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1. Executive Summary
A. Recommendations

Proquin™ is an extended release tablet containing 500 mg of ciprofloxacin hydrochloride. Proquin™
differs from currently marketed ciprofloxacin immediate-release and modified-release solid oral dosage
forms because of its distinct absorption profile, as well as its unique interaction with food and drugs that
alter ciprofloxacin absorption (e.g., antacids, omeprazole). The label of Proquin ™ should adequately
communicate the formulation-related PK differences of this extended-release ciprofloxacin dosage form.
Patients should not substitute Proquin™ for other ciprofloxacin dosage forms unless they are properly
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counseled by their physician and/or pharmacist. Proquin™ should be given with the main meal of the day,

preferably the evening meal. The recommended timing of Proquin™ co-administration with antacids and

omeprazole are different from the usual time of dosing recommendations for currently marketed

ciprofloxacin oral dosage forms. Despite these differences, the total systemic ciprofloxacin exposure and

the cumulative urinary excretion of ciprofloxacin and its active metabolites from Proquin™ 500 mg once-

daily appear to be comparable to that achieved from the reference ciprofloxacin treatment (Cipro® 250
mg BID).

For the treatment of uncomplicated urinary tract infections (uUTI), the proposed.Proquin™ dosing
regimen is one (500 mg) tablet once daily (with a meal) for-3 consecutive days. Based on the calculated
AUC/MIC and Cmax/MIC ratios, adequate plasma exposures, as well as urinary concentrations of
ciprofloxacin are achieved from Proquin ™ that during the 3-day dosing period would sustain
antimicrobial activity against susceptible strains of at least the following microbes commonly encountered
in uncomplicated urinary tract infections: Escherichia coli, Klebsiella pneumoniae ~~————— .
Age, body weight, height, gender, and race were not significant covariates of ciprofloxacin exposure from
Proquin™ 500 mg once daily for 3 days. Thus dosing adjustments based on these factors are not -
warranted. Furthermore, based on the findings of the PK studies conducted in special populations, as well
as on existing literature PK information, dosage adjustments do not appear to be necessary for elderly
patients and patients with renal impairment

Although the in vitro study conducted to investigate the inhibitory effects of ciprofloxacin on selected
CYP450 enzymes was not able to definitively demonstrate the potential of this drug to inhibit the
metabolism of CYP1A2 substrates at test concentrations covering relevant plasma exposure, the label
will contain a precautionary statement regarding the drug interactions of ciprofloxacin that result in
decreased clearance of CYP1A2 substrates (e.g. theophylline, caffeine). Likewise, despite the inability to
show a PK and/or PD interaction between single-doses of Proquin™ and warfarin (Coumadin®) in
healthy volunteers, the label will indicate the potential of ciprofloxacin to increase the anticoagulant effect
of warfarin, as stated in the labels of other ciprofloxacin products.

Based on a Level A IVIVC, the proposed release specifications for dissolution testing of Proquin™
extended-release tablets are acceptable.

Fry

From a clinical pharmacology and biopharmaceutics perspective, this application for Proquin™ 500 mg
extended-release tablets is acceptable. Labeling recommendations in Section lil should be addressed by
the sponsor.

B. Phase IV Commitments

None. _

C. Summary of Important Clinical Pharmacology and Biopharmaceutics Findings

All except 1 of the 18 clinical phammacology study reports in this NDA submission for Proquin™ 500 mg
extended-release ciprofloxacin oral tablets (also referred to as PROQUIN™ and Ciprofloxacin GR™) were
reviewed thoroughly. The report for comparative PK Study 00-07 was not given much weight in this

review because the prototype formulations used in this particular study were not the same ones used in
the succeeding PK studies and pivotal clinical trials.

Comparative Plasma and Urinary Ciprofloxacin Pharmacokinetics of Proquin™ 500mg OD versus Cipro®
250mg BID {on Day 1 of Treatment)

The mean ciprofloxacin plasma concentration-time profiles of the two treatments when both were given
with a high-fat meal on Day 1 are presented in Figure 1. As seen in Table 1, the total systemic
ciprofloxacin exposure (AUCo..4r) from once daily Proquin™ is similar to that from twice daily immediate-
release Cipro®. However, the Cmax, of Proquin™ is about 46% higher than the Cmax, from the first



dose of Cipro® but about 24% lower than the Cmax; of the second dose of Cipro®. The mean time to .

Cmax, of Proquin™ is longer than the mean time to Cmax, of Cipro®by about 5 hours; the difference
between the median Tmax values was about 6.5 hours.
' FIGURE 1
Ciprofloxacin Pharmacokinetics on Day 1:
Proquin™ 500mg OD versus Cipro® 250mg BID
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Figure 2 shows a comparison of the two treatments in terms of the total percentage of the dose excreted

in the urine (as parent + active metabolites). The ciprofloxacin 0 - 36 hour urinary recovery was

significantly lower (by ~10%, p=0.0416) from Proquin™ 500 mg QD than from Cipro® 250 mg BID. The

renal clearance of ciprofloxacin was not different between the two treatments. Similar urinary excretion
profiles between the two treatments were observed for the quantifiable metabolites, M1, M2, and M3.

FIGURE 2
Percentage of Dose Excreted in the Urine (Ciprofloxacin and metabolites):
Proquin™ 500 mg QD versus Cipro® 250 mg BID
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The mean urinary ciprofloxacin concentration values obtained in this single-day PK study of Proquin™
500mg OD were at least 165x and 49x the MICq values (0.016 mcg/mL and 0.045 mcg/mL) for E.coli

isolates strain 1 and strain 4, respectively. The corresponding AUC/MIC and Cmax/MIC ratios were >139
and 215, respectively.

Comparative Plasma and Urinary Ciprofloxacin Pharmacokinetics of Proquin™ 500mg OD versus Cipro®
- 250mg BID (on Day 3 of Treatment)

The mean ciprofloxacin plasma concentration-time profiles of the two treatments when both were given
with a high-fat meal on Day 3 (the proposed final day of treatment for uncomplicated UT!) are presented
in Figure 3. As seen in Table 2, the total systemic ciprofloxacin exposure (AUCy 24n) from once daily
Proquin™ is 98% of that from twice daily immediate-release Cipro®. Although the Cmax, of Proquin™ is
about 45% higher than the Cmax; from the first dose of Cipro® this Cmax, was only 12% lower than the
Cmax;, of the second dose of Cipro®. The mean time to Cmax, is longer than the mean time to Cmax; by
about 3.5 hours. As expected from a longer-interval dosing regimen, the Cmin from once daily Proquin™
was about 55% lower than from twice daily Cipro® 250 mg. .

Based on the relative bioavailability of ciprofloxacin from Proquin™ on Day 1 and Day 3, the estimated
AUC,..4, accumulation ratio of ciprofloxacin on Day 3 of treatment is about 1.07.

FIGURE 3
Ciprofloxacin Pharmacokinetics on Day 3: Proquin™ 500mg OD versus Cipro® 250mg BID
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The mean percentage of the dose excreted into the urine (as ciprofloxacin and metabolites) at steady
state was similar to that obtained during Day 1 of therapy. During the three days of dosing, the %Dose,
Ae, and CLr of ciprofloxacin were consistently slightly higher (by 8 to 20%) from Cipro® 250 mg BID than
from Proquin™ 500 mg QD but the difference was significant (p<0.05) only on Days 2 and 3.
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It can be seen from Table 3 below that the AUCss/MIC ratios for Proquin™ were greater than 100 and the
Cmax,ss/MIC ratios were greater than 10 for the following microbial strains: E. coli strain 1, E. coli strain
4, K. pneumoniae, and P. mirabilis. For the same microorganisms, the Cmin,ss/MIC values were at least
equal to 1. .
TABLE 3
Ratios for Ciprofloxacin AUC/MIC, Cmax/MIC and 24-h Cyin/MIC
Following a 3-Day Regimen of Proquin™ 500 mg Once Daily

ORGANISM MiCgg (mcg/mL_) Ciprofloxacin Ciprofloxacin Ciproftoxacin
AUCo.24n Cmax Curine(02 4h)#
{7905 ng*h/mL) (857 ng/mL) (65.91 meg/mL)

(E. faecalis

ATCC 29212 1 8 1 65.91
(strain 2)

S. aureus

ATCC 29213 05 16 2 131.8

E. faecalis

ST12,296 >32 <0.25 <0.03 <2.06
(strain 6) :

S. saphrophyfticus, .

SP8822 0.5 16 2 ) 1318

| (straln g)

# Cuine (0:24n) = Aco-24n/volume of urine in 24 h

A

Effect of a High-Fat Meal on Proguin™ Pharmacokinetics

Mean ciprofloxacin plasma concentration-time profiles following Proquin™ 500mg under fasted and fed
conditions are presented in Figure 4. Co-administration with a high-fat meal increased the AUCg.4, and
the Cmax of Proquin™ by 170% and 120%, respectively. The percent coefficient of variation (% CV)
about the mean AUC and Cmax was also lower under fed conditions (25-35%) than under fasted
conditions (48-52%). With a meal, the Tmax of ciprofloxacin was prolonged by about 2.2 hours. Similarly,
under fed conditions, the total %Dose excreted into the urine as the unchanged drug and its active
metabolites increased by 125% (Figure 5).

FIGURE 4
Mean Plasma Ciprofloxacin Concentrations (N=27)
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FIGURE 5
Mean Percentage of Dose Excreted in Urine Following the Administration of Proquin™ 500 mg Tablets
under Fasting (Treatment A) and Fed Conditions (Treatment B)
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Later in the clinical development of Proquin™ for the treatment of uncomplicated UT], the oral tablet was
co-administered with a moderate-fat content meal. Also, in earlier clinical pharmacology studies in healthy
subjects, a fluid control technique was instituted, i.e., 100mL or 200mL. of water was given after the
Proquin™ dose every 1 or 2 hours untii 24 hours post-dose. A cross-study comparison between earlier
and later PK studies suggests that such alterations in dietary and fluid conditions had only a minor effect

on the over-all oral bicavailability of ciprofloxacin from Proquin™.

Because the total systemic ciprofloxacin exposure (AUCq.41) of Proquin™ was similar to the reference
Cipro® 250 mg BID regimen when both were given under fed conditions, the Proquin™ dose should be
given with a substantial meal, preferably the evening meal as carried aut in the pivotal clinical

efficacy/safety trials.

e

Mass Balance Study »
The disposition and pharmacokinetics of ciprofloxacin was characterized in non-smoking healthy

volunteers following a single dose of Proquin™ 500mg with a moderate-fat content meal. The total
recovery, in urine and feces, of ciprofloxacin and the metabolites, M1, M2, M3, and M4, are summarized
in Table 4. The findings of this study suggest that ciprofloxacin is eliminated to a similar extent by renal

and non-renal means.

TABLE 4
Mean % Recovery of Ciprofloxacin, M1, M2, M3, and M4
) _‘Followm%a Single Dose of Proquin 500 mg (Excluding Subject 007*)

Cinrofloxacin Mi M2 M3 MI4 Tatal
Urine 33.9% 061% | 281% | 329% | - 406
Feces 39.1% 0.54% 4% | 037% | 015% | 43.4%
Teatal 73.0% 115% | 605% | 366% | G15% | 8408

“Subject excluded because of incomplete PK sampling and very fow drug concentrations in the samples collected..

In-Vitro Plasma Protein Binding

The mean and individual percentages of bound ciprofloxacin in human plasma at test concentrations 0.9
to 30 uM are given in the table below. At ciprofloxacin 3 uM (=Cmax in healthy volunteers), the
percentage of plasma protein binding of ciprofloxacin was about 37%. There appears to be no



concentration dependence. At higher ciprofloxacin concentrations (>3 uM), the magnitude of plasma
protein binding decreased. The study findings (Pg <50%) suggest that ciprofloxacin has a low potential for
interaction with drugs that are highly plasma protein bound (e.g., warfarin) via a mechanism involving
disptacement from protein binding.

TABLE 5
Ciprofloxacin Plasma Protein Binding
Perceatage of Radicactivity

Concentration - Unbound Beound Standard
{3 M) Individual Mcan Indivicual Mean Deviation

09 m 709 m 291 8.7

3 634 366 1.2

9 T3.5 ) 26.5 25

30 90.1 Q.93 637

o, LJ.

Inhibitory Potential of Ciprofloxacin Towards Human Hepatic Microsomal Cytochrome P450 isoenzymes
{CYP1A2, CYP2C9, CY2C19, CYP2D6, and CYP3A4)

As seen from Table 6 below, 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. However, the study did not include positive inhibitor controls.

At 90pM (= 30-fold higher than the Cmax,ss in healthy volunteers), there was a minor but concentration-
dependent inhibition observed for CYP1A2 and CYP2C9. By contrast, in published studies, higher test
concentrations (500 to 1000 uM) of ciprofloxacin were able to produce >70% inhibition of CYP1A2

metabolic activity in vitro. In addition, the potential of ciprofloxacin to decrease the clearance of CYP1A2
substrates (e.g., theophylline, caffeine, tizanidine) in humans have been demonstrated. It is not known
whether ciprofloxacin concentrations achieved in hepatocytes 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. Thus, as with other ciprofloxacin products, the label of
Proquin™ will include a precautionary statement regarding the potentlal of cnproﬂoxacm to inhibit the
clearance of specific CYP1A2 substrates like theophylline.

et

TABLE 6
Effect of c1proﬂoxacm 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 | 825
CYP2C9 Diclofenac (10 pM) 4’-hydroxydiclofenac NA | 955 | 105 | 978 | 106 | 96.5 | 75.3
CYP2C19 | S-Mephenytoin (50 uM) | 4™-hydroxymephenytoin | NA | 106 | 105 | 107 | 104 | 107 | 115
CYP2D6 Bufuralol (10 pM) 1'-hydroxybufuralol NA | 105 | 105 | 103 | 101 | 109 | 120
CYP3A4 Testosterone (50 pM) 6B-hydroxytestosterone | NA | 99.1 | 99.0 { 101 | 956 | 101 | 98.6
Midazolam (5 uM) 1-hydroxymidazolam NA | 93.4 1952 | 102 | 107 | 102 | 102

NA- not applicable
* average of friplicate values



Evaluation of CYP450 Induction Potential of Ciprofloxacin Using Primary Cultures of Human Hepatocytes:
CYP1A, CYP2C, CYP3A -

Table 7 summarizes the fold-induction data on CYP1A2, CYP2C9 and CYP3A enzyme activities by
ciprofloxacin (0.45 uM to 45 uM), as well as by the positive inducer controls. Ciprofloxacin (at
concentrations of 0.45 to 45 pM) did not induce CYP2C or CYP3A activities of primary cultures of human
hepatocytes. At 45 pM (approximately equivalent to 18x the Cmax,ss in healthy volunteers who received
Proquin™ 500 mg OD for 3 days), ciprofloxacin showed a weak induction effect on CYP1A2. Because
the effect was <40% of that produced by the positive inducer control (omeprazole 30 gM), ciprofloxacin is
not projected to cause in vivo induction of the metabolism of CYP1A2 substrates. To date, the literature
provides no evidence of such metabolic induction interactions with CYP1A2 substrates precipitated by
ciprofloxacin in vitro or in vivo.

o TABLE 7 _ -
Fold-induction on CYP1A2, CYP2C9 and CYP3A enzyme activities
by ciprofloxacin (0.45 pM to 45 uM), in comparison with the positive inducer controls

CYP1A2 | 05%viv | Omeprazole | ~ Ciprofloxacin
DMSO (30 uM) _
' 0.45 uM 4.5 uM 45 uM
mean .0 12.90 0.90 1.33 1.80
sd 0 7.72 010 025 0.46
CYP2C9 0.5% viv Rifampin ) Ciproftoxacin
DMSO (50 uM) .
4.5 uM 4.5 uM ’ 4.5 uM
mean 0 4.10 1.00 . 1.20 . 1.00
sd 0 0.80 0.36 0.46 0.30
CYP3A 0.5% viv Rifampin - Ciprofloxacin
DMSO (50 uM)
4.5 uM 4.5‘uM 4.5 uM
- mean 4] 3.43 1.13 1.20 117
sd 0 133 _0.31 0.44 0.15

Ciprofloxacin Phamacokinetics in Eldedy {(>65 veérs) Subjects Given a Single Dose of Proquin™

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 8 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 elderly and younger healthy subjects.

In the reviewer's own analysis, only the PK data of healthy subjects from a study (Study 81-0028) that
had similar clinical study protocot conditions as that of the elderly PK study were used for PK comparison.
Table 9 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 Study 81-0028. Based on this analysis, it appears
that the ciprofloxacin AUC,. and Cmax values in elderly subjects were indeed slightly higher (but only by
20 and 24%, respectively) compared to-those in younger subjects. Similar to the sponsor’s findings, both
the mean/median Tmax values and the elimination half-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, suggesting
that the difference in PK could be related to the decreased renal clearance of ciprofloxacin in elderly
patients. Using the Cockroft-Gault formula to calculate individual creatinine clearance values, it was



revealed that 75% (12 of the 16) elderly subjects enrolled in this study had mild renal impairment (CLcr =
51-80 mL/min). However, these slight changes in the plasma and urinary PK of ciprofioxacin in elderly
subjects do not warrant a dosage adjustment recommendation for Proquin™ in the 3-day treatment of
uUTL
Table 8
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

Pharmacokinetic Statistics Treatment Groupy 1 p-value®
Parameter Ciprafloxacin GR | Ciproflozacdia GR
500 mg 500 mg
<65 Years " 265 Years
AUC (nghrfmlL) n 68 18
Geamictric Mean 6886.7 (28.8) Q0286 (30.5) 0.0G1
{(%CV) :
AUCo- n 66 18
(nghe/ml) Geometric Mesn 7213.7 (28.6) 9429.5 (29.9) 0.001
%OV
Cou (ngfml) n 68 18 .
Geamelric Maan 917.5(42.8) 1273.7 (26.5) <0.001
. . {(%CV) :
Ty (br) n 68 18
Median 450 1.50
S Mcan £ SD 5524307 420£081 0,002
Tu(hr) n 66 8
Mechian 472 489
Mean + SD 4742004 | 56320096 0258
Renal Clearunce a } st 17°
(Ln) Median 2347 1626
Mean £ 8D 2161 £57 1748 £ 474 <0.001

a The p-valug for the between gnoup compmrison was hasad on the two-ssmpla t-test.
b, Urinagy PK Samples were not oollected in $1-0829

TABLE 9
Ciprofloxacin Pharmacokinetic Parameters in Elderly Subjects
versus Healthy Subjects in Study 81-0028 who received Proquin™ alone

PHARMACOKINETIC | ELDERLY HEALTHY
PARAMETER (UNIT) (>65 .YEARS) VOLUNTEERS
’ (STUDY 81-0032) (<65 YEARS OLDg
(N = 16) (STUDY 81-0028)
(N =26)
Proquin™ Dose (mg) 500 (singte-dose) 1000 (without
. antacids; single-dose)
" Fat-content of meal moderate moderate
Fluid control measure Yes Yes
AUCo4(ng*h/mlL) 8853.2 (32.2) 7405°
AUC,... (ng*h/mL) 9256.0 (31.7) 7598°
Cmax (ng/mL) 1285.5 (26.8) 10412
Tmax (hr) 1.19 +0.81 445+1.69
4.50 4.50
tV2 (hr) 4.89+0.80 5.11 £0.99
Tmax Rate (hr) ‘525+1.44 5781236
Max Rate (mg/hr) 24.16 £6.80 48.24 + 18.33
Ae (mg). 149.9 £ 17.7 162.4°
% Dose 30 33.4°

e
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* normalized to 500 mg
®values in parentheses (% CV); values after “+” are standard deviation values

Single Dose Pharmacokinetics of Proguin™ 500 mg Tablets in Subjects with Normal Renal Function and
in Subiects with Mild and Moderate Renal Impaiment

Mean ciprofloxacin plasma concentration-time profiles are presented in Figure 6.

FIGURE 6
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
groups and the findings of statistical analysis are summarized in Table 10 .below.

TABLE 10 .
Grm_lg ¥ - Groap 2 p- Groap 3
Pharmsscokinctie | ik Benal Values' | oderate Renal | Vadues” | (Normal Renal
Parameter Dnpairmenty Irspairment} Function}
i n=ig n=i0 n=In
Mean £ 8D Mear £ 5D Mear £ 5D

AUC . (nghr/mi)® | 123149294  [00453 | 134035077 00119 | 37224 220)
| AUC e (aghrinlys | 12772881 (00397 | 38342376  [00105 | 90396 (2L6)
C.... (ngfmly* 54550286  |os204 | 17524089 e18%9 | 36303

_ ) 425 : 4350 " 3.25
T () @oo-ssm |07 | goo-son 00348 ) 00 5.00)
iz (h) 774109 00001 7544215 soo0l | 4542044
CL/F (mLimin) 411£143 60397 386154 00105 | s64%151
Saurce: Appendiz 3.1_1. :
* Geomitric mesng (4CV)

¥ fadiam Mty - Beax) o
fpvahm relytive to Group 3 (nubjects with novmal rena! fuaction’}

The systemic exposures (as AUCq.) of ciproftoxacin in subjects with mild and moderate renal impairment
were 42% and 54% higher, respectively, compared to subjects with normal renal function. That the total
clearance of ciprofloxacin is not dependent only on renal excretion is evident from the lack of a significant
difference in ciprofloxacin clearance values between the mildly and moderately renally impaired groups
{41 and 39 mt/min, respectively). Therefore, dosage reduction is not needed for patients with mild to
moderate renal impairment.
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In the treatment of uncomplicated urinary tract infections (uUTI), the currently.recommended ciprofloxacin
dosage for patients with severe renal impairment is up to 500 mg q18h and for dialysis patients, 500mg
q24h. Such dosage could also be justified for Proquin™ because of the following reasons: (1) As shown
by the findings of the mass balance study, the elimination of ciprofloxacin from Proquin™ is not only via
renal excretion; about an equal percentage of the dose is excreted by non-renal means. (2) As shown by
the findings of this PK in Renal Impairment Study, the total clearance of ciprofloxacin is not dependent.on
renal function. In addition, the 2-fold increase in the ciprofloxacin elimination half-life previously seen in
subjects with with end-stage renal disease (ClLcr < 10 mUmin; 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). (3) 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. (4) Based on the
combined findings of the single-dose and steady state PK studies, the AUCg.»4 accumulation ratio on Day
3 of treatment is negligible (R = 1.07) 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 to
adjust dosage in severely renally impaired uUTI patients who will receive ProqumTM 500 mg daity for 3

days.

Drug Interaction with Warfarin

Study 81-0035 was conducted to investigate the two-way, single dose pharmacokmetrc and
pharmacodynamic interaction between Proquin™ 500 mg tablets and warfarln {Coumadin®) 7.5 mg
tablets when both were given to healthy volunteers with a moderate-fat content meal. Table 11 presents
the pharmacokinetic parameters of Proquin™ alone and when given with Coumadin®. Tables 12 and 13
compare the PK parameters of S-warfarin and R-warfarin when Coumadin® was given alone and when
co-administered with Proquin™. ‘Table 14 shows the pharmacodynamic parameters of Coumadin® alone

and when given with Proquin®.

TABLE11
Pharmacokinetic Parameters of Ciprofloxacin with or without Coumadin®
gﬁ"““.;::&?&r: Ciprofloxacia GR™
Pharmacokinetic i 500 sy Tablets ' 5
Parameter Coumadia® 1.5 tog (Treatment C) prvaine
Tablets (Treatment A} =18)
{a~18) .

AUC,, (ngheimly 7519.1 (26.9) 1 72416 (3.6 1 0344°
AUC pay (ne-hrimL ) 7926.8 (25.8) 76160 (23.) % 4.201¢
Cope{ng/mb) . 862.7 (209} ¥ ) 818.7 (1o 0:382¢
T e (173 4,50+ 098" 489194 0.420
t () 5.02£0.70° 5.07% 08¢ 0.503
CLIF {ml /imifn) 1072.59  206.15* 7120672 25151} 0397
VAIF (L) 461.56 91.82° 48663 = 11535% 0211
¥ Geornistric mean (HCV)
{ Mean + SD

€ The pvalue fs fram ANOVA ot I -trarsformed dats
f Manutlly tounded from values olstained & Appeadia 3

No significant changes in the AUC and Cmax values of ciprofloxacin R-warfarin, and S-warfarin were
observed when single doses of Proquin™ and Coumadin® were administered together in healthy
volunteers. However, a small but statistically significant increase in R-warfarin elimination half-life was
observed when Coumadin® was co-administered with Proquin™ although this did not obviously translate
to changes in the pharmacodynamics of single-dose warfarin. The ability of a single-dose study to detect
any drug interactions between warfarin and ciprofloxacin may be limited because the approximate time to
steady state of warfarin is > 5 days. Furthermore, other prospective single-dose and multiple dose
interaction studies have shown similar results but those studies involved healthy subjects or patients who
were not being treated for an infection. Regardless of the findings of the single-dose drug interaction
study conducted by the sponsor, several case reports submitted to FDA indicate that ciprofloxacin co-
administration could increase warfarin’s hypoprothrombinemic effect especially in those patients with risk
factors (old age, fever, infection, CHF, thyroid disease, polypharmacy); the reported average time to
coagulopathy was 5.5 days. Thus, as is the case with other products of ciprofloxacin, the label of Proquin

Ado;j 9|qIssod jsog

K

prd
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™ will carry a precautionary statement regarding the potential of ciprofloxacin to increase the
anticoagulant effect of warfarin.

TABLE 12
Phannacokmetlc Parameters of R-Warfarm with or WIthout Proquin™
Ciprofloxacin GR™ 566 g »
Tabiets and C fim G div~ 7.8 mg Tablets
m;;::ﬁ:_“k 1.5 mg Tabiets {Treatment §) - pvalue
} {TIveatment A) {u=13)
i
ANC 5. {ogbfml) 18875.1 (17.5) 186388 (20.1) ¥ 0.554%
AUC yyy(ngbriml,) 23935.1 (5.6 7% naLs@mst 0.178°
| Cppay (0g/miL) nzL et 364 (1R 0.630°
T (1) 6.75% 5,05 5.89 245 0497 o
b (b - 5256 & 12.48" 50.10:43.25° 0.029* Ph)
CLF (mL/min) 5372 128" 550133 .11t (2}
VAF 1) 23542445 B.21+404 xzsd -
T Geometric wwean (V) o]
! Men i SD b7
€ “Che p-vatuc is from ANOVA on In-transfared data n
*rel? a—n
¥ Mantssifly rounded from values obtsined fa Appendix 3 g
®
TABLE 13 0
Pharmacokinetic Parameters of S-Warfarin with or without Proquin™ o)
Ciprafloxacin GR™ 500 mg - o]
; . Tahtets and Covmsadin® Coumadin™ 75 mg Tablets
“;m:;“" 7.5 mg Tablets (Treatetent B) povalue! <
: (Treatment A) (a=i8)
. __ (n=g)
AUC 5 {ngrhefeod 3 U428 2061 11894.1 {20394 053¢
AUC gag {ngrhefmly 133611 (2.7y"* 135129 (22.5)'% 0667
Couy (ngfrily 287.3 {20 * e Lt 0,555°
T ean {10} 403112 4534216 0315
t () 19.78 £ 5.89% 3903 +5.338 0.842
CL/F (ml/utin) 9554188 944.£ 188 0:663
Vdff (L) : 32.10 4 6.39° 3148 £ 5.78° 0.386
T Goametri eesn (KCV) -
! Mean £33
€ Thc pwa]u: is frmm ANQVA on in-transformed datz
y dad fram vakues obraied tn Appendix 3
TABLE 14
Phammacodynamic Parameters of Coumadin® with or without Proquin™
Ciproflorscin CR™ :
500 xog Tablets and Coumnudin® 7.5 mg.
Couseadin® 7.5 nag Tablets (Treatment B) fue
Paramefer Taltlets (Freainent A) {n=~18)
. (a~18) (mean + 8D}
- (inean & 5D) : :
TP T (Br) ¥ 200:£25.6 30,1319 0872
P gy {303 126469 124 +0.8 0.079
AUCPT {hr*sec) ] 14289 £ 71.2 1419.0+ 706 ) 0:142
AUCRPTT (he*sec)t 34392 £ 204.0 34062 £210.4 - 0.180
Fiumally rosnded froar valuts oblained In Agpendiz 3

Drug Interaction with Antacids: Determination of the appropriate times of co-administration

Antacids are known to decrease the absorption of- ciprofloxacin via-chelation and/or gastric pH-altering
mechanisms. Thus, two studies were conducted to investigate the effect of timing of antacids co-
administration on the pharmacokinetics of Proquin™. When the antacids were given 2 hours before or 6
hours after the Proquin™ dose, the plasma and urinary pharmacokinetics of ciprofloxacin were not altered
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{data not shown). However, when the antacids were given 2 hours after or 4 hours after the Proquin™
dose, the PK of ciprofloxacin were significantly affected.
The mean plasma concentration-time profiles of ciprofloxacin, with and without antacids (2 hours after or

4 hours after the ciprofloxacin dosé) are presented in Figure 7. The summary of pharmacokinetic
parameter and the findings of the statistical analysis are presented in Tables 15 and 16.

- FIGURE 7 o)
Mean Plasma Ciprofloxacin concentrations 8
with or without antacids 2 hours or 4 hours after ciprofloxacin —r
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TABLE 15
Pharmacokinetic parameters for Ciprofloxacin
(without and with antacids 2 hours after or 4 hours after ciprofloxacin)
Parsnsters [+ !%v
9, s
>} LT i -U
Avcylgicialyy | 490300 | mefé’g_w ' §
o uasu X}
e R o &
Cou 5gLS% M2729) W"“%;; t%,"‘f”iﬁ%’g )
" THEL 3 . T
L pr e Lo )
PudeeeOiusty | poicx0d0f; )
10 (e} 5453106t : ,ﬂi‘fmn EE-ME, ikﬂﬁf i T
* sundidei valced <

1 The pvali: is frem: ANGVA deta and i5 e on the eneoparingn with Treatment &

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-Proquin™ Interaction Study 2, Proquin™ may
be administered at least 4 hours before antacids but Proquin™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.,

itis advisable to administer Cipro® dosage forms 2 hours before antacids.
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TABLE 16
Bioequivalence assessments for Ciprofloxacin

(W|th and without antacids 2 hours or 4 hours after ciprofloxacin) w
Ciprofacecin Q™ 3 1 5000 1 memmﬁmgumhmmw ')

: (B v Cposfinmacin ORI Z & 500 ig Tehiot (Withott Articide} (K} A
Fawctirs HHCL Fatie of Mesns (B:A) ntra- Subject C¥ =+
AlC 3345% - 42.15% TR 2% ) 8
Al e HANG-4301% . 1&A¥S palivd o
Conn T 3 um' ' I6AI% 12 68% N,

Ciprofioncin GR nmu‘!‘m’& i ndrmimistered Bror hours before antsckds) g
{C varsin Clpredianicin GE™ 2 10 568 g Tebileds (Widdrout Asreacida) (4} (D

Prencters W%CEL : Rt of Micaas (C:A) mtre-Subject OV
AU, 9.0 - $2.05% . TR 26.34% 0
Ayt 65 55% - LMY - TEN% IS BN 0
Com I~ 102 K% BAEXY, 3268% 3

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. In addition, the label
should highlight this important dlfference between ProqumTM and other currently marketed dosage forms

of ciprofloxacin.

Drug Interaction with Omebprazole _
The administration of omeprazole 2 hours before CIPRO XR® is known to decrease the AUC of

ciprofloxacin by about 20% and the Cmax by about 23%. Study 81-0027 was specifically conducted to
‘investigate the effect omeprazole given 2 hours before the Proquin™ dose, on the pharmacokinetics of
ciprofloxacin from Proquin™ given with a meal. The mean plasma concentration-time profiles of
ciprofloxacin, with or without omeprazole are presented in Figure 8. The findings of the statistical
analysis are presented in Table 17. The summary of urinary pharmacokinetic parameters and the findings
of the statistical analysis are presented in Table 18 below. The systemic and urinary exposures of
Proquin™ when given with omeprazote 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 8
Mean Plasma Ciprofloxacin concentrations
(with or without Omeprazotle, 2 hours before Proquin™)
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3. What is the proposed therapeutic indication(é)? What are thé‘proposed dosage(s) and route(s) of
administration?

For the treatment of uncomplicated urinary tract infections (acute cvstitis) caused bv susceptible strains of
E. coli, K. pneumoniae, ' - - —~ o

~— * Proquin™ 500 ma oral tablets should be given once daily for 3 consecutive days, to be
administered witha —— meal, preferably the evening meal.

B. General Clinical Pharmacology

1. What are the design features of the clinical pharmacology and clinical studies used to support dosing
or claims? ’

All (except two) of the ten clinical pharmacology studies conducted by the sponsor of Proquin™ were
randomized, open-label, single-dose or multiple-dose, cross-over studies, where the test and/or
comparator treatments were given to healthy volunteers with a (high-fat or moderate-fat) meal, in the
presence or absence of a fluid control technique. Only two of these PK studies, i.e, those involving elderly
subjects, and those subjects with varying degrees of renal impairment were {(as expected) not cross-over
studies.

The two clinical efficacy/safety studies conducted were randomized, double-blind, parallef-group, active
controlled trials that compared Proquin™ 500mg QD x 3 days to Cipro® 250mg BID x 3 days in the
treatment of patients with uncomplicated urinary tract infections (uUUTI). Both these trials did not have
pharmacokinetic endpoints.

2. What is the basis for selecting the response endpoints, i.e., clinical or surrogate endpoints, or
biomarkers (collectively called pharmacodynamics, PD) and how are they measured in clinical
pharmacology and clinical studies?
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The microbiological eradication rates, rates of new infection, and clinical cure rates of uUTI patients

taking the test and control treatments were compared. Clinical cure was assessed on the Test-of-Cure
Visit (7 + 2 days after completing the study medication) by physical examination, by clinical assessment of
signs and symptoms of acute uUT|, AE and severe AEs, urinalysis, pregnancy test, blood chemistry and
hematology. -

3. Are the active moieties in the plasma (or other biological fluid) appropriately identified and measured
fo assess pharmacokinetic parameters and exposure response relationships?

Yes, refer to ll. F, Analytical Section.
4. Exposure-response

Is the dose and dosing regimen selected by the sponsor consistent with the known relationship between
dose-concentration-response, and are there any unresolved dosing or administration issues?

Like other fluoroquinolones, ciprofloxacin shows concentration-dependent killing of bacteria in vitro. In
vivo studies in animals and humans demonstrated that a 24-hour AUC/MIC ratio of at least 100 and a
Cmax/MIC ratio of at feast 10 are often associated with maximal clinical and bactericidal effect in the
treatment of (uncomplicated) urinary tract infections caused by gram-negative microbes. Based on the
sponsor's PK/PD analysis, the administration of Proquin™ 500mg OD with a high-fat meal for three
consecutive days produces the following AUC/MIC and Cmax/MIC values in Table 21 (measured on Day

TABLE 21 )
. Ratios for Ciprofloxacin AUC/MIC, Cmax/MIC, Cmin/MIC and 24-h Cin/MIC
Following a 3-Day Regimen of Proquin™ 500 mg Once Daily

ORGANISM MICgp {(mcg/mL) Ciprofloxacin Ciproﬂoxacin Ciprofloxacin Ciprofloxacin
AUCq.24n Cmax Cmin Curine(0-24h)
(7905 ng*h/mL) (857 ng/mL) (67.7 ng/mL) {65.91 mcg/mL)

E faecahs
ST12,296-
(strain 6}

E. faecalls

ATCC 29212 1 8 1 0.1 65.91
(strain 2)

S. aureus

ATCC 29213 05 16 2 0.1 131.8

S. saphrophyticus,
SP8822

Curine (0-24h) = Aeu_24h/V0|Ume of urine in 24 h

3 of therapy) for the pathogens commonly found in uncomplicated urinary tract infections (UUTI). Based
on these calculated surrogate PK/PD parameters, i.e., AUC/MIC and Cmax/MIC, the proposed dosage
regimen for Proquin™ appears to produce sufficient systemic exposures to ciprofloxacin to successfully

‘\r"“"
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treat urinary tract infections caused by microbes that are similar in susceptibility to £. coli strain 1 and
strain 4, K. pneumoniae, and P. mirabilis. The trough ciprofloxacin concentrations (Cmin) achieved at

steady state following 3 daily doses of Proquin™ 500mg were at least equivalent to the MICgq, of these

four susceptible microbial strains. Furthermore, it was observed that the measured mean urinary
concentrations of ciprofloxacin were substantially higher in urine than in plasma, suggesting that

exposure to ciprofloxacin at the organ sites involved in uncomplicated urinary tract infection (UUTI) will

also be adequate, at least when the four susceptible microbial strains are involved.

5. What are the PK characteristics of the drug and its major metabolites?

a) What are the single dose and multiple dose PK parameters?

The following tables summarize the plasma and urine pharmacokinetic parameters of ciprofloxacin and
three of its active metabolites, following single dose and mulitiple doses of Proquin™ 500 mg once dally

for 3 consecutive days, co-administered with a high-fat meal.

TABLE 22

Summary of Plasma Pharmacokinetic Parameters of Ciprofloxacin
Following Proquin™ 500mg OD x 3 Days Co-administered with a High-Fat Meal (N=27)

Summary of Urinary Pharmacokinetic Parameters of Ciprofloxacin and Three of Its Active Metabolites

Pharmacokinetic
Parameter, unit DAY 1 DAY 3
(Geometric Mean & %CV) - | (Study 81-0025) (Study 81-0026)
AUCo24 (ng*h/mL) 6236.7 (29.1) 7667.6 (24.8)
AUCo.in (ng*h/ml) 6535.5 (28.5)
Crmax (ng/mL) 691.6 (31.0) 8241 (28.4)
Cmin (ng/mL) - 62.59 (42.449)
Tmax (h) 7.04 +3.31° 6.06 £ 2.63°
9.00° 5.00°

t¥z (h) 4.49+0.83 -
MRT (h) - 9.29+1.18%

# arithmetic mean .

" median

TABLE 23

Following Proquin™ 500mg OD x 3 Days Co-administered with a High-Fat Meal (N=27)b'°

Pharmacokinetic
Parameter, unit
Mean + SD)

Ciprofloxacin

Desethylene-
ciprofloxacin

8331204

Sulfo-
ciprofloxacin

Oxo-
ciprofloxacin
(M3)

Tmax rate (h . 8.56+ 2.79
Max Rate (mg/h) 20. 35 +9.29 025+ 0 11 2.57+1.25 2.05+£1.02_
Ae (mg) 134.4 (30.4)° 2.0 (35.8)° 14.5 (41.5)° 14.1(38.0°
% Dose 28.34 +8.63 0.46 £0.17 2.59+1.08 291+1.11

Tmaxrae( ) 22 + 2. 81 7.37£2.66
Max Rate (mg/h) 19.54 £8.32 0.30 + 0 10 2.55+1.01 2.31+0.88
Ae (mg) 131.8 (31.7) 2.5(30.7° 14.1 (44.0)° 15.9 (33.9)°
CLr (L/h) 18.24 £ 5.68

% Dose 27.97 +8.87 0.58 +0.18 255+1.12 3.25+ 1.10

Geometrlc mean (%CV)

® Métabolite M4 (Formylciprofloxacin) levels were below the limit of quantification of the assay.

° Study 81-0026
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b) Compare the plasma and urinary ciprofloxacin exposures following 3-da y therapy with Proquin™ -
500 mg OD and Cipro® 250 mg BID.

Based on comparative single-dose and steady-state PK data, when both given with a high-fat meal,
Proquin™ 500mg QD produces a plasma ciprofloxacint AUCq.,4, that is comparable to Cipro® 250mg
BID (Table 24A); the AUC measured for Proquin™ was about 92% of the reference treatment on Day
1, and about 98% on Day 3. As expected from a longer treatment interval (t) dosing regimen, the
ciprofloxacin Cmin from the Proquin™ QD treatment was about 55% lower than that after the Cipro®
BID treatment. Table 24B provides a statistical comparison of the dose-dependent PK parameters of

ciprofloxacin in plasma fbllowing the two treatments.

TABLE 24A
Statistical Comparison of Ciprofloxacin Pharmacokinetics:
Proquin™ 500 mg OD versus Cipro® 250 mg BID
(Day 1 of Therapy)

Based on the exposure-response retationship known for Cipro XR®, efficacy in the treatment of
uncomplicated urinary tract infections (uUT!) depends upon antimicrobial concentrations in the urine
rather than in the serum. Based on the %Dose (as parent + 3 metabolites) excreted into the urine on
Day 1 and Day 3 of therapy, Cipro® 250 mg BID produced a consistently slightly higher but
comparable urinary concentrations of the ciprofloxacin active moieties compared to Proquin™ OD
(9% and 11%, respectively). Figure 11 provides a comparison of the % total dose of ciprofloxacin
and active metabolites excreted into the urine following a 3-day therapy with the two treatments.

Cigraflaxecin CR™ 508 my Tablets (singie dose) (A)
Parameter wx, Clere® 258 mp Taklets (iveice dully x 2 desari (8 v+ ]
. Ratls of Mesns .
‘ 9% CIL e Intrs-Suhject CV 8
AUC,. 8547 to 9B.95% 9108% 15.77% e
AUCqur £6.91% to 101.15% 93.78% 15.03% g
Coare ¥ 131.07% 10 163.50% . 146485 73.68%
— , &
cz 68.10% t0 84 44% SE3% 23.41% D_ )
()
TABLE 24B
Statistical Comparison of Ciprofloxacin Pharmacokinetics: 0
Proquin™ 500 mg OD versus Cipro® 250 mg BID N O
{Day 3 of Therapy) :g
o cwmaxmmmgm(w(dm
Pharmasokinetic | CIPRO® 250 g Tablets (bid) ()
Pagiuncters $% Confidence fatcrvat Radio of Means Trtra-Subject CV
ALC, 52217 10 103,60% 97.74% 1252%
Comeeo V8- Gt 130.671%6 (6 160.20% 144.60% 21.89%
Caagsi V8- Cr B9, T75% 0 96.03% BEIT% T882%
Ca 40.39% 10 49.75% 44.83% 2.40%
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- Percentage of Dose versus Metabolite Fraction on Day 3,
following the administration of 1x500 mg ProquinTM tablet once a day (Treatment A)
and 1 x250 mg Cipro® tablet twice a day (Treatment B)
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¢) What are the characteristics of drug distribution, i.e., protein binding?

Ados e;q_tssod {sog

At ciprofloxacin concentrations lower than 3 pM (=Cmax in healthy volunteers), the percentage of plasma
protein binding of ciprofloxacin was < 37%. At test concentrations exceeding 3 uM, the percentage of
plasma protein binding decreased. Thus, ciprofloxacin has a low potential to alter the pharmacokinetics

of drugs that are highly protein-bound.

The mean and individual percentages of bound ciproﬂokacin in human.plasma at various test

concentrations are given in the table below.

TABLE 25 %
: Péracntage of Radioagtivity

Congentration Unbound Bound Standard
[N Individual Mean Individusl Mcan Deviation

0.9 0.9 29.1 5.7

m s

3 634 66 1.2

9 ‘735 265 25

© 637

30 - 90.1 9.93

L o

d) Does the mass balance study suggest renal or hepatic as the major route of elimination?

Ciprofloxacin is eliminated by renal and non-renal routes. In this Mass Balance Study (Study 81-0037),
about 85% of the administered dose was accounted for, i.e., 34% and 39% of the dose were excreted as
unchanged ciprofloxacin in urine and feces, respectively, whereas 7% and 4% of the administered dose
were excreted into the urine and the feces, respectively, as ciprofloxacin active metabolites. The total
recovery, in urine and feces, of ciprofloxacin and the metabolites, M1, M2, M3, and M4, are summarized

- in Table 26. These urinary and fecal percentage recovery findings are consistent with that in the literature.
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The renal clearance of ciprofloxacin was about 304 to 383 mL/min (18.24 to 23.5L/h) which suggests the
involvement of renal tubular secretion and glomerular filtration as mechanisms or renal elimination.

TABLE 26
Mean % Recovery of Ciprofloxacin, M1, M2, M3, and M4
Following a Single Dose of Proquin 500 mg (Excluding Subject 007)
e g e O o \ ol et 43

4 Ciprofloxacin Ml % 2 M3 M4 Tatal
Urine 33.9% 0.61% 2.81% 3.29% - 40,6
Feces 39.1%; 0.54% 3.24% 037% | 0.15% | 43.4%
Tetal K W@ | 115% 6.05% 3.66% | 0.15% | 84.0%

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

e) Based on PK parameters, what is the degree of linearity or nonlinearity in the dose-concentration
relationship? :

The sponsor did not conduct a formal study to investigate the dose-concentration relationship of
ciprofloxacin from Proquin™. Table 26 below provides a cross-study comparison of the plasma PK
parameters of ciprofloxacin following single dose administration of either Proquin™ 500 mg or 1000 mg,
with a moderate-fat content meal. it appears from the dose-nomalized AUC and Cmax data that the
pharmacokinetics of ciprofloxacin (Proquin™) are linear at least from a 500 to 1000 mg, the clinical dose
range. The Tmax was not affected by doubling the dosage.

TABLE 26
Cross-study comparison of Pharmacokinetic Parameters of a‘single dose of Proquin™:
' 500 mg versus 1000 mg_

FAT CONTENT FLUID

STUDY PROQUIN | OF THEMEAL | CONTROL? | CMAX*" TMAX AUCqo24™"

DOSE ADMINISTERED | (YES/NO) (NG/ML) (H) {NG*H/ML)

(MG) WITH

PROQUIN™

Drug Interaction ~ 1000 moderate Y 1272 3.95 7723
with Omeprazole
(81-0027) .
Drug Interaction -~ 1000 moderate | Y 1041 445 7405
with Antacids 1 )
(81-0028)
Drug Interaction 1000 moderate N 1206 410 - 7449
with Antacids 2

Drug Interaction moderat
with Coumadin
(81-0035)
IVIVC (81-0029) moderate

ot gHY it
* Geometric mean; Dose-normalized to 500 mg
® For Drug Interaction Studies: The PK parameter values are for Proquin™ alone (without the other drug).

-~
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f) How do the PK parameters change with time following chronic dosing?

Based on the plasma PK data in Table 22, the accumulation of ciprofloxacin and its metabolites is
minimal by the last day of therapy (Day 3) with Proquin™ 500mg OD. The Day 3-to-Day 1 accumulation
ratios in terms of AUCg.24, and Cmax were 1.23 and 1.19, respectively. Based on a comparison of the

- Day 1 and Day 3 Max Rate of ciprofloxacin, M1, M2, and M3 excretion into the urine, the renal excretion
of ciprofloxacin and its metabolites is fairly stable throughout the treatment period.

g) What is the inter- and intra-subject variability of PK parameters in volunteers and patients, and what
are the major causes of variability?

In the clinical pharmacology studies, the reported _% inter-subject CV (coefficient of variation) about the
mean AUC or Cmax in healthy volunteers was around 30% when Proquin™ was given with a meal; the
%CV was around 50% when Proquin™ was given under fasted conditions.

C. Intrinsic Factors

1. What intrinsic factors (age, gender, race, weight, height, disease, genetic polymorphism, pregnancy,
and organ dysfunction) influence exposure (PK usually) and/or response and what is the impact of any
differences in exposure on efficacy or safety responses?

Age, gender, race, weight, and height were not shown to influence the steady-state plasma AUCq 4,
Cmax, and the elimination t¥2 of ciprofloxacin from Proquin™ 500mg extended-release tablets. The table
below summarizes the effects of these variables on Proquin™ (plasma and urinary) PK parameters in -
healthy volunteers given Proquin™ 500mg daily for 3 days. It can be observed that the steady-state Cmin
of ciprofloxacin was statistically significantly higher (p=0.0049) in males than in females, although all other
ciprofloxacin PK parameters considered in the ANOVA analysis of plasma PK parameters were not
(Table 27A). However, this gender difference was not evident in terms of the cumulative amounts of
ciprofloxacin excreted into the urine, as shown in Table 27B. Thus, these same intrinsic factors are not
expected to influence the response to Proquin™ in the treatment of uncomplicated urinary tract infections.
The clinical efficacy/safety studies enrolled female patients only, in accordance with the known higher
»relattve prevalence rates of this type of infection in females.

TABLE 27A
STATISTICAL COMPARISON OF CIPROFLLOXACIN PLASMA PHARMACOKINETIC PARAMETERS
IN HEALTHY VOLUNTEERS FOLLOWING PROQUIN™ 500MG QD X 3 DAYS (Study 81-0026)

PHARMACOKINETIC PARAMETER

INTRINSIC FACTOR

GENDER ,
Females (n=14) 7898 + 2178 870 + 269 59+22 53.4 +18.1 9.0+0.9
Males (n=13) 7913 £ 1782 843 £ 222 6.2+3.1 83.0£307 9714

(NS) (NS) {NS) (p=0.0049) (NS)

RACE '

Asians (n=5) 7800 + 2427 883 +222 40+1.4 62.0£10.7 87+08
Blacks {n=4) 8411 + 2252 878+ 342 73121 63.2£20.3 9.7+0.4
Caucasians (n=18) 7767 + 1872 845 + 241 6.4+28 70.3+33.8 9.4+14

AGE
(<65 years;
38.5 £ 10.3 years)

BODY WEIGHT

(71.3+ 11.3 kg)

HEIGHT
(1.68 £ 0.10 m?)

g
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TABLE 27A
STATISTICAL COMPARISON OF CIPROFLOXACIN URINARY EXCRETION
IN HEALTHY VOLUNTEERS FOLLOWING PROQUIN™ 500MG QD X 3 DAYS (Study 81-0026)

" STATISTICAL SIGNIFICANCE BY
CIPROFLOXACIN DOSE ANOVA (a =0.05) OR
INTRINSIC FACTOR EXCRETED INTO THE URINE | CORRELATION COEFFICENT ()
(%) . BY LINEAR REGRESSION
GENDER )
Females (n=14) 31.8+9.3 NS
Males (n=13) 34.1+8.2
RACE
Asians (n=5) 327+86 NS
Blacks (n=4) 255+27
Caucasians (n=18) 346 +9.0
AGE .
(<65 years; R? = 0.0147
38.5 £ 10.3 years)
BODY WEIGHT ]
(71.3+ 11.3 kg) R? = 0.0062
HEIGHT
(1.68+0.10 m?) : R?=0.0013

Subgroup analyses based on age group (<65 years and 265 years) and race (Caucasian and non-
Caucasian) were performed for the primary efficacy parameter (the microbiological eradication rate at the
Test-of-Cure Visit) for the efficacy population of the pivotal clinical trial (Study 81-001 5). The differences
in the rates of microbiological eradication at the Test-of-Cure Visit were similar between treatment groups
in patients who were <65 years of age and in patients who were >65 years of age, as well as between |
treatment groups in Caucasian patients and in non-Caucasian patients in the efficacy population (Table
28).

It was noted that for patients who were in the Proquin™ treatment arm,"Caucasians had a slightly higher
microbiological eradication rate than non-Caucasians (94.4% versus 89.3%). This finding is consistent
with the slightly higher percentage of the ciprofloxacin dose (% Dose) excreted in the urine of Caucasian
subjects compared to non-Caucasian subjects who received Proquin™ 500mg OD x 3 days in Study 81-
0026 (34.6% versus 29.5%; see Table 27B above). Unfortunately, all the subjects in Study 81-0026 were
<65 years old which precludes a direct comparison with the efficacy findings in the age subgroups of
Study 81-0015. However, a cross-study comparison suggest that the elderly patients given a single dose
of Proquin™ 500mg (Study 81-0032), had a slightly lower percentage (by 11%) of the ciprofloxacin dose
excreted into their urine although these elderly patients demonstrated a 20% higher ciprofioxacin AUC.4
compared to that that seen in younger healthy volunteers (Study 81-0028) which suggests a decreased
renal clearance of ciprofloxacin in elderly patients. Furthermore; the slightly lower urinary ciprofioxacin
concentrations in these elderly patients could help explain why the microbiological eradication rate in
younger patients (<65 years) was slightly higher than in eldedy patients (> 65 years) in the pivotal efficacy
trial (93.5% versus 85.7%).
TABLE 28 .
Analysis of 1-Week Microbiological Eradication Rate at Test-of-Cure Visit:
Efficacy Population, By Age Group and By Race Group (Study 81-0015)

ONE-WEEK MICROBIOLOGICAL
RESPONSE TREATMENT GROUP
BY AGE . Proquin™ Cipro® IR

<65 years 265 years <65 years >65 years
n 269 14 237 20
Microbiological Eradication Rate 93.8% 85.7% 89.2% 94.7%
(TMER)
95% CI of TMER {90.86%, 96.74%) (67.36%, (85.21%, 93.19%) (84.63%,

100.00%) 100.00%)

Percent Failures {%) 6.2% 14.3% 10.8% 5.3%
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Treatment Difference 4.60% -9.00%

(Proquin™ - Cipro® IR)

P value {<0.0001) (0.461)

95% CI TMER -0.36%, 9.56%) .92%, 11.92

BY RACE TREATMENT GROUP

: ) Proquin™ Cipro® IR
Caucasians Non-Caucasians Caucasians Non-Caucasians

n 226 . 57 215 42

Microbiological Eradication Rate 94.4% 89.3%. 90.0% 88.1%

(TMER)

95% Cl of TMER (91.33%, 97.47%) | (81.20%, 97.40%) | (85.93%, 94.07%) (78.31%,
97.89%)

Percentage Failures (%) 5.6% 10.7% 10.0% 11.9%

Treatment Difference 4.40% 1.20%

(Proquin™ - Cipro® IR)

P value (<0.001) {0.041)

95% Cl TMER (-0.69%, 9.49%) {-11.51%, 13.91%)

2. Based upon what is known about exposure-response relationships and their variability, and the groups
studied, healthy volunteers vs. patients vs. specific populations (examples shown below), what dosage
regimen adjustments, if any, are recommended for each of these groups? If dosage regimen
adjustments are not based upon exposure-response relationships, describe the alternative basis for
the recommendation. :

Elderly

For elderly patients, dosage adjustment is not needed. Following a 500mg dose of Proquin™,

ciprofloxacin AUCy and Cmax values in elderly subjects were found to be slightly higher (by 20 and 24%,
respectively) compared to those in younger subjects enrolled in reference PK studies with a comparable

protocol design. Both the mean/median Tmax values and the elimination half-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 was lower (by about 11%) in elderly subjects than in younger

subjects.

Pediatric patients . =
No dosage recommendations.

The clinical trials included only female adult patients because uncomplicated urinary tract infections
(uUTlIs) are not prevalent in children or in male adults. . The occurrence of UTI or cystitis in a child is
almost always caused by anatomic or congenital abnormalities, a neurogenic bladder, and/or diabetes
mellitus. Thus, a pediatric waiver was requested by the sponsor. The conduct of future pharmacokinetic
studies involving pediatric patients is thus a remote possibility.

2

Gender

Dosage adjustment based on gender is. not needed. Although there was no dedicated study to evaluate
the influence of gender on ciprofloxacin pharmacokinetics in subjects who took Proquin™, a comparative
analysis of female and male healthy volunteers enrolled in the steady-state PK study (Study 81-0026)
suggested that there were no gender-dependent statistically significant PK differences that would warrant
dosage adjustment based on gender.

Race . :
Dosage adjustments based on race are not needed. Although there was no dedicated study to evaluate

the influence of race on ciprofloxacin pharmacokinetics in subjects who took Proquin™, a comparative
analysis of healthy Asians, Blacks and Caucasians enrolled in the steady-state PK study (Study 81-0026)
suggested that there were no race-dependent statistically significant plasma and urinary PK differences
that would warrant dosage adjustment based on race.
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‘Renal impairment

From the findings of the study involving subjects with normal renal function, mild and moderate renal
impairment, dosage adjustment is not needed in patients with mild to moderate renal impairment. The
systemic exposures (as AUC,,) of ciprofloxacin in subjects with mild and moderate renal impairment were
42% and 54% higher, respectively, compared to subjects with normal renal function. The total
ciprofloxacin clearance values for those with normal renal function, those with mild renal impairment and
those with moderate renal impairment were 56, 41 and 39 mL/min, respectively.

_Based on literature information, the 2-fold increase in ciprofloxacin t% is similar to the 1.7-fold and 1.66-
fold increase in t'2 observed in subjects in Study 81-0036 with mild renal impairment and moderate renal
- impaiment, respectively. Based on labeling information available for CIPRO® immediate release and
modified-release dosage forms, patients with severe renal impairment {those with creatinine clearance
<30 mL/min) should receive up to 500 mg q24 h for the treatment of uUTI and patients with ESRD should
receive a ciprofloxacin dose of 500 mg q18h. Thus, although no studies were conducted to evaluate
ciprofloxacin PK in subjects with severe renal impairment following a Proquin™ 500mg dose, it is
assumed that the same dosing recommendation applies to Proquin™ 500mg because the total exposure .
(both AUC and Cmax) from Proquin™ is similar, if not slightly lower than that achieved from CIPRO® IR.

Hepatic impairment

The sponsor of Proquin™ did not conduct a clinical study to evaluate ciprofloxacin pharmmacokinetics in
patients with hepatic impairment. Labeling information available for other ciprofloxacin dosage forms
indicates that dosage adjustment is not required in patients with stable chronic cirrhosis, as well as that
ciprofloxacin pharmacokinetics in patients with acute hepatic insufficiency have not been fully elucidated.

Pregnancy and Lactation

No recommendations. Based on labeling information available for other dosage forms of ciprofloxacin,
ciprofloxacin is excreted in breast milk, as well as that the safety of ciprofloxacin use in pregnant women
had not been established.

What pharmacogenetics information is there in the application and is it important or not?
There was no pharmacogenetics information in this NDA submission.

ey

D. Extrinsic Factors

1. What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence dose-
exposure and/or response and what is the impact of any differences in exposure on response?

The effect of smoking (a CYP1A2 inducer) on the pharmacokinetics of ciprofloxacin from Proquin™ was
not investigated. Only non-smoking subjects were included in the clinical pharmacology studies

conducted by the sponsor of ProqumTM
2. Drug-Drug Interactions

a) Is the drug a substrate of CYP enzymes?

Prototyping studies were not conducted by the sponsor to identify which CYP450 enzymes are
responsible for the metabolism of ciprofloxacin to at least four less active metabolites, namely
oxociprofioxacin (M1), sulfociprofloxacin (M2), desethylenec:profloxacm(M3) and formylciprofloxacin
(M4), which are all excreted to a similar extent in the urine and feces.

b) Is there an in-vitro basis to suspect in vivo drug-drug interactions? Are there any in-vivo drug-drug
interaction studies that indicate the exposure alone and/or exposure-response relationships are
different when drugs are co-administered? Is the drug an inhibitor and/or an inducer of CYP
enzymes?
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" Inhibition of CYP450 —Mediated Metabolism

The findings of the in vitro drug interaction study (Study 84-002) conducted by the sponsor indicated that
ciprofloxacin, at test concentrations ranging from 0.3 to 90 M, had no significant inhibitory effect on the
activities of CYP3A4, CYP2C19, and CYP2D6. Table 29 presents the values for percent activity
remaining relative to the negative control in each CYP-isoenzyme-specific assay at each concentration of
ciprofloxacin. The study did not include positive controls of CYP450 inhibition.
At 90 M (approximately 36x the plasma Cmax in healthy volunteers), the resulting decrease in the
metabolism of probe substrates for CYP1A2 and CYP2C9 were only 18% and 25%, respectively.
However, concentration-related increases in CYP1A2- and CYP2C9-mediated metabolism were observed
in vitro (Figure 12).
TABLE 29 )
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 | 825
CYP2C9 Diclofenac (10 uM) 4'-hydroxydiclofenac NA ] 955 | 105 { 978 | 106 | 96.5 | 75.3
CYP2C19 | S-Mephenytoin (50 uM) | 4™-hydroxymephenytoin NA | 106 | 105 | 107 | 104 { 107 | 115
CYP2D6 Bufuralol (10 uM) 1’-hydroxybufuralol NA | 105 | 105 | 103 | 101 | 109 | 120
CYP3A4 Testosterone (50 pM) 6B-hydroxytestosterone | NA | 99.1] 99.0 | 101 | 956 | 101 | 98.6

Midazolam (5 uM) 1"-hydroxymidazolam NA [ 934 ]952 1] 102 | 107 | 102 | 102

NA- not applicable
« average of lriplicate values

FIGURE 12
Relationship between ciprofloxacin concentration
and Inhibitory Effects of ciprofloxacin on CYP1A2 and CYP2C9 metabolic activities
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Itis important to note that in the literature, the potential of ciprofloxacin to decrease the clearance of
CYP1A2 substrates (e.g., theophyliine, caffeine, tizanidine) in humans have been demonstrated. The
findings of pharmacokinetic studies suggest that ciprofloxacin inhibits hepatic demethylation (but not
hydroxylation) of theophylline and such effect is dependent on the levet 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 pg/mL) but not at lower test concentrations (10 and 100 uM;_Sarkar et al., 1990; Fuhr et
al, 1992 ). Thus, it is not known whether ciprofloxacin achieves hepatocyte concentrations that are much .
higher than that achieved in systemic circulation, thereby aflowing 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 ciprofloxacin 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).
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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 reports of the potential of
ciprofloxacin to enhance the pharmacodynamic effects of warfarin (a CYP2C9/CYP3A4 substrate),
especially in elderly patients under long-term anticoagulant therapy and being treated with ciprofloxacin
for infection. ’

Induction of CYP450-Mediated Metabolism

In Study 84-0003, the sponsor evaluated the CYP450 induction potential of ciproftoxacin using primary

cultures of human hepatocytes. Table 30 summarizes the fold-induction data on CYP1A2, CYP2C9 and
. CYP3A enzyme activities by ciprofloxacin (0.45 uM to 45 pM), as well as by the positive inducer controls.

Ciprofloxacin (at concentrations of 0.45 to 45 pM) did not induce CYP2C or CYP3A activities of primary

cultures of human hepatocytes. At 45 uM (approximately equivalent to 18x the Cmax,ss in heaithy

volunteers who received Proquin™ 500 mg OD for 3 days), ciprofloxacin showed a weak induction effect

on CYP1A2. Because the effect was <40% of that produced by the positive inducer control (omeprazole

30 pM), ciprofloxacin is not projected to cause in vivo induction of the metabolism of CYP1A2 substrates.

To date, the literature provides no evidence of such interactions precipitated by ciprofloxacin in vitro or in

vivo. . »

TABLE 30
Fold-induction on CYP1A2, CYP2C9 and CYP3A enzyme activities
by ciprofloxacin (0.45 uM to 45 pM), in comparison with the positive inducer controls

CYP1A2 0.5% viv Omeprazole Ciproftoxacin
DMSO (30 uM) )
0.45 uM 4.5 uM 45 uM
mean 12.90 0.90 1.33 1.80
sd 0 7.72 0.10 0.25 0.46
CYP2C9 | 0.5% viv Rifampin Ciprofloxacin
DMSO (50 uM)
4.5uM 4.5\uM 4.5 uM
mean 4.10 1.00 1.20 1.00
sd 0.80 0.36 0.46 0.30
CYP3A 0.5% viv Rifampin Ciprofloxacin
DMSO {50 uM) ]
45uM 4.5 uM 45 uM
mean 0 343 1.13 1.20 117
sd- 0 1.33 0.31 0.44 0.15

¢) Is there a known mechanistic basis for pharmacodynamic drug-drug interactions?

There is conflicting evidence in the literature regarding the potential of ciprofloxacin to affect the
pharmacokinetics and pharmacodynamics of warfatin. The two-way, single dose drug interaction study
conducted by the sponsor (Study 81-0035) failed to show any influence on the exposures of ciprofloxacin
and the R- and S- enantiomers of warfarin, as well as the PD of warfarin. Likewise, prospective single-
dose and multiple dose PK and PK/PD studies in healthy volunteers or patients on short-term or long-
term coagulation therapy with warfarin have failed to corroborate adverse event reports and some
literature evidence of a PD-based drug interaction between ciprofloxacin and warfarin (e.g., case reports).
Several reviews have advocated alternative mechanisms; the hypoprothrombinemic effect observed in
patients taking warfarin and ciprofloxacin may not be due to ciprofloxacin-mediated inhibition of warfarin
metabolism. According to at least 3 publications, infection or fever may increase PT in anticoagulated
patients, possibly via inhibition. of hepatic metabolism by interferon. An alternative explanation for the

P
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interaction between warfarin and various antibiotics is that some antibiotics like ciprofloxacin 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.

Based on case reports submitted to the FDA, totaling 66 from 1987 to 1997, the drug interaction may
occur 2—16 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 medical problems leading some to attribute the alterations in warfarin PD on risk factors (e.qg.,
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 monltored
very closely.

E. General Biopharmaceutics

1. What is the relative bioavailability of the proposed to-be-marketed formulation to the formulation used
in the pivotal clinical trial?

The same formulation (different lot number) used in the clinical phamacology studies reviewed was used
in the pivotal clinical efficacy trials. The lot number and the assay potency (% of label claim, if available)
of Proquin™ and Cipro® immediate-release oral formulations used in these clinical studies are presented
in the following table:

) TABLE 31
STUDY PROQUIN™ CIPRO® 250 mg
Lot Number Assay Potency Lot Number Assay Potency
81-0025 HT3602 : 54002PR - NA
Single-dose PK
81-0026 . HT3602 54002PR NA
Multiple-dose PK N
81-0005 010036 OoLDV NA
Efficacy/Safety
81-0015 HT360R, 2500C7X NA
Efficacy/Safety HT361R,
- HT362R

NA-not available

2. Whatis the effect of food on the bioavailability (BA) of ciprofloxacin from Proquin ™?

A high-fat meal increased the systemic and urinary bioavailability of ciprofloxacin and metabolites from
orally administered Proquin™ 500 mg. Table 32 compares the pharmacokinetic parameters for
ciprofloxacin in the plasma and Tables 33A to 33D compares PK parameters in the urine under fasted
versus fed conditions. The ciprofloxacin AUC was higher by 170% and the cumulative urinary excretion of
the unchanged drug was higher by 154% (with-smaller variability) when given with a high-fat meal
compared to when given under fasted conditions. Both the ciprofloxacin mean Tmax in the plasma and
the mean Tmax,rate in the urine were longer (by 2.2 hours and by 2.7 hours, respectively), under fed
conditions.



TABLE 32 ‘
. Pharmacokinetic Parameters for Ciprofloxacin in Plasma
_ Ciprofloxacin GR™ | Ciprefloxacin GR
’ 500 mg Tablets — fasted | 500 mg Tablets - fed
Pharmacoklaetic (Tesg) (Reference) pvalue
(n=27) {n=27)
_ : Geometric praan (BCV) Gromstric mean (HCV) _ ]
AUCG,, ) , :
26873 (S1.1) T246.01 (24, <q.0001*
| (agbeiml) § 6873 ¢ 246) e
AUC gin <0,0001
. 2961.9 (48.0 7587.8 (242 .
(agehefinL) § 96t { ,) (24.2) .
Cogx (ngfml) § 482.8 (50.8) 10640 (36.1) <0.0001¢
., 230+0.74" 449 £232° 0.0002
Toux (1) § 2350+ 4.00%
te(r)§ 5.07 £ 161* 439+ 1.10" 0.448
* Median values S
" Men+SD
! The p-value is from ANOVA en h—mfmd daty
TABLE 33A
Summary of Pharmacokinetic Results for Clproﬂoxacm in Urine
A ,Cpmﬁmem GE™ SR
Pharmucokinetic [~ ' s
1 Paramefer p-value
Tpu Rate (b} 5. 3AE150_ _ G5#2793
MaxRate: 13.9947.97 294641220
%Doses 36075729
¥ Goomettic mean. {9 CV) N

TABLE 338

Summary of Phannacokmetlc Results for Desethyleneciprofloxacin (M1) in Urme ‘

Ciprofloxacin GR™

Pharmawkme&c

500: mg: szlets fed’

;2;2-;(39;#’5?’ .

0512016

TABLE 33C
Summary of Pharmacokmetic Results for Sulfociprofloxacin (M2) in Urme

Ciproﬁoxa" i Gﬁﬂr

Cipmﬂoxaetn GRW
Table

prealue
TR s T omaz
MuRate(mgIhr} - 3()6ﬁ40~ <0.0001
Ae (mm 5.3 (66.5) 155383 < 00001
| %buse’y LIT£0.74 2:704 .03 <0000%

TGeomettic mean o0V
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TABLE 33D
Summary of Pharmacokinetic Results for 0xoc1proﬂoxacm (M3) in Urine
Clptoflozacis GR™ T
Phxrmacokm stie SHO mg'i’ablefs—fxsted .
p-value

Pavamister ff“‘)

3. Was a fed BE study conducted? What dosing recommendation should be made, if any, regarding
administration of the Proquin ™ in relation to meals or meal types? How do the inconsistencies in the
fat content of the co-administered meal and the use of a fluid control measure in the clinical
pharmacology studies and clinical trials influence the findings?

Yes, the bioequivalence studies and all other clinical pharmacology studies comparing Proquin™ 500 mg
OD to Cipro® 250 mg BID were conducted under fed conditions (with high-fat or moderate-fat meal; with
or without fluid control). In the clinical efficacy/safety trials, patients with uncomplicated UTI were
instructed to take the medication and placebo tablets twice daily, either after dinner or after breakfast.

Overall, when given with a high-fat meal, Proquin™ 500 mg OD was bioequivalent to Cipro® IR 250 mg
BID, in terms of systemic exposure (AUC but not Cmax) and cumulative urinary excretion of ciprofloxacin
and major metabolites.

In the clinical pharmacology studies, there was inconsistency as to the fat-content of the meal and the

use of a fluid control measure wherein 100 mL or 200mL drinking water was taken every hour or every 2

hours unti 24 hours post-dose. There were no formal studies conducted to evaluate the potential of the

fat content of the meal and/or the fluid control measure to influence the PK of ciprofioxacin. The reviewer .
conducted a cross-study comparison of ciprofloxacin PK parameters (AUCg.24n, Cmax, and Tmax), taking S
into consideration the fat-content of the co-administered meal and the presence/absence of the fluid

control measure (Table 34).

Fr 4

With a moderate-fat meal, the oral bioavailability of Proquin™ is expected to be slightly lower than when
given with a high-fat meal, i.e., with a moderate-fat meal (IVIVC Study; 81-0029), the AUCq.o41, of
Proquin™ 500mg tablet was about 89% of the AUCq .4, of Cipro® 500mg immediate release tablet on
Day 1 whereas when given with a high-fat meal, it was about 92% and 98% of Cipro® 250mg BID on Day
1 and Day 3 of dosing, respectively. However, it appears from the non-inferiority findings of the clinical
trial that any such differences in the oral bioavailability of Proquin™ (as a consequence of differences in
fat content of meals taken concomitantly with the Proquin™) would have not been clinically significant.
Although the Cmax of the reference (immediate-release) Cipro® treatment would have been slightly
reduced by its co-administration with food in the trial, according to the {abel of Cipro®, the over-all
absorption would have not been significantly altered.

Assuming there were no other significant experimental sources of variation among these studies, it can
be concluded, especially from a comparison of the two antacid drug interaction studies conducted, that
there was no trend or significant difference observed in the Cmax, Tmax, and AUC, »45, of ciprofloxacin
from Proquin™ that could be strongly attributed to the influence of fluid control or lack thereof.
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TABLE 34
Fat content of Fluid
Study the meal control? Cmax*® Tmax AUCq.24°"°
administered (Yes/No) - {ng/mL)}) (h) (ng*h/mL)
- with Proquin™ :
Drug Interaction moderate Y 1272 3.95 7723
with Omeprazole

Drug Interaction moderate N 819 4.89 7242
with Coumadin
(81-0035)

IVIVC (81-0029) moderate N 1274 4.56 8336

¥ Geometric mean; Dose-normalized to 500 mg
® For Drug Interaction Studies: The PK parameter values are for Proquin™ alone (without the other
drug). -

4. How do the dissolution conditions and specifications assure in vivo performance and quality of the
product? - :

Establishment of a Level A IVIVC

Using a numerical deconvolution method, the in vivo release kinetics of ciprofloxacin from the tested
formulations (Fast-release, Standard-release, and Stow-release) was calculated from their plasma
concentration {evels obtained from healthy volunteers in Study 81-0029. The percentages released in
vivo were plotted against percent released in vitro for the same time points from the three test
formulations (Figure 13; data summarized in Table 35). The resulting polynomial function describing the
correlation of % released in vitro (X) and % released in vivo (Y) was obtained:

Regression equation: , - / / R*=0.94 %
/ /o 4

FIGURE 13
Correlation between percent released in vivo (Y-axis) and percent released in vitro (X-axis)
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TABLE 35
In-Vitro and In-Vivo Drug Release Data used in IVIVC Model

Ny

Setting Bforelevant In-vitro Release Specifications from the Level A IVIVC Model
Based on the established Level A In-Vitro - In-Vivo Correlation (IVIVC), the following in vitro release

specifications were proposed for Proquin™ extended release ciprofloxacin dosage form. These in vitro
drug release specifications are acceptable.

TABLE 36
In vitro release specifications for Proquin™ 500mg Tablets

Tima {h) Lower limit Uppar limit
(%] (%)

2

4 / /

7 ' .

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

e

The in vitro release profiles of the theoretical side bafches are plotted in Figure 14 together with the
profile of the-biobatch (Standard Release Product) tested in vivo. .

FIGURE 14 .
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
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The simulated plasma concentration profiles for these theoretical side batches are compared with the
plasma concentrations observed in vivo in Figure 15.

FIGURE 15
Predicted plasma 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 the table 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 37
| Ratativs bicanvaliatiliby ¢%)
Pi-parematers  |Predicted U] Predcied LU Cbserved Standard B)] ULStendard | LLStandand
Cmax (rgAmLj 1125518 | e9e521 102 319 103.0 857
ALIC{D-24H] {ng.hvrL AETE2E | TOEAES 8is532 1082 a57

F. Analytical Section

1. How are the active mbieties identified and measured in the plasma and urine in the clinical
pharmacology and biopharmaceutics studies? Which metabolites have been selected for analysis
and why?

A validated HPLC assay method with fluorescence detection was employed for the analysis of
ciprofloxacin in plasma samples, and of ciprofloxacin and its four major metabolites,
desethyleneciprofloxacin (M1), sulfociprofloxacin (M2), oxociprofloxacin (M3), and formyiciprofloxacin
{M4) in urine samples. .

2. What bioanalytical methods are used to assess concentrations?.

The validated method C25-01a was used to analyze the plasma samples; C26-00a was used for the urine
samples. The following table provides a description of the assay conditions. ’

AdoD ejqrssod jsag
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TABLE 38
Sample Preparation and C25-01a C26-00a
Assay conditions
Sample Preparation

<

N

“ N
4 i
¢

t

/

Assay Reversed-phase HPLC Reversed-phase
HPLC

HPLC Column

Mobile phase

Flow rate

Injection volume '
Internal standard )
Detector J

a) What is the range of the standard curves? How do these ranges relate to the requirements for clinical
studies? What curve fitting techniques were used?

The assay method was valid in the range of 24.999 ng/mL to 6399.730 ng/mL + 10% for ciprofloxacin in
human plasma; the average i for 5 standard curves was 0.9996. in human urine, the assay method was
valid from 1.500 mcg/mL to 15.001 mcg/mL for ciprofloxacin, and 0.500 mcg/mL to 5.000 mcg/mL for the
metabolites. At almost all urine (and plasma?) sampling time points, the formylciprofioxacin (M4) was below
the limit of quantification (BLQ).

b) What are the lower and upper fimits of quantification (LLOQ/ ULOQ)?

The lower limit of quantification (LLOQ) for ciprofloxacin was 24.986 ng/mL and 1.5 mcg/mL in plasma
and urine samples, respectively. The LLOQ for all the metabolites in the urine were 0.5 mcg/mL.

c) What is the accuracy, precision and selectivity at these limits?

Intra-Batch Accuracy and Precision. The mean for each quality control level and the LLOQ had a relative
error from the theoretical ranging from 0.9% to 1.8% and coefficient of variation ranging from 1.4% to
5.4%.

Inter-Batch Accuracy and Precision. The percent coefficient of variation for each QC sample and the’
LLOQ for five consecutive assay runs was determined with values ranging from 1.8% to 4.6%. The
relative error of the mean ranged from 0.3% to 2.4%. )

Selectivity. None of the 7 individual sources of human plasma samples (potassium EDTA as
anticoagulant) showed significant interfering peaks at the retention time of ciprofioxacin or the internal
standard. In addition, common Over-the-Counter (OTC) drugs and Oral Contraceptives (OC) tested did
not-present any interfering peaks with ciprofloxacin and the internal standard.

d) What is the absolute recovery of ciprofloxacin from the plasma samples?
The overall recovery for ciprofloxacin was 83.1% with a mean CV of 3.3%.

e) What is the sample stability under the conditions used in the study?.
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Freeze-thaw Stability. Ciprofloxacin at -25°C £10°C and -70°C +£10°C in human plasma was stable for
three freeze-thaw cycles.

In-Process Stability. Ciprofloxacin showed no toss of response within four hours at room temperature.
Autosampler Stability. Ciprofioxacin was stable in extracted samples for up to approximately 95 hours at
room temperature. ‘

Long-term Stability. Ciprofloxacin in human plasma at -25°C £10°C and -70°C +10°C will be determined
with QC samples at QC High and QC Low levels (Data not available at the time of NDA submission).

e) What is the QC sample plan?
The assay was validated against three quality control samples that were freshly prepared. The

concentrations of the ciprofloxacin in plasma QC Low, QC Med, and QC High were, 74.9997, 1199.96,
and 4799.8ng/mL. The concentrations of the QC samples in urine are tabulated below:

D Ciprofloxacin M1 M2 M3 M4,
QC High 12.001 4.000 4.000 4.000 4.000
QC Med I 3.750 1.250 1.250 1.250 1.250
QC Low 3.000 1.000 1.000 1.000 1.000

IV. Labeling Recommendations
The reviewer's recommended labeling changes wre interspersed in the proposed package insert below.
Deleted text appears with a strikethrough. Added text is marked with a double underscore.

V. Appendices
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B. Individuai Study Reviews

Study 81-0025

A Two-Way Crossover, Open-Label, Singlé-Dose, Fed, Bioavailability Study To ComL : rm:lumTM
500 mq (qd) Tablets with Cipro® 250 mgq (bid) Tablets in Healthy Non-Smoking Maleand Female

Subjects

Objective:
To assess the relative bioavailability of ciprofloxacin from Proquin™ (Gastric Retentive) 500 mg Tablets
(single dose) versus Cipro® immediate-release 250 mg Tablets (twice daily x 2 doses)

Study population:

Twenty-eight normal, non-smokmg male/female (1:1) subjects with mean age of 35 (20 to 52 years) were
enrolled in the study. The mean weight was 71 kg (58 to 92 kg). There were 19 Caucasians, 2 Asians,
and 7 Blacks. All but one of these subjects completed the study. -

Dosing and Administration: _

Following a fast of at least 4 hours, one of the following treatments were received with 240 mL of water
per treatment period, 30 minutes after the start of a standardized, approximately 1000 calorie, high-fat
(~50%) content meal. The wash-out period between treatments was 6 days.

Treatment A: Ciprofloxacin 500 mg Tablet (Lot #: HT3602; potenéy —, of label claim), once daily after
- dinner
Treatment B: CIPRO® 250 mg Tablet (Lot #: 54002PR) twice daily after breakfast and dinner

Fluid control measure: Water (100 mL) was administered at each 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 (Treatment A only), 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 libitum.

Pharmacokinetic sampling:

Blood samples will be collected based on the following schedule

Treatment A: 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 9.0, 12.0, 14.0, 18.0, 24.0 and
36.0 hours post-drug administration.

Treatment B: 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 9.0, 12.0 (pre-dose), 12.5, 13.0,
13.5, 14.0, 14.5, 15.0, 15.5, 16.0, 17.0, 18.0, 21.0, 24.0, 30.0, and 36.0 hours post-drug administration.

Urine (at least 20 mL per time interval) will be collected as follows:

Treatments A and B:

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,
12.0-14.0, 14.0-16.0, 16.0-18.0, 18.0-24.0, 24.0-36.0 hours first post-dose.

Criteria for evaluation:
Pharmacokinetics
The following pharmacokinetic parameters for ciprofloxacin were calculated by standard non
compartmental methods from plasma profiles:
« Area under the concentration-time curve from time zero to the time of dosing interval (AUCy)
maximum plasma concentration after dosing (Cpax),
concentration at the end of a dosing interval during multipte dosing (Cenin)
average plasma concentration in a dosing interval during multiple dosing (Cave)
time to reach peak plasma concentration (Tax)
plasma half-life (t'%)
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The following pharmacokinetic parameters for ciprofioxacin, desethylene ciprofloxacin(M1),
sulfociprofloxacin (M2), oxociprofioxacin (M3), and formylciprofloxacin (M4) were calcu{ated by standard

non-compartmental methods from urine profiles:

Safety

. amount excreted in urine (Ae)

maximum observed excretion rate (Max Rate)

“midpoint of collection interval associated with the maximum observed excretion rate (Tmax

Rate).
fractions of total dose recovered in urine (% Dose)
Renal clearance (Clr) - for ciprofloxacin only

Adverse events

Vital signs

ECGs

Laboratory parameters
Physical examinations

Statistical Analysis:

ANOVA was performed on In fransformed AUC,, AUC,.s and Cmax, and untransformed
Tmax and t¥%, at a level of significance 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 plasma AUCO t AUCM,,,
and Cmax between the test and reference treatments.

ANOVA was performed on Ae, %Dose, Max Rate, and Traxate at a level of significance of

0.05.

Results and Discussion:

Pharmacokinetics

AdoD s|qissoq jseg

Mean ciprofioxacin ptasma concentration time profiles are presented in Figure 16.
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The following tables summarize the plasma and urine pharmacokinetic parameters of ciprofloxacin and
three of its active metabolites. The total systemic exposure of ciprofloxacin from the two treatments were
similar in terms of AUCo.. and AUC.iyr with 90% confidence intervals of 91.98% and 93.78, respectively.

The Tmax of ciprofioxacin from a single dose of PROQUIN™ is longer than from the first or second dose
of Cipro IR (9 hours versus 2.5 hours). The Cmax of PROQUIN™ 500 mg is 46.5% higher than the first
Cmax of Cipro IR 250 mg but 24.2% lower than the Cmax of the second dose of Cipro IR. The plasma
elimination half-life was different between the two treatments.



TABLE 40 _
Summary of Plasma Pharmacokinetic Parameters of Ciprofloxacin
" cafloxacin GRO® 250 wg '
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' TABLE 41
Clpraflaxacin GR™ 588 mg Teblets (single dose) (4)
Parsiseter vs. Clpre® 258 myg Tablets (nvice dally x 2 doses) (B)
e Ratis of Means ,
0% ClL (Al Intra-Sabject CV
AUCs, BEATH 1o 98.95% 91.98% 1577%
AUCq. £6.91%to 101.19% 9378% 160%
™ 131175 0 16350% 146.44% 1.68%
Comes ¥1- 68.10% 10 84.44% 75.83% 23.11%
Couist ,

The ciproﬂoxacin 0 - 36 hour urinary recovery was significantly lower (by ~10%, p=0.0416) from
PROQUIN™ 500 mg QD than from Cipro IR 250 mg BID. The renal clearance of ciprofloxacin was not

different between the two treatments.
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TABLE 42
Summary of Urinary Pharmacokinetic Parameter§ of Ciprofioxacin
T i Ciprollesacin GR'™ Clpros 156 mg Talidetx (twice
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Similar urinary excretion profiles between the two treatments were observed for metabolites M1, M2, and
M3 (desethyleneciprofloxacin, sulfociprofloxacin, and oxociprofloxacin, respectively). The

pharmacokinetic parameters for the three metabolites are shown in the following tables. Insufficient PK

data for the 4™ metabolite precluded the calculation of PK parameters for this metabolite.

TABLE 43A .
Pharmacokinetic Parameters of desethyleneciprofloxacin (M1) in Urine
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TABLE43B . %
Pharmacokinetic Parameters of Sulfociprofloxacin (M2) in Urine :5
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TABLE 43C
Pharmacokinetic Parameters of Oxociprofloxacin (M3) in Urine
Ciproflexicis GE™ Clipre® 250 mg
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Figure 17 shows a comparison of the two treatments in terms of the total percentage of the dose excréted
in the urine (as parent + metabolites).

FIGURE 17

-

-]

:

&

Meaan KDose sicreded o it (%)
-}

a




75

Safety

In Treatment A (Proquin™ 500 mg tablets QD), two subjects experienced a total of 3 adverse events. In
Treatment B (Cipro 250 mg tablets BID), five subjects experienced a total of 14 adverse events.

Reviewer's comments:

1. As expected, the Trax of ciprofloxacin from the reference treatment (Cipro® 250 mg BID) was
prolonged (2.5 hours versus 0.5 to 1.0 hours) in this study because it was given with a meal.
Based on the label of immediate release ciprofloxacin (Cipro®), food is not expected to
substantially affect the extent of ciprofloxacin absorption.

2. That the Tmax of ciprofloxacin from PROQUIN™ 500 mg QD is even longer than 2.5 hours; i.e.,
9.0 hours, suggests that there was something inherent in this formulation or dosage form that
slowed down drug release and/or drug absorption.

3. The exact mechanism {be it gastric retention or some other mechanism) involved in the
prolonged Tmax of ciprofioxacin was not elucidated for PROQUIN™ but the sponsor had
previously conducted similar such studies for another gastric-retentive dosage form they
themselves developed (metformin). The inactive ingredients of Proquin™ are similar to that of

- Glumetza® (Metformin) 500mg extended-release tablets for which pharmacoscintigraphic studies
appeared to demonstrate a gastric-retentive mechanism.  ~— 7.

/ / /

4. When both were given with a high-fat meal, Proquin™ 500mg QD was found to be bicequivalent
to Cipro® 250mg BID in terms of AUCq 4. The Cmax of Progquin™ 500mg QD was 50% of the
sum of Cmax values from the two doses of Cipro® 250mg BID.

5. Therefore, based on comparative single-dose PK exposure data, a substantial meal is needed for
Proquin™ 500mg QD to be considered bioequivalent to Cipro® 250mg BID/fed. The label of
Cipro® 250 mg states that the extent of absorption of ciprofloxacin is not affected by food so that
it is assumed that this relationship will remain regardiess of whether the reference treatment was
given with or without a meal. .

6. Thata. -meal is needed to achieve therapeutic ciprofloxacin concentrations from
Proquin™ should be mentioned in the /

/ /

7. The table below compares the dose-dependent plasma PK parameters of ciprofioxacin from
various dosage forms, i.e., Proquin™ versus Cipro® in this study, and Cipro XR® versus Cipro®
{data from Cipro- XR® package insert). Assuming there was no significant inter-study food effects
on the systemic oral bicavailability of the reference Cipro® treatment, the percentage of
reference ciprofloxacin AUCy..4, from Proguin™ 500mg QD/fed was arithmetically smaller than
that from Cipro XR® 500mg QDffasted. As seen in the table, Cipro XR® 500mg QDffasted is
more simitar to Cipro® 250mg BlD/fasted than Proquin™ 500mg QDffed is to Cipro® 250mg BID

V (fasted or fed) in terms Tmax and daily total Cmax

TABLE 44
Day 1 Plasma Pharmacokinetic Parameters of Proquin™ versus Cipro® XR,
Relative to the Reference Cipro® IR Treatment

-

Dosage ) % of AUC,.
Form’ Fasted/Fed Tmax Cmax % of Cmax" AUCq.24n 2an Of
: {hn) {ng/mL) Cipro® 250 {ng*h/mL) Cipro®
mg BID 250 mg
{Fed or BID {Fed
. Fasted) or Fasted)
Progquin™ Fed 7.0 {mean) 692 © 50% 8237 91.8%
500 mg QD {with high-fat . | 9.0 (median) of Cipro® of Cipro®
meal) 250 mg BID 250 mg
{Fed) BID {Fed)
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Cipro® 250 Fed 2.0 {(mean) 1384° . 6793
mg BiD® (with high-fat | 2.5 {median)
meal)
Cipro XR Fasted 1.5 (median) | 1590 + 430 139% 7970 + 1870 96.6%
500 mg QD? of Cipro® .of Cipro®
250 mg BID 250 mg
(Fasted) BID

: ' (Fasted)
Cipro® 250 Fasted 1.0 {(median) | 1140 + 230° 8250 + 2150
mg BID? :

% values from Cipro XR® Package Insert
Cmax,1 + Cmax, 2

The table below compares the cumulative amounts of ciprofloxacin excreted into the urine during
a 24-hour dosing interval from Proquin™ under fed conditions against immediate-release and
modified release dosage forms of Cipro® under fasted conditions. Assuming there was no
significant inter-study food effects on the urinary bioavailability of the reference Cipro® treaiment,
the % of reference cumulative amount of ciprofloxacin excreted into the urine over a 24-hour
period from Proquin™ 500mg QD/fed was arithmetically greater than that from Cipro XR® 500mg
QD/fasted, a trend in contrast with that found from plasma concentrations profiles.

TABLE 45
Cumulative amount excreted % of Reference Cipro®
Dosage Form Fed/Fasted into urine 250 mg BID (Fed or
during a 24-hour interva!l Fasted)
{Ae, 024.) (mg)
Proquin™ 500 Fed {with high-fat 134.7 £ 28.6 380.6%
mg QD meal) of Cipro® 250 mg BID
. (Fed)
Cipro® 250 Fed (with high-fat 149.0 + 26.9
mg BID® meal)
Cipro XR 500 ’ Fasted 168.2 £ 46.10 84.8%
mg QD? . of Cipro® 250 mg BID
(Fasted)
Cipro® 250 Fasted 197.9+ 157.4
mg BID® :

? values from Cipro XR® NDA Submission

In the PK studies conducted for Cipro XR® by its own sponsor, the urinary ciprofioxacin
concentrations were always substantially (at least 100x} above the reported MICgy (=0.03
mog/mL) of £. coli isolates. In the case of Proquin™ 500mg QD, the mean.urinary ciprofloxacin
concentration values obtained in the single-dose PK study were at least 165x and 49x the MICg;
values (0.016 mcg/mL and 0.045 mcg/mL) for £.coli isolates strain 1 and strain 4, respectively. In
this same study, the reference Cipro® 250mg BID treatment afforded mean urinary ciprofloxacin
concentrations that were at least 254x and 77x higher than the MICq, values of E. coli strain 1
and strain 4, respectively. Therefore, assuming there were no significant inter-study differences
and the MICg, of E.cofi isolates were exactly the same for both studies, the fowest (urinary
ciprofloxacin concentrations-to-MiCgs) ratios achieved from Proquin™ 500mg QD would be
somewhat lower than the lowest PK/PD ratios from the reference treatment (Cipro® 250mg BID)
but comparable to the lowest PK/PD ratios reported for Cipro XR® 500mg QD.

Based on the PK/PD study report submitted by the sponsor, the plasma ciprofloxacin AUCg_4n-to-
MICg ratios for £.cofi strain 1 and strain 2 for Proquin™ 500mg QD were 405.6 and 144.2,
respectively, and for Cipro® 250mg BID, 401.0 and 142.6, respectively. However, using
geometric mean AUC, .4, values presented in the final report for Study 81-0025 (single dose, _
comparative PK study), the reviewer calculated the following AUC/MIC ratios for the two strains of
E.colfi based on the actual AUC data submitted for Study 81-0025. It can be seen from the table

_below that the AUC/MIC ratios for E.coli were greater than 125.

A
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TABLE 46
AUCo.24n
Treatment {Day 1) AUC/MICyp
ng*h/mL )
E. col E.coli
strain 1~ strain 2
{MICgs =0.016 (MiCgo =0.045
‘mcg/mL) mcg/ml)
Proguin™ 6236.7 389.8 138.6
500mg QD
Cipro® 250mg 6792.7 . 424.6 151.0
BID
% of Cipro® 92%
250mg BID

11. Based on the PK/PD study report submitted by the sponsor, the plasma ciprofloxacin Cmax-to-
MICy, ratios for E.coli strain 1 and strain 2 for Proquin™ 500mg QD were 45 and 16, respectively,
and for Cipro® 250mg BID, 59 and 21, respectively. The Cmax values used werethe average of
individual Cmax values and were nto taken from the mean plasma concentration profiles.
However, the reviewer used the geometric mean Cmax values presented in the final report for
Study 81-0025 (single dose, comparative PK study), to calcutate the Cmax/MIC ratios for the two
strains of £.coli. It can be seen from the table below that the Cmax/MICqq ratios for E.coli were
greater than equal to 10.

TABLE 47
Cmax )
Treatment {Day 1) Cmax/MICgo
ng*himL
) E. coli E.coli
strain 1 strain 2
{(MiCgqn =0.016 {(MICgp =0.045

mcg/mb) N mcg/mL)
Proquin™ Cmax.0=692 43 15 .
500mg QD %
Cipro® 250mg Cmax,1 =471 29 10 ¥
8iD Cmax, 2 =913 57 20
% of Cipro® 50%
250mg BID
(sumof 2
doses)

~ APPEARS THIS WAY

ON ORIGINAL
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Study 81-0026

A Two-Way Crossover, Open-Label, Fed, Steady-State Bioavailability Study of Proquin™ 500 mq
{qd) Tablets versus Cipro® 250 mq (bid) Tablets in Hea|tLv Non-Smoking Male and Female
Subjects

Objective:
- To assess the relative bioavailability of ciprofloxacin from Proquin™ (Gastric Retentive) 500 mg Tablets
(single dose) versus Cipro® 250 mg Tablets (twice daily) under steady state conditions

Study population:

Twenty eight (28) normal, healthy non-smoking male/female (1 1) subjects with mean age of 38 (23 to 61)
years old and mean weight of 71 (50 to 92) kg were enrolled in the study. Majority (68%) were
Caucasians; the remainder were Asians (18%) and Blacks (14%). All but one of the enrolied subjects
completed the study.

Dosing and Administration:

Following a fast of at least 4 hours, one of the following treatments were received with 240 mL of water
per treatment period, 30 minutes after the start of a standardized, approximately 1000 calorie, High-fat
(~50%) content meal for three consecutive days. The wash-out period between treatments was about 7
days.

Treatment A: Ciprofloxacin 500 mgTablet (Lot #: HT3602; potency — of label claim), once daily after
dinner
Treatment B: CIPRO® 250 mg Tablet (Lot #: 54002PR) twice daily after breakfast and dinner

Fluid control measure:

Day 1, Day 2 and Day 3 Treatments A and B: For all treatments, 100 mL (at ambient temperature) water
was administered according to the following schedule: 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 9.0, 10.0, 12.0 (only
Treatment A), 14.0, 16.0, 18.0, 20.0 and 22.0 hours post 0.0 hour dose.

Pharmacokinetic Sampling: : ' .
Blood samples will be collected based on the following schedule: '

e

{Dav 1) Treatments A and B: (pre-dose)

(Day 2) Treatments A and B: 0.0 (pre-dose)

(Dav 3)

Treatment A: 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 3.0, 3.5, 4.0, 4.5, 5.0, 6.0, 9.0, 12.0, 14.0, 18.0 and 24.0
post-drug administration. '

Treatment B: 0.0 (pre-dose), 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 5.0, 6.0, 9.0, 12.0, 12.5, 13.0, 13.5, 14.0,
14.5, 15.0, 15.5, 16.0, 17.0, 18.0, 21.0 and 24.0 post-drug administration.

Urine (at least 20 mL per time interval) will be collected from all subjects during the course of the study on
Days 1 through 3 as foilows:

(Dav 1) Treatments A and B:

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,
12.0-14.0, 14.0-16.0, 16.0-18.0 and 18.0-24.0 hours post-dose.

(Day 2) Treatment A and B:

Pre-dose (complete void and collect), 0.0-8.0, 8.0-16.0 and 16-24 hours post dose

(Dav 3) Treatments A and B:

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,
12.0-14.0, 14.0-16.0, 16.0-18.0 and 18.0-24.0 hours post-dose.

Criteria for evaluation:
Pharmacokinetics
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The following phamrmacokinetic parameters for ciprofloxacin were calculated by standard non
compartmental methods from plasma profiles:

Area under the concentration-time curve from time zero to the time of dosing interval (AUCy)
maximum plasma concentration after dosing (Cray),

concentration at the end of a dosing interval during multiple dosing (Ciq)

average plasma concentration in a dosing interval during muitiple dosing (Cave)

time to reach peak plasma concentration (Tayx), o

degree of concentration swing at steady state (% Swing),

degree of concentration fluctuation at steady state (% fluctuation)

mean residence time (MRT).

The following pharmacokinetic parameters for ciprofloxacin, desethylene ciprofloxacin(M1),
sulfociprofloxacin (M2), oxociprofloxacin (M3), and formylciprofloxacin (M4) were calculated by standard
non-compartmental methods from urine profiles:

Safety

amount excreted in urine (Ae)

maximum observed excretion rate (Max Rate)

midpoint of collection interval associated with the maximum observed excretion rate (Trax
Rate).

fractions of total dose ecovered in urine (% Dose)

Renal clearance (Clr) - for ciprofloxacin only

Adverse events

Vital signs

ECGs

Laboratory parameters
Physical examinations

Statistical Analysis:

The ratio of geometric means and the 90% geometric confidence interval (30% C.I.) were calculated
based on the difference in the Least Squares Means of the plasma AUC, and Cmax, as well as urine Ae
and CLr, between the test and reference formulations.

Resuits and Discussion:
Pharmacokinetics

Mean ciprofioxacin plasma concentration time profiles are presented in Figure 18.

FIGURE 18 Y
Mean Plasma Ciprofloxacin Concentrations on Day 3 (N=27) o,
- S
208
- &
- =
i G
8= -
E -}
- Q)
] Q
e O
s Jo <
E ]
wl
. * T T A T
L] ¢ [ k: | ] n ™
Time fhve}

A TREATMENT A: CIFNOFLOKACN GR TABLET. 1 % 800 my. Lot ¢ NTHGD
OG-0 TAEATHEKT S CFAG TABLET, T i T60 tag (iid). Lot # SeazIdR:

af



80

A summary of statistical analyses of ciprofloxacin PK parameters comparing the two treatments follow.
TABLE 48

LASMA (DAY 3)

Phanmacokinetic Parameters v s 2value
Guometric Mean (%CV) G Mean (CH
AUC, (rgheimly § 76626 (24.8) T8346{155) 0.509!
) . e wif S68.1 (24.7) 60001
Couc gt} § G 8241 284) Gt 9341 1273} oazrt (?
Con (ngZml} 62.59 (42449} 139,28 (29.301) <0,0001% (%]
, _ Foop 25321207 - -
Yo (0§ Tt 606 £ 2.63 2,02 )
war (1) 500 T A6 14T . O
14.50¢ ND (72 8
Diegree of Flsctustion (%) 2404 k4417 2504 +69.6" 0.506 : S_I’__
| Cope (L) 3284+ 816" 330.5 4 5287 0.509 ) .Q_-
Degree of Swiag () 132295 386.1" 5980 ND - D
MRT () 9294 1.18¢ 11932057 <0,0001 O
Arithmetic mean + SD; * The p-velus is from ANOVA on In-transformed data; ND: Not Determined O
 * Median values ; § Macually rounded frony vatwes obtained in Appendix 3 T
~
TABLE 49
a;mw c'ﬁt”‘ 560 reg Tublets (gd} (4
Pharmacokinetio Pk T (s i v
Parameters |5, Confidence Intcrval Rmuwavs Tntea-Subject €V
AUC, 92 21% o 103.60°%% 9. 74% 1252%
Coaa Vs o 10674 o 160.30% T4469% 31.89%
[ TR0 96.5% §RIT% 1847
Coir 40035 10 00.75% H32% AT

Mean cumulative amounts of ciprofloxacin excreted in the urine on Day 3 following PROQUIN™™ 500

mg QD and Cipro® 250 mg BID are shown in Figure 19. The mean percent of the dose excreted on Day
3 as parent drug and metabolites is compared between the two treatments on Figure 20. The mean '
pharmacokinetic parameters for ciprofloxacin, M1, M2, and M3 in urine are summarized in Tables 50 and

51A.
FIGURE 19

Mean Ciprofloxacin Cumulative Amount Excreted in Urme on Day 3 following
the administration of 1 x 500 mg ProqumTM tablet (Lot # HT3602) once a day
(Treatment A) and 1 x 250 mg Ciprofloxacin Cipro® tablet (Lot # 54002PR) twice
a day (Treatment B) (N=27)

10 et [rpee)

FEEEEEEEEN

AdoD 9]qissod 4999




FIGURE 20
Percentage of Dose versus Metabolite Fraction on Day 3
following the administration of 1x500 mg Proquin " tablet
(Lot # HT3602) once a day (Treatment A) and 1 x250 mg Ciprofloxacin
Cipro® tablet (Lot # 54002PR) twice a day (Treatment B)

Q Crncinroficencin (443)
45 1 CrQuiociprotiosacn (KA2)
| mUssethytenacipeotioxacn (M1}
4 g Conficas

Paramcters wad7 =27 povaluek
~ MeasxSD Meaw £5D
Dy t
Taon 00 | T 004300 | o0
Mt Rate (mgho)  Max Rate0: 2035 £9.29 ﬁ% %?EZ%:? gfg
Ae (mg} 1.4 (30.4)7 1493 (22.4)" [IRT >
% Dose _ 28I LE6I 3650 4 6.82 0.187
. Day1
1 Tt s {111 .85 4 4.99 16742470 110001
Max Bate (mag/hr) 9945388 12062 4.71 0049
Ae (mg) ' megzet | 1660 (4.7 0.0
% Blase | 2798 + .12 34 x84 aelo
. . Day 3 ' '
R BTl e e
N ey
Aelmg) 1 wspLy! 164.1 (14.43" G.0001
L U, (L) 1824+ 568 2130+ 4.19 G.0002
% Diose 2797 £ 4.87 33134477 G003

¥ Geometric mean (HCV); § Manually sounded from values obtsined in Appendiz 3
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TABLE 51A
Pharmacokinetic parameters for Desethyleneciprofloxacin (Mi) in Urine

_ ; s CR'™™ v
e | CIPRO® 250 mg Tablets
Pharmacokinetic p Midi(B) !
Parameter (9diA) @27 pvalue§
(=27) ({mean £5D)
{mtin +5D) ;
Dayl . e
: . y T 3484317 <6.0001
o S § Y5
Ptz e (1} v Titax e’ 10.04 £ 303 Tm 16155254 e
N Max Ratel: 015 0.13 6001
Ma:%(mﬂu) Max KaeQ: 0.25 2 011 Max Rate2: 0 2 £ 0.08 0320
Ae(mg) 20¢358)° ] 18005)7 0131 v )
% Dase v 64620617 040£012 0137 @
Day2 ' 4
Traex pase 15 1344+ 680 1896 409 ’ 0.003 E)P
Max Rate (mg/h) . . 0.18+006 0202 006 0.230 a3
Ac {mg) ' 3@’ - 28(19.0° (OEY o
% Duse 0.57%0.16 0.61 £ 0.2 0.234 D
. Day3 n
- Typ s 4.63 & 1.36 <0.0001
Tasas ota (B} Tuscnms: 811 £2.74 Tides st 16,56 % 195 <0,0001 %
_ Max Ratel: 0.22 0,10 0.004
Max Rate (mg/he) | MaxRateD: 0304000 [ Ffax Rate2: 025 £0.08 0047 <
Ae{mg) | 23(i0.q)" 2B 0.523
% Dose 058018 0.50£0.14 T 0.523

* Grometric mean ($6CV); § Manually rounded from valuss obtained in Appendix 3

TABLE 51B
Phamlacokmetlc Parameters Sulfociprofloxacin (M2) in Urine

5y
q‘;@"““‘;‘“ GR™ | CIFRO® 250 mg Tablets
Pharmscokinetic el ®ld)E)
Parameter | %qﬁ};%) @=27) p-values
(mean +SD)) {mean +508)
Day — .
. Tupaga: 3442 3.10 <(.0001
Tn_mm(hl’} Foaase e’ B33 £ 2.4 Tugrey: 1544% 138 <0.0061
— — Max Ratol: 1,73 & 2.0 0,03
Max Rate (mgtr) | Max Raie: 2572105 e 3 55 2 TAT 0.967
A (mg) RIS (Ls)’ 153 (44 5)" 0.559
%, Date 2304 108 7704 121 G559
Day2
Trens nute (1} 930+43$ 1633 £ 461 <0.0001
Max Rate (mg/h) 1.24£ 0,60 1354065 1 o3s
A (mg) 146 (464) 7 163 (388) 0.383
% Dase 2,67 1.24 T 285% LU 0413
Day2 :
Toues s () Thoaro: 7524252 sy 15573 153 <0.0001
, s D mmvls&*oa’z 0,000%
Max Rate (ngf) | Mex Racd: 255 L1 R T Fe T . LT
Ae (mg) 14.1(44.0)° ‘ 16.5 Q99! 0.077
% Dose 255 % 112 89113 0077 _

! Geometric mean (%CV); § Mannally roundad from values alitained in Appendix 3
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TABLE 51C
Pharmacokinetic Parameters for Oxociprojloxacin (M3) in Urine
O T T oot s
" Parameter (qd)(A) ’E‘abl(?“m ) pevalees
(r=27) (mean 455
{imiears £8D)
_ . e aw Tomctag. 314 £ 236 <0001
Tatas o (B2 Toten pnsc 556 £ 279 Tuaa 15962 148 50001 %
. ° "y | MaxRatel: 143 £1.33 0.037
Max Rute mgle) | Max Ratel: 205 £ 1.02 [ T 955 0.4 0.674 @
Ae {mgh 14.1 (38.0)° 14,8 (30.2)° 08331 -
% Dose 291 £ 111 395 4 0.39 0.833 (o)
. Dy 2 &
Trtes are (B 16.96 + 5.63 T 17812 3.67 <0.0001 5—
Max Rate (mg/hr) 1.19£0.48 1264 0.5t 0.545 o
A (o) T 173 (3663 0337 O
% Dose 120+ 1.07 343 £ 691 0.337 O
Day3 :Cg
g T > 419+ 1.27 <0.0001
Tieax race (b5} Twisras: 1372266 1 B 5742 138 <0.0001
) Max Ratel: 1.6 & 0.65 (X7
Max Rate (mg/r) | Max RateQ: 231 2 088 1 ate?. 2042072 0.140
Ae (g} 15839 1810219 0182
* _3BE£LI0 3.55+0.78 0.182
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*Geomeﬂ:icnmnﬁéCV};SMmmﬂymunded fram values obtained in Appendix 3

« During Treatment A (Ciprofloxacin-GR), 6 subjects experiénced a total of 11 AEs and during

Treatment B (Cipro®), 10 subjects experienced a total of 16 AEs, all mild in severity.
« There was a single incident of nausea that was associated with the immediate release (Ci

pro®) treatment.

Reviewer’s comments:

1.

Proquin™ 500 mg QD was found to be systemically bioequivalent to Cipro® 250 mg BID, in terms
of ciprofloxacin AUCg..4n When both were given under fed conditions as a 3-day treatment.
Therefore, based on comparative steady-state PK exposure data, as well as single dose PK
exposure data, a substantial meal is needed for Proguin™ 500mg QD to be considered
bioequivalent to Cipro® 250mg BiD/fed. The label of Cipro® 250 mg states that the extent of
absorption of ciprofloxacin is not affected by food so that it is assumed that this relationship will
remain regardless of whether the reference treatment was given with or without a meal.

Based on the statistical analysis findings, the Cmax,ss of ciprofloxacin from Proquin™ 500 mg
QD is 45% higher (p<0.0001) than the Cmax,ss from the morning dose of Cipro®@ 250 mg BID but
12%lower {p=0.021) than the Cmax,ss from the afterncon dose of Cipro® 250 mg BID on the
third day of treatment. The Cmax,ss of Proquin™ 500mg QD was about 45% lower than the sum
of Cmax,ss values from the two doses of Cipro® 250mg BID. This profile of Proguin™ 500mg
QD showing a lower daily peak ciprofloxacin plasma concentration compared to the total Cmax
derived from two doses of Cipro™ 250mg BID makes Proquin™ distinct from Cipro XR® 500mg
QO which shows a daily Cmax value comparable {o the total Cmax from two doses of immediate
release Cipro® 250mg. The clinical significance of these Cmax differences between the two
dosage forms (especially in the context of AE profile differences) is not known.

Fey
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The Cmin,ss was 55% lower (p<0.0001) from the Proquin™ 3-day treatment than the Cipro®
treatment. The mean residence time (MRT) of ciprofloxacin in the body was longer by 2.5 hours
following Cipro® 250 mg BiD. For reference: The Cmin of Cipro XR® was found to be 35% lower
than the Cmin of Cipro IR®.

During the 3-day dosing period, the %Dose, Ae, and CLr of ciprofloxacin were consistently
slightly higher (by 8 to-20%) from Cipro® 250 mg BID than from Proquin™ 500 mg QD but the
difference was significant (p<0.05) only on Days 2 and 3.

Consistent with plasma Tmax, the Tmax e Of ciprofloxacin from Proguin™ 500 mg in the urine on
Days 1 through 3 was longer than the first Tmax.rate of Cipro® 250 mg.

According to the label of Cipro® tablets, when given with food, the Tmax of ciprofloxacin is
prolonged to 2 hours (versus 1 hour, without food) but the AUC is not substantially affected. Such
was the observed plasma Tmax (~2 hours post-dose) of ciprofioxacin from Cipro® tablet in this
study.

The table below compares the steady-state dose-dependent plasma PK parameters of
ciprofloxacin from various dosage forms, i.e., Proquin™ versus Cipro® in this study, and Cipro
XR® versus Cipro® (data from Cipro XR® NDA submission). Assuming there was no significant
inter-study food effects on the systemic oral bioavailability of the reference Cipro® treatment, the
_percentage of reference ciprofloxacin AUCq.z4n from Proquin™ 500mg QD/fed was comparable to
that from Cipro XR® 500mg QD/fasted at steady state conditions. As seen from Table 52 below,
Cipro XR® 500mg QD/fasted produced a higher total daily Cmax than Cipro® 250mg BiD/fasted
whereas Proquin™ 500mg QD/fed produced a lower total daily Cmax relative Cipro® 250mg BID

{(fed). The Tmax of Cipro® XR is very similar to the Tmax of Cipro® immediate release tablets
under the same fastedffed condition.

TABLE 52 o
Steady State Plasma Pharmacokinetic Parameters of Proquin™ versus Cipro® XR,
) Relative to the Reference Cipro® IR Treatment

"

Dosage % of AUC,.
Form Fasted/Fed Tmax,ss Cmax,ss % of AUCq.24n. SS 241,5S of
{hr) {ng/mL) Cmax,ss” {ng*h/mL) Cipro®
Cipro® 250 250 mg
mg BiD BID (Fed
{Fedor or Fasted)
Fasted)
Proquin™ Fed 6.1 (mean) 824 (28.4) 55% 76676 98%
500 mg QD (with high- 5.0 {(median) of Cipro® (24.8) of Cipro®
fat meal) 250 mg BID 250 mg
Cipro® 250 Fed 2.5 {mean) 1502.2 (Fed) 78346 BID (Fed)
mg BID? (with high- | 2.0 (median) : (15.9)
fat meal) , :
CiproXR | Fasted 1.5 (median) | 1.5+ 1.20°° 134% 7.77 £ 1.26° 97%
500 mg QD? of Cipro® of Cipro®
Cipro® 250 Fasted 1.0 (median) | 1.12+1.22°° | 250 mgBID | 7.99  1.30° 250 mg
mg BID? (Fasted) : BID
(Fasted)

mgfL
mg*hiL

b
c
d

values from Cipro XR® Package Insert
Cmax,1 + Cmax, 2

Based on the exposure-response relationship known for Cipro XR®, efficacy in the treatment of
uncomplicated urinary tract infections (uUTI) depends upon antimicrobiat concentrations in the
urine rather than in the serum. Based on the %Dose (as parent + 3 metabalites) excreted into the
urine on Day 1 and Day 3 of therapy, Cipro® 250 mg BID produces a consistently slightly (3%
and 11%] higher urinary concentration of the active moieties of ciprofloxacin than Proquin™ OD.
A comparison of the 24-hour cumulative amounts of ciprofloxacin excreted into the urine (Aeys,) -
and the corresponding urinary volumes obtained following the two treatments are summarized in

Table 53.
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TABLE 53
Treatment Day Aeyy, {mg} Volume of urine Mean pH
{mean £ 8D} excreted in 24h (ml} | {(mean £ SDj
{mean £ 8D) )

C-GR 500mg tablets 1 1417 £ 431 21271673 65+04
| {once daily} 3 139.6 £44.3 2121 £ 509 6.8+0.4
C-IR 250mg tablets 1 152.5+34.1 2069 ¢ 576 6504
{twice daily} : 3 165.7+23.9 7311+ 504 65+04

Table 54 below compares the cumulative amounts of ciprofloxacin excreted into the urine during
a 24-hour dosing interval from Proquin™ once daily under fed conditions against immediate-
release and modified release dosage forms of Cipro® under fasted conditions. At steady state
conditions, the relative cumulative amounts of ciprofloxacin excreted into the urine over a 24-hour
period (expressed as % of Cipro® 250 mg BID) from Proquin™ 500mg QD appeared to be fower
compared to that from Cipro XR® 500mg QD/fasted. However, this apparent time-dependent
decrease in the ciprofloxacin Aeg.z44 Of Proquin™ was actually due to an increase in the urinary
excretion from the reference treatment over the 3-day dosing period; the Ae of Proquin™ was

stable throughout the 3-day period.
) TABLE 54

Dosage Form

Fed/Fasted

Cumuiative amount of

urine’
during a 24-hour interval
{Ae, 0240} (Mg)

unchanged drug excreted into

% of Reference Cipro®
250 mg BID {Fed or
Fasted)

Proquin™ 500

Fed {with high-fat

Day 1: 134.7 (28.6)

Day 1: 90.6%

mg QD meal) Day 3: 131.8 (31.7) Day 3: 80%
Cipro® 250 Fed (with high-fat Day 1: 149.0 (26.9) of Cipro® 250 mg BID
mg BID? meal) Day 3: 164.1(14.4) {Fed)

Cipro XR 500 Fasted Day 1. 168.2 £ 46.10 Day 1: 84.8%

mg QD’ Day 5: 1801365 Day 5: 105%
Cipro® 250 Fasted Day 1: 197.9+ 157.4 of Cipro® 250 mg BID
mg BID® Day 5: 171321 (Fasted)

% values from Cipro XR® NDA Submission

A review of the individual urine concentrations (ug/mL) of ciprofloxacin from PROQUIN™ QD and
Cipro IR BID over a 3-day treatment period indicates that there was a 3-fold greater number of
patients with urine samples during the 0-2 hour interval of Day 1 therapy that were below the limit
of quantification (BLQ = 1.5 mcg/mL) in subjects who took PROQUIN™ than those who took
Cipro IR. The average of the individual urine ciprofloxacin concentrations was about 6-fold higher
from Ciprofloxacin immediate release-than from Proquin extended release tablet. On.all other
time intervals on Days 1 and at all time intervals on Days 2 and 3, urine ciprofloxacin
concentrations were always above 1 mcg/mL (the proposed MIC of susceptible pathogens).
Table 55 presents the average individual urine ciprofloxacin concentrations at various time
intervals on Day 1 and Day 3. It can be seen from these data that the average mean urine
concentrations were always at least 10-fold greater than the MIC =1 mcg/mL of susceptible
pathogens at all times during the 3-day treatment interval. Based on the findings of the
efficacy/safety trial conducted by the sponsor of PROQUIN™ 500 mg tablets, it appears that the
observed difference in mean urinary drug concentrations during the 1% 2 hours of the 1 day of
therapy may not be clinically relevant in terms of bacterial eradication (86.7% versus 84% at the
Test-of-Cure Visit for PROQUIN™ and Cipro IR, respectively). However, it is not known whether
such difference had a bearing om resistance development, i.e., on the observation that the
recurrence rate was 40% higher in PROQUIN ™-treated patients than in Cipro IR-treated patients
{13.1% versus 9.4%).

8
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TABLE 55
Proquin XR 500 Cipro 250 mg Cipro/Proquin
mg QD BID Ratio
) Mean Range Range
Day 0.0-2.0 11.814 — 69.664° B
1 ' 5.90
2.0-4.0 136.775 124214 0.91
4.0-6.0 - 177976 115516 065
6.0-8.0 96.06 _ 50.512 053
8.0-10.0 99.042 34.694 635
10.0-12.0 136.225 30.732 023
12.0-14.0 95.516 124.761 131
14.0-160 | 43.041 283.753 659
16.0-18.0 55.987 150.568 269
18.0-22.0 . 46.216 61.502 133
22.0-24.0 34.794 47.495 137
mean 84.86 99.40 85.37
sd 51.34 73.78
Day 0.0-2.0 27.103 68.616
3 : 2.53
2.0-4.0 102.177 158.572 155
4.0-6.0 209.923 103.756 0.49
6.0-8.0 116.455 45.966 0.39
-8.0-10.0 89.714 B 23633 096
10.0-12.0 99.137 B 33.671 034
12.0-14.0 103.645 115.897 112
14.0-16.0 65528 | | 3129% | L’—’l 478
16.0-18.0 45.429 ; | 17ean2 188
18.0-24.0 24.743 ‘ B 44749 181
mean 88.39 I_/-\J 108.43 §1.52
sd 54.03 i N 89.06

11. The urinary ciprofloxacin concentration fluctuation index, {(Max-Min)Mean, was smaller from the
Proguin 500 mg QD treatment than from Cipro 250 mg BID treatment. The same finding was
observed in plasma. The clinical relevance of this difference is not known.

12. Table 56 below summarizes the ratios of PK/PD parameters from the ciprofioxacin exposure
parameters on Day 3 of Progiun™ 500mg once-daily therapy and the MiCg, values of 8 strains of
pathogens commonly isolated in uncomplicated urinary tract infections (uUTH). It can be seen
from the table below that the AUC/MIC ratios were greater than 100 and the Cmax/MIC ratios
were greater than 10 for the following microbial strains: E. coli strain 1, E. cofi strain 4, K.
pneumoniae, and P. mirabilis. For the same microorganisms, the Cmin/MIC values were at least
equal to 1. In these same subjects, ciprofloxacin concentrations were higher in the urine than in
plasma. Thus, the 3-day regimen-of Proquin™ 500mg once daily is expected to be effective in the
treatment of uUT! caused by susceptible microbes.

TABLE 56
Ratios for Ciprofioxacin AUC/MIC, Cmax/MIC and Cmin/MIC
Following a 3-Day Regimen of Proquin™ 500 mg Once Daily
ORGANISM MICae {meg/mlb} Ciprofloxacin Ciprofloxacin Ciprofioxacin Ciprofioxacin

AUCy.24n Cmax Cmin Crninaio-24n:
{7905 ng*h/mL) {857 ng/mL) ) (67.7 ng/mL} . (65.91 mcg/mi)

A’
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E. faecalis

ATCC 29212 1 8 1 0.1 65.91
(strain 2)

S. aureus

ATCC 29213 0.5 16

3

(st

E faecalis
ST12.296
(strain 6)

S. saphrophyticus,
SP8822
(strain,7 ]

13. Tables 57A and B below compares the PK/PD ratios of the two 3-day treatment regimens, i.e.,
Proquin™ 500mg OD versus Cipro® 250mg BID. As expected, the Cmin/MIC ratios obtained for
the BID regimen was about 2-fold higher than that following a once-daily regimen. However, itis
not known whether this difference in Cmin/MIC ratios between the two treatments has a clinical
significance (paritcularly in terms of relapsefrecurrence/ resistance). However, it was noted that in
the pivotal clinical trial that the recurrence rate was 40% higher in the Proquin™-treated patients
than in the Cipro®-treated patients (13.1% versus 9.4%). Regardless of the Cmax (after the AM
or the PM dose) of Cipro® 250 mg BID, the Cmax/MIC ratios were always above 10 for the same
4 microbial strains for which Proquin™ was found to produce adequate ciprofioxacin systemic
exposure. The AUC/MIC ratios of the two treatments were similar.

: TABLE 57A
Ratios for Ciprofloxacin AUC/MIC, Cmax/MIC and Cmin/MIC
Following a 3-Day Regimen of Proquin™ 500 mg Once Daily versus Cipro® 250 mg BID

ORGANISM MiCso Ciprofloxacin Ciprofloxacin Ciprofloxacin
{mcg/mL) . AUCh24n Cmax Cmin
: Proquin™ | - Cipro® Proguin™ Cipro® Proquin™ Cipro®
TREATMENT 500mg 250mg 500mg 250mg 500mg 250mg
oD BID OD BID! oD __BID

ATCC 28212
{strain 2)

S. aureus
ATCC 29213
strain 3

E. faecalis

AdoD ajqissod jseg
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§T12,296176 >32 <0.25 <0.25 <0.03 <0.02 <0.002 <0.005
(strain 6) } <0.03
S.
saphrophyticus, 05 16 16 2 i G.1 0.29
SP38g22 2

strain 7

A

two Cmax values for BID regimen

TABLE 57B
Ratios for Ciprofloxacin average 24-hour urinary concentrations {Curine, 0-24n)
Following a 3-Day Regimen of Proquin™ 500 mg Once Daily versus Cipro® 250 mg BID

ORGANISM MICz Ciprofloxacin
{mcg/mt) Curine.c24n
Proquin™ Cipro®
TREATMENT 500mg 250mg
0D BID oe]
8
—t
E faecalis )
ATCC 29212 1 41194 | 4481 o)
(strain 2) - o
S. aureus 6‘:
ATCC 29213 0.5 66 72 -
s . m
O
O
~<

E. faecalis

§T12,296176 >32 4119 4481
(strain 6} :

S.

sapnirophiyticus, 9.5 <2.1 <22
SP8B22

7\

14. All three metabolites that were found in the urine possess antimicrobial activity, albeit much
lesser than that of the parent compound. The mean cumulative amounts excreted over a 24-hour
interval {Aeg.s) and the %Dose of the parent drug and the metabolites M1, M2, and M3 from
Proquin™ QD are compared to those from Cipro® 250 mg BID over a 3-day treatment period in

Table 58 below.
TABLE 58
Urinary Excretion of Ciprofloxacin and Metabolites During the 3-Day Dosing Period:

Proquin™ 500 mg OD versus Cipro® 250 mg BID
DAY PK ANALYTES TREATMENTS % of Cipro ®
PARAMETER 250 mg BID
Cipro® 250 mg | Proquin 500 mg
BID oD
Day 1 % Dose Cipro 30.50 28.34 . 93
Cipro + M1 + M2 + 36.55 34.39 94
M3
Aeip.24m, Mg Cipro 149.3 134.4 90
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Cipro + M1 + M2 + 181.2 165 91

M3
Day 2 %, Dose Cipro 33.43 27.98 84
Cipro + M1 + M2 + 40.32 34.42 85

M3
Aeip245;, My Cipro 160 133 83
Cipro + M1 +M2 + 196.3 165.8 85

M3
Day 3 % Dose Cipro 33.13 27.97 84
Cipro+ M1 + M2 + -40.17 34.35 86

M3
Aego.z.ﬁ-:)_ mg CiprO 16417 131.8 80
Cipro + M1 + M2 + 201.4 164.3 82

: M3
AVERAGE for 3, % Dose Cipro 324 28.1 87

DAYS

Cipro+ M1 + M2 + 39.0 34.4 88

M3
Aer.24r, Mg Cipro 157.8 133.1 84
Cipro + M1 + M2 + 193.0 165.0 86

M3

APPEARS THIS WAY

@N ORIGINAL
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Study 81-0024

A Two-Way Crossover, Open-Label, Fed, Single-Dose, Comparative, Pharmacokinetic Study of
Proquin™ 500 mg (ad) Tablets in Healthy Non-Smoking Male and Female Subjects Under Fasting
and Fed State

Objective:
To assess the effect of food on the pharmacokinetic profile of ciprofloxacin from Proquin™ (Gastric
- Retentive) 500 mg Tablets

Study population:

Twenty-eight healthy non-smoking subjects (17 males, 11 females) with a mean age of 34 years (18 to 70
years) were enrolled in the study. The subjects’ mean height was 1.72 m (1.54to 1.91m) and the mean
weight was 75 kg (49 to 99 kg). The subject’s mean BMI was 25.3 kg/m? (20.7 to 29.9 kg/m?). The
subjects consisted of 21 Caucasians, one Asian and six Blacks. Twenty-seven completed the study and
were eligible for PK evaluation.

Dosing and Administration:
Following a fast of at least 10 hours, one of the followmg freatments per treatment period was received
with 240 mL of water. The wash-out period between treatments was about 7 days. :

Treatment A: Ciprofloxacin 500 mgTablet (Lot #: HT3602; potency- = of label claim)
Treatment B: Treatment A, 30 minutes after the start of a standardizéd, approximately 1000 calorie, high-
fat (~50%) content meal

Fluid control measure:
Servings of 100 mL water were provided every one or two hours according to scheduiled time periods until
24 hours post-ciprofloxacin dose.

Pharmacokinetic sampling:

Blood samples were collected on the following times:
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, 8.0, 10.0, 12.0, 14.0, 14.0, 18.0,
240, and 36.0 hours post-drug administration. o

Urine samples will collected at the following time intervals:
Prior to dosing (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-dose.

Criteria for evaluation:
Pharmacokinetics
The following phammacokinetic parameters for ciprofloxacin were calculated by standard non
compartmental methods from plasma profiles:
s Area under the concentration-time curve from time zero to the time of last measurable
concentration (AUC,.)
Area under the concentration-time curve from time zero to infinity (AUCq.inf)
maximum plasma concentration after dosing (Cpax),
time to reach peak plasma concentration (Tax).
plasma half-life (t'%)

The following pharmacokinetic parameters for ciprofloxacin-and its metabolltes were calculated by
standard non-compartmental methods from urine profiles:
¢ amount excreted in urine {(Ae) '
+ maximum observed excretion rate (Max Rate)
« midpoint of collection interval associated wuth the maximum observed excretion rate (Trnax
Rate).
» fractions of total dose recovered in urine (% Dose)



e Renal clearance (ClIr) - for ciprofloxacin only

Safety
e Adverse events
+ Vital signs
e ECGs
L ]

Statistical Analysis:

Laboratory parameters
*  Physical examinations
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« ANOVA was performed on In-transformed AUC,,, AUCq.,, and Cmax and on untransformed

Tmax and T'; at a =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 plasma AUC, and Cmax, between test and reference treatments.

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

Results and Discussion:
Pharmacokinetics

Mean ciprofloxacin plasma concentration time profiles are presented in Figure 21.

FIGURE 21
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A summary of statistical analyses of ciprofloxacin plasma PK parameters under fasted and fed conditions

follow.
TABLE 59 ,
Summary of Pharmacokinetic Results for Ciprofloxacin in Plasma
Ciprefioxacia GR™ Ciprefloxacin GR™
. 500 mg Tablets ~ fasted S60 myg Tablets - fed
Pharmacoklnetic (Test) (Reference) p-value
’ =2 (027)
] Geametric mean (%CV) Goometeic mean ($CV) i
AUC 4 (ogbrfml) § 26873 (51.7) T246.0(24.6) <0.0001%
AVC gy (i) § 29619 {48.0) 7587.8{24.2) <0.0001*
C s (mg/mLis 4828 (50.8) 1064.6 (6.1} <0.0001
' 213020747 4A9E337 0.0062
T () § 2.50¢ 4.00° )
ty, {brj § 5072161 489+ 1,10 0.448
= Modian vakecs :
© Mean £5D

2 The preibod i froay ANOVA ont Inaransocemed dity
§ Manmlly rouadet fom yalues abriced i Appendie 3

‘Ado? ejqissod jseg

A
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TABLE 60
' aprqamau GE™ 500 rg Tableis - fasied (A} vs. Cigreflaxacin GR'™ 560 mg
Parameter Tablets — fod (B}
90%1:;5 P I Rnﬁe(fgﬂm ] Intra-&ub;«:tcv
AUCy 30.75% 1o 44.24% . ¥H% | 30.08%
AUCa 32.05% 0 4582%  3885% _ - 35.44%
migm : 36.88% o 54.90% 45.00% | 275%

Mean cumulative amounts of ciprofloxacin excreted in the urine following PROQUIN ™™ 500 mg QD
under fasted and fed conditions are shown in Figure 22. The mean pharmacokinetic parameters for
ciprofloxacin, M1, M2, and M3 in urine are summarized in Tables 61-62A-C. The urinary concentrations of
M4 were not high enough to allow for calculation of its corresponding pharmacokinetic parameters.

FIGURE 22
Cumulative amount of Ciprofloxacin excreted in urine
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TABLE 61
Summary of Pharmacokinetic Results for Clproﬂoxacm in Urine
Ciprefiexacie GR™™ Ciprolioxadis GR®
, 560 mg Tabless — fasted 500 mi Tablets - fed
Pharmacoldacte (Test) (Reference) p-value
w=2?) @7
[ Ty REte (ir} § 3441 1.50 6153273 <0.0001
Max Rate (mp/l) § 13993797 204641220 <0.0001
Az (o} §357529Y 1764 (202 , < 0.6001
Cl. (LAx} § 24134557 23971 .05 1. 0922
% Dase 160 £848 36.07+1.29 _<0.0001
§ Manually rounded from values shtined in A -
TABLE 62A
Summary of Pharmacokinetic Results for Desethylenemproﬂoxacm (M1) in Urine
Ciprofloxacis GR'™™ | Ciprofioxacts GR™
500 rg Tablets — Easted | 500 mg Tobtets - fed
Pu}’:’mﬁk {Toest} (Reference} p-value
(=27} (u=27)
nigan £ 3D meantSD | !
| T, Rate (w} § 441%199 ) 73041301 < 0.0001
szkﬂte(mgfhr} - 0.18 £ 6.08 6251010 <0.0001
§ . : —
Ae (g} § 99¢59.6) 220607 <06001
Yaloge § 6234014 0512016 <e0001
T Geometric meen (%CY)

g Mariually rounded from vafues obixined i Appendix 3

AdoD 9|qissod jsog

af



Safety

Reviewer’s comments:
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» TABLE 62B
Summary of Pharmacokinetic Results for Suffociprofloxacin (M2) in Urine

Ciprofioxacin GR'™ (jpmﬂnngafﬁm
506 1 ilets ~ fasted | 508 mg Tablets - fed
Pharmacokinetic | 00 g Tablet mg ot . value
Pavameter (Testy (Refereiics) L
(@=17} =27y
) mean % 5D miean £ S
Tome Rtte (1) § 341185 _60T+2.84 0.0002
Max Rate (mghyr) | 1461110 3106 £ 140 < 0.0001
§ . .
Ae (me) § ' S5 (66.5) 155 (38.3) <0.6001
YeDese § Li1£0.74 270103 <0.0001

§ Mamually rounded from values obtsined in Appendix 3

TABLE 62C -
Summary of Pharmacokinetic Results for Oxociprofloxacin (M3) in Urine

Ciprofioxasis GR'® | Ciprofexacin an;’:
blets —fasted | 500 mg Tablets -
Pharmscoldoedc | S0 T8 Tablet 800 g ? —
Parameter (Test) (Reference) s
o (a=27) . (n=27)
T ox Rate () § 349 1,78 6372271 <0001
Max Rate {mg/tr) 138 £ 0.68 2351+ 1.07 <0.0001
Ae(mg)§ T (503 6.3 (272). <0.0001
% Dose & 155£078 337 £ 059 <0.0001
¥ Geometric mean (3CVY .

§ Manuslly ronnded from vatues obtained in Appendix 3

« Five {5) subjects experienced a total of five (5) AEs in Treatment A (Proquin™ tablets, fasted)

whereas three (3) subjects experienced a total of five (5) AEs in Treatment B (Proquin™
tablets, fed). All were considered mild in severity.

g

1. Statistical analyses of data in this study suggest that the systemic and urinary (oral) bioavailability

2.

of ciprofloxacin and metabolites from Proquin™ 500mg QD were substantially higher (as
ciproftoxacin AUC by 170%, and as cumulative urinary excretion of unchanged drug by 1564%) and
of smaller variability when given with a high-fat meal than when given under fasted conditions.
Both the ciprofloxacin mean Tmax in the plasma and the ciprofloxacin mean Tmax,Rate in the

urine were longer after Proguin™ (fed) than after Proquin™ (fasted) by 2.2 hours and by 2.7 hours,
respectively.

The substantial increase in the oral bioavailability (AUC) of Proquin™ as a consequence of the
co-administration with a high-fat meal does not appear to resuit in increases in adverse events or
other safety concerns when compared to administration of Proquin™ under fasted conditions.

it should be noted here that in subsequent PK studies and in the therapeutic trals, Proquin™ was
administered with a moderate-fat content meal, as was the reference Cipro® treatment. With a
moderate-fat meal, the oral bioavailability of Proquin™ is expected to be slightly lower than when
given with a high-fat meal, i.e., with a moderate-fat meal (IVIVC Study; 81-0029), the AUC.24 OFf
Proquin™ 500mg tablet was about 89% of the AUCq.24n of Cipro®@ 500mg immediate release
tablet on Day 1 whereas when given with a high-fat meal, it was about 92% and 98% of Cipro®
250mg BID on Day 1 and Day 3 of dosing, respectively. However, it appears from the non-
inferiority-findings of the clinical trial that any such differences in the oral bicavailability of
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Proquin™ (as a consequence of differences in fat content of meals taken concomitantly with the
Proquin™) would have not been clinically significant. Although the Cmax of the reference
(immediate-release) Cipro® treatment would have been slightly reduced by its co-administration .
with food in the trial, according to the label of Cipro®, the over-all absorption would have not
been significantly altered.

In PK studies conducted earlier by the sponsor, a fluid control technique was instituted, i.e.,
100mL or 200mL of water was given after the Proquin™ dose every 1 or 2 hours until 24 hours
post-dose, presumably to assist in the gastric-retentive mechanism of the dosage form. Such fiuid
control measure was not observed in later PK protocols and in the clinical efficacy/safety trials.
The table below provides a comparison of the AUC, o4, values of Proguin™ 500mg QD with or
without fluid control; all these studies co-administered the dosage form with a moderate-fat
content meal. Assuming there were no significant experimental sources of variation among these
studies, it can be concluded (especially from a comparison of the antacid drug interaction studies)
that there was no trend or significant difference observed in the Cmax, Tmax, and AUC;.p4 of
ciprofloxacin from Proquin™ that could be strongly attributed to the influence of fluid control or
lack thereof.

TABLE 63
Fat content of " Fluid
Study the meal control? . Cmax®® Tmax AUCo.24>"
administered {Yes/No) {(ng/mL) {h) (ng*himL)
with Proquin™ .
Drug interaction " moderate Y 1272 3.95 7723
with Omeprazole

Drug Interaction moderate N 819 4.89 7242
with Coumadin ‘

(81-0035)

VIVC (81-0029) moderate N 1274 4.56 8336
PK in Renally- moderate | N 1363° 3.25°7 8722°
Impaired (81-0036)

@ Geometnc mean; Dose-normalized {o 500 mg
® For Drug interaction Studies: The PK parameter values are for Proguin™ alone (without the other

drug).
For Renal Impairment Study: The PK parameter values are for the subjects wnth normal renat function.
? median
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