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Disclaimer 

This presentation reflects the views of the 
authors and should not be construed to 

represent FDA’s views or policies. 

2 



 
 

 

 
 

 

 

 
 

 

Outline 

¡ Network Meta-analysis 
l Case 1: Placebo Present 
l Case 2: Placebo Not Present 

¡ Bayesian subgroup analysis 
l Flexible Shrinkage estimators 
l Flexible Regression Type Adjustments 
l Application 

¡ Data augmentation 
l Propensity Score Matching schemes 
l Investigations 
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on-inferiority rial and hi orical trials with da a x and parameter of 

in erest 0. 

Trial Test Active-Control Placebo 

Historical Trial 1 01r 01c 01p 

A Xl C Xl ,P 

Historical Trial 2 02r 02c 02p 

A X2c X2p 

Historical Trial /\ 0 T 0 C 0NP 

A Xrc Xryp 
) 

Non-inferiority Trial 0( +l)T 0 (JV+l )C 0( +l)P 

XJ\ +1T XN+l,C NA 

NA = Not available 

Network Meta-analysis: 
Case 1: Placebo Present 
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In non-inferiority he ultimate goal is to quan I ify 0r - 0 p which can be 

decompo ed as 

(1) 

• De ermined via ..6. T and ..6.cp 

• :tvlod 1: Say T/it = g(0'it) t E {T, C P} and i = 1 . . . I 

(2) 

where ..6.ict = rJit - µ ic effec of reatn1ent t rela ive to trea ID· n C in study 

'l . 

Network Meta-analysis: 
Case 1: Placebo Present 
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Shnon (1999): ~ ct is fixed bet,ve n drug t and C 

• Schn1idli et al. (2013) based on Lu and Ades (2004) allo,v for ,ariabili y 

between udie i.e. ~ i t rv ( fj,_Ct a 2) 

• P(~ cT > A~cp) can al o be obtained! 

Network Meta-analysis: 
Case 1: Placebo Present 
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Sarnpling odel: Xi l rv Bin(pi t nit ) t E {T C, P} i = 1 . . . J\T + 1 i 

JV his 1 orical udies plus 1 non-inferiority study 

- lVIodel parame ers: logi (Pit ) = 0i c + l:::J,. i ,t, /:J.i t = 0 if t = C 

- Priors: 0i,C rv J.\ T(µ0 ,T]) /:J.i,t rv N (µLl ~ ) ,vhere µLl = (ope 8Tc )' 

~ = ((T2; pT)'; (pT; T2)') 

- Hyperprior : µ0 rv (0 100) Tj rv T (0 100)1(0 oo) o PC II 0Tc rv 

i\T (0, 100) T rv (0, l00)J(0 ) 

- Parame er of Interest : p +1 c = 1/(1 + exp(- 0 +1 c ) p r+1 t = 1/(1 + 
TJ +1 t) v.ih re rJ +1 t = exp{ - (01\ +t c + o r+ 1,t ) } , t E {T P} 

- Parame er of In erest: Pc = 1/(1 + exp(- 0c) Pt = 1/(1 + rJt) where 

'T/t = exp{ - (µ0 + 8t ) }, t E {T, P} 

Network Meta-analysis: 
Case 1: Placebo Present 

Predictive Network Meta-analysis 
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Network Meta-analysis: 
Case 1: Placebo Present 

Data (events/patient) from the ESSENCE non-inferiority trial and 6 historical 
trials, for active control (C: aspirin + heparin), test (T: aspirin + enoxaparin), and 
putative placebo (P: aspirin) 

Test Active-control Placebo OR (95% CI) vs. 
Active control 

ESSENCE non-inferiority trial 

99/1607 (6.2%) 121/1564 (7.7%) 0.78 (0.60, 1.03) 

Historical trials 

2/122 (1.6%) 4/121 (3.3%) 1.85 (0.39, 8.84) 

 
 

 

3/210 (1.4%) 7/189 (3.7%) 2.44 (0.67, 8.80) 

0/37 (0%) 1/32 (3.1%) 3.57 (0.14, 90.8) 

4/105 (3.8%) 9/109 (8.3%) 2.13 (0.67, 6.77) 

42/154 (27.3%) 40/131 (30.5%) 1.17 (0.70, 1.95) 

4/70 (5.7%) 7/73 (9.6%) 1.67 (0.49, 5.63) 

Total 55/698 (7.9%) 68/655 (10.4%) 
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Fix d margin me I hod anno be applied! OR (9. o/c CI) of a tive con rol 

v .. placebo i 0.673(0.449 1.011) . 

• Synthe is approach ma work bu ,\ clo e t o 1 (no pr servation) ! Solution: 

how T i superior to P. 

• Bayesian puta · ive placebo approa h (Simon; 1999) . Pr{g(0r) - g(0'p) < 

0} = 0.994 where g(0) = logit(0) 

Network Meta-analysis: 
Case 1: Placebo Present 
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Network Meta-analysis: 
Case 1: Placebo Present 

Posterior distribution: median (95% Credible 
Interval 

Parameter  Historical Historical and non-
inferiority 

Between-trial standard deviations for log-OR (vs. C), and log–odds (C)  

0.93 (0.60, 1.45) 0.90 (0.58, 1.40) 

0.18 (0.04, 0.53) 0.16 (0.02, 0.54) 

 
 

  

exp(oTP) 

P(T better than P) 

exp(8Tc) 

P (T better than C) 

exp(ocp) 

P(C better than P) 

OR and probability of superiority in ESSENCE NI trial 

0.50 (0.29, 0.91) 

0.987 

0.79 (0.59, 1.02) 

0.965 

0.64 (0.38, 1.02) 0.65 (0.35, 1.08) 

0.97 0.947 
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n-inf ri rit n 1 n his n 1 ri l with da a . , and p r m r f 

Trial Test Control Other Controls 

Historical Trial 1 01r 01c 01 c 1 

NA X1p X1p1 

Historical Trial 2 02r 02c 02c2 

NA x2,c X2C2 

Historical Trial 0NT 0 C 0NcK 

A X C XNpk 

Non-inferiority Trial 0(N+1)T 0 uv+1) 0uv +1) 1 .. . 0(IV+1)CK 

XN+1 ,T X +l C A 

NA = ot available 

Network Meta-analysis: 
Case 2: Placebo Not Present 
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. Dir, t co1.npari on bet'\l\re n p]acebo and activ - oni 1 ro] are not a ilable 

in the his11 ori, a] data. but i .he dire I con1pari on of 01 iher I r ai1 men 

1 on , ommon con1p r I or ar a, ailable 

,. Since dai a for (rJiC - rJc ) j E {1 ... . K} xi t , mod 1 (rtr - 11c) a · 

r/it = 'l]iC ~ itC i = l. ... . + 1 • (7) 

• A llow borro ing of informat ion from xi ting data and t th .ame 

1 1me s timate 

rJT - 'l]jc = (rtr - r,c) - (1J.1c - 'l]c) for j E {l .... . K}'! ( 

Network Meta-analysis: 
Case 2: Placebo Not Present 
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Sa1npling Mod 1: Xi,. rv Bin(pi t, nit) t E {T } · = N + l 

X',tao rv Bin(pi ni,ta ) t E { ' P} . = I ... N 

- Model pa.ram ter : lo git (Pi t) = 10i + b,.i.:f: b,. i:f = 0 if •- C 

- Prior : 0i O r-v N"(µ,e Ti) !J..i r-v D 1P (v· G , G rv (µ ~, :E 

- H yp rpriors: µ ,0 r-v N(O 100) Te · N(O, 100)/ (0 ) µ8. rv N (0 :E ) 

·~ = [ ( T 2: PT)\ (pT T ;)1] T rv N ( 0 a.2) f ( 0 ) 

Network Meta-analysis: 
Case 2: Placebo Not Present 

Predictive Network Meta-analysis with power prior for 
historical data 
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ibi -tic . 
, 1np · ns n 

#. of tria1 

2 

1 AP, -.. ·· A ·- 3 

I IG . -~ -_-AN 

I EL " .. _-.N 3 

1 

12 
99/ 2 '4 (3 -~ "% 
: 3/ 2- 0 ( Hl.6'%, 
41/ 2-,3. (l .2'% 
6~/26 -, (2 -.3'% 
11 / 4• 6 I :7, F,: ¾) 
I · '4/ 4 ... : (' ·6.3~) 
l -/ 100 ( 1 · .0% 
4:7 / 3-, ,1 (13.4:%, 
. . / 3 2 ( 1 . 9'% 
, / 67 I 11.9° 

3 . 1 , 
/ . ( ' 

104/ 6 (39.1 
. 1- 1· '"' 01 ) , -_ .,v i( 

3 / 1 ,.,' % ) 
· 1 · ·' 5- ( 1 (rt ) 

' ' • • 1_ l 11 ' IC . 

12 / 20 (2 . 
129/ '- g. (2 

1 / 9 ', (14. ¾ 
0/ ,47 1 ° 
9/. 3 - l %) 

0 

Network Meta-analysis: 
Case 2: Placebo Not Present 
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Network Meta-analysis: 
Case 2: Placebo Not Present 

Existing cSSSTI Trial Network 
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· A 
LIN 

• Al the u per bound of he redibl intervals bou the difference in 

clinical failure rate are les I han 0.10. 

,. Even for 1-3, who e ample ·ze i much smaller than 1-1 and I-

2. I on-inferioritJ :is demon trated b borro"\\ ing the streng hs from 

hi I rical da a . 

• U ual confiden e interva] wi h continui1· y corr tion for the t" o- amp]e 

proportion difference i ( - 0..2 , 0.11) ! 

Parameters of interest :6 I t rial 
1-1 

O.h (O.L 1119) -
0. .19) ..!0.02 ( 

_ 2) 0 .01 (-
·, 

mates from t h.e networ k . 

. . . - 0.19) -
0.13 (0. 0.19) ..!0.02 (-0.06 0.0 ·, 
0.16 0. . 0. -2} 0.01 (-0.04. 0. ) 
. I 0.01 (-0.04. 0 .07) 

(0.11 0.32) -
(0.0 
(0. 1 

tr O burn-in. 
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Network Meta-analysis: 
Case 2: Placebo Not Present 



 
 

· red cted riisk differences in NI bial 

□ . 1 ........ ,_ liiiiiiiil liiiiiiiil, liliiiiia _ liiiiiil ~ _ liiiiiiiiil ,1iiiiiiiil ___ ... _ ~ __ .... ___ ~ _ -- __ _ 

0 .1 -

CEF vs LIN EF s. DAP EF vs Tl E s. L 
Treatmerd compariso 

Network Meta-analysis: 
Case 2: Placebo Not Present 
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·vancomycin 
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ran 
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Network Meta-analysis: 
Case 2: Placebo Not Present 

Rankogram  
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Bayesian Subgroup Analysis 

● Streamlined or ‘Tier C’ approach: small trial including 
infections from different body sites with common infecting 
MDR pathogen 

● Bayesian hierarchical modeling allows for borrowing of 
information from one subgroup to another 

● Effect Modification: waters down the effect of promising 
subpopulation while attenuates in subpopulation where it is 
less effective -- not unique to Bayesian models 

● Assumes it is acceptable to exchange treatment responses in 
different treatment groups/infections (Exchangeability) 
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Let Yj ij be h t rea rnent respon e for subject ij ij = 1 . . . nj in subgroup 

j j = 1 . . . J. For Yji1 l0j rv Ber(pj) 

(3) 

• Wha are appropria e 1nodel for 0j? And, wha is th choice of G, if ther 

is such a distribution? 

• de Finetti Theorem: her i . a distribution G uch hat 

(4) 

i.e. , 01 , . .. 0J are iid given G(TJ) i T)' rv P. 

Bayesian Subgroup Analysis 
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Model 1: Simpl hrinkage 1, par ially exchang abl 

v-.rher G : 

a jij lH rv H H ip, Ho rv DP(p Ji) Ho~ N(O T 2 ) p rv r (2 1) 

VJj rv (0 w!j)~ W'4i1 rv N(O l )l (O: 

• DP prior on a ji1 i:r: duce a product parti ion model (Hartigan 1 1990) on the 

di I ribution of p 

Bayesian Subgroup Analysis: 
Flexible Shrinkage Estimators 
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ibi -tic . 
, 1np · ns n 

#. of tria1 

2 

1 AP, -.. ·· A ·- 3 

I IG . -~ -_-AN 

I EL " .. _-.N 3 

1 

12 
99/ 2 '4 (3 -~ "% 
: 3/ 2- 0 ( Hl.6'%, 
41/ 2-,3. (l .2'% 
6~/26 -, (2 -.3'% 
11 / 4• 6 I :7, F,: ¾) 
I · '4/ 4 ... : (' ·6.3~) 
l -/ 100 ( 1 · .0% 
4:7 / 3-, ,1 (13.4:%, 
. . / 3 2 ( 1 . 9'% 
, / 67 I 11.9° 

3 . 1 , 
/ . ( ' 

104/ 6 (39.1 
. 1- 1· '"' 01 ) , -_ .,v i( 

3 / 1 ,.,' % ) 
· 1 · ·' 5- ( 1 (rt ) 

' ' • • 1_ l 11 ' IC . 

12 / 20 (2 . 
129/ '- g. (2 

1 / 9 ', (14. ¾ 
0/ ,47 1 ° 
9/. 3 - l %) 

0 

Bayesian Testing: 
Example 2 

22 



  
 

Tru mean for O'.ji; is µ a = I:f P i µ ak v. here µ ak is th mean of cluster k 

in e the fini e repre en ation of H (Se huraman and Tiwari 1982) is 

L 

H = L 1fk0ak; 1rL = 1 - 7f1 - • • • - 7rL-1 

k=l 

( ) 

• The J subgroups are assumed a priori normally distribu ed wi h common 

mean and variance. Although he DP prior for O'.ji1 allow clu t ering a 

posteriori, it i t ill a priori exchangeabl with respect to experim n al 

units 

• Model maybe too parsimoniou ! 

Bayesian Subgroup Analysis: 
Flexible Shrinkage Estimators 

23 



  
 

Iodel 2A:· Shrinkage" i1 h regre ion, paxt iall ~· exchang bl 

0-- = :, . . 
J j J j 

-- , + . -A.I 1G --h r G · 
]j J ' 

arj lH ,_ H, H ip R rv DP(p H ) Ho r-.J N(O T 2) p rv r (2 1) 

/3J rv (0, w,2j); w, j rv . (0 1)/ (0 ) 

j rv .· ( 0 .· j) W' j ~ N ( 0 1) J (0 ) 

Bayesian Subgroup Analysis: 
Flexible Shrinkage Estimators 
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Subgroup - j = 1 . . . J for1ned from par it ions of oovariai x ·i and ~ 

where = 1 . . . S I udi and 'I','. ar udy- pecific t r atin, n indica1 or . 

• · 1ode] 3: Regres ion-11ype (Dixon-' itnon 991 ) partially exchangeable 

1ogit(pi ) = ,0i i = 1 . . . = 1 . . . S 

,0- = • i + x · /31 Ti /32. ,....... G where G : 

, i IH rv H H] p Ho rv DP(p Ho) Ho rv (0 r 2), p ,....., I' (2,. 1) 

1 rv (0, 2 ) w 
fJh ' .' ls 

,......, (0 1)/(0 ) 

(0 l )J (O ) (0, 2' ) w 2 /",./ rv 
2s ' , 8 

Bayesian Subgroup Analysis: 
Flexible Regression-type Estimators 
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. i:Iodel 4. R gr , ion-1 ype ( tr abnent int raction) par1 iall ex hangeabl 

= I ... S 

,0,; = , · + x · 1 + 'To· ( . 0 . + x · /3·3• )· wher G : ., i i i ~s i . 

i IH r-v H H]p Ho rv DP(p Ho) Ho A.J '(0 T 2), p r-..1 I' (2, I) 

(0 I )J (O ) /31 (0 2 ) ,...,_, 
/118 'w rv 

le 

(0 l )J (O ) (0 2 
2 

,......., /3 ) . w . f'v 
2.s , ' - B 

(0 1 J (O ) /33 f"'-.J (0 W2 ) .. W , 3 t"-.J 
38 , 8 

•• ,i\ h en , j = 0 he mode] reduce to a.n xchangeable 1 i -ord r in era t ion : 

Dixon-Siln n ( 1991) 

Bayesian Subgroup Analysis: 
Flexible Regression-Type Adjustments 
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Clu 1 • r S k .k = 1 . . . K partiti ns he J'lj , : = 1: ... : n1 J 

1 . .. J so I h.at jij IH k, Hk i o ,p· \ ith base di ributi n R rv N(O) 7 2 

and coh ion/con n1 r.ati n , o ffic ien , (S . ) = pf( ISk l 1 J )1. when ·· jij E 

•• Se L on- ovello , t al (2012) for imilar formul .1 ion I hrough non

. xchang, abl pro du t par ition mod ls 

Bayesian Subgroup Analysis: 
Non-exchangeable Shrinkage Estimators 
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Model 2B: Shrinka.g " ri1 h r · gre ion, non- xchancr, abl 

logit (Pjij) = 101i1 · = 1, .. . , n1 j = l . . . J 

0jij = ,Xjij /3j + 1• ~Fj rv c: , h r G : 

,jijlHk · Hk HklPHorvD'P(p Ho) Ho (07'),prv (21) 

i A.I (0, W'~j) , w j ~ . (0 1)/ (0 ) 

Bayesian Subgroup Analysis: 
Non-exchangeable Shrinkage Estimators 
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tlode] 2C: Shrinkage "rith regre sion ex hangeabl -non-exchang able (EX EX) 

• For each ubgroup j , ji1 take on valu from a mixture of k di 1 r ibu ions 

H. H i cotnpo ed of H k , i h probability Pk [ a Hk = N (Oi Tf) ] and o 

orr and HF = . (µ . T 2) ,vi h probabilit 1 - ~k Pk 

Bayesian Subgroup Analysis: 
Exchangeable Non-exchangeable Shrinkage 

Estimators 
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The pro babiliti Pk an be . or data dri en u ing a degen r , 1 • • Dirich-

1 t di t ribution prior on {P1, ... , Pk-1} 

•• Ther• will be ubgroups j , j' ,vith th am di 11 ribu i n Hk ( x, hange

abl ) r difF. r nt di I ribu ion non- xchan(T able) . 

Bayesian Subgroup Analysis: 
Exchangeable Non-exchangeable Shrinkage 

Estimators 
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Bayesian Subgroup Analysis: 
Application 

Partially Exchangeable Non-
exchange 

able 

EXNEX 

  
 

 

 

 
     Odds Model 1 Model 2A Model 3 Model 4* Model 2B Model 2C 

Ratio 
OR(TRT1,T 
RT2) 

1.87 (0.78, 
4.62) 

1.52 (0.72, 
3.77) 

1.50 (0.72, 
3.76) 

1.54 (0.74, 
3.83 

1.59 (0.61, 
5.29) 

1.68 (0.68, 
4.93) 

OR(TRT1,T 
RT3) 

0.59 (0.24, 
1.35) 

0.69 (0.28, 
1.43) 

0.69 (0.28, 
1.46) 

0.63 (0.25, 
1.45) 

0.73 (0.23, 
1.97) 

0.66 (0.24, 
1.62) 

OR(TRT1,T 
RT4) 

1.88 (0.60, 
5.73) 

1.42 (0.61, 
4.00) 

1.14 (0.65, 
2.76) 

1.22 (0.69, 
3.14) 

1.57 (0.55, 
5.92) 

1.62 (0.57, 
7.10) 

* Odds ratio is computed at a certain level of covariate 
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Bayesian Subgroup Analysis: 
Application 

Predictive Probability of Success Per Subgroup and Model 
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Bayesian Subgroup Analysis: 
Application 

Partially Exchangeable Non-
exchangeable 

EXNEX 

  
 

      

.· tlod 1 fit as e ed through logarithm of h pseudo-marginal lik lihood 

(LP' 'lIL 

J ~ J ~ 

LPML = LLloo-p 1 yjii lY-iii) = LL logCP 1Djij 
j = l i=l j =l i=l 

Model 1 Model 2A Model 3 Model 4 Model 2B Model 2C 

-435.4 -425.9 -424.5 -422.5 -421.3 -425.5 
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Data Augmentation 

¡ A clinical trial design that relies on a historical or external control 
may be acceptable to evaluate efficacy in a patient population with 
an unmet need. 

¡ Caveats: 
l control patients should be as similar as possible to the 

population expected to receive the investigational drug in the 
trial 

l currency of the historical control group also should be 
considered 

¡ Consider the possibility of randomizing at least a small number of 
patients to the active control in the trial (e.g., through 
disproportionate randomization of 3:1, 4:1, among others) 
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ceiv :r• atment E and nc patien . a ign d i o r ·c iv; trea 1nent ,G 

nE = nc = 300 i\ = nE nc. 

• Consider T1 a main trial and reduce numb r of pai ient in I he ontrol 

group o i ha randon1iza ion r im:ic r : 1 r > 1. a if r = 2 th n 

random] di , ard 150 patients in T1 , ontrol group. Denote I he reduc d 

rial b Ti(nE;· nrc ) whi h has N · = nE + nrc pa i rn 

·• L t R(nE n, ) h the re rvoir; which ha nc = nc + ~r con rol records 

from T2 and h d i carded control r, cord from T1 and nE pati n · r cord 

Data Augmentation: 
Data Structure 
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Let XEi b e he trea m nt respons of subject i in th experi1nental group, 

i = 1 ... nE and x 1 be the trea men re poni of i ubject j in the con rol 

gro 1 p j = 1 . . . nc 

• Let WE = 1 indi ate that the reatn1ent st atu i E and le 1 i and ei be , h 

· s im ted propensi s ore of T1* and R given measured covariate Z1 i.e. 

i = 1, . . . - * (6) 

and 

(7) 

Data Augmentation: 
Propensity Score Matching 
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G 1OAL: us t h prop n ity car, · timate i to u1at, h I he or · and 2. 

bring in ub je t wi h 1nat1 hed cor from I h r cord of active-, ontrol 

tr a d pati n in R to augm, n h con1 rol group in T1 . 

• T au m nt T1(nE 7) n d at mo t n . - nc 
r ubj 

lll]ill]C a 1 : I r·andomiza ion. ' inc Tl has nE = rn 1. • ~ nE > n 
how doe . ma11 ching h 1ppen? 

,. Ho~v much I o a.u 1.n, nt/borrow? nc = 

,. n, ight d or weio-h , • d r, · atmen1 r, pan • 

Data Augmentation: 
Propensity Score Matching 
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rim, nt 1 
(n = 00) 

pair mat" h 

C nt r J 
n · = 4r-:·,0) 

ke p 
300 - ----- 40 1

' 
---- 1 0 

lf\ t urn 
30 

l d:i -. 

~ 

I igur, · ·· 1: xampl .. f m · chin · -ch m, 1. 

Data Augmentation: 
Matching Scheme 1 
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ont rol Experimental Control 
(nc = 150) (nE = 300) (fie = 450) 

Strata 

sorted pair match keep 
150 irscore 30 450 15 

pair match l return keep 
30 435 15 

pair match l return keep 
30 420 15 

pair match l return keep 
30 405 15 

pair match l return keep 
30 390 15 

pair match l return keep 
30 375 15 

pair match l return keep 
30 360 15 

pair match l return keep 
30 345 15 

pair match l return keep 
30 330 15 

pair match l return keep 
30 315 15 

pair match l return keep 
30 300 15 

l return 
2 5 

l ctiscard 

~ 

Data Augmentation: 
Matching Scheme 2 
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Experimental Control 
(nc = 150) (ne = 300) (iic = 450) 

Strata 

sorted sorted pair match keep p-score 12 p-score 30 450 18 

pair match l return keep 
7 30 438 23 

pair match l return keep 
1 30 431 29 

pair match l return keep 
10 30 430 20 

pair match l return keep 
9 30 420 21 

pair match l return keep 
11 30 411 19 

pair match l return keep 
6 30 400 24 

pair match l return keep 
19 30 394 11 

pair match l return keep 
15 30 375 15 

pair match l return keep 
13 30 360 17 

pair match l return keep 
11 30 347 19 

l return 
336 

l discard 

@ 

Data Augmentation: 
Matching Scheme 3 
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Success ra1 at primary endpoirn, of th con1bined ,~c + nc p tient trea ed 
with a iv ~control fron1 Ti and R v . tha11 of randomly elec ed ( unmat hed) 
iic = 150 record of active-con:1 rol rea d pa1 ient from R. Da hed lin : 1nean 
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(8) 

where e(Zi) is he e1 timated propen ity s ore for observation i given covari

ates zi. 

" • Average treatment effect (ATE) 5 for * observa ion 1 calcul ted as 

where xi is the treat1nent re . ponse for patient i a ·er ain endpoin . 

Data Augmentation: 
Investigations 
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Scheme 1. D.. hed line: t11ean ucce r · 1 e of experimental drug in Ti · do ted 
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Data Augmentation: 
Investigations 

Unweighted: T-C = -0.0082 (-0.0767, 0.0602) 
Weighted: T-C = -0.0543 (-0.1248, 0.0162) 
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Unweighted: E-C = 0.0013 (-0.0656, 0.0683) 
Weighted : E-C =-0.0495 (-0.1203, 0.0213) 
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lin : mean su e ra1 es of rte = 300 ontrols from T1 · do da hed line: weicrhted 
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Data Augmentation: 
Investigations 

Unweighted E-C = 0.0029 (-0.0657, 0.0714) 
Weighted E–C = -0.0548 (-0.1253, 0.0157) 
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Data Augmentation: 
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Covariate Experimental Cont rol [D p-valu Stratum 
3 REGION: S/ Canada 2.00 35 .00 107.00 0.00 1 
4 REGION:Eur pe 15.00 50.00 - 0.00 0.00 1 
9 FEVER:Fever 1 .00 40.00 -51.00 0.00 1 

13 BLAGRP: > =75-150 33.00 10.00 5 .00 0.01 1 
14 BLAGRP: > l uOL3oo 39.00 15.00 06.00 0.01 1 
15 BLAGRP:>300L600 13.00 2.00 -70.00 0.00 1 
16 E LA GRP: > 600~ 1000 5.00 30.00 -6 .00 0.0 1 
25 REGION: / Canada 2.00 63 .00 42.00 0.03 2 
26 REGION:Europe 15.00 33 .00 -43.00 0.02 2 
32 I FECT:Cellulif /ery ipela.s 39.00 60.00 -44.00 0.04 2 
44 IN 'ISIO 0.45 0.67 -0.45 0.02 2 

CI IO_ 0.45 0.71 -0.54 0.01 4 

90 Blvll 27.90 29' !)g -0.42 0.03 5 
105 NDR G:N 65.00 37.00 5 .00 0.00 5 
149 N DR. G:N 65.00 43 .00 44.00 0.04 7 
157 REGION: / Canada 2.00 100.00 -67.00 0.01 

REGION:Europe 15.00 0.00 60.00 0.01 
BLAGRP: > lo0-300 39.00 63.00 -50.00 0.01 
B:tvll 27.90 25 .30 0.46 0.02 9 

179 REGION: I anada 2.00 100.00 -67.00 0.01 g 

1 0 REGION:Eur pe 15.00 0.00 60.00 0.03 !} 

rn INCISIO 0.45 0.21 0.51 0.00 g 

201 REGION: 2.00 100.00 -67.00 0.05 10 

220 0.45 0.00 0. 0.00 10 

Data Augmentation: 
Investigations 

Unbalanced covariates for certain strata after matching using Scheme 2 
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