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Intervention or Inhaled corticosteroid
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SYSTEMATIC REVIEW: Are the results of the review valid?

What question (PICO) did the systematic review address?

What is best? Where do | find the information?
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should be clearly stated. The of the Introduction should clearly state

exposure, such as a therapy or the question. If you still cannot
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Risk of pneumonia associated with long-term use of inhaled
corticosteroids in chronic obstructive pulmonary disease:

a critical review and update
Sonal Singh® and Yoon K. Loke”

#Department of Medicine, Johns Hopkins University
School of Medicine, Baltimore, Maryland, USA and
®School of Medicine, Health Policy and Practice,
University of East Anglia, Norwich, UK

Correspondence to Sonal Singh, MD, MPH,
Department of Medicine, Johns Hopkins University

Purpose of review

The aim was to determine the effects of long-term inhaled corticosteroid use on
pneumonia in patients with chronic obstructive pulmonary disease (COPD) via
systematic searches of MEDLINE, EMBASE, ISI, regulatory documents and
manufacturers’ trial registries.

Introduction

Inhaled corticosteroids are widely used in patients with
chronic obstructve pulmonary disease (COPD). "The com-
monly used inhaled corticosteroids include inhaled fluti-
casone, inhaled budesonide and inhaled beclometasone.

According to the Chronic Obstructve Pulmonary Disease
Global Obstructive Lung Disease Guidelines, inhaled cor-
ticosteroids are indicated in combination with long-acting
bronchodilators such as B-agonists to reduce the trequency
of exacerbations in symptomatic patients with severe
COPD [forced expiratory volume in 1 second (FEVI)

reported a higher probability of having pncumonia
reported as an adverse event among patients receiving
medications containing fluticasone propionate (19.6% in
the combination-therapy group of salmeterol 50 pg/fluti-
casone 500 pg and 18.3% in the group of fluticasone only
500 pwg) than in the placebo group (12.3%; P < 0.001 tor
comparisons between these treatrments and placebo)
among nearly 6112 participants wich COPD tor a period
of 3 vears [2,3%]. Our aim is to cricically review, analyze
and update the current evidence on the risk of pneumo-
nia associated with the long-term use of inhaled corti-
costeroids in patients witch COPD.

Current Opinion in Pulmonary Medicine 2010,16:118—



F - Is it unlikely that important, relevant studies were missed?

What is best?

Where do | find the information?

The starting point_for comprehensive

search for all relevant studies is the
major bibliographic databases (e.g.,
Medline, Cochrane, EMBASE, etc) but
should also include a search of
reference lists from relevant studies,
and contact with experts, particularly
to inquire about unpublished studies.
The search should not be limited to

f\ f‘f\f\l‘f\

The Methods section should describe
the search strategy, including the terms
used, in some detail. The Results
section will outline the number of titles
and abstracts reviewed, the number of
full-text studies retrieved, and the
number of studies excluded together
with the reasons for exclusion. This
information may be presented in a
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1. Current Opinion in Pulmonary Medicine 2010,16:118-122
p.118 ~ p.119 “Literature search and methodology”

2. Arch Intern Med. 2009;169(3):219-229

p.220 “SEARCH STRATEGY” “STUDY SELECTION” “RESULTS”




Literature search and methodology
Recently, several studies have raised the possibilicy of — As part of our previous meta-analysis [4**], we set up an

pneumonia with inhaled corticosteroid therapyin COPD.  ‘automated search on Pubded to provide weekly notifica-

1070-5287 © 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins| DOI:10.1097/MCP.0b013e328334¢085

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.

Current Opinion in Pulmonary Medicine 2010,16:118—
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tions on any new publications of trials of budesonide,
beclometasone, fluticasone or triamcinolone in COPD,
and inhaled corticosteroids and pneumonia. Details of
the search strategy and methods are outlined in our
previous meta-analysis on chis topic [4°°]. These searches
were updated in October 2009. We checked the study
registries of GlaxoSmichKline and AstraZeneca. We
extracted data from the published study manuscript
when available and from pharmaceutical company reports
when published data were unavailable.

Risk of pneumonia Singh and Loke 119

Both these studies were limited by the recruitment
focusing on incident (newly diagnosed) COPD cases
and the uncertainty around whether the diagnosis of

pneumonia was validated by chest radiographs in
the GPRD.

Meta-analysis of randomized controlled trials
Our previous systematic review and meta-analyses [4°°),
another industry-supported pooled analysis [8*], have



651 Potentially relevant citations identified by
initial search and titles and abstracts
screened against inclusion criteria

554 Excluded on basis of title and abstract for not
fulfilling inclusion criteria on basis of design,
intervention, population, or duration of study
404 Not RCTs of inhaled corticosteroid use

for =24 wk in COPD
113 Duplicates or multiple reports
37 Review articles

A\
97 Full-text RCTs screened in detail for inclusion

67 Excluded for not meeting inclusion criteria
20 Crossover trials
47 Wrong comparators

Y

30 Long-term (=24 wk) RCTs of inhaled
corticosteroid use in COPD selected for
detailed evaluation of pneumonia

- 12 RCTs excluded because of no report on
pneumonia adverse events

A

18 Long-term RCTs of inhaled corticosteroid use
in COPD included in the analyses of pneumonia

Arch Intern Med. 2009;169(3):219-

Figure 1. Flowchart describing study selection and excluded stuges COPD indicates chronic obstructive
pulmonary disease; RCT, randomized controlled trial.



BN METHODS Sy

ELIGIBILITY CRITERIA

Our specific inclusion criteria were
(1) study design consisting of a ran-
domized controlled trial (RCT) lor
any inhaled corticosteroid (flutica-
sone, beclomethasone, or budesonide)
with at least 24 weeks ol [ollow-up
(2) study participants with COPD; (3)
an inhaled corticosteroid as the inter-
vention drug vs a control treatment,
in which the comparison groups con-
sisted of inhaled corticosteroids vs
placebo or inhaled corticosteroid in
combination with a long-acting
B-agonist vs a long-acting B-agonist;
and (4) data on the incidence of pneu-
monia (including O events) as an
adverse event.

The analysis was restricted to RCTs
ol more than 24 weeks’ duration to
evaluate the risk of pneumonia associ-
ated with long-term use ol inhaled cor-
ticosteroids. Randomized controlled
trials of inhaled corticosteroids in pa-
ticnts with asthma were incligible [or in-
clusion. Obscrvational studies suscep-
tible to confounding and channeling bias
were also excluded.

SEARCH STRATEGY

Two reviewers (A.V.A. and Y.K.L.) inde-
pendently and in duplicate searched

PubMed and EMBASE with the clinical
trial filters using the search terms flutica-
sone or budesonide or beclomethasone or be-
clomethasone and chronic and obstructive
with no language or date restrictions
through June 30, 2008. Published or un-
published trials were retrieved [rom the
Cochrane Database of Systematic Re-
views, Web sites of the US Food and Drug
Administration and European regula-
tory authorities, the manuftacturers’ prod-
uct information sheets, and the manulac-
turers’ clinical trials register ol [luticasone
and beclomethasone (GlaxoSmith Kline)”
and budesonide (AstraZeneca).® We
checked the included and excluded stud-
ies lists from systematic reviews and meta-
analyses ol inhaled corticosteroids in
COPD'" and the bibliographies ol in-
cluded studies and used the Web of Sci-
ence citation index to identily relevant
articles.

STUDY SELECTION

I wo reviewers (ALV.AL. and Y.K.L..) in-
dependently and in duplicate scanned all
titles and abstracts that indicated the
study was an RCT evaluating the usce ol
inhaled corticosteroids by patients with
COPD. Alter obtaining, [ull reports ol po-
tentially relevant trials, the same review -
crs independently assessed eligibility
[rom [ull-text articles. Disagreements re-
garding cligibility were resolved with a
third reviewer through consensus.

Arch Intern Med. 2009;169(3):219-
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A - Were the criteria used to select articles for inclusion appropriate?

What is best? Where do | find the information?

The_inclusion or exclusion of studies in | The Methods section should describe
a systematic review should be clearly |in detail the inclusion and exclusion
defined a priori. The eligibility criteria | criteria. Normally, this will include the
used should specify the patients, study design.

interventions or exposures and
outcomes of interest. In many cases
the type of study design will also be a
—key-componentofrthe-eligibitity
lhispaper: Ye No [ Unclear [J
Comment:

p.220 “ELIGIBILITY CRITERIA” Arch Intern Med. 2009;169(3):219-
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ELIGIBILITY CRITERIA

Our specilic inclusion criteria were
(1) study design consisting of a ran-
domized controlled trial (RCT) for
any inhaled corticosteroid (flutica-
sone, beclomethasone, or budesonide)
with at least 24 weeks of follow-up;
(2) study participants with COPD; (3)
an inhaled corticosteroid as the inter-
vention drug vs a control treatment,
in which the comparison groups con-
sisted of inhaled corticosteroids vs
placebo or inhaled corticosteroid in
combination with a long-acting
B-agonist vs a long-acting [3-agonist;
and (4) data on the incidence of pneu-
monia (including 0 events) as an
adverse event.

The analysis was restricted to RCTs
ol more than 24 weeks’ duration to
evaluate the risk ol pneumonia associ-
ated with long-term use of inhaled cor-
ticosteroids. Randomized controlled
trials ol inhaled corticosteroids in pa-
tients with'asthma were ineligible for in-
clusion. Observational studies suscep-
tible to confounding and channeling bias
were also excluded.

> Inclusion criteria

- Inclusion criteria

Arch Intern Med. 2009;169(3):219-



A - Were the included studies sufficiently valid for the type of question
asked?

What is best? Where do | find the information?

The article should describe how the The Methods section should describe
quality of each study was assessed the assessment of quality and the
using predetermined quality criteria criteria used. The Results section
appropriate to the type of clinical should provide information on the
guestion (e g., randomization, innding quality of the individual studies.

A RSSO R, -
Comment:
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144
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2. FBEHEEEMNEERINTEIEZE A “Cochrane Handbook for Systematic
Reviews of Interventions” B &R E K A,
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QUALITY ASSESSMENT

The Cochrane Toolkit was used for the
assessment of bias in evaluating each trial
for the reporting of
tion, allocation concealment, the use of
Inding of participants and personnel,
and information on loss to follow-up."”
[nformation was extracted on addi-
tional potential sources of bias such as
withdrawal rates. The frequency and type
of adverse event monitoring during the
lollow-up period were evaluated as rec-
ommended in the Cochrane Handbook
for Systematic Reviews of Interven-
tions" to determine the strength of ad-
verse event monitoring.

> aral

BVAreh Intern Med. 2009;169(3):219-
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Trial quality was variable
(Table 2). Nine RCTs? 224205+
were judged to be at low risk of bias

(adequate sequence generation, allo-
cation concealmentand double blind-

ing, and clear reporting of loss to fol-
low-up), whereas 9 RCTs*##0
were at unclear risk of bias. None of
the included trials used objective pneu-
monia definitions, required radio-
graphic confirmation of pneumonia,
or specifically monitored pneumonia
as an outcome of interest.




Table 2. Quality Assessment of Included RCTs of Inhaled Corticosteroids in com!ch Intern Med. 2009:169(3):219-

ﬁn% RCTHbias

ﬁl‘@ﬂ

Aaron et al,?® 2007
Burge et al,?* 2000

Calverley et al,** 2003

Calverley et al ?* 2003

Calverley et al,® 2007

Ferguson et al,*! 2008
FLTA3025,”% 2005
Hanania et al,” 2003

Kardos et al *7 2007
Mahler et al,”™ 2002

Paggiaro et al,?® 1998
SC0O100250," 2008

SC0100470,% 2006
S5C040041,* 2008

SFCTO1/
SC030002,* 2005

van der Valk et al,™ 2002

Vestbo ot al,™ 1999
Woutars et al,™ 2005

Unclear

Unclear
Unclear

Unclear

Unclear

nociear

Unclear
Unclear

Unclear
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Sequence
Generation

No. (%)
Allocation Drug (No. of \Nlthdrawal Lost to
Concealment Monitoring of AEs Subjects) Rates Follow-u)
Captured through monthly telephone interviews SFC (145) 15 (10.3) 2(1.4)
and checklist; pneumonia recorded only as Sal (148) 20 (13.5) 2(1.4)
SAE leading to hospitalization or death
AEs and SAEs recorded throughout study Flu (372) 160 (43.0) 16 (4.3)
Placebo (370) 195 (52.7) 18 (4.9)
AE or SAE occurring during therapy SFC (358) 89 (24.9) 8 (2.2)
Sal (372) 119 (32.0) 8 (2.2)
Flu (374) 108 (29.0) 8(2.1)
Placebo (361) 140 (38.8) 6 (1.7)
Unclear AEs recorded at 1, 2, 3, 6, 9, and 12 mo of For/Bud (254) 74 (29.1) 4 (1.6)
treatment For (255) 111 (43.5) 4 (1.6)
Bud (257) 102 (40.0) 4(1.6)
Placebo (256) 106 (41 .4) 6(2.3)
AEs reviewed at each visit; no prospective SFC (1533) 522(341) 29(1.9)
confirmation by radiographs; pneumonia Sal (1521) 561 (36.9) 15(1.0)
recorded as subset of exacerbations Flu (1534) 587 (38.3) 24 (1.6)
Placebo (1524) 673 (44.2) 21 (1.4)
Unclear AEs collected at study start and end FSC (394) 117 (29.7) 10(2.5)
Sal (388) 149 (384) 10(2.6)
Unclear AEs and SAEs recorded at each visit Flu (434) 147 (33.9) NA
Placebo (206) 79 (38.3) NA
Unclear AE reporling al each visil SFC (178) 53 (30.0) NA
Sal (177) 57 (32.2) NA
Flu (183) 49 (26.8) NA
Placebo (185) 59 (31.9) NA
AEs and SAEs recorded during trial and SFC (507) 99 (19.5) 4(0.8)
follow-up Sal (487) 103 (21.1) 3(06)
Unclear AEs and SAEs documented SFC (165) 52 (31.5) NA
Sal (160) 45 (28.2) NA
Flu (168) 68 (40.5) NA
Placebo (181) 69 (38.1) NA
AE defined as untoward medical occurrence Flu (142) 19 (13.3) 0
during treatment Placebo (139) 27 (19.4) 2(14)
nclear AEs and SAEs recorded after study medication SFC (394) 125 (31.7) NA
administration but no later than last date after Sal (403) 156 (38.7) NA
study medication administration
Unclear AEs and SAEs recorded at each study visit SFC (518) 59 (11.4) NA
Sal (632) 74 (13.9) NA
Unclear AEs and SAEs monitored during therapy SFC (92) 36 (39.1) NA
Sal (94) 39 (41.5) NA
Unclear All AEs occurring after subject consented to Flu (131) 34 (26.0) NA
participate until end of follow-up Placebo (125) 40 (32.0) NA
3« and 6-mo follow-up Flu (123) 1(0.8) 0
Placebo (121) 1(0.8) 0
Participants seen every 3 mo Bud (145) 36 (24.8) 0
Placebo (145) 51 (35.2) 0
AE collected at start and end of treatment SFC (189) 34 (18.0) 0
Sal (184) 46 (25.0) 0



T - Were the results similar from study to study?

What is best? Where do | find the information?
|deally, the results of the different The Results section should state
studies should be similar or whether the results are heterogeneous

homogeneous. If heterogeneity exists | and discuss possible reasons. The
the authors may estimate whether the | forest plot should show the results of
differences are significant (chi-square the chi-square test for heterogeneity

I"Obbl reasqns LQF UIF andif discuss reasons for
g‘%mm SShoultbe nﬁ&aerd heterogeneity, if present.
p.222 “Statlstlcal heterogeneity was assessed using the |2 statistic; values of
90% or more indicated a substantial level of heterogeneity

Ilt & XX E Rlheterogeneity BiE A0%EL IR KE, FTIAEBEE—D5TH
heterogeneityBYtHREARGIRE .




| Ics o wews Any Pneumonia

No. ot  Total No. No.of  Total No. Welght, Risk Ratlo Favors ° Favors
Source or Subgroup Evenls of Patients Evenls of Palienls % (95% CI) treatment = control
ICS-LABA vs LABA :
Aaron et al,”® 2007 1 145 1 148 0.4 1.02 (0.06-16.16) =
Calverley et al 22 2003 7 358 9 372 33 0.81 (0.30-2.15) :
Calverley et al, > 2003 8 254 7 255 3.1 1.15(0.42-3.12)
Calverley et al ® 2007 248 1546 162 1542 27.4 1.53 (1.27-1.84) |
Ferguson et al,”* 2008 24 394 9 388 5.2 2.63 (1.24-5.58) o=
Hanania et al 2 2003 0 178 1 177 0.3 0.33 (0.01-8.08) -
Kardos et al,2” 2007 23 507 7 487 43 3.16 (1.37-7.29) L
Mahler et al,”® 2002 2 165 0 160 0.4 4.85 (0.23-100.23) - -
SC0100250,* 2008 23 394 9 403 51 2.61 (1.22-5.58) .
SC0100470,' 2008 2 532 K 518 1.2 0.49 (0.09-2.65) - - +
SC040041,2 2008 8 a2 6 94 3.0 1.36 (0.49-3.77) ———
Wouters et al,* 2005 10 189 2 184 14 4.87 (1.08-21.92) i -
Subtotal 4754 4728 55.2 1.72 (1.28-2.30)
Total No. of Events 356 217 &

Heterogeneity: v? =0.05; »{ =14.04 (P=.23); 1?=22%
Test for overall effect: z=3.62 (P <.001)

ICS vs placebo

Burge el al,?' 2000 18 372 8 370 45 2.24 (0.99-5.08) .
Calverley et al,22 2003 0 a74 3 361 1.0 2.90 (0.79-10.61) ' -
Calverley et al ¥ 2003 5 257 2 256 1.2 2.49 (0.49-12.72) -
Calvarley et al,® 2007 224 15562 139 1544 26.3 1.60 (1.31-1.96) -
FLTA3025,%5 2005 4 434 1 206 0.7 1.90 (0.21-16.88) -
Hananla et al 2% 2003 1 183 0 185 0.3 3.03 (0.12-73.96) -
Mahler et al,?® 2002 2 168 0 181 0.4 5.38 (0.26-111.35) : - -
Pagglaro et al 2% 1008 2 142 2 139 0.9 0.98 (0.14-6.85) -
SFCT01/5C030002,% 2005 1 131 1 125 0.6 0.95 (0.06-15.09) -
van dar Valk at al * 2002 3 123 0 121 0.4 6.89 (0.36-131.93) . -
Vestbo et al,* 1999 16 145 24 145 78 0.67 (0.37-1.20) N
Subtotal 3881 3633 448 1.51(1.08-2.10) R
Total No. of Events 285 180
Heterogeneity: «2 =0.05; x4 =12.15 (P=.27); 2=18%
Test for overall effect: z=2.40 (P=.02)
Total 8635 8361 100.0 1.60 (1.33-1.92) ’

Total No. of Events 641

397
Heterogeneity: 2 =0.02; .5 =26.32 (P=.24); 2 0
Tast for overall effect: 7 =4.99 (P ..001) I —_ 1 6 /o
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Arch Intern Med. 2009;169(3):219- plsk fatio (857 €0

Fi||2|2 9 Meta-analysis of randomized controlled trials of inhaled corticosteroid (ICS) use vs control treatment forF pnlllllmq Cl indicates confidence
interval: LABA. lona-actina 3-agonist,




ICS No ICS
| |
No. of Total No. No. of Total No.
Source or Subgroup Events of Patients Events of Patients
ICS-LABA vs LABA
Aaron et al,”” 2007 1 145 1 148
Calverley et al 22 2003 7 358 9 372
Calverley et al,® 2007 157 1546 99 1542
Ferguson el al * 2008 18 394 5 388
Hanania et al,”® 2003 0 178 1 177
Kardos et al,2” 2007 14 507 4 487
Mahler et al.8 2002 2 165 0 160
SC0100250.°" 2008 11 394 7 403
SC0100470,* 2006 2 532 4 518
SC040041,* 2008 5 92 ! 91
Wouters et al,* 2005 10 189 2 184
Subtotal 4500 4473
Total No. of Events 227 136
Heterogeneity: +2 =0.05; 2 =11.83 (P=.30); P=15%
Test for overall effect: 7=3.06 (P=.002)
ICS vs placebo
Burge et al 2! 2000 18 372 8 370
Calverley et al,** 2003 9 374 3 361
Calverley et al,” 2007 150 1552 86 1544
FLTA3025,2* 2005 1 431 1 206
Hananla et al,”® 2003 1 183 0 185
Mahler et al.Z® 2002 2 168 0 181
Paggiaro et al,>® 1998 2 142 2 139
SFCT01/SC030002,* 2005 1 131 1 125
van der Valk et al.** 2002 3 123 0 121
Subtotal 3479 3232
Total No. of Events 190 101
Heterogeneity: v% « 0.00; %% « 2.85 (P« .94): 17« 0%
Test for averall effect: z=4.99 (P<.001)
Total 7979 7705
Total No. of Events a7 237

Heterogeneity: % =0.00; % =15.14 (P=.71);
Test for overall effect: z=6.73 (P-<.001)

°=0%

Arch Intern Med. 2009;169(3):219-
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44.4

100.0

Risk Ratio
(95% Cl)

1.02 (0.06-16.16)
0.81 (0.30-2.15)
1.58 (1.24-2.01)
3.55 (1.33-9.45)
0.33 (0.01-8.08)
3.36 (1.11-10.14)
4.85 (0.23-100.23)
1.61 (0.63-4.10)
0.49 (0.09-2.65)
1.28 (0.35-4.61)
4.87 (1.08-21.92)

1.68 (1.20-2.34)

2.24 (0.99-5.08)
2.90 (0.79-10.61)
1.74 (1.34-2.24)
1.90 (0.21-16.88)
3.03 (0.12-73.96)
5.38 (0.26-111.35)
0.98 (0.14-6.85)
0.95 (0.06-15.09)
6.89 (0.36-131.93)

1.81 (1.44-2.29)

1.71 (1.46-1.99)
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treatment control
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| ICS - No ICS I
No. of  Total No. No.of  Total No. Weight,
Source or Subgroup Events of Patients  Events of Palienls %
ICS-LABA vs LABA
Aaron et al,? 2007 1 145 1 148 29
Calverley et al 22 2003 0 358 0 372
Calverley et al 5 2007 15 1546 15 1542 43.1
Ferguson et al, 24 2008 1 394 0 388 2.1
Hananla et al, 26 2003 0 178 0 177
Kardos et al,2” 2007 1 507 1 487 29
Mahler et al,2® 2002 0 165 0 160
SC0100250,% 2008 0 394 0 403
SC0100470,2 2008 0 532 0 518
SC040041,%2 2008 1 92 1 94 29
Wouters et al, % 2005 0 189 0 184
Subtotal 4500 4473 53.8
Total No. of Events 19 18
Heterogenelty: 2 =0.00; 7_; =0.43 (P=.98); 12=0%
Test for overall effect: z=0.13 (P=.90)
ICS vs placebo
Calverley et al 22 2003 0 374 0 361
Calverley et al,5 2007 21 1552 13 1544 46.2
FLTA3025,7 2005 0 434 0 206
Hanania et al, % 2003 0 183 0 185
Mahler et al,2® 2002 0 168 0 181
Paggiaro et al,>® 1998 0 142 0 139
SFCT01/8C30002,% 2005 0 131 0 125
van der Valk et al,* 2002 0 123 0 121
Subtotal 3107 2862 46.2
Total No. of Events 21 13
Heterogeneity: not applicable
Tast for overall effect: z=1.35 (P=.18)
Total 7607 7335 100.0
Total No. of Events 40 3

Heterogenelty: «? < 0.00; % = 1.25 (P« 94); I 2 —_— 00/0

Test for overall effect: 2=1.01 (P=.31)

Arch Intern Med. 2009:169(3):219-

Risk Ratio
(95% Cl)

1.02 (0.06-16.16)
Not estimable
1.00 (0.49-2.03)
2.95 (0.12-72.30)
Not estimable
0.96 (0.06-15.31)
Not estimable
Not estimable
Not estimable
1.02 (0.06-16.09)
Not estimable

1.04 (0.55-1.97)

Not estimable
1.61 (0.81-3.20)
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable
Not estimable

1.61 (0.81-3.20)

1.27 (0.80-2.03)
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treatment ~ control
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LABA, long-acting B-agonist.

pneumonia-related mortality.IC! indicates confidence interval;




What were the results?

How are the results presented?

A systematic review provides a summary of the data from the results of a number of individual studies. |f the results of
the individual studies are similar, a statistical method (called meta-analysis) is used to combine the results from the
individual studies and an overall summary estimate 1s calculated. The meta-analysis gives weighted values to each of
the individual studies according to their size. The indivdual results of the studies need to be expressed in a standard
way, such as relative nsk, odds ratio or mean difference between the groups. Results are traditionally displayed in a
figure, like the one below, called a forest plot.

Comparison: 03 Treatment versus Placebo
Outcome: 01 Effect of treatment on mortality

Treatment Control OR Weight OR
Study nN nN (95%CI Fixed) % (95%CI Fixed)
Brown 1998 24 1472 351499 —- 96 0.71(0.42,1.21)
Geoffrey 1997 120 /2850 18272838 -.- 518 0.64(0.51081)
Mason 1996 56 12051 84 /2030 —— 244 065(0460.92]
Peters 2000 5181 4178 - 11 122(0314.71)
Scott 19398 311788 46 1792 — 131 0.66(0.42,1.06)
Total(95%CI) 236 /16242 351 716237 # 1000 0.66(0.56,0.78)
Test for heterogenety chi-square=092 df=4 p=092
Test for overall effect z=-4 .82 p<0.00001

1 2 1 5 10
Favours treatment Favours control




The forest plot depicted above represents a meta-analysis of 5 trials that assessed the effects of a
hypothetical treatment on mortality. Individual studies are represented by a black square and a horizontal
line, which corresponds to the point estimate and 95% confidence interval of the odds ratio. The size of the
black square reflects the weight of the study in the meta-analysis. The solid vertical line corresponds to ‘no
effect’ of treatment - an odds ratio of 1.0. When the confidence interval includes 1 it indicates that the result
is not significant at conventional levels (P>0.05).

The diamond at the bottom represents the combined or pooled odds ratio of all 5 trials with its 95%
confidence interval. In this case, it shows that the treatment reduces mortality by 34% (OR 0.66 95% CI
0.56 to 0.78). Notice that the diamond does not overlap the ‘no effect’ line (the confidence interval doesn’t
include 1) so we can be assured that the pooled OR is statistically significant. The test for overall effect also
indicates statistical significance (p<0.0001).

Exploring heterogeneity

Heterogeneity can be assessed using the “eyeball” test or more formally with statistical tests, such as the
Cochran Q test. Withthe “eyeball” test one looks for overlap of the confidence intervals of the trials with
the summary estimate. In the example above note that the dotted line running vertically through the
combined odds ratio crosses the horizontal lines of all the individual studies indicating that the studies are
homogenous. Heterogeneity can also be assessed using the Cochran chi-square (Cochran Q). If Cochran Q
is statistically significant there is definite heterogeneity. If Cochran Q is not statistically significant but the
ratio of Cochran Q and the degrees of freedom (Q/df) is > I there is possible heterogeneity. If Cochran Q is
not statistically significant and Q/dfis < I then heterogeneity is very unlikely. In the example above Q/df is
<1 (0.92/4= 0.23) and the p-value is not significant (0.92) indicating no heterogeneity.

Note: The level of E nificance for Cochran Q is often set at 0.1 |due to the low power of the test to detect heterogeneity.




Inhaled corticosteroid

Control

Risk ratio

Risk ratio

Study or subgroup Events Total Events Total Weight M.H, fixed, 95% CI M.H, fixed, 95% CI
6.1.1 I
Aaron 2007 1 145 1 148 102%  1.02 [0.06, 16.16] = : -
Burge 2000 18 372 8 370 1.7% 2.24 [0.99, 5.08] I
Calverley (a) 2003 16 732 12 733 2.5% 1.34 [0.64, 2.80] i
Calverley 2007 472 3008 301 3086 63.2% 1.56 [1.36, 1.79] -
Ferguson 2008 24 304 9 388 1.9% 2.63[1.24, 5.58] I -
FLTA3025 2005 4 434 1 206 0.3% 1.90 [0.21, 16.88] t >
Hannania 2003 1 301 1 362 0.2% 1.20 [0.08, 19.15] = » : »
Kardos 2007 23 507 7 487 1.5% 3.16 [1.37, 1.29] T
Mahler 2002 4 333 (0] 341 0.1% 9.22 [0.50, 170.50] t >
Paggiaro 1998 2 142 2 139 0.4% 0.98 [0.14, 6.85) :
SCO100250 2008 23 394 9 403 1.9% 2.61[1.22, 5.58] T -
SCO100470 2006 2 532 4 518 0.9% 0.49 [0.09, 2.65] = . f
SCO40041 2008 8 92 6 94 1.2% 1.36 [0.49, 3.77] - :
SFCTO01 2005 1 131 1 125 0.2% 0.95 [0.06, 15.09] = » T >
Van der Valk 2002 3 123 0 121 0.1% 6.89 [0.36, 131.93] ! >
Wouters 2005 10 189 2 184 0.4% 4.87 [1.08, 21.92] ! »>
Subtotal (95% CI) 7919 7705 76.8%  1.67[1.47, 1.89] >
Total events 612 364 |
Heterogeneity: Chi2 = 13.68, df = 15 (P = 0.55); I° = 0% '
Test for overall effect: Z = 8.14 (P < 0.00001) :
|
6.1.2 Budesonide exposure '
Bourbeau 2001 3 38 4 a7 0.9% 0.73[0.18, 3.04] . :
Calverley (b) 2003 13 511 9 511 1.9% 1.44 [0.62, 3.35] |
Pauwels 1999 33 503 16 582 3.4% 2.02[1.13, 3.64) ——
Rennard 2009 37 988 17 495 4.8% 1.09 [0.62, 1.92] —'_{—
Szafranski 2003 20 406 15 406 3.1% 1.33[0.69, 2.57] [ L —
Tashkin 2008 18 1120 9 584 2.5% 1.04 [0.47, 2.31] \ f
Vestbo 1999 16 145 24 145 5.0% 0.67 [0.37, 1.20] A :
Subtotal (95% CI) 3801 2760 21.5% 1.19[0.92, 1.53] |
Total events 140 24 |
Heterogeneity 7= 7.83, df = 6 (P = 0.25)#° = 23% :
Test for overall effectZ = 130019 . Chi2/df (7.83/6)> 1, possible |
6.1.3 Mometasone exposure - |
Calverley (mometasone) 2008 25 616 he;e rqg':enqg.% 2.00 [0.83, 4.81] : -
Subtotal (95% CI) 616 205 1.7% 2.00 [0.83, 4.81] i
Total events 25 6

Heterogeneity: Not applicable
Test for overall effect: Z = 1.54 (P = 0.12)

Total (95% CI)
Total events 777

12336

10760 100.0%

464

Heterogeneity: Chi2 = 27.21, df = 23 (P = 0.25); I° = 15%

Test for overall effect: Z = 8.04 (P = 0.00001)

Current Opinion in Pulmonary Medicine 2010,16:118-—
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Budesonide Control Risk ratio Risk ratio
Study or subgroup Events Total Events Total Weight ~ M.H, fixed, 95% CI M.H, fixed, 95% Cl
Bourbeau 2001 3 3 § 3 5% 0.73[0.18, 3.04] v
Calverley (b) 2003 13 M 9 M 114% 1.44[0.62, 3.35] v
Pauwels 1999 3 503 16 582  205% 2.02[1.13, 3.64] L
Rennard 2009 3 %8 17 495 288%  1.00[062,192) N
Szafranski 2003 0 406 15 406 19.1%  1.33[0.69,257] BLE
Tashkin 2008 8 120 0 584 150%  1.04[047,231] -
Total (95% C) 3656 215 1000%  1.34[1.01,1.79] ¢
Total events 124 10
Heterogeneity: Chi2 =353, df =5 (P = 0.62): /= 0% | { { i
Test for overall effect: Z = 2.01 (P < 0.04) 065 02 1 ) 2
Budesonide safer  Budesonide harmful

Current Opoinion in Pulmonarv Medicine 2010 16:118—



Analysis |1.3. Comparison | Combined inhalers versus Placebo (Primary Outcomes), Outcome 3

Reviews Combined corticosteroid and long-acting beta-agonist in one inhaler versus placebo for chronic obstructive pulmonary disease

Pneumonia.

Companson: | Combined inhalers versus Placebo (Primary Outcomes)

Outcome: 3 Pneumonia

Reviews 2007, Issue 4_

Study or subgroup Combined inhalers Placebo Odds Ratio Odds Ratio
n/N n/N M-H, Fixed,95% Cl M-H,Fixad, 25% CI
| FPS
Barmes 2006 1/67 0/73 3232[0.13,8280]
Hanania 2003 0/178 Q/185 00[00,00]
Mahler 2002 2/165 7181 S55[026 11646]
O'Donnell 2006 0re2 /64 034 [ 001, 847 ]
SCOI100540 127297 /142 13.00 [ 076, 221.16 ]
TORCH 303/1546 19071544 - 174143 212]
TRISTAN 7/358 37361 238[ 061,928
Subtotal (95% CI) 2673 2556 & 1.80 | 1.48, 2.18 |
Total events: 225 (Combined inhalers), 194 (Placebo)
Heterogeneity. Chi? = 385 df =5 (P = 057); 12 =005
Test for overall effect: Z = 598 (P < 0.00001)
2 BDF
Calverley 20032 8/254 2/256 413 [ 087, 19.64 ]
Subtotal (95% CI) 254 256  EE—— 4.13 | 0.87, 19.64 |
Total events: 8 (Combined inhalers), 2 (Placebo)
Heterogeneity: not applicable
Test for overall effect: Z = 1,78 (P = 0.075)
Total (95% CI) 2927 2812 - 1.85 | 1.51, 2.21 |
Total events: 333 (Combined inhalers), 196 (Placebo)
Heterogeneity: Chi? = 498, df = 6 (P = Q.55); 12 =0.0%5
Test for overall effect: Z = 6.19 (P < 0.00001)
Cochrane Database or Systematlic 01 02 05 | 2 S 10
Favours treatment Favours control



Conclusion

'I'he consistency of the available clinical, biological and
cpidemiological evidence suggests that long-term inhaled
corticostcroid usc in patents with COPD) 1s associated with
a significantly increcased risk of pncumonia. "I'he evidence
for any intraclass differences 1in the risk of pncumonia
rcmains inconclusive.

Robust hecad-to-head trials of sufficient duration, sample
size and active ascertainment of pncumonia events along
with radiologic and microbiologic confirmation arc
rcquired to address these uncertainties. Clinicians should
rcmain particularly vigilant for the development of pncu-
monia with inhaled corticosteroids in these patients, as
the signs and symptoms of pncumonia may closcly mimic
that of COPD c¢xacerbations. 'I'hey should discuss the
risks and benefits of long-term i1nhaled cortcosteroid
therapy with their patients.
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