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NMA/
NMR

IPD AD

RCT NRS RCT NRS

- Lengthy process, 
increased costs
- Inability to 
include IPD from 
all trials 

- Overcome the AD 
shortcomings
- a gold standard
- Standardize the 
analysis

- Heterogeneity 
across trials
- meta-regression 
on aggregate 
information
- Ecological bias

- Data is 
accessible in 
the published 
literature

- Idealized settings
- Restricted 
inclusion criteria
- Limit 
generalizability  

- ‘Low’ Bias
- Most reliable - Bias

- Confounders are 
not addressed
- Concern about 
transitivity and 
consistency

- More 
available
- Reflect 
the reality
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Combine both



NMA/
NMR

IPD AD

RCT NRS RCT NRS
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1. naive
2. Bias adjustment 1
3. Bias adjustment 2
4. Use NRS as a prior

v Three level hierarchical 
model



1. Cross NMR model naive
AD RCT and NRS

IPD RCT and NRS.
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For j study with k treatment

𝑟!"~𝐵𝑖𝑛 𝑝!" , 𝑛!"
logit (𝑝!") =

𝑢!#+𝛽$,#"& 3𝑥! + 𝛿!#"

For i individual in j study with k 
treatment

𝑦!"#~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖 𝑝!"#
logit 𝑝!"# =

𝑢"$ + 𝛽%"𝑥!" + 𝛽&,$#( (𝑥!" − �̅�")
+ 𝛽&,$#) 9𝑥" + 𝛿"$# 4

𝛿 !

NRS

RCT

Treatment effect in study j: 𝛿"



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛!
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Treatment effect in study j: 𝛿"
𝛿!"#~𝑁 𝑑$# − 𝑑$" , 𝜏% ,

𝛽%,"#' ~ 𝑁(𝐵$#' - 𝐵$"' , 𝜎'%), 

𝛽%,"#( ~ 𝑁(𝐵$#( - 𝐵$"( , 𝜎(% ),          

𝑢!" , 𝛽)!~𝑁(0,10%)

𝛿 !
1. Cross NMR model naive

Combine AD and IPD



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛! 𝛿"

2. Cross NMR model adjust1
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Bias ( 𝑅!)
No Yes

NRS

RCT

+𝛾" 𝑅"

𝛿 !



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛! 𝛿"

2. Cross NMR model adjust1
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Bias ( 𝑅!)
No Yes

+𝛾" 𝑅"

Low RoB

𝛾!

High RoB

AD RCT and NRS

IPD RCT and NRS

For j study with k treatment

𝑟!"~𝐵𝑖𝑛 𝑝!" , 𝑛!"
logit (𝑝!") =

𝑢!#+𝛽$,#"& 3𝑥! + 𝛿!#" +𝛾! 𝑅!

For i individual in j study with k 
treatment

𝑦!"#~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖 𝑝!"#
logit 𝑝!"# =

𝑢"$ + 𝛽%"𝑥!" + 𝛽&,$#( (𝑥!" −
�̅�") + 𝛽&,$#) 9𝑥" + 𝛿"$# +𝛾" 𝑅"

𝛿 !



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛! 𝛿"

2. Cross NMR model adjust1
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Bias ( 𝑅!)
No Yes

+𝛾" 𝑅" 2. Bias indicator 𝑅!:

We use the data from RoB tool
Either directly (high=Yes ( 𝑅!= 1), low=No ( 𝑅!= 0)) 
à RoB is subjective, uncertainty

high RoBlow RoB

Give distributions
𝑅!~𝐵𝑒𝑟𝑛(𝜋!), 𝜋!~𝐵𝑒𝑡𝑎 𝑎, 𝑏Low RoB

𝛾!

High RoB

Bias assumptions
1. Bias effect: 𝛾!~𝑁 𝛤, 𝜎"# , 𝛾! = 𝛤

𝛿 !



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛! 𝛿"

2. Cross NMR model adjust1
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Bias ( 𝑅!)
No Yes

+𝛾" 𝑅" 2. Bias indicator 𝑅!:

We use the data from RoB tool
Either directly (high=Yes ( 𝑅!= 1), low=No ( 𝑅!= 0)) 
à RoB is subjective, uncertainty

Low RoB

𝛾!

High RoB

Bias assumptions
1. Bias effect: 𝛾!~𝑁 𝛤, 𝜎"# , 𝛾! = 𝛤

𝛿 !

2. Use study characteristics’ 
𝑙𝑜𝑔𝑖𝑡(𝜋!) = 𝑎 + 𝑏 ∗ 𝑧



3. Cross NMR model adjust2
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𝛿! 𝛿! + 𝛾!

low RoB

𝛿! 𝛿! + 𝛾!𝜃"

high RoB

AD RCT and NRS

IPD RCT and NRS

For j study with k treatment

𝑟!"~𝐵𝑖𝑛 𝑝!" , 𝑛!"
logit (𝑝!") =

𝑢!#+𝛽$,#"& 3𝑥! + 𝜃!#"

For i individual in j study with k treatment
𝑦!"#~𝐵𝑒𝑟𝑛𝑜𝑢𝑙𝑙𝑖 𝑝!"#
logit 𝑝!"# =

𝑢!# + 𝛽'!𝑥(! + 𝛽$,#") (𝑥(! −
�̅�!) + 𝛽$,#"& 3𝑥! + 𝛿!#"+ 𝜃!#"

𝜃"$#~𝜋"𝑁 𝛿"$#, 𝜏& + 1 − 𝜋" 𝑁(𝛿"$# + 𝛾", 𝜏& + 𝜏E&)



𝑟!~𝐵𝑖𝑛 𝑝!, 𝑛!

3. Cross NMR model adjust2
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How do we find the weight of each peak, 𝜋!?

1. Give distributions
𝜋!~𝐵𝑒𝑡𝑎(𝑎, 𝑏)

high RoBlow RoB

2. Use study characteristics’ 
𝑙𝑜𝑔𝑖𝑡(𝜋!) = 𝑎 + 𝑏 ∗ 𝑧

𝛿! 𝛿! + 𝛾!

low RoB

𝛿! 𝛿! + 𝛾!𝜃"

high RoB

𝜃"$#~𝜋"𝑁 𝛿"$#, 𝜏& + 1 − 𝜋" 𝑁(𝛿"$# + 𝛾", 𝜏& + 𝜏E&)



1. Conduct MA/NMA 
only with NRS

4. Cross NMR model prior

0

2

1

3

2. Conduct MA/NMA for 
RCTs with NRS as prior

0

2

1

3

Drug 1

Drug 2

Drug 3



4. Cross NMR model prior

2. Conduct MA/NMA for 
RCTs with NRS as prior

0

2

1

3

Drug 1

Drug 2

Drug 3

𝒅𝒌~𝐍 𝒅𝒌𝑵𝑹𝑺, 𝑽𝑵𝑹𝑺



4. Cross NMR model prior

2. Conduct MA/NMA for 
RCTs with NRS as prior

0

2

1

3

Drug 1

Drug 2

Drug 3

𝒅𝒌~𝐍 𝒅𝒌𝑵𝑹𝑺, 𝑽𝑵𝑹𝑺/𝒘



crosnma library
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Case study
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• Relapsing remitting multiple sclerosis (RRMS)
• Binary outcome: relapse in 2 years (0/1)
• Covariate: age

Study Type of data Treatment 
compared

Design/RoB Sample size

DEFINE IPD Dimethyl fumarate 
Placebo

RCT/high risk 1234

CONFIRM IPD Dimethyl fumarate  
Glatiramer acetate 

Placebo

RCT/high risk 1417

AFFIRM IPD Natalizumab 
Placebo

RCT/low risk 939

Bornstein AD Glatiramer acetate 
Placebo

RCT/high risk 50

Johnson AD Glatiramer acetate 
Placebo

RCT/unclear risk 251

Swiss cohort IPD All/placebo NRS/high risk 290



Network diagram
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Placebo

Dimethyl fumarate Glatiramer acetate 

Natalizumab 

IPD-RCT AD-RCT NRS



−0.5 0 0.5 1 1.5

Observed Outcome

adjust 2 NMA
adjust 1 NMA
naive NMA

adjust 2 NMA
adjust 1 NMA
naive NMA

adjust 2 NMA
adjust 1 NMA
naive NMA

adjust 2 NMA
adjust 1 NMA
naive NMA

adjust 2 NMA
adjust 1 NMA
naive NMA

adjust 2 NMA
adjust 1 NMA
naive NMA

0.13 [−0.31, 0.57]
0.33 [ 0.02, 0.63]
0.33 [ 0.02, 0.64]

0.64 [ 0.24, 1.03]
0.42 [ 0.17, 0.68]
0.43 [ 0.20, 0.67]

0.77 [ 0.41, 1.12]
0.75 [ 0.38, 1.12]
0.76 [ 0.41, 1.11]

1.05 [ 0.62, 1.49]
0.81 [ 0.63, 0.98]
0.80 [ 0.62, 0.98]

0.42 [ 0.17, 0.67]
0.38 [ 0.11, 0.65]
0.36 [ 0.13, 0.60]

1.18 [ 0.90, 1.46]
1.13 [ 0.86, 1.40]
1.13 [ 0.86, 1.40]

Sources of evidence Estimate [95% CrI]

Dimethyl fumarate vs Natalizumab

Glatiramer acetate vs Dimethyl fumarate

Glatiramer acetate vs Natalizumab

Placebo vs Dimethyl fumarate

Placebo vs Glatiramer acetate

Placebo vs Natalizumab
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Results of RRMS analysis

Bias effect 1: -0.018 (-2.162, 0.798)

Bias effect 2: -0.231 (-0.594, 0.140)
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Placebo vs Glatiramer acetate

Placebo vs Natalizumab
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Odds ratio (placebo vs active) VS age – Bias adjustment 1



Summary
• Introduce 4 cross NMA/NMR framework approaches
• All models are implemented in a new R package: crosnma
• Apply the models on a network of drugs about RRMS
• We have to acknowledge the differences between RCT and 

NRS
• The models need to be investigated further in larger 

networks
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