chronic obstructive pulmonary disease
exacerbation: Pro

Prophylactic antibiotics for prevention of
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Acute exacerbation of COPD

Acceleration of disease progression

— FEV, fall by 33mL/year in COPD

— Each acute exacerbation additional 2mL/year
Quality of life |

Cost of healthcare 1

— 35-84% of total cost of COPD treatment

Mortality 1



Mortality of AECOPD

« 73,106 patients hospitalized for the first time for
COPD during 1990-2005

— 17 years follow up

0.8

« Mortality

Proportion su
IG =

0.3

— 50% at 3.6 years
— 75% at 77 years o 2 4 6 8 10 12 14 16

Time after first severe exacerbation (years)

Suissa S. Thorax. 2011



Risk of the subsequent AECOPD

« Duration for subsequent exacerbation
— 5.4 years from first
— 1.6 years from second

— 0.9 years from third

Exacerbation Median time to subsequent Number with a subsequent

sequence number exacerbation (years) exacerbation Crude HR  Adjusted™ HR (95% Cl)
First (reference) 5.4 33166 1.0 1.0 (reference)
Second 1.6 19359 3.0 2.9 (2.8 to 2.9)
Third 0.9 12413 5.1 4.9 (4.8 to 5.0)
Fourth 0.7 8374 1.3 6.9 (6.8 to 7.1)
Fifth 0.5 5903 9.8 9.2 (8.9 to 9.4)
Sixth 0.4 4316 11.9 11.2 (10.8 to 11.5)
Seventh 0.3 3190 13.9 13.0 (12.5 to 13.5)
Eighth 0.3 2404 16.6 15.2 (14.6 to 15.9)
Ninth 0.3 1823 18.1 16.6 (15.8 to 17.4)
Tenth or greater 0.2 1403 25.8 23.5 (22.8 to 24.2)

Suissa S. Thorax. 2011



Prevention of AECOPD

Pharmacologic intervention

ICS

Nonpharmacologic Intervention

LVRS

LABA

Pulmonary rehabilitation

ICS/LABA combination

Disease-management programs

LAMA

Vaccination

ICS/LABA+LAMA

PDE4 inhibitor




Prevention of AECOPD

« 40-50 % of exacerbations are related to bacterial
Infection : S. pneumoniae, H.influenza, M.catarrhalis

* Prophylactic antibiotics

— The reduction of airway bacterial load

— Prevention of new strain acquisition

 Before 1970

— Small numbers of patients included

— Low doses of narrow-spectrum antibiotics



Tetracyclin, penicillin

« Number of exacerbations per study

Exporimenta) Control Weight IV, fixed IV, fixed
Study or subgroup Mean SD Total Mean SD Total % SMD (95%CI)  Year SMD 95%CI
Tetracyclines
Movyes and Kershaw? 1.93 0.0 27 219 0.0 31 Not estimable 1957
Buchanan et al.2® 033 048 21 1143 1.18 15 3.0 -0.92(-1.62--0.22) 1958 s
Francis and Spicer,”arm1 1.07 051 79 1.04 07 37 9.7 0.05(-0.34-0.44) 1960 —_—
Pridie et al.,”6arm 1 112 126 25 091 093 16 3.7 0.18(-0.45-0.81) 1960 —
Djajadiningratet al,** arm1 086 113 29 115 1.07 13 3.4 -0.26(-091-040) 1964 .
Fletcher and Oldham?? 304 309 181 345 308 192 358 -0.13(-0.34-0.07) 1966 -1
Johnston et al.# 21 247 21 541 6.14 17 3.4 -067(-1.33--0.01) 1969 S—
Subtotal (95%Cl) 383 321 591 -0.16(-0.32—-0.00) '.ﬂ
Heterogeneity: x* =9.24, df = 5§ (P=0.10); /* = 46%
Test for overall effect: £ = 1.99 (P = 0.05)
Francis and Spicer®®*arm2 082 084 73 1.04 07 37 94 -0.15(-0.55-0.25) 1960 —
Pridie et al_ 26 arm 2 09 114 25 091 093 16 38 005(-0.58-067) 1960 e
Johnston et al.?? 05 062 18 061 07 18 3.5 -0.16(-0.82-049) 1961 T
Djajadiningratetal.,*arm2 11 111 31 14  1.086 15 3.9 -0.27(-0.89-0.35) 1964 -
Heterogeneity: x*=0.51, df =3 (P=0.92); = 0%
Test for overall eff

Lee JS. Int J Tuberc lung dis. 2013



Choice of antibiotics

 Antibacterial effects

— The reduction of airway bacterial load

— Prevention of new strain acquisition

* Anti-inflammatory effects

* Immunomodulatory effects

Macrolide

Quinolone




Sethi et al. Respiratory Research 2010, 11:10
http://respiratory-research.com/content/11/1/10

RESPIRATORY
RESEARCH

RESEARCH Open Access

Pulsed moxifloxacin for the prevention of
exacerbations of chronic obstructive pulmonary
disease: a randomized controlled trial

Sanjay Sethi'”, Paul W Jones?, Marlize Schmitt Theron®, Marc Miravitlles®, Ethan Rubinstein®, Jadwiga A Wedzicha®,
Robert Wilson”, the PULSE Study group

« EXxcellent penetration into respiratory tissues

« High oral bioavailability




MoxIifloxacin

 Patients

— 45 years of age with 20 pack years

— At least two exacerbations with antibiotics or steroid

In the 12 months prior to enroll.

« Moxifloxacin 400mg orally once dalily for 5 days

every 8 weeks for a total of 6 course

« Total 72 weeks: three additional follow up every

8 weeks



Moxifloxacin

Allocated to moxifloxacin (n=573)
Did not receive moxifloxacin (n=4)

l

Allocated to placebo (n=584)
Did not receive placebo (n=4)

Ty

Received moxifloxacin
(Intent-to-treat population) (n=569)

l

J |

Per protocol population at LTFU (n=310)

Excluded from analysis (n=222)"

Use of prohibited medication jn=143)"

Insufficient duration of therapy (n=88)% most cormman
¢ Consent withdrawn [n=28)
* Premature discontinuation due to adverse events (n=26)
¢ | ost to follow up (n=17)
* Death (n=13)
* Mon-compliance/protocol violation (n=9)

Violation of infexclusion criteria (n=41)

Lost to follow-up n=11]

Noncompliance (n=4)

Randomization ermor (n=1)

Received placebo
(Intent-to-treat population) (n=580)

l

Per protocol population at LTFU (n=343)

Excluded from analysis (n=197)"

Use of prohibited meadication (n=126)"

Insufficient duration of therapy (n=62]% most common
= Consant withdrawn (n=19)
» Pramature discontinuation due to adverse events (n=16)
= Lost to follow up (n=9)
= Death (n=13)
& Mon-compliance/protocol violation (n=5)

Vickation of infexclusion crteria (n=45)

Lost to follow-up n=9)

Noncompliance (n=5)

Randomization error (n=0)




Moxifloxacin-AECOPD

(A) PP EOT and ITT population

Estimate of common odds ratio (95% CI)

0

AECB primary definition
0.75
0.57 A { 0.99 p = 0.046 (p = 0.037)
0.65 = 11.01 p = 0.059 (p = 0.068)
0.81
AECB secondary definition
0.73
0.56 + A 0.97 p = 0.028 (p = 0.020)
0.61 | 2 0.95 p =0.017 (p = 0.018)
0.77
A PP EOT population
m ITT population
0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8

Clinical efficacy better

Clinical efficacy worse



Moxifloxacin-SGRQ

(A) PP EOT,MCID =4 (B)PPEOT,MCID =8
1:' OR 1.479 (95% CI: 1.096-1.996, p = 0.01) [ Moxifloxacin 100 OR 1,523 (95% Cl: 1.137-2.040, p < 0.01)
O Placebo 90 0 Moxifloxacin
2 " 80 O Placebo
= g F 10
i - H g 47.0
g 40 . i 40 ‘ 529
30 2.7 g0 314 31.0 30.1
L 16.8 15.4 20 208
1: S oe2 | D = | ‘: s | 1o 800 | 10w fuas | o
No change (>-4<4) Deterioration (24) " improvement (<-8)  MNochange(>-8<8  Deterioration (28)
of change in SGRQ-30S score Category of change in SGRQ-5DS score
(C) ITT, MCID = 4 (D) ITT, MCID = 8
el OR 1,388 (95% CI: 1.006-1.758, p = 0.01) g Moxifloxacin (7 OR 1.339 (95% CI: 1,064-1.685, p = 0.01) [ Moxifloxacin
_ 0, Placebo 80 O Placebo
£ 70 E T0
§ 60 539 s 60
50- 50 45,1
40 a8 % 40 03 3.7
* 282 a 20.9 20.7
£ . 30 21.2
20 14.7 20
1:' 280518 wuo0 | e w0 | 1oarste 0] | oo | awss | 1ssse o0 | 1susie
improvement (S=8) |  Nochange (»-4<d) Deterioration (24) Improvement (<-8) No change (>—8<8) Deterioration (28)

Category of change in SGRO-5DS score Category of change in SGRQ-5DS score



Macrolide

* Azithromycin

compared with erythromycin or clarithromycin

— Superior activity against Gram-negative bacteria

— Better uptake in peripheral blood polymorphonuclear

neutorphils

— Better tissue uptake






the NEW ENGLAND
JOURNAL of MEDICINE

ESTABLISHED IN 1812 AUGUST 25, 2011 VOL. 365 NO. 8

Azithromycin for Prevention of Exacerbations of COPD

 Patients

— 40 years of age with 10 pack years

— Continuous oxygen or systemic steroid within previous year or
AECOPD

— No AECOPD at least 4 weeks before enrollment

— Exclusion: tachycardia, prolonged QT(450 msec), hearing
Impairement

— 250mg azithromycin daily for 1 years



Azithromycin  Placebo

Characteristic (N=558) (N=559)
Age —yr 6519 66+8
Female sex — no. (%) 229 (41) 227 (41)
Race or ethnic group — no. (%6) T
White 456 (82) 449 (30)
Black 75 (13) 86 (15)
Other 19 (3) 22 (4)
Multiethnic 19 (3) 16 (3)

Postbronchodilator FEV,

Liters 1.10+0.50 1.12+0.52

Ratio of FEV, to FVC — % 42+13 43+13



Proportion Free of COPD Exacerbations

Azithromycin

Placebo

0.1— P<0.001 by log-rank test and Wilcoxon signed-rank test
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Follow-up (days)



Azithromycin - dally

« The median time to the first exacerbation

— Azithromycin: 266 days
— Control: 174 days

* The frequency of exacerbation

— Azithromycin: 1.48/year
— Control: 1.83/year

« SGROQ
— Azithromycin: 2.8+12.1
— Control: 0.6£11.4



Azithromycin maintenance treatment in patients with 3> @ ®
frequent exacerbations of chronic obstructive pulmonary
disease (COLUMBUS): a randomised, double-blind,

placebo-controlled trial

Sevim Uzun, Remco S Djamin, Jan A JW Kluytmans, Paul G H Mulder, Nils E van’t Veer, Anton A M Ermens, AlineJ Pelle, Henk C Hoogsteden,
Joachim G JV Aerts®, Menno M van der Eerden*

* Three or more exacerbations in the previous year

 Exlusion

— other clinically significant respiratory disease (asthma, cystic
fibrosis, bronchiectasis)

— Maintenance antibiotics

— More than 10mg prednisolone

« 500mg azithromycin three times a week for 12 months




Azithromycin (n=47) Placebo (n=45)

Men 22 (47% 18 (40%
Age (years) 64-7 (10-2) 64-9(10-2)
Present smoker o 20043% 000 9(20%)
Body-mass index (kg/m®) 259 (4-6) 263 (5-7)
Acute exacerbations of COPD in the pastyear 4-0(1-2) 40 (1-1)
Hospital admissions due to acute exacerbations of 1-0 (1-1) 07 (0-8)
COPD
Symptoms
Cough 28 (60%) 34 (76%)
Sputum production 20 (62%) 32 (71%)
Spirometry after bronchodilation
FEV, (L) 1-1(0-47) 1-1(0-43)
FEV, (% of predicted)
FVC(L) 2.9 (0-8) 2.7 (0-92)
FVC (% of predicted) 92.5(22.2) 88-9(20-3)

FEV,/FVC (%) 38.0(11.7) 403 (12.4)



—— Azithromycin
— Placebo

0% free

100—

F Bo-
=
0
e
3
=

B0 —
&
[
('
S
[ .
o

§ 40—
T
=
o
+
o
=3

& 204

0
0

Number at risk
Azithromycin 47
Placebo 45

120

26
12

180 240
Follow-up (days)
21 18

B 3

300 360
16 8
2 1




Azithromcyin — three/week

* The median time to the first exacerbation

— Azithromycin: 130 days
— Control: 59 days

* The frequency of exacerbation

— Azithromycin: 1.94/year
— Control: 3.22/year

+ SGRQ
— No difference in total score

— Symptoms score | in azithromycin
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Prophylactic antibiotic therapy for chronic obstructive
pulmonary disease (COPD)
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Number of people with one or more exacerbation

Antibiotics Placebo Odis Ratio Odds Ratio
Study or Subgroup  Bvents Total Bvents Total Weight M-H, Random, 95% Cl M-H, Random, 95% Cl
1.1.1 Continuous amtibiotics
Albert 2071 317 458 380 5599 40.2% 0620049 0.79] &+
He 2010 4 18 14 13 52% 0.29[0.07,1.21]
Seemungal 2008 28 a3 42 88 135% 0370017, 0.84] -
Subtotal (95% CI) 629 633 53.9% 0.55[0.39,0.77] -‘-—
Total events a6d 436

Heterogeneity: Tau®=002 Chif=234, f=2 P =031 F=14%
Test for averall effect 2= 3.41 (F = 0.000&)

1.1.2 Pulsed antibiotics

Sethi 2010 TR SR9 A5 &R0 41 1% 0A7[0.A9,1.09] -
Subtotal (95% Cl) 569 580 41.1% 0.87 [0.69, 1.09] &
Total events 2R 295

Heterogeneity: Mot applicable
Test for averall effect F=1.27 (F =024

Total (95% Cl) 1198 1213 100.0% 0.64 [0.45,0.90] <
Tatal events R 31

Heterogeneity: Taw®= 006 Chi*=7.87, of =3 (F = 008 F=§2% TR ] t I
Testfor overall EﬁE':_t'Ez 231(F = 0.01 Favours anfibiotic  Favours placebo
Testfor subaroun diferences: Chi*= 460, df=1[F =004, F=786%




SGRQ score

Antibiotics Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight I, Fixed, 95% CI M, Fixed, 95% Cl
Alhert 2011 22121 444 06 114 452 AB0% 220274 -0k i
He 2010 -2 018 04 14 Mot estimable
aell 2010 -4 148 503 -18 147 328 420% -1.20F2.01,061] i
Total (95% Cl) a6k 997 100.0% -1.78[-205,-061] i
Heterogeneity: Chi<= 168, df=1F=041);F=0% i i i

-4 -4 I d

Testforoverall effect 2= 2.38 [F=0.003) Favnurs anthictics Favaurs placehn




All cause mortality

Antibiotics Placebo Odds Ratio Oidds Ratio
Study or Subgroup  Bvents Total Beerts Total Weight M-H, Fixed, 95% Cl M-H. Fixed, 95% CI
Albert 2011 18 449% 200 599 20.2% 0900047, 1.72] =
Mvgind 2010 4 237 81 238 BIL7% 0849 [0.67,1.24] —il—
Sethi 2010 15  5AY 17 830 171% 0801[0.44,1.81] =
Total {(95% CI) 1414 1427 100.0% 0,89 [0.67, 1.19] -~
Total events 107 118
Haterogenety: Chi*= 000, df= 2 (P =100, F=0% sz D:E i ﬁ

Testior overall effect 2= 0.77 (P =044

Favours antiplotcs Favours placebd
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the Prevention of Chronic Obstructive

Pulmonary Disease Exacerbation: A Meta-
Analysis




Number of people with one or more exacerbation

Study name

Suzuki T (2001)
Banerjee (2005)
Seemungal (2008)
He (2010)

Albert (2011)
Berkhof (2013)
Uzun (2014)
Overall

Statistics for each study

Risk Lower Upper

ratio  limit  limit p-Value
020 009 043 000
290 061 1393 018
070 05 09 002
064 038 109 010
084 076 092 000
059 031 113 011
078 064 094 001
070 05 08 000

0.1

Risk ratio and 95% Cl

-I-ﬁ

Relative
weight

0.14
——) 1.8
19.91
11.13
2866
8.23
2447
100.00

_.’-'l'-
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SGRQ score

Study name Statistics for each study Difference n
means and 95% C|

Difference ~ Lower  Upper
nmeans  lmt  lmit  p-Value

Abet0t) 20 3% 08 0N 4

Smpson(20%4) 040 AW 108 00 =
Uzun (2014) 60 A 48 08 ——

Overel 202 340019 00 <

3

Relative
Weight
0239
012
b.68
100.00




Prophylactic antibiotics for AECOPD

e Survival ?

Acute exacerbations of COPD |

Quality of life 1

Resistance for antibiotics

Adverse events



Moxifloxacin MIC

10 1
=0 i
Ee) 13
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8
o 0.1 A
@ 3
=
{1 {1
0.01 S R Week 8 Week 16 Week 24 Week 32 Week 40 EQOT EOT + EQOT+16 | EOT+24
visit visit 8 weeks weeks weeks
H. influenzae, moxifloxacin ~ —— 22 24 7 5 5 5 9 4 10 14 8
H. influenzae, placebo —— 25 37 31 25 18 21 23 28 25 19 19
S. pneumoniae, moxifloxacin  —@— 12 13 9 9 3 2 7 6 6 8 5
S. pneumoniae, placebo —O0— 8 17 12 6 9 10 1 12 9 8 5
S. aureus, moxifloxacin —x%— 10 8 £ 8 7 3 6 5 3 2 2
S. aureus, placebo —¥— 10 n 8 9 5 5 1 2 5 3 2
P aeruginosa, moxifloxacin —h— 9 10 1 10 9 7 1 8 10 7 10
P, aeruginosa, placebo —r— 10 8 12 13 9 10 8 12 11 8 12




Azithromycin daily — nasopharyngeal culture

%
40 5 positive cultures
30
£ =0.001
20 1
10
[] _
enrollment
W azithromycin - 0 placebo
%
100 94 macrolide resistance
80
P <0001
B0
4[] |
20

enrollment

B azthromycin - [ placebo

12

on treatment

on treatment

On enrollment

S. aureus 60(10.7) | 16/35(46) | 71(127) | 23/37 (62)
S. pneumoniae 6(1.1) 1/2 (50) 6(1.1) 3/7 (43)
Hemophilus spp 0(0) 3/4 (75) 0(0) 2/3 (67)
Moraxella spp 13(2.3) | 3/3(100) 6(1.0) 0/2 (0)
Total 79(14.1) | 23/44 (52) | 83(14.8) | 28/49 (57)
During course of study

S. aureus 59 (10.6) | 34/41(83) | 127 (22.7) | 30/87 (34)
S. pneumoniae 6(1.1) 2/2(100) | 15(1.8) 2/4 (50)
Hemophilus spp. 1(0.2) 2/3 (67) 3(0.5) 5/7 (71)
Moraxella spp 0(0) 0/1 (0) 27(58) | 7/10(70)
Total 66(11.9) | 38/47(81) | 172(30.8) | 44/108 (41)




Azithromycin daily —respiratory culture

* Decreased the prevalence of colonization with

respiratory flora

— 66 (azithromycin) vs. 172 (control)

« Actual number of patients who colonized with

resistant organism

— 38 (azithromycin) vs. 41 (control)



Azithromycin three/week — respiratory culture

42 samples at baseline

— azithromycin: 22 vs. control: 20

108 samples during 1 years

— azithromycin: 51 vs. control: 57

H. influenza, s. pneumoniae, p.aerusinosa

New respiratory pathogen

— azithromyecin: 4 vs. control: 12, p=0.044

Acquisition of macrolide resistant bacteria

— azithromycin: 6% vs. control: 24%, p=0.036



Macrolide resistance

* Mycoplasma infection

. Quinolone

* Non-tuberculous mycobacterial infection

. Screening (Sputum culture, Radiologic

evaluation)



Macrolide resistance

COPD population >> DPB or CF population

Public health level is the development of
microbial resistance from long-term azithromycin

exposure.

Indication criteria Is narrow



Adverse events - moxifloxacin

Moxifloxacin Placebo p-valug®
(N = 569) (N = 580)
n (%) n (%)
Any adverse event 467 (B21) 493 (85.0) 0.181
Any treatment-emergent” adverse event 258 (453) 265 (45.7) 0906
Any treatment-emergent” drug-related adverse events” 53 (93) 22 (3.8) < 0.001
Cardiac disorders 3 (D5 (0.2)
Gastrointestinal disorders 27 4.9 4 (0.7
Diarrhea 17 (3.0 oG
Mausea 6(1.1) 0B
Vomiting 5 (0.9) 103
General disorders and administration site conditions (0.7) 2 (03)
Asthenia 3 (05) 0 (-
Immune system disorders 4 (0.7) 0 |-
Hypesenstiity 3 105) 0 [
Infections and infestations 5 (0.9) 3 (05)
Musculoskeletal and connective tissue disorders 3 (D5) 102
Merwous system disorders 6 (1.1) 4 (0.7
Lizziness 3 (05) 1102
Respimtory, thomcic and mediastinal disorders 8 (1.4) 0 (-
Lyspnea 4 (0.7} 0 [
Skin and subcutaneous tissue disorders 5 (0.9) 5 (03
Deatns 15 (25 17 (29
Any treatment-emerngent” serious adverse event 24 (16.5) 97 (16.7) 0.926
Any treatment-emergent” drug-related serious adverse event 9 (1.6) 3(03) 0076
Any adverse event leading to premature discontinuation 26 (4.6) 16 (2.8) 0.102

Any deaths 19 (33) 26 (45) 0318




Adverse events - Azithromycin three/week

Azithromycin (n=47)

Any adverse events
Serious adverse events
Most frequent adverse events™
Gastrointestinal
Diarrhoea
MNausea or vomiting
Other
Laboratory investigations
Creatinine increase
Elevated blood vrea nitrogen
Hyperchloraemia
Alkaline phosphatase increase
ALT increase
AST increase
Gamma-glutamyltransferase increase
LDH increase
Other

68
3(6%)

9 (19%)
3(6%)
4(9%)

7 (15%)
4(9%)
6 (13%)
4(9%)
5 (11%)
3 (6%)
6(13%)
3(6%)
9 (19%)

Placebo {n:.ll.ﬁ.}

2 lung cancer

1 acute coronary syndrome

1(2%)

2 (4%)
7 (16%)

3 (7%)
10 (22%)

5 (11%)
1(2%)
4 (9%)
3 (7%)
1(2%)
4(9%)
17 (38%)



Adverse events - Azithromycin daily

« Hearing decrements

— azithromycin: 25% vs. control: 20%, p=0.04

* 32% reversal of hearing decrements on subsequent test
IN azithromycin participants despite continuing

medication

« Old age or insensitivity of audiogram test



A 0| 4Xt2| AECOPD

QT interval normal

NTM x

Survival?

Frequency of AECOPD |

101 X COPD ZIct
10 XM 29l — 30 PY

Quality of life 1

LAMA+ICS/LABA
PDE4-inhibitor

Macrolide !



