
l5    3 

SUMMARY OF SAFETY AND EFFECTIVENESS DATA 

I  GENERAL INFORMATION 

DEVICE GENERIC NAME  Graftskin 

DEVICE TRADE NAME  Apligr   Graftskin  

APPLICANT  Organogenesis Inc  
150 Dan Road 
Canton  MA 02021 

PREMARKET APPROVAL 
APPLICATION  PMA   

P950032 

DATE OF PAPAL 
RHCOMvKND ATION  

January 29  1998 

DATE OF GMP INSPECTION  April 8  1996 

DATE OF NOTICE OF 
APPROVAL OF APPLICATION  May 22  1998 

EXPEDITED REVIEW  

IL INTENDS USE   INDICATIONS 

Expedited processing eras authorized on 
May 30  1995  based on the potential of 
AplipaP  to provide a clinicaUy important 
advance over existing alternatives in the 
treatment of chronic venous insufBciency 
ulcers  

Apligraf is indicated for use with standard therapeutic compression for the treatment of 
non infected partial and full thickness skin ulcers due to venous insufficiency of greater 
than 1 eonth duratian and which have not adequately responded to conventional ulcer 
therapy  

IIL BKVICE DESCRIPTION 

Apligraf is a viable  bi layered  skin construct  which contains Type I bovine collagen  
extracted  and purified from bovine tendons and viable allogcneic human fibroblast and 
keratinocyte cells isolated from human infant foreskin  ApligraP consists of two primary 
layers  The upper  epidermal like  layer  formed of living human keratinocytes  has a mell 
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differentiated stratum corneum which has been shown in in vitro experiments to provide a 
natural barrier to topical infection and wound desiccation  In the supporting  dermis  

like  layer of Apligraf  the major cell type is the fibroblast  ApligraF  fibroblasts 

produce many of the matrix proteins found in human dermis  such as collagen type IV  
tenascin  decorin  hyaluronate  and fibronectin  In addition  collagen type IV  laminin  
laminin 5  heparin sulfate  proteoglycan  and j34 integrin are present at the dermal  
epidermal junction  Apligraf also expresses many of the cytokines found in human skin 
including PDGF A  PDGF B  TGFa  TGFpi  TGFp   ECGF  FGF 1  FGF 2  FGF 7  
IGF l  IGF 2  CSF  IL la  IL 6  IL 8 and IL 11  Other cells found in human skin  
Langerhans cells  melanocytes  macrophages and lymphocytes as well as secondary 
structures such as blood vessels and hair follicles are not present in Apligraf  

Apligraf is supplied ready to use  in a plastic container carrier and is intended for single 
use only  This container protects and supports the product and provides a supply of 
agarose gel nutrient medium to maintain cell viability until use  The carrier is sealed in a 
heavy gauge polyethylene bag containing a 10  COzlair atmosphere  Apligraf is kept in 
the sealed bag at 20 31 C until use  Apligraf is supplied as a circular disk 75 mm in 
diameter  The thickness of the product is 0 75 mm The agarose shipping medium 
contains agarose  L glutarnine  hydrocortisonelbovine serum albumin  bovine insulin  
human transferrin  triiodothyronine  ethanolamine  O phosphorylethanolamine  adenine  
selenious acid  DMEM powder  HAM s F 12 powder  sodium bicarbonate  calcium 
chloride and water for injection  

To maintain cell viability  the product is aseptically manufactured  but not terminally 
sterilized  Apligraf is shipped following a preliminary sterility test with a 48 hour 
incubation to determine the absence of microbial growth  Final  14 day incubation  
sterility tests resuits are not available at the time of application  

Information concerning the following sections of this Summary of Safety and 
Effectiveness Data is included in the product labeling at the end of this document  

IV  CONTRAINDICATION S 

  Apligraf is contraindicated for use on clinically infected wounds  

  Apligraf is contraindicated in patients with known allergies to bovine collagen  

  Apligraf is contraindicated in patients with a known hypersensitivity to the 
components of the Apligraf agarose shipping medium 

The warnings and precautions can be found in the Apligraf labeling  
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V  ALTERNATIVE PRACTICES AND PROCEDURES 

Compression therapy is the standard of treatment for ulcers caused by venous disease  
Surgical alternatives for venous ulcers include vein stripping  vein ligation and skin 
grafting  

VI  POTENTIAL ADVERSE EFFECTS 

A total of 297 patients  161 Apligraf  136 active control  were evaluated for safety in a 
clinical trial for the treatment of venous ulcers  Adverse events were recorded as mild  
moderate  severe or life threatening  

There were 1 life threatening and 3 severe infections reported in the Apligraf group and 
none in the control arm  Of these  two severe infections were considered related to 
treatment  however one occurred one month after the last application of Apligraf and the 
other occurred following application on a pre existing Pseudomonas infection  

All reported adverse events which occurred in the Apligraf cohort in the pivotal clinical 
study at an incidence of 1  or greater are listed in Table 1  The adverse events are listed 
in descending order according to frequency  
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Table 1 
Adverse Events Reported in Greater than 1 0  of Apligraf Patients 
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In the clinical trial the following definitions were used  

 Suspected Wound infection  a wound with at least some clinical signs and 
symptoms of infection such as increased exudate  odor  redness  swelling  heat  pain  
tenderness to the touch and purulent discharge  quantitative culture was not required  

Cellulitis  a non suppurative inflammation of the subcutaneous tissues extending 
along connective tissue planes and across intercellular spaces  widespread swelling  
redness and pain without definite localization  

 Positive wound culture  reported as an adverse event  but not reported as a 
wound infection  

VII  MARKETING HISTORY 

ApligraF is approved for marketing in Canada and has been commercially available since 
August 12  1997  

VIII  SUMMARY OF PRE CLINICAL STUDIES 

This section provides brief summaries of important preclinical tests performed on Apligraf 
followed by Table 2 which describes a number of non clinical laboratory studies 

performed in the development and evaluation of Apligraf  Table 2 has been divided into 
studies chosen to evaluate the following categories  Development and Characterization  
Immunology  Microbial and Toxicology studies  The studies reported here include a 
range of topics assessing safety  device attributes  practical aspects of device delivery  and 

potential clinical use issues  

Presence of Blood Group Antigens on Apligraf   DNA coding the Rh Factor was 
identi6ed by PCR analysis of the cells used to make Apligraf for pivotal study  Weak  

patchy staining of the B Blood Group antigen in the epidermal layer of this Apligraf was 
detected by immunohistochemica1  IHC  analysis  No expression of the Rh antigen by 
Apligraf was observed in flow cytometry measurements  

Apligraf Compatibility with Antimicrobial Agents   In in vitro and in vivo histology 
studies  exposure to Dakin s solution  Mafenide Acetate  Scarlet Red Dressing Tincoban  
Zinc Sulfate  Povidone iodine solution  or Chlorhexidine degraded the overall histology of 
Apligraf  Device exposure to Mafenide acetate  Polymixin Nystatin or Dakin s Solution 
also reduced Apligraf cell viability  

Karyology analyses of keratinocyte cells used in device manufacture revealed a limited 
number of chmmosomal abnormalities  These same cells were not neoplastic in in vitro 
and in vivo assnys  

The fibroblast and keratinocyte cells  from which Apligraf is manufactured  are from 
human infant foreskin tissue  Products made from human tissue may contain infectious 
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agents  The risk that Apligraf will transmit a pathogenic agent is reduced by extensive 
testing  A comprehensive medical history of the mother was taken and blood of the 
mother was screened for HIV 1  HIV 2  HIV p24  HTLV 1  HTLV 2  Hepatitis A  
Hepatitis B surface  Hepatitis B core  Hepatitis B  Hepatitis C  Cytomegalovirus and 
Epstein Barr viruses  Additionally  human fibroblasts and keratinocytes used to form 
Apligraf are derived from cell banks which were tested for HIV 1  HIV 2  HIV p24  
HTLV l  HTLV 2  Hepatitis B surface  Hepatitis C  Cytomegalovirus  Epstein Barr virus  
bacteria  fungi  yeast  mycoplasma  in vitro virus  in vivo virus  karyology  isoenzymes  
virus by EM  Retrovirus by RT  Herpesvirus 6 and tumorigenicity  Product manufacture 
also includes reagents derived from animal materials including bovine pituitary extract  All 
animal derived reagents are tested for viruses  retroviruses  bacteria  fungi  yeast  and 
mycoplasma before use and all bovine material is obtained from countries free of Bovine 
Spongiform Encephalopathy g3SE   To maintain cell viability  the product is aseptically 
manufactured  but not terminally sterilized  Apligraf is shipped following a preliminary 
sterility test with a 48 hour incubation to determine the absence of microbial growth  
Final  14 day incubation  sterility tests results are not available at the time of application  
The final product is also tested for morphology  cell viability  epidermal coverage  
mycoplasma  and physical container integrity  
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Table 2 
ApligraP Pre Clinical Studies 

Develo ment A Characterization Studies 
Results Conclusions 

Cytokine and receptor analysis of 
Apligraf by RT PCR 

Apligraf  Determination of cell 

purity in HEP and HDF cell 
banks by flow cytometry 

The cytokine and cytokine receptor mRNA profile of Apligraf and 
component cells were similar to human skin  However  
hematopoietic cell derived cytokines  IL 2 and ILC  were not 
detected  This is consistent with the use of pure HEP and HDF 

ulations  
Results demonstrated that each HEP and HDF cell strain contained 
no detectable levels of professional APC  endothelial cells and 
Langerhan cells   

Determination of residual bovine NBCS in Apligraf G100   2 6   0 07  total dry weight  4 5 mg per 
serum roteins in A li G100 unit   
Morphological development and 
maturation ef Apligraf 

Effect of Apligraf development 
on graft performance in vivo 

Effect of Apligraf development 
on graft performance and barrier 
function formation in vivo 

Apligraf epidermis underwent a sequence of morphologic changes 
during development and maturation in vitro resulting in an 
organotypic skin culture with a morphology very similar to that of 
normal human skin  
Changes in morphology parallel biochemical and functional events  
Established morphological characteristics serve as device 
s ecifications  
100 lo graft take in mice  Apligraf epidermis remained throughout 
study  Basement membrane formed by day 15  TEM analysis 
confirmed the presence of the ultrastructuad features of a 
differentiated e dermis  
In vi6o bamer function developed rapidly in mice between 14 and 
20 days of culture  Apligraf  14d old  failed to integrate and persist 
on mice  whiIe 16d old Apligraf persisted when grafted onto mice  
The barrier function of the 16d old Apligraf grafted onto mice was 
slightly less than human skin  The barrier function of 20d old 
A I  raf rafted onto mice was corn arable to human skin  

Immunolo Studies 
HEPs and HDFs of Apligraf did not  but HUVECs did  stimulate T 
cell roliferation in a mixed e reaction  MLR  assa   

Hu SCID mouse study  Part I 
survival of Apligraf on Hu SCID 

Graft survival of Apligraf was significantIy higher than human skin 
on hu SCID mice  p   0 05   After 28 days  88   n 71S  of Apligraf 

graQs integrated and persisted on hu SCID  In contrast  after 14 
days  only 28   n 217  of the human skin grafts persisted on hu  
SCID mice  The survival of Apligraf and human skin on control 
SCID mice was not significantly different  

Hu SCID mouse study  Part II 
survival of MHC class II  
Apligraf on Hu SCID mice  

The persistence of IFN y treated Apligraf on hu SCID mice  100  
survival  n 9 9  was equivalent to the percent survival of untreated 
A li raf on hu SCID mice  100   survival  a 10 10   

Regulation of T cell proliferation HEPs produce soluble factors that significantly inhibit the 
by keratinocyte derived soluble proliferation of anti CD3 activated T cells  
factors  art I 
Regulation of T cell proliferation HEPs produce soluble factors that significantly inhibit the 
by keratinocyte derived soluble proliferation of allogeneic T cells  
factors  art II 
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Table 2  cont   
ApligraF Pre Clinical Studies 

Immunolo Studies cont  
Results Conclusions 

Identification of keratinocyte  
derived T cell inhibitory factor 

HEP inhibition of T cell proliferation did not require cell contact  
was inducible in the presence of FBS  and could be partially blocked 
by addition of indomethecin or anti TGF p Mab  These results 
suggest that HEPs can regulate the response to antigen presented by 
other APC throu h the roduction of soluble factors  

Microbial Studies 
Can Apligraf act as a barrier to 
topical infection  

No evidence of bacterial penetration through the Apligraf was seen 
in a system where bacteria were seeded on the device supported on a 
membrane permeablc to bacteria above sterile bacterial growth 
medium  

Toxicolo Studies 
General Safe Yest 
Prim Skin Irritation Stud 
Kligman Maximization Study 
sensitization assa 

Tissue Culture Agar Diffusion 
Test otoxici 
S stemic In ection Test 
Intracutaneous Test 
Hemol sis Test 
Subcutaneous Injection Test  
Subchronic Toxicity 

A li raf is non toxic  
No reactivi   A li raf was scored as a non irritant  
No reactivity  Apligraf showed no primary irritancy response  

No reactivity  Apligraf met the requirements of the Agar Diffusion 
Test  USPXXII  
No reactivi   A li raf is non toxic  

  A 1  rafis non toxic  
is non hemol c  

Apligraf caused a significant response when tested in albino rabbits  
The protocol was designed for plastics or relatively inert materials  
The validity of the test was compromised by the nature of Apligraf  
Therefore  this test is not considered a valid measurement of toxicity 
for A I  raf  

APC  antigen presenting cell HDF  human dermal fibroblast  HEP  human epidermal keratinocyte  
RT PCR  reverse transcriptase polymerase chain reaction  NBCS  new born calf serum  TEM 
transmission electron microscopy  IFN y  interferon gamma  SCID  severe combined immunodeficient  
MHC  major histacompatibility complex  HUVEC  human vascular endothelial cells  FBS  fetal bovine 
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IX  SUMMARY OF THE RESULTS OF THE CLINICAL INVESTIGATION 

The following is a summary of the large scale study designed to support approval  
 Protocol 92 V SU 001   Multi Center Parallel Group Controlled Clinical Trial to 
Determine the Efficacy and Safety of Apligraf in the Treatment of Chronic Venous 
Insufficiency Leg Ulcers   

Study Design  
A prospective  randomized  controlled  multi center  multi specialty  unmasked study was 
conducted to evaluate the safety and effectiveness of Apligraf and compression therapy in 
comparison to an active treatment concurrent control of zinc paste gauze and compression 
therapy  The study population included consenting patients who were 18 89 years old  
available for one year follow up  with venous insufficiency confirmed by plethysmography 
 venous reflux   20 sec    associated with non infected partial and I or full thickness skin 
loss ulcer  IAET Stage 2 or 3  of greater than one month duration and which had not 
adequately responded to conventional ulcer therapy  Patients were excluded for ankle 
brachial index   0 65  severe rheumatoid arthritis  collagen vascular disease  

pregnancy lactation  cellulitis  osteomyelitis  ulcer with necrotic  avascular or 
bone tendon fascia exposed bed  clinically significant wound healing impairment due to 
uncontrolled diabetes  or renal  hepatic  hematologic  neurologic or immune insufficiency 
or due to immunosuppressive agents such as corticosteroids    15 mglday   radiation 
therapy or chemotherapy  or enrollment in studies within the past 30 days for 
investigational devices or within the past three months for investigational drugs related to 
wound healing  

Extremities with multiple ulcers were enrolled  however  only one ulcer per extremity was 
studied  Non study ulcer care was not specifically defined  Study ulcer care was de6ned 
for the treatment  Apligraf and compression therapy  and control  zinc paste gauze and 
compression therapy   treatment groups in two phases  

1  Active Phase  0 8 weeks   All patients received  i  a non adherent  ii  a non occlusive 
and iii  a therapeutic compression dressing on day 0  mid week during the first week 
 day 3 5   and at weeks 1 S  Control treated patients also received zinc impregnated 

gauze at each visit  All Apligraf patients received Apligraf on day 0  At the day 3 5 
and weeks 1  2 and 3 visits  if less than 50  Apligraf take was observed  then patients 
received an additional application of Apligraf  Patients were not allowed to receive 
more than 5 Apligraf applications total  

2  Maintenance Phase  8 52 weeks   Closed ulcer extremities received non speci6ed 
elastic compression stockings  Open ulcer extremities continued with dressing 
changes  
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Study Endpoints  
The primary study endpoints were  1  the incidence of 106  wound closure per unit time 
and 2  the overall incidence of 100  wound closure by 6 months   Complete Wound 
Closure  was defined as full epithelialization of the wound with the absence of drainage  
 Epithelialization  was defined as a thin layer of epithelium visible on the open wound 
surface  Secondary endpoint measurements included  the incidence of ulcer recurrence  
duration of wound closure  immune responses against the human cellular and bovine 
device components and analyses of changes in ulcer  depth  IAET staging   erythema  
edema   round pain  fibrin  exudate  granulation tissue and overall assessment from 
baseline visit to the 6 month visit  

Listing of Study Centers and Patient Treatment Group Assignment  

The study enrollment is displayed below in Table 3  

Table 3 
Patient enrollment by study site for the safety cohort 

Investigator k Center Total 0 of Patients at a site 

1  Gerit Mulder  Denver  CO 
2  Oscar Alvarez  New Bnmswick  NJ 
3  Frank Maggiacomo  Providence  RI 
4  Morton Altman  San Francisco  CA 
5  Duyen Faria  Detroit  MI 
6  Vincent Falanga  Miami  FL 
7  James Snyder  Las Vegas  NV 
8  Thomas Garland  Lawrenceville  NJ 
9  George Mueller San Diego  CA 
10  Steven Bowman  Clearwater  FL 
11  David Margolis  Philadelphia  PA 
12  Thomas Schnitzer  Chicago  IL 
13  Arnold Luterman  Mobile  AL 
14  Marketa Limova  San Francisco  CA 
15  John Hansbrough  San Diego  CA 

55 
50 
41 
24 
22 
19 
18 
17 
16 
11 
7 
6 
6 
4 
1 

TOTAL 297 

Notes 
 The product effectiveness dataset excluded the results from all patients treated at one clinical site  because 
FDA audit raised sufficient concerns about the reliability of the clinical records at this site  Consequently  
the clinical outcome of these patients was excluded from study cKectiveness analyses  but was included in 
all safety analyses  The dataset for product effectiveness included a total of 240 patients  i e  130 Apligraf 
and 110 Control patients  
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Results  

Baseline Demographics  

The baseline demographics in both the Apligraf and Control arms were comparable for 

gender  race  age and ulcer area  Ulcer size was a little larger and longer in duration   but 
not significantly  in the Apligraf treatment arm as displayed in Table 4  

Study Drop outs  

The discontinuation rate for all patients prior to the 6 month evaluation was 761291  26   
and 1051291  36   at 12 months  Within the safety cohort  59 Apligraf and 50 Control 

patients discontinued prior to 12 month visit  

Intent to treat Analyses of Ulcer Healing  

Apligraf use with standard therapeutic compression provided a statistically significant 
improvement in the incidence of ulcer closure per unit time for all patients enrolled in the 
effectiveness cohort when compared to control therapy in a Cox s Proportional Hazards 
Regression Analysis  The incidence of wound closure by 6 months was numerically 
superior  but not statistically significantly improved  in Apligraf treated patients  

Chart 1 
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Chart 2 

Efficacy Cohort  n 240  
Adjusted Frequency of Complete 

Wound Closure as a Function of Time 
 Cox s Proportional Hazards 

Regression Analysis   

by 24 Weeks p 0 0223 
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w eeks 

8 12 24 
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Time in Study 

The incidence of wound closure at set visits up to 6 months presented as the raw data results 
 Chart 1  and the results after adjustment for pooled center  baseline ulcer duration and baseline 
area  Chart 2   
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Incidence of Closure er Unit Time   In a Kaplan Meier life table analysis  median times 
of 140 and 181 days were calculated for when 50  of the Apligraf and Control patients 
achieved wound closure  respectively   p 0 3916   A Cox s Proportional Hazards 
Regression Analysis of these data determined that the covariables of pooled center  
duration of ulcer and ulcer area had significant effects on the time to 100  wound closure 
for all patients  Adjusted median times to closure from this analysis were 99 and 184 days 
for Apligraf and Control patients  respectively  

Incidence of 100  Wound Closure   The overall closure rate was 55 4   72 130  for 
Apligraf and 49 1   54 110  for Control patients by 6 months  p  0 365 by a Fisher s 
Exact 2 tailed test  Chart 1   In a logistic regression analysis of these data  the covariables 
of pooled center  baseline ulcer duration and baseline ulcer area were found to impact 100  
wound closure for all patients  A logistic regression analysis  which adjusted for these 
factors  predicted that 58 8  of Apligraf and 44 0  of Control patients would achieve 
ulcer closure by six months  p   0 0530   In a Cox s Regression Analysis  which accounted 
for the healing pattern over the six month timeline  closure rates of 56 8 o and 39 8  by 24 

weeks were predicted for Apligraf and Control patients  respectiveiy   p 0 0223  Chart 2   

Duration of Wound Closure   In this analysis once a patient achieved wound closure  the 

patient was judged a treatment success even if the duration of wound closure was short  
The durability of complete wound closure was calculated from the first and last study days 
in which a Wound Closure case report form  CRF  was checked closed  In this analysis  the 
mean number of days for wound closure for patients who attained complete closure by 6 
months and completed the study was 233 days for Apligraf patients and 219 days for 
Control patients  Similarly  the mean number of days of ulcer closure for all patients 
showed no significant difFerences for Apligraf  190 days  and Control  182 days  patients  

Correlationbetween hoto a hsandCaseRe ortFormrecordsofwoundclosurewas 
evaluated in a masked review with two evaluators of 437 study photographs composed of  
1  photographs of the baseline  time of first report of healing and the 6 month study visit 
for all 126 patients whose wound closure CRF was checked closed and 2  photographs at 
baseline  study week 8 and study month 6 of 20 Apligraf and 20 Control patients randomly 
selected from the 114 non healing patients in the effectiveness cohort  These 

photographs  which represent 166 of the 240 patients in the effectiveness cohort  were 
randomly ordered to reduce bias or unmasking that might have resulted from a sequential 
ordering of the photographs  Results of this analysis revealed a good correlation between 
the data in Case Report Forms and the two reviewers with Kappa statistics ranging from 
0 711 to 0 781  

Revised Effectiveness Cohort   Analysis of a revised dataset that selected only patients who 
met the precise study inclusion and exclusion criteria was performed  In this subset  the 
results of 32 patients were excluded from the intent to treat population because either  1  
they were over 85 years old  2  their ulcers were not believed to be of non venous etiology 
or 3  their ulcers were not of an appropriate size  The results of two additional Apligraf 
patients  uIcers were also switched from closed to open at 6 months after an FDA review of 
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clinical photographs  The improvement observed in Apligraf treated over control treated 
patients in the incidence of ulcer closure per unit time remained statistically significant for 
this cohort  n 208   

Ulcer recurrence   At six months  the incidence of ulcer recurrence was 8 3   6 72  for 
Apligraf  and 7 4   4 54  for control treated patients  The incidence of ulcer recurrence 
by 12 months was 18 1   13 72  in the Apligraf group and 22 2   12 54  in the control 
group  

Baseline status im act on wound closure   The impact of patient baseline status on wound 
closure was evaluated for the patients above and below the median values for ulcer 
duration and ulcer size as well as for base1ine IAET Ulcer Stage  the presence of diabetes 
and a patient s Ankle Brachial Index  In these analyses  Apligraf use with standard 
compression provided statistically significant improvements in both  1  the incidence of 
ulcer closure per unit time and 2  the incidence of ulcer closure by 6 months for patients 
with baseline ulcer durations greater than one year at baseline  The impact of baseline 
status impact on wound closure for different subgroups is displayed in Table 4  

Tab1e 4 
Pre Treatment Status and Wound Closure 

Effectiveness Cohort  n 240 patients  
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 Baseline ulcer area missing for two patients in the Apligraf group 
  ABI data is missing for 3 Apligraf and 1 control patient   This category includes both insulin dependent and non insulin dependent diabetes patients  because the 
insulin dependence of patients was not determined in this clinical trial 

Seconda effectiveness end oints   Changes in ulcer depth  IAET staging   erythema  
edema  wound pain  fibrin  exudate  granulation tissue and overall assessment were 
assessed  Statistically significant differences between treatment groups were found for 
wound exudate at day 3 5 and week 2  The Apligraf group experienced earlier 
improvement in fibrin  while the Control group showed earlier improvement in wound 
exudate  While both treatment arms showed statistically significant improvement in all 
clinical parameters and patient overall assessments when comparing the baseline and 6 
month visits  no statistically significant differences between treatment groups were observed 
at the 6 month visit  

Gender and Wound Closure   36170  51   of the men and 36160  60   of the women in 
the Apligraf treatment group achieved wound closure by six months  In the Control group 
19152  37   of the men and 35158  60 8   of the women in the Control treatment arm 
achieved wound closure by six months  The distribution of men  36 5   and women 
 60 3   attaining 100  wound closure in the Control arm was statistically significant by a 
Fisher s Exact 2 tail test  p 0 014   

Device Safety 

Study Withdrawals  

13 patients withdrew from Study 92 VSU 001 due to adverse events or intercurrent illness  
Per treatment arm the division was 5 Apligraf patients  1 male and 4 females  and 8 Control 
patients  4 males and 4 females   

Adverse events  Are displayed in section VI  

Sus ected wound infection  at the stud ulcer    47 161 Apligraf  29 2   and 19 136 
 14 0 io  Control patients had reports of localized suspected wound infections at the study 
site as defined by a wound with at least some clinical signs and symptoms of infection such 
as redness  swelling  heat  pain  tenderness to the touch and purulent discharge  The 
difference between treatment arms was significant  p 0 002  for all wound infections and 
non significant  p 0 190  for wound infections judged to be device related  Overall there 
were 12146  26 1   and 6 18  33 3   suspected wound infections judged as related to 
Apligraf and Control treatments  respectively  There were 1 life threatening and 3 severe 
infections in the Apligraf group and none in the control arm While the life threatening 
infection was judged as unrelated to device application  two of three severe infections 
were judged as Apligraf treatment related  One Control  and no Apligraf  patient was 
hospitalized for infection at the study ulcer  
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Because quantitative wound culture was not performed routinely in the study  the true 

incidence of wound infection associated with Apligraf use remains unknown  Diagnosis of 

wound infection may be complicated by the white or yellow appearance of Apligraf after it 

becomes hydrated with wound fluid  

Immune response  
In tests of patients  sera there were no observations of antibody responses against bovine 

type I collagen  bovine serum proteins or the Class I HLA antigens on human dermal 
fibroblasts and human epidermal cells  T cell specific responses were not observed against 
bovine type I collagen  human fibroblasts or human keratinocytes  There was also no 

clinical evidence of Apligraf rejection by any patient  

X  CONCLUSIONS DRAWN FROM THE STUDY 

This study provides reasonable assurance of the safety and effectiveness of Apligraf with 

standard therapeutic compression for the treatment of non infected partial and full  
thickness skin ulcers due to venous insufficiency of greater than 1 month duration and 
which have not adequately responded to conventional ulcer therapy  This study 
demonstrated that  

  Apligraf provides a statistically significant advantage in the incidence of wound closure 

per unit time when used with standard therapeutic compression for the treatment of 
non infected partial and full thickness skin ulcers due to venous insufficiency of 

greater than 1 month duration and which have not adequately responded to 
conventional ulcer therapy  The incidence of wound closure by 6 months was 
numerically superior  but not statistically significantly improved in patients treated with 
Apligraf  

  In the controlled clinical study conducted in patients with ulcers due to venous 
insufficiency of greater than one month in duration  suspected infection was reported 
more frequently in Apligraf treated  29 2   than control patients  14 0    There 
were 1 life threatening and 3 severe infections in the Apligraf group and none in the 
control arm  

  There were no observations of antibody responses against bovine type I collagen  
bovine serum proteins or the Class I HLA antigens on human dermal fibroblasts  and 
human epidermal cells    T cell specific responses were also not observed against 
bovine type I collagen  human fibroblasts or human keratinocytes  

XL PANEL RECOMMENDATION 

On January 29  1998  the General and Plastic Surgery Devices Panel recommended 
approval without conditions of Organogenesis  PMA for Apligraf  In these discussions 
the Panel agreed that the definition of wound healing used in the pivotal study   i e   full 
epithelialization of the wound with the absence of drainage  where epithelialization was 
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defined as a thin layer of epithelium visible on the open wound surface  was consistent 
with the definition of a  healed  ulcer  

XII  CDRH ACTION 

Expedited processing was authorized on May 30  1995  based on the potential of 
ApligraF to provide a clinically important advance over existing alternatives in the 
treatment of chronic venous insufficiency ulcers  

Inspection of the sponsor s manufacturing facilities was completed on April 8  1996 and 
was found to be in compliance with the device Good Manufacturing Practice regulations  

After the Panel meeting  FDA completed review of preclinical testing and product 
manufacturing issues  These issues involved assessing the purity and composition of 
device components and manufacturing reagents  In specific  

1  It was determined that the use of bovine pituitary extract  obtained  om a 
BSE free country  in the keratinocyte growth media should be identified in 
the device description  

2  The keratinocyte cells in this device were found to weakly express the 8 
Blood Group antigen  but not the Rh antigen  Fibroblasts did not express 
either antigen  These results are consistent with the scientific literature on 
cultured skin products  Based on the results of studies with Apligraf  the 
extensive clinical use of cadaver skin and the scientific literature on 
cultured skin products  the weak expression of Blood Group antigens on 
the device was not believed to be clinically significant  

3  The purity of transferrin used in device manufacture was reviewed and 
determined to be safe  Submission of formal documentation about the 
methods of inactivating blood borne viruses during preparation this 

plasma derived reagent was requested as a condition of product approval  

4  Karyology analyses of keratinocyte cells used in device manufacture 
revealed a limited number of chromosomal abnormalities  These same cells 
were not neoplastic in in vitro and in vivo assays  As a condition  of 
approval the sponsor was requested to evaluate these findings with respect 
to the longevity of Apligraf cells on venous ulcer patients and the 
karyology  morphology and neoplastic potential of all keratinocyte and 
fibroblast cell lines used in the manufacture of future commercial products  

FDA issued an approval order on May 22  1998  
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APPROVAL SPECIFICATIONS 

Directions for Use  See product labeling  

Postapproval Requirement and Restrictions  

1  Regarding the purity of the transferrin used in device manufacture  data documenting 
the viral inactivation properties of the processing procedures used by your supplier will 
be submitted to FDA immediately aAer receipt of these data by Organogenesis  Inc  
from the supplier  

2  The significance of the karyology data observed on the keratinocyte and fibroblast 
cells used in product manufacture needs to be further evaluated  Please submit within 
one month of an approval order for this product the following protocols  

a  A protocol designed to determine the longevity of Apligraf cells on patients 
with venous ulcers  

b  Protocols for evaluating the karyology  morphology and neoplastic potential of aU 
keratinocyte and 6broblast cell lines that will be used in future commercial 

products  Such data should include evaluations at both the MWCB stage and a cell 
stage that is as close to cellular senescence as possible  These evaluations should 
not only quantitate the extent of chromosomal changes  but also look for speci6c 
markers known to predict neoplastic transformation of keratinocyte cells  All such 
analyses should be performed in a manner consistent with the methods published in 
 Report of Ad Hoc Committee on Karyological Control of Human Cell 
Substrates   J of Biol  Standard 1979  7  397 404 or a justi6cation should be 
supplied  
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