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CLASS |
Benefit > >> Risk

Procedure/Treatmenl
SHOULD be performed/
administered

= Recommendation that
procedure or treatment

is useful/effective

m Sulficient evidence from

mulliple randomized trials
or meta-analyses

= Recommendation that
procedure or treaiment
is uselul/effective

m Evidence Irom single
randomized trial or
nonrandomized studies

= Recommendation that
procedure or treaiment Is
useful/effective

= Only expert opinion, case
studies, or standard of care

SIZE OF TREATMENT EFFECT

CLASS lia

Benefit > > Risk
Additional studies with
focused objectives needed

IT IS REASONABLE to per-
form procedure/administer
lreatment

= Recommendation in lavor

of treatment or procedure
being useful/effective

= Some conflicling evidence
from multiple randomized
trials or meta-analyses

= Recommendation in favor
of treatment or procedure
being useful/ellective

= Some conflicling
evidence from single
randomized trial or
nonrandomized studies

= Recommendation in favor
of freatment or procedure
being useful/eflective

u Only diverging expert
opinion, case studies,

or standard of care

CLASS Iib

Benefit > Risk
Additional studies with broad
objeclives needed; addilional
registry data would be helpful
Procedure/Treatment

MAY BE CONSIDERED

= Recommendaltion’s

usefulness/eflicacy less
well established

= Only diverging expert
opinion, case studies, or
standard of care




Meta-analyses

Pairwise

(compares 2
treatments)

Network

(compares 2 3

treatments)

-
Indirect treatment

comparison

(estimates indirect

evidence)

.

0 6

Mixed treatment
comparison

(combines direct and
indirect evidence)




What is an indirect comparison ?




Problem formulation according to the
PICO approach

- eg elderly male >2 weeks after

myocardial infarction)

— eg intracoronary infusion of
progenitor blood cells

— eg patients treated with progenitor cells vs
standard therapy

— eg change in echocardiographic left ventricular
ejection fraction from discharge to 6-month control



Study selection: Systematic

review

* 1st - screening of titles and abstracts (BioMedCentral,
clinicaltrials.gov, EMBASE, LILACS, and PubMed,
Conference proceedings, Website)

* 2nd - potentially pertinent citations are then retrieved as
full reports and appraised according to prespecified and
explicit inclusion/exclusion criteria

* 3rd — studies fullfilling both inclusion and exclusion
criteria, are then included in the systematic review



Stent Thrombosis With Everolimus-Eluting Stents
Meta-Analysis of Comparative Randomized Controlled Trials

Tullio Palmerini, MD; Ajay J. Kirtane, MD. SM; Patrick W. Serruys, MD; Pieter C. Smits, MD;
Elvin Kedhi, MD; Dean Kerelakes, MD: Diego Sangiorgi, MStat; Letizia Bacchi Reggiani, MSc:
Christoph Kaiser, MD: Hyo-S5o0 Kim, MD: Antoinette De Waha, MD;

Flavio Ribichini, MD: Gregg W. Stone, MD

‘ Potentially relevant articles: ’
n=1,632

Excluded:
Review of titles

Not a comparison between DES:

and abstract Post-hoc, subgroup, follow up, or
pooled analyses of included trials:

‘Articles requiring full review: ’
n=37

Excluded:

Full text review Not a RCT:

RCT with same polymer and drug:
RCT with no events:

‘ Articles meeting criteria:
n=11

Palmerini et al. Circ Cv Int 2012




Statistical pooling: fixed versus random
effect method

Fixed effect method Random effect method

True effect study 2 True effect

One distribution of true effect Acknokledges the occurrence of variation of true
Each trial is measuring the true effect effects among studies

Natural random sampling variation Mean effect of studies with their own distribution

Biondi-Zoccai, Network Meta-Analysis: Evidence Synthesis with Mixed Treatment Comparison 2014



Data synthesis: effect size for
dichotomus events

are defined as the ratio of
Incidence rates, and are thus used for dichotomic
variables).

are defined as the ratio of the odds
(P/[1-P]) and also used for dichotomic variables.

adjust for different duration of follow
up and allow for data censoring.

IS the difference
between the incidence of events in the experimental
vs control groups. Depends on the prevalence of
disease and allows calculation of NNT (1/RD).
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Meta-analysis

e .....the good




Advantages of meta-

analyses




Meta-analysis in DES trials

At least 70 RCTs with almost 90.000
randomized patients

Most studies have an nonferiority
design

Many of them are underpowerd
because of an imbalance between
observed and expected events

Most of them have a composite
endpoint

None was powered for stent
thrombosis



1-year definite ST

BASKET PROVE
CIBELES

COMPARE

COMPARE Il (NOBORI)
EXAMINATION
EXCELLENT

ISAR TEST IV

NEXT (NOBORI)
PLATINUM

RESET

RESOLUTE

SORT OUT IV
SPIRITII

SPIRIT III

SPIRIT IV

SPIRIT V DIAB
TWENTE

ESSENCE DIABETES
SEA-SIDE

Overall (I-squared = 0.0%, p = 0.753)

OR (95% CI)

0.20 (0.01, 4.18)
0.19 (0.01, 4.02)
0.22 (0.08, 0.66)
0.61 (0.20, 1.86)
0.28 (0.09, 0.87)
0.34 (0.07, 1.68)
0.50 (0.15, 1.67)
0.25 (0.03, 2.24)
1.01 (0.20, 5.01)
0.83 (0.25, 2.74)
0.21 (0.06, 0.74)
0.22 (0.05, 1.03)
0.12 (0.00, 2.87)
5.48 (0.30, 99.39)
0.30 (0.11, 0.83)
0.16 (0.01, 4.02)
0.11 (0.01, 2.08)
(Excluded)
(Excluded)

0.36 (0.26, 0.51)

%
Weight

2.15
2.17
15.25
7.49
11.93
3.84
6.82
3.44
2.56
5.14
12.02
7.73
1.90
0.57
11.42
172
3.85
0.00
0.00
100.00




Network meta-analysis: 49 RCTs and

30-day definite stent thrombosis*

CoCr-EES vs EMS
CoCr-EES vs PES
CoCr-EES vs SES
CoCr-EES vs End-ZES
CoCr-EES vs Res-ZES
PtCr-EES vs EMS

PtCr-EES vs PES

PtCr-EES vs End-ZES
PtCr-EES vs Res-ZES O

SES vs EMS

50,844 pts

Odds Ratio [95%, : Odds Ratio
—O— \ 0.21 (0.11-0.42) 1-year definite stent thrombosis* . [95%]
1
—o— | 0.27 (0.14-0.51) CoCr-EES vs BIIS —_—— ! 0.23 (0.13-0.41)
—0— : 0.40(0.21-0.79) CoCr-EES vs PES —0o— : 0.28 (0.16-0.48
—O0— 0.22 (0.09-0.54) OLI-EES VS ! 28(0.16-0.48)
< () i : 0.07 (0.00-0.46) CoCr-EES vs SES o4 | 0.41 {0.24-0.70}
< 'e" i 0.06 (0.00-0.68) CoCr-EES vs Res-ZES —_——t 0.14 (0.03-0.47)
¢ O I 0.07 (0.00-0.83) CoCr-EES vs End-ZES —0— 0.21 (0.10-0.44)
¢ Or ! 0.06 (0.00-0.73) [
) [ SES vs BMS HCH 0.57 (0.36-0.88)
! - 0.02 (0.00-0.43) i
—O | 0.54 (0.30-0.90) End-ZES vs SES —0o—i 1.92 (1.07-3.90)
1 I I 1 1
0.01 0.1 1 10 0.01 0.1 1 10
Favors Stent1  Favors Stent 2 Favors Stent 1 Favors Stent 2
I Odds Ratio
2-year definite stent thrombosis* : [95%]
CoCr-EES vs BMS —C— i 0.35(0.17-0.69)
CoCr-EES vs PES —O— 0.34 (0.19-0.62)
:
1
1
1
| i 1
0.01 0.1 1 [1]

—

Favors Stent 1

>

Favors Stent 2

Palmerini et al. Lancet 2012;379:1393-402



ARTS 1 (2001)
AWESOME (2001)
BARI (1996)
Budriot (2011)
EAST (1994)
ERACI 2 (2001)
GABI (1994)

LE MANS (2008)
Leipzig (2002)
MASS Il (2004)
RITA (1993)

SIMA (2000)
SYNTAX (2009)
Seoul (2005)

Fixed effects {I-squared=0.0%)

Random effects

05 1
PCl worse

10
CABG worse

N. pts with strokeftotal n. pts

OR (95% CI)

1.49 (0.42, 5.32)
144 (0.24, 8.71)
352 (0.73, 17.01)
505 (0.24, 106.53)
3.09 (0.32, 30.01)
504 (0.24, 105.67)
520 (0.25, 109.07)
5.10 (0.24, 108.77)
303 (0.12, 75.13)
3.09 (0.62, 15.50)
513 (0.60, 44.08)
0.34 (0.01, 863)
611 (1.36, 27.37)
516 (0.21, 128.36)
294 (1,69, 509)
294 (1.69, 509)

Palmerini et al; JACC 2012

CABG

6/605
31232
7914
2101
3194
21225

5/501
0/59
12/897
170
92/4341

Stroke with PCI versus CABG: 14 RCTs

PCI

4/600
20222
2/915
0/100
1198
0/225

0/52

0/110
2/205
1/510
1/62

2/903
0/119

15/4403




DAPT trial

Hazard Ratio,
Continued Thienopyridine Placebo Thienopyridine vs. Placebo
(N =5020) (N=4941) (95% CI)f P Valuey

no. of patients (36
Stent thrombosis 19 (0.4) 65 (1.4) 0.29 (0.17-0.48)

Definite 15 {0.3) 58 (1.2) 0.26 (0.14-0.45)
Probable 5 (0.1) 7 (0.1) 0.71 (0.22-2.23)

Major adverse cardiovascular and 211 (4.3) 285 (5.9) 0.71 (0.59-0.85)
cerebrovascular events|

9% (2.0} 74 (1.5) 1.36 (1.00-1.85)
Cardiac 45 (0.9) 47 (1.0} 1.00 (0.66-1.52)
Vascular 5 (0.1) 5 (0.1) 0.98 (0.28-3.39)

@ncardiwasc@ 43 (1.0 22 (0.5) 2.23 (1.32-3.73)
Myocardial infarction 99 (2.1) 198 (4.1) 0.47 (0.37-0.61)
Stroke 37 (0.8) 43 (0.9) 0.80 {0.51-1.25)
Ischemic 24 (0.5) 34 (0.7) 0.68 [0.40-1.17)
Hemorrhagic 13 0.3) 9 (0.2) 1.20 (0.50-2.91)

Type uncertain 0 1 (=0.1) —

Mauri et al, NEJM 2014




Mortality with Extended Duration DAPT After
DES: A Pairwise and Bayesian Network
Meta-Analysis of 10 RCTs and 31,666 Pts

All-cause Death

HR Weight
Study (95% CI) (%)
ARTIC Interruption I 1.32 (0.49, 3.55) 3.03
DAPT £y 0.75 (0.56, 1.02) 33.00
DES LATE ] | 0.71 (0.45,1.10) 14.85
EXCELLENT 2 0.57 (0.17,1.95) 1.99
ISAR SAFE & 0.66 (0.27, 1.63) 3.67
ITALIC : 1.14 (0.41, 3.15) 2.85
OPTIMIZE - 0.95 (0.63, 1.45) 17.07
PRODIGY 3 0.91 (0.61, 1.37) 18.12
RESET - 0.62 (0.20, 1.88) 2.36
SECUIRITY :J 1.00 (0.37, 2.66) 3.05
I-\( (1=0.0%, p=0.93);)p value for ES=0.02 : 0.82 (0.69, 0.98) 100.00
D+Lp-value-for ES=0.02 : 0.82 (0.69, 0.98) 100.00

1 5 1 235

Shorter DAPT better Longer DAPT better

ES=effect size

Events Events
Group 1 Group 2

9/624 7/635
74/4941 98/5020
32/2514 46/251

4/722 7/721
8/1997 12/2003
8/912 7/910

43/1563 45/1556
45/751 49/750
5/1059 8/1058

8/682  8/717
236/ 287/1590
15765

TCTAl Palmerini T, Stone GW. Lancet 2015:0n-line

22% 1
mortality
with
prolonged
DAPT
(p=0.02)



Advantages of meta-analyses




Meta-analysis




Interpreting a meta-analysis

* The strength of a meta-
analysis Is the strength of
individual trials and of
methods used



Potential problem

Individual Small Trial

Meta-analysis of several
such trials

If all the trials have
the same systemic
bias, all we have
done is to tightenthe| 45 -3 -1 0 15 3 45

confidence intervals! Absolute Difference

[CTAP2018



Mortality with DES vs BMS

Observational studies RCT

Study ID

Study 1D Estimate (95% Cl) Weight (%)

SCORPIUS . F B1) 186
SESAMI ; ;! B3
————— i
: i ] 3
——
—.—l_
A —
R B E——
——

Typhoon
3ion

1.00
230
1.09
1.07
240
0.55

2,55

Seville
HAAML-E

M !
FRISOM I
Pache at al
Ortolani et al
DIABETES
RAVEL
SIRIUS

1.75(0.73, 4.186)
1.02 (067, 1.54)
1, 4.04)

{0.25, 2.24)
(06T, 4.53)

lurmérr‘ Mew England |sdjusted) LI: i = oy 1 ; .
Romdom E,,N RTE AR, Fixed Effects 0.97 (0.81,1.15), p=0.72
Fixed Effects 0.81 (0.78,0.85)

' - - 97{05
Random Eﬁ’nc % 97 (0.81,1.15)

1
Favors DES i : Favors DES 1 Favors BMS 10

Kirtane et al Circulation 2009



Type of bias

Description

Relevant domains in the
Collaboration’s ‘Risk of bias’ tool

Selection bias.

Systematic differences between
baseline characteristics of the

groups that are compared.

Sequence generation;

Allocation concealment.

Performance bias.

Systematic differences between
groups in the care that is provided,
or in exposure to factors other
than the interventions of interest.

Blinding of participants, personnel
and outcome assessors;

Other potential threats to validity.

Attrition bias.

Systematic differences between
groups in withdrawals from a
study.

Incomplete outcome data;

Blinding of participants, personnel
and outcome assessors.

Detection bias.

Systematic differences between
groups in how outcomes are

determined.

Blinding of participants, personnel
and outcome assessors;

Other potential threats to validity.

Reporting bias.

Systematic differences between
reported and unreported findings.

Selective outcome reporting;
(see also Chapter 10).




Meta-analysis: misleading results

* .....and the ugly

* Mixing apples with pears!

Dfferent type of study (obs. vs RCT)

Different clinical setting
Difference in endpoint definition

Different follow up duration
Different drug formulation



Exploring statistical heterogeneity

* Statistical heterogeneity is the variation in true
treatment effect among patients within a single
study or between different studies




Statistical inconsistency

e Statistical inconsistency (I?) has been recently introduced
to overcome the risk of alpha and beta error of standard
tests for statistical heterogeneity

* Itis computed as [(Q — df)/Q] x 100%, where Q is the chi-
squared statistic and df is its degrees of freedom

1°< 25%: low inconsistency
1>between 25% and 50%: moderate inconsistency
12> 50%: severe inconsistency



study or subcategory

RCT data
Borchgrevink 1966
Natvig 1968
Burr (DART) 1989
Kaul 1992
Leaf 1994
Sacks (HARP) 1995
Eritsland 1996
Singh 1997
GISSI-P 1999
Johansen 19994
von Schacky 1999
Brox 2001
Nilsen 2001
Bemelmans 2002
Burr 2003
Subtotal (95% CI)

High omega 3 fat
(n/N)
10/100
43/6716
93/1015
0/58
0/275
0/41
837
30/242
477/5665
1/250
1112
0/80
11/150
3109

283157

16 701

Low omega 3/control Relative risk
(n/N} (random) (95% CI)

14/100
40/6690
131/1018
1/49
2/276

8

554/5658
3/250

Total events: 960 (high omega 3 fats), 1035 (loyosesa-a/control)

Test for heterogeneity: ;
Test for overall effect:

=24.12, di=14, P=0

Hooper et al; BMJ 2006

Mortality with Omega 3 fats

Relative risk
(random) (95% C)

0.71(0.33t0 1.53)
1.07 (0.70 to 1.64)
0.71 (05510 0.92)
0.28 (0.01t0 6.78)
0.20 (0.01 to 4.16)
0.32 (0.01 to 7.57)
1.23 (04310 3.51)
0.56 (0.35t0 0.91)
0.86 (0.77 to 0.97)
0.33(0.03t0 3.18)
0.50 (0.05 to 5.39)
0.17 (0.01 to 4.05)
1.00 (04510 2.24)
4.32 (0.46 to 41.00)
1.15(0.98 t0 1.34)
0.87 (0.73 10 1.03)




Mortality in pts with STEMI: Different
type of studies pooled

Culprit only PCl  Multivessel PCI Odds Ratio Odds Ratio
Evenis Total Events Total Waight 1V, Random, 85% CI IV, Random, 85% CI

Prospective studies

O Maria 2004

Khattab 2008 '- - 28 1 0,11, 14.53)

Politi 2010 } 3.1 [ 1

Subtotal (95% CI) ! 1.98 [0.57, 6.85]

Tolal evenls

Heleragenaity: Tau*

Tast for ovarall effect

Retrospective studies
c der 2010

pus 2004
Drigwierz 2010
Hannan
Kong
Poya 03
Qarawani 2008
Roe 2001

o

Ly —
= O K

—
=]

(=]

0,89 [0.43, 1.85]
0.38 [0.24, 0.81]
Wars 06 g 0.61 [0.24, 1.53]
Subtotal (#5% CI) ) 0.62 [0.45, 0.54]
Tolal evenls

Haternganaity: Tau® =

Tast for overall effect: Z

w
m =

Total (85% C1) ; 0.8E [0.48, 0.89]
Tatal even 364

Halgftgandihy: M, MH=11{Pp=0D

Test for overall effect; £ = = 0.007)

Metwork meta-analysis
All studies (n=17) 0.70 [D.48, 1.14] i

-+t
om 1 1 10 100
Fawors culprit anly PCl Favors multivessel PCI

Vlaar et al; JACC 2011




Different population and study design

Study group Control group HR for all-cause mortality HR (95% CI)

M (events) N (events)

CASPAR 425 (24) 426 (17) . 1-44 (077-2-68)
SPS3 1503 (113) 1517 (77) —_— 152 (1-14-2-04)
(

CHARISMA 7802 (371) 7801 (374) 0-99 (0-86-1-15)
ACTIVE 3772 (825) 3782 (841) 0-98 (0-89-1-08)
OPTIMIZE 15E6 (45) 1563 (43) 1.05 (0-69-1.50)

'8 DES trials -
. 1 BMS trial -
' 2 secondary prevention trials 38)
1 atrial fibrillation trial -
1 peripheral arterial disease trial 55)
1 trial with a mixed population (multiple RF or established CV disease

16)*
Q=14-87, p=025;=19.3%

DAPT 862 (106) 5786 (84) 1-31(0-97-175)

Overall (DAPT induged 34881 (2012) 34763 (1973) 1.05 (0-96-1-19)"
Q=17-68, IJ=E" | | 1 T T
a 0-L 1.0 20 30 .

-« b
Favours extended duration DAPT Favours short duration DAPT

Elmariah et al; Lancet 2014



Potential problems

* Meta-analysis is as strong as the studies that
are included

A good meta-analysis of badly designed

studies will still result in bad statistics

* The sources of bias are not controlled by the
method



What publication bias is: the file
drawer problem

* The publication of studies depends on the
nature and direction of results

* Positive studies are more likely to be
published than negative studies

* The results is that published studies are
systematically different from unpublished
studies



Detection of publication bias: smaller
studies have larger random error

—
0
e
L1H
Lu.
W
S
-
q;
N
w
2
=1
=
[+
w
o
S
0
0
1
| .
o

Effect size estimate
(mean difference, log risk ratio, etc)




Publication bias

* However, when small studies are
predominately in one direction (usually
the direction of larger effect sizes),
asymmetry will ensue and this may be
Indicative of publication bias

=
Pl
[15]
=
| -
151
-
il
L1k}
—
[m]
=
P
]
—

log odds ratio



Exploring publication bias

* Begg’s test




Effect of cilastazol on restenosis

Sludy Cilostazol Control
or sub-calegory niN nih

PTCA

Take /42

Tsuchikane 1333 22/123
ca

)
Total events 33 (Cilostazal), 70 (Contral)
Test for heterogenelty. Chit = 247, df =2 (P =
Test for overall effect: Z= 3.04 (P= 002)

ocA

Tsuchi

Subtotal (! )

Tetal events O (Cilostazol), 5 (Control)
Test for heterogenelty. not applicable
Test for overall effect:

Stenting

0/37
Kamishirado /54
Mizoguchi a/68
Inoue 4734
Sekiguchi 24/89
CREST 57/25%
Han 5/34
RACTS 47/202
Takeyasu 119/427 ize/426
Chen /52 17/54
DECLARE-Long 14/250 23/250
Subtotal (35% CI) 1976 1979
Total eventx Ciloatazol), 528 (Control)
Test for heterogenelty. ChiF = 32, (P=009),1" = 50.7%
Test for overall effec: Z= 4 34 (p < 0001)
Total ©85% CI) 2184
Total evenls 401 (Cilostazol), 603 (Control)
Test for heterogeneity: Chi* = 42,21, di= 20 (P = 003), I
Test foroverall effect: Z= 4,99 (P < ,00001)

RR (random)

0001 001 04
Favours dlogtazel

5% ¢l

10 100 1000
F avours cantrol

RR (random)
85%Cl

Ision
(standard enror of log relative risk)

(8]
(1]
[~
0.

Biondi Zoccai et al, AHJ 2008

Favoursciostazol 1 Favours control

Effect

(relative risk)

P < 001 at Egger test
P < 001 at Peters test




Conclusions

* The validity of a meta-analysis refers to the
soundness of the original studies and the
procedures used to combine them.

* Although several potential limitation have been
Identified in these procedures, systematic
reviews and meta-analyses succeed when
researchers implement the correct methodology
and enforce sound validity checklists.



