MEMO TO THE RECORD
PMA P030032

DATE: August 1, 2003; revised November 3, 2003

FROM: David Krause, Biologist/Expert Reviewer

OFFICE/DIVISION/BRANCH: ODE/DGRD/PRSB, HFZ-410

DEVICE NAME: Hylaform® (Hylan B Gel)

APPLICANT: Genzyme Cor poration; One Kendall Square; Cambridge, MA 02139

INDICATIONS FOR USE:

Hylaform isindicated for the correction of nasolabia fold wrinkles.
DEVICE DESCRIPTION:

Hylaform Description:

Hylaform (Hylan B) is a serile, nonpyrogenic, viscoe agtic, clear, colorless, transparent gel composed of
cross-linked molecules of hyaduronan. Hylan is a derivative of hyauronan (sodium hyauronate) and
congsts of repesting disaccharide units of N-acetylglucosamine and sodium glucuronate. Hylan B is
produced by chemicaly cross-linking hylan molecules to form an infinite molecular network. 1t iswater-
insoluble, viscodadtic and highly hydrated. The hydration fluid isisotonic physiological sodium chloride
solution.

Hylan B gd durry contains hylan B polymer & a concentration of 4.5 to 6.5 mg/ml, in ahydration fluid
of 0.15 M NaCl. The osmoldity of hylan gel is gpproximately 290 to 330 mOsm. The average size of
particlesin hylan gel durry isgpproximately 200 to 700 microns. Theleve of heavy metdsislessthan
2 ppm. Hylan B is susceptible to degradation by mammaian hya uronidase, with production of low
molecular weight oligosaccharides. Hylan B is dso degraded by oxygen-derive free radicals.

Hylan B gd is derived from hyauronan, present in dl intercdlular matrices of human connective tissue,
where it acts as a tissue stabilizer and eastoviscous shock absorber. Hyauronan in the dermis, sub
dermis and subcutaneous tissue contributes to space filling between the collagen and eastin fibers and
cells, and gtabilizes the collagen fibrous network. To prevent the rapid turnover of native hyauronan, the
cross-linking processes used in Hylaform manufacture produce an infinite molecular network of
hyauronan that forms awater-insoluble gd.

Chemical Properties:

Hylan isamodified form of the naturadly occurring hyauronan, a glycosaminoglycan. The sodium sdt of
hya uronan contains disaccharide units made of sodium D-glucuronate and N-acetyl- D-glucosamine
linked together with beta- 1,4 glycosidic bonds. These disaccharides are linked by beta-1,4 glycosidic
bonds to form long unbranched polysaccharide chains. Hylan B is apolymer resulting from cross-
linking reaction of hyauronan with vinyl sulfone. Vinyl sulfoneisabifunctiond molecule in which 2 vinyl
groups are atached to asulfonyl group. Each vinyl group can react with any chemica group containing
an active hydrogen atom. The reaction with a hydroxyl group proceeds as follows, with the formation
1



of an ether bond:
R-OH+CH2;=CH-S02-CH=CH2? R-0O-CH2-S0;-CH=CH:

Hylan gd isahydrogd of cross-linked insoluble hylan B hydrated in 0.15 M agueous NaCl. The hylan
B concentration in the gel is expressed in terms of concentration of the polysaccharide chains of hylan,
andisfound to be 4.5t0 6.5 mg/ml. The pH rangeis6.0to 7.5.

Device Properties and Formulation:

The hyduronan in Hylaform is the cross-linked biologica polysaccharide hylan B (dso cdled hylan gd).

Hylan B isahydrated gel with the same polysaccharide chain and polyanionic characteristics as native
hyaluronan; the viscodagtic properties of hylan B are enhanced as compared to those of native
hyauronan. The hyauronan in hylan B is derived from the combs of domestic fowl and is chemicdly
cross-linked and hydrated with a hydration fluid composed of water and a physiologica concentration
of sodium chloride. Hylan B remainsin the dermd tissue for a congderably longer period of time
compared to native hyaluronan, which diffuses away from the Ste of injection.

The most important characterigtics of the Hylaform formulation, which form the basis of its benefit in
tissue augmentation are: 1) Deformable irregularly shaped gel particles of about 500 micronsin Sze; 2)
extremely high water content (~ 95.5%), which is maintained in the tissue; 3) very high dadicity; 4)
biocompatihbility; and 5) the cross-linked gdl resists degradation and migration in the extracdlular matrix
of the skin.

How Supplied:

Hylaform is supplied asa0.75 ml volume in asingle-use 0.9 ml glass syringe with a protective deeve, a
needle-locking device and 2 gerile needies. Contents of the syringe are sterile and nonpyrogenic. Each
0.75 ml of Hylaform contains 4.1 mg of hylan B gd, 6.4 mg of sodium chloride, and USP water for
injection to comprise atotal volume per syringe of 0.75 ml. The units are to be stored at 27C - 30?2C
and are not to be frozen. The syringe is a Hypak® glass syringe manufactured by Becton Dickinson
and isalegdly marketed device. The 30 gauge x ¥2" needles provided are aso legaly marketed
medica devices. The syringe with the Hylaform and needles are provided in a polyethylene
terephthaate glycol tray with ablister lid. These packages are placed into cardboard boxes.

PRODUCT HISTORY:

Hylaform® (under the name of Hylan B Gel) was studied (not controlled or masked) in the US under
IDE G900060 (Protocol BXCP 515) at 6 Sites (216 patients) and in Sweden (Protocol 151:107) at 8
Stes (63 patients). In these two studies, atotal of 279 patients with depressed cutaneous scars and/or
wrinklesffolds were treated at 843 individua facid Stes by 1,466 individua Hylaform® injections. The
origind PMA application for Hylan B Gd (P950028) was submitted on August 1, 1995. FDA had
issues with the study design, and based on the information in the PMA, FDA did not approve the
product.



Biomairix Inc., submitted a new study protocol for Hylan B Gel (now called Hylaform®) in IDE
G000315. The study was conditionally approved in aletter dated January 5, 2001. Biomatrix Inc.
subsequently was purchased by Genzyme Biosurgery of Ridgefidd, New Jersey, asubsdiary of
Genzyme Corporaion. Representatives of Genzyme Biosurgery met with members of the Agency staff
on January 23, 2002 to address severa key issues specific to the protocol and assessment of safety and
effectiveness. The IDE was unconditionally approved in aletter dated May 21, 2002.

On October 10, 2002, the Agency sent Genzyme Biosurgery an agreement |etter in regards to the
endpoints of the study. The agreements listed in that |etter were as follows:

1. Thefollowing identified festures of the Sudly:

?? Control (Zyplast);

?7? Induson/excluson criterig;

?7? Vdidated photographic assessment as primary effectiveness endpoint;

?? Performing an initid superiority andlyss where superiority is determined by a difference of
greater than 1 on the Blinded Independent Pandl Review (IPR) Photographic Wrinkle
Assessment Score (See Agreement #2);

?7? If superiority is not confirmed, performing a subsequent non-inferiority andysis (Non-
inferiority is pending the standard deviation, delta and sample Sze obtained from the Zyplast
data collection study.); and

?? Duration of the study (12 weeks);

are gppropriate for determining non-inferiority (or superiority as per fourth bullet), with respect
to effectiveness, of Hylaform as compared to the Control in the following indication for use:
Hylaform isindicated for the correction of nasolabid fold wrinkles. The Zyplast data collection
isto be provided to confirm the estimate of the standard deviation and sample size,

2. Theprimary effectiveness andysis will be an analyss of the blinded Independent Panel Review
(IPR) wrinkle assessment scores at 12 weeks after the last implantation of the device. Basdline
score will be included as a covariate.

3. Basad on an appropriate training procedure and demondtration of intra-rater and inter-rater
reliability (0.75 kappa score) and the Lemperle et d article, the Genzyme photo scaleisan
appropriate tool for the scoring of nasolabid folds. Please note that the Agency has not yet
seen thistraining procedure to determine whether or not it is gppropriate.

4. Theresults of the Zyplast data collection, looking a before (time 0) and after (at 12 weeks)
photos of 30 patients using the same methodology as described in the approved IDE clinica
protocol and with the same follow-up time period and blinded Independent Pand photo
assessment scores, will be appropriate for estimating the standard deviation of the control
group using the Genzyme six-point grading scae.

3



Genzyme Biosurgery decided to submit aModular PMA and submitted a Shell Proposd. The Shell
Proposal was accepted on January 23, 2002. Module 1 was submitted on October 1, 2002 and
received on October 2, 2002. Module 1 contained Volume 1 of the PMA while this module, Module
2, contains Volume 2 and 3 of the PMA. Module 2 contains the Preclinicd Testing and Chemicd
Andydsof Hylaform.

MODUI E M020015/02 REVIEW:
BIOLOGICAL TESTING:

Shart Term Biological Teds:
Irritation:

The objective of these tests was to evauate the potentia of hylan B Ge to cause irritation in rabhits.
Two studies were conducted for this purpose, an intracutaneous toxicity study and a subcutaneous
implantation study. Under the conditions of these studies, hylan B did not produce any evidence of
inducing locd irritetion.

I ntracutaneous Toxicity Study in the Rabbit (Study BXR-25204-F-|):

Hylan B was injected into each of fiveintraderma Stesin two rabbits. Injection Steswere
examined 24, 48, and 72 hours post injection for erythema and edema. No evidence of significant
irritation or of other Sgns of locd toxicity were evident. It was concluded that hylan B causes no
loca short term irritation in the dermis.

Subcutaneous I mplantation Study (with Histopathology) in the Rabbit (2 day) (Study
BXR-23004-1):

Rabhbits were injected with hylan B, four stesin each rabbit. Rabbits were euthanized after 2 days,
and macroscopic and microscopic evauations reactions were not significant as compared to
reactions caused by the control article (sdine). Hylan B was classfied as a nonirritant.

Senditization and | mmunogenicity:

The objective of these sudies was to test the potentid irritation, sengtization and immunogenicity of
hylan B. Under the conditions of these tests, hylan B gl did not icit ahumora or cdlular response nor
did it show potentid to cause dermd sengtization.

I mmunization and Subchronic I ntramuscular Toxicity Study of Hylan B (hylan gel),
Collagen | (Zyplast®) or Collagen Il (Zyderm I1®) in Rabbits (Study BXR-23006-1):

This study was performed in order to assess the humora and cdlular immunity of hylan B, Collagen

| (Zyplast®) or Collagen 1l (Zyderm®) in the presence and absence of adjuvant following repested

adminigrations of the test articles. Rabbits were injected 6 times intramuscularly on days 1, 29, 36,
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43, 50, and 57. If adjuvant was used, Freund’ s Complete Adjuvant was used with the first
injection and Freund' s Incomplete Adjuvant was used with dl therest. At 43 and 85 days, each
rabbit received an intraderma injection of the corresponding test article as a challenge dose.

I njections Sites were monitored for erythema and edema 1-3, 24 and 48 hours post injection.
Clinical observations were made weekly and animals were checked twice daily for mortdity and
moribundity. Body weights were recorded weekly and at necropsy. Blood was collected within 7
days prior to the first injection, then at 1 day prior to day 28, 56, and day 91-94 at necropsy. At
the end of the study, a complete gross necropsy was performed on dl rabbits. Complete
histopathologica examination included the test article injection Ste and the chalenge injection ste.
Two identica sets of serum samples from dl study groups and dl time points were andyzed.

No animds died during the study and there were no differences in mean body weights. Signs of
locd irritation were minima and the maximal response observed in hylan gel treated animas was
Grade 1 erythemaor Grade 1 edema. Collagen treated rabbits produced Grade 2 erythemaand
Grade to edema. Animds injected repeatedly with hylan B gel without adjuvant did not develop
ggnificant serum immune reectivity to thehylan B gd. In 7 of 20 of these animds atiter was
detected to avian proteins and/or endotoxin. These study animals exhibited no generd hedlth
reactions or significant loca reactions, nor did they produce postive reaction to skin testing. Both
hylan B g and collagen dicited a greater humora immune response in the presence of adjuvant
than in the absence of adjuvant. The results indicate that the antibody response to repeated
injections of hylan B gel was adjuvant mediated because in the absence of adjuvant there was no
significart titer.

Guinea Pig Dermal Sensitization Test (Maximization Study Using Degraded Hylan Gel)
(Study BXR-20501-1):

This study was conducted to determine the skin sengtization potentia for hylan B following
hyauronidase digestion. The test materid was administered intradermaly in two rigorous induction
phases, firg intradermdly, then topically. Following the induction phase, each treated animd was
chdlenged with the test article using the nonwoven cotton disk contained in aHill Top Chamber. At
24, 48, 72 and 96 hours the dermal reaction was evauated. Under the conditions of thiste, the
hylan B did not exhibit any potential to cause derma sengtization in the guineapig.

Delayed Contact Sensitization Study (A Maximization Method) in the Guinea Pig (Study
BXR-20008-1):

The objective of this sudy was to evauate the potentia for hylan B gel to cause delayed dermd
contact sengitization. Undegraded hylan B gal was administered intradermdly as before. Following
induction, each treated anima was chalenged with undiluted hylan B using aHill Top Chamber. At
24, 48, 72, and 96 hours the dermal reaction was evaluated. The same animals were rechalenged
at adifferent topicd dte 4 days after the 96 hour score. Observations for any reactions were
conducted at 24, 48, 72, and 96 hours after rechalenge patch remova. Under the conditions of
this sudy, the hylan B gd test article showed no sgnificant evidence of causing delayed dermd
contact sengtization in the guinea pig.

Cytotoxicity:



In vitro testing was conducted to assess the potentid of hylan B to produce cytotoxicity in the fibroblast
cdl culture modd. Two in vitro studies were conducted using the L929 mouse cell line: the In vitro
Cytotoxicity Study (MEM Elution Method) in the L929 Mouse Fibroblast Cdl Line (Study BXR-
25203-F-1) and the In vitro Cytotoxicity Study (Agarose Overlay Method) in the L929 Mouse
Fibroblast Cdl Line (Study BXR 23005-1). Under the conditions of these tests, hylan B did not
produce any evidence of causing cell lysis or cytotoxicity.

Acute Systemic Toxicity:

Acute systemic toxicity was sudied to evauate the ability of hylan B to cause sysemic toxicity following
intraperitoned injection into the mouse. The Systemic Toxicity Test in Mice (Study BXR 25200-F-1)
gave no evidence of systemic toxicity when the mice were observed after alarge dose of hylan B g
was injected at observation times of 4, 24, 48, and 72 hours. There was no mortality or evidence of
toxicity in any animas. Based on the results of this study, it was concluded that the injected hylan B was
not systemicaly toxic to mice,

Hemocompatibility:

Hemocompatibility was evauated using oxaated rabbit blood in an In vitro Hemolyss Study (Direct
Contact Method) (Study BXR 25202-F-1). In this procedure, hylan B suspended in 0.9% saline
solution is added to rabbit blood and incubated. The resulting suspension is compared
gpectrophotometricaly againgt a negative and positive control sample. Hylan B gdl was not hemolytic
under these test conditions.

Pyrogenicity:

In order to test the pyrogenic potentia of hylan B, three rabbit modd studies were employed: USP
Rabhit Pyrogen Study (Studies BXR 20001-1, BXR-20002-1, and BXR 20003-1). Reduced viscosity
hylan B was injected intravenoudy into rabbitsin asingle dose of 10 ml/kg of diluted test article (1/50).
Thetotd rise in body temperature during the three-hour observation period was observed. Under the
conditions of these tests, hylan B was determined to be nonpyrogenic.

I mplantation:

Implantation studies were performed to sudy the potentid of hylan B to causeirritation or toxicity when
implanted into living tissue.

Muscle I mplantation Study (with Histopathology) in the Rabbit (Study BXR 23003-I):

Hylan B wasimplanted into 4 test Stes per rabbit. The rabbits were sacrificed 7 days after
implantation. Macroscopicaly, dl hylan B implants were found to produce a response comparable
to the negative control. Microscopicdly, hylan B was classified as a nonirritant when compared to
the USP negative control; the score for hylan B was 0.

Muscle Implantation Study with Histopathology) in the Rabbit (7 Days) (Study BXR
25201-F-I):
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Hylan B wasimplanted into 4 Stesin the muscle tissue of rabbits. Rabbits were sacrificed 7 days
after implantation. Macroscopicaly, hylan B implants were found to produce a response smilar to
the USP negative control. Microscopicaly, hylan B was classfied asa dight irritant when
compared to the USP negative control; the score for hylan B was 2.

Reviewer Comment: It isimportant to note that in thistest 0 = nonirritant, 1-15 = dight irritant,
16-30 = moderate irritant, > 30 = severeirritant. Therefore, in this case, hylan B is at the bottom of
the dight irritant scale. Thisis considered to be acceptable.

Muscle I mplantation Study with Histopathology in the Rabbit (30 Days) (Study BXR
25205-F-I):

Hylan B wasinjected into each of four muscle test Sites per rabbit. Study animals were sacrificed
30 days after implantation. Macroscopicdly, hylan B materid was found to produce a response
amilar to the USP negative control. Microscopicdly, hylan B was classfied as anonirritant with a
score of 0.

Mutagenicity:

Hylan B was evaluated for mutagenic and clastogenic potentid in a series of test procedures designed
for this purpose. No mutagenic or clastogenic potentia was detected.

Ames Mutagenicity Test of Degraded Hylan Gel (Study BXR 20202-F-1):

Mutagenic potentia of ultrasound degraded hylan B was studied in the Ames Salmonella
typhimurium model. There was no mutagenic activity detected in this assay a any concentration of
hylan B (range 0 — 100%).

Ames Mutagenicity Test of Hylan Gel (Study BXR 20201-F-I):

The same modd system as above showed no mutagenic potentia of non degraded hylan B solution
in Smilar concentrations as above.

Test for Chemical I nduction of Gene Mutation at the HGPRT Locusin Cultured Chinese
Hamster Ovary (CHO) Cellswith and without Metabolic Activation (Study BXR 23000-1):

This study was conducted in order to assess the potentia for hylan B to induce a gene mutation a
the hypoxanthine guanine phosphoribosyl trandferase (HGPRT) locusin CHO cdls with and without
exogenous metabolic activation. The concentrations of hylan B tested included the standard dose
range and a concertration range five times greater than the highest recommended calculation. Six
doses were tested in the first assay, four doses were tested in the confirmatory assay. There was no
indication of mutagenic activity of hylan B a any of the concentrations tested.

Test for Chemical I nduction of Chromosome Aberationsin Cultured CHO Cellswith and
without Metabolic Activation (Study BXR 23001-1):
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This study was conducted in order to evauate the potentiad of hylan B to induce chromosome
aberrationsin cultured CHO cdls with and without metabolic activation. There was no evidence
that hylan B a any of the concentrations tested (up to 500 pl/ml) was able to induce chromosome
aberraionsin the test cultures, with or without metabolic activation.

Test for Chemical Induction of Morphological Cell Transformation in Cultured BALB/C-
3T3 Cellswith and without Metabolic Activation (Study BXR 23002-I):

Potentia carcinogenic effects of hylan B were assessed using thein vitro Cell Transformation
Assay in cultured BALB/C-3T3 cdls with and without metabolic activation. Toxicity was assessed
by measuring the reduction in Rdative Cloning Efficiency (RCE). Concentrations of hylan B tested
were from 0 to 100% cytotoxicity. Hylan B did not induce cell trandformation in thistest sysemiin
any concentrations studied.

I I licati iological :
Subchronic Toxicity:

The objective of the subchronic toxicity tests was to evauate the potentia toxicity of hylan B in guinea
pig and rabbit models.

Subchronic Two-week I ntraperitoneal Toxicity Study on Hylan Gel in Male Guinea Pigs
[Effect of Repeated I ntraperitoneal | njections of Hylan Gel or Degraded Hylan Gel (2
mg/ml) on Blood Parameters and Histology of Selected Tissuesin male Guinea Pigs]
(Study BXR-25305-F-I):

Guinea pigs were injected twice (one/week) intrgperitonedly with hylan B, degraded hylan B, buffer
aone or with nothing (untreated animals). One week after the second injection, blood was drawn
and the anima s were sacrificed and necropsied. Hylan B, when given in two intrgperitoneal
injections of 20 mg/kg, produced no sgnificant changes in body weight, weight gain or organ
weights. Hematology and dlinical chemisiry comparisons were equivaent in hylan B and buffer
treated groups. No treatment-related gross or histomorphologica changes were observed.

| mmunization and Subchronic Toxicity Study of Hylan B (hylan gel), Collagen |
(Zyplast®) or Collagen 11 (Zyderm [1®) in Rabbits (Study BXR 23006-1):

This study was conducted to eva uate the potentid of hylan B and collagen to produce a
toxicologica response after repeated injections in the rabbit model. Rabbits received intramuscular
injections of 1 mg/kg of the test items with and without Freund' s adjuvant &t 1, 4, 5, 6, 7, and 8
weeks. Rabhits were euthanized 12 weeks after the first injection. Microscopic evauation of
injection Ste tissue reveded minimad to minima-mild inflammeation in animas given hylan B without
adjuvant and mild to mild-moderate inflammeation in animds given hylan B with adjuvant. Animds
given hylan B without adjuvant had no other remarkable tissue lesons, with the exception of one
rabbit out of 21, which had a 9ngle microgranulomain the lung. Most animas given hylan B with
adjuvant had microgranulomas in the lungs, and one had microgranulomas in the liver and spleen.

8



Higtologicd andysis of intradermd injection Sites from rabbits treasted with Zyplast and Zyderm,
revealed aminima to moderate inflammeatory tissue reaction characterized ether by the presence of
numerous eos nophils and macrophages or by aminima encapsulation and minimal macrophage
infiltration. Based on this study, it was concluded that repeated injection of hylan B at atota
concentration > 30 times that proposed for clinica use, is not locally or systemicaly toxic to rabbits.

Reviewer Comment: This study has an unusud result. The sponsor seemsto imply that the
microgranulomas observed in the lungs, liver and spleen of the hylan B-treated animaswere asa
result of “systemic trandocation of adjuvant moieties’. However, it appears that such trandocations
were not evident when Zyplast or Zyderm 1l were injected with or without adjuvant. This question
was posed to Genzyme Biosurgery in minor deficiency letter. The company responded by pointing
out that Complete Freund' s Adjuvant (CFA) has been shown in the literature to cause pulmonary
granulomatous disease (Bergeron et. al. Eur. Resp. J. 2001; 18:357-61). Other published literature
provide evidence that CFA can induce granulomaformation in the liver, kidneys, heart, lymph nodes
and skeletd musclesaswell. Inlight of thisevidence, | believe that the sponsor has adequately
addressed this concern.

Chronic Toxicity and Carcinogenicity:

These studies were performed in order to assess the chronic effects of continuous exposure to hylan B

.

One Year Subcutaneous Toxicity Study of Hylan B in Female Rats (Study BXR-25405-F -
1):

This study was performed in order to evauate the potentia of hylan B to cause toxicity or
carcinogenicity intherat. Test animals were exposed to alarge volume of hylan B, administered
subcutaneoudy, for a 12-month period, which represents gpproximeately one-third of their
anticipated life span. The study consisted of 10 groups of animals (5 hylan B treatment and 5 sdline
control). Animalswere sacrificed at 1 week, 1, 3, 6, and 12 months post implantation. Selected
organs and skin tissues were processed for histopathological evauation.

There were no treatment-related clinica changesin animd hedth or behavior and there were no
detectable clinical Sgns of loca reaction to the injected materia (absence of swelling, redness, hest,
lesion, etc.). Histopathologica evaluation reveded that there were no treatment-related
microscopic changesin any organ; dl other changes, neoplastic and nonneoplastic were incidenta
background lesons that were consstent in incidence and severity with the age of therats. In skin
sections from injection Stes an initid inflammatory reaction (at one week) gradudly resolved, and at
one year post-trestment, inflammation was not observed in the treetment animas. Hylan B was il
present in the injected tissue a one year.

Under the conditions of this study, subcutaneous adminigiration of hylan B to rats, at a dose over
500 times the proposed clinica dose, was not associated with local or systemic toxicity, nor was it
associated with carcinogenic potentia or with development of neoplastic lesons.

Reproduction Studies:



Reproduction studies were undertaken to determine if there was any potentid for hylan B Gd to induce
teratogenic changes in mammalian offspring.

General Reproduction Study (Segment ) of the Effect of I ntraocular/Intra-articular
I njection of Hyaluronan, Hylan A, Hylan B, and Synvisc® (hylan G-F 20) in Owl
Monkeys (Study BXR 12243-F-I):

A generd reproduction study was conducted in owl monkeys. The study assessed mae and femae
parameters and the viahility, externa morphology, growth, and generd functiona development of
the offspring. Observations were compiled from 48 male and 57 female owl monkeys. In each
study, the number of injections and the tota materia injected per animals represented a Sgnificant
increase over the maximum number of injections and tota amount of materid intended to be used in
clinica stuationsin humans. The concurrent control group congsted of seven reproductive pairs of
monkeys.

The incidences of pregnancies, abortions, dillbirths, and early infant deaths in the test groups were
not sgnificantly different from those of the concurrent control pairs and the colony historical
incidence. Based on the results of this study, intravitred injection of hylan B did not affect mating or
fertility of the animas or the viability, externd morphology, or growth of the offspring. 1t did not
appear that hylan B adversely affected reproduction or develop of these monkeys.

Phar macokinetics;

Pharmacokinetic studies were undertaken in rats and guinea pigs to assess how and where hylan B ge
was eliminated from the systlem. Radiolabeed hylan B was introduced into guinea pigs and rats so that
intradermal residence time and blood dimination kinetics and tissue distribution could be assessed.

I ntradermal I njection of [3H]-Hylan B ([3H]-Hylan gel) in Guinea Pigs (Study BXR
25407-F-I):

This study was conducted to evauate the intradermal residence time and loca tissue reaction to
hylan B Gd.. [*H]-hylan B was administered intradermally a 4 sitesin 12 guineapigs. The dose
was more than 50x the clinical dose. Skin injection tissue was harvested and andyzed for totd
radioactivity and histopathology at time O (immediaidy after injection) and at 1, 2, and 4 weeks
fallowing injection. Histopathologica analysis was performed to verify the presence of hylan B in
the tissue and to assess the locd tissue reaction while determination of radioactivity was used to
estimate product resdence timein the tissue.

After 4 weeks, approximately 90% of the injected radioactivity remained at the injection site. A
minimal inflammatory response was observed at 4 weeks. The sponsor concludes that
administration of [*H]-hylan B, a an amount that exceeds dinical use amounts, resultsin the
formation of a stable biocompatible implant, which is not associated with locd or systemic toxicity in
the guinea pig.
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Distribution of [3H]-Hylan Gel (Degraded) in Rats (Study BXR 25212-F-I):

This sudy was conducted to evauate the kinetics and completeness of systemic dimination of hylan
B. Hylan B, in degraded form, was administered via intravenous injection in rats. The gel particles
were previoudy degraded by acid hydrolyss. More than 100-fold the proposed clinical dose was

adminigtered to therats.

The radioactive hylan B was quickly iminated from the blood (> 75% in the first hour) via urine,
and very little (< 2.5%) was recovered from body organs. There was no evidence of accumulation
in any tissues involved in hyauronan metabolism (liver, spleen, kidney). The mgor Ste of tissue
uptake at each time point evaluated was determined to be the liver. By the 24-hour time point,

90% of the radioactivity was detected in the urine and feces, whereas only 2% was detectable in the
organs. It gppears that hylan B follows the known blood €imination pathway for hyauronan and
does not exhibit hepatotoxic properties after direct intravenous injection.

Pharmacodynamics.

Pharmacodynamic studies were conducted to gain an understanding of how and where hylan B Gel was
broken down and where adjuncts of the material migrated.

Six Month Study of Residence Time of [14C]-Hylan B Gel after Intradermal
Administration in Female Guinea Pigs (Study BXR 25213-1):

This study was undertaken in order to evauate the residence time, systematic distribution, and loca
tissue reaction to hylan B following intradermd adminidration. In this sudy, 18 femae guinea pigs
were injected intradermally with more than 50x the dinical dose of [**C]-hylan B into 8 siteson
esch animd. Injection Steswere harvested from study animals & time zero (immediately following
implantation), at 7 days, and at 1, 3, and 6 months following adminigration. Radioactivity was
andyzed in 6 of 8 gtesfrom each animd; the remaining two Stes were evauated for histopathology.

Dermd tissue andyss reveded subgtantial recovery of radioactivity a al time points through 6
months. A hdf-life resdence time of 9.16 months was cacuated for the hylan B Gd from the
avalabledata. At dl time points, the gppearance of the injection site skin was consdered normal
with no evidence of atreatment-related effect on the dermal tissue. There was no detectable
inflammeation or dermd fibrogs a any injection site. Andysis of mgor organs (lungs, liver, spleen,
kidneys) from animas at the 3 and 6 month time points revealed no detectable radioactivity in these
organs.

The sponsor concludes that [**C]-hylan B is biologicaly compatible, is rdatively stable in the dermdl
tissue, and does not produce any remarkable local tissue reaction or toxicity. Though asmal
decrease in recoverabl e radioactivity was observed over the time period of the experiment, there
was no evidence that radioactivity was accumulating in mgjor organs. |t appeared that the [**C]-
hylan B was sable and biologicaly compatible in the dermis of guinea pigs.
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I ntradermal and Subcutaneous I njection of Hylan Gel in Guinea Pigs (Study BXR 25408-
F-I):

This study was intended to assess the behavior and long-term tissue effects of intradermally and
subdermdly injected hylan B as a potential soft tissue augmentation materiad. Sixteen guinea pigs
were injected with hylan B, collagen (Zyplast® and Zyderm®) or sdine control at twelve injection
gtes (6 intraderma and 6 subdermd). Each implant Site was pa pated and examined for evidence
of biocompatibility (erythema, edema, vesication, etc.). At 3days, 1, 2, 4, 9, 13, 26, and 52
weeks, two animas were sacrificed and all injection sites were harvested, processed and evaluated
histologicaly.

Both collagen and hylan B produced an inflammatory response shortly after injection (by 2 weeks).
This response was more prominent when either materid waslocdized in thefat. With time, the
inflammatory reaction diminished with hylan B and had essentialy resolved by Week 26. The
inflammatory response to collagen was more protracted. The sponsor concludes that these results
indicate that hylan B is stable and tolerated when implanted into the dermal and subdermd tissue of
guineapigs. Hylan B was present at week 52 with no inflammatory reaction associated with the
implant.

CHEMICAL AND PHYSICAL TESTING:

Hylaform consgsts completely of hylan B ge. Hylan B gdl is prepared by chemicd cross-linking of hylan
A (Hyduronic acid) with vinyl sulfone. The rheologica characteridics of hylan B gd are criticd for the
mode of action of Hylaform.

Vinyl sulfoneisabifunctiond cross-linking agent where the two vinyl groups can react with a
nucleophile or any chemica group containing an active hydrogen atom (hydroxyl, amino, sulfhydryl,
efc.). The reaction with ahydroxyl group (such as contained in hylan A) resultsin the formation of an
ether bond. A hydrogd isformed as aresult of the reaction between hylan A in an agueous dkaine
solution and vinyl sulfone. Thisgd is extensvey washed in physiologicd sat solution and then it is
passed through a series of screensto produce aged durry.

Chemical Composition of Hylan B:
Elemental Analysis of Hylan B:

Hylan B gel is composed of carbon, hydrogen, nitrogen and sulfur. Each pendant or cross-linking
group present in hylan B contains one sulfur atom. Each disaccharide residue of the polysaccharide
chain contains one nitrogen atom. It was determined that there is one sulfonyl residue per
gpproximately 3.3 — 3.6 disaccharide units of the polysaccharide chain. This ratio was confirmed
vialnfrared, Ultraviolet and Visible Spectroscopy methods.

Chemical Compostion of Hylan A:
In order to gain aclearer understanding of Hylaform (hylan B gel), one must first andlyze the hylan A

units used to congtruct hylan B ge. Hylan A isamodified form of the naturaly occurring
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glycosaminoglycan, hyauronan. The sodium salt of hyauronan contains disaccharide units made of Na
D-glucuronate and N-acetyl- D- glucosamine linked together with (3-1,3 glycosidic bonds. These
disaccharides are linked by (3-1,4 glycosidic bonds to form long, unbranched polysaccharide chains.
Hylan A is extracted from the combs of domestic fowl (Gallus gallus). Before extraction, combs are
trested with a dilute formaldehyde solution. The chemical cross-linking processinvolves reaction
between OH groups of hyauronan, forma dehyde and one or severa reactive groups of a pecific
protein, most probably, NH: groups of lysine or other basic amino acid residues. Thisreaction involves
2 hyauronan molecules and two or more reactive groups of the same protein molecule. There are
negligible amounts of free or unbound proteins in hylan after forma dehyde trestment since the proteins
that are not bound to hylan A molecules will be cross-linked to the tissue structure and become
insoluble and, hence, will not be extracted from tissue with water.

Elemental Analysisof Hylan A:

Although there is bound protein, formadehyde and severa impurities, these make up aminor
component of hylan A asthe dementd anadlyss of hylan A revedsthat it dosdly corresponds to that
of pure hyauronan (carbon, 41.9; hydrogen, 5.0; and nitrogen, 3.5 wt %). It isfound that the
elemental content of hylan A for three separate batchesis very smilar to this: carbon, 43.7, 44.4,
and 45.2 wt %; hydrogen, 5.0, 4.9, 3.5 wt %; and nitrogen 3.5, 3.5, 3.5 wt %).

Chemical Analysisof Hylan A:

Three agpects of hylan A compostion were investigated by chemica andyss. Colorimetric assays

were employed to quantitate hexuronic acid and hexosamine contents. Formal dehyde content was

chromatographicaly analyzed in order to determine the amount bound within hylan A. Tota protein
and individua amino acid content were determined to characterize the protein moiety of hylan A.

The hexuronic acid content of hylan A was determined by an automated modification of the
carbazole reaction method. Hexosamine content was determined by a modification of the Elson
Morgan reaction. An andysis of 42 batches of hylan A determined the molar ratio of hexuronic
acid to hexosamine was in the range of 0.93 to 1.11, with an average value of 1.02 + 0.04, which is
amilar to the 1.1 ratio of the parent molecules (13- D-glucuronic acid and N-acetyl 3 D-glucosamine)
observed in hyauronan.

Formadehydein hylan A exigsin two forms, “free formadehyde’ and “bound formadehyde’,
which must be liberated in order to be detected. An analyss of 42 batches of hylan A determined
that the combined forma dehyde content ranged from 0.0052 to 0.32 weight %, with an average
vaue of 0.016 £ 0.006 weight %. Free formadehyde usudly isfound to contribute less than 0.01
weight %. Caculations determined that for each 1 molecule of formadehyde there are
goproximately 750 disaccharide units of polysaccharide chain.

Thetotal amount of protein in hylan A was determined using the Lowry colorimetric assay. Inan
andysis of 42 batches of hylan A, the protein content ranged from 0.12 to 0.85 weight %, and
averaged 0.43 £ 0.02%. Mot of the amino acids were determined to be aspartic acid, glutamic
acid and glycine.

Spectrophotometric Analyses of Hylan A:
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Hylan A samples were analyzed by four spectroscopic methods: “*C-NMR spectroscopy, infrared
absorption spectroscopy, circular dichroism spectroscopy and visible and ultraviolet light
spectroscopy. These methods were used to compare the results with those obtained for
hyauronan.

The pattern and positions of the resonances obtained for hylan A via>*C-NMR spectroscopy were
essentidly identical to those of hyauronan, indicating the mgjor component of hylan A is
indistinguishable from hyauronan. Comparisons of the infrared spectrographs obtained for hylan A
were indistinguishable from those obtained for hyauronan implying that the basic structure of
hyauronan isretained in hylan A. Conformational structures of biologica macromolecules are
investigated using circular dichroism (CD) spectroscopy. Hylan A CD spectraare identica in shape
to those obtained for hyauronan under neutra agueous conditions. The ultraviolet and visible light
gpectrafor hylan A and hyauronan areidentical with no absorption in the visible light spectraand
some absorption in the UV spectrum where nucleic acid contaminants would gppear. These are
more evident in hyauronan preparations sSnce nucleic acid contamination is characteridtic of these

preparations.
Enzymatic Analysis of Hylan A:

The degree to which the polysaccharide chain of hylan A is susceptible to enzymeatic degradation
provides an indication of the extent of chemical modification. Severa samples of hylan A were
treated with enzymesin pardld with hyauronan samplesin order to determine the relative degree of
susceptibility. Hylan A is completdy degradable to oligosaccharides by the three endoglycosdases
known to degrade hyauronan by different mechanisms. Thisindicates that hylan A and hyauronan
areidentical with respect to susceptibility to enzymatic degradation.

Physical Testing of Hylan B Gdl:
A number of physica tests have been performed on multiple samples of hylan B gd. Thetesting

performed includes rheology, hydration level, pH, osmoaldity, cross-linking/sweling ration, partice Sze,
heavy metas, and enzymatic and oxygenderived free radica degradation.

PRODUCT SPECIFICATIONS:

The chemica, physica and biocompatibility testing performed and described in this module were used
to assemble a number of product specifications. These are provided in the following table:

Hylaform Product Specifications

Diagnostic Test Product
Specification
Rheology 50-220 Pa @ 352C
Hydration L evel 4.5-65 mg/ml
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pH 6.0-7.5
Osmolality 290-330 mOsm
Cytotoxicity =2
Sterility No growth
Endotoxin L evel =05 EU/ml

PRODUCT STABILITY:

The sponsor has provided 6 stability studies that support a 24 month shelf life for Hylaform at 2 to
307C. These dudies are summarized in Table 3-6 on Page 194 of Volume 2 (Module 2).

STERILIZATION:

The syringed Hylaform product is termindly sterilized usng a validated autoclave cycle in accordance
with EN554. All of the raw materids used in the manufacturing process, Water for Injection, hylan B
and the sdline diluent; meet established acceptance criteriafor Bioburden or sterility prior to release.
Also Qudity Control measures are in place to assure product accuracy and rdlighility.

The Sterilization processis vaidated with a steam/air cycle. Initid vaidation conssts of three
consecutive loaded chamber heat penetration/biologica chalengetrids. Revdidation is performed using
asgngletrid on an annud bass. Temperature and pressure are monitored throughout the cycle. A
minimum of 22 Externd (cdibrated) Type“T” thermocouples are used to monitor the temperature of the
chamber and load. A total of three biologica Indicator (BI) spore strips (Bacillus

stear othermophilus) loaded in Hylaform Gel within syringes are placed in minimum loads and twelve
Bls are placed in each maximum load. The minimum size vdidated load is 100 syringesin one tub on
one shelf while the maximum size vaidated load is 4,800 syringes (48 tubs) located on 4 shelves. The
sterility assurance level isat least 10°.

PACKAGE VALIDATION:

The packaging components that come into contact with the product are received sterile from the
vendor. Package integrity testing was performed at an outside lab to evaluate the barrier properties of
syringes containing Hylaform product. For the package integrity test, amicrobia challenge test was
performed on syringes from amediafill operation. All samples passed testing. All confirmatory testing
islocated in Appendices 3-9 and 3-10.

Recommendation:  ThisModuleis acceptable as modified in response to the issues raised in the
origind reviews.

David Krause, Ph.D. (Date)
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Biologist/Expert Reviewer
Divison of Generd, Restorative & Neurologica Devices
Plagtic and Recongtructive Surgery Branch
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