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Dose-response model within a study
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Restricted cubic spline fitted in each non-referral logOR

𝑙𝑜𝑔𝑂𝑅! = 𝛽"×𝑑𝑜𝑠𝑒 ! + 𝛽#×f(𝑑𝑜𝑠𝑒 !) + 𝑒!

dose OR 𝐥𝐨𝐠𝐎𝐑 se(𝒍𝒐𝒈𝐎𝑹)

0 1.00 0.00 NA

3.35 1.00 𝑙𝑜𝑔O𝑅" =0.00 0.47

10.05 1.14 𝑙𝑜𝑔O𝑅#=0.13 0.45

20.1 1.43 𝑙𝑜𝑔O𝑅-=0.36 0.42

40.2 1.14 𝑙𝑜𝑔O𝑅.=0.13 0.45

O
R

No intercept! Correlated!
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Dose-response pairwise meta-analysis
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Level 2: across studies 

Dose-response

Meta-analysis

Level 1: within each study

single hierarchical model 
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Dose-response network meta-analysis  
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3. Mawdsley et. al  2016 approach
• Allow dose-response modelling within 

NMA (Bayesian)
• Emax model and linear model as a 

dose-response relationship
• MBNMAdose package

2. Splitted NMA
Drug A in dose 50mg is a different
treatment from Drug A in dose 200mg

1. Lumped NMA
Drug A in dose 50mg is the same
treatment as Drug A in dose 200mg

Our contribution:
• Extension to Mawdsley et. al  2016
• Restricted cubic spline as a dose-

response relationship
• Network meta-regression
• Shiny App

Three approaches used so far
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Methods – standard NMA model
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In a study 𝑖 with dose 

𝑗 in treatment 𝑘,
1. Binomial likelihood: for the 

observed events 𝑟𝑖𝑗𝑘 with 

probability 𝑝𝑖𝑗k and total 
number of observations 𝑛𝑖𝑗𝑘

𝑟%&'~ 𝐵𝑖𝑛 𝑛%&' , 𝑝%&'
2. Logistic	transformation

logit 𝑝%&' =

J
𝑢% if 𝑘 = 𝑏
𝑢% + 𝛿%(' if 𝑘 ≠ 𝑏

3. Exchangeable relative 
treatment effects 

𝛿%('~𝑁 𝑑%(' , 𝜏)

4.   Consistency equation
𝑑STU = 𝑑SU − 𝑑ST

𝑑TT = 0
5.    Priors

𝑢S~N 0, 10V.
𝑑U~N 0, 10V.
𝜏 ~Unif 0, 10

Steps 1-3 Steps 4-5
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Methods – dose-response NMA model

In a study 𝑖 with dose 

𝑗 in treatment 𝑘,
1. Binomial likelihood: for the 

observed events 𝑟𝑖𝑗𝑘 with 

probability 𝑝𝑖𝑗k and total 
number of observations 𝑛𝑖𝑗𝑘

𝑟%&'~ 𝐵𝑖𝑛 𝑛%&' , 𝑝%&'
2. Logistic	transformation

logit 𝑝%&' =

J
𝑢% if 𝑘 = 𝑏
𝑢% + 𝛿%(' if 𝑘 ≠ 𝑏

3. Exchangeable relative 
treatment effects 

𝛿%('~𝑁 𝑑%(' , 𝜏)

4. Consistency equation on dose-response curve (cubic spline)
𝑑STU = 𝛽"SU𝑋SU − 𝛽"S𝒃𝑋ST + 𝛽#SU𝑓" 𝑋SU − 𝛽#S𝒃𝑓" 𝑋ST

∗∗ 𝑋SU the observed dose and 𝑑TT = 0
5. Dose-response coefficients
- Exchangeable dose effects

𝛽∗SU~𝑁( 𝛽∗U, 𝜏Y#)
- Fixed-effect model 

𝛽∗SU = 𝛽∗U

*=1 or 2 for cubic spline 
𝜏Y# = 𝜏 : common heterogeniety
6.    Priors

𝑢S~N 0, 10V.
𝛽∗U~N 0, 10V.
𝜏 ~Unif 0, 10
𝜏Y~Unif 0, 10

Steps 1-3 Steps 4-6
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Methods – dose-response NMA model with class effect

In a study 𝑖 with dose 

𝑗 in treatment 𝑘,
1. Binomial likelihood: for the 

observed events 𝑟𝑖𝑗𝑘 with 

probability 𝑝𝑖𝑗k and total 
number of observations 𝑛𝑖𝑗𝑘

𝑟%&'~ 𝐵𝑖𝑛 𝑛%&' , 𝑝%&'
2. Logistic	transformation

logit 𝑝%&' =

J
𝑢% if 𝑘 = 𝑏
𝑢% + 𝛿%(' if 𝑘 ≠ 𝑏

3. Exchangeable relative 
treatment effects 

𝛿%('~𝑁 𝑑%(' , 𝜏)

4. Consistency equation on dose-response curve (cubic spline)
𝑑STU = 𝛽"S𝒄𝑋SU − 𝛽"S𝒃𝑋ST + 𝛽#S𝒄𝑓" 𝑋SU − 𝛽#S𝒃𝑓" 𝑋ST

∗∗ 𝑋SU the observed dose, 𝑑TT = 0 and 𝒄 refers to the class
5. Dose-response coefficients
- Exchangeable dose effect

𝛽∗S[~𝑁( 𝛽∗[, 𝜏[#)
- Fixed-effect model 

𝛽∗S[ = 𝛽∗[

*=1 or 2 for cubic spline 
𝜏[# = 𝜏 : common heterogeniety
6.    Priors

𝑢S~N 0, 10V.
𝛽∗[~N 0, 10V.
𝜏 ~Unif 0, 10
𝜏[~Unif 0, 10

Steps 1-3 Steps 4-6
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Methods – dose-response NMA model with covariate

In a study 𝑖 with dose 𝑗 in arm 𝑘,

1. Binomial likelihood: for the 
observed events 𝑟𝑖𝑗𝑘 with 

probability 𝑝𝑖𝑗k and total 

number of observations 𝑛𝑖𝑗𝑘

𝑟%&'~ 𝐵𝑖𝑛 𝑛%&' , 𝑝%&'
2. Logistic	transformation

logit 𝑝%&' =

J
𝑢% if 𝑘 = 𝑏

𝑢% + 𝛿%(' + γ('𝐙𝐢if 𝑘 ≠ 𝑏
3. Exchangeable relative 

treatment effects 
𝛿%('~𝑁 𝑑%(' , 𝜏)

4. Consistency equation on dose-response curve (cubic spline)
𝑑%(' = 𝛽+%'𝑋%' − 𝛽+%𝒃𝑋%( + 𝛽)%'𝑓+ 𝑋%' − 𝛽)%𝒃𝑓+ 𝑋%(

∗∗ 𝑋%' the observed dose and 𝑑(( = 0
5. Dose-response coefficients
- Exchangeable dose effect

𝛽∗%'~𝑁(𝛽∗', 𝜏'))
- Fixed-effect model 

𝛽∗%' = 𝛽∗'

*=1 or 2 for cubic spline 
𝜏') = 𝜏 : common heterogeniety
- Exchangeable covariate effect

𝛾('~𝑁(𝜂'−𝜂(, 𝜏.))
6.    Priors

𝑢%~N 0,10/0
𝛽∗'~N 0,10/0
𝜂'~𝑁 0,10/0
𝜏. ~Unif 0, 10
𝜏 ~Unif 0, 10

Steps 1-3 Steps 4-6
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Placebo

agomelatine

amitriptyline

bupropion

citalopram
clomipraminedesvenlafaxine

duloxetine

escitalopram

fluoxetine

fluvoxamine

levomilnacipran

milnacipran

mirtazapine

nefazodone

paroxetine
reboxetine sertraline

trazodone

venlafaxine

vilazodone

vortioxetine

Dataset – antidepressants

• 79771 participants
• 331 studies
• 777 dose-arm
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Placebo
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bupropion

citalopram
clomipraminedesvenlafaxine

duloxetine

escitalopram

fluoxetine
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milnacipran

mirtazapine

nefazodone

paroxetine
reboxetine sertraline

trazodone

venlafaxine

vilazodone
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Dataset – antidepressants (colored by class)
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Placebo_0 agomelatine_25agomelatine_37agomelatine_50amitriptyline_56amitriptyline_73amitriptyline_75amitriptyline_81amitriptyline_84amitriptyline_86amitriptyline_87amitriptyline_88amitriptyline_99amitriptyline_100amitriptyline_103amitriptyline_104amitriptyline_109amitriptyline_111amitriptyline_112amitriptyline_114amitriptyline_115amitriptyline_116amitriptyline_121amitriptyline_124amitriptyline_135amitriptyline_137amitriptyline_138amitriptyline_139amitriptyline_140amitriptyline_141amitriptyline_142amitriptyline_148amitriptyline_150amitriptyline_160amitriptyline_162amitriptyline_164amitriptyline_166amitriptyline_171amitriptyline_180amitriptyline_182amitriptyline_186amitriptyline_200amitriptyline_206amitriptyline_225bupropion_200bupropion_238bupropion_259bupropion_275bupropion_290bupropion_293bupropion_299bupropion_300bupropion_309bupropion_319bupropion_323bupropion_345bupropion_382bupropion_383bupropion_392bupropion_400bupropion_450citalopram_20citalopram_22citalopram_24citalopram_25citalopram_27citalopram_33citalopram_36citalopram_40citalopram_46citalopram_52citalopram_57citalopram_60clomipramine_60clomipramine_75clomipramine_97clomipramine_106clomipramine_144clomipramine_148clomipramine_150desvenlafaxine_50desvenlafaxine_100duloxetine_40duloxetine_60duloxetine_80duloxetine_120escitalopram_10escitalopram_12escitalopram_13escitalopram_15escitalopram_20fluoxetine_20fluoxetine_21fluoxetine_22fluoxetine_23fluoxetine_24fluoxetine_26fluoxetine_27fluoxetine_28fluoxetine_29fluoxetine_30fluoxetine_31fluoxetine_33fluoxetine_34fluoxetine_36fluoxetine_37fluoxetine_38fluoxetine_39fluoxetine_40fluoxetine_41fluoxetine_42fluoxetine_47fluoxetine_48fluoxetine_49fluoxetine_51fluoxetine_53fluoxetine_58fluoxetine_60fluoxetine_61fluoxetine_68fluoxetine_69fluvoxamine_78fluvoxamine_86fluvoxamine_92fluvoxamine_100fluvoxamine_102fluvoxamine_115fluvoxamine_119fluvoxamine_123fluvoxamine_132fluvoxamine_144fluvoxamine_145fluvoxamine_155fluvoxamine_175fluvoxamine_200fluvoxamine_204fluvoxamine_207fluvoxamine_218fluvoxamine_240fluvoxamine_300levomilnacipran_40levomilnacipran_65levomilnacipran_73levomilnacipran_80levomilnacipran_93levomilnacipran_120milnacipran_50milnacipran_100milnacipran_200mirtazapine_15mirtazapine_16mirtazapine_18mirtazapine_20mirtazapine_22mirtazapine_23mirtazapine_26mirtazapine_28mirtazapine_30mirtazapine_32mirtazapine_34mirtazapine_35mirtazapine_37mirtazapine_38mirtazapine_39mirtazapine_45nefazodone_200nefazodone_242nefazodone_246nefazodone_263nefazodone_276nefazodone_300nefazodone_321nefazodone_375nefazodone_396nefazodone_400nefazodone_419nefazodone_433nefazodone_434nefazodone_456nefazodone_460nefazodone_472nefazodone_495nefazodone_503nefazodone_513paroxetine_20paroxetine_22paroxetine_23paroxetine_25paroxetine_26paroxetine_27paroxetine_29paroxetine_30paroxetine_31paroxetine_32paroxetine_33paroxetine_34paroxetine_36paroxetine_37paroxetine_38paroxetine_39paroxetine_40reboxetine_4reboxetine_8reboxetine_9reboxetine_10sertraline_50sertraline_55sertraline_57sertraline_59sertraline_62sertraline_63sertraline_71sertraline_75sertraline_76sertraline_81sertraline_82sertraline_87sertraline_92sertraline_100sertraline_104sertraline_105sertraline_106sertraline_108sertraline_111sertraline_113sertraline_114sertraline_116sertraline_121sertraline_123sertraline_137sertraline_138sertraline_143sertraline_145sertraline_148sertraline_150sertraline_165sertraline_200trazodone_150trazodone_154trazodone_207trazodone_219trazodone_244trazodone_273trazodone_275trazodone_287trazodone_297trazodone_300trazodone_304trazodone_305trazodone_310trazodone_350trazodone_417trazodone_512venlafaxine_69venlafaxine_75venlafaxine_80venlafaxine_85venlafaxine_95venlafaxine_103venlafaxine_112venlafaxine_116venlafaxine_118venlafaxine_123venlafaxine_128venlafaxine_138venlafaxine_140venlafaxine_142venlafaxine_149venlafaxine_150venlafaxine_160venlafaxine_161venlafaxine_175venlafaxine_176venlafaxine_179venlafaxine_185venlafaxine_190venlafaxine_200venlafaxine_208venlafaxine_225venlafaxine_298venlafaxine_350venlafaxine_375vilazodone_10vilazodone_17vilazodone_20vilazodone_30vilazodone_40vortioxetine_5vortioxetine_10vortioxetine_15vortioxetine_16vortioxetine_20

Dataset – splitted network
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Results – dose-response NMA (M1)
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Results – dose-response NMR with RoB (M2) – low RoB “exchangeable MR coeff”
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Results – dose-response NMR with study-year (2010) (M3) “exchangeable MR coeff”
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Results – dose-response NMA (M1)
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Results – dose-response NMR with variance (minimum variance) (M4) “e xch a n g e a b le  M R  co e ff”
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Results – dose-response NMA (M1)
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Results – dose-response NMR with class effect (M5)
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Dataset – antidepressants (colored by class)

23

Results – comparison between the 5 models
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M1 M2 M3 M4 M5

𝜏 0.201 0.190 0.163 0.184 0.202

DIC 1313 1301 1191 1280 1299

• M1: dose-response NMA
• M2: dose-response NMR with RoB
• M3: dose-response NMR with study-year
• M4: dose-response NMR with variance
• M5: dose-response NMA with class effect

* 𝜏 – common heterogeneity **DIC - Deviance Information Criterion

24

Shiny App 
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Shiny App
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Shiny App
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Shiny App
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Shiny App
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Shiny App
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Shiny App
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Shiny App
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Shiny App
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Limitations in the approach

35

Ø Bayesian framework
§ Sensitivity to prior choice; sensitivity analysis
§ Time consuming 
§ Ensure convergence

Ø Dose-response models
§ Categorization of the exposure
§ The dose-response shape

Ø Dose-response NMA model
§ Doses should be harmonized in class effect model
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