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R BACKGROUND
Anthrax is a bacterial infection, caused by a gra/n-positive rod, which has been recognized as a
human pathogen causing cutaneous, gastrointestinal, and inhalational disease. These forms of
infection with Bacillus anthracis have been traditionally associated with agricultural-er-industrial
exposures. Today, human anthrax is rare in the United States though it remains an endemic
disease in other areas of the world. Most recently, attention has tumed to B. anthracis as a
possible agent of biological warfare or bioterrorism.

The Bayer Corporation, responding to an expressed public health neéd, has submitted an
application for the addition of the indication inhalational anthrax (post-exposure) to the label of
Cipro® (ciprofloxacin). This is the first antimicrobial drug application submitted to the Food and

Drug Administration (FDA) for an indication resulting from the intentional use of a biological -

agent. The approval of this indication will be based on the use of a surrogate endpoint,
ciprofloxacin serum concentrations achieved in humans, under the accelerated approval
regulations (21 CFR 314.510 subpart H)

Inhalational anthrax is an extremely rare disease. It cannot ethically be studied in human
subjects under circumstances of intentional exposure. There are drugs with currently approved

labeling by FDA for disease associated with B. anthracis. Labels for penicillin, tetracycline, -

doxycycline, and minocycline products list B. anthracis among the organisms susceptible to
these agents. None of these agents is indicated specifically post-exposure for disease caused
by inhaled B. anthraeis. -

Based on the in vitro activity of ciprofloxacin against this organism, the efficacy demonstrated in
the prophylaxis of-inhalational anthrax in Rhesus monkeys, and the concern about the
possibility of the engineering of a strain that is resistant to penicillin and tetracycline,
ciprofloxacin was recommended as a drug of choice for post-exposure prophylams by the CDC,
Working Group for Civilian Biodefense (JAMA.1999;1735-45) and the 3" Edition of the US Army
Medical Research Institute of Infectious Diseases handbook “Medical Management of Biological
Casualties.”

The sponsor is submitting literature data to support this indication, including in vitro microbiology
data and data from non-human primate (Rhesus monkey) models of infection. In addition, they
have provided safety data gathered from previous use of ciprofloxacin in adults and pediatrics.

The proposed dosing recommendations are within the approved dosing range for adults.
Although ciprofloxacin is not approved in pediatrics, there are safety data available from cystic
fibrosis patients using daily doses of 30 mg/kg of ciprofioxacin. In addition, there are safety data
on ciprofloxacin obtained through the FDA's Spontaneous Reporting System.

There are also long-term safety data in adults to cover the proposed duration of therapy for this
indication. Two patient groups that received treatment with ciprofioxacin for > 30 days were
identified (1) by literature search, and (2) by the sponsor's database pool. Data on the long-
term safety in pediatrics are also included, but are limited to small numbers exposed.



Il.  INDICATION AND DOSAGES

Ciprofloxacin in tablet form was approved for human use in the US in 1987; the intravenous (IV)
solutions were approved in 1990. Both are approved for a wide variety of indications. Dosing is
specific to the approved indication, and ranges from 100-750 mg orally every 12 hours for the
tablet. For the IV formulation, the approved dose ranges from 200 to 400 mg every 8 to 12
hours. )

The proposed dosing regimens for ciprofloxacin for inhalational anthrax (post-exposure) are
given below:

Patient Population | Oral dose Intravenous dose

Adult 500 mg Q12h x 60 days 400 mg (not to exceed 800 mgLQ12h

Pediatric* 10-15 mg/kg (not to exceed 500 | 10-15 mg/kg Q12h (not to exceed 800
mg per dose) Q12h x 60 days mg per day)

* For children greater than 45 kg, the adult dosage should be used

Therapy should be initiated immediately after suspected or confirmed exposure and continue for
60 days.

. CLINICAL PHARMACOLOGY SYNOPSIS

What pharmacokinetic data are available from monkeys infected w:th inhalational
anthrax?

The study of ciprofioxacin to prevent inhalational anthrax was performed in a non-human
primate (macaque) model and is supported by in vitro data assessing the activity of ciprofloxacin
against B. anthracis. The authors also measured peak and trough serum concentrations of
ciprofloxacin after administration of doses calculated by extrapolation from human doses.

"Kelly, et al. Serum Concentrations of penicillin, doxycycline, and ciprofloxacin during prolonged

therapy in rhesus monkeys. Journal Infect Dis 1992;166:1184-7.

Note: The raw ciprofloxacin data from this study can be found in Appendix 1.

Male and female adult monkeys were studied with a mean weight of 7.7 kg (range 5.1 to
13.0 kg), and a mean body surface area of 0.46 mm This represents a
mean of 26% of the 1.73 m® body surface area of a 6>-Kg, Cl ¥ Ten animals were
exposed to aerosolized anthrax spores and received a.single ciprofloxacin 250 mg dose per
nasogastric tube (pngt) 24 hours following exposure, followed twelve hours later by ciprofioxacin
125 mg pngt every 12 hours for 30 days. Blood samples for measurement of peak ciprofloxacin
concentrations were collected on Days 5, 9, 20, and 30. Trough concentrations were collected

on Days 3, 5, 9, and 20.

None of 10 monkeys treated with 7ciprQﬂoxacin died from anthrax within the 30-day treatment
period. One monkey died on Day 5 from accidental injection of drug into the lung.

Figures 1 and 2 below present individual (mean + SD) peak and trough blood levels of
ciprofloxacin, respectively, for during the 30-day period of drug administration. The MICg, of
ciprofloxacin for B. anthracis is also presented.
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How does the exposure to ciprofloxacin in monkeys compare to humans?

Figures 3 and 4 (page 9) present individual (mean + SD) serum or plasma concentrations of
ciprofloxacin observed in the monkeys in the study performed by Kelly et al. compared with
mean + SD values obtained from the literature in a number of different human populations,
including pediatrics. It should be noted that the pediatric data is derived from patients with
cystic fibrosis (CF). It has been shown that the pharmacokinetics of ciprofloxacin in adult
patients with CF are comparable to healthy adult subjects. Table 1 describes the populations
and dosing regimens depicted in Figures 3 and 4.
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Table 5. Summary of Ciprofloxacin Pharmacokinetics. from Various Literature Articles

Population | Dose/Regimen | Route [ N | Craxss I Crmin.ss AUCo.24 s Notes
i (p.g/mL) +SD ‘ (p,glmL) + SD M"h/mL) + SD
Monkeys [250mgx1, |PO 10 [1.74 £ 1.41 0.17 £ 0.15 - Loading dose of
. then 125 mg ' ' 2x used for 1*
po Qi12h dose
(32mgkg x 1, '
then 16 mg/kq) - ;
Adults - 500 mg Q12h | PO 12 12.891+0.54 0.28+0.13 2791572 At steady state
: (7.1 mg/kg)
Adults 400mg Q12h | IV -~ |4.56 0.2 25.4 At steady state
(5.6 mg/kq) : '
Human 400 mg x 1 v 11 13.11£0.61" - 9.27 £ 1.51* *Single dose, not
Males (5.6 mg/kg) at steady state
Obese  [400mgx 1 1Y 17 | 2.66 £ 0.53*' 7.72 £ 1.49" *Single dose, not
Human (3.6 mg/kg) at steady state
Males
Peds, CF |10 mg/kg Q8h | IV 18 | 5.0+15 0.3910.18 240164 Q8h dosing;
i A different from
| proposed regimen
Peds, CF | 20 mg/kg PO 18 |13.7x14 0.42 £ 0.21 36.6 +12.0 Total dose 40
Q12h : mg/kg; higher than
proposed regimen
Peds, CF | 10 mg/kg 1V 10 | 8.3 1’ - 1 31.4 Similar to
Qi2h proposed regimen,;
levels obtained
after 2" IV dose
(30 min infusion)
Peds, CF | 15 mg/kg PO 8 |35 | - 27.0 Similarto .
Qi2h ' proposed regimen;
! levels obtained

after'1* oral dose

.| and preceded by

two IV doses of 15
mng_lover 30 min

CF- cystic fibrosis
*The Cmax Obtained after a smgle dose in obese human males is sumllar to that obtained after multiple dosing in adults of ideal body

weight




Figure 3. Ciprofloxacin peak concentrations-animal and human studies
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Figure 4. Ciprofloxacin trough concentrations-animal and human studies
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Is there a pharmacokinetic/pharmacodynamic (PK/PD) relationship between ciprofloxacin
exposure and efficacy in inhalational anthrax? .
Fluoroquinolones. including ciprofloxacin, demonstrate concentration-dependent killing. The
goal of a dosing regimen for these drugs is to maximize the serum concentrations. The peak
concentration (Cmax)/MIC and/or AUC/MIC ratios are considered PK/PD paramefers that best
correlate with drug efficacy. Better correlation has been found with the AUC/MIC ratio than
Cna/MIC, except possibly in infections where there is a significant risk of the emergence of
resistant organisms. The relationship between these PK/PD parameters and drug efficacy has
been demonstrated in animals models of infection as well as some clinical trials. Much of these
data are derived from studies of infections with extracellular gram-negative organisms and in
patients with nosocomial infections. Some recent data have demonstrated the usefulness of the
AUC/MIC ratio for Streptococcus pneumoniae. -

A comparison of pharmacokinetic with pharmacodynamic parameters in an animal model or
human infection with inhalational anthrax cannot be made. Bacillus anthracis is gram-positive
organism that exists intracellularly, so the optimal AUC/MIC or peak/MIC ratio is not known. In
addition, there have been no prospective studies performed that link clinical outcome to drug
exposure for this infection. However, in general when there is a demonstrated relationship
between plasma concentrations of drug and response, pharmacokinetic data can be used as
one way to characterize drug efficacy. Because of the unsuitability of performing a clinical trial
in this particular infection, an alternative is to link the extent of ciprofloxacin systemic exposure
in the animal model to what is seen in humans. As shown in Figures 3 and 4, the
pharmacokinetics of eiprofloxacin in monkeys and humans are similar.

IV. GENERAL COMMENTS (NOT TO BE FORWARDED TO THE SPONSOR)

1. - The sponsor has proposed a ciprofloxacin dose range of 10-15 mg/kg every 12 hours for
pediatric patients treated with either IV or oral ciprofloxacin. In adults, a 500 mg oral
dose given every 12 hours has been shown to produce an AUC equivalent to that
produced by an IV infusion of 400 mg given over 60 minutes every 12 hours. In an
ongoing study in pediatric patients with complicated urinary tract infections, ciprofloxacin -

is being initiated at a dose of 10 mg/kg IV every-12 hours, followed by 10-20 mg/kg orally -

every 12 hours.

Therefore, the pediatric dosing recommendations for inhalational anthrax (post-
exposure) will be modified, such that the IV dose will be 10 mg/kg infused over 60

“minutes every 12 hours and the oral dose will be 15 mgkg every 12 hours.
Ciprofloxacin peak and trough concentrations obtained from pediatric patients
administered this regimen, are consistent with what is seen in adults following 500 mg
orally or 400 mg IV every 12 hours and are similar or in excess of the ciprofloxacin
concentrations associated with survival in the monkey model.

V. LABELING RECOMMENDATIONS -

_— . )
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VI. RECOMMENDATION

Based on what is known of the clinical pharmacology of ciproflc;xac‘iri,___ﬁ;-e. cliniral
pharmacology/biopharmaceutics section of NDA 19-537/S-038 is acceptable and adequate to
support approval.

/S/ & J30]oo
Joetk M. Meyer, PharmD.V —

Office of Clinical Pharmacology/Biopharmaceutics
Division of Pharmaceutical Evaluation Il

o
RD/FT signed by Funmi Ajayi, Ph.D. (Team Leader) __ E/
J U

OCPB Briefing July 27, 2000 (attendees): Arzu Selen and Funmi Ajayi

cc: HFD-590: /NDA 19-537; SLR-038
/PM/JensenV
/MOTL/RocaR
/MO/MeyerhoffA
HFD-880: /BiopharmTL/AjayiF
/Biopharm/MeyerJ
HFD-205: FOI -
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APPENDIX 1: Ciprofloxacin Pharmacokinetic Monkey Data (Kelly et al 1992)

Cipro Trough -_Monkeys

Monkey ID
82A35
358D
B7388
T292
410D
A32
45Y
84456A
T308

Cipro Peak { Monkeys

Monkey ID
82A35
358D
B7388
T292
410D
A32
45Y°

Day3 Day5

0.1 0.07
0.22 0.1

0.1 0.1
0.08 0.07
0.18 0.22
0.13 0.1
0.18 0.21
0.45 0.31

Day 9
0.08
0.1

. .008
042 0437 - TIer
0.05

0.16
0.26
0.16
0.27

Day 20
0.08
0.23

0.2

0.04
0.06

Day5 Day9
" 0.91 0.56
6.7 1.4
1.8 2.6
0.08 - 2.6
0.48 0.42
0.84 1.56
0.39 0.69

1.98 2.91

Reviewer's Comment: The mean ciprofloxacin concentrations achieved following dosing to
steady state expected Cnax and trough) expressed in the label are based on a calculation of the-
geomentric mean as performed by the investigators (Kelly et al 1992). The numbers above
were obtained from the raw data sheets and are slightly different due to difficulties in

deciphering the numbers.

Steady State Parameters Geometric Mean Values (ug/mL)
Kelly et al Reviewer's Analysis

Expected Cpax 0.98 - 1.69 0.98 - 1.55

Trough 0.12-0.19 0.11-0.18

11
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. _BACKGROUND - ) ' e

Anthrax is a bacterial infection, caused by a gram-positive rod, which has been recognized as a
human pathogen causing cutaneous, gastrointestinal, and inhalational disease. These forms of
infection with Bacillus anthracis have been traditionally associated with agricultural or industrial
exposures. Today, human anthrax is rare in the United States though it remains an endemic
disease in other areas of the world. Most recently, attention has turned to B. anthracis as a
possible agent of biological warfare or bioterrorism.

The Bayer Corporation, responding to an expressed public health need, has submitted an
application for the addition of the indication inhalational anthrax (post-exposure) to the label of
Cipro® (ciprofloxacin). This is the first antimicrobial drug application submitted to the Food and
Drug Administration (FDA) for an indication resulting from the intentional use of a biological
agent. The approval of this indication will be based on the use of a surrogate endpoint,
ciprofioxacin serum concentrations achieved in humans, under the accelerated approval
regulations (21 CFR 314.510 subpart H).

Inhalational anthrax is an extremely rare disease. It cannot ethically be studied in human
subjects under circumstances of intentional exposure. There are drugs with currently approved
labeling by FDA for disease associated with ‘B. anthracis. Labels for penicillin, tetracycline,
doxycycline, and minocycline products list B. anthracis among the organisms susceptible to
these agents. None of these agents is indicated specmcally post-exposure for disease caused
by inhaled B. anthracis. ,

Based on the irr vitro activity of ciprofioxacin against this organism, the efficacy demonstrated in
the prophylaxis of inhalational anthrax in Rhesus monkeys, and the_concern about the
_possibility of the engineering of a strain that is resistant to penicillin and tetracycline,

ciprofloxacin was.recommended as a drug of choice for post-exposure prophylaxls by the CDC,
Working Group for Civilian Biodefense (JAMA 1999;1735-45) and the 3™ Edition of the US Army
Medical Research Institute of Infectious Diseases handbook “Medical Management of Blologrcal
Casualities.”

The sponsor is submitting literature data to support this indication, including in vitro microbiology
data and data from non-human primate (Rhesus monkey) models of infection. In addition, they
have provided safety data gathered from previous use of ciprofioxacin in adults and pediatrics.

The proposed dosing recommendations are within the approved dosing range for adults.
Although ciprofioxacin is not approved in pediatrics, there are safety data available from cystic
fibrosis patients using daily doses of 30 mg/kg of ciprofloxacin. In addition, there are safety data
on ciprofloxacin obtained through the FDA’s Spontaneous Reporting System.

There are also long-term safety data in_adults to cover the proposed duration of therapy for this
indication. Two patient groups that received treatment with ciprofloxacin for > 30 days were
identified (1) by literature search, and (2) by the sponsor’s database pool. Data on the long-
term safety in pediatrics are also included, but are limited to small numbers exposed.



i INDICATION AND DOSAGES

Ciprofloxacin in tablet form was approved for human use ifthe US in 1987; the intravenous (IV)
solutions were approved in 1990. Both are approved for a wide variety of indications. Dosing is
specific to the approved indication, and ranges from 100-750 mg orally every 12 hours for the
tablet. For the IV formulation, the approved dose ranges from 200 to 400 mg every 8 to 12
hours.

The proposed dosing regimens for ciproflox;cin for inhalational anthrax (post-exposure) are
given below: ‘ . :

Patient Population | Oral dose intravenous dose

Adult 500 mg Q12h x 60 days 400 mg (not to exceed 800 mg) Q1 2h
Pediatric* 10-15 mg/kg (not to exceed 500 | 10-15 mg/kg Q12h (not to exceed 800
mg per dose) Q12h x 60 days mg per day)

* For children greater than 45 kg, the adult dosage shouid be used

Therapy should be initiated immediately after suspected or confirmed exposure and oontinué for
60 days. R

in. CLINICAL PHARMACOLOGY SYNOPSIS
What pharmacokinetic data are available from monkeys infected with inhalational
anthrax?

The study of ciprofloxacin to prevent inhalational anthrax was performed in a non-human
primate (macaque) model and is supported by in vitro data assessing the activity of ciprofioxacin
against B. anthracis. The authors also measured peak and trough serum concentrations of
ciprofloxacin after administration of doses calculated by extrapolation from human doses.

Kelly, et al. Serum Concentrations of penicillih, doxycycline, and ciprofloxacin during prolonged
therapy in rhesus monkeys. Journal Infect Dis 1992;166:1184-7.

Note: The raw ciprofloxacin data from this study can be found in Appendix 1.

Male and female adult monkeys were studied with a mean body weight of 7.7 kg (range 5.1 to
13.0 kg), and a mean body surface area of 0.46 mzl — "\ This represents a
mean of 26% of the 1.73 m? body surface area of a 65-kg, 170-cm human. Ten animals were
exposed to aerosolized anthrax spores and received a single ciprofloxacin 250 mg dose per
nasogastric tube (pngt) 24 hours following exposure, followed twelve hours later by ciprofioxacin

125 mg pngt every 12 hours for 30 days. Blood samples for measurement of peak ciprofioxacin

__ concentrations were collected on Days 5, 9, 20, and 30. Trough concentrations were collected

on Days 3, 5, 9, and 20.

None of 10 monkeys treated with ciprofioxacin died from anthrax within the 30-day treatment
period. One monkey died on Day 5 from accidental injection of drug into the lung.

Figures 1 and 2 below present individual (mean + SD) peak and trough biood levels -of
ciprofloxacin, respectively, for during the 30-day period of drug administration. The MICg of
ciprofioxacin for B. anthracis is also presented.
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How does the exposuré to ciprofioxacin in monkeys compare to humans?

Figures 3 and 4 (page 5) present individual (mean + SD) serum or plasma concentrations of
ciprofioxacin observed ln the monkeys in the study performed by Kelly et al. compared with
mean t+ SD values obtained from the literature in a number of different human populations,
including pediatrics. It should be noted that the pediatri¢c data is derived from patients with
cystic fibrosis (CF). It has been shown that the pharmacokinetics of ciprofioxacin in adult

patients with CF are comparable to healthy adult subjects. Table 1 describes the populatlons
and dosing regimens depicted in Figures 3 and 4.

APPEARS THIS way
ON ORIGINAL
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Table 5. Summary of Ciprofloxacin Pharmacokinetics from Variods Literature Articles

1
'

Population | Dose/Regimen | Route [ N | Craxss Crinss AUCo.24 .45 Notes
(ug/mL) + SD (ug/mL) + SD (pg'h/mlL) + SD
Monkeys |250mgx 1, PO 10 | 1.74 £ 1.41 0.17£0.15 - Loading dose of
then 125 mg 2x used for 1*
po Qi12h dose
(32 mg/kg x 1,
then 16 mg/kq)
Adults 500 mgQi2h | PO 12 12.89 £ 0.54 0.28+0.13 2791572 At steady state
, (7.1 mg/kq) .
Adults 400mg Qi2h |1V - |4.56 0.2 254 At steady state
(5.6 mg/kg)
Human 400 mg x 1 v 11 13.1110.61" - 9.27 £ 1.51* *Single dose, not
Males (5.6 mg/kq) at steady state
Obese 400 mg x 1 v 17 | 2.66 £ 0.53* - 7.72 + 1.49* *Single dose, not
Human (3.6 mg/kg) ' at steady state
Males
Peds, CF | 10 mgkg Q8h | IV 18 |5.0+£1.5 0.39+0.18 240+6.4 Q8h dosing;
’ different from
‘ i - proposed regimen
Peds, CF | 20 mg/kg PO’ |18 [3.7114 0.42 £ 0.21 36.6+12.0 Total dose 40
; Qi2h mg/kg; higher than
| . proposed regimen
Peds, CF | 10 mg/kg v 10 | 8.3 314 Similar to
Qi2h proposed regimen,;
levels obtained :
after 2™ |V dose
' " (30 min infusion)
Peds, CF | 15mg/kg | PO 8 |35 - 27.0 Similar to
Qi2h proposed regimen;
! levels obtained
after 1 oral dose
and preceded by
two IV doses of 15
mg/kg over 30 min

CF- cystic fibrosis
'The Cnmax Obtained after a single dose in obese human males is similar to that obtained after multiple dosing in aduits of ideal body

Tveight




Figure 3. Ciprofloxacin peak concentrations-animal and human studies

Ciprofloxacin Peak Concentrations - All

2 100 —
-

Q

E

e 10 1 - +

9 ° )

T

£ ]

8

[ - -

Q 1 s

o

£

[*]

%

e 0.1

. [

S

o -

R

o MICg B. anthracis (0.06 mcg/mi)

0.01 ' ! : t ,e t | —
Makeys. n =10 AQUlts Aduits  Pexs, CF Pes, CF Pes, &F Pexs, CF
MD, PO MD, IV n=12 n=18G17ys) n=18(517yrs) n=10 . n=8

250 mg x}, then 200 mgaIZh MD,PO MDWV MD, P MD, IV MD, PO
125mgQiZh S0MyQIZh 10mgkg CBh mngkgelm 10mMgkgQIZh 15mgkgQI2h

Figure 4. Ciprofloxacin trough concentrations-animal and human studies
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Is there a pharmacokinetic/pharmacodynamic (PK/PD) relationship between ciprofioxacin
exposure and efficacy in inhalational anthrax? - e

Fluoroquinolones, including ciprofloxacin, demonstrate concentration-dependent killing. The
goal of a dosing regimen for these drugs is to maximize the serum concentrations. The peak
concentration (Cmax)/MIC and/or AUC/MIC ratios are considered PK/PD parameters that best
correlate with drug efficacy. Better correlation has been found with the AUC/MIC ratio than
Cma/MIC, except possibly in infections where there is a significant risk of the emergence of
resistant organisms. The relationship between these PK/PD parameters and drug efficacy has
been demonstrated in animals models of infection as wellas some clinical trials. Much of these
data are derived from studies of infections with extracellular gram-negative organisms and in
patients with nosocomial infections. Some recent data have demonstrated the usefulness of the
AUC/MIC ratio for Streptococcus pneumoniae. -

A comparison of pharmacokinetic with pharmacodynamic parameters in an animal model or
human infection with inhalational anthrax cannot be made. Bacillus anthracis is gram-positive
organism that exists intraceliularly, so the optimal AUC/MIC or peak/MIC ratio is not known. In
addition, there have been no prospective studies performed that link clinical outcome to drug
exposure for this infection. However, in general when there is a demonstrated relationship
between plasma concentrations of drug and response, phammacokinetic data can be used as
one way to characterize drug efficacy. Because of the unsuitability of performing a clinical trial
in this particular infection, an alternative is to link the extent of ciprofloxacin systemic exposure
in the animal model to what is seen in humans. As shown in Figures 3 and 4, the
pharmacokinetics of ciprofloxacin in monkeys and humans are similar.

IV.. GENERAL COMMENTS (NOT TO BE FORWARDED TO THE SPONSOR)

1. The sponsor has proposed a ciprofloxacin dose range of 10-15 mg/kg every 12 hours for

pediatric patients treated with either IV or oral ciprofloxacin. In adults, a 500 mg oral
dose given every 12 hours has been shown to produce an AUC equivalent to that
produced by an IV infusion of 400 mg given over 60 minutes every 12 hours. In an
ongoing study in pediatric patients with complicated urinary tract infections, ciprofloxacin
is being initiated at a dose of 10 mg/kg IV every 12 hours, followed by 10-20 mg/kg orally
every 12 hours.

Therefore, the pediatric. dosing recommendations for inhalational anthrax (post-
exposure) will be modified, such that the IV dose will be 10 mg/kg infused over 60
minutes every 12 hours and the oral dose will be 15 mg/kg every 12 hours.
Ciprofloxacin peak and trough concentrations obtained from pediatric patients
administered this regimen, are consistent with what is seen in aduits following 500 mg
orally or 400 mg IV every 12 hours and are similar or in excess of the ciprofloxacin
concentrations associated with survival in the monkey model.

V. LABELING RECOMMENDATIONS
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V. RECOMMENDATION

Based on what is known of the clinical pharmacology of coproﬂc;xacin “the clinical
pharmacology/biopharmaceutics section of NDA 19-847/S-024 is acceptable and adequate to
support approval.

| i
s . -

s}ao

Joettd M. Meyer, Pharm.D’
Office of Clinical Pharmaoology/Bnopharmaceutlcs
Division of Pharmaceutical Evaluation Il

RD/FT signed by Funmi Ajayi, Ph.D. (Team Leader) _ I s/ 3 1!30[ [20
I U

——

OCPB Briefing July 27, 2000 (attendees): Arzu Selen and Funmi Ajayi

cc:  HFD-590: /NDA 19-847; SLR-024
/PM/JensenV
/MOTL/RocaR
/MO/MeyerhoffA
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/Biopharm/MeyerJ
HFD-205: FOI -
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APPENDIX 1: Ciprofloxacin Pharmacokinetic Monkey Data (Kelly et al 1992)

Day 9
0.08
0.1

Cloro Trough - Monkeys
Monkey ID Day3 Day5
82A35 0.1 0.07
358D 0.22 0.1
B7388 0.1
T292 0.42 A3
410D 0.08 0.07
A32 0.18 0.22
45Y 0.13 0.1
84456A 0.18 0.21
'T308 0.45 0.31

S TDH ::L;,é :
Cipro Peak - Monkeys -

0.08

Day 20
0.08
0.23

0.12

10.04
0.06
0.05

Monkey ID Day 5 - Day 9

82A35
358D

— B7388
: T292
410D
A32
45Y

0.91 0.56
6.7 14
1.8 2.6

0.08 26

0.48 0.42

0.84 1.56

0.39 0.69

1.98 2.91

Day 20
0.39
2.91

" 3.09

3.57
0.33
0.75
1.41
4.47

Day 30
0.39
0.36

11

1.8
1.23
2.94

0.6

Reviewer's Comment: The mean ciprofloxacin 7

~ steady state (expected Cnax and trough) expressed in the label are based on a caiculation of the
.. geomentric mean as performed by the investigators (Kelly et al 1992). The numbers above
were obtained from the raw data sheets and are slightly different due to difficulties in

deciphering the numbers.

centrations achieved following dosr’ng-to

Steady State Parameters - Geometric Mean Values (ug/mL)

: Kelly et al Reviewer's Analysis
Expected Cpgx 0.98 - 1.69 0.98 - 1.55
Trough 0.12-0.19 0.11-0.18
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I BACKGROUND - o
Anthrax is a bacterial infection, caused by a gram-positive rod, which has been recognized as a
human pathogen causing cutaneous, gastrointestinal, and inhalational disease. These forms of
infection with Bacillus anthracis have been traditionally associated with agricultural or industrial
exposures. Today, human anthrax is rare in the United States though it remains an endemic
disease in other areas of the world. Most recently, attention has turned to B. anthracis as a
possible agent of biological warfare or bioterrorism.

The Bayer Corporation, responding to an expressed public health need, has submitted an
application for the addition of the indication inhalational anthrax (post-exposure) to the label of
Cipro® (ciprofloxacin). This is the first antimicrobial drug application submitted to the Food and
Drug Administration (FDA).for an indication resulting from the intentional use of a biological
agent. The approval of this indication will be based on the use of a surrogate endpoint,
ciprofloxacin serum concentrations achieved in humans, under the accelerated approval
regulations (21 CFR 314.510 subpart H).

Inhalational” anthrax is an extremely rare disease. It cannot ethically be studied in human
subjects under circumstances of intentional exposure. There are drugs with currently approved
labeling by FDA for disease associated with B. anthracis. Labels for penicillin, tetracycline,
doxycycline, and minocycline products list B. anthracis among the organisms susceptible to
these agents. None of these agents is indicated specifically post-exposure for disease caused
by inhaled B. anthracis.

Based on the in vitro activity of ciprofloxacin against this organism, the efficacy demonstrated in’
the prophylaxis of inhalational anthrax in Rhesus monkeys, and the concern about the
possibility of the engineering of a strain that is resistant to penicillin and tetracycline,
ciprofioxacin was recommended as a drug of choice for post-exposure prophylaxis by the CDC,
Working Group for Civilian Biodefense (JAMA 1999;1735-45) and the 3" Edition of the US Army
Medical Research Institute of Infectious Diseases handbook “Medical Management of Biological
Casualties.”

The sponsor is_submitting literature data to support this indication, including in vitro microbiology

data and data from non-human primate (Rhesus monkey) models of infection. In addition, they
have provided safety data gathered from previous use of ciprofloxacin in adults and pediatﬁcs.

The proposed dosing recomrnendations are within the approved dosing range for adults.
Although ciprofloxacin is not approved in pediatrics, there are safety data available from cystic
fibrosis_patients using daily doses of 30 mg/kg of ciprofioxacin. In addition, there are safety data
on ciprofioxacin obtained through the FDA’s Spontaneous Reporting System. '

_ There are also long-term safety data in adults to cover the proposed duration of therapy for this
indication. Two patient groups that received treatment with ciprofloxacin for > 30 days were
identified (1) by literature search, and (2) by the sponsor's database pool. Data on the long-
term safety in pediatrics are also included, but are limited to small numbers exposed.



Il.  INDICATION AND DOSAGES

Ciprofloxacin in tablet form was approved for human use in the US in 1987; the intravenous (IV)
solutions were approved in 1990. Both are approved for a wide variety of indications. Dosing is
specific to the approved indication, and ranges from 100-750 mg orally every 12 hours for the
tablet. For the IV formulation, the approved dose ranges from 200 to 400 mg every 8 to 12
hours. - '

The proposed dosing regimens for ciprofioxacin for inhalational anthrax (post-exposure) are
given below:

Patient Population | Oral dose Intravenous dose

Adult 500 mg Q12h x 60 days 400 mg (not to exceed 800 mg) Q12h

Pediatric® - 10-15 mg/kg (not to exceed 500 | 10-15 mg/kg Q12h (not to exceed 800
mg per dose) Q12h x 60 days mg per day)

* For children greater than 45 kg, the aduit dosage should be used

Therapy should be initiated immediately after suspected or confirmed exposure and continue for
60 days. . '

. CLINICAL PHARMACOLOGY SYNOPSIS _
What pharmacokinetic data are available from monkeys infected ‘with-inhalational
anthrax?

The study of ciprofioxacin to prevent inhalational anthrax was performed in a non-human
—prmate (macaque) model and is supported by in vitro data assessing the activity of ciprofioxacin

against B. anthracis. The authors also measured peak and trough serum concentrations of

ciprcfloxacin after administration of doses calculated by extrapolation from human doses.

Kelly, et al. Serum Concentrations of penicillin, doxycycline, and ciprofloxacin during prolonged
therapy in rhesus monkeys. Journal Infect Dis 1992;166:1184-7.

Note: The raw ciprofloxacin data from this study can be found in Appendix 1.

Male and female adult monkeys were studied with a mean weight of 7.7 kg (range 5.1 to
13.0 kg), and a mean body surface area of 0.46 m# This represents a
mean of 26% of the 1.73 m? body surface area of a 65-kg, 170-cm human. Ten animals were
exposed to aerosolized anthrax spores and received a single ciprofloxacin 250 mg dose per
nasogastric tube (pngt) 24 hours following exposure, followed twelve hours later by ciprofioxacin
125 mg pngt every 12 hours for 30 days. Blood samples for measurement of peak ciprofiokacin
concentrations were collected on Days 5, 9, 20, and 30. Trough concentrations were collected

__onDays 3, 5, 9, and 20.

" None of 10 monkeys treated with ciprofloxacin died from anthrax within the 30-day treatment .
period. One monkey died on Day 5 from accidental injection of drug into the lung.

Figures 1 and 2 below present individual “(_mean + SD) ;;eak and trough blood levels of
ciprofloxacin, respectively, for during the 30-day period of drug administration. The MICyo of
ciprofioxacin for B. anthracis is also presented. - -
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How does the exposure to ciprofloxacin in monkeys compare to humans?

Figures 3 and 4 (page 9) present individual (mean + SD) serum or plasma concentrations of
ciprofloxacin observed in the monkeys in ine study performed by Kelly et al. compared with
mean + SD values obtained from the literature in a number of different human populations,
including pediatrics. It should be noted that the pediatric data is derived from patients with
cystic fibrosis (CF). It has been shown that the pharmacokinetics of ciprofloxacin in adult

patients with CF are comparable to healthy adult subjects. Table 1 describes the populations
and dosing regimens depicted in Figures 3 and 4.

APPEARS THIS wAY
OK ORIGINAL

APPEARS THIS WAY
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- Table 5. Suimmary of Ciprofloxacin Pharmacokinetics from Various Literature Articles

Population | Dose/Regimen | Route | N | Craxss Croin.ss AUCq.245s Notes
(ug/mL) + SD | (ug/mb) + SD (pg*h/ml) + SD
Monkeys |250 mgx1, PO 10 [1.74 £ 1.41 0.17 £0.15 - Loading doseof
then 125 mg : 2x used for 1*
po Q12h dose
(32 mg/kg x 1,
then 16 mg/kg) '
Adults 500 mg Q12h | PO 12 .| 2.89 £ 0.54 0.28+0.13 27.9+5.72 At steady stxte
- (7.1 mg/kq) ‘
Adults 400mgQi2h |1V - | 4.56 0.2 254 At steady state
(5.6 mgkg) ‘
Human 400 mg x 1 v 11 | 3.11 £ 0.61" - 9.27 +1.51* *Single dose, not
Males (5.6 mg_/l_(g) - at steady state
Obese 400 mg x 1 v 17 | 2.66 + 0.53* - 7.72£1.49" *Single dose, not
Human | (3.6 mg/kg) at steady state
Males '
Peds, CF | 10 mg/kg Q8h | IV 18 | 6.0£1.5 0.39+0.18 24.0+64 Q8h dosing;
| different from
‘ proposed regimen
Peds, CF | 20 mg/kg PO 18 37214 0.4210.21 36.6 £12.0 Total dose 40
Q12h : mg/kg; higher than
" L proposed regimen
Peds, CF | 10 mg/kg v 10 | 8.3 314 Similar to
b |Qi2h proposed regimen;
levels obtained
after 2™ IV dose’
(30 min infusion)
Peds, CF | 15 mg/kg PO 8 35 - 27.0 Similar to
Q12h o proposed regimen;
| levels obtained
after'1* oral dose
and preceded by

1 two IV doses of 15

mg/kg over 30 min

CF- cystic fibrosis _
'The Cmax Obtained after a single dose in obese human males is similar to that obtained after multiple dosing in adults of ideal body

weight




_ Figure 3. Ciprofloxacin peak concentrations-animal and human studies
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Figure 4. Ciprofloxacin trough concentrations-animal and human studies
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Is there a pharmacokinetic/pharmacodynamic (PK/PD) relationship between ciprofioxacin
exposure and efficacy in inhalational anthrax? - .
Fluoroquinolones, including ciprofloxacin, demonstrate concentration-dependent killing. The
goal of a.dosing regimen for these drugs is to maximize the serum concentrations. The peak
concentration (Cnax)/MIC and/or AUC/MIC ratios are considered PK/PD parameters that best
correlate with drug efficacy. Better correlation has been found with the AUC/MIC ratio than
CmadMIC, except possibly in infections where there is a significant risk of the emergence of -
resistant organisms. The relationship between these PK/PD parameters and drug efficacy has
been demonstrated in animals models of infection as well as some clinical trials. Much of these
data are derived from studies of infections with extracellular gram-negative organisms and in
patients with nosocomial infections. Some recent data have demonstrated the usefulness of the
AUC/MIC ratio for Streptococcus pneumoniae. -

A comparison of pharmacokinetic with pharmacodynamic parameters in an animal model or
human infection with inhalational anthrax cannot be made. Bacillus anthracis is gram-positive
organism that exists intracellularly, so the optimal AUC/MIC or peak/MIC ratio is not known. In
addition, there have been no prospective studies performed that link clinical outcome to drug
exposure for this infection. However, in general when there is a demonstrated relationship
between plasma concentrations of drug and response, pharmacokinetic data can be used as
one way to characterize drug efficacy. Because of the unsuitability of performing a clinical trial
in this particular infection, an alternative is to link the extent of ciprofioxacin systemic exposure
in the animal model to what is seen in humans. As shown in Figures 3 and 4, the
pharmacokinetics of ciprofloxacin in monkeys and humans are similar.

IV. GENERAL COMMENTS (NOT TO BE FORWARDED TO THE SPONSOR)

1. The sponsor has proposed a ciprofloxacin dose range of 10-15 mg/kg every 12 hours for
pediatric patients treated with either IV or oral ciprofloxacin. In adults, a 500 mg oral
dose given every 12 hours has been shown to produce an AUC equivalent to that
produced by an IV infusion of 400 mg given over 60 minutes every 12 hours. In an
ongoing study in pediatric patients with complicated urinary tract infections, ciprofioxacin
is being initiated at a dose of 10 mg/kg IV every 12 hours, followed by 10-20 mg/kg orally
every 12 hours.

Therefore, the pediatric dosing recommendations for inhalational anthrax (post-
exposure) will be modified, such that the IV dose will be 10 mg/kg infused over 60
minutes -every 12 hours and the oral dose will be 15 mg/kg every 12 hours.
Ciprofloxacin peak and trough concentrations obtained from pediatric patients
administered this regimen, are consistent with what is seen in adults following 500 mg
“orally or 400 mg IV every 12 hours and are similar or in excess of the ciprofioxacin.
concentrations associated with survival in the monkey model.

. LABELING RECOMMENDATIONS

1<
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Vi. RECOMMENDATION

Based on what is known of the clinical pharmacology of ciproﬂo.xaci_n, “the clinical
pharmacology/biopharmaceutics section of NDA 19-858/S-021 is acceptable and adequate to
support approval.

/S/ % Jaoko
Joet{d M. Meyer, Pharth.D? 1 .

Office of Clinical Pharmacology/Biopharmaceutics
Division of Pharmaceutical Evaluation il

RD/FT signed by Funmi Ajayi, Ph.D. (Team Leader) v_/'fs/ ;__Z[S_O 00
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APPENDIX 1: Ciprofloxacin Pharmacokinetic Monkey Data (Kelly et al 1992)

Cipro Trough - Monkeys
Monkey ID Day 3 Day5 Day9 Day20
82A35 0.1 0.07 0.08 0.08 A
358D 0.22 0.1 0.1 0.23
B7388 01 01 008 012
T292 0.42 0.43: -0 3 T
410D 0.08 0.07 0.05 ~0.04
A32 0.18 0.22 0.16 0.06
45Y 0.13 0.1 0.26 0.05 '
84456A 0.18 0.21 0.16 0.1 -

T308 0.45 0.31 0.27 0.83

MonkeyID Day5 Day9 Day20 Day 30

82A35 - 0.91 0.56 0.39 0.39
358D 6.7 1.4 2.91 0.36
B7388 1.8 26 - 3.09 1.11
T292- Ce L T
410D 0.08 2.6 357 1.8
A32 0.48 0.42 0.33 1.23
45Y" 0.84 156 - 0.75 2.94
T B4456A 0.39 0.69 1.41 0.6
T308 1.98 2.91 4.47 1.56

Reviewer's Comment: The mean ciprofioxacin concentrations achieved following dosing to
steady state {expected Cma, and trough) expressed in the label are based on a calculation of the
geomentric mean as performed by .the investigators (Kelly et al 1992). The numbers above
were obtained from the raw data sheets and are slightly different due to difficulties in
deciphering the numbers. -

Steady State Parameters Geometric Mean Values (ug/mL)
. Kelly et al Reviewer's Analysis
Expected Cpy,, 0.98 - 1.69 0.98 - 1.55

Trough 0.12-0.19 0.11-0.18 .
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L BACKGROUND
Anthrax is a bacterial anaction, caused by a gram-positive Tod, which has been recognized as a
human pathogen causing cutaneous, gastrointestinal, and inhalational disease. These forms of
infection with Bacillus anthracis have been traditionally associated with agricultural or industrial
exposures. Today, human anthrax is rare in the United States though it remains an endemic
disease in other areas of the world. Most recently, attention has tumed to B. anthracis as a
possible agent of biological warfare or bioterrorism.

The Bayer Corporation, responding to an expressed public health need, has submitted an
application for the addition of the indication inhalational anthrax (post-exposure) to the label of
Cipro® (ciprofloxacin). This is the first antimicrobial drug application submitted to the Food and
Drug Administration (FDA) for an indication resulting from the intentional use of a biological
agent. The approval of this indication will be based on the use of a surrogate endpoint,
ciprofloxacin serum concentrations achieved in humans, under the accelerated approval
regulations (21 CFR 314.510 subpart H).

Inhalational anthrax is an extremely rare disease. It cannot ethically be studied in human
subjects under circumstances of intentional exposure. There are drugs with currently approved
labeling by FDA for disease associated with B. anthracis. Labels for penicillin, tetracycline,
doxycycline, and minocycline products list B. anthracis among the organisms susceptible to
these agents. None of these agents is indicated specifically post-exposure for disease caused
by inhaled B. anthracis.

Based on the in vitro activity of ciprofloxacin against this organism, the efficacy demonstrated in
the prophylaxis of inhalational anthrax in Rhesus monkeys, and the concern about the
possibility of the engineering of a strain that is resistant to penicillin and tetracyciine,
ciprofloxacin was recommended as a drug of choice for post-exposure prophylaxis by the CDC,
Working Group for Civilian Biodefense (JAMA-1999;1735-45) and the 3™ Edition of the US Army
Medical Research Institute of Infectious Diseases handbook “Medical Management of Biological
Casualties.”

~ The sponsor is submitting literature data to support this indication, including in vitro microbiology
data and data from non-human primate (Rhesus monkey) models of infection. In addition, they
have provided safety data gathered from previous use of ciprofloxacin in adults and pediatrics.

The proposed dosing recommendations are within the approved dosing range for adults.
Although ciprofloxacin is not approved in pediatrics, there are safety data available from cystic
fibrosis patients using daily doses of 30 mg/kg of ciprofloxacin. In addition, there are safety data
on ciprofioxacin obtained through the FDA’s Spontaneous Reporting System.

There are also long-term safety data in adults to cover the proposed duration of therapy for this
indication. Two patient groups that received treatment with ciprofloxacin for > 30 days were
identified (1) by literature search, and (2) by the sponsor’'s database pool. Data on the long-
term safety in pediatrics are also included, but are limited to small numbers exposed.



. INDICATION AND DOSAGES

Ciprofloxacin in tablet form was approved for human use in the US in 1987; the intravenous (IV)
solutions were approved in 1990. Both are approved for a wide variety of indications. Dosing is
specific to the approved indication, and ranges from 100-750 mg orally every 12 hours for the
tablet. For the IV formulation, the approved dose ranges from 200 to 400 mg every 8 to 12
hours.

The proposed dosing regimens for ciprofloxacin for inhalational anthrax (post-exposure) are
given below:

Patient Population | Oral dose ' Intravenous dose

Adult 500 mg Q12h x 60 days 400 mg (not to exceed 800 mg) Q12h

Pediatric* 10-15 mg/kg (not to exceed 500 | 10-15 mg/kg Q12h (not to exceed 800
mg per dose) Q12h x 60 days mg per day) :

* For-children greater than 45 kg, the adult dosage should be used

Therapy should be initiated immediately after suspected or confirmed exposure and ‘continue for
60 days. i}

. CLINICAL PHARMACOLOGY SYNOPSIS

What pharmacokinetic data are available from monkeys infected with inhalational

anthrax? '

The study of ciprofloxacin to prevent inhalational anthrax was performed in a non-human

primate (macaque) model and is supported by #n vitro data assessing the activity of ciprofloxacin .
against B. anthracis. The authors also measured peak and trough serum concentrations of

ciprofioxacin after administration of doses calculated by extrapolation from human doses.

Kuelly, et al. Serum Concentrations of penicillin, doxyé}cline, and ciprofloxacin during prolonged

therapy in rhesus monk_eys. Journal Infect Dis 1992;166:1184-7.

Note: The raw ciprofioxacin data from this study can be found in Appendix 1.

Male and femate-adult monkeys were studied with a mean weight of 7.7 kg (ranga 5.1 to
13.0 kg), and a-mean body surface area of 0.46 m® This represents a
mean of 26% of the 1.73 m? body surface area of a 65-kg, 170-cm human. Ten animals. were
exposed to aerosolized anthrax spores and received a single ciprofloxacin 250 mg dose per
nasogastric tube (pngt) 24 hours following exposure, followed twelve hours later by ciprofioxacin
125 mg pngt every 12 hours for 30 days. Blood samples for measurement of peak ciprofioxacin
concentrations were collected on Days 5, 9, 20, and 30. Trough concentrations were collected

on Days 3, 5, 9, and 20.

None of 10 monkeys treated with ciprofioxacin died from anthrax within the 30-day treatment
period. One monkey died on Day 5 from accidental injection of drug into the lung.

Figures 1 and 2 below present individual (mean’t SD) peak and trough blood leveis of
ciprofloxacin, respectively, for during the 30-day period of drug administration. The MICy, of
ciprofloxacin for B. anthracis is also presented.
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How does the exposure to clproﬂoxac!n in monkeys compare to humans?

Figures 3 and 4 (page 9) present individual (mean & SD) serum of plasma concentrations of
ciprofloxacin observed in the monkeys in the study performed by Kelly et al. compared with
mean i SD values obtained from the literature in a number of different human populations,

including - pediatrics. it should be noted that the pediatric data is derived from patients with

cystic fibrosis (CF). 1t has been shown that the pharmacokinetics of ciprofloxacin in adult
patients with CF are comparable 10 heaithy adult subjects. Table 1 describes the populations
and dosing regimens depicted in Figures 3 and 4.

APPEARS. THIS WAY
ON QRIGINAL

APPEARS THIS WAY
ON ORIGINAL



Table 5. Summary of Ciprofloxacin Pharmacokinetics from Various Literature Articles

Population | Dose/Regimen | Route | N | Craxss Chminss AUCq.2445 Notes
mL) £ SD (ug/mL) + SD (ug'h/mL) +SD
Monkeys |250mgx 1, PO 10 |1.74 £ 1.41 0.17 £ 0.15 - Loading dose of
| then 125 mg ‘ 2x used for 1%
po Q12h dose
(32mgkgx 1, |,
then 16-mg/kg) | .
Adults - 500mgQi2h |PO |12 [2.8910.54 0.28£0.13 27.915.72 At steady state
- (7.1 mg/kg) *
Adults 400 mgQi2h IV - | 456 0.2 25.4 At steady state
(5.6 mg/kg)
Human 400 mg x 1 v 11 | 3.11£0.61" - 9.27 £ 1.51* *Single dose, not
Males (5.6 mg/kqg) f : at steady state
Obese 400 mg x 1 v 17 (2,66 + 0.53" - 7.72 £ 1.49* *Single dose, not
Human (3.6 mg/kg) . at steady state
Males .
Peds, CF |10 mgkgQ8h | IV 18 150115 0.3910.18 2401+ 6.4 Q8h dosing;
o different froin
‘ proposed regimen
Peds, CF | 20 mg/kg PO 18 (37114 042+ 0.21° 36.6 £ 12.0 Total dose 40
Qi2h j mg/kg; higher than
o proposed regimen
Peds, CF | 10 mg/kg v 10 | 8.3 r J 31.4 Similarto
Qi2h proposed regimen;
levels obtained '
after 2™ IV dose
(30 min infusion)
Peds, CF | 15 mg/kg PO 8 |35 - 127.0 Similar to
Qi2h : L proposed regimen,;
! ' levels obtained
after 1% oral dose
and preceded by
two |V|doses of 15
mg/kg over 30 min

CF- cystic fibrosis _ |
"The Crmax Obtained after a single dose in obese human males is similar to that obtained after multiple dosing in adults of ideal body

weight
t
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Figure 3. Ciprofloxacin peak concentrations-animal and human studies
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Figure 4. Ciprofloxacin trough concentrations-animal and human studies
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Is there a pharmacokinetlclpharmacodynamic (PK/PD) relationship between ciproﬂoxacin
exposure and efficacy in inhalational anthrax? -
Fluoroquinolones, including ciprofloxacin, demonstrate concentration-dependent killing. The
goal of a dosing regimen for these drugs is to maximize the serum concentrations. The peak
concentration (Cnax)/MIC and/or AUC/MIC ratios are considered PK/PD parameters that best
correlate with drug efficacy. Better correlation has been found with the AUC/MIC ratio than
Cmad/MIC, except possibly in infections where there is a significant risk of the emergence of
resistant organisms. The relationship between these PK/PD parameters and drug efficacy has
been demonstrated in animals models of infection as well as some clinical trials. Much of these
data are derived from studies of infections with extracellular gram-negative organisms and in
patients with nosocomial infections. Some recent data have demonstrated the usefulness of the
AUC/MIC ratio for Streptococcus pneumoniae. -

A comparison of pharmacokinetic with pharmacodynamic parameters in an animal model or
human infection with inhalational anthrax cannot be made. Bacillus anthracis is gram-positive
organism that exists intracellularly, so the optimal AUC/MIC or peak/MIC ratio is not known. In
addition, there have been no prospective studies performed that link clinical outcome to drug
exposure for this infection. However, in general when there is a demonstrated relationship
between plasma concentrations of drug and response, pharmacokinetic data can be used as
one way to characterize drug efficacy. Because of the unsuitability of performing a clinical trial
in this particular infection, an alternative is to link the extent of ciprofloxacin systemic exposure
in the animal model to what is seen in humans. As shown in Figures 3 and 4, the
pharmacokinetics of ciprofloxacin in monkeys and humans are similar.

IV. GENERAL COMMENTS (NOT TO BE FORWARDED TO THE SPONSOR)

1. The sponsor has proposed a ciprofloxacin dose range of 10-15 mg/kg every 12 hours for
pediatric patients treated with either IV or oral ciprofloxacin. In aduits, a 500 mg oral
dose given every 12 hours has been shown to produce an AUC equivalent to that
produced by an IV infusion of 400 mg given over 60 minutes every 12 hours. In an
ongomg study in pediatric patients with complicated urinary tract infections, ciprofioxacin
is being initiated at a dose of 10 mg/kg IV every 12 hours, followed by 10-20 mg/kg orally
every 12 hours.

Therefore, the pediatric dosing recommendations for inhalational anthrax (post-
exposure) will be modified, such that the IV dose will be 10 mg/kg infused over 60
minutes every 12 hours and the oral dose will be 15 mgkg every 12 hours.
Ciprofloxacin peak and trough- concentrations obtained from pediatric patients
administered this regimen, are consistent with what is seen in adults following 500 mg
orally or 400 mg IV every 12 hours and are similar or in excess of the ciprofloxacin
concentrations associated with survival in the monkey model.

V. LABELING RECOMMENDATIONS
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VIi. RECOMMENDATION

Based on what is known of the clinical pharmacology of ciprofioxacin, the ~clinical
pharmacology/biopharmaceutics section of NDA 19-857/8-027 is acceptable and adequate to
support approval.

/S/ » ‘S’aooo

Joetfd M. Meyer, Pharml.DY
Office of Clinical Pharmacology/Buopharmaceutlcs
. Division of Pharmaceutical Evaluation il

-~ L ]

RD/FT signed by Funmi Ajayi, Ph.D. (Team Leader) ____ /é/ <130/00
J U
OCPB Briefing July 27, 2000 (attendees): Arzu Selen and Funmi Ajayi

cc:  HFD-590: /NDA 19-857; SLR-027
/PM/JensenV ,
/MOTL/RocaR : —
/MO/MeyerhoffA ’
HFD-880: /BiopharmTL/AjayiF ’
/Biopharm/MeyerJ
S HFD-205: FOI -
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APPENDIX 1: Ciprofloxacin Pharmacokinetic Monkey Data (Kelly et al 1992)
Cipro Trough - Monkeys -

Monkey ID Day3 Day5 Day9 Day20 .
82A35 0.1 0.07 0.08 0.08 - --

358D 0.22 0.1 01 023

B7388 0.1 01 008 012

T292 042 043707

410D 008 007 005 004

A32 018 022 0.6 006

45Y 0.13 01 026  0.05 -

84456A 018 021 0.6 0.1 - - -

T308 0.45 0.31 0.27 0.83

b

Monkey ID Day5 Day9 Day20 Day 30 | S

82A35 0.91 0.56 0.39 0.39

358D 6.7 1.4 2.91 0.36

B7388 1.8 26 309 1.1

T292 S i

410D 0.08 2.6 3.57 1.8 —
A32 0.48 042  0.33 1.23

45Y 0.84 1.56 0.75 2.94

84456A 0.39 0.69 1.41 0.6

T308 198 291 447 156

Reviewer's. Comment: The mean ciprofloxacin concentrations achieved following dosing to
steady state (expected Cna, and trough) expressed in the label are based on a calculation of the
geomentric mean as performed by the investigators (Kelly et al 1992), The numbers above

were obtained from the raw data sheets and are slightly different due to difficulties in -
deciphering the numbers. -
Steady State Parameters Geometric Mean Values (ug/ml)

Kelly et al Reviewer’s Analysis
Expected Cpay 0.98 - 1.69 - 10.98~1.55 ' -
Trough ~ 0.12~-0.19 0.11-~0.18

11 -
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characteristics in patients with cystic fibrosis. J Clin Pharmacol 1988;28:691-9.
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I BACKGROUND - ' -

Anthrax is a bacterial infection, caused by a gram-positive rod, which has been recognized as a
human pathogen causing cutaneous, gastrointestinal, and inhalational disease. These forms of
infection with Bacillus anthracis have been tradmonally associated with agncunural or industrial
exposures. Today, human anthrax is rare in the United States though it remains an endemic
disease in other areas of the world. Most recently, attention has turned to B. anthracis as a
possible agent of biological warfare or bioterrorism.

The Bayer Corporation, responding to an expressed public health need, has submitted an
application for the addition of the indication inhalational anthrax (post-exposure) to the label of
- Cipro® (ciprofioxacin). This is the first antimicrobial drug application submitted to the Food and-
Drug Administration (FDA) for an indication resulting from the intentional use of a biological
agent. The approval of this indication will be based on the use of a surrogate endpoint,
ciprofloxacin serum concentrations achieved in humans, under the accelerated approval
regulations (21 CFR 314.510 subpart H). )

]

Inhalational anthrax is an extremely rare disease. It cannot ethically be studied in human
subjects under circumstances of intentional exposure. There are drugs with currently approved
labeling by FDA for disease associated with B. anthracis. Labels for penicillin,—tetracycline,
doxycycline, and minocycline products list B. anthracis among the organisms susceptible to

these agents. None of these agents is indicated specifically post-exposure for disease caused -

- by inhaled B anthracis.
Based on the in vitro activity of ciprofioxacin against this organism, the efficacy demonstrated in
the prophylaxis of inhalational anthrax in Rhesus monkeys, and the concem about the
possibility of the engineering’ of a strain that is resistant to penicillin and tetracycline;
ciprofloxacin was recommended as a drug of choice for post-exposure ptophylaxns by the CDC,

- Working Group for Civilian-Biodefense (JAMA 1999;1735-45) and the 3" Edition of the US Army
Medical Research Institute of Infectious Diseases handbook “Medical Management of Bnologlcal
Casualties.”

The sponsor is submitting literature data to support this indication, inclu&ing in vitro microbiology
data and data from non-human primate (Rhesus monkey) models of infection. In addition, they
have provided safety data gathered from previous use of ciprofloxacin in adults and pediatrics.

The proposed doslng recommendations are within the approved dosing range for adults.

Although ciprofloxacin is not approved in pediatrics, there are safety data available from ‘cystic

fibrosis patients using daily doses of 30 mg/kg of ciprofloxacin. In addition, there are safety data
~_on ciprofloxacin obtained through the FDA’s Spontaneous Reporting System.

There are also long-term safety data in adults to cover the proposed duration of therapy for this .
indication. Two patient groups that received treatment with ciprofioxacin for > 30 days were
identified (1) by literature search, and (2) by_the sponsor's database pool. Data on the long-
term safety in pediatrics are also included, but are limited to small numbers exposed.



—

i INDICATION AND DOSAGES

Ciprofloxacin in tabiut form was approved for human use in the US in 1987; the intravenous (IV)
solutions were approved in 1990. Both are approved for a wide variety of indications. Dosing is
specific to the approved indication, and ranges from 100-750 mg orally every 12 hours for the .
tablet. For the IV formulation, the approved dose ranges from 200 to 400 mg every 8 to 12
hours. '

The proposed dosing regimens for ciprofioxdcin for inhalational anthrax (post-exposure) are
given below:

Patient Population | Oral dose . intravenous dose .

Adult 500 mg Q12h x 60 days 400 mg (not to exceed 800 mg) Q12h

Pediatric* ' 10-15 mg/kg (not to exceed 500 | 10-15 mg/kg Q12h (not to exceed 800
mg per dose) Q12h x 60 days mg per day)

~on Days 3, 5, 9, and 20.

* For children greater than 45 kg, the adult dosage should be used

Therapy should be initiated immediately after suspected or oonﬁrmé,d‘exposure and continue for
60 days. i

. CLINICAL PHARMACOLOGY SYNOPSIS v
What pharmacokinetic data are available from monkeys infected with inhalational
anthrax?

" The study of ciprofloxacin to prevent inhalational anthrax was performed in a hoﬁ-hum’an

primate (macaque) model and is supported by in vitro data assessing the activity of ciprofloxacin .
against 8. anthracis. The authors also measured peak and trough serum concentrations of
ciprofloxacin after administration of doses calculated by extrapolation from human doses.

Kelly, et al. Serum Concentrations of penicillin, doxycycline, and ciprofioxacin during prolonged
therapy in rhesus monkeys. Journal Infect Dis 1992,166:1184-7. .

Note: The raw ciprofloxacin data from this study can be found in Appendix 1.

Male and female adult monkeys were studied with a mean weidht 7 kg (range 5.1 to
13.0 kg), and a mean body surface area of 0.46 m This represents a
mean of 26% of the 1.73 m?body surface area of -kg, -cm human. Ten animals were

exposed to aefosolized anthrax spores and received a single ciprofioxacin 250 mg dose per
nasogastric tube (pngt) 24 hours following exposure, followed twelve hours later by ciprofioxacin

125 mg pngt every 12 hours for 30 days. Blood samples for measurement of peak ciprofloxacin

concentrations were collected on Days 5, 9, 20, and 30. Trough concentrations were collected

Ncne of 10 monkeys treated with ciprofloxacin died from anthrax within the 30-day treatment
period. One monkey died on Day 5 from accidental injection of drug into the lung.

Figures 1 and 2 below present individual (mean + SD) peak and trough biood levels of
ciprofloxacin, respectively, for during the 30-day period of drug administration. The MICy of
ciprofloxacin for B. anthracis is also presented. —
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How does the exposure to clproﬂoxacin in monkeys compare to humans?

!-“»gures 3 and 4 (page 9) present individual (mean + SD) serum or plasma concemrat‘cns of

ciprofioxacin observed in the monkeys in the study performed by Kelly et al.- compared with

mean t SD values obtained from the literature in a number of different human populations,
including pediatrics. It should be noted that the pediatric data is derived from patients with
cystic fibrosis (CF). It has been shown that the pharmacokinetics of ciprofloxacin in adult

patients with CF are comparable to healthy aduit subjects. Table 1 describes the populatlons

and dosing regimens depicted in F’gures 3and 4.
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Table 5. Summary of Cipré!moxacin Pharmacokinetics from Various Literature Articles

Population | Dose/Regimen | Route | N | Crmaxss Crminss AUCq.24.5 Notes ¢
' (ug/mlb) £ SD (ug/mb) + SD (pg*hml) + SD
Monkeys |250mgx1, |PO 10 11.74 £ 1.41 0.17£0.15 - Loading dose of
then 125 mg 2x used for 1*
po Q12h dose
(32 mg/kg x 1,
then 16 mg/kq) ‘ b
Adults 500 mg Qi2h | PO 12 ['2.8910.54 0.28 £0.13 27.915.72 At steady state
(7.1 mg/kg) ,
Adults 400mg Q12h | IV - | 4.56 0.2 25.4 ‘At steady state
(5.6 mg/kg) “
Human 400 mg x 1 v 11 {3.11+061" - 9.27 £ 1.51* *Single doss, not
Males (5.6 mg/kg) at steady state
Obese 400 mg x 1 v 17 | 2.66 £ 0.53* - 7.72 £1.49" *Single dose, not
Human (3.6 mg/kg) at steady state
Males _ - '
Peds, CF ‘| 10 mg/kg Q8h | IV 18 |5.0%1.5 0.39+£0.18 24.0t64 Q8h dosing;
. ‘ different from
proposed regimen
Peds, CF | 20 mg/kg PO 18 13.7+14 0.42+0.21 36.6 £ 12.0 Total dose 40
Q1i2h mg/kg; higher than
-proposed regimen
Peds, CF | 10 mg/kg v 10 {83 31.4 Similarto |
Qi2h \ proposed regimen;
levels obtainid
after 2™ IV cose
“ (30 min infusion)
Peds, CF | 15 mg/kg PO |8 |35 - 27.0 Similar to
Qizh - proposed regimen;
! ' levels obtained
after 1* oral dose
and preceded by
two IV doses of 15
mg/kg over 30 min

CF- cystic fibrosis
*The Crmax Obtained after a single dose in obese human males is similar to that obtained after multlple dosing in adults of ideal body

weight




Figure 3. Ciprofloxacin peak concentrations-animal and human studies
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Figure 4. Ciprofloxacin trough concentrations-animal and human studies
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Is there a pharmacokinetlclpharmacodynamic (PK/PD) relationship between ciproﬂoxacin

exposure and efficacy in inhalational anthrax? -
Fluoroquinolones, including ciprofloxacin, demonstrate concentration-dependent killing. The
goal of a dosing regimen for these drugs is to maximize the serum concentrations. The peak
concentration (Cmax)/MIC and/or AUC/MIC ratios are considered PK/PD parameters that best
correlate with drug efficacy. Better correlation has been found with the AUC/MIC ratio than
Cma/MIC, except possibly in infections where there is a significant risk of the emergence of
resistant organisms. The relationship between these PK/PD parameters and drug efficacy has
been demonstrated in animals models of infection as well as some clinical trials. Much of these -

* data are derived from studies of infections with extracellular gram-negative organisms and in -
patients with nosocomial infections. Some recent data have demonstrated the usefuiness of the
AUCIMIC ratlo for Streptococcus pneumoniae. -

A comparison of pharmacokinetic with pharmacodynamic parameters in an animal mode! or
human infectioh with inhalational anthrax cannot be made. Bacillus anthracis is gram-positive
organism that exists intraceliularly, so the optimal AUC/MIC or peak/MIC ratio is not known. In
addition, there have been no prospective studies performed that lik clinical outcome to drug
exposure for this infection. However, in general when there is a demonstrated relationship
between plasma concentrations of drug and response, pharmacokinetic data can be used as
one way to characterize drug efficacy. Because of the unsuitability of performing a clinical trial
in this particular infection, an altemnative is to link the extent of ciprofloxacin systemic exposure
in the animal model to what is seen in humans. As shown in Figures 3 and 4, the
. pharmacokinetics of ciprofloxacin in monkeys and humans are similar.

V. GENERAL COMMENTS (NOT TO BE FORWARDED TO THE SPONSOR)

1. . The sponsor has proposed a ciprofloxacin dose range of 10-15 mg/kg every 12 hours for
pediatric patients treated with either IV or oral ciprofioxacin. In adults, a 500 mg oral
dose given every 12 hours has been shown to produce an AUC equivalent to that
produced by an IV inffusion of 400 mg given over 60 minutes every 12 hours. In an
ongomg study in pediatric patients with complicated urinary tract infections, ciprofioxacin
is being initiated at a dose of 10 mg/kg IV every 12 hours, followed by 10-20 mg/kg orally
every 12 hours. -
Therefore, the pediatric dosing recommendations for inhalational anthrax (post-
exposure) will be modified, such that the IV dose will be 10 mg/kg infused over 60
minutes every 12 hours and the oral dose will be 15 mg/kg every 12 hours.
Ciprofioxacin peak and trough concentrations obtained from pediatric patients
_administered this regimen, are consisterit with what is seen in adults following 500 mg

- orally or 400 mg IV every 12 hours and are similar or in excess of the ciprofloxacin

— concentrations associated with survival in the monkey model.

<
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V. RECOMMENDATION

Based oh what is known of the clinical pharmacology of ciprofioxacin, the clinical
. gharmacology/biopharmaceutics secnon of NDA 20-780/S-008 is acceptable and adequate to
support approval.

Jogfle M. Meyer;/P§a{n.D. v ___%J@_OJ o

Office of Clinical Pharmacology/Biopharmaceutics
Division of Pharmaceutical Evaluation il
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APPENDIX 1: Ciprofloxacin Pharmacokinetic Monkey Data (Kelly et al 1992)

Cipro ?rough - Monkeys

-~

Monkey ID Day3 Day5

82A35
358D -
B7388
T292
410D
A32
45Y

Monkeys

Monkey ID Day 5
82A35 0.91
358D 6.7
B7388 18
T292 T
410D 0.08.
A32. 0.48
45Y , 0.84
84456A . . . 0.39
T308 1.98
408 3.12
LN

0.1
0.22
0.1
0.42

-~ 0.08

0.18
0.13
0.18
0.45

- 0.07

0.07
0.1
0.1

Day 9
0.08

043 TIE

0.07
0.22

0.1
0.21
0.31

Day 9

0.56
1.4

26

2.6
0.42
1.56
0.69
2.91
1.38

0.39 .

2.91

" 3.09

3.57
0.33

0.75

1.41
4.47
2.58

18

Day 20
"~ 0.08

Day 20 Day 30

0.39
0.36
1

1.23
2.94

Reviewer's Comment: The mean ciprofloxacin concentrations achieved following dosing to
steady state (expected Cnax and trough) expressed in the label are based on a calculation of the
geomentric mean as performed by the investigators (Kelly et al 1992). The numbers above
were obtained from the raw data sheets and are slightly different due to difficulties in

deciphering the numbers.
Steady State Parameters Geometric Mean Values (ug/ml)
Kelly et al Reviewer’s Analysis
- Expected Cppax 0.98 - 1.69 T 0.98 - 1.55
Trough 0.12-0.19 0.11-0.18
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