3%  
Intra-assay Accuracy (% Diff): 5.3-13.3%  
Inter-assay Accuracy (%Diff): 8.0-13.3% 
Freeze/Thaw Stability: 3 cycles @ -20 C  
Bench Top Stability: 3 hours at RT  
Long-term Stability: 34 days at - 70 C 
Extract Stability: At least 24 hours at - 20 C  

1398/176-
D0142  
 

Urine/ 
pomalidomide 

LC-MS/MS Lower limit of quantification: 20 ng/mL 
Calibrated Range: 20 to 4000 ng/mL ,  
Intra-assay Precision (%CV): <6.7% (at LLOQ) & < 12.6 % 
(at all other QC levels)  
Inter-assay Precision (%CV): < 15.7%  
Intra-assay Accuracy (% Diff): -7.1 to 5.6%  
Inter-assay Accuracy (%Diff): -8.2 to 2.2% 
Freeze/Thaw Stability: 3 cycles @ -20 C  
Bench Top Stability: 3 hours at RT  
Long-term Stability: 55 days at - 70 C 
Extract Stability: at least 24 hours at - 20 C 

DMPK-033 
(amendment 2) 

Plasma/ 
pomalidomide 

LC-MS/MS Lower limit of quantification: 0.5 ng/mL 
Calibrated Range: 0.5 to 200 ng/mL  
Intra- and Inter-day Precision (%CV): < 10.15% and < 
8.40%, respectively 
Intra-assay Accuracy (% RE): -2.36 – 0.60% 
Freeze/Thaw Stability: 3 cycles @ -70 C  
Bench Top Stability: 20 hours at RT  
Long-term Stability: 785 days at - 70 C and 369 days at - 
20 C 
Reinjection Reproducibility: 82 hours, RT; 170 hours at 4 C 

DMPK-36 
(amendment 1)  

Plasma/ 
pomalidomide 

LC-MS/MS Lower limit of quantification: 0.25 ng/mL 
Calibrated Range: 0.25 to 100 ng/mL ,  
Inter- & Intra-assay Precision (%CV): 6.06 to 8.54% 
Inter- & Intra-assay Accuracy (%RE): -3.8 to -0.45%  
Freeze/Thaw Stability: 5 cycles @ -70 C  
Bench Top Stability: 6 hours at RT  
Long-term Stability: up to 477 days at - 20 C and up to 482 
days at - 70 C 
Reinjection Reproducibility: 89 hours at RT 

DMPK-1217 
Report not 
provided. 
Results from 
applicant’s 
summary. 

Semen/ 
pomalidomide 

LC-MS/MS Lower limit of quantification: 0.5 ng/mL 
Calibrated Range: 0.5 to 100 ng/mL  
Inter-assay Precision (%CV): < 4.26%  
Intra-assay Precision (%CV): < 4.53% 
Inter-assay Accuracy (%Diff): 4.47 – 9.67% 
Intra-assay Accuracy (% Diff): 2.68 – 13.20% 
Long-term Stability: 36 days at - 20 C and - 70 C 

 

2.6.5 What is the range of the standard curve? How does it relate to the requirements for clinical 
studies? 

See section 2.6.4 above. 

2.6.6 What are the lower and upper limits of quantification (LLOQ/ULOQ)? 

See section 2.6.4 above. 
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ONDQA BIOPHARMACEUTICS REVIEW 

 
NDA#:      204026/N-000       
Submission Date:   Original: 04/10/12,  

Amendments:  
05/11/12, 10/29/12, 12/03/12, and 12/12/12 

Brand Name:    TBD 
Generic Name:    Pomalidomide 
Formulation: Immediate release (IR) capsules  
Strength:    1, 2, 3, and 4 mg (4 strengths) 
Applicant:     Celgene 
Type of submission:  Original (standard 10-month review) 
Reviewer:     Tien-Mien Chen, Ph.D. 
SYNOPSIS 
 
Background 
Pomalidomide is an NME (new molecular entity), which was developed by Celgene 
under IND 66,188.  In combination with dexamethasone, pomalidomide is indicated for 
patients with relapsed and refractory multiple myeloma (MM) who have received at least 
two prior regimens of established benefit, including both lenalidomide and bortezomib, 
and have demonstrated disease progression on the last therapy.   
 
Pomalidomide is an analog of thalidomide, an agent which is a known human teratogen 
that can cause severe life-threatening birth defects. Pomalidomide has demonstrated 
teratogenic activity in both rats and rabbits when administered during the period of major 
organogenesis. 
 
The 1 and 2 mg capsule formulations  have been 
tested in major clinical studies.  They are the same as the TBM (to-be-marketed) 
formulations except for the differences in capsule shell dye components.  The two higher 
capsule strengths, 3 and 4 mg,  

 the same as the TBM formulations, and employed in the BE 
(bioequivalence) study only.   

  The BE study (No. CC-4047-CP-007) provides the link for the 
1 and 2 mg capsule strengths vs. the 3 and 4 mg capsule strengths.  
 
Current Submission 
On 04/10/12, Celgene submitted the original NDA 204026 for pomalidomide IR capsules, 
1, 2, 3, and 4 mg.  The NDA included CMC information, comparative dissolution profile 
data/information, and a BE study No. CC-4047-CP-007.    
 
Upon request, the Applicant submitted: 
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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    1 mg and 2 mg  

(from pivotal 
studies) were used 
in BE study 

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 
of the analytical assay? 

X   Analytical assays not 
provided for 
metabolites (<10% 
exposure compared 
to parent AUC) 

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)? 

    

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

 X  Sponsor states that 
there was not 
sufficient PK data to 
determine an E-R 
relationship 

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  Sponsor plans to 
continue collecting 
exposure data to 
conduct  ER 

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

  X  

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 

 X  Sponsor states that 
there was not 
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label? sufficient PK data to 
determine an E-R 
relationship 

        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    
 No  

 
If the NDA/BLA is not fileable from the clinical pharmacology perspective, state the reasons 
and provide comments to be sent to the Applicant: 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 
74-day letter. 
 

1. Provide the raw datasets and file definitions in electronic format (i.e., SAS transport files) for 
Study 1398/284 (CDC-407-00-001; MM-001-PK Report). If this information has already been 
submitted, please provide the location in the eCTD. 

 
2. Confirm that the formulation used in the food effect sub-study in study CC-4047CP-005 was the 

to-be-marketed formulation.  
 

3. Provide activity of all detected metabolites and any corresponding reports to confirm findings. 
 
Reviewer Note: Based on the sponsors NDA presentation held on 08 June 2012, the following studies are 
either ongoing or planned 
 

 Renal impaired study (CC-4047-MM-008) is currently ongoing (anticipated completion in 
2015) 

 Hepatic impaired studies are planned for 4Q 2012  
 Clinical DDI studies to assess the influence of CYP3A4, CYP1A2 and P-gp inhibitors on 

pomalidomide exposure and any metabolites is planned (sponsor did not state initiation 
date). 

 A dedicated QT study to assess pomalidomide potential to prolong QT interval is planned 
(sponsor did not state initiation date).  

 
 
Signatures: 
 
 
Rachelle M. Lubin, Pharm.D. 
Reviewer  

 Bahru Habtemariam, Pharm.D. 
Acting Team Leader 

Division of Clinical Pharmacology 5  Division of Clinical Pharmacology 5 
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13. 

Are there any comments to be 
sent to the Applicant as part of 
the 74-Day letter? 
 

X  

1. The provided dissolution information is 
incomplete, please submit the following; 

-   The complete data supporting the selection 
of the proposed method. Also include your 
rationale for the selection of this test.  

-     Include detailed description of the 
dissolution test being proposed for the 
evaluation of your product and the 
developmental parameters (i.e., selection of 
the equipment/apparatus, in vitro dissolution 
media, agitation/rotation speed, pH, assay, 
sink conditions, etc.) used to select the 
proposed dissolution method as the optimal 
test for your product.  Also include the data 
for the testing conducted to show the 
discriminating capability of the selected test.

 
2. Submit the complete dissolution profile data 
(raw data, mean values, and SD; n=12 capsules) 
from the clinically tested batches supporting the 
selection of the dissolution acceptance criterion 
(i.e., specification-sampling time point and 
specification value). 
 
 

{See appended electronic signature page}  

Tien-Mien Chen, Ph.D.  06/06/12 
Biopharmaceutics Reviewer        Date 
Office of New Drug Quality Assessment 

{See appended electronic signature page}  

Angelica Dorantes, Ph.D.  06/06/12 
Biopharmaceutics Team Leader    Date 
Office of New Drug Quality Assessment 
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