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Name of Drug: LEVAQUIN® (levofioxacin) tablets (NDA 20-634) - .
LEVAQUIN® (levofloxacin injection) I.V. (NDA 20-635)

Applicant: The R.W. Johnson Pharmaceutical Research institute

Indication(s}: (1) Acute bacterial sinusitis,

{2) Acute bacterial exacerbation of chronic bronchitis,
(3) Community-acquired bacterial pneumoniae,

{4} Uncomplicated skin and skin structure infections,
{5) Complicated skin and skin structure infections,

(6) Complicated urinary tract infection, and

(7) Acute pyelonephritis.

Documents Reviewed: Volumes 1 and 304 - 432, stamp dated December 22, 1995,
and an electronic CANDA submission.

Review Type: Clinical.

Statistical Reviewer: Nancy Paul Silliman, Ph.D., HFD-725

Medical Officers: Karen Frank, M.D., HFD-520 and Bob Hopkins, M.D., HFD-520

Project Manager: Frances LeSane, HFD-520

I. INTRODUCTION

The sponsor is requesting approval for the use of LEVAQUIN (ievofloxacin) tablets for the
above seven indications. Levofloxacin is the levorotatory isomer of the D,L-racemate of
ofloxacin and a synthetic fluorinated carboxyquinolone.

There are two pivotal clinical trials supporting each of the above indications, with the
exception that acute pyelonephritis was studied as a subset in the two complicated urinary
tract infection studies. Thus, a total of 12 pivotal clinical trials were reviewed in support of
this application. Acute bacterial sinusitis, acute bacterial exacerbation of chronic bronchitis,
and community-acquired bacterial pneumoniae are reviewed in this document. For the
statistical review (by this reviewer) of uncomplicated skin and skin structure infections,
complicated skin and skin structure infections, complicated urinary tract infections, acute
pyelonephritis, and the integrated summary of safety, please see the joint medical and
statistical review by Drs. Hopkins and Silliman.
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ll. EVALUATION

The following protocols are reviewed in this document {reviews are attached):

; I ial sinusit T

M92-040 {pages 5-16) ~
N93-006 {pages 17-28)

: I ial bati f chronic | hiti
K90-070 (pages 29-44)
M92-024 {pages 45-59)

C _— ired | ial .
K980-071 {pages 60-76)
M92-075 {pages 77-91)

In each case, the study supported the safety and efficacy of levofloxacin for use in the
specified indication.

fll. CONCLUSIONS (Which May be Conveyed to the Sponsor)

Levofloxacin was found to be safe and effective in the treatment of acute bacterial sinusitis,
acute bacterial exacerbation of chronic bronchitis, and community-acquired bacterial
pneumoniae.

1. Protocols M92-040 and N83-006 support the safety and efficacy of the use of
levofloxacin in treating acute bacterial sinusitis.

Results for Protocol M92-040:

For FDA clinically evaluable patients, clinical cure rates at poststudy were considered
therapeutically equivalent for patients taking levofloxacin and amoxicillin/clavulanate (95 %
confidence interval for the difference in cure rate at poststudy, amoxicillin/clavulanate minus
levofioxacin, of y56263(-13.0, 2.2) 745 790% ).

Results for Protocol N93-006:

Among patients considered clinically evaluable by FDA, 71% were cured at poststudy.
Among patients considered microbiologically evaluable by FDA, overall microbiologic
eradication (by subject) was 73%. (Note: This study was noncomparative.)

2. Protocols K90-070 and M92-024 support the safety and efficacy of the use of
levofioxacin in treating acute bacterial exacerbation of chronic bronchitis.

Results for Protocol K90-070:

Among FDA clinically evaluable patients, clinical response rates were considered
therapeutically equivalent for patients taking levofloxacin and cefaclor (95% confidence
interval for the difference, cefaclor minus levofloxacin, of ;37 ¢5(-6.2, 4.1) g4 985 ).

Among FDA microbiologically evaluable patients, overall subject microbiologic eradication
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rates were considered therapeutically equivalent for patients taking levofloxacin and cefacior
95% confidence interval for the difference, cefaclor minus levofloxacin, of

65,61 (-15. 6! 7. 1}89%.93%}'

Results for Protocol M92-024: -
Among FDA clinically evaluable patients, clinical response rates were considered
therapeutically equivalent for patients taking levofloxacin and cefuroxime axetil

(95% confidence interval for the difference, cefuroxime axetil minus levofloxacin, of
203,1960-7.9, 2.3)93%, 95% )-

Among FDA microbiologically evaluable patients, overall subject microbiologic eradication
rates were considered therapeutically equivalent for patients taking levofloxacin and
cefuroxime axetil (95% confidence interval for the difference,cefuroxime axetil minus
levofloxacin, of ;39 115(-13.8, 3.0) 574 s3%)-

3. Protocols K80-071 and M92-075 support the safety and efficacy of the use of
levofloxacin in treating community-acquired bacterial pneumoniae.

Results for Protocol KS0-071:

Among FDA clinically evaluable patients, clinical response rates were statistically
significantly different for patients taking levofloxacin and ceftriaxone/cefuroxime, with
levofloxacin patients performing better (95% confidence interval for the difference,
ceftriaxone/cefuroxime minus levofloxacin, of 335 20;(-18.6, -6.2)g34. 95% /.

Among FDA microbiologically evaluable patients, overall subject microbiologic eradication
rates were statistically significantly different for patients taking levofloxacin and
ceftriaxone/cefuroxime, with levofloxacin patients performing better (95% confidence
interval for the difference,ceftriaxone/cefuroxime minus levofloxacin, of

152,1 191'22‘ 8! -6. 9)8”6,36’(»"

Results for Protocol/ M92-075:

Among patients considered clinically evaluable by FDA, 93% had a clinical response of
either cure or improvement. Among patients considered microbiologically evaluable by FDA,
overall microbiologic eradication (by subject) was 94%. (Note: This study was
noncomparative.)
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RECOMMENDED REGULATORY ACTION:

The data provided by the sponsor in this submission support the conclusion that
levofloxacin is safe and effective in the treatment of acute bacterial sinusitis, acute bacterial
exacerbation of chronic bronchitis, and community-acquired bacterial pneumoniae.- The
statistical reviewer recommends that this application be approved for these indications.

Noney Ranl Fhliman 17)9%

Nancy Paul Silliman, Ph.D.
Biomedical Statistician, Anti-infective Group, DOB IV

ognf‘\wz at\— "/24 ,‘76

Concur: Daphne Lin, Ph.D.
Acting Team Leader, Anti-Infective Group, DOB IV
Ralph Harkins, Ph.D.
Director, Division of Biometrics IV

cc:

Orig. NDA #20-634
Orig. NDA #20-635
HFD-520 ’
HFD-520/Dr. Albuerne
HFD-520/Dr. Hopkins
HFD-520/Dr. Frank
HFD-520/Ms. Frances LeSane
HFD-725/Dr. Harkins
HFD-725/Dr. Lin
HFD-725/Dr. Silliman
HFD-344/Dr. Thomas
Chron.

This review contains 91 pages.
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Study M92-040

Title
A multicenter, randomized, open-iabel (i.e., unblinded) study to compare the saféty and
efficacy of oral levofloxacin with amoxicillin/clavulanate potassium in the treatrnent of acute

—

sinusitis in adults. e

Objectives

The objective of this study was to compare the safety and therapeutic efficacy of 500 mg
levofloxacin administered orally once daily for 10 to 14 days with that of 500 mg
amoxicillin/125 mg clavulanate administered orally thrice daily for 10 to 14 days in the
treatment of acute bacterial sinusitis.

Study Design

This was a randomized, open-label (i.e., unblinded), active-control multicenter study.
Subjects who met the entry criteria were assigned randomly to receive levofloxacin or
amoxicillin/clavulanate for 10 to 14 days (randomization was performed in blocks of four
and stratified by center). Assuming clinical success rates of 85% for amoxicillin/clavulanate
and 81% for levofloxacin and a significance level of 2.5%, 183 subjects per treatment
group were necessary to demonstrate, with 80% power, that the difference in clinical
success rates was less than 15%. With an estimated clinical

evaluability rate of 75%, approximately 490 total subjects were to be enrolled.

Efficacy evaluations were based on assessments of signs and symptoms of sinusitis and on
stabilization or improvement in abnormal admission radiographic findings. The clinical signs
and symptoms were assessed at admission (baseline; Study Day 1), on-therapy (Days 3 to
6), posttherapy (defined in the protocol as two to five days after completion of therapy, but
later changed to 2-10 days after completion of therapy), and poststudy (28 to 32 days after
the end of therapy). Clinical response at posttherapy (defined as either cured, improved, or
failed)} in the group of subjects evaluable for clinical efficacy represented the primary
efficacy variable for this study. (Note: please see the medical officer’s review for the
definition of clinical evaluability, both for the sponsor and for FDA.)

Safety evaluations consisted of treatment-emergent adverse events reported during the
study and of clinical laboratory tests (hematology, blood chemistry, and urinalysis), vital
signs, and physical examinations performed at admission and posttherapy.

Reviewer’s Note: The posttherapy visit was considered by the reviewing medical officer to
be too early to assess clinical outcome. Thus, clinical outcome at poststudy will be the
primary efficacy variable for FDA analyses. In addition, clinical outcome at poststudy will be
defined as either cure or failure (note: failures at posttherapy will be carried forward to
poststudy). Patients who are only improved at poststudy will be considered failures.

To compare treatment differences (e.g., in cure rates) the sponsor provides 95% confidence
intervals for the difference ‘comparator drug minus new drug’, or in this case
‘amoxicillin/clavulanate minus levofloxacin”. FDA usually calculates these confidence
intervals for the difference ‘new drug minus comparator drug”, or in this case ‘levofloxacin
minus amoxicillin/clavulanate”. To be consistent, FDA confidence intervals are calculated
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the same way as those provided by the sponsor. Thus, in this application we will be
interested in the upper bound of the confidence interval instead of the lower bound. The
same rules will apply (e.g., if the cure rates for levofloxacin and the comparator drug are
both between 80% and 90%, to show equivalence of levofloxacin to the comparator drug,
the confidence interval for the difference must include zero and the upper limit.must be less
than 15%). All confidence intervals, both those produced by the sponsor and thase
produced by the statistical reviewer, are based on the normal approximation to the binomial
distribution incorporating the continuity correction.

Analysis Groups

Treatment comparisons are based on several analysis groups to assess relative efficacy and
consistency across different, standard approaches. The discussion and displays presented
here focus mainly on the efficacy analyses based on subjects classified by the sponsor and
by FDA as clinically evaluable.

Supportive efficacy analyses are based on all subjects enrolled, i.e., randomized to a
treatment group. These analyses are done in two ways. One approach — Intent-to-Treat —
adheres strictly to randomization; thus subjects are counted in their assigned treatment
group regardless of any dosing or dispensing errors. An alternative approach — Modified-
Intent-to-Treat — takes into account the small number of drug dispensing errors that
occurred by grouping subjects according to the drug actually received. These two
approaches classify only one subject differently; one subject was randomized to treatment
with levofloxacin but received amoxicillin/clavulanate due to errors in drug dispensing. The
Modified Intent-to-Treat approach — grouping subjects by treatment received rather than by
treatment assigned — should be more reflective of the relative efficacy of the comparative
treatments and is therefore given greater attention than the intent-to-Treat analysis.
Consistent with this reasoning, the clinically evaluable analysis group is also determined by
treatment actually received rather than by treatment assigned. The one incorrectly dosed
subject who received amoxicillin/clavulanate instead of levofloxacin is included in the
analyses based on the clinically evaluable group.

Reviewer’s Note: In this application, the sponsor uses the phrase ‘modified intent-to-treat
analysis " to mean an intent-to-treat analysis where patients are grouped according to the
drug they actually received, rather than to the drug to which they were randomized. This
should not be confused with the usual DAIDP definition of modified intent-to-treat analysis,
which is an intent-to-treat analysis excluding patients with no valid admission pathogens
fnote: no microbiologic data was collected in this study).

Demographic and Baseline Characteristics

Six hundred fifteen subjects were enrolled in this study at 28 centers, including 306 who
received levofloxacin and 309 who received amoxicillin/clavulanate {modified intent-to-treat
group). The efficacy analyses focused mainly on the group of subjects considered clinically
evaluable; the demographic and baseline characteristics for this group of 535 subjects are
presented in Table 1 and are similar to the overall study group of 615 subjects. Overall, for
the two clinically evaluable treatment groups, 63.6% of subjects were women and 76.1%
were Caucasian. —_
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Table 1. Demographic and Baseline Characteristics: Sponsor Clinically Evaluable Subjects

Levdiiowadn AmowidBnClevanae
(-0 (N-755 ,

No, £) No. (23] ~
&‘ B -
Men 9 1) 9% G358 —
Women 168 629 172 64.2 - -
Race
Caucasisn 193 48 208 e
Hack 37 (139 35 (13N
Oriental 3 (1.1) 1 04}
Hispanic 26 @an 23 (8.6}
Orhet 2 nn 1 (0.4)
Age (Yeus)
MeartSD 3351141 3831124
Range .

NOTE: Values represent numbers of subjects ewcept as ctherw ise indicated.

Discontinuation/Completion Information

Of the 615 subjects enrolled in the study, 306 received levofloxacin and 309 received
amoxicillin/ clavulanate (modified intent-to-treat group). Of the 293 subjects in the
levofloxacin treatment group with known discontinuation/completion information, 21 (7.2%)
discontinued therapy prematurely and 272 (92.8%) completed therapy. Of the 301 subjects
in the amoxicillin/clavulanate group with known discontinuation/completion information, 27
{9.0%) discontinued therapy prematurely and 274 (91.0%) completed therapy. The most
common reason for discontinuation in both treatment groups was an adverse event (Table
2).

Reviewer’s Note: Thirteen (4.2%) of the 306 levofloxacin patients and 8 (2.6%) of the 309
amoxicillin/clavulanate patients had unknown discontinuation/completion information fi.e.,
were lost to follow-up). Thus, a total of 34 (11.1%) of the 306 levofloxacin patients were
either discontinued or lost to follow-up. A total of 35 (11.3%) of the 309
amouxicillin/clavulanate patients were either discontinued or lost to follow-up.

Table 2. Reasons for Premature Discontinuation of Therapy:
Sponsor Modified Intent-to-Treat Subjects

Amoxicilin/
Levofoxacin Clavulanate
Reason No. (%)' No. (%)
Adverse Event 1" (38) 16 (5.3)
Clinicel Faiure 6 20) 6 (20)
Personal Reason 2 0.7) 1 03)
Other 2 o9 & D
Total Disoortined 2 72 27 Am
Total with Discontinuation/Completion Inform ation 293 (100.0) 301 (100.0)
Total Wih Unknown Discontinuetion/Completion -
Inform ation 13 8

— * Percentages based on total number wkh discontinuation/compietion intorm ation.
* Subject @ was discontinued because of a possible history of sezure disorder (protocol
violation). Subject@iifwas discontinued because the subject fell treatmenl was ineffective.
‘S ‘eds*ndﬁ, were discontinued becsuse of a postive pregnancy test. Subject
was discontinued because of noncompliance in adhering {o the dosing schedule, and
Subject§i vas discortinued because of radiologic failure.
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Efficacy Results

Reviewer’s Note: Among patients considered clinically evaluable by FDA, 79% of .
levofloxacin patients and 74% of amoxicillin/clavulanate patients were cured at poststudy
(see Table 3). The 95% confidence interval for the difference in cure rate at paststudy
(amoxicillin/clavulanate minus levofloxacin) is jgg 263(-13.0, 2.2);4%, 795, SUGgGesting that
levofloxacin could be anywhere between 13% more effective and 2.2% less €effective than
amoxicillin/clavulanate.

Among the sponsor clinically evaluable subjects in the levofloxacin treatment group, 58.4%
were cured and 30.0% were improved, compared with 58.6% and 28.7% in the
amoxicillin/clavulanate treatment group (Table 4). Thirty-one (11.6%) subjects in the
levofloxacin treatment group and 34 (12.7%) subjects in the amoxicillin/clavulanate
treatment group failed treatment. Results similar to these, which indicate equivalence
between treatment groups, were also observed across various sex, age, and race subgroups.

in the sponsor’s modified-intent-to-treat group, levofloxacin treatment resulted in 54.2%
cure, 30.4% improvement, and 11.1% failure; 4.2% of the subjects could not be evaluated;
amoxicillin/clavulanate treatment resulted in 53.7% cure, 30.1% improvement, and 13.6%
failure, 2.6% of subjects could not be evaluated.
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Table 3: Poststudy Clinical Cure Rates and Confidence Intervals By investigator:
FDA Clinically Evaluable Subjects

Levofloxacin Amoxicillin/
Clavulanate s
Investigator 95% Confidence Interval®
N _ Cure* N Cure’ _ -

Adelglass 15 12 (80) 18 11 (61) {-55.3, 17.5)
Applegate 3 1 (33) 2 1 {50) -
Bruner 4 3 (75) 5 4 (80) -

Cass 5 5 (100) 4 3 (75) -
Cassone 13 9 (69) 13 8 (62) (-51.8, 36.5)
Deabate . 33 32 (97) 32 30 (94) -16.5, 10.1)
Dworzack (o} 0() 1 1(100) -
Edwards 14 7 (50) 15 12 (80) (-10.0, 70.0)
Felicetta 1 1 (100) 1 0 (0) -
Fiddes 7 7 (100) 11 9 (82) -
Goswick 16 16 {100) 18 17 (94) {-22.0, 10.9)
Grossman 7 3(43) 7 2 {29) -
Handley 13 10 {77) 12 12 {(100) (-7.8, 54.0)
Hunter 9 9 {100} 8 7 (88) -
Kerzner 3 1 (33) 2 1 {(50) -
LaForce 10 7 (70) 13 9 (69) {(-47.5, 46.0)
Levine 0 O() 1 1 (100) -

Levy 3 3 {100) 2 2 {100) -
Martin 1 0 {0) 1 0 (0) -
McElvaine 21 20 (95) 20 16 (80) (-39.9, 9.4)
Nechtman 18 15 {83) 14 9 (64) (-55.8, 17.7)
Peariman 3 2 (67) 4 0 (0) -
Puopolo 15 11(73) 16 10 {63) (-49.9, 28.2)
Rudolph 5 4 (80) 3 1(33) -
Smith 10 5 (50} 10 9 (90) (-6.1, 86.1)
Stein 16 15 (94) 15 11 (73) (-52.2, 11.4)
Wanderer 18 11 (61) 16 9 (56) (-43.9, 34.2)
Winstead 0 O{) 2 2 (100) -

Total 263 209 (79) 266 197 (74) {-13.0, 2.2)

*Poststudy clinical outcome is defined by the reviewing medical officer as either cure or failure (i.e., no

improvemsant category is used). Numbers shown in parentheses are percentages for that category.
*Two-sided confidence interval for the difference (amoxicillin/clavulanate minus levofloxacin) in
poststudy clinical cure rate. This was calculated for investigators enrolling 10 or more clinically
evaluable subjects in each treatment group.

For sponsor clinically evaluable subjects, when the clinical response categories "cured” and
"improved" were combined into a single category of "clinical success”, levofloxacin
treatment resulted in 88.4% clinical success while amoxicillin/clavulanate treatment resulted
in 87.3% clinical success, with a 95% confidence interval of [-6.8, 4.6] for the difference
{amoxicillin/clavulanate-levofloxacin) in success rates. All of the treatment differences in this
confidence interval lie below the upper bound of 15%, thereby establishing the therapeutic
equivalence of the two treatments. Confidence intervals computed for each study center
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with 10 or more evaluable subjects in each treatment group and for all other centers pooled
demonstrate the consistency of results across centers.

Table 4. Clinical Response Rate at Posttherapy Evaluation for Each Study Center
Sponsor Clinically Evaluable Subjects

— "

. . . .

Levdlocadn AmowdBriClavu anme

-

95 Confidernce
Irwestigator N Cured Improved®  Faled N Cuwed improved Faied [T
Adeigass 16 11 668 3 (168 2 (128 18 9 (500 7 (38.9 Z2011.1) (-235, 263)
Applegate 3 13RI 1333 133 2 20100 O (O 0 (0.0 -
Bruner 5 2400 30600 0 (OO 5 26400 2 @00 100 -
Cass 4 20600 2600 0 (00 4 300 0 ©O 1(250 -
Cassaone 15 3 (@00 10667 2 (133 13 5389 6 462 2(154 =320, 279)
Deabae 34 26 (169 10209 1 29 32 27 8449 4 (129 1 @31) <100, 37
DOw orzack 0 o - 0 - 0D - 1 10100.0 0 0o 0 (00) -
Edwards 1M 34 61@29 5B 1 6 (319 6 (318 4(25.0 -257. 472)
Felioetta 1 0 (00} 10000 0 O 0 0 - 0 - 0 - -
Fiddes 4 30 1250 0 00 S 1T@Mm8a 101y 1011.9) -
Goswick 16 16(1000 O (0.0} 0 (@O 18 17(qg t (56) 0 (00 31. 31
Grossman 9 4@49 4449 1 (M) 8 0 (©O) 7 (879 10129 -
Handley 13 11@®8 1 1 1 0N 12 10@3 2 (67 0 (0.0) 1.0, 263)
Hurter 9 E6®7 333 0 (VO 7 6687 1043 0 (0.0) -
Kerzner 3 1383 21667 0 (0.0 2 1080 o0 @O0 1(50.0 -
LaFaoe 12 201679 7683 3 (250 4 3249 7600 4(28.6 418, 347
Levine i 1000 © ©O) O 0O i1 14000 0 (0O 0 (0.0) -
Levy 3 0 (00 3(1000 0 0.0 3 0 (0.0) 301000 0 00 -
Martin T 1100 0 (00 © O 1 101000 0 (0.0 0 (0.0 -
McEivaine 20 17650 2000 1 (S0 20 17850 1 0 20100 (-238, 138}
Nechtman 16 12(M0G 3088 1 (63 16 B8 (508 6 (315 20129 (-235. 170}
Peariman 7T 31429 2286 2 (288 6 2333 1069 3(5000 -
Puapolo 14 11 (786 0 0O 3 (219 14 11 (e@ 0 (OO 3214 (-340. 340)
Rudolph 5 21400 2604 1006 4 3(s0 0 00 1(25.0 -
Smith 10 4 400 2200 4 €00 12 S5 6 (500 1 {83 (-75. s
Seein 15 12 (80.0y 3200 0 (0D 12 8 (50.0 4 333 20167 (<419, 86
Wandee: 17 2118 12008 3 (119 16 -2 0129 12 (5.0 20125 (223, 326)
Winsieed 0o o0 - 0 - 0 - 2 200000 O 0O 0 (0.0 -
Combined S5 26473 24438 5 (AN S5 31 (564 15 273 (64 (-206, 6.0
TOTAL 267 155 (584] 80 (300) 31 (11.6) 268 157 (S86) 77 (28M d(2n (68 46)
* Nunber s shown in paertheses are peroentages for that oategory.
* Twosided 95/ oonfiderce inmerval around the difference (. ol lindclavd mirns levofloxadn) in dinical sucoss ates

(osed and improved vere cdauated for study certers ervaling 10 or more cliniclly evaluable subjects in sach sement group.
* Cambined = those study centers that ervolled fewer than 10 dinically evalusble subjeas in each weatmert goup: Appiete,
Bruner, Cass, D k, Felicetta, Fiddes, G 1, Hunter, Ketzner, Leving, Levy, Martin Peadman, Rudolph, and Witwad.

in the sponsor’s modified-intent-to-treat group, the clinical success rates for treatment with
levofloxacin and amoxicillin/clavulanate were 84.6% and 83.8%, respectively. The
individual confidence intervals for all the analysis groups are centered below zero and are
consistent with the therapeutic equivalence of the two treatments regarding clinical success
rates. - -

Clinical response rates at the poststudy evaluation are summarized and cross-tabulated
against clinical response rates at posttherapy for sponsor clinically evaluable subjects who
had a poststudy assessment in Table 5. Of 233 levofloxacin-treated subjects who were
cured or improved at the posttherapy evaluation two to five days after completing therapy
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{3 others who were cured or improved did not have a poststudy assessment), only five had
relapsed by the time of the poststudy evaluation approximately four weeks later, including
two (1.3%) of the 154 who had been cured and three (3.8%) of the 79 who had improved.
Among amoxicillin/clavulanate-treated subjects, the relapse rates were 1.9% and 7.9%,
respectively, for subjects who were cured or improved at posttherapy (again, 3.subjects
who were cured or improved at posttherapy did not have a poststudy assessment).

Table 5. Clinical Response Rate at Poststudy Evaluation:
Sponsor Clinically Evaluable Subjects

A= smmy e wm = cw,

Levdiauadn Amosialin/Clavd anale
Postsuudy Poststudy
(N=233F (N=231p
Posttherapy N  Cuwed Improved Relapse N Cuwred  Improved ﬁelqpse
Cued 154 150 (974) 201.3) 2(1.3) 155 145(935) 7{4.5) 3(1.9)
Improved 79 47598 29(367M 3(38) ® 38613 IHNE@y 6(1.9)

* Thiny-four subjects in the levofionacin group and 37 subjects in the amanicilin'd avd anawe group either falled atdh
postthesapy evaluation or did not have a poststudy evaluation performed.
Numbers shown in parertheses are perosntages for that category.

The proportions of clinically evaluable subjects with resolution, improvement, worsening of,
or no change in abnormal admission radiographic findings at the posttherapy evaluation is
presented in Table 6. Of 262 clinically evaluable levofloxacin-treated subjects with abnormal
admission radiographic findings who underwent posttherapy radiographic examination, 215
(82.1%) showed either resolution (35.9%) or improvement (46.2%); similarly, of 262
clinically evaluable amoxicillin/clavulanate-treated subjects, 215 (82.1%) showed either
resolution (35.5%) or improvement (46.6%).

Table 6. Summary of Radiographic Findings a at the Posttherapy Evaluation:
Sponsor Clinically Evaluable Subjects

Levofioxacin Amcxicilin/Clavuanate

Changa from Admission (NG _ {Nu2E2P

o Postthesmpy No. (%) No. (%)
Rasoived 04 (35.9%) @ (36.6%)
improved 121 (46.2%) 122 (46.6%)
Worsened 31 (11.8%) 2 (10.7%)
No Change 16 (61%) 19 (7.3%)

* All subjacts had abnormal radiographic findings at admission.

® Five subjacts in the lavofioxacin group and six subjacts in the
amoxiciliniclxvulanate group did not hawe a posttherpy radiographic

axamination.

Safety Results

Summary of All Adverse Events
Five hundred ninety-nine (97.4%) of 615 subjects enrolled were evaluated fer safety. Of the
599 subjects, 297 received levofloxacin and 302 received amoxicillin/clavulanate. Sixteen
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subjects (nine in the levofloxacin treatment group and seven in the amoxicillin/clavulanate
potassium treatment group) were lost to follow-up with no postadmission information
available and therefore were excluded from the safety analysis.

One hundred fourteen (38.4%) of 297 subjects evaluated for safety in the levofloxacin
treatment group and 146 (48.3%) of 302 safety-evaluable subjects in the -
amoxicillin/clavulanate treatment group reported at least one treatment-emergent adverse
event during the study, including events considered by the investigator as related or
unrelated to study drug. This difference between treatments in the overall rate of adverse
events was statistically significant (i.e., the 95% confidence interval for the difference in
adverse event rate, amoxicillin/clavulanate minus levofloxacin, is (1.7%, 18.2%) which does
not include zero). Body systems with the highest reported incidence of adverse events were
the gastrointestinal (Gl) system and the central and peripheral nervous system. The
incidence of Gl-related adverse events was greater in the amoxicillin/clavulanate group
(31.8%) than in the levofloxacin group (15.8%), with the difference being statistically
significant. Adverse events in the other body systems occurred in fewer than 10.0% of
subjects and were comparable between the two treatment groups, except for a statistically
significant difference in psychiatric disorders {4.0% in the levofloxacin group vs. 1.0% in
the amoxicillin/clavulanate group). Psychiatric events in the levofloxacin group consisted
primarily of insomnia (2.4% of subjects) in addition to isolated reports of agitation, anxiety,
nervousness, sleep disorder, and somnolence.

As shown in Table 7, the most frequently reported adverse events were nausea, diarrhea,
and headache; nausea and headache were reported by similar percentages of subjects in
each treatment group {6.7% and 6.1% for levofloxacin and 6.6% and 6.0% for
amoxicillin/clavulanate). In contrast, diarrhea was reported more frequently in the
amoxicillin/clavulanate group (19.9%) compared to the levofloxacin group (6.4%). Vaginitis
and genital moniliasis were also somewhat more prevalent in the amoxicillin/clavulanate
group than the levofloxacin group.

Table 7. Incidence of Frequently Reported Adverse Events Summarized by Body System and
Primary Term: Subjects Evaluable for Safety

Levdanadin AmovidRn/Clavd anae

(N=297) (N=312)

Body SystemPrimary Tarm No. 4) No. (V3]
All Body Systems 114 (384 146 48.3
Gasuointestind System Disorders

Nausea 20 6. 20 {&g

Disrhea 13 6.4 60 (19.

Abdamiod Pan § 20) 13 43

vomitrg 103 8 Y !

Flatdence 2 (0.7 9 (3.0
Certrd & Peripheral Nervous

System Disorders

Headadhe 18 -~ (6Y) 18 (6.0)

Dizziness 4 n.3 8 [2.6)
Poy i D ordees LAY 0 0.0
Female Reproductive Disorders

Vagnifs 2 (e 1" (17 4
Resistance Mechanism Disorders

Genitad Monibasis 3 —1.0) 12 4.00

* Primary term reported by22.0/% d subjects in either teatment group
* Percentages caculated from the totd number of women in each trestment gowp. The total number of women
who received levoloxacin was 185 and he total number of w amen who received amonidtin/d andanate was 194



NDA 20-634 Statistical Review of Sinusitis Stdy M92.040 13

A smaller percentage of subjects in the levofloxacin treatment group (7.4%) than in the
amoxicillin/clavulanate treatment group (21.2%) had adverse events considered by the
investigator to be drug-related, i.e., probably or definitely related to study drug. Drug-related
adverse events reported by 1.0% or more of levofloxacin-treated subjects were nausea
(1.7%), diarrhea (1.3%), vaginitis (1.1%), and abdominal pain {1.0%). Drug-related adverse
events reported by 1.0% or more of amoxicillin/clavulanate-treated subjects were diarrhea
(11.6%), vaginitis {4.1%), nausea (4.0%), genital moniliasis {3.3%), abdominal pain (1.7%),
vomiting (1.7%), and flatulence (1.3%).

The majority of adverse events were assessed as mild or moderate in severity. Seven
subjects in the levofioxacin treatment group reported one or more adverse events of marked
severity, including three subjects in whom the adverse event(s) (abdominal pain and
diarrhea; constipation; and urticaria) were considered by the investigator to be probably
related to study therapy. Fifteen subjects in the amoxicillin/clavulanate treatment group
reported adverse events of marked severity, including six with Gl-related symptoms (e.g.,
abdominal pain, nausea, or diarrhea) considered probably or definitely related to study drug.

Deaths and Discontinuations Due to Adverse Events

No deaths occurred during the study. Twenty-seven subjects discontinued the study drug
due to adverse events (Table 8), including 11 {3.7%) of the 297 subjects evaluable for
safety in the levofloxacin treatment group and 16 {5.3%) of the 302 subjects evaluabie for
safety in the amoxicillin/clavulanate treatment group. In the levofloxacin group, the subjects
who discontinued due to adverse events included four subjects with urticaria, rash, or
pruritis, four subjects with Gl-related adverse events, one subject with both skin- and Gi-
related adverse events, and one subject each with asthenia/dizziness and influenza-like
symptoms. In the amoxicillin/clavulanate group, all adverse event discontinuations were due
to Gl-related complaints except one case (fatigue).
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Table 8. Subjects Who Discontinued 'Therapy Due to Adverse Events

S5ea ~ Adve se Event Day Helatonship Duraton OF
Number  Age Sex  [Primasy Term) OF Onsel  Severity To Study Dru?  Thevapy (Days)
Levofionanin ~ -
b7 F  Asthenia, Dizziness [ Moderate Possible 1 _
3 F  Constpation 1 Marked Probable L
R F  Abdominal Pain, Disrthea € Marked Probabie 1Z=
S2 M Diarthea Nausea, Vomiing 2 Moderate Possible 2 -
21 F  Urticaria 1 Marked Probable 1
38 M Nausea, Vomiting 1 Mild Possible 2
Abdomiral pain 2 Mild Possible
21 F  iInfluenza-like Symptoms 3 Marked None L}
F Praius (Am), Pruiws (Foat) 2 Mild Probable 2
F4l M Pruins, Rash [ Moderate Probable 6
k 74 F  Nauses, Pruitus 2 mMid Possible 10
46 F  Urticaria 2 Moderate Probable 2
Amorollin/Clavuanate
k) F  Nausea Vomiting 3 Mid Probable 4
™ F  Fatigue 6 Mild None [
3 M Abdomiral Pain q Moderate Remae 10
46 F  Nausea Vomiting 1 Moderate Probable 2
5 F (harrhea 2 Miid Definite ii
Abdominal Pain 10 Mild Possible
68 M Diarhea 2 Moderate Probable q
62 M Melena S Modetate Probable 5
27 F  Nausea 2 Modesate Probable 3
Vomiting 2 Moderate Probable
Abdominal pain 3 Marked Probable
44 F  Diarrhea Nausea, Vomiting 2 Macked Probable [}
21 M Pseudomembranows Colitis 3 Marked Probable 5
62 F  Nausea 1 Marked Probable 1
H F  Abdomiral Pain 1 Moderate Pos sible 1
Diwthea 1 Mild Possible
s F  Abdominal Pain Dianhes 2 Modesate Probable 3
Nausea 2 Moderate Possible
Dizziness 3 Modlecate Possible
20 F  Nausea, Pruitus. Vamiting 4 Marked Probable 3
43 M Diathea 2 Moderate Probable 3
21 F  Abdomirel Pain, Diachea, 2 Marked DOefinie -]
Flaudence
*Helative to start of therapy (Day 1)
" Based on investigator's ass:

Serious or Potentially Serious Adverse Events

Two levofloxacin-treated subjects experienced a serious adverse event within one week
after completing study therapy (anemia in one subject and two instances of chest pain in
another). These adverse events are summarized in Table 9. Both of these adverse events
resulted in hospitalization and neither was considered by the investigator to be related to
study drug administration.

Table 9. Subjects Who Had Serious or Potentially Serious Adverse Events

Duration
Subject Adverse Evert Day OF Relationship To  Of Therapy
Number  Age Sex  (Primary Term) Onset  Severity Study Drug Days)
Levoflostaciey- - -
80 F Anemia 20 (TPT)  Moderate None 13
s7 ] Chest Pain 17 (3PT)  Modecate Remoe 14
Chest Pain 20 (BPT)  Moderate None
= Relatve to start d thecapy (5;9 1. NOTE: PT refers to e rumber of days postherapy, rel &ive to the last day of
stud) drug administration.

* Based on irvestigator's assessment —_
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Clinical Laboratory Tests

There were no clinically significant treatment-emergent mean changes from admission to
posttherapy for any laboratory analytes in either treatment group, with comparable results in
both groups. The incidence of markedly abnormal test results for individual analytes within a
given treatment group was low (<1.1%) and similar across treatment groups (Table 10). As
shown in Table 11, 16 subjects (six in the levofloxacin group and 10 in the ~~ _.
amoxicillin/clavulanate group) had a total of 19 markedly abnormal treatment-emergent test
results. Overall, five subjects had abnormal glucose levels: one subject in the levofloxacin
group had increased glucose levels and two had decreased glucose levels; two subjects in
the amoxicilliin group had decreased levels. Five subjects (two in the levofloxacin group and
three in the amoxicillin/clavulanate group) had elevations in SGPT or SGOT. Five subjects in
the amoxicillin/ clavulanate group, but none in the levofloxacin group, had markedly

abnormal hematologic tests.

Table 10. Incidence of Treatment-Emergent Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

e e et mtmmmte twr mErws gEmee, e -y

Levdlaacn AmoncilniClard anaw
Laboratory Test Proportiodd % Propar tiorf 7
Blood Chemisuy
Elevated Gluoose 11285 04 or28S 0.0
Dec eased Ghucose ir.: 07 21285 o7
Dec eased Phos phorous o282 0.0 11286 0.3
Elevated Lkic Acid o287 00 1290 03
Elevated SGOT 11287 03 11230 03
Elevated SGPT 1287 03 230 1.0
Elevated Birbin A [7.273 04 17,304 00
Hematology
Decreased Hemaglobin (1'7..1] 0.0 1280 04
Decreased Neurophis o281 00 1280 04
Dec eased Lymphoogtes V7. 0.0 280 11

" Numerstarsrumber of subjects with a estment-emergent markedy abrormal test value and
denominatorzrumber of subjects evaluable (i.e., adnission and posttherapy data available) lor
that analyte.
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Table 11: Subjects Who Had Treatment-Emergent Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Lhusation of
Subject Laboratory Test Adrission Abnomal FolowupVaue Thevapy ~ -
Number Age Sex [Markedly Abnormal Rangel Value Value Sty O  (Therapy Day) Ows) =~ -
Levotlonacin ISR
41 F  Ghuoose (<70 o 2200 mgldL ) 8700 51.00 22 (8PT) -- 14 -
30 F SGPT(TSUL) 3100 7900 18 @PT] 6200(17PT) 14
14 F SGOTOBUL 2000 8200 12 (2PN -- 10
1 M Ghacose (<70 or >200 mgld} 9200 21600 15 (1PM - 14
S8 M Gloose (<7T0or>200 mgidl) 3300 6200 19 5PT) .- 14
38 M Total Blinubin D1.5 mgid ) as0 2.80 19 (&P7) -- 1
AmosicilliniClavulanate
39 M Uric Acid D10.0mgld) 6.60 11.00 2t (9P 9.00 (15°T) 12
. SGPFTHTSL) 3400 7600 21 (3PT) SQ00(15PM
22 F Lymphooses (<1.0x 104.1) 1.€0 0.84 17 [(3PT) -- 14
68 M Glucose (<70 or >200 mgidl) 11800 6300 7 3P -~ 4
492 M Neutrophils (¢<1.0 x 104.1) 22 0. 2 (7PN -~ 14
3B M SGOTHHBULD 3700 17900 35 (21PT) - 14
SGFT (75 UL) 3200 326.00 B 21PT)
26 F Ghucose (<70 or >200 mgidL) 8300 5500 18 (3PT) 8000 (30PT) 15
krg F  SGPT 7S UL) 41.00 3600 14 4PT) -- 10
42 F inaganic Phosphorus (<20 o 30 1.90 16 (1PT) -~ 15
>6.0 mgtdl)
Hemoglobin (<12.0 gidL} 1290 .80 16 (1PT) 1400 (15PT)
28 F Lymphoones (<1.0% 100.1) 140 0.9 3 (1PT - 8
45 F  Lymphooytes (<1.0x 100L) 1.66 0.8 18 (3PN -- 15

¥ Only range given in table. Fa complete criteria, see Atachmert Ba.

» Rel xive 10 the start of therapy (Day 1). NOTE: PT refers to the number of days posttherapy, relative to the last day
of study drug administration.

* Subject also dscortinued due to sdvetse evert. (see Table 18)

Physical Examinations and Vital Signs

There were no clinically significant mean changes in vital signs from admission to
posttherapy in the levofloxacin-treated or amoxicillin/clavulanate-treated subjects, with
comparable results across the two groups. Similarly, there were no clinically significant
treatment-emergent physical examination abnormalities.

Conclusions .

Levofloxacin was safe, well-tolerated, and effective in the treatment of subjects with acute
bacterial sinusitis. The clinical response in the levofloxacin treatment group was
therapeutically equivalent to that observed in the amoxicillin/clavulanate treatment group for
patients considered clinically evaluable by FDA; 95% confidence interval for the difference
(amoxicillin/clavulanate minus levofloxacin) in poststudy clinical cure rates (as defined by
the reviewing medical officer) of ,g5 263(-13.0, 2.2);44 705, SUggesting that levofloxacin could
be anywhere between 13% more effective and 2.2% less effective than
amoxicillin/clavulanate. These data support the efficacy of levofloxacin for acute bacterial
sinusitis. -
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Study N93-006

Title

A muiticenter, noncomparative study to evaluate the safety and efficacy of oraHevoroxacm
in the treatment of acute sinusitis in adults. -

Objectives

The objective of this study was to evaluate the safety and therapeutic efficacy of 500 mg
levofloxacin administered orally once daily for 10 to 14 days in the treatment of acute
bacterial sinusitis in adults.

Study Design _
This was a noncomparative multicenter study. Subjects who met the entry criteria were
treated with 500 mg of levofloxacin once daily for 10 to 14 days.

Efficacy evaluations were based on assessments of clinical signs and symptoms,
radiographic signs, clinical response (evaluated posttherapy as cured, improved, failed, or
unable to evaluate and poststudy as cured, improved, relapse, or unable to evaluate), and on
microbiologic eradication of the suspected pathogen(s) isolated at admission and of the
subject’s infection considering all pathogens isolated. Clinical signs and symptoms were
evaluated at admission, while on therapy (Days 3-6), at posttherapy (two to five days after
completion of therapy), and at poststudy (28 to 32 days after completion of therapy) for
subjects who were cured or improved at the posttherapy visit. Cultures, gram stains, and
susceptibility testing of sinus aspirates collected by antral puncture or endoscope were
performed at admission and posttherapy when clinically indicated (and at poststudy in cases
of suspected relapse). Microbiologic response at posttherapy in the group of subjects
evaluable for microbiologic efficacy (see below) was the primary efficacy variable. Clinical
response at posttherapy in the group of subjects evaluable for clinical efficacy represented
the secondary efficacy variable for this study. (Note: please see the medical officer’s review
for the definition of clinical and microbiologic evaluability, both for the sponsor and for
FDA.)

Safety evaluations consisted of treatment-emergent adverse events collected at the
posttherapy visit and of clinical laboratory tests (hematology, blood chemistry, and
urinalysis), vital signs, and physical examinations performed at admission and posttherapy.

Reviewer’s Note: Since this study is noncomparative, it is somewhat harder to interpret than
the other sinusitis study. This is particularly true for clinical outcome, which is subjective.
Microbiologic outcome, however, is an objective endpoint. Thus, if microbiologic outcome
is considered satisfactory, and clinical outcome correlates with microbiologic outcome, this
study should be able to confirm the findings of the other sinusitis study (M92-040) that
levofloxacin is safe and effective. -

The posttherapy visit was considered by the reviewing medical officer to be too early to
assess outcome. Thus, clinical outcome at poststudy will be used for FDA analyses.
Clinical outcome at poststudy will be defined as either cure or failure (note: earlier failures
will be carried forward). Patients who are improved at poststudy will be considered failures.
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Since little or no microbiologic data was collected at poststudy, for FDA analyses
posttherapy data will be used with the following adjustment. All patients who are clinical .
failures (including relapses) at poststudy will have a microbiologic outcome at posttherapy
of presumed persistence, even if the culture at posttherapy showed eradication Jthe idea
being that at this early timepoint, any microbiologic infection would still be suppressed
when cultured). This microbiologic endpoint will be referred to as “overall microbiologic
outcome”. In addition, Staphylococcus aureus will be considered a pathogen when isolated
alone, but a contaminant when isolated as part of a polymicrobial infection.

Analysis Groups

The discussion and displays in this report focus mainly on the efficacy analyses based on (i)
subjects classified by the sponsor and by FDA as microbiologically evaluable and (ii) subjects
classified by the sponsor and by FDA as clinically evaluable. Supportive efficacy analyses
are based on all subjects enrolled, i.e., intent-to-treat subjects, and subjects who had a
pathogen isolated at admission, i.e., modified intent-to-treat subjects.

Demographic and Baseline Characteristics

Three hundred twenty-nine subjects (intent-to-treat group) were enrolled in this study at 24
centers. The sponsor’s efficacy analyses focused mainly on the groups of subjects
considered microbiologically or clinically evaluable; the demographic and baseline
characteristics for these two groups are presented in Table 1 and were similar to those of
the overall study group of 329 subjects. Among subjects who were considered
microbiologically evaluable by the sponsor, 57.2% were women and 90.6% were
Caucasian.

Table 1: Demographic and Baseline Characteristics:
Sponsor Clinically Evaluable and Sponsor Microbiologically Evaluable Subjects

Levoflauadn
M aobiolog oally
Clinicaly Evaluable Evalusble
(N=300) (N=138)

Sex

Men : 21 59

Women 179 79
Race

Caucasian 28 125

Black 13 6

Orientd 1 1

Hispanic 6 S

Oeher 2 1
Age (Yeus)

N 300 138

MeantSD 41.4412.7 390112.2

Range &

NOTE-=-Values represert numbers d subjet acept as dhembc indicated.

Discontinuation/Completion Information

All but one of the 329 subjects enrolled in the study were treated with levofloxacin p.o. 500
mg q24h (one subject took levofloxacin 500 mg q12h in error). Of the 329 subjects
enrolled, 12 (3.6%) subjects discontinued therapy prematurely and 317 (96.4%) completed




_ tatistical Review of Simusitis Study N300 1

therapy according to the regimen prescribed by the investigator. Reasons for premature
discontinuation are summarized in Table 2. The most common reason for discontinuation _
was an adverse event (six subjects).

Table 2: Reasons for Premature Discontinuation of Therapy: _ -
Sponsor Intent-to-Treat Subjects -

-

Levdflawdn
{N=329)

Reason No. [}
Adverse Evert 6 1.8
Cliricd Falue 2 0.6}
Persona Reason 1 03)
Othed 3 0.9
Tota Discortinued 12 {3.6)

* Subject 2906 was dscontinued for participation in another study (not revealed untdl after admission),
Subject 2520 withdrew fram the study because of perosived w arsering of symptoms, and Subject
3902 was dscontirued because of prias history of chronic sirusitis.

Efficacy Resuits

Clinical Response

Reviewer’s Note: Among patients considered clinically evaluable by FDA, 71% were cured
at poststudy (Table 3). This rate is somewhat lower than that observed for levofloxacin
(79%) in the other sinusitis study (M92-040), but is similar to that observed for
amoxicillin/clavulanate (74%) in that study.

Table 4 shows clinical cure at poststudy among FDA clinically evaluable subjects for the
four admission pathogens that the sponsor is requesting in their label. Cure rates range
from 80% for patients admitted with Streptococcus pneumoniae to 48% for patients
admitted with Staphylococcus aureus.

The clinical response posttherapy for levofloxacin-treated subjects who were considered
clinically evaluable by the sponsor is summarized by study center in Table 5. Among
sponsor clinically evaluable subjects, 58.3% were cured, 30.0% were improved, and 11.7%
failed treatment. When the clinical response categories "cured” and improved" were
combined into a single category of "clinical success”, levofloxacin treatment resulited in
88.3% clinical success.

Of the 264 sponsor clinically evaluable levofloxacin-treated subjects who were cured or
improved at the posttherapy evaluation and had poststudy evaluations done approximately
four weeks later, 21 (8.0%) had relapsed clinically by the time of the poststudy evaluation
including six (3.4%) of the 175 who had been cured and 15 {16.9%) of the 89 who had
improved.
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Table 3: Poststudy Clinical Cure Rates By Investigator:
FDA Clinically Evaluable Subjects

Levofloxacin _
Investigator ___N Cure* .
Amsbaugh 2 0 (0)
Anthony 26 18 (69)
Bianchi 1 1 (100)
Carrabre 1 1 (100)
Chow 1 1 (100)
Collins 2 2 {100)
Dennington 12 3 (25)
Dyke 8 3 (38)
Edelstein 3 3 (100)
Follett 8 4 (50)
Kidder 5 3 {60)
Kiein 3 2 (67)
Kopp 40 24 (60)
Lee 1 1 (100)
Liotti 1 0 (0)
Littlejohn 16 12 (75)
May 1 0 (0)
McClean 13 10 (77)
Moyer 1 1(100)
Portugal 2 1 (50)
Pulver 3 2 (67)
Scott 10 9 (90}
Sydnor 100 81 (81)
Weakley 17 16 (94)
Total . 277 198 (71)

*Poststudy clinical outcome is defined by the reviewing medicat officer as either cure or
tailure (i.e., no improvement category is used). Numbers shown in parentheses are
percentages for that category.
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Table 4: Poststudy Clinical Cure Rates for Subjects with Pathogens of
Primary Interest: FDA Clinically Evaluable Subjects

Levofloxacin 4
| Pathogen N° Cure® -
Haemophilus influenzae 34 25 (74) T
Moraxella (Branhamella} catarrhalis 13 8 (62)
Staphylococcus aureus . 22 11 {50)
Streptococcus pneumoniae 29 26 (90)

*N =number of subjects who had that pathogen alone or in combination with other pathogens.
{Note: Staphylococcus aureus was considered a pathogen when isolated alone; in polymicrobial
infections, S.-aureus was considered a contaminant. Eleven patients

considered clinically evaluable by FDA had S. aureus as
part of a polymicrobial infection. S. aureus data for these patients is pot included in this table.)
*Poststudy clinical outcome is defined by the reviewing medical officer as either cure or failure
{i.e., no improvement category is used). Numbers shown in parentheses are percentages for that
category.

Table 5: Clinical Response Rate Posttherapy for Each Study Center:
Sponsor Clinically Evaluable Subjects

Levdllowadn

Investigator N Cured Improved Falled
Amsba 2 1 .0 1 . 0 .0]
il 2 v 28 1 &3 ? B3
Banchi 1 1 (1000 0 00 o {00
Carabre 1 0 (00 1 (100.0 ¢ (00
Chow 2 1 (00 0 (00 1 (500
.. 4 528 gem® g8

on .| 5 3

Dyke 6 4 Xi) ¢ o 2 R3I
Edelswin 3 2 (687 1 (333 0 00
Folett S 1 (1.1 T M8 1 (111
Kidder 4 4 100.0 0 é%ﬁ] 0 .0)
Klein 3 1 (333 2 (667 0 .0)
Kopp 53 26 (43) 18 134.0 3 nro
Liced 1 1 (1000 0 ég.m 0 (00
Litdejohn 10 9 0.0 S g: ] 4 (222
M 1 0 (00 1 (1000 0 (00
an 13 T (63§ 5 (389 1 N
1 1 1000 0 é&ﬂ) 0 (00
Patuga! 2 1 (500 1 1] 0 (00
Puver 3 2 (687 1 1333 0 OO
Soot 11 S @.8 1 a1 1 31)
?dru 107 N (138 19 (e 5 (B4l
ealdey 7 8 @) 8 1) 1 (B9
Towa 300 15 (583 9 (30 B (110

Numbers shown in parentheses e peroentages for thet category.
* A window of 140 days posttherapy was wsed for determination of evaluability.

Microbiologic Response -

Reviewer’s Note: Overall microbiologic outcome for FDA microbiologically evaluable patients
is summarized by pathogen category and pathogen in Table 6. The sponsor presents
microbiologic results separately by collection method (antral puncture and endoscope).
However, since results are very similatacross collection methods, FDA results are presented
for the combined data.
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Note that overall eradication by subject is 73% and overall eradication by pathogen is 76 %.
Overall microbiologic eradication by subject (73%) is similar to clinical cure at poststudy
(71%). Since microbiologic eradication is an objective endpoint, this suggests that even
though this study is uncontrolled (and hence unblinded), clinical cure rates can probably be
trusted. -

-_— T

- -

Table 6: Overall Microbiologic Eradication Rates by Pathogen Category
and Pathogen: FDA Microbiologically Evaluable Subjects®

Levofloxacin
N® Eradicated®

Pathogen CategoglPathogen radicate
Pathogen Category

Gram-positive aerobic pathogens 63 50 (79}
Gram-negative aerobic pathogens 70 51 (73)
Gram-positive anaerobic pathogens 2 1 {50)
Gram-negative anaerobic pathogens 1 1 (100}
Total by pathogen 136 103 (76)
Total by subject 131 96 (73)
Pathogen

Haemophilus influenzae 34 25 (73)
Moraxella (Branhamella) catarrhalis 13 8 (62)
Staphylococcus aureus 22 11 (50)
Streptococcus pneumoniae 29 27 (93)

*The sponsor presents microbiologic results separately by collection method {i.e., antral puncture and
endoscope). Since results are very similar, FDA presents results for both collection methods combined.
*N =number of subjects who had that pathogen alone or in combination with other pathogens.

{Note: Staphylococcus aureus was considered a pathogen when isolated alone; in polymicrobial
infections, S. aureus was considered a contaminant. Eleven patients

considered clinically evaluable by FDA had S. aureus as
part of a polymicrobial infection. S. aureus data for these patients is not included in this table.)
“‘Numbers shown in parentheses are percentages for that category.

Microbiologic eradication rates posttherapy summarized by pathogen category and pathogen
are shown in Table 7 for sponsor microbiologically evaluable patients; in this display, the
most prevalent pathogens (N25) are categorized by collection method (antral puncture or
endoscope). The overall microbiologic eradication rate by pathogen was 91.3%; the
eradication rates for pathogens identified by antral puncture (91.2%) and endoscope
(92.0%) were similar. The overall microbiologic eradication rate by subject was 92.0%:; this
eradication rate was similar for subjects evaluated by antral puncture (92.2%) and
endoscope (91.3%]).

The most prevalent pathogens were aerobes (similar numbers of gram-positive and gram-
negative pathogens were obtained); a small number of gram-negative and gram-positive

anaerobic pathogens were also identified. Eradication rates were similar for both types of
aerobes; levofloxacin treatment eradicated 92.7% of the gram-positive aerobic pathogens
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and 90.8% of the gram-negative aerobic pathogens. Too few anaerobic pathogens were
isolated to yield meaningful eradication rates. The most common pathogens isolated, H.
influenzae and S. pneumoniae, were eradicated by levofloxacin in 97.2% and 100% of the
cases (both collection methods combined). The other most commonly identified-pathogens
were eradicated from 83.3% (S. sanguis) to 100% (H. parainfluenzae) of cases. Similar
results were obtained for pathogens isolated by antral puncture or by endoscope. No subject
with susceptibility data available at posttherapy had microbiologic persistence of a pathogen
that acquired resistance.

Table 7: Microbiologic Eradication Rates Posttherapy Summarized by Pathogen Category,
Pathogen, and Collection Method: Sponsor Microbiologically Evaluable Subjects

Artr sl Puncture Endoscope Tota
Pathogen Category/Pathogen N Eradicated N Eradicated N Eradicated
Pathogen Caegory
Gram-negetive sercbicpathogens 66 89 894 10 10 (100.00 T 69 (90.8
Gramnegative anaerobic pathogens 1 1 (100.0 0 0 (- 1 1 (100.0
Gram-positive asrchic phogens 67 63 (940 15 13 (857 82 T® 927
Giam-poskive anaerobic pathogers 2 1 500 0 g (4 2 1 (500
Total by pathopen 136 124 (912 25 23 (920 161 47 $1.3
Totd by subject 115 106 (3223 23 21 (3.3 133 127 (20
Pahogen® i
Haeam plrius ivfanras 23 28 (%8 7 7 (100.08 36 35 912
SraprocosTs prsamorniss 29 2 100G 3 3 (100.0 32 32 (1000
Spiooor e 22 21 (55 11 10 (90.9 33 31 (8339
Moxaandia (Crarhanedal casmhals 14 13 (929 1 1 (100.00 15 14 1933
Snphucoas Sanaes 6 S @33 0 0 (= 6 5 (833
Moo goivies parainflorizas 5 S (1000 1 1 (100.00 6 6 (100.0

* A window of 1-10 days posttherapy was used for determination of evaluability.
* Numbe s shown in paertheses are petcentages for that category.
* The most prevalent pathogens (145) are presented in this sunmary.

Summary

Reviewer’s Note: Overall success rates (defined as clinical cure at poststudy plus overall
microbiologic eradication) are given in Table 8 for patients considered both clinically and
microbiologically evaluable by FDA. The overall success rate in levofloxacin patients in this

study was 72%.
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Table 8: Overall Success Rates® By Study Center:
FDA Microbiologically AND Clinically Evaluable Subjects
Levofloxacin
. N Overall Success®

Investigator

Amsbaugh 2 0 (0}
Anthony 8 4 (50)
Dennington 8 1(13)
Dyke 6 2 (33)
Edelstein 3 3 (100)
Follett 3 2 (67)
Kidder 3 2 (67)
Klein 1 0 (0)

Kopp 17 9 (53)

Lee 1 1 {100)
Littlejohn 11 9 (82)
McClean 7 5(71)
Pulver 2 1 (50}
Scott 5 5 {100)
Sydnor 38 33 (87)
Weakley 12 12 (100}
Total 127 | 89 {70)

*Overall success is defined as clinical cure (as assessed by the reviewing medical officer) and

microbiologic eradication (also as assessed by the reviewing medical officer).

®Numbers shown in parentheses are percentages for that category.
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A summary of the sponsor’s key efficacy results is presented in Table 9. In sponsor
evaluable patients, comparable results were seen across analysis groups for both clinical and
microbiologic endpoints. In addition, there was concordance between the clinical and
microbiologic responses based on a cross-tabulation of clinical response versus microbiologic
response, further confirming the consistency of these response measures. LT

——

Table 9: Summary of Sponsor‘s Key Efficacy Results

Clinical and Microbiologic Response 2 w0 5 Days Posttherapy ®

Clinical Suocess or Miaoblologc
ResponselGroup Eradication Rated
Clinical Response
Clinically Evaluable 265300 (68.3
Irderato-Treat 289329 (86.8
Mia obiologic Response
Artral Purcture
Micobiologcadly Evaluable 106115 [ & v ]
Modified Intentto-Trea Subjects With an Adnissian Pathogen 11Nz 883
Endoscope
Microbiologcally Evaluabie 21 23 9.3
Modified Irtert<to-Treat Subjects With an Admission Pathogen 22 28 (78.6
Tod
Micobiologicaly Evaluable 1Zm3se (20
Modified intentto-Treat Subjects With an Admission Pathogen 134154 87.00

Microbiologic Response Versus Clinioal Response 2 to 5 Days Postthe apy ™

Clinioal Response

Microbiologic Response N Cured improved Failed
Artrad Purncture

Erad cated 106 74 (698 31 (292 1 0.9

Persisted K] 0 (0O 0 0 9 (100.0
Endoscope

Erad cated 21 13 €61.9 7T 333 1 48

Persisted 2 0 00 0 ©O 2 (100.0
Total

Erad cated 127 67 (68.9 38 299 2 086

Persisted n 0 {00 0 O 1 (1000

* A window of 110 days posttherapy was used for determination of evaluabiity,
* Denominator for dirical success rate » aured + impr oved + falled (+ unable 10 evaluate fa interttotreat
. graup). Denominator fox miaobiologic evadiostion 1 ste = evadioation + persistenoe (+ urknown for modified
irtent<o-treat subjects v th an admission pathogen)
* Based an microtidogicdly evaluable group

NOTES. Al micrabiclogic e adication rates preseried in this table are by subject, Le., reflect eradication o di
pathogens isolated for a given siject at admission Numnbers shown in paertheses are psroantages far that
caregory.

Safety Results

Summary of All Adverse Events

All 329 subjects enrolled in the study were evaluable for safety. One hundred twenty-nine
(39.2%) subjects reported at least one treatment-emergent adverse event during the study,
including events considered by the investigator as related or unrelated to study drug. The
body system with the highest reported incidence of adverse events was the gastrointestinal
{Gl) system in which 56 (17.0%) of the subjects reported an adverse event. Adverse events
in other body systems occurred in fewer than 10% of the subjects, with insomnia (4.6%
incidence) the second most common adverse event in this study. The most frequently
reported adverse events were diarrhea (7.3%]), insomnia (4.6%), nausea (4.3%]), and
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flatulence (2.7%) (Table 10). Twenty-nine (8.8%) subjects had adverse events considered
by the investigator to be drug-related, i.e., probably or definitely related to study drug. The
three most common drug-related adverse events were diarrhea (2.7%), flatulence (1.8%),
and nausea (1.2%). All other drug-related adverse events occurred at a rate of-< 1.0%.

-

Table 10: Incidence of Frequently Reported (>2.0%) Adverse Events--
Summarized by Primary Term: Subjects Evaluable for Safety

Levofoxacin (N=329)

Body System/Primary Term No. Subjects % Subjects
Al Body Systems 129 382
Gastrointestnal System Disarders

Diarthea 24 73

Nausea 14 43

Flatulence -] 27

Abdominal P ain 7 21
Peychistric Disorders

Insomnia 15 45
Central & Periphersl Nervaus System Disorders

Headache 8 24

Dizziness 7 21
Body As A Whole - Genersl Disorders

Pain 7 21

* Primary term reported bua2. (. of subjects.

The majority of adverse events were assessed as mild or moderate in severity. Eight (2.4%)
subjects reported one or more adverse events of marked severity; no marked adverse event
of a specific type was reported by more than one subject. Among the eight subjects with
adverse events of marked severity, pruritus and erythematous rash in one subject and
genital moniliasis in one subject were considered to be drug-related (i.e., definitely or
probably related to study drug administration).

Deaths or Discontinuations Due to Adverse Events

No subject died during this study. Six (1.8%) of the subjects enrolled in the study
discontinued due to adverse events (Table 11). Three subjects discontinued because of skin-
related adverse events (rash, pruritus, and/or edema) and three discontinued because of GI-
related adverse events (nausea, abdominal pain, or diarrhea). One of the three subjects with
a treatment-limiting Gl adverse event (nausea) also discontinued because of dizziness and
lightheadedness. :
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Table 11: Subjects Who Discontinued Therapy Due to Adverse Events

Dasation

Subject Adverse Evert O o Reladonshp  Of Therapy
Number Age Sex (Primary Term) Onse?  Severity To Seudy Ory Baws) -
Levdloxacin -
N0 M Praius 2 Macked Definke 2 -
Ergthematous Rash 2 Marked Define S
D F Dizziness 3 Mild Possible 3
Dizziness 3 Mild Pos sible
Nausea 3 Mild Possible
83 F Edema 2 Mild Probable 1
Prurlus 2 Mid Probable
Rash 2 Mild Probable
S2 F Rash S Moderate Probable 6
83 F Abdominal Pain 2 Mild Possible 9
26 M Diarhea 3 Moderate Probable k4

* Relaive vo st of therapy Day 1).
* Based on invesligator's assessment.

* Lightheadedness

Serious or Potentially Serious Adverse Events

One subject, a 65-year-old Caucasian woman with no reported history of cardiovascular
disease, experienced a serious adverse event {(myocardial infarction) 14 days after
completing therapy. This adverse event was considered by the investigator to be unrelated
to study drug administration.

Clinical Laboratory Tests
There were no clinically significant mean changes from admission to posttherapy for any
laboratory analyte. The incidence of markedly abnormal test results for individual analytes
was low (<1%); only three subjects in the study experienced marked abnormalities. As
shown in Table 12, two subjects had markedly abnormal blood chemistry values {(one

- subject with elevated bilirubin and one with reduced glucose) and one had markedly
abnormal hematology value (decreased lymphocytes).

Table 12: Subjects Who Had Treatment-Emergent Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Subject Lab Test Admission Abnormal Follow-up Value  Duration of
Number  Age Sex (Makedy dbnoma Range?  Vaue  Vaue Sty Caf  (Therapy Day) Therapy (Days)
Levoflonacin

23 F Tota Biliubin D1.5mg/id) 080 1. 19T 2 - 17

25 F Ghoosel<10a>200mgld) 9600 S400 17 67.00 5P 2

33 M Lymphooptes (<1.0:1040) 1.66 0.6 26PTYH - 21

* Only range given in table. Fa complete crikeria, see Atachment 23a.
" Relative to the stact of thecapy (Qay 11 NOTE: PT refers to the rumber d days positherapy, refative 1o last

day of study drug administr ation. -

- Physical Examination and Vital Signs
There were no clinically significant changes in vital signs from admission to posttherapy,
and no clinically significant treatment-emergent pertinent physical examination
abnormalities.
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Conclusions

While this study is hard to interpret since it is uncontrolled, both clinical cure rate at
poststudy and overall microbiologic eradication rate (by subject) were similar (71% and
73%, respectively) in patients considered evaluable by FDA. Efficacy for levofloxacin is
somewhat less in this trial than in the other sinusitis trial, M92-040. -

- .-
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Study K90-070

Title

A multicenter, active-controlled, randomized study to evaluate the safety and efficacy of
oral levofloxacin versus cefaclor in the treatment of acute bacterial exacerbation of chronic
bronchitis in adults. .

Objectives

The objective of this study was to compare the safety and efficacy of 488 mg levofloxacin
administered orally once daily for 6 to 7 days with that of 250 mg cefaclor administered
orally three times daily for 7 to 10 days in the treatment of acute bacterial exacerbation of
chronic bronchitis.due to susceptible organisms in adult outpatients.

Reviewer’s Note: This study was originally designed to study 488 mg levofloxacin
administered orally once daily for 7 to 14 days with that of 250 mg cefaclor administered
orally three times daily for 7 to 14 days. The protocol was then later amended (after
patients were already enrolled in the trial) to the dosing interval given above (5 to 7 days for
levofloxacin and 7 to 10 days for cefaclor). Based on efficacy as explained below, FDA
suggests that levofloxacin be administered for 7 to 10 days. To support such a dosing
interval, FDA analyses include only levofloxacin patients who received levofloxacin for 7 to
10 days. FDA analyses include cefaclor patients who were dosed for 7 to 14 days, as
originally planned.

Among FDA clinically evaluable subjects, 40, 4, 82, 8, O, and 17 subjects received
levofloxacin for 5, 6, 7, 8, 9, and 10 days, respectively. Clinical success rates (cured +
improved) for these patients were 82.5%, 75%, 97.6%, 100%, N/A, and 100%,
respectively. Thus, levofloxacin patients who received drug for 5 to 7 days had an overall
clinical success rate of 92.1% (116 cured or improved of 126}, while levofloxacin patients
who received drug for 7 to 10 days had an overall clinical success rate of 98.1% (105 cured
or improved of 107). No formal statistical test comparing overall clinical success rates
between patients receiving 5-7 days of levofloxacin and patients receiving 7-10 days of
levofloxacin was conducted, as patients receiving 7 days of levofloxacin are included in
both groups (and hence a formal test is inappropriate). However, it was felt that 7 to 10
days of therapy with levofloxacin was more effective and is also more in line with other
dosing regimens for this indication. Thus, FDA recommends that levofloxacin be given for 7
to 10 days if this indication is approved.

Study Design

This was a randomized, open-label (i.e., unblinded), active-control, multicenter study.
Subjects who met the entry criteria were assigned randomly to receive either levofloxacin
for 6 to 7 days or cefaclor for 7 to 10 days (see above note).

Efficacy evaluations were based on the assessments of clinical symptoms, chest
examination signs, and overall clinical response (cured, improved, failed, or unable to
evaluate) and on microbiologic eradication of the suspected pathogen(s) isolated at
admission (baseline) and of the subject's infection considering all pathogens isolated.
Clinical symptoms and chest examination signs were assessed at admission and five to
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seven days after the end of therapy (posttherapy), with an overall clinical response rating at
the posttherapy visit. Cultures, gram stains, and susceptibility testing of respiratory )
specimens were performed at admission and posttherapy. Microbiologic response was the
primary efficacy parameter and was based primarily on the group of subjects evaluable for
microbiologic efficacy. Clinical response in the group of subjects evaluable for clinical

-—

efficacy represented the secondary efficacy parameter for this study. .

Reviewer’s Note: As mentioned above, patients who received either 7 to 10 days of
levofioxacin or 7 to 14 days of cefaclor were considered evaluable by FDA for clinical and
microbiologic efficacy analyses (assuming they met other evaluability criteria). In addition,
patients whose posttherapy visits were 4 to 8 days after the end of therapy were
considered evaluable for clinical and microbiologic efficacy analyses. Finally, in this study
the medical officer reviewed and changed data for individual pathogens; this information is
incorporated in FDA analyses. Please see the medical officer’s review for a more complete
definition of patients considered evaluable for clinical and microbiologic efficacy analyses by
both the sponsor and FDA.

Safety evaluations consisted of treatment-emergent adverse events reported during the
study period and of clinical laboratory tests (hematology, blood chemistry, and urinalysis),
vital signs, and physical examinations performed at baseline and posttherapy.

Analysis Groups

Treatment comparisons are based on several analysis groups to assess relative efficacy and
consistency across different, standard approaches. The discussion and displays in the body
of this report focus mainly on the efficacy analyses based on (i) subjects classified as
clinically evaluable according to the sponsor and FDA and (ii) subjects classified as
microbiologically evaluable according to the sponsor and FDA.

Supportive efficacy analyses include two types of analyses based on all subjects enrolled,
i.e., randomized to a treatment group. One approach — Intent-to-Treat — adheres strictly to
randomization; thus subjects are counted in their assigned treatment group regardiess of any
dosing or dispensing errors. An alternative approach — Modified intent-to-Treat — takes into
account the small number of drug dispensing errors that occurred by grouping subjects
according to the drug actually received. These two approaches classify only two subjects
differently; both were randomized to treatment with levofloxacin but received cefaclor. The
Modified Intent-to-Treat approach — grouping subjects by treatment received rather than by
treatment assigned — should be more refiective of the relative efficacy of the comparative
treatments and is therefore given greater attention than the Intent-to-Treat analysis.
Consistent with this reasoning, the clinically evaluable, microbiologically evaluable, and
safety evaluable groups are also determined by treatment actually received rather than by
treatment assigned. Supportive efficacy analyses also include an additional analysis group —
Modified Intent-to-Treat Subjects with an Admission Pathogen — representing those subjects
in the modified intent-to-treat group who had a pathogen isolated at admission.

Reviewer’s Note: The sponsor’s ‘modified intent-to-treat with an admission pathogen” group
is what DAIDP usually terms ‘modified intent-to-treat”. The sponsor’s “modified intent-to-
treat” group is actually an intent-to-treat group where patients were grouped according to
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drug actually received (rather than to drug rando)nized}.

Demographic and Baseline Characteristics

Three hundred seventy-three subjects were enrolled in the study at 20 centers, including
187 subjects who received levofloxacin treatment and 186 who received cefaclor {sponsor
modified intent-to-treat group). The sponsor’s efficacy analyses focused mainly on_the
groups of subjects considered clinically or microbiologically evaluable; the demographic and
baseline characteristics for these two groups are presented in Table 1 and were comparable
for the two treatment groups and were similar to that for the overall study group of 373
subjects. For the two treatment groups, approximately 60%of subjects were men, 95%
Caucasian, and the majority (90%) had an admission diagnosis of chronic obstructive
puimonary disease (COPD).

Table 1. Demographic and Baseline Characteristics:
Sponsor Clinically Evaluable and Sponsor Microbiologically Evaluable Subjects

Ccie e imate e, e imeimee m miegs e aw  (meee,

Levoflaiacin Celador
i R
{N=154) {N=103} [N=155) (N=83
Sex
Men 88 62 0 3
Women 66 41 6S 3
Race
Cauwasian 144 9% 151 86
Bladk [ 3 2 2
Oriertal 2 2 0 0
Hisparic 2 2 1 0
Ochet 0 1] 1 1
Age (Years)
N 154 103 155 83
MeantS0 537+14.8 621£14.0 61.1214.0 608214.5
COPD
Yes . 142 9% 136 T3
No 12 7 19 10

NOTE: Values represent numbers of subjects unless otherwise indicaed.
COPD = dvonic dbstuctive pumonary dsease.

Discontinuation/Completion Information

Of the 373 subjects enrolled in the study, 187 received levofloxacin and 186 received
cefaclor {sponsor modified intent-to-treat group). Thirty {(16.0%) subjects in the levofloxacin
group discontinued therapy prematurely and 157 (84.0%) subjects completed therapy
according to the regimen prescribed by the investigator. Of the 185 subjects in the cefaclor
treatment group with known discontinuation/completion information, 30 {16.2%)
discontinued therapy prematurely and 155 (83.8%) completed therapy. The most common
reasons for discontinuation in the levofloxacin treatment group were an adverse event and
absence of an admission pathogen. In the cefaclor group, the most common reason was
clinical failure (Table 2).
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Table 2. Reasons for Premature Discontinuation of Therapy:
Sponsor Modified Intent-to-Treat Subjects

Levdfiokadin Cefadot .
N=187) (N=185) ~
Reason No. r "~ No. [E3] -
Adverse Event 12 (X)) 5 Gar °
No Admission Pathogen 12 {6.4) 38 K8 - -
Cliricad Fadue S @n 12 6.5
Peisona Reason 1 (0.5) 0 ©.0
Resistant Pathogen 4] 0.0) 2 LR )]
Orher 0 0.0) " 05
Totd Discortirued 0 neg 30 ne2
Totd With DiscorvirnsationfCompletion Informatian 187 (100.0) 185 100.0

Total With Unknow n DiscontinuationiCompletion
Irformation 0

1

2 Percentages based an lotal number w ith discontinuation campletion information.

* Subject 22(2 recsived five doses of cefador and was dropped from the study aiter admission serum ghacose

resuls indicated that he should nat have been ervolled in the study.

Efficacy Results

Clinical Response
Among sponsor clinically evaluable subjects in the levofloxacin treatment group, 72.1%
were cured and 19.5% were improved, compared with 64.5% and 27.1% in the cefaclor

treatment group (Table 3a). Thirteen (8.4%) subjects in each treatment group failed
treatment.

Table 3b summarizes clinical response rates for FDA clinically evaluable subjects. Among

levofloxacin patients, the cure rate was 65%. Among cefaclor patients, the cure rate was

58%. This difference was considered therapeutically equivalent; the 95% confidence

127,95(-20.8, 6.8)5gy e5%-

interval for the difference in cure rates, cefaclor minus levofloxacin patients, was
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Table 3a. Clinical Response Rate By Study Center: Sponsor Clinically Evaluable Subjects

Levoiawacin Celados
38 Confiderce
Iwestigator N Cured Improved  Faled N Curec Improved Faled Ineeval
Alvire 1 100060 O (0.00 O (00 1 10000 6 @® o0 (0} -~ _ -
Ardrony 1 0 00 11000 O (0.0 110000 0 (@0 0 W —= -
Brankston T 2 (288 5Me 0 0.0 7 10143 6 87 o0 @O -~ - -
Farber 4 3 (750 10250 0 @O 5 200 3 00 0 OO -
Foguty 3 3(100.0 0 (0.0) 0 0.0 2 1500 o 0 100 -
Gerury 28 2801000 O (00) O O 31 30 (%68 1 (32 0 @0 18 1.8
Giderman 3 2 667 10333 0 (00 S 3 (600 1 (200 100 -~
Habib 31 23432 sSMey 3087 23 17 (588 8 (2718 4 (138 (221, 139)
Kefler 2 20000 0 (0.0 0 (0.0 0 0 - 0o - 0 - -
Mestas ] 901003 O (00 O (0.0 S 8 (889 1 010 0 o -
Moowitz 16 11 (60.9 1 (63 4(50 13 9 (692 3 @0 1 071 (122 468
Padget 6 601000 O (0] O ©O 7 61657 1 143 0 ©0O -~
Pollack 2 1 (500 15003 0 ©0 5 0 @O 4 (800 1 (200 -
Seatt 4 3 (750 10250 000 4 3(50 1 (250 0 OO -
Stane 3 2 (667 10333 0 (00 4 3 (50 1 (250 0 @O -
Stryker 7 S (H.4 2 (28.6 0 (0.0 8§ 5 (625 2 (50 1029 -
Taglor 22 3 409 8 (3654 5(229 16 9 (500 7 (383 2 (11.1) 139, 371)
Toney 1 1011000 0 (00} OO 1 0 00 10000 O 1000 -
Wellman 4 ¢ 0o 3 75.0 1(25.0 S 1 (200 2 400 2400 -~
Combined 57 40 (102 16(8.1) 1 (.8 64 35 (540 23 (359 6 (94 (164, 1.2
Total 154 111 (721) 30 {199 13 (84} 155 100 {64.5 42 (271 13 (84) (65 66

* Numbers shown in parertheses are peroentages fa that category.
* Two-sided 95/ corfidence interval around the diference (cefador minus levofl

caloulated for study cerers envolling 10 o more dinlcally evalumble subjects in each ireatment group
“ Combined = centers that enrolied fewer than 10 dinicaly evaluible subjects in either teatment group Alwine. AnthaxBr ankston.
Faber, F ogarty, Gilderman Kellar . Mestas. Padgett. Pdlack, Scox, Stone, Strpker. Toney, and Wallman.

dn) in dinical success t stes (axegdus improved)

Table 3b. Clinical Response Rate By Study Center: FDA Clinically Evaluable Subjects

Levofloxacin Cefaclor
Investigator N® Cure Improve Fail N Cure Improve Fail
Gentry 24 |24 (100) | O (0) 10 (0) 30129 (97) |1 (3) 10 (0}
Taylor 153 (20) |10 (67) |2 (13) 15| 5 (33) | 9 (60) |1 (7)
Other 56 | 35 (63) {21 (38) |0 (0) 82 | 40 (49) |39 (48) |3 (4)
| Total 95 162 (65) 31 (33) |2 (2) | 127 |74 (58) |49 (39) {4 (3}

Numbers shown in parentheses are percentages for that category.
*Results are presented for investigators with 10 or more evaluable patients in each treatment group.

All other investigators are combined under “other”.

For sponsor clinically evaluable subjects, when the clinical response categories "cured” and
"improved” were combined into a single category of "clinical success”, levofloxacin and
cefaclor treatment each resulted in 91.6% clinical success, with a 95% confidence interval
of [-6.5, 6.6] for the difference (cefaclor minus levofloxacin) in success rates for sponsor
clinically evaluable patients (see Table 4a). The upper limit of this confidence interval lies
below the confidence interval upper bound of 10%, thereby supporting clinical equivalence
of the two treatments. Clinical response rates were generally comparable across analysis
groups and centers.




NDA 20-634 Statistical Review of Rranchitis Study K90-070 34

Table 4b summarizes clinical success rates for FDA clinically evaluable subjects. Clinical
success rates were considered therapeutically equivalent for levofloxacin and cefaclor.

Table 4a. Clinical Success/Failure Rates and Confidence Intervals by Study;__Cepter:
Sponsor Clinically Evaluable Subjects B

” .

Levofiokacin Cefador

93/ Confiderce

Irwestigator N Sucoess® Falrd N Success” Falusd T
Awire 1 1 (100.0 0 [©0 1 10100.0 0 00 -
Anthony 1 1 (1000 0 (00 1 101000 0 0 -
Brankston 7 7 (1000 0 (00 7 7(100.0 0 (00 -
Farber, 4 4 (100.00 0 00 S 5(100.0 0 (00 -
Fogaty 3 3 (100.0 0 ©O0 2 1 (500 1 0.0 -
Gertry 28 28 (100.0 0 [0 31 30000 g (00 -8, 1.9
Giderman 3 3 (100.0 0 [0 s 4 (800 1 (2000 -
Habib 31 28 (90.3 3 @37 23 25 (862 4 (138 -221,139)
Keller 2 2 (100.0 0 0O 0 0 - 0 - -
Mestas 9 3 (100.0 0 00 3 S(100.0 0 0o -
Morow kz 16 12 (75.0 4 (50 13 12 (23 107 (<122, 468)
Padget 6 6 (100.0 0 O 7 T(100.00 0 (©0 -
Pdlack 2 2 (1000 0 (00 S 4 (80.0 1 (20.00 -
Soat 4 4 {1000 0 00 4 4 (100.0 0 (0.0 -
Stane 3 3 (1000 0 @O 4 4(100.0 ¢ 00 -
Suyker 7 7 (10000 0 O 8 7 @678 1 0128 -
Taylor 2 17T @[3 5 (227 18 16 (883 2 (1) {-139, 37.1)
Toney 1 1 (100.00 ¢ (0.0 1 1(100.00 0 0.0 -
Welliman L} 3 [0 1 (250 S 3 (60.0 2 (400 -
Combined” ST 56 (882 1 08 64 58 (908§ 6 (9.4) -164, 1.2
Totd 154 141 (91.8 13 (84) 155 142 (91.6 13 84) (-65. 6.6
S Twosided S5/, corfidence Intervals around the diference (cefad or minus levoflokacin] in dinical 1mes

(owed and improved were caladated for study centers envolling 10 or more dinically ev aduable subjeats in each

teatment group.
* Numbers shown in paertheses e peroernages far that ostegory.
* Combined = cervers that ervolled fewer than 10 dinicelly evalusble subjecs in ether reatment grour Alwine,
Arthory, Brarkswon, Farber, Fogarty, Gilderman, Keller, Mestas, Padgett, Pdlack, Scott, Stanve, Suyker, Toney, and
Wellman

Table 4b. Clinical Success/Failure Rates and Confidence intervals by Study Center:
FDA Clinically Evaluable Subjects

Levofloxacin Cefaclor
Investigator N* Success® N Success 95% Confidence
_ Intervalc®
Gentry 24 24 (100) 30 30 (100) N/A
Taylor 15 13 (87) 15 14 (93) (-21.3, 34.7)
Other 56 56 (100) 82 79 (96) (-9.2, 1.9)
Total 95 93 (98) 127 123 (97) (-6.2, 4.1)

*Results are presented for investigators with 10 or more evaluable patients in each treatment group.
All other investigators are combined under “other”. ;

*Clinical success is defined as either clinical cure or clinical improvement. Numbers shown in
parentheses are percentages for that category. =

“Two-sided confidence interval for the difference (cefaclor minus levofloxacin) in clinical success rate.
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Clinical response rates for sponsor clinically evaluable subjects infected with pathogens of

interest alone or in combination with other pathogens are shown in Table 5a. Among the

pathogens of interest, H. influenzae, M. (Branhamella) catarrhalis, and H. parainfluenzae
were the most prevaient pathogens across the two treatment groups. Clinical response rates
for FDA clinically evsluable subjects infected with pathogens of interest alone or irf
combination with other pathogens are shown in Table 5b. o

Table ba. Clinical Response Rates for Subjects With Pathogens of Primary Interest:
Sponsor Clinically Evaluable Subjects

Levdlacadn Cefador
Pathogen N Cured improved  Faded N Cured improved Failed
Haanqohikss infeviras 2 12 (571 8 (381 1 (48 24 13 (542 8 (333 3 23
Pxavells (Brarhanoly 19 12 832 4 21,10 3158 8 4 500 4 (500 0 (00
cxamhals
Haenplylss parsinfinzas 15 12 ®a¢ 3 @29 000 7 70000 0 00 0 00
Sract o ; 10 7T (00 2@0 10000 7 3 429 3 429 1 043
Spixloacocous e 9 6 67 31333 000 3 2 " 0 (0.0 1 (333

Numbeis shown in parentheses are peroertages for that category.
* N=Number of subjects who had that pathogen adone or in bination with other pathogens.

Table 5b. Clinical Response Rates for Subjects With Pathogens of Primary Interest:
FDA Clinically Evaluable Subjects

Levofloxacin Cefaclor
Pathogen N? Cure Improve Fail N* Cure Improve Fail
Haemophilus influenzae 1414 (29) |10 (71) | O (0) 198 (42) |10 (53) |1 (5)
Haemophilus parainfluenzae 4 4 (100) 0 (0) 0 (0) 8 4 (50) 4 (50) 0 (0)
Moraxella (Branhamella) catarrhalis 1015 (50) |4 (40) 1 (10) 412 (50) ]2 (50) | O (0)
Staphylococcus aureus 413 {75) 1 (25) 0 (0) 211 (50) 1 (50) 0 (0)
Streptococcus pneumoniae . 917 {78) 2 (22) 0 (0) 513 (60) 2 {(40) 0 (0)

Numbers shown in parentheses are percentages for that category.
*N =number of subjects who had that pathogen alone or in combination with other pathogens.
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Microbiologic Response

The microbiologic eradication rates for subjects who were sponsor microbiologically
evaluable are summarized by treatment group and study center in Table 6a. Among sponsor
microbiologically evaluable subjects in the levofloxacin treatment group the eradication rate
was 94.2% (including 77.7% presumed eradication and 16.5% documented eradication)
compared with 86.5% (including 76.4% presumed eradication and 10.1% documented
eradication) in the cefaclor group, with a confidence interval of [-16.6, 1.3] for the
difference (cefaclor minus levofloxacin) in eradication rates. The upper limit of this
confidence interval lies below the upper bound of 10% suggested by the FDA's Anti-
Infective "Points to Consider” guideline for establishing clinical equivalence of treatments
with success rates greater than 90%. Six {5.8%) subjects in the levofloxacin treatment
group and 12 {13.5%) subjects in the cefaclor group did not have their infection eradicated.
Confidence intervals computed for each study center with 10 or more microbiologically
evaluable subjects in each treatment group and for all other centers pooled demonstrate the
consistency of results across centers.

Microbiologic eradication rates for FDA microbiologically evaluable subjects are summarized
by treatment group and study center in Table 6b. Microbiologic eradication rates are
considered therapeutically equivalent for levofioxacin and cefaclor.

Table 6a. Microbiologic Eradication Rates and Confidence Intervals by Study Center:
Sponsor Microbiologically Evaluable Subjects

Levdflauadn Cetador

% Confiderce
Investigator N  Eradicsed Pasisted N Eradicated Persisted frverval
Aiwine 1 1 (100.00 0 00 1 1 (1000 0 00 -
Arahory 1 1 (1000 0 (0.0 0 0 - 0 - -
Brankston 1 1 (1000 0 0.0} 0 o - o - -
Farber 2 2 nooa 0 ©O) 3 3 100.0) 0 00 -
Fogarty 1 1 (1000 O ©O 1 ¢ RO 1 0100.0 -
Gertry 18 18 (100G O 10.0) 19 19 (100.0 0 (00 (28, 28
Gilderman 3 301000 0 (00 4 3 (750 1 (250 -
Habib 22 20 (303 2 81) 17 14 (8249 3 N8 <332, 161)
Keller 2 2 1000 0 [0 0 0 - 0o - -
Mestas 8 6 N00G O (.0 4 4 (1000 o 00 -
Morow iz 12 10 833 2067 6 5 633 1 (67 -
Padget 2 2 11000 0 (0.0 2 2 (100.0 0 o -
Pdlack 2 2 1000 O (0.0} 3 3 1100.00 0 @0 -
Seant 4 4 1000 O 00 4 4 (100.0 0 [©0 -
Stare 2 2 1000 0 (0.0) 2 2 (100.0 0 0 -
Strykes 6 6 (1000 O (00 6 5 (833 1 6D -
Taylor 14 12 @51 20143 14 9 643 S (%7 581, 132
Toney 1 1 (1000 O (0.0 1 1 (100.00 ¢ ©0 -
Wellman 3 3 (1000 0 (0.0 2 2 100.0 0 (00 -
Combined 49 47 (953 2 (1) 33 <35 (897 4 (103 (185 61
Totad 103 97 (942 6 (5.6 89 77 1865 12 (138 166 1.3

* Eradication of all pathogens isd sted for a subject st admission.
* Two-sided 354 confidence interval acaund the diference {oefada minus levofiosacin} in miaobiologic ex adication™
raes v ere calodated fa study ceners ervolling 10 or more microbidogdically evaluable subjects in each restmert

group

* Numbers shown in parertheses me percentages for that category.

* Combined = oenters that enrolled fewer than 10 microbiologically evahsshle subjects in either o eament groupx
Alwire, Anthony, Biankstan, Farber, Fagarty, Gilde man, Kdier, Mestas. Marowitz, Padgett, Pdlack, Scott, Swone,
Suyker, Toney, and Wellman.
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Table 6b. Microbiologic Eradication Rates and Confidence Intervals by Study Center:
FDA Microbiologically Evaluable Subjects

Levofloxacin Cefaclor
Investigator N* Eradication® N Eradication 85% Confidence
Intervalc
Gentry 14 14 (100) 19 19 (100) N/A
Taylor 10 8 (80) 12 8 (67) (-58.9, 32.2)
Other 37 35 (95) 34 31 (91) (-18.2, 11.4)
Total 61 57 (93) €5 58 (89) (-15.6, 7.1)

*Results are presented for investigators with 10 or more evaluable patients in each treatment group.
All other investigators are combined under “other”.

*Numbers shown in parentheses are percentages for that category.

“Two-sided confidence interval for the difference {cefaclor minus levofloxacin) in microbiologic
eradication rate.

Microbiologic eradication rates by pathogen and pathogen category for the sponsor’s and
FDA’s analysis are in Tables 7a and 7b, respectively. The overall microbiologic eradication
rates by pathogen in the levofloxacin and cefaclor treatment groups for the sponsor’s
analysis were 95.0% and 86.5%, respectively, with a 95% confidence interval of

[-16.4, -0.4] for the difference between treatments (cefaclor minus levofloxacin) suggesting
that levofloxacin is superior to cefaclor, assuming independence of multiple pathogens and
multiple strains within a subject. For the FDA analysis, microbiologic eradication rates by
pathogen are considered therapeutically equivalent for levofioxacin and cefaclor, but
superiority of levofloxacin is not established as it was in the sponsor’s analysis.

Table 7a. Microbiologic Eradication Rates Summarized by Pathogen Category and Pathogen:
Sponsor Microbiologically Evaluable Subjects

Leveflonadn Celfador

. 95/ Confiderce
Padogen C stegoniPathogen N Eradicated N Eradicated Inhetval
Pathogen Category
Gram positive asrchic pahogerns 22 20 (90.9 14 12 850 (307, 203)
Gram negative amobic pahogens 117 112 (5.7 90 76 (86.7 <175, 0.6)
Toral by pathogen 139 132 (85.0 104 90 86.9 <164, 049)
Total by subject 103 97 (4.2 89 77 (86.9 166, 1.3
Pahogerf
Hoemplris sfluercae 21 21(100.0 24 17 (0.8 (437, 96
Mxaoals (Brrameda) oxarrhas: 13 18 (4.7 8 8{100.0 - -
Haernolrike pavainfianrar 15 14 (933 7 T(100.0 - -
KlabaolF pramm orxae 13 13110000 ~ 7 7(100.0 - -
Fomabmonas Jamagrosy 10 8 (80.0) L] 1 (7868 (-332, 364)
S SO0X0OTLE DI OTNSS 10 S (0.0 7 6 (8571 - -
KA M RI0AE RIS 9 8 (88.9 3 2 {66.0 - -
Klebsieka orparcs 6 6(100.0) 1 0 100 - -
Enchenidhvia odi 1 1(100.0 6 5 (833 - -

" Numbers shown in paertheses are peroentages for that oategory.

* Tworsided 354 confidence interval around the difference (offadoar mirs levoflonacing in microbiologic er adication
raes weae calodated for pathogens with 10 or more admission isdates in each tesnent goup.

= N&5 for either weament group.
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Table 7b. Microbiologic Eradication Rates Summarized by Pathogen Category and Pathogen:
FDA Microbiologically Evaluable Subjects

3R

Levofloxacin Cefaclor
95%
, . . Tonfidence
N Eradicated? N Eradicated® L .

Pathogen Category/Pathogen ! _ Interval®
Pathogen Category

Gram-positive aerobic pathogens 14 12 (86) 9 9 (100) -

Gram-negative aerobic pathogens 60 56 (93) 64 57 (89) (-15.8, 7.3:
Total by pathogen 74 68 (92) 73 66 (90) (-12.0, 9.1:
Total by subject 61l 57 (93) 65 58 (89) (-15.6, 7.1
Pathogen

Haemophilus influenzae 12 11 (92) 17 13 (76) (-47.8, 17.4)

Haemophilus parainfluenzae 4 4 (100) 4 4 (100) -
Moraxella (Branhamella) catarrhalis 10 10 (100) 4 4 (100) -

Staphylococcus aureus 4 3 (75) 2 2 (100) -

Streptococcus pneumoniae 8 7 (88) S 5 (100) -

*Numbers shown in parentheses are percentages for that category.
*A two-sided confidence interval for the difference (cefaclor minus levofloxacin) in microbiologic
eradication rate was calculated for pathogens with 10 or more admission isolates in each treatment

group.

Among sponsor modified intent-to-treat subjects with an admission pathogen, the
microbiologic eradication rates by subject for treatment with levofloxacin and cefaclor were
89.7% and 82.7%, respectively. The individual confidence intervals for all of the analysis
groups are centered below zero and are consistent with therapeutic equivalence of
treatments regarding microbiologic eradication rates.

Summary of Efficacy Results

A summary of sponsor key efficacy results is presented in Table 8a. Comparable results
were seen across analysis groups for both clinical and microbiologic endpoints. In addition,
there was concordance between the clinical and microbiologic responses based on a cross-
tabulation of clinical response versus microbiologic response, further confirming the

consistency of the clinical and microbiologic responses.

Overall success rates, defined as either clinical cure or clinical improvement with

microbiologic eradication, are summarized for patients considered both clinically and
microbiologically evaluable by FDA in Table 8b. The overall success rates were 92% for
levofloxacin and 91% for cefaclor; 95% confidence interval of g4 6,(-12.7, 10.3)g,4 924 Note
that this confidence interval just misses showing therapeutic equivalence, however the
study was not powered to address this specific question. No statistically significant

difference is detected.
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Table 8a. Summary of Sponsor Key Efficacy Results

Clinicsl and Miarobiologic Response

Levollanadn Catadlor _
Clinioal Sucoess or Migo-  Clinkoal Sucoess of Moo~ 957 Confidercs
ResponseGroup biolog e Eradicaton Rates biolog o Eradication Rates Inweval .
Clinical Response
Clinically Evaluable 141154 (919 142155 (91.8 (-85, 6.8
Modified Inentto-Treat 166187 (688 164186 (88.2 (-13. 6.2
Modified Inwrt-to-Treat Subjects With
an Admission Pathogen 1omie (22 90H04 (86.9 (-144, 29
Microbiologic Response
Microbiologically E valuable gmnoes (4.2 T"es (86S (166, 1.3
Modified inent-to-Treat Subjects With
an Admission Pghogen 104116 (837 66N04 (827 (<166, 27
Microbiologic Response Versus Clinical Responsé
Clinioal Response
Levdiokadn Cefadlor
Micrabiologic
Response N Cured imptoved Failed N Cuwred improved® Failled
Eradcaed 97 16(78.4) 20 (206) 100 77 54000 230299 0 00

Persisted 6 1(16.9 2 (333 3(50.0 12 1 (8.3) 3(25.0 8 (667

* Denomirator for dinical success rate = cured + improved + faied + unable to evaduste, Denominator for microbi o ogic
eradication rate = eadcaion + parsistence + unknown

* Twosided 954 corfidence interval & ound the diference (cefadar minus levof in) in dinical sucoess (owed plus
improved or microbiologic eradication rates.

* Based on microbldogically evalumble groupn

* Cued, improved, o failed sre dinical outcomes.

NOTE: Al miacbiologic eradication rates presented in this talle are by subjeat, Le., reflect eradication of all patigens
isdated for a gven subject & admission.

Table 8b. Overall Success Rates® and Confidence Intervals By Study Center:
FDA Microbiologically AND Clinically Evaluable Subjects

Levofloxacin Cefaclor
95% Confidence
O 1

Investigator N ;ﬁ:ﬁﬁiﬁ; N szzgzsi Interval¢
Gentry 14 14 (100) 19 19 (100) N/A
Taylor 10 7 (70) 12 8 (67) (-51.5, 44.8)
Other 37 35 (95) 33 31 (94) (-14.4, 13.1)
Total 61 56 (92) 64 58 (91) (-12.7, 10.3)

*Overall success is defined as clinical cure or improvement with microbiologic eradication.
®Results are presented for investigators with 10 or more evaluable patients in each treatment group.
All other investigators are combined under “other”.

‘Numbers shown in parentheses are percentages for that category.
*Two-sided confidence interval for the difference (cefaclor minus ievofloxacin) in overall success rate.

Safety Results

Summary of All Adverse Events
All but one of the 373 subjects enrolled were evaluated for safety. Of the 372 evaluable
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subjects, 187 received levofloxacin and 185 received cefaclor. No data were available from
one cefaclor-treated subject who was lost to follow-up with no postadmission data available
and who was therefore excluded from the safety analysis.

Sixty-four (34.2%) of 187 evaluable subjects in the levofloxacin treatment group and 62
(33.5%) of 185 evaluable subjects in the cefaclor treatment group reported at least one
treatment-emergent adverse event during the study, including events considered by the
investigator as related or unrelated to study drug. Body systems with the highest reported
incidence of adverse events were the gastrointestinal (Gl) system, the central and peripheral
nervous system, and body as a whole. Gastrointestinal adverse events were the most
common adverse events in both treatment groups (17.1% for levofloxacin and 15.1% for
cefaclor). Although not statistically significantly different, a higher percentage of
levofloxacin-treated subjects (5.9% and 9.1%) compared with cefaclor-treated subjects
(3.8% and 5.4%) reported psychiatric or central and peripheral nervous system adverse
events; adverse events in these body systems consisted primarily of reports of headache,
dizziness, and insomnia.

The most commonly reported individual adverse events were nausea, diarrhea, headache,
and abdominal pain (Table 9). The nature and frequency of individual adverse events were
generally comparable across the two treatment groups, except for a higher incidence of
insomnia in the levofloxacin group (4.3%) than in the cefaclor group (1.1%) and small
differences between treatments in some specific Gl events.

Table 9. Incidence of Frequently Reported (>2%) Adverse Events
Summarized by Body System and Primary Term: Subjects Evaluable for Safety

—— i dhes—
Levdiosacn (N=187) Cefador (N=185)

Body System®Primay Term No. [E4] No.  [£)
All Body Systems 64 (342 62 (319
Gasuointestinad System Disorders

Nausea 12 6.9) 6 13.2)

i wrhea 6 32 12 (89

s P 1

e 3 (18 4 22

Abdomiral Pain 2 nm S (LX)}
Cerwal & Paripheral Netvous System Disorders

Headache 9 4.8) 7 38)
PsychiaticDisorders

Insomnia 8 @3 2 a1)
MusculoSkeletal System Disorders

Mydga 4 1 q 22)
Body As A Whole—Generd Disorders

Fever 0 0.0 4 22)
Reproductive Disorders, Femald

Vaginitis 0 0.0} 2 (2.6)

* Primaty term reported hyaf/. of subjects in either weatment gowp
* Petcertages calcudated from a total number d women in each ueatmerk group  The total number of
women w ho 1eceived levofloxacin was B0 ard the total mumber of women who received osfador was 78

——— -

Thirteen (7.0%) subjects in the levofloxacin treatment group and nine {4.9%) subjects in the
cefaclor treatment group had adverse events considered by the investigator to be drug-
related, i.e., probably or definitely related to study drug. Drug-related adverse events
reported by >1.0% of levofloxacin-treated subjects were nausea (2.1%], flatulence (1 .6%),
insomnia {1.1%}), abdominal pain (1.1%), and diarrhea (1.1%). Drug-related adverse events
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reported by 21.0% of cefaclor-treated subjects were diarrhea {2.2%), vaginitis (1.3%), and
abdominal pain (1.1%).

The majority of adverse events were assessed as mild in severity. Seven subjects in the
levofloxacin treatment group reported one or more adverse events of marked severity but no
marked adverse event of a specific type was reported by more than one subject. Nine
subjects in the cefaclor treatment group reported one or more marked adverse events,
including respiratory disorders {exacerbation of COPD or respiratory insufficiency) in four
subjects and diarrhea in two subjects. Of the two subjects with marked drug-related adverse
events, one was in the levofloxacin treatment group (abdominal pain} and one was in the

cefaclor treatment group (diarrhea).

Deaths or Discontinuations Due to Adverse Events

Eighteen {4.8%) subjects discontinued study drug due to adverse events (Table 10},
including 12 {6.4%) in the levofioxacin treatment group and six (3.2%) in the cefaclor
treatment group. In the levofloxacin group, all of the adverse events leading to
discontinuation emerged within the first five days of therapy; these adverse events included
primarily gastrointestinal complaints or central and peripheral nervous system-related
symptoms. Treatment-limiting adverse events in the cefaclor group most frequently
consisted of gastrointestinal complaints. One levofloxacin-treated subject P and one
cefaclor-treated subject (WIJJJ#lf died approximately three weeks after completing study
therapy (see Table 10) due to progression of their underlying disease.
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Table 10. Subjects Who Discontinued Therapy Due to Adverse Events

RelstionsHip

Subject Adverse Evert Day of Duration of
Number Age  Sex (Primary Tesmn) Orset” Severkty to Study Drud”  Therapy (Days)
Levoflonacin
T8 F Arorexia 2 Moderate Probable 3 -
Dizziness 2 Moderate Probable =
Gait Abroemal 2 Moderate  Probable -
Diarchea 3 Moderate Probable -
k) F Malaise 1 Marked Pos sble 5
53 F Headache 2 Moderate Possibie 3
Insomnia 2 Mild Probable
Netvousness 2 Moderate Probable
70 F pokalemiat 3 Marked None 2
bbunlthg: 0 Macked Remae
78 F Dyspepsia 2 Mild Possble 1
62 insomnia 1 Mid Possle 2
Nausea 1 Moderate Probable
Taste Parvetsion (Funry taste 1 Moderate Possible
and smdli)
70 M Chest Pairf s Moderate Remate 4
Urticaria (Hives) S Moderate Possible
68 M  Musde Contractions 3 Moderate Possible 3
Invduntary
69 M Gasrkis 3 Marked Possible 3
64 M Flaulence 1 Mild Probable 2
60 F Edena 2 Moderate Probable 3
. 70 M Abdomirel Pain 1 Marked Probable 1
Nausea 1 Moderate Probable
Vamiting 1 Moderate Probable
Cefaclor
66 F Rash 10 Moderate Possible 9
68 M Dizziness 4 Moderate Possible -]
Nausea 4 Mild Priobable
79 M  Fespiaory Disaders! 2 Marked None
45 F Abdominal Pain 10 Marked Possible 1
Dimthes 10 Marked Possbie
Fever 1 Mild Possible
Headache 1" Marked Possble
Nausea 1" Marked Passible
Vomiting " Moderate Possible
63 M Abdomiral Pan 1 Moderate Possble 1
Ll M Vomiingt [ Marked None 6

" Rd ative 10 start of therapy (Day 1).

" Based on investigator's assessment.

* An IND safaty report was Hed wich the FDA for this subject.
* Chest tightering.

* Enacerbation of COPD.

$Seriows or potentially serious advase event (see Table V)
**Subject aiso had a markedly abnommal labor atory value.

Serious or Potentially Serious Adverse Events

Two subjects in the levofloxacin treatment group and eight subjects in the cefaclor
treatment group reported a serious or potentially serious adverse event during or up to
approximately one week after completing study therapy (Table 11). Of the 10 subjects with
serious or potentially serious adverse events, three withdrew from the study because of the
adverse event. In all cases, the serious or potentially serious adverse event was considered
by the investigatar to be unrelated or remotely related to the study drug, and, in many
cases, appeared to be related to the subject’s underlying respiratory condition.
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Table 11. Subjects Who Had Serious or Potentially Serious Adverse Events

Relationshp  Duation

Subject Adver se Ever Day OF To Study of Therapy
Number Age  Sex (Primary Temrm) Onsef  Severky Orug Dws) .
Levollonacin -
T M Left-Sided Cardiac Fahad 16 (6PT) - None 10 _L .
T0 F Hypokalemia k] Marked None 2 -
Vomiting 0 Marked Remcate
Celacior
67 F  Respraory Disade 8 Maked Remate 8
84 M Respratowy Disude 3 Masked None 4
79 M Respratory Disade 2 Marked None 2
M  Vasadw Discrde! 2 Marked None 2
49 M Agiaion 12 (P Matked None 8
Psydhosis 12 (PT) Mauked None
Il M Vomitng 6 Marked None 6
T¢ M Hypergiyoemid - - None 2
T2 M Respraory insuffidens) 2 Matked Nore 2
T Heative to stat of therapy (Uay 1). NOTE: PT refers to the rumbes of days posttherapy, relative to the last day of
study drug admiristration.
"Basedon igator’s

= Subject subsequently died approvimately tree w eeks aker completing study therapy.

¢ An IND safety repont was fied with the FDA for his subject.

* This seriows adverse evert was not captured a the scheduled posttherapy visit and therefore does not appear on the
case 1eport form or in the database for this individual study report  However, the event was collected as pant o the
RWJPRI serious adverse evert reparting database and thevefa ¢ is 1eflecied in the pooled safety dmabase for the
NDA irntegrated Safety Summary.

' Enacerbation of COPD.

" Rupture of epigastic vessel.

* Subject was hospitalized during the study for hypergycemia due to uncortrolled dab presert & admission. This
evert does not appear on the case report [orm or in the individusl study report database. However, this evert was
captued as sevious in the RWJ/PRI serious adver se evert repocting database; it is thevefore rellecied as serious itne
pooled safety database for the NDA Integrated Safety Summay.

* Respir atory faikre.

* Subject discortinued due to th's adverse svent. {see Tatle V1)

**Onset of evert w a8 prior to admission.

Clinical Laboratory Tests
There were no clinically significant treatment-emergent mean changes from admission to

posttherapy for any laboratory analytes in either treatment group, with comparable results in
both groups. The incidence of markedly abnormal test results for individual analytes within a
given treatment group was low (<3.2% for all analytes except lymphocyte count) and
comparable across treatment groups (Table 12). Thirty-four subjects (14 in the levofloxacin
group and 20 in the cefaclor group) had a total of 39 markedly abnormal test results after
therapy start. Eight (5.1%) subjects in the levofioxacin group and 11 (7.2%) in the cefaclor
group had markedly decreased lymphocytes. Nine subjects had markedly abnormal glucose
levels: one levofloxacin-treated and two cefaclor-treated subjects had increased glucose
levels and one levofloxacin-treated and five cefaclor-treated subjects had decreased glucose
levels. Two subjects in each treatment group had markedly abnormal liver function tests
{elevations in SGOT, SGPT, or alkaline phosphatase).
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Table 12. Incidence of Treatment-Emergent Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Levdiakadn Cefacior
Laboratory Test Propartiod v Propartior! ¥ _
Blood Chemistry T
Dea eased Phosphaous 3nss 1.8 anso 00 T
Elevated SGOT mnnr 06 1168 06
Elevated SGPT mnr2 06 2hs8 1.2
Elevated Alkdine Phosphatase mnm 06 ones4 0.0
Elevated Guoose el 06 2154 1.3
Deaeased Glucose 181 06 SH54 32
Elevated Bun onm2 0.0 1nes 06
Hematology
Deaeased Lymphocytes 8Hst 51 11152 12
Decesed Hemodobin 1nss 0.6 o152 0.0

* Numeratar = mambet of subjects vith a treatment-emergent markedly abnommaal test value and
denominator = number of subjects evaiusble (ie.. admission ard postther apy data available] for that analyte.

Physical Examinations and Vital Signs

There were no clinically significant changes in vital signs from admission to posttherapy in
levofloxacin-treated or cefaclor-treated subjects, with comparable results in the two groups.
Similarly, there were no clinically significant treatment-emergent physical examination
abnormalities.

Conclusions

Levofioxacin was safe, well-tolerated, and effective in the treatment of subjects with acute
bacterial exacerbation of chronic bronchitis. in both sponsor and FDA analyses, the
microbiologic eradication rates in the levofloxacin treatment group were therapeutically
equivalent to those observed in the cefaclor group, as were the clinical response rates.
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Study M92-024

Title

A multicenter, randomized study to compare the safety and efficacy of oral Ievqﬂoxacin
with that of cefuroxime axetil in the treatment of acute bacterial exacerbation of chronic
bronchitis in adults. B

Objectives

The objective of this study was to compare the safety and efficacy of 500 mg levofloxacin
administered orally once daily for 5 to 7 days with that of 250 mg cefuroxime axetil
administered orally twice daily for 10 days in the treatment of acute bacterial exacerbation
of chronic bronchitis due to susceptible organisms in adult outpatients.

Study Design

This was a randomized, open-label {i.e., unblinded), active-control, multicenter study.
Subjects who met the entry criteria were assigned randomly to receive either levofloxacin
for 5 to 7 days or cefuroxime axetil for 10 days.

Efficacy evaluations were based on the assessments of clinical symptoms, chest
examination signs, and overall clinical response {cured, improved, failed, or unable to
evaluate), and on microbiologic eradication of the suspected pathogen(s) isolated at
admission (baseline) and of the subject's infection considering all pathogens isoiated.
Clinical symptoms and chest examination signs were assessed at admission and five to
seven days after the end of therapy (posttherapy), with an overall clinical response rating at
the posttherapy visit. Cultures, Gram stains, and susceptibility testing of respiratory
specimens were performed at admission and posttherapy. Clinical response in the group of
subjects evaluable for clinical efficacy represented the primary efficacy variable for this
study. Microbiologic response was a secondary efficacy variable and was based primarily on
the group of subjects evaluable for microbiologic efficacy.

Reviewer’s Note: To be consistent with FDA analyses in study K90-070, levofloxacin
patients who received 7 to 10 days of study drug were considered evaluable for FDA clinical
and microbiologic efficacy analyses. Since the majority of FDA clinically evaluable
levofloxacin patients (212, to be exact) received 7 days of therapy with levofloxacin,
changing the dosing interval from 5-7 (sponsor analysis) to 7-10 (FDA analysis) does not
have a large effect in this study. For comparator patients, those dosed with 10-11 days of
cefuroxime axetil were considered evaluable by FDA for clinical and microbiologic efficacy
analyses. As in study K90-070, patients whose posttherapy visits were 4 to 8 days after
the end of therapy were considered evaluabie for FDA clinical and microbiologic efficacy
analyses and individual pathogen data was reviewed and changed by the medical officer and
incorporated in FRA analysis. Please see the medical officer’s review for a more complete
definition of patients evaluable for FDA and sponsor clinical and microbiologic efficacy
analyses.

Safety evaluations consisted of treatment-emergent adverse events reported during the
study period and of clinical laboratory tests (hematology, blood chemistry, and urinalysis),
vital signs, and physical examinations performed at admission and posttherapy.
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Analysis Groups

Treatment comparisons are based on several analysis groups to assess relative efficacy and
consistency across different, standard approaches. The discussion and displays in the body
of this report focus mainly on the efficacy analyses based on (i) subjects classified .as
clinically evaluable by the sponsor and FDA and (ii) subjects classified as microbiologically

—— "

evaluable by the sponsor and FDA. .

Supportive efficacy analyses are based on all subjects enrolled, i.e., randomized to a
treatment group. These analyses are done in two ways. One approach — intent-to-Treat —
adheres strictly to randomization; thus subjects are counted in their assigned treatment
group regardless of any dosing or dispensing errors. An alternative approach — Modified
Intent-to-Treat — takes into account the small number of drug dispensing errors that
occurred by grouping subjects according to the drug actually received. These two
approaches classify only two subjects differently; both were randomized to treatment with
cefuroxime axetil but received levofloxacin due to errors in drug dispensing. The Modified
Intent-to-Treat approach — grouping subjects by treatment received rather than by treatment
assigned — should be more reflective of the relative efficacy of the comparative treatments
and is therefore given greater attention than the Intent-to-Treat analysis. Consistent with
this reasoning, the clinically evaluable and microbiologically evaluable analysis groups are
also determined by treatment actually received rather than by treatment assigned. Only one
misdosed subject who received levofloxacin instead of cefuroxime axetil is included in the
analyses based on the clinically and microbiologically evaluable groups.

Reviewer’s Note: The sponsor’s ‘modified intent-to-treat” approach is actually what DAIDP
would term an intent-to-treat approach where patients are grouped according to drug
actually received (rather than to drug randomized).

Demographic and Baseline Characteristics

Four hundred ninety-two subjects were enrolied in the study at 34 centers, including 248
subjects who received levofloxacin treatment and 244 who received cefuroxime axetil
{modified intent-to-treat group). The efficacy analyses focused mainly on the groups of
subjects considered clinically or microbiologically evaluable by the sponsor; the demographic
and baseline characteristics for these two groups are presented in Table 1 and were
comparable for the two treatment groups and were similar to that for the overall study
group of 492 subjects. For the two treatment groups, approximately 54% of subjects were
men, 73% Caucasian, and the majority (89%) had an admission diagnosis of chronic
obstructive pulmonary disease (COPD).
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Table 1. Demographic and Baseline Characteristics:
Sponsor Clinically Evaluable and Sponsor Microbiologically Evaluable Subjects

Levdiakadn Cafurorime Auetil
Microblologically Microbiologodlly )
Clinicaly Evdusble Evalusble Clinically Evduable  Evaluable [
(N=222) (N=134) (N=229) {N=147) -
Seu e
Men 112 66 130 8z
Women 110 68 3 65
Raoe
Cauoasian 161 3 167 100
Black 38 27 44 35
Oriertal 1 1 1] 0
Hispanic 22 13 16 1"
Ocher 0 0 2 1
Age [Yeus)
N 222 134 228 147
MeantSD 51.8217.5 4974174 4+17.3 520+17.0
Rarge -—w h allp
CcoPD
Yes 202 124 208 137
No 20 10 2 10

NOTE: Values refresent numbers of subjects unless othwivise indicated.
COPD = Clvanic obstructive puimanary dsease.

Discontinuation/Completion Information

Of the 492 subjects enrolled in the study, 248 received levofloxacin and 244 received
cefuroxime axetil (modified intent-to-treat group). Of the 239 subjects in the levofloxacin
group with known discontinuation/completion information, nine (3.8%) discontinued therapy
prematurely and 230 (96.2%) completed therapy. Of the 238 subjects in the cefuroxime
axetil group with known discontinuation/completion information, 13 (5.5%) discontinued
therapy prematurely and 225 (94.5%) completed therapy. The most common reason for
discontinuation in both treatment groups was an adverse event (Table 2).

Reviewer’s Note: Nine levofloxacin and six cefuroxime axetil patients were lost to follow-up,
thus the total number of patients discontinued or lost to follow-up in each arm was 18
(7.3%) for levofloxacin and 19 (7.8%) for cefuroxime axetil.

Table 2. Reasons for Premature Discontinuation of Therapy:
Sponsor Modified intent-to-Treat Subjects

L'-vcﬂmadn Ceburonime Anet!
(N=248} (N=244)

Reason No. &y No. r
Adverse Event 7 2.9) g 34
Clinical Fadue 0 (0.0 4 0.n
Other 2 {0.6) 1* 0.4)
Totd Discortirued T 9 13.8) 13 (55
Tota With Discontinuation'Completion Irform atian 233 (1000 238 100.08
Totd With Unkrow n Dis corinuation!Comepletion Infarmation 9 6

* Percentages based on total number with discondnuati anlcompleton inform ation.

* Subject S as dscortirued sfter receiving intr avenous antibigtics for possible infly ate present on admissian
chest Xvay. SubjecWll received three dases of levofionacn and was d cpped from the study sfter admission
o eatinine dearance resuits ind cated renal insuffidency, an endusion criterion fa the-study.

¢ Subject was dscontirued from the study after receiving antibiotics as treatmert far a surgcal wound presery at
admission
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Efficacy Results

Clinical Response

Among sponsor clinically evaluable subjects in the levofloxacin treatment group, 80.6%
were cured and 14.0% were improved, compared with 756.5% and 17.0% in the cefuroxime
axetil treatment group (Table 3a). Twelve (5.4%) subjects in the levofioxacin tréatment
group and 17 (7.4%) subjects in the cefuroxime axetil treatment group failed treatment. In
the sponsor modified intent-to-treat group, levofloxacin treatment resuited in 75.0% cure,
15.3% improvement, and 6.0% failure; 3.6% of subjects could not be evaluated;
cefuroxime axetil treatment resulted in 72.5% cure, 17.6% improvement, and 7.4% failure;
2.5% of subjects could not be evaluated.

Table 3b summarizes clinical response rates by center for FDA clinically evaluable subjects.
Therapeutic equivalence between levofloxacin and cefuroxime axetil was established; 95%
confidence interval for the difference in cure rates, cefuroxime axetil minus levofloxacin, of

203,196('1 05! 8'8)67%.68%'
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Table 3a. Clinical Response Rate by Study Center Sponsor Clinically Evaluable Subjects

Lwdluadn Leharowime awetil
95 Confiderce

Investigstor N Cued  Improved Faled N Cured” Improved”  Fated' lrmrval
Carveth 4 3 (O 1 (50 0 (0.0) [3 Sy 0 (@O0 1 (6D - " -
Dedbate S0 49 (380 1 20 0 (0.0) 48 46 (358 0 (OO 2 42 108,28 -
Fais 16 13 681.3 3 (188 0 (0.0) 18 126670 6 (333 0 (OO 31. 33 -
Fiddes 8 6 [0 2 (250 0 (0.0) S 1000 4 (800 0 (0O - -
Folen 0 0 - 0 - 0 - 2 201000 0 (@O0} O (00 -

Garsy 1 10000 0 (0.0} 0 (00 1 0 00 1 (1000 0 (0O -
Ginsberg 6§ 60000 0 @©O0) 0 [0.0) 7 6@ 0 @O 1 (143 -
Gomes 1 7010000 0 (00 0 (0.0 S 4800 1 (200 0 (00 -
Grossman 3 2 (667 1 (333 0 (0.0 2 201000 0 (@©0) ¢ (00 -

Hunt 4 401000 0 (0 0 {0.0) 4 41000 0 0O 0 (0.0 -
Interiano 4 2 (00 2 (S0.0 0 (0.0) S 2400 3 (600 0 (00 -

Kaye 0 0 - 0 - 0 - 2 0 (0 1t (S0 1 (500 -
Klaustemeyerl  1(100.0 0 (0 ¢ (0.0) 2 0 (0 201000 0 (00 -
Kaerblat 2 20000 6 00 0 (0.0) 1 oo ¢ WO 0 (00 -
Licdejohn 1 111000 0 00 0 (0.0 2 10500 1 G000 0 OO -
Marbury g 0 - 0 - 0 - 1 10000 0 ©0) 0 QO -
McAdoo 4 401000 0 00 0 (0.0) 5 51000 0 (©O0 ¢ (0.0) -
McElvaine 18 14 (71.8 4 (222 0 (0.0 18 15833 2 (1110 1 (56) (-189, 7.8
Memon T 6 @7 1 (14.3 0 0.0 6 S((1B33 1 (61 0 (0.0 -

Moyet 7T s5M4 0 (00 2(28.6) 9 TmMm& 1 L 1 01 -

Nair 2 1 (500 0 (00 1(50.0 1 111000 © (0 © (00 -
Nichols 0o 0 - 0 - 0 - 1 ¢ 00 101000 € (00 -
Pugpole 2 20000 0 (00 0 (0.0 2 2(1003 0 (00 € (00 -

Rice S 4 (4449 3 (13 222 10 2200 S (500 3 (300 -

Rosen 6 4 (667 2 (333 0 0.0 S 3600 2 @GR 0 ©0 -
Russell 30 2 (33 6 (200 2 (67 31 27 (@811 2 ®B5 2 (65 (-139, 143)
Smith 3 301000 0 00 0 (0.0) 1 11003 0 (@©0) 0 (00 -
Sdlvan 1 101000 0 (00 0 (0.0) 2 10500 1 (500 0 (00 -
Summer 1 0 (0O 1(100.0 0 (0.0 2 0 (00 1 (500 1 (500 -
Thomas 5 1 (200 2 (40.08 2(40.0) 3 21667 0 (000 1 (333 -
Upchwach 10 6 (60.0 1 (1000 3(30.00 11 8@2n 2 (183 1 BN -17.9, 530)
Zewvos 4 41000 0 (0.0 0 {0.0) S 410 1 200 0 (00 -

2omn 6 5 B3 1 (1679 0 (0.0 6 3000 1 (61" 2 (333 -
Comtined 98 75 (765 16 (163 T 01 103 65 (63.1) 27 (263 11 (107 (<119, 43
Total 22 118 (806) 31 (140) 12 (5.9 229 173 [755) 39 (1700 17 (7.9 (68, 27)

* Nunber s shown in paectheses are percentages for that category.
* Two-sided 95 omfidence interval ar aund the difference (cefuroxime anett mirus levafiokadn) In dinical success ase

{owred gdus improved) were calod awed for study centers erwdiing 10 or more dinically evaluable subjects in eachestment

gouwp.

* Cambined=certers that enroled few & than 10 dinicslly evalusble subjects in either treatment group Carveth, Fiddefollett, Garay,
Ginsberg, Gomes, Grossman, Hurt, Interiano, Kaye, austermeyer, Korerblat, Litisjoln, Marbury, MoAdoo, Meman, Moushlas,
Nichd's, Puopdo, Rice. Rosen, Smith, Sulbvan, Summer, Thomas, Zervos, and Zom.

Table 3b. Clinical Response Rate by Study Center: FDA Clinically Evaluable Subjects

Levofloxacin Cefuroxime Axetil

Investigator N? Cure Improve Fail N Cure Improve Fail

Deabate 40 | 33 (83) |7 (18) |0 (0) 46 | 40 (87) 6 (13) | O (0)
Faris 15112 (80) {3 (20) 10 (0) 18 | 15 (83) 3 (17) | o (0)
McElvaine 16 |14 (88) |2 (13) O (0) 14 |10 (71) 4 (29) |0 (0)
Russell 29 120 (69) |7 (24) |2 (7) 29 | 20 (69) 8 (28) |1 (3)
Other ~86 | 55 (57) |34 (35) |32 (7) 96 | 52 (54) 30 (31) | 14 (15)
Total 186 | 134 (68) |53 (27) |9 (5) ] 203 | 137 (67) |51 (25) |15 (7)

Numbers shown in parentheses are percentages for that category.
*Results are presented for investigators with 10 or more evaluable patients in each treatment group.

Allother investigators are combined under “other”.
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For sponsor clinically evaluable subjects, when the clinical response categories "cured" and
"improved" were combined into a single category of "clinical success," levofloxacin ,
treatment resulted in 94.6% clinical success while cefuroxime axetil treatment resulted in
92.6% clinical success, with a 95% confidence interval of [-6.8, 2.7] for the difference
(cefuroxime axetil minus levofloxacin) in success rates {(see Table 4a). All of the treatment
differences in this confidence interval lie below the upper bound of 10%, thereBy _
establishing therapeutic equivalence of the two treatments. In the sponsor modified intent-
to-treat group, the clinical success rates for treatment with levofloxacin and cefuroxime
axetil were 90.3% and 90.2%, respectively.

Table 4b summarizes clinical success rates for FDA clinically evaluable subjects.
Levofloxacin and cefuroxime axetil are considered therapeutically equivalent in terms of
success rates (as they were when cure rates were examined).

Table 4a. Clinical Success/Failure Rates and Confidence Intervals by Study Center :
Sponsor Clinically Evaluable Subjects

Levdlosadn Cefuonme et

95 Conliderce
Investigator N Sucoess Falued N Success Failue Irvervd®
Carvech 4 4 (1000 o @O0 6 S (833 1 (6.7 -
DeAbate 50 50 (10000 0 @0 48 46 (359 2 42 1es, 29
Fais 16 16 (100.0 ¢ (00 18 18 (100.0 0 (0.0 <31, 31
Fiddes 8 8 (100,00 0 00 S 5 (100.0 0 (0.0 -
Follett 0 1] - 0 - 2 2 (100.0 0 (0.0 -
Gaay 1 1 (000 0 ©0 1 1 (100.00 0 (00 -
Ginsberg 6 6 (1000 0 (00 7 6 (857 1 (143 -
Gomes 7 7 (1000 0 (@O S S 100.Gy ¢ (0.0 -
Grossman 3 3 (1000 0 @0 2 2 (100.0 0 00 -
Hurt 4 4 (1000 0 00 4 4 [100.0 0 (0.0 -
inteclaro 4 4 (1000 0 @O 5 S5 01000 0 @©o -
Kaye 0 1] - ¢ - 2 1 (500 1 (500 -
Klaustermeyer 1 1 (1000 0 [0 2 2 100.0 0 ©.0) -
Korenblat 2 2 (1000 0 00 1 1 (100.0 [ (11| -
Licdejobn 1 1 (100.08 0 @O0 2 2 (100.00 0 (0 -
Mabury 0 0 - 0D - 1 1 (1000 0 OO -
McAdoo 4 4 (100.00 0 (00 S S (10000 0 (0.0 -
McElvaine 18 18 (100.0¢ 0 (00} 18 17 (949 1 (5.6} 189, 1.8
Memon 7 7 (1000 0 oD 6 6 (1000 0 (0.0 -
Moyer 7 S M4 2 (286 9 8 (889 1 () -
Nair 2 1 (500 1 (500 1 1 (100.00 0 (0.0 -
Nichols 1] 0 - 0 - 1 1 (100.08 ¢ (0.0 -
Puapolo 2 2 (1000 0 @©o 2 2 (1000 0 @©O0 -
Rice 9 T M8 2 22 10 T (a 3 (00 -
Rosen 6 6 (100.0¢ 0 (00 S S (100.0 0 00 -
Fussel 30 28 (33 2 .7 3t 29 (338 2 69 139, 143
Semith 3 3 (000 0 @©O0 1 1 (100.0 0 (0.0 -
Sullvan 1 1 (100.0 0 (00 2 2 1100.0 0 (00 -
Summe 1 1 (1000 0 ©o 2 1 500 1 (500 -
Thomas S 3 (600 2 ©on 3 2 (667 1 @3 -
Upchurch 10 T @O0 3 (00 1" 10 (309 1 (3.1} (<179, 530
2etvas q 4 (1000 0 00 s S (100.0 0 (00 -
2om 6 6 (1000 0 00 6 4 (667 2 (B3 -
Combined 98 91 (%29 7T an 103 92 (893 11 (107 <119, 48
Total 22 210 (48 12 (549 212 (926) 17 9 68, 27
* Two-sided 95 confidence interval around the differ snce (cefuroxime anetil minus levalasadnl in dinica success 1 am(cured

and improved) were caodated for study certers ervdiing 10 or more dinioaliy evaluable sudj in each " D,

* Nunbaers shown in parertheses are petcertages (or that category.

¢ Canbined=certers that enrolied few er than 10 dinically evaluable subjects in either treatment groux Carveth, FiddeFollett,
Garay, Ginsberg, Gomes. Grossman, Hure, Interiano, Kaye, Kiaustermayer, Korenbi &, Litlejohn, Marbuy, McAdoo, Memon
Moyer, Nair, Nichols. Puopolo, Rice, Rosen, Smith, Sullivan, Sunmer, Thomas, Zervos, and Zorn
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Table 4b. Clinical Success/Failure Rates and Confidence Intervals by Study Center :
FDA Clinically Evaluable Subjects

Levofloxacin Cefuroxime Axetil

Investigator . b 95% Can—:idence

N Success N Success 1 ovalc
Deabate 40 40 (100) 46 46 (100) N/A
Faris 15 15 (100) 18 18 (100) N/A
McElvaine 16 16 (100) 14 14 (100) N/A
Russell 29 27 (93) 29 28 (97) (-11.4, 18.3)
Other 96 89 (93) 96 82 (85) (=17, 1)
Total '196= 187 (95) 203 188 (93) (-7.9, 2.3)
L e

*Results are presented for investigators with 10 or more evaluable patients in each treatment group.
All other investigators are combined under “other”.

*Clinical success is defined as either clinical cure or clinical improvement. Numbers shown in
parentheses are percentages for that category.

“Two-sided confidence interval for the difference (cefuroxime axetil minus levofloxacin) in clinical
success rate.

Clinical Response by Pathogen

Clinical response rates for sponsor clinically evaluable subjects infected with key pathogens
alone or in combination with other pathogens are shown in Table 5a. H. influenzae, H.
parainfluenzae, and M. (Branhamella) catarrhalis were the most prevaient pathogens in the
levofloxacin treatment group. S. aureus, H. parainfluenzae, and M. (Branhamella) catarrhalis
were the most prevalent pathogens in the cefuroxime axetil treatment group.

Table 5b shows clinical response rates for FDA clinically evaluable subjects infected with

key pathogens alone or in combination with other pathogens.

Table ba. Clinical Response Rates for Subjects with Pathogens of Primary interest:
Sponsor Clinically Evaluable Subjects

Levdloxadin Cefurorime aneti
Pathogen N Cwed improved Faided N Cured Improved Faied
g y—— 4 37 B4 5014 2 @5 31 230143 6158 0 00
Haemqohvks pxanfanzay 21 24188 274 1 (37 32 24050 S056 3 84
Morawda (B atomelal caxhalis 25 20 (80.0 4 (16.0 1 40 32 23M.9 S(156 40128
Sr ORI PR aTNae 16 1250 20129 200125 10 10(1000 O (0.0 0 0.0
SRapliocsocs areus 10 9 (00 0 0.0 10100 335 31888 2 57 267

Numbers shown In parentheses me percercages for that cxegony.
* Nerumber of subjects w ho had that pathogen alone o in combiniion with other pathogens.
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Table 5b. Clinical Response Rates for Subjects with Pathogens of Primary Interest:
FDA Clinically Evaluable Subjects

Levofloxacin Cefuroxime Axetil
Pathogen N* Cure Improve Fail N* Cure fmpi:ove Fail
Haemophilus influenzae 40 1 29 (73) 19 (23) |2 (S) 31116 (52) 3?4-—(45) 1 (3)
Haemophilus parainfluenzae 28 123 (82) |5 (18) JOo (0O) 31124 (77) {4 (13) |3 (10)
Moraxella (Branhamella) catarrhalis 20113 (65) | 6 (30) |1 {(5) 26 | 18 (69) 4 (15) |4 (15)
Staphylococcus aureus 813 (38) 4 (50)]1 (13) 32§23 (72) 6 (19) | 3 (9)
Streptococcus pneumoniae 108 (80) 1 (10) |1 (10) 109 (90) |1 (10) | O (0)

Numbers shown in parentheses are percentages for that category.
*N =number of subjects who had that pathogen alone or in combination with other pathogens.

Microbiologic Response
The microbiologic eradication rates for subjects who were sponsor and FDA
microbiologically evaluable are summarized by treatment group and study center in Tables
6a and 6b, respectively. In both cases, levofloxacin was considered therapeutically
equivalent to cefuroxime axetil in terms of eradication rates.

Sponsor Microbiologically Evaluable Subjects

Table 6a. Microbiologic Eradication Rates and Confidence Intervals by Study Center:

Levdiokadn Cefwoswime axetl

95 Confiderce
Irwestigator N Eradicated Per sisted N Eradicated Parsisted Irerva®
Carveth 2 2 (100G O (@0 zZ 1 (oo 1 (00 -
DeAbue 43 43 (100.0 0 (00 43 42 (917 1 @3 (80, 33
Fais 1M 11 (1000 c (0.0} 10 10 {1000 0 (0o (80, SO0
Fiddes S S (100.6 0 (0.0 s 5 (100.0 0 (00 -
Ginsberg s 5 (100.0 0 (00 6 6 (100.0 0 (00 -
Gomes 1 1 (100.(¢ 0 00 1 1 (10000 0 (0.0 -
Grossman 1 1 (100.0 0 @O 0 [ 0 - -
Hunt 2 2 (100.0 0 o0 2 2 (100.0 0 0o -
Interiaro 2 1 (0.0 1 (0.0 3 3 (100.00 0 (0.0 -
Klauster meyer 1 1 (1000 0 00 1 1 (1000 0 (00 -
Kaerblat 0 0 - 0 - 1 1 (100.00 [ (111} -
Marbury 1] o} - 0 - 1 1 (10008 0 (00 -
MoAdoo 2 2 (100.0 0 (00 2 2 100.0¢ 6 (00 -
MoElvaine 12 12 (100.00 g (@0 9 8 (889 1 01 -
Memon 2 2 (1000 g (0 4 4 (100.0 0 (O -
Moyer 2 0 (00 2 (100.0 3 3 (1000 0 0 -
Nair 2 1 (00 1 (0.0 1 1 (100.00 0 (00 -
Nichols 0 0 - 0 - 1 1 (100.00 0 (0.0 -
Rice 5 S (100.0) 0 (0.0 7 6 (857 1 (143 -
Rosen 6 6 (100.0 0 (00 L} 4 (100.0 0 00 -
Russell 15 1S (100.0 0 00 2 22 (1000 0 (00 =33 33
Senith 1 1 (1000 0 0o 1] 0 - 4] - -
Sdlivan 0 0 - 0 - 2 2 (100.0 (O (1 10)] -
Summer - 0 0 - 0 - <1 1 1100.00 0 (0.0 -
Thomas 1 0 100 1 (100.00 3 2 (66D 1 (333 -
Updhurch 5 S (100.0 0 (00 s 4 (600 1 (20,0 -
Zevas 2 2 (100.03 o o0 3 1 (333 2 (667 -
Zon 6 6 (100.0) 0 (00 S 3 (60.08 2 (40.00 - _
Combined €5 60 (R3I S a9 72 63 (879 9 (129 (-1S6, 60
Total 1¥ 123 (33 S @37 147 137 (332 10 68 (886, 25)

* Eradication of all pahogens isdated for a subject at admission.

* Two-sided 35/ confidence interval around the diference (cehuradme avetd mirus levdiocadn) in microbiclogic eradicisn
13tes w are caloulated for study centers ervolling 10 or more microticlagically evalusble subjects in each veamenvgup.

* Numbers shown in parertheses are percertages fa that oar

egory.

¢ Combinedscerters thm ervolled few e than 10 mictdbiclogically evaluable subjects in either veatment group: Carveth Jdes,
Ginsberg. Gomes. Grossman, Hunt, Interiano, Klaus ter meyer, Korent at, Marbury, MoAdoo, McE lvaine, Memon, Moyer, Nair,
Nidhds, Rice. Rosen, Smith, Sullivan, Summer, Thomas, Updhuich, Zervas, and Zoin
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Table 6b. Microbiologic Eradication Rates and Confidence Intervals by Study Center:
FDA Microbiologically Evaluable Subjects

Levofloxacin Cefuroxime Axetil
Investigator N? Eradication® N Eradication 95% Confidence
Intervalc
Deabate 35 35 (100) 42 42 (100) N/A
Russell 14 12 (86) 20 18 (90) (-24.3, 32.9)
Other 67 60 (90) 67 52 (78) (-25.8, 1.9)
Total 116 107 (93) | 129 112 (87) (-13.8, 3.0)

*Results are presented for investigators with 10 or more evaluable patients in each treatment group.

All other investigators are combined under “other”.

*Numbers shown in parentheses are percentages for that category.

“Two-sided confidence interval for the difference (cefuroxime axetil minus levofloxacin) in microbiologic
eradication rate.

Microbiologic eradication rates for sponsor microbiologically evaluabie patients are
summarized by pathogen and pathogen category in Table 7a. The overall microbiologic
eradication rates by pathogen in the levofloxacin and cefuroxime axetil treatment groups
were 97.4% and 94.6%, with a 95% confidence interval of {-6.8, 1.2] for the difference
between treatments {cefuroxime axetil minus levofloxacin) assuming independence of
multiple pathogens and multiple strains within a subject. Microbiologic eradication rates for
FDA microbiologically evaluable patients are summarized by pathogen and pathogen
category in Table 7b.

Table 7a. Microbiologic Eradication Rates Summarized by Pathogen Category and Pathogen:
Sponsor Microbiologically Evaluable Subjects

Levoiakadn Cefurcxime ametd

99/ Confidence

Pathogen CategorwPathogen N Eradicated N Eradicated' Interval*
Pathogen Category
Gram positive aerobic pathogens 43 41 (B3I 62 60 (368 (-14, 103)
Gram regative asroblo psthogens 147 144 (980 160 150 (3.8 -8s, 09
Total by pathogen 10 165 (914 22 210 (48 88, 1.2
Totd by subject 134 129 %63 147 131 932 86, 29
Pathogen®
Haemplrke inflencas 44 42 (59 3t 23 1939 {141, 103)
Haemnqpivkss parainfanras r44 27 N00.0 x 30 (838 (<165, 4.0
Moravells (Brachanel al caartialss ] 25 (100.0 2 23 (906 215, 27
S e ? 16 14 619 10 10 100.00 (87 337

> s 10 10 (100.0 * 3 91.1) 134, 7.9
Pk & NN 10 9 (00 9 g (@89 - -
Enchanishiz oi 8 8 (100.0_ 6 6 (100.0¢ - -
Srypraoocus Growp C 5 5 n00.G 5 4 (B80.0 - -
Sragpracoos milan 4 4 (100.0 S S (100.0 - -
Kiebosalls prasumnarvise 3 3 (1000 1 10 (90.9 - -
Hawngpivke parshanoboie 2 2 (100.0 5 4 80.0 - -
Serrab s mE WONTS 1 1 (100.0 S S (100.0 - -
Moy ia mevaippinds 0 0 - S 5 (100.0 - -

* Nunbers shown in parertheses are perosttages fa that category.

* Two-sided 95 conlidence intaval araund the difference (cefuroxime aetd minus levdiokadin} in miacbidogic
eradication rates w ere caloulated for pathogens isolated from 10 or more miaobidagicaly evaluable subjects in each
ueatment group.

“ N25 for either treatment group.
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Table 7b. Microbiologic Eradication Rates Summarized by Pathogen Category and Pathogen:
FDA Microbiologically Evaluable Subjects

Levofloxacin Cefuroxime Axetil |
A 95%
N | Eradicated® | N | Eradicateq* .} .Confidence

Pathogen Category/Pathogen ~ __Interval®
Pathogen Category

Gram-positive aerobic pathogens 33 30 (91) 56 49 (88) (-18.9, 12.1)
Gram-negative aerobic pathogens 133 125 (94) 138 125 (91) (-10.5, 3.7)
Total by pathogen 166 155 (93) 194 174 (90) (-10.0, 2.6)
Total by subject 116 107 (92) 129 112 (87) -13.8, 3.0)
Pathogen

Baemopbilus influenzae 40 36 (90) 29 23 (79) (-31.1, 9.7)
Haemophilus parainfluvenzae 28 28 (100) 30 28 (93) (-19.0, 5.7)
Moraxella (Branhamella) catarrhalis 20 20 (100) 25 22 (88) (-29.2, 5.2)
Staphylococcus aureus 8 6 (75) 32 29 (91) -
Streptococcus preumoniae 10 9 (90) 10 10 (100) {(-18.6, 38.6)

*Numbers shown in parentheses are percentages for that category.

"A two-sided confidence interval for the difference {cefuroxime axeti! minus levofloxacin) in

microbiologic eradication rate was calculated for pathogens with 10 or more admission isolates in each

treatment group.

Summary of Efficacy Resuits

A summary of sponsor key efficacy results is presented in Table 8a. Comparable results
were seen across analysis groups for both clinical and microbiologic endpoints. In addition,
there was concordance between the clinical and microbiologic responses based on a cross-
tabulation of clinical response versus microbiologic response, further confirming the

consistency of the clinical and microbiologic responses.

Table 8b summarizes overall success rate, defined as either clinical cure or clinical
improvement with microbiologic eradication, by study center for patients considered both
clinically and microbiologically evaluable by FDA. The 95% confidence interval for the
difference in overall success rate, cefuroxime axetil minus levofloxacin, demonstrates
therapeutic equivalence between levofloxacin and cefuroxime axetil.
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Table 8a. Summary of Key Efficacy Results: Sponsor Analysis Groups

Clinical and Microbiologic Response
Levdioxadn Ceturouime Awed
Clinical Sucoess o Mico- Cliniosl Success or Micro- 85 Confidence
ResponselGroup biolog o Eradication Rmé biclogio Eradioation Ratd inava? -
Clirical Response T
Modfied irters<o-Treat 224248 (0.3 2200244 (90.2 (56. 53
Clirically Evaluable 210222 (94.9 212229 (92§ (68, 27
Microbiologio Response
Modfied inert<to-Treat 134N4S (524 140156 (83D 94, 41)
Microbidegically Evaluable 129134 (96.3 13M4T (932 (86, 295
Microbiologic Response Versus Clinical Response
Clinical Response
Levdflokadn Ceturowime Axed
Microbiologic Response N  Cued Improved  Faded N  Cued Improved Faled
Eradicated 123 103848 17 (013.2 3123 137 103(79.8 20180 2 (1.9
Persisted 5 0 OO 1 200 450.0 10 21200 0 0.0} B00.0

* Denominator for dinical success rate = aed + improved + falled + unable to evaluate. Denominator for miorobidogioal
etadication rate = & adcaion + persistance + unknown

* Two-sided 35/ confidence interval a1cund the diference (ol adme anet! minus levaionacn) in diriaal sucopss o
micobiologc ecadioation rates.

“ Only subjeots with admission pathogens.

“ Based on microtidogically evauable groun

* Cued improved. or failed & e dinical response ouwcomes.

NOTE: Miorobidogic eradication raes presensed in this table e by subject, Le., reflect eradication of af pathogerisd ated for

a subjeat at admission.

Table 8b. Overall Success Rates® and Confidence Intervals By Study Center:
FDA Microbiologically AND Clinically Evaluable Subjects

Levofloxacin Cefuroxime Axetil
95% Confidence
O

Investigator NP S::cf:islc N g:zz:ii Interval?
Deabate 35 35 (100) 42 42 (100) N/A
Russell 14 12 (86) 20 18 (90) {(-24.3, 32.9)
Other 67 59 (88) 66 50 (76) {-26.7, 2.1)
Total 116 106 (91) 128 119 (86) (-14.2, 3.3)

*Overall success is defined as clinical cure or improvement with microbiologic eradication.

"Results are presented for investigators with 10 or more evaluable patients in each treatment group.
All other investigators are combined under “other”.

‘Numbers shown in parentheses are percentages for that category.

“Two-sided confidence interval for the difference (cefuroxime axetil minus levofloxacin) in overall

success rate.

Safety Results

Summary of All Adverse Events .

Four hundred eighty-four (98.4%) of 492 subjects enrolled were evaluated for safety. Of the
484 evaluable subjects, 243 received levofloxacin and 241 received cefuroxime axetil. Eight
subjects (five in the levofloxacin treatment group and three in the cefuroxime axetil
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treatment group) were lost to follow-up with no postadmission data available and were
therefore excluded from the safety analysis.

One-hundred twenty-seven (62.3%) of 243 evaluable subjects in the levofloxacin treatment
group and 124 {51.5%) of 241 evaluable subjects in the cefuroxime axetil treatment group
reported at least one treatment-emergent adverse event during the study, mcludmg events
considered by the investigator as related or unrelated to study drug. Body systems with the
highest reported incidence of adverse events were the gastrointestinal system and the
central and peripheral nervous system. The most frequently reported adverse events were
headache (13.2% incidence rate for levofloxacin-treated subjects versus 10.0% for
cefuroxime axetil-treated subjects), diarrhea (7.4% versus 12.4%),nausea (7.4% versus
4.6%), and dizziness {7.0% versus 3.7%) (Table 9].

The two treatment groups were generally comparable with respect to the type and
incidence of adverse events. Twenty-four (9.9%) subjects in the levofloxacin treatment
group and 19 {7.9%) subjects in the cefuroxime axetil treatment group had adverse events
considered by the investigator to be drug-related, i.e., probably or definitely related to study
drug. Drug-reiated adverse events reported by >1.0% of levofloxacin-treated subjects were
vaginitis (4.1%), nausea (2.5%), and diarrhea (1.6%]). Drug-related adverse events reported
by >1.0% of cefuroxime axetil-treated subjects were diarrhea (2.5%), taste perversion
(1.7%), and vaginitis {(2.0%). The majority of adverse events were assessed as mild in
severity. Thirteen subjects in the levofloxacin treatment group reported one or more adverse
events of marked severity, including marked dyspnea and headache in two subjects each.
Twelve subjects in the cefuroxime axetil treatment group reported one or more adverse
events of marked severity, including diarrhea and chest pain in two subjects each. Of the
four subjects with marked drug-related adverse events, two were in the levofloxacin
treatment group (pruritus in one subject and nausea in one subject) and two were in the
cefuroxime axetil treatment group (chest pain and rhinitis in one subject and diarrhea in one
subject).

Table 9. Incidence of Frequently Reported {>2%) Adverse Events
Summarlzed by Body System and Primary Term: Subjects Evaluable for Safety

Levoflovadin (N=243) Cduroodme el (N=241)

Body SystemPrimary Term No. 1) No. {~)
All Body Systems 127 523 124 51.9
Cerwral & Reriphetd Nervous System
Disotders 32 13.2 24 100

Headache 17 (1.0) S (K]

Dizziress
Gastointestinal System Disorders

Diacthea 8 T4) 20 129

Nausea 8 (r.4) 1 (4 6}

F lawdenoe 12 4.9) 4 1.7

Canstipation 10 4.1) 7 (ZS)

Vomling 10 {4.1 q { %

Abdomina Pain 9 3 ] 3.

Dy ia 6 25 14

Mouh%iy -4 1.6 7 (Z 3)
Reproductive Disorders, Femald

Vagrits 1 (%4} 2 (rd1)]
Body As A Whole~General Disorders

F atigue 6 29 1 0.4)

Chest Pain 2 08 8 (33 -
Respiatory System Disotdars

Dyspnea — ] (2.5) 0 0.

Sinusitis 2 {0.8) S 21
Psychiatrio Disorders

Insomnia 5 2.1) 3 1.2

Netwvousness 5 2.1) 2 (0.8
Speciad Senses Diher, Disordess

T aste Petversion q 1.6 7 29)
Immune Sysiem Disorders

ouh Dry 2 (0.8) S 21)

* Primary temm ed by22; of sutieds in either reatment g oup.
® Percerages ala(ed from the totd number of women in each ueammert gow. Thetotal number of women who
recwived levdflonacin was 122 and the 1otal number of women who receivad cefuroxime axetil was 102,
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Deaths and Discontinuations Due to Adverse Events

Fifteen subjects discontinued study drug due to adverse events (Table 10), including seven
in the levofloxacin treatment group and eight in the cefuroxime axetil treatment group. The
treatment-limiting adverse event was considered serious or potentially serious in one
levofloxacin-treated subject dyspnea) and one cefuroxime-treated subject

syncope). No deaths occurred during the study. -

Table 10. Subjects Who Discontinued Therapy Due to Adverse Events

Adverse Event Day O Relationship To Duatian of

Subject
Number Age  Sen (Primary Term) Onsef  Severity Seudy Orud Thecapy (Days)
Levofioxacin
72 F Diziness 1 Moderate Passible 1
Nauses 1 Marked Probable
68 F  Anhalgia 4 Moderate Pessible 3
Monli asis 4 Modk Probabl
24 F  Abdomiral Pan 4 Mild Possible ]
38 F Rah 4 Moderate Definite 3
Prurius S Marked Definke
44 F  Urtioatia S Moderate Pos sible 5
80 F  Ariey 3 Moderate Remate 3
Gizziness 3 Moderate Remae
Headache 3 Moderate Remote
Nausea 3 Moderate Remate
56 M Dyspreat 4 Marked None 4
Cefuwonime Auati®
61 F  Litioaria 3 Mild Probable 4
8¢ M Headache s Mild Possible 8
BO M  Rash 4 Moderate Possible -
30 M Diarhea 3 Marked Definke 3
8 M Syncopet 2 Macrked None 2
46 M Bdlows Engtion 7 Moderate Passible 9
S5 M Chestpan -] Marked Probable 10
Rhinkis 10 Marked Probable
61 F Dimchea 2 Mild Probable 6
Abdominal Pain 3 Mild Probable

Relative to start d therapy (Day 1).

Based on irvestigator's assessment.

NOTE: See Section Ml for relevart aratum.

Sevious or potersially setious adverse evert. (See Table VII)
Subject aiso had a markedly abnormal labaratary value.

FEYS I ]

Serious or Potentially Serious Adverse Events

Nine subjects in the levofloxacin treatment group and five subjects in the cefuroxime axetil
treatment group reported a serious or potentially serious adverse event during or up to
approximately three weeks after completing study therapy (Table 11). Of the 14 subjects
with serious or potentially serious adverse events, two subjects withdrew from the study
because of the adverse event. In all cases, the serious or potentially serious adverse event
was considered by the investigator to be unrelated or remotely related to the study drug,
and in most cases was attributed to the subject’s underlying condition.
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Table 11. Subjects Who Had Serious or Potentially Serious Adverse Events

Relatonship  Duation

Subject Adve se Event To Swudy of Thetapy
Neanber Age  Sex (Primary Term) Oay OF Onse?  Severity Drud Days)
Levolloxacin h
51 M Respraory inuffidency 2 Marked None 7 .
40 F  ChestPain 8 Mk None 7 R
M Myocasdial irfaraion 28 (2PT) - Remae 7
Cardiac Arest - Remae
4 F  Cardiac Failure 20 (O6PT)  Moderate Remae 12
62 M Dysprea 11 @PT) Marked None 7
Infection Bacterial Marked None
Fevet Marked None
80 F  Ashyhmia 15 (8PT) Marked None 7
56 M Dysprea 4 Marked None 4
61 M Dysprwa 14 (PN Moderate Remae 7
S8 M AsialFitrifation 13 (6PT} - Remate 7
Cerebrovasodar Disorder - Remae
Cefuonime Anel
78 M Gasvoirventind Hemarhage 12 (2PT) Marked None 10
70 M Respraory Disade’ 6 Matked Remae 6
65 ™ Premoia 6 Marked None 6
™ M Suncope 2 Marked None 2
Tacwoardia® 6 - Remae
68 M ChestPain T Marked Remae 8
" Relative to start of therapy (Day 1). NOTE: PT refers to the rumber of days postthesapy. relative to the last day of

study drug administr ation

* Based on irwestigator's assessment.

* These serious adverse everts ocourred after the scheduled posttherapy visit and thetefore do not agpear on the case
report form of in the database for his individual study report. However, these events were colected as part of the
RWJPRI serious adverse evert reparting database and therefa e are reflected in the pooled safety database for the NOA
Integrated Safety Summary.

* Acute exacerbation of COPD.

" This advetse event does not appear in the individual study tepart database bu vas captued as serous in the
RWJIPR! serious adverse event reporing database; it is therafore reflected as serious in the pooled safety databasef
the NDA integ ated Safety Summary.

* Subject disoontinued due to this adverse evert. (See Table V1)

“*Subject also had markedly abnamal labo atoey value.

Clinical Laboratory Tests

There were no clinically significant treatment-emergent mean changes from admission to
posttherapy for any laboratory analytes in either treatment group, with comparable results in
both groups. The incidence of markedly abnormal test results for individual analytes within a
given treatment group was low (<2.2%) and comparable across treatment groups (Table
12). Twenty-nine subjects (12 in the levofloxacin group and 17 in the cefuroxime axetil
group) had a total of 33 markedly abnormal test results after therapy start. Overall, six
subjects in each treatment group had abnormal glucose levels: two levofloxacin-treated
subjects and five cefuroxime axetil-treated subjects had increased glucose levels; four
levofloxacin-treated subjects and one cefuroxime axetil-treated subject had decreased
glucose levels. One subject in the levofloxacin group and four subjects in the cefuroxime
axetil group had markedly abnormal liver function tests (elevations in SGOT or SGPT). Three
subjects in the levofloxacin group and six subjects in the cefuroxime axetil group had
markedly abnormal hematology tests (decreased neutrophils or lymphocytes).
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Table 12. Incidence of Treatment-Emergent-Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Levofiawmdn Cefuronime averi P
Laboratory Test Propartior? % Propartior! % .
Blood Chtmrl_-luy - :
Dlocressed (osse 28 22 ] g2 T
D Potassium 11228 04 o231 a0
LA B .
Elevated LDH o239 [1{1] 11230 04
Elevated Creatinine 031 00 124 0.4
Eleaied 38T 18 84 i 2
Hematology 4 ‘
v eered Lympronies 1% 3 IR 93

*Numetator = rumbers of subjects with a resiment-eme gent markedy abnamal test value and denominator = number
of sbjects evausble (ie., adnission and postthetapy data svailable) for that analyee.

Physical Examination and Vital Signs

There were no clinically significant changes in vital signs from admission to posttherapy in
tevofloxacin-treated or cefuroxime axetil-treated subjects, with comparable results in the
two groups. Similarly, there were no clinically significant treatment-emergent physical
examination abnormalities.

Conclusions

Levofloxacin was safe, well-tolerated, and effective in the treatment of subjects with acute
bacterial exacerbation of chronic bronchitis. For both sponsor and FDA analyses, the clinical
responses in the levofloxacin treatment group were therapeutically equivalent to those
observed in the cefuroxime axetil group, as were the microbiologic eradication rates.
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Study K90-071

Title

A multicenter, active-controlied, randomized study to evaluate the safety and efficacy of
levofloxacin versus ceftriaxone sodium or cefuroxime axetil in the treatment of community-
acquired pneumonia in adults. o

Objectives

The objective of this study was to compare the safety and efficacy of 488 mg levofloxacin
administered orally, or 5600 mg levofloxacin administered intravenously, once daily, for a
total of 7 to 14 days with that of ceftriaxone sodium, 1 to 2 grams administered
intravenously once or twice daily, or 500 mg cefuroxime axetil administered orally twice
daily for a total of 7 to 14 days, in the treatment of community-acquired pneumonia in
adults. Data regarding the cost-effectiveness of the levofloxacin treatment regimen relative
to the ceftriaxone sodium/cefuroxime axetil regimen in the treatment of community-acquired
pneumonia were also collected but are not presented by the sponsor.

Study Design

This was a randomized, open-label (i.e., unblinded), active-control, multicenter study.
Subjects who met the entry criteria were assigned randomly to receive either levofloxacin,
cefuroxime axetil, or ceftriaxone sodium for 7 to 14 days.

Note: Levofloxacin dosage could be increased, at the discretion of the investigator, to 488
mg orally or 5600 mg i.v. every 12 hours for subjects with severe infection, defined as those
with hypotension (diastolic blood pressure <60 mmHg) in the absence of volume depletion;
subjects with altered mental status; subjects who required intubation or mechanical
ventilation, or subjects who had a baseline respiratory rate > 28 breaths per minute; or
subjects with bacteremia. Levofloxacin dosage was to be reduced for subjects with
calculated creatinine clearance values of 20 to 50 mL/min. These subjects were to receive
an initial {loading) dose of 500 mg i.v. or 488 mg p.o. of levofloxacin followed by
levofloxacin 500 mg i.v. or 488 mg orally every 48 hours. Subjects who had creatinine
clearances of 20 to 50 mL/min and who were receiving levofloxacin every 12 hours were to
have their dosage interval adjusted to every 24 hours.

Efficacy evaluations were based on the assessments of clinical symptoms, chest
examination, radiographic signs, clinical response (evaluated posttherapy as cured,
improved, failed, or unable to evaluate and poststudy as cured, improved, relapsed, or
unable to evaluate), and on microbiologic eradication of the suspected pathogen(s) isolated
at admission (baseline) and of the subject's infection considering all pathogens isolated.
Clinical signs and symptoms were monitored at admission, while on therapy (Days 2 to 4),
five to seven days after the end of therapy (posttherapy -- note: the sponsor actually
accepted posttherapy visits which were 1 to 10 days after the end of therapy), and 21 to
28 days after the end of therapy (poststudy) for subjects with a poststudy visit. Cultures,
Gram stains, and susceptibility testing, serologic studies, and other diagnostic evaluations of
respiratory specimens and blood samples were performed at admission, posttherapy and
poststudy, if indicated. Clinical response at posttherapy in the group of subjects evaluable
for clinical efficacy was the primary efficacy variable for this study. Microbiologic response
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was the secondary efficacy variable and was based primarily on the group of subjects
evaluable for microbiologic efficacy.

BReviewer's Note: For both clinical and microbiologic efficacy analyses, FDA evalusted
patients whose posttherapy visits were 5 to 10 days after the end of treatment based on
their posttherapy outcome. Fatients whose posttherapy visits were O to 4 days after the
end of treatment were evaluated based on their poststudy outcome. In addition, evaluable
patients with IgG titers equal to 1:512 for Chlamydia pneumoniae were included in FDA
analyses (they were excluded in the sponsor’s analyses). Finally, only patients dosed once a
day were included in FDA analyses presented here (ie, patients receiving bid dosing were
excluded). Please see the medical officer’s review for a more complete definition of patients
considered evaluable by the sponsor and FDA for clinical and microbiologic efficacy analyses
(and for results for patients receiving bid dosing).

Safety evaluations consisted of treatment-emergent adverse events reported during the
study period and of clinical laboratory tests (hematology, blood chemistry, and urinalysis),
vital signs, and physical examinations performed at admission and posttherapy.

Analysis Groups

Treatment comparisons are based on several analysis groups to assess relative efficacy and
consistency across different, standard approaches. The discussion and displays in the body
of this report focus mainly on the efficacy analyses based on (i) subjects classified as
clinically evaluable by the sponsor and FDA and on {ii) subjects classified as
microbiologically evaluable by the sponsor and FDA. Supportive efficacy analyses include all
subjects enrolled, i.e., randomized to a treatment group.

Demographic and Baseline Characteristics

Five hundred ninety subjects were enrolled in the study at 40 centers, including 295
subjects who received levofloxacin treatment and 295 who received ceftriaxone/cefuroxime
(intent-to-treat group). The sponsor’s efficacy analyses focused mainly on the groups of
subjects considered clinically or microbiologically evaluable; the demographic and baseline
characteristics for these two groups are presented in Table 1 and were comparable for the
two treatment groups. For the clinically evaluable group, approximately 55% of subjects
were men, 65% Caucasian, and the majority (84%) had infections that were categorized as
mild or moderate.
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Table 1. Demographic and Baseline Characteristics:
Sponsor Clinically Evaluable and Sponsor Microbiologically Evaluable Subjects

Lavofoxacin Ceftriaxone/Cefuroxime
Clnicaly Moobolog sal Cinbaly Morobbbgbaly _
Evahmbly Evatabh Evalable Evalabke -
N=226) N=128) (Na230) (=144} -7
Sex -
en 125 73 124 83
Woman 101 a8 108 3]
Rase
Cauasian 147 86 451 04
Blaok 74 “ 75 42
H nc 5 1 2 1
Orar o o : 0
Age [Yaars)
N 228 128 230 4
MaantSD 49.1:176 5002 80.1248. 5062
- Rarge - - —iipp i
Weight Jbs )
] 216 120 - 219 138
Mean+SD 7 (] 167, 2 i 451 75
Mising 10 8 11 [
. Sewerky
Savem 36 24 37 28
MR/ Woderae 90 107 93 146
Status
inpatmnt 104 & 96 60
Oupatient 22 68 134 84
NOTE: Values reprsemt bers of subp P as ctherwise ind d

Discontinuation/Completion Information

Of the 590 subjects enrolled in the study, 295 received levofloxacin and 295 received
ceftriaxone/cefuroxime (intent-to-treat group). Twenty-eight (10.1%) of the 277 subjects in
the levofloxacin group with known discontinuation/completion information discontinued
therapy prematurely and 249 (89.9%) completed therapy according to the regimen
prescribed by the investigator. Of the 277 subjects in the ceftriaxone/cefuroxime treatment
group with known discontinuation/completion information, 36 (13.0%) discontinued therapy
prematurely; 241 .(87.0%) completed therapy. The most common single reasons for
discontinuation in both treatment groups were adverse events and clinical failure (Table 2).

Table 2. Reasons for Premature Discontinuation of Therapy:
Sponsor Intent-to-Treat Subjects

Cetraxone/Cefurcxime

Levofbxacin

Raason No. (%) No. (%!
Adverse Event 13 (47) 12 (4.9)
Clinical Faius 9 42 8 RS9
Pmsumptiva Diagnosis Unconfimed k] {0.4) 1 {0.4)
Resistant Rathogen 0 0O 3 {1y
Pasonal Reason 2 0O 1t P4
Othar® 5 {18) 1" (4.0}
Total Discontinued 2 (101 % (130
Total mm'Dsoonhnualonf Complefion o717 o717 }

Information
Total with Unknown Disconnuation/ _

Completon information 18 18

* Pexentages ar basad on fotal number with discontinuation foompletion
inomation.
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Efficacy Results

Clinical Response g

Sponsor Results -

Among all sponsor clinically evaluable subjects in the levofloxacin treatment group, 72.1%
were cured, 24.3% were improved and 3.5% failed at the posttherapy visit, compared with
69.1%, 21.3% and 9.6% in the ceftriaxone/cefuroxime treatment group (Table 3a). The
data indicate that levofloxacin treatment was comparable in efficacy among subjects with
severe infections and those with mild/moderate infections.

FDA Results
Table 3b summarizes clinical response rates by investigator for FDA clinically evaluable

patients. The 95% confidence interval for the difference in cure rates
(ceftriaxone/cefuroxime minus levofloxacin) is ;35 20:(-25.6, -6. 1) s« s2%, SUGGeSting that
levofloxacin is superior to ceftriaxone/cefuroxime in terms of clinical cure.
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Table 3a. Posttherapy Clinical Response Rate By Study Center:
Sponsor Clinically Evaluable Subjects

Lavofoxacin Gefuisopne/Ceturmxime

98% Confdence
investigaor N Cumd Impoved Faded N Cumd Impoved Faled inmral
Alssi 4 3 1 @50 0 5 6(000) O (00) O QO
Bard. & sdoo) o “eoy o bo) « ‘=g o bY A [
Banison 2 g (5.0 ';’ (25.0) g Ng) "; g %5) 3 m.ga ; 8.1) {.,.)
Budzak e
Butord 3 o%g’) :uooﬁ% oﬁo 3 z“usg; 1 f&% 083 {;
Decker 0 o0 - o - 0 -- 1 1(1000;] © (0) O @O (...
Dunbar 23 1? (&2);) g 2.7) ; (t;,g’ 32 236 ﬁ{r) 13 (ﬁg’ ; B83) { 119, 143)
Elis ! ! Y .
Envin 1 18000 0 8‘3’, 0 (ong 2 1m0 1 gn 0 ((%% { 5
Fe 12 647 7 p83; 0 (00) 7 6 (Fi4) 1 {(43) 1(43) {0 )
Follett € 5 “ﬁ} 1 (15.7; o n} & 4 50D} 4 (0 0 ©0) -
Gaxdner 2 A 0 ©0) 1800 2 1{m0) 0 PO 1800) i %
Gevhder 13 10 (68 2 (654 1 (77) S 2@ 0 PO) 4(Hd) ()
Gombert 6 6{1000) C PO O {00) 4 3 0750) 150 0 @0 (.9
Gomes 7 6857 1 (143) © (00) 4 4(1009} 0o po o gm t. . ;
Grham 6 0 - 0 .- o - 1 0 ©O) 1(000) 0 PO (o
Gren J. 2 1(@0 1 @00) 0 (00) 2 200) ©0 PO) O PO { o0
Pt 3 2 mn P 00) HE -5 s oo o o0 foed
Habib 7 6 !g'r; 1 fﬁa; o 8’0) 6 4“(5.7 1 (gy 1(!%7 i o
Havichek 2 1(00 400 O (00 4 2 @m0 2 (0 O QO (..
Hever 16 13 {813) 1 ©3) 2(125 17 6 @53) 3 {76 874} (664 27
Holbway 6 4 (M0 3 @78 (125 5 3 80O} 4§ {00} {00 (.0 )
Hurt 7 7(1000) 0 PO) O (00 € 65 (83 0 PO {067 (..
ionsde 2 Z{100) 0 ©O0) O (OO 2 20000) 0 ©0) O @O ..
akki 3 1(B3) 1 (B3 1833 S 4800} 0 PO) 1(DD (.-
Joshi 2 00 1 &0} 1&00) 4 26000 0 ©O0) 2{™0) (.0
Kater 2 20000) 0 ©0) O (00 4 2800 2 (00 0 PO (0
Kohler 16 9 (%3 7 438) O (00 18 9 S00) 9 (00 0 PO) (3.4.3.4)
Mandel 2 {1 @00 4 (M0 O (00 1 0 PO} 16000 © (00 { .o -
Moyer 9 7(@8& 2 g22) o0 (0 9 & (89 1 ({111 0 (00 (.
Padgen 2 2(1000) © @O O {00 3 27 {{@3) 0 (00 (o
Parsons 5 3 (00 2 (400 O (00 5 2 400) 3 (@0) O OO (...
Payne 5§ 4900 1 (00 0 00 3 3¢00) O (00) O OO0 C...)
Player 2 15 @82 7 (314 O {00 15 B 867) 2 {33) 0 ©0) (33,33
Phutie § 5(000) 0 ©O) O (00 4 4{00) O PO O (00) (.0
Rut 4 3750 1250 0 (0 3 183 183 {0633) (.
Sagger 3 3(¢000 © ©0) 0 (00 3 2 @67) 1@33 O PO ()
Segmti 4 4¢000) O PO 0 (00) 6 4 @67) 2 (B3 0 OD) (.0 )
Shankman 0 0 - 0 - 0 - 1 4(9000] O (00) O PO (...
Combined 10 110 F33) 36 (B3) 6 B3I 150 105 F00) 32 @13) 13 @7) (-140,03)
Youl 226 10 §21) 85 (43) & PN 2% D M01) 0 @13) 22 8.8 (RT.43)
Numbers stown in pasemheses am pe pentages for that oamegory.

* A window of 1-10 days posthempy was used for demrminatio n of evaluablliy.

* Two-sided 95% oconfderce imenals for the diffe:

Zoad:

mine kvofo

i) In elink al soess aws urd

anrd improved) wam cakbyismed for swudy umsonul‘irg 10 ormom clinkally evakable subjacts in e@sch veatmant group.
“Combined = oa v that enroliad fewer than 10 olink ally evaluable subjeos in ekher taatment goup:

Alessi, Baid, Braniswon, Budrak, Bufoxd, Declar, Elis, Ervin, Fiis, Folat, Gaxiner, Gecider, G

h

G Gaah

Green J., Geen S, Grunteld, Habib, Havic hek, Holoway, Hunt, lonside, isaeksid, Josh, Kater, hm‘hl, Hoyu.r, Padgew,
Pacons, Payne, Poufle, Rutt, Seggev, Sagreti, and Shankman

Table 3b. Clinical Response Rate by Study Center: FDA Clinically Evaluable Subjects

Levofloxacin Ceftriaxone/Cefuroxime

Investigator N Cure Improve Fail FN Cure improve Fail

Dunbar 17 | 1 {65) | 6 (35) | O (0) 30116 (53) |9 (30) | & (17)
Heuer 17110 (59) |4 (24) | 3 {18) 1714 (24) | 4 (24) | 9 {53)
Kohler 16 |10 (63) | 6 (38} | O (0) 18 | 7 (39) | 9 (50) | 2 {(11)
Player 18112 (67) |6 (33) | O (0) 16 | 4 (25) {12 (75) | O (0)
Other 139 |86 (62) |46 (33) |7 (5) | 145|174 (51) |48 (33) |23 (16)
Total 207 1129 (62) |68 (33) |10 (5) ]| 226 | 105 (46) |82 (36} {39 (17)

Results are presented for investigators with 10 or more evaluable patients in each treatment group. All
other investigators are combined under “other”. Numbers shown in parentheses are percentages for

that category.
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. When the clinical response categories "cured™ and "improved™ were combined into a single
category of "clinical success” for sponsor clinically evaluable subjects (see Table 43),
levofloxacin treatment resulted in 96.5% clinical success and ceftriaxone/cefuroxime
treatment resulted in 90.4% clinical success, with a 95% confidence interval of'[-10.7, -
1.3] for the difference (ceftriaxone/cefuroxime minus levofloxacin) in success rates,
suggesting that levofloxacin is superior to ceftriaxone/cefuroxime. Clinical respdnse rates
were generally comparable across sponsor efficacy analysis groups and study centers.

Table 4b summarizes clinical success rates by investigator for FDA clinically evaluable
patients. The 95% confidence interval for the difference in clinical success rates suggests
that levofloxacin is superior to ceftriaxone/cefuroxime in terms of clinical success (clinical
cure + improvement).

Table 4a. Posttherapy Clinical Success Rates and Confidence Intervais By Study Center:
Sponsor Clinically Evaluable Subjects

Lavofbxacin Ceftriaspne/Cefuroxime

Investiganr N Swcess Failum® N Swwcess Faium® o3, GI
Alessi 4 4 (100.0) o 0O [ & (100.0) 0 (00 .
Baird 5 & (100.0) 0 PO 4 2 #00) 2 (500 .
Bmnkson 8 8 (100.0 0 PO " 10 ©09) 1 94 .
Budzalk 4 4 (1000) 0 poO 3 3 (1000} 0 (00

Butod 3 3 (100.0) 0 PO 3 3 (400.0) 0 (00 .
Decler 1] o - 0o - 1 4 (100.0) 0 PO e
Dunbar 2 21 Bis) 1 W9 30 29 §87) 1 B3) (119, 4 3)
Els 1 1 (100.0) 0 8.03 4 4 {un. 0 @D s g
Ervin 1 4 §0.0) 0 BO) 2 2 {100.0 o (00 o
Fie £ €300 0 po) 7 6 (857) 1 (43 )
Follett 6 6 (100.0) o po 8 8 (1000 0 (00 S
Gadner 2 1 0 1 .0 2 1 % 0 I
Geclder 13 12 gz; b ] 6(‘737)) 2 8 1 (11 e -
Gosmbert 6 6 (100.0) o Ppo 4 4 (9000 0 {00 o
Gomes 7 7 {00.0) o PO 4 4 (1000 0 (00 S
Graham ] 0 - [ I 1 1 (1000 0 .0 o <)
Gren J. 2 2 oo 0 PO 2 2 !mo o {00 o
Gren S. 0 o - 0 - 3 3 {1000 o Do .
Grunhk 3 3 (100.0) 0 poO 3 3 {4000 0 (o0 .
Habd 7 7 (100.0) 0 PO [} 5 833 i (67 <
Haviohak 2 2 (100.0 o po 4 4 (1000 0 (00 .
Hauer %® 4 @5 2 (125) 17 o @©29 8 (47.4) (B5.4,27)
Holioway 8 7 #75) 1 (125) 5 4 (800 1 (00 o
Hum 7 7 (400.0) o PO 6 5 833 i (67
tonside 2 2 (100.0) 0 PO e 2 (1000 0 (00 e
israiski 3 2 ®87) 1 (333) 5 4 {800 1 @00
Joshi ? 1 800) 1 (3.0) 4 2 @00 2 00 .
Kaler 2 2 {00.0) Y 4 4 (1000 0 (00 .
Kohlar * 5 (100.0) 0o Ppo) . 18 18 (1000 ¢ PO (3.4,34)
Mandel 3 2 (400.0) 0 g.m 1 1 {4000 o {00 (...
Woyer 9 9 (100.0) 0 PO 9 9 (1000 0 (00 (..
Padgett e 2 (100.0) ¢ PO 3 3 (4000 0 (00 {.,
Parsons 5 5 (400.0} o po 5 5 (1000 o {00 (...
Payne 5 & (100.0) ¢ 0O 3 3 (1000 0 0 (...
Player 2 22(1€0.0) o PO 13 # {1000 0 0O 33,33
Phutle 5 5 (100.0) 0 po 4 4 {4000 0 {00 (...
Ruft 4 4 (100.0) 0 po 3 2 @87 i @33 .
Seggev 3 3 {1000} I X 3 3 (1000 0 00 .
Segred 4 4 (100.0) 0 PO 6 & (1000 0 (00 .
Shankman o o - o - ] 1 (4000 ¢ @O ,
GCombinad® 150 145 ®67) 5 @3 #0 137 ®43) 13 (87) (-110,03)
Towl 26 218 ©65) s @5 2 08 ©I4) 1 BE (7,149
* A window of 1-10 days posttherpy wes ued for determination of evaluabiliy.

* Numbers shown in pamnth am p tages for thae calagory.

* Two-sicad 95% confid i Is for the differ (oeftriazpo ne/oel ime minus kvotbxaoin) in olinical

sucoess s ured and impoved) wem ¢ ab ulatwd brsuﬁ oenwrsenoling 10 or mom clinbally evaluable
subpcts in each yaxtment group.

“Combined = centers tatenrolled fewer than 10 clini ally uabl bjeos in either gouw: Abssi
Baird, Brank , Budzak, Butford, Ducler, Eliis, Ervin, Fils, Folatt, Gaxiner, Gackier, Gombar, G , Grham,
Green J., Green S, Gruniet, Habd, Havio hek, Holoway, Hunt, (orside, isaekki Joshi, Keller, Mandell, Moyer, _

Padgen, Pamsons, Payne, Ploute, Ruff, Seggev, Segret], and Shankman.
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Table 4b. Clinical Success Rates and Confidence Intervals By Study Center:
FDA Ciinically Evaluable Subjects

Levofloxacin Ceftriaxone/Cefuroxime
Investigator N Success N Success? 95% C_qnfidence
Interfval®

—_ e —

Dunbar 17 17 (100) 30 25 (83) (-34.6, 1.3)
Heuer 17 14 (82) 17 8 (47) {(=71.0, 0.4)
Kohler 16 16 (100) 18 16 (89) (-31.5, 9.3)
Player 18 18 (100) 16 16 (100) N/A
Other 139 132 (95) 145 122 (84) (-18.5, -3.2)
Total 207 197 (95) 226 187 (83) (-18.6, -6.2)

Resuits are presented for investigators with 10 or more evaluable patients in each treatment group. All
other investigators are combined under “other”.

*Clinical success is defined as either clinical cure or clinical improvement. Numbers shown in
parentheses are percentages for that category.

*Two-sided confidence interval for the difference {ceftriaxone/cefuroxime minus levofloxacin) in clinical
success rate.

Of the 205 sponsor clinically evaluable subjects in the levofloxacin treatment group who
had a poststudy clinical evaluation and had a posttherapy clinical response of cured or
improved, poststudy clinical responses were cure for 90.2%, improved for 5.9% and relapse
for 2.9% of subjects. Of the 193 subjects in the ceftriaxone/cefuroxime group who met the
aforementioned criteria, 92.2% had a poststudy response of cure, 5.7% improved, and
2.1% relapse. Poststudy clinical response ratings for the sponsor microbiologically evaluable
and intent-to-treat subjects were consistent with the results of the clinically evaluable
group.

Tables 5a and 5b summarize clinical response rates by pathogen for sponsor and FDA
clinically evaluable patients, respectively. For Table 5a, pathogens are separated according
to the method of evaluation (e.g., respiratory culture, blood culture, etc.).

Table 5a. Posttherapy Clinical Response for Subjects with Pathogens of Primary Interest:
Sponsor Clinically Evaluable Subjects

tavofboxacin Caftriaxone/Cefuoxime

Mathod of Evakation/Patogan® N Cumd improoved Faled N Cumd Improved Faiad
Respratry Oulturas

Haemophive infhenzae 30 2400) 8 R00) O PO 24 17 (08) 2 @3 6208)
Stmp P - 30 23(76.7) 7 @33) ¢ PO 33 24 (727) 7R12) 2 §1)
Ssaphybcoccur aurmus 10 8§00) 2 @00y O PO 9 6 P87y 222 tH{#1.4)
Hasmophiue parainfiuenzas 8 6F60) 1 (©285) 1{225) 22 10 485) 6273) 6{27.3)
Momxela (B, e fa) 7 4571 3 (€29 0 pO) 7 3 629) 4(&.9) 0 0.0)
oaanhals

Kiebsiafa preumoniae 3 2§$6.7) 1 33 0 PO 8 6 (75D) 0 Q0) 2(25.0)
Biond Ovkems

Sumprocoocus prevmonias [} 7078 2 (22 0 0O 8 4 B0D) 4(O} -0 O.0)
ServlogyfOther Evalsation

Prooedures

Chlamydia preumoniae 47 34723) 12 @55) 1t @9 54 34 B30) 16Q96) 4 74y
Mycoplsma prevmonie 19 15{789) 4 R14) 0 PO 22 17 [17.3) 522.7) 0 OO}
lLegonela preumophia 5 4(800) 1 (200) O {00) 4 2 @00) 1P50) 1250}

Numbers in pamntheses are percemages for that cawgoty.

* A window of 1-10 days posttherapy was used for determination of evaluabiiy.

* The most prevaient pathogens (N25) am presered in this summary for esch method ofevaliaton.
“ Number of subjpets who had that pathagen, albne or in combinatibon with other pathogens.
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97.9% to 100% of atypical pathogens detected by serology, as compared with eradication
rates of 75.0% to 100% among ceftriaxone/cefuroxime-treated subjects.

FDA Results EE

Table 6b summarizes microbiologic eradication rates by pathogen category, pathpgen, and
subject, for FDA microbiologically evaluable patients. Both the confidence interval for the
difference in eradication rates by pathogen and the confidence interval for the difference in
eradication rate by subject suggest that levofloxacin is superior to ceftriaxone/cefuroxime.

Table 6a. Posttherapy Microbiologic Eradication Rates Summarized by Method of Evaluation,
Pathogen, and Treatment Regimen: Sponsor Microbiologically Evaluable Subjects

Levofloxasin

q24h and g48h Cefriazone/
Pegimen Al Fegimens* Ceafuraxime
MN=148) (N=128) (N=i44)
Method of EvaleationPathogen” N Esdicaed’ N Endbawed N Eadbawd’ 9, Cr
Raspiatory Oultems
Haemophius mflenzae 28 28(1000) 30 30 (100.0} 24 19 @92) (W2, 25)
St procOCCUR pReumOnias 29 29({100.0) 30 30 {100.0) 32 31 @69 (-10.8,4.6)
Supbybcoccus avreus 9  9{o) 10 10(1000) S S{000) {...)
Haemophius parainfh 7 7(100.0) 8 7 @13 21 15 (14 (.1
Momxafa (Banhamela) catarrhale 7 7 (00.0) T 7(000) 7 6 @570 [
Kebsiela prevmonie 3 3(1000) 32 3(4000) &8 &{oD) (..
Blood
Sueprococcus preumoniag 8 8 (100.0) 9 9(1000) 8 8 (100.0) (...)
Sardlogy
Chiamycia preuncniae 42 42(400.0) 47 45 19 83 49 @28) (147,39
Mycoplasma preymonme 18 19(100.0) 19 © ({00.0) 22 22(100.0) (26,26)
Lagionefa prevmophia 3 3 (100.0) 5 5({000) 4 3 050 (...)
* A window of 1-10 days postthe mpy was wsed for dewemmination of evaluablliy.
* includes 118 mibobivlogtally juabie subjeots who roeived g24 and qi8h evatbxacin dasing for the entire couse of

therapy and e 10 subjects who moeived one or mome days of h.id. ievofozacin teatment.
* The mast prevalent pathogens (NR5) for either tmatmant group are presantad in this summary for each method of

avaluaton.
* Numbers shown in pamenthe am psxanages orthat casegory.
* Confilence inervals for the diffe (oefu Joet ime minus hvofibxacin) am given for all mgimens only for

pathogenk with 10 or more admission #olas in each teatment g UP.
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Table 6b. Microbiologic Eradication Rates by Pathogen Category and Pathogen:
FDA Microbiologically Evaluable Subjects

Levofloxacin Ceftriaxone/ .
Cefuroxime 95% Confidence
- Interval®
Pathogen Category/Pathogen N Eradicated? N Eradicated* | -= ~
Pathogen Category
Gram-positive aerobic pathogens 55 52 (95) 63 58 (92) (-13.2, 8.2)
Gram-negative aerobic pathogens 54 53 (98) 79 53 (67) (-43.6, -18.5)
Other 70 68 (97) 91 83 (91) (-14.2, 2.3)
Total by pathogen 179 173 (97) 233 194 (83) (-19.4, -7.4)
Total by subject 119 114 (96) 152 123 (81) (-22.8, -6.9)
Routine Bacterial Pathogens
Haemophilus influenzae 27 27 (100) 20 14 (70) (-54.4, -5.6)
Haemophilus parainfluenzae 9 9 (100) 19 12 (63) N/A
Klebsiella pneumoniae 1 1 (100) 7 3 (43) N/A
Moraxella (Branhamella) catarrhalis 7 6 (86) 6 5 (83) N/A
Staphylococcus aureus 7 7 (100) 7 7 (100) N/A
Streptococcus pneumoniae 35 34 (97) 42 38 (90) (-19.7, 6.4)
Other Pathogens
Chlamydia pneumoniae 57 55 (96) 90 78 (87) (-19.8, 0.1)
Legionella pneumophila 3 3 (100) 2 0 (0) N/A
Mycoplasma pneumoniae 21 20 (95) 20 19 (95) (-18.3, 17.8)

*Numbers shown in parentheses are percentages for that category.
®A two-sided confidence interval for the difference (ceftriaxone/cefuroxime minus levofioxacin) in
microbiologic eradication rate was calculated for pathogens with 10 or more admission isolates in each

treatment group.

Microbiologic eradication rates, by subject and pathogen for sponsor microbiologically
evaluable subjects, were 98.1% for subjects with mild/moderate infections and 100% for
subjects with severe infections in the levofloxacin group; in the ceftriaxone/cefuroxime
group, these rates were 87.9% for subjects with mild/moderate infections and 85.7% for
subjects with severe infections. The data indicate that levofloxacin treatment, as assessed
by subject or pathogen, was comparable in efficacy among subjects with severe infections
as among those with mild/moderate infections and produced eradication rates as high or
higher than ceftriaxone/cefuroxime treatment.

Summary

A summary of sponsor key efficacy results is presented in Table 7a. The clinical response
rates are comparable among the efficacy analysis groups within treatment groups. Higher
clinical response and microbiologic eradication rates were observed in the levofloxacin group
than in the ceftriaxone/cefuroxime group. The clinical response rates in the levofloxacin
group exceeded 90.0% for all analysis groups, as did the microbiologic eradication rate in
the subjects evaluable for microbiologic efficacy; thre microbiologic eradication rate for
intent-to-treat subjects with an admission pathogen was 88.0%. in addition, there was
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concordance between the clinical and microbiologic responses based on a cross-tabulation
of clinical response versus microbiologic response, further confirming the consistency and
reliability of these response measures.

Table 7a. Summary of Sponsor Key Efficacy Results —
Clinical and Misrcbiclogic Response
Lavofioxasin Cetrinzone/Ceturoxime
Clinkal Succass or Mero-
biokgic Eradcaton Rawas Clncal Succassor Mero- 99% Confdence
Responm/Growp Posthampy) bibbgic Eradiaton Raws® Imanat
Clinival Response
Iment-1o- Trea 257005  (90.5) 284005  (85.4) (9.8,00)
Gincally Evalusble 2187226 (G63) 208230 904) (107, -13)
M obobgivally Evakable 126M28 @77) 127144 ©882) {167, -32)
Microbiclogic Response
Mic obicbgically Evakablke 126/128 P84) 126/144 875) (-17.1, 4.7)
Inem-o-Treat 1461466 (88.0) 130/181 {76.8) (-194, 3.0)
Mierchiclogic Response Versas Cliaiea! Response’
Ohnwal Respmsee
Lewofbxaoin Cefriaxone/Cefuroxime
Aesponm N Cumd impoved Faind N Cumd impovad Failad
Emdoamd 126 93(R3.8) R (254) 1 08 6 91 (22 I (B4 3 R4
Persiswmd 2 0 PO 0 {00) 2 (100.0) 18 3 (16.7) 1 $0) 14 [778)
Towl 128 Q3727 2 (25.0) 3 23 144 o P53) B (229) 47 (11.8)

* Denominamor for cinbal success rale = cured + improved + faiied + unabie © evaluate. Denominaorfor mircbibbgic
erdcaton ake = eadoation + persisence + unknown.
* Two-sided 95% confid i | d the difie o eftiacone/oefuroxine minus lewofbxacin) in olinioal
or meobobg dication rates.
¢ Subjects with admission pathogans.
* Based on mkobiobgaly evakisble goup.

NOTE: Al mmwbiobg emdtation mias prsanad in this abla am by subjacy, is., mfiect emdcation of al pathog
solased for a given subjeot &t admission.

Table 7b summarizés “overall success rates” (defined by FDA as either clinical cure or
improvement with microbiologic eradication) by investigator for patients considered both
clinically and microbiologically evaluable by FDA. The 95% confidence interval for the
overall difference in overall success rates suggests that levofloxacin is superior to
ceftriaxone/cefuroxime.
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Table 7b. Overall Success Rates® and Confidence Intervals By Study Center:

FDA Microbiologically AND Clinically Evaluable Subjects
Levofloxacin Ceftriaxone/Cefuroxime .
95% Confidence
. ov =,

mvestigator | | Sverstl | | greraly
Dunbar 12 12 (100) 23 19 (83) {(-3%.2, 4.4)
Heuer 11 9 (82) 17 8 (47) (-75.1, 5.6)
Other 95 892 (97) 112 95 (85) (-20.5, -3.5)
Total 118 113 (96) 152 122 (80) (-23.5, -7.4)

Results are presented for investigators with 10 or more evaluable patients in each treatment group. All
other investigators are combined under “other”. *Overall success is defined as either clinical cure or
improvement with microbiologic eradication.

*Numbers shown in parentheses are percentages for that category.

“Two-sided confidence interval for the difference (ceftriaxone/cefuroxime minus levofloxacin) in overall

success rate.

Safety Resuits

Summary of All Adverse Events

Five hundred eighty-four subjects of the 590 enrolled were evaluated for safety. Of the 584
evaluable subjects, 291 received levofloxacin and 293 received ceftriaxone/cefuroxime. Four
levofloxacin-treated and two ceftriaxone/cefuroxime-treated subjects who were lost to
follow-up with no postadmission data available were excluded from the safety analysis.

One hundred forty-six (60.2%) of 291 subjects evaluable for safety in the levofloxacin
treatment group and 146 (49.8%) of 293 subjects evaluable for safety in the
ceftriaxone/cefuroxime treatment group reported at least one treatment-emergent adverse
event during the study, including events considered by the investigator as related or
unrelated to study drug (Table 8). All body systems had confidence intervals that included
zero (indicating no statistically significant difference between treatments) with two
exceptions: heart rate and rhythm disorders (reported by five levofloxacin-treated subjects
and none of the ceftriaxone/cefuroxime-treated subjects) and urinary system disorders
(reported by five ceftriaxone/cefuroxime-treated subjects and none of the levofloxacin-
treated subjects). Gastrointestinal adverse events were the most common adverse events in
both treatment groups (22.3% for levofloxacin and 25.9% for ceftriaxone/cefuroxime). The
body system with the second highest reported incidence of adverse events for both
treatment groups was the central and peripheral nervous system; the incidence of adverse
events in this body.system was approximately qne-half that observed for the gastrointestinal
system.
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Table 8. Incidence of Frequently Reported (>2.0%) Adverse Events
Summarized by Primary Term: Subjects Evaluable for Safety

Gafuiscone/

Lavofozacin Cefurcxima -
—Dezoh) . _Mepl
Body System/Primary Term N ) N & "7
ARl Body Syswaws 146 2 146 49.8) -
Skia and Appanduges Disarders
Rash 2 (0.7} 6 (20
Onavel & Paripharel Ne Sysswn Disard
Haadac he 19 [.E3] 31 06}
Diziness ] {1.7) 10 (34)
Psychiatrie Disarders
insomnia 3 (4.5} 16 85
Gustroin | Sysam Disordars
Nausea 2 (69) 2 @7.5)
Dianhea 17 5.8) a3 11.3)
Constipaton 12 4.1) 10 g4;
Vomiting i .8) 10 4
Dyspepsia ] @.1) 12 1)
Flatulence [} (24) (1] {0.0)
Abdominal Pain S5 {1.7) 11 (3.8)
Res sham Disorders
Dys‘ma.' i 6 ed) 4 {1.4)
Rhinits 3 (1.0) € (20)
Reproductiva Disorders, Farnmid’
Vaginhis 4 {3.1) 2 {15}
Body As A Whale - Gensrel Disorders
Chast Pain 14 {3.8) o (0.0}
Back Pain 6 24 [ {20}
Pain 6 (2.1) 4 (1.4}
Fatigue 2 0.7) 6 {20)
. * Primary @rm mpored by 32 0% of subjacs in eithar teatment goup.
i * Pexcemages cakculawd from a ol ber of able for safaty in each testmant goup. The
otal ber of who had Rvotbxacin was 131 and the vl berof who med

cefriaxonebefuxime was 131.

Seventeen (5.8%) subjects in the levofloxacin treatment group and 25 (8.5%) subjects in
the ceftriaxone/cefuroxime treatment group had adverse events considered by the
investigator to be drug-related, i.e., probably or definitely related to study drug. Drug-related
adverse events reported by >1.0% of levofloxacin-treated subjects were nausea (1.7%),
diarrhea (1.4%) and injection site pain {1.0%). Drug-related adverse events reported by
>1.0% of ceftriaxone/cefuroxime-treated subjects were diarrhea (3.8%), nausea (2.0%),
dyspepsia (1.0%]}, and vomiting {1.0%]).

The majority of adverse events were assessed as mild in severity. Twenty subjects in each
of the levofloxacin and ceftriaxone/cefuroxime groups reported one or more events of
marked severity. In the levofloxacin group, the most common of these events consisted of
respiratory disorders (five subjects) and cardiac events (four subjects). In the
ceftriaxone/cefuroxime group, the most common marked events consisted of respiratory
disorders {eight subjects) and disorders of the body as a whole {four subjects).

- Discontinuations Due to Adverse Events

Twenty-five subjects discontinued the study drug due to adverse events (Table 9), including
13 in the levofloxacin treatment group and 12 in the ceftriaxone/cefuroxime treatment

. group. In the levofloxacin group, all of the adverse events (with the exception of one case

' of diarrhea that occurred on Day 12) leading to discontinuation emerged within the first five
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days of therapy: these adverse events included primarily gastrointestinal complaints or
central and peripheral nervous system-related symptoms. Treatment-limiting adverse events
in the ceftriaxone/cefuroxime group most frequently consisted of gastromtestlnal
complaints. S

Table 9. Subjects Who Discontinued Therapy Due to Adverse Eveﬁt—?, _

.

Subjact Adverse Bvent Swdy Day Feaktionship © Duration of

Number  Age Sex (Primary Yam) OtOnset Sevariy Sudy Dng* Tharapy (Days)
Levoficadn
83 F  Dyspraa 1 Maried None 1
48 M Convulions' 1 I ricad None 1
60 F  Diamhea 12 Nild Probable 12
72 M Cardac Fadure 4 Maded Nore 4
59 F  Vomiting 3 Noderade Probable - 3
.4 F  Injecton ske pain 1 Modeate Datinie 1
Inpeton sie macton 1 Mode e Cafinle
Prurkus 1 Mode e Definke
65 F  Somnolence 3 Mared Remow 2
Speech disorder 3 Maried Remoe
Swpor 3 Marked Femote
Temor 3 Markad Remowe
“ M Diarrhea & Moderate Possble 1
72 M Abdominal pain 2 Moderase Probable 2
70 M Asthenia’ 2 Mods e None 3
Dnhydﬂton' 2 Mode e Possible
Nausea' 2 Mode awe Possible
Vombirg' 2 Unknown Possible
78 F  Asthenia 2 Mode e Definie 2
Dizziness 2 Mode e Definie
Rigors 2 Modenw Dafinie
Vomitng 2 Modene Definie
E-] & WBC abromalros -] Mode e None 4
76 F  Syncope! 3 aried Possibe 2
Oeftrax one/Cefuraxime
88 F  Gastroermriis' 3 Modesw None 2
68 M Rash 6 iid Possble ]
79 M Sputum incmased 7 Moderase Fossble ?
67 F  Dianhea 3 Mariad Defnita 12
Nausea 3 Marbad Dafinia
Darhea 0 Marted Definie
a9 F  Dyspnea 2 aried None 2
Somnolence 3 Martad None
e F  Tongus adema 1 Marad Dafnin 1
38 F  Headache 1 Mode rate Possble 6
. Insomnia. 1 (1] Possible
o4 F  Abdominal pain ] Dcie rate Possble -]
Diarrhaa 5 Mode aw Possible
] F  Disthaa 6 Moderase Probable 12
. TJorgue disorder 6 Mode e Probabke
62 M Rash 3 Mode rate Probabie 4
= F  Myocadial infamton’ 4 Mariad None 1
67 F  Phiebhis 3 ol Possbie 2
* Relativa © start of therpy (Day 1)
d But.l on hubu:u‘sa-lmm.
* ECQ and cadlisc enzyme y howed dial & ‘Gbnhunsc.hr&wldhﬁe
indiviual study nponduhawkh h:on-uh:) This event was not b gentas k

ooourred prior © the siudy. On Day 2, this subjeot experenced amrhythmia, cadiac arest, and msprabry
insutficiancy; none of thase events is liswd In the Individusl study mport daa base ror givan as e mason br
discontinaton, but al wer mpormd in the AWJ PRI serbus adwerse event reporting database.  Swudy diug was
discontinued l.l\d Mwbhct diad on the same day.

! Serous or p Ch event (see Table V).

** Sybject also h.danmbdl/ahnom»lhbonoryum isee Table 34).

- -

Serious or Potentially Serious Adverse Events, Including Death
Twenty-three subjects in the levofloxacin treatment group and 24 subjects in the
ceftriaxone/cefuroxime treatment group reported a serious or potentially serious adverse
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event during or up to approximately four weeks after completing study therapy (Table 10),
including two deaths in the levofloxacin group and eight deaths in the :
ceftriaxone/cefuroxime group. Of the 47 subjects with serious or potentially serious adverse
events, five withdrew from the study because of the adverse event. In the majotity of
cases, the serious or potentially serious adverse event was considered by the investigator to
be unrelated or remotely related to the study drug, and, in many cases, appear_e’a 1o be
related to the subject's underlying physical condition.

Table 10. Subjects Who Had Serious or Potentially Serious Adverse Events

L 3 s

Subjact Advese Evants Swdy Day Falatonship © Duration of
Number Age Sex (Primary Temn) of Onset Sevariy Swdy an? Tharspy (Days)
Lavaficcacia
47 M Cardiac falure’ 46 (PT33) Unimown None 193
Sepsis 46 (PT33 Mariad None
Myocaxdial infarction L4 T 34, Maried None
48 ] Convulsions 1 Maried None 9
& M Hypergiycemia 5 WMaried None 10
75 L] Pneumonia* 31 (PT21) Unknown Remow 10
-] M Pulmonary cax inoma 4 Marked None 10
3 F Hyperialamia 17 P Mode awe Possibe 1t
Gastoenteritis © PT8 Mode @we Possble
o) F Pleursy’ 16 gT 6 Unknown None
Pltnorny nfkraton’ 42 (PT32 Unknown None
= F Neuomal 17 (PT4) Unknown Famow 3
53 M Pancreatitis 16 g'l' 2; Marked None 14
Vomiing 16 T2 Marked Nore
Abdominal pan 16 T2 Maried Honre
31 L} Dysprea 36 T26 M None 10
Cadiomyopathy “ 3H Modenw Nore
35 F Dyspnea 3 Marked None 3
Hypoxia 3 Marsiad None
0 M Backpain 5 PT4) wMd None “
67 L Esophagitis 6 Modenw Possible 8
64 F Pneumonia 2 Maried None "
& F Mabise -] Modenw Possibla “
Nausea 5 Moderae Possibie
Vomiting 5 Modenw Possible
H M Carci 24 PT 172 Masked None 7
40 M Gl hemomrhage 18 {PT 4 Node rae None “
Pancreatis 18 T 4; Mariad Nora
Hypoglycemia' 37 (PT23}) Unknown Remowe
Akotol inolerance’ 37 (PT23) Unknown Famow
70 ] Asthenia 2 Mode e None 3
Dehydraton 2 Modenwe Possible
Nausea. -4 Moderaw Possible
Vomiing® 2 Unknown Possible
b F  Syncope* 3 T1) Marked Possibla 2
Dehydcation” 7 T 6; Unknown Remow
Postual hypownsion® 7 TS Unknown Pemow
74 F Fibrilaton atrial 2 Masied None 8
73 F Pamsi 20 PT Unknown Ramow 3
Speeoh disorck? 20 PY 7 Unlknown Remow
Swu 20 PT 7 Unknown Famow
' 68 M  FRespravry insuffolency 2 PT 4 Marked None 1
Fibrillation ventricular ] T8) Mariad Hone
- Acite renal faiure* Uninown Uninown Ramow
50 L | Skin neoplasm malignant 2 Moderaw Nore 14
Angina pacoris aggravaead 2 PTI5) Mclenw None
Dysprea 29 __(PT ¥5) Moderaw Nore
* :;:s‘l;o‘:nn of therapy (Day 1). Now: PT refers © the number of days posthempy eiatve © st day of study dng
aton.

' Based on nvestigabr's assessmant

“ An ND Safety Repont was filsd with he FDA for thissub, i

This serous adverse svent was reporad afmr the schedulad postthempy visk and therefoms does rot appearon tha case
REPOIT form o7 In the data base for this indiviiual study mport  Howewer, this event was coleowed ac part of the RWJIPRI
.vbtssmsc event mporting dae base and is therefom reflecmd in the pooied safety database br the NDA imegrased
Safey Sunmary.

Thb'a’dvu! eventdoes rot appear in the indiviual study mport data base but was captured as serbusg in the RWJPR!
|ROE avese event porting data base; & & themfore mficwd as serows in the poolad safaty dat base for the NDA

! Yh':'.rbusld'n- mni. which appears a5 ONSRMOWE in the indivdual study mport database, was captured a6 serious
in the RWJPRI serbus adverse avent reporting ciata base; &t is themfor mfisond as serbus in the pooied satety data
base for he RDA | awd Safety Summary.
This subjpct was e by Dr. izunomand sthembme notincluded in the IndMtiul study mport data base. The

i powntialy serk ch evant reporad for his subjact i inciuded here for complawness in serous adverse

evant reporting. .
* Subject discontived due © ths adveme event {see Tabk VII).
=* Submct also had markedly abnommal aboary value (see Table 34).

' Subjectdied as a rsuk of the serbus adverse evert(s). An IND Safety Repont was submised 1 FDA for SubjectIS.

-
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Table 10. Subjects Who Had Serious or Potentially Serious Adverse Events (Continued)

e s e m g rers s seim mmrismm ot ¢ s eirbensy mmtcemm s Hms BeS & mmi Biiim ) Himeg s e o =1 oy N = Siomscm bap
Subject Aculu Evanys Swdy Day Raltonsh: Durmtion of
Number Age Sex (Primay Term) of Onsut* Severiy Swdy Thasapy (Days)
Owfrinx ona/Onfurcsime - N
3 ] Anemia 15 #P'N N 1 _
6 M Hean dsoxier’ 18 (PT 44 Unknown Unknown 7 _
nea' 17 PT 1 Unimown Unknown —
a2 F Hypogivoe min 25 PT 414 None 14 -
Urinary tact infecton’ 25 PT 11 Uninown None -
54 F Bone disorde 44 PT Unimown None -]
nes a4 PT X Unimown None
72 L} Hapatic fadure 12 PTH Ramow 1"
58 F Gastoemerits 3 PT4 Moderata Nona
72 F Respiatory talue! 19 T Unimown Ramoe 410
96 F hmbly insuffcimncy 7 Mariad None 8
8 M rled Nome
70 M Pmunnnyns oarinil' 23 (PT10) Unknown None
Se 23 (PT0) Uninown Nona
56 w Aggressve macton 8 d None 9
Damantia 8 Mid Nona
Depresson 8 None
71 F nea’ 1 Uninown U nicnown 1
76 F Bronchiis 18 (PT3) Marlad Nore 15
Respiatory insuffoiency 18 T3)  Maried None
[-24 M Pulvonary cax homa* -} PT4) Uninown Remow 8
96 ] Cerebrovascyler dsorder 9 T4) Unknown Remote ]
Sepsis ] PT4) Unlmown
75 F Respiavty irsutfcency 2 asiac None e
61 F Pulmonary cax homa* 0 Unknown Remoe 15
80 ] Asthenia 13 PTS) Marled None 8
Leul@mia 3 PT 5} Maread Nore
Pmcmpenh 13 PT 8§, Mared None
morhage’ 24 PT 5} Unknown None
Car.lnc fanure® 24 PT 6 Unknown None
67 F Renal furction abnomal 4 Maried None 4
Dyspnes 7 Marad None
Sputum increased 5 ®T4  Maded None
Rnpnbvy insutfciancy’ 37 (PT23) Uninown Ramote
35 F 4 Moderaw Pobabk 14
D’spewn 4 Wlode e Probable
Nausea 4 Modemwe Probabke
Vomiting 4 Noderawe Pobabie
42 L] 3 Marked Ramow 13
Dmbetes melitus* 35  (PT22) Unknown None
sis* 35 (PT2) Unknown None
76 ] GerebDvascultr disorder’ 30 PT © Unknown Remow “
42 ] inesinal perbln:m 4] Marted None 5
72 F Arhyhmin® 2 (PT1)  Unknown Remow 1
Caxdiao amest’ 2 PT 1 Unknown Remote
""""?.7 insuffciency” 2 PT 4 Unknown Remowe
S 2 ariad None
72 ] Cohn CAICINOMa L] PT2) Modenw None 3
* Ralatve o;hnoﬂhenpy {Day 1). Now: PT refers © the wmrdda;spcnhcnpy mistive ©© hﬂdq of saudy drug
adminstmn
* Based on investigatrs asvessman.
* An ND Safey Repont was filad wih the FOA for this subjact
! This serous adverse event wes repored afer the soheduisd m-yyulmmﬁau R#Puonmoa- mpott forr
orin he data base Hr this individual study -roﬂ Howewr this avent was coflscted as 4 fous iverse awent
nponngdaﬁ base and s tharefore uhtyd‘!b-cbrhﬂml m
M 5 adverse @ doesmtaanarini’nndwﬂmlsmdynpmdumbutw-m % mIDUS \in PRt serbus
sm-nnmnpmmboqlh n refiected as sarbus in the pooled saaty daw bese for the NDA Inegramd Safaty
! Thbmpﬂ wes anoliad by Dr. Megglacomo and s thembm vmhciucbd in the mwum mport data base. The serbus or
ntally serious advems event mpored for this subjeot is included svent mportng.
! Thsevent was shought © be prexstng. X
* ECQ and cardiac sdinl infa ‘“b‘& Inus.lbr(lwominhhdkﬂulnndy

pondub-wlhhconuuh-j Tl\kummnot Hemd prorwo the swudy. On Day
2, this subjact exparianced amhythmia, amst, and Inmutfic mncy,; mofv-u Mmkhdhmmw
nudy mport data base nor an a5 tha mason brdnonmu-nn, but all were npor‘d in the AWJPR!| serous adveme svant
sporting danbasa. Study drug was disconsnved and the subjact ded on the same day.
¢ Subject discontiwed due 0 the adveme evert he Yabk VIf).
“Subp 1 also had value {(swe Table 3M4).
nbpoidtd.a-mkdthnnlbuaénmmmb

Clinical Laboratory Tests

There were no clinically significant treatment-emergent mean changes from admission to
posttherapy for any laboratory analytes in either treatment group, with comparable results in
both groups. Theincidence of markedly abnormal test results for individual analytes within a
given treatment group was low (<4.7%) and comparable across treatment groups, with the
exception of SGPT and SGOT which were elevated in a greater proportion of
ceftriaxone/cefuroxime-treated subjects than levofloxacin-treated subjects (Table 11).

Seventy-five subjects (34 in the levofloxacin group and 41 in the ceftriaxone/cefuroxime
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group) had a total of 99 markedly abnormal test results after therapy start. Seven subjects
in the levofloxacin group and 11 in the ceftriaxone/cefuroxime group had markedly
decreased lymphocytes. Twenty-five subjects had markedly abnormal glucose levels: three
levofloxacin-treated and three ceftriaxone/cefuroxime-treated subjects had increased glucose
levels and 11 levofloxacin-treated and eight ceftriaxone/cefuroxime-treated subjects had
decreased glucose levels. Four subjects in the levofloxacin group and 15 subjects_in the
ceftriaxone/cefuroxime treatment group had markedly abnormal liver function tests
(elevations in SGOT, SGPT, or alkaline phosphatase).

Table 11. Incidence of Treatment-Emergent Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Levofoxadn Ceftiaxone Celuroxime

Proportion® % P roportion” %
Blood Chemistry
Elevaled Glucoss 3255 12 3248 12
Decreased Glucose 11/255 43 8248 32
Elevated Potassium 0260 00 1251 04
Decreased Potassium 02260 00 1251 04
Elevated P hosphorous 3254 12 0246 00
Decreased Phosphorous 4254 16 2246 06
Elevated BUN 11269 04 0257 00
Elevaled LDH 0261 00 2251 08
Decreased Abumin 01262 00 17251 04
Elevaled Uric Acid 0/268 090 1257 04
Elevated Alkaline Phosphatase 12265 04 1254 04
Elevated SGOT 12268 04 ans7 35
Elevated SGPT 2269 07 120257 47
Elevated Birubin 17258 04 on47 00
Hemwtalogy

Decraased Neutrophils 11253 04 043 00
Decreassd Lymphocytes 71253 28 11243 45
Decreased P lat eld Count 0244 00 1240 04

“Numerstor = number of subjects wih a treatm eni-em ergent markedy abnomat
{est vaiue and denominator = number of subjects evaluable (.e., admission end postadm ission
date avaleble) for that analyte. Subjed s with posttherapy laboratory results obtained more
than 30 days PT are not included in this analysis.

Physical Examinations and Vital Signs

There were no clinically significant changes from admission to posttherapy in levofloxacin-
treated or ceftnaxone/cefuroxlme-treated subjects, with comparable results in the two
groups.

Conclusions

Levofloxacin was safe, well-tolerated, and effective in the treatment of subjects with
community-acquired pneumonia. Clinical success rate, microbiologic eradication rate {by
pathogen and subject), and overall success rate in the levofloxacin treatment group were
each statistically significantly different (i.e., higher) than those observed in the
ceftriaxone/cefuroxime group in FDA analyses.

-
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Study M92-075

Title
A multicenter, noncomparative study to evaluate the safety and efficacy of levofioxacin in
the treatment of community-acquired pneumonia in adults. - -

——— 7

Objectives

The objective of this study was to evaluate the safety and efficacy of levofloxacin 500 mg
administered intravenously or orally once daily for 7 to 14 days in the treatment of
community-acquired pneumonia due to susceptible organisms in adult inpatients and
outpatients.

Study Design
This was a noncomparative multicenter study. Subjects who met the entry criteria were
treated with 500 mg of levofloxacin intravenously or orally once daily for 7 to 14 days.

Efficacy evaluations were based on assessments of clinical symptoms, chest examination
and radiographic signs, clinical response (evaluated posttherapy as cured, improved, failed,
or unable to evaluate and poststudy as cured, improved, relapse, or unable to evaluate), and
on microbiologic eradication of the suspected pathogen(s) isolated at admission {baseline)
and of the subject’s infection considering all pathogens isolated. Clinical signs {chest
examination) and symptoms were monitored at admission, while on therapy (Days 2 to 4),
at the posttherapy (posttherapy days 5-7 -- note: the sponsor actually accepted posttherapy
visits which were 1 to 10 days after the end of therapy) visit, and at post-study
(posttherapy days 21-28) for subjects who had a poststudy visit. Cultures, Gram stains,
susceptibility testing, serologic studies, and other diagnostic evaluations of respiratory
secretions and blood samples were performed at admission and repeated at the posttherapy
visit and, if appropriate, poststudy. Microbiologic response at posttherapy in the group of
subjects evaluable for microbiologic efficacy represented the primary efficacy variable for
this study. Clinical response was a secondary efficacy variable and was based primarily on
the groups of subjects evaluable for clinical and microbiologic efficacy.

Beviewer’s Note: For both clinical and microbiologic efficacy analyses, FDA evaluated
patients whose posttherapy visits were 5 to 10 days after the end of treatment based on
their posttherapy outcome. Patients whose posttherapy visits were O to 4 days after the
end of treatment were evaluated based on their poststudy outcome. In addition, evaluable
patients with IgG titers equal to 1:512 for Chlamydia pneumoniae were included in FDA
analyses (they were excluded in the sponsor’s analyses). Finally, only patients dosed once a
day were included in FDA analyses presented here (ie, patients receiving bid dosing were
excluded). Please see the medical officer’s review for a more complete definition of patients
considered evaluable by the sponsor and FDA for clinical and microbiologic efficacy analyses
(and also for results for patients dosed bid). ~

Safety evaluations consisted of treatment-emergent adverse events collected throughout the
study and of clinical laboratory tests (hematology, blood chemistry, and urinalysis), vital
signs, and physical examinations performed at admission and posttherapy.
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Analysis Groups

The discussion and displays in the body of this report focus mainly on the efficacy analyses
based on (i) subjects classified as microbiologically evaluable according to the sponsor and
FDA, and (ii) subjects classified as clinically evaluable according to the sponsor @nd FDA.
Supportive efficacy analyses are based on all subjects enrolled, i.e., intent-to-treat-
population, and subjects who had a pathogen isolated at admission, i.e., modified_intent-to-
treat subjects with an admission pathogen.

Demographic and Baseline Characteristics

Two hundred sixty-four subjects (intent-to-treat group) were enrolled in the study at 18
centers. The sponsor’s efficacy analyses focused mainly on the groups of subjects
considered microbiologically or clinically evaluable; the demographic and baseline
characteristics for these two groups are presented in Table 1 and were similar to those of
the overall study group of 264 subjects. Among subjects who were microbiologically
evaluable, 56.4% were men, 79.8% were Caucasian, 77.9% had mild/moderate infections,
and 55.8% were treated as outpatients.

Table 1. Demographic and Baseline Characteristics:
Sponsor Clinically Evaluable and Sponsor Microbiologically Evaluable Subjects

Levdloxacin
Clinically Evaluable Miaobiclog oally Evaluable
(N=23) (N=163)

Sew

Men 132 2

Wamen 102 71
Race

Caucasian 195 130

Bladk 34 26

Hispanic 4 4

Other 1 1
Age (Years)

N - 2347 8 531

Mean5D 522417. 0£18.1

HRange “
Severity

Severe’ 40 36

MildModer ste 194 127
Status

Inpatient 88 72

Oupatient 146 91

NOTE: Values represent numbers of subjects evoet as atherw ise indicated.

Discontinuation/Completion Information

All 264 subjects enrolled in the study received levofloxacin treatment; 248 (93.9%) subjects
were treated with 24h or q48h dosing regimens throughout their entire course of therapy,
and 16 (6.1%) subjects received one or more days of q12h dosing. Of the 256 subjects
with known discontinuation/completion information, 23 (9.0%) subjects discontinued
therapy prematurely and 233 (91.0%) completed levofloxacin therapy according to the
regimen prescribed by the investigator. Discontinuation/completion information is unknown
for an additional eight subjects who did not return for the final visit. Reasons for premature
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discontinuation are summarized in Table 2. The most common reasons for discontinuation
were an adverse event or clinical failure.

Table 2. Reasons for Premature Discontinuation of Therapy: _ —
Sponsor intent-to-Treat Subjects

Levoflonadin
(N=264)

Reason No. o
Adverse Evert L] (3.5
Clinicdl Falue 8 (<A}
Resistart Pathogen 1 0.4)
Petsond Reason 1 (0.4)
Ochee® 4 (1.6)
Total Discortinued 23 (9.0)
Totd with DiscontinuationdCompletion Iformation 256 (100.0
Totad with Unknow n DisoatinuatianCompletion {nformadon 8

* Pecoernages are based on otal number with dis continuati onfoompletian inform ation

* Subjects 603 and 2302 recqui od u eatment with additianal antibiotics and were withdsaw n from the study
alter 1eceiving levofloxacin teatmert far thvee and 10 days, respeciively. Subject 205 was dropped
from the study shier receiving levcflotacin therapy for one day because the investigator dd not
consider the infection to be severe enoudgh to w arrant pasticipation in the study. Subject 2806 was
withck aw n ater seven days of levollokacin reamernt because of puisistent pre-evisting diathea

Efficacy Results

Clinical Response

Sponsor Results

The clinical response posttherapy for levofloxacin-treated subjects considered clinically
evaluable by the sponsor is summarized by study center in Table 3a. Among sponsor
clinically evaluable subjects, 77.8% were cured, 17.1% improved, and 5.1% failed
treatment. For the sponsor intent-to-treat group, 72.3% were cured, 20.1% were improved,
6.8% failed treatment, and 0.8% of subjects could not be evaluated.

FDA Results
Table 3b summarizes clinical response rates by investigator for FDA clinically evaluable
patients. The overall cure rate for levofloxacin was 52%.
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Table 3a. Posttherapy Clinical Response Rate By Study Center:
Sponsor Clinically Evaluable Subjects
Levdioiadn

Irwestigator N Cuwed improved Faded
Abire 4 4 (1000 0 0.0 0 ©0)
Candl 3 7 ma 2 @22 0 ©.0)
Chaaman 24 18 (66.7 - 208 3 28
Epcwin 10 2 (200 6 (600 2 (00
Faris ] 6 (667 1oL 2 @22
Fogarty 60 57 95.0 3 5.0} 0 (0.0)
Gaman 10 s %00 1 noo 0 ©.0)
Grum 9 T ma 1 ma 1 (1.1
Kernodie 4 1 250 3 o 0 0.0)
Liebhaber 6 4 (667 1 nem 1 %]
Mogyoros 4 0 10.0) 3 50 1 5.0
Nahum 4 3 (750 1 250 0 ©0.0)
Nelson 4 3 (50 0 (0] 1 5.0
Rodman 7 B (941 1 5.9 0 0.0)
Rosen 5 2 40.0 3 (60.00 0 0.0
Sdlwan a7 a0 @S 6 (128 1 21)
Swezey 4 2 50.0 2 50.0 0 0.0)
Upehurch 4 3 (750 1 @50 0 (0.0)
Total 23 1 8 40 [LkAT) 12 (Al

Numbers shown in parentheses s e peroentages for that category.
* A window of 1-10 days posttherapy was wsed for determinatian of evaksability.

Table 3b. Clinical Response Rate by Study Center: FDA Clinically Evaluable Subjects

Levofloxacin

Investigator N Cure Improve Fail

Chattman 18 |11 (61) | 6 (33) |1 (6)
Fogarty 50 119 (38) |31 (62) |0 (0)
Gaman 10 |5 {50) | 5 (50) | O (0)
Grum 11 |7 (64) | 2 (18) | 2 (18)
Rodman 14 | 6 (43) | 8 (57) | O (0)
Sullivan 41 | 31 (76} | 9 (22) |1 (2)
Other 59 |26 (44) |22 (37) |11 (19)
Total 203 | 105 (52) | 83 (41) | 15 (7)

Results are presented for investigators with 10 or more evaluable patients in each treatment
group. All other investigators are combined under “other”.
Numbers shown in parentheses are percentages for that category.

For sponsor clinically evaluable subjects, when the clinical response categories "cured™ and
"improved” were combined into a single category of "clinical success”, levofloxacin
treatment resulted’in 94.9% clinical success (see Table 4a). Clinical success rates were
similar for subjects with mild/moderate (94.3%) and severe (97.5%) infections. Of the 1562
clinically evaluable subjects who completed the poststudy evaluation and who had a
posttherapy clinical response of cured or improved, poststudy clinical responses were cure
for 141 (92.8%) subjects, improved for seven (4.6%) subjects, and relapse for four (2.6%)

subjects.
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Table 4b summarizes clinical success rates by investigator for FDA clinically evaluable
patients. The overall success rate for levofloxacin was 93%.

Table 4a. Posttherapy Clinical Success Rates By Study Center: .
Sponsor Clinically Evaluable Subjects

'
b L
Vo

Levofioxacin

Invesligator N Success Faiure

Alwine 4 4 (100.0 (] (0.0)
Carroll 8 9 (100.0 0 (0.0)
Chattman 24 21 (87.%5 3 (125)
Epstein 10 8 (80.0Y 2 (20.0)
Faris 9 7 @7.8) 2 2.2
Fogarly 60 80 (100.0 0 (0.0)
Gaman 10 10 (100.0) 0 (0.0)
Grum 9 8 (88.9) 1 (11.1)
Kemodie 4 4 (100.00 0 (0.0)
tiebhaber 6 5 (83.3) 1 {16.7)
Magyoros 4 3 75.0) 1 (25.0)
Nahum 4 4 (100.0 0 (0.0)
Nelson 4 3 {75.0) 1 (25.0)
Rodman 17 17 (100.0) 0 (0.0)
Rosen 5 5 (100.0 0 0.0)
Sullvan 47 46 (97.9) 1 2.1)
Swezey 4 4 (100.0 o (0.0)
Upchurch 4 4 (100.0) 0 (0.0)
Total 234 222 (94.9) 12 5.1)

Numbers shown in parentheses are percentages for that category.
*A window of 1-10 day's posttherapy was used for defermination of evaluabilty.

Table 4b. Clinical Success Rates By Study Center: FDA Clinically Evaluable Subjects

Levofloxacin
Investigator N Success*
Chattman 18 17 (94)
Fogarty 50 50 (100)
Gaman 10 10 (100)
Grum 11 9 (82)
Rodman 14 14 (100)
Sullivan 41 40 (98)
Other 59 48 (81)
Total 203 188 (93)

Results are presented for investigators with 10 or more evaluable patients in each treatment
group. All other investigators are combined under “other”.

*Clinica! suctTess is defined as either clinical cure or clinical improvement. Numbers shown in
parentheses are percentages for that category.

Tables 5a and 5b summarize clinical response rates by pathogen for sponsor and FDA  __
clinically evaluable patients, respectively. For Table 5a, pathogens are separated according
to the method of evaluation (e.g., respiratory culture, blood culture, etc.).
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Table 5a. Posttherapy Clinical Response for Subjects with Pathogens of Primary Interest:
Sponsor Clinically Evaluable Subjects

Levofioxacin
Method of EvaluationP athagen® N¢ Cured Improved Faied
Respiratory Cultures
Heemophitus inflvenzee 38 29(74.4) 9(23.1) 1(2.6)
Streplococcus pneumoniae 3 28 (823) 6(17.6) 0(0.0)
Staptyiococeus aureys 12 10(83.3) 0(0.0) 216.7)
Moraxela (Branhamels) catarrhalis 1 10(80.9) 1(9.0) 0(0.0)
Haemophilus peraintivenzee 9 6 (66.7) 2022.2) 1(11.1)
Klebsiela pneumoniae 7 7 (100.0) 0(0.0) 0(0.0)
Escherichia cofi 5 4 (860.0) 1 (20.0) 0(0.0)
Blood Cukures
Streplococcus pneumoniee 10 B (80.0) 2(20.0) 0(0.0)
Serclogy/Other Diagnostic
Procedures
Chiamydia pneurmoniae 75 60 ( 80.0) 11147 4(53)
Mycoplesma pneumoniae 10 7(70.0) 3¢30.0) 0(0.0)
Legionalia pneumophila 5 3(60.0) 1(20.0) 1¢20.0)
Total Evaluable for Micrabiologic 163 128(78.5 28(17.2) 7(4.3)
Efficacy

Nurmbers shown in parentheses are percentages for that category.

* A window of 1-10 day s posttherapy was used for determination of evauabiliy.
* The most prevalent pathogens (N25) are presented in this summary for each method of

evaluation.

¢ N=number of subjacts who had that pathogen, alone orin combination wth other

pathogens.

- -
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Table 5b. Clinical Response for Subjects with Pathogens of Primary Interest:
FDA Clinically Evaluable Subjects

Levofloxacin
Pathogen _ N* Cure Improve Fail
Routine Bacterial Pathogens
Haemophilus influenzae 29 | 17 (59) | 9 (31) | 3 (10)
Haemophilus parainfluenzae 11 | 5 {(45) 1 5 (45) | 1 {9)
Klebsiella pneumoniae 514 (80) |1 (20) | O (0)
Moraxella (Branhamella) catarrhalis 1119 (82) 1 (9) |1 (9)
Staphylococcus aureus 11 |7 (64) |1 (9) {3 (27)
Streptococcus pneumoniae 49115 (31) | 30 (61) | 4 (8)
Other Pathogens
Chlamydia pneumoniae 103 | s3 (51) | 45 (44) | S (5)
Legionella pneumophila 411 (25) {1 (25) | 2 {50)
Mycoplasma pneumoniae 613 (50) | 3 (50) |0 (0)

Numbers shown in parentheses are percentages for that category.

*N =number of subjects who had that pathogen alone or in combination with other pathogens.
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Table 5c presents clinical response by severity of infection for FDA clinically evaluable
subjects.

Table 5c¢. Clinical Response by Severity of Infection: g

FDA Clinically Evaluable Subjects -
Levofloxacin -’t -:
Severity N Cure Improve Fail
Mild/Moderate 167 | 94 (56) | 61 (37) |12 (7)
Severe 36 {11 (31) | 22 (61) | 3 (8)

Numbers shown in parentheses are percentages for that category

Microbiologic Response

Sponsor Results

Posttherapy microbiologic eradication rates are summarized by investigator in Table 6a for
sponsor microbiologically evaluable patients. The overall microbiologic eradication rate was
95%.

FDA Results
Table 6b summarizes microbiologic eradication rates by investigator for FDA
microbiologically evaluable patients. The overall eradication rate in this analysis was 94%.

Table 6a. Posttherapy Microbiologic Eradication Rates By Study Center:
Sponsor Microbiologically Evaluable Subjects

Levofioxacin

Investigator N Eradicated® Persisted© Unknown®
Alwine . 4 4 (100.0) 0 (0.0) 0 (0.0
Carroll 7 7 (100.00 0 {0.0) 0 (0.0)
Chattman 7 6 (85.7) 1 (14.3) 0 (0.0
Epstein 7 6 5.7 1 (14.3) 0 (.0)
Faris 7 B (85.7) 1 (14.3) 0 (0.0)
Fogarly 50 50 (100.0) 0 .0 0 (.0)
Gaman 2 2 (100.0) 0 (0.0 0 (0.0
Grum 6 5 (83.3) | (16.7) 0 (0.0)
Kemodie 3 3 (100.00 0 {0.0) 0 (.0
Liebhaber 3 2 (66.7) 1 (333 0 (.0
Mogyoros 4 2 (50.0) 2 {50.0) 0 (0
Nahum 4 4 (100.0 0 (0.0) g (0.0
Nelson 3 2 (66.7) 1 (33.3) g (.0
Rodman 10 10 (100.00 ] 0.0) 0 (0.0}
Rosen 5 5 {100.0) 0 0.0) 0 (0.0)
Suliwan 38 38  (100.0 0 0.0) 0 (0.0)
Swezey, . 2 2 (100.00 _ 0 0.0 0 (00
Upchurch 1 1 (100.0 0 (0.0) 0 (.0
Total 163 155 (95.1) 8 {4.9) 0 (0.0)

® Eradication of all pathogens isolated for a subject a admission.
b A window of 1-10 days posttherapy was used for determination of evaliabillity.
“Numbers shown in parentheses are percentages for that category.
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Table 6b. Microbiologic Eradication Rates By Study Center:
FDA Microbiologically Evaluable Subjects

Levofloxacin )

| Investigator N Eradicated* -
—G *

Chattman i3 12 (92) -

Fogarty 47 47 (100)

Rodman i0 10 (100)

Sullivan 35 35 (100)

Other 56 47 (84)

Total 161 151 (94)

Results are presented for investigators with 10 or more evaluable patients in each treatment
group. All other investigators are combined under “other”.
*Numbers shown in parentheses are percentages for that category.

Sponsor Results ‘
Posttherapy microbiologic eradication rates are summarized by pathogen in Table 7a for

sponsor microbiologically evaluable patients; in this display, the most prevalent pathogens
(N>5) are categorized based on the method used to evaluate microbiologic response (i.e.,
respiratory cultures, blood cultures, or serology and other diagnostic procedures). The
overall microbiologic eradication rate for sponsor microbiologically evaluable subjects was
95.1%. Eradication rates ranged from 83.3% to 100.0% for prevalent pathogens detected
in cultures of respiratory secretions. Levofloxacin treatment eradicated 100% of S.
pneumoniae detected in blood cultures, and from 80.0% to 100.0% of atypical pathogens
diagnosed by serology or other diagnostic procedures. Microbiologic results were
comparable across analysis groups and were similar for subjects with mild/moderate and

severe infections.

FDA Results
Table 7b summarizes microbiologic eradication rates by pathogen category, pathogen, and

subject, for FDA microbiologically evaluable patients.
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Table 7a. Posttherapy Microbiologic Eradication Rates Summarized by Method of Evaluation,
Pathogen, and Levofloxacin Regimen: Sponsor Microbiologically Evaluable Subjects

Levdiaiadn
q249h and q48 Regimens Al Regimens' T
{N=155) {N=1863) -~
Method of Evalusdon/Pathoger N Eradioated N Eradoated -
Respiraiory Cukwes o
Havnpltks itz 36 35 9.2 33 3 9.4
Srpaxasaxer preun orise 32 31 %9 k) 3 97.1)
Spllaxaoxs areus 12 10 833 12 10 ®83.3
Moravela (B adamollal oaxihais 1" 1 100.0 1" 11 100.0
Moo plris pacanibanras 9 8 6.3 S 8 {68.9
Kivbsindla preemarss 7 7 0000 7 7 100.g
Encheidva odi 5 5 (100.00 s 5 (1000
Blood Cultwes
Sreptoaoons preumorsse 9 9 (100.0¢ 10 10 {100.0
Seology!Cther Diagnostic Procedures
Ohlamuda preumonias 70 66 4.3 s k] (4.7
Afaoolarma ceumarsae 9 9 (100.0) 10 10 (100.00
Legirneds prm gohds 4 3 (7s.0 s 4 (80.00

* A window of 1-10 days posttherapy vas used for determination of evalusbility.

* Indudes the 155 microbidog cally evaiusble subjects vho received Q2dh or q48 levdfiawadn dosing
for the entve course of therapy, and the eight subjects who received one o mare days of bi.d.
levofloxacin trestmert.

" The most prevalent pathogens (&5) are presented in this summary ks sach method of evaluation

“ Denominator represerts taal number of pathogens. including pathogens for which the
mic chiologic resporse is unknown

* Numbers shown in ps ertheses are percentages fo that ostegory.

Table 7b. Microbiologic Eradication Rates by Pathogen Category and Pathogen:
FDA Microbiologically Evaluable Subjects

Levofloxacin
Pathogen Category/Pathogen N Eradicated
- e ——ett ——

Pathogen Category

Gram-positive aerobic pathogens 75 70 (93)

Gram-negative aerobic pathogens 84 79 (94)

Other 95 91 (96)
Total by pathogen 254 240 (94)
Total by subject 16l 151 (%4)
Routine Bacterial Pathogens

Haemophilus influenzae 28 27 (96)
Haemophilus parainfluenzae 10 9 (90)
Klebsiella pneumoniae S S (100)
Moraxella (Branhamella) catarrhalis 11 11 (100)

Staphylococcus aureus = 10 8 (80)

Streptococcus pneumoniae 48 45 (94)
Other Pathogens

Chlamydia pneumoniae 103 98 (95)

Legionella pneumophila é 3(75)

Mycoplasma pneumoniae 6 (100)

*Numbers shown in parentheses are percentages for that category.
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Summary

Sponsor Results

A summary of sponsor key efficacy results is presented in Table 8a. Comparable results
were seen across analysis groups for both clinical and microbiologic endpoints. In addition,
there was concordance between the clinical and microbiologic responses based on-a cross-
tabulation of clinical response versus microbiologic response, further confirming the
consistency of the clinical and microbiologic responses.

FDA Results

Table 8b summarizes “overall success rates” (defined by FDA as either clinical cure or
improvement with microbiologic eradication) by investigator for patients considered both
clinically and microbiologically evaluable by FDA. The overall success rate for levofloxacin

was 94%.

Table 8a. Summary of Sponsor Key Efficacy Results

Clinical and Microbiologic Response 5 to 7 Oays Posttherapy

Levcflonacin
Clinioal Sucoess or Miaobiologic
Resp ons e!Group Eradioation Rate (Posttherapy?
Clinical Response
Clinically Evaluable 2221234 (94.9
Miaobiologically Evalusble 156163 (95.1
Modified Intentto-Treat Subjeds with an 173184 (94.0
Adrmis sion Pathogen
Mictobiologic Response
Miaobiclogcelly Evaluable 155163 (95.1)
Modified InterttoTreat Subjeats With an 1650164 (89.70
Admis sion Pathogen
Microbiologic Response Vesus Clinical Response S<T Days Postherapy
Clinical Response
Miorobiologico Response N Cured improved Faled
Eradicated 155 128 {(826) 2711114 0(00)
Persised 8 0(00) 1(12.5) 7629
Total Evaluable 163 128 (785) 28017.2 7(43)

NOTES: Numbers shown in paentheses are perosntages for that category.

Al micobidog o sradoston rates presented in this tatie are by subject, e, they reflect eradication of af
pathogens isolated for & given subject at admission

*A window of 1-10 deys posttherapy vas used for determination of evakuabiliey.

* Denominmtor for dinical sucoess = cued + mpoved + faled + unable to evaluate. Denaminata for
miccbiclogic @ ad cation rate = eradicated + petsistence + unknown.

* Based on mic obidogioally evdusble subgroun

* Cued improved. or hiled &e dinioal resporse oucomes.
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Table 8b. Overall Success Rates® By Study Center:

FDA Microbiologically AND Clinically Evaluable Subjects
Levofloxacin .
N -
Investigator N Overall Success ey :
—_— .
Chattman 13 12 (92)
Fogarty 47 47 (100)
Rodman 10 10 (100)
Sullivan 35 35 (100)
Other 56 47 (84)
Total 161 151 (94)

Results are presented for investigators with 10 or more evaluable patients in each treatment
group. All other investigators are combined under “other”.

*Overall success is defined as either clinical cure or improvement with microbiologic
eradication.

"Numbers shown in parentheses are percentages for that category.

Safety Results

Summary of All Adverse Events

Two-hundred sixty-three (99.6%) of 264 subjects enrolled were evaluated for safety. One
subject was lost to follow-up with no postadmission data available and was therefore
excluded from the safety analysis.

One hundred twenty-five (47.5%) of 263 evaluable subjects reported at least one
treatment-emergent adverse event during the study, including events considered by the
investigators as related or unrelated to the study drug. Body systems with the highest
reported incidence of adverse events were gastrointestinal system (22.1% incidence),
followed by the central and peripheral nervous system, respiratory system, and body as a
whole, each with an incidence of approximately 8%. The most frequently reported adverse
events were nausea (10.3%), diarrhea (6.5%), headache (4.2%), insomnia {3.4%), and
dizziness (3.0%) (Table 9). '
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Table 9. Incidence of Frequently Reported (22.0%) Adverse Events
Summarized by Body System and Primary Term: Subjects Evaluable for Safety

Levofoxadn :
(N=263) -
Body SystenwP imary Term No. Subjects % Subjets -
AN Body Systems 125 475 I
Gastrointesting] System Disorders
Neusee n 103
Dienhea 17 65
Constipation 7 27
Abdominel P ain 6 23
Vomiting 6 23
Central & Peripheni Nervous System Disorders
Headache 11 42
Dizriness 8 30
Peychistric Disorders
Insomnia 9 34

* Primary ferm reporied 2 2.0 % of subjects.

Fourteen (5.3%) subjects had adverse events considered by the investigator to be drug-
related, i.e., prabably or definitely related to study drug. Drug-related adverse events
reported by 2 1.0% of subjects were diarrhea (1.5%) and nausea (1.1%).

The majority of adverse events were assessed as mild or moderate in severity. Twenty-six
(9.9%] subjects reported one or more adverse events of marked severity, including dyspnea
in three subjects and nausea, headache, supraventricular tachycardia, cardiac arrest, and
myocardial infarction in two subjects each. No other adverse events of marked severity
occurred in more than one subject, and only one case of marked nausea was considered by
the investigator as having a probable relationship to the study drug.

Discontinuations Due to Adverse Events

Nine subjects discontinued levofloxacin therapy due to adverse events (Table 10}, including
three subjects with rash, two with respiratory depression, and one each with abnormal
hepatic function tests, nausea, cardiac arrest, and tinnitus. The treatment-limiting adverse
events were considered serious or potentially serious in three subjects @ND-respiratory
depression, elPrespiratory insufficiency, QUM cardiac arrest), who died as a result of
these adverse events after therapy was discontinued, and probably related to levofloxacin
treatment in two subjects (@ill#dnausea, @8R rash).
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Table 10. Subjects Who DiscontinuedATherapy Due to Adverse Events

Subject Adverse Evert Day O¥ RelationsHip Duradion Of
Number Age Sex (Primary Temn) Onse® Severity Vo Swudy Drud  Therapy (Days)
Levoflonadn J
42 M HepaticFuncion Abromad 3 Marked Possble 4 -
S0 M Respie atory Depressiont 2 Mas ked None z R
61 F Rash 8 Moderate Possble 8 - -
S F Rash Esphemaous 4 Mild Possbie 4
2 F Nausea 7 Mas ked Probable 8
% M Respir atory Insufficiencyt 1 Marked Possible 1
80 ™M Cardiac freestt 8 Marked None [
0w F Tirnkus 4 Mild Possible 3
82 F Rash 3 Moderate Probable 2

* Relmive to start of thacapy (Day 1).

* Based on irwes tigator's assessment.

* Only one 500-mg dose administered duing this pericd.

* Subject also had markeBy abnorma laboratory values.
“"Subjext ded a5 a tesuk o the adverse svert.

1 Swious or potertialy serious adver se event (see Table MII).

Serious or Potentially Serious Adverse Events, Including Death

Twenty-two subjects reported a serious or potentially serious adverse event, mostly
respiratory or cardiovascular events, and seven of these subjects died, during the study or
up to approximately one month after completing study therapy (Table 11). Three of the
subjects with serious or potentially serious adverse events withdrew from the study because
of the adverse event(s). None of the serious or potentially serious adverse events were
considered by the investigator to be definitely or probably related to levofloxacin
administration, and, in most cases, the adverse events were attributed to the subject's
underlying condition. All seven subjects who died had conditions or illnesses that have been
associated with increased mortality from pneumonia: One subject had severe pneumonia,
the other six subjects had various comorbid conditions (e.g., chronic obstructive pulmonary
disease, cardiovascular disease, renal failure, diabetes mellitus, age greater than 60 years),
and six of these seven subjects required hospitalization for treatment of pneumonia.
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Table 11. Subjects Who Had Serious or Potentially Serious Adverse Events

ANEAIRIE denddt S St 2L 2L,

m' m se Sﬁ ip To o
0 F  Astwma 4 Mazked Remote 14 o
S0 M i’ d None 2
&:piaoty Depression } n.lud None -
M 38 PRhabdomydysis® 4 Mild None 13 & »
66 M Pai 14 -
75 F  Puimonay Embolisn? 34 (2001) - Remote 14
M M Dyspres 8 Macked HNone 14
82 M HepatcNeoplasm S BPT) Mubked None 17
29 F  Fitrosis Mediastinal 1 Mid  None 12
Maligrant Neoplasm
35 M Gastointestingd Hemarhage 2 {BPT) Modeiate Remote 14
45 M is 3 Matked Possble 2
Abscess 3 Z pemae
Myoomdial Irfaaion 5 Muked Hone
70 M  Pumonary Cardroma 4 Maked HNone 3
S5 M &3" Insutficiency } Marked Possible 1
hac fotest - -
81 F Gasvointesinad Hemarhage F4l PPT)  Muiked None 14
60 M Cadisc Artest 8 {(ZPT) Mwked None [
68 F osar ked None 14
bt v 3 Maked Nane
T M D - Rem 15
By Iroreased B BN Fuked Romoe
72 M Fivillation Atial 3 Masked 9
M) omeekal Irfaecaiort 3 2R Z
Carchac frrest H Bl Fukes B
48 M Myocowdal Ifarcion 8 (SPT) Marked None 3
p
A o N N
48 F Depressior? 33 (25P7 - Remate 14
78 F  Fracnre, Padhological S (1PT) Modeime None 14
™M &p:d % Marked None 14
1 Marked None
M"FE""'B? Abromal Max
st g 0E - E=
[ T -
Bplyrar, B fF0 - pmm
* Relative to start of tharapy [Day 1). NOTE: PT refers to the number of days posttherapy, relative to the last day of
study drug adminisy adon.

* Based an investigator's assessmaent.

'Thsadvcumdonnumu ndnndmdnlsludynpondnabsohxv-m:oduminhWJml
ﬁ::sdmsfsc:‘omrgaadrq d as setious in the poded safety database for the

* This setious ldms:?m vhd-uppous as non-serious in the individual study report databese. v as captured as
uduhdnw.mludu adv«um'g:tmdubon R is therefare reflected as serious in the pooled

safely database for the NDA Irtegrated Safes;

'Thspoﬂsw:m“advasem\lmrcddmh contact or visk and therefore does not appear on
the case repart form or in the databage for this indivi study report. However, this event v as collecred as panfo
m:‘\lmmm admsemupuﬂngdnuhnmdthduelndbatdhhpoolodnktvd-absolaw
Mmenognl«puplwdmududu-o(cododupm dnduﬂidlofuh&thnh.ct-uhupkdud,
dso appears in the database for the NDA integr ated Safety
?prddndasaloﬂjd&unﬂmsdvmnm[s) I'Dn’oc lW:d&maﬂsutonbnhcdeDA
&Moadnmuod&mwdwwdwmm(snhﬂo f
*"Subject d30 had veamev-emergent, markedy abnorm al laboratory value(s)

Clinical Laboratory Tests

There were no clinically significant treatment-emergent mean changes from admission to
posttherapy for laboratory tests. The incidence of markedly abnormal test results for
individual analytes was low (<5.3%) (Table 12). Abnormalities in SGPT, SGOT, glucose
(both increases antd"decreases), and lymphocyte-count were the most common markedly
abnormal laboratory test resuits. Fifteen subjects had markedly abnormal liver function test
results (elevations in SGOT, SGPT, alkaline phosphatase, or LDH). Some abnormalities were
related to the underlying disease state of the subject or to concomitant therapy.
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Table 12. incidence of Treatment-Emergent'Markedly Abnormal Laboratory Values:
Subjects Evaluable for Safety

Levofionadn 7-"

Laboratory Test Propartior? % < g
Biood Chemistry .

Decreased Glucose 13743 53

Elevated SGPT 12453 4.7

Elevated SGOT 10053 4.0

Elevated Ghucose 83 33

Decteased Phas phorus A1 1.2

ElevatedLDH 3243 1.2

Deaeased Abumin 1245 04

Elevated Akaline Phosphatase 1=t 04

Elevated Phosphorus 1241 04

Decreasod Parassium A7 04

Deaeased Calcum 153 04

Elevated BUN 1153 04
Hematology

Decreased Lymphooytes nar 30

Decreased Hemaglobin 237 08

Decreas od Newtrophils uae 04

* Numesator = number of subjects vith a trestmentemergent markedly abnommal test value and
derominator = number of subjects evahuable (ie., admission and postther apy data available)
for tha anahse.

Physical Examination and Vital Signs

One subject WM who discontinued from the study because of marked respiratory
depression and subsequently died, had clinically significant hypotension. There were no
other clinically significant changes in vital signs from admission to posttherapy, and there
were no clinically significant treatment-emergent physical examination abnormalities.

Conclusions

Levofloxacin, administered in i.v. or oral doses of 500 mg once-daily, was safe, well-
tolerated, and effective in the treatment of subjects with mild-to-moderate or severe
community-acquired pneumonia. The effectiveness of levofloxacin treatment was
demonstrated by both the clinical and microbiologic results.
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2. NDA submission volumes 1-2, "Statistical Analysis for
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I. Background

One rat carcinogenicity study was included in this NDA submission.
The purpose of this study was to evaluate the oncogenic potential
of levofloxacin when administered in the diet to Fischer 344 rats
for 104 weeks. Dr. Sewa Ram Joshi, HFD-520, who is the reviewing
pharmacologist of this NDA, requested the Division of Biometrics

IV to perform the statistical review and evaluation of this study.

II. The Rat Study
II. a. Design

In this study, 200 male and 200 female Charles River CDF (F-

344) /CrlBR rats were randomly assigned to one of three dose groups
or control group (50/sex/group). Animals in treated groups
received DR-3355 in the diet for at least 104 weeks at dose levels
of 10, 30, and 100 mg/kg/day, respectively. Parameters evaluated
for treatment-related effects included survival, clinical signs,
weekly body weights and total body weight change, weekly food
consumption and total food consumption, hematology parameters, as
well as necropsy and histopathology findings. Necropsies were
-conducted on all unscheduled deaths and on all animals killed at
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study termination. Tissues were examined microscopically from all
unscheduled deaths, as well as all animals in the control and
high-dose groups that were killed at study termination. 1In this
study, the treatment commenced on May 9, 1990, and ended on May
13, 19%2.

II. b. Sponsor's Analyses

In the low and medium dose groups, a complete histopathological
examination was conducted only on animals that were found dead or
were sacrificed moribund before the scheduled terminal sacrifice
(as per the protocol). Therefore, the statistical analysis was
performed only on the control group and the high dose groups, in
these groups a complete histopathological examination was
conducted on all the animals.

Survival data and tumor data were analyzed using the computer

program TUMOSTAT
‘ ' VAX-VMS version 1.05, 1991). Survival
analyses included in this program are the regression model/life
table method of Cox and the generalized Kruskal-Wallis method of
Gehan, Breslow, and Wilcoxon. Based on the above analyses, the
sponsor indicated that no statistically significant difference
between the control and high dose groups in mortality was detected
in either female or male rats.

The survival rates for control, low, medium, and high dose groups
at week 104 are 60%, 68%, 74%, and 60% for males, and 73%, 84%,
90%, and 70% for females, respectively. The sponsor indicated
that there were no statistically significant effects on survival
for the male treated groups. Survival in females significantly
increased in a medium dose group compared to the respective
control group. Appendix 1 listed the mortality by weeks across
treatment groups for male and female rats. For the tumor data
analysis, the prevalence method and the death-rate method
described in the paper of Peto et al. ("Guidelines for Simple,
Sensitive Significance Tests for Carcinogenic Effects in Long-Term
Animal Experiments", In Long-Term and Short-Term Screening Assays
for Carcinogens: A Critical Appraisal, International Agency for
Research on Cancer Monographs, Annex to Supplement 2, World Health
Organization, 311-426, 1980) were used in the computer program
TUMOSTAT. When there were less than three tumor occurrences, an
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exact test analog of the asymptotic test was applied. The time
intervals used in this program are 0-82, 83-104 weeks and terminal
sacrifice (>105 weeks). The results of the above analyses showed
that no statistical significance in tumor incidence rates were
found in the incidental/possible incidental, the fatal/possible
fatal and the mortality-independent contexts. Appendix 2 listed
the tumor incidences for organ/tumor types for male and female
rats, respectively. Noted that the sponsor incorrectly coded
50/sex/group as the total number of animals examined in Appendix
2. Appendix 3 listed the statistical analysis summary of
individual tumors within organs.

Based on the above analyses, the sponsor concluded that “there was
no evidence of toxic or oncogenic potential for DR-3355 when
administered in the diet to male and female rats at dose levels of
10, 30, and 100 mg/kg/day. In male and female rats, the no-
effect-level (NOEL) of DR-3355 for toxicity and for oncogenicity
was 100 mg/kg/day”

IT.c. Reviewer's analyses and Comments

The reviewer independently performed analyses on the survival and
tumor data. In the survival data analysis, the methods described
in the papers of Cox (Regression Models and Life Tables, Journal
of The Royal Statistical Society, B, 34, 187-220, 1972), and of
Gehan (A generalized Wilcoxon Test for Comparing Arbitrarily
Singly Censored Samples, Biometrika, 52, 203-223, 1965) were used.
The death rate method described in the paper of Peto et al. (1980)
was also applied. The tumor data analyses were performed using
the Peto's methods and the method of exact permutation trend test.
The data used in the reviewer's analysis were provided by the
sponsor on floppy diskettes.

Survival analysgig: The intercurrent mortality rates for both male
and female rats (see Table 1) were tested for linear trend
according to the Peto death rate method using the time intervals
- 0-50, 51-80, and 81-104 weeks. The actual dose levels 0, 10, 30,
and 100 mg/kg/day were the scores assigned to the control, low,
medium, and high dose groups, respectively. The results of the
analyses showed that there was no significant (at 0.05 level)
linear trend in the intercurrent mortality rate in either sex
(male: p = 0.1888; female: p = 0.0918).
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The homogeneity of survival distributions of all four groups was
tested separately for male and female rats using the Cox and the
generalized Wilcoxon tests. The p-values of the Cox test were
0.5111 and 0.0381 for males and females, respectively. Hence,
there was no statistically significant difference (at 0.05 level)
in survival distribution in male rats. However, there was a
statistically significant difference in survival distribution in
female rats. A similar conclusion was obtained in the generalized
Wilcoxon test. The p-values were 0.4246 and 0.0364 for males and
females, respectively.

The pairwise comparisons of survival distributions among four
groups showed that there was no statistically significant
difference in survival distributions between control and treated
groups in males rats. However, there were significant differences
in survival distribution between control and medium dose females,
and between medium and high dose females. Tables 2 and 3 list the
above results. The plots of Kaplan-Meier estimates of the survival
- distributions of the control and treated groups for female and
male rats are given in Figures 1-2, respectively.

T r a is: The sponsor classified the tumor types as
'cause of death', 'not cause of death', and 'undetermined’.
Following Peto et al. (1980), the reviewer applied the 'death rate
method' to the first tumor type and the 'prevalence method' to the
second and the third tumor types to test the positive linear trend
in tumor rates. For tumor types occurring in both categories, a
combined test was performed. In the analysis, the actual dose
levels 0, 10, 30 and 100 mg/kg/day were the scores assigned to the
control, low, medium, and high dose groups, respectively. The
time intervals used were 0-50, 51-80, and 81-104 weeks, and
terminal sacrifice for both sexes.

In the low and medium dose groups, a complete histopathological
examination was conducted only on animals that were found dead or
were sacrificed moribund before the scheduled terminal sacrifice.
Complete histopathological examination was done on all the animals
in the control and high dose groups. Therefore, due to the
incomplete histopathological examination on low and medium dose
groups, two sets of statistical analyses were performed on tumor
data. First, the age-adjusted Peto methods were performed on the
tumor data of the control and high dose groups. The results of
the analyses are consistent with the sponsor’s findings. No
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statistically significant difference in tumor incidence rates was
found in either sex. Second, the age-unadjusted exact permutation
trend test was performed on the tumor data of control, low,
medium, and high dose groups. This analysis included only the
animals which were histopathologically examined. The results of
the second analyses showed that no statistically significant dose
related trend was detected in either sex. The following table
lists some tumors with relatively higher incidence rates in
control and treated groups. Note that there are more male rats
than female rats dead before the scheduled terminal sacrifice.

Tumor/organ Incidence of tumors/no. of an. Examined P-value

Males:

Thyroid c cell carcinoma
3/50 0/16 0/17 4/50 0.2416

Females:

Mammary Gland Fibroadenoma
7/47 1/8 0/5 8/46 0.3566

Thyroid c cell adenoma
4/50 0/9 1/5 6/50 0.2097
Uterus Endometrial Stromal Polyp
9/50 2/9 1/5 8/50

o

.3896

In order to reduce the overall false positive rate, the following
decision rule was used to adjust the effect of multiple testings.
A positive linear trend is considered not to occur by chance of
variation alone if the p-value is less than 0.005 for a common
tumor, and 0.025 for a rare tumor.

‘Evaluation of the validity of the experiment: The following two

- issues are important in determining the validity of an experiment :
(1) The numbers of animals alive over the course of the study to
get an adequate exposure to the chemical and to be at risk of
forming late-developing tumors. (2) If the doses are high enough
to present a reasonable tumor challenge to the animals.
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With regard to the first issue, the following criteria or rules of
thumb have been proposed by some experts in the field:

(A) Haseman proposes (through personal communication with Dr. Karl
Lin) that a 50% survival rate of the 50 initial animals in the
high dose group between weeks 80-90 will be considered as a
sufficient number and an adequate exposure. However, the
percentage can be lower or higher if the number of animals used in
each treatment/sex is larger or smaller than 50 as long as there
will be between 20 and 30 animals still alive during these weeks.

(B) Chu, Ceuto, and Ward ("Factors in the Evaluation of 200
National Cancer Institute Carcinogen Bioassays", Jourpal of
Toxicology and Environmental Health, 8, 1981, pp. 251-280) propose
that an experiment that has not shown a chemical to be
carcinogenic should have (high dose) groups of animals with
greater than 50% survival at one year (52 weeks).

In this study, the survival rates of the high dose rats at one-
year were 96% and 100% for males and females, respectively. These
one-year survival rates satisfy the criterion of Chu et al.
(1981). The survival rates of the control, low, mediﬁm, and high
dose rats in the terminal sacrifice were 60%, 68%, 66%, and 56%,
respectively, for males, and 72%, 82%, 90%, and 68%, respectively,
for females. There were sufficient male and female rats in the
treated groups living long enough to get an adequate exposure to
the chemical and to be at risk of forming late-developing tumors
based on Haseman's proposition.

With regard to the second issue, in the paper of Chu, Ceuto and
Ward (1981), the following criteria for dose adequacy are
mentioned.

(A) "A dose is considered adequate if there is a detectable loss -
in weight gain of up to 10% in a dosed group relative to the
controls."

(B) "The administered dose is also considered an MTD (Maximum
Tolerated Dose) if dosed animals exhibit clinical signs or severe
histopathologic toxic effects attributed to the chemical."

©® nIn addition, doses are considered adequate if the dosed animals
show a slightly increased mortality compared to the controls."
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Figure 3 plots the mean body weight versus time in weeks for males
and females, respectively. In Tables 4-5, summaries of mean body
weight data of the male and female rats are given. All treated
male rats gained more body weight than the control group. The
weight gains in the male low, medium, and high dose groups are
4.61%, 6.43%, and 5.99%, respectively, more than that of the male
control group. However, the weight gains in the female low,
medium, and high dose groups are 1.76%, 2.05%, and 6.84%,
respectively, less than that of the female control group. Based
on the above body weight gain data, it seems that the high dose is
below MTD for the male rats. The relevance of this is to be
determined by clinician or/and pharmacologist.

ITI. Summary

Applying Peto’s method to test the positive linear trend in
intercurrent mortality rates, the results of the analyses showed
that no significant (at 0.05 level) linear trend in the
intercurrent mortality rate was detected in either sex.

The test results also showed that there was no statistically
significant difference (at 0.05 level) in survival distribution in
male rats. However, there was a statistically significant
difference in survival distribution in female rats.

In the low and medium dose groups, a complete histopathological
examination was conducted only on animals that were found dead or
were sacrificed moribund before the scheduled terminal sacrifice.
Hence, two sets of statistical analyses were performed on tumor
data. First, the age-adjusted Peto methods were performed on the
tumor data of the control and high dose groups. Second, the age-
unadjusted exact permutation trend test was performed on the tumor
data of control, low, medium, and high dose groups. This analysis
included only the animals which were histopathologically examined.
Results of first tumor data analyses showed that there was no
statistically significant difference in tumor incidence rates
between control and high dose groups. Results of second tumor
data analyses showed that there was no dose related trend in male
or female rats.

The results of mortality analyses showed that there were
sufficient male and female rats in the treated group living long



NDA 20-634 Eleguin (levofloxacin) Tablets 8

enough to get an adequate exposure to the chemical and to be at
risk of forming late-developing tumors. The analysis of weight
gain data showed that the high dose was below MTD for male rats.
The relevance of this is to be determined by clinician or/and
pharmacologist.
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Table 1: Intercurrent Mortality Rates

Male Rats

Weeks Control Low Medium High

D S % D S % D S % D | S %
0-50 1 50 2 o | so 0 0 50 0 2 |50 4
51-80 4 49 8.1 3 | s0 6 1 50 2 2 48| 4.
81-104 15 | 45 | 33.3 | 13 | 47 | 27.6 | 16 | 49 | 32.6 | 18 | 46 | 39.
> 105 30 34 33 28

Peto Test: p = 0.1888

Female Rats

Weeks Control Low Medium High
D ] % D S % D S % D S %
0-50 0 50 0 o | so 0 o | s0 0 o |50 0
51-80 3 50 6 1 | so 2 0 | 50 0 3 |50 6
81-104 | 11 | 47 | 23.4 8 |49 |16.3 | 5| a5 10 13 |47 | 27.
> 105 36 41 45 34
Peto Test: p = 0.0918
Notes: S: Number of animals starting during the period
D: Deaths
%: Percent of death during the period
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Table 4: Summary of Mean Body Weight and standard deviation (grams)
The Male Rats Study

Dose Group Week 0 Week 104 Gain in Gain rel.
Wt. to Control
Control 134.9 360.2 225.3 -
(6.36) (27.9)
Low 135.5 371.2 235.7 4.61%
(7.88) (29.26)
Medium 134.8 374.6 239.8 6.43%
(6.01) (36.79)
High 135 373.8 238.8 5.99%
(7.72) (27.1)

Table 5: Summary of Mean Body Weight and standard deviation (grams)
The Female Rats Study

Dose Group Week 0 Week 104 Gain in Gain rel.
: - - ) We. to Control
Control 95.2 270.6 175.4 -

(4.36)- (17.6)

. Low 94 .9 267.2 172.3 .- 1.76%
(3.72) (31.2)

Medium 83.6 265.4 171.8 - 2.05%
(3.9) (25.3)

High 94 .4 257.8 163.4 - 6.84%
(3.82) (33.7)

Note: (*) A negative sign stands for decrease in weight gain
relative to control.
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NDA 20-634 1
NDA 20-635
R.W.Jochnson

Division of Anti-Infective Drug Products (HFD-520)
Clinical Microbiology Review Notes #1

- —

NDA #'s 20-634 & 20-635 DATE COMPLETED: 17 July, 1996

APPLICANT (NDA) :

R.W. Johnson Pharmaceutical Research Institute
920 Route 202 South

P.O. Box 300

Raritan, NJ 08869-0602

CHEM/THER. TYPE:
fluoroquinolone

SUBMISSION REVIEWED: Original NDA
PROVIDING FOR: Treatment of the following Clinical

infections: Sinusitis, bronchitis, pneumonia, skin and skin
structure infections, urinary tract and kidney infections,

PRODUCT NAMES (S) :
Proprietary: Levaquin

Non-Proprietary/USAN: levofloxacin

Compendia: levofloxacin

CHEMICAL NAME, STRUCTURAL FORMULAS, MOLECULAR FORMULA,

MOL. WT.

(S)-9-f1uoro-2,3—dihydro-3—methyl-10-(4-methyl;
1-piperazinyl)-7—oxo-7H4pyrido[1,2,3-de]-1,4-benzoxazine-6-
carboxylic acid hemihydrate

DOSAGE FORMS(S): Tablet or Injection



NDA 20-634 5
NDA 20-635
R.W.Johnson

STRENGTHS: 250 & 500 milligrams —
ROUTE (S) OF ADMINISTRATION: oral or parenteral -

PHARMACOLOGICAL CATEGORY: Antiinfective

DISPENSED: X Rx oTC

INITIAL SUBMISSION:
Received by CDER: 22 December, 1995
Received by Reviewer: 3 January, 1996
Review Completed: 17 July, 1996

AMENDMENT (S)
Received by CDER: N/A
Received by Reviewer:
Review Completed:

RELATED DOCUMENTS:
IND's

REMARK (S) : -

[Revision Note: This review was significantly revised in
response to Microbiology Team Leader's comments. Most of
the comments related to the proposed draft Microbiology
portion of the package insert. The proposed draft portion
has been replaced by adaptations of model labeling suggested
by the Team Leader. Therefore, the previous comments from -
the Team Leader are no longer applicable to the currently
proposed Microbiology portion of the package insert.

The remaining comments by the Team Leader related to
document format concerns rather than to substantive issues.
- Revised: 11/13/96]

[Second Revision Note: Since the first revision, the
proposed package insert has undergone several drafts. The
currently proposed package insert incorporates comments on
the text of the package insert from the package insert
discussions. No additional substantive issues are of
significant concern based on pending FDA policies on
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allowable advertising.
Revised 12/16/96]

-

[Editorial Note: This NDA was simultaneously submitted as a
CANDA. The Microbiology summary was submitted on a separate
disk as well as the other clinical portions of the NDA. NDA
table numbering was intentionally maintained in the
Microbiology Review Appendices I and II. Within those
appendices, the names of specific organisms can be located
by searching electronically for the name of the desired
organism. At the Team Leader's option, Appendices I and II
could be maintained only in the electronic files of this
review without reduction to hard copy. The full electronic
copy will be maintained on the CDER computer server under
m:\nda20634.$k4]

1.

Technically, levofloxacin injection is a terminally
sterilized product. Therefore, the format for a terminally
sterilized product will be used for the CMC portion of this
review. However, the terminal sterilization begins with an
aseptically filled product; although the aseptically filled
product may be sterile, the terminal sterilization provides
a much higher probability for the sterility of the product.
The terminal sterilization process begins after the
Levofloxacin Injection is aseptically filtered and filled in
a Class 100 environment. This dual process is discussed
below.

Levofloxacin injection will be aseptically filled and
terminally sterilized in two types of packaging. The first
type of packaging includes glass vials with stoppers; the
second type includes flexible plastic bags with two
alternative fill volumes. The glass vials will be filled
and sterilized according to procedures reviewed below.
However, the plastic bags will be filled and sterilized by
separate procedures administered by

according to commitments described in DMF This DMF
contains sterilization procedures and conditions which are
not consistent with sterilization of the glass vials. The
sterilization procedures and conditions for the bags should
be reviewed using expertise and policies which are currently
outside the scope of theresponsibilities of Microbiologists
within DAIDP. The required policies are currently
established by and administered by Microbiologists in the
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Office of New Drug Chemistry. For the final evaluat+on of
the DMF commitments, DAIDP Project Management Staff
should request a consultative review of the levofloxacin
Abbott DMF sterilization commitments from the Office-of New
Drug Chemistry Microbiologists; the review notes included
below deal effectively with the sterilization procedures and
conditions applied to levofloxacin injection in glass vials.

2.

This application is quite confusing from the clinical
microbiology perspective. The confusion arises because pre-
NDA discussions with the applicant suggested quite strongly
that levofloxacin is conceptually identical to ofloxacin.
For ofloxacin, the dominant active drug substance is its 1-
isomer, which is levofloxacin. Conceptually, this premise
should lead to microbiological labeling essentially
identical to ofloxacin. The microbiological labeling
initially proposed by the applicant for levofloxacin varied
significantly from ofloxacin in the microbiological spectrum
listed; this variation is troubling because the proposed
levofloxacin microbiological labeling implies significant
medical superiority of levofloxacin over ofloxacin whose
activity is purported to be almost entirely due to its
levofloxacin content.

The confusion was further exacerbated when the applicant
provided various basic studies in support of levofloxacin
that had been actually performed using ofloxacin instead of
levofloxacin. Particularly, some of the studies on
mechanisms of action and the related resistance mechanisms
were recapitulated from ofloxacin data rather than being
generated anew for levofloxacin. Theoretically,
levofloxacin should stand alone with respect to NDA
submissions; however, this commingling of levofloxacin and
ofloxacin data in support of levofloxacin leaves major
portions of the NDA without supporting data derived from
studies using levofloxacin only. Although adequate
supporting data were not supplied for levofloxacin alone in
parts of the NDA, logic almost dictates that the conceptual
extrapolations from ofloxacin microbiological data are valid
when applied to levofloxacin, the active principal of
ofloxacin. -

Unfortunately, additional confusion arose during the review
of the quality control parameters used for antimicrobial
susceptibility testing with levofloxacin. The proposed
quality control parameters differed significantly from those
currently approved for ofloxacin, whose activity is
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purported to be due almost exclusively to its levofloxacin
content. Some of the proposed quality control parameters
simply do not make sense when viewed from the perspective of
ofloxacin. These concerns will be addressed in portions of
the review dealing with QC parameters.

CONCLUSIONS and/or RECOMMENDATIONS:

1. Comments on Microbiological Manufacturing and Controls issues.

From the DAIDP microbiological perspective, this application is approvable only if the
product is marketed as sterile in glass vial packaging. Alternate packaging of the
product in plastic bags should be reviewed by microbiologists in the Office of New Drug
Chemistry; DAIDP Project Management should request a consultative review of the
terminal sterilization procedures for the praduct packaged in plastic bags.

2. Comments on Clinical Microbiology issues

From the microbiological perspective, this application is approvable pending final
negotiation of an appropriate Microbiology section of a proposed package insert. The
following package insert text represents the FDA-proposed labeling for the Microbiology
section pertaining to this NDA. The labeling contains proposed lists of microorganisms
recommended for approval as well as the clinical microbiology breakpoints wh|ch qualify
the listing of those organisms.

Additional Phase 1V studies should be performed to look for trends in clinical failure of
levofloxacin to treat subjects with infections due to microorganisms which demonstrate
susceptibility to levofloxacin and simultaneously demonstrate intermediate or resistant
status for ofloxacin.

MICROBIOLOGY
The microbiology section of the package insert should, therefore, be revised to
read as follows:

MICROBI G

Levofloxacin is the L-isomer of the racemate, ofloxacin, a quinolone antimicrobial agent. The
antibacterial activity of ofloxacin resides primarily in the L-isomer. The mechanism of action of
levofloxacin and other fluoroquinolone antimicrobials involves inhibition of DNA gyrase (bacterial
topoisomerase H), an enzyme required for DNA replication, transcnptlon repair and
recombination.

Levofloxacin has in vitro activity against a wide range of gram-negative and gram-positive
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microorganisms. Levofloxacin is often bactericidal at concentrations equal to or slighﬁy'greater
than inhibitory concentrations.

Fluoroguinolones differ in chemical structure and mode of action from B-lactam antibiotics.
Fluoroquinolones may, therefore, be active against bacteria resistant to p-lactam antibiotics.

Resistance to levofloxacin due to spontaneous mutation in vitro is a rare occurrence (range: 10°
to 10°*%). Although cross-resistance has been observed between levofloxacin and some other
fluoroquinolones, some microorgansims resistant to other fluoroquinolones may be susceptible to
levofioxacin.

Levofloxacin has been shown to be active against most strains of the following microorganisms
both in vitro and in clinical infections as described in the INDICATIONS AND USAGE section:

Aerobic gram-positive microorganisms
Enterococcus faecalis
Staphylococcus aureus

Streptococcus pneumoniae
Streptococcus pyogenes

Aerobic gram-negative microorganisms
Enterobacter cloacae

Escherichia coli

Haemophilus influenzae

Haemophilus parainfluenzae

Klebsiella pneumoniae

Legionella pneumophila

Moraxella catarrhalis

Proteus mirabilis

Pseudomonas aeruginosa

As with other drugs in this class, some strains of Pseudomonas aeruginosa may develop
resistance fairly rapidly during treatment with levofioxacin.

Other microorganisms

Chlamydia pneumoniae
Mycoplasma pneumoniae
The following in vitro data are available, but their clinical significance is unknown.

Levofloxacin exhibits in vitro minimum inhibitory concentrations (MIC's) of 2.g/mL or less against
most strains of the following microorganisms; however, the safety and effectiveness of
levofloxacin in treating clinical infections due to these microorganisms have not been established
in adequate and well-controlled trials.

Aerobic gram-positive microorganisms
Staphylococcus epidermidis
Streptococcus (Group C/F)
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Streptocaccus (Group G)

Staphylococcus saprophyticus

Streptococcus agalactiae

Viridans group streptococci --

Aerobic gram-negative microorganisms
Acinetobacter anitratus
Acinetobacter baumannii
Acinetobacter calcoaceticus
Acinetobacter Iwoffii
Bordetella pertussis
Citrobacter diversus
Citrobacter freundii
Enterobacter aerogenes
Enterobacter agglomerans
Enterobacter sakazakii
Klebsiella oxytoca
Morganella morganii
Proteus vulgaris
Providencia rettgeri
Providencia stuartii
Pseudomonas fluorescens
Serratia marcescens

Anaerobic gram-positive microorganisms
Clostridium perfringens

Susceptibility Tests

Susceptibility testing for levofloxacin should be performed, as it is the optimal predictor of activity.
However, until levofloxacin susceptibility testing is available, the susceptibility of the organism to
ofloxacin may be used to predict susceptibility to levofioxacin. While ofloxacin susceptible
organisms will be susceptible to levofloxacin, ofloxacin intermediate or resistant organisms may
be susceptible to levofloxacin.

ion ni

Quantitative methods are used to determine antimicrobial minimal inhibitory concentrations
(MICs). These MICs provide estimates of the susceptibility of bacteria to antimicrobial
compounds. The MICs should be determined using a standardized procedure. Standardized
procedures are based on a dilution method' (broth or agar) or equivalent with standardized
inoculum concentrations and standardized concentrations of levofloxacin powder. The MIC
values should be interpreted according to the following criteria:

For testing aerobic microorgansims other than Haemophilus influenzae, Haemophilus
parainfluenzae, and Streptococcus pneumoniae:

MIC
(vg/mL)



NDA 20-634 8
NDA 20-635
R.W.Johnson

|nterpretation
<2 Susceptible (S)
4 intermediate (l) -
28 Resistant (R)

For testing Haemophilus influenzae and Haemophilus parainfluenzae:*

MIC (.a/mlL) Interpretation
s2 Susceptible (S)

2 These interpretive standards are applicable only to broth microdilution susceptibility testing with
Haemophilus influenza and Haemophilus parainfluenzae using Haemophilus Test Medium.’

The current absence of data on resistant strains precludes defining any categories other than
"Susceptible”. Strains yielding MIC results suggestive of a "nonsusceptible” category should be
submitted to a reference laboratory for further testing.

For testing Streptococcus pneumoniae:®

MIC (ug/mb Interpretation
s2 Susceptible (S)
4 Intermediate (1)

28 Resistant (R)

® These interpretive standards are applicable only to broth microdilution susceptibility tests using
cation-adjusted Muller-Hinton broth with 2-5% lysed horse biood.

A report of "Susceptible” indicates that the pathogen is likely to be inhibited if the antimicrobial
compound in the blood reaches the concentrations usually achievable. A report of "Intermediate”
indicates that the result should be considered equivocal, and, if the microorganism is not fully
susceptible to alternative, clinically feasible drugs, the test should be repeated. This category
implies possible clinical applicability in body sites where the drug is physiologically concentrated
or in situations where a high dosage of drug can be used. This category also provides a buffer
zone which prevents small uncontrolled technical factors from causing major discrepancies in
interpretation. A report of "Resistant” indicates that the pathogen is not likely to be inhibited if the
antimicrobial compound in the blood reaches the concentrations usually achievable; other therapy
should be selected.

Standardized susceptibility test procedures require the use of laboratory control microorganisms
- to control the technical aspects of the laboratory procedures. Standard levofioxacin powder
should give the following MIC values:

Microorganism ' MIC (wa/mL)

Enterococcus faecalis ATCC 29212 0.25-2

Escherichia coli ATCC 25922 0.008-0.06

Escherichia coli ATCC 35218 0.015-0.06 -
Pseudomonas aeruginosa ATCC 27853 05-4

Staphylococcus aureus ATCC 29213 0.06-05
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Haemophilus influenzae ATCC 49247° 0.008-0.03
Streptococcus pneumoniae ATCC 49619° 05-2

€ This quality control range is applicable to only H. influenzae ATCC 49247 tested by @'broth
microdilution procedure using Haemophilus Test Medium (HTM).!

“ This quality control range is applicable to only S. pneumoniae ATCC 49619 tested by a broth
microdilution procedure using cation-adjusted Mueller-Hinton broth with 2-5% lysed horse blood.

Diffusion techniques:

Quantitative methods that require measurement of zone diameters also provide reproducible
estimates of the susceptibility of bacteria to antimicrobial compounds. One such standardized
procedure? requires the use of standardized inoculum concentrations. This procedure uses paper
disks impregnated with 5-.g levofloxacin to test the susceptibility of microorganisms to
levofloxacin.

Reports from the laboratory providing results of the standard single-disk susceptibility test with a
5-ug levofloxacin disk should be interpreted according to the following criteria:

For aerobic microorganisms other than Haemophllus influenzae, Haemophilus parainfluenzae,
and Streptococcus pneumoniae: — —

217 B Susceptible (S)
14-16 Intermediate (1)
<13 Resistant (R)

For Haemophilus influenzae and Haemophilus parainfluenzae:*

Zone diameter (mm) Interpretation
217 Susceptible (S)

¢ These interpretive standards are applicable only to disk diffusion susceptibility testing with
Haemophilus influenza and Haemophilus parainfluenzae using Haemophilus Test Medium.2

The current absence of data on resistant strains preciudes defining any categories other than
"Susceptible”. Strains yielding zone diameter results suggestive of a “nonsusceptible” category
should be submitted to a reference laboratory for further testing.

For Streptococcus pneumoniae.’

Zone diameter (mm} Interpretation
217 Susceptible (S)
14-16 Intermediate (1)
<13 Resistant (R) -

' These zone diameter standards for Streptococcus pneumoniae apply only to tests performed
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using Mueller-Hinton agar supplemented with 5% sheep blood and incubated in 5% CO,.

The current absence of data on resistant strains precludes defining any categories other than

“Susceptible”. Strains yielding zone diameter results suggestive of a "nonsusceptible" category
should be submitted to a reference laboratory for further testing.

Interpretation should be as stated above for results using dilution techniques. Interpretation
involves correlation of the diameter obtained in the disk test with the MIC for levofioxacin.

As with standardized dilution techniques, diffusion methods require the use of faboratory control
microorganisms to control the technical aspects of the laboratory procedures. For the diffusion
technique, the 5-.g levofloxacin disk should provide the following zone diameters in these
laboratory test quality control strains:

Microorganism Zone Diameter (mm)
Escherichia coli ATCC 25922 29-37
Pseudomonas aeruginosa ATCC 27853 19-26
Staphylococcus aureus ATCC 25923 25-30
Haemophilus influenzae ATCC 49247° 32-40
Streptococcus pneumoniae ATCC 49619" 20-25

® This quality control range is applicable to only H. Influenzae ATCC 49247 tested by a disk
diffusion procedure using Haemophilus Test Medium (HTM).2

" This quality control range is applicable to only S. pneumoniae ATCC 49619 tested by a disk
diffusion procedure using Mueller-Hinton agar supplemented with 5% sheep blood and incubated
in 5% CO..

References

1. National Committee for Clinical Laboratory Standards. Methods for
Dilution Antimicrobial Susceptibility Tests for Bacteria that Grow
Aerobically-Third Edition. Approved Standard NCCLS Document M7-A3,
Vol. 13, No. 25, NCCLS, Villanova, PA, December, 1993.

2. National Committee for Clinical Laboratory Standards. Performance
Standards for Antimicrobial Disk Susceptibility Tests—Fifth Edition.
Approved Standard NCCLS Document M2-A5, Vol. 13, No. 24, NCCLS,
Villanova, PA, December 1993.
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1. —
Description of the building and facilities including
the number of filling areas and layout of critical and
control area, a brief description of the water-systems
and air-handling.

The buildings used in the manufacturing, processing,
packaging and holding of drug product were designed and
constructed in accordance with the requirements of
21CFR§211.42. The manufacturing facilities include the
following buildings:

1 Aseptic Fill Facility, Weighmaster and Compounding
Areas, Technical Support, Quality Assurance Offices,
Quality Control Laboratories, Cafeteria

2 Manufacturing Operations for Sterile
Ophthalmic Products

3 Engineering Department

5 Executive and General Offices, Human

Resources, Management Information
Systems (MIS) and Weighmaster

Both washed and unwashed stoppers were tested for bioburden.
All samples showed zero (0) colonies/S washed stoppers and
conformed to the established limits of the validation -
protocol: <25 colonies/5 washed stoppers.

: i1 .

Three runs were conducted by processing a full load of
stoppers (15,000) at one-half exposure cycles. Only the
sterilization part of the cycle was conducted. Ten
thermocouples and ten biological indicators of Bacillus

stearothermophilus impregnated with 10° spores/ strip were

distributed within each load. No growth was exhibited by
sterilized BIs.

(3) vials

The drug product is filled on the Strunck Filling line. The
conventional Cozzoli. line may be used as an alternate.

Vials that will be filled on the Strunck line are
depyrogenated in the Strunck Sterilization Tunnel. Thése
filled on the Cozzoli line will be sterilized and
depyrogenated using the Gruenberg oven. The following
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validation studies were conducted.

Strunck B Tunnel
The Strunck Vial Washer with Depyrogenation Tunnel ard

Filler is the equipment used to automatically wash,
depyrogenate and then fill the vials. Vials filled with
water are first transported to a water bath and onto an
ultrasonic vibratory plate. The vials are inverted and
moved to a cleaning station. For internal cleaning, the
vials are sprayed with recirculated Water for Injection
(WFI) followed by fresh WFI and then oil-less dry compressed
air via sanitary stainless steel piping.

Following the cleaning procedure, the vials continue their
transport to the sterilization tunnel. The vials are dried
and sterilized in this tunnel by dry heat at 300 °C + 5 °C.
Validation studies were conducted in triplicate according to
protocol SAI-VA-032 entitled "Validation Protocol For The
Strunck B Sterilization Tunnel" to evaluate the Strunck B
Sterilization Tunnel in sterilizing 20 mL vials.

Five (5) 20 mL vials spiked with 6300 EU/mL of endotoxin
were placed in each area of the tunnel representing the
leading, middle and trailing edge of the product container
load. The vials were placed across the conveyor belt at
positions of 0%, 25%, 50%, 75% and 100% of the width of the
belt. One calibrated thermocouple was positioned inside a
container next to each of the endotoxin spiked vials. A
complete load of washed stoppers was then supplied to the
tunnel and operated as normal. The vials containing the
endotoxin were then tested.

The validation protocol, which includes an exhibit of the
thermocouple and challenge locations, was provided. The
overall endotoxin challenge test results are summarized in
the following table.

Table 1l: Endotoxin Data "
Run No. Amount of Amount of Log
Endotoxin Added Endotoxin Reduction
- (EU/mL) Recovered (EU/mL)
1 6300 1.0 3.7993 "
f 2 6300 . 0.25 4.4014 “
" 3 6300 — 0.25 4.4014 n

The minimum endotoxin log reduction achieved for the three
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runs was 3.8, which meets the acceptance criteria of a
reduction in recoverable endotoxin of 3 log or greater.
Based on these data, a set point of 300 °C is acceptable for
the depyrogenation of the vials. With respect to hest
distribution studies, the accumulated lethality indicates
that the least kill is obtained at the trailing edge of the
container load.

Gruenberg Oven
Prior to depyrogenation on the Gruenberg oven, the vials are
washed on the Cozzoli Washer. Vials are placed over the

hollow needles of the cleaning manifold plate which is fed
clean steam, WFI, and oil-free compressed air via sanitary
stainless steel piping. Following the cleaning procedure,
the vials are transferred to the Gruenberg oven for
depyrogenation. Depyrogenation occurs according to an
established validated procedure which includes: 227°C for
three (3) hours. This cycle was validated under Validation
Protocol SAI-VA-027 entitled "Validation of the Tray
Depyrogenation Cycles Using Bracket Loads - Building. 1".
Validation included a thermal mapping study to identify the
hot and cold zones for tray loads of the vials.
Additionally, heat distribution and heat
penetration/endotoxin challenge were performed for three
validation runs to assure that the slowest to heat locations
were consistently exposed to sufficient heat lethality. The
findings of these studies showed that the minimum endotoxin
log reduction achieved in all validation runs was 4.0.

Based on the temperature reached during heat exposure and
the three logarithmic reduction of all endotoxin challenge,
the depyrogenation cycle is acceptable.

3. A description of the sterilization processes used for
the finished drug product. A description of the
validation of these processes should be provided
including, for example, heat distribution/penetration
summaries, biological studies (biological indicators
and endotoxin), routine monitoring procedures, etc.
Information and data demonstrating distribution and
penetration of the sterilant and efficacy of each
process should be submitted.

Autoclave Process and Performance Specifications
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A Finn Aqua Steam Sterilizer, Model No. 151824-DP (S&Fial
No. 35933), is utilized for terminal sterilization of the
drug product using saturated steam as its source of heat.
The chamber temperature is controlled to maintain a-~
temperature of 121.0 t 0.5 °C for the required exposure
time. The product is terminally sterilized for 15 + 1
minutes or to an equivalent F, of 12 minutes or greater, as
identified in the manufacturing batch record. .

The autoclave cycle consists of five pre-vacuum cycles where
the chamber is evacuated and refilled with steam. The
chamber is then heated to the setpoint temperature (121.0
°C) with saturated steam, pressure is maintained at 30 psi,
and temperature control is maintained for a duration of 15
minutes exposure time. The pressure in the chamber is
released at the end of the cycle by means of slow exhaust.

Autoclave Loading Patterns

A representative autoclave loading pattern includes a
maximum of five carts (or layers) with one located in the
middle. A total of 30 trays are distributed throughout the
five carts and each tray contains 154 vials (20 mL, 26 mm
0.D.). Consequently, a maximum total of 4620 vials can be
placed in the autoclave.

Methods and Controls to Monitor Production Cycles

Routine production cycles are controlled by monitoring the
temperature in the drain of the autoclave. Feedback from
this temperature sensor controls the autoclave inlet steam
valve which in turn regulates the amount of saturated steam
entering the chamber. Temperatures are monitored within the.
chamber during production cycles. Additionally, six (6)
biological indicators (10° of Bacillus stearothermophilus)

are placed throughout each autoclave load during the
production cycle. At the end of the cycle, a seven day
incubation period follows to confirm that no microbiological
growth was observed.

Requalification of Production Autoclaves

Revalidation of the Finn Aqua Steam Sterilizer is conducted
annually according to a standard operating procedure.

Reprocessing
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The R. W. Johnson Pharmaceutical Research Institute does not
have procedures in place at present to reprocess any batch
of Levofloxacin Injection, 25 mg/mL that does not meet
regulatory specifications. Current standard operatiig
procedures and validated programs at

do not provide for any additional thermal processing
and/or reprocessing of product.

4, Summaries of recent validation methods and results for
the same container/closure type and size class that is
used for the product. All results obtained, including
failures, should be supplied. These data should be
obtained using the same filling line(s) that are to be
used for the product in question.

Heat Distribution/Penetration Studies

The validation of the terminal sterilization process for
Levofloxacin Injection, 25 mg/mL was conducted according to
Protocol No. SAI-VA-029 and consisted of the following two
phases: 1) Thermal mapping characterization study for the
maximum and minimum load configurations; and 2) Validation
studies for the worst case sterilization load from studies
in the first phase, i.e., the 1load with the lowest F,
value.

The objective of the first phase was to compare the thermal
and lethality characteristics of different tray load and
mass considerations in order to establish the rationale for
conducting the validation of the levofloxacin terminal
sterilization loads in the Finn Aqua autoclave. The 20 mL
vials that were used in the development of Levofloxacin
Injection, 25 mg/mL, include the 26 mm O.D. vial that is
proposed as the container for commercial product in this
NDA. It also includes the 29 mm O0.D. vial that was used in
filling some early batches of this formulation and in
generating some supporting stability data for this NDA.
General information on these two types of vials follows:

Table 2: Summary of the Phase 1 Sterilization Levofloxacin
Loads Evaluated
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Vial Volum | No. of No. Mass of Mass | No. of Total
Size e Units of Glass, of Units Units
(mL) per Trays | Stopper | Liqui pet Mass
Tray and Cap | d (g) Load (kg)
(g)
I[ 26 mm 20 154 30 18.91 20.14 4,620 180.41 "
I 29 mm 20 120 37 20.64 20.14 4,440 181.94]

The second phase included the validation of the worst load
configuration by the execution of three additional runs.
The sterilization parameters used in both phases include:

Table 3: Operating Parameters and Settings for Sterilization

Validation
Operating Parameters Setting ﬂ
Exposure Temperature 121 ° + 0.5 °C Aw
Exposure Duration Fifteen + 1 minute “
Pre-vacuums Fiye pulses at not less than 3 u

psia

"Cycle Mode Slow Exhaust 4"
uchamber Pressure 30 + 2 psia during exposure ]

Details of the experiments conducted and the data generated
are provided in a report entitled "Validation Report for the
Levofloxacin Terminal Sterilization Cycles", which was
provided. A summary of this report follows.

Phase 1 : Water for Injection, USP was used in the Phase 1
studies. Since the 29 mm O0.D. vial presentation load
represents the worst case condition because of its mass, it
was the only vial selected for evaluation. Three loaded
chamber heat distribution/ penetration and microbiological
challenge mapping studies were conducted for each maximum
and minimum configuration.

Minimum load configuration: one cart located in the middle
of the sterilizer chamber with one tray containing one-
hundred and twenty (120) units.—

Maximum load configuration: five carts with one located in
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the middle of the sterilization chamber. A total of 37
trays are distributed throughout the five carts and each
tray contains 120 units for a maximum total of 4420 units.
No growth was observed in either configuration with the
biological indicators included in the microbiological
challenge studies. All loads behave almost identically
during the cycles of exposure and cool down periods. The
main difference was observed in the accumulated F, of the
slowest to heat location (maximum configuration required
21.96 minutes and the minimum configuration needed 28.62
minutes) . As a result of these data, the maximum
configuration was selected for Phase 2 studies.

Phase 2: The three additional runs with the maximum
configuration load yielded an F, greater than 12 minutes and
no microbiological growth of bioclogical indicators was
observed. These results conform to the validation protocol
acceptance criteria.

Thermal Monitors

The terminal sterilization validation procedure for

Levofloxacin Injection, 25 mg/mL includes the use of twelve
thermocouples to monitor each run. Two thermocouples are

used to monitor the chamber distribution and the remaining

ten are used as penetration probes. The thermocouples are
placed inside the filled containers at the previously -
determined slowest-to-heat point, i.e., the middle of the
fill volume. Information pertaining to the placement and
patterns of thermocouples and biological indicators is
provided in the validation report for the Levofloxacin
Injection terminal sterilization cycle.

3. The Effects of Loading on Thermal Input

Three loaded chamber heat distribution/penetration and
microbiological challenge thermal mapping studies with an
exposure time of 15 minutes were conducted for each maximum
and minimum configuration. The results of the studies are
presented below.

Table 4: Results of the Thermal Mapping Studies:
Maximum and Minimum Validation Runs

Configuration Configuration

“ Parameter Maximum Minimum

“ Results “
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18

IAverage air-removal time

68 minutes

45 minutes

uAverage come-up time

18 minutes

18 minutes

Average penetration
temperature during
exposure time

120.5 °C

120.8 °C

Exposure temperature
(distribution)

120.0 -120.9

119.6 -121.4

quposure time (all six
runs)

15 minutes

15 minutes

Average cool-down time

76 minutes

76 minutes

Average slowest to heat
accumulated F,

21.96 minutes

28.62 minutes

Average chamber pressure 29.6 29.8
(psia)
Microbial growth during none none

the seven day samples
incubation period of each
run

After these studies, the maximum configuration load was

validated by executing three additional runs.

The

thermocouples and biological challenge were concentrated -
around the slowest to heat locations which were identified

in the Phase 1 study. The data generated are presented

below.

Table 5: Results for the Three Validation Runs
(Maximum Configuration)

" Parameter

Result “

HAverage air-removal time

65 minutes u

HAverage come-up time

16 minutes “

Average penetration temperature
during exposure time

120.6 °C_ “

Exposure time (all three runs)

15 minutes u
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12 log reduction in population of B. stearothermophiTiis
concentration.

5. A description of sterility testing methods and Yelease
criteria. Methods should include the protocol for the
selection of representative units from the filling line
during production.

Sterility testing is performed by

according to the current USP using the Membrane Filtration
Technique as provided in SOP 31-032-00. Every lot of
Levofloxacin Injection, 25 mg/mL that is manufactured for
commercial use must be tested for Sterility according to the
USP requirements.

7. Information concerning methods and results of
container/closure integrity testing for both end-
product release testing and the procedure used for the
stability protocol.

A Broth Immersion Test was performed on a recent lot of
media fill (Lot No. TTSB-069) from to assess the
integrity of the container/closure system for the drug
product. Sixty vials of media were sealed with minimum seal
force and sterilized at 121 °C for 15 minutes (maximum
exposure). The vials were then heated at 52 °C for 24
hours, inverted and challenged with 6.3 X 10°/mL of )
Pseudomonas diminuta (ATCC 19146) for 72 hours. Incubation

followed for 10 days at 35 °C. The vials were inspected
for growth. Each of the 60 vials was negative (sterile),
the five negative controls were negative and the five
positive controls were positive. The results demonstrated
that no growth was exhibited for all vials tested.

Integrity . over Product Shelf Life

Both sterility and bacterial endotoxins testing will be
conducted as part of the marketing stability protocol at the
beginning of the stability period and at the expiration

- date.

At this time, all primary stability batches for Levofloxacin
Injection, 25 mg/mL have been tested for sterility and
bacterial endotoxins over 12 months according to the
designated stability program of this NDA. All data
generated conform to the corresponding specifications.
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“Average cool down time 81 minutes
Average slowest to heat 25.41
accumulated F, minutes
Average chamber pressure (psia) 29.6

Microbial growth during the seven none
day samples incubation period of
each validation run

These data provide a high degree of assurance that the
levofloxacin terminal sterilization process will
consistently provide a sterile product.

Terminal sterilization validation of the drug product
includes the placement of a Bacillus stearothermophilus 10°

population suspension biological indicator (BI) close to
each heat penetration thermocouple. This microbiological
challenge was performed on both the maximum and minimum
loading patterns. A sterility assurance of greater than 107°
was demonstrated for the terminal sterilization process.

Levofloxacin Injection, 25 mg/mL bulk solution is sterile
filtered and aseptically filled prior to terminal
sterilization. As demonstrated by media fills, this aseptic
-process is effective in maintaining the sterile conditions
of the product prior to further terminal sterilization.
Media fills for Levofloxacin Injection, 25 mg/mL in the
commercial container/closure system have been conducted
using both the Strunck Tunnel and the Cozzoli Vial Filling

Machine at in accordance with the
current established media fill SOP No. 24-002 entitled
"Process Validation Media Fills". The procedure involves

conducting three successful media fills for initial
qualification and subsequent semiannual media fills to
assure a continuing state of control.

Identification and Characterization of Bioburden Organisms

Three successful media fills (STSB062, STSB063 and STSB064)
were conducted in June 1994 using the Strunck Tunnel. The
corresponding environmental monitoring and media fill
results were included.

Table 6: Media Fill Results; Strunck Tunnel
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[ - —_— — —

Media | Size/Fil Date Room Units Units Quant %
Lot 1 Volume | Filled | No. Filled | Incuba ity Posit
No. {mL) ted Posit ive

ive

STSBO6 20/20 + 6/09/9 111 4,567 4,406 0 0

| 2 1 4
STSBO6 | 20/20 +1 | 6/10/9 111 4,541 4,347 0 0
3 4 (l
STSBO6 | 20/20 +1 | 6/14/9 111 4,593 4,411 0 0 II
4 4

Action Concerning Product When Media Fill Fails

Action Limits : An acceptance level of no more than 0.1%
contaminated units has been established for the Process
Validation Media Fills.

Out of Limits: When the acceptance level is exceeded,
investigative action includes a review of environmental data
and identification of contaminating microorganisms in units
filled with media. 1If the investigation shows an
attributable cause to the failure which is not a flaw in the
design of the filling process, one media fill will be
performed and production will resume if successful media
results are obtained.

If the problem is not identified, three additional media -
fills are scheduled. Products filled during the incubation
period of the media fill in the same size components as used

in the failed media fill will not be released until the

success of the repeated media fill is confirmed. 1In

addition, the process which used the particular filling
equipment, container/closure and filling room, will cease
production until the required number of successful media

fills are performed.

Specifications for Bioburden

Prior to filtration, the bioburden content for Levofloxacin
Injection, 25 mg/mL is obtained. The action limit is 100
CFU/ 100 mL. Additionally, the three successful media fills
for initial qualification are followed by subsequent
semiannual fills to assure a continuing state of control.

Identification, Resistance and Stability of Biological
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Indicators

The biological indicator used in the validation of the
cycles was Bacillus stearothermophilus (ATCC 7953) stpplied
by NAMSA Sportrol, Lot No. S43305. Samples of this lot of
spores were used to determine the time required to reduce
the number of Bacillus stearothermophilus spores by 90%,

(referred to as the D-value) in the presence of Levofloxacin
Injection, 25 mg/mL using a fractional sterilization
exposure.

The D-value was 0.58 minutes (Z=10). This value indicates
that to obtain a 12-log reduction of Bacillus

stearothermophilus spores at 121 °C, a F, » 7 minutes is

required (i.e., 12 X 0.58 minutes = 7). Consequently, the
minimum acceptable F, of 12 minutes specified in the
manufacturing directions of the drug product adequately
meets this requirement.

The Resistance of the Biological Indicator Relative to that
of Bioburden

No measurable bioburden is present at the point of terminal
sterilization. The product is sterile filtered and
aseptically filled. D-values of Bacillus stearothermophilus

were determined in both Levofloxacin Injection, 25 mg/mL and
water. It was determined that the D-value of the Bacillus
spores in water was 1.9 minutes while the D-value in
Levofloxacin Injection, 25 mg/mL was 0.58 minutes.

Microbiological Challenge Studies

The efficacy of the worst load configuration (i.e., maximum
load configuration) was validated by the execution of three
additional runs to demonstrate the required sterility
assurance for the product. Each load consisted of five
carts with a total of thirty-seven (37) trays distributed
throughout the carts. Thermocouples were placed inside the
filled containers at their previously determined slowest-to-
heat point (middle of the fill volume). The complete
sterilization cycle was then conducted (121 °C for 15
minutes with five vacuum pulses of at least 3 psia each).

In all cases, the average accumulated F, (minutes) for the
three runs of the slowest-to-heat was 25.41 minutes, which
exceeds the minimum acceptable F, of 12 minutes. -
Additionally, it also exceeds the minimum theBretical Fo
value of 27 at a temperature of 121 °C necessary to cause a
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8. A description of the microbiological monitoring program
used during routine production. Include the fregquency
of monitoring, type of monitoring, sites monitored,
alert and action level specifications, and precise
descriptions of the actions taken when specifications
are exceeded. These descriptions should include air,
surface, personnel, and water monitoring programs.
Descriptions of the bioburden monitoring program should
also be provided, including specifications.

During the filling of the qualification media fills, areas
related to the manufacture of Levofloxacin Injection, 25
mg/mL were monitored for environmental microbial
contamination. Monitoring included RODAC plates and swabs
of personnel, equipment and room surfaces. Also included
were fall out plates, slit to agar monitoring and biotest
sampling of air. Table 7 provides a summary of the location
of bacteria identified during the qualification media fills
conducted on the Strunck Tunnel.

Table 7: Media Fill Environmental Monitoring: Colony
Forming Units (CFUs) per Plate

Sample Source Lot No. Lot No. Lot No.
STSB062 STSB063 STSB064
Surface 0 1 (Floor) 0
Personnel Gown 2,1 3 3
Monitoring

For the media fill conducted using the Cozzoli filling
process, only one (1) CFU per plate was identified and
isolated during the run (personnel mask).

The corresponding type of bacteria isolated during the three
qualification media fills conducted on the Strunck Tunnel
and the one on the Cozzoli are provided in Table 8. all
bacteria isolated were gram positive cocci belonging to the
Micrococcus and Staphylococcus genera oY gram positive rods

belonging to the Bacillus species.

Table 8: Bacteria Isolated During Qualification Media Fills
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Lot Number Count Position Identification
(CFU/plate)
STSB0O62 2 Group Leader's Micrococcus
Front sp_ and
Staphylococcus
sp.
STSB062 1 Mechanic's Staphylococcus
Front sp.
STSB063 1 Floor Before Bacillus sp.
Filling
STSB063 3’ Mechanic's Staphylococcus
Front sp.
STSB064 2 Mechanic's Staphylococcus
Mask sp.
STSB064 ) 1 Mechanic's Staphylococcus
Front sp.
RTSB064 1 Group Leader's | Staphylococcus
Mask sp.

Alert limit is 3 CFU/plate, action limit is 7
CFU/plate.

In summary, the data demonstrate that the aseptic processing
associated with the filtration and filling of Levofloxacin
Injection, 25 mg/mL is under control and appropriate for
this sterile product when using either the Strunck Tunnel or
the Cozzoli Filling Machine for the filling process.

Anaerobic microorganisms are monitored during media fills
using centrifugal air samplers, fall-out plates and swabs:

- Centrifugal Air Sample Strips and Fall-
Out Plates are incubated in the
anaerobic jar at 30-35 °C for not less
than 5 days.

. The applicators of the swabs are added
to 30 mL of sterile Fluid Thioglycolate
- Medium and then incubated for not less -
than 5 days at 30-35 °C. Following
incubation, tubes with growth are
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streaked to individual TSA Plates™
These are then incubated again in the
anaerobic jar at 30-35 °C for not less
than 5 days. -

All growth observed is identified. The limit is

no anaerobes recovered. When action limits
are exceeded, the
supervisor of the
affected area is
notified through a
Non-Conformance
Report.
Sanitization of the
affected area is
performed and
documented. The
contaminants are
identified. The
area is then
retested.

9. Evidence should be provided that there are formal,
written procedures describing the above elements
and that these procedures are followed.

The Technical Department of @i is responsible for
maintaining standard operating procedures and ensuring -that
they are followed. The extensive list of written procedures
governing the manufacturing and quality control operations
was provided. :
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INTRODUCTION

Levofloxacin is the L-isomer of a racemic mixture, ofloxacin; ofloxacin is a currently
marketed quinolone antibacterial agent. The antibacterial activity of ofloxacin resides
primarily in the L-isomer which exerts its mechanism of action through inhibition of DNA
gyrase (bacterial topoisomerase [1); this gyrase is required for DNA replication,
transcription, repair and recombination. Overall, levofloxacin rapidly and specifically
inhibits bacterial DNA synthesis. Levofloxacin has in vitro activity against a broad
spectrum of gram-positive and gram-negative aerobic and anaerobic bacteria.

PRECLINICAL EFFICACY
In vitro

Mechanism(s) of Action.

Levofloxacin is purported to inhibit bacteria through its
action on the subunit A (Gyr A) of the DNA gyrase
holoenzyme, a topoisomerase II. 1In general, guinolones are
purported to interfere with the DNA breakage-rejoining step
by forming a ternary complex with DNA and gyrase. Overall,
the mechanism of action of the quinolones resides within
biochemical pathways involved in DNA synthesis. However, a
complete detailed understanding of the process has not been
elucidated yet, although several strong candidate pathways
have been identified.

Antimicrobial Spectrum of Activity.

[Editorial Note: This NDA was simultaneously submitted as a
CANDA. The Microbiology summary was submitted on a separate
disk as well as the other clinical portions of the NDA. NDA
table numbering was intentionally maintained in the
Microbiology Review Appendix I. Within the tables,
references were numerically cited by the applicant;
additional reports were used for purposes of labeling review
of microorganism lists in the package insert.]

Data in the accompanying tables shown in Review Appendix 1I
(Tables 2-9 as numbered in the NDA) illustrate the broad
spectrum of antibacterial activity of levofloxacin and
compare that activity with several other quinolones
currently in clinical use in the United States: ofloxacin,
ciprofloxacin, enoxacin, norfloxacin, and lomefloxacin, or
nonguinolones. Appendix I was transcribed electronically
directly from the NDA application; all literature citations-
in or around the tables represent accompanying citations
appropriately listed in the NDA. Within these tables
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concluded that the alterations conferring moderate to-high
levofloxacin resistance to clinical isolates are likely to
involve alterations of the Gyr A subunit of DNA gyrase,

similar to resistant mutants observed for other quimciones.

The secondary alterations accompanying the gyrA mutations

which are found among many quinolone-resistant clinical
isolates are not fully defined, but generally affect cell
permeability (porin channels, lipopolysaccharide), uptake,
or efflux of the antimicrobials. These mutations are
believed to be the first ones selected, providing the low
level of resistance to quinolones that warrants residual
growth in the presence of the drug. This allows much rarer
gyrA mutations (which in S. aureus is preceded by a

topoisomerase IV mutation) to appear as a later event.

Any interpretation of the supporting data could be
significantly flawed where levofloxacin characteristics are
inferred from ofloxacin data. The package insert will only
contain claims clearly derived from studies of levofloxacin
rather than extrapolated data from studies of ofloxacin.

In vivo

Pharmacokinetics/Bioavailability

(Human and animal).
This portion of the review collates information supplied by -
the applicant. This information provides a background for
evaluations associated with the determination of
susceptibility testing breakpoints. The applicant
characterized the pharmacokinetics and bioavailability of
levofloxacin in humans. In summary, the pharmacokinetics of
levofloxacin are linear, predictable, and essentially
identical to the pharmacokinetics of ofloxacin.

I. BIOAVAILABILITY

Levofloxacin is readily absorbed after oral administration.
Average peak plasma concentrations of 2.80 and 5.09 ug/mL
occur at approximately 1.6 and 1.3 hours following single
oral doses of the 250- and 500-mg proposed market tablets,
respectively. The absolute bioavailability of a 500-mg oral
dose of levofloxacin is approximately 99% compared to a
500-mg i.v. infusiaon dose.

There is no statistically significant effect of food on the
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extent of absorption of levofloxacin from the S500-mg—tablet.
Administration with food slightly prolongs the absorption of
levofloxacin (T,,, changes from ~1.5 to 2.4 hours) and
decreases the peak plasma concentration (C,,, changes-from
“5.93 to 5.09 ugmlL). These differences are not considered
to be clinically significant, therefore levofloxacin tablets
can be administered without regard to food.

As expected, due to the slightly shorter delivery period
when levofloxacin is given via a l1-hour i.v. infusion versus
oral administration (T, ~1 to 2 hours), a slightly higher
mean peak plasma concentration of 6.18 ug/mL is achieved
after i.v. administration as compared with 5.09 ug/mL after
oral administration. The plasma levofloxacin concentration
profiles for i.v. and oral administrations are nearly
superimposable in the post-peak, distribution-elimination
phase. The two routes of administration are equivalent in
the extent of absorption. Therefore, the oral and i.v.
routes of levofloxacin administration can be considered
interchangeable.

METABOLISM

Levofloxacin is stereochemically stable in human body fluids
(serum and urine) and does not invert metabolically to its
enantiomer, D-ofloxacin. Three metabolites of levofloxacin
have been identified at low toncentrations in rats, dogs,
monkeys, and/or humans. These metabolites are: (S)-1-[9-
fluoro-2,3-dihydro-3-methyl-10- (4-methyl-1-piperazinyl)-7-
oxo-7H-pyrido(1,2,3-de] -1,4-benzoxazine-6-carboxylate] B-p-
Glucopyranuronic acid (Ml: 1levofloxacin-fB-bD-glucuronide),
(8)-9-fluoro-2,3-dihydro-3-methyl-7-oxo-10- (1-piperazinyl) -
7H-pyrido(1,2,3-de]-1,4-benzoxazine-6-carboxylic acid (M2:
desmethyl-levofloxacin), and 9-fluoro-2,3-dihydro-3-methyl-
10- (4-methyl-1-piperazinyl) -7-oxo-7H-pyrido[1,2,3-de]-1,4-
benzoxazine-6-carboxylic acid N-oxide (M3: 1levofloxacin N-
oxide). Only the M2 and M3 metabolites have been identified

in humans. -
ELIMINATION

Levofloxacin is eliminated mainly in the urine and mainly as
unchanged drug.

-- PROTEIN BINDING L

Over the clinically relevant serum/plasma levofloxacin
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concentration range of JBpMM.g/mL, and as determifred by
equilibrium dialysis, approximately 24 to 38% of
levofloxacin is bound to serum proteins across all species
studied. Levofloxacin is mainly bound to serum albumin in
humans. Levofloxacin binding to serum proteins is
independent of the drug concentration.

Animal Prophylactic and Therapeutic Studies.

The application contains a very thorough and lengthy
analysis of various animal models for a plethora of
infectious processes including studies with a large range of
pathogenic bacteria. The studies appear to be well thought
out in relation to similarities with human infections; the
studies go well beyond simple dosing of animals which had
been injected intraperitoneally with test organisms. The
studies provide reasonably accurate models of infectious
processes. In all cases, summary data clearly show that
levofloxacin is reasonably similar to ofloxacin. The
summary data are included as Appendix II.

CLINICAL EFFICACY -
Clinical Microbiology
Isolates/relevance to approved indications.

The applicant prepared the NDA based on a very large
database of clinical isolates. The data were provided in
aggregate by the applicant. These data are included in this
review as Appendix I. Clearly, all relevant clinically
important microorganisms have been included in the database.
The database was generated using the following
microbiological methods during the clinical trials.

For all clinical trials with levofloxacin, the same
susceptibility testing procedures were employed. The
procedures adhered to the guidelines established by the
NCCLS, Document M2-A3, Performance Standards for
Antimicrobial Disk Susceptibility Tests - 3rd edition, 1984,
of the National Committee for Clinical Laboratory Standards.
In later trials, the 4th edition, 1990, Vol 10, No. 7. was
used. Depending on the indication, the comparator drugs
were varied as appropriate, but all sisceptibility testing
procedures followed NCCLS guidelines.
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Generally, a 5-ug levofloxacin disk was used for -
susceptibility testing. When levofloxacin disks were not
available in early clinical trials, a 5-ug ofloxacin disk
was substituted. For both the levofloxacin and ofloxacin
disks, the following criteria were employed (the approved
ofloxacin susceptibility criteria were used for the
tentative levofloxacin criteria):

Inhibition Zone Diameter Interpretation
216 mm Susceptible
13-15 mm Moderately susceptible
<12 mm Resistant

MICs of levofloxacin and the comparator drugs were obtained
for all pathogens at the reference laboratory,

according to NCCLS
guidelines NCCLS document M7-A3 (Methods for Dilution
Antimicrobial Susceptibility Tests for Bacteria that Grow
Aerobically, Approved Standard, 3rd edition, NCCLS), and
NCCLS document M11-A3 (Methods for Antimicrobial
Susceptibility Testing of Anaerobic Bacteria, Approved
Standard, 3rd edition, NCCLS). The following interpretive
criteria were used for levofloxacin:

MIC (pg/mL) Interpretation
<2 Susceptible
4 Moderately susceptible
28 Resistant
At broth microdilution is

used for aerobic organisms other than N. gonorrheae, as
described in NCCLS document M7-A3. Quality control was
performed on the following ATCC strains: S. aureus ATCC
29213, E. faecalis ATCC 29212, E. coli ATCC 25922 and 35218,
P. aeruginosa ATCC 27853, H. influenzae ATCC 49247, and

S. pneumoniae ATCC 49619 and 49136.

As noted above, many of the clinical isolates were initially
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tested against ofloxacin disks instead of levofloxacth disks
but reported as susceptible or resistant to levofloxacin.
This condition leads to concerns about whether separate
levofloxacin susceptibility testing methods are needed. At
best, the applicant's justification for a separate
susceptibility testing method is marginal. If a separate
susceptibility testing method is necessary, then
consideration should be given to retrospectively validating
the levofloxacin susceptibility of isolates included in
those clinical studies which were initiated on the basis of
ofloxacin susceptibility testing rather than using
levofloxacin. Nevertheless, the database of isolates is
sufficiently large to support the list of microorganisms
proposed for the labeling detailed above in the Conclusions
section.

Inoculum density studies

No pivotal inoculum density studies were provided. There is
no basis for evaluation of the presence or absence of
heteroresistance as-well as the ruggedness of the
susceptibility testing methods.

Disk content Studies.

The five microgram disk content was chosen on the basis of
confirmatory disk content studies provided by the applicant.
The applicant appropriately concluded from these abbreviated
studies that a 5-microgram levofloxacin disk content
reasonably closely approximates the MIC responses associated
with the currently approved 5-microgram ofloxacin disk.
These zone diameter responses continue to fall within an
acceptable range which is large enough to be reasonably
sensitive while not being so large that the test would
consistently interfere with susceptibility tests for other
antimicrobials. Overall, the FDA concurs with the proposed
disk content of 5 micrograms subject to confirmation of
reliability by testing under Phase IV studies proposed above
in the Conclusions section.

MIC broth/agar dilution comparisons.

The applicant provided a study performed at the

The study was
designed to differentiate among the three principal methods
for determining levofloxacin MIC's of clinical isolates.
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The study included broth macrodilution, broth microdttution,
and agar dilution methods. The broth microdilution method
was individually compared against both broth macrodilution
and agar dilution tests. These test results were presented
both as line data and as regression lines. The regression
lines were indistinguishable when either of the MIC vs. MIC
analyses were performed. The applicant has reasonably
concluded that these three MIC testing methods are
equivalent.

MIC/Disk diffusion Correlation Studies.

The applicant provided numerous studies demonstrating the
correlation of MIC's to zone diameters from disk diffusion
measurements. Each of these studies suffered at least
somewhat from a paucity of data in and around the
Intermediate ranges for both dilution and diffusion testing
methods. In fact, these studies were individually marginal
for determining MIC correlates for disk diffusion
susceptibility testing. However, the studies had been
aggregated for presentation by the applicant to the NCCLS
Subcommittee on Antimicrobial Susceptibility Testing. These
aggregate data were presented to the Subcommittee at a
public meeting of the Subcommittee, and the data were
explicitly noted as data from the NDA; the data were
contained in the applicant's NCCLS documentation as Figure 7
on page 69 of a report titled "Levofloxacin NCCLS
Presentation January 1996."

The data displayed in Figure 7 have ranges of zone diameters
of 45 mm down to the diameter of the paper disk while ranges
of MIC's cover 0.0078 to 32 mcg/mL; inspection of regression
data in Figure 7 strongly suggests an approximately bimodal
distribution of isolates into two groups. One group, the
susceptible group, generally has zone diameters 17 mm or
larger and MIC's 1 mcg/mL or less while the other group, the
resistant group, generally has zone diameters 13 mm or
smaller and MIC's of 8 or higher. The largest group is
likely to contain susceptible isolates while the isolates in
the smaller group are likely to be resistant; these groups
appear to be reasonably split by the proposed breakpoint
boundary lines superimposed on the aggregate regression data
in Figure 7. The proposed breakpoint boundary lines appear
to minimize the number of isolates which fall into ranges
between either presumed susceptible or presumed resistant
isolates. These data strongly suggest that the applicant's
proposed breakpoint boundary lines should be established by
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the FDA as the official susceptibility breakpoints i the
proposed product package insert until the proposed Phase IV
monitoring is completed.

Tentative Breakpoints and Interpretative Criteria for
Levofloxacin for Organisms Other than Haemophilus influenzae

and Streptococcus pneumoniae

Zone (5-ug disk) MIC
Susceptible 217 mm <2 pg/mL
Intermediate 14 -16 mm 4 pg/mL
Resistant <13 mm 28 ug/mL

The proposed breakpoint boundaries are based purely on in
vitro population analyses. Further analyses will be

directed toward understanding how these proposed breakpoints
relate to the FDA-approved clinical efficacy of individual
taxons and other related species when the FDA-proposed list
of Indications with their attendant organisms has been
completed. Further evaluation will be done in preparation
for review of draft labeling when a preliminary medical
review is complete. Overall, when a preliminary medical
officer's review is complete, then adjustments in the
breakpoints will be effected to accommodate exclusion for
treatment of any group of organisms which might be included
as falsely susceptible. 1If necessary, these issues will be
addressed in a later review pertaining to labeling
considerations.

Quality Control Studies (MIC and Disk
diffusion).

Summary statistical data were provided for a number of QC
studies distributed throughout the application. All of the
pertinent QC studies were done with methods proposed for
clinical susceptibility testing of levofloxacin in the
U.S.A. These proposed methods will require the use of QC

- strains as a basis of comparison of consistency and
reliability; the applicant has evaluated several appropriate
QC organisms for both the disk diffusion test as well as
dilution susceptibility testing. The applicant's proposed
QC organisms and their limits are shown in the table below.

Quality Control Ranges for_ Levofloxacin
Organism (strain) Zone diameter (mm) MIC (pg/mL)
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E. coli (ATCC 25922) 29-37 0.008-0.0%
E. coli (ATCC 35218) ND 0.015-0.25
S. aureus (ATCC 29213) ND 0.06-0.5
S. aureus (ATCC 25923) 25-30 ND

P. aeruginosa (ATCC 27853) 19-26 0.5-4

E. faecalis (ATCC 29212) ND 0.25-2

H. influenzae (ATCC 49247) 32-40 0.008-0.03
S. pneumoniae (ATCC 49619) 20-25 0.5-2

ND = not determined

Some disturbing concerns emerged from evaluation of the QC
ranges associated with the S5-microgram susceptibility
testing disks for levofloxacin. A significant concern
arises because at least two of the QC zone diameter limits
are disproportionately larger for levofloxacin than for
ofloxacin. In particular, the-QC ranges for E. coli (ATCC

25922) and P. aeruginosa (ATCC 27853) are 29-37 and 19-26,

respectively. These proposed QC ranges were supported by an
appropriate typical multicenter QC study; no obvious .
underlying bias in the data could be easily observed.
Nevertheless, the proposed ranges will tend to bias disk
susceptibility testing toward producing susceptible readings
when an isolate may be truly resistant (i.e. a false
susceptible result). Given this uncertainty about the QC
breakpoints in the face of conclusions from appropriate QC
validation studies, the rate of clinical failures after
approval should be monitored for isolates which show
susceptible readings by diffusion testing. Overall, Phase
IV monitoring should be performed to define the clinical

- failure rate for susceptible isolates when compared with
ofloxacin by diffusion testing.

Cross Resistance/Cross Susceptibility Studies.

Levofloxacin-resistant organisms were almost universally
resistant to other quinolones but not to unrelated
antibiotics.
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Anaerobic Studies. —_

Considerations of activity against anaerobic species were
included in discussion of Isolates/relevance to apprewved
indications as noted above. The summary of supporting data
is provided in Appendix I.

Haemophilus and Neisseria Studies.

Considerations of activity against Haemophilus and Neisseria
species were included in discussion of Isolates/relevance to
approved indications as noted above. The summary of
supporting data is provided in Appendix I.

Bacteriological Efficacy

Correlation of Test Results with Outcome
Statistics.

At the time of this microbiology review, the medical review
of clinical efficacy has not been concluded; thus, the
determination of clinical outcomes has not been completed,
and outcome data are not-available in the Microbiology
volumes of the NDA for comparison with in vitro

susceptiblilty data. When the clinical outcomes are known,
~then the proposed susceptibility testing breakpoints may be
further refined to include or exclude appropriate species;
any exclusions will be built into product labeling which is
pertinent to clinical microbiologists.

Package Insert.

Isolates Approved

See text of package insert in Remarks section.

Interpretative Criteria Established.

See text of package insert in Remarks section.
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James R. King, Ph.D.

Microbiologist, HFD-520
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cc: Orig. NDA # 20-634

NDA # 20-635
HFD-473
HFD-520/DepDir/LGavrilovich
HFD-635 ) -
HFD-520/SMicro/ASheldon
HFD-502
HFD-520
HFD-520/Micro/King
HFD-520/MO/Frank and Hopkins
HFD-520/Pharm/Joshi
HFD-520/Chem/Shetty
HFD-520/CS0O/LeSane

Printed for signatures without Appendices on 12/17/96
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: October 11, 1996

FROM: Frances V. LeSane
Project Manager 2
DAIDP/HFD-520 y
301-827-2125
301-827-2325!_2327 FAX %

SUBJECT: Evaluation of NDA -MVP for Levaquin Tablets and Levofloxacin Drug
Substance, NDA 20-634.

TO: Heather L. Jordan
Associate Director
Regulatory Affairs
The R.W. Johnson PHARMACEUTICAL RESEARCH INSTITUTE
908-704-4607
908-722-5113 FAX

The methods tested are suitable for control and regulatory purposes.

Following are comments on the methods:

Elequin Tablets - There is a mistake in the preparation of thecextracting
solution on page 04 00395. The method says to prepare a solution of

it should read

Levofloxacin Drug Substance - Ve did not have a .
in the enantiomeric purity method. I used

only the column with satisfactory results.

If you have any questions, please call me at the above number and I will arrange a telecon
with the reviewer. '

cc:
Orig. NDA 20-634

20-635
HFD-520/Div. Files
HFD-520/PM/FVLeSane/10-11-96



MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
Public Health Service

Food and Drug Administration

Center for Drug Evaluation and Research

» _ L ; :.-! Division of Drug Analysis
*. /4 ) - <1 1114 Market Street, Room 1002
‘ . __.— St. Louis, MO 63101
T Tel (314) 539-2168

FAX Tel (314) 539-2113

Date: August 20, 1996
From: Henry D. Drew, Ph.D., Deputy Director, Chemistry II (HFD-920)
Subject: Evaluation of NDA - MVP for Elequin Tablets and Levofloxacin Drug

Substance (NDA: 20-63?)/ Submitted by R.W. Johnson Pharmaceutical

Research Institute, Raritan NJ

To: B.V. Shetty, Ph.D., NDE Review Chemist (HFD-520)

The evaluation of the Elequin Tablets and Levofloxacin Drug Substance NDA - MVP
has been completed and all methods are acceptable with minor modification for
guality control and regulator§\§ﬁ§§6§éé. Please refer to specific comments
from the evaluating chemist, James F. Brower,

As per program requirements, we are forwarding the original worksheets. We

shall retain the reserve sample for 90-days before disposal of remaining
sample. If you feel that the reserve sample should be held longer, please

contact DDA.

Henry D. Drew, Ph.D.
Deputy Director, Chemistry II




MEMORANDUM DEPARTMENT OF HEALTH & HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION

CENTER FOR DRUG EVALUATION AND RESEARCH

Division of Drug Analysis
St. Louis, MO
Tel. (314) 539-2011
Ext. 119
FAX Tel. (314) 539-2113

DATE : August 8, 1996

FROM : James F. Browver, Chemist, HFD-920
SUBJECT: NDA 20-634 Elequin (levofloxacin) Tableté
TO : B.V. Shetty, Ph;D., Reviewing Chemist

CDER .HFD—SZO
Phone: (301) 827-2187

The methods tested are suitable for control and regulatory purposes.
Following are comments on the methods: -« . - -
Elequin Tablets - There is a mistake in the preparation of the extracting

solution on page 04 00395. The method says to prepare a solution of
. it should read

Levofloxacin Drug Substance - We did not have a
in the enantiomeric purity method. I used
only the column with satisfactory results.

7 e

"James F. Browver




Consult #677 (HFD-520)

LEVAQUIN levofloxacin tablets and injection

The Committee found no look-alike/sound-alike conflicts nor any misleading:and
fancifui aspects with the proposed proprictary name.

The LNC has no reason to find the proposed name unacceptable.

RUBY U (0/18/56  Chair

CDER Labeling and /Nomeﬁclature Committee




VS
REQUEST FOR TRADEMARK REVIEW

To: Labeling and Nomenclature Committee

Attention:_Dan Boring, Chair, (HFD-540)

From: Division of New Drug Chemistry III HFD-830/520 —
Attention:_Dr. Vithal Shetty Phone:_827-2187

Date: /% /3,/9 %Z

Subject: Request for Assessment of a Trademark for a Proposed
Drug Product

Proposed Trademar]v_[— F / /C} G\U / /\/ NDA/ARDEF AU — O 2»(] - A 3

Company Name: ﬁ ) Lt} . %’ﬂv‘w W feseonsb, /(%.,,ZZ-L Z
Lenrosliyaein

Establlshed name, including dosage form:_

Ay P A~
‘LFDMM@'O?/M L e5Telyg

ot e L:Zr&dtclamlﬁrks IPZ ztl})i;ame fi n 5;70(‘2? 1on prcid ct
( 'anr%LQQaeAML

Indications for Use (may be a summary if proposed statement is
lengthly): o

A D A
(JC)QLL4«1414VL{Q)

Initial comments from the submitter (concerns, observatlons,
etc. ) 2

% it ECEUIN 7 7Fas
_-%&, UMAM Mw%/ﬁ'f%’}wa&w M’/ila’-/? g.
y—os/w\ ,(/171#&7»071/»&9 CEVF (SU//N Ly Qe
L, ~z  =r

F il ey LA Le AV
ea——————

NOTE: Meetings of the Committee are scheduled for the 4th
Tuesday of the month. Please submit this form at least
one week ahead of the meeting. Responses will be as
timely as possible.

Rev May.94



Consult #13 (HFD-520)
LEVAQUIN (levofloxacin tablets)
. The LNC found no look alike/sound alike conflicts nor misleading aspects in the

proprietary name.

The LNC has no reason to find the proposed proprietary name unacceptable.

D Useriin 0/20/96 . char

CDER Labeling and N ?Eencl'{xmre Committee




REQUEST FOR TRADEMARK REVIEW

To: Labeling and Nomenclature Committee

Attention:  Dan Boring, Chair (HFD-530), 9201 Corporate Blvd, Room N461

From: Division of Anti-Infective Drug Products

[ rn.520

Il

Attention: Frances LeSane

Phone: 301-827-2125(301)
827-2120

Date: May 8, 1996

1 Subject: Request for Assessment of a Trademark for a Proposed New Drug Product

Proposed Trademark: LEVAQUIN

NDA/ANDA# NDA
20-634

Established name, including dosage form: Levofloxacin Tablets

Other trademarks by the same firm for companion products: ELEQUIN

Indications for Use (may be a summary if proposed statement is lengthy):

Initial Comments from the submitter (concerns, observations, etc.):

Note: Meetings of the Committee are scheduled for the 4% Tl‘uesday of the month. Please submit
this form at least one week ahead of the meeting. Responses will be as timely as possible.

cc: Original NDA 20-634; HFD-520/division file; HFD-520/; HFD-520/

Rev. December 95
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DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS
Review of Chemistry, Manufacturing, and Controls

NDA# 20-634 CHEM. REVIEW#:1 REVIEW DATE: 1/17/96

- Revisron . 9/23/%%

SUBMISSION/TYPE DOCUMENT DATE CDER DATE ASSIGNED DATE
12/21/95 12/27/95

ORIGINAL Original
Submission

NAME & ADDRESS OF APPLICANT: The R.W. Johnson Pharmaceutical
Research Institute

920 Route 202 South

P.O. Box 300, Raritan, NJ. 08869

DRUG PRODUCT NAME Levaquin
Proprietary: :
Nonproprietary/Levofloxacin
Code Names/#’S: RWJ-25213-097
Chemical, type/ ' . ’
Therapeutic Class: 1S; CAS Registry No. 100986-85-4
Alternate Names: Levofloxacin hemihydrate, (1l)-ofloxacin

ANDA Suitability Petition/DESI/Patent Status:

N/A

PHARMACOLOGICAL CATEGOiRY/INDICATIbN: Antibacterial

DOSAGE FORM: Tablets

STRENGTHS : 250 mg and 500 mg

ROUTE OF ADMINISTRATION: Oral

DISPENSED: X Rx _ OTC _ -

CHEMICAL NAME, STRUCTURAL FORMULA, MOLECULAR FORMULA, MOL. WT:

b. Moleculer Formus B

- - CrHuP0,  1/2H,0
o ¢ Moleculer Weight
O ’ smss . gt
F OH | & Cremice Nanes AR
(51-8-0r0-2.3-clivytiro-3-methyt- 10-(4-methyt-1-piperszingl)-7-an- o
| . 12 H20 TH-pyrico]1,2.3-de}-1,4-berzoaazine-6-carbaxyic acid hemihydrate
or
. (\N \/L S-£)4-U0r0-2,3-dydo-3-methyl- 10-(4-methyl-1-piperaziny()-7-oao-
N \/‘ o) ‘CH, ) TH-pyrido[1.2.3-de] 1, 4]bermzoxazine-6-carbaxyic acid hemihyorate
S ~ or
(H5)-6-8u0r0-2.3-cllycro-3- methyk- 10-{4-methyt-1-piperazingl)-7-coc-
mlimlxjimww
#{1) United States adopted name (proposed)
levaflozacin
©2) Intarnational ponproprietary name
Jevolaxacin . ' Lot
Sbvcopmee ol €L z )
@ Code name u)::t'.‘:.&'“ﬁ,amj-r: Crprefe- Iy

DR-3a55



NDA 20-634
CHEMIST REVIEW, page2

SUPPORTING DOCUMENTS:
The firm has submitted following references:

IND _
IND

DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
DMF
The DMF . refers to manufacture and controls of the drug
substance by method The firm has submitted a letter
dated 8/29/95 from to refer to their DMF The
_. DMF refers to synthesis of drug substance by method
. The DMF refers
The firm has submitted a letter of authorization from
to refer to their DMF



NDA 20-634
CHEMIST REVIEW, page3

RELATED DOCUMENTS (if applicable):

NDA 20-635



NDA 20-634
CHEMIST REVIEW, paged

1. The trademark, LEVAQUIN, has been approved by LNC.

2. Vol.# 1.014, 1.015 and 1.016 have been submitted to HFD-005
on 12/21/95 for EA evaluation.

REMARKS /COMMENTS :

_ Levofloxacin (Levaquin) is the levorotatory isomer of the D, L-

racemate of ofloxacin and a synthetic fluorinated
carboxyquinolone. It exists in two crystalline forms:
hemihydrate and monchydrate. Either form can be dehydrated with
heating and converted to the anhydrous form. However, in the
presence of environmental moisture, the anhydrous form converts
to the original hydrate form. The hemhydrate form is the subject
of this NDA filing. X-Ray diffraction patterns are qualitatively
different for the two forms of Levofloxacin.

CONCLUSIONS & RECOMMENDATIONS: (9 é
apprsvad_ (AVS ’O/ {
The application is for manufacturing and controls
under section 505 of the Act. Specific items which ™% 948 _ ddvesseol_
are identified under the following headings: vrug
Substance, Synthesis, Specifications and Methods, Drug Product
stability and Environmental Assessment. .

LUl 19114 124

Vithal Shetty, Ph.D.
Review Chemist

Cc: Orig. NDA 20-634 o p—
HFD-520/Div File ;
HFD-520/PHARM/Osterberg
HFD-520/MO/Alberune

HFD-520/CHEM/Shetty ‘
HFD-SZO/TeamLeader(Acting)/BDunn’szf:;z A L
' Y-
10°




MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DATE: September 23, 1996

FROM: Frances V. LeSane
Project Manager
DAIDP/HFD-520
301-827-2125
301-827-2325/2327 FAX

SUBJECT: NDAs 20-634 & 20-635 Environmental Assessment
Deficiencies.

TO: Heather L. Jordan
Associate Director
Regulatory Affairs
TheAR.W. Johnson PHARMACEUTICAL RESEARCH INSTITUTE
908-704-4607
908-722-5113 FAX

Please note the following deficiencies in regards to your pending
NDA applications.

NDA 20-634 - 2 pages
NDA 20-635 - 2 pages

CC:
Orig. NDA 20-634

20-635
HFD-520/Div. Files
HFD-520/MO/RHopkins
HFD-520/CHEM/BShetty
HFD-520/PM/FVLeSane/9-23-96







ENVIRONMENTAL ASSESSMENT
AND
FINDING OF NO SIGNIFICANT IMPACT

FOR

LEVAQUIN
(levofloxacin)

Tablets

NDA 20-634

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

DIVISION OF ANTI-INFECTIVE DRUG PRODUCTS
(HFD-520)




FINDING OF NO SIGNIFICANT IMPACT
NDA 20-634

LEVAQUIN (levofloxacin) Tablets

The National Environmental Policy Act of 1969 (NEPA) requires all
Federal agencies to assess the environmental impact of their
actions. FDA is required under NEPA to consider the
environmental impact of approving certain drug product
applications as an integral part of its regulatory process.

The Food and Drug Administration, Center for Drug Evaluation and
Research has carefully considered the potential environmental
impact of this action and has concluded that this action will not
have a significant effect on the quality of the human environment
and that an environmental impact statement therefore will not be
prepared.

In support of their new drug application for LEVAQUIN
(levofloxacin) Tablets, The R.W. Johnson Pharmaceutical Research
Institute has conducted a number of environmental studies and
prepared an environmental assessment in accordance with 21 CFR
25.31a (attached) which evaluates the potential environmental
impacts of the manufacture, use and disposal of the product.

Levofloxacin is a synthetic drug which will be administered
orally in the treatment of community acquired pneumonia, acute
exacerbation of chronic bronchitis, acute sinustitis, complicated
urinary tract infections, acute pylonephritis, and uncomplicated
skin and soft tissue. The drug substance will be manufactured by
The drug product

will be manufactured at

The finished drug product will be
used in hospitals, clinics and by patients in their homes
throughout the United States.

Levoflaxacin may enter the environment from excretion by
patients, from disposal of pharmaceutical waste or from emissions
from manufacturing sites. The progected environmental
introduction concentration from use is less than 1 ppb. CDER has
routinely found that concentrations less than 1 ppb have no
effect on relevant standard test organism, therefore the
applicant has submitted a Tier 0 EA without format items 7, 8, 9,
10 and 11.



Disposal may result from production waste such as out of
specification lots, returned goods and user disposal of empty or
partly used product and packaging. Pharmaceutical waste
containing levofloxacin will be sent to licensed incineration
facility. At U.S. hospitals and clinics, empty or partially
empty packages will be disposed according to hospital/clinic
procedures. From home use, empty or partially empty containers
will typically be disposed of by a community's solid waste
management system which may include landfills, incineration and
recycling, while minimal quantities of unused drug may be
disposed of in the sewer system.

Precautions taken at the sites of manufacture of the bulk product
and its final formulation are expected to minimize occupational
exposures and environmental release.

The Center for Drug Evaluation and Research has concluded that
the product can be manufactured, used and disposed of without any
expected adverse environmental effects. Adverse effects are not
anticipated upon endangered or threatened species or upon
property listed in or eligible for listing in the National
Register of Historic Places.

RBlee. oy L Sace

DATE PREPARED BY /- J
Nancy B. Sager
Team Leader
Environmental Assessment Team
Center for Drug Evaluation and Research

s Eroe BlAoe

DATE CONCURRED
Eric B. Sheinin, Ph.D.
Director, Office of New Drug Chemistry
Center for Drug Evaluation and Research

Note: In a separate communication to the agency, the applicant
confirmed that the EA addendum marked confidential could be
released to the public. .

Attachment: Environmental Assessment




NONCONFIDENTIAL ENVIRONMENTAL ASSESSMENT

DATE: NOVEMBER 27, 1996

NAME OF APPLICANT: The RW. Johnson Phamaceutical
' Research Institute

ADDRESS: Rt. 202, P.O. Box 300

Raritan, NJ 08869-0602
PROPOSED ACTION

New Drug Application (NDA) for Levofloxacin Tablets, 250 and 500 mg.
Environmental Assessment required by 21 CFR Part 25.22 (a)(14).

The National Environmental Policy Act requires Environmental Assessments
(EA) to be public documents. Part 2 (Non-Confidential Environmental
Assessment) of this document contains Subsections | through XIV and
accompanying Appendix A and B which are suitable for public disclosure.
Proprietary information, which is contained in this part (Part 1: Confidential
Environmental Assessment), including Appendices C and D, could be
beneficial to competitors and, therefore, must remain confidential.

The new drug substance, levofloxacin, will be manufactured by =~
' The imported active ingredient will
be formutated into a tablet dosage by _
"The final drug product will be
manufactured, packaged, labeled, and tested at this facility.

Levofloxacir is a member of the quinolone antimicrobials. It exerts
antibacterial activity by antagonism of the interaction between DNA gyrase
and DNA. The spectrum of activity of levofloxacin includes Gram-positive




aerobic organisms and Gram-negative bacteria, and atypical organisms
(e.g., mycoplasma pneumoniae, chlamydia pneumoniaé). Levofloxacin will
be utilized for treatment. of community acquired pneumonia, acute
exacerbation of chronic bronchitis, acute sinusitis, complicated urinary tract
infections, acute pylonephritis, and complicated and uncomplicated skin and
soft tissue infection. The drug product will be dispensed at hospital and

home health care settings, and by pharmacies. |

Disposal of prescribed product will be through use, with retumed product
disposed through high teﬁperature incineration at licensed disposal
facilities. Production wastes contaminated with the active ingredient
generated by will be
disposed through high temperature incineration at approved commercial
incinerators. Wastewater from the manufacturing process will be disposed
through pemmitted discharge to the local Publicly Owned Treatment Works
in Manufacturing wastes generated by during
the production of the active ingredient will be managed in accord with
applicable local environmental regulations.

facifity is located on

The facility is bordered to the West and

North by public highways. To the East and Southeast are undeveloped

lands. The site is not adjacent to envxronmentally sensitive areas. The
climate is tropml
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IDENTIFICATION OF CHEMICAL SUBSTANCES THAT ARE SUBJECT
TO THIS PROPOSED ACTION

A

DESIGNATIONS
1. Chemical Name

(S)-9-fluoro-2,3-dihydro-3-methyl-10-(4-methyl-1-piperazinyl}-7-oxo-
7H-pyrido[1,2,3-de]-1,4-benzoxazine-6-carboxylic acid hemihydrate

2. Other Name

RWUJ-25213-097 - Code Designation at The RW. Johnson
Pharmaceutical Research Institute

DR-3355 - Code Designation at

USAN - Currently Unavailable

JAN - Levofloxacin

3. CAS Registry Number: 100986-854

4, Molecular Weight and Formula: MW = 370.38
Formula: C,,H,,FN,O, . ¥2H,0

PHYSICAL DESCRIPTION

Light yellowish white to yellow-white crystals or crystalline powder, odoriess.



. o p—

C.  ADDITIVES OR IMPURITIES

The levels of impurities present in levofloxacin drug substance are
extremely low (typically < 0.1%) and are:

Levofloxacin-N-oxide
Desmethyl-levofloxacin

Diamine derivative of levofloxacin
Desfluoro-levofloxacin

Additionally the D-isomer (also known as p)-ofioxacin) is also monitored.
A specification of “not to exceed 0.8%" is listed in the Chemistry,
Manufacturing, and Controls Section I.D. of this NDA.

D. QUALITATIVE COMPOSITION OF FINAL PRODUCT
Product containing the drug substance: Levofloxacin tablets contain the

drug substance LEVOFLOXACIN, (RWJ-25213-097) in combination with the
following commonly used compendial excipients:

COMPONENTS CAS #
Hydroxypropyl Methyicellulose 2910, USP 9004-65-3
Crospovidone, NF  ~ 9003-39-8
Mcrocrystalline Cellulose, NF 9004-34-6
Magnesium Stearate, NF ' 557-04-0
Polyethylene Glycol 8000, NF _ . 25322-68-3

' This component does not appear in the final product
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Qualitative C i

! Hydroxypropyl Methylcellulose, USP
/ Titanium Dioxide, USP

[ Polyethylene Glycol, NF

/ Synthetic Red Iron Oxide

/ Polysorbate 80, NF

Qualitative Composition

v’ Hydroxypropyl Methylcellulose, USP
Titanium Dioxide, USP
vPolyethylene Glycol, NF

Synthetic Red Iron Oxide
Polysorbate 80, NF

Appendix A contains the Material Safety Data Sheets for these compounds.

The Quantitative composition is provided in the Chemistry, Manufacturing,
and Controls Technical Section I (Drug Product) of this NDA Such
information is trade secret and confidential. '

INTRODUCTION OF SUBSTANCES INTO THE ENVIRONMENT

The RW. Johnson Pharmaceutical Research Institute (RWJPRI) will obtain
the active ingredient from _ , .

Appendix B contains the statement of compliance with environmental
regulations for The final drug products will be manufactured by
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The potential environmental releases of the drug substance are from
airbome particulates generated during the manufacturing process. This
environmental assessment will address the introduction of the drug
substance levofloxacin to the environment attributable to the manufacturing
process. Site specific release information is provided in Sections VI.A. and
V1.B., and is summarized in Table 6-1.

Table 6-1
Environmental Permits
Media Permit No. Govt. Agency Expiration Date
Air PFE-33-1291-1681-HII-11l- *EQB 11/96
0 .
Water GDG-88-606-021 *PRASA 3/96

* EQB - Environmental Quality Board
® PRASA - Puerto Rico Aqueduct and Sewage Authority

1. Air
The production of levofloxacin tablets will take place within a proposed 40' x
80' addition to the manufacturing facility at The manufacturing
process Will consist of the following steps: granulation, milling, blending,

- compression, and tablet ooatihg. Each of these steps has been evaluated

for the potential to release the active as an air contaminant, with the
granulation, compression, and coating steps deémed capable of generating
airbome emissions. - '
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The existing manufacturing area is equipped with a general exhaust
ventilation system with a rated removal efficiency rate of 99.9%. The
system is penmitted by the Puerto Rico Environmental Quality Board under
Pemmit No. PFE-33-1291-1681-I-1l-lIl-0 (refer to Table 6-1). Air filters
containing the entrapped actives will be disposed by high temperature
incineration at a commercially licensed incinerator. The proposed 40' x 80'
manufacturing wing will be similarly equipped with a general exhaust
ventilation system at least as efficient as the present system.

Besides the aforementioned general exhaust ventilation system, the
processing equipment has been designed to operate such that airborne
emissions are either not generated, or if they are Qenerated, that these
emissions are controlled. For example, product transfers between
processing equipment is minimized to the greatest extent practical. Where
transfers are necessary, the use of connectors equipped with diaphragm
seals will help eliminate airbome releases. '

The initial granulation step in the manufacture of levofloxacin tablets occurs
within a fluid bed granulator. This device incorporates a series of filters
which capture particulates that would otherwise be released. This air
filtration system relies on a HEPA Filter bank to provide for a 99.97%
removal efficiency. |

Following the granulation step the product‘undergoes a milling/blending
process that serves to "de-clump” the granulation. This process is totally
ehdosed, meaning that there are no pathways for airbome releases. Next
the product is compressed and it is this step that may generate airborné
particulates. These releases will be controlled by the general exhaust
system described above, providing for a 99.9% removal efficiency for
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particulate matter. The final step requires that a coating be applied to the
tablets. Releases from this step will be controlled by the application of
filters designed to remove particulates (5 p or greater) by a factor of 99.9%
or better.

The manufacturing process is expected to limit production losses to less
than 4 kg/batch. The controls exercised as described above will limit actual
environmental releases of the active via the air compartment to
approximately 7.4 g/batch. Filters will be cleaned with hot water, with the
resultant washings disohargéd to the plant's wastewater treatment facility.
Filter media contaminated with the active ingredient will be disposed through
high temperature incineration (1600-1800 °F) at a commercial solid waste
incinerator.

With the approval of this action, levofloxacin tablet production at Gurabo is
expected to be ___ batches/year (5th year production schedule). This
yields estimated airbome releases of approximately __ gfyear. In actuality,
releases would effectively be zero.

2. Water

Waterbome releases into the facility’s treatment plant are likely to occur
from the cleaning of process equipment and air filters containing the
entrapped active. Following product removal at the end of the batch run,
the prooéss vessels are cleaned following a standard cleaning procedure.
A hot water rinse is applied to remove any residual. product from the
processing equipment. Although the cleaning frequency cannot be
determined at this time, it is expected to occur once every 15 batches. For
purposes of this assessment it will be assumed that the production



equipment will be cleaned after every batch. This will provide a very
conservative estimate of waterbome releases that may be as much as
15 times higher than actual operating conditions. Therefore based on 4 full-
scale test batches, this cleaning operation is expected to release
approximately 4 kg/batch into the facility's wastewater stream. This wash-
down residual would then undergo secondary and tertiary treatment
(powdered activated carbon) on-site.

discharges treated effluent to
the local Publicly Owned Treatment Works (POTW) under Permit
No. GDG-88-606-021 (Table 6.1). The wastewater treatment plant provides
secondary treatment for approximately 303 million-liters per day of
wastewater. Effluent from the POTWis discharged 1 mile off the seacoast.
Thus, the organics that remain in the effluent do not enter any body of
surface water.

- Effluent limitations applicable to are set by the Puerto Rico Aqueduct
and Sewerage Authority (PRASA). These limits are imposed to protect the
operation of the treatment plant and employees. Under the conditions of
JJPP's wastewater discharge permit, the manufacture of levofloxacin tablets
is not expected to result in noncompliance or to adversely affect the
operation or efficiency of the POTW. Assuming that levofloxacin is not
degraded by biological treatment, it is expected to be strongly adsorbed to
sewerage sludge. Thus, the concentration of the active in the effluent would
effectively be zero.



3.  Disposal of Waste from Use

-~ 10 meet patient demands, the 5th year production estimate for the drug
product will require ______ kg of levofloxacin drug substance. Assuming
disposal will occur through wastewater collection systems, an estimate of
the Maximum Expected Emitted Concentration (MEEC) yields an
environmental concentration of ___ x 10°- mg/L (see Appendix C for MEEC
derivation). Material discarded by the consumer will be incinerated or

landfilled at sanitary/municipal solid waste facilities.

Returned goods will be received and managed by Ortho-McNeil
Pharmaceutical Corporation's Distribution Center in Bridgewater, New
Jersey. Disposal of product will be through high temperature incineration
at a commercially licensed incinerator. It is Ortho-McNeil's policy to destroy
all returned products in this fashion. The high temperature of incineration
(>1600 °F) is expected to destroy the active ingredient, with the resultant
ash posing no environmental hazard. This practice insures that returned

goods are managed in an environmentally sound manner.

VIl-XI

As CDER has found that drugs at concentrations less than 1 part per billion
(ppb) have no significant effect on the environment, that information for
Environmental Assessment format items 7, 8, 9, 10 and 11 will normally not
be needed for drugs whose maximum expected environmental

concentration (EIC or EEC, whichever is gréater) is less than 1 ppb.

XIL. LIST OF PREPARERS

‘Bradford B. Gardner )
Manager, Environmental Engineering
Ortho Pharmaceutical Corporation

n\levoinoncon.ea2/1
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Eleven and a half years of professional environmental experience. Eight
-~» and a half within the pharmaceutical industry, and two and a half years in
hazardous waste management, and half a year with the New Jersey

Department of Environmental Protection.

Bachelor of Science Degree in Environmental Science
Master of Science Degree in Environmental Health

Registered Environmental Manager, No. 5991.

Norman W. Gabel, Ph.D.
Senior Scientist
N.W Gabel and Associates

Ph.D., Organic Chemistry
M.S., Biochemistry
B.S., Chemistry

Xll. CERTIFICATION

| certify that the information presented is true and accurate and complete
to the best of the knowledge of the firm responsible for the preparation of

the Environmental Assessment. -

Date: Ve sy e
Signature: 7/Qf/ /o@/

Title: Manager, Environmental Engineering

nlevo\noncon.ea2/2
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MATERIAL SAFETY DATA SHEET
ON LEVOFLOXACIN

DATE OF ISSUE: March 18, 1993

Kiyoshi Tamura, ph.D.
Project Coordination on Levofloxacin
Developmental Research Laboratories

ADDRESS: 16-13, Kitakasai 1-Chome,

Tokyo 134, Japan
TEL:03-3680-0151
FAX:03-5696-8345

Edogawa-ku

03 03384
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MATERIAL SAFETY DATA SHEET

PRODUCT : Drug

I1.IDENTITY

Chemical Name

INN

JAN

Code Number
Structure

Formula
Molecular weight

(-)-§-9-fluoro-2,3,-dihydro-3-methyl—10—
(4-methyl-1-piperazinyl)-7-oxo-7§-pyrido
[1,2,3-de] [1,4) benzoxazine-6-
carboxylic acid hemihydrate

levofloxacin (anhydrate)

levofloxacin (hemihydrate)

DR-3355
. 0
F COol
' ™\ < % 1,0
CHy—N N
? — ,‘\\“
W CH,

C18H0FN30,-% H,0
370.38

- 1I.CHEMICAL AND PHYSICAL CHARACTERISTICS -

Description

Solubility in
Water

Solubility in
Organic Solvent :

Melting Point

Inflammatory

Light yellowish white to Yellowish white
crystals or crystalline powder without
odor and with bitter taste

Sparingly soluble

Freely soluble in glacial acetic acid
and chloroform. Sparingly soluble in
methanol. Slightly soluble in ethanol.
Practically insoluble in ether.

No melting point.

Degradation occurs over the fange
224-229°C, ‘and no solid can be
observed at this temperature.

Not inflammable



Explosion Hazard : Not explosive

Other Known

Hazards :

LY Z

No hazards have been reported.

III. CLASSIFICATION AND LABELING

Therapeutic
Category :

antibacterial (for clinical use)

IV.INFORMATION ON TOXICITY

Acute toxicity :
(po)

Subacute toxicity :
(4-week po)
Chronic toxicity :
(26-week po)
Contact Hazard :
Carcinogenicity
(two-stage study)
Mutagenicity :

Reproduction

toxicity :

LD, (mg/kg) .
Mouse(Male) 1881, (Female) 1803
rat(Male) 1478, (Female) 1507
monkey(Male) >250

Non-toxic dose (mg/kg/day)
rat 200, monkey 30

Non-toxic dose (mg/kg/day)
rat 20, monkey 62.5

No irritant upon skin contact

Indicative no carcinogenicity
rat(Male)

In vitro cytogenetic study in CHL* cells

and in vitro sister chromatid exchange

study were positive. But all in vivo

. Studies have given negative results.

And in vivo study of unscheduled hepatic
DNA synthesis was negative.
(*CHL:Chinese hamster cell line)

Non-toxic dose (mg/kg/day)
Seg.I(rat, po)

360 (for reproductive toxicity on

parental rats and for fetuses)
Seg.II(rat, po)
- 90 (for fetuses and offspring)
Seg.II(rabbit, po) -
50 (for fetuses)

Seg.III(rat, po)

360 (for offspring)

(@
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'"iPhototoxicity

- Joint toxicity

Storage

Precautions :

Handling
Precautions :

Non-toxic dose (mg/kg/day)
Juvenile rat(7 days, po); 100
Juvenile dog(7 days, po); 5

: Non-toxic dose (mg/kg)

mouse(single dose, po); 200
store in a light-resistance container

plastic gloves, goggles and dust mask
are recommended

V. EMERGENCY AND FIRST AID PROCEDURES

Eye contact -

Skin irritation :
Ingestion

Inhalation

Spillage

Fire

: may irritate, if exposed flush with

water
if exposed flush thoroughly with water
do not induce vomiting; drink plenty o
water '

seek medical attention, if resplratory
irritation occurs.

small spillage can be rinsed away with
water

: No irritant fumes emitted upon

decomposition

£

(D)
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COMPLIANCE STATEMENT

Agreement on Antipollution Measures at the

Written agreement on the partial revision of "Agreement on Antipollution Measures
atthe

Certifying letter from

Certifying letter from

LEVOTAB2.CMC ' 37
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03 04011
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Agreement on Antippllution Msasurcs

at the

03 04019
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Agreenent on Antipollution Mcasures

at the

(hereinafter referred
to as “A") ard (hereinafter
referred to as "BY) have reached an agreement on the fol-
lowing articles for the antipollution measures which are to
be taken at the | (hereinafter raferred to as
"Factory") built in the _ by B.
Three originai copies of thlslhéteement have been made tc be

possessed by the respoctive three parties.

Article 1. The prinéipl‘hot fhi; Agreement

A and B shall take the bes£ possible antipellution
neasures in order to protect the health of the habitants
and preserve the environment of the involved regions.
Particularly, B shall realize that B bears a critical
responsibility to the society against environmental pol-
lution. B, therefore, shall keep in close contact with a
to implement this Agreement with sincerity, during the

‘operation 6f the Factory.



Article 2. Prevention against air pollution

"y

The emission of air-polluting substances

shall be

regulated according to the standards providecd below on a

total volume and concentrations.

B shall keep the foi-

lowing emission standards by such means a8s using low

sulfur o0il and eguipping a scrubber,

Item

B8oiler

Ineinerator

Sulfur content
in fuel

0.4% or leas

0.15'"&3/h or lasc

Sulfur |Total emission{4.37 mNa’/h or less

oxide volume .
Measures for |keep 80 k1 or more low sulfur oil con-
an emergency |taining sulfur by 0.1% or less {n stock

Nitrogen|Emission 130 ppm or less 1350 ppn or less

oxida concentration

Dust Emiscion 0.05 q/Nn3 or less |0.03 g/Nn3 or less
concentration

Fluorinejtmission 15 nq/Nn3 or loas
concentration

Height of chimneys

higher than 30 m

higher than 20 m

03 04021



“Hrtiele 3. Prevention against water pollution

B shall treat waste water yielded at each manufac-
.turing procesr in the Factory by such procedures as
neutralization-precipitation, biological treatment or
burning and shall drain treated wastc watar after passing
it through a fish breeding pond. B shall also mininize
the drainage of waste water by means of circulatory
usage. The water emission criteria for amount and qual-

ity are provided as follows:

Water amount to be drained

6,000 nalday or less

Mydrogen ion concentration

6.0 ™ 8.5

Chenical oxygen dewmand

25—20/1 or less

Water Suspended 801id mags

25 :g/l oxr less

quality

N-hexane axtrsct content

1 93/1 or lees

Pluorine content

10 :9/1 or less

Phenols content

0.3 :g/: or less

Temperature Aiffarence

7°C or less

Measures for an emergency

A precipitation pond of 500 n’

or rore volume iz to be provided.

03

U

432




Article 4. Prevention against noise

B shall observe the regulation standards for the

-’y

Class 4 district of subjected to the Noise

Ragulation Law (1988 Act No. 98).

Article 5. Prevention against offensive odors

B shall not give the surrounding communities any
impact of offensive odors generated from the Pactory. B
shall adopt 2 closed system and perform & washing and
incineration to cope with a source of stenchy gas and
shall keep the condition in which offensive odors are not

perceived on the border of the Factory lot.

Article 6. Treatment of waste matters

B shall store their wc#te matters such as aluminum
hydroxide, spent coal and garbages inside the Factory
building and shall properly treat their waste Qatters s;
as not to cauge secondary pollution by such means as

commission to waste matter treating professionals, incin-

eration and burying.

03 04023
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Article 7. Safety measures

B shall observe relevant laws for the slorage and
treatment of dangerous articles and poisons and shall

tako the best possible measures to ensure safsty and

security.

Article 8. Preservation of greens

B shall limit the cutting of pine trees Lo a minimal
extent and shall plant lawns or trees in cutovers for
prevention against sand shifting and faor anvironmental

beautification. B shall also positively promote tree

planting in tha Factory lot.

Article 9. Voluntary monitoring

B shall provide automatic indicators on the boiler
and nverflow to monitor the emission status at the Fac-
tory. B shall also conduct periodical measurements of
the items instructed by A for the need of environmental
assegsment in the nearby areas to prevent pollutions and

shall report obtained data to A.

03 0LO24



“CArticle 10. Measures to be taken at the occurrcnec ef

pollution

1. When pollution is caused by smoke or wastc water
emitted trom the Factory {(including accidental cases,
and the same hereinafter), or when a risk of pollu-
tion is indicated, B shall promptly take necescary
aations including operation suspension or reduction,
revision of operation systems and irprovement of

facilities, according to the instructions by A.

2.' When 2ir pollution and/or water pollution occur and
its cause has been proven to derive from the indus-
trial activities of the Pactory through & research by
A, B shall take compensative steps as well as other
due steps witﬂ sincerity, réqardless as to whether

the causative act is intentional or accidenral.

Article 11. Measures at the time of facility troubles

When troubles including damage or defects occur in
pollution-related facilities, B shall promptly take duc
steps and shall inform A of the eituation of facility

troubles.

03 04025




- Article 12, Fleld inspection

A has the right té require & report f{rom B Of the
matters involved in the implementation of this agreement
and the right to send the staff of A to the Factory to
execute a field ingpection in the Factory within the
scope for the implementation of this kgreement. B shall

pogitively cooperate with such an inspection.

Article 13. Discuscion for faeility insptallation

When B is going to n‘wly install pollution-related
facilities or modify their existing pollution-related

facilities, B shall have a prior discussion with A about

such a plan.

(Article 14. Steps at the time of violation

A has the right to order the reduction or suspension
of operation of the Factory, if B vioclates the provisions

in this Agreement. B shall obey such orders with sin-

cerity.

03 04026




vl«.—‘

Article 15. Application of this agreement

This Agreement shall be applicable on the manufac-
turing activities ot the 7 producrs of B comprising a fat
metabolism activator (Pantosin), a gastrointesiinal func-
tion activator {(Actinamin), a depressor (DJ-1461), an
antipsychotic (Tolopclon), an antiulcer agent {Neuer), a
eyclic nucleotide preparation {Actousin) and an antibiotic
{Ofloxacin) for the purpose of environmental pellution
prevention. In case that B plans to manufacture products
other than the above-mentioried 7 products, B shall have a

prior discussion with A to make a revised agrevument if

necessary.

Article 16. Particulars

Particulars related to tho implementation- of this

Agreement shall be provided separately upon discussion

between A and B.

03 04027



“-Article 17. Others

when any gquestions arise about the provisions in

this Agreement, when the provisions in this Agreement
need to be revised, or when it is necessary for this

Agraement to provide articles other than those provided
in this Agreement, A and B s=hall have a meeting at each

such time to discusc and agree about such matters.

Data:

{(by the Prefectural Governor)

(by the Mayor)

(by the President)

03 04028



