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Network Meta-Analysis Incomplete Block Design

Sequence

* Incomplete Block Design IBD

_ . IBD
Period A B

B C

1 Patient 11,....,1n, . A C
B

2 Patient 21,....,2n, A C
3 Patient 31 ,....,3n3 N GLM MIXED
4 Patient 41,....,4n,

* Network Meta-Analysis NMA

Avs. =8 Study 11,....,1n,

B vs. C Study 21,....,2n,
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Network Meta-Analysis Incomplete Block Design

 Network Meta-Analysis NMA  Incomplete Block Design IBD
Senn et al. 2013

 IBD Sequence Sequence
« NMA
- IBD 1
« NMA
— IBD NMA

U

transitivity consistency
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Network Meta-Analysis

 Network Meta-A

— homogeneity

nalysis

consistency Ranking

Bayesian Network Meta-Analysis

Treatment Mean Diff. 95% Cl
A -1.75 [-1.94; -1.57]
B N -0.40 [-0.61; -0.19]
D C .. 094  [-1.15;-0.74]
D 0.00
1 T 1 |

-2 -15 -1 -05 0 0.5
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Network Meta-Analysis

homogeneity

— heterogeneity

transitivity similarity

* Network Meta-Analysis
. Network Meta-Analysis

- effect modifier

consistency <« Network Meta-Analysis

— consistency

- inconsistency

Caldwell (2014)

Krahn (2013)
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Senn2013

11

Senn et al. (2013)

26
31 5 Senn et al. (2013)
multi-arm study 1

10

acarbose benfluorex metformin miglitol pioglitazone
rosiglitazone sitagliptin sulfonylurea alone vildagliptin placebo

HbA1c %
Senn2013
studlab
treat1 1
treat2 2
TE HbA1c % TREAT1 — TREAT2

seTE TE
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Senn2013

Zz
migl 1 \/ ., acar
s
piog _— vild
1 1

sulf

1 sita

multi-arm Willms1999
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Senn2013

13

TE seTE treatl treat2 studlab
-0.37 0.1184 metf sulf Alex1998
-1.30 0.1014 rosi plac Baksi2004
-0.80 0.1432 acar plac Costa1997
-1.34 0.1435 rosi plac Davidson2007
-1.90 0.1414 metf plac DeFronzo1995
0.10 0.1831 piog rosi Derosa2004
-0.70 0.1273 vild plac Garber2008
-0.40 0.4356 metf plac Gonzalez-Ortiz2004
0.16 0.0849 piog metf Hanefeld2004
-0.57 0.1291 sita plac Hermansen2007
-0.74 0.1839 migl plac Johnston1994
-1.41 0.2235 migl plac Johnston1998a
-0.68 0.2828 mig| plac Johnston1998b
-0.77 0.1078 rosi plac Kerenyi2004
0.00 0.2339 rosi metf Kim2007
-1.30 0.1268 piog plac Kipnes2001
-0.82 0.0992 metf plac Lewin2007
-1.01 0.1366 benf plac Moulin2006
-0.40 0.1549 acar sulf Oyama2008
-1.09 0.2263 rosi plac Rosenstock2008
-0.23 0.3467 benf plac Stucci1996
-1.20 0.1436 rosi sulf Vongthavaravat2002
0.20 0.3579 acar metf Willms1999
-1.20 0.3758 metf plac Willms1999
-1.00 0.4669 acar plac Willms1999
-1.10 0.1141 rosi plac Wolffenbuttel1999
-0.14 0.2239 rosi metf Yang2003
-1.50 0.1624 rosi plac Zhu2003

Takeda Pharmaceutical Company Limited



Senn2013

14

ID TE seTE treatl treat2 studlab S d
1 -0.37 0.1184 metf sulf Alex1998 1 1
2 -0.80 0.1432 acar plac Costa1997 2 2
3 -1.90 0.1414 metf plac DeFronzo1995 3 3
4 -0.40 0.4356 metf plac Gonzalez-Ortiz2004 4 3
5 0.20 0.3579 acar metf Willms1999 5 4
6 -1.20 0.3758 metf plac Willms1999 5 4
7 -1.00 0.4669 acar plac Willms1999 5 4
acar
N : Senn2013
\\\\ 5
metf =
— sulf — metfvs. plac 3
— multi-arm 1
N ° ID=5
plac
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Network Meta-Analysis

1 metf acar sulf plac
etf -0.76 % -0.37 % -1.64 %
[-1.10, -0.43] [-0.60, -0.14] [-1.88, -1.40]
) 0.76 % 0.39 % -0.88 %
aca [0.42, 1.10] [-0.02, 0.80] [-1.14, -0.62]
sulf 0.37 % -0.39 % 1.27 %
[ 0.14, 0.60] [-0.80, 0.02] [-1.61, -0.94]
ac 1.64 % 0.88 % 1.27 %
P [ 1.40, 1.88] [0.62, 1.14] [0.94, 1.61]
Treatment Mean Diff. 95% ClI
metf == 1.64%  [-1.88, -1.40]
acar - -0.88% [-1.14, -0.62]
sulf —— 1.27% [-1.61, -0.94]
plac
[ [ [ |
1 0

[95% , 95% ]



Network Meta-Analysis

e Y =X0"" +¢

— Qnet =

— S:].,'

[ —0.37
—0.80
—1.90
—0.40
—1.20
\ —1.00

(Ele] = 0, Cov]e] =V, V = diag(Vy,

... 5

\v,

X
/

— Willms1999 s =15

 metf acar plac

ID=6
ID=5 D=7
. Cov(M-P, A-P) = Cov(M,A) — Cov(M,P) — Cov(P,A) +Var(P)

16

metf acar sulf

(1
0
1

1
1

\ 0

0

1
0
0
0
1

1)

o o o o O

!/
(Hmetf—plac: Hacar—plac» Hsulf—plac)
d — 1, *eey, 4 Sd

plac

[ 0.014
0
0
0
0
\ 0

M A

=, Vi, Vs))
0 0
0 0
0.020 0
0 0191
0 0
0 0

P

SETE Var(M-P) = Var(M) + Var(P) - 2Cov(M,P)

0 0
0 0
0 0

0 0

0.141 0.116
0.116 0.218

/
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Network Meta-Analysis

 1-step
metf acar sulf

— Network Estimate: 8™¢t = (X'V-1X)"'1X'V-Y = (—-1.64,—0.88,—1.27)’
e 2-step
- _n-1 _ : o _1y-1
- Bglr - (ZSESd Vsl) ZSESd Vsl YS ) V&llr = Cov(eg”') = (ZSESd Vsl)
— Direct Estimate: 89" = (427, ..., 097, 93"") = X, 0"t + ¢,
(Eleq] = 0, Covle,] =V, V, = diag(V{", -, VET, V)

— Network Estimate: 8™¢t = (Xa’Vglxa)_lxa’Vglédir = (—1.64,—0.88,—1.27)’

[ —0.37 \oi” [1 0 —1)\X (0.014 0 0 0 0
—0.80 01 0 0 0021 0 0 0
=0 = || 176 [ Xa= |1 0 0| |fx, .Vu=] O 0 |0.018] o0 0
120 | 1 0 0 0 0 0  0.141 0.116
eglr X4
\ —1.00 ) \0 1 0 \ 0 0 0 0116 0218
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Network Meta-Analysis

[

Y, = X,0™" + b + €

_ s=1,5 d=1,- 4 d
— b
— v DerSimonian and Lair T = 0.583
— Cov(Y) =V, = v /v,
(0014 0 0 0 0 0\
0 0021 0 0 0 0
0 0 0020 0 0 0
VT = + 7_2
0 0 0 0191 0 0
0 0 0 0 0.141 0.116
\ 0 0 0 0 0116 0218 )
18 multi-arm

ID=5(acar vs. metf)

Eles] = 0,Cov[es] =V, E[bs] = 0,Cov[bg] = T

o o o O = O

o o o = O O

NP =

N | = )

= o = O o O

1 1
> 3
1 :
1
2
=1
0 0 )
0 0
0 0
0 0
1
L 3
1
7 1}
/2




homogeneity consistency

. Qnet (Y Xenet)/V 1(Y Xenet)
. Qnet Qhet_l_ch

— Qhet heterogeneity

Within-designs Q statistic D
Qhet Zd . Qhet het Zsesd(y . Hle) V;l(ys le‘)

— Qe inconsistency

Between-designs Q statistic

Qinc — (’e‘dir . Xa’e‘net)'Val(adir . Xa’e‘net)

ch _ Zd . ch ’ mc _ (edlr Xd’e‘net)’vc—ll(agir _ Xd’e‘net)

19 12 =100 x (Q"¢t — df)/Qnet heterogeneity



P Ranking akedn
: "¢t Cov(8™¢) Ranking

- metf metformin P

1. metf p Pmetf1, " » Pmetf,T—1

T

2. P ' Pretf = ﬁzi(l — pmetf,i)

* metf metformin P
Ranking P

- P Bayesian Network Meta-Analysis SUCRA

Surface Under the Cumulative RAnking

20
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Network Meta-Analysis

> # 1-step

>y <- matrix(c(-0.37, -0.8, -1.9, -0.4, -1.2, -1), ncol=1)

> X <- matrix(c(2, O, -1, 0, 1, O, 1, 0, O, 1, 0, O, 1, O, O, O, 1, 0), ncol=3, by=T)
> V <- matrix(c(0.01401856, 0, 0O, O, 0O, O,

+ 0, 0.02050624, 0, 0, 0O, O,

+ 0, 0, 0.0199939, 0, 0, O,

+ 0, 0, 0, 0.19053225, 0, O,

+ 0, 0, 0, 0, 0.14122564, 0.11556442,

+ 0, 0, 0, 0, 0.11556442, 0.21799561), ncol=6, by=T)

> ( theta <- solve(t(X) %*% solve(V) %*% X) %*% t(X) %*% solve(V) %*% y )

[.1]
[1,] -1.6429299
[2,] -0.8801307
[3,]1 -1.2729299
> ( Cov <- solve(t(X) %*% solve(V) %*% X) )
[.11 [.2] [.3]
[1,] 0.014926140 0.001740103 0.014926140
[2,] 0.001740103 0.017787623 0.001740103
[3,] 0.014926140 0.001740103 0.028944700
> ( theta Cl <- cbind(theta-gnorm(0.975)*sqgrt(diag(Cov)),
+ theta+gnorm(0.975)*sqrt(diag(Cov))) )
[.1] [.2]
[1,] -1.882384 -1.4034761
[2,] -1.141532 -0.6187299
[3.] -1.606381 -0.9394785
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Network Meta-Analysis

> # 2-step

> theta_dir <-
> Xa <-
> Va <-
> theta_dir[1,1] <-
> theta_dir[2,1] <-
> theta_dir[3,1] <-
> Val[3,3] <-
> theta_dir[4:5,1] <-
>

( theta_a <- solve(t(Xa) %*% solve(Va) %*% Xa) %*% t(Xa) %*% solve(Va) %*% theta_dir )

[.1]
[1,] -1.6429299
[2,] -0.8801307
[3,] -1.2729299

matrix(rep(0, 5), ncol=1)
X[e(1, 2, 3, 5, 6),]
matrix(rep(0,25), ncol=5)

sum(solve(V[1,1]) %*% y[1]) * V[1,1]; va[l,1] <- V[1,1]
sum(solve(V[2,2]) %*% y[2]) * V[2,2]; Va[2,2] <- V[2,2]
sum(solve(V[3:4,3:4]) %*% y[3:4]) / sum(diag(solve(V][3:4,3:4])))

1/sum(diag(solve(V[3:4,3:4])))
y[5:6]; VvVa[4:5,4:5] <- V[5:6,5:6]

> ( Cov_a <- solve(t(Xa) %*% solve(Va) %*% Xa) )

[.11

[.2] [.3]

[1,] 0.014926140 0.001740103 0.014926140
[2,] 0.001740103 0.017787623 0.001740103
[3,] 0.014926140 0.001740103 0.028944700
> ( theta Cl_a <- cbind(theta-gnorm(0.975)*sqrt(diag(Cov_a)),

+

[.1]1

theta+gnorm(0.975)*sqrt(diag(Cov_a))) )
[.2]

[1,] -1.882384 -1.4034761
[2,] -1.141532 -0.6187299
[3,] -1.606381 -0.9394785

22
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Network Meta-Analysis

> # Qnet, Qhet, Qinc

> ( Q_net <- t(y - X %*% theta) %*% solve(V) %*% (y-X %*% theta) )
[.1]1

[1,] 15.00047

> ( Q_Inc <- t(theta_dir - Xa %*% theta_a) %*% solve(Va) %*% (theta dir - Xa %*% theta_a) )
[.11

[1,] 4-312961

> ( Q_het <- Q_ net - Q_iInc )
[.11

[1,] 10.68751

> # P score for metf

> CC <- -1*diag(3); CC[,1] = 1; E <- CC %*% theta; z <- rep(0,3)

> for (1 1In 1:3) {

+ C <- CC[1, ,drop=F]

+ z[1] <- sgrt(t(c %*% theta) %*% solve(c %*% Cov %*% t(c)) %*% (c %*% theta))
+ it (E[1] < 0) z[i] <- -1*z[i]

+ }

> p_metf <- 1-(pnorm(z))

> ( pscore_metf <- mean(p_metf) )

[1] 0.9997023

23 Takeda Pharmaceutical Company Limited



Inconsistency

Detaching a single design

24

Qine inconsistency

Krahn 2013 Detaching a single design

4 Q
— B?de)t — (enetl’ egir—ind/)l
° Bgir—ind d d 1
d
— adir = (Xa, 1{d})9?§)t + € (E[e] — O, Cov[e] — Va)
* 1 d 1 0
- d detach

. ngl)c =R(g)Va'R@ay (R =0% — (Xa 1(0))0(3)
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Inconsistency

Detaching a single design

° d dl anC

dlff inc inc
Q Qd’(d)

. chz}c — le‘ _ Xd enet) V- 1(0dlr _ Xdrﬁnet)

e o 1 pdi 075!
. Qf{,‘fd)—Rd,(d)Vd,Rd,(d) (Rd '@y = 0" (Xa’l{d})d’e?;))

* Qe = 23’=1 Qg’w (Xa' 1{d})d/ (Xa' 1{d}) d'
’ (leff)d ,d=1,-D
(Q?Ii’fcfl)d',dzl,---,D
— Q(l;’,tc % Q&ngd)_
(Qf}irffl)d' d=1,-D
® leff d d’ inconsistency
& o <o d d’ inconsistency
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network estimate

Inconsistency

direct estimate - . Qinc
L d
© Q (inconsistency)
y—' — -
3 g @ S 3
E © @ & © ©
"o "o o .(_5 O O
8 © © © R
Folile) o o o O
plac:metf_ .
plac:acar:metf 25 H=X,X,/V;'X,) x.v;!
ac-acar 20 - direct estimate
plac. network estimate
lac:metf " X0t = HO™
plac. 10 ° Network estimate
plac:acar_
plac:acar:metf 0.5
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plac:metf_
plac:acar:metf

plac:acar

inc
Qd’

plac:metf

plac:acar_
plac:acar:metf

Detach

27

Inconsistency

Detach

plac:acar:_metf

plac:metf
plac:acar
plac:metf

S )

plac:acar
plac:acar:metf

2.0

1.5

1.0

0.5

Q inc

dl

d

d Qe

inconsistent evidence

d
d’ Qinc

supportive evidence
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plac:metf_
plac:acar:metf

plac:acar

inc
Qd’

plac:metf

plac:acar_
plac:acar:metf

Detach
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Inconsistency

Detach

plac:acar:_metf

plac:metf
plac:acar
plac:metf

S )

plac:acar_
plac:acar:metf

2.5

2.0

1.5

1.0

0.5

multi-arm
metf vs. plac
Qi?’,lC
d
— inconsistency

metf vs. plac
network estimate
direct estimate
metf vs. plac

3
2-arm
2
metf vs. plac
3
inconsiste-
ncy
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* Network Meta-Analysis

. Network Meta-Analysis
v P
v R

v' Bayesian Network Meta-Analysis

Ranking
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Network Meta-Analysis netmeta()

netmeta (TE, seTE, treatl, treat?2, studlab, data=Senn2013,
sm, level=0.95, level.comb=0.95,
comb.fixed=TRUE, comb.random=TRUE, reference="",
segq=NULL, title="", ...)

« data TE seTE treat1 treat2 studlab

e sm TE RD Risk Difference RR Risk Ratio OR Odds Ratio
MD Mean Difference SMD Standardized Mean Difference
IRR Incidence Rate Ratio IRD Incidence Rate Difference

 level level.comb pooled estimate

« comb.fixed comb.random

» reference reference="plac"
* seq

- ftitle
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Network Meta-Analysis

# install.packages ("netmeta", dep=T)
library (netmeta)

data (Senn2013)

options (width=1000)

X <- netmeta(TE, seTE, treatl, treat?2, studlab, data=Senn2013,
sm="MD", comb.fixed=TRUE, comb.random=TRUE)

dl <- decomp.design (x) # Q

d2 <- netmeta:::decomp.tau(x, tau=xStau) # Q

r2 <- netrank(x, small="good") # P

forest (x, pooled='fixed') # Forest Plot ( )
forest (x, pooled='random') # Forest Plot ( )
netgraph (x, thickness='se.fixed'); title('Fixed Effect Model') # (

netheat (x, random=F); mtext ('Fixed Effect Model', 1, 1, cex=1.8) # Heatmap (
netheat (x, random=T, tau=x$Stau); mtext ('Random Effect Model',1l,1,cex=1.8) # (
x$TE.random <- xSTE.fixed; xS$Spval.random <- xSpval.fixed

)
netgraph (x, thickness='se.random'); title('Random Effect Model') # ( )
)
)

rl <- netrank(x, small="good") # P ( small="good" or "bad"
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32

Network Meta-Analysis

x$TE . .fixed

x$lower.fixed x$upper.fixed

x$TE.random

x$lower.random x$upper.random

d1$Q.decomp Q homogeneity / consistency
d1$Q.het.design Design-specific decomposition of within-designs Q statistic

d1%$Q.inc.detach Between-designs Q statistic after detaching of single designs

d1$XXX 3
d2%Q.decomp d2%Q.het.design d2$Q.inc.detach Q
r1$Pscore r2%Pscore Network Ranking /
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Network Meta-Analysis

X <- netmeta(TE, seTE, treatl, treat?2, studlab, data=Senn2013,
sm="MD", comb.fixed=TRUE, comb.random=TRUE,
reference="plac",
seg=c('plac', 'acar', 'benf', 'metf', 'migl',

'piog', 'rosi', 'sita', 'sulf', 'vild'))

reference reference="plac"

« seq

33 Takeda Pharmaceutical Company Limited




Network Meta-Analysis

> x$TE. fixed #

acar
benf
metf
migl
piog
plac
rosi
sita
sulf
vild

acar
0.00000000
-0.07781748
-0.28674122
-0.11656399
-0.23906413
0.82736897
-0.37447304
0.25736897
0.38787182
0.12736897

> xS$lower.fixed

acar
benf
metf
migl
piog
plac
rosi
sita
sulf
vild

acar
0.00000000
-0.40536570
-0.51128847
-0.44383653
-0.48755822
0.61467202
-0.59833113
-0.07318338
0.16619569
-0.20049067

benf
0.07781748
0.00000000
-0.20892374
-0.03874651
-0.16124666
0.90518645
-0.29665556
0.33518645
0.46568930
0.20518645

benf
-0.24973074
0.00000000
-0.48405748
-0.39076237
-0.45132795
0.65609240
-0.56269018
-0.01988074
0.15877754
-0.14737532

O O O O OO o o o

migl
11656399
03874651
17017723
00000000
12250014
94393296
25790905
37393296
50443581
24393296

O O O O OO o o o

migl
21070855 -
31326935 -
44498271 -
00000000 -
41227012
69520154
52360416 -
01912007
19781829
10837269

0.
0.
0.
0.
0.
0.
0.
0.
.417798756
.076000208

piog

.23906413
.16124666
.04767708
.12250014
.00000000
.06643311
.13540890
.49643311
.62693596
.36643311

piog
009429945
128834639
184486758
167269828
000000000
917774725
295689433
202963894

-0.
-0.
-1.
-0.
-1.

0.
-1.
-0.
-0.
-0.

-1.
-1.
-1.
-1.
-1.

0.
-1.
-0.
-0.
-0.

plac
8273690
9051864
1141102
9439330
0664331
0000000
2018420
5700000
4394972
7000000

plac
0400659
1542805
2309465
1926644
2150915
0000000
2952581
8230314
6187929
9495034

.37447304 -0.
.29665556 -0.
.08773182 -0.
.25790905 -0.
.13540890 -0.
.20184201 0.
.00000000 -0.
.63184201 0.
.76234486 0.
.50184201 -0.

rosi

rosi

.150614942
.030620945
.044883849
.007786069
.024871626
.108425883
.000000000
.362117267
.582004637
.235424055

sita
2573690 -0.
3351864 -0.
5441102 -0.
3739330 -0.
4964331 -0.
5700000 O.
6318420 -0.
0000000 -0.
1305028 O.
1300000 -0.

sita
-0.5879213
-0.6902536
-0.8228136
-0.7287459
-0.7899023
0.3169686
-0.9015668
0.0000000
-0.1796130
-0.4853545

sulf

3878718 -0.
4656893 -0.
6746130 -0.
5044358 -0.
6269360 -0.
4394972 0.
7623449 -0.
1305028 0.
0000000 O.
2605028 0.

sulf
-0.6095480
-0.7726011
-0.8481505
-0.8110533
-0.8360732
0.2602014
-0.9426851
-0.4406187
0.0000000
-0.5677469

vild
1273690
2051864
4141102
2439330
3664331
7000000
5018420
1300000
2605028
0000000

vild
-0.45522862
-0.55774821
-0.68961461
-0.59623862
-0.65686601

0.45049658
-0.76825997
-0.22535450
-0.04674125

0.00000000

> r2$Pscore #

acar

benf

metf

metf
.28674122 0.
.20892374 0.
.00000000 -O.
.17017723 0.
.04767708 -0.
.11411019 O.
.08773182 -0.
.54411019 O.
.67461304 O.
.41411019 O.
metf

.06219397 -0.
.06621000 -0.
.00000000 -O.
.10462826 O.
.08913259 -0.
.99727384 0.
.22034749 -0.
.26540677 0.
.50107559 O.
.13860577 -0.

migl

0.52026442 0.43581702 0.78177653 0.61365553

piog

0.77456973 0.01389505 0.89336818 0.33309921 O.

plac

rosi

sita

sulf
21030766 O.

vild
42324667

34
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Network Meta-Analysis

Treatment Fixed Effect Model MD 95%-Cl Fixed Effect Model
plac 0.00
acar — -0.83 [-1.04; -0.61]
benf — -0.91 [-1.15; -0.66]
metf - -1.11 [-1.23; -1.00] e
migl — -0.94 [-1.19; -0.70]
piog . -1.07 [-1.22; -0.92]
rosi [ -1.20 [-1.30; -1.11]
sita — -0.57 [-0.82; -0.32] —
sulf —— -0.44 [-0.62; -0.26] viid
vild — -0.70 [-0.95; -0.45]
[ [ [ |
-1 -0.5 0 0.5 1 st
T3
£ £
§¢ . Forest Plot
Jel o
ZEEsSEEEsrEis .
pégeosgeeads
oSt - i
metf:piog 6
placpiod = : :
biacmel » ¢ . Inconsistency
piog:rosi - 2
plac:acar_plac:acar:metf
plac:metf_plac:acar:metf 0
acar:sulf
plac:acar 2
- Fixed Effect Model multi-arm Willms 1999



Network Meta-Analysis

Treatment Random Effects Model
plac 0
acar — = -0
benf — & -0
metf N -1
migl —a— -0
piog = -1
rosi . -1
sita ’ -0
sulf —&— -0
vild ' -0
I I I I I
-1.5 -1 -0.5 0 0.5 1 1.5
= =
[0] [0]
£ £
8 8
) o
Q O
© o
5 5
2iE38E2EEE3
TiEsggidEsEs
acar:sulf
plac:acar_plac:acar:metf
plac:metf
plac:acar
metf:rosi
piog:rosi
plac:metf_plac:acar:metf
plac:rosi
metf:piog
plac:pio
metf:sul
rosi:sulf
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Random Effect Model

MD
.00
.84 [-1
.73 [-1
.13 [-1
.95 [-1
.13 [-1
.23 [-1
.57 [-1
.42 [-0
.70 [-1

1.0

0.8

0.6

0.4

0.2

0.0

-0.2

.32;
.29;
.43;
.40;
.56;
.48;
.26;
.89;
.39;

95%-Cl

.36]
.17]
.82]
.50]
.70]
.98]
.12]
.06]
.01]

#vild
sul
Forest Plot
inconsistency
multi-arm Willms1999



Arm-based

Contrast-based

Study Treatmentl vyl sdl nl  Treatment2 y2 sd2 n2  Treatment3 y3 sd3 n3
1 1 122 37 54 3 153 4.28 95 NA NA NA NA
2 1 07 37 172 2 24 34 173 NA NA NA NA
3 1 03 44 76 2 26 43 71 4 12 43 81
4 3 -0.24 3 128 4 -0.59 3 72 NA NA NA NA
5 3 -0.73 3 80 4 -0.18 3 46 NA NA NA NA
6 4 22 231 137 5 25 218 131 NA NA NA NA
7 4 1.8 248 154 5 21 299 143 NA NA NA NA
TE seTE treatl treat2 studlab °

0.31 0.67 1 3 1 contrast-based format

1.70 0.38 1 2 2

2.30 0.71 1 2 3

0.90 0.60 1 4 3 arm-based format

-1.40 0.70 2 4 3

0.35 0.44 3 4 4 o

-0.55 0.56 3 4 5

0.30 0.28 4 5 6

0.30 0.32 4 5 7
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Arm-based Contrast-based

pairwise(treat, event, n, time, mean, sd, TE, seTE,

data, studlab, ...)

* treat 1 2
« event n time

* mean sd

- TE selE

« data

e studlab

8 treat n mean sd




Arm-based Contrast-based

 Parkinson

> data (parkinson)
> p <- pairwise (list (Treatmentl, Treatment2, Treatment3),
+ n=list (nl, n2, n3),
+ mean=list(yl, v2, vy3),
+ sd=list (sdl, sd2, sd3),
+ data=parkinson, studlab=Study)
> p

TE seTE studlab treatl treat?2 nl meanl sdl nZ2 mean2 sd2
1 0.31 0.6680897 1 1 3 54 -1.22 3.70 95 -1.53 4.28
2 1.70 0.3826406 1 2 172 -0.70 3.70 173 -2.40 3.40
3 2.30 0.7177460 3 1 2 76 -0.30 4.40 71 -2.60 4.30
4 0.90 0.6949881 3 1 4 76 -0.30 4.40 81 -1.20 4.30
5 -1.40 0.6990666 3 2 4 71 -2.60 4.30 81 -1.20 4.30
6 0.35 0.4419417 4 3 4 128 -0.24 3.00 72 -0.59 3.00
7 -0.55 0.555114¢6 5 3 4 80 -0.73 3.00 46 -0.18 3.00
8 0.30 0.2742763 6 4 5 137 -2.20 2.31 131 -2.50 2.18
9 0.30 0.3200872 7 4 5 154 -1.80 2.48 143 -2.10 2.99

39 Takeda Pharmaceutical Company Limited




Arm-based Contrast-based

¢ 2

data (smokingcessation)

pl <- pairwise(list(treatl, treat2, treat3),
event=list (eventl, event?2, event3l),
n=1list (nl, n2, n3),
data=smokingcessation,
sm="RR")

¢ 2

p2 <- palrwise(list (treatl, treat2, treat3l),
event=1list (eventl, event?2, event3),
n=list (nl, n2, n3),
data=smokingcessation,
sm="0R")

e 2 treat event n

40 sm="RD"




Arm-based Contrast-based

data (dietaryfat)
p3 <- pairwise(list(treatl, treat2, treat3),
list(dl, d2, d3),

time=list (yearsl, years?2, years3),

studlab=1D,
data=dietaryfat, sm="IRD")

p4 <- pairwise(list(treatl, treat2, treat3),
list (dl, d2, d3),

time=1list (yearsl, years?2, years3),

studlab=1D,
data=dietaryfat, sm="IRR")

. treat time event
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* Network Meta-Analysis

. Network Meta-Analysis
v P
v R

v' Bayesian Network Meta-Analysis

Ranking
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Bayesian Network Meta-Analysis

. Bayesian Network Meta-Analysis gemtc
Network Meta-Analysis

. gemtc
1. JAGS JAGS-4.0.0.exe
http://sourceforge.net/projects/mcmc-jags/files/
2. R LANGUAGE=en

3. install.packages(c("rjags","gemtc"), dep=T) gemtc

> install.packages(c("rjags", "gemtc"), dep=T) #

> Sys.setlocale(locale="C") # locale Us

[1] "cv

> # Sys.setlocale (locale="Japanese Japan.932") # locale

> plot.new() # History — Recording ON
> library (gemtc)

. WinBUGS

Ixt Ixt
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Bayesian Network Meta-Analysis

data <- read.table(textConnection ("'

Alex1998 metf -0.37 0.1184

>
+ study treatment diff std.err
+
+ Alex1998 sulf NA NA

Zzhu2003 rosi -1.5 0.1624
Zhu2003 plac NA NA'), head=T) # Senn2013
network <- mtc.network(data.re=data)

summary (network)
Description

+
+
>
> plot (network)
>
$
[1] "MTC dataset: Network"

S Studies per treatment’
acar benf metf migl piog plac rosi sita sulf vild
3 2 8 3 3 19 10 1 3 1

S Number of n-arm studies’
2—-arm 3-arm
25 1

$ Studies per treatment comparison’
tl t2 nr

1 acar metf 1

2 acar plac 2

3 acar sulf 1

15 rosi sulf 1
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Bayesian Network Meta-Analysis

#

model.fe <- mtc.model (network, linearModel='fixed', likelihood='normal',link="'identity"')
result.fe <- mtc.run(model.fe, n.adapt=1000, n.iter=5000)

plot (result. fe)

gelman.diag (result.fe) #

vV V V V V V

summary (result.fe)

Results on the Mean Difference scale
Iterations = 1:5000

Thinning interval = 1
Number of chains = 4
Sample size per chain = 5000

1. Empirical mean and standard deviation for each variable,
plus standard error of the mean:

Mean SD Naive SE Time-series SE
d.acar.metf -0.2893 0.11999 0.0008485 0.0027819
d.acar.plac 0.8270 0.11122 0.0007864 0.0025681
d.acar.sulf 0.3869 0.11646 0.0008235 0.0022261
d.plac.benf -0.9045 0.12707 0.0008985 0.0008955
d.plac.migl -0.9429 0.12683 0.0008968 0.0008873
d.plac.piog -1.0679 0.07511 0.0005311 0.0006762
d.plac.rosi -1.2018 0.04752 0.0003360 0.0003594
d.plac.sita -0.5697 0.12848 0.0009085 0.0009085
d.plac.vild -0.7010 0.12689 0.0008972 0.0008857
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Bayesian Network Meta-Analysis

> #
> model.fe <- mtc.model (network, linearModel='fixed', likelihood='normal',link="'identity"')
> result.fe <- mtc.run(model.fe, n.adapt=1000, n.iter=5000)
> plot (result.fe)
> gelman.diag (result.fe) #
> summary (result. fe)
2. Quantiles for each variable:

2.5% 25% 50% 75% 97.5%
d.acar.metf -0.5274 -0.3694 -0.2878 -0.2073 -0.05885
d.acar.plac 0.6045 0.7529 0.8288 0.9016 1.04307
d.acar.sulf 0.1572 0.3094 0.3887 0.4655 0.61431
d.plac.benf -1.1543 -0.9906 -0.9044 -0.8194 -0.65673
d.plac.migl -1.1885 -1.0287 -0.9439 -0.8564 -0.69409
d.plac.piog -1.2158 -1.1182 -1.0678 -1.0176 -0.92154
d.plac.rosi -1.2953 -1.2337 -1.2017 -1.1697 -1.10913
d.plac.sita -0.8205 -0.6580 -0.5697 -0.4830 -0.31698
d.plac.vild -0.9479 -0.7872 -0.7020 -0.6155 -0.45001
-—- Model fit (residual deviance) :

Dbar pD DIC

106.01108 8.98659 114.99767
27 data points, ratio 3.926, I"2 = 75%
> forest (relative.effect (result.fe, tl="plac"))
> ranks <- rank.probability(result.fe, preferredDirection=-1)
> plot (ranks)
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Bayesian Network Meta-Analysis

> ranks
Rank probability; preferred direction = -1

[,1] [,2] [,3] [,4] [,5] [,6] [,7] [,8] [,9] [,10]
.0002 0.00410 0.01615 0.11545 0.26335 0.38985 0.17680 0.03395 0.00015 0.00000
.0129 0.03970 0.06615 0.24900 0.32565 0.21250 0.08000 0.01315 0.00095 0.00000
.0875 0.57185 0.27800 0.05690 0.00560 0.00015 0.00000 0.00000 0.00000 0.00000
.0254 0.06715 0.10025 0.33565 0.26615 0.15150 0.04685 0.00685 0.00020 0.00000
.0373 0.18520 0.50660 0.21535 0.05055 0.00470 0.00030 0.00000 0.00000 0.00000
.0000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00005 0.99995
.8366 0.13140 0.03035 0.00160 0.00005 0.00000 0.00000 0.00000 0.00000 0.0000O0
.0000 0.00000 0.00020 0.00255 0.01140 0.04845 0.19950 0.54220 0.19565 0.00005
.0000 0.00000 0.00000 0.00000 0.00000 0.00060 0.02355 0.20550 0.77035 0.00000
.0001 0.00060 0.00230 0.02350 0.07725 0.19225 0.47300 0.19835 0.03265 0.00000

acar
benf
metf
migl
piog
plac
rosi
sita
sulf
vild

O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o
O O O O O O o o o o

Trace of d.acar.metf pengity of d.acar.metf Trace of d.plac.mizl Pensity ot d-elac.nizl Trace of d.elac.vild pengity of d.olac.vild

= L . . ¥ o B a / T, 3 / =
L — CT——— T
Pl r —— ; : L : r y . . 4L T T - T T - r r v - - - L u . . , . 1 . ; - y +
o 1808 2003 00 00 008 0,8 4.6 L' & 0,0 L3 ¢ "o 00 104 b o .4 i 1.0 0.4 L1 0.4 o 1808 2003 00 00 008 L L 1.6 oh 6 o
Itaratiang v 5000 Baadwidth w & 0OTSS Iharat lons Nr 300 haduidth » 40133 Itaratians W o 5000 Baadwidth = & 0
Trace of d.acar.plac pengity of d.acar.olac Trace of d.plac.pioz pensity of d.plac.piog
- - Ty — — s _ -
. - - N . - \\ =2
- " il A - - o - d i sk - -
& T T T - T T = - . - - 1 < T T T T T = T T T T T T T
N e sa ae ws e e o e e e see % R R R .
Inaratisn ¥ S0O0  Ewadwidth e 907624 Itaratians ¥ SO0 Ewadwiarn o 907038 = [
Trace of d.acar.sull Densily of d.acar.sulf Trace of d.elac.rosi Densily of d.plac.rosi «
- n I - - L L - o
M - AT b ™~
N -~ . - .
=37 i ! \ - = S - ' y - — —~
o 1a08 008 1080 08 so08 oo " oa P o o 1ane 2000 kg wa0n 000 a a1 a2 a1 -l =
T tions e swe pwsaeiarn s 000 Tewations N SR maduioe + 000008 I
Trace af d.plac.benf bensity of d.plac.banf Trace of d.plac.sila Bansity of d.plac.sita =
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acar benf metf migl piok plac rosi sita sulf vild
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Bayesian Network Meta-Analysis

Treatment

plac
acar
benf
metf
migl
piog
rosi
sita
sulf
vild

48

Fixed Effect Model MD

0.00
— -0.83 [-1.04;
— -0.91 [-1.15;
- -1.11 [-1.23;
— -0.94 [-1.19;
—- -1.07 [-1.22;
| -1.20 [-1.30;
- -0.57 [-0.82;
— -0.44 [-0.62;
— -0.70 [-0.95;

| | | |

95%-CI

.61]
.66]
.00]
.70]
.92]
.11]
.32]
.26]
.45]

Mean Difference (95% Crl)

Compared with plac

ACAr —s— -0.83 (-1.0, -0.80)
henf —s— -0.90 (-1.2, -0.66)
met f —&- -1.1 (=122, -1.07
migl —&— -0.94 (1.2, -0.69)
piog —6— -1.1 (1.2, -0.92)
rosi - -1.2 -1.3, -1.1)
sita —s— -0.57 (-0.82, -0.32)
sulf —&— -0.44 (-0.62, -0.26)
vild | —5— -0.70 (-0.95, -0.45)

Bayesian Network Meta-Analysis
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Bayesian Network Meta-Analysis

vV V V V V V V

— VvV — VvV V

vV V V V V V

1]

1]

#
model.re linearModel="'random',

n.adapt=1000, n.iter=5000)

<- mtc.model (network,
result.re <- mtc.run (model.re,
plot (result.re)

gelman.diag (result.re)

summary (result.re)

forest (relative.effect (result.re, tl="plac"))
# DIC
result.feSdeviance$DIC
114.9977
result.re$Sdeviance$DIC
48.84094

# Node-splitting Inconsistency
result.ns <- mtc.nodesplit (network, linearModel='random',
plot (result.ns)

summary.ns <- summary(result.ns)

plot (summary.ns)

summary.ns

likelihood='normal',link="identity"')

n.adapt=500, n.iter=2000)
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Bayesian Network Meta-Analysis

Treatment

plac
acar
benf
metf
migl
piog
rosi
sita
sulf
vild

50

Random Effects Model \p

0.00
- -0.84 [-1.32;
- -0.73 [-1.29;
L -1.13 [-1.43;
- -0.95 [-1.40;
- - -1.13 [-1.56;
N -1.23 [-1.48;
’ -0.57 [-1.26;
- -0.42 [-0.89;
* -0.70 [-1.39;

| | | | |
-15 -1 -0.5 0 0.5 1 1.5

Bayesian Network Meta-Analysis

95%-Cl

.36]
.17]
.82]
.50]
.70]
.98]
.12]
.06]
.01]

Compared with plac
ACAr

benf
et f
migl
Piog
rosi
sita
sul f

vild

Mear Difference (9% Crl)

a»

[ir)

qx

-0.84 (-1.4, -0.31)
-0.73 (-1.3, -0.11)
-1.1 (1.5, -0.80)
-0.95 (-1.4, -0.47)
-1.1 (1.6, -0.67)
-1.2 (-1.5, -0.97)
-0.57 (-1.3, 0.18)
-0.42 (-0.92, 0.087)
-0.71 (-1.4, 0.042)
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* Network Meta-Analysis

. Network Meta-Analysis
v P
v R

v' Bayesian Network Meta-Analysis

Ranking
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. Network Meta-Analysis
* Network Meta-Analysis R
homogeneity
consistency Ranking
. Bayesian Network Meta-Analysis

ﬂ
.'.
source.r
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Caldwell DM (2014)
An overview of conducting systematic reviews with network meta-analysis. Systematic Reviews, 3:109.
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network meta-analysis of randomized controlled trials. Medical Decision Making, 33, 607-617.
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Gemtc: Network Meta-Analysis Using Bayesian Methods (Version 0.7-1).
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Q
. homogeneity consistency
Qnet Qhet Qinc XZ
. Q x°
Qe d=12ses,(Ns —1) = (T = 1)
Qhet 3:1(Qélet )
Qz°" Vsesy(Ns = 1) = (Ng — 1)
Qe a=1(Ng —1) = (T = 1)
Qs (@< ) — (Ng— 1)
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Windows R

¢ CRAN R

- https://cran.ism.ac.jp/bin/windows/base/

- http://cran.ism.ac.jp/bin/windows/base/

R-3.2.5 for Windows (32/64 bit)

Download B 325 for Windows (62 megabytes, 32/64 hit)

Installation and other instructions
New features in this version

o R-3.2.5.exe
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Windows R
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