
Meta-Analysis of High-Dimensional Surrogate Markers

A H1,2, R T́1,2,3, L P4,  B P.

H1,2,*

1INSERM B P H R C, INRIA SISTM,

U  B, F-33000 B, F

2V R I, F-94000 C́, F

3C H U  B, S ’I

M́, INSERM, B F-33000, F

4D  S  D S, U  T  A,

A, TX 78712, U S  A

*Corresponding author: B P. H, B P

H, U́  B, 146 R L́ S 33076 B,

F. E: boris.hejblum@u-bordeaux.fr

Abstract

When direct measurement of a clinically relevant primary endpoint in a clinical

trial is infeasible, a surrogate endpoint may be used instead to infer treatment

eects. Trial-level surrogates predict the average treatment eect on the primary

endpoint and may be evaluated within the meta-analytic framework. However,

traditional methods are ill-suited to the complex high-dimensional data now in-

creasingly collected in modern trials, such as omics data. Although methods for

high-dimensional surrogate evaluation exist, they have largely been developed for
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single-trial settings and therefore cannot assess surrogate generalisability. Here, we

propose RISE-Meta, an approach for evaluating trial-level surrogate markers in the

multi-trial, high-dimensional setting. In the rst stage, an existing nonparametric

method is applied to individual participant data to derive study-level surrogacy

metrics for each candidate marker. Next, random-eects meta-analysis combines

these metrics across studies, and equivalence testing provides operational criteria

for surrogate validity. Finally, a subset of candidates is combined into a composite

signature through a weighting scheme to improve surrogacy relative to any individ-

ual candidate. We evaluate RISE-Meta in both simulation studies and real data

applications. In an application to high-dimensional data, we analyse gene expression

as trial-level surrogate markers for the antibody response to seasonal inuenza

vaccination, while in a low-dimensional application we compare RISE-Meta to a

reference meta-analytic approach and observe strong agreement between the two.
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1 Introduction

T                 

  . H,       

     , ,  . I  ,      

 ,           .

F ,           E

,             

 E. T         ,

         (J, V,  R, 2013).

H,           

  ,       . A

   - ,      

    (A  ., 2004; B  ., 2000; D  H,

1997; M  ., 2002). W      , 

-       -   

         .

T     -     -

   . B  . (2000)    

individual-level surrogates (ILS),        

,  trial-level surrogates (TLS),        

           .

T , R2
indiv  R2

trial,        - 

-, . T     ILS  TLS  

 (K, S,  MS, 2016)      (A  .,

2005). I  ,    -    - 

.

A       -    

   high-dimensional     . I

 ,            
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   . A      ,  

           .

T          

       (P, B,  B, 2012).

T, -        

  ,         .

P -       -

    ,       Cancer

Genome Atlas, Gene Expression Omnibus,  ImmPort (B  ., 2018;

E, 2002; W  ., 2013). A      

 ,      . T   

  - ,       

  . S       -

        (C  ., 2003; L  .,

2024; T, G,  F, 2012).

H,   -     

 ,       - . A   

          (IPD).

F ,     B  . (2000)  M  . (2002)

           . T

           

    ,         

.

T   -        ,

        . A  . (2022) 

         (PTE)    

          . Z, Z,

 P (2022)  -       PTE,

        . H  . (2025) 

4



RISE,  -,           IPD

     . A         

   - ,     

         .

I  ,      H  . (2025)   RISE   -

 ,     -   

 . T     . S 2   

       RISE-M,  -

 . S 3        .

I S 4,   RISE-M   . F,    -

,       -      

  . T,   RISE-M   -

        -   

B  . (2000). S 5      , , 

  .

2 Methods

2.1 Notation and data structure

Active versus control design

I  ,     m = 1,    ,M ,   i = 1,    , nm

      Ai,m ∈ 0, 1,  1  

  0  . L Y a
i,m  Sa

i,m = (Sa
i,1,m,    , S

a
i,J,m)

T  

     J   , ,  

i   m   a. W   ,    

  Y  Sj    . I ,    

            

.
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Paired design

T  -        /

,            

       . I  ,    

  - ,     Y 0
i,m, Y

1
i,m,S

0
i,m,S

1
i,m,

   a = 0  a = 1   -  - ,

.

2.2 Existing nonparametric approaches for surrogate evaluation

I  ,        

. T      P, C,  T (2024)  

  H  . (2025)   - . S  

    -, - ,     j  m,

       S.

2.2.1 Within-study surrogacy parameter

P  . (2024)          

 S    U-  :

UY = P

Y 1
i > Y 0

l


+ 1

2
P

Y 1
i = Y 0

l


, US = P


S1
i > S0

l


+ 1

2
P

S1
i = S0

l


,

 i  l         . T

,     [0, 1],       

             

 Y  S, . W   -    

  :

 = UY − US,

             

Y    S . T      0,   S   
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-    - . T    

  - ,     (CI)

  U- .

H  . (2025)          

    

H0 :  ∈

−, 


, H1 :  ∈


−, 


,

    , - ,   equivalence bound, 

 equivalence margin

−, 


. T      a priori   

-    P  . (2024),    

         Y  S.

E      -  (TOST)  (S,

1987),       ≤ −   ≥ . F   ,  

         surrogate paradox ,    

  (H  ., 2025; P  ., 2024)    S

M   .

2.3 Overview of RISE-Meta

F,         , RISE-M,   

       - . L j,m  

      j   m. RISE-M     :

1. Within-trial screening across candidates:   ,  -

   j,m    ,    S 2.2.

2. Meta-analysis of within-trial eects for each candidate:  j,m 

  - -. P    

     -        .

U  -       .
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3. Construction and evaluation of a surrogate signature:    

           ,

         . E

 -       ,  ,

 - .

A           S M. I

      -   ,  2

 3       (B  ., 2020). T    

 -   ,     ,  

        .

2.4 Random-eects meta-analysis model

I  ,    - -     

j,m  ,       . W   

          -  

-    (MK  V, 2024). W  

    - ,       -

,          R    ,

SurrogateRank.

2.4.1 Model specication

W          -    j

. I   ,       

m,j ∼ N(µj , τ
2
j ),

   µj   τ 2j ,       between-study variance. I

  ,         m,j   

8



    

m,j ∼ N(m,j , σ
2
m,j),

   σ2
m,j      within-study variance. I   

         - . I

   - ,       

(     Y  S)   IPD  .

2.4.2 Estimation

T -  σ2
m,j     ,   -

 τ 2j         

. T   µj       

µj =

M
m=1

wm,j
m,j

M
m=1

wm,j

            , .. wm,j =

(σ2
m,j + τ 2j )−1. T  , sj ,        

 H-K-S-J (HKSJ) ,      

 ,       M   (H 

K, 2001; IH, I,  B, 2014). T, (1 − α) × 100% CI  

  µj ± qM−1,1−α/2 × sj ,  qM−1,1−α/2   (1− α2)× 100%  

 t-  M − 1   . F     

  S M.

2.5 Hypothesis testing

N,          µj   

   . A,      
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    -  (TOST)  (S, 1987)  

 S 2.2. S,      ,    

(U)   (L):

HL
0,j : µj ≤ −, HL

1,j : µj > −,

HU
0,j : µj ≥ , HU

1,j : µj < ,

  µj ∈ (−, )      . U  HKSJ ,

-           pLj = 1−FM−1

µj + 

sj



 pUj = FM−1

µj − 

sj


, ,  FM−1()    

   t-  M − 1   . T -   TOST

   pj = (pLj , pUj ),    -   α-   

(1− 2α)× 100% CI  µj   (−, ).

F,         ,    

    B-H  (B  H, 1995),

     -    -,  p ∗
j .

Additional evaluation metrics. A CI  -    

       -  , 

        . I ,     

CI         -  (IH

 ., 2016). T         (PI),  

       ,  . W   PI  

      ,         

           . U  HKSJ

,  (1− α)× 100% PI     µj ± qM−1,1−α/2 ×


s2j + τ 2j .

I ,       (CCC) (L, 1989) 

    Y , UY = (UY,1,    , UY,M)T ,      S,

US = (US,1,    , US,M )T ,       - . L 

 ,      [−1, 1],   .
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H,         ,    

        ,     

. F      S M.

2.6 Construction of a composite signature

T           

     . F,         

     Γ = j : p ∗
j < α. W     

      

γΓ =


j∈Γ

λj S̄j ,

 S̄j      j     0   1 ,

 λj    signature weight   j ,    .

T             

   . W    ,   

     :     ,   

 . T          j ,

    aj = ε−|µj |
ε

,      µj = 0  

  µj     . T      

    H  . (2025)        

µj . T          -,

           bj =
M

m=1(σ2
m,j + τ 2j )−1.

W            

 :

λj =
ajbj

j∈Γajbj

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3 Simulation study

3.1 Simulation setup

W           - 

    S 2. O      

   ,       (FPR),    .

T      ,     

  .

V           µj ∈ (−, ), 

  . A     ,   

      . T  ,      

 least favourable conguration (LFC),        

  , .. µj ∈ −, . I   FPR     α   ,

        .

W           

. T,     J = 100, 000   ,

  FPR α = 005     = 01. I S 1,  

     LFC     FPR. W  ,

       M ,    , (M = 3, 10, 25),  nm,

      (nm = 10, 50, 250). I ,    

   -  - ,   M = nm = 20. T

        ,   µj = −  µj =   

. I S 2,        ,  µj

        µj ∼ U(−, ). W  ,  

     M (M = 3, 10, 25),     - 

- ,   nm = 50.

F   j = 1,    , J ,       µj    

,           . W  

- -   τ 2j ∼ U(0, uτ2,max). C  
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,   -    

m,j ∼ N (µj , τ
2
j ), m = 1,    ,M

A   ,    -   σ2
m,j = νjnm, 

νj ∼ U(0, uν,max)  - . T    

  

m,j ∼ N (m,j , σ
2
m,j)

3.2 Results

3.2.1 Scenario 1: calibration

I  1,      ,    

   . T        

  FPR.

F 1A        M = 3, 10, 25, -

  nm = 10, 50, 250,      uτ2,max =

10, uν,max = 100. F 1B      - -

 uτ2,max = 10, , 10   -  uν,maxnm = 10, , 10

    M = nm = 10.

I  ,   FPR      FPR,  

  ’           

   ,      . A , 

    ,   ,    ,

            

. O,         ,  

       ,     

    .
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3.2.2 Scenario 2: power

I  2,      ,      

   . F 2         -

 -  -  uτ2,max = uν,max = 100, 10, , 10, 100

    M = 3, 10, 25       nm = 50. A , 

              . T

            

 ,        ,     

   0.

3.3 Supplementary simulations

A        ,    

        . T     

,           

   . T      ,

         ,    

S M. T         

       .

4 Data applications

4.1 High-dimensional data example

W  RISE-M   -      

(TIV)   - -     

. T      IS  (immunespace.

org)     I S 2 (IS2)  (D-A  ., 2022). TIV 

          

. T        TIV,     
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 -          

    . S-    

    (A)    (HAI) ,

 A .

I,         10,086  

           

  . R     -,   

   -,       

. T      ,   

  ,      . W   B

T M (BTM) (L  ., 2013)     

         . A   

  ,   J = 258  . F ,    

      ,     S M.

E    ,       

       . A   

  0  28,    ±7    -  

      . G     

0  1. A      5    

-  - ,       334

  4 . W  66%         -

 -,          

. T     IP (immport.org) (B  .,

2018)  IS2,      ,  SDY56 (n = 58),

SDY80 (n = 56), SDY180 (n = 12),  SDY1276 (n = 208). A   

 IS2 TIV             

S M. T      α = 005,   B-

H (BH)       -   . T

           P  . (2024), 
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             80%    

           . T

  ≈ 0205       ≈ 0148      

.

T    - -      F 4:

      . T   

    0,        . M

       / ,  /

,   ,      

. W       D. T    

   7-        F 5. T

  m    0  ,      

  . T      0,   90% CI   

 ,  p = 0004   TOST. T PI   , 

 - ,  τ 2 ≈ 6 × 10−11. I ,  CCC  0.94,

           

 7- . T,     RISE-M   

    -   - .

4.2 Low-dimensional data example

I ,   RISE-M   -      

   -  . T      

       ,     

  -    ,  RISE-M 

  . A         RISE-M 

          

  IPD.

T  ,   B  . (2000)     

  (B, M,  B, 2005; M  ., 2002;
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T  ., 2003),      bivariate joint modelling . T

             

   Surrogate   R (V D E  ., 2014). T,

    ,         

-    ,        - 

  BifixedContCont() . I  S M,   

     . S  -  

     ,    RISE-M    1

 2   S 2.3. F TOST  ,    

 = 01  α = 005.

T  , ARMD,         - 

   -α  . T     

   (CVA)  12 ,      CVA  6 .

A       ,      

           (M  ., 2002).

F         S M  

A  . (2004). A       5   

  2     ,   109   15 .

F        -   

-  σ2
m   RISE-M.

T  , Ovarian,   4      

        

 . T           (OS),  

       -   (PFS). A,  

       . A     , 

 1,168   42 .

T    ,     R2
trial,  CCC,   95%

CI (   S M). F 3    

  ,          .
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I ,          ARMD 

      Ovarian        

. I , RISE-M   - (00067  ARMD 

7× 10−24  Ovarian),    - . O,  

 RISE-M       -  

       .

5 Discussion

I  ,   RISE-M,  -    -

 -    . T   

   -     . F, 

         

 ,    ,    .

T  -         

    ,       

   . T      

       (..,  ,

 ,  ,  ELISPOT ). T   

      ,    

   -. T      -

        ,  

         . F,    

          

 . W        

(..,  ),       

(S, M,  R, 2014).

W  RISE-M        

  -        -
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. H,      7      - ,

       . R    

   - - (  F 5)   

. T        / (M127, M68, M75,

M111.1),  /  (M165, M67, M95.1, S11, S5),  

(M4.15, M11.0) ,          -

              

(H  ., 2022). I ,  /   

   H  . (2025),   RISE  (..   

 RISE-M)          (SDY1276). T 

      RISE-M   ,  TLS

  ,        

.

RISE-M    . F,      TOST 

    (M, 2012),       .

D ,     TOST     

         -  (M, 2012).

N,              

(W  N, 2010). A      ,    

           ,  

           . A,

    ,     -     

              

 (P  ., 2024). A,       -

       least equivalence allowable dierence

(LEAD),           

     α (M, 2007).

S         RISE-M. F, B

-        ,    
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    (R̈, 2020). N, RISE-M     ,

           

 . A     - 

    ,          

RISE-M (H  S, 2025). F,  RISE-M   

  ,            

  ,      .

Acknowledgements

T     A.H.’ PD    U  B, - 

B.P.H.  R.T.,     U  B’ D P H

G S,   F’ PIA 3  (I   F – P

: 17-EURE-0019)   A N   R  U 

B’ F 2030 . I ,       P

 E P  R S́ N́ (PEPR SN)  SMATCH

(: 22-PESN-0003),  MUSICC (M I  H C C)

    C  E P I (CEPI) 

-   E U’ H E P,     NIDDK

 R01DK118354 (P). W   H I P C 

  IP  IS ,      

     SDY56, SDY80, SDY180  SDY1276. W  

 AI             ,

       ,     .
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  RISE-M         www.laylaparast.com/

surrogaterank. T           
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     github.com/arthurhughes27/RISE-meta   Z

 10.5281/zenodo.20039496.
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F 1: Calibration plots comparing nominal and empirical false positive rates
across A) samples and B) variability settings. E     FPR α
   FPR,      100,000   
 . T     . T  
  -       .
T       = 01. I A),     M () 
-   nm ()  ,     
  uτ2,max = 10  uν,max = 100,   B)  - 
uτ2,max ()  -  uν,maxn ()  ,   
    M = nm = 10. Alt text: P    
            .
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F 2: Empirical power across dierent heterogeneity settings and number
of studies. T  uτ2,max  uν,max    - 
- , . B      
  = 01. T -      50. Alt text: G 
     - .
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B) Ovarian cancer dataset

F 3: Comparison of reference bivariate joint modelling approach to RISE-
Meta applied to two low-dimensional datasets. P A)    -
     ARMD ,  B)    Ovarian .
E    95% CI          
 . O,        
   - . Alt text: G    
-   RISE-M   - .
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RIG−1 like receptor signaling (M68)
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type I interferon response (M127)

−1.0 −0.5 0.0 0.5 1.0

Pooled effect  µδ

Raw p−value

1

0.1
0.05

<1e−02

Equivalence margin = +/−0.205

Multiplicity−corrected 
significance

Adjusted p ≤ 0.05
Adjusted p > 0.05

Meta−analysis screening results: Top 20 markers

F 4: Results from the marker-level meta-analysis. T    
    20    -. T     
,       ≈ ±0205. T    
 -,        90% CI   
  . T         
   ,     7 . Alt text: M-
  -.
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SDY180
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SDY56
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δ

Random−effects meta−analysis of combined marker in evaluation data
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0.320

0.003

0.315

0.004
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0.9%

74.2%
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40

10

142

40

232

Tau−squared = 6e−11 | I−Squared = 0.0 % | CCC = 0.94 | ε = 0.148

F 5: Results from the evaluation of the 7-marker composite signature. T
         4 ,     . T
- -, - ,     N  
    . T      ,   
   ≈ ±0148. T     90% CI   
 ,    TOST -  ≈ 0004. T     95%
PI,         -  τ 2 ≈ 6e− 11. T
CCC  0.94,      -    
     . Alt text: M-   
7- .
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Supplementary Material: Meta-Analysis of High-Dimensional

Surrogate Markers

S1 Web Appendix A: Methods

S1.1 Notation

F         S M:  

  m = 1,    ,M ,   i = 1,    , nm    

  Ai,m ∈ 0, 1,  a = 1     a = 0 

. L Y a
i,m  Sa

i,m = (Sa
i,1,m,    , S

a
i,J,m)

T       

J   , ,   i   m  

a. I   ,       - , 

   Y 0
i,m, Y

1
i,m,S

0
i,m,S

1
i,m,    a = 0  a = 1

  -  - , .

S1.2 Within-study surrogacy estimation

H,      -   ,   

     j,m   . W    

    - . F,   

G(x, y) =





1,  x > y,

1
2
,  x = y,

0,  x < y

I      ,   N 1, N 0   

, . L i    j  ,   

UY =
1
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0
l ),

US =
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I    ,      -  -

 ,    1, 0, . I   N

,   

UY =
1

N

N

i=1

G(Y 1
i , Y

0
i ),

US =
1

N

N

i=1

G(S1
i , S

0
i )

D              

  P, C,  T (2024),        

    S M  H  . (2025).

S1.3 Between-study variability estimation

H,        -   τ 2, 

      j  . T      

-  τ 2   - 

wm(τ
2) =

1

σ2
m + τ 2

, µ(τ 2) =

M
m=1 wm(τ

2)mM
m=1 wm(τ 2)



W  τ 2     (REML),    

    . N,      

  -  µ(τ 2)      τ 2,   

         -    

. I          ,    

  , τ 2          

-  τ 2 ≥ 0. T         

 .

S1.4 Conditions to avoid the surrogate paradox

T              ,

        ,    
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     . I    P  . (2024),   

 ,    :

(C1) P (Y a > y  Sa = s)   s

(C2) P (S1 > s) ≥ P (S0 > s) ∀s

(C3) P (Y 1 > y  S1 = s) ≥ P (Y 0 > y  S0 = s) ∀s

(C1)       -    , (C2)

    -    ,  (C3)   

           -. I

,     US > 1
2

=⇒ UY > 1
2
,  ,    

     Y         S.

S1.5 Pooled eect and variance estimators

T -       -  

µ =

M
m=1 wm

mM
m=1 wm

, wm =
1

σ2
m + τ 2 ,

 σ2
m    -   τ 2    -

. U   W- ,    µ   

Vconv(µ) =
1M

m=1 wm

,

   -  

µ± z1−α/2


Vconv(µ)

 z1−α/2   (1 − α2)-     . T

          τ 2   
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              

  . F  ,    H-K-S-J

 (H  K, 2001),      

q =
1

M − 1

M

m=1

wm(m − µ)2, VHKSJ(µ) = q · 1M
m=1 wm



C       t-:

µ± tM−1, 1−α/2


VHKSJ(µ)

 tM−1, 1−α/2   (1−α2)-   S’ t-  M − 1

  .

S1.6 Concordance correlation coecient

H          (CCC) (L, 1989) 

    . H,       - 

             

  - . T    B  . (2000) 

M  . (2002)         

   -          ,

 R2
trial,   ,  R2

trial = 1    .

I  ,         . T  

     ,        

     , .. UY,m = US,m   m = 1,    ,M . T,

    -       

-         . T CCC 

       . L  

,    [−1, 1],    1    
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  −1   . T CCC   

CCC =
2C(UY ,US)

V(UY ) + V(US) + (E[UY ]− E[US])
2 ,

 UY = (UY,1,    , UY,M )T  US = (US,1,    , US,M )T     -

          S, .

I , CCC          

 .

S1.7 Intraclass correlation coecient

H,        (ICC),   

   - ,        CCC

 . T      ICC,      

  ,    ,      (K  L,

2016). T      ,       

     .

I  ,     (UY,m, US,m) ∀m ∈ 1,    ,M. T

     - - ,  

   -     ,  

  ICC(2,1) (K  ., 2016). T     .

ŪS =
1

M

M

m=1

US,m, ŪY =
1

M

M

m=1

UY,m, Ū =
1

2M

M

m=1

(US,m + UY,m) ,

Ūm =
US,m + UY,m

2


MSR =
2

M − 1

M

m=1


Ūm − Ū

2
,

MSC = M

ŪS − Ū

2
+

ŪY − Ū

2
,
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MSE =
1

M − 1

M

m=1

 
US,m − Ūm − ŪS + Ū

2
+

UY,m − Ūm − ŪY + Ū

2 
,

ICC(2, 1) =
MSR −MSE

MSR +MSE + 2
M
(MSC −MSE)



T ICC(2,1)            -

      - ,   

       . I  ,  

             

 ,        .

W       CCC        -

          US = UY , 

    . N,  ICC(2,1)   

 -   .

S2 Web Appendix B: Simulation Study

S2.1 Meta-analysis model specication and estimation

H,       -    

          . I , 

     -    - -.

S,  - -,       HKSJ 

             

.

R    W F 4. T -    

 FPR         . T

-        τ 2  

 FPR  ,           
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. T -     HKSJ   

FPR    .

O,        -    

HKSJ        --,     

      - .

S2.2 Distribution of true mean

A      ,   TOST    -

        ,      

  . T  ,     ,  

           , 

     (LFC). I  ,    

         ,   FPR  

          LFC. F    

,            .

I  ,            

 . W F 5    FPR      

      3    - .

A         ,   FPR  

 0. T        ,     

  FPR   LFC.

N,            

. T     W F 6. A ,   

             

  .. µ = 0,    0      . T 

     .
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S2.3 Nonparametric simulation

A     , -      

         -  

. T             

           .

W      I S 2    -

    . T -    - 

-  . T      

          . T

       10,086 ,    -

   -. T       0   28

(±7 ),         0   7. A

 1      ,  7        

   .

T           

       . W 

,            

  . T  - , - 

 -  -     ,  -

  . U  ,    

  ,           (FPR) 

.

T    :          

. T        . T  

   :

1. D    : n∗ ∈ 5, 10,    , 25.

2. R      25 : M ∗ = m : nm ≥ 25.

3. F b = 1,    , 1000:
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•  n∗   ;

•   -  ;

•  RISE-   - p(b)j Jj=1;

•    FPR

FPRb(n
∗) =

1

J

J

j=1

1

p
(b)
j < α




A     25           

  ,  6 .

T        :

1. R      15 : M ∗ = m : nm ≥ 15.

2. D   : m∗ ∈ 2,    , 10.

3. F b = 1,    , 1000:

•      Sb ⊂ M ∗  Sb = m∗;

•  15   ;

•   -  ;

•  RISE-   - p(b)j Jj=1;

•    FPR

FPRb(m
∗) =

1

J

J

j=1

1

p
(b)
j < α




H, 15          10   .

W F 8      - . T  

FPR       α = 005    ,  

 0      . T   : 

   ,      -   
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           ,   

        ( W F 5   ).

W F 7      - . F  

       m∗. F     , 

 FPR     ,     010 

 2   . A     ,    

 0.

O,           

RISE-M        .

S3 Web Appendix C: Data applications

S3.1 Low-dimensional examples

S3.1.1 Description of bivariate joint modelling approach

B  . (2000)  M  . (2002)     

-    -    - . U

       S   i   m, 

 

Si,m = µS +mS,m + (α + am)Ai,m + ϵSi,m
,

Yi,m = µY +mY,m + (β + bm)Ai,m + ϵYi,m

 µS, µY   , mS,m,mY,m  -  , α, β 

  ,  am, bm  -   . T -

 V = (mS,m,mY,m, am, bm)
T       

V ∼ N (0, D), 

D =




dSS dSY dSa dSb

dSY dY Y dY a dY b

dSa dY a daa dab

dSb dY b dab dbb



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    ϵi,m = (ϵSi,m
, ϵYi,m

)T     ϵi,m ∼

N (0,Σ) 

Σ =



σSS σSY

σSY σY Y




T   -  

R2
trial =



dSb

dab




T 

dSS dSa

dSa daa




−1 

dSb

dab




dbb

H,    B, M,  B (2005)  T

 . (2003),       . I,   

     ,         

BimixedContCont()    Surrogate ,      

       - . T    

       D     . A

            -

 -  ,    BifixedContCont()

.

I   ,    - 

Si,m = µS,m + αmAi,m + ϵSi,m
,

Yi,m = µY,m + βmAi,m + ϵYi,m

 µS,m, µY,m  -  , αm, βm  -  

,        .

I   ,  -       

      -     ,
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    , 

βm = κ0 + κ1µS,m + κ2αm + ϵi

T       ,      -

 . T,  R2
trial         

   . A 95%       

    .

S3.1.2 Discussion on analysis choices

A     -     . W  

            

   ,         . I

,   ,          

     ( / ) (B  ., 2005;

B  ., 2000; M  ., 2002; T  ., 2003).

F,                

      . T      -

,   - . I     ARMD , 

     RCT,       -

       . T Ovarian 

  4 RCT,           

  Surrogate . F        -

        A  . (2004).

A            .

H,             

. H,         ,   

   ,         .

43



S3.1.3 Evaluation metrics and condence intervals

W   R2
trial    RISE-M        

-  ,   . F,    UY =

(UY,1,    , UY,M )T  US = (US,1,    , US,M )T     

UY,m = κ0 + κ1
US,M + ϵi

   ,        nm,   R2

   .

I      -     R2
trial ,  95%

CI       BifixedContCont() ,   

   . O,     R2
trial  RISE-M   CCC

      -    (E,

1987). S,   B = 2000   -   M

 (UY,m, US,m).

S3.2 High-dimensional example

I  ,    -   ,  

    ,       .

S3.2.1 Description of the Immune Signatures 2 dataset and preprocessing

H           I S 2 (IS2) 

         RISE-M. T I

S 2       I S D R (ISDR), 

       . A   

      D-A  . (2022). F  ,  

     ,      

  ,   -. A    

    . T,       
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  -     . A    

         ,   

  ,    W F 1. D 1     -

      a priori      

           . A

            IS2

    W F 2. T       

       1,    

    28 ±7 ,    5   . T

     ,      ,  RISE

          .

S3.2.2 Geneset pre-processing

I,  BTM   J = 346 . F  , 

  BTM        , 

       TBA (  ). I , 

          10, 086   

 . A   ,   J = 258    

RISE-M.

S3.2.3 Fixed-eect analysis

H,          ,    -

-. W F 9      - -. T

          - -,

     (16   7). W F 10   

     16-    33%   . I,

        16-    

7-     RE . I ,  CI    

CCC  . T           
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           FE . O,

,            

   RE ,       ,  ,

  .

S3.2.4 Impact of geneset choice and aggregation method

H,            

     . I ,      

   ,   BG3M (BG3M),    R

 . (2021). T BG3M         BTM,   

  J = 382          (..

  TBD),   J = 205   RISE-M. I  , 

        .

W F 11      - -  

 BG3M . H,  1      .

Q,           ,  

      (, ). W F 12

         ,     

-      .

I ,   RISE-M         

-. W F 13       - - 

 . A         

,          10,000 

,      . T       

,           .
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W F 1: Available timepoints and sample sizes per inactivated inuenza
study in the IS2 data. T        
   (A  HAI)   .
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W F 2: Flowchart showing the ltration of the IS2 dataset prior to
analysis. n         M    
     .
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W F 3: Graphical overview of RISE-Meta.
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W F 4: Empirical false positive rates for dierent meta-analysis model
specications and estimation procedures. E        
   /    - 
τ 2     M . FE  RE     - .
Conventional       τ 2    
 HKSJ    H-K-S-J . F  ,
  FPR      -  
uτ2,max            -
  uν,max. B           
 = 01,        TOST. T   
 α = 005      .
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W F 5: Empirical false positive rates across dierent true mean values for
invalid surrogate generation. T       (−, ), 
      . T     
         . T
       uτ2,max    -
 . T     uτ2,max = 10, α = 005, M = 25,
nm = 250,   = 02.
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W F 6: Empirical power across dierent true mean values for valid
surrogate generation. T          
(−, )    . T        
   M . T     uτ2,max = uν,max = 10, α = 005,
nm = 50,   = 02.
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W F 7: Nonparametric simulation investigating the impact of the number
of samples within each study. T       1,000
      . E    -   
         6     50
. T          
α = 005.
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W F 8: Nonparametric simulation investigating the impact of the number
of studies for meta-analysis. T       1,000
      . E    -   
         10     25 .
T           α = 005.
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Meta−analysis screening results: Top 25 markers

W F 9: Results from the marker-level meta-analysis when using a xed-
eect model. T         25   
-. T      ,     
 ≈ ±0205. T      -,     
  90% CI      . T    
        ,   
 16 .
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W F 10: Results from the evaluation of the 16-marker composite signature
using a xed-eect model. T          4 ,
    . T - -, - , 
   N       . T    
 ,       ≈ ±0148. T  
  90% CI     ,    TOST - 
≈ 0006.
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Meta−analysis screening results: Top 20 markers

W F 11: Results from the marker-level meta-analysis when using the
BloodGen3Modules. T         20  
 -. T      ,    
  ≈ ±0205. T      -,    
   90% CI      . T 
           , 
    .
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40

40

232

Tau−squared = 6e−11 | I−Squared = 0.0 % | CCC = 0.53 | ε = 0.148

W F 12: Results from the evaluation of the single-marker (Interferon -
M10.1) surrogate signature using the BloodGen3Modules. T   
      4 ,     . T -
-, - ,     N     
 . T      ,    
  ≈ ±0148. T     90% CI     ,
   TOST -  ≈ 0013.
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W F 13: Results from the marker-level meta-analysis when not aggregat-
ing to the geneset-level. T         20 
  -. T      ,    
  ≈ ±0205. T      -,    
   90% CI      . T 
           , 
  .
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