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Inhalational anthrax

"+ First described British textile mills 19th ¢

* Woolsorters’ or ragpickers’ diSeaSe'
e Largely an 1ndustr1a1 / occupatlonal
infection |

| ff Rare; US ~20 cases since 1900

» Hemorrhagic mediastinitis, with
involvement of RES, CNS, and
development of sep51s syndrome ’



| Inhal a tiOnal Aanthrax )

Chnlcal entity resultlng from mtentlonal use

- of aerosohzed spores B. anthracis

Mortality 80-100% chnlcally recognlzable -
disease, even with approprlate therapy

Penicillins and/or tetracyclmes hlstorlcally
drugs of choice

Reports of engmeered B anl‘hmczs strams )
PCN-R TCN—-R |



- Drugs for anthrax:
regulatory status

~* No drug 1S approved for prophylax1s of
inhalational anthrax

e PCNS TCN s with 1ndrcat1ons for treatment
~of clinical disease due to B. am‘hmczs

- » Programs for large scale use in civilian or |
military personnel, in contrast with practice
~of medicine, require an approved NDA

1nd1cat10n or IN D |



ClpI’O

. Fj 1rst formulatlon (oral) approved US 1987? |

* Approved 1ndlcat10ns (17) mclude
lgwer respiratory tract infections |
- comphcated intraabdominal 1nfect1()ns
— bone and joint 1nfect10ns
— typhoid fever

. Used by >1OO m1111on patlents in US
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Cipro oral‘

e Approved doses 100- 750 mgq 12 hour o

. Proposed regimen anthrax prophylax1s
— Adult 500 mg q 12 hour

.~—Ped1atr1c 10-15 mg/kg ql2 hour .
. —Duration 60 days B |



| B am‘hmczs Mlcroblology

. Spore formmg

~ + Germinates into Vegetatlve state under .
certain env1ronmenta1 conditions |

. Vegetatlve state

- encapsulated toxm-producmg PA, EF, LF -
- generally PCN, TCN susceptlble 3% PCN-R
- b1oeng1neered strains w1th PCN-—R TCN-R |




B. anthracis: Microbiology

strains
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) Cipro pharmacolo gy: overview )

e Peak and trough serum concentratlons

— Macaque monkey
' — Human
- Comparlson macaque and human o
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Clproﬂoxacm Peak Concentratlons Monkeys
(Kelly et al 1992) |
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1.81 +/- 2,07 mcg/mL. 1,57 +/- 0.94 mecg/mL 2.17 +/- 1. 50 mcg/mL  1.42 +l 0.96 meg/mL 11
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| Clproﬂoxacm Trough Concentrations - Monkeys
| | (Kelly et al 1992)
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| Cipro conc. (mcg/m‘l_b

- 0.01- — ' '
‘Day 3 | Day 5 Day 9 Day 20
© 0.21+4/-0.13 meg/mL 0,17 +/- 0.12 meg/mL 0.14 +I 0.08 mcg/mL 0. 18 +/- 0.25 mcg/lez



Clproﬂoxacm Oral Steady State

_‘Populatlon

Dose/

Regimen

Pharmac okinetics
. | Cmax,ss(u,g/mL)

c I'n_i.n,S‘Sl (Mg/_m L) . |

'Bdonkey

250 mg x 1,

|then 125 mg po

Q12h

|32 me/ke x 1.,

o then 16 mglk,(z)

1.74

O

Human f:_aduu:?]

500 mg Q12h

(71m2/kg)

| 'Human

.fpedlatrlc S

15 mg/kg =

cvqtlc flbrosm

Oth -
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Cipro  Conc.
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Ciprofloxacin Peak Concentrations - Al
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4+ MIC o B. anthracis (0.06 mcg/mL)

250 mg x1,

|
Monl'(eys

MD, PO

then 125 mg Q12h

i .
Adults
MD, PO
- 500 mg Q12h

. . i ‘
Pediatrics, CF

MD, PO

15 mg/kg Q12h
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* Ciprofloxacin Trough Concentrations - Al

5'1'00_

-
o
1

—
; I

o
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Adults
MD, PO
500 mg Q12h

0.01 ——
Monkeys

~ MD,PO |

250 mg x 1, then 125 mg Q12h




Compai*ison of drug levels with

MIC,, B. anthracis
o F luoroqulnolones kllhng 1S concentratlon
dependent rather than time dependent
e CmaX/MIC > 10 desnable range -
. Clpro B. anz‘hmczs |
— Cipro peak macaque ~33x MIC,,
~ — Cipro peak human ~50x MIC,,
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Inhalatronal anthrax early
theorres of pathogenesrs
o T heory #1 Persrstent spores

— germrnatron pulmonary macrophage (M@)

— toxin production/ early pathology mediastinal
lymph nodes I

. Theory #2: Acute bacterral 1nfeotror1 '
| — erosion bronohlal mucosa |

- raprd germination pulmonary parenehyma
- — early pathology pneumonra |
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Early studies inhalational anthrax:
pos't'-exposuredrug administration
“« Post exposure PCN (Henderson et al 1956)

— PCN 24 h post exp macaques for 5, 10, 20 days
with controls |

- survwal curves same slope as controls
- only delay death

18




Survival curves
(Henderson et al 1956)
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Spore clearance
(Henderson et al 1956)
O aVSaf ter Estlmated % ori gmal |
LR S T retentlon e
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Early studies inhalational anthrax:
- spore clearance from lung ross 1957

» Guinea pig: # spores reaching regional LN
L <<<# dep051ted pulmonary eplthehum
~« Differential staining: distinction of stages of
spore development and Vegeta‘uve state
. leferentmodes of spore exit from lung
~ — transported to regional LN via pulmonary M@
— phagocytosed spores passed into bronchioles
— ?spores lysed and destroyed in phagocytic cell

21




Inhalatlonal anthrax post—exposure '
drug admlmstratlon (Frledlander ctal 1993)

¢ 6 groups/ 10 animals each

— 30 days antimicrobial: 1) c1proﬂoxacm 2) doxycychne ;

3) pemcﬂhn 4) doxy + Vaccme
5) vaccine, 6) control

. Survival following aerosol challenge days O 120
o Mortahty rates | -
~ —at 90 days (evaluable populauon)
- up to 130 days (ATT populatlon)
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Challenge (from Friedlander et al 1993)

= Control
— Vaccine
e Pen
== Cipro
- ememmee— Doxy
e Doxy+Vacc

‘Survival
4oX+ Do
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Intent-to-treat Analysis:
Including all cause of death up to re-challenge

Treatment | Al Pvs.  95%CIlof
R deaths  control treatment -
__control

Control untreated  9/10 - .
Vaccine alone 8/10 >01  (-54,37)
~Penicillin 3/10 0.0198 (-89,-12)
Ciprofloxacin - 3/10 0.0198 (-89, -12)
- Doxycycline ~  1/10  0.0011 (-98, -36)
Doxy + vaccine 1/10 0.0011  (-98,-36)

~ P-value was calculated using a two-tailed Fisher’s exact test.
95% confidence interval was calculated using an exact method.
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Evaluable Popu

lation Analysis:

Cause of death proven to be due to Anthax (TOC=90)
Treatment Anthrax  Pyvs. 95% CI of
deaths  control  treatment -

_ | L ___ control
Control untreated  9/10 : | | |
Vaccine alone 8/10 > 0.1 (-54, 37)
Penicillin 3/10 0.0198 - (-89, -12)

~ Ciprofloxacin ~  1/9  0.0011 ~ (-98, -35)
Doxycycline 1/10 0.0011 (-98, -36)
Doxy + vaccine 0/9 0.0001 (-100, -52)

" P-value was calculated _using a two-tailed Fisher’s exact test.
95% confidence interval was calculated using an exact method.
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Prevention of inhalational anthrax:
 duration of drug administration

5,10, 20 days too short

30 days look better

Of the 01proﬂoxacm cohort, one anthrax
death at 36 days |

» Spore load decreases over tlme

[s there a minimum?
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Preventlon of mhalatlonal anthrax
' human epldemlology

. Sverdlovsk 1979 published account: longest
‘Incubation fatal case 43 days

 —Patient#42
. Industr1al exposure

— nonimmunized mill workers inhale 15 0-700
anthrax-contaminated partlcles <5u/ shlft

 -- clinical disease rare
— likelihood of development of anthrax

- independent of duration of employment 2%




i Summary: Inhalational anthrax )

. Rare rapldly progresswe disease Wlth Very -
- high mortality |
-+ Little opportunity to imprOve outcome with
treatment once clinical dlsease recogmzed |

. Identlﬁed as a clinical mamfestatlon of a
b1olog10a1 agent of highest potential concern
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Summary Inhalatlonal anthrax N

. Currently no drug approved for prophylax1s

. Cannot be studied in humans

» Non- human primate model demonstrates
s1mllar pathology and mortahty as humans
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“Summary: Ciprofloxacin
. Post—exposure administration in primate model

~shown to significantly improve survival compared
with placebo |

. Comparable blood levels achieved with

= dose used* for successful prophylaxis in
prlmate model of inhalational anthrax

— 500 mg po q 12 hours in adults
-5 mg/kg poq12 hours in children

e Blood levels achieved expenmental an1mals and

humans ~30-50x MIC,, B. anthracis

. *250 mg followed by 125 mg q 12 hr 31




Summary: Ciprofloxacin
» Broad array of indications with substantial

~ clinical experience .
~* Well-characterized safety database
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. Summary
Prophylax1s of 1nha1at10nal anthrax

. Prophylax1s an effort to reduce risk

» Ciprofloxacin survival better than placebo i
followmg 30-day regimen |

. Epldemlologlc data suggest duratlon of drug o
administration at least 45 days |

-« Duration of proposed regimen is 60 days | |
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- Question #1 for committee
e Do the data presented support the safety and

efficacy of ciprofloxacin for post-exposure-
- prophylaxis of inhalational anthrax? ’
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Question #2 for committee

. If yes is 60 days an appropriate duration of

“ciprofloxacin administration for thls |
“indication? B
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