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Study 81-0037

Title: An Open-Label, Single-Dose, Mass Balance and Pharmacokinetic Study of Proquin™ 500 mg
Tablets in Healthy Adult Volunteers Under Fed Conditions

Obijective:
To characterize the disposition and pharmacokinetics of ciprofloxacin in healthy volunteers followmg a

single dose of Proquin™ 500 mg tablets

. Study Design: This was an open-label, Phase |, single-center, single dose study to evaluate the
disposition and pharmacokinetics of ciprofloxacin in plasma, urine and feces following oral administration
of 1 Proquin ™ 500 mg tablet

Subjects:
Twelve healthy, non-smoking volunteers (4 males and 8 females) with mean age of 28 years (19 to 43
years), mean weight of 74.1 kg (49.3 to 93.9 kg), and mean height of 171 cm (152 to 185 cm).

Drug Dosing and Administration:

Following an overnight fast and 30 minutes after administration of a standard moderate fat content
breakfast (~ 600 calories; 40% fat), a single oral dose 500 mg Proquin™ was administered with 240 mL
water.

Fluid control:

Subjects were required to drink at least 200 mL of water approximately every 30 minutes from one hour
prior to dosing. Subjects were required to drink approximately 240 mL of water at approximately 2 3, and
4 hours after dosing. Water will be available at all times.

Concomitant medications/Dietary restrictions:
There were no concomitant medications administered prior to study treatment.

Pharmacokinetic Sampling:
¢ Blood samples were collected in blood collection test tubes containing EDTA at time 0 (pre-
dose), 0.5,1,2,3,3.5,4,45,55,6,7, 8,9, 10, 12, 18, 24, 36, and 48 hours.

+ Complete urine output were collected for the following intervals: Check-into 0, 0to 2, 2 to 4,
4t06,61t08,8to 12, 121016, 16 to 24, 24 to 36, 36 to 48, 48 to 72, and 72 to 96 hours.

+ All stools were collected over the following intervals: Check-in to 0, 0 to 24, 24 to 48, 48 to
72,72 to 96, 96 to 120, 120 to 144, and 144 to 168 hours.

Bioanalytical Methods:

Plasma concentrations of ciprofloxacin were determined using a validated HPLC method with
fluorescence detection. HPLC analysis yielded linear results for ciprofloxacin standards over the range of
24.999 ng/mL to 6399.73 ng/mL + 10%.

Urine concentrations of ciprofloxacin and its metabolites, desethyleneciprofloxacin (M1),
sulfaciprofloxacin (M2), oxociprofioxacin (M3), and formylciprofioxacin (M4) were determined using a
validated HPLC method with fluorescence detection. HPLC analysis yielded linear results for ciprofloxacin
in the range of 1.5 pg/mL to 15 pg/mL + 10%. Similarly, assays for the metabolites, M1, M2, M3, and M4,
were linear over the range of 0.5 to 5 pg/mL + 10%. .

Fecal concentrations of ciprofloxacin and its metabolites were deterfnined using a liquid
chromatography/mass spectrometry (LC/MS) method. The LC/MS analysis yielded linear results for
ciprofloxacin in the range of 100 ng/mL to 1250 ng/mL. Simifarly, assays for the metabolites, M1, M2, M3,
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and M4, were linear over the range of 25 to 1250 ng/mL. Due to the nature of the analyte, the variability
was larger.

Phérmacokinetic Analysis:
The primary PK endpoints consisted of the following parameters:

Plasma (for ciprofioxacin): AUC,., AUC,..., Cmax, Tmax, t%4

Urine: ‘

amount recovered in the urine (TAeyqe for ciprofloxacin and the metabolites M1, M2, M3, and M4, and
the overall recovery of the administered dose in the urine (sum of the TAe,ne for ciprofloxacin and the
metabolites) ’

Feces:
Total amounts [Aerces(o-168)] recovered in the feces for ciprofloxacin and the metabolites, and the overall
recovery of the administered dose in the feces [ sum of Aefeces(o-168)] »

Mean % Total Dose or Total Recovery;: Sum of TA€ine and Aeteces(o-168) for ciprofloxacin and the
metabolites

Safety Assessment:
e Physical exams, clinical laboratory tests and vital signs (taken at.screening, check-in, and at
the end of the study or at early termination)
e Adverse events (recorded throughout the study)

e EKG monitoring (at screening)

Results:

Plasma Pharmacokinetics , :

The mean ciprofloxacin plasma concentration-time profile is presented in Figure 23. The mean
ciprofioxacin plasma pharmacokinetic parameters are presented in Table 64. The table excluded the
plasma, urine and fecal concentration data on Subject 007 because of incomplete sampling and very low
ciprofloxacin concentrations in the PK samples collected.

¥,
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Figure 23
Mean Ciprofloxacin Plasma Concentration-Time Profile

Ciprofloxacin Plasma Concantration
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TABLE 65
Mean Plasma Ciprofloxacin Pharmacokinetic Parameters*
AUCat AUCu Coax fmmz tiy
(gtvmi) | (agih/mL)’ (ng/mL)’ (hy* my*
8624.6 (38._3%) 8984.3 (36.8%) | 1307.0(41.0%) | 4.65+1.29 £93+071
"Geometric menn ($CV) IMean + SD

*Excludes Subject 007

Urinary Pharmacokinetics

Mean cumuiative amounts of ciprofloxacin, M1, M2 and M3 recovered in the urine are presented in
Figures 24 and 25. The phamacokinetic parameter results for M4 (formyiciprofloxacin) in urine were not
calculated in this study as all concentrations for this particular metabolite were below the limit of
quantitation.

FIGURE 24 .
Mean Ciprofloxacin Cumulative Amount Recovered in Urine
Following the Administration of Proquin™ 500 mg

a T * T 4
a 20 & & 80 100

Moan Cumulative Ciprofloxacin Amount
Recovered in Urine {mg)

Midpcint of Collection Interval (hour)

FIGURE 25 )
Mean M1, M2, and M3 Cumulative Amounts Recovered in Urine
Following the Administration of Proquin™ 500.mg

a0
®

Mean Cumulative Matabollte (M1, M2, and M3)
Amounts Recoverad in Urine (mg)

Midgoint of Collection Interval (hoﬁr)

The mean urinary pharmacokinetic parameters for ciprofloxacin, M1, M2, and M3 are summarized in
Table 65.
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Mean Urinary Pharmacokinetic Parameters for Ciprofloxacin, M1, M2, and M3

1 5 e

s (Excluding Subject 007)

Pharmacokinetic | Ciprofloxacin M1 M2 LS K]
Paramieter
TAc(mg) | 1675(15.7%) | 274(209%) | 169268%) | 167 (24.0%)
1694+267° | 2804058 | 1751468 | 171+£412¢
Max Rate 2354+361 | 02944007 | 309t091 | 225+067
(mghyt '
Tows Rateosne | 560+ 0,89 S73£1.01 50+080 | s555:o093
&)’
CL"'I 20,7+ 5.80 NC NC NC
Ly
—
#las 139 0.61 281 3.29
V) (15.7%) {20.9%) (26.3%) (24.0%)
fGeometric megn (%CV) *Mean + SD NC - not calculated

Fecal Pharmacokinetics

Mean cumulative amounts of ciprofloxacin, M1, M2, M3, and M4 recovered in the feces are presented in

Figures 26 and Figure 27.

)
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FIGURE 26
Mean Ciprofloxacin Cumulative Amount Recovered in Feces
Following the Administration of Proquin™ 500 mg
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FIGURE 27
Mean M1, M2, M3, and M4 Cumulative Amounts Recovered in
Feces Following the Administration of Proquin™ 500 mg
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-The mean fecal pharmacokinetics results are summarized in Table 66.

Mean Fecal Pharmacokinetic Parameters for Ciprofloxacin and its
Metabolites (M1, M2, M3, and M4)

TABLE 66

(IExcluding Subject 007)
Sl ey’ b

Clpmﬂuxac;- : ml m2 m3 med

Atree (mg) | 184.0(321%)7 | 243 (19.6%) 19,8 1.835 0.75 (39.0%Y

1955 £ 62.7 247+ 0.48° 73%t | @s1%)' | esstesst

20,1 +3.48° | 1.90 + 0.48% '

Max 4641281 0.66 HH,03¢ 048+G24 | 05+£0.02 0.02 +0.01
 (mgbr)® »
Tan 6441399 709 £ 34.6 F09+£362 ] 70.9+£362 665+373
(ry*

N 391 054 '3.24 037 als
0V (32.1%) (19.5%) (17.3%) {25.2%]) {39.0%
fGeometric mean (4CV) Mesn + 8D

The total recovery, in urine and feces, of ciprofloxacin and the metabolites, M1, M2,
M3, and M4, are summarized in Table 67.
TABLE 67
Mean % Recovery of Ciprofloxacin, M1, M2, M3, and M4
Following a Single Dose of Proguin 500 mg (Excluding Subject 007),
Ciprofloxacin MIE Jf 4 M3 M4 Total
Urina 33 %% 1.61% 2 81% 3.29% - 40.6
Feces 39.1% G.54% 3.24% 0.3%% 0.15% | 43.4%
Tatal T3.00% 1.15% 6.05% 3.66% 0.13% | 84.0%

99
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Safety Results:

o Of the 12 subjects in this study, 3 subjects (25%) experienced a total of 10 treatment-
emergent AEs. Seven (7) of the 10 AEs were mild in severity and 3 were moderate. The
Investigator considered 1 AE of mild nausea to be possibly related to the study treatment,
and the remaining AEs to be either remotely related or unrelated.

No serious AEs occurred in this study.
+ No subject discontinued the study due to an AE, and all AEs in this study resolved.

REVIEWER'S COMMENTS

1.

in this Mass Balance Study, about 85% of the administered dose was accounted for, i.e.. 34%
and 39% of the dose was excreted as unchanged ciprofloxacin in urine and feces, respectively,
whereas 7% and 4% of the administered dose was excreted into the urine and the feces,
respectively, as ciprofloxacin metabolites.

Since none of the subjects in the study population were smokers (Smoking is a CYP1A2 mducer
ciprofloxacin is a CYP1AZ2 substrate), these ciprofioxacin disposition findings apply to the general
population of non-smokers, with mean age of 28 years old {19 to 43 years old) who were
predominantly {82%) Caucasians (the remainder were Blacks). Seven of the 11 subjects
evaluated for ciprofloxacin PK were females. '

The majority (95%) of urinary excretion for ciprofloxacin, M1, M2 and M3 occurred within 24 hours
of dosing. The majority (=93%) of the fecal elimination of ciproftoxacin, M1, M2, M3, and M4
occurred by Day 5 following dosing. The longer time needed to excrete majority of the
ciprofloxacin and its metabolites into the feces suggests the possible occurrence of biliary
recycling or enterohepatic recirculation.

M2 (sulfociprofloxacin) is the major metabolite of ciprofloxacin appearing in both the urine and the
feces; M3 {(oxociprofloxacin} is also a major unnary metaboalite.

APPEARS THIS WAY
ON ORIGINAL
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Study 84-0001

In Vitro Protein Binding of Ciprofloxacin in Human Plasma

Objective
To evaluate the extent of protein binding of ciprofloxacin in human plasma in vitro.

Materials

Test System

Pooled plasma with anticoagulant (Na heparin) was derived from human males who did not take any
medications during the 7 days prior to blod collection. The pH of the plasma was adjusted, if needed, to
approximately pH 7.4 with hydrochloric acid.

Buffer solution 7
A 0.1 M sodium-potassium phosphate buffer (pH 7.4) was used to prepare stock solutions and working
solutions of ciprofloxacin.

Methodology

Fortification of Matrices

The appropriate fortification solution (ciprofloxacin 0.9, 3, 9, or 30 uM) was added to the matrix and the
contents of the vial were mixed. The matrix was then incubated at approximately 37°C for approximately
15 minutes.

Ultrafiltration

The fortified matrix was centrifuged (37°C, 2,000 xg) using an ultrafiltration device (with MW cut-off
30,000 Da) to separate the unbound drug from the plasma-bound drug. The ultrafiltrate was weighed and
analyzed for ciprofloxacin using LC/MS/MS. All protein binding determinations were done in triplicate.

Nonspecific binding }

A fortified buffer (ciprofloxacin 30 uM) was centrifuged as stated-above. The difference in concentration
between the filtered and the initial unfiltered fortified buffer was the amount of nonspecific binding.
Calculations

Percentage of nonspecific binding = 100* (Cpatix — Cutratittrate} / Crmateix

Protein Binding = 100*(Cuycasiteate/ Crmatrix)

Results and Discussion

» Based on stability data after 15-minute incubation at 37°C, ciprofloxacin was considered to be
sufficiently stable in plasma and buffer under the conditions of the study.

+ Nonspecific binding of ciprofloxacin to the ultrafilter was 3.71% at 30 uM.-

¢ The mean and individual percentages of bound ciproftoxacin in human plasma at various test
concentrations are given in the table below.
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TABLE 68
Pereentage of Radicactivity
Conceatration Unbound Hound Standsard
fuM) Individusl Me=n Individual Mean Devaation
™~ 0 . G, X

0.9 ~—1 708 ~ 20.1 5.7

3 634 66 1.2

9 73.5 26.5 23

a0 90.1 9.93 637

U L

e The plasma protein binding of ciprofloxacin in human plasma is low (<50%) and does not appear to be
concentration dependent between 0.9 and 9 uM. Protein binding of ciprofloxacin may decrease

between 9 and 30 uM.

Reviewer’s comment:

At ciprofloxacin 3 pM (=Cmax in healthy volunteers), the percentage of plasma protein binding of
ciprofloxacin was about 37%. At >3 uM ciprofloxacin concentrations, the magnitude of plasma protein
binding is expected to decrease. Thus, ciprofloxacin has a low potential to alter the pharmacokinetics of

drugs that are highly protein bound is fow.

APPEARS THIS WAY
ON ORIGINAL
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Study 84-0002

Inhibitory Potential of Ciprofloxacin Towards Human Hepatic Microsomal Cytochrome P450
Isoenzymes '

Objective: ‘
To determine the potential of ciprofloxacin to inhibit the major human cytochrome P450 (CYP)
isoenzymes (CYP1A2, CYP2C9, CY2C19, CYP2DG and CYP3A4).

Study Design:

This in vitro study used pooled human hepatic microsomes from fifteen individuals to test the potential of
ciprofloxacin to inhibit the metabolism of test substrates at concentrations that give half the maximum
reaction velocity (Km) for human hepatic microsomes in the assay. Assays were performed in the
absence and presence of ciprofloxacin (0.3 to 9.0 pM). '

Methodology: -
The probe substrate in assay buffer was incubated with microsomal protein (0.1 t0 0.5 mg/mL) and
NADPH (1 mM), in the absence or presence of ciprofioxacin. Incubation was carried out in 96-well tube
plates at 37°C. The reaction was terminated after 3 to 60 minutes depending on the assay, by the '
addition of a specific organic solvent solution. Samples were centrifuged and the resulting supernatant
was analyzed using LC/MS/MS for the metabolite of interest.

Results and Discussion:

Table 69 presents the values for percent activity remaining relative to the negative control in each CYP-
isoenzyme-specific assay at each.concentration of ciprofloxacin.

TABLE 69
Effect of ciprofloxacin on CYP450 activity

Percent of activity remaining*
CYP450 Probe substrate
enzyme {concentration) Metabolite assayed .
CYP1A2 Phenacetin (100 pM) acetaminophen NA [ 103 | 100 | 101 | 97.9 | 91.7 | 82,5
CYP2C9 Diclofenac (10 uM) 4’-hydroxydiclofenac NA | 955 | 105 | 97.8 | 106 | 96.5 | 753
CYP2C19 | S-Mephenytoin (50 uM) | 4*-hydroxymephenytoin NA { 106 j 105 { 107 | 104 | 107 | 115
CYP2D6 Bufuralol (10 pM) 1’-hydroxybufuralol NA 1 105 | 105 | 103 | 101 | 109 | 120
CYP3A4 Testosterone (50 uM) 60R-hydroxytestosterone | NA | 99.1 | 99.0 | 101 | 95.6 | 101 | 98.6
Midazolam (5 puM) 1'-hydroxymidazolam NA | 9341952} 102 | 107 | 102 | 102

NA- not applicable
* average of triplicate values

As seen from Table 69 above, ciprofloxacin did not produce significant inhibitory activity against any of
the CYP450 enzymes included in this study because more than 50% activity relative to the control value
remained in all the assays. Consequently, ICs, values were not calculated. At 90 uM, there was minor
inhibition observed for CYP1A2 and CYP2C19.

Sponsor’s conclusion:

Ciprofloxacin at plasma concentrations up to 90 uM in human subjects would not be expected to cause
inhibitory drug-drug interactions with concomitantly administered medications that are substrates of
CYP1A2, CYP2C9, CYP2C19, CYP2D6, and/or CYP3A4.
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Reviewer’s comments:

1.

N

All the probe substrates in this in vifro metabolic inhibition study were acceptable and the
concentrations at which they were used were within or close to the acceptable concentration
range, as specified in the draft Guidance for in vitrofin vivo drug interaction studies.
The microsomal protein concentration (< 1 mg/mL} used in the study is acceptable.
The plasma Cmax,ss of ciprofloxacin from Proquin™ 500 mg QD in healthy volunteers is about
820 ng/mL. (range: ™ ng/mL). At the maximum test concentration (90 uM) used in the in
vitro metabolic inhibition study, ciprofloxacin was able fo decrease the activities of CYP1A2 and
CYP2C9 by 18% and 25%, respectively. Because these inhibitory effects occurred at a test
concentration of about =36x the Cmax,ss of ciprofloxacin from Proquin®™, the applicant did not
consider any of such decreases in enzyme activity of potential clinical relevance. In addition,
there was no apparent inhibitory effect on all five of the tested CYP450 isoforms at ciprofloxacin 3
1M (=Cmax,ss). .
However, since positive inhibitor controls were not included in the study, it would be difficult to
validate the negative test results for ciprofloxacin. This same in vitro study should have shown
that the chosen positive inhibitor controls were able to produce at feast an 80% inhibition of
CYP450 enzyme activity. '
Nevertheless, it was evident that ciprofloxacin had a concentration-dependent increase in
inhibitory activity against CYP1A2 and CYP2C9, as seen in the Figure 28 below.

FIGURE 28
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in two separate published studies (Fuhr et al., 1992; Granfors et al., 2004) that evaluated the
CYP1A2 inhibitory potential of ciprofloxacin, 200 uM and 500 uM concentrations were able to
produce 30% and 70% inhibition of CYP1A2 metabolic activity. When these literature data were
used to extend the CYP1AZ2 inhibitory profile of ciprofloxacin in the present study, the linear
concentration-dependent inhibitory activity of ciprofloxacin was verified (see Figure 29 below).

FIGURE 29
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it is important to note that in the literature, the potential of ciprofloxacin to decrease the clearance
of CYP1A2 substrates (e.g., theophylline, caffeine, tizanidine) in humans have been
demonstrated. The findings of pharmacokinetic studies suggest that ciprofioxacin inhibits hepatic
demethylation {but not hydroxylation) of theophylline and such effect is dependent on the level of
CYP1A2 expression in the individual subjects. In vitro, ciprofloxacin was able to inhibit the
demethylation of theophylline or caffeine {as the probe CYP1A2 substrate) significantly (at least
by 70%) only at high test concentrations (500, 1000 and 2000 uM) but not at lower test
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concentrations (10 and 100 uM;_Sarkar et al., 1990; Fubr et al, 1992 ). Thus, it is speculated here
that ciprofloxacin achieves concentrations within the locale of CYP1A2 enzymes that are much
higher than that achieved in systemic circulation, thereby allowing ciprofloxacin to cause
substantial inhibition of the hepatic metabolism of CYP1A2 substrates in vivo. If this were true, a
maximum inhibitory effect on the metabolism of the CYP1A2 substrate drug would be achieved
when the other drug is co-administered around the time of peak ciprofioxacin concentrations.
This was the case in the tizanidine drug interaction study that showed that when given 1 hour
after ciprofloxacin [Tmax 0.5 to 1 hour], tizanidine AUC increased by 10-fold and Cmax by 7-fold
{Granfors et al., 2004).

8. Based on the observed poor relationship between in vitro and in vivo metabolic inhibitory effects
of ciprofloxacin on CYP1A2 enzyme activity, the potential of ciprofloxacin to inhibit the
metabolism of drugs that are CYP2C9 substrates cannot be ruled out at this time. In connection
with this, it is important to note that although there is conflicting data in the literature, there have
been reporis of the potential of ciprofioxacin to enhance the anticoagulant effects of warfarin (a
CYP2CY/CYP3A4 substrate), especially in elderly patients with infection and under long-term

. anticoagulant therapy.

Reviewer’s Labeling Recommendation:

Because the in vitro metabolic inhibition study conducted did not use positive inhibitor controls, the fack of
significant CYP450 metabolic inhibitory activity by ciprofloxacin at concentrations of up to 9 uM (=3x
Cmax;,ss) could not be validated. The potential of ciprofloxacin to inhibit the enzyme activity of CYP1A2
and CYP2C9 could not be excluded. Despite the overall negative in vitro CYP450 inhibitory findings of the
study conducted, the label should mention the potential of ciprofloxacin to decrease the clearance of
specific drugs that are known CYP1A2 substrates (e.g., theophylifine) for which there has been sufficient
clinical evidence of a drug interaction. {t is not known whether ciprofloxacin achieves hepatocyte
concentrations that are much higher than the maximal plasma concentrations tested in the in vitro study.

APPEARS THIS WAY
ON ORIGINAL



Study 84-0003

Evaluation of CYP450 Induction Potential of Ciprofloxacin Using Primary Cultures of Human

Hepatocytes

Obijective: '

106

e To measure the extent of induction of specific CYP450 marker enzymes (CYP1A, CYP2C, CYP3A)
by ciprofloxacin using human hepatocytes
e To compare the effects of ciprofloxacin with standard prototypical inducers

Study Deéign:

Methodology:

Human hepatocytes were incubated for 48 hours with ciprofloxacin (0.45, 4.5, and 45 pM) and
omeprazole or rifampicin as prototypical inducers of CYP1A, CYP2C, and CYP3A isoforms. Selective

substrates were introduced and the effects of ciprofloxacin and the prototypical inducers were quantified.

Results:

The demographics for the three human liver donors are presented in Table 70. The medical and drug
histories of these patients did not indicate that their livers were unsuitable for use in induction studies.

Table 71 summarizes the fold-induction data on CYP1A2, CYP2C9 and CYP3A enzyme activities by

TABLE 70

Donor demographics

Dasor  Ser  Age Kaee Medieal Drug histary* Cell
Bumber — histacy* viahility (%)t
Fewale 76 Canc None provided ome B
Malc 45 Cauc  Signioid colom Nous T
adenncarcinoma
Stgoid colectonly
Ferosle 65 Cmuc Hyp oy e 5
Esalapeil
Fexofenadine
Beadrofiuazide
Loperamide

ahacedt on informatica enads ibible to LT 114, Nt seorsssrlly eocorsrroaniplcie
foncesredt on necespt a8 Covanoe, bry Urypsen blue esclusins

ciprofloxacin (0.45 uM to 45 uM), as well as by the positive inducer controls. There was a weak induction
effect by ciprofioxacin at 45 uM (approximately 18x the expected Cmax,ss of ciprofloxacin from a 3-day

treatment with Proquin™ 500 mg tablets QD, the recommended treatment regimen for uncomplicated

urinary tract infection).

TABLE 71
CYP1A2 Fold- :
induction .
0.5% viv - Omeprazole Cipro Cipro Cipro
Donor DMSO (30 uM) {0.45 uM) (4.5 uM) (45uM) -
1 / / , / /
N/ / / /
3
mean 12.90 0.90 1.33 1.80
sd 7.72 0.10 0.25 046

Fl

Ud oy
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q
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CYP2C9 Fold -
induction
0.5% viv Rifampin Cipro Cipro Cipro
Donor DMSO (50 uM) (0.45 uM) (4.5 uM) (45 uM)
L 1
2 / /
3 T
mean 0 4.10 1.00 1.20 1.00
.sd 0.80 0.36 0.46 0.30
CYP3A Fold-induction
0.5% viv Rifampin Cipro Cipro Cipro
Donor DMSO (50 uM) {0.45 uM) {4.5 uM) {45 uM)
1 / / / /
: / / / /
3 ———
fmean 0 3.43 1.13 1.20 117
sd 0 1.33 0.31 0.44 0.15

Conclusions:

« Ciprofloxacin (at concentrations of 0.45 to 45 uM) did not induce CYP2C or CYP3A activities
of primary cultures of human hepatocytes. _
« Ciprofloxacin (at 45 uM) showed a weak induction effect on CYP1A2,

Reviewer's comments:

1.

The positive inducer controls and test concentrations used in this in vitro study are acceptable. At
the chosen test concentrations, all these positive inducer controls were able to demonstrate a >2-
fold induction in CYP isoforms activity in hepatocytes from all three donor livers.

The test drug (ciprofloxacin) concentrations were within an acceptable range that included a
concentration (45 uMj) that was at least 1 order of magnitude greater than the expected Cmax,ss
of ciprofloxacin from Proquin™.

That up to 45 uM ciprofloxacin (=18x Cmax,ss) did not induce the activities of these two enzymes
in vitro suggest that the potential for in vivo induction of the metabolism of drugs that are CYP3A

or CYP2C substrates is low.

The lack of (>2-fold) induction effect on both CYP3A and CYP2CS by ciprofioxacin indirectly
supports the notion that these two CYP450 isoforms are co-inducible.

The findings that 45 uM ciprofioxacin produced almost a 2-fold induction of CYP1A2 metabolism
and that ciprofloxacin produced a dose-dependent increase in CYP1AZ2 induction effect (see
Figure 28 below) are probably not clinically significant. Because the fold-induction effect of
ciprofloxacin (up to 45 uM) in vitro is <40% that produced by omeprazole 30 uM, an in vive
CYP1A2 induction study for ciprofloxacin is not warranted. '
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6. At this time, there is no literature evidence that ciprofloxacin has a CYP1A2 induction effect in
vitro or in vivo in humans. -

APPEARS THIS WAY
OM ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Study 81-0035

A Three-way, Crossover, Open-Label, Single-Dose, Fed, Pharmacokinetic/Pharmacodynamic
Study of the Interaction Between Proquin™ 500 mqg Tablets and Coumadin® 7.5 mg Tablets in
Normal Healthy Non-Smoking Male Subjects

Objectives:

Primary-

To assess the single dose pharmacokinetic and phamacodynamic interaction between Proquin™ 500 mg
tablets and warfarin (Coumadin®) 7.5 mg tablets under fed conditions. A single dose study was
conducted because the effect on absorption of either drug was to be evaluated.

Secondary-
To assess the safety and tolerability of the Proquin™ 500 mg tablet when co-administered with the
Coumadin ®7.5 mg tablet under fed conditions ) '

Study Design:
A randomized, three-way, crossover open-label, smgle—dose fed design

Study Population:

All 18 enrolled healthy, non-smoking male subjects with mean age of 36 years (22 to 51 years).
completed the study. The mean weight was 80 kg (64 to 104 kg); the mean height was 1.74 m (1.65 to
1.88 m). There were 11 Caucasians , 5 Asians, and 2 Blacks.

Dosing and Administration:
Followmg a fast of at least 6 hours, subjects were fed a standardized, approxumately 500 600 calorie

was recelved with 240 mL of water. There was a 2_-week wash out penod in between treatments.

Treatment A;  1-Proquin ™ 500 mg tablet (Lot No. HT3602; potency- — , of label claim)
1-Coumadin®7.5 mg tablet

.‘«.t.’

Treatment B:  1-Coumadin®7.5 mg tablet
Treatment C;  1- Proquin ™ 500 mg tablet

Dietary and Fluid control:

«  Water will be provided ad fibitum until 1 hour pre-dose and after 1 hour post-dose. The study drug will
be administered 30 minutes after the start of the moderate fat content meal, with 240 mL of ambient
temperature water.

e No food will be allowed for at least 4-hours post-dose. Standardized meals and drinks will be
provided at designated times.

e Beverages with grapefruit, caffeine, xanthine, or with calcium fortlf' cation, and dairy products (except
butter) will not be allowed.

e This study did not institute a fluid control technique (100 mL water every hour or every 2 hours after
the Proquin™ dose) used in earlier PK studies.

Blood Sample Collection: Sixteen blood samples (10 mL each) will be drawn in each study period
according to the following schedule:

0 (predose), 0.5, 6, 12, 24, 36, 48, 72, 96, and 120 hours post-drug administration
Analytical Methods: '

A validated HPLC method was used to quantify ciprofloxacin. LC/MS/MS was used to quantify S-warfarin
and R-warfarin.
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Pharmacokinetics:
Plasma pharmacokinetic analysis will be conducted using a non-compartmental analysis. Parameters

AUCy4, AUCqint, Craxs Tmaxe and tV4, CL/F, and Vd/F will be calculated for ciprofloxacin, S-warfarin, and R-
warfarin. _

Pharmacodynamics:

* PT (baseline-corrected maximum prothrombin time, time to maximum prothrombin-time, and area
under the prothrombin time-versus time curve (AUCPT)) and
e aPTT (area under the activated partial thromboplastin time-versus time curve (AUCaPTT)

Results and Discussion:

¢ Thee p-vatue is from ANOVA on Intransformed data

“pwi?

# Manafly rotnded from valuss abteined in Appendin 3

Pharmacokinetics
TABLE 72
Pharmacokinetic Parameters of Ciprofloxacin
?uﬁmna;nﬁ&_(;kt: Ciprofioxacin GR™
Pharmacokinetic Cote P 1.t m 500 mg Tablets valne?
Pardnreter Caumadia 1.5 g (Treatment La
Tablete (Treatment A} (n=18)
. (n=18) v
AUC g, (nghrfral) 75191 (26.9)" st | ot
ATC gur{ng-hifrol) 7926.8 (25.8)" 7616.0(23.9) 10 ¢.291¢
| Cous (0g/ml) 862.7 20N " B18.7(19.9)" 0.182° o
T e () 4,50 + 0,98 4.80 1 54t 0420 8
t () 5.02+0.7¢° 5.07 4 084! 0.803 =
CLF {1l riin) 1072.50 = 20615 112067 % 251810 0.297 'C')U
VAF(L) | 461569187 48663 = 11535 0.211 73
T Geanwetric mican (AL VY ]
! Men 5D . g_
£ The pevaliie b5 From ANOVA on In-transformed dua o®
{ Marually rounded from valucs ebtained it Appondix 3 0
TABLE 73A O
Pharmacokinetic Parameters of R-Warfarin C
. Ciprofloxacin GR™ 58 ;ﬁg » <
Tabdets and Coumadia™® | Coumadin” 7.5 mg Tablats
th;::::::;e&c 7.5 mg Tablets . {Treatnent B) p-value!
(Treatment A) {n=18}
(18} _ .
AUC; (nghfmi) 188751 (175" 18638.8 0.1} 0.554°
AUC g (s 13935.1 (25.6) 1 st 0178
| Cyey (/L) 321 (129 3164 (18215 0.63¢0°
Ty (1) 6.75 % 3,05 ‘ 5.89 + 2.45' 0497
4, (i) 52.56 £ 1248 s0.10£9.33 0.029
CL/¥ (mlmin) 5371289 §.502 133 o1t
VR (L) , _2354%4.137 23224404 LYEEY
¥ Geometric mean (%CV) :
Moo £ SD



TABLE 73B
Pharmacokinetic Parameters of S-Warfarin

Pharmacodynamics

Ciprefloracin GR™ 500 mg o
N s Tablets asd Coumadin Conmadin® 7.5 mg Tablets
P “mﬁ‘“‘ 7.5 nag Tablets (Treatment B) p-value!
: {Treatmient A) (=18
- (=18 '
AUC,, (g hefml) 129 206y 11894.1 0.1 ¥ 0.539°
AUC sqr(nghe/mb) 133611 2.} 115129 (2251 a.667"
| Gz (ngfind ) » 2873 20.9)'Y 20192158 0555
T yuas (B} 4032112 453216 0315
s (ii5) 19.28 2 5.89% 39.03 £ 5.31 0.842
CLIF (mil fivein) 9.55 4 1.38! 944 %188 0.663
VAiF (L) 321046395 3148+ 5,78 _ 0386
T Gesmatric trsan {KRCV)
1 Mean 2 SD
% The p-value is from ANOVA o lo-tensformed data
# pmnusily rounded from values obmined tn Appendix 3
TABLE 74A
Relative Biqa_vailability Analysis of Treatment A Ver_sus Treatment C for Ciprofioxacin
Parameter 0% C.1. .. Ratio of Means _ Intra-Subject CV
AUCs, 97.06% to 111.07% 103.83% _11.54%
AUCon 97.62% to 110.98% 164.08% 10.98%
Com _ 95.16% to 126.70% 105.38% 17.468%6
TABLE 74B
Relative Bioavailability Analysis of Treatment A versus Treatment B for R-Warfarin
FParameter %R CaL Ratio of Means Tnira-Subject CV
AUC,, 95.25% o 102.32% 98.72% 6.12%
AUC 94,49% to 103.46% 98.87% - 7.76%
Crex 93.98% to 103.07% 98.42% 1.90%
o TABLE 74C
Relative Bioavailability Analysis of Treatment A versus Treatment B for S-Warfarin
Paraneter 96% C.L Ratla of Means Intra-Subject CV
AUC,, 95.25% ta 102.32% 98.72% 6.12%
| AUCm 94.49% tn 103.46% 98.87% 1.76%
Conex 91.98% to 103.07% 98.42% 71.90%
TABLE 75
Pharmacodynamic Parameters of Warfarin
Ciprofloradcin GR™
§69.mg Tablets and Counadin® 7.5 mg
Pharmacodymamic Comandin® 7.5 mg Tablets (Treatment B) value
Parsmeter Tablets {Treatnscat A) (n=18) P
© o {n=18) (mean = §D)
{mean + SD)
| Ty PT (h)° 2004256 301+£319 0.872
PE s (520 F 126409 124 =0.8 0.679
ATCPT (hr*secyt 14289 £ 712 14190+ 706 0.142
AUCSPIT (hr*se)t 3439.2 £ 204.0 34063 £2104 4180

Fitamially roondad from vales obigined in Appeadix 3

Ado?D 9|qIs504 599
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There were three treatment-emergent AEs in the study. The frequency of AEs were 0, 2(from 2 subjects),
and 1 from Treatment A, B, and C, respectively. No serious AEs were reported.

Sponsor’s Conclusions: :

«  Warfarin did not inhibit the absorption of ciprofloxacin when Proquin™ 500 mg tablets and
Coumadin® 7.5 nig Tablet were co-administered as a single dose in the presence of food.
e The co-administration of 1-Proquin ™ 500 mg tablet had no significant effect on the
absorption and metabolism of either R- or S-warfarin, as well as the prothrombin time and
~activated thromboplastin time, from a single dose of Coumadin® 7.5 mg Tablet under fed
condition.

Reviewer's coinments:

1.

5.

in the in vitro CYP450 inhibition study conducted, up to 90 yM ciprofloxacin concentration
(equivalent to about 40x the Cmax of ciprofloxacin from Proguin™ in healthy volunteers), only
25% of CYP2C9 inhibition was seen. However, as was observed for CYP1A2, there was a_
concentration-dependent increase in CYP2C9 inhibition by ciprofloxacin.

Most drug interaction studies in the literature involving immediate-release ciprofloxacin and
warfarin were multiple-dose studies. However, since Cipro® {immediate-release) and Proquin™
have similar systemic exposures, and because Proquin™ will be recommended to be taken with
a meal and has a gastro-retentive drug release profile (unlike Cipro@}), a single-dose study design
was chosen by the sponsor with the aim of determining whether there is an early or absorptive
phase interaction between the 2 drugs of interest.

The findings suggest that singfe dose co-administration of warfarin and ciproffoxacin does not
result in changes in the Cmax and AUC of ciprofioxacin, and the two enantiomers of warfarin.
This finding is in agreement with the findings of single dose studies of other fluoroquinolones that
also failed to show a drug interaction (Rocci et al 1990; Toon et al 1987; Liao et al, 1996).
However, there was a slight but statistically significant increase in the elimination half-life of R-
warfarin. .

Several multiple-dose drug interaction studies in the literature have shown that ciprofloxacin and
other fluoroquinolones could cause increases in warfarin's hypoprothrombinemic effect.
Prospective multiple-dose studies involving subjects on anticoagulant therapy have failed to
corroborate this finding but it should be noted that the study population in these studies were not
receiving ciprofloxacin for treatment of infection. The following table summarizes PK and PD
findings of two such published drug interaction studies.

TABLE 76
Authors | - Dosing and Study Population PK and PD Findings
(year) Administration
Israel et | Ciprofloxacin 750 | Volunteers receiving chronic *Day 12 concentrations of
al,, ‘mg PO BID x 12 warfarin therapy (n=36) - S~warfarin did not change;
1996 days - R-warfarin increased significantly
{1.15x of placebo};
- clotting factors 1 and Vil decreased
Day 12, mean PT ratio increased
slightly {1.032 x of placebo) but no
patient had bleeding or change in PT
-| that required alteration in warfarin or
ciprofloxacin therapy
Bianco Ciprofloxacin 500 | Volunteers stabilized on No significant increase in INR or
etal, mg PO BID or warfarin (n=16) bleeding events
1962 placebo x 10 days .

it is thus possible that the hypoprothrombinemic effect observed in patients taking warfarin and
ciprofloxacin is not due sotely or mainty to ciprofloxacin-mediated inhibition of warfarin

R
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metabolism. According fo at feast 3 publications, infection or fever may increase PT in
anticoagulated patients, possibly via inhibition of hepatic metabolism by interferon. An alternative
explanation for the interaction between warfarin and various antibiotics is that some antibiotics
have the ability to destroy intestinal flora that synthesize vitamin K and the resulting decrease in
the activity level of vitamin K is responsible for enhancing warfarin's anticoagulant effect.

6. Based on case reports submitted to the FDA, totaling 66 from 1887 to 1997, the drug interaction
may occur 2—186 days following the addition of quinolone therapy to a patient receiving warfarin
therapy. The mean time to coagulopathy was 5.5 days. Such interactions occurred mostly in
elderly patients with several medicai problems leading some to atiribute the alterations in warfarin
PD on risk factors (e.g., fever, infection, congestive heart failure, thyroid disease, polypharmacy).
Thus, as is the case with other fluoroquinolones, Proquin™ should be administered with caution
in patients receiving coumarin anticoagulant therapy and prothrombin time and international
normalized ratio (INR) should be monitored very closely.

7. Serum levels of warfarin tend to be fower when administered with food but the extent of exposure
is not affected. The effect of the moderate-fat content meal on the observed Cmax of warfarin in
this study is not known. ’

Reviewer's Labeling Recommendation:
The ability of a single-dose drug interaction study between warfarin and ciprofioxacin in healthy
volunteers to detect in vivo PK and/or PD drug interaction in patients with infection and under iong-
term anticoagulation therapy is uncertain. Although the exact mechanism behind or role of
ciprofioxacin in bleeding AE case reports received by FDA is not established to this time, the label of
PROQUIN™® will state that as is the case with other flucroquinolones, PROQUIN™& should be
administered with caution in patients receiving coumarin anticoagulant therapy and as such,
prothrombin time and international normalized ratio (INR) should be monitored very closely.

ax
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Study 81-0032

" One-Way, Single-Dose, Fed, Pharmacokinetic Study of Proguin™ 500 mg Tablets in Normal
Healthy Non-Smoking Male and Female Subjects Over 65 Years of Age

Objective:
To determine the pharmacokinetics and safety of Proquin™ 500 mg tablets in elderly subjects

Study Design: : ‘
This is a one-way, single-dose study of patients under fed conditions.

Study Population:

Sixteen (16) normal, healthy, non-smoking elderly subjects (10 males, 6 females), with mean age of 69
years (65 to 80 years) were enrolled in this study. The mean weight was 72 kg (54 to 87 kg); the mean
height was 1.65 m (1.49 to 1.81 m). There were 12 Caucasians, 2 Asians and 2 Blacks. All the subjects
in this study had normal serum creatinine values (60-110 puM for males and 50-100 uM for females):

Dosage and Administration:

Following an overnight fast of at least 10 hours, one Proquin™ 500 mg tablet (Lot # HT3602) was taken
by each patient with 240 mL of water, 30 minutes after the start of a standardized, approximately 500 to
600 calorie, moderate fat content meal.

Fluid control measure: Water (100 mL) was administered at eéch of the following time points: 2.0, 3.0,
4.0,5.0,6.0,7.0, 8.0,9.0, 10.0, 12.0, 14.0, 16.0, 18.0, 20.0, 22.0, and 24.0 hours post-drug
administration. After 24 hours post-dose, water will be permitted ad libifum.

Pharmacokinetic Sampling:
Blood samples were drawn in the study at 0 (predose), 0.5, 1.0, 2.0, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0, 9.0,
12.0, 14.0, 18.0, 24.0, and 36.0 hours post-drug administration.

Urine samples were collected from all subjects during the following tinte interavals: prior to dosing
(complete void and collection), 0-2.0, >2.0-4.0, >4.0-6.0, >6.0-8.0, >8.0-10.0, >10-12, >12-16, >16-24,
>24-36 hours post-dose.

Analytical Procedure:
A validated HPLC assay was employed for the analysis of ciprofloxacin in plasma and ufine samples. For
plasma samples, the LLOQ was 24.999 ng/mL and for urine the LLOQ was 1.5 pg/mL.

. Criteria for evaluation:
Pharmacokinetics
The Cmax and Tmax were determined by visual inspection of the plasma concentration-time profiles.
Using non-compartmental modeling, the following pharmacokinetic parameters were determined from the
plasma profiles: Areas under the concentration-time curve from time zero to time of last measurable
concentration,[AUC(0-t)}, AUC(0---), and t%; ; from urine profiles: the amount excreted in urine (Ae), renal
clearance (CLr), maximum observed excretion rate (Max Rate) , midpoint of collection interval associated
with the maximum observed excretion rate (Tmax Rate), and the percent of dose excreted in urine (%
Dose). .

Safety
The incidence of adverse events were tabulated. Absolute values for vial signs, ECGs, laboratory

parameters and physical examination were also documented and values outside the normal range were
flagged. Abnommal shifts from baseline were tabulated.

af
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Statistical Methods:

Descriptive statistics (e.g., mean, standard deviation, relative standard deviation, regression analyses)
were performed for plasma concentrations and for alt PK parameters.

Results and Discussion:

Pharmacokinetics

Mean and individual ciprofloxacin plasma concentration-time profiles following ingestion of Proquin™ 500
mg tablets with a moderate fat content meal are presented in Figures 30 and 31. The semilogarithmic plot
indicates that the phamacokinetics of ciproftoxacin fits a 1-compartment model with first-order elimination
- from systemic circulation (Figure 32). The pharmacokinetic parameters for ciprofloxacin in plasma are
summarized in the Table 77. '

Figure 30
Mean plasma ciprofloxacin plasma concentration-time profile of subjects
Following a single dose of Proquin™ 500 mg tablets under fed conditions (Linear plot)
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Figure 31
Individual plasma ciprofloxacin plasma concentration-time profile of subjects
following a single dose of Proquin™ 500 mg tablets under fed conditions
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Figure 32

Mean plasma ciprofloxacin plasma concentration-time profite of subjects
following a single dose of Proquin™ 500 mg tablets under fed conditions (Semi-togarithmic plot)
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TABLE 77

PHARMACOKINETIC PARAMETERS FOR CIPROFLOXACIN IN PLASMA

PHARMACOKINETIC PARAMETER

PROQUIN™ 500 MG TABLETS (N=16)
GEOMETRIC MEAN (% CV)

AUCy (ng.hVml)

88532 (32.2)

AUCo... (ng.h/mL)

9256.0 (31.7)

Cmax (ng/mlL) 1285.5 (26.8)
Tmax (hr} mean/SD 4.19+£0.81
median 4.50

t¥ (hr) 4.89 +0.80

Mean and individual ciprofloxacin cumulative urinary excretion profiles following ingestion of Proquin™
500 mg tablets with a moderate fat content meal are presented in Figure 33. The pharmacokinetic
parameters for ciprofloxacin in urine are summarized in the Table 78. Approximately 30% of the orally
administered dose was recovered unchanged in the urine during the 36 hours post-dosing.

Figure 33

Mean urinary ciprofloxacin cumulative amount excreted in urine obtained in healthy elderly subjects
following a single dose of Proquin™ 500 mg tablets under fed conditions
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TABLE 78

PHARMACOKINETIC PARAMETERS FOR CIPROFLOXACIN IN URINE

PHARMACOKINETIC PARAMETER PROQUIN™ 500 MG TABLETS (N=16)
Mean + SD

Tmax Rate (hr) 525+ 1.44

Max Rate (mg/hr) 24.16 +6.80

Ae (mg) 149.9°+ 177

CLr (L/hr) 17.54 £4.88

% Dose 30.41+539

® Geometric mean
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Safety .
There were 11 AEs reported by nine subjects during the course of the study, all of which were considered

mild in severity (Table 79). The specific adverse events experienced by patients in this study (based on
MedDRA preferred terminology) are listed in Table 79A. AII AEs (except one episode of lighheadedness)
were considered unrelated to the study drug.

~ Table 79
Summary of Adverse Events
Tresimnk
A rus
e ] o Wi
Go. of Sbjecte who cecmived stody ' e1 o
Sibjors Withdrew or dlesdsesd dus o B 4 [}
fubgecte with. Xis H{EL . IER] 1
Subrfects with Swciows s a [}
Tocxl mewbar of adw i1 1
Yoitxl nusiar of Bagioes AEs g ]
Table 79A

Summary of Adverse Events using preferred MedDRA terminology o
As percentage of total number of subjects with AEs g‘
Trvatmaxs X g
FPrefaicid Tiixe & t - total a
—
. . O
Tatai . of K 11 11 (—D-
e scdiom Inaorsesd ¥ lik-ie ¥
Wland caloizm dscrainsd. 1 13.88% h % 0
Masd enlecide {pcraadid 1 is.avk 1 Q
Peninse 1 1%.48 1 g
Tandzchs: 1 {349k 1
myalgia 1 ja.o8% 1 <
Elasalen count dectabisd 1 {9.48¢ 1
Werdpuracure gite bruiss i A8 0%k i
*hits blood celle urize 1 49.4%k i
: 1 is.a%f 1

*rrefatsed Tein coded with WadlEs Tarsisn 5.1
TRERIWONE 4 CTROTCEGTS W™ TaKIKE, 1 » 904 wg, 4O ¥ HP043, &5

Yustwr of lacidemces per Frsfarced Teom pes Trasbmeci

¥ ‘wnﬂn&uiu&a&u&nﬁMl’-#tu.wa-gxzi4m‘aauv.am‘“u.»saut.a&a-muaaa-s_] x LOF

Tockl mpkee of racidaistdl o TOLIERELD

Reviewer's comments:

1. The sponsor compared the PK parameters in elderly patients of this study to historical younger (< 65
years) subject controls from Studies 81-0024, 81-0025, 81-0029, and 81-0032. The sponsor’s
findings (as given in Table 80 below) suggest that the Cmax and AUC values for ciprofloxacin
following Proquin™ in elderly subjects were higher, 39% and 31% respectively, as compared to
younger healthy subjects. However, the ciprofloxacin half-lives were similar in the eiderly and younger
healthy subjects.

e’
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Table 80 »
Summary of Ciprofloxacin Plasma Pharmacokinetic Parameters by
Age: Subjects Receiving Ciprofloxacin GR 500 mg (Single Dose) in
Studies 81-0024, 81-0025, 81-0029, and 81-0032

. Plarmacokinetic Statistics Treataent Geoup p-value®
Parameter ) Ciprofloxacin GR | Ciprofloxacin GR
’ 500 mg 500 mg
< &S Years 265 Years
AUCq,; (nghr/mL) n 68 18
.| Geometric Mean 6586.7 (28.8) 9028 6 (30.5) 0001
{%EV)
AU?I:? n . 66 18
(oghriml) Geametric Maan 72137 (28.5) 94295 299) 0.001
(%CV) :
Cues (BgfmlL) n 68 18
Geametric Mean Q175 (42.5) 12737 (26.5) <0.001
(%CV) ,
Ty (br) n 68 18
Median 4.50 4.50
. Mean = SD 552307 4200381 0.002
Tu(hr) n 66 ) 18
 Median : 47 4.89
Mean + SD 4742094 5.03 £0.96 0258
Reuat Clearance a sa° 17° )
(L) Medisn 23.47 1626
Mean + SD 23.01 £5.79 1745 £ 474 <0.001

a  The p-valug for tha hotwean group comparisen was based on the iwo-sample i-iest.
b.  Urinary PK Samples were not collected in 841-0029
2. Table 81 below compares the piasma and urinary PK parameters of Proquin™ in elderly subjects of
this study to that of healthy volunteers (< 65 years old) in selected single-dose PK studies. Note that
the validity of using these historical PK data available on younger subjects is limited by study protocol
differences, as noted below.

TABLE 81
PHARMACOKINETIC ELDERLY HEALTHY HEALTHY
PARAMETER (UNIT) (>65 YEARS) VOLUNTEERS VOLUNTEERS
{STUDY 81-0032) (<65 YEARS OLD% (<65 YEARS OLD
(STUDY 81-0025) (STUDY 81-0028)
Proquin™ Dose {mg) 500 (single-dose) 500 {single-dose} 1000 (without antacids;
3 - single-dose)
Fat-content of meal moderate high moderate
Fluid control measure Yes Yes Yes
AUCy(ng*himlL) 8853.2 (32.2) | 6236.7 (29.1) 7405°
AUC,... (ng*h/ml) 9256.0 (31.7) 6535.5 (28.5) 7598°
Cmax (ng/mL) 1285.5 (26.8) 691.6 {31.0) 1041°
Tmax (hr) 419 +0.81 7.04+3.31 445+ 1.69
4.50 9.00 4.50
t¥% hr) 4.89£0.80 4.49+0.83 5.11£0.99
Tmax Rate (hr) 525+1.44 7.82+3.97 5.78 £2.36
Max Rate {mg/hr) 24.16 £ 6.80 17.82+:4.76 48.24 = 18.33
Ae (mg) 149.9 + 17.7 131.8 (21.2) 16247
% Dose 30 27 33.4

* normalized to 500mg
“vatues in parentheses {% CV); values after £ {SD)

-t
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The mean elderly AUC and the mean elderly Cmax were about 42% higher and about 86% higher,
respectively compared to those in the healthy volunteers in Study 81-0025. The relatively greater
difference in Cmax (than AUC) between the two age groups can be explained by the substantial
difference in mean and median Tmax. it is evident from the data in the table above that the fat-content of
the meal has an effect on the Tmax, and consequently the Cmax of ciprofloxacin. The significant
difference in the rate of ciprofioxacin absorption between elderly subjects and younger subjects (Study
81-0025) is relevant because it is even expected that elderly patients will have a longer-than-nomal
Tmax as a result of longer gastric emptying times. Thus, as a consequence of study design differences, it
- was not logical to compare the Cmax (as well as other PK parameters) of the elderly subjects to healthy
volunteers in Study 81-0025.

The PK of elderly subjects were compared to that of healthy younger subjects enrolled in the Antacid
Drug Interaction Study 1 (81-0028) control group, as an alternative to the PK data obtained in the healthy
volunteers of Study 81-0025. Healthy subjects in the control group of the Antacid Study 1 received
Proquin™ alone with a moderate-fat content meal but at a dose of 1000mg; itis assumed here that the PK
of Proquin™ in healthy volunteers is linear at a dose range of 500-1000mg. Considering the PK exposure
values after normalization to 500mg, it appears that the ciprofioxacin AUCg, and Cmax values in elderly
subjects were slightly higher (by 20 and 24%, respectively) compared to those in younger subjects. Both
the mean/median Tmax values and the elimination haif-lives of elderly subjects were comparable to those
in the younger subjects of the reference study. However, the percentage of the ciprofloxacin dose
excreted into the urine of elderly subjects was lower by about 11% than in younger subjects.

3. Atthe time of screening, the subjects enrolled in this study had normal serum creatinine values
allowing the sponsor/investigator to conclude that these subjects had normal renal function.
However, when the Cockroft-Gault equation was used to calculate creatinine clearances from the
reported serum creatinine values at screening, it was revealed that 75% (12 of the 16) elderly
subjects enrolled in this study had mild renal impairment (CLcr = 51-80 mL/min). The PK parameter
values for ciprofloxacin based on this re-analysis are shown in the Table 82.

TABLE 82

Pharmacokinetic Parameter -

Elderly subjects with normal renal

Elderly subjects with mild renal

(h)

Mean = SD function (CLCr = 80 mL/min} impairment (CLCr = 51-80 mL/min)
{unit) N=4 . ' N=12
Creatinine Clearance 9205+ 14.28 67.24 + 8.66
{mi/min)

Ciprofloxacin AUCs.24n 7257 + 251 9928 + 3203
(ng*himL) ]
Ciprofloxacin Cmax 1074 = 69 1407 £ 375
{ng/mL)

Ciprofloxacin Tmax 45+1.0 41+£08

0 _ -

Ciprofloxacin t% 48+1.1 49+0.7

It appears from Table 82 above that in elderly patients with mild renal impairment, the ciprofloxacin
AUC, 24 and Cmax from a single dose of Proquin™ 500mg were about 37% higher and 31% higher,
- respectively compared to their elderly counterparts with normat renal function (>80 mUmin). The

difference in AUC, 245 between the two renal groups of (mild renal impairment and normal renal function)
elderly subjects in this study is similar to the exposure (AUC) difference between the same renal groups

{41%) seen in Study 81-0036, a study dedicated to evaluate the effect of renal function on the PK of
- ciprofloxacin from a single dose of Progquin™ 500mg.

4. That renal elimination is not the sole means of ciprofloxacin elimination from the body is suggested -

from the observation that the AUC of ciprofioxacin in these elderly subjects was not related to
creatinine clearance (Figure 34). . .
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‘ FIGURE 34 .
Relationship between creatinine clearance and ciprofloxacin AUC..4 of elderly patients
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Reviewer’'s Labeling Recommendation:

The average ciprofloxacin plasma Cmax and AUC in elderly patients in this study were not significantly
different from those observed in younger subjects from previous studies. Because no significant safety
issues were associated with these slight increases-in plasma ciprofioxacin exposure, dosage adjustments
are not recommended in elderly patients (>65 years old} with normal renal function to mild renal
impairment. '

4 APPEARS THIS WaY
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Study 81-0036

A Study Comparing Single Dose Pharmacokinetics of Proguin™ 500 mq Tablets in Subjects wuth
Normal Renal Function and in Subjects with Mild and Moderate Renal Impairment

Objective:
To compare the pharmacokinetic profile of ciprofloxacin from Proquin™ 500 mg Tablets in subjects with
mild and moderate renal impairment and subjects with normal renal function

Study Design: A three-group, single-dose, multi-center, fed design

Subjects:

e Thirty non-smoking subjects (11 females/19 males; at least 21 years old) were grouped into
three depending on renal function.

« The creatinine clearance for each subject was calculated based on the Cockeroft-Gault
formula for determining creatinine clearance. The subjects will be classified based on their
creatinine clearance values.

TABLE 83
CLASSIFICATION CREATININE CLEARANCE
(BASED ON RENAL FUNCTION) " (mUmin) )
Normal renal function >80 mL/min
Mild renal impairment 51-80 mL/min
Moderate renal impairment ~ 30-50 mL/min

« Only patients with adequate liver function {as indicated by total bilirubin, SGOT (AST), and
SGPT (ALT) £2 x institution ULN] will be enrolled.

« Patients with clinically significant history or current active gastrointestinal dysfunction will be
excluded.

Drug Administration: Following an overnight fast of at least 8 hours, each subject received at 0.0 hour on
Day 1, one Proguin™ 500 mg Tablet with 240 mL of ambient temperature water, 30 minutes after the start
of a standardized (approximately 500-600 calorie, moderate-fat content) meal.

The moderate-fat content meal consisted of the following: one egg, one slice of bacon, 9 g of butter, one
English muffin, hash browns (2 oz) and 250 mL orange juice.

Fluid control: Water was provided ad fibiturn until 1.0 hour pre-dose. After drug administration water was
permitted ad libitum. The subjects in this study were not required to receive 100 mL of water every hour

or 2 hours after Proquin™.
Length of Study: The study will consist of one 4-day study period.
Blood Sample Collection: Blood samples were drawn for the determination of plasma ciprofloxacin

concentration at the following time points: 0.0 (pre-dose), 0.5, 1.0, 2.0, 3.0, 3.5, 4.0, 4.5, 5.0, 5.5, 6.0,
9.0, 12.0, 14.0, 18.0, 24.0, 36.0, and 48.0 hours post-drug administration.

Analytical Method:
Analysis of ciprofloxacin was conducted using a validated HPLC assay method. The lower limit of
quantitation (LLOQ) for ciprofloxacin was 24.99 ng/mL.

Pharmacokinetics:
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Plasma pharmacokinetic analysis was conducted using a non-compartmental analysis. Parameters

AUCq., AUCq.ini, Crmax, Tmax t¥2 and CL/F were calculated for ciprofloxacin.

Statistical analyses:

ANOVA was performed on log-transformed AUC, Cmax and CL/F , and on untransformed Tmax and t%
at a = 0.05. The normal renal function group was used as the “control” group.

Safety:

The incidences of all adverse events (AEs) were tabulated by treatment group and subject number.

Results and Discussion:

Subject demographics and baseline characteristics (summarized in Table 84) were similar for ali three
renal function groups, except for creatinine clearances.

TABLE 84
Croup 1 Gromp 2 Groep 3
(Vi1d Renst (Moderate Rensd | (Novwal Renat
Imapairascat) lnpairocont) Furicticn)
Number 10 10 10
Gender 7 malos, 3 fomghs | 6 males, 4 femalos | Gmales, 4 females
| 4 Camcasiznrs Biack/ | 5 Cancasian e
Raco 1 Asia/l Hisponic | 4 Blackt Asign | 10 Cawcasian ‘g
Age (rears) 6424 116 69499 B5%36 %
can = 8D -
Weight (@) - — o
Mo s S5 201 £ 12,6 KILL146 | BOLL40 2
Hoight (oo ] o . ~
Mo §D 16694 108 16904 13.1 17064 8.2 %
BMI (kgfm , . 1 1 g g .
Mesn (cange) IR6(242357) 28T | 277245363 8
Creatinine Cleammee (mldmin} | o0y 63§ 36 12,6 (45485 100.3 (883-109.4
Moan (mage) X (‘.- &) 2.6 (M. ) (BR3-109.4) «-2
Sousce: Appendix 2% '
Y et £ wens caboul 1 as Folk

Mo (140-Aga]” Welght .61 * (Sermn Creatininc}
Femutos: {{140-Agsy® Weight .81 * {Serum Creatinine})* 3.85

Mean ciprofloxacin plasma concentration-time profiles are presented in Figure 35.
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FIGURE 35 »
Mean Plasma Ciprofloxacin Concentration-Time Profiles in Various Renal Function Groups
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The plasma pharmacokinetic parameters of ciprofloxacin (Proquin™) obtained for various renal function a
groups and the findings of statistical analysis are summarized in Table 85 below. =
TABLE 85 @
Lroap 1 p | Group2 v |G 8
» - : Vatues' | 2 . LA e
Pharsasolinctic AMild Renal atuey’ | (Moderatc Regal Qoomal Benat :
. Imspaireweni) b Function} e
Pavanwicr a=10 PYYT] r=Ff0 <
Mean 8D AMeon i SD Mear + 8D
AUC . (nghrimlye | 123149(294) 00453 | 1M635G7T B0IIS | 87224 (220}
AUC gas (ng-bcfmlLy? 12778 B (8.1 o089 | 138342 (37.0% 60165 | 9059.621.6)
€. (ng/mL)* 1545 5 (28.6) 6.6204 | 17524 (389) 01859 | 1363.0¢237
o (Y 425 sy | 450 3,28 "y
T, (he) O.00- 550 0.557 | 0 600) 0038 | 56 s on)
fan (he) 1109 0000 | 7545215 0000l | 4542040
CL/F {mLmin) 411153 G397 13864154 GOIGS | $64& 131
Source: Appendix 3.1E
© * Goomedric weans (HCV)

+ padian (Wi ~ Max)
t p-valoes refative to Group 3 (nuldecis with sormal reval fonction}

Plasma exposures (AUC values) of ciprofloxacin were significantly increased in subjects with mild and
moderate renal impairment as compared to subjects with normal renal function. Although there was a
trend toward increasing Cmax values with decreasing renal function, Cmax values of ciprofloxacin were
not statistically greater in subjects with mild and moderate renal impairment.

Ciprofioxacin clearance was significantly decreased in patients with mild and moderate renal impairment;
ciprofloxacin half-lives were fonger in these patients.

Safety:

e The reported adverse events are summarized in Table 86 below. None of these AEs were
judged to be severe nor related to study drug.
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TABLE 86
:ﬂb‘iw Group | Event (peeferred term) Relatignship | Tmienisity Qutcome
6.
01-103 |1 Cathetor sifc cdoma Not rolafed | Mild | Resolved
Cathoter site pain ) Notrolated | Mild . | Resolved
01203 |2 Headache Rotrclatod | Mild Rezolved
013w |3 Lactate dehydrogenase Notrclated | Mild Resobved
increased ) .
02-i4 |1 Flatulence Not redated Mild Resolved
02-2m |2 Infusign sitc inflammastion Not rclated Mitd Resalved
Sowsea: Appendix 2.5.8.3.

« There were no clinically significant changes from screening to final evaluation for any
laboratory parameters for any subject.

e There were no clinically significant changes from screening to final evaluation in laboratory '
parameters, vital signs, or physical findings for any subject.

REVIEWER’S COMMENTS:

1.

Caucasians comprised 40%, 50%, and 100% of the subjects in the mild-, moderate- renally
impaired, and normal renal function groups, respectively. However, there is no literature evidence
that suggest that ciprofloxacin pharmacokinetic parameters are significantly affected by race.

The systemic exposures (as AUCy,) of ciprofloxacin in subjects with mild and moderate renal
impairment were 42% and 54% higher, respectively, compared to subjects with normal renal
function. The mean ages (64 to 66 years old) of the three renal function groups in this study
suggest that majority of the subjects were at or approaching old age. Indeed, the difference
between the mildly renally impaired patients and those with normal renal function in this study
{42%) was similar to that seen in the same groups of subjects enrolled in Study 81-0032 (37%)

study that investigated the PK of Proquin™ in elderly subjects.

Since none of the subjects enrolled had concurrent hepatic impairment, it is likely that hepatic
elimination of ciprofloxacin compensated for the mild to moderate renal dysfunction in these
subjects. In addition, that the total clearance of ciprofloxacin is not dependent only on renal

-excretion is evident from the tack of a significant difference in ciprofloxacin clearance values

between the mildly and moderately renally impaired groups (41 and 38 mL/min, respectively).
Therefore, dosage reduction is not needed for patients with mild to moderate renal impairment.

The FDA Guidance on Pharmacokinetics in Renal Function recommends either a full study
design {consisting of 5 renal function groups: normal renal function, mild-, moderate-, severe-,
renal impairment, and end-stage renal disease), or a reduced study design (which starts with 2
extreme groups: normal renal function versus severely renally impaired). Because the PK'in
renal impairment study conducted for Proquin™ excluded patients with severe renal impairment
and those with end-stage renal disease (ESRD), under ordinary circumstances, the use of
Proquin™ in these particular groups should be contraindicated.

However, the sponsor argues that no dosage reductions for Proquin™ 500 mg are needed for
patients with severe renal impairment and those undergoing dialysis because the labels for
Cipro® and Cipro XR® recommend ciprofioxacin dosages of up to 500 mg q18h in severely
renally impaired patients and 500mg q24h in dialysis patients. The reviewer finds this proposal
acceptable for the following reasons:

AdcD o|qissod jseg
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As shown by the findings of the Mass Balance Study, the elimination of ciprofloxacin and
active metabolites from Proquin™ is not only via renal excretion. About an equal
percentage of the dose is excreted by non-renal means.

As shown by the findings of this PK in Renal Impairment Study, the total clearance of
ciprofloxacin was not dependent on renal function. In addition, the 2-fold increase in the
ciprofloxacin elimination half-life previously seen in subjects with end-stage renal disease
(Cler < 10 miymin; Drusano et al., 1987) versus healthy control subjects is similar to
that seen in subjects with mild and moderate renal impairment (1.70-fold and 1.66-fold,
respectively; Study 81-0036).

‘Based on the findings of the single-dose and multiple-dose studies, the resulting total
daily systemic exposure from Proquin™ 500 mg extended release tablets is not expected
to be greater than that achievable from the immediate-release Cipro® regimen at the
dosage recommended for those with severe renal impairment or those undergoing
dialysis.

Based on the combined findings of the single-dose and steady state PK studies, the
AUC,.54 accumuiation ratio on Day 3 of treatment is minimal (R = 1.07 to 1.22) in subjects
with normal renal function. Thus, based on the comparable PK parameters of subjects in
various renal function groups, it does not appear necessary {o adjust dosage in severely
renally impaired uUTI patients who will receive Proquin™ 500 mg daily for 3 days.

e

APPEARS THIS WAY
ON ORIGINAL
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Study 81-0028

A Three-Way Crossover, Open-Label, Single-Dose, Fed, Pharmacokinetic Interaction Study of
Proquin™ 1000 mq { 2 x 500 mq Tablets) With or Without Antacid in Healthy Non-Smoking Male
. and Female Subjects (Antacid Drug Interaction Study 1)

Objective: _

To investigate the effects of antacids (administered 2 hours before or-6 hours after-Proquin™) on the
pharmacokinetics of ciprofloxacin from a test formulation of Proquin™ 500 mg Tablets under fed
conditions

Study Population:

Of the 28 healthy, non-smoking subjects (15 males, 13 females) enlisted into the study, 27 completed the
study. - One (1) of these patients who completed the study did not have reportable plasma concentration
values. The mean age of the enrollees was 34 years (range = 21 to 68 years). The mean weight was 72
kg (range = 51 to 92 kg). The mean height was 1.70 m (range = 1.52 to 1.82 m). There were 22
Caucasians, three Asians, and three Blacks.

Dosing and Administration:

Each treatment with Proquin™ in this study was preceded by a standardized, approximately 500-600
calorie, moderate-fat content meal consumed within 20 minutes. The wash-out period between
treatments was about 7 days.

Treatment A (Proguin™ alone):

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value = -~ » of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal.

Treatment B (Antacids 2 hours before Proguin™ ):

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value = -— . of label claim),

administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the

meal.

Py

Two hours prior to Proquin™ dosing, subjects received 2.5 mL Concentrated Milk of Magnesia (600 mg
magnesium hydroxide), followed by 7.5 mL AlternaGEL® (900 mg aluminum hydroxide) one minute later.
Subjects received 100 mL of ambient temperature water after the administration of the antacids.

Treatment C (Antacids 4 hours éfter Proquin™):

At O hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value = — , of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal.

Six hours after ciprofloxacin dosing (= 5 minutes before the 6.0™ hour blood draw), subjects received 2.5
mL Concentrated Milk of Magnesia (600 mg magnesium hydroxide), followed by 7.5 mL AlternaGEL®
(900 mg aluminum hydroxide) one minute fater. Subjects received 100 mi. of ambient temperature water
after the administration of the antacids.

Fluid Control Measure: 7
The subjects were provided with servings of water (100 mL) every one to two hours according to
scheduled time periods as specified in the protocol.

Pharmacokinetic Sampling:

Blood samples will be collected according to the following schedule:

0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0, 18.0, 24.0, and 36.0
hours post-drug administration.
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Urine samples will be collected at the foliowing time intervals:

Pre-dose (complete void and collect), 0.0-2.0, 2.0-4.0, 4.0-6.0, 6.0-8.0, 8.0-10.0, 10.0-12.0, 12.0-16.0,
16.0-24.0 and 24.0-36.0 hours post 0.0 hours dose (test drug dosing). The volume (at least 20 mL)
collected for each interval will be recorded.

Analytical Method:

A validated HPLC method was used for the analySIs of ciprofloxacin in plasma and urine samples The
lower limit of quantitation (LLOQ) was 24.986 ng/mL and 1.5 mcg/ml, for plasma and urine samples
repsectively.

Criteria for Evaluation:
Pharmacokinetics

The Cmax and Tmax were determined by visual inspection of the plasma concentration-time profiles.
Using non-compartmental modeling, the following pharmacokinetic parameters were determined from the
plasma profiles: Areas under the concentration-time curve from time zero to time of last measurable
concentration [AUC(0-t)}, AUC(0-), and t ; from urine profiles: the amount excreted in urine (Ae), renal
clearance (CLr) maximum observed excretion rate (Max Rate) , midpoint of collection interval associated
with the maximum observed excretion rate (Tmax Rate), and the percent of dose excreted in urine (%
Dose).

Safety :
The incidence of adverse events was tabulated. Absolute values for vial signs, ECGs, laboratory

parameters and physical examination were also documented and values outSIde the normal range were
flagged. Abnommal shifts from baseline were tabulated.

Statistical Methods:
Analysis of variance (ANOVA) was performed on In-transformed AUCg,, AUC,... and Cmax and on
untransformed Tmax and t'4 at the significance level of 0.05.

The ratio of geometric means and the 90% geometric confidence interval (90% C.1.) were calculated
based on the difference in the Least Squares Means of the In-transformed AUC,,, AUC,.. and Cmax
between the test and reference formulations.

ANOVA was also performed on Ae, Clr, %Dose, Max Rate and Tmax Rate at a = 0.05.

Results and Discussion:

The mean plasma concentration-time profiles of ciprofloxacin, with or without antacids (2 hours before or
6 hours after the ciprofloxacin dose) are presented in Figure 36. The summary of plasma
pharmacokinetic parameters and the findings of the statistical analyses are presented in Tables 87 and
88. The systemic and urinary exposure were slightly lower with artacids but were not statistically

significantly different when compared to Proquin™ alone.

e
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FIGURE 36
Mean Plasma Ciprofloxacin concentrations
with or without antacids 2 hours before or 6 hours after ciprofloxacin
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TABLE 87
Pharmacokinetic parameters for Ciprofloxacin
(without and with antacids 2 hours before or 6 hours after ciprofloxacin)
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TABLE 88
Bioequivalence assessments for Ciprofloxacin
(with and without antacids 2 hours before or 6 hours after ciprofloxacin)
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The mean ciprofloxacin amounts excreted in the urine are presented in Figure 37. The summary of
urinary pharmacokinetic parameters and the findings of the statistical analysis are presented in Table 89
below.
FIGURE 37
Mean Cumulative amount of Ciproftoxacin excreted in Urine
(with or without antacids 2 hours before or 6 hours after ciprofloxacin)
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TABLE 89
Pharmacokinetic parameters for Ciprofloxacin in the urine
(without and with antacids 2 hours before or 6 hours after ciprofloxacin)
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Safety
* There were a total of 27 AEs (all of mild or moderate severity) reported by 7 subjects during the
study. There were no serious AEs nor withdrawals due to AEs reported. None of the AEs
reported were considered probably or possibly related to the study drug.

+ During Treatment A (Proquin™ alone), 3 subjects experienced a total of 11 AEs.
During Treatment B (antacids 2 hours before ProqumTM) 4 subjécts experienced a total of 10
AEs.
During Treatment C (antacids 6 hours after Proquin™), 5 subjects experienced a total of 6 AEs

REVIEWER'S COMMENT:

Refer to the combined reviewer's commenits for Antacids Drug Interaction Study 1 and Study 2 (next
individual study review).

APPEARS THIS WAY
ON ORIGINAL
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Study 81-0033

A Three-Way Crossover, Open-Label, Single-Dose, Fed, Pharmacokinetic Interaction Study of
Proguin™ 1000 mgq ( 2 x 500 mg Tablets) With and Without Antacids in Normal Healthy Non-
- Smoking Male and Female Subjects (Antacid Drug Interaction Study 2)

Objective:

To investigate the effects of antacids (administered 2:hours after or 4 hours after Proquin™) on the
pharmacokinetics of ciprofloxacin from a test formulation of Proquin™ 500 mg Tablets under fed
conditions - :

Study Population:

Of the 30 healthy, non-smoking subjects (18 males, 12 females) enlisted into the study, 29 completed the
study. One (1) patient withdrew for personal reasons. The mean age was 41 years (2 to 62 years); mean
weight was 72 kg (54 to 94 kg). The mean height was 1.69 m (1.53 to 1.94 m). There were 15
Caucasians and 15 Asians.

Dosing and Administration:
Each treatment in this study was preceeded by a standardized, approximately 500-600 calorie, moderate-
fat content meal consumed within 20 minutes.

Treatment A (Proquin™ alone): )

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value =~ — of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal.

Treatment B (Antacids 2 hours after Proguin™ ):

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value= — , of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal.

Five minutes before the 2™ hour ciprofloxacin post-dosing, subjects received 2.5 mL Concentrated Milk of
Magnesia (600 mg magnesium hydroxide), followed by 7.5 mL AlternaGEL® (900 mg aluminum
hydroxide) one minute later. Subjects received 100 mL of ambient temperature water after the
administration of the antacids.

Treatment C (Antacids 4 hours after Proquin™):

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value = ~ of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal. -

Five minutes before the 4th hour ciproffoxacin post-dosing, subjects received 2.5 mL Concentrated Milk of
Magnesia (600 mg magnesium hydroxide), followed by 7.5 mL AlternaGEL® (300 mg aluminum
hydroxide) one minute later. Subjects received 100 mL of ambient temperature water after the
administration of the antacids.

Fluid Control Measure: None.

Pharmacokinetic Sampling:

Blood samples will be collected at the following times:

0.0 (pre-dose), 0.5, 1.0, 2.0, 3.0, 3.5,4.0,4.5,5.0, 5.5, 6.0, 9.0, 12.0, 14.0, 18.0, 24.0 and 36.0 hours
post-drug administration

Analytical Method:
A validated HPLC method was used for the analysis of ciprofloxacin in plasma samples. The lower limit
of quantitation (LLOQ) was 24.999 ng/mL. :

&
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Criteria for Evaluation:
Pharmacokinetics

The Cmax and Tmax were determined by visual inspection of the plasma concentration-time profiles.
Using non-compartmental modefing, the following pharmacokinetic parameters were determined from the
plasma profiles: Areas under the concentration-time curve from time zero to time of last measurable
concentration,[AUC(0-t)}, AUC(0-), and t'% ; from urine profiles: the amount excreted in urine (Ae), renal .
clearance (CLr), maximum observed excretion rate (Max Rate) , midpoint of collection interval associated
with the maximum observed excretion rate (Tmax Rate), and the percent of dose excreted in urine (%
Dose). '

Safety

The incidence of adverse events was tabulated. Absolute values for vital signs, ECGs, laboratory -
parameters and physical examination were also documented and values outside the normal range were
flagged. Abnormal shifts from baseline were tabulated.

Statistical Methods:

Analysis of variance (ANOVA) was performed on In-transformed AUCo-t, AUCO- and Cmax and on
untransformed Tmax and t¥; at the significance level of 0.05.

The ratio of geometric means and the 90% geometric confidence interval (90% C.1.) were calculated

based on the difference in the Least Squares Means of the In-transformed AUCo-t, AUCO- and Cmax
between the test and reference formulations.

Results and Discussion: :

The mean plasma concentration-time profiles of ciprofloxacin, with or without antacids (2 hours after or 4
hours after the ciprofloxacin dose) are presented in Figure 38. The summary of pharmacokinetic
parameter and the findings of the statistical analysis are presented in Tables 90 and 91.

. FIGURE 38 .
Mean Plasma Ciprofloxacin concentrations
with or without antacids 2 hours or 4 hours after ciprofloxacin
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TABLE 90
Phamacokinetic parameters for Ciprofloxacin
(W|thout and W|th antacids 2 hours after or 4 hours after cnproﬂoxacm)
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TABLE 91
Bioequivalence assessments for Ciprofloxacin
(with and without antacids 2 hours or 4 hours after ciprofloxacin)
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Safety :
¢ There were a total of 8 AEs (all of mild severity and mostly abnormal laboratory abnormalities

typical of ciproﬂoxacin) reported by 7 subjects during the study. There were no serious AEs
nor withdrawals due to AEs reported. None of the AEs reported were considered probably or

possibly related to the study drug.

¢ Treatment comparison:
Treatment A: 3 AEs
Treatment B: 2 AEs
Treatment C: 3 AEs

REVIEWER’S COMMENTS (for studies evatuating the effect of timing of antac:d co-admlmstrat:on
on the pharmacokinetics of ciprofloxacin):

Normally, antacids are to be taken after a meal and at bedtime. Since ciprofioxacin bioavailability

1.
is adversely affected by the chelating and/or pH-altering effects of antacids, the sponsor

ad
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conducted two antacids drug interaction studies (81-0028 and 81-0033) to determine the
appropriate timing of antacid co-administration relative to the Proquin™ dose. Since there was no
difference in ciprofloxacin elimination half-life in the presence and absence of antacids, the
interaction is not likely caused by altered ciprofioxacin elimination.

2. Based on the findings of Study 81-0028 (Antacids-Proquin™ Interaction Study 1), antacids co-
administration at 2 hours before or 6 hours after Proquin™ tablets will not influence the oral
bicavailability of ciprofloxacin. This means that Proquin™ may be administered 2 hours after
antacids or 6 hours before antacids. This finding is quite different from the recommended timing
of antacids co-administration in the Cipro® and Cipro®-XR labels, i.e., Cipro® IR or XR should
be administered at least 6 hours after antacids or 2 hours before antacids. in an antacid drug
interaction study conducted by the sponsor of Cipro®-XR, administration of Cipro®-XR 4h after
antacids slightly reduced ciprofloxacin exposure, i.e, the AUC by 25% and the Cmax by 19%. it is
speculated that this difference in the antacids-drug interaction profiles between Proquin™ and
Cipro® dosage forms lies in the difference in in vivo release rates as evidenced by the difference
in the ciprofloxacin Tmax (4.5 to 9 hours versus 2 hours, when given with a meal). At 2 hours
following the antacid dose, the chelating/pH-altering effect of antacids would be greater on either
the two Cipro® dosage forms because a substantial amount of the drug is released immediately
‘and thus is readily available to interact with the residual antacids in the stomach or be prone to
the residual alkalinity from the previous dose of antacids. In the case of Proquin™, at least 6
hours would have elapsed after the last dose of antacids before it would reach the peak
ciprofloxacin concentrations. .

3. Based on the findings of Study 81-0033, co-administration of antacids 2 hours after a
ciprofloxacin dose decreased the AUC and Cmax of ciprofloxacin by 62% and 63%, respectively.
Antacids administered 4 hours after a Proquin™ dose decreased the AUC and Cmax of
ciprofloxacin by 22% and 11% compared to when Proquin™was given alone. Therefore, based
on the PK findings of the Antacids-Proguin™ interaction Study 2, Proquin™ may be administered
at least 4 hours before antacids but Proguin™may not be administered 2 hours before antacids.
This recommendation is in contrast with that recommended in the Cipro® IR and XR labels, i.e., it
is advisable to administer Cipro® dosage forms 2 hours before antacids. The effect of
administering antacids at 2 hours after the Cipro® dose is not expected to be clinically significant
because the reported Tmax of both Cipro®-IR and Cipro®-XR is 1.0 - 1.5 hours. Thus, att=2
hours post-Cipro® dose, much of the drug had been released from the dosage form and would
have already been absorbed. On the other hand, for Proquin™ with a Tmax of at least 4.5 hours,
co-administration of antacids at t=2 hours after the Proquin™ dose will likely have a significant
reduction effect on ciprofloxacin absorption. '

4. The co-administration of antacids 4 hours after Proquin™ results in a final ciprofloxacin AUCq.4 of
about 70% of that Cipro® immediate release (70%=0.77 x 91% of Cipro® AUC). From a PK/PD
perspective, this proposed timing of antacid co-administration with Proguin™ is acceptable; the
AUC/MICq; £ o ratio for ciprofloxacin when antacids are given 4 hours after Proquin™ 500mg will
be about 128 (still above the optimal ratio of 100 for fluoroquinclones needed to ensure a positive
clinical outcome), given an £.coli MICg, of 0.045 mcg/mL. The comesponding Cmax/MICg when
antacids are given 4 hours after the Proquin™ dose will be 24 (still above 10, the optimal cut-off
ratio for fluoroguinolones in relation to selection of resistant £.cofi.).

5. Based on the combined findings of the two drug interaction studies conducted, it is recommended
that Proquin™ be administered 2 hours after antacids or at least 4 hours before antacids.

Labeling recommendation (for Drug interaction — effect of antacids on ciprofloxacin
pharmacokinetics): '

The co-administration of antacids 2 hours before and 6 hours after ciprofioxacin dosing did not statistically
significantly alter the oral bicavailability of Proquin™. On the other hand, antacid co-administration 2 hours
after or 4 hours after ciprofloxacin dosing significantly reduced the AUC and Cmax of ciprofloxacin, albeit
to a much lesser extent at 4 hours than after 2 hours post-ciprofloxacin dose. Because the calculated
AUC/MIC and the Cmax/MIC of ciprofloxacin (given 4 hours before antacids) did not decrease beyond the
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optimal PK/PD parameter values needed to ensure a positive clinical outcome, the co-administration of
antacids at 4 hours foliowing the ciprofloxacin dose is considered acceptable. Thus, antacids may be
given 2 hours before or at least 4 hours after Proguin™ dosing.

APPEARS THIS way
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL

Yy
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Study 81-0027

A Two-Way Crossover, Open-Label, Single-Dose, Fed, Bioavailability Study of the Effect of
Omeprazole 40 mg on the Pharmacokinetics of Proquin™ 2 x 500 mqg Tablets in Healthy Non-
Smoking Male and Female Subjects ’ '

Objective:

To compare the peak and systemic absorption of ciprofloxacin from a test formulation of Proquin™ 500mg
Tablets given with or without omeprazole (Prilosec®) 40mg Delayed-Release Capsules QD under fed
conditions.

Study Population:
Twenty-eight healthy, non-smoking male and female subjects entered the study. All 27 subjects who
completed the study were valid for pharmacokinetic and statistical evaluations.

Dosing and Administration:

Each treatment of Proquin™ in this study was preceded by a standardized, approximately 500-600
calorie, moderate-fat content meal consumed within 20 minutes. There was a 7-day wash out period
between treatment periods.

Treatment A (Proquin™ alone):
At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency value = = of label claim),
administered at 0.0 hours with 240 mL of ambient temperature water.

Treatment B (Omeprazole 2 hours before Proquin™ ): : :

On Day -2, Day -1, and Day 1: Two hours:prior to the moderate-fat breakfast, one omeprazole 40mg
capsule (Prilosec® 40mg Delayed-Release Capsule), administered orally with 100 mL of ambient
temperature water.

At 0 hours, two Proquin™ 500 mg Tablets (Lot # HT3602; potency valye = —o 6f label claim),
administered at 0.0 hours with 240 mL of ambient temperature water 20 minutes after the start of the
meal.

Fluid- Control: ' .
On Day 1: For both treatments, 100 mL of ambient temperature water was administered on an almost

hourly basis after 2 hours post-dose until 24 hours after the Proquin™ dose.

Pharmacokinetic Sampling: , .
Blood samples were collected at 0, 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 8.0, 10.0, 12.0, 14.0,

18.0, 24.0, and 36 hours post-drug Proquin™ administration.

Urine (at least 20 mL) was collected during the following time intervals: prior to dosing, 0-2.0, 2.04.0, 4.0-
6.0, 6.0-8.0, 8.0-10.0, 10.0-12.0, 12.0-16.0, 16.0-24.0, 24.0-36.0 hours post Proquin™ dose. For each
time interval, the pH and volume of the pooled urine were measured.

Analytical Method:
A validated HPLC method was used for the analysis of ciprofloxacin in plasma samples. The lower limit
of quantitation (LLOQ) was 24.999 ng/mL. :

. Criteria for Evaluation:
Pharmacokinetics

The Cmax and Tmax were determined by visual inspection of the plasma concentration-time profiles.
Using non-compartmental modeling, the following pharmacokinetic parameters were determined from the
plasma profiles: Areas under the concentration-time curve from time zero to time of last measurable
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concentration,[AUC(0-t)}, AUC(0--), and t'4 ; from urine profiles: the amount excreted in urine (Ae), renal
clearance (CLr), maximum observed excretion rate (Max Rate) , midpoint of collection interval associated
with the maximum observed excretion rate (Tmax Rate), and the percent of dose excreted in urine (%
Dose).

Safety
The incidences of all adverse events were tabulated. Absolute values for vital signs, ECGs, laboratory

parameters and physical examination were also documented and values outside the normal range were
flagged. Abnormal shifts from baseline were tabulated.

Statistical Methods:

Analysis of variance (ANOVA) was performed on In-transformed AUC,,, AUC,... and Cmax and on
untransformed Tmax and t%; at the significance level of 0.05.

The ratio of geometric means and the 90% geometric confidence interval (90% C.1.) were calculated

based on the difference in the Least Squares Means of the In-transformed AUCq,, AUC,.. and Cmax
between the test and reference formulations.

Results and Discussion:
Pharmacokinetics

The mean plasma concentration-time profiles of ciprofloxacin, with or without omeprazole are presented
in Figure 39. The summary of plasma pharmacokinetic parameters and the findings of the statistical
analyses are presented in Tables 92 and 93. The systemic and urinary exposures of Proquin™ when
given with omeprazole 2 hours before Proquin™ were not statistically significantly different when
compared to Proquin™ alone. Even the apparent elimination half-lives were similar between the two
treatments. :

FIGURE 39
Mean Plasma Ciprofloxacin concentrations
{with or without Omeprazole, 2 hours before Proquin™)
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Pharmacokinetic parameters for Ciprofloxacin

TABLE 92

{without and with Omeprazole 2 hours before ciprofloxacin)

Z1 Clpraflotacn GRTT | 4 £ Ciproiloxacis GRT™
' 540 oy Tablets SO0 ey Tobbals
Pharmacaiinstic withant Onieprazole with Osneprazile P
Faranseters T {AY (LS pralue
(& <37) =27y

G erke Meant {(RCVY 1 Qeometric Mean (%)
AUC ¢ nghyiml) 4 154459 249) 149385 (155 0421t
AUC wiging'hsiml} 4 15964, (23.9) 1538998245 ML
Coue (5l 5 2544.5(25.6) 26126(28.7) a6

395 £094° 34721087

Ty ) § 400° Y50+ G083
tgthr) b 5.08 =082 435« 080t 0.096

» Medion vatiss * Men 87 ¢ The psalic i rom ANOVA on Tobsarabormrd i
§ Maninlly rounded firon eafiues abintd i Appendix 3

Bioequivalence assessments for Ciprofloxacin

TABLE 93

(with and without Omeprazole 2 hours before ciprofloxacin)

Cipraflaxaci GR! 108 g Tablets — with Greprazite (B} vs.
s . "  GR™ 508 rg Tablats — wishou O . i,
90% C.1. R‘ﬁ‘m“:;“‘“ Tntra Subject CV
AUIC,, HI04% - 307.76% G604 1524%
AUCow 29.83% - 103 30% 26.33% 19023
Croae 23.48% - 115.01% 102.78% 0354

The mean ciprofloxacin amounts excreted in the urine are presented in Figure 40. The summary of
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urinary pharmacokinetic parameters and the findings of the statistical analysis are presented in Table 94

below.

Average sxration rate (ugioe)
SEEEREE

FIGURE 40 .
Mean Cumulative amount of Ciprofloxacin excreted in Urine
(with or without Omeprazole 2 hours ciprofloxacin)
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TABLE 94
Pharmacokinetic parameters for Ciprofloxacin
(with or without Omeprazole 2 hours before ciprofloxacin)

1 x Ciproflexacia GR™ 1 x Ciproflexacin GRT
500 g Tablets 509 mg Tablets
i Pharmacokinetic without Omaprazole with Gmepyazobe fae
Parameters @A) ) prloe
(=17} (2 =2%
{Mea + $D) (ucan & S} i _
Tnaseme (K715 5004124 433+13¢ 1 0073
MaxRatefmafrlg | STSLE1LS6 520041821 § 0203
Aelmgld 3271 (203) 3y 0294
Olltms | 2 9G£588 2.3 %615 6428
% Base § ‘ . NI4T | 31esesy a4

+ Gt ,va

e During Treatment A (Proquin™ alone), 6 subjects experienced a total of 9 AEs. .
During Treatment B (Proquin with Omeprazole), 6 subjects experienced a total of 9 AEs.

* All reported AEs were mild and considered to be unrelated to study drug.

Reviewer’'s comments:

1.

The label of Cipro XR® states: “When CIPRO XR was administered as a single 1000 mg dose
concomitantly [sic} with omeprazole (40 mg once daily for three days) to 18 healthy volunteers,
the mean AUC and Cmax of ciprofloxacin were reduced by 20% and 23%, respectively.”
However, since the total amount of ciprofloxacin excreted in urine was not significantly different
from when CIPRO® XR was given alone, and the urine ciprofloxacin concentrations exceed the
MICq, for E. coli by at least 100- fold, omeprazole and CIPRO® XR can be co-administered

without dose adjustment.

- When Proquin™ was administered as a single 1000 mg dose with omeprazole (40 mg once daily

for three days, 2 hours before Progquin™), the mean AUC and Cmax of ciprofloxacin were
changed by -3.0% and +3.0%, respectively. Based on these findings, it can be concluded that
omeprazole (when given at ieast 2 hours before Proquin™) does not alter the systemic exposure
of ciprofloxacin from Proquin™.

The proton-pump inhibitory (PPI) activity of omeprazole and other PPls is highest when given on
an empty stomach. In consideration of this, the Proquin™ label should state that if Proquin™ and
omeprazole are to be given to the same patient, omeprazole should be given  =ww——== and
Proquin should be given with a meal.

APPEARS THIS WAY
ON ORIGINAL
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Study 81-0029

A Four-Way Crossover, Open-Label, Single-Dose, Fed, Comparative Pharmacokinetic Study of
Cipro® 500 mg Tablets and Three Different Formulations of Proquin™ 500 mg Tablets (Standard,
Fast, and Slow Release) in Healthy Non-Smoking Male and Female Subjects for Investigation of In-
Vivolln-Vitro Correlation

Objective: To generate phamacokinetic data for in-vitro/in-vivo correlation of ciprofloxacin from three
different formulations of Proquin™ 500 mg Tablets (Standard Release, Fast Release, and Slow Release)
and Cipro® 500 mg Tablets (Immediate Release) under fed conditions

Study Design: Randomized, four-way cross-over, open-label, single-dose, fed design
Study Population: All 16 enrolled healthy, non-smoking subjects (8 males, 8 females) with a mean age of

36 years (18 to 66 years) completed the study. The mean weight was 74 kg (54 to 91 kg); the mean
height was 1.70 m (1.55 to 1.81 m). There were 12 Caucasians, 2 Asians and 2 Blacks.

Dosing and Administration: Subjects received one of the following treatments at 0.0 hour on Day 1 of
each study period, according to a randomization scheme. Each formulation was administered with 240
mL of ambient temperature water 30 minutes after the start of a standardized, approximately 500-600
calorie, moderate fat content meal. There was a 1-week washout period between treatments.

Treatment A (Fast-Release Product) — Proquin™ 500 mg Tablet, IVIVC04
Treatment B (Standard-Release Product) — Proquin™ 500 mg Tablet
Treatment C (Slow-Release Product) — Proquin™ 500 mg Tablet, IVIVC08
Treatment D (Immediate-Release Reference Product) — Cipro®500 mg Tablet

PON=

Fluid Control Measure: None

Pharmacokinetic Sampling:

Biood samples were drawn in each treatment period according to the following schedule: 0.0 (pre-dose),
0.5,1.0,15,20,25,3.0,3.5,4.0,4.5,5.0,6.0, 8.0, 10.0, 12.0, 14.0, 18.0, 24.0 hours post-drug’
administration :

Pharmacokinetic and Statistical Analyses:
Model-independent pharmacokinetic analysis was performed based on plasma ciprofifoxacin
concentrations to obtain the following parameters:

AUC,, AUC; i, Cmax, Tmax, and elimination t%

Statistical comparisons (as originally stated in the protocol) were not performed because bioequivalence
with the reference Cipro® formulation was not intended for the various Proquin™ formulations.

Analytical Method: The plasma concentrations of ciprofloxacin were determined using a validated HPLC
method. The LLOQ was 24.000 ng/mL.

Safety: .
The incidences of all adverse events were tabulated. Absolute values for vital signs, ECGs, laboratory

parameters and physical examination were also documented and values outside the normal range were
flagged. Abnormal shifts from baseline were tabutated.

Establishment of a Level A In-Vitro-In-Vivo Correlation (IVIVC) Model:

A Level A IVIVC model was constructed using a deconvolution approach =~ _ that modeled
mean immediate release and Proquin™ standard release plasma concentration-time profiles to.
reconstruct in-vivo release for various Proquin™ formulations.

ag”



A polynomial fitting function was used to obtain a correlation between in-vitro and in-vivo release of
ciprofloxacin.

Results:
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The mean ciprofloxacin plasma concentration-time profiles of various Proquin™ 500mg formulations and
the reference Cipro® 500mg immediate-release formulation is shown in Figure 41.

PLASMA LEVELS. {rigiod)
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Mean Plasma Ciprofloxacin Concentrations (N=16)
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The pharmacokinetic parameters of ciprofloxacin obtained from various Proquin™ formulatlons and the
reference Cipro™ immediate-release formulation is shown in Table 95.

Safety:

TABLE 95
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Five subjects experienced a total of 10 treatment-emergent AEs during the study.
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Table 96 below summarizes these Adverse Events according to severity and Treatment.

TABLE 96 ,
Summary of Adverse Events
A B C D
Proquin™ Proquin™ Proquin™ Cipro® 500mg
500mg Fast- ~ 500mg 500mg (Immediate-
TREATMENT Release Standard- Slow-Release Release)
(IVIVC 04 hrs) Release (IVivC 08 hrs)
(=IVIVC 06 hrs)
No. of Subjects who received 16 16 16 16
treatment
‘Subjects withdrawn or 0 0 0 0
dismissed due to AE -
Subjects with AEs 2 (12.5%) 1 (6.25%) 1(6.25%) 3 (18.75%)
Subjects with serious AEs .3 1 1 5
Total numbers of AEs 0 . 0 0 0

Reviewer’s comments:

1. The various formulations of Proquin™ (slow-release, standard-release, and fast-release) exhibited
varying AUC,. values that were slightly lower (by 6%, 11%, and 12%, respectively) compared to the
reference immediate-release ciprofloxacin formutation. The Cmax of the various formulations
appeared to be a function of the Tmax, i.e., the formulation with the shortest Tmax (reference
immediate-release tablet) demonstrated the highest ciprofloxacin Cmax. The cxproﬂoxacm elimination
half-life was not formulation-dependent.

- It appears from the safety data summarized in Table 96 above that the incidence of AEs in this in-vivo
study was somewhat related to ciprofioxacin exposure (AUC and Cmax), i.e., higher exposure led to
higher AE incidence. However, all these reported AEs were considered by the investigators as mild in
severity and none of these AEs were considered to be poss:bly/probablylhkely related to the
ciprofloxacin treatment.

. In this study, the bioequivalence of the Proquin™ Standard-Release formulation with the reference
Cipro® 500mg Immediate-release formulation was not ascertained. Based on the arithmetic mean
AUC,, values, Proquin™ 500mg produced a systemic ciproffoxacin exposure that was 89% of that
following a dose of Cipro® 500mg immediate-release tablet. The mean and median Tmax values of
Proquin™ were shorter {by 2.34 hours and 1.98 hours, respectively) and consequently, the Cmax
produced was lower (by 25%) compared to the reference Cipro® 500mg immediate-release
formulation.

. The review of the IVIVC model appears in the next section.

APPEARS THIS WAY
~ ON ORIGINAL

-
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Study 85-0001

Establishment of a Level A in-vitro-in-vivo Correlation

Objective:

To calculate the in vivo release kinetics of three test ProqumTM formulations from their observed plasma
concentration-time profiles and to correlate these in vivo release profiles with their in vitro dissolution
profiles with the aim of arriving at a robust Level A IVIVC.

Methods and Software: _

The model independent, numerical deconvolution and convolution technique, based on the trapezoidal
formula, was applied for the calculation of the in vivo release kinetics and for the simulation of plasma
concentration profiles.

Data Used for Calculations:

In Vitro

The in vitro release (dissolution rate) of ciprofloxacin from the same batches of Proquin™ test
formulations used for the development of the {VIVC model were determined in 200 mL 0.1N hydrochloric
acid using USP dissolution apparatus | (basket, 100 rpm, 37°C). Since the product is designed to be
retained in the stomach where drug release occurs, the pH range of these media are biorelevant as

it is representative of the typical pH range of gastric fluid.

In Vivo

The mean plasma concentration profiles of the three different formulations Proquin™ 500mg Tablets
(Standard Release, Fast Release and Slow Release), taken from Study 81-0029, were used to assess
the release kinetics of the drug in the gastrointestinal tract.

Calculation of In Vivo Release Profiles _ .

The in vivo release kinetics of Ciprofloxacin from the tested formulations was calculated from their plasma
concentration levels by the numericat deconvolution method. The average plasma concentration profile
observed from the Cipro® 500mg Tablets (Immediate Release) served as this weighting function.

Development and Validation of the IVIVC v

Following the standard method, the percentages released in vivo were plotted against percent released in
vitro for the same time points from the three test formulations. The correlation was based on data points
up to 6 h, because the in vivo release of all three tested formulations is completed in this time period.The
resulting polynomial function describing the correlation of % released in vitro (X) and % released in vivo
(Y) was determined.

To ascertain the reliability of the developed IVIVC model, the “internal predictability” was evaluated, as
described in the FDA Guidance on IVIVC. The following steps were followed:
* In vitro release data are converted into in vivo release data by using the IVIVC model.
« The in vivo release profiles are convoluted with the plasma profile of the immediate release tablet
(unit impulse response) to calculate the corresponding plasma concentrations up to 12 h. In this
case, the plasma concentrations between 12.5 and 24 h were then extrapolated using the
elimination rate constant.
« The predicted plasma concentrations are compared with the observed plasma data and the
percent prediction error (%PE) of the IVIVC model is calculated with regard to the bloavallablllty
parameters Cmax and AUC
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Results:

The comparison of the in vitro and in vivo release profiles of the test formulations, used for the
development of (VIVC model, is shown in Fig. 42 . As can be seen from the figure, the in vivo dissolution
is systematically faster than the release in vitro and the rank order among them is not as consistent as in
the in vitro profiles.
-FIGURE 42
In vitro release data compared to the in vivo release profiles calculated by
deconvolution using the Cipro® tablet as the unit impulse response
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The percentages released in vivo were plotted against percent released in vitro for the same time points
from the three fest formulations (Figure 43). The X and Y data plotted are shown in the following table.

The resulting polynomial function describing the correlation of % released in vitro (X) and % released in
vivo (Y) is as follows: . :

Rearession equation: ' - - - R2=0.94

This equation is usable from 0.5 h onwards.

FIGURE 43
Correlation between percent released in vivo (Y-axis) and percent released in vitro (X-axis)

Cipruftoxacin GR 560mg Tahtsts
MVC odat
106 4
*
aa |
=
g
3 a0
=
= L 4
i . N
- 44 -
; & Femt Rokess Prodst (A)
& Storcand Rdcasa Product @]
2 & Sk Ralzaso Product ()
A L .
e Chirélinqar mgrassion
a -
a 2 w ea [ON o
% Ralea szd in vitro (K}

A<



145

‘ - TABLE 97
In-Vitro and In-Vivo Drug Release Data used in IVIVC Model

Validation: .

Internal predictability is depicted graphically in Figures 44A, 44B, and 44C below. The close agreement
between simulated and observed profiles demonstrates the goodness of the prediction obtained with the
IVIVC model for each of the three formulations.

FIGURE 44A ‘
Mean plasma concentration profiles observed in vivo and predicted with the IVIVC Model
(Proquin™ Fast-Release)
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FIGURE 44B
Mean plasma concentration profiles observed in vivo and predicted with the IVIVC Model
(Proquin™ Standard-Release)
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Mean plasma concentration profiles o

The ratios of predicted versus observed values for the usual bicequivalence criteria as well as the-

FIGURE 44C

(Proquin™ Slow-Release)
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calculated % Prediction Error (PE) and mean absolute percent prediction error (MAPPE) are listed in the
following table. The calculated %PE values for Cmax and AUC are well below the maximal error
(£15% for each formulation and £+10% for MAPPE) permissible for the internal validation and is thus of

acceptable quality.

TABLE 98
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Conclusions:

¢ The developed IVIVC model meets the prediction criteria for the internal validation of a Level A IVIVC

as set forth in regulatory guidances by a safe margin. This can be utilized in additional product

development tasks like product variations during scale-up or line extensions.
+ Furthermore, the correlation between the in vitro and in vivo data sets indicates that the selected in
vitro test is biorelevant and can be used to set biorelevant in vitro dissolution specifications for the

product.

Adc) ejqissod jsog
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Study 85-0002

Setting biorelevant in vitro release specifications

Objective:

To set biopharmaceutical in vitro release specifications for Proquin™ batches based on acceptable in vivo
performance as predicted by the Level A IVIVC model generated by a convolution- deconvolutlon
technique

Methodology:

1.

Time profiles were generated for theoretical side batches with in vitro release profiles that differed
from the profile of the Standard Release Product by approximately + 20 % at the sampling times
previously used for measuring the dissolution rate.

These theoretical in vitro release profiles were then converted into in vivo release profiles with the
help of the established IVIVC model

The Level A IVIVC model was then applied to simulate the plasma concentration-time profiles for the
corresponding single dose administration from the resulting in vivo release profiles. The plasma
profile of the immediate release tablet (Cipro® 500mg Tablets) was used as the weighting function.
The ratios of the predicted Cmax and AUC values from the hypothetical side batches were compared
to the observed values of the tested Standard Release Product and used as bioequivalence test
criteria (acceptance range 80-125%), as outlined in the regulatory guidance.

Results:
The in vitro release profiles of the theoretical side batches are plotted in Flgure 45 together with the
profile of the biobatch (Standard Release Product) tested in vivo.

FIGURE 45
In vitro release product specifications, constructed profiles of side batches
(upper and lower limits) and measured Proquin™ 500mg Tablets
(Standard Release Product) tested in vivo

The simulated plasma concentration profiles for these theoretical side batches are compared with the
plasma concentrations observed in vivo in Figure 46.

"
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FIGURE 46
Predicted ptasma profiles for side batches (upper and lower limits})
compared with plasma concentrations of Proquin™ 500mg
Tablets (Standard Release Product) observed in vivo
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The calculated bioequivalence parameters for these side batches are summarized in Table 99 below. The
resulting ratios between predicted and observed values, defined as relative bioavailability, meet the
acceptable bioequivalence range criteria. Based on these values, the theoretical side batches are
bioequivalent to Proquin™ standard-release tablets.

TABLE 99
T Ratalive bicavallabiity (%) '
P-parameters  JPredicted UL] Predcied 1L cbserved Standaro @] ulstendad |1 Lsitandard
|crmax crgamy 1125618 | 88521 1082318 1060 BET
ALICED-2411 {ng.fvmL) eamza | TooISEs BASS 32 106.2 ‘g57 *y

The following in vitro release specifications were proposed:

TABLE 100
In vitro release specifications for Proquin™ 500mg Tablets
Tima (h} Lawer limit , Upger limit
) {5

: / Y
[

T

USP dissoiution apparatus | (basket, 100 rpm, 37°C)
Medium: 900 mL 0.1N hydrochloric acid

Reviewer’'s comments:

1. The Proguin™ 500mg AUC; .04, was 89% and the Cmax was 75% of the reference Cipro™ 500mg
used in the in vivo study. Table 101 below summarizes the estimated % felati_ve bicavailability of
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the theoretical side batches relative to Cipro® IR (instead of relative to the Proguin™ standard-

release formulation).

TABLE 101

ESTIMATED BICAVAILABILITY

RELATIVE TO CIPRO® 500MG IMMEDIATE-RELEASE TABLETS (%)

UL/Standard® X correction factor

LL/Standard® X correction factor

Cmax

77.25

64.28

AUC(0-24h)

94.52

85.17

Correction factars: 0.75 (Cmax); 0.83 (AUC)
Ratio is the predicted %bioavailability relative to Proquin™ standard-release tablets.

2. lt appears from the Table 101above that the AUCg.4, of the LL side batch will be comparable to
that of the immediate-release reference formulation. From a predicted AUCy.o4n of 7994 ng*h/mL

(Table 99), the resulting AUC/MIC is 178 (for £.coli with MICgo = 0.045 mcg/mL). In addition,

although the Cmax of the LL theoretical side batch appears low (64% of Cipro® 500mg), the
predicted Cmax = 936.5 ng/mL. will result in a Cmax/MIC of 21, a value that is acceptable from

the standpoint of microbial resistance development.
3. Based on the satisfactory PK-PD parameters of the theoretical (upper-imit and lower-limit) side-
batches of Proquin™, the proposed in vitro release specifications for Proquin™ 500mg tablets are

acceptable.

APPEARS THIS WAY
ON ORIGINAL
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C. Consult Review (including Pharmacometric Reviews)
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New Drug Application Filing and Review Form
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Phase 3 clinical trial:
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