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Introduction

Network meta-analysis

m Is an extension of normal meta-analysis
m Allows comparison of > 2 alternatives

m Integrating direct and indirect evidence
m While checking for (in-)consistencies

m A.K.A.: Mixed/Multiple Treatment Comparison (MTC)
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Introduction: meta-analysis

Study, Year (Reference)

Bennie et al., 1995 (33)* Yraa "Yhaz

Fluoxetine Sertraline

Hansen et al. Ann Intern Med 2005;143:415-426
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Introduction: meta-analysis

Study, Year (Reference)

Bennie et al., 1995 (33)* Yraa —

Relative Benefit (95% Cl)

—l— e 1.18 (0.92-1.50)

Relative Benefit
Favors Fluoxetine

Hansen et al. Ann Intern Med 2005;143:415-426
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Introduction: meta-analysis

Study, Year (Reference) Relative Benefit (95% ClI)
Bennie et al., 1995 (33)* Sz "Yhaz 1.18 (0.92-1.50)
Boyer et al., 1998 (34)* Y120 ) 1.02 (0.79-1.30)
Fava et al., 2002 (36)t Y6 1.18 (0.96-1.45)
Newhouse et al., 2000 (35)* B2 87 1.03 (0.87-1.21)
Sechter et al., 1999 (22)* 120 %18 1.15 (0.97-1.38)
T 1
05 2
Relative Benefit
Favors Fluoxetine Favors Sertraline

Hansen et al. Ann Intern Med 2005;143:415-426
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Introduction: meta-analysis

Study, Year (Reference) Relative Benefit (95% ClI)

Bennie et al., 1995 (33)* 1.18 (0.92-1.50)

Boyer et al., 1998 (34)* 1.02 (0.79-1.30)
Fava et al., 2002 (36)1 1.18 (0.96-1.45)
Newhouse et al., 2000 (35)* 1.03 (0.87-1.21)
Sechter et al., 1999 (22)* 1.15 (0.97-1.38)

Combined (Random) 1.10 (1.01-1.20)

05

Relative Benefit (Random Effects)

Favors Fluoxetine Favors Sertraline

Hansen et al. Ann Intern Med 2005;143:415-426
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Introduction: meta-analysis limits (1)

Hansen et al. (2005) systematic review:
m 46 studies comparing n = 10 second-generation AD
m In total, 20 comparisons are available
m Out of @ = 45 possible comparisons

m 3 meta-analyses are performed
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Introduction: meta-analysis limits (2

Study, Year (Reference) Relative Benefit (95% C1)

Zoor — M~ 0.99 (0.81-1.21) Study, Year (Reference) Relative Benefit (95% CI)

Chouinard et al., 1999 (29)*

De Wilde et al., 1993 (30)* % ¥y 1.07 (0.76-1.49) Bennie et al., 1995 (33)* 1.18 (0.92-1.50)
Fava etal., 1998 (32)" *oa — s 1.08 (0.77-153) Boyer et al., 1998 (34)* a0 1.02 (0.79-1.30)
Fava et al., 2002 (36)t % —— s 1.13 (0.92-1.40) Fava et al., 2002 (36)t 1.18 (0.96-1.45)
Gagiano, 1993 (40)* s es 1.11(0.81-1.54) Newhouse et al., 2000 (35)* 2 1.03(0.87-1.21)
Schone and Ludwig, 1993 (31)* Y s 214(111-427) Sechter etal., 1999 (22)* 115 (0.97-1.38)

Combined (Random) > i 1.09(0.97-1.21) Combined (Random) 1.10(1.01-1.20)

H
Relative Benefit {Randezm Effects) ’ * eate seneit (andom Efects :
Favors Fluoxeti Favors Paroxetine Favors Fluoxeti Favors Sertraline
Study, Year (Reference) Relative Benefit (95% CI)
Alves et al., 1999 (46) Yy —————— Yo 0.98 (0.70-1.35)
De Nayer et al, 2002 (49) | w3 139.(1.03-1.92)
Dierick et al., 1996 (48) er —— Vs 1.19 (1.01-1.40)
Rudolph and Feiger, 1999 (50) o3 2 1.07 (0.82-1.40)
Silverstone and Ravindran, 1999 (51) i — M — s 1.03 (0.86-1.24) ()
Tylee et al., 1997 (47) k2 im 115 (0.87-152)
Combined (Random) *Ters | Vhos 112(1.02-123)
05

Relative Benefit (Random Effects)
Favors Fluoxetine Favors Venlafaxine

Hansen et al. Ann Intern Med 2005;143:415-426
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Introduction: meta-analysis limits (2)
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Introduction: non-solution

Assess efficacy using a baseline (fluoxetine)...

Fluoxetine ~ 1.00 (1.00 - 1.00)
Paroxetine  1.09 (0.97 - 1.21)
Sertraline  1.10 (1.01 - 1.20)
Venlafaxine 1.12 (1.02 - 1.23)
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Assess efficacy using a baseline (fluoxetine)...

Fluoxetine ~ 1.00 (1.00 - 1.00)
Paroxetine  1.09 (0.97 - 1.21)
Sertraline  1.10 (1.01 - 1.20)
Venlafaxine 1.12 (1.02 - 1.23)

m How likely is it that Venlafaxine has the greatest efficacy?
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Assess efficacy using a baseline (fluoxetine)...

Fluoxetine ~ 1.00 (1.00 - 1.00)
Paroxetine  1.09 (0.97 - 1.21)
Sertraline  1.10 (1.01 - 1.20)
Venlafaxine 1.12 (1.02 - 1.23)

m How likely is it that Venlafaxine has the greatest efficacy?

m What happens if we choose another baseline?
m Other studies included — possibly different results
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Introduction: non-solution

Assess efficacy using a baseline (fluoxetine)...

Fluoxetine ~ 1.00 (1.00 - 1.00)
Paroxetine  1.09 (0.97 - 1.21)
Sertraline  1.10 (1.01 - 1.20)
Venlafaxine 1.12 (1.02 - 1.23)

m How likely is it that Venlafaxine has the greatest efficacy?

m What happens if we choose another baseline?
m Other studies included — possibly different results

m Not all drugs can be included (escitalopram)
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Introduction: non-solution

Assess efficacy using a baseline (fluoxetine)...

Fluoxetine ~ 1.00 (1.00 - 1.00)
Paroxetine  1.09 (0.97 - 1.21)
Sertraline  1.10 (1.01 - 1.20)
Venlafaxine 1.12 (1.02 - 1.23)

m How likely is it that Venlafaxine has the greatest efficacy?

m What happens if we choose another baseline?
m Other studies included — possibly different results

m Not all drugs can be included (escitalopram)

m We're “double counting” multi-arm trials
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Introduction: network meta-analysis

Include all evidence in one analysis
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Network Meta-Analysis models

m We will construct a Bayesian hierarchical model
m We can use MCMC software (BUGS, JAGS) to estimate it
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Network Meta-Analysis models

m We will construct a Bayesian hierarchical model
m We can use MCMC software (BUGS, JAGS) to estimate it
m Our software (http://drugis.org/) can do it for you
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General Formulation
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Level 1 (likelyhood)

m Modeling the effect rix/njx,
m for treatment k of study /,

m as a binomial proccess with success probability pj:
rik ~ Bin(pix, nix)

Using MCMC simulation, the model converges to maximum joint
likelyhood estimate of these pj, given the data on rjx and nj.
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Linkage

Apply a transformation to obtain normally distributed variable:

Pik

. pik = logit ™ (0
1 — pi (i)

O = logit(pik) = log

And choose a baseline b(i) and define 0 (the log odds) in terms
of a baseline 11; and relative effect J;,(j), (the log odds-ratio):

Oik = 1i + Oip(iyk
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Level 2 (random effects)

We assume the relative effects (LORs) to be normally distributed:
Oixy = N(dxw U>2<y)

And, for a three-arm trial i with treatments x, y, z, b(i) = x:

5ixy ) ~ N <( dxy ) ( 0')20, Pxy ,xz0 xy O xz )>
dixz dxz ’ Pxy xz0xy O xz g )2<z
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Level 2 (random effects)

We assume the relative effects (LORs) to be normally distributed:
Oy = N (dhy, 7?)

And, for a three-arm trial i with treatments x, y, z, b(i) = x:

()~ () (5 22))

Under the assumption of equal variances
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Level 3 (Priors)

For each of the parameters of interest, j1;, djx and o, specify priors:
wi ~ N(0,1000)

dj ~ N'(0,1000)
o~ U(0,2)
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Overview

delta_ijk ~ N(d_jk, s*s)

p_ik = ilogit(mu_i + delta_ijk)

r_ik ~ Bin(p_ik, n_ik)

So far, this is just a random effects meta-analysis!
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(In)consistency Models
0

Consistency assumption

Assuming consistency:
dyz = dxy - dxz
‘Borrow strength’ from indirect evidence.

The left-hand term (d,.) is a functional parameter

The right-hand terms (d,,, dx;) are basic parameters

Only basic parameters are stochastic
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Inconsistency Factors

Introduce an ‘inconsistency factor’ for each functional parameter:

dyz = dxy — dyz + Wxyz

m After the model has converged, we test w,,, =0

m Comparing inconsistency and consistency models on model fit
also useful

m Correctly specifying the model is tricky
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Cipriani et al. Lancet 2009;373:746-758

Example: evidence network
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Cipriani et al. Lancet 200 46-758

Example: results (LOR)

[ Effiary (responserate) (95%C) B Comparison (1 Acceptability (dropout rete) (95%Q1)

100 075 106 089 073 087 087 081 062 101 084
(078-128)  (05510)  (086-132)  (074-108)  (053-100)  (058-124)  (066-114)  (065100) (045086) (082127)  (068-102)

098 075 107 090 on 087 087 081 062 102 084
(078-123) (055-1:02) (086-1:31) (073-1:09) (054-099)  (060-124) (066-115) (065-101) (045084)  (081-128) (067-1:06)
109 112 143 119 098 116 116 108 083 136 112
(083-143) (087-1:44) (1:09-1-85) (091-157) (067-1:41) ©077173) (083-161) (084-1:40) (057-122) (101-183) (084-150)
082 084 075 ﬂ 084 069 081 081 076 058 095 o078
(067-101) (070-1:01) (060-093) (070-1:01) (050-094) (055-1115) (062-107) (062093) (043081 (077-119) (064-097)
108 110 099 12 082 097 097 091 o7 114 094
(090-1:29) (093-1:31) (079-124) (112-155) (062-107) (069-132) ©77121) (079-1:05) (053092 (096-136) (081-1:09)
110 113 101 135 102 118 118 110 085 138 114
(083147 (086-1:47) (074-138) (1:02-1:76) (081-1:30) (076-175) (087-161) (084-147) (057-1:26) (1:03-1:89) (086-154)
107 109 097 130 099 097 099 094 o] 117 097
(077-1-48) (078-150) (069-138) (095-178) (074-131) (068-137) (069-1:53) (068-131) (048-110) (084-172) (069-140)
079 080 on 096 on o7 074 093 on 117 097
(072-1:00) (063-101) 054099  (076-119) (060-088) (055092 (053-101) (075117 (051-1:03) (091-1:51) 076-1:23)

106 108 097 130 098 100 077 125 103
(087-130)  (090-130)  (078-120) (1ID-IS3)  (086-112) (076123 (074133 (056-105)  (104-152)  (086-124)
160 163 146 195 148 145 150
(120216) (1521) (105202 (1472%9) (116190) (103202 (103218)
087 088 ) 106 080 079 081 110 054 082
(072105 (072107 (062101  (088-127) (069093) (061-10)  (060-11)  (090-136) (069-096) (041071 (067-1:00)
085 086 077 103 078 o77 079 108 098
(070-10) (071105  (060099) (086-124) (068090) (059099) (058-108) (087133 (067094) (040069 (082116)

163 134
(18224 (099183
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Cipriani et al. Lancet 2009;373:746-758

Example: results (rank probabilities)

— Bffiay
---- Aceptability

T T T T T T T T T
Renkof sartraline Renkof esdtaopram

L e e
Renkof dtdlopram

—F T
Renkof paroxetine

Probatity

B I
Rankof fluoxetine

L R T T T T T
Renkof fluvoxarine Renkof milnadpren Renkof venlafaxine

Probebility

Renkof duloxetine
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MTC in ADDIS

Example: MTC in ADDIS (http://drugis.org/addis)

Our software:
m Aggregate Data Drug Information System (ADDIS) v0.8
m Open-source (freely available) software
m (XML) Database of clinical trial results
m Meta-analysis and network meta-analysis

m See http://drugis.org/

Gert van Valkenhoef
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MTC in ADDIS

Example

Example: MTC in ADDIS (http://drugis.org/addis)

overview Select Drugs

Gert van Valkenhoef

Select Indication | Select the drugs to be used for the network meta-analysis. To continue, (1) at least two drugs must be selected, and
Select Endpoint | (2) al selected drugs must be connected.
Select Drugs

Select Studies

Select Arms

Overview

previous| [ Next) cancel

Network Meta-Analysis
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MTC in ADDIS

Example

Example: MTC in ADDIS (http://drugis.org/addis)

e Edt Add

£ Add study [+3 Create meta-analysis

< indications

< Drugs

&

& Mirtazepine
& paroxetine
do Sertraine

nders
rse drug svents
Population characteristics
b Studies

farsen FAM-D Neterd

310497006 Severs depression

Help

s drugis org

& Create network meta-analysis

Evidence network

Results - nstuork inconsistency model
Bum in: 3%

mors complex evidence structur
h enetty represents

parison. Wi
« sfect of a pair of
e itis zo'Dzred with Ao
B and C). Thus,

i network mata-analysis, bacause of ¢
evidence, in addition to heterogenel

cur vhen a restmane C has s difeere offct
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Example
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MTC in ADDIS

Example: MTC in ADDIS (http://drugis.org/addis)

e Edt Add

£ Add study [+3 Create meta-analysis

Help
& Create network meta-analysis w drugis org
< indications T i
310497006 Severs depression

< Drugs

& aupro
& Citalopram
& Duloxetine
& Escitaloprar

Results - network inconsistancy model

[ ntvork mta-analyse Becaue o th mere camplx edarce ciure e a
evider to vithin cterogencrs y represents

heterogen
sponders et

Adverse drug events A

Population characteristics
b Studies

e of a pair o
i o wesimant € has & afarent effec o £ corpared wih Aot B (. stuhos compareg
€ aresystematialy diferntrom s

comparig 8andC). Ths, ncansiteny my even occr
it ol nota-anaiyie, b camanly b detcted cing & parwor ate and
[ Analyses e e T e e e e

& [Hiansen HAM-D Network] G E. Ades (2005) 9

5 Hansen HAM.D Small Joumal of the American Statistical Assaciation, 101(474): 447-4

Network Meta-Analysis (inconsistency M

0943 (0,647,
T

0956 (0.492. 1851 0.79 (0.625. 1.002) [ 1046 (0,688, 1.59)

Confidence nterval N
0.028 (0.411, 0.45:
115

L0273]
0022 (0515,0.432)
0,072 (-0.453, 0.319)
005 (0571.0.47)

0,055 (0.255,0.454)

Fluoetine,
Tuoxetine
Fluoxetine, Mirt

Fluoxetine, Paroxetine, Sertraline

B
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MTC in ADDIS

Example

Example: MTC in ADDIS (http://drugis.org/addis)

Gert van Valkenhoef

e Edt Add

[ Add study | = Create meta-analysis

Venlafasine

(< Endpornts
HAN-D Responders

Adverse drug event

racteristics

Help

wndrugis.org

2 Craste network meta-analysis
Resuks - natwork consistency model

 nconsistency inhe evidence, & constency model cn be used o draw conclusions
he indudod treatments. Using normal mata-ansyis we coud ol gt  subsat
ct5 ve derve using network meta.
vk s anlyi aves o corsstet neraed piure of e v et iowever,gvan s a
consistert set of relative atss. it may stil be d w conclusions on  potentially large
. Ly (he st‘s\sn approach alows s to do even more wih the dat, and c e used

to estimate the probabiity i the priors and the data, each of the treatments is the best, the
o best, ex.Tha s g blow i the ran rabebity plt Rk ot sun 1 one. bethwithi &

ents and wthin a treatment over ranks

Fthers
oo 'heve\slmee”eq oft
lence intervals for relative effe:

ik over

Network Meta-Analysis (Consistency Model)

0Esa (o6zz.
0.845 (0475,
Fluosetine
0.727 (0515, 1.018]
0.628 (0,635, 1.08)
G 5

g
1508)

1163 (0625, 2154

Rank Probab

020
015
010
4 s 6
Rank
= Bupronon B Duloxeiine = Fluoxeine _Ninazapine & Paroxein
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Discussion
000

Our research (http://drugis.org/)

MTC model generation

Multi-criteria benefit-risk analysis based on MTC
Application of MTC-BR to Hansen et al. (2005)
m With Jing Zhao (for her MSc thesis)

Decision support for drug regulation

Software for all of the above

Gert van Valkenhoef
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Discussion
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Discussion

Should network meta-analysis be used?
m Can it be avoided?
m No real alternative for multi-treatment analysis.

m Improved transparency

m No need to lump treatments
m No arbitrary exclusion of evidence (through baseline choice)

m Same assumptions as meta-analysis

Gert van Valkenhoef
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Discussion

Disadvantages Bayesian (MCMC) approach:
m Model specification difficult
m Choosing good priors
m Assessing convergence + run length
[

Sensitivity to different ‘equivalent’ parametrizations?

Gert van Valkenhoef
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