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Novel methodologies for clinical trials 
- do we still need to recruit patients? 
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Novel methodologies include…

• Pharmacometrics
• Modelling (Pop PK, PK / PD, PBPK, PBPK/PD etc.)
• Simulation
• Adaptive designs
• Bayesian statistics

• Not particularly novel…

• Bayesian Hierarchical (shrinkage) models for e.g. 
interpretation of subgroup findings
• ‘Indirect’ comparisons, facilitating between trial comparisons
• Data mining / Linkage analyses / Machine learning to 
interrogate large (safety) datasets
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• Do we still need to recruit patients?

1. No
2. Fewer
3. Same
4. More

• Science driving regulatory requirements

• The role of the regulator

Answers through examples …
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No patients

• Medicine licensed in adults

• PK and PK/PD well characterised

• Dose selection required for children

• PBPK/PD modelling on justified assumptions

• ‘Relative’ PK can inform dose selection without need to 
study efficacy and safety in patients
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No patients 
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D e te r m in i ng  a p pro p r ia t e  d o s in g  f or  fu tu r e  tr i a l s
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P M  a p p ro a ch  a nd  i m p a ct  

? E v ero li m us t a b l e t s  (a  p ro ph y la x is  o f  o rg an  
r e je c t io n  f o l lo w i ng  he ar t  t ran s p l an t a t io n )  
n ee de d  t o  p ro v id e  s a fe  an d  e ff e c ti v e  
d os in g  reg im e n s  th a t  w o u ld  m i n i m i z e  re na l 
t o x ic i t y

? K ey  q ue s t io ns  in c l ude d : 
– A re  t he  e f f ec t i v en es s  a nd  ren a l  to x i c it y  

c l in ic a l o u t c o m es  re la t ed  to  d ru g  
e x po s u re?

– W ha t is  a  ra t io na l d os i ng  reg im e n  t h a t  
w ou ld  m ax i m i z e  e f fe c t iv e ne s s  (b en e f it )  
a nd  m in im i z e  n ep h r o t o x ic i ty  ( r is k )?

? A na ly s i s  c o nd uc t e d  by  1  pe rs on  fo r  
< 2 m on t hs

? S im u la ti on s  b as e d  on  he a r t t r an s p lan t a t i on  
s tu dy  t o  p ro je c t ra ng e  o f  o u t c o m es  o f  
a lt e red  do s in g  s c h em es

? D e te rm i ne d  t he  ap pro pr i a t e  d os ing  to  t es t  
i n  f u t u re  t r i a ls

P R O PO S E  B E S T  D O S E S1

S O U RC E : Re p r in t e d b y p e rm is si o n  fr o m  M ac m i lla n  P u b lis h e rs  L t d : Cl in P h a rm a co l T h e r , Im p ac t o f p h a rm a co m e tr ic r e v ie ws  o n  n e w d r u g a p p r ov a l 
a n d  la b e lin g  d e c isi o n s- - a  s u rv e y  o f  3 1  n e w  dr u g  a p p li ca t io n s su b m itt e d  b e tw e e n  2 0 0 5  a nd  2 0 0 6.  B h a tt a ra m V A ,  B o na p a c e C , C h ilu k u ri
D M , D ua n JZ , G a rn e t t C,  G ob b u r u J V ,  J a n g  S H,  K e n n a L , L e sk o L J , M a d a b u sh i R , M e n  Y ,  P o w e ll  J R,  Q i u W ,  R a m c h a n d an i R P ,  T or n o e
C W ,  W a n g  Y  a n d  Z h e n g J J.  ( r e fe r e n ce  ci ta ti o n ) 8 1 :2 1 3 -2 2 1 ,  c o p yr ig h t 2 0 0 7  ( y ea r  of  p u b li ca t io n ) 

Clin Pharmacol Ther, Impact of pharmacometric reviews on new drug 
approval and labeling decisions--a survey of 31 new drug applications 
submitted between 2005 and 2006. Bhattaram VA et al copyright 2007 (year 
of publication) 
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Simulating dose to justify Phase 3 design

PM app roach  an d im pac t 

? Tacro limus, a poten t approved 
im munosuppre ssant, ha d a 
prom is ing expans ion as a n oral 
thera py fo r ulcerative col i tis (UC )

? Highly var iable PK bet ween pat ients  
and high trough concentrations  in 
Phase II s tudies presented 
cha llenges  to fu rther  developm ent

? Logistic  analysis  of PK/response in 
late  Phase II demons trated trough 
con cen tration is a good predictor  for  
response

? Sim ulation of dose  titr ation based on 
PK/response wa s eff ective for  
attainin g target  trough concentration, 
demonstra ting efficacy  and jus tify ing 
Phase III s tudies

S OU RC E : Present ed by  A ts unor i Kai bara (A st ellas P harm a, Inc ) at the “P K/ PD  Internal S y mpos ium on Modeli ng and 
S im ul ation in D rug D evel opm ent and C lin ic al A pplic ations ",  Yonsei U niv ers it y Medic al C ent er,  S eoul , Korea 
(2006)

H igh  tro ug h co ncen trat ion s in  Phase  II stu die s

Sim ulated  do se tit ratio n s ho ws e limi nate d h igh  tro ug h

PR O PO SE BEST  DO SES2
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Determining dosing for drug approval 

PM a ppro ach  and  imp act  

? Spon sor  conducted 3 tr ials  in 
chronic  k idney disease Stage  5 
pa tient s w ith h ype rparathyroidism  for 
an  oral par icalcitol drug

? U sed  a va lidated e xpo sure-response 
m odel to define new dosing regimen 
tha t reduces the rate of 
h ypercalcemia wh ile maintaining 
acceptable therapeutic  response 

? R esu lts  of tr ia l confirm ed predic ted 
results  from exposure- response 
m odeling an d simulations , 
m ainta ining a pre-d efine d efficacy  
rate of over  80%  and l imiting 
ob served rate of hyp ercalcem ia

? D rug a pproved by  F DA without need 
for  fur ther c l inical trials in patients  

S OU RC E : Zemplar Caps ules U nited St at es P ac k age Inf orm ation,  J une 2009.  A cc ess ed at  
ht tp: // ww w .ac c ess data. fda.gov /drugs at fda_doc s/ label/2009/021606s 004l bl .pdf,  18M arc h 2010. 

Parameter
Mod el 
simu lated  O bserve d 

Effica cy
(2 consecu tive seru m 
iPT H measurements  
decreased by  30%  
from baseline) 

81 87.9

Safety
(2 consecu tive seru m 
calc ium  
measuremen ts over  
11 mg/dL; 
hypercalcemia)  

1.5 1.6

%  of  sub jects  

D RUG  APPRO VAL 9
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Fewer patients
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INN OVAT E ‘F lexib le ’ dos e-finding

D os e

Plac ebo

Doses too toxic

Insuff ic ient  ef ficacy

Res pons e

Arrow sizes repres ent  
allocation

Ref: ASTIN

D-R curve vs pairwise 
comparisons

Optimal 
allocation
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Fewer patients

Slide from Dr Vlad Draglin
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Fewer patients

Slide from Dr Vlad Draglin
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Fewer patients

‘Learn’

Slide from Dr Vlad Draglin
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Fewer patients

‘Confirm’

Slide from Dr Vlad Draglin
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Fewer patients - caution

• Clinical trial ‘toolkit’

• Hurdles:
- Scientific
- Logistical
- Corporate

• Endorsed, indeed proposed by SAWP, accepted by CHMP
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Same – role of clinical trial simulations

• Simulation-based evaluations to guide modern protocol 
design

- essential to understand operating characteristics and for 
scenario planning

- compare different design options 
- fine-tune the design parameters

• Limitations:
- lack of advanced clinical trial simulators
- need for case-by-case implementations leading to 

problems of resources, validation / reproducibility, ...
- skills / experience in how to communicate outputs
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More patients
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Dr ug  dev e lopm ent ne eds  to  be m ade m ore e f fic ient

S ou rce : P hR MA , FD A , Le hm a n B ro th e rs;    [ Dr.  R obe rt  R uf fo lo]
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More patients

• High PIII failure rate because of:
- Inadequate efficacy - doesn’t beat placebo, not competitive in 

marketplace
- Emerging toxicity
- Inadequate B-R

• Lots of PII questions – demonstrate activity, quantify dose-response, 
what dose, will we beat placebo, what effect size, what toxicity profile, how 
do efficacy and safety change in broader patient population, …?  
Ultimately go / no-go decision.

• PII trials are too frequently not designed to address these questions with 
adequate precision.  Thus initiating PIII is at best an informed gamble.  
Can sponsors be better informed?
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More patients

• Hypothesis 1: Exploratory development programmes are shrinking 
and are not fit for purpose.  Increasing exploratory development 
(‘learn’) will reduce failure rate in confirmatory trials.

• Hypothesis 2:  Information needs to be collected efficiently. Novel 
clinical trial designs add to the ‘toolkit’ and will bring benefits in 
some indications / development programmes.  There is the 
possibility for adverse effects of novel approaches in other 
experimental situations.  There are many improvements that could 
be made to the current paradigm without being ‘novel’.  

1. With what certainty (how much data) do we wish to address each 
question of interest?

2. How can we collect the data efficiently?
Focus of current discussion seems to be only on Q2
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More patients … fewer ‘wasted’ patients

• Simulation work has shown that ‘optimal’ dose is rarely 
identified by a standard phase II trial.

- Innovative Approaches for Designing and Analyzing 
Adaptive Dose-Ranging Trials Bjorn Bornkamp et al, 
Journal of Biopharmaceutical Statistics, Volume 17, Issue 
6 November 2007 , pages 965 – 995

- Pinheiro et al. (2010) Stat Biopharm Res (Special Issue; 
to appear)

• Does Phase II need to be even more extensive than 
accepted standards to reduce PIII failure rate?
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Science driving regulatory requirements

• Assessing CV risk in Type II diabetes mellitus

• CPMP/EWP/1080/00 Rev. 1 Guideline on clinical 
investigation of medicinal products in the treatment of 
diabetes mellitus 

• Advice on patient population, endpoints, analysis but 
recognition that decisions must depend on the particular 
situation
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Science driving regulatory requirements

“At the time of the MAA, the overall results of this safety program should 
be submitted and discussed in terms of internal and external validity and 
clinical justification of the safety outcome. Acceptability of the data 
presented will be decided based on its overall quality, the point and 
interval estimates obtained for the calculation of specific risks, including 
cardiovascular risk compared to controls, and the reliability of these 
estimations. A summary of what is known about CV risk should be 
proposed for the SPC.”

“Indications of increased risk of certain adverse events or unacceptable 
lack of precision are an important concern and may trigger the request for 
additional specific CV outcome trials to exclude an unacceptable increase 
in CV risk associated with the new agent before granting of MA.”
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The role of the regulator

• Driven by science and open to change

• Share experiences, aim to help optimise (not minimise) 
through ‘Scientific’ Advice

• Hurdles for licensing and post-licensing should be those that 
are necessary to demonstrate Q, S, E and favourable benefit- 
risk

• ‘Front-load’ development: pharmacology, pharmacometrics, 
CT simulation, comprehensive but efficient ‘learning’ phase

• Main challenge is availability of expertise and software
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