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“Substantial evidence” is required to demonstrate product 
effectiveness

So u rc e : FDA. Su b s ta n tia l Evid e n c e  o f Effe c tive n e s s  fo r Hu m a n  Dru g  a n d  Bio lo g ic a l Pro d u c ts  Gu id a n c e  fo r In d u s try. De c  2019 .
3

Quality

Quantity

Ge n e ra lly e n ta ils  two adequate and well - controlled c lin ic a l in ve s tig a tio n s  

Mitig a te s  p o s s ib ility o f a  s in g le  
in ve s tig a tio n ’s  re s u lts  b e in g  
e rro n e o u s  d u e  to  b ia s  o r 
c h a n c e

Ra n d o m ize d  ( c o n c u rre n tly c o n tro lle d , 
s u p e rio rity)  d e s ig n  with  p ro to c o lize d  
a s s e s s m e n ts  p ro vid e s  m o s t c e rta in ty in  
in te rp re ta t io n

“evidence consisting of adequate and 
well - controlled investigations…by experts 
qualified by scientific training and 
experience to evaluate the effectiveness of 
the drug involved…could fairly and 
responsibly be concluded by such experts 
that the drug will have the effect it 
purports… under the conditions of use 
prescribed, recommended, or suggested 
in the labeling or proposed labeling 
thereof”

– FD&C Ac t s e c tio n  5 0 5 (d )  ( 21 U.S.C. §
35 5 (d ) )
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FDA accepts an alternative evidentiary 
approach when…
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The disease is life -
threatening or 

severely 
debilitating with 
unmet medical 

need

No randomized 
concurrently 

controlled 
superiority trial is 
ethical or feasible

&
Eve n  wh e n  
tru e , th e  
substantial 
evidence 
s ta n d a rd  m u s t 
b e  m e t 
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Establish scientific feasibility

Pivotal RWE for label claims 
Establish regulatory feasibility
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Establishing regulatory feasibility
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Pivotal RWE for label claims 
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SURF is a screening tool to  h e lp  a  s p o n s o r d e te rm in e  
wh e th e r it  m a ke s  s e n s e  to  e xp lo re  th e  u s e  o f RWD to  m e e t 
th e  re g u la to ry e ffe c tive n e s s  e vid e n tia ry s ta n d a rd s  fo r a  
p a rtic u la r c lin ic a l d e ve lo p m e n t p ro g ra m

Ba s e d  o n  o u r a n a lys is  o f FDA’s  g u id a n c e , le a rn in g s  fro m  
re vie w o f u s e  c a s e s , a n d  o u r e xp e rie n c e

RWE e xp e rts  (p a rtn e rin g  with  c lin ic a l a n d  re g u la to ry 
c o lle a g u e s )  a p p ly SURF to  a  d e ve lo p m e n t p ro g ra m  

Establish scientific feasibilityEstablish regulatory feasibility

Ca m p b e ll, UB e t a l. C lin  Ph a rm a c o l Th e r. ( 2023)  d o i: 10 .1002/ c p t.3021. 
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Figure 1. SURF screening tool
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Ca m p b e ll, UB e t a l. C lin  Ph a rm a c o l Th e r. ( 2023)  d o i: 10 .1002/ c p t.3021. 
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Is  th e  in d ic a tio n  a  life - th re a te n in g  o r 
s e ve re ly d e b ilita tin g  d is e a s e  with  u n m e t 
n e e d ?

Is  a  ra n d o m ize d , c o n c u rre n tly c o n tro lle d  tria l 
u n e th ic a l o r in fe a s ib le ?

Ca n  th e  p rim a ry e n d p o in t b e  o b je c tive ly 
m e a s u re d  o u ts id e  o f a n  in te rve n tio n a l tria l?

Is  th e  n a tu ra l h is to ry o f th e  in d ic a tio n  we ll-
e s ta b lis h e d ?

Are  th e re  o th e r s o u rc e s  o f ro b u s t 
c o n firm a to ry e vid e n c e ?

Is  th e  tre a tm e n t e xp e c te d  to  h a ve  a  la rg e   
e ffe c t?

1

2

3

4

5

6

The SURF questions: 

Ca m p b e ll, UB e t a l. C lin  Ph a rm a c o l Th e r. ( 2023)  d o i: 10 .1002/ c p t.3021. 
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INCREASES REGULATORY FLEXIBILITY:Fills  u rg e n t 
p u b lic  h e a lth  n e e d

INCREASES REGULATORY FLEXIBILITY:Go ld  s ta n d a rd  
d e s ig n  is  n o t fe a s ib le

MITIGATES UNCERTAINTY: Mu s t b e  m e a s u re d  in  ro u tin e  
c lin ic a l c a re  a s  a  p re - c o n d itio n  to  b e  c a p tu re d  in  RW 
d a ta  s o u rc e s

MITIGATES UNCERTAINTY:Pre d ic ta b le , we ll- kn o wn  
o u tc o m e  ris ks  in  u n tre a te d  p a tie n ts

MITIGATES UNCERTAINTY:Co rro b o ra tin g  e vid e n c e  
fro m  o th e r s o u rc e s  

MITIGATES UNCERTAINTY:Mo re  like ly to  o ve rc o m e  
in e vita b le  b ia s  

1

2

3

4

5

6

Implications for RWD acceptability: 
Is  th e  in d ic a tio n  a  life - th re a te n in g  o r 
s e ve re ly d e b ilita tin g  d is e a s e  with  u n m e t 
n e e d ?

Is  a  ra n d o m ize d , c o n c u rre n tly c o n tro lle d  tria l 
u n e th ic a l o r in fe a s ib le ?

Ca n  th e  p rim a ry e n d p o in t b e  o b je c tive ly 
m e a s u re d  o u ts id e  o f a n  in te rve n tio n a l tria l?

Is  th e  n a tu ra l h is to ry o f th e  in d ic a tio n  we ll-
e s ta b lis h e d ?

Is  th e  tre a tm e n t e xp e c te d  to  h a ve  a  la rg e   
e ffe c t?

The SURF questions: 

Are  th e re  o th e r s o u rc e s  o f ro b u s t 
c o n firm a to ry e vid e n c e ?

Ca m p b e ll, UB e t a l. C lin  Ph a rm a c o l Th e r. ( 2023)  d o i: 10 .1002/ c p t.3021. 
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Key themes arising from FDA guidances

Fit - for -
purpose 

data

Trans -
parency & 

reproducibility

Timely 
engagement

Principled 
approach

Totality 
of the 

evidence

Regulatory 
approach

Study specific + design focused
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Study lifecycle

Communication of resultsProtocol implementationProtocol development

13
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Study lifecycle

Communication of resultsProtocol implementationProtocol development

Post hoc 
analyses…

Convert … 
into code

Protocol 
finalization

…
Research 
question 

Dissemination…Synthesis

14
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Published standards support decision - grade RWE

Protocol development

Protocol 
finalization

Data 
explorations

Design RWE study 
& identify FFP data

Hypothetical 
target trial

Research question 

15
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Published standards support decision - grade RWE
Protocol development

Protocol 
finalization

Data 
explorations

Design RWE study 
& identify FFP data

Hypothetical 
target trial

Research question 

16
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SPIFD2 Framework
Co m b in e s  a n d  u p d a te s  th e  p re d e c e s s o r SPACE a n d  SPIFD fra m e wo rks  to  p ro vid e  a  
s te p - b y- s te p  p rin c ip le d  p ro c e s s  fo r RW d e s ig n  & d a ta  s e le c tio n  

Source: Ga tto  e t a l, CPT 2023

Protocol development

Step 1: State the research aim, question, and objectives
1a : Ove ra rc h in g  re s e a rc h  a Im  

1b : Re s e a rc h  q u e s tio n

1c : Prim a ry o b je c tive ( s )

Step 2: Describe the hypothetical target trial 
2a : Co n c e p tu a l d e fin itio n

2b : Ta rg e t tria l d e fin itio n  

Step 3: Describe RW emulation of the hypothetical target trial
Ste p  3a : Be s t- c a s e  o p e ra tio n a liza t io n  u n d e r ro u tin e  c lin ic a l c a re

(Se e  SPIFD2 Ta b le  S2 fo r p o te n tia l c o n fo u n d e r id e n tific a tio n )

Step 4: Identify a fit - for - purpose dataset
4a : Min im a l c rite ria  fo r va lid  o p e ra tio n a liza tio n  in  RWD s o u rc e

4b :  RWD m in im a l c rite ria  ra n kin g  with  re g a rd  to  u n iq u e n e s s  a n d  im p o rta n c e

4c : De ta ile d  d a ta  s o u rc e  fe a s ib ility a s s e s s m e n t fin d in g s  a n d  s u m m a ry h e a t m a p

4d : Pra c tic a l c o n s id e ra tio n s

Step 5: Document final RW operationalization, rationale, validity concerns, & 
approaches to address these concerns
5a : Fin a l RW o p e ra tio n a liza t io n  in  STa RT- RWE

5b :. Ra tio n a le  fo r fin a l o p e ra tio n a liza tio n  o f RW s tu d y d e s ig n  e le m e n t o r va ria b le

5c : Va lid ity c o n c e rn s  re la te d  to  RW o p e ra tio n a liza tio n , s e le c te d  RW d a ta  s o u rc e  a n d / o r s tu d y d e s ig n

5d : Ho w th e s e  va lid ity c o n c e rn s  a re / will b e  a d d re s s e d17
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SPIFD2 template s im p lifie d  vie w
Ste p  2 - De s c rib e  th e  h yp o th e tic a l ta rg e t tria l

Protocol development

Abbreviations: HTT ( Hyp o th e tic a l Ta rg e t Tria l)

STEP 1:  STATE THE RESEARCH QUESTION, AIMS, AND OBJECTIVES

1a
1b
1c

STEP 2:DESCRIBE HTT STEP 3: DESCRIBE RW STUDY 
EMULATION OF HTT

STEP 4:IDENTIFY FIT- FOR- PURPOSE RWD SOURCE STEP 5: DOCUMENT FINAL RW OPERATIONALIZATION,
RATIONALE, VALIDITY CONCERNSAND APPROACHES TO 

ADDRESS THESE CONCERNS

De s ig n  Ele m e n ts 2a 2b 3a 4a 4b 4c Da ta  
So u rc e  1

Da ta  
So u rc e  2

Da ta  
So u rc e  3

5a 5b 5c 5d

General

Es tim a to r
Tre a tm e n t g ro u p  a s s ig n m e n t, 
Tim e  ze ro  
Le n g th / fre q u e n c y o f fo llo w- u p  
Sa m p le  s ize  n e e d e d

Variable Related

In c lu s io n  & Exc lu s io n  Crite ria
Tre a tm e n t & Co m p a ra to r Gro u p
Prim a ry Ou tc o m e
Ke y Se c o n d a ry Ou tc o m e ( s )
Su b g ro u p s
Co n fo u n d e rs

Practical Considerations (4d)

Bu d g e t
Tim e lin e
Oth e r

18

Source: Ga tto  e t a l, CPT 2023
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RWD use

Indication

Primary 
endpoint 

Comparator 
data sources 

Treatment 
group data 
source

Epi / stats 
methods

Be n c h m a rk

Su rviva l a n d  
in d e p e n d e n t s ittin g

Two  p u b lis h e d  RW 
n a tu ra l h is to ry s tu d ie s

NA - Be n c h m a rk o n ly

ZOLGENSMA® 
(onasemnogene 

abeparvovec - xioi)

Sp in a l m u s c u la r 
a tro p h y (TA: Ne u ro lo g y)

Org a n  re je c tio n  
p re ve n tio n  in  lu n g  

tra n s p la n t p a tie n ts
(TA: Tra n s p la n ta tio n )

Be n c h m a rk +  CS

1- ye a r g ra ft a n d  o ve ra ll 
s u rviva l

Be n c h m a rk: p u b lis h e d  
n a tu ra l h is to ry s tu d ie s  

CS: c o n c u rre n t c o h o rt 
fro m  s a m e  re g is try

CS: m u ltiva ria b le  Co x 
p ro p o rtio n a l h a za rd s  

m o d e ls  u s e d  to  
e s tim a te  a d ju s te d  

h a za rd  ra tio

PROGRAF®
(tacrolimus)

20

His to ric a l u n tre a te dComparator 
group

Be n c h m a rk: h is to ric a l 
u n tre a te d

CS: c o n c u rre n t  a c tive  
c o m p a ra to r- tre a te d

Sin g le - a rm  tria l
US Sc ie n tific  Re g is try o f 
Tra n s p la n t Re c ip ie n ts /  
SSA De a th  Ma s te r File  

So u rc e : Ae tio n  a n a lys is ; FDA/ EMA d ru g  a p p ro va l d o c u m e n ts .
ECA =  e xte rn a l c o n tro l a rm ; CS =  c o h o rt s tu d y

Be n c h m a rk

Co n g e n ita l a th ym ia  
( TA: Im m u n o lo g y)

Po o le d  d a ta  fro m  10  
s in g le - a rm  tria ls  

c o n d u c te d  o ve r 28 - ye a r 
p e rio d

Co n c u rre n t RW c o h o rt 
re fe rre d  to  th e  s a m e  

in ve s tig a to r wh o  
c o n d u c te d  th e  tria ls

Co n c u rre n t u n tre a te d , 
s u p p o rtive - c a re  p a tie n ts

ECA

Hu tc h in s o n -
Gilfo rd  p ro g e ria  s yn d ro m e  
a n d  p ro c e s s in g - d e fic ie n t 
p ro g e ro id  la m in o p a th ie s  

(TA: Ge n e tic  d is o rd e r)

Se c o n d a ry a n a lys is  o f 
p o o le d  d a ta  fro m  two  

p u b lis h e d  in ve s tig a to r-
in itia te d  s in g le - a rm  tria ls

Co n c u rre n t RW c o h o rt 
fro m  th e  Pro g e ria  

Re s e a rc h  Fo u n d a tio n  
in te rn a tio n a l re g is try

Co n c u rre n t u n tre a te d  
p a tie n ts

ECA

Pre ve n tio n  o f m a jo r c lin ic a l 
e ve n ts  in  p a tie n ts  with  
lo n g - c h a in  fa tty a c id  

o xid a tio n  d is o rd e rs
(TA: Me ta b o lic  d is e a s e )

Sin g le - a rm  tria l

Pre - tria l RW d a ta  
o b ta in e d  fro m  tria l 

p a rtic ip a n ts ’ m e d ic a l 
re c o rd s

His to ric a l u n tre a te d  
p a tie n t t im e  ( s e lf-

m a tc h e d )

RETHYMIC®
(allogeneic processed 
thymus tissue – agdc)

ZOKINVY®
(lonafarnib)

DOJOLVI®
(triheptanoin)

NA “Ma tc h in g  a lg o rith m ”, 
“c e n s o r u n tre a te d ”

“Re tro s p e c tive  vs  
p ro s p e c tive  s tu d y 

p e rio d s ”

De a th De a th
Major clinical events

(rhabdomyolysis, hypoglycemia, or 
cardiomyopathy)

Looking across FDA approval case studies: Rare diseases



© Aetion, Inc.21 So u rc e : Ae tio n  a n a lys is ; FDA d ru g  a p p ro va l d o c u m e n ts .

Key factor ZOLGENSMA® PROGRAF® RETHYMIC® ZOKINVY® DOJOLVI®

Ap p ro va l typ e Fu ll Fu ll Fu ll Fu ll Fu ll

RWD ro le  in  
a p p ro va l

Be n c h m a rk:
Su b s ta n tia l 

e vid e n c e

Be n c h m a rk:
Su b s ta n tia l 

e vid e n c e

CS:
No t 

c o n s id e re d

Be n c h m a rk: 
Su b s ta n tia l 

e vid e n c e

ECA:
Su b s ta n tia l 

e vid e n c e

ECA:
No t 

c o n s id e re d

Looking across FDA approval case studies: Rare diseases
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Looking across FDA approval case studies: Rare diseases
Key factor ZOLGENSMA® PROGRAF® RETHYMIC® ZOKINVY® DOJOLVI®

Ap p ro va l typ e Fu ll Fu ll Fu ll Fu ll Fu ll

RWD ro le  in  
a p p ro va l

Be n c h m a rk:
Su b s ta n tia l 

e vid e n c e

Be n c h m a rk:
Su b s ta n tia l 

e vid e n c e

CS:
No t 

c o n s id e re d

Be n c h m a rk: 
Su b s ta n tia l 

e vid e n c e

ECA:
Su b s ta n tia l 

e vid e n c e

ECA:
No t 

c o n s id e re d

Cle a r u n m e t 
n e e d
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RWD use ECA

Ove ra ll s u rviva l

Fla tiro n - FMI d a ta b a s e

Pro p e n s ity s c o re - we ig h te d  
a n a lys is , with  e s tim a te d  

h a za rd  ra tio

Sin g le - a rm  tria l

Re la p s e d , re fra c to ry 
m u ltip le  m ye lo m a  

(TA: On c o lo g y)

ECA +  Be n c h m a rk

Ove ra ll re s p o n s e  ra te

ECA: c o n c u rre n t c o h o rt (m ix 
o f tria l s ite s , re g is trie s  a n d  

re s e a rc h  d a ta b a s e )  
Be n c h m a rk: p u b lis h e d  

s tu d ie s

ECA: trim m e d  s ta b ilize d  
in ve rs e  p ro b a b ility o f 
tre a tm e n t we ig h te d  

p ro p e n s ity s c o re

Sin g le - a rm  tria l

BALVERSA®
(erdafitinib)

ABECMA®
(idecabtagene vicleucel)

Indication

Primary 
endpoint 

Comparator 
data sources 

Treatment 
group data 
source

Ad va n c e d  u ro th e lia l 
c a rc in o m a  with  FGFR 

a lte ra tio n
(TA: On c o lo g y)

Epi / stats 
methods

23

ECA: c o n te m p o ra n e o u s  
a c tive  c o m p a ra to r- tre a te d
Be n c h m a rk: o th e r th e ra p ie s

Comparator 
group

Co n te m p o ra n e o u s  a c tive  
c o m p a ra to r- tre a te d

Looking across FDA approval case studies: Oncology

So u rc e : Ae tio n  a n a lys is ; FDA/ EMA d ru g  a p p ro va l d o c u m e n ts .
ECA =  e xte rn a l c o n tro l a rm ; CS =  c o h o rt s tu d y

ECA

Tu m o r g ro wth  ra te  a n d  
p ro g re s s io n - fre e  s u rviva l

Site s  e n g a g e d  in  Na tio n a l 
Ca n c e r In s titu te - le d  n a tu ra l 

h is to ry s tu d y 

Ag e - m a tc h in g ; a d ju s te d  
e s tim a te s  o f g ro wth  ra te  
d e rive d  fro m  a  ra n d o m  
c o e ffic ie n t m ixe d  m o d e l 

KOSELUGO® 
(selumetinib)

Ne u ro fib ro m a to s is - 1 with  
s ym p to m a tic , in o p e ra b le  
p le xifo rm  n e u ro fib ro m a

(TA: On c o lo g y)

Co n te m p o ra n e o u s  
th e ra p e u tic  c la s s - u n tre a te d  

Sin g le - a rm  tria l

Re la p s e d  o r re fra c to ry 
d iffu s e  la rg e  B- c e ll 

lym p h o m a

ECA

Ove ra ll re s p o n s e  ra te

His to ric a l p a tie n t re c o rd s  
fro m  c lin ic a l tria l a n d  
c o m p a s s io n a te  u s e  

p ro g ra m  s ite s

Pro p e n s ity- s c o re  m a tc h in g , 
with  e s tim a te d  o d d s  ra tio

Sin g le - a rm  tria l

MONJUVI® 
(tafasitamab - cxix)

His to ric a l a c tive  
c o m p a ra to r- tre a te d

Re la p s e d , re fra c to ry 
m u ltip le  m ye lo m a

ECA

Ove ra ll re s p o n s e  ra te  a n d  
d u ra tio n  o f re s p o n s e

Prim a ry d a ta  c o lle c tio n  
fro m  s ite s  in  m u ltip le  

c o u n trie s

Ad ju s te d  a n a lys is  (m e th o d  
n o t s p e c ifie d )

TALVEY® 
(talquetamab - tgvs)

Co n te m p o ra n e o u s  
p h ys ic ia n  c h o ic e - tre a te d

Sin g le - a rm  tria l
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Looking across FDA approval case studies: Oncology

So u rc e : Ae tio n  a n a lys is ; FDA d ru g  a p p ro va l d o c u m e n ts .

Key factor MONJUVI® KOSELUGO® ABECMA® BALVERSA® TALVEY® 

Ap p ro va l typ e Ac c e le ra te d Fu ll Fu ll Ac c e le ra te d Ac c e le ra te d

ECA ro le  in  
a p p ro va l

ECA: 
Su p p o rtive  
b e n c h m a rk

ECA:  
Su p p o rtive  
b e n c h m a rk

ECA: 
No t 

c o n s id e re d

Be n c h m a rk:
Su p p o rtive  
b e n c h m a rk

ECA:
No t

c o n s id e re d

ECA:
No t 

c o n s id e re d



© Aetion, Inc.25 So u rc e : Ae tio n  a n a lys is ; FDA d ru g  a p p ro va l d o c u m e n ts .

Key factor MONJUVI® KOSELUGO® ABECMA® BALVERSA® TALVEY® 

Ap p ro va l typ e Ac c e le ra te d Fu ll Fu ll Ac c e le ra te d Ac c e le ra te d

ECA ro le  in  
a p p ro va l

ECA: 
Su p p o rtive  
b e n c h m a rk

ECA:  
Su p p o rtive  
b e n c h m a rk

ECA: 
No t 

c o n s id e re d

Be n c h m a rk:
Su p p o rtive  
b e n c h m a rk

ECA:
No t

c o n s id e re d

ECA:
No t 

c o n s id e re d

Cle a r u n m e t  n e e d
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Summary

26

● Re g u la to ry a c c e p ta n c e  o f RWE in  lie u  o f th e  “two  RCT” a p p ro a c h  
h in g e s  o n :

○ Es ta b lis h in g  c irc u m s ta n c e s  in  wh ic h  th e re  is  m o re  re g u la to ry 
fle xib ility a n d  to le ra n c e  o f u n c e rta in ty

○ Mitig a tin g  u n c e rta in ty with  ro b u s t RW s tu d y d e s ig n  /  d a ta  
fitn e s s  a n d  c o rro b o ra tin g  e vid e n c e

● Exis tin g  fra m e wo rks , to o ls  a n d  te m p la te s  a re  a va ila b le  to  
fa c ilita te  RWE re g u la to ry fe a s ib ility e va lu a tio n  a n d  e n a b le  va lid ity 
th ro u g h  fit- fo r- p u rp o s e  d e s ig n  a n d  d a ta  s e le c tio n



Thank you.
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Why Study Rare Diseases?
 Rare Disease:  

Disease or condition that affects less than 200,000 persons in the U.S
and 

Disease or condition for which there is no reasonable expectation that 
the cost of developing and making available a drug for it will be 

recovered from sales of drug

 300 million people in the world with rare diseases 
 3.5 – 5.9% of the world’s population

https://www.rarediseaseday.org/what-is-a-rare-disease/



Insights from Studying Rare Diseases
 “Two-Hit” hypothesis  of tumor suppressor genes from Knudson’s work with 

hereditary retinoblastoma (1971)

 Require a new “de novo” mutation in second allele to develop cancer

 Has led to a greater understanding of development of all cancers 
(hereditary and sporadic)

(Knudson, Nature Reviews, 2001)
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Clinical Trials for Rare Disease
 Opportunities in Rare Disease Research
 Unmet medical need

 Genetic diseases and tumor predisposition 
syndromes can offer unique biological insights

 Patient advocacy organizations

 Challenges with clinical trial design and endpoints
 Small patient population & young age; large randomized controlled trial often not 

feasible

 Need for long-term tolerability of investigational agents

 Lack of validated outcome measures



Are Randomized Trials Always Necessary?
 Randomized controlled trials (RCTs) are 

the “gold standard” for drug approval
 Not always feasible in rare diseases with 

small populations

 If probability of outcome is high a RCT 
may not be appropriate

 Externally Controlled Trial: 
 Compares treatment patients to a group 

of patients external to the study, such as 
those treated at an earlier time (historical 
control) or a group treated during the 
same time period but in another setting

(Smith 2003)
(FDA Guidance E10 Choice of Control Group and Related Issues in Clinical Trials)
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Sources of Real World Evidence
Real World Data (RWD):  

Data relating to patient health 
status and/or the delivery of 

health care routinely collected 
from a variety of sources

(Examples: Electronic health 
record, disease registries, 

insurance filing data)

Real World 
Evidence (RWE):  

Clinical evidence 
about the usage and 
potential benefits or 
risks of a medical 

product derived from 
analysis of real world 

data

Prospective Observational 
Study (Natural History Study) 
Pre-planned observational study 

intended to track the course of the 
disease and are likely to include 

data of persons who are receiving 
standard of care for a disease

(Framework for FDA’s Real-World Evidence Program, 2018)

Retrospective Observational Studies:
Retrospective non-interventional study which  
identifies the population and determines the 

exposure/treatment from historical data



FDA Guidance: Natural History Studies in Rare Diseases
 2019: Intended to “inform the design and 

implementation of natural history studies that can 
be used to support the development of safe and 
effective drugs and biological products for rare 
diseases”

 Potential uses of a natural history study for drug 
development in rare disease:

 Identifying the patient population

 Identification/development of clinical outcome 
assessments

 Identification/development of biomarkers

 Use of natural history study data as an external 
control



When to Use an External Control for a Trial?
 Not possible or ethical to run placebo control
 No available therapy for comparison
 Absence of a standard therapy

 Disease progression is well understood or predictable
 The outcome measure is objective
 The effect of the treatment is:
 Large/dramatic
 Not affected by investigator motivation or choice of subject
 Strong temporal association with drug/administration/intervention
 Consistent with effect in animal models

 Control group: well documented, access to individual patient data
 Results provide compelling evidence of change in established progression of 

disease
(Jahanshahi M et al.: Therapeutic Innovation & Regulatory Science, 2021)
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Case Example: 
Neurofibromatosis Type 1



Neurofibromatosis Type 1 (NF 1)
 Single gene disorder (1:3500)

• Neurofibromin,17q11.2, RAS pathway activation
 Cutaneous Findings: 

• Café au lait macules, cutaneous neurofibromas, skin 
freckling

 Involvement of all organ systems 
 Tumor development:

• Peripheral Nerve Sheath Tumors (PNST):
• Plexiform neurofibromas (PN)
• Atypical neurofibroma (AN)
• Malignant peripheral nerve sheath tumors (MPNST)

• Optic pathway and low-grade gliomas
• Other tumors (GIST, Pheochromocytoma, JMML)



Plexiform Neurofibromas (PN)
 Involve multiple nerve fascicles/branches
 Schwann cells, fibroblasts, mast cells, highly vascular
 Slow growth, large size, complex shape
 Disfigurement, pain, functional impairment, life-threatening 
 Risk of transformation to malignant peripheral nerve sheath tumor (MPNST)

3 years 5 years 3 years 5 years 12



NCI NF1 Natural History

• Knowledge of the natural history of plexiform 
neurofibromas required for development of meaningful 
clinical trials

• Reproducible and sensitive measurement of PN required 
to measure activity in clinical trials

• Novel endpoints are required to measure efficacy
• Function, patient reported outcomes, appearance
• Response Evaluation in Neurofibromatosis and 

Schwannomatosis international working group 
(REiNS) 

13

Dr. Brigitte 
Widemann



STIR Sequence Region of Interest

Tumor border identified

Volume 91 ml

Volumetric MRI Analysis of PN

 Volumetric MRI is the 
standard methodology 
for measuring PN on 
clinical trials (REiNS)

 Response Criteria:
 Partial Response (PR): ≥ 20% decrease in 

tumor volume

 Progressive Disease (PD): ≥ 20%  increase 
in tumor volume from best response 

(Dombi, Neurology, 2013; Solomon J, Comput Med Imaging Graph, 2004; Gross AM, NEJM. 2020.



PN-Related Questions Addressed in the NHx Study: 

 PN Growth Rate:
 PN grow most rapidly in 

young children
 Spontaneous PN shrinkage 

occurs BUT no patients with 
>20% shrinkage per year

(Akshintala, Neuro-Oncology, 2020)



 PN-Related Morbidity
 Most PN causing some degree of 

morbidity at time of first assessment

 Once a PN-related morbidity 
develops in patients with PN that 
are growing, it is extremely unlikely 
to resolve spontaneously

 Larger tumors were more likely to 
have associated motor dysfunction

 More rapidly growing tumors 
associated with increased need for 
pain medication

PN-Related Questions Addressed in the NHx Study: 

(Gross, Neuro-Oncology, 2018)



PN-Related Patient Reported Outcome Measures

 Identified pain as a 
significant factor 
interfering with daily 
functioning and resulting 
in decreased quality of life 
for patients with NF1

 Validation of the Pain 
Interference Index in NF1

(Martin, Pain Med, 2015)
(Wolters, AJMG, 2015)



Applying FDA Guidance to NF1 Natural History Study

18

 Potential uses of a Natural History Study for Drug Development in 
Rare Disease:
 Identifying the patient population
 Identification/Development of Clinical Outcome Assessments
 Identification/Development of Biomarkers
 Use of natural history study data as an external control

= Element confirmed/reinforced by data from the NF1 Natural History Study



19

Phase 2 Trial: Selumetinib in Children with NF1 PN 
• Primary objective: Overall Response Rate
• Key Secondary Objectives:

• Functional and Patient Reported Outcomes
• Results: 

• Confirmed Partial response 34/50 (68%) patients
• Clinical benefit with improvement in pain and function

Baseline Pre-Cycle 13 Pre-Cycle 37

(Gross NEJM 2020) (Gross Neuro-Oncology 2023)



PN on Selumetinib vs Natural History

3-year follow-up: 84% PFS in 
selumetinib arm vs 15% in 
natural history arm 

Age matched control: NCI Natural history and selumetinib

Median PFS Natural 
History 1.3 years

(Gross NEJM 2020)



Gross AM, et al. N Engl J Med. 2020; Weiss BS, et al. Neuro Oncol. 2015; Widemann BC, et al. Neurol Oncol. 2014; Jakacki RI, et 
al. Neuro Oncol. 2017; Widemann BC, et al. Pediatr Blood Cancer. 2014.

Tipifarnib placebo/SPRINT progressive PN

Selumetinib (N=21) TTP N/A
Placebo (N=29) TTP 10.6 Months

PN on Selumetinib vs Prior Clinical Trials



Is it appropriate to use an external control for NF1?
 Not possible or ethical to run placebo control
 No available therapy for comparison
 Absence of a standard therapy

 Disease progression is well understood or predictable
 The outcome measure is objective
 The effect of the treatment is:
 Large/dramatic
 Not affected by investigator motivation or choice of subject
 Strong temporal association with drug/administration/intervention
 Consistent with effect in animal models

 Control group: well documented, access to individual patient data
 Results provide compelling evidence of change in established progression of 

disease
(Jahanshahi, Therapeutic Innovation & Regulatory Science, 2021)














No other agent with 
similar activity in NF1 PN

NF1 NHx study 
characterized growth 
& morbidityVolumetric 

MRI analysis

Phase 2 
Trial Data
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FDA Approval of Selumetinib
April 10, 2020

“The Food and Drug Administration (FDA) approved selumetinib for the 
treatment of pediatric patients 2 years of age and older with neurofibromatosis 
type 1 (NF1) who have symptomatic, inoperable plexiform neurofibromas (PN).” 

FDA Prescribing Information; FDA Press Release, April 10, 2020.
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/koselugo (April 22, 2021)

April 22, 2021: 
“Committee for Medicinal Products for Human Use (CHMP) adopted a positive 
opinion, recommending the granting of a conditional1 marketing authorisation for 
the medicinal product Koselugo2, intended for the treatment of paediatric
patients with neurofibromatosis type 1 (NF1) plexiform neurofibromas (PN).”

Regulatory Agency Approval of Selumetinib 
(KoselugoTM)

https://www.ema.europa.eu/en/medicines/human/summaries-opinion/koselugo
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Regulatory Agency Approval of Selumetinib (KoselugoTM)
1. USA
2. Brazil
3. United Arab Emirates
4. South Korea
5. European Union (27 member 

countries)
6. Israel
7. Singapore
8. United Kingdom
9. India
10. Mexico
11. Russia
12. Australia
13. Taiwan
14. Hong Kong
15. Switzerland
16. Japan
17. Canada
18. Qatar
19. Saudi Arabia
20. Oman
21. Malaysia
22. China
23. Macau
24. Kuwait
25. Bahrain
26. Argentina
27. Egypt
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Key Points

 Rare disease research allows for insights 
into both rare and common conditions

 External controls can be used to support 
drug approval when the effect of treatment is 
large, temporally related to treatment and 
provides compelling evidence of change in 
established disease progression

 The NF1 model can serve as an example for 
other rare diseases and tumor predisposition 
syndromes
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June 2022 – International Coalition of Medicines Regulatory 
Authorities (ICMRA) Statement

Areas for Collaboration Description

Harmonization of RWD 
and RWE terminologies

•Generating standardized definitions of RWD and RWE
•Leveraging existing ICH activities

Convergence on RWD and RWE 
guidance and best practice

•Using common principles for RWD quality
•Using metadata to characterize and discover RWD
•Creating templates for study protocols and reports that can be used in 
several regulatory jurisdictions

Readiness •Enable the rapid creation of international expert groups on specific topics 
of interest
•Foster collaboration on governance and processes to allow for the efficient 
conduct of studies based on RWD from different countries

Transparency •Promoting the publication of study results in open-source, peer reviewed 
journals
•Defining common practices for systematic registration of pre-specified 
study protocols and results in public registries



4

International Harmonization of RWE Dashboard

https://healthpolicy.duke.edu/projects/international-harmonization-real-world-evidence-standards-dashboard
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International Regulatory Definitions of Quality

Use of Real-World Evidence to Support Regulatory Decision-Making for Medical Devices
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Guidance on the use of real-world data in clinical studies to support regulatory decisions

Guidance on the use of real-world data in clinical studies to support regulatory decisions

Data Quality Framework for EU medicines regulation

International Regulatory Definitions of Quality, cont.
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International Regulatory Definitions of Quality, cont.

Guideline on RWE for Medical Devices

Real-World Data - Relevance and Reliability Assessment Considerations



Health Policy in Action

healthpolicy.duke.edu

Data relating to patient health 
status and/or the delivery of 

health care routinely collected 
from a variety of sources (e.g., 

registries, wearables, EHRs, etc.)

Real-World Data Real-World Evidence 
Clinical evidence about the usage 
and potential benefits or risks of 
a medical product derived from 

analysis of RWD.

http://www.healthpolicy.duke.edu/
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Generate actionable recommendations for stakeholders 
to improve the quality, relevancy, and reliability of data 

found in EHRs.

Operationalizing EHR-Sourced Data for Quality, 
Relevancy, and Reliability

http://www.healthpolicy.duke.edu/
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• Quality: Accurate, complete, 
well-sourced, etc.

• Relevancy: Useful for the 
question and generalizable

• Reliability: Represents what 
it claims to represent

Operationalizing EHR-Sourced Data for Quality, 
Relevancy, and Reliability, cont.

• Structured text (e.g., ICD-10 codes)
• Unstructured/free text (e.g., 

clinical notes)
• PGHD uploaded through patient 

portals
• Lab data uploaded as pdfs
• Pharmacy data included in the EHR

http://www.healthpolicy.duke.edu/


How does FDA determine if data are fit-for-purpose?
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• EHRs are not a monolith. All considerations/recommendations are 
context dependent.
• There is great heterogeneity in how data is collected and processed even within a 

single health system site.

• Context lost and bias introduced along the EHR data life cycle of source 
data, curated data, transformed data, and analytic dataset.
• Lack of standards and lack of data expertise across stakeholders.

• Takeaway: The entire patient journey is not captured – especially for rare 
disease patients in the absence of natural history study data

Challenges with EHR-Sourced Data

http://www.healthpolicy.duke.edu/
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2023 Patient-Generated Health Data (PGHD) Sub-Workstream

• Discuss the regulatory acceptability of patient-generated 
health data and genomic data

• Digital health, wearables, decentralized trials, etc. 
(broadly considered patient-generated health data; PGHD)​

• Genomic data (i.e., pharmacogenomic biomarkers, poly-
versus single-gene disease risk, pharmacokinetics, etc.)

http://www.healthpolicy.duke.edu/
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Example Use Case: Rare Disease and Wearables 
• Utilizing technologies that passively monitor aspects of human health (e.g., 

sleep duration or heart rate) to detect infection symptoms or other health 
anomalies

• Like with infectious diseases, these could synthesize detection of multiple 
disease indicators in real time and serve as alarm systems to prompt the user to 
seek care​

• Studies are exploring this multimodal sensing method for infectious 
disease monitoring; this model could translate to rare diseases as well

http://www.healthpolicy.duke.edu/
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Example Use Case: Rare Disease, cont. 

http://www.healthpolicy.duke.edu/
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Primary Limitations of PGHD for Rare Disease Populations
• Reconciling data from different devices
• Replicating data collection and accrual methods
• Protecting patient privacy
• Standardizing protocols for data quality, reliability, and validity
• Takeaway: Clinical uses of wearable devices and other digital modes of 

gathering data remains under development, and real-world experience 
using biometric data to address rare diseases warrants even further 
exploration. 

http://www.healthpolicy.duke.edu/
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PGHD Source Data Quality Considerations

Wearables and mobile 
app data

Developers should continually check and improve upon the collection and processing of biometric 
data as collected by their innovations, and they should be transparent about how various pieces of 
health data are measured, either in discrete or ongoing settings via wearable devices and mobile 

apps.

Direct-to-consumer 
genetic testing data

The logical plausibility of the direct-to-consumer data (if the data points to a specific variant) needs 
to be considered.  

Sponsors need to evaluate direct-to-consumer tests  according to specified data quality assurance 
plans and procedures.

Patient powered-
registry data 

Sponsors should be transparent about the provenance of data within patient-driven patient 
registries, as well as algorithmic transformations to the data.

Patient-reported 
outcomes (PROs) data

To ensure data accuracy and completeness, sponsors should ensure data is collected in a thorough 
and clear manner. 

Sponsors and patients/patient advocates should provide patients with education or other support 
needed to accurately capture and report their PRO data.

Sponsors should balance the need for data transparency with patient privacy protection.

http://www.healthpolicy.duke.edu/
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Real-World Data in the Rare Disease Setting
• Rare diseases defined as those affecting <200,000 people in the US
• Traditional randomized trials are not always possible in the rare disease 

setting
• Look to existing data:

• What types of data are available (e.g., health records, registries, claims)?
• How to operationalize study terms and endpoints to translate RWD into RWE?
• Are the data of sufficiently high quality for regulatory purposes?
• Are the data capable of addressing for the research question of interest, i.e., are they 

fit-for-purpose?
• What are the methodological considerations for incorporating the available data into a 

regulatory application (e.g., natural history, synthetic control, pragmatic trials, etc.)?



Large-scale RWD
• Increasing availability of large-

scale efforts to provide real-world 
data for multiple diseases

• Data collected from multiple 
institutions/organizations

• Pros: Increased sample size
• Considerations: Requires 

standardization of data collection & 
evaluation of potential variation 
across institutions and its 
implications



Overall Data Quality & Fit-for-Purpose Assessments
• Multiple definitions of quality

• Completeness
• Accuracy 
• Curation is repeatable
• Face validity
• Relevance

• Not all can be assessed by data 
user

• “Regulatory-grade quality” is a 
term without regulatory meaning

Catherine C. Lerro et al., The Bar Is High: Evaluating Fit-for-Use Oncology Real-World Data for 
Regulatory Decision Making. JCO Clin Cancer Inform 8, e2300261(2024).

https://ascopubs.org/author/Lerro%2C+Catherine+C


On Assessing Data Quality & Fitness

• What are some of the pros & cons of having a specific checklist to 
assess whether data are fit-for-purpose?

• How early can the assessment of whether the data are fit-for-purpose 
be made (can it be made at the design stage, as opposed to after data 
are collected)?

• What options are available to researchers if, after evaluating the RWD 
quality and fitness, the data are deemed insufficient for use in the 
current study? 

• Can the data be utilized in any way for regulatory or non-regulatory 
purposes?



On Generating Real-World Data
• What types of efforts can be made (or have already been made), 

particularly in the rare disease space, to generate more robust RWD 
sources? e.g., generating clinically-relevant common core data elements 
& shared endpoint definitions

• Is there a role for natural language processing or other AI/machine 
learning tools in improving the efficiency of data collection and/or 
harmonization?

• What are the relevant considerations with respect to patient privacy, 
both with respect to incorporating AI tools and RWD access/sharing 
overall?



On Demonstrating Data Quality

• Who is responsible for demonstrating that data are of sufficient quality?
• Is there a responsibility of the group or organization generating or 

providing the RWD to demonstrate overall quality before an individual 
researcher assesses whether the data are fit-for-purpose? 

• How does this differ in the ideal versus in practice?



Questions 
from the 
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