
Individualized Patient Dosing 
in Ph ase I C linic al T r ials

André Rogatko & James S. Babb

Fox Chase Cancer Center, Philadelphia



Theophrastus Philipus Aureolus Bombastus v on  H ohen heim
aka,  Paracelsus ,  

Birth: E i n s i e d e l n ,  S w i t z e r l an d ,  1 4 9 3
C a re e r: n o  f i x e d  p l ac e ,  t h r o u g h o u t  G e r m an y ,

G e r m an - s p e aki n g  c o u n t r i e s ,  an d  S w i t z e r l an d .  
D e a th: S al z b u r g ,  A u s t r i a,  1 5 4 1

Scientific Disciplines
P rim a ry : M e d i c i n e ,  I at r o c h e m i s t r y ,  C h e m i s t r y  
S u b o rd in a te : A s t r o l o g y ,  N at u r al  P h i l o s o p h y

M ea ns o f Su ppo r t
P rim a ry : M e d i c i n e  
S e c o n d a ry : G o v e r n m e n t

U ses arsen ic  to treat sy philis w ith g reat suc c ess.

S ome patien ts w ere c ured ,  
S ome d ied  d ue to ex c ess treatmen t tox ic ity .



cu rrent paradig m
d ose of  a therapeutic  ag en t is n ot ad j usted
to ac c ommod ate in d iv id ual patien t d if f eren c es

the id en tif ic ation  of  w ork in g -d ose of  n ew  c an c er therapies 
is main ly  restric ted to phase I  trials

proposed paradig m
d ose f in e-tun in g usin g patien t spec if ic  attributes

searc h f or the optimal d ose ex ten d ed bey on d  phase I
an d  in to phases I I  an d  I I I



G O A L

D em onstrate that
Patient Popu lation is H eterog eneou s
in term s of  T reatm ent T olerance
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 Mean S t d .  
D ev  Mi n.  Max .  Med i an 

A g e at  F i r s t  
D o s e 6 0 . 2  1 1  2 7  8 4  6 2  

 

G end er  P at i ent s  P er c ent ag e 
F em al es  1 5 3  3 3 . 3  
Mal es  3 0 6  6 6 . 7  

 

P h as e P at i ent s  P er c ent ag e 
I 2 7 5  5 9 . 9  
I/ II 2 4  5 . 2  
II 1 6 0  3 4 . 9  

 
 

D esc ri p ti v e Stati sti c s 
S ampl e siz e:  4 5 9  patients 



Agent P a ti ents  P er c enta ge 
T a x o l   24 5 53. 4  
E s tr a m u s ti ne 1 54  33. 6  
C a r b o p l a ti n 1 4 0  30 . 5 
C i s p l a ti n 4 5 9 . 8  
T a x o ter e 4 3 9 . 4  
I r i no tec a n 36  7 . 8  
T o m u d ex  36  7 . 8  
R 1 1 5 7 7 7  34  7 . 4  
5 f u  30  6 . 5 
g-c s f  27  5. 9  
G em c i ta b i ne 1 9  4 . 1  
T o p o tec a n 1 4  3. 0  
C y to x a n 1 3 2. 8  
Vi nb l a s ti ne 1 2 2. 6  
B r y o s ta ti n 1 2 2. 6  
B m s -1 8 8 7 9 7  1 1  2. 4  
B m s -2 1 4 6 6 2  1 1  2. 4  
D o c eta x el  5 1 . 1  
L y 3 3 5 9 7 9  3 0 . 7  
L eu c o v o r i n 2 0 . 4  

 



Highest 
T o x ic ity  

C a tego r y  P a tien ts P er c en ta ge 

N o  to x ic ity  1 0  2 . 2  

1 8 4  1 8 . 3  
2 1 1 6  2 5 . 3  
3 1 3 9  3 0 . 3  

O v er a l l  

4 1 1 0  2 4 . 0  
N o  to x ic ity  4 3  9 . 4  

1 1 4 7  3 2 . 0  
2 1 2 1  2 6 . 4  
3 1 1 0  2 4 . 0  

N o n -
Hem a to l o gic a l  

4 3 8  8 . 3  
N o  to x ic ity  1 1 4  2 4 . 8  

1 6 8  1 4 . 8  
2 1 0 5  2 2 . 9  
3 8 0  1 7 . 4  

Hem a to l o gic a l  

4 9 2  2 0 . 0  
 



Toxicity Index - TI
Properties: 

 
• S c ore > 3  ⇔ D L T   
• M a x im u m  T ox ic ity  G ra d e ⇔ I n teg er Pa rt ( T I )  
• A l l  tox ic ity  g ra d es a re ta k en  in to a c c ou n t 
• L ow er g ra d es c on trib u te l ittl e  
• 0  < T I  < 5  
• M a n y  tox ic ities of  th e sa m e g ra d e  

LESS THAN 
a  sin g l e tox ic ity  of  th e n ex t h ig h er g ra d e  

 

 



Toxicity Grades of a Subject 
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Toxicity Index - TI

Example: 
S u b j ec t  w i t h  t w o  g r ad e 3  t o xi c i t i es :  

33 3. 7 54TI= + =  
S u b j ec t  w i t h  o n e g r ad e 3  an d  t en  g r ad e 2  
t o xi c i t i es :  

2 9
2 2 2 23 3 . 7 49 9 94 3 4 3 4 3 4TI= + + + + + ≈

⋅ ⋅ ⋅
L . 
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GRADE 
4 3 2 1 T I  
2 2 2 2 4 . 9 57 08  
2 2 2 1 4 . 9 56 9 4  
2 2 2 0 4 . 9 56 6 7  
2 2 1 2 4 . 9 56 25 
2 2 1 1 4 . 9 558 3  
2 2 1 0 4 . 9 5500 
2 2 0 2 4 . 9 53 7 5 
2 2 0 1 4 . 9 5250 
2 2 0 0 4 . 9 5000 
2 1 2 2 4 . 9 4 8 3 3  
2 1 2 1 4 . 9 4 7 7 8  
2 1 2 0 4 . 9 4 6 6 7  
2 1 1 2 4 . 9 4 500 
2 1 1 1 4 . 9 4 3 3 3  
2 1 1 0 4 . 9 4 000 
2 1 0 2 4 . 9 3 500 
2 1 0 1 4 . 9 3 000 
2 1 0 0 4 . 9 2000 
2 0 2 2 4 . 9 13 3 3  
2 0 2 1 4 . 9 1111 
2 0 2 0 4 . 9 06 6 7  

GRADE 
4 3 2 1 T I  
2 0 1 2 4 . 9 0000 
2 0 1 1 4 . 8 9 3 3 3  
2 0 1 0 4 . 8 8 000 
2 0 0 2 4 . 8 6 000 
2 0 0 1 4 . 8 4 000 
2 0 0 0 4 . 8 0000 
1 2 2 2 4 . 7 8 54 2 
1 2 2 1 4 . 7 8 4 7 2 
1 2 2 0 4 . 7 8 3 3 3  
1 2 1 2 4 . 7 8 125 
1 2 1 1 4 . 7 7 9 17  
1 2 1 0 4 . 7 7 500 
1 2 0 2 4 . 7 6 8 7 5 
1 2 0 1 4 . 7 6 250 
1 2 0 0 4 . 7 5000 
1 1 2 2 4 . 7 4 16 7  
1 1 2 1 4 . 7 3 8 8 9  
1 1 2 0 4 . 7 3 3 3 3  
1 1 1 2 4 . 7 2500 
1 1 1 1 4 . 7 16 6 7  
 

GRADE 
4 3 2 1 T I  
1 1 1 0 4 . 7 0000 
1 1 0 2 4 . 6 7 500 
1 1 0 1 4 . 6 5000 
1 1 0 0 4 . 6 0000 
1 0 2 2 4 . 56 6 6 7  
1 0 2 1 4 . 55556  
1 0 2 0 4 . 53 3 3 3  
1 0 1 2 4 . 50000 
1 0 1 1 4 . 4 6 6 6 7  
1 0 1 0 4 . 4 0000 
1 0 0 2 4 . 3 0000 
1 0 0 1 4 . 20000 
1 0 0 0 4 . 00000 
0 2 2 2 3 . 9 27 08  
0 2 2 1 3 . 9 23 6 1 
0 2 2 0 3 . 9 16 6 7  
0 2 1 2 3 . 9 06 25 
0 2 1 1 3 . 8 9 58 3  
0 2 1 0 3 . 8 7 500 
0 2 0 2 3 . 8 4 3 7 5 
0 2 0 1 3 . 8 1250 

GRADE 
4 3 2 1 T I  
0 2 0 0 3 . 7 5000 
0 1 2 2 3 . 7 08 3 3  
0 1 2 1 3 . 6 9 4 4 4  
0 1 2 0 3 . 6 6 6 6 7  
0 1 1 2 3 . 6 2500 
0 1 1 1 3 . 58 3 3 3  
0 1 1 0 3 . 50000 
0 1 0 2 3 . 3 7 500 
0 1 0 1 3 . 25000 
0 1 0 0 3 . 00000 
0 0 2 2 2. 8 3333 
0 0 2 1 2. 7 7 7 7 8  
0 0 2 0 2. 6 6 6 6 7  
0 0 1 2 2. 5 0000 
0 0 1 1 2. 33333 
0 0 1 0 2. 00000 
0 0 0 2 1. 5 0000 
0 0 0 1 1. 00000 
0 0 0 0 0. 00000 



Agent 
N u m b er  
o f  

P a ti ents  
C o v a r i a te S i gni f i c a nc e l ev el  
D o s e ( m g)  0.0341 T a x o l  2 4 5  E C O G  P er f o r m a nc e S ta tu s  0.0001 
D o s e  ( m g/ m 2)  0.0041 
Al k a l i ne P h o s p h a ta s e ( u / l ) 0.005 9  E s tr a m u s ti ne 1 5 4  
E C O G  P er f o r m a nc e S ta tu s  0.0001 
D o s e ( AU C ) 0 . 4 0 6 0  C a r b o p l a ti n 1 4 0  S er u m  T o ta l  B i l i r u b i n ( m g/ d l ) 0.005 7  
D o s e ( m g/ m 2) 0.0001 C i s p l a ti n 4 5  Al k a l i ne P h o s p h a ta s e ( u / l ) 0.0111 
D o s e ( m g/ k g) 0 . 0 9 9 7  T a x o ter e 4 3  S er u m  T o ta l  B i l i r u b i n ( m g/ d l ) 0.0003 
I r i no tec a n D o s e ( m g/ k g) 0.0001 
T o m u d ex  D o s e ( m g/ k g) 0 . 1 2 3 5  
Al k a l i ne P h o s p h a ta s e ( u / l ) 0.0006  
S er u m  C r ea ti ni ne ( m g/ d l ) 0 . 1 3 0 1  

I r i no tec a n +  
T o m u d ex  3 6  

T o b a c c o  U s e 0.0005  
D o s e ( m g/ m 2) 0.049 5  R 1 1 5 7 7 7  3 4  Al k a l i ne P h o s p h a ta s e ( u / l ) 0.018 7  

 

‘B e s t  S u b s e t ’ o f  C o v a r i a t e s  f o r  e a c h  A g e n t



Patients Treated with Tax o tere
To

xic
ity
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de
x

Serum Total Bilirubin (mg/dl)

R = 0 . 5 2 6  (P = 0 . 0 0 0 3 )

95% Quantile



Patients Treated with R 1 1 5 7 7 7
To

xic
ity
 In

de
x

A lk aline P h os p h atas e (u/l)

R = 0 . 5 0 1  (P = 0 . 0 0 3 )

95% Quantile



Patients Treated with E stram u stine
To

xic
ity
 In

de
x

A lk aline P h os p h atas e (u/l)

R = 0 . 1 9 9  (P = 0 . 0 1 5 )

95% Quantiles



Patients Treated with C arb o p l atin
To

xic
ity
 In

de
x

Serum Total Bilirubin (mg/dl)

R = 0 . 1 8 1  (P = 0 . 0 3 3 )

95% Quantiles





S U M M A R Y
- Tox ic ity  I ndex  
Greater sensitivity to uncover potential associations

- F or ev ery  agent, at leas t one p re-treatment
p atient-s p ec if ic  c h arac teris tic  f ound to be
s ignif ic ant p redic tor of  adv ers e treatment res p ons e

- G enerate H y p oth es is  f or F uture Trials



Es c a l a t i o n  wi t h  Ov e r d o s e  Co n t r o l
Ov e r d o s e  Co n t r o l
P r o v e n  Co n v e r g e n c e
Co n f i d e n c e  I n t e r v a l  f o r  M T D
F l e x i b l e  P a t i e n t  S c h e d u l i n g
A l l o w Co v a r i a t e



Personalizing the Phase I Dose 
E W O C  w ith C ov ariates

• One Dose Fits ALL Assumption

• C a se stud y  - P N U  T r ia l :
P N U  Ac tion mod er a ted  b y  
Anti-S E A a ntib od ies



In d i v i d u a l i z e d Pa t i e n t Do s i n g
i n  Ph a s e I C l i n i c a l Tr i a l s :  

t h e  R o l e  o f  E W O C i n  PN U -2 1 4 9 3 6
J onath an D .  C h eng, C orey  L anger, Steinar A amdal, 

F ranc is c o R obert, L ars  R up ert E ngelh ardt, O lov  F ernberg, 
J oan Sc h iller, G oran F ors berg, R .  K ath erine A lp augh , 
L ouis  M .  W einer, J ames  S.  Babb and A ndré R ogatk o

S ub m itted  to  J C O



DOSE-T OX I C I T Y  M ODEL
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DOSE-T OX I C I T Y  M ODEL



Dose-T ox i c i t y  M od el



PRIOR INFORMATION 
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P a r a m e t e r  Sp a c e



PRIOR DISTRIBUTION 
 
 

INDEPENDENCE 
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MARGINAL POSTERIOR 
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LOSS FUNCTION 
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R E COM M E ND E D  D OSE S 
 

)(cX k  =  Dose for patient with anti-S E A   c  
g iv en  kD ,   the d ata from  k patients. 

ckF ,
 =    M a r g i n a l  C D F  o f   )(cγ  g iv en the d ata kD . 

)(cX k       =  )(1, α−cxF  
αγ => ]|)()(ob[Pr kk DccX  

 



RESULTS 
 

 



POSTERIOR DISTRIBUTION 
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Marginal posterior distribution of the MTD (univariate posterior distribution of the MTD 
after integrating the j oint posterior w ith respec t to all other m odel param eters)  for 
three selec ted pre-treatm ent anti-S E A  c onc entrations.  

The rec om m ended 
dose is determ ined 
for eac h antiS E A
level so that the 
probability  that it 
ex c eeds the MTD is 
0 . 2 5 .

The MTD is defined 
to be the dose of 
P N U -2 1 4 9 3 6  that 
w hen adm inistered 
to patients w ith a 
partic ular level of 
anti-S E A A b results 
in a probability  
eq ual to 0 . 1 0  that 
DL T oc c urs.  



Phase I Study of PNU based on pre-treatm ent 
anti -SE A  c onc entrati on i n Pati ents w i th 
A dv anc ed Non-sm al l  C el l  L ung  C anc er
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Use of Covariate in Prospective Clinical Trial

R e c o m m e n d e d  d o s e  ( n g / k g )  a s  a  f u n c t i o n  o f  
p r e -t r e a t m e n t  a n t i -S E A  c o n c e n t r a t i o n  ( p m o l / m l )  

a t  t h e  b e g i n n i n g ( d o t t e d  l i n e ) ;  a n d  e n d  o f  t h e  t r i a l  ( s o l i d  l i n e )



• T a r g e t  θ d u r i n g  A L L  P h a s e s o f  
T r e a t m e n t  E v a l u a t i o n

• T a i l o r  D o s e L e v e l s  t o  t h e  
I n d i v i d u a l  P a t i e n t

• E a c h  P a t i e n t a t  E a c h  S t a g e  
w i l l  b e  p r o v i d e d  w i t h  t h e  B e s t  
D o s e

• M o r e  P a t i e n t s w i l l  b e  T r e a t e d  
w i t h  T h e r a p e u t i c  D o s e s

• F e w e r  P a t i e n t s w i l l  b e  
O v e r d o s e d  a n d  S u f f e r  f r o m  
T r e a t m e n t ’ s  T o x i c  E f f e c t s

IF

T H E N

Proposition



Phase II

t i m e

Clinical Trials

Ph ase I Ph ase I I Ph ase I I I

S t a n d a r d  P a r a d i g m

P r o p o s e d  P a r a d i g m

Phase I Phase III

t i m e

Clinical Trials



P r e l i m i n a r y  R e s u l t s  S u m m a r y
• H o w  d a t a  c a n  b e  u s e d  t o  i d e n t i f y  p a t i e n t  
s p e c i f i c  c h a r a c t e r i s t i c s t h a t  a f f e c t  o r  p r e d i c t  
p a t i e n t  s u s c e p t i b i l i t y t o  t h e  a d v e r s e  e f f e c t s  o f  
c a n c e r  t h e r a p y
• H o w  t h i s  i n f o r m a t i o n  c a n  b e  e x p l o i t e d  t o  
i m p r o v e  c a n c e r  t r e a t m e n t i n  t h e  c l i n i c a l  s e t t i n g



Nex t Steps
- P r o s p e c t i v e  T r i a l s

- G e n e r a l i z e  E W O C f o r  m o r e  t h a n  1  C o v a r i a t e
f o r  T i m e  t o  E v e n t



Drug A dm inistered

Tox ic ity E ffic ac y

C L I N I C A L  R E S P O N S E

A bsorption
P lasm a C onc entration

TH E R A P E U TI C  R E G I ME N

E lim ination Metabolism

P H A R MA C O K I N E TI C S

C onc entration
at Tum or

R enal F unc tion L iver F unc tionDistribution

P atient’ s
G enom e

E nvironm ent
Measured
en dp o i n t s

w i t h i n  do t t ed
en v el o p e 

C onc entration
at O ther Tissues



Pharmacogenetics

• C Y P2 C 8
• 3 A 4
• 3 A 5  
• UG T 1 A 1 - uridinediphosphate gluc uronosy ltransferase
• p5 3

I n d i v i d u a l s  w i t h  
v a r i a n t  c a p a c i t y  t o  m e t a b o l i c a l l y  i n a c t i v a t e  t a x a n e s
a r e  a t  r i s k  f o r  t o x i c  r e a c t i o n s  ( l o w  c a p a c i t y )  
o r  i n e f f i c a c i o u s  t h e r a p y  ( h i g h  c a p a c i t y )



Rogatko, A., S l i f ke r , M .J ., 
B ab b , J .S .  
H ar d y -W e i n b e r g 
e q u i l i b r i u m  d i agn os ti c s .
T h e or . P op u l . B i ol . 
6 2 : 2 5 1 -2 5 7 , 2 0 0 2 .



S ch em a

R e g i s t e r

B asel ine L ab s
PB M C  C o l l ec tio n
Ph arm ac o k inetic s 
( l im ited sam p l ing )

T a x a n e -b a s e d  
t h e r a p y

R e p e a t  c y c l e s  
q 3 -4  w e e k s  p e r
p h y s i c i a n  d i s c r e t i o n
To x ic ity  assessm ent
( eac h  c y c l e)
R esp o nse assessm ent
( q  2-3  c y c l es rec o m m ended)

A ny  tax ane-b ased
treatm ent
PS  0 -2

P l a n n e d  a c c r u a l :  1 000 p a t i e n t s  o v e r  4  y e a r s



OBJECTIVES 

Specific Aim 1 
Cohort Study 

P ha rm a c og e n e ti c s  L a b .  
P ha rm a c ok i n e ti c  L a b .  

Sta ti s ti c a l  A n a l ys e s  
Specific Aim 2  

P op ul a ti on  M ode l  
V a l i da ti on  

Specific Aim 3  
P re di c ti on  M ode l  

P re di c ti on  M ode l  V a l i da ti on  
T a i l ore d D os e  M ode l  

T a i l ore d D os e  M ode l  V a l i da ti on  
Specific Aim 4  

Sta ti s ti c a l  A n a l ys e s  
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Phase I studies assume that dose is the significant determinant of tox icity .  H ow ev er,  a 
retrosp ectiv e anal y sis of 4 5 9  p atients enrol l ed in 2 3  inv estigator initiated therap eutic p hase I and 
II studies at the F ox  C hase C ancer C enter rev eal ed that dose is not al w ay s a significant p redictor 
of tox icity .  E v en w ith conv entional  p atient sel ection criteria that incl uded the req uirement for 
normal  or near-normal  hep atic and renal  function,  p atient characteristics had greater p redictiv e 
v al ue than dose for the tox icity  for sev eral  agents.  T hese resul ts are in agreement w ith recent 
imp rov ements in our understanding of p harmacok inetics and the genetics of drug metab ol ism.  
T hey  indicate that cancer therap ies need to accommodate intrinsic p atient differences in drug 
tol erance.  S uch methods w oul d adj ust the dose l ev el  according to measurab l e p atient 
characteristics in order to ob tain an indiv idual iz ed target drug ex p osure.  A  first step  in this 
direction w as the dev el op ment of a p atient sp ecific dose escal ation scheme util iz ing a B ay esian 
model  of E scal ation w ith O v erdose C ontrol  ( E W O C ) .  T his ap p roach w as imp l emented to 
estab l ish the max imum-tol erated dose of PN U -2 1 4 9 3 6  in adv anced non-smal l  cel l  l ung cancer.  
M ethods,  resul ts,  and ongoing dev el op ments w il l  b e p resented in the design of cancer cl inical  
trial s that not onl y  guide dose escal ation b ut al so p ermit p ersonal iz ation of the dose l ev el  for each 
sp ecific p atient.  T his adap tiv e method adj usts doses according to p atient-sp ecific characteristics 
and al l ow s the dose to b e escal ated as q uick l y  as p ossib l e w hil e safeguarding against ov erdosing.  


