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INTRODUCTION:

. This review is of the application for the product “Minocycline Penodontai Therapeutlc '

System (MPTS)” which is a subglngival sustained-release-product for the treatment of -
adult periodontitis. The system is meant to be used in conjunction with root planning
and scaling. The MPTS is a tetracycline derivative (mlnocycllne) microencapsulated in a
bioresorable polymer, poly(glycolide-co-di-lactide) (PGLA). It.is supplied in a unit dose

. dispenser. Each unit dose delivers 1 mg of minocycline encapsulated in approximately —

— of PGLA subgingivally into the periodontal pocket. The dispenser is a barrel witha _ _
narrow § llow delivery tip designed to fit into the periodontal pocket. The drug product
rosides-# the barrel in powder form. Exposure to moisture in the periodontal pocket
tnggers Telease of the active ingredient and hydrolysis of the PGLA. The active
ingredient in the MPTS is minocycline HCL.

Adult periodontitis has been shown to be associated with the presence of specific
bacterial types. The bacteria most commonly associated with the disease are:
Porphyromonas gingivalis, Actinobacillus actinomycetemcomitans, Bacteroides
forsythus, Campylobacter rectus, Eikenella corrodens, Prevotella intermedia and -
Fusobacterium nucleatum (1). Doxycycline and/or tetracycline in concentrations from 1
to 6 pg/mL have been shown to inhibit the growth of these organisms (2). The MPTS is
intended to deliver an amount of minocycline capable of inhibiting the bacteria
associated with adult periodontitis.

PRE-CLINICAL INFORMATION
Spectrum of activity minocycline:

The tetracycline class of antibiotics has a broad spectrum of activity against
microorganisms including facultative, aerobic, and anaerobic bacteria (3). The
tetracyclipes are bacteriostatic with their main mechanism of action being inhibition of
protein nthesus (3). '

The applicant provided literature references on the actnvnty of tetracyclines and other
antimicrobials against the microorganisms associated with periodontal disease as well
as well as a table with this type of information. The references were reviewed and found
to contain information showing that minocycline was active against microorganisms..
associated with periodontitis in the concentrations that are achievable with MPTS. The
tabular information for minocycline provided by the applicant is shown in Table 1 (vol1.1
py.. 109 -110).
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Table 1. In vitro activity of minocycline against various organlsms associated .
with adult penodontms -

Organism Number of MICso (pg/mL.)‘ - MIC Range e
, - Isolates ‘ © - (ng/mlL) )

Bacteroides gingivalis = = 30 0.05 ._,'0.025 -25

' Bacteroides infermedius 16 005  026-625 N

... Eushbacterium 11 0.78 - 0.78
“nucleatum i
Eikenella corrodens 12 0.39 - 0.025-0.78
Actinobaccillus

actinomycetemcomitans 25 1.56 1.56 - >25

Capnocytophaga sp. 27 0.2 0.2-0.78

Mechanisms of tetracycline resistance:

Tetracycline resistance is widespread among bacteria (4). This resistance may be due "
to: 1) limiting access of tetracycline to the ribosome the major site of action of
tetracyclines, 2) altering the ribosome to prevent effective binding of the tetracycline, or
3) producing tetracycline-inactivating enzymes (5). More than one mechanism of
resistance to tetracycline occurring at the same time in bacteria has been described (5).

Fourteen genes coding for tetracycline resistance are currently known. Some of these
determirg@ints encode proteins that mediate an efflux mechanism for tetracycline, some
mediafe Tesistance by preventing tetracyiclines from attaching to ribosomes.and a third
class mediates the degradation of tetracycline (6). Many of the tetracycline genes from
Gram-negative bacilli are located on plasmids and readily transmissible within and
between species (6). Other transmissible-resistance genes particularly those found in
Gram-positive organisms are located on transposable chromosomal elements that can
be transferred between organisms by conjugation (7).

. Epidemiology of tetracycline resistance in refation to periodontal disease:

Development of resistance to tetracycline among organisms in the periodontal pocket of
patients treated with tetracycline is frequently seen (8). It has been demonstrated that
the level of tetracycline—resistant organisms decreases usually to previous levels .
beginning by 10 week’s (9). The presence of tetracycline-resistantbgteria has been
described in the oral microflora of individuals with no periodontitis and not receiving
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tetracycline (10) In these cases the tetracycllne resistant bacteria have been shown to
constitute between 2 to 6% of the viable count in the subgingival samples (10).

IN VIVO _ —
Pharmacokinetics and bioavailability (vol. 1.1 pg. 119-131):

- Therapeutic.devices for the treatment of periodontal disease must accomplish 3
objectives. The medication must reach the intended site of-action; remain at an -
adequatq concentration; and last for a sufficient duration of time (11). The duration of
exposurg required is dependent upon the mechanism by which the antimicrobial agent
inhibits or destroys target bacteria. For example chlorhexidine, a bactericidal agent, kills -
microorganisms by compromising the integrity of the cell membrane and requires a -
shorter exposure time than a bactenostatuc agent such as tetracycline, which inhibits
protein synthesis.

It has been estimated that the fluid present in a 5§ mm periodontal pocket is replaced
about 40 times an hour (11). Thus, if an antimicrobial agent is placed subgingivally, its
local concentration is rapidly reduced (12). The expected half-life (i.e., the time
necessary for the concentration to become half the original) of a pharmacological agent
in the gingival crevice is about 1 minute (11). This high rate of clearance represents the
major obstacle to maintaining effective concentrations of an antimicrobial agent within
the pocket. Longer therapeutic duration requires the use of a subgingival drug reservonr-
such as presented by the applicant.

Pharmacokinetic information provided by the applicant (vol. 1.17 pg. 152) shows that  _

the mean crevicular fluid level of minocycline after depositiop of MPTS (1 mg/dose) in

16 subjects ranged from '—— ; ug/mL at 1 hour following administration to — - pg/mL

at 14 days. There were large variations in the concentrations of the minocycline within

and .ct:tfen subjects. This information provided by the applicant suggests that the

con tions of minocycline delivered by MPTS and the amount of time the

_minocycline is present is sufficient to inhibit the growth of the majority of bacteria
associated with adult periodontitis.

Animal models
The applicant (vol. 1.1 pg. 112) makes reference to the results of minocycline
administered to dogs with periodontitis. The data suggests that there is a statistically
sngmf cant decline in the counts of Porphyromonas sp., Fusobatenium sp. and a decline
in Streptococcus sp. by the fourth week following administration of minocycline into the
periodontal pockets.

The applicant has also provided information (vol. 1.1 pg. 118) from a.dog study used to

evaluate four formulations for MPTS and identify one with the minGccline release

characteristics that would yield minocycline concentrations exceeding the MICs (0.05 —
6
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1.56 pg/mL) for organisms associated with penodontal dlsease for a penod of 7 t0 10. -
days. The formulation chosen was one that yuelded mlnocychne concentrations of at -

- least 10 pg/mL for 14 days.

. -
-

Organism identification:

,," -
Microorganisms isolated during this study were identified using DNA probes. The

. .applicant had previous to lnstltutmg the studies in this application provided mformatloh
- on these methods to this reviewer. This previous material was reviewed and found

acceptakje (Microbiology Review of IND# -dated * ). In this submission
the-apptdant has provided additional information that adequately supports the
correlation between conventional culture results and DNA probe results (vol. 1.17
Appendix 7.8.2.1) and probe validation data (vol. 1.17 pg. 185). The applicant has
provided data to show that the detection limit of the probes is at a level of 10*
bacteria/mL. The DNA probe method identifies the presence of a bacterium in the same
samples as cultural data 62-73% of the time. Similarly DNA probes recognize the
absence of a bacterium in the same samples as cultural data 57-60% of the time. The
specificity of the probes was shown to meet the requirement of >1000. This means that
in order for there to be a cross reaction between a probe and another organism the
other organisms must be in a concentration that is 1000 times more than the target
organism. The applicant has shown that 92.6% of probe-heterologous species
hybridization provided no detectable signals. Probes to species thought to be _importa'n'f
periodontal pathogens; B. forsythus, P. gingivalis, and T. denticola showed no cross-
reaction with any heterologous species tested. This information is ‘comparable to what
has been reported in the literature (12, 13).

Changes in the proportion of plaque microorganisms:

The applicant has provided the results of a phase 3 study (OPI - 103A/B). These
studies lgoked at the change in the proportion of plaque organisms in three study
groups(lirm A — S/RP plus subgingival application of MPTS, Arm B — S/RP plus
subgingival application of the vehicle, and Arm C — S/RP alone) (vol. 1.1 pg. 132 — 134). .
Subgingival plaque samples were collected at baseline, and at days 30, 90, 180, and
270. The proportion of plaque microorganisms was determined by analysis of the
percentage of total DNA detected by each of 40 probes (Table 2).

'_l’able 2. List of whole genome DNA probes

AN\O.. Organism No. Organism No. | Organism

16  Streptococcus 28 -'Capnocytophaga

oralis gingivalis
1 Actinomyces nasleundii 17 Capnocytophaga e
genospecies 1 & 2 ochracea 29"  Stmplococcus
gordonii
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Stréptococcus 18 Actinomyces = 30 - Bacteriodes

2
constellatus. ) israelii . forsythus B
3  Eubacterium nodatum 19  Streptococcus ~ 31. Selenomomas noxia o
4 Porphyromonas intermedius -32 _Propionibacterium )
gingivalis ' " - acnes serotypes
5 Actinobacillus 20 Treponema v &1l
. actinomycecomitans . - dentocola
serotypesa &b 21 Prevotefla - 33 Prevotella
nigescens . melanogenica o
~~ 22  Actinomyces
-6 -——-sFuysobacterium Odontolyticus 34 Streptococcus mitis
" nucleatum Serotype 1 ‘
ss vincentii *35 Eikenella corrodens
7 Campylobacterrectus 23  Fusobactenum 37  Capnocytophaga
8  Treponema socranskii nucleatumn ss sputigena
9 Eubacterium saburreum polymorphum 38 Leptotrichia buccalis
10 Peptostreptococcus 24  Campylobacter 39 Campylobacter
micros showae gracilis -
11 Veillonella parvula
12 Actinomyces viscosus 25  Fusobacterium 40 Prevotella
periodonticum intermedia
13 Streptococcus
anginosus
14 Streptococcus sanguis 26 Neisseria mucosa
15 Actinomyces - 27  Fusobacterium
gerencseriae nucleatum

ss nucleatum
An analysis of the DNA probe data from the subjects was done by placing the
organismg into specific groups. This was done because there.was no between
treatmgg differences seen for any individual probe. The use of such complexes is not
an established method of analysis of microbial changes in periodontal disease.
However, because there were no between treatment differences for any individual
probe establishing groups of organisms provides a way to analysis the data. The
organisms were grouped in the following way (Number in parenthesis refers to numbers
on Table 2): Actinos (1. 12, 15, 18); Streps (2, 13, 14, 16, 19,.29,34); Green (17, 28, 35,
37); New (9, 26, 31, 32, 33, 36, 38); Purple (11, 22); Orange (3, 6, 7, 10, 21, 23, 24, 25,
27, 39, 40); and Pathogens (4, 5, 8, 20, 30).
The data show that the most predominant organisms were those in the Actinomyces
group and those in the Orange group.

Interestingly there were very similar increases and decreases in the plaque
microorganisms between scaling and root planing with MPTS and-ths scaling and root
planing alone beginning at baseline and for the 3, 6 and 9 month sampling times (vol.

8
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1.17 pg. 16). The following information refers to both groups (percentages are -
approximate). Considered together, the DNA percent for the Actinomyces decreased ~
over the nine-month course of the study from 35% of all bacteria to 16%. A small ‘
increase from 12% to 15% was seen for the “New” group afte[-nine months. The DNA -
percent for the “Pathogens” decreased from 11% prior to treatment to 4% after 1 month.
The DNA percent for the “Pathogens” increased over the next 8 months, but at study
end was 2% less than at the start. For the “Strep” group there was basically no change
over the course of the study. For the “Purple” group there was an increase of 8% from:
the start of the study and for the “Orange” group there was an increase of 10% from the_
start of the study. For the “Green” group there was an increase of 4% after ninth
months:#he “Actino” group and the “Pathogens” groups were the only groups to show a
decline in the total percentage at the nine months. The “Actino” group showed the
greatest change. This data when analyzed by distribution of plaque microorganisms
shows that there is virtually no difference between the treatment arms of MPTS with
scaling and root planing and scaling and root planing alone. This suggests that there is
little if any benefit to the use of minocycline for reducing plaque associated
microorganisms and that scaling and root planing alone can accomplish reduction in
plague microorganisms. The clinical significance of the shifts in the total numbers of -
these organisms is not known.

Minocycline resistance of plaque microorganisms (vol. 1.17 pg. 17 - 20):

Treatment emergent antimicrobial resistance (minocycline-resistance defined as >4
pg/mL) was determined using a serial agar dilution culture technique. Samples were -
collected from a total of 35 subjects from two of the phase 3 investigational sites (San
Antonio, TX and Buffalo, NY). Descriptive statistics for percent resistant colonies were
calculated for the combined analysis and for each of the two investigation sites (San
Antonio, TX and Buffalo, NY). Percent resistant organisms Was calculated as 100 times
colony forming units (CFU) from minocycline-treated plates divided by CFUs from
untreated anaerobic plates. In the combined analysis, percent resistant organisms was
low 'ai:_qsline and increased slightly over the course of the study for both the MPTS
wit S/RP (0.2% to 1.7%) and the S/RP alone (0.2% to 0.3%) treatment groups. There
was a decrease in percent resistant organisms (0.8% to 0.4%) for the vehicle treatment .
group. In the San Antonio study the percent of minocycline-resistant organisms was
elevated over baseline for 9 months. However, the resistance declined from
approximately 2.5% at the end of the first month to 0.5% by the ninth month. in the
Buffalo study the percent minocycline-resistant organisms was elevated approximately
2% at the end of the first month and 1% by the end of the third month. At the end of the
sixth month the percent of mmocyclme—resnstant organisms increased by 8.5% from
baseline. However, there was also an increase in both control groups of approximately
5% at the end of the sixth month. By the end of month 9 the percent of minocycline-
resistant organisms was 2.5% above the baseline value and the values for the control
groups returned to near baseline values. This spike at the end of the sixth month in all
study groups at the Buffalo site has no explanation. Even though atthe end of the 9
months there was a higher percentage of minocycline-resistant organisms in the
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minocycline-treated group than at baseline (0.3% versus 3%) in the Buffalo group this -- -
reviewer does not consider this to be of any major consequence. Overall, for both the:

- San Antonio and Buffalo studies there were no unexpected results in the minocycline- "~
treated groups. As has been reported in the literature (9) thefe can be an expected -
increase in tetracycline-resistant bacteria after treatment with-the number of resistant
bacteria decreasing over time after cessation of treatment. 5

| f’rop_ortion 6f .:qastrVoi.niestirial microorgaﬁsms (vol. 1.1? pg. 21 - 24):

The_appiicant has provided the results of a study (OPI-105) of 18 subjects designed to
-monitordhanges in the (a) total anaerobic flora, (b) the proportion of the flora resistant

to minocycline, and (c) the levels of opportunistic pathogens present. The study showed _
no differences in the total counts for anaerobes, Candida, enterics or Staphylococcus
aureus between baseline counts and counts done at day 56. This finding agrees with
published findings with locally applied tetracyclines for periodontal disease, which
indicate that local application of tetracycline has little if any impact on changing the flora
of the gastrointestinal tract (10).

Resistance of gastrointestinal microorganisms (vol. 1.17 pg. 21 - 23):

Study (OPI-105), which involved 18 subjects, was also used to monitor the development
of minocycline-resistant organisms in subjects receiving treatment, with MPTS. The
MPTS treated patients did not exhibit an increase in minocycline-resistant organisms or
in the resistance to doxycycline, tetracycline, amoxicillin, clindamycin, or erythromycin
over baseline values after 56 days. This is consistent with what has been reported in

the literature (10). Local application of tetracycline into periodontal pockets has minimal _
impact on the development of tetracycline-resistant bacteria in the gastrointestinal tract
and on the overgrowth of resistant organisms in the intestin&l tract (10).

CONC:iSION:

The microbiology data provided by the applicant suggests that root planing and scaling
along with MPTS and root planing and scaling alone essentially are equivalent in their .
effect on the microorganism content of the plaque samples taken from adults with
periodontitis. Therefore, any correlation between the clinical outcome in the patients
treated with MPTS and the microbiology results will not be possible.

The data provided on the presence of minocycline-resistant organisms in the plaque
samples from treated patients is consistent with published data. The data for the
presence of minocycline-resistant microorganisms in the intestine of treated subjects
and the lack of any major change in the microbiota of the gastrointestinal tract of treated
patients is consistent with published information. In fact the local application of
antimicrobials versus systemic antimicrobials for the treatment of adult periodontitis may
provide a way to reduce the numbers of antimicrobial-resistant orgasisms in the

10
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gastromtestmal tract and the potential for clinical sngmf cant shifts in the microbiota of
the gastrointestinal tract

The MPTS provides a method for the use of an antlmncrobrél ;whlch because of its direct
application to the site to be treated reduces the overall exposure of the patient's system_
to an antimicrobial. i

. .Froma .micrpbiology perspective this product is approvable wifh the recommended
labeling changes.

——
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PROPOSED MICROBIOLOGY PORTlON OF PACKAGE LABELlNG

Mlcrobl ogy

Mmocyclme is a. member of the tetracycline class of antibiotics.! Minocycline is i
bacteriostatic and exerts its antimicrobial activity by inhibiting protein synthesis.! In vitro-- .
susceptibility testing has shown that the organisms Porphyromonas gingivalis, B
Prevotella intermedia, Fusobacterium nucleatum, Eikenella cormodens, and

Actinobacillus actinomycetemcomitans, which are associated wuth periodontal disease,

are susceptible to minocycline at concentrations of <8 pg/mL.?

—
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