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General Information 
 

NDA #: 21-746 (Resubmission of September 6, 2011) 

Review #: Chemistry Consultation Review No. 7 

Sponsor: Discovery Laboratories 

Drug Product: Surfaxin® (Lucinactant) Intratracheal Suspension  
 
Materials Reviewed:   

Pharmacologist Review of GLP EIR (CP 7348.808) completed by Dr. Charles Bonapace on 
January 13, 2012, DARRTS Reference ID# 3072179.  

 
 
SUMMARY 
This review evaluates, from the nonclinical perspective, the findings of the Agency’s GLP 
inspections of Discovery sites contributing to Report METHVAL 52 submitted on September 
6, 2011. The inspection teams found that METHVAL 52 accurately summarized data 
generated for the validation of the fetal rabbit biological activity test (FRBAT).  The review 
concludes that the FRBAT is adequately validated and can be used for testing the releasing 
and stability of Surfaxin.  
 
   
1 BACKGROUND 
The FRBAT is a bioassay being developed by the applicant to assess the efficacy of Surfaxin 
(lucinactant) in pre-mature rabbit fetuses. Efficacy is assessed by improvements in lung 
compliance after Surfaxin treatment. See Pharmacology and Toxicology Chemistry 
Consultation Review (PTCCR #6) completed by Dr. Luqi Pei on December 14, 2011 and a 
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1. Two sites of Discovery Laboratories contributed for METHVAL 52 and DP-32.  
These sites were located in  and Pennsylvania, respectively.    

2. Each site of Discovery Laboratories had distinctively different responsibilities for 
their contributions to METHVAL 52 and DP-32. The  site was responsible for 
collecting the raw data only. The Pennsylvania site was responsible for data analysis, 
interpretation and evaluation as well as report writing. 

3. The  site produced acceptable data. Several deficiencies were identified in Dr. 
Bonapace’s review dated January 13, 2012; however, data integrity was judged to be 
acceptable. GLP-compliance is not required for FRBAT.  

4. The inspection team could not complete its assessment of the quality and integrity of 
data used to validate DP-32 and METHVAL 52 because of the lack of inspection of 
the Pennsylvania site, which contributed significant portions of DP32 and METHVAL 
52.  

Dr. Bonapace concluded that the raw data produced by the  site was acceptable despite 
deficiencies identified in his review. Dr. Bonapace stated that he had no assurance about the 
quality of DP-32 and METHVAL 52 because the quality of contributions of the Pennsylvania 
site was unknown. The review team decided it was necessary to inspect the Pennsylvania site. 
See the GLP Compliance section for additional discussions. 

 
Pennsylvania Site 
The Agency inspected the Pennsylvania site (Warrington, PA) during the period of February 
21 - 24, 2012. The inspection team consisted of Dr. Chuck Bonapace and Mr. James 
McEnvoy. The team issued a FDA Form 483 (FEI # 3004898726) on February 24, 2012. The 
team briefed the review team in an internal meeting held on February 27, 2012.2  Briefly, the 
team found that the Pennsylvania site in general had similar deficiencies as the  site 
(See Dr. Bonapace’s review dated January 13, 2012). The primary deficiencies were the lack 
of proper documentation and minor protocol deviations. The inspection team concluded that 
the METHVAL 52 accurately evaluated and interpreted the data produced by the  site.  
Overall, data integrity of METHVAL 52 was good.    

 

GLP Compliance  
There is no GLP compliance issue for the FRBAT, although the Agency’s inspection teams 
have found that METHVAL 52 was produced in a non-GLP compliant manner. The reason 
was that there were no regulatory requirements for FRBAT.  Purposes of the Agency’s 
inspections were to ensure the quality and integrity of the data in METHVAL 52, rather than 
to investigate the GLP compliance status of the facilities.  Because the inspection teams 
found that data collection, analysis, evaluation and interpretation of METHVAL 52 were in 
good quality, METHVAL 52 can be relied on for regulatory decision making.  The lack of 
                                                           
2 Attendees of the meeting included Drs. Eric Duff, Prasad Peri, Alan Schroeder, Eugene Nashed, Tony 

Durmovizc, Timothy Robison, Luqi Pei, and Charles Bonapace; and Mr.   Derek Smith, Mahesh Ramanadham, 
James McEvoy, Vlada Matusovsky, and Daniel Tammariello; and Ms. Tara Gooen, Swati Patwardhan, and 
Caryn McNab. 
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GLP compliance in METHVAL was not considered to affect the approvability of the 
FRBAT.  

 

3 CONCLUSION 

The Agency’s GLP inspection teams have found that data integrity of METHVAL 52 was 
good. The review finds that the Discovery has adequately validated the FRBAT and the assay 
can be used for testing the releasing and stability of Surfaxin in NDA 21-746.  
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Memo To File 
 
TO:   NDA 21-746 (Discovery Laboratories, Surfaxin®) 
 
FROM: Timothy W. Robison, Ph.D., D.A.B.T. 
  Pharmacology and Toxicology Team Leader 
  Division of Pulmonary, Allergy, and Rheumatology Products 
 
DATE: February 28, 2012 
 
Please see Dr. Luqi Pei’s Reviews dated December 14, 2011 and February 13, 2012 
and Dr. Robison’s Secondary Review dated February 13, 2012. To determine the 
integrity of the data used in the validation of fetal rabbit biological activity test (FRBAT), 
an inspection of the contract laboratory at the  was 
requested on October 12, 2011.  
 
The inspection of the laboratory was conducted from  Dr. 
Charles Bonapace’s review dated January 13, 2012 provided results of the inspection. 
The raw data generated at the  were judged to be 
acceptable. However, the data analysis, interpretation, and reporting of results was 
found to be a function performed by the sponsor, Discovery Laboratories Inc., at their 
facility in Warrington, PA and was not audited. Dr. Bonapace recommended that an 
inspection of the sponsor’s Warrington, PA facility should be performed prior to 
acceptance of Method DP-032 to verify the integrity of data used in the method 
validation of the FRBAT.  
 
Given that the data analysis, interpretation, and reporting of results of the FRBAT was a 
function performed by the sponsor, Discovery Laboratories Inc., in Warrington, PA, the 
integrity of data used in the method validation still needed to be verified. A request for 
an inspection of this facility was submitted on January 26, 2012.  
 
An inspection of Discovery Laboratories Inc., in Warrington, PA was conducted from 
February 21-24, 2012. The inspection team briefed the review team in an internal 
meeting held on February 27, 2012. The inspection team concluded that the quality and 
integrity of the data used in the validation of the FRBAT was acceptable. 
 
I concur with Dr. Luqi Pei’s review dated February 28, 2012 that Discovery has 
adequately validated the FRBAT and the assay can be used for testing the releasing 
and stability of Surfaxin in NDA 21-746. 
 
There are no outstanding PharmTox issues. 
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Memo To File 
 
TO:   NDA 21-746 (Discovery Laboratories, Surfaxin®) 
 
FROM: Timothy W. Robison, Ph.D., D.A.B.T. 
  Pharmacology and Toxicology Team Leader 
  Division of Pulmonary, Allergy, and Rheumatology Products 
 
DATE: February 13, 2012 
 
Dr. Luqi Pei’s review dated December 14, 2011 evaluated, from the nonclinical 
perspective, the adequacy of Discovery’s response to product quality deficiencies 
identified in the Agency’s Complete Response (CR) letter dated April 17, 2009. The 
deficiencies were the lack of validation of the fetal rabbit biological activity test (FRBAT), 
the lack of concordance between the FRBAT and a pre-term lamb assay, and the lack 
of qualification data for the proposed specification of  impurities. Both the FRBAT 
and the pre-term lamb assays assess the potency (or efficacy) of Surfaxin product lots. 
Only will the FRBAT be used as the assay for setting efficacy specifications at release 
and shelf life expiry of the Surfaxin product lots.  
 
Dr. Pei’s review concluded that the Discovery has provided adequate responses to the 
deficiencies. Minor edits to Report METHVAL 52 were recommended to improve the 
FRBAT. Most notably, the sponsor was requested to revise the low specification limits 
of the FRBAT for release and post-release to , respectively. I 
concur with Dr. Pei’s review.  
 
To determine the integrity of the data used in the validation of FRBAT, an inspection of 
the contract laboratory at the  was requested on 
October 12, 2011. The inspection of the laboratory was conducted from 

. 
 
Dr. Charles Bonapace’s review dated January 13, 2012 provided results of the 
inspection. The raw data generated at the  were 
judged to be acceptable. However, the data analysis, interpretation, and reporting of 
results was found to be a function performed by the sponsor, Discovery Laboratories 
Inc., at their facility in Warrington, PA and was not audited. Dr. Bonapace recommended 
that an inspection of the sponsor’s Warrington, PA facility should be performed prior to 
acceptance of Method DP-032 to verify the integrity of data used in the method 
validation of the FRBAT. It is noted Method DP-032 was not conducted in compliance 
with Part 58 regulations even though the validation report for METHVAL-52 contained a 
signed compliance statement stating that it was conducted in compliance with Part 58. 
Several deficiencies were identified that are described in Dr. Bonapace’s review. It is 
noted that the FRBAT was not required to be GLP compliant.  
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A GMP Compliance Inspector was present during the inspection of the  
 laboratory from . However, the GMP 

Inspector’s report is still pending at this time.  
 
Given that the data analysis, interpretation, and reporting of results of the FRBAT was a 
function performed by the sponsor, Discovery Laboratories Inc., in Warrington, PA, the 
integrity of data used in the method validation still needs to be verified. A request for an 
inspection of this facility was submitted on January 26, 2012. Scheduling of the 
inspection is still pending at this time. 
 
Product Labeling with reference to nonclinical sections was handled in a previous 
review cycle. It is noted that nonclinical labeling is limited to Section 13.1.  
 
An inspection of the sponsor facility in Warrington, PA to verify the integrity of data used 
in the method validation of the FRBAT is still pending at this time.  
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DIVISION OF PULMONARY, ALLERGY AND RHEUMATOLOGY PRODUCTS  
 

PHARMACOLOGY AND TOXICOLOGY REVIEW 
 

NDA No.:  NDA 21-746 

Submission date: January 16 and 20, 2012 (SDNs 117 and 118) 

Drug Product: Surfaxin (lucinactant, KL4) 

Sponsor:  Discovery 

Reviewer:  Luqi Pei, Ph.D., Senior Pharmacologist  
 
Submission content:  Discovery’s Responses to the 23-DEC-2011 Information Request 
 
This review evaluates Discovery’s 16-JAN-2012 and 20-JAN-2012 responses to the 
Division’s 23-DEC-2011 IR letter.1 The review finds that the response has adequately 
addressed the nonclinical comments of the letter.  
 
The 23-DEC-2011 IR letter contained comments from chemistry and nonclinical 
disciplines. Only Comment 1 is related to the nonclinical discipline.  It states: 

“1. Submit the revised analytical method (DP-32) and method validation results for 
testing the drug product biological activity in fetal rabbits (FRBAT) after 
implementing the following recommendations. Refer to Report METHVAL 52, 
dated September 2, 2011.  

a. Revise the acceptance criteria for drug product efficacy to NLT . 
b. Revise the low specific limit of drug product efficacy at post release, with 

particular emphasis at 12 months, to NLT . 
c. Revise the Z value to . 
d. Change the description for the X and Y axes to log KL4 concentration and 

efficacy (%CRS), respectively. Refer to Figure 3 on page 22.” 
 
Discovery has accepted the above recommendations and incorporated the recommended 
changes in their responses to the Comment (Ref. response 1, p 1 – 2), or in the revised 
METHVAL 52 (Rev 05) and DP-32 (rev. 03). 2  The acceptance criterion for assay 
specificity and drug product efficacy (Item 1.a) has been changed to  in Table 1 
of METHVAL 52 (p14).  The low specification limit (LSL) of drug product efficacy 
(Item 1.b) has been changed to  in Response 3.b (p260). The Z value for setting 
the LSL using log data transformation has been revised to  in Response 3.b (p260).  
The units for X and Y axes in the Linearity section of METHVAL 52 (Figure 4, p23) has 

                                                 
1  The 16-JAN-2012 and 20-JAN2012 submissions were identical in contents.  The 16-JAN-2012 

submission was an electronic version of the 20-JAN-2012 submission.  
2 Discovery requested DPARP to clarify Items 1.c and 1.d via email on January 9, 2012 submission.  The 

Division responded to the request on January 12, 2012. 
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 2

been changed to log KL4 concentration and efficacy (%CRS), respectively.  These 
responses have satisfied the Division request.  
 
Discovery also tightened the acceptance criteria for precision to 21% (from previous 24%) 
in METHVAL 52 (Table 1, p14; Table 3, p17).  The Division did not request such 
changes.  However, the changes are acceptable because they would result in higher 
product quality.  The only drawback would be potential disqualification of more drug lots.   
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b. Failure of the firm to establish a Quality Assurance Unit responsible for monitoring the 
conduct of Method Validation DP-032, rev. 2; 
c. Failure of the firm to maintain a Master Schedule of all non-clinical laboratory studies 
conducted at the testing facility and indexed by test article and containing the test system, 
nature of study, date study was initiated, current status of each study, identity of the 
sponsor, and name of the study director. 
 
Christopher Henderson, Senior Respiratory Scientist, Discovery Laboratories and Michael 
Magee, Executive Director, Quality Operations, Discovery Laboratories signed a compliance 
statement that Report METHVAL-52 was conducted in compliance with Good Laboratory 
Practice regulations (21 CFR Part 58).  However, the audit of Method DP-032, Rev. 02 revealed 
that studies were not conducted in compliance with Good Laboratory Practice as the firm failed 
to comply with Part 58 regulations.  During the inspection, the firm clarified that studies were 
conducted in compliance with Good Manufacturing Practice (GMP) but not Good Laboratory 
Practice. 
 
Firm’s Response: 
The firm clarified that they are a laboratory located at the  

 and contracted by Discovery Laboratories, Inc. to perform a standardized, validated bio-
assay of lucinactant drug product samples under current Good Manufacturing Practices (cGMP).  
The predominant responsibility of the laboratory is to utilize the bio-assay to perform analytical 
testing of lucinactant in conformance with cGMP.  The laboratory does not routinely perform 
toxicology or pharmacology studies that may be subject to conformance with Good Laboratory 
Practices (GLP). 
 
 
2)  Failure of the firm to adequately document the conduct of Method Validation DP-032, 
rev. 2.  Specifically, lab notebooks failed to document the following critical steps: 
 
a. Time when vials of test article were removed from the refrigerator; 
b. Time when vials of test article were placed in the heating block; 
c. The initial temperature of the heating block; 
d. Length of time vials of test article remained in the heating block; 
e. Length of time vials of test article were used after being removed from the heating block. 
 
The firm maintained laboratory notebooks containing a “Data Recording Sheet for Bioactivity 
Test DP032” sheet and the results from individual runs.  However, entries in laboratory 
notebooks did not include actions performed such as preparation of solutions (e.g., anesthetics, 
working lucinactant solution, working positive control solution, warming vials of lucinactant at 
44° C for 15 minutes, using a vial of lucinactant within four hours of warming or reconstitution), 
preparation of equipment (e.g., heating water bath to 42.5° C, calibrating the flow and pressure 
transducers, pre-warming the block heater to 44° C), preparation of the doe, and the delivery of 
kits. 
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Firm’s Response: 
The firm stated that samples are tracked to determine when they are received and checked in by 
the laboratory, and which samples are to be returned to the sponsor when testing is complete.  In 
addition, the individual vial and sample identification numbers are recorded on a data recording 
sheet that is used with testing for a particular day.  Rather than confirm that the information in 
483 Observation #2 is recorded in laboratory notebooks, the firm stated that Method DP-032 
defines the conduct of the study and how the procedures should be performed.  In the future, the 
firm will work with the sponsor to improve the description of the sample handling process to 
document vial preparation and handling parameters. 
 
 
3)  Failure of the firm to reject runs when the positive control was outside of the acceptance 
criteria of   Specifically, the firm accepted the results and sent them to the 
sponsor even though the positive control values for T8006 Analyst 1 Run 2-2 and Analyst 1 
Run 3-2 were  respectively, and exceeded the upper limit of the 
acceptance criterion. 
 
Positive controls were used to determine the suitability of each run.  As stated in Method DP-032, 
Rev. 02, a criterion to determine whether a test will be considered valid is if the mean 
compliance (CRS/kg) for the positive controls compared to the negative controls is not less than 

  The mean compliance values for T8006 Analyst 1 Run 2-2 and 
Analyst 1 Run 3-2 both exceeded  yet the results were accepted by the firm and sent to the 
sponsor. 
 
Firm’s Response: 
The firm confirmed that even though the positive control values for T8006 Analyst 1 Run 2-2 
and Analyst 1 Run 3-2 were above the threshold for system suitability, the data from the two 
runs were submitted to the sponsor.  The sponsor noted that the positive control values were 
outside of the system suitability requirements and requested that the samples be re-tested.  Thus, 
data integrity for these two runs was not compromised. 
 
The firm revised their data reporting procedures on February 24, 2010.  As a result, the firm no 
longer reports sample (lucinactant) data to the sponsor when a run does not meet system 
suitability.  Only the results of the negative and positive controls are reported if the run fails to 
meet system suitability. 
 
 
4)  Failure of the firm to assure the quality and accuracy of data submitted to the sponsor. 
Specifically, the results for T9002 15C 4 Week Run 1-3 (performed 2/25/10 and 3/1/10) 
were partially transposed on the results for T9002 15C 4 Week Run 1-3 (performed 2/25/10, 
3/8/10, and 3/9/10).  Similarly, the results for T9002 15C 4 Week Run 2-3 (performed 
2/25/10 and 3/1/10) were partially transposed on the results for T9002 15C 4 Week Run 2-3 
(performed 2/25/10, 3/8/10, and 3/9/10). 
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The compliance values (CRS/kg) from two kits for T9002 15C 4 Week Run 1-3 (performed 
2/25/10 and 3/1/10) were transposed on the raw compliance data for T9002 15C 4 Week Run 1-3 
(performed 2/25/10, 3/8/10, and 3/9/10) sent to the sponsor.  Similarly, the compliance values 
from two kits for T9002 15C 4 Week Run 2-3 (performed 2/25/10 and 3/1/10) were also 
transposed on the raw compliance data for T9002 15C 4 Week Run 2-3 (performed 2/25/10, 
3/8/10, and 3/9/10) sent to the sponsor.  The quality assurance review failed to detect the 
transposition error for these two runs and hence, the accuracy of the data submitted to the 
sponsor.  The transcription error was identified during an investigation (INV-10-005) and the 
samples were re-tested. 
 
Firm’s Response: 
The firm confirmed that a data transposition error occurred and it was identified as the result of 
an investigation.  Since the samples were re-tested, the final data integrity was not compromised. 
 
As of March 2010, the firm added an additional data review step at the laboratory to ensure data 
integrity.  This additional step requires a designated laboratory employee who is different from 
the one who recorded and compiled the data to verify all data before it is reported to the sponsor. 
 
 
5)  Failure of the firm to adequately and correctly label data submitted to the sponsor.  
Specifically, the results of 2nd tier testing of Runs 1, 2, and 3 of Test 3 for T9002 15C 4 
Week were incorrectly labeled and submitted to the sponsor as Run 1-3, Run 2-3, and Run 
3-3. 
 
The firm’s nomenclature to identify a test and run is that the first number of the sequence 
identifies the test and the second number identifies the run.  Thus, “Run 1-3” represents Test 1, 
Run 3.  T9002 15C 4 Week Test 3 (Runs 3-1, 3-2, and 3-3) was evaluated at Tier-2 since the CV 
of the three runs exceeded 30%.  However, the three Test 3 runs evaluated at Tier-2 were labeled 
as “Run 1-3 2nd”, “Run 2-3 2nd”, and “Run 3-3 2nd” rather than “Run 3-1 2nd”, “Run 3-2 2nd”, and 
“Run 3-3 2nd”.  Thus, the firm’s quality assurance oversight failed to detect the incorrect naming 
nomenclature of the Test 3 Tier-2 results sent to the sponsor. 
 
Firm’s Response: 
The firm confirmed that the test and run numbers for data reported for Tier-2 testing were 
reversed.  Since the data reported to the sponsor contained the lot number and no other Tier-2 
testing was performed at that time, the discrepancy was discovered and there was no effect on 
the data integrity.  As of December 9, 2010, all samples are clearly identified with the word 
“TEST” and a number and the word “RUN” and a number to prevent recurrence of the error. 
 
 
6)  Failure of the firm to ensure that the test article was adequately identified.  Specifically, 
Lots T7002, T8006, and T9002 did not contain the date of manufacture to enable the staff 
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to ensure that testing occurred within the specified time frame. 
 
The firm received 220 vials of lucinactant from the sponsor (50 vials of Lot T7002, 50 vials of 
Lot T8006, and 120 vials of Lot T9002) containing the lot number but not the date of 
manufacture for stability testing.  Since lucinactant drug product from Lots T7002, T8006 and 
T9002 were tested at defined time-points after manufacturing (e.g., 1 month, 3 months, etc.), the 
date of manufacture is a required element in order for a specific vial to be tested within the time 
frame of the desired stability time-point.  The firm was unable to provide documentation or 
correspondence with the sponsor to confirm the date of manufacture and support that testing 
occurred within the pre-specified time frame. 
 
Firm’s Response: 
The firm confirmed that vials of lucinactant with lot numbers T7002, T8006, and T9002 did not 
contain the date of manufacture on sample tracking documentation or on the vial.  However, the 
testing dates pertaining to these lots were within 30 days of the requested time point designated 
in protocol number VALPROT-72.  In the future, proper labeling of vials to ensure adequate 
identification will be assured by the sponsor’s Quality Assurance group. 
 
 
7)  Accountability of test systems was not always complete. For example, a data recording 
sheet for test DP-032 dated 1/20/11 recorded results from two test systems: ports #7 (10 
mg/ml) & #8 (5.0 mg/ml).  However, final result tables did not include results from the two 
samples in the respective runs:  Linearity Run 2, 04284E,F, 042831, Sample Lot #T0007, 
(5C Up 10 mg/ml), and Linearity Run 2, 04284E,F, 042831, Sample Lot #T0007, (5C Up 5 
mg/ml). 
 
A run contains a minimum of six kits with test article, six kits with positive control, and six kits 
with negative control (18 total kits).  Thus, a single run is composed of kits from multiple dams.  
The kits removed from a dam were ordered such that negative control, positive control, and test 
article treated animals were alternately assigned.  In addition, test article kits from a dam must 
have at least two positive control kits and two negative controls kits also from the same dam to 
control for variability.  Because of the variability of litter size, alternating assignment of 
treatment, and the need for two positive control and negative control kits from single dam, there 
would commonly be additional kits available from a litter to assign to positive control, negative 
control or test article groups. 
 
Protocol VALPROT-85 did not specify which data to include in the final analysis in the event 
data were available from more than six kits in a test group.  A determination of which kits to 
include in the final analysis should be defined prior to analysis to prevent the introduction of bias 
in the final results. 
 
Firm’s Response: 
The firm stated that for the two runs, additional pups were run for each sample beyond the 

Reference ID: 3072179

(b) (4)



Page 6 – Review of GLP EIR:  
 

 6

required six for test article.  In addition, it is common to run additional kits of test article, 
positive control, or negative control to have a back-up due to the uncertainty of the litter size and 
the requirement of bio-assay Method DP-032 (i.e., to have corresponding positive and negative 
controls for any sample tested in a litter).  Revision 3 of Method DP-032 included the addition of 
a statement in section 6.1.1 to clarify that all negative and positive controls will be reported in a 
consecutive manner when an event similar to the observed event occurs. 
 
 
8)  The firm lacked documentation of test article dilution procedures.  For example, the 
firm did not document any specific dilution steps performed in their preparation of test 
article samples used in the linearity tests performed for protocol VALPROT-85 under 
method DP-032. 
 
Linearity of the analytical method was evaluated in protocol VALPROT-85 by assessing the % 
compliance (CRS/kg) over a range in lucinactant drug product concentrations, ranging from 0.5 to 
30.0 mg/mL.  Dilutions of lucinactant were made using Tris buffer to achieve the respective 
concentration of lucinactant while maintaining a constant dosing volume.  However, protocol 
VALPROT-85 did not specify how the technician was to perform the dilutions and the laboratory 
notebook did not contain any calculations or dilution scheme to confirm the accuracy of the 
dilutions.  Thus, the reliability of the linearity of the analytical method cannot be assured. 
 
Firm’s Response: 
The firm stated that although the laboratory notebooks did not contain an adequate description of 
the volumes used for the dilution of the test article, the sponsor provided a dilution scheme to 
utilize for the dilutions.  In the future, if the sponsor requests any sample preparation or handling 
procedures that represents a departure from the approved bio-assay method, any such preparation 
or handling procedure will be appropriately documented in the laboratory notebooks. 
 
 
9)  Failure of the firm to perform annual calibration of the twelve (12) digital 
thermometers that are used to monitor and measure the fetal rabbits' body temperature 
during the bioactivity testing at 38 ± 2° C.  Specifically, the digital thermometers have been 
calibrated at around 21° C whereas the thermometers monitor and measure the fetal 
rabbits' body temperature at 38° C. 
 
Although the firm performed the annual calibration of the digital thermometers used to monitor 
the temperature in the chambers of the plethysmograph, a single point calibration was performed 
at 21° C whereas the thermometers are used to measure the temperature at 38° C.  Thus, the 
annual calibration does not assure the accuracy of the thermometers at 38° C. 
 
Firm’s Response: 
The annual calibrations of the 12 digital thermometers were performed consistent with the 
manufacturer's recommended calibration schedule and were thus calibrated at 22° C.  These 
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thermometers are used to verify chamber/animal temperature at 30 minutes, which as per 
bioassay method DP-032 should be 38.5C.   These thermometers will be re-calibrated at 38.5° C 
by February 29, 2012. 
 
 
10)  The firm has not adequately addressed changes made to Analytical Test Method No. 
DP-032, Revision 04.  Specifically: 
 
1. Section 2.2.1 (related chamber temperature) changed from 39 ± 2° C to 38.5 ± 2° C. 
2. Section 4.1.6 (temperature of each port with the digital thermometers) changed from 38 
± 2° C to 38.5 ± 2° C. 
3. Section 4.3.10 (related to heated water bath) changed from 39 ± 2° C to 38.5 ± 2° C. 
4. Section 4.3.12 (related to kits body temperature) changed from 38 ± 2° C to 38.5 ± 2° C. 
 
The firm completed the validation of Method DP-032, Rev. 02 (effective November 2, 2009) and 
submitted the data to the Agency.  Subsequently, the firm made changes to the method regarding 
the temperature of the chamber (or port) and body temperature in Rev. 03 and Rev. 04 without 
having data to support that the changes do not impact the method validation.  The firm intends to 
use Method DP-032, Rev. 04 as the validated method for stability and release testing of 
lucinactant.  While most of the changes are intended to eliminate inconsistencies within the 
document, the change in Section 4.3.12 (change in body temperature from 38 ± 2° C to 38.5 ± 2° 
C) may have an impact on the acceptance of data since Version 04 states that “The data must be 
discarded from any kit whose body temperature does not reach 38.5 ± 2° C by 30 minutes of 
ventilation.” 
 
Firm’s Response: 
The firm states that the inconsistency between the chamber temperature range and the port and 
kit body temperature was partially remediated in Version 3, where chamber temperature and kit 
body temperature were made consistent (39 ± 2° C) but were inconsistent with port temperature 
(38 ± 2° C).  In version 4, all temperature ranges (chamber, port and kit body) were made 
consistent at 38.5 ± 2° C since it was the historical temperature used since inception of the 
method and represented the midpoint between the two temperatures. 
 
The water bath temperature, which controls the chamber/port temperature, has remained constant 
at 42.5 ± 2° C through all versions of Method DP-032.  Therefore, the procedure for maintaining 
the chamber/port and kit temperature within the given range has not changed. 
 
 
Discussion Items: 
• The firm should improve their documentation practices.  Laboratory notebooks are currently 

used to record the results of runs rather than to document how and when procedures and 
critical steps were performed. 

• The firm should increase their involvement in the validation of Method DP-032 and have 
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greater ownership of the data.  Currently, the firm submits raw data to the sponsor who 
performs all functions of data analysis and interpretation, including whether a run meets the 
suitability criteria.  Since the firm does not perform the data analysis, the firm is unaware if 
the reported results are analyzed in accordance with the protocol. 

• Protocol RESPROT-80, which evaluated the handling procedure of lucinactant following 
heating to 44° C and storage at room temperature, relied upon a previous method (Method 
DP-018) rather than the current method (Method DP-032).  Thus, the reliability of data 
supporting the stability of the test article under the conditions may be unreliable. 

 
 
Recommendations: 
• The raw data generated at the  are acceptable.  However, 

the data analysis, interpretation, and reporting of results is a function performed by the 
sponsor and has not been audited.  An inspection of the sponsor, Discovery Laboratories, Inc. 
should be performed prior to acceptance of Method DP-032. 

• Since the firm does not currently perform GLP studies, there is no need to schedule a future 
surveillance inspection. 

• Recommended HQ classification: Voluntary Action Indicated (VAI). 
 

 
 

Charles R. Bonapace, Pharm.D. 
Acting GLP Branch Chief 
 
 
 

 
 
Acting Division Director Concurrence: 
 
Concur: _______________________________________  Date: _________________________ 
 
Nonconcurrence: ________________________________  Date: _________________________ 
      (see attached supervisory memorandum) 
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“… The compliance limit was set for this method by using the natural log-transformed 
data boundary as the mean value minus  the standard deviation, which is then 
exponentiated to put the boundary value in the original scale. The following expression 
illustrates the calculation:  

LSL = e (R – Z1-0 1/2 * S), 

Where R and S are the natural log transformed mean and standard deviation, respectively, 
and the Z1- 01/2 is the 99.5% Z-value ”  

Discovery used in DP-32 a “99.5% Z-value of  as the above test indicates. DPARP 
simply referred the expression as a Z value.  It is noted that the Division has not agreed 
on whether to accept the data transformation approach, or what Z value would be 
appropriate for setting the lower specification limit (LSL), should the approach be 
considered acceptable.  
 
Report METHVAL 52 submitted in the 4th resubmission contained all nonclinical 
information in support of the validation and qualification of the FRBAT. The report was 
entitled “the Analytical and Technical report: Validation Report”. The report did not 
mention the term Z value directly.3  The Z value, however, remained an integral part of 
FRBAT validation and qualification effort based on the following information (P6): 

“This report [METHVAL 52] summarizes the relevant results obtained during the initial 
studies conducted to revalidate the FRBAT method DP-32 … according to Validation 
Protocol VALPROT-72, Rev 00, as well as the results from additional studies performed 
to satisfy the proposals of FDA.”4  

Dr. Luqi Pei evaluated Report METHVAL 52 in Chemistry Consultation Review #6 
completed on December 12, 2011.  The review found that the data transformation 
approach reasonable. The review, however, rejected the newly proposed Z-value of  
The review recommended that Discovery continue using the Z value  based on the 
nature of the procedure and data variability.    

Discovery in its 4th resubmission continued to propose the LSL approach. It also revised 
the Z value to  so that DP-32 can cover 99.9% of 
experimental data as discussed later. (See the draft responses section for additional 
information about the Z value in the latest resubmission.)    

DP-32 is the SOP that governs the conductance of the FRBAT. It ensures quality of the 
efficacy data of the FRBAT assay.  Data have shown that DP-32 results are quite variable. 
Discovery relies on DP-32 to support the qualification of the FRBAT. Discovery will use 
FRBAT as a pivotal assay to set releasing and expiry specifications of Surfaxin that will 
be used as a potential life-saving product in premature infants. Potency (efficacy) of 
Surfaxin should be tightly controlled. As such, the Z value of  should not be granted. 
The larger Z value would result in a more relaxed acceptance criterion (i.e., lower 
efficacy). The memo retains the previous recommendation that Discovery revise the Z 
value for DP-32 back to    See Draft Responses section for additional information.   
                                                 
3 METHVAL 52 was also coded as “Method DP-32, rev 02” and “VALPROT-72, Rev 00”.  
4 DP-32 has had several versions. DP-32 Rev 00 was the earliest version while DP-32, Rev 02 is the most 

recent version.  The primary difference between these two versions was the elimination of a high-dose 
(8.0 ml/kg) Surfaxin group in Version 02. This difference does not affect the current discussion. 
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Request 2: Please clarify [Item 1.d] 
Item 1.d requested Discovery to change the legends for the X and Y axes of Figure 3 
(page 22) of METHVAL-52 to log KL4 concentration and efficacy (%CRS), respectively. 
Discovery provided the following statements in the 09-JAN-2012 submission as a 
response:  

“Figure 3 currently displays concentration on the X axis and squared efficacy on 
the Y axis. 

One change that can be made is to have the square root of the concentration on the 
x axis and the efficacy on the Y axis. This would be the most straightforward 
change.  

Another change would be to take the natural log of the concentration on the X 
axis.  However, the linearity would then refer to a polynomial (quadratic 
equation).” 

The above statements basically describe three options. Each of them should be rejected 
based on the following findings:  Option 1 (paragraph 1) is the status quo that would not 
change anything. Option 2 (paragraph 2) continues the status quo without any meaningful 
changes.  Option 3 (paragraph 3) is an improvement over option 1; however, it is not a 
traditionally acceptable model for analyzing pharmacological activities of drugs. It is 
recommended to provide Discovery with a figure as an example.  See the Draft Response 
section for additional information.  

 

The following responses should be conveyed to the Sponsor 
We have completed our review of your January 9, 2012 submission to NDA 21-746 
requesting clarifications of two items in our Information Request issued on December 23, 
2011.  We have the following comments to provide clarification. 
 
Request 1: Please provide specific reference to what “Z” needs to be changed. 
FDA Response: Please see DP-32, METHVAL 52 and your Responses dated September 
2, 2011 to the Complete Response letter dated April 17, 2009 for reference. Specifically, 
we refer to the Z value as the number of standard deviations from which you propose to 
derive the lower specification limit (LSL) for the FRBAT assay. From your submission 
dated June 23, 2010, Page 3 of DP-32 00 (also coded as VALPROT-72) states: 

“… The compliance limit was set for this method by using the natural log-transformed 
data boundary as the mean value minus  times the standard deviation, which is then 
exponentiated to put the boundary value in the original scale. The following expression 
illustrates the calculation:  

LSL = e (R – Z1-0 1/2 * S), 

Where R and S are the natural log transformed mean and standard deviation, respectively, 
and the Z1- 01/2 is the 99.5% Z-value   
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Figure 1: Surfaxin Efficacy (%Crs) vs. concentrations. 
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DIVISION OF PULMONARY, ALLERGY AND RHEUMATOLOY PRODUCTS 

PHARMACOLOGY AND TOXICOLOGY CONSULTATION 
 

Date:  December 12, 2011 

To: Eugene Nashed, Ph.D., Senior Chemist 
Division of Pre-marking Assessment I, ONDQA 

From: Luqi Pei, Ph.D., Senior Pharmacologist 
Division of Pulmonary, Allergy and Rheumatology Products, OND 
Jinglin Zhong, Ph.D., Mathematic Statistician, 
Division of Biometrics I, Office of Biometrics, OTS  

Through: Timothy Robison, Ph.D., Team Leader 
Division of Pulmonary, Allergy and Rheumatology Products, OND 

Subject: Validity of an in vivo Rabbit Fetal Biological Activity Assay 
 
 
General Information 
 

NDA #: 21-746 (Resubmission of September 2, 2011) 

Review #: Chemistry Consultation Review No. 6 

Sponsor: Discovery Laboratories 

Drug Product: Surfaxin® (Lucinactant) Intratracheal Suspension  
 
Materials Reviewed:   

Discovery’s Response 1 to 17-ARP-2009 CR letter: Module 1, vol. 1, p1-77.   
 Report: Effect of Intratracheal Lucinactant on Respiratory System Compliance in 

Ventilated Very Pre-term Lambs, Attachment 1, vol. 1, page 19-31.   
Report METHVAL-52: Report for the Validation of the Analytical Test Method DP-032 “in 

vitro Biological Activity Test for KL4 Surfactant Drug Product”, Attachment 2, vol. 1, 
page 32-77. 

Discovery’s Response 2 to 17-ARP-2009 CR letter: Module 1, vol. 1, p92.   
 
SUMMARY 
This review evaluates, from the nonclinical perspective, the adequacy of Discovery’s 
response to product quality deficiencies identified in the Agency’s Complete Response (CR) 
letter issued on April 17, 2009. The deficiencies were the lack of validation of the fetal rabbit 
biological test (FRBAT), the lack of concordance between the FRBAT and a pre-term lamb 
assay, and the lack of qualification data for the proposed specification of  impurities. 
Both the FRBAT and the pre-term lamb assays assess the potency (or efficacy) of Surfaxin 
product lots. Only will the FRBAT be used as the assay for setting efficacy specifications at 
release and shelf lives of the Surfaxin product lots. The review concluded that the Discovery 
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has provided adequate responses to the deficiencies. Minor edits to Report MEHVAL 52 are 
recommended to improve the FRBAT.    
 
   
1 BACKGROUND 

1.1 SUBMISSION HISTORY AND REGULATORYACTIONS 

The current submission (submitted on 06-SEP-2011) is Discovery’s 4th resubmission to its 
new drug application for Surfaxin (NDA 21-746). 1 The submission is also the applicant’s 
complete response to the Agency’s CR letter issued on April 17, 2009.  The letter was the 
Agency’s action on the last (3rd) resubmission filed on October 17, 2008. Other submissions 
were dated 13-APR-2004, 05-OCT-2005 and 31-OCT-2007. Table 1 lists these previous 
submissions and the Agency’s actions on them.  See Section 1.2 for deficiencies in the last 
resubmission. 

 
Table 1: Regulatory History of NDA 21-746 

Submission # Submission Date Action Date Action 
Submission 0 (orig.) 4/13/2004 2/5/2005 Approvable 
Resubmission 1  10/5/2005 3/31/2006 Approvable 
Resubmission 2 10/31/2007 5/1/2008 Approvable 
Resubmission 3 10/17/2008 4/17/2009 Complete response 
Resubmission 4 9/6/2011 3/6/2012 Pending 

 

1.2 DEFICIENCIES OF LAST RESUBMISSION 

The 17-ARP-2009 CR letter identified two product quality deficiencies in the last (3rd) 
resubmission. Both deficiencies were relevant to the nonclinical discipline. The 1st deficiency 
was the lack of adequate animal model to assess the efficacy of Surfaxin. The 2nd was related 
to impurity specifications in the Surfaxin products. Specifically, the letter states: 

“1. You have not adequately addressed Comment 14 of the Approvable Letter issued on 
May 1, 2008 and the request in the Question 1a discussion section of the minutes of 
the June 18, 2008 telephone conference. Comment 14 requests that you tighten the 
acceptance criteria for the drug product biological activity and validate the fetal rabbit 
biological activity assay.  Question 1a requests that you repeat a lamb study that may 
provide a link for validating the fetal rabbit assay.  Your resubmission, however, has 
not adequately satisfied these requests because the results of lucinactant activity 
measurements in the lamb and rabbit studies were inconsistent. The rabbit assay failed 
to distinguish effects of expiry status on lucinactant efficacy while the lamb study did. 
In addition, the fetal rabbit assay has not been adequately validated. 

 

                                                           
1 The review uses Surfaxin, lucinactant, and KL4 interchangeably.  There are scientific and chemical differences 

between these three names, but the differences do not affect the overall evaluation and conclusion of the 
review.  Different names were used throughout the document to closely mimic the original reports. See 
Footnote 7 for additional information. 
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 The total phospholipid in each mL of Surfaxin was 
30 mg.  The intended clinical dose of Surfaxin is 5.8 mL/kg. This review refers the Surfaxin 
doses in units of mL/kg except for the linearity portion of the method validation which refers 
to mg phospholipid per mL suspension. 
 

1.6 FRBAT 

The FRBAT (abbreviation for fetal rabbit biological activity test) is a bioassay being 
developed by the applicant for assessing the efficacy of Surfaxin (lucinactant) in pre-mature 
rabbit fetuses. Efficacy is assessed by improvements in lung compliance after Surfaxin 
treatment. Briefly, anesthetized rabbit fetuses (6 kits/ group/run, 3 runs/test) are dosed with 
5.8-mL/kg Surfaxin, Survanta (4.0 mL/kg, positive control), or air (negative control) prior to 
being connected to a mechanical ventilation machine. Lung mechanics (or compliance) are 
monitored via a plethysmograph for at least 30 minutes (Figure 1, below). Volumes and 
pressures at the beginning and end of the each breath are recorded. Volume (ΔV in mL) and 
pressure (ΔP in cmH2O) changes between the end of inspiration and expiration are obtained. 
The respiratory system compliance (CRS), specific respiratory system compliance (CRS/kg), 
and efficacy (E, %CRS) at 30 minutes are calculated as the following, respectively: 

CRS = ΔV/ΔP. 
CRS/kg = CRS ÷ body weight (kg) 
E = (T – C)/C x 100, where 

T and C are the mean values for testing and control groups in CRS/kg, respectively.  The E 
should be greater than for the drug (lots) to be claimed efficacious.2 See DP-32 Rev 02 
for the Standard Operational Procedures (SOP) of the FRBAT. The 04-MAR-2011 
submission (p12-36) contained the latest version of the SOP. 

 
Figure 1: Plethysmograph and mechanical ventilation (partial) assemblies 

                                                           
2 The efficacy criterion of  greater than the negative control was proposed by the Division and accepted by 

Discovery. 
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The above procedure is a product of numerous communications between the Agency and 
Discovery. Table 2 lists key documents of the communications. The communication started 
with the 11-FEB-2005 Approval Letter, continued for the next 3 years, and peaked after the 
issuance of the 17-ARP-2009 CR letter.  Briefly, three meetings were held under NDA 21-
746 and 4 Advice/Information Request Letters were issued under the NDA and IND 40,287. 
See minutes of 02-Jun-2009, 29-SEP-2009 and 14-JUL-2010 and a letter dated 01-JUN-2010 
in NDA 21-746 and letters dated 23-DEC-2010, 03-FEB-2011 and 13-JUN-2011 in IND 
40,287, respectively. 

 
Table 2: Major Communications between DPARP and Discovery in Surfaxin Applications 

NDA/IND # Meeting 
Date 

Comm. 
type 

Pack. Sub. date DARRTS 
date a 

Agenda 

N21-746 6/2/2009 Meeting - A 4/24 & 5/19/09 6/16/09 CR letter clarification 
N21-746 9/29/2009 Telecon - C 8/5/09 10/23/09 FRBAT - efficacy   
N21-746 - GA letter 3/4/2010 6/1/2010 FRBAT - validation 
N21-746 7/14/2010 Telecon - A 5/26 & 6/23/10 8/16/10 FRBAT- validation 
I40,287 - A/IR letter 7/29/10 12/23/10 FRBAT - validation 
I40,287 - A/IR letter 11/16/09 2/3/2011 FRBAT - validation 
I40,287 - A/IR letter 3/7 & 4/28/11 6/13/11 FRBAT - validation 

   a, Document finalization dates in DARRTS. 

Previous reviews that evaluated earlier versions of the FRBAT are also available: See 
Pharmacology/Toxicology Chemistry Consultation Reviews (PCCR) by Dr. Huiqing Hao on 
December 1, 2004, February 14, 2006 (PCCR #2) and March 11, 2008 (PCCR #4) and by Dr. 
Luqi Pei on March 4, 2009 (PCCR #5) in NDA 21-746 for additional information. 

The above documents primarily focused on assessments of the method validation and data 
variability of the FRBAT.  Discovery proposed a “method optimization” approach to reduce 
the data variability and a method validation report (METHVAL 52).  

The method optimization approach was discussed in great details in telephone conferences 
held on 29-SEP-2009 and 14-JUL-2010. Detailed description of the “optimization” can be 
found in the DP-032 Rev 02 submitted on March 4, 2010. That submission was provided as a 
part of the briefing materials for the 14-JUL-2010 telecon. Briefly, the “optimization” 
included three key parts: setting new acceptance limits of the testing material and controls, 
increasing sample sizes, and adding an “out-of-trend” analysis.  

Acceptance limits for Surfaxin, and negative and positive controls were as follows: a) E 
(%CRS) =  for the positive control, b) CRS /kg =  for the 
negative control, and E (%CRS)  for Surfaxin.  

The sample size of a testing batch was increased from 1 run to 3 runs (6 kits/run). This 
modification resulted an approximately  reduction in variations of %CV. See Section 3.1 
– FRBAT Optimization for additional discussions on the effect of sample size on variability. 

The “out-of-trend” (OOT) analysis is a tiered approach for conducting additional runs. A total 
of three tiers will be used (Figure 2, next page). Tier 1 will be conducted with every testing 
batch. Additional tiers (2) of testing will be performed when necessary. The criteria for 
additional tiers of testing are %CV of  for Tiers 2 and 3 testing, respectively. 
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Method: This report summarizes Discovery’s effort in validating Method DP-32 rev 02, an 
assay for testing Surfaxin activity on lung compliance in fetal rabbits. Discovery names the 
assay in vivo fetal biological activity test (FRBAT). See the Background section for a brief 
description of the assay. The validation process evaluated specificity, precision, range, 
linearity and accuracy of the FRBAT. Table 3 provides definitions and acceptance criteria of 
these parameters. The report used a total of 11 lots with shelf ages up to 44 months.  Table 4 
(page 9) lists lots used in the method validation process. 
  

 
Table 3 Acceptance Criteria of VALPROT 72 

Parameter Definition Acceptance criteria 
 
 
 
Specificity 

Specificity is demonstrated by: 
1) meeting a specified increase in %CRS  for 3 lots of 

unexpired and active KL4 surfactant drug product, and  
2) failure to meet a minimum increase in %CRS for: 
• expired and inactive KL4 surfactant drug product lot, 
• inactive Tris buffer 

 

 
 
 
 
 
 
 
Precision 

Repeatability: This will be demonstrated by measuring 
precision for test sample results for: 

• Three lots of unexpired and biologically active KL4 
Surfactant drug product within the 1st 3 months after 
manufacture, 

• One lot unexpired and active KL4 surfactant drug 
product at 6, 9, or 12 months following manufacture, 

• One lot of expired and active KL4 surfactant drug 
product 

• Inactive Tris buffer 
Intermediate precision: Intermediate precision is 
demonstrated by varying the analyst used to run FRBAT 
for 3 lots of unexpired and biologically active KL4 
surfactant drug product at 3 different time points (high: < 3 
mo; medium: 6 mo; low: 12 mo)  

 
 
 
 
 
 
 
Repeatability: %CV for the 
samples must be  for the 
runs in each test  
 
 

 
Range 

Range of the method was determined by assessing accuracy 
and precision for degraded samples stored at 15°C through 8 
weeks and stored at 25°C though 3 weeks 

No more than ± (√2)  of 
average %CRS 

 
Linearity 

Linearity of the method was determined by assessing the 
%CRS at differing active KL4 surfactant product 
concentration levels  

%CRS values which are 
proportional to the concentration, 
via linear or quadratic regression 

 
Accuracy 
 
 

Accuracy of the method is determined by establishing a 
reference range for %CRS using newly manufactured active 
KL4 surfactant drug product at 3 months of age against this 
reference range 

%CRS of all samples must be 
within  of a defined value 
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Table 7: Precision – Intermediate Precision Based on %CV 
Analyst 1 Analyst 2 Lot # Age 

(mo.) Test 1 Test 2 Test 3 Test 1 Test 2 Test 3 
Mean  
± SD 

%CV 

1   504 ± 30 6.0 
6 452 ± 62 13.6 

T0002 

12 363 ± 13 3.6 
 
Range: The range of the assay was determined the efficacy in lung compliance of lots under 
accelerated conditions at different stability ages. Samples of fresh Surfaxin from Lot T9002 
were stored at 15°C or 25°C for up to 8 weeks.  Surfaxin activities were measured at different 
stability ages. Results showed that Surfaxin activities decreased as age and temperature 
increased. Also, the reduction in activity was more rapid and pronounced at 25°C than 15°C.  
Table 8 summarizes the numeric data of the results. Figure 3 presents the data graphically.  

 
Table 8: Range Results Summary (Lot T9002) 

Result (%CRS) Storage 
Temperature 

Duration 
(week) Test 1 Test 2 Test 3 Mean 

Acceptable 
range a 

Pass/fail 

2  434  Pass 
4  223  Pass 
6 137 Pass 

 
15°C 

8 68 Pass 
1  303  Pass 
2  248  Pass 
3 136 Pass 

 
25°C 

4 52 Fail 
   a. The report defined acceptable range as mean ± √Z x 30% of mean value. 
 

  
Figure 3: Accelerated degradation of Surfaxin 

 
Linearity: Linearity of the method was determined by assessing the %CRS at Surfaxin product 
concentrations. The Surfaxin (Lot T0007, 3 months of age) concentrations referred to the 
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total phospholipid levels which ranged from 0.5 – 30 mg/mL in Tris buffer.3  Table 9 presents 
the efficacy results as a function of Surfaxin concentrations.   
 

Table 9: Efficacy Vs Surfaxin Concentration 
Surfaxin (mg/mLa) % CRS

 b, c % CRS /√C d 
0.5 57.2 3,269 
1 70.0 4,893 

2.5 145.7 21,231 
5.0 238.1 56,672 
10.0 366.5 134,336 
30.0 525.5 277,452 

a. mg/mL in total lipid. 
b. n = 1 for each concentration except for the 30 mg/mL value which is average of 3 runs.   The 

individual data for each run was  respectively.  
c. The % CRS numbers were extracted from Table 6 (p53) of Report METHVAL 52. 
d. The % CRS /√C numbers were extracted from Table 7 (p53) of Report METHVAL 52.  

Figure 4 is the applicant’s graphical presentation of the linearity data in Table 10 (Columns 1 
and 3). The applicant argued that there was a strong correlation between Y and X axis (Y = 
7449 + 9306).  However, such a model has not been used in traditional pharmacology data 
analysis. See Section 3.2 – FRBAT validation for additional discussions on the interpretation 
of the linearity data.  

 

Figure 4: Linearity data [(CRS)2 vs concentration]. 
 
Accuracy:  Accuracy of the FRBAT was demonstrated by establishing an expected value 
(EV) of %CRS and EV limits, because of the lack of any internal reference standards of 
Surfaxin.4  The EV was a point estimate and an alternative to the internal standard. Criteria 

                                                           
3 The report refers the drug concentration as “KL4 surfactant drug product concentrations”.  
4 There are no reference standards for the pulmonary surfactant property of Surfaxin in general or for KL4 

activity in particular. 
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are that the point estimate should reliably represent the EV and the justifiable EV limits could 
define the range of the biological activity standards. 
 

Table 10: Reported Values Used to Calculated EV 
%CRS %CRS Lot Test No. 

Sample Mean 
Lot Test No. 

Sample  Mean 
1  1  
2  2  
3  

 
T1005 

3  

 
500.2 
± 66.8 

4  1  
5  2  

 
 

T0002 

6  

 
 

503.9  
± 30.4  

T1006 
3  

 
517.4 
± 24.1 

1  1  
2  2  
3  

 
T1007 

3  

 
436.2 
±60.5 

4  1  
5  2  

 
 
 

T0007 

6  

 
 
 

484.4 
± 85.6 

 
T1010 

3  

 
450.9 
± 41.8 

1  1  
2  2  

 
T1003 

3  

 
483.6 
± 77.1 

 
T1011 

3  

 
422.9 
± 27.8 

1      
2      

 
T1004 

3  

 
410.8 
± 27.6     

Establishment of EV: Thirty three reportable values (from Table 10) from 9 freshly 
manufactured Surfaxin lots were used to establish the EV. Each reportable value was 
obtained from lots with shortly after their manufacture (< 6 weeks); each value represents one 
test which is comprised of 3 runs (18 fetuses/run). Three to six reportable values were 
generated for each lot. The EV was obtained by the averaging the mean %CRS values for 
individual Surfaxin lots. The expected EV was calculated as 467% with an 8.2%CV.  As the 
Table 11 table indicates, each Surfaxin lot was weighted equally, regardless of how many 
tests were performed.  
 

Table 11: Values Used for Expected Value Determination 
%CRS Lot 

Mean SD %CV 
T0002 503.9 30.4 6.03 
T0007 484.4 85.6 17.67 
T1003 183.6 77.1 15.95 
T1004 410.8 27.6 6.71 
T1005 500.2 66.8 13.36 
T1006 517.4 24.1 4.65 
T1007 436.2 60.5 13.87 
T1010 450.9 41.8 9.27 
T1011 422.9 27.8 6.25 

Expected Value 467.8 38.5 8.24 

Two tests were carried to ensure that no paired Surfaxin lots were different from each other. 
The first analysis was the Tukey's multiple comparison test that would demonstrate that no 
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samples of paired Surfaxin lots were statistically significantly different from each other at the 
0.05 level, with all simultaneous 95% confidence limits including the value 0. The second test 
determined the overall %CV for the paired lots.  Results showed that the largest %CV for any 
pair of lots was 17.0% (Lots T0007 and T1004), a value well below the 24% limit set for the 
FRBAT.  

Establishment of Justifiable EV limits: Justifiable EV limits define the range of the 
biological activity standards for Surfaxin. The EV limits were derived using a standard 
practice of setting accuracy limit at 3 times the standard deviation of %CV. Table 11 showed 
previously the EV of 468%CRS and 8%CV. Three time 8%CV yielded a value of 24%. 
Applying 24% to the expected mean value of 467.8%CRS yielded lower and upper limits of 

, respectively. These values now can be regarded as the biological 
activity standards of the FRBAT, although the Agency usually does not use the EV limits to 
assess the accuracy as discussed in the section of Evaluation of Accuracy Parameters.  

Evaluation of Accuracy Parameters: Discovery examined FRBAT accuracy using the 
above standards for EV and EV limits for Surfaxin biological activity. The examination 
involved analyzing %CRS data from five Surfaxin lots (#T0002, T0007, T1005, T1006, and 
T1007) with the 3-month stability age. Results are shown in Table 12. The reportable %CRS 
values for each lot fell within the limits of the EV standards. Lot T0007 represents the largest 
difference in its %CRS from the expected value. The difference was only 79.6%. The mean 
value of 372.3 is within the standards limits of .  

 
Table 12: Accuracy Limit Assessment (Reportable Values at 3 Months) 

 

 

This review uses % bias to assess accuracy because the Agency usually does not assess 
accuracy of a method validation using the EV limits.  The %bias was examined at two time 
points: 3 and 12 months. The 3-month data was considered representative of the releasing 
data and the 12-month data was considered representative of the shelf live stability data. The 
%bias at 3 and 12 months was 7.23% and 11.3%, respectively. The %bias at 3 month was 
obtained by comparing the average of 3-month stability data (433.98) to the EV (467.8) 
[(433.98-467.8)/467.8*100 = 7.23%].  The accuracy at the end of shelf life was assessed by 
comparing the average (383.5) of 8 reported %CRS at 11 months to the average (340.1) of 9 
reported %CRS at 12 months. The %difference is 11.3%. This difference represents the sum of 
stability decrease from 11 months to 12 months and the % bias of the assay. The %bias at 
both 3 and 12 months (7.2 – 11.3%) are acceptable.  The review considers that the accuracy 
of FRBAT has been demonstrated at release and shelf life.  

 

Lot Mean %CRS Met Limits of  
 

T0002 418.4% Yes 
T0007 372.3% Yes 
T1005 505.8% Yes 
T1006 455.9% Yes 
T1007 417.5% Yes 
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endotracheal tube.7  Lung compliance was monitored every 2 minutes until 30 minutes after 
dosing. The ventilator settings (PIP, PEEP .and frequency) were adjusted during this period to 
prevent Surfaxin from refluxing into the endotracheal tube and to maintain stable arterial 
blood pressure and oxyhemoglobin saturation. Differences in lung compliance were 
calculated at baseline and adjusted settings at 30 minutes post dosing.  

Table 13 presents Surfaxin efficacy results of the study.  Surfaxin treatment resulted in 
increases of mean lung compliance (approximately 59% - 174%).  The age of Lots was the 
dominant factor in efficacy. Lot 7002 had the longest age of 44 months and lowest efficacy of 
59%.  The remaining lots with shelf ages 12 months or shorter had similar mean efficacy 
(125% - 174%).  The overall mean efficacy was 136.3%, 137%, 130.4%, 125.4% and 58.8% 
for lot ages of 1 6, 9, 12 and 44 months, respectively.  
 

Table 13: Surfaxin Lot Efficacy and Age in  Report 
Lot # Age of Time of Study 

(month) 
Efficacy  

(%increase) a 
N 

T0007 1 – 2 124.0 ± 100.0 4 
T1003 0 – 1 148.5 ±14.1 4 

Mean   136.3 ± 67.4 8 
T0002 6 - 7 174.0 ±118.8 3 
T0007 5 – 6 139.6 ± 71.2 4 
T1003 5 - 6 108.5 ± 56.5 4 

Mean   133.7 ± 77.7 11 
T9003 9 - 10 130.4 ± 35.7 4 
T9002 11 - 12 125.4 ± 46.0 4 
T7002 43 - 44 58.8 ± 49.5 4 

 a, Increase over baseline at the baseline settings 
 
 
 
 
3 EVALUATIONS 

3.1 FRBAT OPTIMIZATION  
As discussed previously in the Background section, the FRBAT optimization was used to 
reduce assay variability.  The optimization included three key parts: setting new acceptance 
limits of the testing material and controls, increasing sample sizes, and adding an “out-of-
trend” analysis.  The optimization effort has improved the quality and reliability of the 
FRBAT.  Figure 5 shows the overall data quality of 11 tested lots with the shelf lives up to 12 
months.  All the data points are within the 25% of the regression line (dotted). The approach 
is considered acceptable now.  
 

                                                           
7 During and after the dosing, mechanical ventilation settings (PIP, PEEP and frequency) were adjusted based on 

the objective determinants of preventing Lucinactant from refluxing into the endotracheal tube, and stable 
arterial blood pressure and pulse oximetry. 
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Figure 5: Surfaxin activity of testing lots with “Optimized” approach 

 
The current efficacy limits for the testing samples of Surfaxin and positive and negative 
controls are acceptable. The current acceptable limits for efficacy was increases of  

 in % CRS over concurrent controls for beractant (positive control) and 
Surfaxin, respectively, and CRS/kg of 0.016 - 0.096 for negative (air) controls.  Dr. Hao’s 
review completed on February 14, 2006 states that the Division recommended “an increase of 

 of the mean control value (a 3-fold increase)”.  The efficacy criterion of  increase 
in CRS over the concurrent control is in agreement with Dr. Hao’s recommendation. The 
acceptable limits for positive and negative controls are reasonable and acceptable.   

The sample size of 3 runs/test (6 kits/run) is also acceptable. Comparing to 1 run/test, the 3 
runs/test resulted in an approximately 40% reduction in %CV variations (Table 11).  
Additional increases in sample size may be impractical, given that the completion of OOT 
will result in a sample size of nine.  

 
Table 14: Effect of Sample Size on Variability (n = 70) a 

 First Run 
(n = 6/group) 

Complete test 
(n = 18/group) 

Difference (%) 

Mean value 409.3 412.9 0.9 
Standard deviation 103.4 61.4 40.6 
Standard error 12.4 7.3 40.6 
%CV 25.3 14.9 41.1 
a. Source: 02-SEP-2011 submission, response 1, p4. 

 
The OOT proposal is acceptable based on the Division previous determination that the 
approach was reasonable in the 29-SEP-2009 teleconference.   
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Panel B also includes a linear regression line based on the entire concentration dataset. Panel 
C presents data from Surfaxin concentrations of 2.5 – 30 mg/mL after log transformation.  All 
three panels (also Figure 4) demonstrate that Surfaxin efficacy increases with the dose. Panel 
A shows that the Surfaxin efficacy flattens out at concentrations between 10 and 30 mg/mL.  
Panel B shows that Surfaxin has no apparent efficacy at ≤ 1 mg/mL. Panel C appears to be 
the most accurate presentation of the linearity data.  It is recommended that METHVL 52 use 
Figures B or C for linearity assessments.    
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Figure 6: Efficacy as functions of Surfaxin concentrations. Panel A: %Crs vs nominal KL4 concentration; Panel 

B: (%Crs)2 Vs nominal concentration; Panel C: %Crs Vs log (concentrations).  

Discovery’s interpretation of the linearity data was discussed previously in Section 2.1. 
Discovery argued that there was a strong correlation between Y and X axis.  However, such a 
model has not been used in traditional pharmacology data analysis and is not recommended 
for future data analysis. Discovery should use Figures B (efficacy data from Table 5 and log 
transformations of the entire Surfaxin concentrations used in the experiment) and C (data 
from Surfaxin concentrations of 2.5 – 30 mg/mL after log transformation) for linearity 
assessments in Report METHVL 52 as previously discussed.   

Accuracy: This accuracy of the validation at both release and shelf live (12 months) is 
adequate.  Accuracy portion of the FRBAT validation assessed the expected value (EV) of 
%CRS and limits of the EV. Accuracy of an assay is typically demonstrated by comparing test 
results to a recognized reference standard, but such a reference is lacking for the FRBAT - 
there are no reference standards for the pulmonary surfactant property of Surfaxin in general 
or for KL4 activity in particular. To overcome the challenge, an independent procedure was 
designed to establish reliable standards of biological activities that could be used as a 
reference. These standards were referred as the expected value (EV) and its justifiable limits.  

The expected value is a point estimate of the expected %CRS value. To establish the EV at 
release, thirty three reportable values were generated from 9 freshly manufactured Surfaxin 
lots. The EV was then obtained by the averaging the mean %CRS values for individual 
Surfaxin lots. Since no decay is expected in the first 3 months, the 3 month stability data is 
expected to be the same as the release data. The %bias between the mean of 3 month stability 
data (433.98) and the EV (467.8) is 7.23%. The % difference between the mean of 8 reported 
%CRS at 11 months (383.5) to the mean of 9 reported %CRS at 12 months (340.1) is 11.3%. 
The % difference is the sum of stability decrease from 11 months to 12 months and the % 
bias of the assay. The above results showed that the accuracy of the FRBAT for freshly 
manufactured samples and near shelf life samples is adequate. 
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Overall, the FRBAT validation of Report METHVAL 52 is generally considered adequate 
provided that the acceptance criterion for precision is revised to . It is 
recommended that the units for X and Y axis of Figure 3 (p22) be replaced with log [KL4 
concentration (mg/mL)] and %CRS, respectively. It would eliminate potential confusion in the 
future. 
 

3.3 LAMB ASSAY  

The lamb assay is an animal model used to evaluate the efficacy of Surfaxin in improving 
lung compliance in pre-mature lambs. The Report submitted in the current 
resubmission is one of 3 similar reports submitted to the Agency. Dr. Luqi Pei reviewed two 
previously submitted reports in a Chemistry Consultation Review (#5) completed by on 
March 4, 2009.  See Section 2.2 for review of the 3rd report. Table 12 summarizes the 
available data in the lamb assay.  Data showed that the Surfaxin efficacy was relatively stable 
during the first 12 months post manufacture. There was a significant loss of efficacy after 12 
months. Specifically, the Surfaxin efficacy was 125 – 174% during the period of 0 – 12 
months.  It dropped to 63% between months 12 and 18 and 58.8% in month 44, respectively.  

 
Table 15 Overall Efficacy of Surfaxin Lots and Shelf lives 

Lot # Efficacy (% increase in mean lung compliance over baseline) 
 1 month 6 month 9 month 12 month 18 month 44 month

T0007, T1003  136 ± 67 124.1  
T0002,  174 ± 119  
T9002   125 ± 46  
T9003   130 ± 36  

T8004, T8005, 
T8006a 

127.0   

T7002, T9003 a   126.3 63 
T7002    58.8

a. Extracted from Chemistry Consultation Review (#5) completed by Dr. Luqi Pei on March 4, 2009.   
 

3.3 CONCORDANCE BWTEEN FRBAT AND LAMB ASSAYS  

There was a good concordance between the FRBAT and the lamb assay.  Figure 6 presents 
the 6-month stability data of Lots T0007 and T1003. The respective mean % CRS at months 1 
and 6 was 484 ± 77.9% and 484 ± 26.7% in FRBAT and 136 ± 67.4% and 124 ± 61.8% in 
lambs (Source: response 1, p10).  
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A B 

Figure 7: Surfaxin Efficacy in FRBAT and lamb 
models. Panel A: Nominal compliance values; 
Panel B: Compliance normalized to zero at 
baseline.  

 

Table 16 summarizes the results for efficacy data for stability ages of 6 to 44 months.  There 
were trends in decreases in Surfaxin activity in both FRBAT and lamb models during the age 
of 6 – 44 months.  Slight decreases in activity occurred during months 6 to 12.  Little or no 
activity was detected in sample aged months 38 – 44 (T7002).  
 

Table 16: FRBAT and Lamb Results at Stability Ages of 6 – 44 months 
% CRS (mean ± SD)  

Lot 
 

Age (mo.) FRBAT Lamb 
T0002 6 430.7 ± 48.0 174.0 ± 118.8 
T9003 9 417.0 ± 61.5 130.4 ± 35.7 
T9002 12 356.7 ± 17.4 125.4 ± 46.0 
T7002 38 – 44 a 56.9 ± 15.6 58.8 ± 49.5 

a. Tested at 38 and 44 months of age in FRBAT and lamb assays, respectively.  

Overall, the applicant has established concordance between the FRBAT and lamb assays.  
Both assays showed that the biological activities of Surfaxin decline for approximately 25% 
of a course of 12 months. 
 

A B 
Figure 8: Changes in Surfaxin biological activity in FRBAT and lamb assays. A: FRBAT; B: lamb. 
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3.4 ADEQUACY OF RESPONSES TO FRBAT DEFICIENCIES 

Discovery’s response to Deficiency 1 of the 17-ARP-2009 CR letter is generally adequate. 
The letter identified three remedy options for the Deficiencies in the FRBAT: a) validating 
the FRBAT, b) validating the pre-term lamb assay, or c) developing other bioassays. The 
letter further states that the FRBAT assay must be able to differentiate Surfaxin activity 
between the expired and unexpired batches in similar manner as the fetal lamb assay did if the 
FRBAT is to be used as a pivotal bioassay for assessing the potency as part of regulatory 
specifications of drug product lots. Discovery has chosen to validate the FRBAT.    

Section 3.2 of the review has evaluated the adequacy of FRBAT validation previously. The 
validation consisted of five parts:  specificity, precision, range, accuracy and linearity of the 
FRBAT. Please refer to Section 3.2 for detailed discussions for evaluations of individual parts 
and the assay in totality.  Briefly, the evaluation concluded the following:  

1. The acceptance criterion for precision in METHVAL 52 should be revised to  
CRS.   

2. The linearity analysis of FRBAT should be based on %CRS as a function of log [KL4 
concentration (mg/mL)].   

The section below discusses the proposed specifications for stability data during thee shelf 
lives of Surfaxin products.  It is understood that setting stability specifications is generally the 
responsibility of Chemistry colleagues based on experimental data.  This review discusses the 
proposed specifications because they are closely tied with the method validation of the 
FRBAT.    

Discovery proposed lower efficacy specifications of  for release 
and post-release, respectively.  Discovery named these numbers as the lower specification 
limit (LSL). The LSL was derived from analysis of the efficacy data using a data 
transformation approach. The advantage of the approach is to reduce variability. Dr. Luqi Pei 
discussed previously the LSL approach in detail in the Chemistry Consultation Review (#5) 
completed on March 4, 2009.  Briefly, mean efficacy of individual tests was given a log 
transformation. Geometric mean and standard deviation of the transformed data were 
obtained.  The LSL was calculated using the following equation: 

 
LSL = e (R – Z * S), 

Where: R and S are the mean and standard deviation after the natural log transformation;  Z is 
a statistical cut off value for 99.5%  and 99.9% ) z-value, respectively. Take the Z-
value of  as an example.  The interpretation of this transformation is that the LSL is “a 
threshold or lower bond such that 99.5% of the values in a normally distributed dataset would 
be greater than this bond”.  The  value was a previously proposed value and the a 
newly proposed value.  The larger Z value would result in a more relaxed acceptance criterion 
(i.e., low efficacy) as discussed later in the review. Tables 17 and 18 represent the individual 
data used by Discovery to derive their proposed LSLs.  
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Table 17: %CRS and In(CRS) of Samples Aged < 3 Months . 

 
Specifically, Table 17 summarizes the data from samples with stability ages less than 3 
months while Table 18 summarizes the data from samples with stability ages greater than 3 
months.9 Discovery refers samples with stability age of < 3 and > 3 months as release and 
post release, respectively.  Both tables contain the nominal data and log transformations. 

 
Table 18: %CRS and In(CRS) of Samples Aged > 3 Months 

 
                                                           
9 Table 17 contains 6 additional samples obtained from Lot# T9002 and T9003 (3 each).   
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4 OVERALL CONCLUSIONS AND RECOMMENDATIONS 
Discovery in the 06-SEP-2011 resubmission has adequately addressed most deficiencies 
identified in the Agency’s 17-APR-2009 CR letter. Discovery has made significant 
improvements in the FRBAT and proved adequate validation to the test. The following 
revisions to the FRBAT are recommended.  

1. Revise the Surfaxin efficacy acceptance criterion in the FRBAT (Report METHVAL 
52) to .  

2. Revise the low specific limit of Surfaxin efficacy in the FRBAT at post release, with 
particular emphasis at 12 months to .   

3. Revise the Z value in METHVAL 52 to .   

4. Revise units of X an Y axis Figure 3 (p 22) of Report METHVAL 52 to log KL4 
concentration and efficacy (%CRS), respectively.  

5. Consider the decline in Surfaxin potency over the 12-month shelf life when 
setting the efficacy specifications at release (e.g., the low specification limit of 
FRBAT should be set at  for release and post release, 
respectively).  
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DIVISION OF PULMONARY AND ALLERGY PRODUCTS 
PHARMACOLOGY AND TOXICOLOGY CONSULTATION 

 
Date:  March 4, 2009 

To: Eugene Nashed, Ph.D., Senior Chemist 
Office of New Drug Quality Assurance /DPA I, CDER 

From: Luqi Pei, Ph.D., Senior Pharmacologist 
Division of Pulmonary and Allergy Products, CDER 

Through: Timothy Robison, Ph.D., Acting Supervisory Pharmacologist 
Division of Pulmonary and Allergy Products, CDER 

Subject: Validity of an in vivo Biological Activity Assay (BAT) for Assessing of 
Lucinactant Potency and Release Specifications 

 
 
General Information 
 
NDA/IND#: NDA 21-746 (Resubmission of October 17, 2008) 

Chemistry Consultation Review No. 5 

Sponsor: Discovery Laboratories 

Drug Product: Surfaxin® (Lucinactant) Intratracheal Suspension  
 
Materials Reviewed:   

RES-08-023: Qualification of Beractant (Survanta®) Positive Control for in vivo Biological 
Activity Test (BAT), Attachment 14-1, vol. 1, page 105.   

No Study Number: Effect of Intratracheal Lucinactant on Respiratory System Compliance in 
Ventilated Very Pre-term Lambs, Attachment 14-2, vol. 1, page 146.   

RES-08-022: Comparison of Drug Product Volume of 5.8 ml/kg vs. 8 ml/kg in the 
Lucinactant in vitro Biological Activity test (BAT) in Fetal Rabbits, Attachment 14-3, 
vol. 1, page 158. 

 
Summary: The third resubmission dated 17-OCT-2008 in NDA 21-746 has not adequately 
addressed deficiencies described in Comments 11, 13 and 14 of the 01-MAY-2008 
Approvable Letter and a follow-up telephone conference held on 16-JUN-2008.  Comments 
11 and 13 were related to impurity specifications in drug substance and product, respectively.  
The deficiencies in Comment 14 included inadequate validation of the in vivo rabbit fetal 
model and insufficient linkage between the rabbit and lamb models.  The rabbit model would 
be the primary assay for assessing lucinactant potency prior to its release from the 
manufacturer.   

The resubmission contained no new nonclinical data that would warrant any changes to 
impurity specifications recommended by Dr. Huiqing Hao in Review No. 4 completed on 
March 11, 2008. Regarding Comment 14, the newly submitted nonclinical data failed again to 



Reviewer: Luqi Pei, Ph.D.                          Pharmacology and Toxicology Review                            NDA 21-746 
 
 

 2

establish the pre-mature rabbit kits as a valid assay.  Specifically, the rabbit model, not the 
lamb model, failed to distinguish effects of expiry status on lucinactant efficacy. Also, the 
lucinactant potency to improve lung compliance in rabbit fetuses was only half of beractant, a 
currently marketed drug.  Overall, the available data have not validated the rabbit model in 
assessing the potency of lucinactant in vivo.  
 
 

BACKGROUND 
 
This document is the fourth nonclinical review by the Division of Pulmonary and Allergy 
Products (DPAP) to evaluate the acceptability of a proposed efficacy model with rabbit 
fetuses for assessing the potency of lucinactant.  This model will be used to determine 
potency and release specifications of new batches of the drug in the future. The previous 
reviews included Chemistry Consult Reviews No. 1, 2 and 4 completed by Dr. Huiqing Hao 
on December 1, 2004, February 14, 2006 and March 11, 2008, respectively.   The document 
is also the third review dealing with the impurity specifications in the drug substance and 
product.  Previous reviews included Chemistry Consult Reviews No. 3 and 4 completed by 
Dr. Huiqing Hao on March 3, 2006 and March 11, 2008, respectively. 

DPAP and Discovery have been discussing the rabbit model since December 2004 when the 
original NDA application was in review.  The original NDA was filed on April 13, 2004. The 
Agency issued the approvable letter on February 5, 2005.  Subsequently, Discovery 
resubmitted the NDA twice on October 5, 2005 and October 31, 2007.  The Agency issued 
two more approvable letters on March 31, 2006 and May 1, 2008, respectively.  Discovery 
resubmitted the NDA for the third time on October 17, 2008.   

There are a number of documents discussing the rabbit model. The documents included NDA 
letters, minutes for telephone communications and nonclinical reviews.  Item 14 of the 01-
MAY-2008 Approvable Letter clearly stated the deficiencies of rabbit fetus model.1  As a 
follow up to the approvable letter, the 18-JUN- 2008 telephone conference discussed further 
the deficiencies and their remedies. Also available were the consult reviews completed by Dr. 
Huiqing Hao as indicated earlier.     

The rabbit fetus assay has evolved over the years and many modifications have been made.  
Method DP-032 is the most recent version and has addressed many deficiencies identified 
previously. Briefly, pre-term rabbit fetuses were dosed with a desired volume of lucinactant, 
beractant (positive control), or air prior to being connected to a mechanical ventilation 
machine.  Lung mechanics were monitored via a plethysmograph for at least 30 minutes. 
Volumes and pressures at the beginning and end of the each breath were recorded. Volume 
(∆V) and pressure (∆P) changes between the end of inspiration and expiration were obtained.  
The specific respiratory system compliance (CRS/kg) at 30 minutes were calculated [i.e., 
CRS/kg = ∆V/∆P].  Efficacy of lucinactant was determined as the mean CRS/kg of the 
treatment group as a percentage of the control [i.e., % = (mean CRS/kg of treatment ÷ mean 
CRS/kg control) x 100%].  The efficacy data was then compared with a reference criterion for 
a positive result to determine whether the testing lots passed or failed the test.  The reference 
                                                           

1 For contents of the Item, see the Adequacy of Discovery’s Response in Addressing Deficiencies of the Pre-
Term Rabbit Assay (page 13). 





Reviewer: Luqi Pei, Ph.D.                          Pharmacology and Toxicology Review                            NDA 21-746 
 
 

 4

respectively.  The 01-MAY-2008 approvable letter apparently accepted these revisions.  The 
selection of positive and negative controls is no longer outstanding.  

The dose selection for lucinactant and beractant underwent considerable discussion. Reviews 
1 and 3 twice found the 8.0 ml/kg dose unacceptable as it was significantly higher than (5.8 
ml/kg) that tested in clinical trials.  In the telephone conference of 18-JUN-2008, DPAP 
recommended that Discovery use the lucinactant dose of 5.8 ml/kg.  Report RES-08-022 used 
lucinactant doses of 5.8 and 8.0 ml/kg. Thus, an agreement on the dose selection of 
lucinactant in the rabbit model was apparently reached.  

The disagreement in beractant dose selection does not appear outstanding now. The 01-
MAY-2008 approvable letter requested that Discovery justify the beractant dose of 5.6 ml/kg. 
The DPAP in the 81-JUN-2008 telecon minutes, however, is silent on the appropriateness of 
the beractant dose selection.2  Method DP-032 used beractant doses of 4.0 and 5.6 ml/kg. The 
sponsor states that the 4.0 ml/kg dose was chosen because it is the recommended dose in the 
Survanta® labeling.  Since Report RES-08-022 tested the recommended doses for both 
lucinactant (5.8 ml/kg) and beractant (4.0 ml/kg), it appears reasonable to compare the 
efficacy of lucinactant at their respective clinical efficacious doses.  Thus dose selection for 
beractant is no longer considered outstanding.   

DPAP and Discovery have spent considerable time discussing the criteria for a positive result.  
Review No. 1 rejected the criterion of statistically significant at a  increase in CRS over 
the mean control value.  The review states that “[t]he internal standard is expected to show a 
statistically significant increase of Crs  of the mean control value” or justify the 
criteria. Discovery resisted that modification for 3½ years.  After the 18-JUN-08 telecon, 
Discovery eventually revised the criteria to of the mean control value in Method DP-
032. The new criterion is consistent with the Division’s previous request. The newly 
submitted data, however, may have cast doubt on the validity of the agreed criterion. 
Specifically, as indicated later in the current review, the efficacy of lucinactant was 
apparently about half of beractant and the criterion for a positive response was  and 

 for lucinactant and beractant, respectively.   

Disagreements on data analysis apparently remain.  DPAP has been asking Discovery to 
justify the approach for natural-log data transformation process.  Discovery states that the 
reason for the transformation was to normalize the data and reduce data variability.  The 
review team sought input from Statistician colleagues regarding the data analysis.  Dr. Karl 
Lin of the Office of Biometrics concluded that it was appropriate to transform the data, but 
the sponsor needed to provide “the plots of data, and the result of the test of the normality 
assumption on the data before and after the transformation.”   The sponsor has not provided 
the plots of data, but did provide results of the test of the normality assumption on the data 
before and after the transformation (Ref. Table 12, page 19 of the review).  As discussed later 
in the review, the data transformation may significantly impact the interpretation and 
conclusion of the study results.   

Review No. 4 and the minutes of the 18-JUN-2008 telephone conference also requested 
Discovery to repeat the lamb study previously submitted on 31-OCT-2007. The request was 
                                                           
2 The minutes states “… your use of a dosing volume of 5.6 mL/kg for Survanta in the rabbit study does not 

support your statement that a volume of 8 mL/kg was chosen to ensure the accurate administration of a very 
small volume.” 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Methods 
Specific dynamic lung compliance (CRS/kg) was measured every 2 minutes for 30 minutes 
after intratracheal instillation of lucinactant, beractant (Survanta®, positive control), or air 
(negative control) in pre-term rabbit fetus.  The respective low and high-dose was 5.8 or 8 
ml/kg for lucinactant and 4.0 or 5.6 ml/kg for beractant.  The 4.0 and 5.6 ml/kg beractant 
served as positive controls for the 5.8 and 8.0 ml/kg lucinactant doses, respectively.  

The rabbit fetuses were delivered by the cesarean procedure on gestation day 27.  They were 
immediately given a bolus dose of lucinactant, beractant or air before being placed on a 
mechanical ventilation machine.  Specific dynamic respiratory system compliance values 
were measured for 30 minutes as described in Methods DP-032 and DP-018.  Efficacy was 
determined by changes in CRS/kg after a nature log transformation of the value over the 
negative control.  Method DP-032 is a modified version of DP-018 Version 03: adding a low 
dose group for both beractant (4.0 ml/kg) and lucinactant (5.8 ml) treatments.  Method DP-
018 Version 03 tests beractant and lucinactant at 5.6 ml and 8.0 ml/kg, respectively.  Dr. 
Huiqing Hao completed a review of Method DP-018 Version 03 on March 11, 2008.   

Five lots of Lucinactant were tested.  They were numbered as Lots T7002, T7003, T8004, 
T8005 and T8006.  Lots T8000s were within the expiry date while Lots T7000s were beyond 
the expiry date.  Each lot was tested for two doses: 5.8 ml and 8.0 ml/kg. There were three 
rabbit fetus/dose/lot.  The triplicates of the same lot and volume were not conducted in the 
same litter.  The total lipid concentration of the Lucinactant lots was 30 mg/ml. One beractant 
lot (Lot# 54790Z7) was used as the positive control throughout the study.  Table 2 presents 
the study design. 

 
Table 2 Study Design of the fetal Rabbit Model 

Drug LOT Manufactured  
date 

Expired a Dose tested 
(ml/kg) 

Lucinactant T7002 1/23/2007 Yes 5.8, 8.0 
 T7003 1/31/2007 Yes 5.8, 8.0 
 T8004 5/21/2008 No 5.8, 8.0 
 T8005 7/16/2008 No 5.8, 8.0 
 T8006 7/31/2008 No 5.8, 8.0 
Survanta b 54790Z7 Not available No 4.0, 5.6 

a. The expiratory date for each Lucinactant Lot was not given.  The expiration date for Survanta was 
December 1, 2008.  

b. There were concurrent positive controls for each lot and dose of lucinactant (3/dose/lot).   
CRS/kg for each run of lucinactant and beractant were obtained.  The CRS/kg for each 
lucinactant lot and beractant as percentage of its negative control was calculated. The 
calculation was done by dividing the mean CRS/kg of the test lot by the mean of the negative 
control and expressed in % [i.e., % = (CRS/kg treatment ÷ CRS/kg control) *100%].  One-sided 
t-tests were performed.  Each lot and its administered volume was evaluated against the 
specifications of  (old) at a p-value of p < 0.05 after the natural log 
transformation of the CRS/kg as discussed in the background section (page 2). No 
transformation analysis of the beractant data was done. 
 
 

(b) (4)
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Results: 
Lucinactant was not as efficacious as beractant in enhancing lung compliance in premature 
rabbit kits.  Table 3 presents result summary.  The respective mean CRS/kg in the low and high-
dose groups was approximately 510% and 440% for lucinactant and 1170% and 1300% in 
beractant.3  The respective low and high doses were 5.8 and 8.0 ml/kg for lucinactant and 4.0 and 
5.6 ml/kg for beractant. After the natural log transformation, the mean increase in lung 
compliance was 312% and 268% for the low and high volume of lucinactant, respectively (Table 
4, page 7). 
 

Table 3 Mean CRS/kg in Treatment Groups (% of Control mean) 
Low Dose High Dose p – value b Lot # 

Lucinactant 
(5.8 ml/kg) 

Beractant c 
(4.0 ml/kg) 

Lucinactant 
(8.0 ml/kg) 

Beractant 
(5.6 ml/kg) 

Lucinactant 
(5.8 vs. 8.0) 

Beractant  
(4.0 vs. 5.6) 

T7002 a 455 ± 116 1176 ± 133 287 ± 70 1294 ± 112 0.431 0.302 
T7003 a 551 ± 114 1182 ± 208 389 ± 57 1316 ± 224 0.093 0.492 
Mean 503 1179 338 1305 - - 

T8004 509 ± 56 1187 ± 112 451 ± 29 1269 ± 42 0.186 0.296 
T8005 596 ± 138 1186 ± 255 571 ± 56 1267 ± 226 0.783 0.702 
T8006 442 ± 51 1112 ± 127 408 ± 103 1358 ± 402 0.632 0.368 

 516 ± 103 1162 477 1298 - - 
Average 511 1168 441 1301 - - 
a. Expired lots. 
b. These p–values reflect the statistical difference between the low and high dose groups for each drug. 
c. Lot # for beractant was 54790Z7. 

 
The results also showed that the expiry status has no effect on the efficacy of lucinactant on 
lung compliance.  Lots T7002 and T7003 had expired while Lots T8004, T8005 and T8006 
had not.  There were, however, equally efficacious in enhancing lung compliance in rabbit 
kit. These results would have suggested that Lots T7002 and T7003 would have been 
efficacious if one disregarded the data in pre-term lambs that are considered a more 
established model.  The report of the lamb study reviewed earlier in the review showed that 
the same expired lots were only half as efficacious as the unexpired Lots.  

It was surprising that lucinactant not only failed to show a dose-response, but also lower 
efficacy at a higher dose.  Table 4 showed that the respective mean CRS/kg as a percentage of 
the control in the low (5.8 ml/kg) and high-dose (8.0 ml) groups was 511% and 441% overall, 
503% and 338% for the expired lots and 516% and 477% for the unexpired lots.  These 
reductions in lucinactant activity appeared numerical rather than statistical.  The reason for the 
lack of response in the high dose group is unknown, although the 8.0 ml/kg dose could be 
suboptimal.   
 
Table 4 (next page) presents results of the transformation and analysis of Lots T8004, T8005 
and T8006.  Purpose of the transformation was to reduce data variation associated with the 
raw data.   The transformed data showed that the 5.8 and 8.0 ml/kg of lucinactant cause 

                                                           
3 The study report presented the data as the “percent increase”.  The percent increase was defined as: % = 
(CRS/kg treatment ÷ CRS/kg control) *100%.   
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Methods: 
 
Doses:   4.0 and 5.6 ml/kg  
Species/strain:  Pre-term rabbit kits.  

Unique Study design: This study was designed to qualify 4.0 ml/kg beractant as an acceptable 
positive control for the rabbit fetus biological activity assay of lucinactant.   The rabbit 
fetuses were removed by the cesarean procedure on gestation day 27.  They were given 
immediately a bolus dose of 5.6 ml/kg (positive control), 4.0 ml/kg (testing) beractant 
(Survanta®), or air via intratracheal instillation before being placed on a mechanical 
ventilation machine.  Specific dynamic respiratory system compliance value was measured 
for 30 minutes as described in Method DP-018 Version 03.  Efficacy was determined by 
changes in CRS/kg and subsequent nature log transformation of the CRS/kg over the negative 
control.  The qualification criterion was that “the average minus approximately twice the 
variance complies with the current specifications of the method of  in … CRS/kg”.  
Changes in CRS/kg is defined as the mean CRS/kg of the test lot divided by the mean of the 
negative control and expressed in %. Changes in CRS/kg subsequently underwent natural log 
transformation as indicated in the previous study (RES-08-022).  Three beractant lots were 
tested.  There were ten runs per dose per lot.  

 

Results: 
There was no apparent difference in increases in CRS/kg associated with 4.0 or 5.6 ml/kg of 
beractant in the pre-mature rabbit kits. Table 5 presents the summary results.  For example, 
the mean increase in CRS/kg in Lot 54790Z7 was 1264.1 ± 154.4% and 1292.7 ± 263.6% for 
4.0 and 5.6 ml/kg beractant, respectively.  The two remaining lots showed similar results.  

 
Table 5 Mean Increase in CRS/kg in Rabbit Kits a 

after Beractant Treatments (RES-08-023) 
Lot # Lot 54790Z7 Lot 62957Z7 Lot 63708Z7 

Beractant 4.0 
 ml/kg 

5.6 
ml/kg 

4.0 
 ml/kg 

5.6  
Ml/kg 

4.0  
ml/kg 

5.6 
 Ml/kg 

CRS/kg (% of mean, row) 1264.1 1292.7 1027.4 1110.3 911.1 994.9 
SD 154.4 263.6 240.6 120.3 88.9 139.2 

Log-transformed ↑  7.135 7.48 6.912 7.007 6.810 6.894 

SD 0.125 0.180 0.225 0.104 0.095 0.138 
CRS/kg (%, geom. mean)  1255.4 1271.1 1003.8 1104.7 907.3 986.3 

SD 1.133 1.207 1.252 1.110 1.100 1.148 
a. n= 10/Lot/dose. 

 
Data from the above table was further pooled according to dose.  The threshold of lower 
bound (LSL in Table 6) was calculated and rounded in the same way as in Study RES-08-022 
(page 5).  Table 6 presents the summary results of the analysis.  
 

(b) (4)
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Unique study design or methodology: Lung compliance was determined 30 minutes after 
intratracheal instillation of lucinactant (5.8 ml/kg, 175 mg total phospholipid) in pre-term 
fetal lambs.  The lambs were delivered by Cesarean section on gestation days 125-128.  The 
lambs were anesthetized and placed on a mechanical ventilation machine.4 Baseline 
measurements were performed 5 minutes following the delivery.  The measurement included 
vital signs, arterial blood chemistry, and lung compliance. The compliance was measured by 
airway manometry and pneumotachography.  Lucinactant (n = 3 – 5 lambs/Lot) was then 
given by an endotracheal tube.5  At 30 minutes after administration of Lucinactant, 
respiratory compliance was measured again.  The measurement was made in two conditions: 
1) at the ventilator settings at the time (termed as “current” setting) and 2) settings adjusted to 
those at the baseline measurements, if clinical stability allowed. Both measurements were 
compared against what was previously reported in the laboratory and literature. Mean 
respiratory compliance at baseline and at 30 minutes after lucinactant dose were calculated 
using proprietary software (PeDS-LAB™, MAS, Hatfeld, PA) for each animal. 
 
Results: 
Lucinactant treatment resulted in increases of approximately 63 – 133% in lung compliance 
30 minutes after treatment.  The mean increase associated with the lots within the expiry date 
(Lot# T8004, T8005 and T806) was 127%.  This was, however, approximately twice that 
(63%) of the Lots beyond the expiry date (Lot# T7002 and T7003).  Table 7 presents the 
means of lung compliance at baseline and 30 minutes after the lucinactant treatment. 
 

Table 7 Mean Lung Compliance before and after Lucinactant Treatment in Pre-term Lambs 
Compliance (ml/cm H2O/kg) b Lot # a N 
Base line Treatment c, d 

% of baseline b 
compliance 

Net Increase  
(%) d 

T8004 5 0.079 ± 0.009 0.185 ±0.365 233.3 ± 26.4 133 
T8005 5 0.103 ± 0.049 0.228 ± 0.103 223.7 ± 7.1 123 
T8006 5 0.073 ± 0.019 0.164 ± 0.043 225.7 ± 1.5 125 

  Mean  0.085 ± 0.031 0.193 ± 0.065 227.6 ± 14.4 127 

T7002 3 0.079 ± 0.003 0.130 ± 0.022 162.7 ± 21.2 63 
T7003 3 0.071 ± 0.005 0.117 ± 0.013 164.0 ± 10.4 64 
  Mean    163.4 ± 15.0 63 

a. Lots T8004, T8005 and T8006 were within the expiry date while Lots T7002 and T7003 were 
beyond the expiry date.  

b. Reported values 
c. Measured at 30 minutes after the lucinactant treatment without adjusting the ventilator settings.  
d. Calculated values.  Increase% = % of baseline – 100. 

 

                                                           
4 The ventilation condition included a peak inspiratory pressure/positive end expiratory pressure (PIP/PEEP) of 

25/5 cm H2O, an inspiration time of 0.5 seconds, and a frequency of 50 breaths/min. The lamb was 
anesthetized with 1 mcg fentanyl (i.m.) and 1 mL of 0.5% Lidocaine (s.c. via ventral neck), and 0.1 mg 
pamcuronium bromide, (i.v.).  

5 During and after the dosing, mechanical ventilation settings (PIP, PEEP and frequency) were adjusted based on 
the objective determinants of preventing Lucinactant from refluxing into the endotracheal tube, and stable 
arterial blood pressure and pulse oximetry. 
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The study also measured lung compliance after adjusting the ventilator settings to these used 
at measuring the baseline.6  Results showed that adjusting the parameters did not affect the 
changes in lung compliance associated with lucinactant treatment. Specifically, the changes 
in lung compliance with or without adjusting the ventilator settings were 227.6 + 14.4% and 
237.1 + 22.4%, respectively.  
 
The report compared the magnitude of changes associated with the same lots (Lots T7002 and 
T7003) of lucinactant treatment previously reported in year 2007 and literature (Table 8).  
Results showed a significant decrease in potency of the lots between the 2007 and 2008 
studies.  Specifically, the mean increase in the lung compliance was 127% and 63% in years 
2007 and 2008, respectively.  It appears that the expiry status was the only major difference 
between the two studies.  This finding has significant implications to the interpretation of the 
rabbit model data (see the discussion and evaluation).   
 

 
Table 8 Effect of Expiration Status on Lucinactant Efficacy in Pre-Term Lambs 

Lung Compliance  
Year 

 
Expired Percent of Baseline Net Increase (%) 

2008 Yes 163.4 ± 15.0% 63% 
2007 a No 235.7 ± 70.3% 136% 

Literature b No 262.5% 162.5% 
a. The 2007 value was from Chemistry Consult Review No. 4 completed by Dr. 

Huiqing Hao on March 11, 2008 using the same lots (#T7002. T7004 and T7004).   
b. Reported by Gastiasoro-Cuesta et al. (Pediatrics, 117:295-303, 2006). 

 
Comments: This lamb study was not in full compliance with the 18-JUN-2008 minutes.  
Specifically, the study did not conduct a side-by-side comparison of the lamb and rabbit 
assay as requested.  The minutes states that “… another lamb study should be carried out 
using the same methodology as that in the research paper and should include a side by side 
comparison of the lamb and rabbit bioassays, the results of which, if consistent, could be used 
to bridge the activity of the current drug batches to the clinical batches.”  Granted, it is 
difficult to conduct “side by side” studies employing both rabbits and lamb because the two 
assays were developed in different laboratories  with different 
technical expertise (rabbit vs. lamb ventilators), reasonable attempts should be made. It was 
not clear from the submission that the sponsor had made such attempts.  
 
 

                                                           
6 The report states that “[b]ecause the published study by Gastiasoro-Cuesta E. et al. did not specify whether 

compliance measurements were obtained using the ventilator settings employed at the time of the baseline 
measurement or using the ventilator settings being employed at the time just before measurement, respiratory 
compliance was measured using both ventilator settings…. respiratory compliance measurements were first 
made using the current ventilator settings. Then the ventilator settings were set to those used at the baseline 
measurement and the lamb was ventilated at those settings to allow for the development of a constant 
ventilatory (i.e. pressure/volume/frequency) history before the respiratory compliance measurement was 
obtained.”  The report states that the change associated with lucinactant treatment reported by Gastiasoro-
Cuesta E. et al was 262.5%. 

 

(b) (4)
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 
 
The available nonclinical data in the resubmission has not adequately addressed the 
deficiencies identified in the 01-MAY-2008 approvable letter.  The deficiencies were 
inadequate validation of the in vivo rabbit fetal model and an insufficient link between the 
rabbit and the lamb models.  Discovery proposed to use the rabbit model as a primary assay 
for lucinactant potency prior to its release from the manufacturer. The Agency requested 
studies in the lamb model to provide a linkage between the clinical data and the rabbit model. 
The newly submitted nonclinical data included reports of a revised in vivo rabbit fetal model 
and a repeat study in a lamb fetus model.  These data failed again to establish the pre-mature 
rabbit kits as a valid assay.  Specifically, the rabbit model failed to distinguish efficacy 
between expiry and non-expiry batches of lucinactant. Efficacy of lucinactant on improving 
lung compliance in rabbit fetuses was only half of beractant, a currently marketed drug.  A 
repeat study in a pre-mature lamb model failed to provide a necessary linkage between the 
rabbit model and clinical experience.  Overall, the available data have not validated the rabbit 
model in assessing the potency of lucinactant in vivo.  

Discovery is proposing a rabbit fetus assay for assessing potency and release specifications of 
lucinactant batches prior to their release from the manufacturer.  The assay has been 
described in detail in the Background section.  Please refer to that section (page 2) for 
additional information.    

 
1. Outstanding Issues 
The Division of Pulmonary and Allergy Products’ (DPAP) had conducted several reviews of 
the adequacy of the rabbit fetal assay.  As eluded to earlier in the Background Section (Page 2 
- 4), DPAP and Discovery have been discussing an appropriate animal model for assessing 
lucinactant efficacy since December 2004.  These discussions can be found in a number of 
documents.  They included nonclinical reviews, NDA letters and minutes for telephone 
communications.  The reviews included Chemistry Consult Reviews 1 - 4 completed by Dr. 
Huiqing Hao on December 1, 2004, February 14 and March 3, 2006 and March 11, 2008, 
respectively.  Item 14 of the 01-MAY-2008 NDA Approvable Letter clearly stated the 
deficiencies of rabbit fetus model.  The 18-JUN- 2008 telephone conference discussed further 
the deficiencies and their remedies.  Item 14 of the 01-MAY-08 approvable letter states:   
 

“14. Comment 10 in our March 31, 2006, letter remains as a deficiency. Tighten the proposed 
acceptance criteria for the drug product biological activity and respond to the following 
comments regarding the analytical method DP-018 and the method validation. 

a. Analytical test method DP-018 (lucinactant bioassay in rabbits): 
1) Justify the use of the lucinactant dose in this assay. The dose to be used for lucinactant 

(8 mL/kg) is higher than the proposed clinical dose (5.8 mL/kg), the dose used in the 
neonatal lamb study conducted previously (5.8 mL/kg), and the dose to be tested for 
positive control (Survanta, 5.6 mL/kg). 
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2) Justify the criterion for a positive result for lucinactant bioactivity. In the protocol, the 
criterion was defined as Crs at 30 minutes ≥ 2-fold of the air control value. This 
definition differs from our recommended criterion of ≥ 3-fold. 

3) Provide acceptance criteria for positive controls. 
4) In the section “qualification of positive controls,” you stated “The ratio of the mean 

positive control Crs to mean negative control Crs will be calculated and expressed as a 
percentage for 10 assays. The average and standard deviation (SD) of the natural log-
transformation of these 10 values will be calculated. The threshold for mean Crs ratio of 
positive control versus negative control in a test will be determined by the exponential of 
the difference between the average and the product of  times the standard deviation 
rounded to closest 50%.” Explain this statement in order to clarify the expression of the 
data and the rationale for not using the same expression as that to be used for lucinactant 
activity. 

b. Validation study for the method DP-018: This study provided inadequate data to validate 
the rabbit bioactivity assay. Re-conduct the study to include the following: 
1) As stated in the methodology for DP-018, include a positive control (e.g., Survanta®) in 

the study.  
2) Test at least three lots of lucinactant as discussed in the meeting on December 21, 2006.  
3) Provide a complete study report including a clear description of the study method (test 

article identification, lot numbers, purity, dates of expiration, doses, group sizes, unit of 
measurements) and results (description and summary tables of the study results 
including mean value and standard deviation of the measurements, and line listing of 
individual animal data).” 

The 18-JUN-2008 telephone conference provided clarifications of some of the above 
deficiencies.  The most prominent points included the need for using clinical efficacious 
doses of lucinactant and beractant, the acceptance criteria for a positive result and a need for a 
link between lamb and rabbit models.  Regarding the link, the minutes of the telecon states:  

“The Division agreed to allow the data from the fetal lamb research paper to be the link to the 
original clinical study lots used in the pivotal study and stated that another lamb study should be 
carried out using the same methodology as that in the research paper and should include a side 
by side comparison of the lamb and rabbit bioassay, the results of which, if consistent, could be 
used to bridge the activity of the current drug batches to the clinical batches.”  

The following discussion consists of 4 parts.  The first part briefly summarizes the new data 
in the resubmission.  The second part analyzes the strength and deficiencies of the lamb and 
rabbit assays.  The third part determines whether the sponsor has adequately addressed the 
deficiencies identified in the approvable letter.  The fourth part discusses possible remedies to 
the deficiencies. 
 
2. Summary of New Data 
Pivotal new nonclinical data in the resubmission included efficacy studies of lucinactant in 
pre-mature rabbit kits and lambs (one each).  Table 9 provides an overview of study designs.  
Each study tested 5 batches of lucinactant.  Among them, 3 batches (Lots T8004, T8005 and 
T8006) were within the expiry date while the remaining two were not (Lots T7002 and 
T7003).  The lamb study used the lucinactant dose of 5.8 ml/kg only while the rabbit study 
used doses of 5.8 and 8.0 ml/kg.  These dose selections were acceptable as discussed 
previously in the background section.   

(b) (4)
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Table 9 Overview of the New Nonclinical Data in the Resubmission 

Study 
No. 

Species Compliance 
Parameter 

Endpoint Lot a 
tested 

Surfaxin 
(ml/kg/ 
batch) 

Survanta 
(ml/kg) 

n/dose 
 

N/A Lamb ml/cm 
H2O/kg 

% of baseline 
@ 30’ 

T8004, T8005 
T8006, 

5.8 - 5 

    T7002, T7003 5.8 - 3 
08-022 Rabbit CRS/kg % of air 

control @ 
30’ 

T8004, T8005 
T8006, 

5.8, 8.0 4.0, 5.6 3 

    T7002, T7003 5.8, 8.0 4.0, 5.6 3 
    a. Lots T8004, T8005 and T8006 were within the expiry date while Lots T7002 and T7003 were not.  
 
Note that there were major differences between the lamb and rabbit studies.  The efficacy 
parameter was lung compliance and specific respiratory system compliance in lambs and 
rabbits, respectively.  The efficacy endpoint was the compliance at 30 minutes as percentage 
of the baseline in lambs and percentage of the control in rabbits, respectively.  Effects of 
these differences on the results and data interpretation are unknown at the present time. The 
review assumes that they do not have any significant impact on the data interpretation.     

Table 10 (next page) summarizes the results of lucinactant effect on compliance in rabbits and 
lambs.  Data was extracted from Tables 3 (page 7) and 7 (Page 11), respectively.  Further, to 
facilitate species comparison, the data was normalized as the percentage of increase over the 
respective controls.  Results indicate that:  

1) The rabbit model showed declining efficacy for lucinactant, but a slight increase or a 
flat response for beractant.  The respective mean increase in compliance in the low (5.8 
ml/kg) and high-dose (8.0 ml/kg) lucinactant group was 411% and 341% overall, 403% 
and 238% for the expired lots and 416% and 377% for the unexpired.  The mean increase 
in compliance was 1,068% and 1,201% in the low (4.0 ml/kg) and high-dose (5.6 
ml/kg) beractant groups, respectively.   

2) Lucinactant was less efficacious than beractant in improving lung compliance in the 
rabbit model.  At the recommended clinical doses, the mean increase in compliance 
was 411% and 1068% for lucinactant and beractant, respectively.  Similar results were 
seen at supra-clinical doses. 

3) There was a significant difference in effect of expiry status on lucinactant efficacy 
between the rabbit and lamb models.  In the lamb model, the expired lucinactant lots 
possessed lower activity as compared to unexpired lots.  The rabbit model, however, 
could not distinguish between expired and unexpired lots (i.e., showed no difference).   
The effect of expiry status will be discussed further later.  

 
There is a difference between expired and unexpired lots at 8.0 ml/kg; however, 
activity is declining as compared to 5.8 mL/kg (8.0 ml/kg might be a suboptimal dose).  
The reason for such a difference is unclear given the lack of difference at the 5.8 ml/kg 
dose. 
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Table 10 Results of the Lamb and Rabbit Assays 

Mean Increase in Compliance (% ) a 
Rabbit b Lamb c 

Lucinactant Beractant  Lucinactant 

 
 
Lot 

 
Expiry 
status 

5.8 ml/kg 8.0 ml/kg 4.0 ml/kg 5.6 ml/kg 5.8 ml/kg 
T7002, T7003 Yes 403 238 1079 1205 63 
T8004, T8005, T8006 No 416 377 1062 1198 127 
 Mean - 411 341 1068 1201 - 

a. Changes in lung compliance 30 minutes after intratracheal instillation of 5.8 ml/kg of lucinactant.  These 
numbers were obtained by subtracting 100 from the reported % of control. 

b. Increases over negative (air) control in specific dynamic lung compliance CRS/kg.  The data was 
normalized by subtracting 100% from the reported data (Table 3, page 6).  

c. Increases (%) over base line in lung compliance in lambs.  (Source: Table 7, page 11). The compliance 
was measured by ml/cm H2O/kg. 

 
 
 
3. Evaluation of Available data 
 
Significant species differences in effects of expiry status on lucinactant activity between the 
lamb and rabbit assays prompted the reviewer to explore potential explanations.  As indicated 
earlier, there were major differences between the lamb and rabbit studies.  The most prominent 
ones may be efficacy parameters and efficacy endpoints.  The efficacy parameter was lung 
compliance and specific respiratory system compliance in lambs and rabbits, respectively.  
The efficacy endpoint was the compliance at 30 minutes as percentage of the baseline in lambs 
and percentage of the control in rabbits, respectively. Effects of these differences on the results 
and data interpretation are unknown at the present time. The reviewer assumes that they do not 
have any significant impact on the data interpretation.  The reviewer also examined historic 
data on each assay when data on the same lots were available.  The following discussion is 
limited to the lamb assay only because similar information is unavailable in rabbits.    Also, 
past divisional thinking suggested that the lamb data was of relatively good quality.   
   
The Lamb Model  
Data from the lamb model appeared consistent across laboratories and time. The 
inconsistency in lucinactant efficacy in Table 10 prompted a review of historic data to 
determine data reproducibility over time.  Table 11 summarizes the available results of effects 
of lucinactant on improving lung compliance in lambs. The table includes the data from the 
current and previous submissions as well as the literature data.  It turns out that the effect of 
non-expiry lucinactant batches was generally consistent across the laboratories over a 3-year 
period.  In 2007 and 2008, lucinactant lots within the expiry date at a dose of 5.8 ml/kg 
caused an increase of 123% - 177% in lung compliance at 30 minutes post dosing in two 
laboratories over this period.  The expiry status, however, significantly affected the activity of 
lucinactant lots. Lots T7002 and T7003 were within the expiry date in 2007 and beyond the 
expiry date in 2008. Their efficacy was 138.2% and 63.5% in 2007 and 2008, respectively.  
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Table 11 Effect of Lucinactant on Lung Compliance in Pre-Term Lamb 
 Increases  (%) in Mean Lung Compliance a 

Lot # 2008 2007 b 2006 (Literature) c 
T8004 133 - - 
T8005 123 - - 
T8006 125 - - 
  Mean 127  - 
T7002 63 126.3 - 
T7003 64 150.5 - 
T7004 - 177.5 - 
  Mean 63 151.4 162.5 

a. Increases in lung compliance over base line 30 minutes after intratracheal instillation of 5.8 
ml/kg of lucinactant.  The compliance was measured by ml/cm H2O/kg. 

b. Batches T7002 and T7003 were expired in 2008, but not in 2007. Source: Huiqing Hao’s review 
completed on March 11, 2008. 

c. Reported by Gastiasoro-Cuesta et al. (Pediatrics, 117:295-303, 2006).  Lot# was unknown. 
 
 
The Rabbit Assay 
As previously indicated, the rabbit model showed no dose-response relationship in lucinactant 
efficacy.  Further, lucinactant used an inferior acceptance criterion than beractant.  
Specifically, the acceptance criteria were  of the control after data 
transformation for lucinactant and beractant, respectively.  Finally, lucinactant possessed 
lower efficacy than beractant.  Table 4 (page 8) showed that the mean compliance at 5.8 and 
8.0 ml/kg lucinactant was 516% and 475% of the control (raw data), respectively.  After data 
transformation, the LSL was 312% and 268% for the 5.8 and 8.0 ml/kg, respectively.  The 
table also showed that the 5.8 ml/kg group passed the test while the 8.0 ml failed the test.  The 
report (RES-08-023) did not conduct transformation analysis for beractant, but the compliance 
after data transformation in the beractant groups should be at least  according to Report 
RES-08-22.  RES-08-022 showed that the LSL of beractant at row means of 1067% (at 4.0 
ml/kg) and 1132% (at 5.6 ml/kg) percent of the control was 615% and 705%.  The raw means 
at 4.0 and 5.6 ml/kg for lots T8004 – 8006 in Report RES-08-023 was 1162% and 1298% 
respectively.   

 
Comparison between Lamb and Rabbit Models 
It appears that the lamb model is a better characterized one although improvements may be 
made on it.  The lamb model showed relatively good reproducibility across laboratories over 
a 3-year period (Table 11, above).  The lamb model can clearly distinguish the expiry status 
of lucinactant batches.   

The rabbit model, on the other hand, failed to distinguish the effect of expiry status on lung 
compliance.  As indicated earlier (Table 10, p16), Lots T8004, T8005 and T8006 were the 
“good” lots while Lots T7002 and T7003 were the “bad” lots.  The good and bad lots showed 
403% and 416% increase in compliance, respectively.  The rabbit also failed to show any 
dose-response relationship in lucinactant activity.  

 

(b) (4)

(b) (4)
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4. Adequacy of Discovery’s Responses to the 01-MAY-08 Approvable Letter 
Discovery has adequately addressed all deficiencies, but 14.a.2 and 14.a.4. The following 
discussions summarize and evaluate the sponsor’s responses.   

• Report RES-08-022 used doses of the 5.8 ml/kg-lucinactant and 4.0-ml/kg beractant 
(Survanta®, positive control).  These doses are adequate to address Items 14.a.1 and 
14.b.1 because the doses are to-be-marketed clinical dose (lucinactant) and clinically 
recommended dose (beractant).   

• The report used the acceptance criteria of  of the negative control for a 
positive response for the lucinactant. The criterion of  satisfactorily addresses 
Items 14.a.2, but new data raises question validity of such a criterion.  Additional 
discussion will be found later. 

• The report used beractant doses of 4.0 and 5.6 ml/kg and set the acceptance criterion 
of  for the drug.  This modification apparently addresses adequately Item 
14.a.3 although the response of beractant group was less than ideal.  Report RES-08-
022 showed a trend in dose-response while RES-08-023 did not.  

• Report RES-08-022 tested 3 lots of lucinactant. This modification adequately 
addressed Item 14.b.2.  

• The report was provided as requested in Item 14.b.3.   
• There were explanations and justifications for the data transformation (natural log, 

Item 14.a.4).  Specifically, the natural log transformation of the data was used 
because: 
• Natural log-transformation is a normalization process. The transformed data have 

smaller variability and less skewedness. 
• The transformed data produce limits that are more conservative than 

untransformed data.   
• The threshold (LSL) is a lower bound such that 99.5% of the values in a normally 

distributed dataset would be greater than this bound. The natural log-transformed 
data boundary is the mean value minus  times the standard deviation, which is 
then exponentiated to put the boundary value in the original scale. 

 
Data Transformation:  
Responses to Item 14.a.4 were inadequate because results of data analysis contradicted the 
above statements.  There were two ways to analyze the efficacy: raw data and natural log 
transformation.  These two ways for data analysis had significant impact on the data 
interpretation and conclusion.  Table 12 presents the outcome of the data analysis with and 
without transformation of the 5.8-ml/kg lucinactant group.  The calculated limit for the 5.8 
ml/kg dose was 249.6% and 312% of the control without and with transformation.  If we use 
the  as the acceptance criteria as the protocol states, then transformation of the data 
played a pivotal role in determining whether the lots passed or failed the test.   
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Table 12 Effect of Data Transformation on Lucinactant Efficacy 
CRS/kg (% of Negative Control) a  

Raw Transformation 
Mean b 516.3 ± 103.4  6.230 ± 0.189 
Geometric mean - 507.8 
Calculated limit 249.6 c 312 
Round to closest 50% 250 300 
Conclusion Fail Pass 

a. Source: Table 14-4 (vol. 1, page 102) from Report RES-08-022. Lucinactant dose was 5.8 ml/kg.  
b. Lots T8004, T8005 and T8006 data only.  
c. Derived as: 516.3 –  x 103.4) = 249.5%.   

Table 13 is an overly simplified presentation of the effect of data transformation on 
lucinactant efficacy results in Report RES-08-022.  Neither dose would pass the test based on 
raw data.  Clearly, it was the data transformation that forced the 5.8 ml/kg group to pass the 
test.  If the transformation were more conservation as the sponsor claims, the opposite should 
be true.  The test lots should pass the test without transformation and fail the test after 
transformation.  Thus, the sponsor has not provided an adequate justification for the data 
transformation.   
 

Table 13 Effect of Data Transformation on Test Outcome 
Lucinactant  

5.8 ml/kg 8.0 ml/kg 
Raw data method Fail Fail 
Transformation method Pass Fail 

 
 Acceptance Criterion: Response to Item 14.a.2 seems satisfactory because the sponsor 
decided to use  as the acceptance criterion for a positive response.  The newly 
collected data, however, questions the appropriateness of this criterion, especially when the 
criterion is much less stringent than the beractant, the positive control.  Specifically, the 
acceptance criterion was  for lucinactant and beractant, respectively.     

Others: Discovery has not complied fully with the 18-JUN-2008 minutes regarding the lamb 
study.7  Specifically, the lamb study did not conduct a side-by-side comparison of the lamb 
and rabbit assay as requested.  Granted, it is difficult to conduct “side by side” studies 
employing both rabbits and lamb because the two assays were developed in different 
laboratories  with different technical expertise (rabbit vs. lamb 
ventilators), reasonable attempts should be made.  It was not clear from the submission that 
the sponsor had made such attempts.  

 

                                                           
7 The page 3 of the telecon minutes states: “… The Division agreed to allow the data from the fetal lamb 

research paper to be the link to the original clinical study lots used in the pivotal study and stated that another 
lamb study should be carried out using the same methodology as that in the research paper and should include 
a side by side comparison of the lamb and rabbit bioassay, the results of which, if consistent, could be used to 
bridge the activity of the current drug batches to the clinical batches. The rabbit assay could then replace the 
lamb study results as the bioassay moving forward.”  

(b) (4)

(b) (4)

(b) (4)

(b) (4)



Reviewer: Luqi Pei, Ph.D.                          Pharmacology and Toxicology Review                            NDA 21-746 
 
 

 20

Remedies for newly identified deficiencies  
There are potential remedies to the deficiencies of the application identified in the review.  
The sponsor may conduct additional studies to further validate the fetal rabbit assay, establish 
a valid lamb assay, or conduct clinical trials in conjunction with additional nonclinical data.  

To validating the fetal rabbit assay, the sponsor needs to: 1) demonstrate a dose-response 
relationship of lucinactant in fetal rabbits, 2) demonstrate the assay’s ability to differentiate 
lucinactant activity between the expired and expired batches or lots, 3) revise efficacy 
endpoint and acceptance criteria for positive results if necessary, 4) provide additional 
justification that data transformation produced more conservative acceptance criteria for a 
positive response.  As indicated earlier, the acceptance criteria of  of the control in 
mean CRS/kg over the control may not be appropriate.  It may be appropriate for lucinactant 
beractant to use the same acceptance criterion for a positive result. Since the fetal rabbit 
model has been used in other drug applications, the sponsor may consider using the similar 
efficacy parameters and endpoints to assess the activity of lucinactant.   The sponsor probably 
should not use the data transformation method.  The sponsor should tighten the acceptance 
criterion for a positive response if the transformation approach will be used.  

The sponsor may wish to validate a lamb assay as an alternative to the rabbit assay. In such a 
case, the sponsor needed to develop a Standard Operation Procedure for the lamb assay and 
provided necessary data for assay validation.   

Requirements for clinical trials will be addressed by the clinical discipline. Nonclinical 
requirements will be determined when clinical study protocols are submitted.   

 

Conclusions  
Overall, Discovery appeared to have adequately addressed most deficiencies in the 01-May-
2008 Approvable Letter; however, data provided in the current submission raises new 
questions about the appropriateness of the rabbit model as a valid assay.  Fundamental flaws 
included the lack of proper linkage between the lamb and rabbit models and the inability of 
the rabbit assay to distinguish between “good” and “bad” lucinactant batches.  The 
appropriateness of the acceptance criteria for a positive response of lucinactant (i.e., ), 
which the division agreed to previously may also need revision.  Finally, the data 
transformation has not been adequately justified. The available data have not validated the 
rabbit model for assessing the potency of lucinactant in vivo. 
The reason for lucinactant to fail in the rabbit assay was not clear.  The lack of efficacy of 
lucinactant and appropriateness of the end points and/or efficacy parameters could play 
important roles.    
 
 
Internal Comments  
Discovery has not adequately addressed each item in Comment 14 of the 01-MAY-2008 
approvable letter.  Specifically, the rabbit model failed to distinguish effects of expiry status 
on lucinactant efficacy.  Lucinactant had inferior potency in improving lung compliance and 
acceptance criteria than beractant in rabbit fetuses.  The valid link between the lamb and 

(b) (4)

(b) (4)
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rabbit was also lacking.  Data transformation significantly impacted the interpretation of the 
results. Overall, the available data have not validated the rabbit assay for assessing the 
potency of lucinactant in vivo. 

Discovery provided little new data to support drug substance impurity specifications that 
were recommended in Consult Review No. 4 completed by Dr. Hao on March 11, 2008.   
Recommendations, in Review No. 4 remain pertinent to the resubmission.   

 
 
External Comments 
You have not adequately addressed Comment 14 of the Approvable Letter issued on May 1, 
2008 and the request in the Question 1a discussion section of the minutes of the June 18, 
2008 telephone conference.  Comment 14 requests that you tighten the acceptance criteria for 
the drug product biological activity and validate the fetal rabbit biological activity assay.  
Question 1a requests that you repeat a lamb study that may provide a link for validating the 
fetal rabbit assay.  Your resubmission, however, has not adequately satisfied these requests 
because of the following: 

1) Results of lucinactant activity in the lamb and rabbit studies were inconsistent.  The 
rabbit assay failed to distinguish effects of expiry status on lucinactant efficacy while 
the lamb study did. 

2) The fetal rabbit assay has not been adequately validated.   

To address the above deficiencies, conduct one of the following options:  

1) Validate the fetal rabbit assay. Demonstrate the dose-response relationship of 
lucinactant in fetal rabbits.  Demonstrate the assay’s ability to differentiate lucinactant 
activity between the expired and unexpired batches or lots.  Revision of the efficacy 
endpoint and acceptance criteria for positive results might be necessary.   

2) Alternatively, demonstrate that the lamb model is a reliable assay for testing 
lucinactant activity. Use this model to link to the lots used in clinical trials. Further, 
this assay should be used to assess the potency and release specifications of drug lots. 

3) Conduct necessary clinical trials and nonclinical studies to validate any other bioassay 
to assess lucinactant potency and specifications prior to release.  

 
 
 
Luqi Pei, Ph.D. 
Senior Pharmacologist 
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 OND IO 
NDA: 21-746 
Submission date: October 31, 2007 
Drug: lucinactant (Surfaxin) 
Sponsor: Discovery Laboratories, Inc. 
Indication: prevention of respiratory distress syndrome (RDS) in premature infants at 
high risk of RDS 
Reviewing Division: Division of Pulmonary and Allergy Products 
 
Comments: 
This NDA was previously submitted on April 13, 2004. At that time the NDA was 
considered approvable from a pharm/tox perspective. No additional pharm/tox studies 
were considered necessary for the proposed indication. However, an approvable letter 
was issued on February 11, 2005 due to deficiencies in other disciplines. 
 
A short pharm/tox review was written for the current resubmission. This review 
confirmed that the NDA was approvable from a pharm/tox perspective and no additional 
nonclinical studies are necessary. The review suggested some changes in labeling. These 
changes were in the clinical pharmacology section which included a description of  
nonclinical studies on drug distribution. In addition, several minor changes were 
suggested in other nonclinical sections of the labeling.  
 
I concur with the Division pharm/tox recommendation that this NDA is approvable and I 
concur with the suggested labeling changes.  
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bronchial hypertrophy and hyperplasia. There were no NOAELs defined in these 
studies due the mortality and/or lung inflammation.  
 
Surfaxin toxicity studies in adult animals were conducted in rats (7 days at 320 
mg/kg) and dogs (single dose at 200, 400 and 600 mg/kg; 7 days at 200 and 400 
mg/kg). The common toxicity findings of these studies were respiratory distress 
after dosing, increased lung weights and lung inflammation (macrophages, 
neutrophils, mononuclear cells, and eosinophils at alveolar and/or 
bronchioalveolar and/or perivascular regions). Additionally, bronchial lymph 
node activation, hematological responses (increased WBC, neutrophils and 
eosinophils), granulocytic hyperplasia in bone marrow, and lymphocytic 
depletions in thymus and ileum were also reported in the dog 7-day study. All of 
the toxicities in adult animals were partially or completely reversed. There was no 
NOAEL defined in any one of these studies due to the findings of lung 
inflammations. 

 
 
B. Pharmacologic activity 
Surfaxin was considered pharmacological active based on its effects observed in 
vitro and in vivo studies. In vitro, Surfaxin decreased surface (air-liquid) tension, 
inhibited superoxide production in human neutrophils and resisted to be 
inactivated by serum components (fibrinogen, C-reactive protein, platelet 
activating factor and lysophosphatidylcholine). In vivo, Surfaxin increased lung 
compliance in premature rabbits, improved lung expansion, increased gas 
exchange and decreased ventilatory pressure in premature monkeys. Surfaxin 
treatment in three animal ARDS models showed beneficial effects including a 
rapid increase of PO2 with generalized lung expansion and reduced lung 
inflammation (bronchioalveolar protein, myeloperoxidase, neutrophils and RBCs) 
in the rabbits with saline lavage followed by LPS instillation induced ARDS; 
improved PO2 in rabbits with meconium instillation induced ARDS; and 
improved viability and reduced lung edema in pig with saline lavage induced 
ARDS. 

 
C. Nonclinical safety issues relevant to clinical use 
There are no special nonclinical safety issues relevant to clinical use. 
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NDA:     21,746 
Date of Submission:   10/31/2007 
Date of consultation request: 11/19/2004 original request for evaluation method of 

bioactivity of Lucinactant product and 11/22/2005 
original request for impurity qualification 

Date of review:     March 11, 2008 
Reviewer:    Huiqing Hao, Ph.D. 
Sponsor:    Discovery Laboratories, Inc. 
Drug:     Surfaxin (Lucinactant) 
 
Description of Consultation Request: 
The review chemist, Dr. Jean Nashed, requested an evaluation for the product bioactivity 
assay on 11/19/2004 and an evaluation for impurity qualification study on 11/22/2005.  
After a series of communications with the sponsor (2/11/2005 approvable letter, 
3/31/2006 approvable letter for a resubmission, 12/21/2006 meeting minutes), the 
sponsor provided the following studies in the current NDA resubmission: 

1. Bolus delivery of Lucinactant in ventilated very preterm lambs (Attachment 4 
E, Vol 1 of 2)  

2. Acute and sustained effects of lucinactant versus poractant-alpha on 
pulmonary gas exchange and mechanics in premature lambs with respiratory 
distress syndrome (Elena Gastiasoro-Cuesta, et al: Pediatrics volume 117, 
Number 2, Feburary 2006) 

3. Analytical test method: in vivo bioassay for Lucinactant (Module 3, vol. 3 of 
3, DP-018) 

4. Validation report: validation of the analytical test method DP-018 “in Vivo 
release Bio-Assay for Lucinactant” (Module 3, vol. 4 of 7, METHVAL-29) 

5. Acute intra-tracheal instillation toxicity study of lucinactant impurities in 
ferrets (Vol. 2 of 2, responses, appendix 1) 

 
The nonclinical evaluation is comprised of two sections: the evaluation of the proposed 
bioactivity program (Part I) and the evaluation of the drug substance and drug product 
impurity qualification (Part II).





impurity qualification study in ferrets and the impurity information was provided in the 
certificate of analysis (see part II of this review for the impurity qualification study).  
Methods: 
Doses:  5.8 mL/kg (175 mg phospholipid/kg)  
Species/strain:  Lamb 
Number/sex/group or time point (main study):  4 lambs/lot of Lucinactant  
Route, formulation, volume, and infusion rate:  Lucinactant, intratracheal instillations, 5.8 

mL/kg 
Satellite groups used for toxicokinetics or recovery: none   
Age:  Preterm, gestation age of 125-128 days. 
Weight:  Not provided 
Sampling times:  At 30 minutes after completion of the intratracheal bolus of Lucinactant 
Unique study design or methodology:   
Preterm fetal lambs (125-128 days gestation) were accessed via Cesarean section.  The 
fetal lambs were anesthetized (i.m.1 mcg fentanyl, s.c. ventral neck 1 mL of 0.5%  
Lidocaine) and the fluid was allowed to drain from the upper respiratory orifices, 
instrumented with an endotracheal tube by tracheotomy and the animal was paralyzed 
with pancuronium bromide via an IV injection.  The premature lambs were ventilated 
with a peak inspirtory pressure/positive end expiratory pressure (PIP/PEEP) of 25/5 cm 
H2O, an inspiration time of 0.5 seconds, and a frequency of 50 breaths/min.  Baseline 
measurements were performed 5 minutes following the delivery, including vital signs, 
arterial blood chemistry, and respiratory compliance measured by airway manometry and 
pneumotachography.  All animals were then given Lucinactant (5.8 mL/kg).  During and 
after the dosing, mechanical ventilation settings (PIP, PEEP and frequency) were 
adjusted based on the objective determinants of preventing Lucinactant from refluxing 
into the endotracheal tube, and stable arterial blood pressure and pulse oximetry.  At 30 
minutes after administration of Lucinactant, respiratory compliance was measured.  The 
measurement was first made using the current ventilator setting and then using baseline 
setting if clinical stability allowed. 
Results: 
With the current ventilator setting, mean respiratory compliance for each lot was 208-
277% (mean 224%) of baseline at 30 minutes after dosing.  Similar data were obtained 
with baseline ventilator settings.  The results were consistent across the three lots tested.  
At times beyond 30 minutes, up to 240 minutes after dosing, higher respiratory 
compliances up to 4-fold over baseline were observed (see the two tables below).  



 



 
   
 
Discussion: 
This study was designed to compare the biological activity of the newly manufactured 
Lucinactant in the lamb model to the biological activity in the lamb model with the 
batches used in the previously conducted pivotal clinical trials.  The methods and animal 
conditions in the current study were similar to those of the published study (see the table 
below) and the biological activity (lung compliance) was also comparable (current, 
224%; published data, 262%). 
 Current study Historical study  
N 4/group 6/group 
Gestation age 125-128 days 125 days 
anesthetization Fentanyl, im Xylazine, im, ketamine, iv 
Initial ventilator setting 50 cycles/min; PIP/PEEP, 

25/5 cm H2O; 
inspiratory/expiratory ratio, 
5:7; FiO2 and flow rate 
were not provided 

40 cycle/min; PIP/PEEP, 
25/5 cm H2O; 
inspiration/expiratory ratio, 
1:2; FiO2, 1.0; flow rate, 10 
L/min  

Maximum changes from the 
initial ventilator setting 

Adjustment was reported 
without providing details 

60 cycle/min; PIP, 35 cm 
H2O;  

Surfaxin dose 5.8 mL/kg 5.8 mL/kg 
basal PaO2 83 mm Hg 32-41 mm Hg 
30 min PaO2 149 mm Hg 174 mm Hg 
Basal heart rate 181 bpm 180 bpm 
2 h heart rate 196 bpm 194 bpm  
Basal Crs 0.092 mL/cm H2O/kg 0.08 mL/cm H2O 
30 min Crs 0.206 mL/cm H2O/kg 0.21 mL/cm H2O 
30 min Crs over baseline 
(%)  

224% 263% 

 



Of note, no control group (animals not given Lucinactant) was included in both the 
current and the published studies.   Therefore the role of time, i.e. whether respiratory 
compliance improvement is simply due to time itself, is not clear.  However, as per 
discussion with the Medical Reviewer, Dr. Anthony Durmowicz, it is unlikely that 
infants born with inadequate surfactant will show improved lung compliance after 30 
minutes or longer after birth.  This shortcoming of study design probably does not 
significantly compromise the reliability of the data.     
 
 

2. Rabbit Model: 
 
(1).  Analytical test method: in vivo bioassay for Lucinactant (Module 3, vol. 3 of 3, DP-
018) 
 
Brief description of the method: 
 
Preterm kits with gestation age of 26.5±0.5 days will be used.  Each assay will include 6 
kits/group including sample treatment group, positive control group (Survanta treatment), 
and air control group (negative control).  Kits weighing less than 23.0 g, with sufficient 
surfactant (see below) and/or with pneumothorax will be excluded. 
 
Following the anesthesia procedure, trachea will be intubated via a tracheotomy and 
Lucinactant 8 mL/kg or Survanta 5.6 mL/kg will be intratracheally instilled.  Then kits 
will be transferred to the appropriate port in the warmed plethysmograph (39±2 oC) and 
ventilated with a standard neonatal mechanical ventilator.  Kits will be ventilated in the 
plethysmograph at 27±1 cm H2O PIP, 0±0 cm H2O PEEP, flow rate of 8±2 L/min, 
ventilatory rate of 30±2 breaths per minute and inspiratory time of 0.45 ±0.00 seconds 
delivering 100% oxygen for 60±15 seconds prior to the first  recording.  The first 
recording is recorded as time T=0. 
 
Respiratory systemic compliance (Crs) will be measured as 20 seconds of flow and 
pressure data at 2 minute intervals for 30 minutes.  The body temperature will be 
measured at 30 minutes.  The data will be excluded from any kit whose body temperature 
does not reach 38±2 oC by 30 minutes of ventilation.        
 
If the Crs of an air control (negative control) kit at 30 minutes of ventilation is > 2.5 
times of the average of Crs measurement at times ≤10 minutes of ventilation, all kits from 
that doe will be excluded from the assay because they are considered surfactant 
sufficient. 
 
Positive criteria:  A positive test for Lucinactant is defined as 1) a statistically significant 
(p<0.05 by one sided student t-test) greater mean value of Crs compared to air control 
group and 2) an increase in the mean Crs of the test sample kits to >2.0 times of the mean 
of the negative control kits for single Crs values obtained from each kit after 30 minutes 
of ventilation.    
 



Qualification of positive controls:   
Ten assays will be performed as per protocol DP-018 including Tier 2 testing 
requirements, if needed (see below). 
 
The ratio of the mean positive control Crs to mean negative control Crs will be calculated 
and expressed as a percentage for 10 assays.  The average and standard deviation (SD) of 
the natural log-transformation of these 10 values will be calculated.  The threshold for 
mean Crs ratio of positive control versus negative control in a test will be determined by 
the exponential of the difference between the average and the product of  times the 
standard deviation rounded to closest 50%. 
  
Tier-two testing: 
In order to increase the testing power, the sample will be re-tested using six additional 
evaluable tests with Surfaxin, and positive and negative control kits if the criterion of an 
increase in the mean value of the test kits Crs is >1.5 but < 2 times the mean values of the 
negative control kits, or the first assay fails the t-test.    
 
Comments:  the following are issues that did not appear in previous submissions or issues 
raised previously by the Division that the sponsor failed to address.  The Sponsor should 
be asked to address: 

a) The dose to be used for Lucinactant (8 mL/kg) is higher than clinical dose (5.8 
mL/kg), the dose used in neonatal rabbit study conducted previously (5.8 mL/kg), 
and the dose to be tested for positive control (Survanta 5.6 mL/kg).  The sponsor 
needs to justify the use of the proposed higher lucinactant dose in this assay.  

b) A positive result for Lucinactant bioactivity was defined as the Crs at 30 minutes 
to be ≥ 2-fold of the air control value.  The Division recommended the sponsor to 
use a ≥ 3-fold criterion or justify the use of a lower value.  In the current 
submission, the sponsor failed to provide such a justification and the sponsor 
should address the issue. 

c) In the section “qualification of positive controls”, the sponsor needs to explain 
the following statement to clarify the expression of the data and the rationale for 
not using the same expression as that to be used for Lucinactant treated groups: 
“The ratio of the mean positive control Crs to mean negative control Crs will be 
calculated and expressed as a percentage for 10 assays.  The average and 
standard deviation (SD) of the natural log-transformation of these 10 values will 
be calculated.  The threshold for mean Crs ratio of positive control versus 
negative control in a test will be determined by the exponential of the difference 
between the average and the product of  times the standard deviation rounded 
to closest 50%”.  

d) The sponsor needs to provide acceptance criteria for the positive control.  
  
 
(2).  Validation report: validation of the analytical test method DP-018 “in Vivo release 
Bio-Assay for Lucinactant” (Module 3, vol. 4 of 7, METHVAL-29) 
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The validation study for Lucinactant bioactivity assay in the rabbit model was conducted 
by Discovery Laboratories Inc.    
 
The study method was not provided other than referring to the methods provided 
separately and reviewed above.  The assays were performed by setting up a sample queue 
with the controls such that consecutive orders of samples were administered to the rabbit 
kits in the following manner: 
 
“For triplicate determinations, three surfactant test samples were tested followed by one 
negative control sample and one positive control sample over the number of litters 
needed to complete a total of 18 test rabbit kits, 6 positive control rabbit kits and 6 
negative control rabbit kits.” 
“For single assays, single surfactant test samples were tested alternating with single 
positive and negative control samples over the number of litters needed to supply data 
from 6 test kits, 6 positive control kits and 6 negative control kits.”  
 
In the results and Discussion section, the following information was provided: 
 
Accuracy of the test method was evaluated by performing assay DP-018 three times on a 
single lot (Lot# T7004 of Lucinactant).  Assay results for the triplicate determination are 
presented below (tables were regenerated by this reviewer they were not legible after 
scanning).  The data presented were poorly organized and the information was 
incomplete including a lack of unit of measurement, definition of variance (eg, Standard 
deviation versus standard error), group size, and batch analysis of the test Lot #T7004.   
Of note, as the same lot number was presented in the lamb study (reviewed above), the 
lot # T7004 was newly manufactured.  Information regarding treatment for the negative 
control group (air control versus sham operation versus saline treatment) was not 
provided.   By definition, accuracy measures how close the result is to the true value.  
However, the current assay method and data provided no such information.   
 

Accuracy 
criteria Results 

 Assay 1 Assay 2 Assay 3 
Mean negative control Crs (30 min) 0.04683 0.04683 0.04242 

Variance  0.00005 0.00005 0.00015 
Mean T7004 Crs (30 min) 0.15512 0.23305 0.29467 

Variance  0.01286 0.02424 0.03649 
% of negative control 331.2 497.6 694.6 

T-statistic 2.335 2.927 3.22771 
Significance 0.03340 0.01638 0.01163 

Lab notebook reference pages  
 Notebook #A0350 

30 31 32 

 
 
The repeatability of the test method was evaluated by performing assay DP-018 three 
times on Lot #T7004 and three times on Lot #5085206A of Lucinactant.  Assay results 
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for the triplicate determination of each lot are presented in the table below.  Similar to the 
“assay for accuracy”, there is no information provided regarding the batch analysis of lot 
#5085206A and composition analysis.  It appeared that the sponsor expected a negative 
result for Lot#5085206A and this lot probably is an aged lot.  The two tables below are 
the Repeatability data (table generated by this reviewer). 
    

Repeatability (T7004) 
Criteria Results 

 Assay 1 Assay 2 Assay 3 
Mean negative control Crs (30 min) 0.04726 0.04726 0.04726 

Variance  0.00024 0.00024 0.00024 
Mean T7004 Crs (30 min) 0.18580 0.28524 0.18492 

Variance  0.00291 0.01106 0.00730 
% of negative control 393.2 603.6 391.3 

T-statistic 6.05360 5.48419 3.88341 
Significance 0.00046 0.00137 0.00580 

Lab notebook reference pages  
 Notebook #A0350 

40 41 42 

 
 
 

Repeatability (5085206A) 
Criteria Results 

 Assay 1 Assay 2 Assay 3 
Mean negative control Crs (30 min) 0.06095 0.06095 0.05597 

Variance  0.00078 0.00078 0.00100 
Mean 5085206A Crs (30 min) 0.08256 0.05617 0.05367 

Variance  0.00647 0.00075 0.00022 
% of negative control 135.5 92.2 95.9 

T-statistic 0.62155 -0.29897 -0.16137 
Significance 0.27855 0.61446 0.56182 

Lab notebook reference pages  
 Notebook #A0350 

46 47 51 

 
Based on the mean results provided, the assay does appear to be repeatable within a given 
lot. Lot T7004 produced a greater increase in Crs than Lot 5085206A which may be 
related to the ages of the lots. It is noteworthy that the mean negative control values for 
Crs were identical in all 3 assays for Lot 7004 and 2 out of 3 assays for Lot 5085206A. It 
seems odd that such consistent results could be generated in light of biological variability. 
The sponsor should submit the individual animal data for review. There is no 
differentiation for the repeatability and the accuracy assay with Lot T7004.  There is also 
no information provided explaining the variance among the assays in the repeatability 
study (eg, different time versus different operator versus different rabbit litter). 
 
The intermediate precision of this test method was evaluated by running assay DP-018 
three times on Lot T7004 and three times on Lot #5085206A of Lucinactant, by two 
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different analysts, over at least three different days.  The assay results showed that the 
study results are independent of operator.  The results were similar to those above.  Crs 
value ranged 311-474% of negative control value for Lot T7004 (fresh Lucinactant) and 
73-98% of negative control for Lot 5085206A.    
 
The specificity of the test method was evaluated by performing assay DP-018 one time 
on Lot #T7004 of Lucinactant and one time on Tris saline buffer.  Results showed 
positive effects for the Lot #T7004 (Crs value of 462% of negative control) and negative 
for Tris saline buffer (Crs value of 113% of negative control).   
 
Other stated evaluations for the test method included optimizing the assay condition (PIP 
and PEEP), temperature of plethysmograph, gestation age (27 days versus 28 days 
gestation age) and the suitability of using an alternative source of animals  Of 
note, no information regarding the source of original animals in the main part of the study 
was included.      
 
Among these data, Crs ratio of Lucinactant Lot T7004 over control ranged from 311-
694% (mostly >390% except one incidence of 311%) 
    
Comments:  This study is not acceptable based on the following issues: 

a) Per the discussion in the meeting with the sponsor of 12/21/2006 and the 
study protocol (method DP-018), the sponsor agreed to include a positive 
control (eg, Survanta) in the study.  However, this study failed to include such 
a group.    

b) The sponsor was recommended to test three lots of Lucinactant for the method 
validation study in the meeting of 12/21/2006.  In this study only one fresh lot 
was tested.   

c) The study report provided incomplete information.  Basic information 
including description of test articles and control, dose and group size for each 
group, units of measurements, and definition of variance were not reported.    

d) There are no individual line listing data provided. 
 
With regard to comparability between the lamb and rabbit model, this reviewer considers 
that these are two different models and either one is acceptable for evaluation of 
Lucinactant bioactivity based on the following: Lot 7004 induced Crs was 278% of 
baseline value in lamb model and the results were similar to those produced from the 
published lamb study that evaluated the clinical batches used in the pivotal clinical trials. 
Lot 7004 was also produced a Crs increase of 400-700% of the negative control group 
value in the rabbit model. The lamb study and the data submitted for the rabbit study 
indicate that both models can demonstrate the bioactivity of lucinactant batches although 
additional data, as noted above, are needed to support the acceptance of the rabbit model. 
 
 
Part II: 
Qualification of drug substance or product impurities 
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Background: 
In this NDA resubmission, the sponsor provided the following impurity specifications for 
drug substances and product. 

 impurity specifications are all acceptable as they are below 
the qualification threshold of 1% based on the draft guidance for Synthetic Peptide Drug 
Substance (CDER and CBER, CMC, 2004).      
 
The specifications for all other drug  related 
impurities exceed the qualification threshold of 0.15% (for daily dose ≤2 g) based on ICH 
guidance Q3A.  Therefore, qualification studies or adequate safety justifications are 
needed to support the proposed specifications. 

(b) (4)

(b) (4)
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toxicities observed with the impurity-spiked batch were limited to inflammatory lesions 
in the lung, larynx and trachea.  Animals given freshly manufactured Lucinactant showed 
similar toxicities but with a lower degree of severity.  No NOAEL was defined for any 
treatment group. Although the severity of findings with the impurity spiked batch were 
slightly increased in comparison to the fresh lucinactant batch, the increase in considered 
to be toxicologically insignificant. Therefore, the study can be used to qualify the 
impurities that were included in the spiked batch based on the concentrations tested. 
 
Study no.:   Study No. N107665 
Volume #, and page #:  Vol. 3 of 19 (Appendix 1) 
Conducting laboratory and location:   
Date of study initiation:  6/11/2007 (page 12 of the report) 
GLP compliance:  A signed GLP statement was accompanied with the study report.  
Exceptions to the FDA GLP compliance were the follows: The test article impurities 
analysis was performed by the Supplier according to Good Manufacturing Practice 
(GMP).  Care and housing of the ferrets and the feed used were not established for 
ferrets. 
QA report:  yes ( X ) no (  ) 
Drug, lot #, and % purity:   
The study report included the following statement: The test articles used in this study 
were identified as lucinactant, aged lucinactant (labeled SURF0034) and concentrated 
impurities (labeled SURF0034 impurities) and were supplied to  from Discovery 
Laboratory, Inc.  Test article compositions referred to the Certificates of Analysis in 
appendix B. 
 
More description for the test articles were provided in the response to the Division’s 
previous comments “Response Item” (vol. 1 of 2, response 2) as below.  
 
1. “Fresh LUCINACTANT”: Process validation Lot T7002, which had impurity levels 

that were below the shelf-life limits.  
2. “Aged Lucinactant”: Lot SURF-0034 which was stored for 42 months at 2-8oC and 

contained levels of impurities that were higher than the upper shelf-life limit, but 
below the elevated level of impurities in the concentrated-impurities 
LUCINACTANT test article.  

3. “Concentrated impurities LUCINACTANT”  Lot LUCINACTANT 0034+Impurities, 
which was manufactured by blending high levels of known

 impurities with aged LUCINACTANT Lot 0034 to maximize the impurity 
profile of the drug product administrated to the animal test subjects.  This test article 
was confirmed to contain elevated levels of the impurities intended to be qualified at 
the 10-fold level. 

 
In the following text, this reviewer uses the term “Impurity spiked Lucinactant” instead 
of Concentrated impurities Lucinactant for easier reading. The composition of the 
impurity spiked Lucinactant batch presented in this review reflects the version 002 
(certified on 10/27/2007, presented in response items, Vol. 1 of  2, attachment 2-1) 
presented in the “response item, attachment 2-1” because this version included two 
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updates from the original version which is referred by the study report and presented in 
the appendix B of the report. 
 
Composition of each test article can be found in the methods section of this review.  
 
Methods 
Doses:  23.2 mL/kg 
Species/strain:  ferrets, male, female and neutered 
Number/sex/group or time point (main study):  see the study design below  
Route, formulation, volume, and infusion rate:  Intratracheal instillations, twice within 24 

hours, with the total daily volume of  23.2 mL/kg.. 
Satellite groups used for toxicokinetics or recovery: none   
Age:  10-17 weeks old at dose initiation 
Weight:  neutered, 605 g-1000.6 g; males, 481.1 g -725.1 g; females, 559.9-616.3 g 
Sampling times:  24 hours or 28 days following the last dose, necropsies were performed 

in animals (see details in the sacrifice schedule below) 
Unique study design or methodology (if any):   

1. Anesthetized ferrets were intratracheally administered with test articles, twice in 
24 hours. 

2. Intact ferrets can be aggressive towards each other and are generally housed 
separately.  Neutered ferrets were used in this study for operational reason such as 
allowance of communal housing and intact male and female ferrets were used for 
evaluation of potential effects of test article on the testes and ovaries. 

 
 Group design: 
Group Test substance n Dose, mL/kg 
  Males Females Neutered   
1 Fresh Lucinactant 0 0 8 23.2 
2 Aged Lucinactant 0 0 8 23.2 
3 Impurity spiked 

Lucinactant 
6 6 0 23.2 

4 Untreated, ventilated 0 0 4 NA 
5 Naïve  3 3 4 NA 
 
Sacrifice schedule: 
Group Test substance 24-h sacrifice 28-d sacrifice 
  Neutered 

males 
Males Females Neutered 

males 
Males Females 

1 Fresh Lucinactant 4   4   
2 Aged Lucinactant 4   4   
3 Impurity spiked 

Lucinactant 
 3 3  3 3 

4 Untreated, 
ventilated 

2   2   

5 Naïve   3 3 4   





It is noteworthy that the concentration and corresponding administered dose of 
sinapultide in the fresh lucinactant batch was approximately 3-fold greater than in the 
aged batches. 
 
 
Observation and Times:  
Clinical signs:  Twice daily 
Body weights:  Pretest, prior to intra-tracheal instillation on Day 1, prior to necropsy on 
Day 3 (fasted), on Days 8,9,15, 22 and prior to necropsy on Day 30. 
Food consumption:  Not recorded 
Ophthalmoscopy:  Not conducted 
EKG:  Not conducted  
Hematology:  At necropsy 
Clinical chemistry:  At necropsy 
Urinalysis:  Not conducted 
Gross pathology:  At necropsy 
Organ weights:  Brain, heart, kidney, liver, lungs, ovaries (without oviduct), spleen and 
testes (without epididymides) were weighed. 
Histopathology:  a comprehensive battery of tissues was examined microscopically (see 
the histopath. table below) in all animals 
 
Results: 
Mortality:  Two neutered males at fresh Lucinactant group died during the dosing on Day 
1 and were subsequently replaced on study.  The deaths were attributed to drowning by 
the large volume of test article.  One male in the impurity spiked Lucinactant group was 
humanely sacrificed due to the condition related to needle laceration of an arterial vessel 
during anesthesia procedure.  This animal was replaced on study.  All other animals 
survived through completion of the study and were terminated at their scheduled 
necropsy.  
 
Clinical signs:  No remarkable findings.   
 
Body weights:  No remarkable findings 
 
Hematology: No remarkable findings 
    
Clinical chemistry:  No remarkable findings 
 
Gross pathology:  One male ferret in the impurity spiked lucinactant group showed an 
area of red discoloration in the right lung (cranial lobe). This finding corresponded 
microscopically to an area of moderate (Grade 3) inflammation.   
 
Organ weights: No treatment related findings were observed as compared to either 
ventilated ferrets or naïve ferrets.    
 
Histopathology:   



The majority of protocol specified tissues (see histopathology inventory) including 
mucosa-associated lymphoid tissues showed no treatment related findings. 
   
Treatment related findings were observed in the larynx, trachea and lungs of Groups 1, 2 
and 3 (fresh, aged and impurity spiked Lucinactant, respectively).  At 24-hours after 
dosing, lesions in the lungs consisted of multifocal areas of inflammation characterized 
by accumulation of macrophage and neutrophils, generally within alveolar spaces and 
terminal airways, with occasional lymphocytes and eosinophils, generally within the 
perivascular connective tissue.  The inflammation was noted as “chronic active” to 
denote the admixture of macrophages and neutrophils rather than specifically to denote 
true time-phase chronicity of the process.   Similar inflammation was observed in the 
larynx and trachea.  The tracheal changes consisted of focal to diffuse loss of cilia and 
disorganization of the epithelium, with mucosal infiltration of mixed inflammatory cells, 
predominantly neutrophils. Compared to the group given freshly manufactured 
Lucinactant, animals given the aged Lucinactant showed more severe lung inflammation 
(2.0 versus 2.8); the group given the impurity spiked Lucinactant showed similar degree 
of lung inflammation as that seen in the group given the aged Lucinactant (2.3-2.7 versus 
2.8).   The severity of the findings in the trachea and larynx was similar across groups 1-
3. 
 
The lung inflammatory finding was partially reversed by the end of 4 weeks of recovery 
period compared to naïve control.  However, there was no difference between groups 
given fresh Lucinactant and impurity spiked Lucinactant.  The groups previously treated 
with fresh or impurity spiked Lucinactant showed no difference from the naïve control in 
the larynx and tracheal examinations.   
 
Incidence (severity) of “chronic inflammation” in the impurity qualification study in 
ferrets 

 24 hour sacrifice 
Group   1 (F) 2 (A) 3 (S) 4 (U) 5 (N) 
Lung, 

inflammation 
M 
F 

4/4 (2.0) 4/4 (2.8) 3/3 (2.3) 
3/3 (2.7) 

2/2 (1.5) 0/3 
2/3 (1.0) 

Larynx 
inflammation 

M 
F 

4/4 (1.8) 4/4 (2.0) 3/3 (1.7) 
3/3 (1.7) 

NE 1/3 (1.0) 
2/3 (1.0) 

Tracheal 
inflammation 

M 
F 

4/4 (2.0) 3/4 (1.5) 3/3 (1.7) 
3/3 (1.3) 

NE 0/3 
0/3 

 28-day recovery sacrifice 
Lung, 

inflammation 
M 
F 

4/4 (1.8) 
4/4 (1.3) 

 3/3 (1.3) 
3/3 (1.0) 

2/2 (1.0) 4/4 (1.0) 

Larynx 
inflammation 

M 
F 

4/4 (1.0) 
2/4 (1.0) 

 1/3 (1.0) 
1/3 (1.0) 

NE 3/4 (1.0) 

Tracheal 
inflammation 

M 
F 

4/4 (1.0) 
4/4 (1.0) 

 1/3 (1.0) 
0/3 

NE 2/4 (1.0) 

Group 1, 2, 3 were given fresh, aged, impurity spiked Lucinactant, respectively; group 4 
and 5 were air and naïve control group, respectively. 



Numbers in parentheses represent lesion grades based on a scale of 4 as 1=minimum 
(least discernible lesions); 2=mild (easily discernible lesions unlikely to have great 
biological significance); 3=moderate (changes affecting a large area that had the potential 
to be of some significance); 4=marked (lesions that approached maximal) 
NE: not examined 
 
Discussion and Conclusion: 
Inflammatory lesions in the lung, larynx and trachea were seen in ferrets given 23.3 
mL/kg of the following test articles intratracheally: freshly manufactured Lucinactant, 
aged Lucinactant and aged impurity-spiked Lucinactant.   Among the three tissues, the 
lung appeared to be the most sensitive tissue to the impurity related toxicity.  The 
findings in the larynx and trachea were similar among the groups given freshly 
manufactured and impurity spiked Lucinactant.    
 
As only one dose level was tested, no NOAEL was identified in the study for any 
treatment group.  The severity of lung inflammation in the group given impurity spiked 
Lucinactant was similar to that given aged Lucinactant, and is slightly more severe than 
that given fresh Lucinactant (2.3-2.7 versus 2.8 as compared to 2.0, in a scale of 4) as 
shown below.   The slight increase of lung inflammation may not be toxicologically 
significant compared to the findings with the fresh Lucinactant. 
 

 24 hour sacrifice 
Group   fresh aged spiked Air contr naive 
Lung, 

inflammation 
M 
F 

4/4 (2.0) 4/4 (2.8) 3/3 (2.3) 
3/3 (2.7) 

2/2 (1.5) 0/3 
2/3 (1.0) 

 
Because the toxicity findings were limited to the local area, impurity exposures on a mg/g 
lung weight basis are compared as below.   
 
Impurity dose level (mg/g Lung weight)  
 Fresh 

Lucinactant 
Aged 
Lucinactant 

Impurity 
spiked 

Proposed 
product 
Specification 
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Histopathology inventory   
 
 

Study  N10765    
Species ferret    
Adrenals X    
Aorta X    
Bone Marrow smear X    
Bone (femur)     
Brain X    
Cecum     
Cervix     
Colon X    
Duodenum X    
Epididymis X    
Esophagus X    
Eye X    
Fallopian tube     
Gall bladder     
Gross lesions X    
Harderian gland     
Heart X    
Ileum X    
Injection site     
Jejunum X    
Kidneys X    
Lachrymal gland X    
Larynx X    
Liver X    
Lungs X    
Lymph nodes, cervical     
Lymph nodes 
mandibular 

X    

Lymph nodes, 
mesenteric 

X    

Mammary Gland X    
Nasal cavity     
Optic nerves X    
Ovaries X    
Pancreas X    
Parathyroid X    
Peripheral nerve X    
Pharynx     
Pituitary X    
Prostate X    
Rectum X    
Salivary gland X    
Sciatic nerve X    
Seminal vesicles     
Skeletal muscle X    



Skin X    
Spinal cord X    
Spleen X    
Sternum X    
Stomach X    
Testes X    
Thymus X    
Thyroid X    
Tongue X    
Trachea X    
Urinary bladder X    
Uterus X    
Vagina X    
Zymbal gland     

   X, histopathology performed 
    
 
 
Overall conclusion and recommendation: 

1. Lamb bioactivity study: 
The lamb study using three new lots of Lucinactant showed similar bioactivity to that 
reported in the previously published lamb study with the lots used in pivotal clinical 
trials.  Thus, the newly manufactured lots are considered biologically effective. 

 
2. Rabbit model 
To support the future use of a rabbit model, instead of the lamb model, for evaluation 
of the to be marketed lots of Lucinactant bioactivity, the rabbit study methods and a 
validation study were reported.   
Bioactivity study methodology: 
1) The sponsor needs to justify the use of the lucinactant dose in this assay. The dose 

to be used for Lucinactant (8 mL/kg) is higher than the clinical dose (5.8 mL/kg), 
the dose used in neonatal lamb study conducted previously (5.8 mL/kg), and the 
dose to be tested for positive control (Survanta 5.6 mL/kg).   

2) The sponsor needs to define the criteria for the “qualification of a positive 
control”  The provided description for “qualification of positive control” provides 
no criteria for acceptance of the positive control.  The sponsor needs to explain 
the following statement from the section “qualification of positive controls”, to 
clarify the expression of the data and the rationale for not using the same 
expression as that to be used for Lucinactant treated groups: “The ratio of the 
mean positive control Crs to mean negative control Crs will be calculated and 
expressed as a percentage for 10 assays.  The average and standard deviation (SD) 
of the natural log-transformation of these 10 values will be calculated.  The 
threshold for mean Crs ratio of positive control versus negative control in a test 
will be determined by the exponential of the difference between the average and 
the product of times the standard deviation rounded to closest 50%.”  

3) The sponsor needs to define a positive result for this assay as a Crs at 30 minutes 
≥ 3-fold negative control values or justify use of a lower value. In the current 
protocol, a positive result for Lucinactant bioactivity was defined as Crs at 30 
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minutes ≥ 2-fold of air control value.  The Division previously recommended the 
sponsor to use ≥3-fold criterion or justify use of lower value.  In the current 
submission, the sponsor failed to provide such a justification. 

 
Bioactivity Validation study: 

1) The submitted bioactivity validation is not adequate as conducted to support its 
proposed use to validate the bioactivity of Surfaxin batches for the following 
reasons: 

a. Per the discussion in the meeting of 12/21/2006 and the study protocol 
(method DP-018), the sponsor agreed to include a positive control 
(Survanta) in the study.  However, this study failed to include such 
groups.    

b. The sponsor was recommended to test three lots of Lucinactant for the 
method validation study in the meeting of 12/21/2006.  In this study only 
one lot was tested.   

c. The study report provided incomplete information.  Basic information 
including description of test articles and control, dose and group size for 
each group, unit of measurement, and definition of variance were not 
reported.    

2) As compared to the current lamb study, the rabbit study also showed that a 
single fresh batch of Lucinactant has a positive effect on improvement of 
respiratory compliance (Crs was 278% of baseline value in lamb model and was 
400-700% of control group value in the rabbit model). 

 
 

3. Impurity qualification study 
1) Drug product related impurities:  Ferrets were intratracheally administered with 

impurity (mixture of multiple product impurities) spiked “aged” Lucinactant for 
one day at a total volume of 23.2 mL/kg.  Groups given the “aged” and fresh lot 
of Lucinactant at with the same dose volume were also included in the study.  
The identified toxicities in all treatment groups were limited to inflammatory 
lesions in the lungs, larynx and trachea.  The lung inflammation was slightly 
more severe in the group given spiked impurities but the increase is not 
considered to be toxicologically significant.  No NOAEL was defined for any 
group.  Impurity exposures in the qualification study were more than 10-fold the 
maximum expected clinical exposure at the proposed specifications except for 
unspecified  impurities (7 fold) and  (2 fold).   was 
considered not attributable for the lung finding based on comparison across 
treatment groups on the exposure and lung findings.  However, with 
administered doses that were only 2-fold of the potential clinical exposure level, 

 was considered to be inadequately tested.  It is concluded that the 
sponsor’s proposed drug product impurity specifications are acceptable with the 
exception of . The sponsor should reduce the specification for this impurity 
to align with the recommended ICH qualification threshold (0.2%) or provide 
adequate safety data to support the proposed specification.  Of note, 
acceptability for the specification of total unspecified  

(b) (4) (b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)





  The table below presents the proposed drug 
substance related impurity specifications. 

 
 

 
Drug substance related impurity specifications 

Method Drug substance Impurity acceptance criteria 

 
In conclusion, the lamb bioactivity study is acceptable to correlate the current drug 
batches with those previously found to be active in pivotal clinical trials, but the rabbit 
bioactivity validation study is not acceptable as it provided inadequate data to validate the 
rabbit study method.  Numerous issues in the rabbit study methodology need to be 
addressed.  The ferret impurity qualification study supports the specifications for 
impurities in the drug product except for .  The impurities in the drug substances 
were not tested in the ferret impurity study and all exceed the ICH qualification threshold 
of 0.15%. The sponsor needs to qualify these impurities except for  (see 
details above). 
 
Internal comments: 
This review renders no evaluation for the proposed  of total unspecified  
related impurities in the drug product as this is a quality control issue. 
 
Comments to the sponsor: 
       

Analytical test method DP-018 (Lucinactant bioassay in rabbits): 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4) (b) (4)



1) Justify the use of the lucinactant dose in this assay. The dose to be used for 
Lucinactant (8 mL/kg) is higher than proposed clinical dose (5.8 mL/kg), the 
dose used in neonatal lamb study conducted previously (5.8 mL/kg), and the 
dose to be tested for positive control (Survanta, 5.6 mL/kg).   

2) Justify the criterion for a positive result for Lucinactant bioactivity. In the 
protocol, the criterion was defined as Crs at 30 minutes ≥ 2-fold of the air 
control value.  This definition differs from the Division’s recommended 
criterion of ≥ 3-fold. 

3) Provide acceptance criteria for positive controls. 
4) In the section “qualification of positive controls”, you stated “The ratio of the 

mean positive control Crs to mean negative control Crs will be calculated and 
expressed as a percentage for 10 assays.  The average and standard deviation 
(SD) of the natural log-transformation of these 10 values will be calculated.  
The threshold for mean Crs ratio of positive control versus negative control in a 
test will be determined by the exponential of the difference between the average 
and the product of  times the standard deviation rounded to closest 50%.” 
Explain your statement to clarify the expression of the data and the rationale for 
not using the same expression as that to be used for Lucinactant activity.  

 
Validation study for the method DP-018:   

This study provided inadequate data to validate the rabbit bioactivity assay.  Re-
conduct the study to include the following:    

1) As stated in the methodology for DP-018, include a positive control (eg, 
Survanta) in the study.  

2) Test at least three lots of Lucinactant as discussed in the meeting on 
12/21/2006. 

3) Provide a complete study report including a clear description of study 
method (test article identification, lot numbers, purity, dates of expiration, 
doses, group sizes, unit of measurements), and results (description and 
summary tables of the study results including mean value and standard 
deviation of the measurements, and line listing of individual animal data).     

 
Impurity qualification study: 

1) Your impurity qualification study in ferrets supports the impurity 
specifications for the drug product except for  Therefore, reduce the 
impurity specification to NMT  or provide adequate safety data to 
qualify this impurity. 

2) The drug substance related impurities were not tested in the ferret study. 
Since the specifications for the impurities related to  

 exceed the qualification threshold of 0.15% recommended by 
the ICH guidance Q3A, reduce the impurity specifications to NMT 0.15% or 
provide adequate safety data to qualify these impurities.  

 
  

    Huiqing Hao, Ph.D., Pharmacologist 
 

(b) (4)

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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Pharmacology Consult Review -3 

 
NDA:    21,746 
Date of Submission:  10/5/2005 
Date of consultation request: 11/22/2005 
Date of review:  March 3, 2006 
 
Reviewer:   Huiqing Hao, Ph.D. 
Sponsor:   Discovery Laboratories, Inc. 
Drug:    Surfaxin (Lucinactant) 
 
Description of Consultation Request: 
The review chemist, Dr. Jean Nashed, requested a review of the sponsor’s response to 
questions 1a and 11b of the Approvable letter of February 11, 2005.  The responses are in 
regard to the safety qualification of impurities at or above 0.15%.  The sponsor provided 
an impurity qualification study (Appendix 11), a review of toxicology data for 
qualification (Appendix 12) and a review of clinical data for qualification (Appendix 13).    
 
Background: 
In the Approvable letter, question 1a requested appropriate acceptance criteria for 
individual and total impurities for each drug substance component. The sponsor was 
asked to list all identified, specified and unspecified individual impurities detected by 
each analytical method, to report each individual impurity present at or above 0.05%, to 
identify and limit individual impurities present at or above 0.10% and to qualify 
individual impurities present at or above 0.15%. Question 11b requested a revision of the 
drug product impurity/degradant specifications to list all individual impurities and to 
report all individual impurities occurring at or above 0.05%, identify each impurity 
present at or above 0.10%, and qualify each impurity present at or above 0.15%.  As part 
of the sponsor’s proposed qualification, they submitted a 7day intratracheal instillation 
study in New Zealand white rabbits (document # MB 05-13877.32, Appendix 11), a 
review of the toxicology data for impurity/degradant qualification (document # 
RESPORT-38, Appendix 12) and a review of the clinical data for impurity/degradant 
qualification (document # RESPORT-39, Appendix 13). The former two documents will 
be reviewed here in relation to the supporting information for qualification of the 
impurities and degradants. 
 



Review and Evaluation: 
 
Question 1a: In response to question 1a, the sponsor provided the following: 
 
Table 1a-1 (page 9 of part 1.2): Identified, specified and unspecified, drug substance 
impurities 
Method number Drug substance Impurity 

 

 

 
Individual impurities present at or above 0.1% have been limited via the revised 
specifications below. 

Drug substance related impurity specifications 
Method Drug substance Impurity acceptance criteria 

 

(b) (4)

(b) (4)



Question 11b: In response to question 11b, the sponsor provided the following: 
 
Drug product impurity  
impurity specification 

 
It is noted that the sponsor did not provide information regarding which impurities listed 
in Table 1a-1 are at or above 0.1%.  Therefore, the impurity acceptance criteria for 
“individual” is assumed to refer to each impurity identified. 
 
The following evaluation for drug substance and product impurity qualification is based 
on the 7-day rabbit impurity qualification study and the sponsor’s review of toxicity data 
against the impurity specifications provided in the tables above. 
  
Study title:  Qualification of process impurities and degradation products of Lucinactant: 
A 7-day intratracheal instillation study in adult New Zealand white rabbits 
 
  
Key study findings:  Mortality and lung granulomatous inflammation in rabbits given 
the Surfaxin process-related impurity mixture and lung proliferative inflammation in 
rabbits given the forced degraded Lucinactant were reported. No NOAELs were defined.     
 
Study no.:   05-13877.32 
Volume #, and page #:  Vol. 2, Page 118 (Appendix 11) 
Conducting laboratory and location:   

 
Date of study initiation:  Aug. 24, 2005 
GLP compliance:  Yes, the study report was accompanied with a signed GLP statement. 
QA report:  yes ( X ) no (  ) 
Drug, lot #, and % purity:  Process related impurity mixture (Lot No. A0209:29), and 
forced degraded Lucinactant (Lot No. Surf-0035).   The Lot Surf-0035 was 21months old 
when heated at 50 degrees Celsius for 7 days to forcibly increase the levels of impurities 
within the test article. 
 
Methods 
 Anesthetized New Zealand white rabbits (body weight at 2.1-2.7 kg in males and 
2.0-2.7 kg in females) were treated daily with the test substance intratracheally (through a 
catheter) for 7 days.  The study design was the following: 

(b) (4)

(b) (4)

(b) (4)







Body weights:  Lower body weight gain was seen in the Group 2 compared to Group 1 
(0.2 versus 0.04 kg).  The table below presents the male and female combined body 
weights in each group. 
 
Body weight (kg) 
Group  1 2 3 
Pre-dose  2.41 ± 0.20 2.22 ± 0.16 2.28 ± 0.19 
Day 7 2.61 ± 0.20 2.26 ± 0.15 2.45 ± 0.10 
Gain  0.2 0.04 0.17 
 
Hematology: Lower red blood cell parameters (RBC count, hemotocrit and hemoglobin) 
were observed in Group 2 males (see the table below for the details).  Additionally, 
control females showed less RBC distribution width than Group 2 (12.0% versus 13.3%) 
and the reference value was zero.  The significance of this finding is unclear.   The values 
in Group 3 were similar to those of Group 1. 
    
Male rabbit red blood cell parameters: 
 Group 1 Group 2 Reference range
RBC count (mill/uL) 6.29 5.18 5.59-6.74 
HCT (%) 39.07 31.85 38-45.5 
Hb (g/dL) 13.17 10.8 11.6-14.6 
 
Clinical chemistry:  Magnesium level in Group 1 males (3.63 meq/L) was higher than in 
Group 2 males (2.95 meq/L) and Group 3 males (3.1 meq/L).  However, there is no 
associated toxicological significance for this observation.  There were no other 
differences between groups in any other clinical chemistry parameters in males or 
females.   
 
Gross pathology: Not provided   
 
Organ weights:  There was no significant finding.    
 
Histopathology:  Test article-related changes were seen in rabbits of Group 2 (process-
related impurity mixture) and Group 3 (forced degraded Lucinactant).  The changes were 
limited to the lungs.  
 
The test article-related changes in the Group 2 rabbits were primarily related to the 
presence of up to moderate amounts of dense eosinophilic amorphous material in the 
bronchi, bronchioles and adjacent alveoli.  The eosinophilic material was considered to 
be test article and had elicited a granulomatous inflammation with a multifocal or lobar 
distribution in response to its presence.  These areas of granulomatous inflammation were 
relatively solid and dense and were comprised of macrophages, heterophils, eosinophils 
and other mononuclear inflammatory cells, multinucleated giant cells and occasional foci 
of necrosis.  Leukocytic exudate was also seen around some of the eosinophilic foreign 
material in the alveoli.  Adjacent areas of the lung had multifocal accumulations of large 



alveolar macrophages in the alveolar lumina.  Also, in some of the airways that contained 
the eosinophilic material, there was a reactive hyperplasia of the epithelium.     
 
In addition to the above changes, a large area of abscess was seen in one rabbit in Group 
2.  The abscess was considered procedure-related (contamination or trauma during 
intubation).    
 
Two male and two females in Group 2 died before the scheduled sacrifice (two males on 
Day 7; one female on Day 2 and one female on Day 4).  All of these rabbits had 
accumulations of eosinophilic material in the airways and associated variable amount of 
granulomatous inflammation.  The two male rabbits also had mild or moderate subacute 
myocardial inflammation similar to that seen in the control female rabbit that died at Day 
3.  The myocardial inflammation was probably a pre-existent finding.      
 
Test article-related histopathological findings in the lungs of the Group 3 rabbits were up 
to moderate multifocal accumulations of large alveolar macrophages scattered throughout 
the lung.  In some areas, these macrophages were so dense that they had completely 
occluded the alveolar space.  Also in these areas, there was some associated inflammation 
with thickening and increased cellularity of the alveolar septal wall.  This entire process 
was classified as “proliferative inflammation”.   
 
Another associated finding in Group 3 was an accumulation of a pale granular partly 
eosinophilic and partly basophilic material with some macrophages in many alveoli.  This 
change occurred at varying degrees of severity.  The histomorphologic appearance of this 
pale intra-alveolar substance was clearly different from the dense eosinophilic material 
seen in the bronchi and alveoli of the Group 2 rabbits.   The nature of the pale intra-
alveolar substance was not identified although the test article is possible.  There was one 
rabbit in Group 3 showed granulomatous inflammation which was similar to that seen in 
Group 2.   
 
Rabbits in Group 1 showed a few microgranulomas which were associated with foreign 
bodies, such as remnants of hair shafts and food particles which were probably 
introduced by intubation procedure.  In addition to the microgranulomas, acute alveolitis 
and small macrophages scattered throughout the alveoli were also seen in Group 1.   
 
Foreign bodies were also reported in Group 2 and 3.  However, the sites where those 
foreign bodies were observed and the natures of the foreign bodies were not provided. 





rabbits.  A comparison of the major toxicity findings for the Surfaxin-related impurities 
and Surfaxin and dose comparisons between the studies is presented in the tables below: 
 Impurity study Surfaxin studies 
 Group 2 Group 3      
animal rabbit rabbit Neo-rabbit Neo-dog Neo-

cat 
rat dog 

dosing 
duration 

7 days 7 days 14 days 14 days 14 
days 

7 days 7 days 

Mortality +  - +  - - - - 
Lung infla. Granulomatous 

infla. (related 
to deaths) 

MΦ 
occlusion 
of alvel. 

Bronch.alv. 
subacute 
infla. and 
↑MΦ  

Bronch.alv. 
subacute 
infla. 

↑MΦ histiocytosis, 
acute focal 
infla 

tracheal 
and 
lung 
infla 

Airway epi 
hyperplasia 

Epi. 
Hyperplasia 

 - Bronch. 
Mucin-cell 
hyperplasia 

- - - 

Thickening 
alveolar 
septal wall 

- + - - - - - 

 
Dose comparison  between the studies for impurities and Surfaxin (mg/kg) 
 The impurity study Surfaxin studies 

 
 Impurity 

mixture 
(Group 2) 

Forced degraded 
Lucinactant 
(Group 3) 

14-day neonatal 
studies (175 mg/kg) 
in rabbits, dogs, cats 

7-day, adult 
dogs 
(HD=400 
mg/kg) 

7-day, adult 
rats (320 
mg/kg)  

Active component exposure (mg/kg) 
PA  32 23.5 53.7 43.0 
DPPC 29  105 130.5 298.2 238.6 
POPG  33.8 43.5 99.4 79.5 
Sinapultide 16.7* 3.02 4.6 10.5 8.4 

Impurity component exposure (mg/kg) 
   
   
   

   
   
   
   

   

 impurities (see the method part) 

(b) (4)



It is difficult to compare study results across different species and different ages.  
Nevertheless, based on the histopathological findings, toxicities observed in the impurity 
study appear to be somewhat more severe than that in standard Surfaxin studies as the 
current findings of granulomatous inflammation and macrophage occlusion of alveolar 
spaces were not reported in Surfaxin studies. 
 
To further evaluate safety of the impurity exposure, impurity levels tested in the current 
study and maximum expected human exposures (based on the proposed specifications 
and clinical use) are compared as shown below. 
 
Impurities in the drug substance 

Tested dose (mg/kg) Drug 
substance 

Impurity specification MHE 
(mg/kg) Group 2 Group 3 

 

 

Note: blanks indicate not tested; * MHE, maximum human exposure;  # the specification 
was for unspecified impurity without differentiation of “A” and “B”.  Therefore, it is not 
clear if  refers to impurity A or B or the combination of A and B. 
 

(b) (4)

(b) (4)





compared to the results of previous surfaxin studies. It is concluded that the current 
impurity qualification study provides inadequate safety qualification for any of the 
identified impurities.   The sponsor also needs to identify the unspecified impurities 
before a safety qualification can be conducted. 
 
Report title: A review of Toxicology Data for the Qualification of Lucinactant 
Impurities/Degradation Products 
 
Volume 3, Appendix 12: 
 
Review and evaluation: 
The sponsor intended to qualify the impurities by the previously conducted three studies:  

14-Day intratracheal instillation of Lucinactant in Beagle pups with a 28 day recovery 
( -01-036) 
14-Day instillation of Lucinactant in neonatal rabbits (3 weeks old) with a 28 day 
recovery -02-003) 
Lucinactant: an intratracheal instillation toxicity study to determine the effects of 
dosing 10-11 days old kittens daily for two weeks with a 28-day recovery  03-
101) 

The impurity levels in the test articles in the three studies were estimated based on the 
relevant stability data obtained from 5 recent lots.  Exposure levels of process related 
impurities  were calculated based on analysis of the lots of  
(Lots KL4-0011, KL4-0012, and KL4-0013) used in the manufacture of drug product lots 
used in the aforementioned pre-clinical studies.   
 
This reviewer considers this method of impurity level estimation for previous batches of 
drug acceptable.   
 
Based on the estimated impurity exposures, the sponsor suggested that the following 
impurity levels were administered in the three studies previously conducted and, based on 
the results, concluded that the impurities were qualified by the single dose and 14-day 
dose studies: 

(b) (4) (b) (4)

(b) (4)

(b) (4)

(b) (4)



 

Based on the average level of impurities accumulated after 14 days of dosing, the sponsor 
concluded that their proposed impurity specifications were qualified as described in the 
table below.  
 
Average level of qualified impurities across the three studies 

 Proposed spec Qualified by single 
dose* 

Qualified levels by 14 
days dose  

* It is not clear how the sponsor derived qualified dose (mg/kg) based on the impurity 
concentrations as the daily doses of active components used  in the calculation here seem 
not to match with that in clinical formulation.   
# in the sponsor’s review, the specification for  

which was presented in the impurity specifications for drug product. 
 
This reviewer considers that only the daily impurity exposure levels rather than the 
accumulated (14 days) levels can be used in the qualification evaluation.  The impurities 
tested in each of the three studies in comparison with the maximum human exposures 
based the sponsor’s specifications are the following: 

(b) (4)

(b) (4)

(b) (4)





Recommendation: 
The current 7-day rabbit impurity qualification study and review of previously conducted 
three 14-day Surfaxin studies failed to adequately qualify the proposed drug substance 
and product impurity specifications.  Therefore, the sponsor should lower the impurity 
specifications in accordance with ICH guidance Q3A and Q3B or provide additional 
qualification information to support the safety of the proposed impurity specifications.  
 
Draft comments to the sponsor: 
Provide adequate safety qualification to support the proposed specifications for all 
identified drug substance and drug product impurities or reduce the specifications to 
those recommended in ICH Guidances Q3A(R) and Q3B(R). The submitted 7-day 
impurity qualification study in rabbits and the rationale based upon previously conducted 
toxicology studies do not provide adequate information to qualify the proposed impurity 
specifications. Specifically, the impurities were either administered to animals at daily 
doses that were lower than the maximum expected daily human dose or were not 
identified in the administered batches. Specifications above the ICH recommended levels 
should be associated with daily human doses that have been demonstrated to produce no 
significant toxicity, usually in animal studies, with the inclusion of adequate safety 
margins.     



Histopathology inventory  (optional)   
 
 

Study  -
13877.32

   

Species rabbit    
Adrenals X    
Aorta X    
Bone Marrow smear X    
Bone (femur)     
Brain X    
Cecum X    
Cervix     
Colon X    
Duodenum X    
Epididymis X    
Esophagus X    
Eye     
Fallopian tube     
Gall bladder X    
Gross lesions X    
Harderian gland     
Heart X    
Ileum X    
Injection site     
Jejunum X    
Kidneys X    
Lachrymal gland     
Larynx X    
Liver X    
Lungs X    
Lymph nodes, cervical X    
Lymph nodes 
mandibular 

    

Lymph nodes, 
mesenteric 

X    

Mammary Gland X    
Nasal cavity X    
Optic nerves X    
Ovaries X    
Pancreas X    
Parathyroid X    
Peripheral nerve X    
Pharynx X    
Pituitary X    
Prostate X    
Rectum X    
Salivary gland X    
Sciatic nerve X    
Seminal vesicles X    
Skeletal muscle     

(b) (4)



Skin     
Spinal cord X    
Spleen X    
Sternum     
Stomach X    
Testes X    
Thymus X    
Thyroid     
Tongue     
Trachea X    
Urinary bladder X    
Uterus X    
Vagina     
Zymbal gland     

   X, histopathology performed 
   *, organ weight obtained 
  
 
 
     
 
     Huiqing Hao, Ph.D., Pharmacologist 
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Pharmacology Consult Review -2 

 
NDA 21-746 
Date of Submission:  10/5/2005 
Date of consultation request: 11/19/2004 (original request) 
Date of review:  2/14/2006 
 
Reviewer:   Huiqing Hao, Ph.D. 
Sponsor:   Discovery Laboratories, Inc. 
Drug:    Surfaxin (Lucinatant) 
 
Review and Evaluation: 
The testing method for bioactivity of Surfaxin in premature rabbits was reviewed on 
12/01/2004 in response to a consult request from Dr. Jean Nashed, the review chemist. 
The recommendations regarding the testing method were provided to the sponsor in the 
approvable letter on 02/11/2005.  In the current submission, the sponsor responded to the 
Division’s recommendations.  The following review presents the Division’s previous 
comments, the sponsor’s responses and the evaluation to the responses sequentially.    
 
Comment 12a: Determine the acceptance criteria of the lung immaturity for each 
animal using a specific tidal volume under a specific pressure after stabilization.  
 
Discovery response:  The acceptance criteria cannot be prospectively determined for lung 
immaturity for each of the test animals since surfactant is administered prior to initiation 
of mechanical ventilation.  In lieu of determining the compliance of each animal used in 
the assay, a system suitability criterion for the control animals will be the following: If 
the compliance of a control animal increases by more than 150% during the first thirty 
(30) minutes of the test, no animals from that litter are used for evaluating the test article. 
 
Evaluation:  The sponsor’s response is acceptable.  An increase in Crs of 150% (a 2.5 
fold increase over the value of T≤10 minutes) in the untreated rabbits may indicate that 
these rabbits have mature lungs (with natural surfactant).  Although the proposed criteria 
may lead to the inclusion of some mature rabbits in the testing, this inclusion is unlikely 
to result in an overestimation of the drug efficacy because a higher background level of 
compliance would tend to lower the efficacy of the test drug (surfaxin).  Therefore, there 
is no preclinical objection to this proposal.  
 
Comment 12b:  Test the control animals untreated rather than giving Tris saline 
buffer, since the saline treatment is known to decrease lung compliance. 
 
Discovery response:  Method DP-018 has been revised to eliminate the use of the Tris 
buffer in the controls and is replaced by a negative control of air sham.  
 



Evaluation:  The sponsor’s proposal is acceptable. 
 
Comment 12c:  Include an internal reference standard of Surfaxin (e.g., the batch 
used in the pivotal clinical trials, or an equivalent batch of proven potency).  The 
internal standard is expected to show a statistically significant increase of Crs ≥ 
200% of the mean control value.  If the increase is less than 200%, appropriate 
justification should be provided. 
 
Discovery response:  An internal reference standard has historically not been included in 
the assay since it has been demonstrated over many years of use that the premature rabbit 
model has a high degree of specificity for detecting surfactant effect.  Additional points 
are noted: 1). Since the drug product potency changes over extended time periods, it will 
be difficult to qualify an appropriate internal reference standard as the batch used in the 
pivotal trials is over 36 months old.  2). The use of an internal reference standard will 
result in the minimal sacrifice of an additional 6 test animals per run.  Based on the above 
information, it is proposed that the negative control of air sham will be used for the assay 
in lieu of an internal reference standard. 
 
Evaluation:  The internal reference standard serves as a positive control and reference for 
the relative potency of the tested batch.  The lack of such control renders the testing 
results unreliable.   The sponsor should be requested to include a reference standard in the 
testing and to justify the selection of such a reference.   
 
Regarding the positive criterion for Surfaxin bioactivity, the sponsor proposed the 
following in the protocol (although not addressed in the response above): 
  
“A positive test will be defined as 1) a statistically significant (p≤0.05 by Student t-test) 
greater mean for the test sample kits than the mean of the control kits and 2) an increase 
in the mean of Crs of the test sample kits to >150% of the mean of the control kits for 
single Crs values obtained from each kit after 30 minutes of ventilation.”   
 
The sponsor’s proposed positive criterion of a compliance increase of greater than 50% 
of control (1.5-fold increase, also reflected in the response to the comment 12e presented 
below) is a significantly lower standard than the Division’s recommendation of an 
increase of 200% of the mean control value (a 3.0-fold increase) and the sponsor needs to 
provide justification for their proposed positive criteria.   
 
Comment 12d:  Collect data for the tidal volume and lung compliance at specific 
time points rather than in ranges of 2-5 minute intervals.  Submit all data at pre-
determined time points to support the proposed the acceptance criteria. 
 
Discovery response:  All data reported in this NDA were always collected for twenty (20) 
second intervals every two (2) minutes for thirty (30) minutes.   
 
Evaluation:  The stated method is acceptable.  However, the sponsor should be reminded 
that the product bioactivity validation protocol is to be used for all future batches of the 
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EXECUTIVE SUMMARY 
 
I. Recommendations 
 

A. Recommendation on approvability 
This drug is recommended to be approved from a pharmacology and toxicology 
perspective. 
 
B. Recommendation for nonclinical studies 
There are no nonclinical studies recommended in the views of this NDA 
submission. 
 
C. Recommendations on labeling 
Modified language pertaining clinical pharmacology and mutagenicity is 
recommended as detailed in the suggested labeling section. 
 

II. Summary of nonclinical findings 
 

A. Brief overview of nonclinical findings 
 
Surfaxin toxicities in neonates have been studied in rabbits, dogs and cats.  The 
rabbit studies employed the doses of 133 and 400 mg/kg for single dose, 266 and 
400 mg/kg/day for two days, and 175 mg/kg/day for 14 days.  Mortalities were 
seen in all these rabbit studies shortly after dosing.  Histopathological 
examinations revealed primarily local changes of lung histiocytosis and 
pneumonitis at the end of treatment of 14 days and Days 4 and 14 in the two-day 
studies, but no remarkable findings in the single dose studies on Day 14.  The 
neonatal dog and cat studies both used surfaxin 175 mg/kg/day for 14 days.  
Toxicity findings in the dogs were respiratory distress immediately following 
dosing and microscopic findings of bronchial mucin cell hypertrophy and 
hyperplasia, and bronchioalveolar subacute inflammation.  Toxicity finding in the 
cats was increased lung alveolar macrophages.  After 4 weeks of recovery from 
the 14-day treatments, the dogs and the rabbit (single rabbit survived to the 
recovery sacrifice) were observed with lung inflammation and the cats were 
observed with increased lung macrophages.  The recovery rabbit also had 
bronchial hypertrophy and hyperplasia.  There were no NOAELs defined in these 
studies due the mortality and/or lung inflammation. 
 
Surfaxin toxicity studies in adult animals were conducted in rats (7 days at 320 
mg/kg) and dogs (single dose at 200, 400 and 600 mg/kg; 7 days at 200 and 400 
mg/kg).  The common toxicity findings of these studies were respiratory distress 
after dosing, increased lung weights and lung inflammation (macrophages, 
neutrophils, mononuclear cells, and eosinophils at alveolar and/or 
bronchioalveolar and/or perivascular regions).  Additionally, bronchial lymph 
node activation, hematological responses (increased WBC, neutrophils and 
eosinophils), granulocytic hyperplasia in bone marrow, and lymphocytic 
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Review completion date:      
 
Drug: 
 Trade name:  Surfaxin Intratracheal Suspension 
 Generic name:  Lucinactant 
 Code name: Not assigned 
   Chemical name:  
  Palmitic acid (PA)- Hexadecanoic acid 
  Colfosceril Palmitate (DPPC) - 1). 3, 5, 9-Trioxa-4-phosphapentaconsa-1-

animium, 4-hydroxy-N, N, N-trimethyl-1-oxo-7-[(1-oxohexadecyl)-oxy]-, 
hydroxide, inner salt, 4-oxide, (R)-; 2) Choline hydroxide, dihydrogen 
phosphate, inner salt, ester with L-1,2-dipalmitin; 3) 1,2-Dipalmitoyl-sn-
Glycero-3-Phosphocholine. 

  1-palmitoyl-2-Oleoyl-3-[phosphor-rac(1-Glycerol)] sodium salt (POPG) – 
1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol 
Sinapultide (KL4)– L-Lysyl-L-leucyl-L-leucyl-L-leucyl-L-leucyl-L- L-
Lysyl-L-leucyl-L-leucyl-L-leucyl-L-leucyl-L L-Lysyl-L-leucyl-L-leucyl-
L-leucyl-L-leucyl-L L-Lysyl-L-leucyl-L-leucyl-L-leucyl-L-leucyl-L-
Lysine 

    
 CAS registry number:   DPPC, 63-89-8; Palmitic acid, 57-10-3; POPG, 13879-80-

6; Sinapultide, 138531-07-4.   
 Molecular formula/molecular weight:   
 DPPC, C40H80NO8P 
 Palmitic acid:C16H32O2

 POPG: C40H76PO10Na 
 Sinapultide, C126H238N26O22

 Structure:   
 DPPC: 

  
 Palmitic acid: 

 
 POPG: 
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Studies reviewed within this submission: 

1. Cochrane CG, et al: Pulmonary surfactant protein B (SP-B) structure-function 
relationships.  Science, 254:566, 1991.  

2. Cochrane CG, et al:  Lavage with dilute surfactant in a model of respiratory 
distress syndrome (RDS).  Am. J. Resp. Crit. Care Med. 155:A391, 1997. 

3. Ahuja A et al: Inhibition of the human neutrophil respiratory burst by native and 
synthetic surfactant.  Am. J. Respir. Cell. Mol. Biol. 14:496, 1996 

4. Cochrane CG, et al: Bronchoalveolar lavage with KL-4-Surfactant in Models of 
meconium aspiration syndrome.  Pediatric Research 44(5)705, 1998 

5. Single dose study of KL4-surfactant in prematurely delivered infant rhesus 
monkeys (Module 4, section 4.3.2.1) 

6. 14-Day intratracheal instillation of Lucinactant in newborn rabbits with a 28-day 
recovery ( -02-03, Module 4, section 4.2.3.2). 

7. Lucinactant: an intratracheal instillation toxicity study to determine the effects of 
dosing 10-11 day old kittens daily for two weeks with a 28 day recovery 03-
101, Module 4, section 4.2.3.2) 

 
Studies not reviewed within this submission:   
 All other studies submitted were not reviewed as toxicity studies have been 

reviewed previously (see the attachments) and all other referenced publications 
are irrelevant to this NDA. 

2.6.2 PHARMACOLOGY 

  
2.6.2.1 Brief summary   
 
Studies in vitro have shown that surfaxin decreased surface (air-liquid) tension, inhibited 
superoxide production in neutrophils and resistant to be inactivated by serum components 
including fibrinogen, C-reactive protein, platelet activating factor and 
lysophosphatidylcholine.  In animal studies, surfaxin increased lung compliance in 
premature rabbits, improved lung expansion, increased gas exchange and decreased 
ventilatory pressure in premature monkeys.  Surfaxin treatment in three animal ARDS 
models showed beneficiary effects including a rapid increase of PO2 with generalized 
lung expansion and reduced lung inflammation (brochioalveolar protein, 
myeloperoxidase, neutrophils and RBCs) in the rabbits with saline lavage followed by 
LPS instillation induced ARDS; improved PO2 in rabbits with meconium instillation 
induced ARDS; and improved viability and reduced lung edema in pig with saline lavage 
induced ARDS.  
 

  

(b) (4)

(b) (4)
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2.6.2.2 Primary pharmacodynamics   
  
Mechanism of action:   
Surfaxin is a synthetic surfactant which consists of phospholipids (DPPC and POPG) and 
palmitic acid (PA) and synthetic 21 amino acid peptide, sinapultide.  Surfaxin has been 
shown pharmacologically effective in lowering surface tension.  The peptide, sinapultide 
has been shown playing an important role in this activity through the effects of increasing 
phospholipid ordering and stabilizing the phospholipid monolayer at an air-liquid surface.   
 
Drug activity related to proposed indication:   
 
In vitro tests:   
Studies in vitro have shown that Surfaxin decreased surface tension, inhibited superoxide 
production and resisted being inactivated by serum components.  
 

1. Lowering surface tension: In Wilhelmy balance and Pulsating bubble 
spectrometer assays, surfaxin (10 mg phospholipid/mL) decreased surface tension 
to <10 dynes/cm (Attachment 2).  

2. Inhibition of superoxide production: In isolated human PMNs, Surfaxin inhibited 
superoxide production induced by either receptor-mediated 
(formylmethionylleucylphenylalanine) or non-receptor-mediated (phorbal 
myristate acetate) agonists with an IC50 approximately 0.05 mg/ml.  (Ahuja 1996). 

3. Resistance to inhibition by serum components: Surfaxin was more resistant to be 
inactivated by serum components (fibrinogen, C-reactive protein, platelet 
activating factor and lysophosphatidylcholine) than Survanta.  The table below 
presents the comparison on the inhibition of surfactant activity measured by 
pulsating bubble spectrometer (Attachment 2)   

  
Inhibition of surfactant activity by serum components  
 Surface tension (dynes/cm) 
Added component KL4-surfactant Survanta® 
+ saline 2.8±0.2 3.9±1.0 
+fibronogen 4.5±0.6 10.7±03.0 
+C-reactive protein 6.2±2.0 10.2±2.0 
+platelet activating factor 9.3±2.0 14.5±2.0 
+lyos-phosphatidylcholine 8.6±1.0 20.0±2.0 
 
In vivo studies: 
In premature and ARDS animal models, surfaxin has been shown effectively increases 
lung expansion and improving gas exchange. 
 

1. Studies in premature animals:  
1). Premature rabbit study: A study in premature rabbits (27-day gestation) 
showed that KL-4 phospholipid dispersion (100 mg/kg) increased lung 
compliance in 20-30 min as shown by 260% higher airflow than that treated with 
phospholipids alone (Attachment 1).    
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2). Premature monkey study: premature delivered monkeys (127-131 day 
gestation age, 80% term) were intratracheally given Surfaxin 133 mg/kg (5 
mL/kg) or phospholipids alone (Exosurf) at 2.8 hours after delivery.  Surfaxin 
treated monkeys showed significant increase of gas exchange and decrease of 
ventilatory pressure, with better lung expansion grossly and less O2 requirement 
(8-10 h after treatment, breathed room air, had normal pCO2 and blood pH 
values).  By contrast, monkeys treated with phospholipids alone (Exosurf) failed 
to respond and showed diffuse atelectasis at autopsy (Attachment 2).   

 
2.  Studies in animal ARDS models: 

1). In rabbit ARDS models: 
In a rabbits ARDS model, lung injury was produced by saline lavage followed by 
LPS instillation.  In the lung injured rabbits, bolus instillation of Surfaxin 100 
mg/3.3ml/kg resulted in elevation of PaO2 form <100 to >300 mmHg in about 1 
hour, and partial expansion of the lungs with zones of atelectasis; 2-3 lavages with 
dilute Surfaxin (40mg/20ml/kg) followed by either a bolus of 100 mg/kg or a final 
lavage (10mg/20ml/kg) resulted in rapid rise of PO2 with generalized, uniform 
expansion of the lungs and reduced lung inflammation (reductions in the protein, 
myeloperoxidase, PMNs and RBCs harvested at each successive KL4-surfactant 
lavage) (Cochrane, 1997). 
 
The second rabbit ARDS model used in the surfaxin pharmacology study was 
meconium instillation model (intratracheal instillation of human meconium).  In 
the meconium treated rabbits, lung atelectasis, a fall in pressure-volume levels and 
in PO2 from 500 to <100 mmHg, and severe pulmonary inflammation developed 
in 3-5 hours.  These rabbits receiving lung lavages with Surfaxin (40 mg/20 ml/kg 
followed by a final lavage of 300 mg/20ml/kg) showed rapid and sustained 
recovery of PO2 to approximately 300 mmHg (Cochrane 1998).   
 
2). In pig ARDS model: 
In a pig model of ARDS (native surfactant was removed from the lungs by 
repeated lavage), Surfaxin at 200 mg/kg (5 mL/kg) restored lung 
aeration/expansion and gas exchanges, thereby increased survival of the animals to 
100% compared to 66% survival in untreated group (Attachment 2) . 
 

   
2.6.2.3 Secondary pharmacodynamics   
NA 
 
2.6.2.4 Safety pharmacology   
No safety pharmacology studies have been conducted. 
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2.6.2.5 Pharmacodynamic drug interactions   
N/A 

2.6.3 PHARMACOLOGY TABULATED SUMMARY  

N/A 

2.6.4 PHARMACOKINETICS/TOXICOKINETICS 

 
2.6.4.1 Brief summary   
 
Studies on distribution and excretion were performed in animals.  No studies on 
absorption and metabolism were conducted.   
 
Following intratracheal instillation of Surfaxin to rats, the majority of the surfaxin 
(relative to the total instilled radioactivity, 65% at time 0, 20-40% at 50 hours post-
dosing) was found in the lungs.  Liver was the only other organ in which appreciable 
amount of the drug was found.  In the first 7 days after a single dose instillation, urine 
and feces eliminated10-15% and 2%, respectively.  
  
2.6.4.2 Methods of Analysis  

[see under individual study reviews] 
 
2.6.4.3 Absorption   
 
No absorption studies were performed. 
 
2.6.4.4 Distribution   
 
 Distribution of 3H-Sinapultide and 14C-DPPC in lucinactant following intratracheal 
instillation into neonatal rabbits was studied.   Radioactivities (3H and 14C) at the 
designated timepoints were measured in the following 9 organs: esophagus, heart, 
trachea, lungs, spleen, liver, colon, kidneys and brain.  The result showed that lung was 
the organ contained the majority radioactivities of both 3H-KL4 and 14C-DPPC 
throughout the 50 hours of study period (relative to the total recovery from the 9 organs, 
3H-KL4 in the lungs: 91.2, 83.7, 67.4, and 62.9% at 0, 3, 28 and 50 hours post-dosing; 
14C-DPPC in the lungs: 98.7, 98.9, 97.1, 95.9% at 0, 3, 28 and 50 hours post-dosing, 
respectively).  The liver was the only other organ containing appreciable amount of 
radioactivities (Attachment 3).  The following table presents the recovery in each organ at 
each time points.  
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Recovery of radioactivity (% of dose instilled) in the organs of   measured in each 
Amount % of dose instilled) 

 0 hour (n=4) 3 hour (n=3) 28 hour (n=4) 50 hour (n=5) 
 3H-

KL4 

14C-
DPPC 

3H-
KL4 

14C-
DPPC 

3H-
KL4 

14C-
DPPC 

3H-
KL4 

14C-
DPPC 

Esophagus 0.36 0.25 0.15 0.07 0.16 0.09 0.09 0.02 
Heart 1.22 0.01 2.07 0.03 1.76 0.06 2.81 0.06 

Trachea 0.66 0.59 0.63 0.59 0.14 0.12 0.15 0.13 
Lungs 66.26 65.29 50.70 70.02 21.60 43.51 20.14 38.44 
Spleen  0.06 0 0.11 0 0.12 0.01 0.17 0.02 
Liver 3.43 0.01 4.87 0.10 5.69 0.81 6.82 1.04 
Colon  0.12 0 0.14 0 0.16 0.04 0.14 0.02 
Kidney  0.19 0 0.72 0.01 0.80 0.12 0.85 0.24 
Brain  0.42 0.01 1.12 0.01 1.16 0.06 1.10 0.10 

 
2.6.4.5 Metabolism   
 
Not conducted. 
 
2.6.4.6 Excretion   
Excretion of surfaxin was studied by mass balance determinations of 3H-KL4 surfactant 
in rats following a single intratracheal dose of 3H-KL4 surfactant.    
 
Rats received a single intratracheal dose of 3H-KL4 surfactant 100 mg/kg (200uCi/kg), 
corresponding to approximately 1/2 the proposed clinical dose. Urine and feces were 
collected over a 7 day period following the dosing.  Radioactivities in liver, kidney, lung, 
GI tract, and carcass were measured on Day 7.  The recovery in urine was 10-15% and in 
feces was 1.4-2.6%.  The majority of the remaining radioactivity was found in the 
carcass, followed by lungs, liver, GI tract and kidneys, as presented in the table below. 
(Attachment 4). 
 
Radioactivity recovery (% of instilled amount) following a single dose of 3H-KL4-
surfactant intratracheal administration in rats 

Days 0-7 Day 7 Sex  
Urine Feces  GI tract Kidney Lungs Carcass 

Total recovery % 

M 9.7 1.9 2.1 0.9 9.6 35.8 63.6 
F 15.2 2.1 1.6 0.4 11.6 24.6 57.8 
 
 
2.6.4.7 Pharmacokinetic drug interactions   
 
N/A 
 
2.6.4.8 Other Pharmacokinetic Studies 
 
Not conducted 
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2.6.4.9 Discussion and Conclusions  
 
The studies of distribution and excretion of Surfaxin following an intratracheal 
administration demonstrated that the lung was the primary organ retaining the instilled 
surfaxin (65% at time 0 and 20-40% at 50 hours after dosing).  Liver was the only other 
organ that contained appreciable amount of the drug.  During the first 7 days after a 
single dose instillation, urine and feces eliminated 10-15% and 2%, respectively.  
 
2.6.4.10 Tables and figures to include comparative TK summary   

N/A 

2.6.5 PHARMACOKINETICS TABULATED SUMMARY  

N/A 

2.6.6 TOXICOLOGY 

Note: All toxicology studies in animals employed intratracheal administration.  Doses of 
surfaxin refer to phospholipids (POPG + DPPC) doses contained in the formulation (see 
clinical formulation for details).  The phospholipids control groups (PL) were treated 
with the formulation containing no peptide KL4 but all of the other components as that in 
KL4-surfactant.  Tris saline buffer (saline) served as vehicle control in all of the 
toxicology studies.      
 
2.6.6.1 Overall toxicology summary   
 
General toxicology:   
 
Surfaxin toxicities in neonates have been studied in rabbits, dogs and cats.  The neonatal 
rabbit studies employed the doses of 133 and 400 mg/kg for single dose, 266 and 400 
mg/kg/day for two days, and 175 mg/kg/day for 14 days.  Mortalities were seen in all 
these neonatal rabbit studies which occurred shortly after dosing due to respiratory 
difficulties.  Histopathological examinations revealed primarily local changes of lung 
histiocytosis and pneumonitis at the end of treatment of 14 days and Days 4 and 14 in the 
two-day studies, but no remarkable findings in the single dose studies on Day 14.  The 
neonatal dog and cat studies both used surfaxin 175 mg/kg/day for 14 days.  Toxicity 
findings in the dogs were respiratory distress immediately following dosing and 
microscopic findings of bronchial mucin cell hypertrophy and hyperplasia, and 
bronchioalveolar subacute inflammation.  Toxicity finding in the cats was increased lung 
alveolar macrophages.  After 4 weeks of recovery from the 14-day treatments, the dogs 
and the rabbit (single rabbit survived to the recovery sacrifice) were observed with lung 
inflammation and the cats were observed with increased lung macrophages.  The 
recovery rabbit also had bronchial hypertrophy and hyperplasia.  There were no NOAEL 
defined in these studies due the mortality and/or lung inflammation. 

 
Surfaxin toxicity studies in adult animals were conducted in rats (7 days at 320 mg/kg) 
and dogs (single dose at 200, 400 and 600 mg/kg; 7 days at 200 and 400 mg/kg).  The 
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common toxicity findings of these studies were respiratory distress after dosing, 
increased lung weights and lung inflammation (macrophages, neutrophils, mononuclear 
cells, and eosinophils at alveolar and/or bronchioalveolar and/or perivascular regions).  
Additionally, bronchial lymph node activation, hematological responses (increased WBC, 
neutrophils and eosinophils), granulocytic hyperplasia in bone marrow, and lymphocytic 
depletions in thymus and ileum were also reported in the dog 7-day study.  All of the 
toxicities in adult animals were partially or completely reversed.  There was no NOAEL 
defined in any one of these studies due to the findings of lung inflammations. 
 
Genetic toxicology:   
Surfaxin was genotoxicity negative in Ames test, chromosome aberration assay using 
Chinese Hamster Ovary cells, and mouse micronucleus test.   
 
Carcinogenicity:   
Carcinogenicity studies were not conducted. 
 
Reproductive toxicology:   
Reproductive toxicology studies were not conducted 
 
Special toxicology:   
A study in guinea pigs demonstrated that Surfaxin was negative in active systemic 
anaphylaxis and passive cutaneous anaphylaxis tests.  There was no antibody against 
surfaxin detected in the serum of guinea pigs in the active anaphylaxis study.          
 
2.6.6.2 Single-dose toxicity    
 
Only one study (TSRI 94-2, non-GLP study, Module 4, 4.3.2.1) in the current submission 
has not been reviewed before.  It is a  non-GLP study in which premature rhesus 
monkeys (127-133 days gestation, 80% term) were treated with 200 mg/kg surfaxin (one 
was treated at the time of delivery and 11 were not treated until developed RDS)  and 
sacrificed at 19-24 hours after birth.  There were no remarkable toxicities of test drug 
observed by physiological, biochemical, gross and histopathological examination 
although no control groups were included in the study. 
 
All other single dose studies have been reviewed including that in neonatal rabbits 
(Attachments 1 and 5), adult rats (Attachment 4), adult dogs (Attachment 6), and 
premature monkeys (Attachment 2). 

 
 

2.6.6.3 Repeat-dose toxicity   
 
Repeat dose toxicity studies previously have been reviewed are the studies in neonatal 
rabbits for 2 days (Attachments 1 and 7), in neonatal dogs for 14 days (attachment 8), in 
adult rats for 7 days (Attachment 2), and in adult dogs for 7 days (attachment 4).  See 
details of each of these studies in the attachments.  
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 Study title:  14-Day intratracheal instillation of Lucinactant in rabbits with a 28-day 
recovery 
 
Key study findings:  Rabbits at 3 weeks old given surfaxin (175 mg/5.8 mL/kg) 
intratracheally showed significant greater mortality than that given saline (5/8 vs 1/8).  
Respiratory difficulties caused by surfaxin solution likely contributed to the deaths.  
Histopathological findings in the rabbits survived the 14-day treatment and unscheduled 
dead were bronchioalveolar macrophage infiltration and bronchioalveolar inflammation.  
There was no NOAEL defined as the only dose tested was lethal. 
 
Study no.:   study number 02-003 
Volume #, and page #:  Module 4, volume 1.4 
Conducting laboratory and location:   

 
Date of study initiation:  10/18/2000 
GLP compliance:  Yes 
QA report:  yes (X ) no (  ) 
Drug, lot #, and % purity:  Lucinactant, 30 mg/mL, batch SURF 0029; Saline, lot 
NB:A0058:85.  
 
Methods 
New Zealand white rabbits (4/sex/group) of 20-21 days age at initiation of 14-day dosing 
were intratracheally administered with 175 mg/5.8 mL/kg surfaxin, saline 5.8mL/kg or 
air (sham control) for 14 days.  The rabbits were anesthetized (0.3-0.4 mg/kg 
Medetomidine plus 4 mg/kg Ketamine) when the drug administrations were performed.   
The main study animals (3/sex/group) were sacrificed at the end of the treatment and the 
recovery animals (1/sex/group) were sacrifice by 28 days after the last dose. 
    
Observations and times:  
Mortality:  Twice daily during weekdays and once daily on weekends and holidays. 
Clinical signs:  Twice daily during weekdays and once daily on weekends and holidays 
Body weights:  Daily during treatment period and weekly during the recovery period. 
Food consumption:  Not measured. 
Ophthalmoscopy:  In the final week of the dosing for the main study animals and prior to 

necropsy for the recovery animals.  
EKG:  Pre-test, near the end of dosing for the main study animals; prior to necropsy for 

the recovery animals. 
Hematology:  During the final week for the main study animals and prior to necropsy for 

the recovery animals. 
Clinical chemistry:  At the same time as that for hematology 
Urinalysis:  Not performed. 
Gross pathology:  At necropsy 
Organ weights:  Major organ weights were recorded (see histopath table). 
Histopathology: An adequate battery of tissues was examined (see histopath table). 
 
 

  

(b) (4)

(b) (4)
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Results 
 
Mortality:  Five surfaxin treated rabbits (males, 2/4; females, 3/4) died during Days 8-12.  
One saline treated (male) died on Day 13.  Most of these deaths occurred 6-10 minutes 
after dosing except 1 was found dead in the morning.  No causes of deaths were found in 
histopathological examinations.  The deaths are related to acute responses to surfaxin 
solution. 
 
Clinical signs:  Immediately following most dosings, the kits turned purple, exhibited 
irregular or no respiration, and/or congestion and gasping.  These effects were much 
more extensive when either saline or surfaxin solution was introduced.  
 
Body weights:  No body weight changes were noted. 
 
Food consumption:  Not recorded. 
 
Ophthalmoscopy:  No abnormal findings. 
 
EKG:  No abnormal findings.  
 
Hematology:  Due to the inter-animal variability, no treatment related changes could be 
concluded.  
 
Clinical chemistry:  Due to the inter-animal variability, no treatment related changes 
could be concluded.  
 
Urinalysis:  Not performed. 
 
Gross pathology:  There were no gross lesions observed in animal survived to necropsy 
[Surfaxin treatment had total of 2 males (sacrificed on day 15) and 1 female (sacrificed 
on day 43) survived the treatment period].   
 
Organ weights:  No drug-related effects on organ weights could be concluded due to 
inter-animal variability and small animal number at necropsy in surfaxin treatment 
groups (2 males and 1 female).   
 
Histopathology: Alterations noted in rabbits found dead during dosing and/or in rabbits of 
the terminal sacrifice on day 15 included minimal to moderate bronchioalveolar 
macrophage infiltration and multifocal subacute bronchioalveolar inflammation.  The 
following table presents the incidence of the findings in lungs. 
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 Male  Female  

Group  Sham  Saline Surfaxin Sham  Saline surfaxin
N (including premature dead 

and sacrificed on Day14)  
3 3 4 3 3 3 

Bronchioalveolar 
inflammation subacute 

0 2 3 0 3 2 

Bronchioalveolar macrophage 
infiltration 

0 1 1 0 0 3 

   
Toxicokinetics:  Not performed. 
 
Conclusion:  Intratracheal administration of surfaxin to 3 weeks old rabbits resulted in 
significant greater mortality than that given Saline.  Respiratory difficulties caused by 
surfaxin solution likely contributed to the deaths.  Histopathological finding in the rabbits 
sacrificed on Day 15 and/or premature dead were bronchioalveolar inflammation and 
bronchioalveolar macrophage infiltration.  There was no NOAEL established in this 
study since the only dose studied appeared to be lethal and pulmonary toxic.   
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Study title:  Lucinactant: an intratracheal instillation toxicity study to determine the 
effects of dosing 10-11 day old kittens daily for two weeks with a 28 day recovery 
 
Key study findings:  Intratracheal administration of Lucinactant at 175 mg/kg (5.8 
ml/kg) for 14 days to kittens beginning at 10-12 days of age, resulted in increased lung 
alveolar macrophages.  No NOAEL was defined in this study as the only dose tested 
caused increase of alveolar macrophages. 
 
Study no.:   study number 03-101 
Volume #, and page #:  Module 4, volume 1.8 
Conducting laboratory and location:   
Date of study initiation:  11/11/2003 
GLP compliance:  Yes 
QA report:  yes (X ) no (  ) 
Drug, lot #, and % purity:  Lucinactant, 30 mg/mL, batch SURF 0031; Tris buffer, lot 
A0101:74.  
 
Methods 
Lucinactant (175 mg/ 5.8mL/kg) was administered intratracheally to kittens beginning at 
approximately 10-11 days old, for 14 consecutive days.  Saline (Tris buffer) and sham 
control groups were included in this study.  The cats were anesthetized (Medetomidine 
plus Ketamine, no specific doses were provided) when the drug administrations were 
performed.  Five 5 kittens per sex (including 1/sex for 28-day recovery) were used for 
each of sham and lucinactant group.  Four kittens per sex (including 1/sex for recovery 
study) were used in saline group.      
    
Observations and times:  
Mortality:  Twice daily during weekdays and once daily on weekends and holidays. 
Clinical signs:  Daily   
Body weights:  Prior to allocation, at allocation and daily during treatment period, and 

weekly during the recovery period. 
Food consumption:  Not measured. 
Ophthalmoscopy:  Pre-test, on days 8 and 9 of dosing; on day 14 for an additional 4 

kittens; and on days 36 and 37 for the recovery animals.  
EKG:  On Days 10 and 11 of dosing, on Day 12 for the 4 additional kittens, and on days 

37 and 38 for the recovery animals. 
Physical exams and body temperature: During treatment, once in pre-test, weekly 

thereafter for physical examinations; once Day 3 or 5 and weekly thereafter 
for body temperatures.  Dose-free period, weekly for physical examinations 
and body temperatures.  

Hematology:  No blood samples were obtained from the kitten that was sacrificed 
moribund on Day 5 or was found dead on day 4.  All other animal blood 
samples were collected on Days 10, 11 and 12 of dosing.  Blood samples from 
recovery animals were collected 3 days prior to necropsy.   

Clinical chemistry:  At the same time as that for hematology 
Urinalysis:  Not performed. 

  

(b) (4)

(b) (4)
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Gross pathology:  At necropsy 
Organ weights :  Major organ weights were recorded (see histopath table). 
Histopathology: An adequate battery of tissues was examined (see histopath table). 
 
Results 
 
Mortality:  On Day 4, one male at surfaxin was found dead prior to dosing. On Day 5, 
one female in sham control was sacrificed due to breathing difficulties.  No clear causes 
of deaths were identified at necropsy. 
 
Clinical signs:  No treatment related findings. 
 
Body weights:  No treatment related changes. 
 
Food consumption:  Not recorded. 
 
Physical exams and body temperature Ophthalmoscopy:  No remarkable findings. 
 
EKG: No treatment related findings. 
 
Hematology:  One male in Surfaxin group had an elevated WBC (190% higher than 
Sham control) and neutrophil count (120% higher than Sham control).  These findings 
correlate with microscopic findings of inflammation of the meninges of the brain and 
cervical spinal cord.  All recovery animals had slightly increased WBC counts from their 
previous value, but still within normal range.   
Coagulation: No difference amongst all groups. 
 
Clinical chemistry: One male at Surfaxin had very low alkaline phosphatase value 
(approximately 10% of Sham control level).  This kitten also had elevated WBC count, 
and meningitis in the brain and spinal cord.  
 
Urinalysis:  Not performed. 
 
Gross pathology:  No gross lesions reported. 
 
Organ weights:  No treatment related findings. 
 
Histopathology: Increased lung alveolar macrophages were observed in all the surfaxin 
treated kittens when compared to the Sham control animals.  One of the saline treated 
kittens also had the similar change.  The recovery males from both saline and surfaxin 
treatment had increased alveolar macrophages, but the corresponding females did not 
have the change.   
 
Meningitis in the brain and spinal cord was noted in one male in surfaxin group at 
terminal sacrifice (animal #SAN27).   Surfaxin treatment recovery cats both male (animal 
# SAN20) and female (animal # SAN22) had perivascular cuffing and/or multifocal 
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gliosis in the brains.  There were no changes noted in the two premature dead animals.  A 
peer review pathologist from  
conducted a review and confirmed the findings of the Study Pathologist.  The peer review 
pathologist considered the findings in the terminal sacrificed male (SAN27) associated 
with a nosocomial microbial infection rather than toxicity of test article as supported by 
increased WBC and neutrophil counts. The findings of perivascular cuffing and/or gliosis 
adjacent to the vessel in the recovery animals previously treated with surfaxin were not 
considered test article related.    The incidences of the histopathological findings are 
presented in the table below.    
  

 
 

 Males Females  

  sham saline Surfaxin Sham Saline surfaxin 
 n 4 3 3 3 3 4 

↑ lung alveolar Mφ  1 3   4 
Lung acute inflammation 1     1 

Spinal cord meningitis 
Cervical 
Thoracic  

   
1 
1 

   

Day 15 
sacrifice 

Spinal cord central canal 
monocyte infiltration 

Cervical  
Thoracic 

   
 

1 
1 

   

n 1 1 1 1 1 1 
↑ lung alveolar Mφ  1 1    

Lung acute inflammation   1 1 1 1 

4-week 
recovery  
sacrifice 

Brain Neutrophils 
perivascular cuffing 

Gliosis 

   
1 
1 

   
 

1 
Note: blanks indicate 0 incidences.  
 
Conclusion: Intratracheal administration of Surfaxin at 175 mg/5.8mL/kg for 14 days to 
newborn cats beginning at 10-12 days of age, resulted in increased lung alveolar 
macrophages in both sexes at end of treatment and males at recovery sacrifice.  No 
NOAEL was defined in this study as the only dose tested exhibited increases of lung 
alveolar macrophages. 
 
 

  

(b) (4)
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Histopathology inventory  (optional)   
 
 

Study  02-
003 

-03-101 

Species rabbit Cat 
Adrenals X* X* 
Aorta X X 
Bone Marrow 
smear 

X X 

Bone (femur) X X 
Brain X* X* 
Cecum X X 
Cervix X  
Colon  X 
Duodenum X X 
Epididymis X X 
Esophagus X X 
Eye  X 
Fallopian tube   
Gall bladder  X 
Gross lesions X X 
Harderian gland   
Heart X* X* 
Ileum X X 
Injection site   
Jejunum X X 
Kidneys X* X* 
Lachrymal gland   
Larynx   
Liver X* X* 
Lungs X* X* 
Lymph nodes, 
cervical 

 X 

Lymph nodes 
mandibular 

X  

Lymph nodes, 
mesenteric 

X X 

Mammary Gland  X 
Nasal cavity   
Optic nerves   
Ovaries X* X* 
Pancreas X X 
Parathyroid  X 

  

(b) (4) (b) (4)
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Peripheral nerve   
Pharynx   
Pituitary X X* 
Prostate X X 
Rectum X X 
Salivary gland X X 
Sciatic nerve X X 
Seminal vesicles   
Skeletal muscle X X 
Skin  X 
Spinal cord X X 
Spleen X X 
Sternum   
Stomach X X 
Testes X* X* 
Thymus X X 
Thyroid X X* 
Tongue  X 
Trachea X X* 
Urinary bladder X X 
Uterus X X 
Vagina   
Zymbal gland   

   X, histopathology performed 
   *, organ weight obtained 
 
 
2.6.6.4 Genetic toxicology   
 
Genotoxcity studies have been reviewed previously and details are in IND  reviews 
4 and 9 (see Attachment 6 and 8).    
 
     
2.6.6.5 Carcinogenicity   
N/A 
 
2.6.6.6 Reproductive and developmental toxicology   
N/A 
 
2.6.6.7 Local tolerance   
N/A 
 
 
 

  

(b) (4)
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2.6.6.8 Special toxicology studies   
 
A surfaxin antigenicity study has been reviewed under IND 40287 review 1 (Attachment 
1).          
 
2.6.6.9 Discussion and Conclusions  
All toxicology studies for surfaxin employed intratracheal administration. Surfaxin 
toxicities in neonates have been studied in rabbits, dogs and cats.  The neonatal rabbit 
studies employed the doses of 133 and 400 mg/kg for single dose, 266 and 400 
mg/kg/day for two days, and 175 mg/kg/day for 14 days.  Mortalities were seen in all 
these neonatal rabbit studies which occurred shortly after dosing due to respiratory 
difficulties.  Histopathological examinations revealed primarily local changes of lung 
histiocytosis and pneumonitis at the end of treatment of 14 days and Days 4 and 14 in the 
two-day studies, but no remarkable findings in the single dose studies on Day 14.  The 
neonatal dog and cat studies both used surfaxin 175 mg/kg/day for 14 days.  Toxicity 
findings in the dogs were respiratory distress immediately following dosing and 
microscopic findings of bronchial mucin cell hypertrophy and hyperplasia, and 
bronchioalveolar subacute inflammation.  Toxicity finding in the cats was increased lung 
alveolar macrophages.  After 4 weeks of recovery from the 14-day treatments, the dogs 
and the rabbit (single rabbit survived to the recovery sacrifice) were observed with lung 
inflammation and the cats were observed with increased lung macrophages.  The 
recovery rabbit also had bronchial hypertrophy and hyperplasia.  There were no NOAEL 
defined in these studies due the mortality and/or lung inflammation. 

 
Surfaxin toxicity studies in adult animals were conducted in rats (7 days at 320 mg/kg) 
and dogs (single dose at 200, 400 and 600 mg/kg; 7 days at 200 and 400 mg/kg).  The 
common toxicity findings of these studies were respiratory distress after dosing, 
increased lung weights and lung inflammation (macrophages, neutrophils, mononuclear 
cells, and eosinophils at alveolar and/or bronchioalveolar and/or perivascular regions). 
Lung fibrosis seen in the dogs given a single dose but not 7 days of treatments is 
probably an incidental finding.  Additionally, bronchial lymph node activation, 
hematological responses (increased WBC, neutrophils and eosinophils), granulocytic 
hyperplasia in bone marrow, and lymphocytic depletions in thymus and ileum were also 
reported in the dog 7-day study.  All of the toxicities in adult animals were partially or 
completely reversed in the recovery animals.  There was no NOAEL defined in any one 
of these studies due to the findings of lung inflammations. 
 
The proposed clinical doses are 175 mg/kg at 5.8 ml/kg, up to total of 4 doses with dose 
intervals of at least 6 hours.  Preclinical data provided no support for such uses.  
However, considering clinical indication and clinical experiences, clinical trials have 
been allowed to proceed.  The same approach is recommended for the approvability of 
marketing surfaxin. 
        
Genotoxicities were negative as tested in Ames test, chromosome aberration assay in 
Chinese Hamster Ovary cells, and mouse micronucleus test. 
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No reproductive toxicity and carcinogenicity studies are warranted due to the intended 
population. 
Immunogenicity studies in guinea pigs demonstrated that surfaxin was negative in active 
systemic anaphylaxis and passive coetaneous anaphylaxis tests.  There was no antibody 
against surfaxin found in the serum of guinea pigs of active anaphylaxis study.          
 
The information concerning genotoxicities of surfaxin should be included in the labeling. 
 
2.6.6.9 Tables and Figures  
NA 
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2.6.7 TOXICOLOGY TABULATED SUMMARY  
 
 
Single dose study summary 

study 
  

Treatment  Toxicities 

Single dose, 
neonatal rabbits  

133 mg/5ml/kg surfaxin, 
Controls: PL or saline.  

Mortality (surfaxin, 1/14; PL, 1/13; saline, 0/14) 

One day, 
neonatal rabbits  
(<2 days old) 

200 mg/5.7 ml/kg surfaxin, 2 doses, 
8 hrs apart;   
controls: PL or saline 

Mortality (surfaxin, 3/18; PL, 4/17; saline, 2/15).  
 
 

Single dose, 
adult rats 

120 mg/4ml/kg surfaxin, 
Controls: PL, saline or untreated. 

Rales in all treated groups.  
 

Single dose, 
adult dogs  

200, 400 and 600 mg/kg surfaxin (5, 
10 and 15 ml/kg);    
Controls: PL 600 mg/kg, saline 5 
ml/kg or untreated.  

All HD dogs and one PL dog required mechanical 
resuscitation.  
HD showed lung weight increases, lung and heart 
inflammations, and slightly elevated ALT on Day 
3. 

 
Repeat dose study summary 

Study type  Treatment  Toxicities 
Two days, 
neonatal rabbits  
(<2 days old) 

133 mg/5ml/kg surfaxin, 
4 doses in 48 hrs; 
Controls: PL or saline 

Mortality (surfaxin, 1/10; PL, 1/11; saline, 3/11).  
 
 

Two days in 
neonatal rabbits 
(<3 days old)  

200 mg/5.7 ml/kg 
surfaxin, 4 doses in 48 
hrs; 
Controls: PL, saline, or 
untreated. 

Mortality (surfaxin, 11/16; PL, 12/16; saline, 10/13, 
untreated, 1/4). 
Lung histiocytosis, atelectasis, pneumonitis, liver congestion 
and focal necrosis. 

7 days in rats 
(10 weeks old) 

160 mg/kg surfaxin, bid; 
Controls: PL, saline. 

Respiratory difficulties, increases of lung weights, decreases 
of thyroid weights, and lung inflammation (histiocytosis, 
acute focal inflammation, perivascular edema and/or 
eosinophilia). 

7days in dogs 
(6-8 months old) 

200mg/6.67ml/kg, 400 
mg/13.4ml/kg surfaxin; 
Controls: PL, saline, or 
air (sham). 

Respiratory distress, increases of WBC, segmented 
neutrophils, and eosinophils, and decrease of lymphocytes, 
increased ALP, ALT and GGT, bone marrow granulocytic 
hyperplasia, inflammation in the tracheal and lungs and 
bronchial lymph node activation.   

14 days. beagle 
pups (12-13 
days old) 

175 mg/5.8ml/kg 
surfaxin;  
Controls: saline or air. 

Respiratory distress, bronchial mucin-cell hypertrophy and 
hyperplasia, and bronchioalveolar subacute inflammation. 

14 days, 
neonatal rabbits 
(3 weeks old) 

175 mg/5.8 ml/kg 
surfaxin.  
Controls: saline or air. 

 Mortality (surfaxin, 5/8; saline, 1/8; sham, 0/8). 
Bronchioalveolar macrophage infiltration and subacute 
inflammation. 

14 days in 
neonatal cats 
(10-12 days old) 

175 mg/kg surfaxin. 
Controls: saline or air. 

Increased lung alveolar macrophages in surfaxin group. 
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OVERALL CONCLUSIONS AND RECOMMENDATIONS 

 
Conclusions:   
Surfaxin, a synthetic surfactant, has been shown in vitro to decrease surface (air-liquid) 
tension, inhibit superoxide production in human neutrophils and resist to be inactivated 
by serum components including fibrinogen, C-reactive protein, platelet activating factor 
and lysophosphatidylcholine.  In animal studies, surfaxin increased lung compliance in 
premature rabbits, improved lung expansion, increased gas exchange and decreased 
ventilatory pressure in premature monkeys.  Surfaxin treatment in three animal ARDS 
models showed beneficiary effects including a rapid increase of PO2 with generalized 
lung expansion and reduced lung inflammation (bronchioalveolar protein, 
myeloperoxidase, neutrophils and RBCs) in the rabbits with saline lavage followed by 
LPS instillation induced ARDS; improved PO2 in rabbits with meconium instillation 
induced ARDS; and improved viability and reduced lung edema in pig with saline lavage 
induced ARDS.  
 
Following intratracheal instillation of Surfaxin to rats, the majority (relative to the total 
instilled radioactivity, 65% at time 0, 20-40% at 50 hours after dosing) of surfaxin was 
found in the lungs.  Liver was the only other organ in which appreciable amount of the 
drug was found.  In the first 7 days after a single dose instillation, urine and feces 
eliminated 10-15% and 2%, respectively.  
 
Surfaxin toxicities in neonates have been studied in rabbits (single dose, 2 days and 14 
days), dogs (14 days) and cats (14 days).  Neonatal rabbits were observed with mortalities 
shortly after dosing due to respiratory difficulties in all the studies.  Histopathological 
findings of lung histiocytosis and pneumonitis were seen in the repeat dose studies.  The 
single dose studies revealed no remarkable microscopic findings on the Day 14 
examinations.  The neonatal dogs were observed with respiratory distress after dosing, 
bronchial mucin cell hypertrophy and hyperplasia, and bronchioalveolar subacute 
inflammation.  The neonatal cats were observed with increased lung alveolar 
macrophages.  The recovery dogs and the rabbit (single rabbit survived) were observed 
with lung inflammation and the recovery cats were observed with increased lung 
macrophages.  The recovery rabbit also had bronchial hypertrophy and hyperplasia.  
There were no NOAEL defined in these studies due the mortality and/or lung 
inflammation. 

 
Surfaxin toxicity studies in adult animals were conducted in rats and dogs.  The common 
toxicity findings of these studies were respiratory distress after dosing, increased lung 
weights and lung inflammation (macrophages, neutrophils, mononuclear cells, and 
eosinophils at alveolar and/or bronchioalveolar and/or perivascular regions).  
Additionally, bronchial lymph node activation, hematological responses (increased WBC, 
neutrophils and eosinophils), granulocytic hyperplasia in bone marrow, and lymphocytic 
depletions in thymus and ileum were also reported in the dog 7-day study.  All of the 
toxicities in adult animals were partially or completely reversed in the recovery animals.  
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There was no NOAEL defined in any one of these studies due to the findings of lung 
inflammations.   
 
Considering the clinical indication and previous clinical experiences, the clinical trials 
have been allowed to proceed and same principle should be applied to the approvability 
of marketing this drug.          
 
Genotoxicities are negative in Ames test, chromosome aberration assay in Chinese 
Hamster Ovary cells, and mouse micronucleus test. Genotoxicity information should be 
reflected in the labeling.   
 
No reproductive toxicity and carcinogenicity studies are warranted due to the indicated 
population. 
 
Immunogenicity studies were performed in guinea pigs.  Surfaxin was negative in active 
systemic anaphylaxis and passive cutaneous anaphylaxis tests.  There was no antibody 
against surfaxin was found in the serum of guinea pigs of active anaphylaxis study.          
 
Unresolved toxicology issues (if any):   
The age of rabbits in the 14-day neonatal toxicity study is currently under an 
investigation due to inconsistent information indicated in the pre-NDA meeting (5 weeks 
old) and that in the submitted study report (3 weeks old).  However, the clarification on 
this issue is no longer critical for the approvability as there were two 14-day neonatal 
studies (in dogs and cats) with appropriate ages submitted.  
 
Recommendations:   
Surfaxin intratracheal suspension is recommended to be approved from a preclinical 
perspective.  Modified language pertaining clinical pharmacology and mutagenicity is 
recommended as below. 
  
Suggested labeling:   
 
CLINICAL PHARMACOLOGY 
Endogenous pulmonary surfactant lowers surface tension at the air-liquid interface of the 
alveolar surfaces during respiration and stabilizes the alveoli against collapse at resting 
transpulmonary pressures.  A deficiency of pulmonary surfactant in premature infants 
results in Respiratory Distress Syndrome (RDS).  SURFACXIN compensates for the 
deficiency of surfactant and restores surface activity to the lungs of these infants. 
   
Mechanism of Action 
Surfaxin consists of phospholipids, palmitic acid and sinapultide (a synthetic 21 amino 
acid peptide, SP-B like peptide).  The primary effect of Surfaxin in treatment of neonatal 
RDS is through its  surface tension-lowering activity.  Sinapultide is considered play an 
important role in this activity by increasing inter- and intramolecular order of the 
phospholipid layer and increasing lateral stability of the phospholipid layer.   
 
Activity 
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Note: The statement on the in vivo activity is to be finalized pending on the analytic data 
for the product.    
In vitro—SURFACXIN reproducibly lowers minimum surface tension to <3 dynes/cm, 
as assessed by Wihelmy Balance System and pulsating bubble surfactometer.  
SURFACXIN,  has been shown to be resistant to inhibition by four serum components 
known to inhibit surfactant.. 
 
In vivo—SURFACXIN improves lung compliance and respiratory gas exchange in 
premature fetal rabbits and monkeys with ARDS.  SURFACXIN inhibits superoxide 
production by human neutrophils during the respiratory burst.   
 
PRECAUTINS 
Carcinogenesis, Mutagenesis, Impairment of Fertility 
Carcinogenicity studies have not been conducted with SURFACXIN. 
 
SURFACXIN was not mutagenic in  Ames test, chromosome aberration assay in Chinese 
hamster ovary (CHO) cells,  and mouse  micronucleus assay.. 
 
No studies to assess reproductive effects of SURFACXIN have been performed.        
 
Signatures (optional):    
  
Reviewer Signature  ___________________________________ 
 
Supervisor Signature_____________________________ Concurrence  Yes ___  No ___  
  

APPENDIX/ATTACHMENTS   
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  pH = 6.5 to 8.0 ; Osmolarity = 300 + 50 mOsm/L.  

 
PROPOSED CLINICAL STUDY : Phase 1/2 study : Protocol No : ARDS-CP-1 : 
 

"Use of KL4-Surfactant for Treatment of Respiratory Distress  
Syndrome in Human Adults" 

 
36 adult patients who are $18 years of age and have documented RDS and sepsis, 
will be enrolled randomly into 3 groups : 9 patients each will be treated with 50 mg 
PL/kg (1.25 mL/kg), 100 mg/kg (2.5 mL/kg), or 200 mg/kg (5 mL/kg) KL4 
intratracheally in sequential order, along with 3 untreated controls in each group.  
If patients meet certain criteria, they will receive repeated doses, up to 4 times, 
within the first 48 hours, at a minimum of 8 hours interval if needed.  Vital signs, 
lung function, bronchoalveolar lavage, blood cytokine determinations, etc., and 
other assessments of safety and clinical activity will be made on days 2 through 7, 
14, and 28.  For detailed information including inclusion/exclusion and repeated 
dosing criteria, see pages 78 through 95 and medical review. 

 
PRECLINICAL STUDIES SUBMITTED : 
 
    I.  PHARMACOLOGY :  
 

1. MOLECULAR MECHANISM OF ACTION OF KL4-PEPTIDE AND 
PHOSPHOLIPIDS IN KL4-SURFACTANT AND EVIDENCE OF ITS 
FUNCTION AS A PULMONARY SURFACTANT.  

 
2. THE EFFICACY OF KL4-SURFACTANT IN ANIMAL MODEL OF ARDS 

(Study -93-106) : No GLP study..  
 

3. SUPPRESSION OF INFLAMMATORY CELL FUNCTION BY KL4-
SURFACTANT. 

 
4. STUDIES ON THE RESISTANCE TO INACTIVATION OF KL4-

SURFACTANT : 
 

(b) (4)

(b) (4)

(b) (4)
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A. RESISTANCE TO INHIBITION BY SERUM COMPONENTS. 
B. RESISTANCE TO INHIBITION BY OXIDANTS.  

 
6. EFFICACY STUDY OF KL4-SURFACTANT IN PREMATURE INFANT 

RHESUS MONKEYS (TRSI Study #93-2): No GLP study. 
 

7. AN EFFICACY/SAFETY STUDY OF KL4-SURFACTANT IN 
PREMATURELY DELIVERED INFANT RHESUS MONKEYS (TRSI #92-
2) : No GLP study. 

 
        8. SAFETY STUDY OF KL4-SURFACTANT IN PREMATURELY DELIVERED 

INFANT RHESUS MONKEYS (TRSI #94-2) : No GLP study. 
 
II.    PHARMACOKINETICS :  
 

1. DISTRIBUTION OF KL4-SURFACTANT WITHIN THE LUNGS :  
 

A. DISTRIBUTION OF CARBON BLACK MIXED WITH KL4-
SURFACTANT INSTILLED INTO THE LUNGS OF A SINGLE 
PRETERM MONKEY : 

 
B. DISTRIBUTION OF KL4-SURFACTANT IN THE LUNGS OF 

FETAL RHESUS MONKEYS : 
  

2.  ABSORPTION, METABOLISM, AND EXCRETION OF KL4-
SURFACTANT.   Plan only. 

 
III.   TOXICOLOGY :  
 
     1. TSRI 93-1 : MULTIPLE DOSE, INTRATRACHEAL TOXICITY STUDY 

OF KL4-SURFACTANT IN ADULT RATS.  
 

     2. TSRI 91-1 : SINGLE DOSE, INTRATRACHEAL ACUTE TOXICITY 
STUDY OF KL4-SURFACTANT IN NEWBORN RABBITS.  

 
     3. TSRI 91-2 : MULTIPLE DOSE, INTRATRACHEAL TOXICITY STUDY 

OF KL4-SURFACTANT IN NEWBORN RABBITS.  
 
    4. TSRI 92-3 : MULTIPLE DOSE, INTRATRACHEAL ACUTE TOXICITY STUDY 

OF KL4-SURFACTANT (200 mg/kg) IN NEWBORN RABBITS.  
 
    5. TSRI 94-1 : MULTIPLE DOSE, INTRATRACHEAL TOXICITY STUDY OF KL4-

SURFACTANT IN NEWBORN RABBITS.  

(b) (4)
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    Study #2: Efficacy and Safety Assessment of KL4-Surfactant in Fetal Rhesus               

Monkeys :   
 

This was an open label study with an additional 7 premature monkeys: they 
were treated with higher doses and longer duration than Study #1 : doses 
126-200 mg/kg and "newborns" were kept for 20-24 hours.  Blood chemistry 
for pre and post treatment were added to the protocols as were organ 
weights and gross/histopathology of the organs.   

 
    RESULTS :  
 

A. All monkeys required less oxygen, and showed improvement, and were 
"breathing room air prior to termination of the study", with the lungs well 
expanded.  For actual data, see Table II.  

 
B. Hematology values (0 and 24 hours) showed very large individual variations 

(see Table III) and the data on Clinical Chemistry (0 and 24 hours) were 
incomplete since all missed some data as shown in Table IV.   

 
C. Gross and Histopathology report stated "not remarkable" for adrenals, 

brain, colon, esophagus, heart, ileum, kidneys, liver, spleen, thymus and 
trachea.  The lungs showed nearly full expansion, "but with patches of 
atelectasis and scattered hyaline membrane" except Monkey #12.  This 
monkey was reported to have received KL4 into amniotic fluid during 
Cesarean delivery and showed no hyaline membrane.  

 
    Summary of Pharmacology Studies :         
 

In Vitro Studies : 
 

    1. KL4 (10 mg/mL) produced rapid 9 in surface tension. 
    2. KL4 was more resistant to 4 inhibitory serum components than Survanta 

(SUR) or resistant to oxidants than Exosurf (EXO>>KL4). 
In Vivo Studies :     

 
            1. In an animal model of ARDS (native surfactant was removed from the lungs 

from adult guinea pigs by repeated lung lavage), KL4 at 200 mg/kg (5 mL/kg) 
restored lung aeration/expansion and gas exchanges, thereby increased 
survival of the animals to 100% compared to 33% survival in untreated 
group. 

    2. KL4 at 100 mg/kg administered at delivery produced significant 8 in dynamic 
compliance in premature rabbits. 

 

(b) (4)
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    3. KL4 at 200 mg/kg (5 mL/kg) administered after 2.8 hours after delivery 
produced significant 8 in gas exchange and 9 ventilatory pressure in 
prematurely delivered infant monkeys, with better lung expansion grossly 
and less O2 requirement than EXO treated monkeys.  

 
II. PHARMACOKINETICS :  
 
    DISTRIBUTION OF KL4-SURFACTANT WITHIN THE LUNGS :  
 
    A. DISTRIBUTION OF CARBON BLACK MIXED WITH KL4-SURFACTANT 

INSTILLED INTO THE LUNGS OF A SINGLE PRETERM MONKEY : 
 

Methods : A single Rhesus monkey received a single dose of 200 mg/kg (5 
mL/kg) KL4 containing carbon black india ink on 130 day gestation, 
and the monkey was sacrificed with overdose of pentobarbital 15 
minutes later.  Distribution of carbon in the lungs was observed 
grossly.    

 
RESULTS :  "Patches" of black coloration were seen on the surface of all lung 

lobes.  Cross-sections showed homogenous black coloration on all 
surfaces.  For picture of the lungs, see Figure 5 on page 564.  This is a 
preliminary study. 

 
    B. DISTRIBUTION OF KL4-SURFACTANT IN THE LUNGS OF FETAL RHESUS 

MONKEYS : 
  

Methods : 6 premature monkeys delivered on 127-130 gestation days were 
administered intratracheally 5.5 mL/kg (200 mg/kg) KL4 mixed with 
Dye-Trak fluorescent microspheres of 15 + 0.2 microns in diameter 
approximately one hour after birth, and they were maintained on a 
ventilator for 10-12 hours.  Then they were necropsied, and the lungs 
and heart were removed to examine grossly.  The lungs were weighed, 
sectioned and digested in 4N KOH containing 2% Tween 80 to 
measure fluorescence in the supernatant.  For detailed information, 
see pages 564 and 565.  

 
RESULTS :  4 monkeys showed increased pulmonary function within 4-6 hours of 

instillation with a clearing of the lung X-rays; 3/4 showed 8 a/A O2 
ratio into the normal range (>4.0), but one/4 could not be measured, 
due to failed arterial line.  At necropsy, the lungs showed excellent 
expansion.   

 

(b) (4)
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2 monkeys did not respond very well. At necropsy, the lungs showed 
atelectasis in the lower and middle lobe, and to a lesser extent in the 
upper lobe.    

 
Lung histogram of fluorescence showed that 84.8% of lung had 
"greater than 30% of the theoretical mean value" of distribution, and 
this good distribution suggested improvement in lung function.  Only 
15.2% showed a surfactant distribution of #30% of the mean, and 
these low distribution areas were associated with areas of atelectasis.   
For actual histogram of fluorescence, dye-labeled microspheres mixed 
with surfactant, see Figure 6 on page 566.   

 
III. TOXICOLOGY : 
 

GLP STATEMENTS : Yes, submitted for each study. 
 

FOREIGN ANIMAL TOXICITY STUDY : No.  Most toxicity studies are 
performed at The Scripps Research Institute.  Some studies, TSRI 93-1 and TSRI 
94-1 at    

 
    1. TSRI 93-1 : MULTIPLE DOSE, INTRATRACHEAL TOXICITY STUDY OF KL4-

SURFACTANT IN ADULT RATS : 7 DAY TOXICITY STUDY:  
 
  Lab Performing the Study : The Scripps Research Institute, La Jolla, CA. 

 
  GLP Statements : Yes, on page 819, Vol.1.2. 

 
  Methods : Three groups of 10 M + 10 F/group of Charles River Sprague Dawley 

adult rats (M : 9 weeks old and F: 12-15 weeks old, 230-315 g body 
weight) were treated intratracheally through a ball-tipped 20-gauge 
needle inserted through mouth and into the trachea under 70% CO2 
plus 30% O2 anesthesia, twice daily, approximately 6 hours apart, for 
7 days either with 160 mg/kg (4 mL/kg) KL4 (Lot #N-7640, pH 7.20, 
osmolality of 300 mOsm/kg), or 160 mg/kg (4 mL/kg) of PL (Lot # 
7631, pH 7.20, osmolality of 300 mOsm/kg) plus palmitic acid (PA) in 
Tham buffer, or 4 mL/kg of Tham buffer (Lot #N-7611, see exact 
composition on page 608).  Doses were calculated based on the body 
weight from all body weights of "a selected pool" on minus one day, 
and the same weights were used for 7 days (see page 615).  All test and 
control articles were prepared by the  

and they were warmed to 37-40EC 
before administration.  Half of rats were killed with 100% CO2 and 
necropsied on day 8; and the rest, on day 22.  Prior to initial dosing 

(b) (4)

(b) (4)

(b) (4)
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(day 1) and at the time of sacrifice, each rat was weighed and blood 
samples were collected.  Following necropsy, rats were examined for 
gross abnormalities.  Selected organs were weighed.  The lungs were 
examined grossly and fixed, along with 43 organs for histopathology.  
 For detailed methodology, see pages 610-620, Vol. 1.2. 

 
 Measurements and Observations : 

Mortality and Morbidity : Daily. 
Body Weights : Prior to dosing and on days 8 and 22.  
Food Consumption : Not done. 
Clinical Signs : During dosing, one hour post dosing, then once daily 
Hematology and Clinical Chemistry : Pre and days 8 and 22. 
Urinalysis : Not done. 
Necropsy and Organ Weight: Days 8 and 22. 
Study Duration : 9/7/93-9/28/93. 

 
RESULTS : 
 
Dosage Levels : 320 mg/kg/day KL4 : groups 1 (killed on day 22) and 4 (killed on day 8);  

320 mg/kg/day PL+PA: groups 2 (killed on day 22) and 5 (killed on day 8);   
and Tham buffer: groups 3 (killed on day 22) and 6 (killed on day 8)).  See 
page 610. 

 
Mortality : No rats died except #194 due to procedure accident at the onset of the study; 

replaced with #186. 
 
Clinical Observations : Labored breathing was reported in 2 rats from KL4 group but 

one rat each from PL group and Tham buffer group.  
Generally within 30 to 60 seconds after dosing, all rats 
returned to normal.  For actual report, see Table 3 on page 
658. 

 
Immediately after dosing, ronchi, dyspnea, and apnea (audible), and cyanosis were 
reported in a very high percent of rats in all groups, and oxygen was required for all 
groups.  Ronchi was much less frequent in THAM buffer group than the other two 
treated groups.  Summary of these respiratory effects is shown below : 

 
Immediately Post-Dose Respiratory Effects : 
 

Group: KL4 :   PL+PA : Buffer : 
 

Ronchi : (%) Day 22:  88.6   90.7   38.6 
Day 8   91.4   88.6   34.3 

(b) (4)
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Dyspnea :(%) Day 22: 100   99.3  100 

Day 8: 100  100  100 
 

Apnea : (%) Day 22:  97.9   98.6   98.6 
Day 8: 100   98.6  100 

 
Cyanosis : (%) Day 22:  83.6   84.3  75.0  

 Day 8:  94.3   91.4  90.0 
 

O2 admin.: (%)  Day 22:  11.3   14.3  15.0 
  Day 8:  14.3   14.3   8.6    

    
Labored  
breathing :    2/10  1/10  1/10 

 
 
Body Weight : There were no significant differences in group mean body weights 

between groups on days 0, 8 and 22.  For actual group mean values, 
see Table 4 on pages 659 and 660.   

 
Food Consumption : Not done. 
 
Hematology : No statistically significant (S.S) changes in group mean values were reported. 

  For actual group mean values, see pages 673 through 677.    
 
Coagulation Time :  No S.S differences between group mean values were reported for 

APTT and PT.  
 
Clinical Chemistry : No S.S changes in group mean values were reported.   For actual 

group mean values, see pages 673 through 676. 
 
Urinalysis : Not done. 
 
Organ Weight : Group mean absolute weight (AW) of lungs was increased 25% in 

KL4 group (group 4) and 17% in PL + PA group (group 5) over 
THAM buffer group (group 6) after 7 day treatment, and relative 
weight (RW) of the lungs also increased 26% in KL4 group and 17% 
in PL + PA group over buffer group after 7 days treatment.       

  
Group mean AW of thyroid was decreased 20% in KL4 group (group 4) and 10% in 
PL + PA group (group 5) over buffer group (group 6) after 7 days treatment, and 
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RW of the thyroid also decreased 20% in KL4 group and only 8% in PL + PA group 
over buffer group after 7 days treatment. 

 
After a 2 week recovery period following 7 days treatment, AW and RW of lung and 
thyroid returned to normal and showed no differences between groups: KL4 group 
(group 1), PL + PA group (group 2), and buffer group (group 3).  Generally most 
organ weights were slightly decreased in KL4 group over the buffer group.  For 
actual data, see pages 677 and 678.  

 
COMMENT : Sponsor reported that one rat each from groups 1, 2, and 3 had 

unusually low testes weight, and one in group 2 with 
degenerative hypoplasia of the spermatogenic epithelium on 
page 626.    

 
Gross Pathology : No gross abnormality was found in groups 4, 5, and 6 after a 2 week 

recovery period.  Only finding noted was "red foci" in the lungs of 
rats sacrificed after 7 days treatment, but this finding was attributed 
to CO2 anesthesia, not to KL4.  Following table is a summary of gross 
findings.  For actual report, see pages 679 through 682.   

 
 
 Group: 
 Days: 

 
 KL4 
8         22 

 
 PL+PA 
8        22 

 
 Buffer 
8      22 

 
Lungs:Diffused red 
foci (#3 mm) 

 
4/10 

 
1/10 

 
1/10 

 
Mandibular lymph 
node:Red congested 

 
 

 
1/10      

 
 

 
Uterus :bilateral 
dilation 

 
1/4 

 
        2/5 

 
 

 
Liver: white or 
yellow focus 

 
 

 
        2/10 

 
 

 
Histopathology : Groups (1, 2, and 3) killed on day 22 did not show significant changes 

(see Table 14a).  A greater number of abnormal findings was reported 
in groups killed on day 8 after 7 days treatment, and a summary is 
shown in the Table below.  For actual summary report, see pages 683 
through 686.   

 
 
 Groups: 

 
 KL4 

 
 PL+PA 

 
 Buffer 

(b) (4)
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 Days:            8           8         8  
 
Lungs :  
Histiocytosis :          
   minimal 
   mild 
   moderate 
Acute focal 
inflamm. 
Perivascular 
edema/ eosinophil 
infiltr 
   minimal 
   mild 
   moderate 

 
 
 
 
            9/10 
            1/10 
 
 
 
 
            7/10 
            2/10 
            1/10 

 
 
 
           3/10 
           7/10 
            
 
           1/10 
 
 
           2/10 
           7/10 
           1/10   

 
 
 
        6/10 
        4/10 
 
 
 
 
 
        10/10 
 
 

 
Liver small focal 
infarct 2x2 mm 

 
 

 
           1/10 

 
 

 
Urinary bladder : 
dense luminal 
deposit in lumen 

 
 
 
            1/10 

 
 

 
 

 
Thyroid-single 
small focus of 
chronic inflamm. 

 
            1/10 

 
 

 
 

 
The extent of the findings in the lung was graded, and the results are presented in 
the following table.  For actual score for each animal, see pages 687-689. 

 
    Group Mean Rating of Findings in the Lungs: 
 

    (Rating: 0:normal, 1:minimal, 2:mild, 3:moderate, 4: marked) 
 

KL4 :   PL+PA : Buffer : 
 

Histiocytosis : Day 22:  0.9  0.9  0.8 
        Day 8:  2.1  1.7  1.4 

 
Inflammation : Day 22: 0  0  0 

       Day 8:  0.8  0.6  0.5 
Perivascular edema/eosinophil 
infiltration : Day 22: 0  0  0 
         Day 8: 1.3  1.9  0.6 

(b) (4)
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    Summary of 7 Day Toxicity Study in Adult Rats : TSRI 93-1:  
 

Two sets of adult rats were used in this study, each set contained 3 groups of 10 M + 
10 F/group: A study with groups 4, 5, 6 were started first, then the second study 
with groups 1, 2, and 3 was started 2 weeks later.   All rats were treated twice daily 
for 7 days with either 4 mL/kg of KL4 (groups 1 and 4), PL + PA (groups 2 and 5) or 
Tham buffer (groups 3 and 6), then the second sets of animals were killed on day 8 
(groups 4, 5, 6), and the first sets of animals were killed after a 2 week recovery 
period (groups 1, 2, 3). 

 
The daily doses KL4 (groups 1 and 4) or PL + PA (groups 2 and 5) were 340  mg 
PL/kg/day.  No S.S differences were shown between groups in body weight, 
hematology, coagulation time, clinical chemistry or gross pathology.  Food 
consumption and urinalysis were not done.  

 
All 3 treatments produced effects on the respiratory system immediately after 
dosing: ronchi, dyspnea, and apnea audible and cyanosis, and thus all required O2.  
But, the buffer group had more than 50% less ronchi than other 2 groups, and also 
cyanosis was less than the other 2 groups.   AW and RW of the lungs from rats 
sacrificed on day 8 were increased in KL4 (825%/AW and 826%/RW) and PL + PA 
groups (817% for both) when compared to the Tham buffer group.   AW and RW 
of thyroid were decreased in both groups, although the sponsor did not acknowledge 
this fact.  Histopathology was limited to the lungs: histiocytosis, inflammation, 
perivascular edema and/or eosinophil infiltration were reported in all 3 treated 
groups that were killed on day 8, and only histiocytosis persisted after a 2 week 
recovery period.   But the rating of these 3 findings in the lungs show KL4 > PL+PA 
> Tham buffer.  For group mean rating, see page 17 of this review.  Animals killed 
after a 2 week recovery period showed no changes in organ weights or 
histopathology.   

 
2.  TSRI 91-1 : SINGLE DOSE, INTRATRACHEAL, ACUTE TOXICITY STUDY OF       
 KL4-SURFACTANT IN NEWBORN RABBITS : 
 

Methods: Neonatal New Zealand White M and F rabbits, <48 hours after 
natural birth, 40-100 g, received intratracheally a single dose of 5 
mL/kg KL4 (=133 mg/kg, n=14, Scripps Lot No.s 910925 and 911011) 
as a sterile liposome suspension in THAM buffer (pH 7.20, osmolarity 
290 mOsm/L), vehicle (PL:phospholipid + palmitic acid liposomes, 
n=13, Scripps Lot No.s 910924 and 911015) or sterile isotonic saline 
(negative control, n=12).  After recovery from the dosing procedure, 
the pups were returned to their mothers and observed daily for 

(b) (4)
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mortality and morbidity for 14 days.  All 3 solutions were warmed to 
37-40EC just before use.  Prior to dosing and on days 3, 6, 9, 12, and 
14, pups were weighed and respiration observed for any 
abnormalities.  Pups were necropsied on day 14 or within 24 hours of 
unexpected death, blood samples taken, and the lungs were observed 
for any abnormalities.  

 
Measurements and Observations : 

Mortality and Morbidity : Daily. 
Body Weights : Prior to dosing and on days 3, 6, 9, 12, and 14.  
Respiratory Rates : Prior to dosing and on days 3, 6, 9, 12, and 14. 
Study Duration : 10/2/91-11/6/91. 

 
RESULTS : 
 
Mortality : 1/14 rabbits in KL4 group died, along with 1/13 PL group immediately post 

dosing, and the cause of death was attributed to drowning, i.e., hypoxia and 
liquid obstruction in the airways. 

 
Additional 3/13 in KL4 group died along with 2/12 in PL group and 5/12 
saline group before day 14.  These deaths were attributed to maternal 
neglect, since no milk was found in the stomach and lack of adipose tissue.  
One of saline group died probably due to hyperthermia.  

 
Clinical Observations : No drug-related toxic signs were reported. 
 
Body Weights : There were no significant differences between groups in group mean 

body weights although KL4 group gained most (812% over the saline 
group) followed by PL group.   

 
Hematology : No significant differences between groups in group mean values on day 14 

were reported, although some values showed large individual 
variations, especially platelet counts, and the samples showed 
hemolysis.  One (#48) in KL4 group was reported to have "slightly 
lowered hematocrit". 

 
COMMENT : All data for blood were from day 14 only, without baseline 

values or untreated group.  
 
Coagulation Time : Not done. 
 
Clinical Chemistry : There were no significant differences between groups in group mean 

values on day 14. 

(b) (4)
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Although the group mean values showed large variations, the  group mean values in 
KL4 group for BUN, cholesterol, LDH, ALP and GOT were much larger than the 
saline control values, but group mean values in KL4 group for triglyceride and iron 
were much smaller than the saline control values.   One  (#48) was reported to have 
elevated LDH and potassium.    

 
COMMENT : Data were from day 14 only, without baseline values or 

untreated group.  
 
Organ Weights : There were no significant differences between groups in group mean 

values, although heart, kidneys, liver and lungs in KL4 group were 
slightly larger than the saline control values.   

     
Gross Pathology  : No significant differences between groups in gross findings were 

reported. 
 

Rabbits dying before day 14 were reported to have died of 
malnutrition except one in saline group.  Two in KL4 group and one 
saline control group showed evidence of mild hemorrhage at the site 
of tracheostomy, probably material leaking during administration.      

 
The lungs in surviving pups were normal except one in saline group 
with a small area of atelectasis. 

 
One each in KL4 group and PL group had mild conjunctivitis. 

 
Histopathology : There were no significant differences between groups in 

histopathological findings. 
 

Rabbits dying before day 14 showed single small zone of atelectasis in 
one each in PL group and saline group.  Others were normal.  

 
Rabbits surviving 14 days showed normal lungs.   Injection sites 
showed evidence of localized subcutaneous chronic inflammation in 2 
of KL4 group and one each in PL group and saline group.  

 
Summary Single Dose Acute Toxicity Study in Newborn Rabbits : TSRI 91-1:  

Twelve-14/group of neonate rabbits (<48 hours after natural birth) were treated 
intratracheally with a single 5 mL/kg of KL4, phospholipid vehicle (PL), or isotonic 
saline, and they were observed for 14 days after being returned to their mothers. 

 

(b) (4)
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1/14 in KL4 and 1/13 in PL group died immediately after dosing due to drowning.  
During 14 days, 3/13 in KL4, 2/12 in PL and 5/12 saline group died, mostly due to 
maternal neglect and malnutrition.  There were no significant differences between 
groups in clinical signs, body weights, hematology (day 14), clinical chemistry (day 
14), organ weights, gross and histopathological reports, although the injection site of 
 1-2 pups in all 3 groups showed mild hemorrhage and/or chronic inflammation 
(probably due to material leaking and/or irritating property of solutions).  
Atelectasis was reported in only one pup each of PL or saline group, but mild 
conjunctivitis was reported one pup each in KL4 and PL group.  Some trend of 
changes noted in blood chemistry and organ weights were listed under REVIEW 
section.  Differential counts for WBCs, coagulation time and urinalysis were not 
done in this study, and no untreated group was included in this study.   
 
However, KL4 did not produce any significant toxicity over the PL vehicle or 
isotonic saline. 

 
3.  TSRI 91-2 : MULTIPLE DOSE, INTRATRACHEAL, TOXICITY STUDY OF KL4-      
  SURFACTANT IN NEWBORN RABBITS : 
 

Methods : Neonatal New Zealand White M and F rabbits (<48 hours after 
natural birth, 40-100 g) were randomly assigned to 3 groups.  Each 
group received a total of 4 doses, intratracheally, with a single dose of 
5 mL/kg (=133 mg PL/kg) of KL4 (n=10, Scripps Lot No.s 910925 and 
911011) as a sterile liposome suspension in THAM buffer (pH 7.20, 
osmolarity 290 mOsm/L), vehicle (PL:phospholipid + palmitic acid 
liposomes, n=11, Scripps Lot No.s 910924 and 911015) or sterile 
isotonic saline (negative control, n=13), at time 0 (day 0), and again 
approximately 8, 24, and 48 hours after the initial dose .  After 
recovery from the dosing procedure, the pups were returned to their 
mothers and observed daily for mortality and morbidity for 14 days.  
All 3 solutions were warmed to 37-40EC just before use.  Prior to 
dosing and on days 3, 6, 9, 12, and 14, pups were weighed and 
respiration observed for any abnormalities.  Animals were necropsied 
on day 14 or within 24 hours of unexpected death, blood samples (3 
mL) were collected by cardiac puncture, and the lungs were taken for 
gross and histopathology.  

 
Measurements and Observations : 

Mortality and Morbidity : Daily. 
Body Weights : Prior to dosing and on days 3, 6, 9, 12, and 14.  
Respiratory Rate : Prior to dosing and on days 3, 6, 9, 12, and 14. 
Study Duration : 11/5/91-12/9/91. 

 

(b) (4)
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RESULTS : 
 
Mortality: 1/10 in KL4 group died, along with 1/11 in PL group and 3/13 saline group 

before day 14.  None of these deaths were attributed to treatment but to lack 
of maternal care.   

 
Autopsy showed that one each that died in all 3 groups had acute 
pneumonitis, and 2 in saline group had acute sc inflammation at the injection 
sites.   

 
Clinical Observations : Once recovered from dosing-related transient dyspnea, no 

animals in any of groups showed abnormal respiration.   
 
Body Weights : No significant differences between groups were shown for group mean 

body weights.  
 

COMMENT : No untreated group was included.   
 
Hematology : There were no significant differences between groups in group mean values 

for any parameters, although majority of the samples were hemolyzed 
and platelets were clumped in many samples (7/9 in KL4, 4/10 in PL, 
and 5/10 in saline) thus the values could not be determined.  

 
     COMMENT : All data for blood were from day 14 only, without baseline values or 

untreated group.  
 
Coagulation Time : Not done. 
 
Clinical Chemistry : No significant differences between groups in group mean values were 

reported, although many values showed large variations.  The 
group mean values of cholesterol, LDH, GOT, triglyceride 
(TRI), GPT and iron in KL4 were somewhat smaller than the 
saline control values, but group mean ALP value in KL4 was 
slightly larger than the saline control value.   

 
    COMMENT : 1. Data were from day 14 only, without baseline values or 

untreated group.  
 

2.  The group mean values of cholesterol, LDH, and GOT in KL4 
on day 14 were opposite in the single dose study: they were 
somewhat larger than the saline control values . 

 

(b) (4)
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3. Common findings in both single and multidosing studies in 
KL4 were trend of increased ALP and decreased TRI and iron 
values compared to the saline group. 

 
Urinalysis : Not done. 
 
Organ Weights : Although there were no significant differences between groups, the 

group mean weights of kidneys, liver, and lungs of surviving animals 
were somewhat larger than those of the saline control group.   

 
      COMMENT : These increased organ weights were shown in the single dose study 

also.   
 
Gross Pathology :  There were no significant differences between groups in gross 

findings.  
Animals dying before day 14 showed the following: One (#85) in KL4 
had red patches, 3-4 mm in size in all lung lobes, and the injection site 
appeared to be reddish-grey color, although there were some signs of 
autolysis.  Similar red patches with grey tissue at the injection site 
were noted in one of PL group, along with 3 of saline group.  

 
Surviving animals on day 14 showed one or more foci of various sizes 
from pinpoint to 4 mm in diameter atelectasis in the right upper lobe, 
reported in 5/9 of KL4, 4/10 in PL, and 1/10 saline control group.  In 
addition, 2/10 in saline group had focal atelectasis.  

 
Injection site of some surviving animals showed changes similar to the 
animals which died.   

 
Histopathology : No significant differences between groups in histopathological 

findings were reported.  
 

Animals dying before 14 days : one in KL4 had acute pneumonia 
along with one in PL.  Injection site showed inflammatory reaction in 
1 in PL and one in saline group that also had abscess at the injection 
site.  Another one in saline had atelectasis. 

 
Surviving animals showed normal lungs in 6/9 in KL4, 3/10 in PL, 
along with 4/10 in saline group, and the remaining animals (2/9 in 
KL4, 5/10 in PL, along with 6/10 in saline group) showed resolving 
mild pneumonia: a few small foci of increased numbers of 
macrophages and neutrophils.   
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8/9 in KL4, 9/10 in PL, along with 8/10 in saline group showed no 
abnormality at the injection site, but one each in latter 2 groups had a 
mild scattering of chronic inflammatory cells and one each in KL4 and 
saline group had a 1-2 mm abscesses surrounded by a wall containing 
macrophages, fibroblasts and giant cells. 

 
One animal in KL4 had "1 x 2 mm nodule" of PAS positive material 
inside multinucleated giant cells in the liver, and another one in this 
group had a 5 x 8 mm cyst in the spleen with no associated 
inflammation.  See Table  11 for detailed information.   

 
Summary Multidose (4 within 48 hours) Toxicity Study in Newborn Rabbits: TSRI 91-2 
 

Newborn rabbits (<48 hours after natural birth) received intratracheally a total 4 
doses of 5 mL/kg of either KL4, PL or isotonic saline, at time 0, and approximately 
8, 24, and 48 hours, and they were kept for an additional 14 days for observations. 

 
1/10 in KL4, 1/11 in PL and 3/13 in saline group died within 14 days, and these 
deaths were blamed on maternal neglect, although the autopsy of dead pups showed 
acute pneumonitis in one each in all 3 groups, and acute sc inflammation was noted 
at the injection site of 2 pups in saline group.   

 
No toxic clinical signs were reported once they had recovered from dosing related 
transient dyspnea. There were no significant differences between groups in group 
mean values for body weights, hematology on day 14, clinical chemistry on day 14, 
organ weights, gross and histopathological findings.  Differential count for WBCs, 
coagulation time and urinalysis were not done, and no untreated group was 
included in this study.  

 
Some trend of changes noted for blood chemistry were listed under REVIEW 
section.  The same findings reported in both single and multidosing studies were 
increased group mean value of ALP; increased liver, kidney, and lung weights; and 
decreased triglyceride and iron. The most common gross finding was various sizes 
of atelectasis reported in the right upper lobe, reported in surviving pups (5/9 in 
KL4, 4/10 in PL, 3/10 in saline group).   Resolving mild pneumonia was the most 
common histopathology finding in this study, that was reported in 2/9 in KL4, 5/10 
in PL, 6/10 in saline group, and other lungs were reported as normal.  The injection 
site was reddish grey in color grossly in one pup each of KL4 and PL with 3 in saline 
group, and histopathology showed evidence of chronic inflammation in one pup 
each in all 3 groups and with abscess in one each in KL4 and saline group. 

                       
However, KL4 did not produce any significant toxicity over the PL vehicle or saline. 
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ventilation until confirmation of RDS by chest radiography (diffuse 
reticula granularity or "white out") and a/A O2 <0.22.  Once criteria 
were met at a mean age of 1.36 + 0.35 hours, 200 mg/kg KL4 was 
administered via endotracheal tube in 2 aliquots.  After blood 
sampling at 19-24 hours age, all animals were sacrificed under 
pentobarbital anesthesia, and post-mortem evaluation of atmospheric 
transpulmonary pressure performed.  Selected tissues/organs were 
collected (see pages 586-587), along with multiple samples of the lungs 
for histopathology examination.  For detailed methodology, see pages 
582-587.  

 
RESULTS : 
 
Mortality : None.  All survived the study period of 19-24 hours. 
 
Clinical Observations : Of the 12 infant monkeys, one monkey (#49) was treated with 

KL4 "at the time of delivery before the first breath" and this 
monkey did not develop RDS.  The other 11 were not treated at 
the birth, and all 11 developed severe RDS as shown by low 
a/A O2 (Table 1 on next page) and by opalescent densities 
throughout the lung fields in radiographs.  

 
After treatment with KL4, all monkeys responded with increased a/A O2 ratio and 
decreased mean airway pressure and clearing of the lung fields in radiographs. 

 
At 19-24 hours, the lungs were generally well expanded, with only a fine line of 
atelectasis (approximately 2 mm wide) along the lower border of the left and right 
lower lobes. 

 
Body Weight :  Ranged from 254 g to 336 g.  See Table 1 below.  
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Blood Pressure : Blood pressure remained normal or when reduced as a result of blood 

sampling, readily corrected by administration of normal saline or 
"cord blood" or cord "material". 

 
Organ Weight : Not reported/done.  
 
Gross Pathology : It was reported as "looked normal". 
 
Histopathology : Examination showed "expanded" pulmonary alveoli, only with 

scattered zones of partially atelectatic alveoli, often containing hyaline 
material. Selected organs/tissues were normal.  One exception was one 
monkey, #53, that had 2-3 mm infarction in the liver, probably due to 
a infusion pump, that lead to formation of a clot that resulted in 
moderately elevated AST (SGOT) ALT (SGPT) and CPK at 24 hours. 
 For actual score of lung expansion, see Table 1 on page 28. 

 
    Summary of Single Dose Efficacy/Toxicity Study in Premature Monkeys : TSRI 94-2:      
No GLP study. 
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A total of 12 C section delivered premature monkeys with an average 128 days 
gestational age were treated with KL4; one with 39.5 mg/kg  during delivery before 
the first breath and the other 11 with 200 mg/kg in 2 alquots after diagnosis of 
severe RDS, and they were kept for 19 to 24 hours by mechanical ventilation, 5% 
dextrose and under a warmer.  

 
All monkeys responded to KL4 and survived up to 19-24 hours until necropsy : 
improved a/A O2 ratio, mean airway pressure, and lung radiographs.  By the end of 
study, lungs were expanded, with small area of atelectasis in lower lobes.  Although 
the sponsor reported that blood pressure was maintained normally, and most 
hematology and clinical chemistry values were near normal or within normal ranges 
for this age, with "moderately" increased neutrophils in all monkeys and 
fluctuating serum glucose due to 5% dextrose infusion and exception of #59, other 
values changed, some to a greater degree than one is lead to believe in the results 
section, as shown on pages 28-29.  Organ weights were not reported.  There were no 
gross findings, and no significant histopathological findings except #59 with liver 
infarction.  Lungs showed expanded alveoli, only with scattered zones of partially 
atelectic alveoli.  Lungs of one/12 monkeys did not respond as well (<25%) as others, 
and another had less than 50% expansion.  Four others had 51-75%, and the rest 
had 76-100%.  One (#49) that received KL4 at birth (but less amount than others) 
still showed good expansion (76-100%). 

 
   
TSRI 92-1 : IMMUNOGENICITY STUDY OF KL4-SURFACTANT IN GUINEA PIGS : 
Study duration : 2/26/92-4/8/92  
 
    COMMENT : Only a summary was submitted.  Full reports for all 3 studies were 

submitted and reviewed under IND 40,287.   
 
    5. ACTIVE SYSTEMIC ANAPHYLAXIS : 
 

Methods : Young adult Hartley guinea pigs (300-350 g) were divided into 5 
groups of 15 each.  For immunization, Groups I and II were treated 
with 2 sc injections of 0.1 mL of KL4 in phosphate vehicle with 
adjuvant (Titer Maxtm) on days 0 and 14 ; and Groups III and IV, 
with bovine serum albumin (BSA) in phosphate vehicle, with adjuvant 
(Titer Maxtm) on days 0 and 14 as in the following table.  Injection 
sites on day 0 were over the shoulder region; and on day 14, the 
hindquarters.  Group V received intratracheally KL4 in phosphate 
vehicle without adjuvant on days 0 and 7 at a dose of 5 mL/kg (26.6 
mg/mL PL + 0.798 mg/mL KL4) under local anesthesia by ketamine 
40 mg/kg + 0.3 mL 2% lidocaine.  For exact composition of solutions 
and lot numbers for Group I-VI, see pages 338-341. 
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OVERALL SUMMARY AND EVALUATION : 
 
The subject of this IND is KL4-Surfactant (KL4), a synthetic pulmonary surfactant, for the 
treatment of adult respiratory distress syndrome (ARDS).  This surfactant is a suspension 
of liposomes in THAM buffer, containing KL4, a 21 lysine and leucine residue synthetic 
peptide (M. W. = 2469), phospholipid [1,2,Dipalmitoyl-sn-glycero-3-phosphocholine 
(DPPC) and 1-Palmitoyl-2-oleoyl-sn-glycero-3-phosphoglycerol (POPG)] and palmitic acid 
(PA), at pH of 6.5 to 8.0.  Hydrophilic and hydrophobic regions of KL4 are reported to be 
similar to Surfactant Specific Protein B.  
 
Sponsor submitted a clinical protocol for Phase 1/2 study to evaluate safety and efficacy of 
this surfactant in 36 adult patients, who have documented RDS and sepsis.  Patients will be 
randomly divided into 3 groups of 12; 3 will be untreated controls and 9 will be treated 
intratracheally with surfactant in sequential order, at 50 mg/kg (1.25 mL/kg), followed by 
100 mg/kg (2.5 mL/kg), then 200 mg/kg (5 mL/kg) KL4.  If indicated and meet certain 
criteria, they will receive repeated doses, up to 4 doses. 
 
The sponsor has IND 40,287 for the same surfactant for the treatment of RDS in 
premature infants in our division.  The sponsor has changed the manufacturer of the drug 
and formulation of the drug 4 times since the submission of IND 40,287.  The only 
preclinical studies using the new formulation submitted to this IND  include : one 
efficacy study in adult guinea pigs  93-106), Study No.s TSRI 93-1 (7 day toxicity 
study in adult rats), 94-1 (3-4 doses in newborn rabbits), and 94-2 (single dose in premature 
monkeys); and this is the formulation to be used in the clinical studies.  
 
The following preclinical studies were submitted for this IND : 8 Pharmacological Studies 
[5 in vitro studies and 3 in vivo-studies in premature (27 day gestational age) rabbits and 
premature (127-131 day gestational age) Rhesus monkeys], 2 KL4 distribution studies in 
fetal monkeys, 8 "safety"/toxicological studies, as listed on pages 4 through 6.  Most of the 
preclinical studies were performed at the Scripps Research Institute and GLP statements 
were submitted for each study.  All efficacy/safety studies in monkeys and one efficacy 
study in guinea pigs,  93-106, are not GLP studies.  
 
KL4 showed efficacy in all pharmacological studies, but majority of studies were in 
premature animals, and only one study was in adult animal model.  KL4 produced rapid 
decrease of surface tension of the pulsating bubble surfactometer assay, and generally 
increased dynamic compliance of the respiratory system in premature rabbits (27 day 
gestational age), significantly increased gas exchange, requiring less oxygen, and decreased 
ventilatory pressure in premature Rhesus monkeys (127-131 day gestational age) although 
patches of atelectasis and scattered hyaline membrane were noted in the lungs as expected 
for prematurity.  KL4 improved lung aeration and gas exchanges in adult guinea pigs after 
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induced RDS (ARDS model), thereby increased survival over the untreated controls with 
RDS.   
 
In 2 KL4 distribution studies, KL4 mixed with carbon black (first study) or Dye-Trak 
fluorescent microspheres (second study) was administered to the lungs of a single 
premature monkey or 4 premature monkeys, respectively.  The results showed even 
distribution of KL4 in the lungs of a single monkey in the first study, and increased 
pulmonary functions in all 4 monkeys within 4-6 hours of KL4 administration.  
 
In most toxicity studies, intratracheal toxicity studies were carried out in newborn rabbits 
(<48 hours after natural birth) or premature monkeys after a single dose or 4 doses within 
48 hour period.  One exception was a 7 day study in adult rats.  In most studies, there were 
no S.S differences in toxicity profile between KL4 and PL+PA (its "vehicle").  Generally, 
animals in KL4 treated groups survived better (lower mortality), required less O2, had 
better lung expansion and lung functions and less atelectasis of the lungs than its vehicle, 
PL+PA or saline controls, with 2 exceptions.   
 
Antigenicity of KL4 was studied in young guinea pigs : Active Systemic Anaphylaxis, 
Passive Cutaneous Anaphylaxis, and Double Immunodiffusion in Agarose Gels. The results 
were negative for KL4 in all 3 assay systems under the conditions tested, while BSA, 
positive controls, clearly produced positive results for all 3 assay systems. 
 
However, it should be pointed out that the SC injection for sensitization/immunization was 
done for only 2 days, 2 weeks apart, and waited 28 days before challenge.    

 
Generally, for an active systemic anaphylaxis test, immunization/sensitization requires 5 
daily intradermal injections for most drugs, then the sensitized animals are challenged by 
IV injection 10-14 days later when the antibody concentration in the blood reaches the 
peak level.    
 
Also, the intratracheal route for sensitization and/or challenge has proven to be ineffective 
for antigenicity studies, since none of the surfactants tested by this route to date have 
produced any antibodies, while most bovine and porcine surfactants have produced 
antibodies and/or antigenic/immunogenic reactions by parenteral routes or in active 
systemic anaphylaxis test.    
 
Following table is a summary of highlights of all toxicity studies : 
 

 
 TSRI # 

 
 SPECIES 

 
 DOSE(mg/kg) 
      GROUPS 

 
 FINDINGS 

 
 91-1 

 
Newborn 

 
133 mg/kg(5 Mortality : 1/14/KL, 1/13/PL+PA 
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 1x rabbits mL/kg) 
PL + PA("vehicle") 
Saline 

immediately post dosing plus 3/13/KL, 
2/12/PL+PA, 5/12/saline within 14 days 
(maternal neglect).  
Sl 8 heart, kidney, liver, lung wt.   

 
 91-2 
 4x 

 
Newborn 
rabbits 

 
133 mg/kg x 4 (0,     
       8, 24, 48 hrs) 
PL + PA 
Saline 

 
Mortality : 1/10/KL, 1/11/PL, 3/13/saline 
within 14 days. 
Dyspnea, hemolyzed and clumped blood 
samples : Sl.8 ALP, LDH, SGOT, 
Cholesterol, kidney, liver, lung wt.  

 
 92-2 
 No      
 GLP 

 
Prematur
e 
monkeys 

 
126-200 mg/kg 

 
Efficacy: 8gas exchange, 9 ventilatory 
pressure, 9 O2.  Lungs with areas of 
atelectasis and scattered hyaline 
membrane.  

 
 92-3 
 2x 

 
Newborn 
rabbits 

 
200 mg/kg x 2(6 hr) 
 PL + PA 
Saline 

 
Mortality : 3/18/KL, 4/17/PL, 2/15/saline. 
Dyspnea, hemolyzed and clumped blood 
samples. 

 
 92-1 

 
Guinea 
pigs 

 
Active Systemic 
and Passive 
Cutaneous 
Anaphylaxis, 
Immunodiffusion 
<266 mg/kg 

 
Immunogenicity studies : Negative under 
the conditions tested.  Only 2 days 
sensitization 2 weeks apart and challenge 
28 days later.  See pages 31-35. 

 
 93-1 
2x 6 hr 
apart 
7 days 

 
Adult rats 

 
160 mg/kg  
(4 mL/kg) x 2/day x 
7 days 
PL + PA,  
Tham buffer 
 
plus 
14 day recovery 
period 

 
Ronchi, cyanosis, labored breathing 
dyspnea, apnea (first 3 found least in 
buffer). 8 lung wt (25% AW and 26% 
RW in KL4 and 817% each for PL+PA 
over buffer gp), 9 thyroid wt (20% each 
in KL4 and 910% and 8% for PL+PA). 
Histiocytosis and inflammation 
(KL4>PL+PA>buffer) and perivascular 
edema/eosinophil infiltration 
(PL+PA>KL4>buffer).  No 
changes/findings in recovery groups. See 
pages 14-18. 

 
 94-1 
  3-4x 

 
Newborn 
rabbits 

 
200 mg/kg (5-5.7 
mL/kg) x 4 (0, 6-8,  
 24, 48 hrs) 
PL + PA 
Tham buffer 

Preliminary report only : Mortality rate 
[untreated (25%)<<PL+PA (62.5%) 
<KL4 (68.7%)<Tham buffer (76.9%)]. 
Histiocytes were present in the lungs of 
all 3 treated groups, but absent in 
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Untreated untreated controls.  See pages 25-26.  
Need a complete report.  

 
 94-2 
  No 
  GLP 

 
prematur
e 
monkeys 
n=12 

 
60 mg/kg for one 
and 200 mg/kg for 
11 after RDS set in 

 
Efficacy study: Lungs were well 
expanded at 19-24 hours, with only a fine 
line of atelectasis in the lower lobes. 8 
WBC, neutrophils, creatinine, and 
bilirubin.  See page 26-31. 

 
Among these toxicity studies, only one study, Study No. TSRI 93-1, 7 day intranasal study 
in adult rats, is relevant to this IND, for ARDS.  Other studies are either for premature 
animals or "efficacy" studies, not pure toxicity studies.     
 
In this study, TSRI 93-1, 2 sets of adult rats were treated with 340 mg/kg/day KL4 or 
PL+PA (vehicle), in 2 divided doses for 7 days along with a group of Tham buffer.  One set 
of rats was killed on day 8 right after 7 days treatment, and one set was kept for an 
additional 14 days recovery period after 7 days treatment, then killed on day 22.  All 
findings/changes noted in above table were from the rats killed on day 8, but the rats after 
the recovery period had none of changes in organ weight or histopathology, showing 
reversibility of treatment effects during recovery period.  Therefore, KL4 had the worst 
toxicity profile (ronchi and cyanosis, lung weight increases, and "rating" of 
histopathological findings) among 3 treated groups, worse than PL+PA or Tham buffer.   
Therefore, KL4 protein and its vehicle place a greater burden on the lungs than Tham 
buffer.  This is the one exception in which the surfactant group was not superior.  The main 
reason may be that these rats did not have RDS. 
 
Another exception was Study No. TSRI 94-1, a multidosing study in newborn rabbits.  
Although only a preliminary report, this study was submitted for newborns (<48 hours 
after birth) which received 3-4 doses of 200 mg/kg KL4 or PL+PA or Tham buffer within a 
48 hour period, along with 4 untreated controls.  The results from this study showed that 
untreated controls had a better outcome than the KL4 surfactant or PL+PA.  They 
produced almost 3 times higher mortality when compared to the untreated controls, and 
histiocytes were reported in the lungs of all 3 treated groups, but not in the untreated 
controls.   
 
Proposed clinical dose of KL4 is 50 mg/kg (1.25 mL/kg), followed by 100 mg/kg (2.5 
mL/kg), then 200 mg/kg (5 mL/kg) KL4 in sequential order.  If indicated and meet certain 
criteria, they will receive repeated doses, up to 4 doses.  The single dose of 200 mg/kg is the 
same dose utilized in premature infants for treatment of RDS (up to 2 doses, if needed) 
under IND 40,287. 
 
The results from clinical studies in premature infants from IND 40,287 have been 
submitted.  See Medical Review.   
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With an exception of the adult rat study, based on other available preclinical toxicity data 
in addition to results of clinical studies with the same single maximum dose (200 mg/kg) in 
the same volume (5 mL/kg) as in premature infants for RDS under IND 40,287, no 
unexpected safety problem is anticipated in adult patients with ARDS at the proposed 
doses.  
 
NOTES : 1. The volume of a single maximum dose of KL4 is similar to two marketed 

products : 5 mL/kg for Exosurf and 4 mL/kg for Survanta.  These products 
can be administered up to 4 doses within 48 hours. 

 
        2. Past experiences have demonstrated that surfactants are no more toxic in adults 

than infants.   
 
CONCLUSIONS/RECOMMENDATIONS:  
 
The submitted preclinical toxicity data (with an exception of the adult rat study) along with 
available clinical data using the same single maximum dose in the same volume as in 
premature infants for treatment of RDS under IND 40,287, there is adequate support for 
initiation of the proposed clinical studies in 36 adults with ARDS.  
 
 
 
 

 
Young S. Choi, Ph.D. 
Pharmacologist  

cc: 
Original (IND ) 
HFD-150/Division File 
HFD-150/MO/Anthracite 
HFD-150/DeGeorge 
HFD-150/Choi 
HFD-151/CSO/Barnes 
R/D by Y. S. Choi/11/8/94 
R/D init. by peer reviewer/McGuinn/12/6/94           
R/D init. by DeGeorge/2/22/95  
F/T by Y. S. Choi/2/22/95, WP51 #0722T-1 
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HFD-570 DIVISION OF PULMONARY ANDALLERGY DRUG PRODUCTS 
PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 

 
Review 5 (IND ), Review 7 (IND 40287) 

 
IND number: 40287 and  
Serial No. 56 (IND ) 54 (IND 40287) 
Date of submission: 05/26/2000  
Reviewer: Huiqing Hao, Ph.D. 
Review Completion Date: 12/10/02 
Communication to Sponsor: Yes (  )   No ( X ) 
Sponsor: Discovery Laboratories, Inc. 
Drug: Surfaxin (Lucinctant) 
Relevant INDs/NDAs/DMFs: IND . 
Drug class: Surfactant 
Indication: ARDS in adults (IND ) and RDS and meconium aspiration syndrome 

in infants (IND 40287). 
Route of administration: Intratracheal instillation 
Clinical Formulation: Liposomal suspension, consisting of a phospholipid combination 

of Dipalmitoylphosphotidylcholine (DPPC) and Palmitoyoleoyl 
phosphatitylglycerol (POPG) (3:1); palmitic acid (PA) and a 21-
residue synthetic peptide of the sequence: 
KLLLLKLLLLKLLLLKLLLLK(KL4) in a tromethamine buffer. 

Proposed clinical dose and duration: None at this time.   
Previous reviews, date and reviewers: 
 
IND  
Review 
No. 

Submitted Reviewer Reviewed 

1 09/02/1994 Choi 11/09/1994 
2 03/25/1997-07/08/1997 Williams 10/17/1997 
3 01/22/1999 McGovern 03/04/1999 
4 07/14/1995 McGovern 08/02/1999 

 
IND40287 
Review 
No. 

Submitted Reviewer Reviewed 

1 07/31/1992 Choi 09/29/1992 
2 08/18/1993 Choi 09/02/1993 
3 11/05/1993 Choi 11/18/1993 
4 05/19/1995 Choi 06/20/1995 
5 06/30/1993 Choi 06/222/1995 
6 08/24/1995 McGovern 11/04/1999 

 
Studies reviewed in the submission: 
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Preclinical pharmacokinetic study report: Distribution of 3H-sinapultide and 14C-DPPC 
in Lucinactant following instillation into neonatal rabbits (TSRI PK99-1) 
 
Studies not reviewed in the submission: None. 
 

PHARMACOKINETICS 
 
Distribution of 3H-sinapultide and 14C-DPPC in Lucinactant following instillation 
into neonatal rabbits (TSRI PK99-1) 
 
Study date: 04/29/1999-05/06/1999 
Study #: TSRI PK99-1 
Conducting Lab: The Scripps Research Institute 
 
Methods: Surfaxin was formulated incorporating 3H-Sinapultide (KL4-peptide) and 14C-
DPPC (dipalmitoylphosphatidylcholine) into the usual composition of DPPC:POPG 
(3:1), 15% palmitic acid, and 0.03% Sinapultide.  Twenty two neonatal rabbits were 
instilled intratracheally with parallel labeled Surfaxin 50 mg/5ml/kg.  Five were 
euthanized immediately and 5, 6, and 6 were euthanized at 3, 28 and 50 hours, 
respectively.  Radioactivities were analyzed in the following organs from each animal, 
esophagus, heart, trachea, lungs, spleen, liver colon, kidneys and brain. 
 
Results: Data from the six animals that showed <15% recovery in at least one of the 
isotopes were not included in the distribution calculation because the dose was not 
effectively placed into the lungs.   
 
The mean percent recoveries of 3H-sinaputide were 73, 61, 32 and 33 for animals 
sacrificed at 0, 3, 28 and 50 hours, respectively.  The mean percent recoveries of 14C-
DPPC were similar: 66, 71, 45 and 40 for the 4 groups.  Elimination from the body in 
urine or feces was not determined in this study. 
 
At each time point, the lungs were found to contain the largest amount of 3H-sinapultide, 
66.3% at 0 hour and 32.3% of instilled amount at 50 hours.  The liver was the only other 
organ containing appreciable amounts of 3H-sinapultide, reaching the maximum of 6.8% 
of the instilled dose at 50 hours.  The same tissue distribution pattern was observed for 
14C-DPPC.    



The following table presents the recoveries of 3H-sinaputide and 14C-DPPC in various 
tissues as percent of dose instilled. 
 
 3H-sinaputide 14C-DPPC 
Tissue  0 hrs 3 hrs 28 hrs 50 hrs 0 hrs 3 hrs 28 hrs 50 hrs 
Esophagus 0.36 0.15 0.16 0.09 0.25 0.07 0.09 0.02 
Heart 1.22 2.07 1.76 2.81 0.01 0.03 0.06 0.06 
Trachea 0.66 0.63 0.14 0.15 0.59 0.59 0.12 0.13 
Lungs 66.26 50.70 21.60 20.14 65.29 70.02 43.51 38.44 
Spleen 0.06 0.11 0.12 0.17 0.00 0.00 0.01 0.02 
Liver 3.43 4.87 5.69 6.82 0.01 0.10 0.81 1.04 
Colon 0.12 0.14 0.16 0.14 0.00 0.00 0.04 0.02 
Kidneys 0.19 0.72 0.80 0.85 0.00 0.01 0.12 0.24 
Brain 0.42 1.12 1.16 1.10 0.01 0.01 0.06 0.10 
  
Conclusion:  
3H-sanaputide (3H-KL4) and 14C-DPPC in the formula of Surfaxin administered 
intratracheally to neonatal rabbits was mainly found in the lungs.  T1/2 of the drug in 
lung was not determined.  The liver was the only other organ contained appreciable 
amount radioactivity in this study.  
 
Recommendation: None at this time.    
 
 
 
 
      Huiqing Hao, Ph.D., Pharmacologist 
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SHULRG��5HSRUW�1R��'6�������$PHQGPHQW�1�����9RO����DQG���GDWHG���������

5(9,(:�

3KDUPDFRORJ\�
3RWHQF\�HIILFDF\�RI�./��LQ�D�VDOLQH�ODYDJH�LQGXFHG�$5'6�UDEELW�PRGHO�
�$PHQGPHQW�1�����GDWHG���������&RFKUDQH�HW�DO���$P��-��5HVS��&ULW��&DUH
0HG�����$�������������3XOPRQDU\�LQMXU\�ZDV�LQGXFHG�LQ�UDEELWV�E\�UHSHWLWLYH
LQWUDWUDFKHDO�VDOLQH�ODYDJH�IROORZHG�E\�OLSRSRO\VDFFKDULGH��/36��LQVWLOODWLRQ�LQ�WKH�OXQJV�
%ROXV�LQWUDWUDFKHDO�LQVWLOODWLRQ�RI��./��VXUIDFWDQW�������PJ�NJ�DW����PJ�PO���DW�����KU
DIWHU�LQVWLOODWLRQ�RI�/36�SURGXFHG�DQ�HOHYDWLRQ�RI�3D2����IURP������WR!����PP+J��LQ
DERXW�DQ�KRXU�ZLWK�SDUWLDO�H[SDQVLRQ�RI�WKH�OXQJV��EXW�ZLWK�]RQHV�RI�DWHOHFWDVLV�DQG
LQIODPPDWLRQ�UHPDLQLQJ���5DEELWV�ZKLFK�XQGHUZHQW���VHTXHQWLDO�ODYDJH�WUHDWPHQWV�ZLWK
GLOXWH�./��VXUIDFWDQW�����PJ�PO�����PO�NJ��IROORZHG�E\�HLWKHU�D�ILQDO�./��VXUIDFWDQW
ODYDJH�����PJ�NJ�����PO��RU�D�EROXV�LQVWLOODWLRQ�RI��./��VXUIDFWDQW������PJ�NJ�DW���
PJ�PO����VKRZHG�D�UDSLG�ULVH��IURP�����WR������PP�+J��LQ�3D2����JHQHUDOL]HG�XQLIRUPHG
H[SDQVLRQ�RI�WKH�OXQJV�DQG�UHGXFHG�LQIODPPDWRU\�UHVSRQVH�YHUVXV�QR�LPSURYHPHQW�LQ
UDEELWV�ZKLFK�ZHUH�ODYDJHG�ZLWK�HTXDO�YROXPHV�RI�VDOLQH���7KH�ODWWHU�./��VXUIDFWDQW
ODYDJHV�DOVR�UHPRYHG�LQIODPPDWRU\�H[XGDWH�DV�ZDV�HYLGHQFH�E\�D�VXFFHVVLYH�UHGXFWLRQV
LQ�WKH�DPRXQW�RI�SURWHLQ��XQLWV�RI�P\HORSHUR[LGDVH��DQG�WKH�1XPEHUV�RI�301V�DQG�5%&V
KDUYHVWHG�DW�HDFK�VXFFHVVLYH�./��VXUIDFWDQW��ODYDJH���7KHVH�LQIODPPDWRU\�PDUNHUV
UHPDLQHG�ORZHU�DW���KRXUV�DIWHU�LQVWDOODWLRQ�RI�/36�LQ�./��VXUIDFWDQW�ODYDJHG�DQLPDOV
UHODWLYH�WR�XQWUHDWHG�RU�VDOLQH�ODYDJHG�FRQWURO�DQLPDOV���3KRWRPLFURJUDSKV�RI�OXQJ�WLVVXH
IURP�./��VXUIDFWDQW�ODYDJHG�DQLPDOV�DOVR�VKRZHG�H[SDQGHG�DOYHROL�UHODWLYHO\�IUHH�RI
LQIODPPDWLRQ�FRPSDUHG�WR�PDUNHG�LQIODPPDWRU\�H[XGDWH�WKURXJKRXW�WKH�OXQJV�LQ
XQWUHDWHG�DQLPDOV���+RZHYHU��EHQHILW�EH\RQG�WKH���KU�GXUDWLRQ�RI�WKH�VWXG\�LV�XQNQRZQ�
,Q�FRQFOXVLRQ��DFXWH�DGPLQLVWUDWLRQ�RI�����VHTXHQWLDO�ODYDJH�WUHDWPHQWV�ZLWK�GLOXWH�./����
PJ�PO�����PO�NJ��IROORZHG�E\�HLWKHU�D�ILQDO�ODYDJH�����PJ�NJ�����PO�NJ��RU�D�EROXV
LQVWLOODWLRQ�RI�./�������PJ�PO��LQ�D�UDEELW�PRGHO�RI�$5'6�KDG�EHQHILFLDO�HIIHFWV
SURGXFLQJ�D�UDSLG�ULVH�LQ�3D2����JHQHUDOL]HG�XQLIRUPHG�H[SDQVLRQ�RI�WKH�OXQJV�DQG
UHPRYDO�RI�LQIODPPDWRU\�H[XGDWH�WKURXJK�WKH���KU�GXUDWLRQ�RI�WKH�VWXG\��

(b) (4)
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3DJH �

%URQFKRVFRSLF�DGPLQLVWUDWLRQ�RI�GLOXWH�./��VXUIDFWDQW��D�SUHOLPLQDU\�IHDVLELOLW\
VWXG\�LQ�D�SLJ�PRGHO�RI�$5'6����$PHQGPHQW�1�����GDWHG����������3XOPRQDU\�LQMXU\
ZDV�SURGXFHG�LQ���DGXOW�SLJV�E\�UHSHWLWLYH�VDOLQH�ODYDJH�RI�WKH�HQWLUH�OXQJ�XQWLO�3D2�
GURSSHG�EHORZ�����PP�+J���&RQWURO�DQLPDOV�UHSRUWHGO\�H[SHULHQFHG�VXVWDLQHG��!��KU�
3D2�������PP�+J��ZKLFK�ZDV�QRW�DIIHFWHG�E\�LQFUHDVHG�OHYHOV�RI�3((3��DSSUR[LPDWHO\
���FP�+�2����,Q�JHQHUDO���./��ZDV�DGPLQLVWHUHG�XVLQJ�D�FXIIHG�EURQFKRVFRSH�YLD�D�OREDU
ODYDJH�DSSURDFK��VLQJOH�RU�WZR�VHTXHQWLDO�����PO�OREH�RI�./��VXUIDFWDQW�����RU����
PJ�PO��IRU�WUHDWPHQW�RI�WKH�GLVWDO�ORZHU�OREHV�DQG�D�VHJPHQWDO�ODYDJH�DSSURDFK��WZR
VHTXHQWLDO��������PO�OREH�RI�./��VXUIDFWDQW������RU����PJ�PO��IRU�WUHDWPHQW�RI�WKH�XSSHU
DQG�RU�SUR[LPDO�ORZHU�OREHV���9ROXPHV�DQG�GRVHV�RI�./��VXUIDFWDQW�DGPLQLVWHUHG�ZHUH
SURJUHVVLYHO\�YDULHG�EDVHG�RQ�WKH�RXWFRPH�RI�WKH�SUHFHGLQJ�SLJ�VWXGLHG���,Q�DGGLWLRQ��WKH
H[DFW�QXPEHU�RI�VHJPHQWV�ODYDJHG�SHU�OREH�ZDV�QRW�LQGLFDWHG���7KXV��PD[LPXP�DPRXQWV
DGPLQLVWHUHG�WR�DQ\�VLQJOH�SLJ�FRXOG�QRW�EH�GHWHUPLQHG���7KH�6SRQVRU�DOVR�UHSRUWHG�WKDW
DSSUR[LPDWHO\�����RI�WKH�WRWDO�LQVWLOOHG�YROXPHV�ZHUH�UHPRYHG�E\�VXFWLRQ�DIWHU�HDFK
ODYDJH���,Q�WKH�SLJ�PRGHO�RI�$5'6��VHJPHQWDO�ODYDJH�UHVXOWHG�LQ�OXQJ�H[SDQVLRQ�DQG
UHGXFHG�HYLGHQFH�RI�LQIODPPDWLRQ�LQ�PRVW�RI�WKH���SLJV�VWXGLHG���+RZHYHU��RQO\���RI��
SLJV�VKRZHG�EHQHILW�LQ�WHUPV�RI�LQFUHDVHG�3D2���IURP�DURXQG�����WR�!������PP�+J����,Q
RQH�RI�WKHVH�WZR�SLJV��LQFUHDVHG�3D2��ZDV�DSSDUHQWO\�OLQNHG�WR�FRQFXUUHQW�LQFUHDVHV�LQ
WKH�SRVLWLYH�HQG�H[SLUDWRU\��SUHVVXUH���3((3�LQFUHDVHG�IURP���WR����FP�+�2���

,Q�FRQFOXVLRQ���WKH�YROXPHV��������PO�VHJPHQW��DQG�FRQFHQWUDWLRQV�RI������DQG����PJ�PO�
RI�./��VXUIDFWDQW�DGPLQLVWHUHG�LQ�DFXWH�SKDUPDFRORJ\�VWXGLHV�LQ�SLJV�ZHUH�FRPSDUDEOH�WR
WKRVH�SURSRVHG�LQ�WKH�FXUUHQW�FOLQLFDO�WULDO����+RZHYHU��VXIILFLHQW�LQIRUPDWLRQ�UHJDUGLQJ
WKH�WRWDO�GRVH�DQG�YROXPHV�DGPLQLVWHUHG�LQ�SLJV�ZDV�QRW�DYDLODEOH�IRU�GLUHFW�FRPSDULVRQ
WR�WKH�WRWDO�SURSRVHG�FOLQLFDO�GRVHV�DQG�YROXPHV���)XUWKHU��WKH�DFXWH�QRQ�*/3�QDWXUH�RI�
WKLV�¦3KDUPDFRORJ\§�VWXG\�DORQJ�ZLWK�LWV�ODFN�RI�FRQVLVWHQW�PHWKRGRORJ\��SURYLGH�OLWWOH
IRXQGDWLRQ�IRU�HYDOXDWLRQ�RI�WKH�VDIHW\�RI�WKH�SURSRVHG�FOLQLFDO�VWXG\�

([FUHWLRQ�
0DVV�EDODQFH�GHWHUPLQDWLRQV�RI�

�
+�./��LQ�5DWV�IROORZLQJ�D�VLQJOH�LQWUDWUDFKHDO�GRVH

�5HSRUW�1R��'0�������$PHQGPHQW�1����GDWHG���������9RO����

)RUPXODWLRQ��
�
+�./��VXUIDFWDQW��6SHFLILF�5DGLRDFWLYLW\�����&L�PO�

'RVH� 6LQJOH�,QWUDWUDFKHDO�LQVWLOODWLRQ�RI�./��VXUIDFWDQW�������PJ�WRWDO�SKRVSKROLSLGV�NJ�
����PJ�./��SHSWLGH�NJ�LQ�D�WRWDO�YROXPH�RI������PO�NJ��WR�����WR�����J
&UO�&'�%5��9$)�3OXV��UDWV��Q ��VH[�

3URWRFRO� 8ULQH��FROOHFWHG�DW�����DQG������KU�RQ�GD\�RQ�WKHQ������KU�GD\����
)HFHV��FROOHFWHG�DW����K�LQWHUYDOV�IRU���GD\V
7LVVXH�VDPSOHV��OLYHU��NLGQH\��OXQJ��*,�WUDFW�FDUFDVV���FROOHFWHG�DW�QHFURSV\�RQ
GD\���

$VVD\� 7RWDO�UDGLRDFWLYLW\�LQ�VHUXP�DQG�XULQH�VDPSOHV�ZDV�GHWHUPLQHG�GLUHFWO\�XVLQJ
OLTXLG�VFLQWLOODWLRQ�FRXQWLQJ��ZKLOH�IHFDO��DQG�WLVVXH�VDPSOHV�ZHUH

KRPRJHQL]HG�DQG�FRPEXVWHG�DQG�WKH�UHVXOWLQJ�
�
+���FRXQWHG�XVLQJ�/66�

5HVXOWV���7DEOH���EHORZ�VXPPDUL]HV�WKH�WRWDO�UHFRYHU\�RI�
�
+�./��VXUIDFWDQW�DIWHU���GD\V�

�7DEOH���� �3HUFHQW�5DGLRDFWLYLW\�5HFRYHUHG�$IWHU���'D\V�)ROORZLQJ�$GPLQLVWUDWLRQ
RI�D�6LQJOH�����PO�NJ�,QWUDWUDFKHDO�'RVH�RI��

�
+�./��VXUIDFWDQW�

(b) (4)
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6H[ 8ULQH )HFHV *,�7UDFW .LGQH\ /LYHU /XQJV &DUFDVV 7RWDO�5HFRYHU\����
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0HDQ����6'��� ��VH[

7KH�GDWD�LQ�7DEOH���VKRZ�WKDW�E\�GD\���DSSUR[LPDWHO\����WR�����RI�WKH�DGPLQLVWHUHG�GRVH
ZDV�H[FUHWHG�LQ�WKH�IHFHV�DQG�DERXW����ZDV�H[FUHWHG�LQ�WKH�XULQH���$QDO\VLV�RI�WKH�WLVVXH
VDPSOHV�UHYHDOHG�WKH�PDMRULW\�RI�WKH�UDGLRDFWLYLW\�UHPDLQHG�LQ�WKH�FDUFDVV�IROORZHG�E\�WKH
OXQJV��OLYHU��*,�WUDFW��DQG�NLGQH\��

,Q�FRQFOXVLRQ���DSSUR[LPDWHO\����DQG�����RI�D�VLQJOH�EROXV�LQWUDWUDFKHDO�EROXV�GRVH�RI
�
+�./��ZDV�H[FUHWHG�LQ�WKH�IHFHV�DQG�DSSUR[LPDWHO\����ZDV�H[FUHWHG�LQ�WKH�XULQH�E\��
GD\V�DIWHU�GRVLQJ����7KH�PDMRULW\�RI�WKH�UHPDLQLQJ�UDGLRDFWLYLW\�RFFXUUHG�LQ�WKH�FDUFDVV�
IROORZHG�E\�OXQJV��OLYHU��*,�WUDFW�DQG�NLGQH\V�

7R[LFRORJ\�
$FXWH�,QWUDWUDFKHDO�6DIHW\�6WXG\�RI�./��VXUIDFWDQW�LQ�&UO�&'�%5��9$)�3OXV��UDWV
�6WXG\�1R��'6�������$PHQGPHQW�1R��1�����9RO�����GDWHG���������

0HWKRGV���./��VXUIDFWDQW��WRWDO�3KRVSKROLSLG�DQG�./��VXUIDFWDQW�GRVHV�RI�����DQG����
PJ�NJ��UHVSHFWLYHO\��ZDV�GLVVROYHG�LQ�YHKLFOH��7ULV�EXIIHU�ZLWK�VRGLXP�FKORULGH����DQG
DGPLQLVWHUHG�WR�OLJKWO\�DQHVWKHWL]HG��&2��2��JDV�PL[WXUH� ������������PDOH�UDWV
���JURXS����$GGLWLRQDO�FRQWURO�JURXSV�ZHUH�DGPLQLVWHUHG�HLWKHU��YHKLFOH�DORQH��7ULV�%XIIHU
ZLWK�6RGLXP�FKORULGH����PO�NJ��RU�YHKLFOH���SKRVSKROLSLG���WRWDO�3KRVSKROLSLG�GRVH� ����
PJ�NJ��LQ���PO�NJ����$Q�XQWUHDWHG�FRQWURO�JURXS�ZDV�DOVR�LQFOXGHG���$QLPDOV�ZHUH
REVHUYHG�IRU����GD\V�DIWHU�GRVLQJ��7R[LFLW\�ZDV�HYDOXDWHG�EDVHG�RQ�FOLQLFDO�REVHUYDWLRQV�
PRUWDOLW\��ERG\�ZHLJKW�FKDQJHV�DQG�JURVV�SDWKRORJ\��

5HVXOWV���1R�GUXJ�UHODWHG�PRUWDOLW\�RU�HIIHFWV�RQ�ERG\�ZHLJKWV�ZHUH�REVHUYHG���7UHDWPHQW
UHODWHG�REVHUYDWLRQV�LQFOXGHG�PRLVW�UDOHV�LQ�UDWV�ZKLFK�UHFHLYHG�HLWKHU�YHKLFOH�FRQWURO�
YHKLFOH���SKRVSKROLSLG�RU�./��RU�FRQWURO�DUWLFOHV�GLUHFWO\�LQWR�WKH�OXQJV���'U\�UDOHV�ZHUH
REVHUYHG�LQ�WKH�SKRVSKROLSLG�FRQWURO�DQG�./��WUHDWHG�JURXSV��$SQHD�ZDV�DOVR�REVHUYHG
LQ���UDWV�IURP�WKH�DQHVWKHWL]HG�XQWUHDWHG�FRQWURO�JURXS�DQG�IURP�D�VLQJOH�UDW�DGPLQLVWHUHG
YHKLFOH�DORQH���1R�WUHDWPHQW�UHODWHG�QHFURSV\�ILQGLQJV�ZHUH�REVHUYHG�LQ�DQ\�JURXSV�DW�WKH
HQG�RI�WKH����GD\�REVHUYDWLRQ�SHULRG���7KH���PO�NJ�GRVDJH�YROXPH�ZDV�UHSRUWHGO\�QHDU
WKH�PD[LPXP�WROHUDWHG�YROXPH�LQ�UDWV�

,Q�FRQFOXVLRQ��DFXWH�VLQJOH�GRVH�LQWUDWUDFKHDO�DGPLQLVWUDWLRQ�RI�HLWKHU�YHKLFOH��YHKLFOH��
SKRVSKROLSLG�RU�./��VXUIDFWDQW�SURGXFHG�FOLQLFDO�VLJQV�RI�PRLVW�UDOHV��ZLWK�GU\�UDOHV�DOVR
REVHUYHG�LQ�WKH�9HKLFOH���SKRVSKROLSLG�DQG�./��WUHDWHG�JURXSV���2WKHUZLVH�QR�PRUWDOLW\
RU�RWKHU�JURVV�SDWKRORJLFDO�HYLGHQFH�RI�WR[LFLW\�ZDV�REVHUYHG���7KH���PO�NJ�GRVDJH
YROXPH�ZDV�UHSRUWHGO\�QHDU�WKH�PD[LPXP�WROHUDWHG�YROXPH�LQ�UDWV�

6HYHQ�'D\�,QWUDWUDFKHDO�7R[LFLW\�VWXG\�RI�./��VXUIDFWDQW��LQ�EHDJOH�GRJV�ZLWK�D����
GD\�SRVW�GRVLQJ�SHULRG����$PHQG�����GDWHG����������9RO�����SS�����

6WXG\�1XPEHU��'6�����

7HVWLQJ�/DE�

(b) (4)

(b) (4)
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6WXG\�'DWHV� 0DUFK����������1RYHPEHU���������

7HVW�$UWLFOH��
�
+�./��VXUIDFWDQW�IRUPXODWLRQ�FRQVLVWLQJ�RI�WKH�IROORZLQJ�

./��SHSWLGH� ������PJ�PO
'LSDOPLWR\OSKRVSKRWLG\OFKROLQH �����PJ�PO
3DOPLWR\ROHR\O��SKRVSKDWLG\OJO\FHURO������PJ�PO
SDOPLWLF�DFLG ������PJ�PO
7ULV�EXIIHU�ZLWK�VRGLXP�FKORULGH� ���T�V��WR������RU�������PO�NJ�DV�VSHFLILHG

6WXG\�$QLPDOV��'RJ�%HDJOH������PRQWKV�ROG����0DOHV�DQG�IHPDOHV�����WR������NJ

*/3� 7KH�VWDWHPHQW�RI�FRPSOLDQFH�ZLWK�*/3�UHJXODWLRQV�ZDV�SURYLGHG�
0HWKRGV���./��VXUIDFWDQW�ZDV�GLVVROYHG�LQ�YHKLFOH��7ULV�EXIIHU�ZLWK�VRGLXP�FKORULGH�
DQG�DGPLQLVWHUHG�GDLO\�YLD�LQWUDWUDFKHDO�LQVWLOODWLRQ�DW�D�ORZ�GRVH��./��VXUIDFWDQW������
PJ�NJ�DQG�WRWDO�SKRVSKROLSLG� �������PJ�NJ��DQG�KLJK�GRVH��DQG�./��VXUIDFWDQW������
PJ�NJ��DQG�WRWDO�SKRVSKROLSLG� �������PJ�NJ��WR�DQHVWKHWL]HG��3HQWRWKDO���PDOH�DQG
IHPDOH�GRJV����VH[�JURXS����LQ�WRWDO�YROXPHV�RI������DQG�������PO�NJ��UHVSHFWLYHO\��IRU�D
SHULRG�RI���GD\V���7KUHH�DGGLWLRQDO�JURXSV�RI�FRQWURO�GRJV����VH[��ZHUH�OLNHZLVH
DGPLQLVWHUHG�HLWKHU�YHKLFOH��7ULV�EXIIHU�ZLWK�VRGLXP�FKORULGH��WRWDO�YROXPH� ������PO�NJ��
YHKLFOH���SKRVSKROLSLG��WRWDO�SKRVSKROLSLG�GRVH� ������PJ�NJ��WRWDO�YROXPH� ������
PO�NJ���RU�ZHUH�XQWUHDWHG��6KDP�WUHDWHG��3HQWRWKDO��DORQH����7KH�KLJK�GRVDJH�YROXPH�RI
������PO�NJ�LV�DSSUR[LPDWHO\�����RI�WKDW�FXUUHQWO\�SURSRVHG�IRU�*URXS����������P�NJ��RI
WKH�SURSRVHG�FOLQLFDO�WULDO���7KH�VSRQVRU�LQGLFDWHG�WKDW�LQ�D�SUHYLRXV�VWXG\��'6�������
GRJV�JLYHQ�D�GRVDJH�YROXPH�RI����PO�NJ�SURGXFHG�DSQHD�DQG�UHTXLUHG�PHFKDQLFDO
UHVXVFLWDWLRQ���+DOI�RI�WKH�DQLPDOV�ZHUH�VDFULILFHG�DW�WKH�HQG�RI�WKH�GRVLQJ�SHULRG��ZKLOH
WKH�UHPDLQLQJ�GRJV�ZHUH�VDFULILFHG�IROORZLQJ�D����GD\�SRVW�GRVLQJ�REVHUYDWLRQ�SHULRG��
7KH�IROORZLQJ�SDUDPHWHUV�ZHUH�H[DPLQHG�DV�LQGLFDWHG�

0RUWDOLW\��GDLO\

&OLQLFDO�2EVHUYDWLRQV����[��SUHGRVH��GDLO\�WKURXJK�ZHHN���DQG�ZHHNO\�WKHUHDIWHU�

2SKWKDOPRVFRS\���3UHWUHDWPHQW��DQG��DW�ZHHNV���DQG����

(OHFWURFDUGLRJUDSKLF�H[DPLQDWLRQV��3UHWUHDWPHQW��DQG��DW�ZHHNV���DQG����

%RG\�ZHLJKWV���[��SUHGRVH�DQG�RQ�'D\V�������DQG���DQG�ZHHNO\�WKHUHDIWHU�

)RRG�&RQVXPSWLRQ���'DLO\�GXULQJ�ZHHN���DQG�IRU�WKH�UHPDLQGHU�RI�WKH�VWXG\��HVWLPDWHG�DV
���������������RU������

&OLQLFDO�FKHPLVWU\����3UHGRVH��ZHHNV���DQG���IRU�FKHPLVWU\�DQDO\VLV�

+HPDWRORJ\��3UHGRVH��'D\���DQG�DW�ZHHNV�������DQG���IRU�KHPDWRORJ\�DQG�FRDJXODWLRQ

8ULQDO\VLV��3UHGRVH��ZHHNV���DQG��

1HFURSV\��7ZR�GRJV�VH[�JURXS�ZHUH�VDFULILFHG�RQ�GD\���DQG�WKH�RWKHU���VH[�JURXS�RQ�GD\
�������GD\V�SRVW�GRVLQJ��DQG�FRPSOHWH�QHFURSVLHV�ZHUH�SHUIRUPHG�RQ�DOO�GRJV�

2UJDQ�:HLJKWV��DGUHQDO��EUDLQ��KHDUW���NLGQH\��OLYHU��OXQJV��DQG�WHVWHV�ZLWK�ZHLJKWV�RI
RYDULHV��WK\URLG��DQG�SLWXLWDU\�REWDLQHG�DIWHU�IL[DWLRQ�

+LVWRSDWKRORJ\����&RPSOHWH�PLFURVFRSLF�H[DPLQDWLRQV�ZHUH�LQGLFDWHG�IRU�DOO�GRJV�LQ�WKH
FRQWURO�DQG�KLJK�GRVH�./��VXUIDFWDQW��JURXSV�DW�WKH�WHUPLQDO�QHFURSV\�DQG�DW�WKH�HQG�RI
WKH�UHFRYHU\�SHULRG����7KH�VSRQVRU�DOVR�LQGLFDWHG�WKDW�WKH�WUDFKHD��EURQFKLDO�O\PSK�QRGH��
OXQJV��DQG�OLYHU��WK\PXV��DQG�LOHXP�ZHUH�HYDOXDWHG�LQ�DOO�GRJV��DW�WKH�WHUPLQDO�VDFULILFH�
DQG�WKDW�WUDFKHD��EURQFKLDO�O\PSK�QRGH��OXQJV��DQG�OLYHU�ZHUH��HYDOXDWHG�LQ�DOO�GRJV�DW�WKH
HQG�RI�WKH�UHFRYHU\�SHULRG��ZKLOH�HYDOXDWLRQ�RI�WK\PXV�ZDV�OLPLWHG�WR�UHFRYHU\�IHPDOHV�

7R[LFRNLQHWLFV��'LUHFW�PHDVXUHPHQW�RI�GUXJ�DEVRUSWLRQ�ZDV�QRW�SHUIRUPHG�

5HVXOWV�

(b) (4)



,1'�

3DJH �

0RUWDOLW\���1R�WUHDWPHQW�UHODWHG�PRUWDOLW\�ZDV�REVHUYHG�

&OLQLFDO�2EVHUYDWLRQV���,PPHGLDWHO\�IROORZLQJ�DGPLQLVWUDWLRQ�RI�WKH�������PO�NJ�GRVDJH�
WKUHH�IHPDOH�GRJV�EHFDPH�DSQHLF�DQG�UHTXLUHG�PHFKDQLFDO�UHVXVFLWDWLRQ���7KH�6SRQVRU
DWWULEXWHG�WKH�DSQHD�WR�WKH�YROXPH�DQG�YLVFRVLW\�RI�WKH�./��VXUIDFWDQW��DW�WKH�KLJK�GRVH��
./��VXUIDFWDQW��WUHDWHG�JURXSV�DOVR�VKRZHG�DQ�LQFUHDVHG�SUHYDOHQFH�RI�SWRVLV�DQG�FRXUVH
DQG�ILQH�WUHPRUV����2WKHU�VLJQV�LQFOXGLQJ�LQFUHDVHG�DQG�LUUHJXODU�UDWH�DQG�GHSWK�RI
UHVSLUDWLRQ��G\VSQHD��LQFUHDVHG�VDOLYDWLRQ��ZDWHU\�GLVFKDUJH�IURP�WKH�H\HV��F\DQRVLV�DQG
PRLVW�UDOHV��ZHUH�IUHTXHQWO\�REVHUYHG�LQ�GRJV�IURP�DOO�JURXSV�GRVHG�LQWUDWUDFKHDOO\��
&OLQLFDO�VLJQV�ZHUH�JHQHUDOO\�REVHUYHG�ZLWKLQ�WKH�ILUVW�KRXU�DIWHU�GRVLQJ�DQG�VXEVLGHG�E\
WKH�HQG�RI�WKH�GD\�

(OHFWURFDUGLRJUDSK\��1R��WUHDWPHQW�UHODWHG�HIIHFWV�ZHUH�REVHUYHG

2SKWKDOPRVFRS\���1R��WUHDWPHQW�UHODWHG�HIIHFWV�ZHUH�REVHUYHG�

%RG\�:HLJKWV���./��WUHDWPHQW�UHVXOWHG�LQ�GRVH�GHSHQGHQW�UHGXFWLRQV�PHDQ�'D\���ERG\
ZHLJKWV����DQG����DW�WKH������PJ�NJ�ORZ�GRVH�DQG�DURXQG�������LQ�ERWK�VH[HV�DW�WKH
������PJ�NJ�KLJK�GRVH��UHODWLYH�WR�'D\���ZHLJKWV��UHVSHFWLYHO\����,Q�FRPSDULVRQ��GD\��
PHDQ�ERG\�ZHLJKWV�IRU�YHKLFOH�DQG�YHKLFOH���SKRVSKROLSLG��FRQWURO�JURXSV�HLWKHU
UHPDLQHG�WKH�VDPH��PDOHV��RU�ZHUH�UHGXFHG��������IHPDOHV��UHODWLYH�WR�SUHGRVH�ERG\
ZHLJKWV���./��WUHDWHG�PDOHV�DQG�IHPDOHV�UHERXQGHG�GXULQJ�WKH�UHFRYHU\�SHULRG��ZLWK�ILQDO
ERG\�ZHLJKWV�ZKLFK�ZHUH�FRPSDUDEOH�WR�WKRVH�REVHUYHG�LQ�WKH�YHKLFOH�WUHDWHG�JURXSV�

)RRG�&RQVXPSWLRQ���5HGXFHG�IRRG�FRQVXPSWLRQ��ZDV�REVHUYHG�LQ�ERWK�VH[HV�GXULQJ�
WUHDWPHQW��EHLQJ�JUHDWHVW�IRU�GRJV�JLYHQ�WKH�KLJK�GRVH�RI��./��VXUIDFWDQW��IROORZHG�E\�WKH
�����PJ�NJ�GRVHG�JURXS�DQG�WKHQ�WKH�YHKLFOH���SKRVSKROLSLG�JURXS���)HPDOHV�FRQWLQXHG
WR�VKRZ�D�VLPLODU�EXW�OHVV�VHYHUH�SDWWHUQ�RI�UHGXFHG�IRRG�FRQVXPSWLRQ�GXULQJ�WKH�UHFRYHU\
SHULRG�

&OLQLFDO�&KHPLVWU\���7UHDWPHQW�UHODWHG�FKDQJHV�LQ�FOLQLFDO�FKHPLVWU\��GLIIHUHQFHV
H[SUHVVHG�UHODWLYH�WR�YHKLFOH�FRQWUROV��DW�:HHN���LQFOXGHG��LQFUHDVHG�PHDQ�$/3�������
DQG�����IROG�LQ�KLJK�GRVH�./��PDOHV�DQG�IHPDOHV��UHVSHFWLYHO\����LQFUHDVHG�FKROHVWHURO�
�����DQG�����LQ�KLJK�GRVH�./��PDOHV�DQG�IHPDOHV��UHVSHFWLYHO\����DQG�LQFUHDVHG�$/7
�����IROG��DQG�**7��������LQ�KLJK�GRVH�./��IHPDOHV���7KH�LQFUHDVHV�LQ�PHDQ�OLYHU
HQ]\PHV�LQ�KLJK�GRVH�IHPDOHV�ZHUH�GXH�PDLQO\�WR�HOHYDWLRQV�LQ�D�VLQJOH�IHPDOH����������
&KDQJHV�LQ�FOLQLFDO�FKHPLVWU\�ZHUH�QRW�HYLGHQW�E\�WKH�HQG�RI�WKH����ZHHN�UHFRYHU\�SHULRG�

+HPDWRORJ\����7UHDWPHQW�UHODWHG�KHPDWRORJLFDO�FKDQJHV��H[SUHVVHG�UHODWLYH�WR�YHKLFOH
FRQWURO�YDOXHV���LQFOXGHG�LQFUHDVHG�PHDQ�DEVROXWH�YDOXHV�IRU��:%&V����������DQG�����LQ
YHKLFOH���SKRVSKROLSLG��ORZ��DQG�KLJK�GRVH�./��WUHDWHG��PDOHV�DQG����DQG�����LQ�YHKLFOH
��SKRVSKROLSLG�DQG�KLJK�GRVH�./��WUHDWHG�IHPDOHV��UHVSHFWLYHO\����VHJPHQWHG�QHXWURSKLOV
����������DQG�����LQ�YHKLFOH���SKRVSKROLSLG��ORZ��DQG�KLJK�./��WUHDWHG��PDOHV����DQG
HRVLQRSKLOV�������������DQG�����IROG�LQ�PDOHV�DQG������������DQG�����IROG�LQ�IHPDOHV�LQ�WKH
YHKLFOH���3KRVSKROLSLG��/RZ�./����DQG�KLJK�./��WUHDWHG�JURXSV��UHVSHFWLYHO\����5HGXFHG
O\PSKRF\WHV�ZHUH�DOVR�REVHUYHG�LQ�PDOHV�LQ�WKH�YHKLFOH���SKRVSKROLSLG��������/RZ�./��
�������DQG�KLJK�./���WUHDWHG�JURXSV���������7KH�YHKLFOH���SKRVSKROLSLG�DQG�WKH�ORZ�./�

JURXS�PDOHV�FRQWLQXHG�WR�VKRZ�HOHYDWLRQV�LQ�:%&�QXPEHUV������DQG������UHVSHFWLYHO\��
VHJPHQWHG�QHXWURSKLOV������DQG�������UHVSHFWLYHO\����DQG�HRVLQRSKLOV������IROG�DQG

(b) (4)
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�����UHVSHFWLYHO\��DW�WKH�HQG�RI�WKH�UHFRYHU\�SHULRG��ZHHN�������,Q�FRQWUDVW��RQO\�LQFUHDVHG
HRVLQRSKLOV������IROG�DQG������UHVSHFWLYHO\��UHPDLQHG�HOHYDWHG�LQ��./��KLJK�GRVH�PDOHV�

,Q�FRQFOXVLRQ��KHPDWRORJLFDO�HIIHFWV�REVHUYHG�LQ�GRJV�IROORZLQJ�LQWUDWUDFKHDO�LQVWLOODWLRQ�
RI�SKRVSKROLSLG�DQG�RU�./��VXUIDFWDQW�ZHUH�FRQVLVWHQW�ZLWK�D�UHDFWLYH�UHVSRQVH�DVVRFLDWHG
ZLWK�WKH�SKRVSKROLSLG�DQG�RU�WKH�./��VXUIDFWDQW��LQGXFHG�SXOPRQDU\�LQIODPPDWRU\
UHVSRQVH���4XDOLWDWLYHO\�VLPLODU�HIIHFWV�EHWZHHQ�WKH�SKRVSKROLSLG�FRQWURO�DQG�WKH�./��
VXUIDFWDQW�WUHDWHG�JURXSV�DOVR�VXJJHVWHG�WKDW�HIIHFWV��ZHUH�PDLQO\�GXH�WR�LQVWLOODWLRQ�RI�WKH
SKRVSKROLSLG���$OWKRXJK�REVHUYHG�KHPDWRORJLFDO�HIIHFWV�ZHUH�JHQHUDOO\�DXJPHQWHG�LQ�WKH
KLJK�GRVH�./���JURXS��WKH�ODFN�RI�DSSURSULDWH�FRQWUROV�GLG�QRW�DOORZ�GLVFHUQPHQW�RI�
ZKHWKHU�WKH�REVHUYHG�DXJPHQWDWLRQ�ZDV�GXH�WR�WKH�GRXEOLQJ�RI�WKH�./���WKH�WRWDO
SKRVSKROLSLGV�RU�WKH�WRWDO�YROXPH�DGPLQLVWHUHG���+HPDWRORJLFDO�HIIHFWV�ZHUH�DOPRVW
FRPSOHWHO\�UHVROYHG�E\�WKH�HQG�RI�WKH�UHFRYHU\�SHULRG�

8ULQDO\VLV��1R�WUHDWPHQW�UHODWHG�HIIHFWV�RQ�XULQDO\VLV�SDUDPHWHUV�ZHUH�REVHUYHG�

2UJDQ�:HLJKWV���&KDQJHV�LQ�RUJDQ�ZHLJKWV�DUH�SUHVHQWHG�LQ�7DEOH����VXFFHHGLQJ�SDJH��

7DEOH��� &KDQJHV�LQ�$EVROXWH�DQG�5HODWLYH��RUJDQ�WR�EUDLQ�ZHLJKW�UDWLRV��ZHLJKWV
IROORZLQJ�./��WUHDWPHQW�LQ�GRJV��YDOXHV�DUH�H[SUHVVHG�DV�D�SHUFHQW
FKDQJH�UHODWLYH�WR�UHVSHFLWYH�YDOXHV�LQ�JURXSV�WUHDWHG�ZLWK�YHKLFOH�DORQH��

2UJDQ 9HKLFOH���3KRVSKROLSLG ./�������PJ�NJ ./��������PJ�NJ
'D\�� �$EV��:W� 5HO��:W� $EV��:W� 5HO��:W� $EV���:W� 5HO��:W�
/XQJV
��0DOHV
��)HPDOHV

������

������

������

������

������

������

������

������

������

�������

������

������
7K\URLG��0DOHV� ������ ������ ������ ������ ������ ������
/LYHU��0DOHV� ��� ��� ��� ��� ���� �����
7HVWHV ��� ��� ��� ��� ���� �����
5HFRYHU\�'RJV
/XQJV
��0DOHV
��)HPDOHV

������ ������ ������

�����

������

�����
/LYHU���)HPDOHV� ��� ��� ��� ��� ������ �����
����:HLJKWV�ZHUH�FRPSDUDEOH�WR�WKRVH�VHHQ�LQ�YHKLFOH�FRQWURO�JURXSV
$EV�:W�� �$EVROXWH�ZHLJKWV���5HO�:W�� �2UJDQ�WR�EUDLQ�ZHLJKW�UDWLRV

7KH�GDWD�LQ�7DEOH����DERYH��VKRZ�WKDW�LQWUDWUDFKHDO�LQVWLOODWLRQ�RI�HLWKHU�WKH�YHKLFOH��
SKRVSKROLSLG�RU�./���ORZ�DQG�KLJK�GRVH�JURXSV��SURGXFHG�LQFUHDVHG�DEVROXWH�DQG�UHODWLYH
ZHLJKWV�IRU�OXQJV�LQ�ERWK�VH[HV�DQG�UHGXFHG�ZHLJKWV�IRU�WK\URLG�LQ�PDOHV���0DOHV�JLYHQ
WKH�./��KLJK�GRVH�DOVR�VKRZHG�UHGXFHG�DEVROXWH�DQG�UHODWLYH�ZHLJKWV�IRU�OLYHU�DQG�WHVWHV�
�%\�WKH�HQG�RI�WKH�UHFRYHU\�SHULRG��LQFUHDVHV�OXQJ�ZHLJKWV�ZHUH�OHVV�GUDPDWLF�DQG�PDLQO\
REVHUYHG�DW�WKH�KLJK�GRVH��VXJJHVWLQJ�WKDW�WKH�REVHUYHG�HIIHFWV�ZHUH�UHYHUVLEOH���+LJK
GRVH�IHPDOHV�DOVR�VKRZHG�UHGXFHG�DEVROXWH�DQG�UHODWLYH�ZHLJKWV�IRU�OLYHU���DWWULEXWDEOH

(b) (4)
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PDLQO\�WR�RQH�GRJ��ZKRVH�IRRG�FRQVXPSWLRQ�ZDV�VWLOO�UHGXFHG�GXULQJ�SDUW�RI�WKH�UHFRYHU\
SHULRG��

,Q�FRQFOXVLRQ��RUJDQ�ZHLJKW�FKDQJHV�LQ�GRJV��QDPHO\�LQFUHDVHG�OXQJ�ZHLJKWV��DSSHDUHG
PDLQO\�GXH�WR�LQVWLOODWLRQ�RI�WKH�SKRVSKROLSLG�FRPSRQHQW�RI�./��VXUIDFWDQW�IRUPXODWLRQ��
7KH�UHODWLRQVKLS�EHWZHHQ�DXJPHQWHG�HIIHFWV�REVHUYHG�DW�WKH�./��KLJK�GRVH�DQG�WKH�./�

FRPSRQHQW�RI�WKH�IRUPXODWLRQ�LV�QRW�DSSDUHQW��VLQFH�ERWK�WKH�YROXPH�RI�LQVWLOODWLRQ�DQG
WKH�DPRXQW�RI�SKRVSKROLSLG�ZHUH�DOVR�GRXEOHG�LQ�WKH�KLJK�GRVH�JURXS�DQG�DSSURSULDWH
FRQWURO�JURXSV�ZHUH�QRW�XVHG���(IIHFWV�RQ�RUJDQ�ZHLJKWV�VKRZHG�HYLGHQFH�RI�UHYHUVLELOLW\
IROORZLQJ�FHVVDWLRQ�RI�GRVLQJ��

*URVV�3DWKRORJ\��./��UHODWHG�JURVV�SDWKRORJLFDO�ILQGLQJV�LQ�DQLPDOV�VDFULILFHG�RQ�GD\��
ZHUH�OLPLWHG�WR�OXQJ�GLVFRORUDWLRQ����RI���PDOHV�DQG���RI���IHPDOHV�DW�WKH�./��KLJK�GRVH��
ZKHUHDV�HQODUJHPHQW�RI��EURQFKLDO�O\PSK�QRGHV�ZHUH�REVHUYHG�LQ�DOO�JURXSV�GRVHG
LQWUDWUDFKHDOO\���'RJV�VDFULILFHG�DW�WKH�HQG�RI�WKH�UHFRYHU\�SHULRG�VKRZHG�QR�JURVV
SDWKRORJLFDO�HIIHFWV�DWWULEXWDEOH�WR�./���

+LVWRSDWKRORJ\���7UHDWPHQW�UHODWHG�KLVWRSDWKRORJLFDO�HIIHFWV�DUH�VXPPDUL]HG��LQ�7DEOHV
�$�DQG��%���EHORZ��

7DEOH �$� +LVWRORJLFDO ILQGLQJV LQ GRJV RQ 'D\ � IROORZLQJ ��GD\V RI LQWUDWUDFKHDO DGPLQLVWUDWLRQ RI

./��VXUIDFWDQW LQ GRJV�

,QFLGHQFH RI +LVWRORJLFDO )LQGLQJV �1XPHULF�

0DOHV �1R� ([DPLQHG� )HPDOHV �1R� ([DPLQHG�

:HHN � )LQGLQJV *URXS 1R� � � � � � � � � � �

%21( 0$552:

*UDQXORF\WLF +\SHUSODVLD

���

�

���

�

���

�

���

�

7+<086

/\PSKRF\WLF 'HSOHWLRQ

���

�

���

�

���

�

���

�

���

�

%521&+,$/ /<03+ 12'(

5HWLFXORHQGRWKHOLDO +\SHUSODVLD

0LQLPDO�PLOG

0RGHUDWH�PDUNHG

6HYHUH

���

�

���

�

�

���

�

���

�

�

���

�

���

�

���

�

���

�

�

���

�

���

�

75$&+($

,QIODPPDWLRQ �PRGHUDWH�

(SLWKHOLDO *UDQXORF\WLF ,QILOWUDWLRQ

0LQLPDO

0LOG

0RGHUDWH

)RFDO 5HJHQHUDWLRQ

���

�

��� ���

�

���

�

�

���

�

�

��� ��� ��� ��� ���

�

/81*

,QIODPPDWLRQ� VXEDFXWH� SHULEURQFKLRODU

0LQLPDO�PLOG

0RGHUDWH�PDUNHG

,QIODPPDWLRQ� FKURQLF� SHULEURQFKLRODU

0DUNHG

+LVWLRF\WRVLV� $OYHRODU

0LOG

0RGHUDWH�PDUNHG

���

�

���

�

���

�

�

���

�

�

���

�

�

�

���

�

���

�

���

�

�

�

���

�

�

�

���

�

�

(b) (4)
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%URQFKLROLWLV

0LOG �PXOWLIRFDO�

0RGHUDWH�ZLGHVSUHDG�

$WHOHFWDVLV� OHIW FUDQLDO OREH� IRFDO

5HJHQHUDWLRQ� EURQFKLDO HSLWKHOLXP

*UDQXORPD�V� IRFDO�PXOWLIRFDO

�

�

�

�

�

�

�

/,9(5

0XOWLIRFDO FHQWULOREXODU KHSDWRF\WH ORVV

DQG ORFDO H[WHQVLYH VXEFDSVXODU QHFURVLV

*O\FRJHQLF YDFXRODWLRQ

��� ��� ��� ��� ���

�

��� ��� ��� ��� ���

�

,/(80

/\PSKRF\WLF GHSOHWLRQ 3H\HUV SDWFK

��� ��� ���

�

���

�

���

�

���

���

��� ��� ���

�

7KH DEVHQFH RI V QXPEHU LQGLFDWHV WKDW WKH OHVLRQ VSHFLILHG ZDV QRW LGHQWLILHG LQ WKDW JURXS�

*URXS �  3HQWRWKDO FRQWURO �� PO�NJ�GD\�� *URXS �  9HKLFOH &RQWURO ����� PO�NJ�GD\�

*URXS �  9HKLFOH ��3KRVSKROLSLG ����� PO�NJ�GD\� *URXS �  /RZ ./��VXUIDFWDQW ����� PO�NJ�GD\�

*URXS �  +LJK ./��VXUIDFWDQW ������ PO�NJ�GD\�

7DEOH �%� +LVWRORJLFDO ILQGLQJV LQ GRJV DOORZHG WR UHFRYHU IRU �� GD\V IROORZLQJ ��GD\V RI

LQWUDWUDFKHDO DGPLQLVWUDWLRQ RI ./��VXUIDFWDQW�

,QFLGHQFH RI +LVWRORJLFDO )LQGLQJV �1XPHULF�

5HFRYHU\ *URXS )LQGLQJV 0DOHV �1R� ([DPLQHG� )HPDOHV �1R� ([DPLQHG�

*URXS 1R� � � � � � � � � � �

%21( 0$552:

*UDQXORF\WLF +\SHUSODVLD

���

�

��� ��� ��� ���

�

���

�

��� ��� ��� ���

�

7+<086

/\PSKRF\WLF 'HSOHWLRQ 0LQLPDO

���

�

��� ��� ��� ���

�

���

�

��� ��� ��� ���

�

/<03+ 12'(

%URQFKLDO� KLVWLRF\WRVLV

0LQLPDO

0LOG

0RGHUDWH

%URQFKLDO� /\PSKRLG K\SHUSODVLD

0LQLPDO

0LOG

0RGHUDWH

0GHLDVWLQDO� +LVWLRF\WRVLV �0LOG�

��� ��� ��� ���

�

�

�

���

�

�

�

��� ���

�

��� ���

�

�

�

���

�

�

�

�

/81*

,QIODPPDWLRQ� FKURQLF� IRFDO�PXOWLIRFDO

0LQLPDO

0LOG

+LVWLRF\WRVLV� $OYHRODU �IRFDO �ZLGHVSUHDG�

0LQLPDO

0LOG

$WHOHFWDVLV�

OHIW FUDQLDO OREH� IRFDO ZLWK EXOOD �H�

5LJKW PLGGOH OREH� IRFDO

$GKHVLRQ �V�� EURQFKLDO HSLWKHOLXP� IRFDO

$QRPDO\� DOYHRODU� IRFDO

*UDQXORPD �V�� IRFDO �PXOWLIRFDO

)LEURVLV � LQWHUVWLWLDO� IRFDO

0LQLPDO

���

�

�

��� ��� ���

�

�

�

�

���

�

�

�

�

���

�

��� ���

�

���

�

�

�

�
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�
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0RGHUDWH �

/,9(5

,QIODPPDWLRQ� VXEDFXWH� FHQWULOREXODU�

)RFDO� 0LQLPDO

0XOWLIRFDO� 0LQLPDO

:LGHVSUHDG� 0LOG

���

�

��� ���

�

�

���

�

���

�

�

��� ���

�

���

�

���

�

�

��� �

�

7KH DEVHQFH RI V QXPEHU LQGLFDWHV WKDW WKH OHVLRQ VSHFLILHG ZDV QRW LGHQWLILHG LQ WKDW JURXS�

*URXS �  3HQWRWKDO£ FRQWURO �� PO�NJ�GD\��*URXS �  9HKLFOH &RQWURO ����� PO�NJ�GD\�

*URXS �  9HKLFOH ��3KRVSKROLSLG ����� PO�NJ�GD\� *URXS �  /RZ ./��VXUIDFWDQW ����� PO�NJ�GD\�

*URXS �  +LJK ./��VXUIDFWDQW ������ PO�NJ�GD\�

7KH�GDWD�LQ�WDEOH��$�VKRZ�WKDW�RI�WKH�GRJV�VDFULILFHG�DW�WKH�HQG�RI�WKH�WUHDWPHQW��ERWK��
./��VXUIDFWDQW�WUHDWPHQW�JURXSV�VKRZHG�LQFUHDVHG�LQFLGHQFH�DQG�VHYHULW\�RI
LQIODPPDWRU\�FKDQJHV�LQ�WKH�WUDFKHD��LQIODPPDWLRQ�DQG�HSLWKHOLDO�JUDQXORF\WLF
LQILOWUDWLRQ��DQG�OXQJV��LQFUHDVHG�LQFLGHQFH�DQG�VHYHULW\�RI�SHULEURQFKLRODU�LQIODPPDWLRQ
DQG��DOYHRODU�KLVWLRF\WRVLV����7KHVH�FKDQJHV�ZHUH�FRUUHODWHG�ZLWK�UHDFWLYH�FKDQJHV�
�UHWLFXORHQGRWKHOLDO�K\SHUSODVLD��LQ�WKH�EURQFKLDO�O\PSK�QRGHV�DQG�JUDQXORF\WLF
K\SHUSODVLD�RI�WKH�ERQH�PDUURZ���./��KLJK�GRVH�RQO\�����)LQDOO\���KLVWRORJLFDO�FKDQJHV�LQ
WKH�WK\PXV��O\PSKRF\WLF�GHSOHWLRQ��DQG�LOHXP��O\PSKRF\WLF�GHSOHWLRQ�RI�3H\HU
V�SDWFK�
ZHUH�REVHUYHG�LQ�ERWK�WKH�./��WUHDWHG�JURXSV��

%URQFKLROLWLV��VHHQ�VSRUDGLFDOO\�VKRZHG�QR�FOHDU�UHODWLRQVKLS�WR�WUHDWPHQW�DQG�ZDV
DWWULEXWHG�WR�SRVVLEOH�DGHQRYLUXV�&�LQIHFWLRQ���7KH�KLJK�GRVH�IHPDOH���������ZKLFK
VKRZHG�LQFUHDVHG�OLYHU�HQ]\PHV��$/3��$/7��DQG��**7��DOVR�SUHVHQWHG�ZLWK�KLVWRORJLFDO
ILQGLQJV�RI�PXOWLIRFDO�FHQWULOREXODU�KHSDWRF\WH�ORVV�DQG��ORFDO�VXEFDSVXODU�QHFURVLV���7KH
VSRQVRU�VSHFXODWHG�WKDW�KHSDWLF�HIIHFWV�LQ�WKLV�ODWWHU�IHPDOH�PD\�KDYH�EHHQ�GXH�WR�SRVW�
GRVLQJ�K\SR[LD�DQG�RU�FRPSUHVVLRQ�RI�WKH�FKHVW�ZDOO�WR�DVVLVW�LQ�UHFRYHU\�RI�VSRQWDQHRXV
UHVSLUDWLRQ��VLQFH�WKLV�GRJ�UHTXLUHG�UHVXVFLWDWLRQ�RQ�VHYHUDO�RFFDVLRQV���7KH�ODFN�RI�FOHDU
HYLGHQFH�RI�D�GUXJ�UHODWHG�OLYHU�WR[LFLW\�LQ�RWKHU�GRJV�DW�WKLV�WLPH�SRLQW�RU�DW�WKH�HQG�RI
WKH�UHFRYHU\�SHULRG���VXJJHVWV�WKH�UHODWLRQVKLS�RI�WKH�VDLG�KHSDWLF�HIIHFWV�WR�GUXJ�WUHDWPHQW
LV�GRXEWIXO�

7DEOH��%��VKRZV�WKDW�E\�WKH�HQG�RI�WKH����GD\�UHFRYHU\�UHVROXWLRQ�RI�WKH�REVHUYHG
SXOPRQDU\�LQIODPPDWRU\�UHVSRQVH�ZDV�LQ�SURJUHVV���ZLWK�RQO\�PLQLPDO�WR�PLOG�FKURQLF
LQIODPPDWLRQ�FKDUDFWHUL]HG�E\��IRFDO�PXOWLIRFDO�JUDQXORPDV��DJJUHJDWHV�RI�HRVLQRSKLOLF
PDFURSKDJHV�DQG�LQILOWUDWLRQ�RI�PRQRQXFOHDU�FHOOV�DQG�RFFDVLRQDO�ILEUREODVWV�LQ�WKH
LQWHUVWLWLXP�DURXQG�WKH�EURQFKLROHV�DQG�EORRG�YHVVHOV��DQG�VPDOO�UHVLGXDO�DUHDV�RI
PLQLPDO�WR�PLOG�DOYHRODU�KLVWLRF\WRVLV���0LQLPDO�WR�PRGHUDWH�KLVWLRF\WRVLV�LQ�WKH
EURQFKLDO�O\PSK�QRGHV�DOVR�UHPDLQHG�LQ�WKH�./��WUHDWHG�JURXSV���+RZHYHU�QR�FOHDU
HYLGHQFH�RI�D�GUXJ�UHODWHG�ILEURWLF�FKDQJHV�ZHUH�HYLGHQW�

,Q�FRQFOXVLRQ��EROXV�LQWUDWUDFKHDO�LQVWLOODWLRQ�RI��./��VXUIDFWDQW�������DQG�����PJ�NJ�WRWDO
SKRVSKROLSLGV�DQG�����DQG��������PJ�NJ�./��SHSWLGH�LQ�WRWDO�GDLO\�YROXPHV�RI������RU
������PO�NJ��UHVSHFWLYHO\���LQ�GRJV�IRU�D�SHULRG�RI���GD\V�SURGXFHG�SWRVLV��FRXUVH�DQG�ILQH
WUHPRUV��DQG�GRVH�GHSHQGHQW�UHGXFWLRQV�LQ�ERG\�ZHLJKWV�DQG�IRRG�FRQVXPSWLRQ���$SQHD�
UHTXLULQJ�PHFKDQLFDO�UHVXVFLWDWLRQ�ZDV�DOVR�REVHUYHG�DW�WKH�KLJK�GRVH��7DUJHW�RUJDQV�RI
WR[LFLW\�LQFOXGHG�WKH�OXQJV��LQFUHDVHG�ZHLJKWV�DQG�LQIODPPDWRU\�UHVSRQVH���WK\PXV
�O\PSKRF\WLF�GHSOHWLRQ��DQG�LOHXP��O\PSKRF\WLF�GHSOHWLRQ�RI�3H\HU
V�SDWFK����5HDFWLYH
UHVSRQVHV�LQ�WKH�EURQFKLDO�O\PSK�QRGHV��UHWLFXORHQGRWKHOLDO�K\SHUSODVLD���KHPDWRORJ\
�LQFUHDVHG�ZKLWH�EORRG�FHOOV��VHJPHQWHG�QHXWURSKLOV�DQG�HRVLQRSKLOV��DQG�ERQH�PDUURZ
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�JUDQXORF\WLF�K\SHUSODVLD��ZHUH�FRQVLGHUHG�WR�EH�UHODWHG�WR�WKH�SXOPRQDU\�LQIODPPDWRU\
UHVSRQVH��2EVHUYHG�HIIHFWV�ZHUH�TXDOLWDWLYHO\�VLPLODU�LQ�EHWZHHQ�WKH�YHKLFOH��
SKRVSKROLSLG�FRQWURO�DQG�WKH�./��VXUIDFWDQW�WUHDWHG�JURXSV�VXJJHVWLQJ�WKH�SKRVSKROLSLG
FRQWHQW�SOD\HG�D�PDMRU�UROH�LQ�WKH�REVHUYHG�WR[LFLW\���7KH�GHVLJQ�RI�WKH�VWXG\�ZDV�IODZHG
LQ�WKDW�GRJV�DW�WKH�KLJK�GRVH�UHFHLYHG�GRXEOH�WKH�DPRXQWV�RI��WRWDO�SKRVSKROLSLG��YROXPH
RI�GRVH�DGPLQLVWHUHG�DQG�WRWDO�./��GRVH���7KXV��HIIHFWV�GXH�VSHFLILFDOO\�WR�./��FRXOG�QRW
EH�FRQFOXGHG���7KH�SXOPRQDU\�LQIODPPDWRU\�UHVSRQVH�DORQJ�ZLWK�KHPDWRORJLFDO�DQG
RUJDQ�ZHLJKW�FKDQJHV�VKRZHG�VLJQLILFDQW�UHFRYHU\�E\�WKH�HQG�RI�WKH����GD\�UHFRYHU\
SHULRG��ZLWK�QR�FOHDU�HYLGHQFH�RI�D�GUXJ�UHODWHG�SXOPRQDU\�ILEURWLF�FKDQJHV�HYLGHQW��
6LQFH�./��WUHDWPHQW�UHODWHG�SXOPRQDU\�LQIODPPDWRU\�FKDQJHV�ZHUH�HYLGHQW�DW�ERWK�WKH
ORZ�DQG�KLJK�GRVHV��D�12$(/�ZDV�QRW�HVWDEOLVKHG�LQ�WKH�VWXG\���7KH�������PO�NJ�YROXPH
DSSHDUHG�WR�EH�QHDU�WKH�PD[LPXP�WROHUDWHG�YROXPH�LQ�GRJV�

29(5$//�6800$5<�$1'�(9$/8$7,21�

&XUUHQWO\�WKH�6SRQVRU�SURSRVHV�WR�FRQGXFW�D�3KDVH�,�VDIHW\�DQG�WROHUDELOLW\�VWXG\�ZLWK
./��VXUIDFWDQW�LQ�$5'6�SDWLHQWV���7KUHH�GRVLQJ�UHJLPHQV�DUH�SURSRVHG��HDFK�LQYROYLQJ���
���./��ODYDJHV�RI�HDFK�RI�WKH����EURQFKRSXOPRQDU\�VHJPHQWV�DQG�HDFK�VXFFHVVLYHO\
HVFDODWLQJ�LQ�GRVH�DQG�YROXPH���7KH�WRWDO�GDLO\�GRVHV�RI�./��VXUIDFWDQW��WRWDO
SKRVSKROLSLGV��SURSRVHG�IRU�DGPLQLVWUDWLRQ�HVFDODWH�IURP�LQLWLDO�GRVHV�RI�����PJ�NJ�DQG
YROXPHV�RI������PO�NJ��UHJLPHQ�����WR�WRS�GRVHV�����PJ�NJ�DQG�YROXPHV�RI������PO�NJ
�UHJLPHQ������EDVHG�RQ�D����NJ�SHUVRQ�����7KH�6SRQVRU�LQGLFDWHG�WKDW�HDFK�JURXS�ZRXOG�
EH�HQUROOHG�DQG�WKH�GDWD�UHYLHZHG�SULRU�WR�SURFHHGLQJ�WR�WKH�QH[W�GRVLQJ�UHJLPHQ�

&XUUHQWO\�VXEPLWWHG�VWXGLHV�LQFOXGHG��SKDUPDFRORJ\�VWXGLHV�LQ�UDEELW�DQG�SLJ�PRGHOV�RI
$5'6��D�PDVV�EDODQFH�VWXG\�LQ�UDWV��DQ�DFXWH�LQWUDWUDFKHDO�WR[LFLW\�VWXG\�LQ�UDWV�DQG�D���
GD\�LQWUDWUDFKHDO�WR[LFLW\�VWXG\�GRJV�

$FXWH�SKDUPDFRORJ\�VWXGLHV�LQ�UDEELW�DQG�SLJ�PRGHOV�RI��$5'6��LQGXFHG�E\�VDOLQH
ODYDJH��VKRZHG�WKDW�ODYDJH�ZLWK�./��VXUIDFWDQW�FRXOG�DWWHQXDWH�WKH�GHOHWHULRXV�HIIHFWV�LQ
WKH�OXQJ�LQGXFHG�E\�VDOLQH�ODYDJH�FKDOOHQJH���%HQHILFLDO�HIIHFWV��H[SDQVLRQ��UHGXFHG
LQIODPPDWLRQ�DQG�RU�LQFUHDVHG�3D2���ZHUH�PRVW�GHPRQVWUDEOH�LQ�WKH�UDEELW��ZKHUH�D�WRWDO
RI������VHTXHQWLDO�JOREDO�ODYDJH�WUHDWPHQWV�ZLWK�./�����PJ�PO�����PO�NJ��ZHUH�JLYHQ�
IROORZHG�E\�HLWKHU�D�ILQDO�ODYDJH�ZLWK�./������PJ�PO�����PO�NJ��RU�D�EROXV�LQVWLOODWLRQ�RI
./�������PJ�NJ��

,Q�SLJ�PRGHO�RI�$5'6��./��VXUIDFWDQW������DQG�RU����PJ�PO��ZDV�DGPLQLVWHUHG�YLD�ERWK
OREDU�DQG�VHJPHQWDO�ODYDJHV��VLQJOH�DQG�RU�VHTXHQWLDO����7KH��6SRQVRU�VSHFLILHG�WKDW�WKH
UHVXOWV�IURP�WKLV�VWXG\�ZHUH�XVHG�DV�WKH�EDVLV�IRU�WKH�FOLQLFDO�SURWRFRO��7HOHFRP�
PXQLFDWLRQ�EHWZHHQ�WKH�'LYLVLRQ�DQG�6SRQVRU�KHOG�-XQH�������������,Q�WKLV�UHJDUG��WKH
YROXPHV��������PO��DQG�RU�FRQFHQWUDWLRQV������RU����PJ�PO��RI�./��XVHG�IRU�HDFK
VHJPHQWDO�ODYDJH�ZHUH�FRPSDUDEOH�WR�WKRVH�SURSRVHG�LQ�WKH�FXUUHQW�FOLQLFDO�VWXG\��
+RZHYHU��WUHDWPHQW�ZDV�YDULDEOH�ZLWKLQ�HDFK��DQLPDO�DQG�LQFRQVLVWHQW�EHWZHHQ�DQLPDOV�
VXFK�WKDW�WKH�PD[LPXP�WRWDO�YROXPHV�DQG�GRVHV�RI�./��VXUIDFWDQW�XVHG�FRXOG�QRW�EH
GHWHUPLQHG����)LQDOO\��WKH�FLWHG�SLJ�VWXG\�ZDV�DQ�QRQ�*/3�SKDUPDFRORJ\�VWXG\�DQG
WR[LFRORJLFDO�HQG�SRLQWV�ZHUH�QRW�PRQLWRUHG����7KXV��PHDQLQJIXO�UHODWLRQVKLSV�EHWZHHQ
WKH�PHWKRGV�XVHG�LQ�WKH��SKDUPDFRORJ\�VWXG\�LQ�SLJV�DQG�WKH�VDIHW\�RI�WKH�SURSRVHG
FOLQLFDO�SURWRFRO�FDQQRW�EH�GUDZQ�IURP�WKH�VWXG\�
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,Q�WKH�PDVV�EDODQFH�VWXG\�LQ�UDWV���DSSUR[LPDWHO\����DQG�����RI�D�VLQJOH�EROXV
LQWUDWUDFKHDO�EROXV�GRVH�RI�

�
+�./��ZDV�H[FUHWHG�LQ�WKH�IHFHV�DQG�DSSUR[LPDWHO\����ZDV

H[FUHWHG�LQ�WKH�XULQH�E\���GD\V�DIWHU�GRVLQJ����7KH�PDMRULW\�RI�WKH�UHPDLQLQJ�UDGLRDFWLYLW\
RFFXUUHG�LQ�WKH�FDUFDVV��IROORZHG�E\�OXQJV��OLYHU��*,�WUDFW�DQG�NLGQH\V�

,Q�WKH���GD\�UHSHDW�GRVH�LQWUDWUDFKHDO�WR[LFLW\�VWXG\�LQ�GRJV���EROXV�LQWUDWUDFKHDO
LQVWLOODWLRQ�RI��./��VXUIDFWDQW�������DQG�����PJ�NJ�WRWDO�SKRVSKROLSLGV�DQG�����DQG������
PJ�NJ�./��SHSWLGH�LQ�WRWDO�GDLO\�YROXPHV�RI������RU�������PO�NJ��UHVSHFWLYHO\��SURGXFHG
SWRVLV��FRXUVH�DQG�ILQH�WUHPRUV���7KH�������PO�NJ�YROXPH�SURGXFHG�DSQHD��UHTXLULQJ
PHFKDQLFDO�UHVXVFLWDWLRQ�DQG�WKXV�DSSHDUHG�WR�EH�QHDU�WKH�PD[LPXP�WROHUDWHG�YROXPH�LQ
GRJV���,GHQWLILHG�WDUJHW�RUJDQV�RI�WR[LFLW\�LQFOXGHG�WKH�OXQJV��LQFUHDVHG�ZHLJKWV�DQG
LQIODPPDWRU\�UHVSRQVH���WK\PXV��O\PSKRF\WLF�GHSOHWLRQ��DQG�LOHXP��O\PSKRF\WLF
GHSOHWLRQ�RI�3H\HU
V�SDWFK����5HDFWLYH�UHVSRQVHV�LQ�WKH�EURQFKLDO�O\PSK�QRGHV
�UHWLFXORHQGRWKHOLDO�K\SHUSODVLD���KHPDWRORJ\��LQFUHDVHG�ZKLWH�EORRG�FHOOV��VHJPHQWHG
QHXWURSKLOV�DQG�HRVLQRSKLOV��DQG�ERQH�PDUURZ��JUDQXORF\WLF�K\SHUSODVLD��ZHUH�FRQVLGHUHG
WR�EH�VHFRQGDU\�FRPSHQVDWRU\�UHVSRQVHV�WR�WKH�SXOPRQDU\�LQIODPPDWRU\�UHVSRQVH��
2EVHUYHG�HIIHFWV�ZHUH�TXDOLWDWLYHO\�VLPLODU�LQ�EHWZHHQ�WKH�YHKLFOH���SKRVSKROLSLG�FRQWURO
DQG�WKH�./��VXUIDFWDQW�WUHDWHG�JURXSV�VXJJHVWLQJ�WKH�SKRVSKROLSLG�FRQWHQW�SOD\HG�D�PDMRU
UROH�LQ�WKH�REVHUYHG�WR[LFLW\��� 7KH�GHVLJQ�RI�WKH�VWXG\�ZDV�IODZHG�LQ�WKDW�GRJV�DW�WKH�KLJK
GRVH�UHFHLYHG�GRXEOH�WKH�DPRXQWV�RI��WRWDO�SKRVSKROLSLG��YROXPH�RI�GRVH�DGPLQLVWHUHG�
DQG�WRWDO�./��GRVH���7KXV��HIIHFWV�GXH�VSHFLILFDOO\�WR�./��FRXOG�QRW�EH�FRQFOXGHG���7KH
SXOPRQDU\�LQIODPPDWRU\�UHVSRQVH�DORQJ�ZLWK�KHPDWRORJLFDO�DQG�RUJDQ�ZHLJKW�FKDQJHV
VKRZHG�VLJQLILFDQW�UHFRYHU\�E\�WKH�HQG�RI�WKH����GD\�UHFRYHU\�SHULRG��ZLWK�QR�FOHDU
HYLGHQFH�RI�D�GUXJ�UHODWHG�SXOPRQDU\�ILEURWLF�FKDQJHV�HYLGHQW���6LQFH�./� WUHDWPHQW�
UHODWHG�SXOPRQDU\�LQIODPPDWRU\�FKDQJHV�ZHUH�HYLGHQW�DW�ERWK�WKH�ORZ�DQG�KLJK�GRVHV��D
12$(/�ZDV�QRW�HVWDEOLVKHG�LQ�WKH�VWXG\��

,Q�D�WHOHFRPPXQLFDWLRQ�EHWZHHQ�WKH�'LYLVLRQ�DQG�WKH�6SRQVRU�KHOG�RQ�-XQH�����������WKH
VSRQVRU�FLWHG�WKH�UHVXOWV�IURP�WKH���GD\�WR[LFRORJ\�VWXG\�LQ�GRJV�DV�SUHFOLQLFDO
MXVWLILFDWLRQV�IRU�WKH�WRWDO�GRVH�RI�SKRVSKROLSLGV�SURSRVHG�IRU�XVH�FOLQLFDOO\���$OWKRXJK�WKH
GRVHV�WHVWHG�LQ�WKH����GD\�GRJ�VWXG\���XS�WR�D�PD[LPXP�GRVH�RI�����PJ�NJ�WRWDO
SKRVSKROLSLGV��DQG��������PJ�NJ�./��SHSWLGH�LQ�D�WRWDO�GDLO\�YROXPH�RI�������PO�NJ��DUH
JUHDWHU�WKDQ�WKRVH�SURSRVHG�LQ�WKH�LQLWLDO�SKDVH�RI�WKH�FOLQLFDO�WULDO���WKH�������PO�NJ
YROXPH�LV�ZHOO�EHORZ�WKH�WRWDO�YROXPH�RI������PO�NJ�LQ�WKH�SURSRVHG�FOLQLFDO�VWXG\���
)XUWKHU��REVHUYHG�DSQHD��UHTXLULQJ�PHFKDQLFDO�UHVXVFLWDWLRQ�DW�WKH�KLJK�GRVH�VXJJHVWV�WKDW
WKH�������PO�NJ�YROXPH�LV�QHDU�WKH�PD[LPXP�WROHUDWHG�LQ�GRJV���)LQDOO\���D�12$(/�ZDV
QRW�GHPRQVWUDWHG�LQ�WKH���GD\�GRJ�VWXG\����7KXV��WKLV�VWXG\�LV�LQDGHTXDWH�IRU�HVWDEOLVKLQJ
WKH�VDIHW\�RI�WKH�SURSRVHG�FOLQLFDO�VWXG\�

,Q�DGGLWLRQ�WR�WKH�FXUUHQWO\�VXEPLWWHG�VWXGLHV��UHYLHZV�RI�SUHYLRXVO\�VXEPLWWHG�WR[LFRORJ\
VWXGLHV�LQFOXGLQJ�����VLQJOH�GRVH�LQWUDWUDFKHDO�WR[LFLW\�VWXGLHV�LQ�QHZERUQ�UDEELWV�DQG
SUHPDWXUHO\�GHOLYHUHG�LQIDQW�UKHVXV�PRQNH\V�����PXOWLSOH�GRVH����GRVHV�ZLWKLQ����KRXUV�
LQWUDWUDFKHDO�WR[LFLW\�VWXGLHV�LQ�QHZ�ERUQ�UDEELWV�DQG�����D���GD\�LQWUDWUDFKHDO�WR[LFRORJ\
VWXG\�LQ�DGXOW�UDWV�ZHUH�DOVR�DYDLODEOH���VHH�3KDUPDFRORJ\�UHYLHZ�E\�'U��<RXQJ��6��&KRL�
GDWHG�)HEUXDU\��������������$OWKRXJK�WKH�UDQJH�RI�WRWDO�GDLO\�GRVHV�LQ�WKHVH�VWXGLHV������
����PJ�NJ�WRWDO�SKRVSKROLSLG��DUH�ZLWKLQ�WKH�UDQJH�SURSRVHG�FXUUHQWO\����������PJ�NJ��
WKH�UDQJH�RI��WRWDO�YROXPHV�DGPLQLVWHUHG�������PO�NJ��ZDV�ZHOO�EHORZ�WKH�UDQJH�SURSRVHG
FXUUHQWO\������������PO�NJ����7KXV���SUHYLRXVO\�VXEPLWWHG�WR[LFRORJ\�VWXGLHV�ZLWK�./�
ZHUH�DOVR�LQDGHTXDWH�WR�VXSSRUW�WKH�VDIHW\�RI�WKH�FXUUHQWO\�SURSRVHG�VWXG\�
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7KH�'LYLVLRQ�KDV�SUHYLRXVO\�DOORZHG�GRVHV�XS�WR�����PJ�WRWDO�SKRVSKROLSLG�GD\�LQ�LQIDQWV
DW�YROXPHV�XS�WR���PO�NJ��WKXV�WKH�SURSRVHG�GRVHV�DUH�ZLWKLQ�WKH�UDQJH�SUHYLRXVO\
DOORZHG�E\�WKH�'LYLVLRQ���+RZHYHU��QHLWKHU�WKH�SURSRVHG�PHWKRG�RI�DGPLQLVWUDWLRQ
�VHTXHQWLDO�ODYDJH�RI�HDFK�RI�WKH����SXOPRQDU\�VHJPHQWV��QRU�WKH�WRWDO�YROXPH�WR�EH
DGPLQLVWHUHG�KDYH�EHHQ�SUHYLRXVO\�DOORZHG���

$OWKRXJK�WKH�DYDLODEOH�SUHFOLQLFDO�GDWD�LV�LQDGHTXDWH�IRU�HVWDEOLVKLQJ�WKH�VDIHW\�RI�WKH
SURSRVHG�VWXG\��WKH�SURSRVHG�VWXG\�ZDV�DOORZHG�WR�SURFHHG��EDVHG�RQ�SURSRVHG
PRGLILFDWLRQV�WR�WKH�SURWRFRO�ZKLFK�LQFOXGHG��LQFUHPHQWDO�LQWURGXFWLRQ�RI�WKH�ODYDJH
YROXPHV��SK\VLRORJLF�PRQLWRULQJ�RI�WKH�SDWLHQW�DQG��WKH�DOORZDQFH�RI�FOLQLFDO�LQWHUYHQWLRQ
WR�WUHDW�DQ\��SK\VLRORJLFDO�GHUDQJHPHQWV�ZKLFK�FRXOG�RFFXU���6HH�7HOHFRPPXQLFDWLRQ
'DWHG�-XO\������������

5(&200(1'$7,216�
1RQH
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ATTACHMENT 5. 

  

APPEARS THIS WAY ON ORIGINAL



 DIVISION OF PULMONARY DRUG PRODUCTS 
 REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA 
 Amendments Dated 6/30/93 
 
IND : 40,287    Reviewer : Young S. Choi, Ph.D. 
 
SERIAL NO : 5 
 
INFORMATION TO BE CONVEYED TO SPONSOR : Yes (), No (x). 
 
SUBMISSION :   Date Originated : 6/30/93 

Date FDA Received : 7/1/93 
Date Assignment Received : 7/7/93 
Date Review Completed : 6/22/95 

SPONSOR : THE SCRIPPS RESEARCH INSTITUTE 
 
NAME OF DRUG : KL4-surfactant.    
 
CATEGORY : Synthetic pulmonary surfactant to which a synthetic peptide, KL4, has 

been added.  
 
INDICATION : To treat premature infants with respiratory distress syndrome. 
 
ROUTE OF ADMINISTRATION : Intratracheally via endotracheal tube into the 

lungs. 
 
DOSE : 200 mg/kg up to 2 doses, 6 hours apart.  Therefore, 400 mg/kg/day. 
 
TYPE OF SUBMISSION AND DATE : Amendment dated 6/30/93. 
 
COMMENTS : This amendment contained a new protocol, new 

formulation/composition, increased clinical dose (from 130 mg/kg to 
200 mg/kg), number of infants (from 20 to 60), and a new acute 
toxicity study in newborn rabbits to support this newly proposed 
clinical study.  

 
COMPOSITION : The composition has been changed since the original submission as 

shown below: 
 

Each mL of KL4-surfactant contains the following amounts: 
 

     OLD FORMULATION :     NEW FORMULATION : 
             

: DPPC  
   POPG                  
   PA                       
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       pH = 7.20  
       Osmolarity = 290 mOsm/L (250-350 mOsm/L) 

REVIEW OF PRECLINICAL DATA : 
 
TSRI 92-3 : MULTIPLE DOSE, INTRATRACHEAL, ACUTE TOXICITY  STUDY OF 

KL4-SURFACTANT IN NEWBORN RABBITS : 
 

GLP STATEMENTS :  Yes, submitted on page 51. 
 

LABS PERFORMING THE STUDY : Sponsor.  
 

Methods : Neonatal New Zealand White M and F newborn rabbits (first 1-2 days 
after natural birth, 40-100 g) were randomly assigned to 3 groups.  
Each group received intratracheally via injection through a needle 
directly into the trachea, exposed by a midline incision in the neck, a 
total of 2 doses, 8 hours apart, either 5.7 mL/kg of KL surfactant (35 
mg/mL phospholipid, PL, 5.25 mg/mL palmitic acid and 1.05 mg/mL 
KL4 peptide, n=18, Scripps Lot No.s 920629) as a sterile liposome 
suspension in THAM buffer, or a vehicle (35 mg/mL PL + 5.25 
mg/mL palmitic acid liposomes, n=17) or sterile isotonic saline 
(negative control, n=15), at time 0 (day 0).  After recovery from the 
dosing procedure, the pups were returned to their mothers and 
observed daily for mortality and morbidity for 14 days.  All 3 
solutions were warmed to 37-40EC just before use.  Prior to dosing 
and on days 3, 6, 9, 12, and 14, pups were weighed and respiration 
observed for any abnormalities.  Animals were necropsied on day 14 
or within 24 hours of unexpected death, and blood samples were 
collected by cardiac puncture, and 19 organs and the lungs were 
taken for gross and histopathology.  

 
COMMENTS : No untreated group was included.   

 
Measurements and Observations : 

Mortality and Morbidity : Daily. 
Body Weights : Prior to dosing and on days 3, 6, 9, 12, and 14.  
Respiratory Rate : Prior to dosing and on days 3, 6, 9, 12, and 14. 
Study Duration : 7/14/92-8/12/92. 

 
RESULTS : 

 
Mortality: 3/18 in KL group died, along with 4/17 in PL vehicle group and 2/15 

(b) (4)



IND 40,287 
Page 3 
 

in saline group before day 14.  None of these deaths were attributed to 
treatment.  Some were attributed to lack of maternal care due to 
absence of milk curds in the stomach and lack of adipose tissue seen 
in two of 3 in KL group and two in saline group.  The third one in KL 
group died within one hour after the second dosing from shock 
associated with iatrogenic hyperthermia.  Prior to dosing, one PL in 
vehicle group had "seizing", including periods of apnea, and the other 
was suffering from severe leg trauma.  They died immediately after 
the second dose, with signs of distress.  The cause of death in the third 
one in vehicle group was reported as metabolic exhaustion associated 
with malnutrition and probably compounded by a moderately large 
SC abscess at the surgical site with accompanying inflammation.  The 
fourth was due to cannibalism, since only the head was recovered.   

 
Clinical Observations : Once recovered from dosing-related transit dyspnea, no 

animals in any of groups showed abnormal respiration.   
 
Body Weights : No significant differences between groups were shown for group mean 

body weights.  
 
Hematology : There were no significant differences between groups in group mean values 

for any parameters, although majority of the samples were reported 
as "hemolyzed and platelets were clumped in many samples (7/9 in 
KL4, 4/10 in PL, and 5/10 in saline), thus the values could not be 
determined".  

 
     COMMENT : All data for blood were from day 14 only, without baseline values.  
 
Coagulation Time : Not done. 
 
Clinical Chemistry : No significant differences between groups in group mean values were 

reported. 
Urinalysis : Not done. 
 
Organ Weights : There were no significant differences between groups: the group 

mean weights of kidneys, liver, and lungs of surviving animals were 
somewhat larger than those of the saline control group.    

 
      COMMENT : Similar trend of increases in these organ weights was seen in the 

single dose study submitted in the original IND submission.   
 

Gross Pathology : There were no significant differences between groups in gross 
findings. 
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Histopathology : No significant differences between groups in histopathological 
findings were reported.  

 
SUMMARY AND EVALUATION :  
 
This submission contained an amendment for a change in formulation from the original 
submission and a clinical dose from 133 mg/kg to 200 mg/kg as well as an acute toxicity 
study in newborn rabbits (TSRI 92-3).  
 
In the acute toxicity study, 3 groups of 15-18 newborn rabbits/group (<48 hours after 
natural birth) were treated with intratracheal injection a total of 2 doses of 5.7 mL/kg of 
either KL4 surfactant, PL (Tham buffer vehicle) or sterile saline, approximately 8 hours 
apart, and they were kept for an additional 14 days for observation. 
 
Two-4 rabbits died within 14 days in all 3 groups, but none of these deaths was attributed 
directly to KL4 surfactant treatment, as described above under Mortality.  
 
No toxic clinical signs were reported once they had recovered from dosing-related transient 
dyspnea.  There were no significant differences between groups in group mean values for 
body weights, hematology on day 14, clinical chemistry on day 14, organ weights, gross and 
histopathological findings.  Differential count for WBCs, coagulation time and urinalysis 
were not done, and no untreated group was included in this study.  Other findings are 
listed under each of the parameters.  Therefore, KL4 surfactant did not produce any 
unexpected toxicity. 
 
Common findings in both single and multidosing studies in KL4 were a trend of increased 
ALP and decreased TRI and iron values compared to the saline group.   
 
CONCLUSION:  
 
KL4 surfactant in newborn rabbits administered up to two doses of 200 mg/kg, 8 hours 
apart, did not produce any significant toxicity over the vehicle or saline control group. 
 
LETTER TO THE SPONSOR : None at this time. 
 
 

 
Young S. Choi, Ph.D. 
Pharmacologist  
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cc: 
Original (IND 40,287) 
HFD-155/Division File 
HFD-155/MO 
HFD-155/DeGeorge 
HFD-155/Choi 
HFD-151/CSO 
R/D by Y. S. Choi/7/22/95 
R/D init. by J. DeGeorge/   /   /95  
F/T by Y. S. Choi/  /  /95, WP #0646t-2 
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HFD-570 : DIVISION OF PULMONARY DRUG PRODUCTS
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

Review #4

IND No.  Serial No.  004 Submission Date: 14 JUL 1995

Reviewer:  Timothy J. McGovern, Ph.D. Review Completed: 02 AUG 1999

Information to be Conveyed to Sponsor:  Yes (  ), No (�)

Sponsor:  

Drug Name:  KL4-surfactant

Related INDs/NDAs/DMFs:  IND 40,287

Previous Review(s), Date(s) and Reviewer(s):

Review Type Date of Submission(s) Reviewer Date of Review
Original Review September 2, 1994 Choi November 9, 1994
Review #2 March 25-July 8, 1997 Williams October 17, 1997
Review #3 January 22, 1999 McGovern March 4, 1999

Preclinical Studies Submitted and Reviewed in this IND submission:
Study Report # Volume
Single Dose Toxicology:
Intratracheal toxicity in dogs with 2 and 28-day postdosing periods
Genetic Toxicology:
In vitro mutagenicity in bacterial/microsomal activation assay

93313

93317

3.1

3.2

Studies Not Reviewed in this IND Submission:  None.

(b) (4)

(b) (4)

(b) (4)
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TOXICOLOGY

Single Dose:
Single dose intratracheal toxicity study -45652-021 (KL4 surfactant) in beagle dogs

with 2 day and 4 week post dosing periods
Document ID No.:  335479:1 Study No.: 93313 Volume:  2

Study Dates: Starting date 11/15/93; report issued 1/6/95
Testing Lab:
Test Article: KL4 surfactant (Batch # FKL49303; purity = 90.1%)
Concentration: 1.2 mg KL4/ml
Dose Volume: 5-15 ml/kg
GLP: Yes.
QA report: No.

Methods: Beagle dogs (6 months old; males: 8.6-10.1 kg; females: 7-9.3 kg) were assigned
to the following treatment groups:

Pentothal
Control

Tham
Control

Tham/lipid
Control

Low
KL4

Mid
KL4

High
KL4

No./sex - total
No./sex – clinical day 3
No./sex – pathology wk 4
No./sex – necropsy/histopathology day 3
No./sex – necropsy/histopathology wk 5
Dosing volume (ml/kg)
KL4-peptide dosage (mg/kg)
Total PL dosage (mg/kg)

2
1
1
1
1
0
0
0

3
3
2
1
2
15
0
0

3
3
2
1
2
15
0

600

3
3
2
1
2
5
6

200

3
3
2
1
2
10
12
400

3
3
2
1
2
15
18
600

Pentothal anesthetized dogs were given a single intratracheal dose of KL4 surfactant (containing
KL4-peptide, Tham, and the lipids 1,2 dipalmitoyl-sn-glycero-3-phosphocholine, 1-palmitoyl-2-
oleoyl-sn-glycerol-3-phosphoglycerol and palmitic acid), Tham (tris buffer acetate) or a
Tham/lipid mixture.  Pentothal control animals were administered the anesthetic and allowed to
recover.  The following observations were made:

Clinical observation . . . Weeks -2 and -1, daily during week 1, and weekly thereafter
Body weight . . . . . . . . Weeks -2 and -1, Days 1 and 3, and weekly thereafter
Food consumption . . . . Daily during week -1 and for remainder of study
Water consumption . . . not assessed
Rectal Temperature . . . Daily during week -1 and for remainder of study
ECG . . . . . . . . . . . . . . . Recorded week -3 and at week 4
Physical Examination . Recorded week -2, day 2 and week 4
Ophthalmoscopy . . . . . not assessed
Hematology . . . . . . . . . Blood samples collected week -2, day 3 and week 4.
Clinical chemistry . . . . Blood samples collected week -2, day 3 and week 4.
Urinalysis . . . . . . . . . . . Not assessed.
Enzyme induction . . . . Not assessed.
Organ weights . . . . . . . lung only on Day 3 or Week 5 (4 week postdosing)

(b) (4)

(b) (4)

(b) (4)



IND 
Page 3

Gross pathology . . . . . . at sacrifice (Day 3 or Week 5 (4 week postdosing))
Histopathology . . . . . . .at sacrifice, (Day 3 or Week 5 (4 week postdosing)); lungs trachea, liver,

kidneys, brain and gross lesions from the 2 day post-dose period dogs; lungs,
trachea, and gross lesions from week 4 post dose period dogs.

Toxicokinetics . . . . . . . Not assessed.

Results:

Mortality:  There were no unscheduled deaths.

Clinical Observations:  Most clinical observations were respiratory-related and included apnea
requiring mechanical ventilation (all high-dose dogs, one dog administered tham/lipid), increased
rate of respiration, irregular rate and depth of respiration in all groups except pentothal
administered animals.  These signs occurred primarily in the first hour after dosing and subsided
by the end of day 1, although one high-dose female demonstrated signs on day 2.  Other
observations included salivation in all dosage groups, non-persistent cyanosis in animals
administered test drug, Tham or Tham/lipid, erythema (primarily in the ear) in all dosage groups,
and fine tremor in one high-dose female.

Recovery time from Pentothal anesthesia was greater in dogs administered either test or control
articles intratracheally compared to dogs administered Pentothal only.  Recovery time increased
with increased KL4 surfactant dosage volume.  Recovery time appeared to be related to both dose
volume and viscosity.

Body Weight:  No definitive treatment-related findings were observed although a decrease in
mean body weights was observed on day 3 in most groups, likely due to decreased food
consumption induced by anesthesia, recovery from dosing and overnight fasting on day 2 for day
3 blood collection.

Food Intake:  Food intake was reduced on Day 2 in all groups (8-75%) except for Pentothal and
Mid-dose KL4 administered groups.  No KL4-related effect was noted.

Rectal temperature:  No KL4-related effects were noted, although a decrease was reported at 1
hour after dosing in almost all dogs, due likely to anesthetization.  Temperatures approached
normal values by the end of day 1.

Electocardiography: A letter by a consulting veterinarian was submitted by the sponsor and
stated that KL4-surfactant caused no significant electrocardiographic effect.  No supporting data,
however, was submitted.

 Physical Exam: No KL4-surfactant-related effects were observed.

Hematology:  Slightly increased WBC levels were noted on day 3 in Tham, Tham/lipid and mid-
and high-dose KL4-surfactant groups (Table 1).  Fibrinogen levels were two-fold higher in these
groups.  These values were comparable to the Pentothal control group after 4 weeks recovery.

(b) (4)
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Clinical Chemistry:  ALT levels were increased on Day 3 in high-dose KL4 female dogs and one
female administered Tham/lipid compared to the Pentothal control group (Table 1).  Cholesterol
levels were also increased in mid- and high-dose females.  Values from treatment groups were
comparable to control values after 4 weeks.

Table 1. Clinical findings (Day 3) in dogs administered a single dose of KL4-surfactant.
Males Females

Dose (mg /kg/d) Tham Tham/ LD MD HD
lipid

Tham Tham/ LD MD HD
lipid

Hematology
WBC
%∆ vs control group

% Seg neutrophils
%∆ vs control group

% Lymphocytes
%∆ vs control group

% Eosinophils
%∆ vs control group

Fibrinogen
%∆ vs control group

Clinical Chemistry
ALT
%∆ vs control group

Cholesterol
%∆ vs control group

↑50 ↑33 ↓13 ↑10 ↑14

↑11 ↑1 ↓2 ↑1 ↑1

↓11 ↓1 ↑1 ↓10 ↓5

↓33 ↑82 ↑62 ↑119 ↑81

↑74 ↑63 ↓2 ↑30 ↑69

↓5 ↓40 ↓38 ↓21 ↑7

↑16 ↑40 -- ↑24 ↑17

↑21 ↑58 ↑14 ↑12 ↑33

↑21 ↑30 ↑5 ↑15 ↑21

↓31 ↓46 ↓16 ↓29 ↓38

↑40 ↑118 ↑114 ↑74 ↑103

↑157 ↑251 ↑83 ↑129 ↑283

↑2 ↑192 ↓13 ↑2 ↑66

↑35 ↑62 ↑23 ↑55 ↑77

Organ Weights:  Absolute and relative lung weights were increased on Day 2 in groups
administered dose volumes of 10 or 15 ml/kg (Table 2; Tham, Tham/lipid, mid- and high-dose
KL4-surfactant).  After 4 weeks, lung weights were comparable.

Table 2.  Gross tissue/organ changes in dogs administered a single dose of KL4-surfactant.
Males Females

Dose (mg/kg/d) Tham Tham/ LD MD HD
lipid

Tham Tham/ LD MD HD
lipid

Abs. Organ Weight
Lung
  %∆ vs control
group

↑32 ↑35 ↑11 ↑19 ↑74 ↑13 ↑46 ↓10 ↑62 ↑33

Gross Pathology:  On day 2, observations of red foci and discoloration of the lung and heart were
noted in the high-KL4 dose group (Table 3).  These findings corresponded to microscopic findings
of hemorrhage and/or inflammation.  After 4 weeks, no KL4-related findings were noted.

(b) (4)
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Table 3.  Gross changes in dogs administered a single dose of KL4-surfactant.
Males Females

Dose (mg/kg/d) Pento Tham Tham/ LD MD HD
lipid

Pento Tham Tham/ LD MD HD
lipid

Lung                    n=
Focus/foci all lobes,
red, multifocal, up to
3 mm
Discoloration, firm,
red, up to 1 cm

Heart n=
Discoloration, red,
patchy, endo-
cardial/epicardial

1 1 1 1 1 1
0 0 0 0 0 1

0 0 0 0 0 1

1 1 1 1 1 1
0 0 0 0 0 1

1 1 1 1 1 1
0 0 0 0 0 0

0 0 0 0 0 0

1 1 1 1 1 1
1 0 1 0 0 0

Histopathology: KL4-related findings are shown in Table 4.  At two days post-dosing, mild to
marked lung inflammation, characterized by infiltration of neutrophils and/or mononuclear cells
and eosinophils, foci of necrosis, was noted in all groups except the Pentothal control group.
These findings tended to be localized to bronchioles and surrounding tissue in KL4-adminsitered
animals and severity appeared to increase with increasing dosage volume.  Increased numbers of
alveolar macrophages were also noted.  Minimal to moderate histiocytosis and hemorrhage were
also noted in various groups.  In the trachea squamous metaplasia, neutrophil infiltration and
necrosis were noted in animals from all groups.  After 4 weeks recovery, histiocytosis of the
lymph nodes was noted in one high dose female.  The acute inflammatory changes were almost
completely resolved as most dogs had minimal subacute inflammation centered around thew
respiratory bronchioles.  Minimal to mild interstitial fibrosis was noted in four dogs given KL4-
surfactant  and one given Tham/lipid.

Table 4.  Histopathological changes in dogs administered a single dose of KL4-surfactant.
Males Females

Dose (mg/kg/d) Pento Tham Tham/ LD MD HD
lipid

Pento Tham Tham/ LD MD HD
lipid

Lung               n=
Histiocytosis,
widespread
  -moderate
Heart n=
Necrosis, myofiber,
multifocal
Hemorrhage, sub-
endocardial, epi-
cardial, multifocal

Recovery Phase
Lymph node n=
Histiocytosis,
medullary, bronchial

1 1 1 1 1 1

0 0 0 0 0 0
0 0 0 0 0 1

1

1

0 0 1 0 0 0
0

1 1 1 1 1 1

0 0 0 0 0 1
1 0 1 0 0 1
0 0 1

0

0 0 0 0 0 1
1

(b) (4)
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A NOAEL could not be identified in this study since a full histopathological assessment was not
performed and a small number of animals were assessed at each timepoint.  However, identified
toxicities primarily included effects on respiratory-related parameters, indices of inflammation in
the lung and heart which were observed at all dose levels and increased ALT levels.  Lung
inflammation is consistent with findings in other species tested with KL4-surfactant.  These
findings were at least partially reversible after the four-week recovery period.

GENETIC TOXICOLOGY

In vitro Mutagenicity Testing of KL 4-surfactant in Bacterial/Microsomal Activation Assay
Document ID No.: 245173:1 Study No.:  93317 Volume:  3.2

Study endpoint: Mutagenicity
Study Dates: Starting date 2/21/94; report issued 8/25/94
Testing Lab:
Test Article: KL4-surfactant (Batch N-7807)
GLP: The study was accompanied by an unsigned GLP statement.
QA report: No.

Methods: KL4-surfactant was assayed in 4 Salmonella tester strains and 1 E. coli strains ±
metabolic activation by Aroclor 1254-induced rat liver S9 fraction using the plate incorporation
method.  The following tester strains were used: TA 1535, TA 1537, TA 98, TA 100 and WP2
uvrA. The negative control article/vehicle was tris buffer with sodium chloride. Positive controls,
dissolved in DMSO, included 2-anthramine, 9-aminoacridine-HCl, sodium azide, N-methyl-N-
nitro-N’-nitroso-guanidine and dexon.  Doses for all tests were expressed as the quantity of total
phospholipids in the KL4-surfactant.  A preliminary study, conducted in Salmonella strains TA98
and TA100 and E. coli strain WP2uvrA, indicated that KL4-surfactant was not cytotoxic in the
presence or absence of S9 at any dose up to 5000 µg/plate.

Strain Positive Controls Without S9
(µg/plate)

Positive Controls With S9 (µg/plate)

TA 1535 sodium azide (0.5) 2-anthramine (2)
TA 1537 9-aminoacridine (50) 2-anthramine (2)
TA 98 Dexon (200) 2-anthramine (2)
TA 100 sodium azide (0.5) 2-anthramine (2)
WP2 uvrA N-Ethyl-N’-nitro- (5)

N-nitrosoguanidine
2-anthramine (2)

Two experiments were performed using triplicate plates at each KL4-surfactant concentration
(500, 750, 1000, 2000, 4000 and 5000 µg/ml) and positive indicator incubated for 46-48 hours ±
S9.  The negative control article was tested in six plates per test.  Tests were positive that
produced at least a doubling of the number of revertant colonies observed for the negative
control, showed a dose-response to increasing doses of the test-article, and had been repeatedly
mutagenic by these criteria in each of the replicate tests.

(b) (4)

(b) (4)
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Results:  In all five strains, there were no significant increases in revertant colony counts
compared to results following exposure to the negative control article in the presence or absence
of rat S9 mix.  In addition, there were no indications of drug-induced toxicity.  The positive
controls met the criteria for positive results.

Thus, KL4-surfactant, at doses up to 5000 µg/plate, was negative in the bacterial mutation test
(Ames assay), using plate incorporation, in concurrence with the sponsor’s conclusion.

RECOMMENDATIONS

1. None at this time.

                                                                        
Timothy J. McGovern, Ph.D., Pharmacologist

Original IND 
CC: HFD-570/Division File

HFD-570/C.J. Sun
HFD-570/T.J. McGovern

(b) (4)

(b) (4)
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HFD-570 : DIVISION OF PULMONARY DRUG PRODUCTS
REVIEW AND EVALUATION OF PHARMACOLOGY AND TOXICOLOGY DATA

Review #6

IND No.  40,287 Serial No.  007 Submission Date: 24 AUG 1995

Reviewer:  Timothy J. McGovern, Ph.D. Review Completed: 04 NOV 1999

Information to be Conveyed to Sponsor:  Yes (  ), No (�)

Sponsor:  The Scripps Research Institute, Charles G. Cochrane, M.D.

Drug Name:  KL4-surfactant

Related INDs/NDAs/DMFs:  IND 

Previous Review(s), Date(s) and Reviewer(s):

Review Type Date of Submission(s) Reviewer Date of Review
Original Review July 31, 1992 Choi October 8, 1992
Review #2 August 18, 1993 Choi September 3, 1993
Review #3 November 5, 1993 Choi November 18, 1993
Review #4 May 19, 1995 Choi June 20, 1995
Review #5 June 30, 1993 Choi June 26, 1995

Preclinical Studies Submitted and Reviewed in this IND submission:
Study Report # Volume
Multiple Dose Toxicology:
Intratracheal toxicity in newborn rabbits TSRI 94-1 1

Studies Not Reviewed in this IND:  None.

Studies Previously Reviewed:  This submission includes summaries of various toxicology
studies.  The majority of these studies have already been reviewed.  These include: Studies TSRI
93-1(multiple dose, intratracheal toxicity study in adult rats) and TSRI 94-2 (safety study in
prematurely delivered rhesus monkeys) reviewed in the Original IND Review for IND 46,164 by
Choi (2/25/95); Studies DS94315 (acute intratracheal safety study in Crl:CDBR, VAF/PLUS
Rats) and DS95301 (7 day intratracheal toxicity study in Beagle dogs with 28 day post-dosing
period) reviewed in Review #2 for IND  by Williams (10/17/97); Studies DS93313 (single
dose intratracheal toxicity study in Beagle dogs with 2 day and 4 week postdosing assessment)
and DS93317 (in vitro mutagenicity testing in bacterial/ microsomal activation assay) reviewed
under IND  by McGovern (Review # 6, dated July 2, 1999).  A preliminary report of study
TSRI 94-1 (multiple dose, intratracheal toxicity study in newborn rabbits) was also reviewed in
the Original IND Review for IND .  The final study report has been submitted as an
attachment to the current IND submission and a formal review is included presently.

(b) (4)

(b) (4)

(b) (4)

(b) (4)
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TOXICOLOGY
Multiple Dose:

Neonatal Rabbit, 4 doses within 48 hours Toxicity
Study No.: TSRI 94-1Volume:  1

Study Dates: Starting date 1/5/1994; report issued 6/5/1995
Testing Lab: The Scripps Research Institute, La Jolla, CA
Test Article: KL4-surfactant (Batch# N-7803; purity > 95%)
Concentration: 40 mg/ml initial dose; 35mg/ml for subsequent doses
Dose Volume: 5 to 5.7 ml/kg
GLP: The study was accompanied by a signed GLP statement.
QA report: No.

Methods: Newborn New Zealand White rabbits (≤ 67.6 hours old, 46.8-91.3 g) were
assigned to the following treatment groups:

PL
Control

Tham
Buffer

Untreated
Control

KL4-
surfactant

No./sex – sacrifice day 4
Dose volume (ml/kg) - first dose

      - subsequent doses
KL4-peptide dosage (mg/kg)
Total PL (mg/kg) – first dose

- subsequent doses

16
5

5.7
0

200
200

13
5

5.7
0
0
0

4
0
0
0
0
0

16
5

5.7
6

200
200

Lidocaine anesthetized neonatal rabbits were given intratracheal doses of KL4-surfactant
(containing KL4-peptide, Tham, and the lipids 1,2 dipalmitoyl-sn-glycero-3-phosphocholine, 1-
palmitoyl-2-oleoyl-sn-glycerol-3-phosphoglycerol and palmitic acid), Tham buffer (tris buffer
acetate) or a phospholipid mixture in Tham buffer.  A total of up to four doses were administered
with the second dose given at approximately 5.5 to 8 hours following the first, the third dose
given at approximately 24 hours after the first, and the fourth (given to only four animals) at
approximately 48 hours after the first dose.  Animals were necropsied at approximately 72 hours
after the first dose.  The following observations were made:

Clinical observation . . . Prior to each dosing and at least once daily
Body weight . . . . . . . . Prior to each dosing and Days 3 and 4
Food consumption . . . . not assessed
Water consumption . . . not assessed
ECG . . . . . . . . . . . . . . . not assessed
Physical Examination . not assessed
Ophthalmoscopy . . . . . not assessed
Hematology . . . . . . . . . Blood samples collected day 4.
Clinical chemistry . . . . Blood samples collected day 4.
Urinalysis . . . . . . . . . . . not assessed.
Enzyme induction . . . . not assessed.
Organ weights . . . . . . . Day 4; lung, brain, heart, kidneys, liver, spleen
Gross pathology . . . . . . at sacrifice (Day 4)
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Histopathology . . . . . . .at sacrifice (Day 4).  All collected tissues were assessed with special attention
given to evidence of airway inflammation, microgranulomatous lesions in the
lung, or inflammatory cells in the airways.

Toxicokinetics . . . . . . . not assessed.

Results:

Mortality:  There were high numbers of unscheduled deaths that the sponsor stated were due
primarily to poor maternal care, post-dosing apnea, anesthesia, or airway obstruction following
dosing, surgical trauma or unknown causes.  However, survival rates were similar among
treatment groups (Table 1).  Survival in untreated controls was 75%.  Pneumonitis may have also
played a role in the death of some treated animals (11 to 30% of rabbits that died).

Table 1.  Survival of rabbits administered KL4-peptide.
Dose Group Survivors/enrolled % survival
KL4-surfactant 5/16 31.3
PL control 6/16 37.5
Tham buffer 3/13 23.1
Untreated control 3/4 75

Clinical Observations:  All treated pups were dyspneic or apneic for 2-10 minutes following dose
administration.  Other observations included cold animals, dehydration and fluid in the nose.
Respiration was normal at all other observation times.

Body Weight:  No definitive treatment-related findings were observed.

Hematology: No definitive treatment-related findings were observed.

Clinical Chemistry: No definitive treatment-related findings were observed.

Organ Weights: No definitive treatment-related findings were observed.

Gross Pathology: During necropsy, the genders of the exposed animals were identified as 1
female and 3 males in the untreated control group, 3 females and 10 males in the Tham buffer
group, 6 females and 10 males in the PL group, and 7 females and 9 males in the KL4-peptide
group.  No definitive treatment-related findings were observed although a slight increase in the
total incidence of red foci and tracheal obstruction was noted in the KL4-peptide group (Table 2).
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Table 2.  Gross changes in rabbits administered a single dose of KL4-surfactant.
Dose (mg/kg/d)

N=

UC Tham Tham/ KL4-PL
Lipid

4 13 16 16
Lung
Multiple red focus
Trachea
Obstruction,
including pink foam

1 1 3 5

0 1 1 2

Histopathology: Histological findings included inflammation of the injection site, congestion,
histiocytosis, pneumonitis, and focal atelectasis in the lung which occurred in all treatment groups
(Table 3).  In addition, congestion and focal necrosis occurred in the liver.

Table 3.  Histopathological changes in rabbits administered a single dose of KL4-surfactant.
Dose (mg/kg/d)

N=

UC Tham Tham/ KL4-PL
Lipid

4 13 16 16
Lung
Histiocytosis

Minimal
Mild

Atelectasis, focal
Pneumonitis

Minimal to mild
Moderate to severe

Liver
Congestion
Focal necrosis

1 6 9 5
0 1 0 0
1 1 3 5

0 1 1 3
0 0 4 0

1 3 4 6
1 1 0 2

A NOAEL dose could not be determined in this study since mortality was increased in all
treatment groups in comparison to the untreated control groups.  Identified toxicities were
comparable between all treatment groups, as no definitive KL4-peptide related findings were
observed.  The primary effects included short-term respiratory-related parameters, indices of
inflammation in the lung and liver congestion and necrosis.  Lung inflammation is consistent with
findings in other species tested with KL4-surfactant.
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RECOMMENDATION

None at this time.

                                                                        
Timothy J. McGovern, Ph.D., Pharmacologist

Original IND 40,287
CC: HFD-570/Division File

HFD-570/C.J. Sun
HFD-570/T.J. McGovern
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Test article lot No and expiration date: Surf-0023, no expiration date provided. Vehicle 
Lot A0058, expiration date was 12/10/2001 and 12/21/2001. 

GLP compliance: The study report was accompanied by a signed GLP statement. 
QA report: Yes 
 
Methods: Beagle pups (4/sex/dose including 3 for main study and 1 for recovery study) 

aged 12-13 day (weighted 410-960 g) were designated to sham control, vehicle 
control or test group.  The drug treated group was given 175 mg/kg (5.8 ml/kg) by 
intratracheal instillation for 14 days.  The vehicle control group was given Tris 
saline buffer and the sham control group was given air.  The recovery animals 
were sacrificed at 28 days after completion of dosing.   

 
Observations and times:  
Clinical observations: Twice daily in week day and once daily during weekend. 
Mortality: Twice daily. 
Body weights: Daily during the dosing period and once weekly during the recovery 

period. 
Body temperatures: Three times a week during the dosing period and weekly for recovery 

animal commenced on day 14 of recovery phase. 
Ophthalmology: During the final week of dosing in main study and the week prior to 

necropsy in recovery animals. 
ECG: Pretest and near the end of dosing for main study animal, prior to necropsy for 

recovery animals. 
Physical examinations: Pre-test and weekly thereafter.  Recovery animals were examined 

weekly starting approximately day 14 of recovery phase into the recovery period.    
Clinical pathology: Blood samples for hematology and clinical chemistry were collected 

during the final week.   
Gross pathology: At necropsy.  
Organ weights: At necropsy. 
Histopathology:  The tissues listed in the histopathology inventory from all animals were 

examined microscopically (page 4). 
 
Results: 
Mortality: None. 
Clinical observations: Immediately following most dosings, the pups exhibited irregular 

or no respiration, pale coloration, congestion, and gurgling.  Following most 
dosings, oral and/or nasal discharge was also exhibited.  It was obvious that even 
introduction of air into the lungs of anesthetized pups produced respiratory 
difficulties.  The effects were much more extensive when either saline or 
Lucinactant solution was introduced than air was introduced. 

Body weights: No drug-related findings. 
Body temperatures: All animals exhibited slight temperature increases (∼ 1oF) from day 

11 to the end of the study.   
Ophthalmology: No drug-related findings. 
ECG: No drug-related findings. 
Physical examinations: No drug-related findings. 



IND 40287 
Page 3 of 11 

Hematology: No drug-related findings. 
Serum chemistry: No drug-related findings. 
Gross pathology: One drug-treated female had multifocal mottled lung and another drug-

treated female had kidney dilatation. 
Organ weights:  In the main necropsy, relative to brain weights and compared to sham 

control, some organ weights changes were observed in both vehicle control and 
Lucinactant group (increases of weights of kidney 19%-24%, liver 16%-20%, 
lung 36%-32%, pituitary 20%-3%, testes 43%-32%, ovaries 14%-48%; decreases 
of weights of thyroid 32%-27% in the vehicle and Lucinactant group).  However, 
due to the inter-animal variability in these values, there is little test article or 
dosing procedure effect can be concluded.  Evaluation on the changes of organ 
weights in recovery animals is limited by the small animal number (1/sex/group). 

Histopathology: The findings were similar in vehicle (Tris saline buffer) and lucinactant 
treated animals.  The histopathological changes focused on local effects: brochial 
mucin-cell hypertrophy/hyperplasia characterized by enlargement of cell sizes and 
increase of numbers of mucin-containing cells within the bronchial epithelium.  
Brochioalveolar infiltrated with lymphocytes, macrophages and acute 
inflammatory cells.  In some animals the infiltration was sufficient to fill the 
lumens of the bronchiole and its associated alveoli.  Liver extramural 
hematopoiesis was increased in the Lucinactant treated pups.  The mechanism 
leading to such changes is not clear.  There were no hematological findings 
reported.  This finding may have little clinical significance.  A solitary focal area 
of mineralization was noted in the ventricular muscle of the heart in the one test-
article treated, recovery sacrifice, female dog.  This was considered an unusual 
alteration in older dogs.  However, no historical data were available for very 
young dogs.  Mineralization may be the consequence of myocardial injury, but 
there was no evidence of myocardial injury in any other dog within this study.  
The significance of this myocardial mineralization is not clear.  All other 
alterations noted in this study were considered incidental and spontaneous.  The 
following table presents the incidences of drug-related histopathology findings. 

 
 Sham Vehicle Lucinactant 

(175 mg/kg) 
Main study 

 % & % & % & 
Animal n 3 3 3 3 3 3 

Lung       
Bronchi mucin cell hypertrophy/hyperplasia 0 0 3 1 2 1 
Bronchioalveolar subacute inflammation 0 0 2 0 3 1 
Bronchioalveolar infiltrate 0 0 0 3 0 2 
Liver extramural hematopoiesis 1 1 1 1 3 2 
Mandibular lymph node hemarrhage 0 0 1 0 0 0 

Recovery study 
Animal n 1 1 1 1 1 1 

Lung        
Peribronchiolar lymphoid infiltrate 0 0 1 0 0 0 
Chronic inflammation  0 0 0 1 1 1 
Bronchioalveolar infiltration with macrophages 0 0 0 0 1 1 
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Conclusion:  
Beagle pups intratracheal instillation with Lucinactant 175 mg/kg or vehicle (Tris saline 
buffer) caused similar adverse effects: respiratory distress immediately following dosing, 
and histopathological change of brochial mucin cell hypertrophy and hyperplasia, and 
brochioalveolar subacute inflammation.  The recovery pups were observed with 
subchronic and chronic inflammation in lungs.    
 
The similarity between Lucinactant and saline in clinical signs and histopathological 
findings were also reported previously in new born rabbits (4 doses in 48 hours, reviewed 
by Yong Choi on 11/09/1994 for the draft report and by Tim McGovern on 11/04/1995 
for the final report), but adult dogs had more significant lung inflammation (histiocytosis) 
when given lipid containing agent than saline (7 day dog study, review 2 for IND  
by Shannon Williams on 10/17/1997).    

(b) (4)
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Study   No . 01-036 
Species (duration)  
Adrenals X* 
Aorta X 
Bone Marrow smear  
Bone (femur)  
Brain X* 
Cecum X 
Cervix  
Colon X 
Duodenum X 
Epididymis X* 
Esophagus X 
Eye X 
Fallopian tube  
Gall bladder  
Gross lesions X 
Harderian gland  
Heart X* 
Ileum X 
Injection site  
Jejunum X 
Kidneys X* 
Lachrymal gland  
Larynx  
Liver X* 
Lungs X* 
Lymph nodes, bronchial  
Lymph nodes 
submandibular 

X 

Lymph nodes, mesenteric X 
Mammary Gland X 
Nasal cavity  
Optic nerves  
Ovaries X* 
Pancreas X 
Parathyroid  
Peripheral nerve  
Pharynx  
Pituitary X* 
Prostate X 
Rectum X 
Salivary gland X 
Sciatic nerve X 
Seminal vesicles  
Skeletal muscle X 
Skin X 
Spinal cord X 
Spleen X 
Sternum X 
Stomach X 
Testes X* 
Thymus X 
Thyroid X* 
Tonsils  
Tongue  
Trachea X 
Urinary bladder X 
Uterus X 
Vagina  
Zymbal gland  

X, histopathology performed; *, organ weight obtained. 

(b) (4)
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GENETIC TOXICOLOGY 

 
Bacterial reverse mutation assay 

 
Study No.  study number AA57FC.503  
Volume#, page #: 1, 92 
Conducting laboratory and location:  

 
Date of study initiation: 04/09/2002 
GLP compliance: The study report was accompanied by a signed GLP statement. 
QA report: Yes 
Drug lot# : Surf-0029. 
Formulation and vehicle:  Tris buffered saline, pH 7.6 served as vehicle. 
 
Methods: Plate incorporation method 
 
Bacterial Strains: Salmonella typhumurium tester strains TA98, TA100, TA1535, 

TA1537 and Escherichia coli tester strain WP2 uvrA 
 
Dose Selection Criteria: No appreciable toxicity was observed in the dose-ranging study 

using doses of 2.5 to 5000 mcg/plate.  Therefore, the maximum dose plated in the 
confirmatory mutagenicity assay was 5000 mcg/plate.   

 
Test agent stability: It was stable after 6-month storage. 
 
Metabolic Activation System:  S-9 fraction was prepared from livers obtained from 

Aroclor 1254 pretreated male Sprague-Dawley rats.  The S-9 concentration was 
10% which is within the acceptable range. 

Controls: 
Vehicle: Tris buffered saline, pH 7.6 
Positive controls: Positive controls in the absence of metabolic activation were sodium 

azide (1.0 mcg/plate) for TA100 and TA1535, 2-nitrofluorene (1.0 mcg/plate) for 
TA98, 9-aminoacridine (75 mcg/plate) for TA1537, methyl methanesulfonate (1 
mg/plate) for WP2 uvrA.  The positive controls in the presence of metabolic 
activation was 2-aminoanthracene at 1.0 mcg/plate for all Salmonella strains and 
10 mcg/plate for WP2 uvrA. 

 
Exposure Conditions: The doses of 75, 200, 600, 1800 and 5000 mcg/plate in the 
presence and absence of S9 were used in the definitive test.  All dose levels of test 
articles, vehicle controls and positive controls were plated in triplicate and cultured at 
37oC for 48 to 72 hours.   
 
Analysis: Revertant conlonies for a given tester strain and activation condition, except 
for positive controls, were counted either entirely by automated colony counter or 

(b) (4)

(b) (4)

(b) (4)
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entirely by hand unless the plate exhibited toxicity. Test article toxicity was evaluated 
under a dissecting microscope and precipitation was evaluated by visual examination. 
 
Criteria for positive results: Dose-related increase in the mean revertants per plate of at 
least one strain over a minimum of two concentrations of test article.  Data set for tester 
strain TA1535, TA1537 were judged positive if the increase of revertants at the peak of 
the dose response is equal to or greater than 3.0 times the mean vehicle value.  Data sets 
for tester strains TA98, TA100 and WP2 uvrA were judged positive if the increase in 
mean revertants at the peak responses is equal to or greater than 2.0 times the mean 
vehicle control value. 
 
Results: 
Study validity: The study was considered valid based the facts that the selection of 
bacterial tester strains was adequate, both positive and negative controls produced 
expected results and the top dose reached the dose limit of 5000 mcg/plate.   
 
Study outcome:  Neither precipitation nor appreciable toxicity was observed at the dose 
up to 5000 mcg/plate.  No positive mutagenic responses were observed in any one of 
bacterial strain in the presence or absence of rat S9 mix. 
 
Conclusion: Lucinactant is negative in Ames test.  The same results were reported in the 
previous Ames test using the bacterial strains and the same method and doses (IND 

 review 4, Timothy McGovern). 
 

 
In vitro mammalian chromosome aberration test 

 
Study No.  study number AA57FC.331  
Volume#, page #: 1, 53 
Conducting laboratory and location:  

 
Date of study initiation: 04/12/2002 
GLP compliance: The study report was accompanied by a signed GLP statement. 
QA report: Yes 
Drug lot# : Surf-0029. 
Formulation and vehicle:  Tris buffered saline, pH 7.6 served as the vehicle. 
 
Methods:  
 
Strains/species/cell line: Chinese hamster ovary (CHO-K1) cells 
 
Dose selection criteria:  
Basis of dose selection: In the 4 hour culture, the top dose selected yielding minimum 
precipitation without substantial cytotoxicity.  In the 20 hour culture, the top dose 
selected producing at least 50% reduction in mitotic index and the dose-related toxicity at 
concentrations exceeding solubility in treatment medium was observed.  

(b) (4)

(b) (4)(b) (4)

(b) (4)
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Range finding studies:  Cytotoxicity was tested in 9 concentrations of test article ranging 
from 0.3 to 3000 mcg/ml in the both absence and presence of S9.  Precipitation was 
observed at dose levels ≥ 90 mcg/ml.  The osmolality of treatment medium was not 
affected by the test article at concentrations up to 3000 mcg/ml (Tris buffer saline, 295 
mmol/ml; 3000 mcg/ml, 296 mmol/kg).  The medium pH at the highest concentration of 
test article was approximately 7.0.  Substantial toxicity (≥ 50% cell growth inhibition) 
was observed at doses of 900 and 3000 mcg/ml, without S9, 20 hour continuous exposure 
groups.   
 
Test agent stability: It was stable after 6-month storage. 
 
Metabolic activation system: S9 was obtained from SD rat treated with Aroclor 1254. 
 
Controls: 
Negative control: Tris buffered saline  
Positive control: Mitomycin C (MMC) in distilled water for non-activated test system and 
Cyclophosphamide (CP) for S-9 activated system. 
 
Exposure conditions:  
Incubation and sampling times: Presented in the table below 
Doses used in the definitive study: Presented in the table below 
Treatment condition Treatment time Recovery time Dose levels (mcg/ml) 

4 hours 16 hours 25, 50, 100 -S9 
20 hours 0 125, 300, 400 

+S9 4 hours 16 hours 25, 50, 75, 100 
 
Analysis: 
No. of replications: Duplication of cultures was employed. 
Counting method: A minimum of 200 metaphase (100 per duplicate flask) were 
examined and scored for chromosomal aberration manually.   
 
Criteria for positive results:  The test article was considered positive when the percentage 
of cells with aberration is increased in a dose-responsive manner with one or more 
concentrations being statistically significant (p≤0.05).  However, values that are 
statistically significant but not exceed the range of historic control may be judged as not 
biologically significant. 
 
Summary for individual findings: 
Study validity:  The study was deemed valid based on that both positive and negative 
control produced expected results.  The selections of doses were appropriate. 
 
Study outcome: Four hours of drug exposure ±S9 caused no cytotoxicity at doses up to 
precipitation dose of 100 mcg/ml (highest dose tested).  Chromosomal structural 
aberrations were positive in the cultures with 4 hours of drug exposure +S9.  This 
experiment was repeated and negative results were obtained.  Culture with 20 hours of 
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drug exposure in the absence of S9, Lucincatant 400 mcg/ml caused 31% inhibition of 
cell growth and 65% reduction of mitotic index, but not increase of chromosomal 
aberrations.  The following table presents the details of chromosomal aberration results. 
 

Cells with aberration 
1st trial 2nd trial 

 
Treatment 
(mcg/kg) 

 
S9 

 
Treatment 
time (h) Numerical 

% 
Structural % Numerical 

% 
Structural % 

Tris buffer 0.5 0.0   
Lucinactant     

25 1.5 0.0   
50 1.5 0.0   

100 2.0 0.0   
MMC, 0.2 

 
 
 

-S9 

2.5 12.5*   
Tris  3.5 3.0 1.0 0.0 

Lucinactant     
25 4.0 4.0 1.0 1.5 
50 4.0 7.5* 3.0 0.5 
75   2.5 1.0 

100 3.5 7.5* 2.0 1.5 
CP, 10 

 
 
 

+S9 

 
 
 
 
 
 

4 

1.5 22.0* 2.0 13.0* 
Tris    0.0 0.0 

Lucinactant     
125   0.5 0.0 
300   0.0 0.0 
400   0.0 1.0 

MMC, 0.1 

 
 
 

-S9 

 
 
 

20 

  0.5 9.5* 
Note: Historic control of structural aberration with S9 activated system ranges 0 to 6.5% , * P≤ 0.05   
 
Conclusion: Lucinactant is negative for the induction of structural and numerical 
chromosome aberrations in CHO cells in the presence and absence of metabolic 
activation system.   
 

Mammalian Erythrocyte Micronucleus Test 
 
Study No. study number AA57FC.123  
Volume#, page #: 1, 37 
Conducting laboratory and location:  

 
Date of study initiation: 04/12/2002 
GLP compliance: The study report was accompanied by a signed GLP statement. 
QA report: Yes 
Drug lot# : Surf-0029. 
Formulation and vehicle:  Tris buffered saline, pH 7.6 served as the vehicle. 
 
Methods:  
 
Strains/species/cell line: ICR mice 
 
Dose selection criteria:  

(b) (4) (b) (4)

(b) (4)
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Basis of dose selection: Maximum dose tested was 2010 mg/kg by i.p., exceeds the 
recommended maximum dose (2000 mg/kg). 
 
Range finding studies: 5 mice/sex were exposed to 2010 mg/kg and 2 males/dose were 
exposed to 1, 10, 100 and 1005 mg/kg by i.p. injection.  Clinical signs observed were 
lethargy and piloerection in males at 100 mg and above, and females at 2010 mg/kg (the 
only dose tested in females).  No mortality occurred.          
 
Test agent stability: It was stable after 6-month storage. 
 
Controls: 
Negative control: Tris buffered saline  
Positive control: Cyclophosphamide 50 mg/kg. 
 
Study design: See the following table. 
 

Treatment N/sex/dose for bone marrow collection 
 24 h 48 h 

Tris buffered saline 5 5 
Lucinactant 502.5 mg/kg 5 0 
Lucinactant 1005 mg/kg 5 0 
Lucinactant 2010 mg/kg 5 5 

Cyclophosphamide 50 mg/kg 5 0 
Note: the strength of formulated test article was 30 mg/ml.  Animals were dosed with 
variable volumes up to 67 ml/kg.  The dosing volume >40 mg/kg was split into two 
administrations conducted at approximately 2 hours apart.   
 
Scoring for micronuclei:  2000 polychromatic erythrocytes per animals were scored for 
the presence of micronuclei.  The number of micronucleated normochromatic 
erythrocytes in the field of 2000 polychromatic erythrocytes were enumerated for each 
animal.  The proportion of polychromatic erythrocytes to total erythrocytes was also 
recorded per 1000 erythrocytes.  
 
Evaluation of test results:   The criteria for positive results were dose dependent increase 
of micronucleated polychromatic cells, or statistically significantly elevated 
micronucleated polychromatic cell frequency at one or more dose levels at any sampling 
time.  However, values that were statistically significant but not exceed the range of 
historical negative control were judged not biologically significant.  These criteria for 
positive results are more stringent than that listed in the OECD guidance which evaluated 
either dose-related increase in the number of micronucleated cells or a clear increase in 
the number of micronucleated cells in s single dose group at a single sampling time. 
 
Results: 
Study validity: This study was valid based on the facts that both positive and negative 
control yielded expected result, and sufficient dose was used (2010 mg/kg). 
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Study outcome: No mortality occurred at any dose levels during the course of the study.  
Clinical signs following dosing included piloerection at all animals and lethargy in 
animals at 2010 mg/kg.  No bone marrow toxicity was observed in the Lucinactant 
treated animals.  There was no significant increase of micronucleated polychromatic 
erythrocytes in test article-treated animals, regardless of dose level or bone marrow 
collection time. 
 
Conclusion:  Lucinactant was negative in the micronucleus test in mice. 
 

 
Summary and Evaluation 

 
Beagle pups intratracheal instillation with Lucinactant 175 mg/kg or vehicle (Tris saline 
buffer) caused similar adverse effects: respiratory distress immediately following dosing, 
and histopathological changes of  brochial mucin cell hypertrophy and hyperplasia, and 
brochioalveolar subacute inflammation.  The recovery animals were observed with 
subchronic and chronic inflammation in lungs.   
 
Lucinactant was negative in Ames test, chromosomal aberration in vitro with CHO cells 
and micronucleus test in mice. 
 
The sponsor’s proposed using 5 weeks old rabbit model in the toxicity study of this drug 
in newborns.   technique bulletin 1999 presented that rabbits wean at age 
of 5 weeks.  Therefore, rabbits at age of 5 weeks are not considered newborns.  The 
sponsor should conduct the study in younger rabbits or other animal species with 
appropriate age. 
 
 
Recommendation:   
The recommendation of using younger rabbits or other animal species at appropriate age 
for the study in newborns has been conveyed to the sponsor by a fax on July 12, 2003 
(meeting minutes for the meeting on June 13, 2003).  
 
 
 
 
      Huiqing Hao, Ph.D., Pharmacologist 

(b) (4)
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HFD-570 DIVISION OF PULMONARY ANDALLERGY DRUG PRODUCTS 
PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION 

 
Pharmacology Consult Review  

 
NDA 21746 
 
Date of submission:    10/19/2004 
Date of consultation request:  11/19/2004  
Date of review:     12/01/2004 
 
Reviewer:     Huiqing Hao, Ph.D. 
Sponsor:    Discovery Laboratories, Inc. 
Drug:     Surfaxin (Lucinctant) 
 
Review and evaluation: 
 
This review is in response to a consultation request from Dr. Nashed, the review chemist 
for the NDA, to access the appropriateness of the testing method on premature rabbits for 
bioactivity of Surfaxin.   
 
In this submission, the sponsor described the method for evaluating bioactivity of 
surfaxin and reported validation data using varying experimental conditions.  However, 
there were no actual data submitted to qualify any batch of drug product.   
 
The in vivo Surfaxin activity is evaluated by measuring pulmonary compliance in 
premature rabbits (26.5±0.5 days’ gestation). 
 
The premature delivered kits will be tracheostomized, given the Surfaxin (8 ml/kg, 30 
mg/ml) or Tris saline buffer (8 ml/kg), connected with the warmed plethysmograph and 
ventilated with a neonatal ventilator.  The ventilator generates peak inspiratory pressure 
≥27±1 cm H2O, flow rate ≥6 L/min, respiration rate ≥30 breaths/min, and inspiratory 
time ≥0.45 second.  The kits will be monitored and ventilated in the plethysmograph at 
27/0 (PIP/PEEP) for 60±15 seconds prior to the first recording.  The first recording time 
T=0.  The parameters of respiratory system compliance (Crs) including volume change 
(∆V) and pressure change between the end of inspiration and the end of expiration (∆P) 
will be recorded every 2-5 minutes for 30 minutes.  Crs is calculated as ∆V/∆P.  At least 
three values will be obtained during the 30 minutes. Total of 6 kits per test sample will be 
used.  A positive result will be defined as a statistically significant (p≤0.05 by Student t-
test) increase of Crs in sample kits to >150% of the mean control value.   
 
The body temperatures at 30 minutes will be measured and the data will be discarded if 
the kit’s body temperature does not reach 38±2°C.  The litters having control values for 
Crs greater than 150% at 30 minutes of the mean values between 0 to 10 minutes are 
considered natural surfactant-sufficient.   Data of the test and control kits from such 
litters will be discarded. 



 
To validate this method, the sponsor conducted a series of experiments on reproducibility 
(assays for 3 times of the same lot of Surfaxin), intermediate precision (assays of 3 times 
on the same lot of Surfaxin, by 2 different analysts, over at least 2 days) and robustness 
(plethysmograph temperature 35.5 versus 41.5°C, end of inspiration pressure 25 versus 
29 cm H2O, and gestation age of rabbits 28 days versus 27 days) of the compliance 
change induced by Surfaxin.    
 
There is no validated method established for determining biological activity of the 
surfactants.  However, we have following comments regarding the methodology 
employed by the applicant as follows: 
 

1. Acceptance of the lung immaturity of the each animal should be determined by a 
specific tidal volume under a specific pressure after stabilization.  

2. Control animals should be untreated rather than given Tris saline buffer as saline 
treatment decreases lung compliance. 

3. Justifications for the dose(s) to be tested should be provided. 
4. An internal reference standard of Surfaxin (e.g. the batch used in the pivotal 

clinical trials) should be included.  The internal standard is expected to show 
statistically significant increase of Crs ≥ 200% of the mean control value.  If less 
than 200%, a justification should be provided.       

5. Timepoints at which data are collected should be specific rather than a range (2-5 
minutes interval).  Under this setting, all data at predetermined timepoints should 
be obtained, if not, the reasons for missing data should be provided. 

6. Animal number should be at least 6/group and randomization among each litter 
should be employed.  

 
Recommendation: 
The sponsor should be informed of the above comments. 
 
 
 
       Huiqing  Hao, Ph.D., Pharmacologist   
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               NDA 45-day Pharmacology Fileability Check List 
NDA No: 21-746 
 
Date of submission: April 13, 2004 
 
Date of 21-day fileability meeting: May 10, 2004 
 
Date of check list: May 3, 2004 
 
 
(1) On its face, is the Pharmacology/Toxicology section of the NDA organized in a manner 
to allow substantive review?    
Yes (x) No ( ) 
 
(2) On its face, is the Pharmacology/Toxicology section of the NDA legible for review? 
Yes (x) No (  ) 
 
(3) Are final reports of all required and requested preclinical studies submitted in this NDA? 
 

Yes   No   NA 
 

Pharmacology         (  X  )    (   )    (  ) 
ADME          (  X  )    (   )    (  ) 
 
Toxicology (duration, route of administration and species specified) 
acute          (  X  )    (   )    (  ) 
subchronic and chronic studies      (  X  )    (   )    (  ) 
reproductive studies        (    )     (   )     ( X ) 

 
carcinogenicity studies       (    )    (   )    (X ) 
 
mutagenicity studies       (  X  )    (   )    (  ) 
special studies        (  X  )    (   )    (  ) 

 
others          (      )    (  )    (X ) 

EA (items 7, 8, 9, 10, 11 and 15)       
 
(4) If the formulation to be marketed is different from the formulation used in the toxicology 
studies, is repeating or bridging the studies necessary?  Yes (  )  No (  ) 
 
Same formulation was used in the toxicity study and to be marketed product  
 
If no, state why not: 



 

 2 

 
(5) Are the proposed preclinical labeling sections (carcinogenesis, mutagenesis and 
impairment of fertility, pregnancy category and overdosage) appropriate (including human 
dose multiples expressed in either mg/m2 or comparative systemic exposure levels) and in 
accordance with 201.57?   
Yes  (  )  No  (  ) 
 
Note: Specific drug concentrations or doses tested in the mutagenesis studies  do not 
need to be included in the labeling. 
 
(6) Has the applicant submitted all special studies/data requested by the Division prior to 
the submission including but not limited to pre-NDA discussion?  
Yes  ( X )  No  (   )  NA (   ) 
 
Reports of two 14-day toxicity studies in beagle pups and kitten have been submitted.   
 
(7) On its face, does the route of administration used in the pivotal toxicity studies appear to 
be the same as the intended clinical route?     
Yes  ( X )  No  (   ) 
 
(8) Has the applicant submitted a statement(s) that all of the toxicity studies have been 
performed in accordance with the GLP regulations (21 CFR 58) or an explanation for any 
significant deviations?     
Yes  ( X )  No  (   ) 
 
(9) Has the applicant submitted any studies or data to address any impurity or extractable 
issues (if any)?    
Yes  (  )  No  (  ) 
 
No leachable or impurity issues have been raised.  
  
 
(10) Are there any outstanding preclinical issues?    
Yes  (  )  No  ( X ) 
 
(11) From a preclinical perspective, is this NDA fileable?   
Yes  ( X )  No  (   ) 
 
If Ayes@, should any additional information/data be requested?   
Yes  (  )  No  ( X ) 
 
                                                                         
Review Pharmacologist/Toxicologist: Huiqing Hao, Ph.D. 
                                                         
Team Leader: Joseph C Sun, Ph.D. 
 
 
HFD-570/Division File 
HFD-570/J. Sun 
HFD-570/C. Yu 
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