
 
 

 
  

  
 

 
   

 
    

  
   

    
   

  
   

   
  

  
 

 
  

   

 
    

   
  

 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Clinical Pharmacology Review 
NDA	 203-684; SE-1 
Submission Date	 June 4, 2015 (SDN 40) 

November 6, 2015 (SDN 58) 
November 18, 2015 (SDN 59) 

Brand Name	 Lumason (sulfur hexafluoride lipid type A 
microbubbles injection; SF6) 

Formulation	 Suspension for Injection 
OCP Reviewer	 Christy S John, Ph.D. 
OCP Team Leader	 Gene M. Williams, Ph.D. 
OCP Division	 Division of Clinical Pharmacology V 
OND Division	 Division of Medical Imaging Products 
Applicant	 Bracco Diagnostics, Inc. 
Submission Type; Code	 Supplement-1 (Efficacy) 
Dosing regimen 

injection. During a single examination, a second 
injection of 2.4 mL in adults , 
may be administered if necessary. 

Indication Lumason is an ultrasound contrast agent indicated for 
use: in adult patients with suboptimal 
echocardiograms to opacify the left ventricular 
chamber and to improve the delineation of the left 
ventricular endocardial border; and in adult 
and pediatric patients, 

characterization of focal liver 
lesions. (The indication in red is the new 
indication proposed by the sponsor.) 

(b) (4)

Ultrasonography of the Liver: Recommended dose 
after reconstitution is 2.4 mL in adults 
patients, administered as an intravenous bolus 

(b) (4)

(b) (4)

1 

Reference ID: 3893672 



 
 

 
 

 
                   
 
         

 
         
 
     
 
     
 
        

 
         
 
       
 
         
 
         
 
        
 
         
 
        

 
          

 
    
   
 
 
 
 
 
 
 
 
 
 
 
 
 

Table of Contents 

Page #
 

1 Executive Summary 3
 

1.1 Recommendations 4
 

1.2 Post-Marketing Requirements and Commitments 5
 

1.3 Summary of Clinical Pharmacology Findings 5
 

2 Question Based Review 7
 

2.1 General Attributes 7
 

2.2 General Clinical Pharmacology 7
 

2.3 Intrinsic Factors 10
 

2.4 Extrinsic Factors 13
 

2.5 General Biopharmaceutics 14
 

2.6 Analytical Section 14
 

3 Detailed Labeling Recommendations 14
 

4 Appendices 17
 

4.1 Applicant's Proposed Package Insert 
4.2 OCP Filing Form 

2
 

Reference ID: 3893672 





 
 

 
  

 
   

 
 

 
 

  
 

 
 
 

 
  

 
 

 

 
  

 
 
 
 
 

 
 

 
 
 

 

 
  

 
 

 
 

 
 

 

 
   

 

 
  

 
   

 
 

 
  

 

 
  

 
   

 
  

 

  
  

 
   

 
 

 
  

 

 
 

 
 

 
 
 

(b) (4)

1.1 Recommendations 

The Office of Clinical Pharmacology has reviewed Efficacy Supplement 1 for NDA 203-684 
(SE-1) and recommends approval of the application, provided an agreement can be reached on 
pediatric dosing and labeling. 

Drug Development 
Decision 

Sufficiently 
Supported? 

Recommendations and Comments 

Overall Yes No 

Evidence of 
effectiveness 

Yes No 

Refer to Section 
2.2.2 

Based on two clinical safety and efficacy 
trials. 

Proposed dos e for 
general population 

Yes No 

Refer to Section 
2.2.7 

Empirically based: efficacy demonstrated, 
adverse events minimal.  

Proposed dose 
selection for others 

Yes No 

Refer to Section 
2.3.2 

A dose of 0.03 mL/kg for pediatric patients. 
Negotiated with applicant during review cycle. 

Labeling Yes No 

Refer to Section 
3.0 

Minor edits to 
2.1 Recommended Dose / 2.1.2 
Ultrasonography of the Liver 
and 
12.2 Pharmacodynamics 

Labeling Recommendations
 

Refer to Section 3 DETAILED LABELING RECOMMENDATIONS. 
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left ventricular endocardial border. The new indication for this efficacy supplement is for use “in 
adult and pediatric patients characterization of 
focal liver lesions.” 

(b) (4)

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? 
2.1.2 What are the proposed mechanisms of action and therapeutic indications? 

Lumason is an ultrasound contrast agent indicated for use in adult patients with suboptimal 
echocardiograms to opacify the left ventricular chamber and to improve the delineation of the 

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? 

The applicant conducted two multicenter, Phase III studies. The primary objective of both 
studies (BR1-128 (N=240) and BR1-130 (N=259)) was to demonstrate that the sensitivity and 
specificity of Lumason-enhanced ultrasound for the characterization of benign versus malignant 
focal liver lesions (FLLs) were superior to unenhanced ultrasound, using final diagnosis based on 
histology or combined imaging (contrast enhanced computed tomography (CE-CT) and/or 
contrast-enhanced magnetic resonance imaging (CE-MRI)) as the truth standard. The mean 
volume of Lumason administered in both studies was 2.6 mL. Of the subjects who received 
Lumason, 7.6% received Lumason bolus injection a second time due to failure of ultrasound 
machine, extravasation etc. The diagnostic performance of Lumason in Study BR-128 is shown 
in Table 1. With the exception of one reader (one reader has higher sensitivity for unenhanced), 
sensitivity, specificity and accuracy were higher for contrast enhanced ultrasound (CE-US) than 
for unenhanced ultrasound (UE-US). The diagnostic performance of Lumason in Study BR-130 
is shown in Table 2. For each reader, sensitivity, specificity and accuracy were higher for 
contrast enhanced ultrasound (CE-US) than for unenhanced ultrasound (UE-US). 
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Table 1. Study BR1-128, Diagnostic performance of Lumason enhanced ultrasound (CE-US) vs 
unenhanced ultrasound (UE-US). 

Parameter 

Off-site Reader 1 
(N=240) 

Off-site Reader 2 
(N=240) 

Off-site Reader 3 
(N=240) 

On-site 
(N=240 

UE-US CE-US UE-US CE-US UE-US CE-US UE-US CE-US 
Sensitivity (%) 53.2 64.5 41.1 60.5 66.1 46.8 33.9 87.9 

Specificity (%) 24.1 71.6 6.9 67.2 58.6 87.9 24.1 90.5 

Accuracy (%) 39.2 67.9 24.6 63.8 62.5 66.7 29.2 89.2 

Table 2. Study BR1-130, Diagnostic performance of Lumason enhanced ultrasound (CE-US) vs 
unenhanced ultrasound (UE-US). 

Parameter 

Off-site Reader 1 
(N=259) 

Off-site Reader 2 
(N=259) 

Off-site Reader 3 
(N=259) 

On-site 
(N=259 

UE-US CE-US UE-US CE-US UE-US CE-US UE-US CE-US 
Sensitivity (%) 48.7 86.6 35.3 75.6 16.0 91.6 40.3 90.8 

Specificity (%) 62.9 70.7 54.3 82.9 22.1 72.9 19.3 78.6 

Accuracy (%) 56.4 78.0 45.6 79.5 19.3 81.5 29.0 84.2 

Of the 2939 patients who received Lumason in the completed liver studies, 180 patients 

(6.1%) experienced 282 adverse events; the events were reported as study agent-related for 74 
patients (2.5%). All but 3 adverse events were mild or moderate in intensity, 3 events were of 
severe intensity. The adverse events were not related to drug dose administered. 

2.2.2 What is the basis for selecting the response endpoints (i.e., clinical or surrogate 
endpoints) or biomarkers (collectively called pharmacodynamics (PD) and how are they 
measured in clinical pharmacology and clinical studies? 

No clinical studies with pharmacokinetics were submitted with this efficacy supplement. 

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? 

Not applicable – the current sNDA has no pharmacokinetics or other data where concentrations 
in human biomatrices were measured. 
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2.2.4 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for efficacy? 
2.2.5 What are the characteristics of the exposure-response relationships (dose-response, 
concentration-response) for safety? 

See section 2.2.7. 

2.2.6 Does this drug prolong the QT or QTc interval? 

There was no signal for QT prolongation in the original NDA (see review of Original NDA203
684, DARRTS date August 24, 2012). 

There are no significant changes in QT or QTc after the administration of Lumason. QTc interval 
increased <30 msec for 47.1% of patients and increased >60 msec from baseline for 0.6% 
patients. Similarly, QTc interval decreased <30 msec for 40.7% of patients and decreased  >60 
msec from baseline for 0.8% of patients. 

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

The applicant’s proposed package insert adult dose for the new indication is 2.4 ml. The 
recommended dose for the approved indication of endocardial border delineation is 2.0 mL. 

As part of the development program for focal liver lesion characterization, two trials examining 
effectiveness across doses were performed.  Results are shown in Table 3. 

Table 3. Results from studies evaluating alternative doses 

On the basis of these data, the applicant performed the efficacy and safety studies that are the 
basis of approval (see 2.2.1) using the 2.4 mL dose. Although the differences between dose 
groups are limited, it does appear that the 2.4 mL dose may perform better than the two lower 
doses.  Safety issues across the dose range were insignificant – there was no dose-response 
relationship for adverse events. 
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2.2.8 What are the single dose PK parameters? 
2.2.9 What are the characteristics of drug distribution? 
2.2.10 Does the mass balance study suggest renal or hepatic as the major route of 
elimination? 
2.2.11 What are the characteristics of drug metabolism? 
2.2.12 What are the characteristics of drug excretion? 
2.2.13 How does the PK of the drug and its major active metabolites in healthy volunteers 
compare to that in patients? 
2.2.14 Based on PK parameters, what is the degree of linearity or non-linearity based in 
the dose-concentration relationship? 
2.2.15 How do the PK parameters change with time following chronic dosing? 
2.2.16 What is the inter- and intra-subject variability of PK parameters in volunteers and 
patients, and what are the major causes of variability? 

See review of Original NDA203-684 (DARRTS date August 24, 2012). No clinical studies with 
pharmacokinetics were submitted with this efficacy supplement. 

2.3 INTRINSIC FACTORS 

2.3.1 Do intrinsic factors (race, gender, age, body weight, tumor type, genetic 
polymorphisms, renal function, and hepatic function) influence the PK and are dose 
adjustments needed based on these intrinsic factors? 

See review of Original NDA203-684 (DARRTS date August 24, 2012).
 
Six literature articles were submitted to justify the efficacy and safety of Lumason for FLL in the 

pediatric population. There are no PK data in the literature cited, nor did the reviewer’s literature
 
search reveal pediatric PK data. 


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 dose adjustments, if any, are recommended for each of these groups?  If dose 
adjustments are not based upon exposure-response relationships, describe the alternative 
basis for the recommendation. 

The proposed indication includes pediatric patients, with no lower age restriction, but the 
applicant did not conduct an efficacy study in the pediatric population. There are no PK data in 
the literature cited, nor did the reviewer’s literature search reveal pediatric PK data. Therefore, 
pediatric dosing decisions must be based on the mechanism of action of the drug, physiological 
considerations, and the doses used in the literature cited. 

Six literature articles were submitted to justify the efficacy and safety of Lumason in the 
pediatric population. Two of the articles (Jacob J, et al. and Piskunowicz M, et al.) form the 
primary basis for assessment. Data from the two studies were combined to construct Figure 1. 
and Figure 2. 
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Jacob et al. and Piskunowiz et al. are reviewed independently, below. 

Jacob et al. (Jacob J, et al. Contrast enhanced ultrasound (CEUS) characterization of grey-scale 
sonographic indeterminate focal liver lesions in pediatric practice. Ultraschall Med. 
2013;34:529-40). 

SonoVue (Lumason) was injected as a bolus at the dose of 1.2 or 2.4 mL followed by 10 mL of 
normal saline flush via an arm vein cannula previously sited by an experienced pediatrician. 

44 children (21 female, 23 male; median age 11.5yrs; range 4 – 18yrs) were included in 
the study. The predominant reason for referral was the presence of a FLL in a child with known 
chronic liver disease (n = 30) followed up with ultrasonography, a new FLL (n = 3) following 
treatment for a non-hepatic malignancy, and incidental finding of a FLL in children with no 
underlying chronic liver disorder or known primary malignancy (n = 11). The article reports that 
no adverse events occurred. Standard of truth for FLL characterization in the 44 patient studies 
was: 

•	 CT and/or MR imaging (n = 33 patient studies); 
•	 Histology following lesional/excisional biopsy or liver transplantation (n = 8); 
•	 Follow-up (6-month or longer) with plain ultrasonography (n = 3). 
•	 The background liver was subject to biopsy in 14 patients showing liver steatosis (n = 9) or 

cirrhosis (n = 5). 

Based on the final diagnosis, specificity was 98% (43 lesions were correctly diagnosed as 
benign), with a 95% CI of 86-100%; the negative predictive value was 100%. One single lesion 
was misdiagnosed as malignant by all imaging modalities (CE-US, CT/MRI). The low true 
positive rate does not allow sensitivity to be calculated in this study. 

No child under 4 years of age was studied by Jacobs et al. Selection of a dose for children will 
be discussed at the conclusion of this section, under the sub-heading Pediatric Dosing. 

Piskunowicz M, et al. Safety of intravenous application of second-generation ultrasound contrast 
agent in children: prospective analysis. Ultrasound Med Biol. 2015; 41:1095-9 

This publication regarded safety (not efficacy) and dosing of ultrasound imaging contrast agents. 
The dose of Lumason used in this study ranged from (0.1 – 1.8 mL). 137 children (83 female, 54 
male; median age 11.1 yrs; range 31 days to 17.9 years) were included in the study. The article 
reported only one adverse event: a hypersensitivity reaction occurred following 0.6 mL of 
Lumason in an 11-year-old girl (weight: 28.5 kg, height: 138 cm). Forty-three seconds after 
intravenous administration of 0.6 mL Lumason, the patient developed symptoms of anaphylactic 
shock. The reviewer notes that hypersensitivity reactions are generally not dose-dependent. 

Pediatric Dosing 

There are no pharmacokinetic data in children to bridge children to adults or children under 4 to 
older children or adults. 
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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? 
2.5.2 What is the composition of the to-be-marketed formulation? 
2.5.3 What moieties should be assessed in bioequivalence studies? 
2.5.4 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? 
2.5.5 Has the applicant developed an appropriate dissolution method and specification 
that will assure in vivo performance and quality of the product? 

See review of Original NDA203-684 (DARRTS date August 24, 2012. The current sNDA has no 
issues related to biopharmaceutics. 

2.6 ANALYTICAL SECTION 

2.6.1 Were relevant metabolite concentrations measured in the clinical pharmacology and 
biopharmaceutics studies? 
2.6.2 Which metabolites have been selected for analysis and why? 
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? 
2.6.4 What bioanalytical methods are used to assess concentrations? (Refer to the 
guidance for industry on Bioanalytical Method Validation, 
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidan 
ces/ucm070107.pdf) 
2.6.5 What is the range of the standard curve? How does it relate to the requirements for 
clinical studies? What curve fitting techniques are used? 

Not applicable – the current sNDA has no pharmacokinetics or other data where concentrations 
in human biomatrices were measured. 

3 DETAILED LABELING RECOMMENDATIONS 

Clinical pharmacology related sections of the applicant’s proposed package insert, together with 
FDA’s most current revisions, begin on the following page of this review.  FDA’s edits may 
undergo further revision, as they have not been conveyed to and negotiated with the applicant. 
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Distribution Distribution 
In a study of healthy subjects, the mean values In a study of healthy subjects, the mean values 
for the apparent steady-state volume of for the apparent steady-state volume of 
distribution of SF6 were 341 L and 710 L for distribution of SF6 were 341 L and 710 L for 
Lumason doses of 0.03 mL/kg and 0.3 mL/kg, Lumason doses of 0.03 mL/kg and 0.3 mL/kg, 
respectively. Preferential distribution to the lung respectively. Preferential distribution to the 
is likely responsible for these values. lung is likely responsible for these values. 

Elimination Elimination 
The SF6 component of Lumason is eliminated The SF6 component of Lumason is eliminated 
via the lungs. In a clinical study that examined via the lungs. In a clinical study that examined 
SF6 elimination twenty minutes following SF6 elimination twenty minutes following 
Lumason injection, the mean cumulative Lumason injection, the mean cumulative 
recovery of SF6 in expired air was 82 ± 20% recovery of SF6 in expired air was 82 ± 20% 
(SD) at the 0.03 mL/kg dose and 88 ± 26% (SD) (SD) at the 0.03 mL/kg dose and 88 ± 26% 
at the 0.3 mL/kg dose. (SD) at the 0.3 mL/kg dose. 
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4 APPENDICES 

4.1 APPLICANT'S PROPOSED PACKAGE INSERT 
4.2 OCP FILING FORM 

18
 

Reference ID: 3893672
 



 

 4.1 Applicant’s Proposed Package Insert 

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

19 


Reference ID: 3893672
 



 

  4.2 OCP Filing Form 

Reference ID: 3893672
 







 
 

     
    

   
    
    

 
    
    
    

  
     
    
    

      
    

 

  

☐ Effects on Primary Drug 
☐ Effects of Primary Drug 
Pharmacodynamics 
☐ Healthy Subjects 
☐ Patients 
Pharmacokinetics/Pharmacodynamics 
☐ Healthy Subjects 
☐ Patients 
☐ QT 
Pharmacometrics 
☐ Population Pharmacokinetics 
☐ Exposure-Efficacy 
☐ Exposure-Safety 
Total Number of Studies In Vitro In Vivo 6 
Total Number of Studies to be Reviewed 6 
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