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1. EXECUTIVE SUMMARY 

1.1 Recommendation 

From the viewpoint of the Office of Clinical Pharmacology, original NDA 201517 for 
Morphine Sulfate Oral Solution, 20mg/mL submitted on March 1, 2010 is acceptable 
provided that the Agency and the sponsor come to a mutual agreement regarding the 
language in the package insert. 

1.2 Phase 4 Commitments 

From the Clinical Pharmacology perspective, no phase 4 commitment is applicable to this 
NDA.

1.3 Summary of Important Clinical Pharmacology Findings 

This NDA for an unapproved, marketed Morphine Sulfate Oral Solution, 20 mg / mL was 
submitted by Lannett Holdings Inc., as a 505 (b) (2) application referring to the previous 
findings of safety and efficacy of  Morphine Sulfate 20mg/5mLsolution approved on 
March 17, 2008 (NDA 22195; Roxane Laboratories). The Agency and the sponsor met 
for a pre-NDA meeting on July 1, 2009 at which time the only approved Morphine 
Sulfate Oral Solutions were 20mg/5mLsolution and 10mg/5mL solution under NDA 
22195. Agreement was reached between the Agency and Lannett that a bioequivalence 
study comparing their product with Roxane’s 20mg/5mL product would be the only study 
required for submission of the NDA.  Subsequent to this pre-NDA meeting and just prior 
to this NDA submission, Roxane’s 20mg/mL solution was approved on January 25, 2010.   
Therefore, to support approval of this NDA, the sponsor conducted a single Clinical 
Pharmacology study (Study MRN-P9-644) that tested bioequivalence (BE) of the Test 
product to the Reference under fasted conditions and also evaluated the effect of a high 
fat, high calorie breakfast on the exposure of the Test product in this study.  Per the prior 
agreement between the Agency and the Sponsor, no other new clinical or clinical 
pharmacology information was submitted.  For all other Clinical Pharmacology related 
aspects (pharmacokinetics in renal and hepatic impairment patients, elderly patients and 
drug-drug interactions etc., Lannett is relying on previous findings from Roxane’s NDA 
22195

Study MRN-P9-644 tested BE of 1 mL of Morphine Sulfate 20mg/mL (Test ) to 5 mL of 
Morphine Sulfate 20mg/5mL(Reference) in 33 naltrexone blocked healthy male and 
female volunteers under fasting conditions. Naltrexone (opioid antagonist) was 
administered before morphine sulfate solution administration to block opioid effects in 
opioid-naïve healthy volunteers. In addition, the study also evaluated effect of a high fat, 
high calorie breakfast on the PK of 1 mL of Morphine Sulfate 20mg/mL solution. The 
Test was bioequivalent to the Reference in terms of both Cmax and AUC meeting the 
90% confidence intervals limits of 80-125%. In the presence of food, Cmax of morphine 
was reduced by 25% while AUC was increased by 15%; these effects are not considered 
clinically significant.  DSI inspection of this study was deemed not necessary in light of 
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the fact that at the time of NDA submission, a pharmaceutical equivalent of the reference 
was available and this product would have qualified for a biowaiver with appropriate 
justification.  Overall, this NDA has adequate Clinical Pharmacology information and 
there are no significant Clinical Pharmacology issues that would preclude its approval. 
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2.1.2 What are the proposed mechanism(s) of action and therapeutic 
indication(s)?  

Mechanism of Action: Morphine is a pure opioid agonist relatively selective for the mu 
receptor. It is mainly used as analgesic to control moderate to severe pain. 

Proposed Indication: Relief of moderate to severe acute and chronic pain where an 
opioid analgesic is appropriate 

2.1.3 What are the proposed dosage(s) and route(s) of administration? 

Dosage: 10 to 20 mg every 4 h as needed. 

Route of Administration: Oral.

2.2 General Clinical Pharmacology 

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

To support approval of this NDA, the sponsor conducted a single Clinical Pharmacology 
study (Study MRN-P9-644) that tested bioequivalence (BE) of the Test product to the 
Reference under fasted conditions and evaluated effect of a high fat, high calorie 
breakfast on the exposure of the Test product. No new studies related to any other aspect 
of Clinical/Clinical Pharmacology has been submitted by the sponsor as per the 
agreement reached at the pre-NDA meeting (see meeting minutes dated July 27, 2009 for 
additional details). The Sponsor is relying on Agency’s previous findings of safety and 
efficacy of the Reference for all other clinical pharmacology aspects.  

Title of the Study: Study No. MRN-P9-644: Single Dose Crossover Comparative 
Bioavailability Study of Two Oral Solutions of Morphine 20mg/mL  vs 20mg/5mLIn 
Healthy Male and Female Volunteers Following the Administration of a 20 mg Dose / 
Fasting and Fed States 

Study Design: Single center, randomized, single dose, laboratory-blinded, 3-period, 6-
sequence, crossover study in healthy male and female volunteers. Naltrexone (opioid 
antagonist) was administered before morphine sulfate solution administration to avoid 
unpleasant, opioid effects in opioid-naïve healthy volunteers. It is known that naltrexone 
does not interfere with the PK of opioids. 

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

Yes, morphine and its known active metabolite (morphine-6-glucuronide) were measured 
in plasma and analyzed. 

NDA 201517 Lannett Holdings Inc, Morphine Sulfate Oral Solution 20 mg / mL 6



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

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

Single dose PK of morphine and morphine-6-glucuronide (M6G; both the major and 
active metabolite) was characterized in the pivotal BE study MRN-P9-644 and PK 
parameters obtained are shown in Table 2 below. The mean PK parameters for both 
morphine and M6G are listed in Table 5. The mean Cmax values for morphine and M6G 
were 18.784 ng/mL and 88.00 ng/mL respectively. The median Tmax values for 
morphine and M6G were 0.58 h and 1.33 h respectively. 

Table 2: PK Parameters of Morphine and M6G After Single Dose Administration
(1 mL of Morphine Sulfate Solution 20 mg/mL) 

Cmax
(ng/mL)

Tmax (h) AUCt
(ng.h/mL)

AUCinf Thalf Kel

Morphine 19 + 7 0.58
(0.25-4)

53 + 19 60 + 23 6 + 2 0.14 + 0.05 

M6G 88 + 21 1.33
(0.75-4)

3441±83 394 ± 81 5 + 2 0.16 + 0.07 

2.3 Intrinsic Factors 

2.3.1 What is the pediatric plan? 

Since the number of pediatric patients requiring 100mg/5mL morphine sulfate medication 
is small and because necessary studies are impossible or highly impractical, pediatric 
study requirements will be waived. This is in line with action taken with a similar 
morphine sulfate solution product (Morphine Sulfate Oral Solution 100mg/5mL, NDA 
22-195 for Roxane).

2.4 General Biopharmaceutics 

2.4.1 What is the relative bioavailability of the proposed to-be-marketed 
formulation to the Reference?  

Study MRN-P9-644 evaluated BE of proposed-to-be-marketed formulation (Test) to 
Reference. The study was a single center, randomized, single dose, laboratory-blinded, 3-
period, 6-sequence, crossover design in 36 healthy male and female subjects. The study 
demonstrated that the Test Formulation is bioequivalent to the Reference Formulation 
with respect to both the Cmax and AUCt values for the parent moiety, morphine as well 
as the major/active metabolite morphine-6-glucuronide, under fasting conditions. In 
addition, similar incidence of adverse events was observed in both Test and Reference 
groups (61% in Test, fasted vs. 55% in Reference, fasted). However, since naltrexone 
blockade was provided to the volunteers, meaningful safety information is not expected 
from this study. 
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The following treatments were to be administered under fasting or fed conditions:  
Test : 20 mg Morphine sulfate concentrate (1 x 1 mL of 20mg/mL  oral solution) 
Reference: 20 mg Morphine sulfate (1 x 5 mL of 20mg/5mLoral solution) 

Plasma was sampled for 15 h after each dose and washout period between treatments was 
7 days. To provide blockade of the pharmacological effects of morphine, a single 50 mg 
dose of naltrexone (1 x 50 mg tablet) was to be administered approximately 1 hour prior 
to morphine administration. 

BE analysis and PK parameters obtained under fasted conditions are discussed in this 
section. PK parameters obtained under fed conditions are discussed in Section 2.5.3 (food 
effect).

Morphine Test fasted vs. Reference fasted: Thirty (30) subjects were included in the 
statistical analysis. The mean Cmax values were 18.784 ng/mL and 19.849 ng/mL 
respectively for the Test and Reference formulations. The Test to Reference Cmax ratio 
of geometric LSmeans was 93.53% (90% CI: 82.36 to 106.21%). The mean AUCt values 
were 52.683 ng·h/mL and 55.288 ng·h/mL respectively for the Test and Reference 
formulations. The Test to Reference AUCt ratio of geometric LSmeans was 91.37% 
(90% CI: 83.93 to 99.46%). The median Tmax was 0.58 h for both the Test and 
Reference formulations. These results demonstrate that Test is bioequivalent to the 
Reference with respect to the parent moiety, morphine (Tables 3 and 4 and Figure 2). 

Table 3: PK Parameters for Morphine (Test  fast vs Reference fast comparison) 
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Table 4: BE Analysis for Morphine (Test  fast vs Reference fast comparison) 

Figure 2: Plasma Profiles of Morphine (Test  Fasted and Fed and Reference Fasted) 

Morphine-6-glucuronide (M6G) Test fasted vs. Reference fasted: Thirty (30) subjects 
were included in the statistical analysis. The mean Cmax values were 88.00 ng/mL and 
86.85 ng/mL respectively for the Test and Reference formulations. The Test to Reference 
Cmax ratio of geometric LSmeans was 98.14% (90% CI: 88.28 to 109.10%). The mean 
AUCt were respectively 344.21 ng·h/mL and 348.09 ng·h/mL for the Test and Reference 
formulation. The Test to Reference AUCt ratio of geometric LSmeans was 94.20% 
(90%CI: 85.46 to 103.82%). The median Tmax was 1.33 h for both the Test and 
Reference formulations. These results demonstrate that Test is BE to Reference with 
respect to M6G (Tables 5 and 6). 
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Table 5: PK Parameters for M6G (Test  fast vs Reference fast comparison)

Table 6: BE Analysis for M6G (Test  fast vs Reference fast comparison) 

2.4.2 What is the effect of food on the bioavailability (BA) of the drug from 
the dosage form? What dosing recommendation should be made, if 
any, regarding administration of the product in relation to meals or 
meal types?

The pivotal BE Study MRN-P9-644 tested for effect of a high fat, high calorie diet on the 
PK of 20 mg Morphine sulfate concentrate (1 x 1 mL of 20mg/mL  oral solution) (study 
design and treatments discussed in Section 2.5.1). Overall, food did not have a clinically 
significant effect on the exposure of morphine.

Morphine fasted vs. fed: The mean Cmax values were 14.10 ng/mL and 18.79 ng/mL 
for the Test (fed) and Test (fast) formulation, respectively. The Test (fed) to Test (fast) 
Cmax ratio of geometric LSmeans and corresponding 90% confidence interval was 
78.37% (90% CI: 69.27 to 88.66%) indicating that Cmax of morphine is lower in 
presence of food (~25%). The mean AUCt were respectively 62.10 ng·h/mL and 52.68 
ng·h/mL for the Test (fed) and Test (fast) formulation indicating that exposure of 
morphine is higher in presence of food (~15%). The Test (fed) and Test (fast) AUCt ratio 
of geometric LSmeans and corresponding 90% confidence interval was 122.99% (90% 
CI: 113.28 to 133.53%). The median Tmax was 0.75 and 0.58 h for the Test (fed) and 
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Test (fast) formulations, respectively. These results demonstrate that food did not have a 
clinically significant effect on the PK of morphine. (Tables 7 and 8). 

Table 7: PK Parameters for Morphine (Test  fed vs Test  fast comparison) N 33 

Table 8: Comparison of Results for Food Effect – Morphine (Test  fed vs Test  fast 
comparison)

2.5 Analytical Section 

2.5.1 How the active moieties are identified and measured in the plasma in 
the clinical pharmacology and biopharmaceutics studies?

Both morphine and its active metabolite M6G were identified and measured in the 
plasma.  

2.5.2 Which metabolites have been selected for analysis and why?  

Morphine has 2 major metabolites: morphine-3-glucuronide (M3G) and morphine-6-
glucuronide. M3G is not known to have pharmacological activity. M6G is known to bind 
potently, in vitro, to opioid receptors. Therefore only M6G was detected and measured in 
plasma. 
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3. LABELING RECOMMENDATIONS 

Minor changes as suggested in Section 12 are outlined below. Double strike indicates 
suggested deletion and double underline indicates suggested addition. 

• Food Effects 

Presence of food is not expected to significantly impact absorption of morphine from 
Morphine Sulfate Oral Solution. The concurrent intake of a high-fat, high-calorie meal 
enhanced the extent of absorption (about 16% increase in AUC),  reduced the rate of 
absorption (about 25% decrease in Cmax), and delayed the Tmax (from 0.58 to 0.75 h) of 
morphine from the Morphine Sulfate Oral Solution. 

Steady-state levels with Morphine Sulfate Oral Solution are expected to be achieved 
within 48 hours.
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4.2 Clinical Pharmacology and Biopharmaceutics Individual Study 
Review 

A synopsis of the single pivotal BE study MRN-P9-644 conducted in support of this 
NDA application is presented below: 
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4.3 OCPB filing/review form (2-3 pages)  

Office of Clinical Pharmacology 

New Drug Application Filing and Review Form
General Information About the Submission

Information Information 
NDA/BLA Number 201517 Brand Name Morphine Sulfate Oral 

Solution 20mg/mL 
OCP Division (I, II, III, IV, V) II Generic Name 
Medical Division DAAP Drug Class Opioid Analgesic 
OCP Reviewer Sheetal Agarwal Indication(s) Mild to moderate pain 
OCP Team Leader Suresh Doddapaneni Dosage Form Solution
Pharmacometrics Reviewer Dosing Regimen 
Date of Submission Route of Administration Oral  
Estimated Due Date of OCP Review Sponsor Lannett Company Inc 
Medical Division Due Date Priority Classification S

PDUFA Due Date 

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

at filing 
Number of 
studies
submitted 

Number of 
studies
reviewed 

Critical Comments If any 

STUDY TYPE                                   3                               3         Pivotal BE study and 
bioanalytical studies for 
morphine and M6G                    

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

                                                  

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

X                   1                                

I.  Clinical Pharmacology                                                                                                     
    Mass balance: 
    Isozyme characterization: 
    Blood/plasma ratio: 
    Plasma protein binding: 
    Pharmacokinetics (e.g., Phase I) -                                                                                                     
Healthy Volunteers-                                                                                                     

single dose: 
multiple dose: 

Patients                                                                                                     
single dose: 

multiple dose: 
   Dose proportionality -                                                                                                     

fasting / non fasting single dose: 
fasting / non fasting multiple dose: 

    Drug-drug interaction studies -                                                                                                                               
In vivo effects on primary drug: 
In vivo effects of primary drug: 

In vitro: 
    Subpopulation studies -                                                                                                                               

ethnicity:
gender: 
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pediatrics: 
geriatrics: 

renal impairment: 
hepatic impairment: 

    PD -                                                                                                                               
Phase 2: 
Phase 3: 

    PK/PD -                                                   
Phase 1 and/or 2, proof of concept: 

Phase 3 clinical trial: 
    Population Analyses -                                                   

Data rich: 
Data sparse: 

II.  Biopharmaceutics                                                                                                                               
    Absolute bioavailability 
    Relative bioavailability -                                                                                                                               

solution as reference: X 1 
alternate formulation as reference: 

    Bioequivalence studies -                                                                                                                               
traditional design; single / multi dose: 

replicate design; single / multi dose: 
    Food-drug interaction studies X 1
    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 x 1 Seeking waiver 
    Literature References 
Total Number of Studies 3

2 2

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 Reference 

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

5 Has a rationale for dose selection been submitted? X 505 (b)(2) 
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
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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 505 (b)(2) 

        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

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. 

Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 

SHEETAL AGARWAL         
Reviewing Clinical Pharmacologist      Date 

SURESH DODDAPANENI 
Team Leader/Supervisor       Date
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