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Comparative Effectiveness Research (CER)

» The Institute of Medicine committee has
defined CER as “the generation and
synthesis of evidence that compares the
benefits and harms of alternative
methods to prevent, diagnose, treat,
and monitor a clinical condition or to

Comparative

effectiveness research improve the delivery of care. The

allows investigators . R

to determine the purpose of CER is to assist consumers,

superiority, inferiority, L. R

or equivalence of clinicians, purchasers, and policy

various interventions A L

imn o aginnk makers to make informed decisions that

will improve health care at both the

Mitka, M. (2010). US Government Kicks Off Program for individual and population levels.”

Comparative Effectiveness Researches. JAMA 304: 2230-1.
http://www.nap.edu/read/12648/chapter/4 3
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Network Meta-Analysis (NMA)
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» Multiple treatment comparison meta-analysis, Mixed-
treatment comparison/2 & EELIOND

Caldwell et al. (2005), Salanti (2012) 5
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‘Network’ Meta-Analysis
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Network for the 12 antidepressants

» BEIEERZ U2z 1 DBV
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v NDJD—D LDZEDMLDITXTDE
BEBNEZERTDIENTED

» Reboxetineld. ®xv cNJ—2O LT, B
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Cipriani, Furukawa, Salanti et al. (2009) 9
Reboxetine vs.
S ok k)
Bupropion 0.63 (0.46, 0.83)
Citalopram 0.61 (0.47, 0.80)
Duloxetine 0.68 (0.50, 0.95)
Escitalopram 0.51 (0.39, 0.68)
Fluoxetine 0.68 (0.53, 0.86)
Fluvoxamine 0.69 (0.50, 0.97)
Milnacipran 0.67 (0.46, 0.97)
Mirtazapine 0.49 (0.36, 0.66)
Paroxetine 0.67 (0.50, 0.86)
Sertraline 054(041 071
BD1IFERI I NN TICBRICEDEWVDIERIC 10




XTLEE A w X EEDHETESE, (SFAX

30 Efficacy (response rate) (95% C1) Wl Comparison [ Acceptability (dropout rate) (95% Cl)
8UP 1.00 075 106 089 073 087 087 081 0.62 101 084
(078-128) (055-101) 10-86-137) (074-108) 1053-1.00) (058-124) (o6b-114) 1965100 10-45-0-86) (082117) 1068-100)
098 075 107 090 o3 087 087 081 0-62 102 084
7811 @55107) [@86-131)  (D73109)  (054-099) (DE-1M) (066115 (065101  (045-084)  (08R1E) (067-106)

109 112 DUL 143 119 098 116 116 108 083 136 112
" (109-185) (09115  (o&F141) (0771 (083161 (0841400 (0512 (101183 B4
: 078

0.82 084 < 084 0-69 081 081 076 o 0495 078
o610 (070-101) pgza:m (070-101)  (050094) (055115 (063-147) uri':?c?a;n m';%n (077-119)  (062-097)
108 110 099 132 n 082 097 097 091 070 114 094
(090-129) 093131} 075-124) 1112-155) (06107} (069-121) 77121 079105  (053-097)  (096-136) 0-81-109)

110 113 10 kﬁn 102 118 118 110 085 138 114
X147} (086147 (074138 (021 o8-y 76175 o861 (PB4147 (051260 (103-189) (086-154)

w7 109 0497 130 099 099 094 072 117 097
O7F148) (078150 (069138 [D9SATH) (DRI3Y = 065-153) g (084172)  (969-140)
079 080 072 096 074 R ; 117 097
©7-100) (063101}  (054-084)  (076-119) D&‘) {osi-10m o151 (076123
106 108 097 130 098 100 135 125 103
(ef7-130)  (090130) (078400 (10153 (0861an 07133 (11R164) (104152) (086124

163 146 195 148

L0 150 203 150
(120316 (1SI) (0510 (47158 (iE1%0)

134
(103-238) (53278 (136-148) {0-99-187)

kishiki

087 088 079 106 081 110 082
(073105 (072107) (06-101) (08B D&l ©60311)  (050-136) l’%‘b (0671000
085 086 103 3 079 108
O70101)  O7-105) p&n (086124 m&q ©56-108) (08130

2FAI I N CZILB U ROIREOREE|  Ciprianietal. (2009
B - EBRXMEE LN TES

11

—iRH (SATLKH)

> MREENE, MERYE. ERME. GAHEEH

( TEFT] =@ 5) BEEH< LERTIN. BH< Uil (hx3) EHTN.
ERIEESTNDC L. ELT. ZENEVNCEHNLEST. TNENFERC 12
B2 REE,




Y NI —D LD DOZSME

» NMAICHUT., EIFLEE - RO T
A EF>XZHFE LT, AEBOEHER
B ZITSIEHIC(E. EIELE - HiE
8D R CHB T BBERDEMN—E
UTULVRLSTIEERRSIRLY
> BEIFLEE : Avs B
> MELLER : Bvs C, CvsA
> 2DD)\XICHITBA-BEIDEN—FL
5 c IR TlE. NMAICHBITDBEDLERDE
¢ —> HEEFEDONTUEDS ! !

Salanti (2012), Dias et al. (2013) 13

Inconsistency
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Abstract

Network meta-analysis enables comprehensive synthesis of evidence concerning multiple
treatments and thelr simultaneous comparisons based on both direct and indirect evidence. A
fundamental pre-requisite of network meta-analysis is the consistency of evidence thatis
obtained from different sources, particularly whether direct and indirect evidence are in
accordance with each other or not, and how they may influence the overall estimates. We have
developed an efficient methoed to quantify indirect evidence, as well as a testing procedure to
evaluate their inconsistency using Lindsay’s composite likelihood method. We also show that this
estimator has complete information for the indirect evidence. Using this method, we can assess

http://onlinelibrary.wiley.com/doi/10.1002/sim.7187/abstract 15

Inconsistency on the Network

Direct comparison for Avs B
A A B

&
\ 61,dir

A

D E C
Entire Network

D

Indirect comparison network except for
direct comparison of Avs B




NMA for 12 New Generation Antidepressants

» Review for 117 RCTs (25,298 patients)

\ from 1991 to 2007, which compared
/ 0 12 antidepressants for the acute
treatment of unipolar major
depression.
: » The outcome was response to the
T— allocated treatment (binary).
/ W » The comparative efficacy for the 12
Eaa antidepressants was evaluated by
e et ot bt ettt e NMA.
o b e

Cipriani, Furukawa, Salanti et al. (2009) 17

Escitalopram vs. Citalopram

Contribution Rate OR (95%CI)

Burke et al. 2000 — 7.0% 0.87 [0.57, 1.33]
Colonna et al. 2005 . ] 7.3% 0.76 [0.50, 1.16]
Lapola et al, 2001 - 6.5% 0.62 [0.40, 0.97]
Moore et al. 2005 —_— 5.3% 0.47 [0.29, 0.77]
Direct comparison estimate —— 26.0% 0.68 [0.54, 0.85]
Indirect comparison estimate - T4.0% 1.05 [0.83, 1.31) P ) O O O 9
Total NMA estimate <> 100.0%  0.84 [0.71, 0.99]
0.25 0.50 1.00 1.50
Odds ratio

nomaetal. 2017 [ndustrial sponsorship bias?? 18




Validity of Statistical Inference on NMA
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Noma (2011), Noma et al. (2017) 19
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Bartlett-type corrections and bootstrap adjustments of e
likelihood-based inference methods for network meta- R
analysis
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Multivariate Random-Effects Model

» Suppose Y;,. is the estimated treatment effect for the rth
outcome in the ith trial (i =1,2,...,N; r =1,2,...,p), which is
defined as a contrast to a common baseline treatment (e.g.,
placebo).
> Vir~N(Uir, Sizr)’ .uir"'N(er;T?%)

» s2 is within-study variance (ordinarily, fixed to a valid
estimate).

» 6, is corresponding to the average treatment effect, and 2 is
across-studies variance.

White (2011), White et al. (2012) 21

Matrix Notation

> Y= Y, Yz, -, Yip), (i=12,..,N)
> YiNN(.ui'Si)! :ui~N(61 Z)
2
0, Si1 Pi12Si1Siz2 - Pi1pSi1Sip
2
> g = 0, S, = Pi125i1Si2 Si2 w Pi2pSi2Sip
6, L
Pi1pSi1Sip  PizpSi2Sip Sip
2
Tl K12T1T2 e KlprlTp
2
> Y = K12T1T, 75 szTsz
2
KipT1Tp KopT2Tp T

White (2011), White et al. (2012) 22
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X ENICE B2

» Parameter vector : n = (04, ..., 0p, Ty, -, Tp, K125 s K(p—1)p)
N

() = Z logp(yia, - Yip|m)
i=1

1
B _52{10g|2 +Si1 + i — OW;(y; — )" + p; log 27}

» where W; = (Z+ §;)7?!

23

Conventional ML-based Inference Methods

» Likelihood Ratio Statistic

b T(u) = —2{e(u i, ) — 2(Ay, e, )}

» Efficient Score Statistic
> SR = Uy (15 Fig, ) /T (P B, )

» Jackson et al. (2011) IREDEBERZBIBRNENClE. ZEEXENR
TFILDE LTI, BHIRETENRE(CIRDEKRNT(ER0)
REEFEMNEINTULVEN,. Noma et al. (2017) Tl, B
REBEE CEITCETIHERZEZATLD

24
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Bartlett-type Correction for LR Statistic

> LELLHETZE, AOAVHEIE2EDH _FabloBEZ LTS
fehOERENRRICED <MIESE

» Bartlett Correction
> T*('u"{lull) — T(’u{lull)/é‘
> & =E[T ()]

> IIRE—AD hEEDEBIIEODIELEZITDRITOEETHD
M. DA ZHRALOBE o(N~Y) 15 O(N?) FTHRES
ns

Barndorff-Nielsen and Hall (1988), Cordeiro and Cribari-Neto (2014) 25

Efficient Numerical Bartlett-type Corrections

> fERDBartlettfilE (L. LELEHETEDEDDIMDLRE—A
> NEEEFTNRBI TS X T, MIEIEE U THLWTWLSD

> XY RND—=DOXITFUSIXTH\WSNZZEEZEIRTE
FIVIREDEMIRTETIL TR, COMEIEDSTE(L. F#FF
IE & U TR

» Noma et al. (2017) (&. T — A NSV TEZRBWT. COf
[FIEZRSDDCEZREL. BERIC. R OVHFETER EDM
DENRREAREM T, CNHAEERBIESECRDCE
ZRUTZ

26
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Algorithm 1. Bartlett Correction for T (uf*!)

» 1. For the multivariate random effects model (*), compute the CML
estimates {fi., 7} of {u., n} under yu; = p4.

» 2. Resample ng),ng), ...,Y,(\f’) from the estimated null distribution of (*)
with the parameters substituted with {u?*", Ji., 7} via parametric
bootstrap, B times (b = 1,2,...,B).

» 3. Compute the ML estimates {1{”, a2, §(®)} and the CML estimates

(@, 5(®3 for the bth bootstrap sample ¥, ¥, ., ¥y Also,
replicate it for all B bootstrap samples (b = 1,2,...,B).

27

(Continued) Algorithm 1

» 4. Compute the likelihood ratio statistics for all B bootstrap estimates,

T(b) (H?Ull) — —2{‘3 (M?ull,ﬂgb),ﬁ(b)) — ¢ (‘agb)’ﬁgb)’ﬁ(b))}
and calculate a bootstrap estimate of ¢,

B
- 1
b =3 ) TO@™Y,
b=1

» 5. We can obtain the corrected I_ikelihood ratio statistic,
Tl;ks(ﬂ?u”) = T(.u;lull)/fbs .

28




Algorithm 2. Bartlett Correction for S(p*!)

» 1. Conduct processes 1-3 of Algorithm 1.
» 2. Compute the efficient score statistics for all B bootstrap estimates,

SO = Uy, (1 5D, /g, (s 5D, 7))
and calculate a bootstrap estimate of 1 = E[S(u!)],

B
N 1
Pos =5 ) SO
b=1
» 3. We can obtain the corrected efficient score statistic,
Sps () = S(E™Y) /Py -

29

Simulation Studies

Design N=24 N=
Avs.B 3 2 1
Avs.C 14 8 4
Avs.D 1 1 —
Bvs.C 1 1
Bvs.D 1 |
Cvs.D 2 1
Avs.Cvs. D 1 1
Bvs.Cvs.D 1 1

Noma et al. (2017) 30

15



Simulation Results (N=24)
| N [ v opeam [ M| REWL | LR [ LRETC | E5 | ESSTC |
[ ]

0.05 u 94.6% 95.2%  95.4% 96.0% | 95.8% | 95.3%
0.05 1w, 95.1% 95.6%  95.2% 96.8% | 95.4% | 95.8%
0.05 ™ 95.8% 96.5%  95.4% 94.6% | 95.8% | 95.8%
0.10 i 93.9% 94.8%  94.2% 95.8% | 94.9% | 94.6%
0.10 i, 94.8% 95.5%  95.3% 95.6% | 95.8% | 95.0%
0.10 Ity 94.2% 95.6%  95.2% 93.8% | 96.4% | 94.9%
0.20 i 91.3% 93.0%  92.2% 94.7% | 93.6% | 94.5%
0.20 i, 92.0% 93.6%  94.4% 95.1% | 95.3% | 94.5%
0.20 " 92.1% 93.5%  93.3% 94.3% | 94.0% | 95.0%
0.30 w 91.6% 93.3%  93.0% 95.2% | 94.2% | 94.6%
0.30 i, 92.1% 94.1%  92.4% 94.2% | 94.1% | 94.6%
0.30 Ity 91.6% 93.8%  93.5% 94.8% | 94.8% | 94.9%
0.60 i, 91.8% 93.4%  93.8% 95.5% | 94.9% | 96.0%
0.60 i, 92.7% 94.1%  92.0% 94.1% | 93.3% | 95.3%
0.60 ity 92.4% 94.0%  92.8% 95.2% | 94.6% | 96.2%

Simulation Results (N=16)
N

0.05 " 94.6% 95.7% | 95.1% 94.8% | 95.4% | 95.9%
L2 0.05 i, 95.4% 95.8% || 95.2% 95.2% | 96.1% | 95.8%
D 0.0 Ity 94.4% 95.2% || 95.7% 95.3% | 96.7% | 95.1%
B o.10 i, 93.2% 94.5% || 95.8% 95.6% | 96.1% | 95.2%
B 0.10 1w, 93.6% 94.8% | 95.1% 95.2% | 96.2% | 94.8%
B o.10 0y 93.6% 94.4% | 95.2% 95.6% | 96.1% | 95.0%
L3 0.20 i 91.4% 93.4% | 93.2% 93.9% | 94.9% | 94.3%
L3 o020 s 92.3% 94.4% | 92.1% 94.2% | 93.2% | 94.7%
Lo 0.20 ity 90.8% 93.3% || 92.2% 94.2% | 93.9% | 94.4%
a2 0.30 i 91.0% 93.9% || 91.7% 94.2% | 93.8% | 94.6%
L2 0.30 i, 89.1% 92.7% || 91.8% 94.2% | 94.4% | 95.4%
D 0.30 ity 90.5% 93.0% || 92.2% 95.3% | 93.7% | 93.9%
L2 0.60 i 90.6% 93.2% || 92.9% 95.2% | 94.8% | 94.2%
D 0.60 0, 91.4% 94.1% || 92.2% 94.9% | 94.1% | 94.7%
L3 0.60 Ity 90.9% 93.3% [ 93.0% 95.5% | 94.7% | 95.5%




Simulation Results (N=8)

[ JF oo et [w=b | EEf e
[ ]

P 0.05 w 95.5% 96.2% 95.0% 96.5% 95.7% | 95.8%
P 0.05 i, 94.8% 95.4% 95.5% 94.9% 96.2% | 96.4%
P 0.05 iy 94.7% 95.8% 94.4% 95.2% 95.4% | 96.1%
B 0.0 1 93.3% 94.6% 94.2% 93.8% 95.8% | 95.2%
Pl o0.10 i, 93.3% 94.4% 94.5% 95.4% 96.2% | 95.4%
P o0.10 iy 93.2% 94.7% 94.8% 94.8% 96.4% | 95.2%
P o0.20 W 89.3% 92.1% 90.2% 93.6% 92.4% | 94.7%
P 020 i 89.2% 92.8% 90.5% 93.5% 93.0% | 94.4%
P 0.20 i 90.0% 92.6% 92.3% 93.1% 94.3% | 95.2%
P 0.30 i 86.8% 91.7% 89.6% 93.1% 93.6% | 95.1%
P 030 i 85.6% 91.0% 90.2% 93.4% 93.5% | 94.6%
b 030 i 85.5% 91.2% 89.7% 92.6% 92.6% | 94.6%
P 0.60 " 83.7% 89.6% 87.7% 94.4% 92.4% | 95.6%
P 0.60 i 83.7% 89.8% 89.7% 94.6% 93.2% | 95.5%
P 0.60 iy 84.2% 90.3% 88.6% 94.1% 93.0% | 95.2%

Applications to Real Data

Individual counsefiing

(A)

Me contact Group

Self help Ziprasidone

BIERBEDOARY ND—OAFITFUT X REKRAEDRY ND—DIAFTF IR
(N=24: Hasselblad, 1998) (N=15: Ades, 2010) 34




RIEABEDARY NI —DOAIFFTFUZ X

vs. Self help vs. Individual counseling vs. Group counseling Ref.: No contact
*] Method
¢ M
4- ¢ REML
¢ LR
o] ¢ LR-BTC
¢ LR-BST
¢t e eece + ES
2] ¢ ES-BTC
*rTTTY ¢ EsBsT
4 -SSR U 1 O O O O OO RO O O S O B
35

MARFIEDTRY NIT—TASFT7FIT X
T . o — Ref.: Placebo

. Haloperidol . Risperidone




Concluding Remarks

> HRILEEEEIRDDDH D, BElnttsDEREHSRE
DEEIC, Ry MI—=DOAFT7FUSX(E FULWVERR
T—ABATIADHEERE LT, RSAFEREZITTND

> 21HCDSH. A ERHERDORERRDIZH. T—FY
AIT2RE. ZOHFEMTKROENDIEEN L. FITHITASE
<IRDBEDLEERDODND

37

SR

» Ades AE, Mavranezouli I, Dias S, Welton NJ, Whittington C, Kendall T. Network meta-analysis
with competing risk outcomes. Value in Health 2010; 13: 976-83.

» Barndorff-Nielsen OE, Hall P. On the level-error after Bartlett adjustment of the likelihood ratio
statistic. Biometrika 1988; 75: 374-8.

» Caldwell DM, Ades AE, Higgins JP. Simultaneous comparison of multiple treatments: combining
direct and indirect evidence. British Medical Journal 2005; 331: 897-900.

» Cipriani A, Furukawa TA, Salanti G, et al. Comparative efficacy and acceptability of 12 new-
generation antidepressants: a multiple-treatments meta-analysis. Lancet 2009; 373: 746-58.

» Cordeiro GM, Cribari-Neto F. An Introduction to Bartlett Correction and Bias Reduction. New
York: Springer; 2014.

» Dias S, Welton NJ, Sutton AJ, Caldwell DM, Lu G, Ades AE. Evidence synthesis for decision
making 4: inconsistency in networks of evidence based on randomized controlled trials. Medical
Decision Making 2013; 33: 641-56.

» Hasselblad V. Meta-analysis of multitreatment studies. Medical Decision Making 1998; 18: 37-43.

38

19



Miura T, Noma H, Furukawa TA, et al. Comparative efficacy and tolerability of pharmacological
treatments in the maintenance treatment of bipolar disorder: a systematic review and network
meta-analysis. Lancet Psychiatry 2014; 1: 351-9.

Noma H. Confidence intervals for a random-effects meta-analysis based on Bartlett-type
corrections. Statistics in Medicine 2011; 30: 3304-12.

Noma H, Tanaka S, Matsui S, Cipriani A, Furukawa TA. Quantifying indirect evidence in network
meta-analysis. Statistics in Medicine 2017; 36: 917-27.

Noma H, Nagashima K, Maruo K, Gosho M, Furukawa TA. Bartlett-type corrections and bootstrap
adjustments of likelihood-based inference methods for network meta-analysis. Statistics in
Medicine 2018; 37: 1178-90.

Salanti G. Indirect and mixed-treatment comparison, network, or multiple-treatments meta-
analysis: many names, many benefits, many concerns for the next generation evidence
synthesis tool. Research Synthesis Methods 2012; 3: 80-97.

39

20



