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User  gui de**** 

 Thi s document  i s an adds- on t o PFI M 3. 0 document at i on.  Thus,  i t  onl y 
out l i nes t he new f eat ur es i mpl ement ed i n PFI M 3. 2 and expl ai ns how t o car r y 
out  t o use t hem.  Thi s document at i on ver si on does not  det ai l  t he f eat ur es 
t hat  wer e pr evi ousl y r el eased i n ver si on 3. 0 of  PFI M.  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
 
PFI M 3. 2 i s f r ee l i br ar y of  f unct i ons.  
The Uni ver si t é Par i s Di der ot  and I NSERM ar e t he co- owner s of  t hi s l i br ar y 
of  f unct i ons.    
 
Di scl ai mer  
 
We i nf or m user s t hat  t he PFI M 3. 2 i s  a t ool  devel oped by t he Labor at or y 
« Model s and met hods of  t he t her apeut i c eval uat i on of  t he chr oni c 
di seases »-  UMR- S 738,  under  R and GCC.   
 
PFI M 3. 2 i s a l i br ar y of  f unct i ons.  The f unct i ons ar e publ i shed af t er  a 
sci ent i f i c  val i dat i on.   
 
However ,  i t  may be t hat  onl y ext r act s ar e publ i shed.    
 
By usi ng t hi s l i br ar y of  f unct i ons,  t he user  accept s al l  t he condi t i ons of  
use set  f or t h her ei naf t er .  
 
 
Li cence 
 
Thi s pr ogr am i s f r ee sof t war e:  you can r edi st r i but e i t  and/ or  modi f y i t  under  
t he t er ms of  t he GNU Gener al  Publ i c Li cense as publ i shed by t he Fr ee Sof t war e 
Foundat i on,  ei t her  ver si on 3 of  t he Li cense,  or  ( at  your  opt i on)  any l at er  
ver si on.  
 

                                                 
* The document  PFI M3. 2_Exampl es. pdf  wi t h f ul l y descr i bed exampl es i s al so 
avai l abl e.   
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You shoul d have r ecei ved a copy of  t he GNU Gener al  Publ i c Li cense al ong wi t h 
t hi s pr ogr am.   I f  not ,  see  
<ht t p: / / www. gnu. or g/ l i censes/ >.  
 
THI S SOFTWARE I S PROVI DED “ AS I S”  AND ANY EXPRESSED OR I MPLI ED WARRANTI ES,  
I NCLUDI NG,  BUT NOT LI MI TED TO,  THE I MPLI ED WARRANTI ES OF MERCHANTABI LI TY 
AND FI TNESS FOR A PARTI CULAR PURPOSE ARE DI SCLAI MED.  I N NO EVENT SHALL THE 
UNI VERSI TE PARI S DI DEROT OR I NSERM OR I TS CONTRI BUTORS BE LI ABLE FOR ANY 
DI RECT,  I NDI RECT,  I NCI DENTAL,  SPECI AL,  EXEMPLARY,  OR CONSEQUENTI AL DAMAGES 
( I NCLUDI NG,  BUT NOT LI MI TED TO,  PROCUREMENT OF SUBSTI TUTE GOODS OR 
SERVI CES;  LOSS OF USE,  DATA,  OR PROFI TS;  OR BUSI NESS I NTERRUPTI ON)  HOWEVER 
CAUSED AND ON ANY THEORY OF LI ABI LI TY,  WHETHER I N CONTRACT,  STRI CT 
LI ABI LI TY,  OR TORT ( I NCLUDI NG NEGLI GENCE OR OTHERWI SE)  ARI SI NG I N ANY WAY 
OUT OF THE USE OF THI S SOFTWARE,  EVEN I F ADVI SED OF THE POSSI BI LI TY OF SUCH 
DAMAGE.  
 
Redi st r i but i on and use i n sour ce and bi nar y f or ms,  wi t h or  wi t hout  
modi f i cat i on,  ar e per mi t t ed under  t he t er ms of  t he GNU Gener al  Publ i c 
Li cence and pr ovi ded t hat  t he f ol l owi ng condi t i ons ar e met :  
 
1.  Redi st r i but i ons of  sour ce code must  r et ai n t he above copyr i ght  not i ce,  
t hi s l i s t  of  condi t i ons and t he f ol l owi ng di scl ai mer .  
 
2.  Redi st r i but i ons i n bi nar y f or m must  r epr oduce t he above copyr i ght  
not i ce,  t hi s l i s t  of  condi t i ons and t he f ol l owi ng di scl ai mer  i n t he 
document at i on and/ or  ot her  mat er i al s pr ovi ded wi t h t he di st r i but i on.  
  
3.  The end- user  document at i on i ncl uded wi t h t he r edi st r i but i on,  i f  any,  
must  i ncl ude t he f ol l owi ng acknowl edgment :  " Thi s pr oduct  i ncl udes sof t war e 
devel oped by Uni ver si t é Par i s Di der ot  and I NSERM ( ht t p: / / www. bi ost at . f r ) . "  
Al t er nat el y,  t hi s acknowl edgment  may appear  i n t he sof t war e i t sel f ,  i f  and 
wher ever  such t hi r d- par t y acknowl edgment s nor mal l y appear .  
  
4.  The names " PFI M"  must  not  be used t o endor se or  pr omot e pr oduct s der i ved 
f r om t hi s sof t war e wi t hout  pr i or  wr i t t en per mi ssi on.  For  wr i t t en 
per mi ssi on,  pl ease cont act  f r ance. ment r e@i nser m. f r .  
  
5.  Pr oduct s der i ved f r om t hi s sof t war e may not  be cal l ed " PFI M" ,  nor  may 
" PFI M"  appear  i n t hei r  name,  wi t hout  pr i or  wr i t t en per mi ssi on of  t he 
Uni ver si t é Par i s Di der ot  and I NSERM.   
 
 
Copyr i ght  © PFI M 3. 2 – Car ol i ne Bazzol i ,  Thu Thuy Nguyen,  Anne Duboi s,  
Syl v i e Ret out ,  Emmanuel l e Comet s,  Fr ance Ment r é -  Uni ver si t é Par i s Di der ot  
– I NSERM.  
 

www. pf i m. bi ost at . f r  
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1.  Descr i pt i on of  t he new f eat ur es i n PFI M 3. 2 
 
PFI M 3. 2 i s a new r el ease of  t he R scr i pt  f unct i on PFI M 3. 0 [ 1]  dedi cat ed 
t o desi gn eval uat i on and opt i mi sat i on f or  mul t i pl e r esponse model s.   
 
Thi s ver si on i ncor por at es new f eat ur es i n t er ms of  model  speci f i cat i on and 
devel opment  of  t he expr essi on of  t he Fi sher  i nf or mat i on mat r i x ( MF) .  

  
Regar di ng model  speci f i cat i on,  t he l i br ar y of  st andar d phar macoki net i c ( PK)  
model s has been compl et ed wi t h t hr ee compar t ment  model s wi t h l i near  
el i mi nat i on and model s wi t h Mi ckael i s- Ment en el i mi nat i on ( one,  t wo and 
t hr ee compar t ment  model s) .  Fur t her mor e,  a l i br ar y of  phar macodynami c ( PD)  
model s i s now avai l abl e.   
Concer ni ng t he expr essi on of  t he Fi sher  i nf or mat i on mat r i x,  PFI M 3. 2 can 
handl e ei t her  a bl ock di agonal  Fi sher  i nf or mat i on mat r i x or  t he compl et e 
one.   
The comput at i on of  t he Fi sher  i nf or mat i on mat r i x t o per f or m eval uat i on and 
opt i mi sat i on of  i ndi v i dual  desi gns ( i . e.  model s wi t h no r andom ef f ect s)  can 
be car r i ed out .   
I t  i s  now al so possi bl e i n PFI M 3. 2 t o use model s i ncl udi ng i nt er - occasi on 
var i abi l i t y ( I OV)  wi t h r epl i cat ed desi gns at  each occasi on [ 2] .   
Last ,  a new f eat ur e of  PFI M 3. 2 i s t he comput at i on of  t he Fi sher  
i nf or mat i on mat r i x f or  model s i ncl udi ng f i xed ef f ect s f or  t he i nf l uence of  
di scr et e covar i at es on t he par amet er s.  Speci f i cat i on of  covar i at es can 
depend or  not  of  t he occasi on.  The comput at i on of  t he pr edi ct ed power  of  
t he Wal d t est  f or  compar i son or  equi val ence t est  f or  a gi ven di st r i but i on 
of  a di scr et e covar i at e as wel l  as t he number  of  subj ect s needed t o achi eve 
a gi ven power  can be comput ed [ 2,  3,  4] .   

 
The same i nput  f i l e,  named by def aul t  st di n. r ,  used i n PFI M 3. 0 can be used 
i n PFI M 3. 2 but  t he new f eat ur es woul d t hen not  be act i ve.   

 
PFI M 3. 2 i s al so devel oped f or  R 2. 4. 1 and hi gher  ver si ons.  
 

1. 1.  Model  speci f i cat i on 
 
 
Model s can be speci f i ed ei t her  wi t h t hei r  anal yt i cal  f or m or  wi t h syst ems 
of  di f f er ent i al  equat i ons,  usi ng t he l i br ar i es of  model s or  t he user  
def i ned model  opt i on.  I n t he l at er  case,  user s can def i ne t hei r  own model  
anal yt i cal l y or  use a syst em of  di f f er ent i al  equat i ons.  Thi s opt i on has not  
been modi f i ed i n PFI M 3. 2,  onl y t he l i br ar i es of  model s have been 
compl et ed.   
Compar ed t o PFI M 3. 0,  t hr ee compar t ment  model s wi t h l i near  el i mi nat i on and 
model s wi t h Mi ckael i s- Ment en el i mi nat i on ( one,  t wo and t hr ee compar t ment  
model s)  have been added t o t he l i br ar y of  PK model s.  Mor eover ,  a l i br ar y of  
PD model s i s now avai l abl e,  suppor t i ng i mmedi at e r esponse model s ( al one or  
l i nked t o a phar macoki net i c model )  and t he t ur nover  r esponse model s ( l i nked 
t o phar macoki net i c model ) .  These l i br ar i es have been der i ved f r om t he PKPD 
l i br ar y devel oped by Ber t r and and Ment r é [ 5]  f or  t he MONOLI X sof t war e,  and 
al l  anal yt i cal  expr essi ons ar e i n t hat  document .  Pr esent l y,  t her e i s no 
model  wi t h l ag t i me i n bot h l i br ar i es.  
 
As i n PFI M 3. 0,  t o use t he l i br ar y of  model s,  t he user  has t o speci f y t he 
pat h of  t he f i l e i n t he model f i l e named by def aul t  model . r .   
 

1. 1. 1.  Li br ar y of  phar macoki net i c model s 
 
Two t ypes of  PK model s can now be used i n PFI M 3. 2,  PK model s wi t h a f i r st  
or der  l i near  el i mi nat i on or  PK model s wi t h a Mi ckael i s- Ment en el i mi nat i on.  
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The PK model s wi t h a l i near  el i mi nat i on ar e wr i t t en usi ng an anal yt i cal  
f or m wher eas t he PK model s wi t h a Mi ckael i s- Ment en ar e wr i t t en usi ng a 
di f f er ent i al  equat i on syst em.   
These bot h t ypes of  PK model  ar e wr i t t en i n t he f i l e Li br ar yPK. r  avai l abl e 
i n t he f ol der  Pr ogr am.  Thus,  t he user  has t o speci f y t he pat h of  t hi s  f i l e 
i n t he model  f i l e t o use t hi s l i br ar y of  model s:   
 
sour ce ( past e( di r ect or y. pr ogr am, di r sep, ” Li br ar yPK. r ” ,  sep=” ” )  
 
For  each t ype of  PK model s,  t he l i s t  of  model s ar e pr esent ed i n separ at ed 
t abl es i n t he f ol l owi ng sect i ons.    
 
These t abl es r et ur n al l  t he i nf or mat i on i n or der  t o use t he model  f unct i on 
chosen.   The model  i s descr i bed by:  

-  a name 
-  t he t ype of  i nput  
-  t he t ype of  el i mi nat i on 
-  t he number  of  compar t ment s 
-  t he par amet er s used ( par amet er i sat i on)  
-  t he t ype of  admi ni st r at i on ( sd :  s i ngl e dose,  md:  mul t i pl e dose,  

ss:  st eady st at e)  
-  f or  each admi ni st r at i on t ype,  some var i abl es ar e r equi r ed ( or  

not ) .  They ar e speci f i ed i n t he col umn named:  Needed var i abl es ( N:  
number  of  doses,  t au:  i nt er val  bet ween t wo doses,  TI nf :  dur at i on 
of  t he i nf usi on,  doseMM:  dose)  

 
For  model s wi t h i nf usi on,  t he user  has t o speci f y t he dur at i on of  i nf usi on 
( TI nf )  i n t he needed var i abl e.  The r at e of  i nf usi on i s comput ed 
aut omat i cal l y i n t he f unct i on model  by t he expr essi on:  dose/ TI nf .  As i n 
PFI M 3. 0,  f or  PK model s wi t h l i near  el i mi nat i on,  t he var i abl e dose has t o 
be speci f i ed i n t he i nput  f i l e.   
 
For  exampl e,  i f  one uses af t er  a mul t i pl e dose admi ni st r at i on,  t he f i r st  
or der  or al  absor pt i on wi t h one compar t ment  model  ( or al 1_1cpt _kaVCl  wi t h 
opt i on md)  f r om t he l i br ar y,  t he f unct i on of  t he model  uses t hr ee 
par amet er s ( ka,  Cl  and V)  and t wo needed var i abl es ( N,  t au) :  t he number  of  
doses ( N)  and t he i nt er val  bet ween t wo doses ( t au) .  
 
Exampl es of  t he use of  t he l i br ar y of  phar macoki net i c model s ar e pr esent ed 
i n sect i on 2. 2 of  t he pr esent  document  as i n sect i on 2. 1 of  t he PFI M 3. 0 
document at i on.   
 

 
1. 1. 1. 1.  Phar macoki net i c model s wi t h a l i near  el i mi nat i on 
 

Compar ed t o PFI M 3. 0,  t he l i br ar y of  PK model s wi t h l i near  el i mi nat i on has 
been compl et ed by t he t hr ee compar t ment  model s f or  t he t hr ee t ypes of  i nput  
( bol us,  i nf usi on and f i r st  or der  or al  absor pt i on)  and t he t hr ee t ypes of  
admi ni st r at i on ( s i ngl e dose,  mul t i pl e dose,  st eady st at e) .   
The l i st  of  t hese PK model s i s gi ven i n Tabl e 1.  I t  i s an updat e of  t he 
Tabl e 1 pr esent ed i n t he document at i on of  PFI M 3. 0.     
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Tabl e 1.  Phar macoki net i c model s wi t h f i r st  or der  l i near  el i mi nat i on i ncl uded i n t he l i br ar y of  model s 
 

Name I nput  Cpt  El i mi nat i on Par amet er i sat i on Admi ni st r at i on Needed 
Var i abl e( s)  

sd -  
md N,  t au bol us_1cpt _Vk I V- bol us 1 1st  or der  V,  k 
ss t au 
sd -  
md N,  t au bol us_1cpt _VCl  I V- bol us 1 1st  or der  V,  Cl  
ss t au 
sd TI nf  
md TI nf ,  N,  t au i nf usi on_1cpt _Vk I V- i nf usi on 1 1st  or der  V,  k 
ss TI nf ,  t au 
sd TI nf  
md TI nf ,  N,  t au i nf usi on_1cpt _VCl  I V- i nf usi on 1 1st  or der  V,  Cl  
ss TI nf ,  t au 
sd -  
md N,  t au or al 1_1cpt _kaVk 1st  or der  1 1st  or der  ka,  V,  k 
ss t au 
sd -  
md N,  t au or al 1_1cpt _kaVCl  1st  or der  1 1st  or der  ka,  V,  Cl  
ss t au 
sd -  
md N,  t au bol us_2cpt _Vkk12k21 I V- bol us 2 1st  or der  V,  k,  k12,  k21 

ss t au 
sd -  
md N,  t au bol us_2cpt _Cl V1QV2 I V- bol us 2 1st  or der  Cl ,  V1,  Q,  V2 
ss t au 
sd TI nf  
md TI nf ,  N,  t au i nf usi on_2cpt _Vkk12k21 I V- i nf usi on 2 1st  or der  V,  k,  k12,  k21 
ss TI nf ,  t au 
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sd TI nf  
md TI nf ,  N,  t au i nf usi on_2cpt _Cl V1QV2 I V- i nf usi on 2 1st  or der  Cl ,  V1,  Q,  V2 
ss TI nf ,  t au 
sd -  
md N,  t au or al 1_2cpt _kaVkk12k21 1st  or der  2 1st  or der  ka,  V,  k,  k12,  k21 
ss t au 
sd -  
md N,  t au or al 1_2cpt _kaCl V1QV2 1st  or der  2 1st  or der  ka,  Cl ,  V1,  Q,  V2 
ss t au 
sd -  
md N,  t au bol us_3cpt _Vkk12k21k13k31 I V- bol us 3 1st  or der  V,  k,  k12,  k21,  k13,  k31 
ss t au 
sd -  
md N,  t au bol us_3cpt _Cl V1Q1V2Q2V3 I V- bol us 3 1st  or der  Cl ,  V1,  Q1,  V2,  Q2,  V3 
ss t au 
sd TI nf  
md TI nf ,  N,  t au i nf usi on_3cpt _Vkk12k21k13k31 I V- i nf usi on 3 1st  or der  V,  k,  k12,  k21,  k13,  k31 
ss TI nf ,  t au 
sd TI nf  
md TI nf ,  N,  t au i nf usi on_3cpt _Cl V1Q1V2Q2V3 I V- i nf usi on 3 1st  or der  Cl ,  V1,  Q1,  V2,  Q2,  V3 
ss TI nf ,  t au 
sd -  
md N,  t au or al 1_3cpt _kaVkk12k21k13k31 1st  or der  3 1st  or der  ka,  V,  k,  k12,  k21,  k13,  k31 
ss t au 
sd -  
md N,  t au or al 1_3cpt _kaCl V1Q1V2Q2V3 1st  or der  3 1st  or der  ka,  Cl ,  V1,  Q1,  V2,  Q2,  V3 
ss t au 
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1. 1. 1. 2.  wPhar macoki net i c model s wi t h a Mi ckael i s- Ment en 
el i mi nat i on 

 
 
One,  t wo and t hr ee compar t ment  model s ar e i mpl ement ed f or  t he t hr ee t ypes 
of  i nput .  For  bol us i nput  and Mi ckael i s- Ment en el i mi nat i on,  onl y s i ngl e 
dose model s ar e i mpl ement ed.  For  i nf usi on and f i r st  or der  absor pt i on i nput ,  
s i ngl e dose and mul t i pl e dose ar e i mpl ement ed.  Ther e i s no st eady- st ae 
condi t i ons f or  PK model s wi t h Mi ckael i s- Ment en el i mi nat i on.  The l i st  of  
t hese PK model s i s gi ven i n Tabl e 2.  
 

For  model s wi t h a bol us i nput ,  t he dose has t o be speci f i ed i n t he i nput  
f i l e ( st di n. r  by def aul t )  as t he i ni t i al  condi t i on of  t he di f f er ent i al  
equat i on syst em.  For  model s wi t h i nf usi on or  f i r st  or der  absor pt i on i nput ,  
dose has t o be speci f i ed as an ar gument  and NOT I N THE I NI TI AL CONDI TI ON OF 
THE MODEL I N THE I NPUT FI LE.   
 

 As t he dose i s an ar gument ,  i t  i s  not  possi bl e t o speci f y di f f er ent  
doses per  gr oup f or  model s wi t h i nf usi on or  f i r st  or der  absor pt i on i nput .  
Al l  gr oups of  t he desi gn consi der ed have t he same dose.  Ot her wi se,  t he user  
shoul d use t he user  def i ned model  opt i on.  
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Tabl e 2.  Phar macoki net i c model s wi t h Mi ckael i s- Ment en el i mi nat i on i ncl uded i n t he l i br ar y of  model s 
 

 

Name I nput  Cpt  El i mi nat i on Par amet er i sat i on Admi ni st r at i on Needed 
Var i abl e( s)  

bol us_1cpt _VVmkm I V- bol us 1 Mi ckael i s- Ment en V,  Vm,  km sd -  

sd doseMM, TI nf  
i nf usi on_1cpt _VVmkm I V- i nf usi on 1 Mi ckael i s- Ment en V,  Vm,  km 

md doseMM, TI nf ,  t au 
sd doseMM 

or al 1_1cpt _kaVVmkm 1st  or der  1 Mi ckael i s- Ment en ka,  V, Vm,  km 
md doseMM, t au 

bol us_2cpt _Vk12k21Vmkm I V- bol us 2 Mi ckael i s- Ment en V,  k12,  k21,  Vm,  
km sd -  

bol us_2cpt _V1QV2Vmkm I V- bol us 2 Mi ckael i s- Ment en V1,  Q,  V2,  Vm,  
km sd -  

sd doseMM, TI nf  
i nf usi on_2cpt _Vk12k21Vmkm I V- i nf usi on 2 Mi ckael i s- Ment en V,  k12,  k21,  Vm,  

km md doseMM, TI nf ,  t au 
sd doseMM, TI nf  

i nf usi on_2cpt _ V1QV2Vmkm I V- i nf usi on 2 Mi ckael i s- Ment en V1,  Q,  V2,  Vm,  
km md doseMM, TI nf ,  t au 

sd doseMM 
or al 1_2cpt _kaVk12k21Vmkm 1st  or der  2 Mi ckael i s- Ment en ka,  V,  k12,  k21,  

Vm,  km md doseMM,  t au 
sd doseMM 

or al 1_2cpt _kaV1QV2Vmkm 1st  or der  2 Mi ckael i s- Ment en ka,  V1,  Q,  V2,  
Vm,  km md doseMM,  t au 

bol us_3cpt _Vk12k21k31k13Vmkm I V- bol us 3 Mi ckael i s- Ment en V,  k12,  k21,  
k13,  k31,  Vm,  km sd -  

bol us_3cpt _ V1Q1V2Q2V3Vmkm I V- bol us 3 Mi ckael i s- Ment en V1,  Q1,  V2,  Q2,  
V3,  Vm,  km sd -  

sd doseMM, TI nf  
i nf usi on_3cpt _Vk12k21k13k31Vmkm I V- i nf usi on 3 Mi ckael i s- Ment en V,  k12,  k21,  

k13,  k31,  Vm,  km md doseMM, TI nf ,  t au 
sd doseMM, TI nf  

i nf usi on_3cpt _V1Q1V2Q2V3Vmkm I V- i nf usi on 3 Mi ckael i s- Ment en V1,  Q1,  V2,  Q2,  
V3,  Vm,  km md doseMM, TI nf ,  t au 

sd doseMM 
or al 1_3cpt _kak12k21k13k31Vmkm 1st  or der  3 Mi ckael i s- Ment en ka,  k12,  k21,  

k13,  k31,  Vm,  km md doseMM, t au 
sd doseMM 

or al 1_3cpt _kaV1Q1V2Q2V3Vmkm 1st  or der  3 Mi ckael i s- Ment en ka,  V1,  Q1,  V2,  
Q2,  V3,  Vm,  km md doseMM,  t au 



 10 

1. 1. 2.  Li br ar y of  phar macodynami c model s 
 
The l i br ar y of  PD model s suppor t s i mmedi at e r esponse model s ( al one or  
l i nked t o a phar macoki net i c model )  and t ur nover  r esponse model s ( l i nked t o 
phar macoki net i c model s) .   
The t abl es pr esent i ng t hese model s r et ur n al l  t he i nf or mat i on i n or der  t o 
use t he model  f unct i on chosen:   

-  a name 
-  t he par amet er s used ( par amet er i sat i on)  

 
Exampl es of  t he use of  t he l i br ar y of  phar macodynami c model s ar e pr esent ed 
i n sect i on 2. 2.   
 
 

1. 1. 2. 1.  I mmedi at e r esponse phar macodynami c model s al one 
 

Li near ,  quadr at i c,  l ogar i t hmi c,  Emax,  s i gmoi d Emax,  I max,  s i gmoi d I max 
model s wi t h nul l  or  const ant  basel i ne ar e avai l abl e.  The l i st  of  t hese 
model s i s gi ven i n Tabl e 3.   
These model s ar e wr i t t en wi t h an anal yt i cal  f or m and have t o be used i n t he 
case of  a model  wi t h one r esponse ( PD eval uat i on or  opt i mi sat i on) .  They ar e 
i mpl ement ed i n t he f i l e Li br ar yPD_PDdesi gn. r .   Thus,  t he user  has t o speci f y 
t he pat h of  t hi s f i l e i n t he model  f i l e t o use t hi s l i br ar y of  model s:   
 
sour ce ( past e( di r ect or y. pr ogr am, di r sep, ” Li br ar yPD_PDdesi gn. r ” ,  sep=” ” )  
 

 
For  t hese model s,  t he desi gn var i abl es ar e t he concent r at i ons or  t he doses 
i nst ead of  t he sampl i ng t i mes.   
For  exampl e,  i f  one uses a l i near  dr ug act i on model  wi t h a const ant  
basel i ne ( i mmed_l i n_const )  f r om t he l i br ar y,  t he model  uses t wo par amet er s 
( Al i n,  S0) .    
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Tabl e 3.  I mmedi at e r esponse phar macodynami c model s i ncl uded i n t he PD l i br ar y f or  PD al one and f or  PK/ PD model   

 

Basel i ne 

Nul l  basel i ne Const ant  basel i ne 
Dr ug act i on 

model s 
Name Par amet er i sat i on Name Par amet er i sat i on 

Li near  i mmed_l i n_nul l  Al i n i mmed_l i n_const  Al i n,  S0 

Quadr at i c i mmed_quad_nul l  Al i n,  Aquad i mmed_quad_const  Al i n,  Aquad,  S0 

Logar i t hmi c i mmed_l og_nul l  Al og i mmed_l og_const  Al og,  S0 

Emax i mmed_Emax_nul l  Emax,  C50 i mmed_Emax_const  Emax,  C50,  S0 

Si gmoi d Emax i mmed_gammaEmax_nul l  Emax,  C50,  gamma i mmed_gammaEmax_const  Emax,  C50,  gamma,  S0 

I max i mmed_I max_nul l  I max,  C50 i mmed_I max_const  I max,  C50,  S0 

Si gmoi d I max i mmed_gammaI max_nul l  I max,  C50,  gamma i mmed_gammaI max_const  I max,  C50,  gamma,  S0 
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1. 1. 2. 2.  Phar macodynami c model s l i nked t o phar macoki net i c model  
 

I n t hi s sect i on,  we deal  wi t h a t wo r esponse model ,  wi t h one r esponse f or  
t he PK and t he ot her  one f or  t he PD.  We t hus opt i mi se sampl i ng t i mes f or  
bot h r esponses usi ng a PK/ PD model .  Usi ng t he l i br ar i es of  model s,  we have 
f our  cases t o compose t he PK/ PD model  accor di ng t o t he wr i t i ng of  each 
r esponse model :  ei t her  wi t h an anal yt i cal  f or m ( AF)  or  a di f f er ent i al  
equat i on syst em ( ODE) .  
Ther ef or e,  t her e ar e f our  cases of  PK/ PD model s:  
 

1.  PK model  wi t h l i near  el i mi nat i on ( AF)  and i mmedi at e r esponse PD 
model  ( AF)  

 
2.  PK model  wi t h l i near  el i mi nat i on ( AF)  and t ur nover  r esponse PD 

model  ( ODE)  
 

3.  PK model  wi t h Mi ckael i s- Ment en el i mi nat i on ( ODE)  and i mmedi at e 
r esponse PD model  ( AF)  

 
4.  PK model  wi t h Mi ckael i s- Ment en el i mi nat i on and t ur nover  r esponse 

PD model  ( ODE)   
 
To use PFI M f or  desi gn eval uat i on and opt i mi sat i on f or  a PK/ PD model ,  i t  i s  
necessar y t o have a PK r esponse and a PD r esponse i mpl ement ed wi t h a 
s i mi l ar  f or m.   
I n t he f i r st  case,  i mmedi at e r esponse phar macodynami c model s ar e wr i t t en 
wi t h an anal yt i cal  f or m i n t he f i l e Li br ar yPD_PKPDdesi gn. r  and t hus t hey 
can be associ at ed t o phar macoki net i c model s wi t h f i r st  or der  l i near  
el i mi nat i on ( Tabl e 1)  i mpl ement ed i n t he f i l e l i br ar yPK. r ,  whi ch ar e al so 
wr i t t en wi t h anal yt i cal  f or ms.  I n t hese PD f unct i ons,  t he expr essi on of  t he 
PK model  i s gi ven as an ar gument .   
I n t hi s case,  t he user  has t o f i l l  i n t he st di n. r  usi ng anal yt i cal  f or m 
opt i ons and t o speci f y t he pat hs of  t he l i br ar y f i l es i n model . r :   
 
sour ce( past e( di r ect or y. pr ogr am, di r sep, ” Li br ar yPK. r ” , sep=” ” )  
sour ce( past e( di r ect or y. pr ogr am, di r sep, ” Li br ar yPD_PKPDdesi gn. r ” , sep=” ” )  
 
 
However ,  f or  t he t hr ee ot her  cases,  t he PK r esponse and t he PD r esponse ar e 
wr i t t en ei t her  wi t h di f f er ent  f or ms or  bot h wi t h a di f f er ent i al  equat i on 
syst em ( Case 4) .  That  i s why,  t he user  has t o cal l  a speci f i c f unct i on i n 
or der  t o cr eat e a syst em of  di f f er ent i al  equat i ons descr i bi ng t he 
cor r espondi ng PK/ PD model .  Thi s f unct i on named Cr eat e_f or mED( )  i s  
i mpl ement ed i n t he f i l e Cr eat eModel _PKPDdesi gn. r  and has t o be used i n t he 
model  f i l e as f ol l ows:   
 
sour ce ( past e( di r ect or y. pr ogr am, di r sep, ” Cr eat eModel _PKPDdesi gn. r ” ,  sep=” ” )  
cr eat e_f or mED( f un_pk, f un_pd, dose=NA, t au=NA, TI nf =NA)   
 
wher e  

-  f un_pk and f un_pd:  t he names of  t he PK and PD model s,  r espect i vel y 
-  dose:  val ue of  t he dose onl y f or  a PK model  wi t h i nf usi on or  or al  

i nput  ( by def aul t :  NA)   
-  t au:  dosi ng i nt er val  t o speci f y onl y f or  mul t i pl e dose condi t i ons 

( by def aul t :  NA)  
-  TI nf :  t i me of  i nf us i on t o speci f y onl y f or  PK model  wi t h i nf usi on 

i nput  ( by def aul t :  NA)  
 
Usi ng t hi s f unct i on,  a new f i l e named model _cr eat ed. r  i s cr eat ed i n t he 
di r ect or y cur r ent l y used.  Thi s new f i l e cont ai ns t he compl et e wr i t i ng of  
t he di f f er ent i al  equat i on syst em descr i bi ng t he cor r espondi ng PK/ PD model  
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cr eat ed by t he f unct i on Cr eat e_f or mED( ) .  Thi s f i l e can be del et ed af t er  
r unni ng PFI M.  I t  wi l l  be er ased at  each new use of  t he f unct i on 
Cr eat e_f or mED( ) .  
 
For  t hese cases,  t he user  has t hus t o f i l l  i n t he sdt i n. r  usi ng 
di f f er ent i al  equat i on opt i ons.  
 
The l i st  of  t he i mmedi at e r esponse PD model s i s t hus gi ven i n Tabl e 3 pl us 
t hose of  Tabl e 4.  The l i st  of  t he t ur nover  r esponse PD model s i s gi ven i n 
Tabl e 5.   
For  t he second case wher e a PK model  wi t h l i near  el i mi nat i on i s associ at ed 
t o a t ur nover  PD r esponse model ,  t he PK model  i s wr i t t en wi t h a 
di f f er ent i al  equat i ons syst em.  Consequent l y,  onl y some PK model s f r om t he 
Tabl e 1 ar e i mpl ement ed:  

-  f or  bol us i nput ,  onl y s i ngl e dose model s;  
-  f or  i nf usi on i nput ,  s i ngl e dose and mul t i pl e dose  
-  f or  f i r st  or der  absor pt i on i nput ,  s i ngl e dose and mul t i pl e dose 

 

For  model s wi t h a bol us i nput ,  t he dose has t o be speci f i ed i n t he i nput  
f i l e ( st di n. r  by def aul t )  as t he i ni t i al  condi t i on of  t he di f f er ent i al  
equat i on syst em.  For  model s wi t h i nf usi on or  f i r st  or der  absor pt i on i nput ,  
dose has t o be speci f i ed as an ar gument  of  t he f unct i on Cr eat e_f or mED( )  and 
NOT I N THE I NI TI AL CONDI TI ON OF THE MODEL I N THE I NPUT FI LE.  Consequent l y ,  
i t  i s  not  possi bl e t o speci f y di f f er ent  doses per  gr oup f or  model s wi t h 
i nf usi on or  f i r st  or der  absor pt i on i nput .  Al l  gr oups of  t he desi gn 
consi der ed have t he same dose.  Ot her wi se,  t he user  shoul d use t he user  
def i ned model  opt i on.  
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Tabl e 4.  I mmedi at e r esponse phar macodynami c model s l i nked t o a phar macoki net i c model  i ncl uded i n t he l i br ar y*  
 

Basel i ne/ di sease model s 

Li near  pr ogr essi on Exponent i al  i ncr ease Exponent i al  decr ease 
Dr ug act i on 

model s 
 

Name Par am.  Name Par am.  Name Par am.  

Li near  i mmed_l i n_l i n Al i n,  S0,  
kpr og 

i mmed_l i n_exp Al i n,  S0,  
kpr og 

i mmed_l i n_dexp Al i n,  S0,  
kpr og 

Quadr at i c i mmed_quad_l i n Al i n,  Aquad,  
S0,  kpr og 

i mmed_quad_exp 
Al i n,  

Aquad,  S0,  
kpr og 

i mmed_quad_dexp Al i n,  Aquad,  
S0,  kpr og 

Logar i t hmi c i mmed_l og_l i n Al og,  S0,  
kpr og 

i mmed_l og_exp Al og,  S0,  
kpr og 

i mmed_l og_dexp Al og,  S0,  
kpr og 

Emax i mmed_Emax_l i n Emax,  C50,  
S0,  kpr og 

i mmed_Emax_exp Emax,  C50,  
S0,  kpr og 

i mmed_Emax_dexp Emax,  C50,  
S0,  kpr og 

Si gmoi d 
Emax 

i mmed_gammaEmax_l i n 
Emax,  C50,  
gamma,  S0,  

kpr og 
i mmed_gammaEmax_exp 

Emax,  C50,  
gamma,  S0,  

kpr og 
i mmed_gammaEmax_dexp 

Emax,  C50,  
gamma,  S0,  

kpr og 

I max i mmed_I max_l i n I max,  C50,  
S0,  kpr og 

i mmed_I max_exp I max,  C50,  
S0,  kpr og 

i mmed_I max_dexp I max,  C50,  
S0,  kpr og 

Si gmoi d 
I max 

i mmed_gammaI max_l i n 
I max,  C50,  
gamma,  S0,  

kpr og 
i mmed_gammaI max_exp 

I max,  C50,  
gamma,  S0,  

kpr og 
i mmed_gammaI max_dexp 

I max,  C50,  
gamma,  S0,  

kpr og 
 
*  I n addi t i on t o t hose i n Tabl e 3.   



 15 

Tabl e 5.  Tur nover  r esponse phar macodynami c model s l i nked t o a phar macoki net i c model  i ncl uded i n t he l i br ar y 

 

a Ful l  I max means I max i s f i xed equal  t o 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Model s wi t h i mpact  on t he Types  
of  r esponse I nput  Out put  

 Name Par amet er i sat i on Name Par amet er i sat i on 

Emax t ur n_i nput _Emax Ri n, kout , Emax, C50 t ur n_out put _Emax Ri n, kout , Emax, C50 

Si gmoi d Emax t ur n_i nput _gammaEmax Ri n, kout , Emax, C50, gamma t ur n_out put _gammaEmax Ri n, kout , Emax, C50, gamma 

I max t ur n_i nput _I max Ri n, kout , I max, C50 t ur n_out put _I max Ri n, kout , I max, C50 

Si gmoi d I max t ur n_i nput _gammaI max Ri n, kout , I max, C50, gamma t ur n_out put _gammaI max Ri n, kout , I max, C50, gamma 

Ful l  I maxa  t ur n_i nput _I maxf ul l  Ri n, kout , C50 t ur n_out put _I maxf ul l  Ri n, kout , C50 
Si gmoi d f ul l  
I maxa t ur n_i nput _gammaI maxf ul l  Ri n, kout , C50, gamma t ur n_out put _gammaI maxf ul l  Ri n, kout , C50, gamma 
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1. 2.  Ful l  expr essi on of  t he Fi sher  i nf or mat i on mat r i x 
 
The popul at i on Fi sher  i nf or mat i on mat r i x ( ),FM Y x  f or  mul t i pl e r esponse 

model s,  f or  an i ndi v i dual  wi t h an el ement ar y desi gn x  f or  t he vect or  of  
popul at i on par amet er s Y ,  i s  gi ven as:  
 

( )
( , ) ( , )1

,
( , ) ( , )2F T

A E V C E V
M

C E V B E V
� �

Y x @ � �
� �

 

 
wi t h E and V t he appr oxi mat ed mar gi nal  expect at i on and t he var i ance of  t he 
obser vat i ons of  t he i ndi v i dual .  The vect or  of  popul at i on par amet er  Y  i s 
def i ned by ( )' ', 'Y = m l  wi t h m t he p- vect or  of  t he f i xed ef f ect s and l  t he 

vect or  of  t he var i ance t er ms.  MF i s  gi ven as a bl ock mat r i x ( mor e det ai l s 
ar e gi ven i n [ 1] )  wi t h:   
 

1 1 1( ( , )) 2 ( )- - -¶ ¶ ¶ ¶
= +

¶ ¶ ¶ ¶

T

ml
m l l m

E E V V
A E V V tr V V

m m m m
 wi t h m  and 1, ,= �l p  

 
1 1( ( , )) ( )- -¶ ¶

=
¶ ¶ml

m l

V V
B E V tr V V

l l
  wi t h m  and ( )1, ,diml = � l  

 
1 1( ( , )) ( )- -¶ ¶

=
¶ ¶ml

l m

V V
C E V tr V V

l m
 wi t h ( )1, ,dim= �l l  and 1, ,= �m p  

 

 

I n t he pr evi ous ver si ons of  PFI M,  t he dependence of  V i n m was negl ect ed so 

t hat  0
V
m

¶
=

¶
.  Then,  t he popul at i on Fi sher  i nf or mat i on mat r i x i s appr oxi mat ed 

a bl ock di agonal  mat r i x t hat  i s t o say t he bl ock C of  t he mat r i x was 
supposed t o be 0 ( see det ai l s i n [ 1] ) .  Al so,  t he bl ock A i s s i mpl i f i ed and 
expr essed as:   
 

   1( ( , )) 2 -¶ ¶
=

¶ ¶

T

ml
m l

E E
A E V V

m m
 wi t h m  and 1, ,= �l p  

 
I n t he pr esent  ver si on,  t he user  can now choose i f  a f ul l  or  bl ock di agonal  
i nf or mat i on mat r i x i s needed.   

However ,  t hi s i mpl ement at i on i s not  devel oped yet  f or  model s wi t h 
covar i at es and /  or  i nt er - occasi on var i abi l i t y.   
 

1. 3.  Model s wi t h no r andom ef f ect s  
 
PFI M 3. 2 can al so addr ess t he pr obl em of  eval uat i on and opt i mi sat i on of  
i ndi v i dual  desi gns by assumi ng no r andom ef f ect  i n t he model .  Thi s i s done 
by speci f y i ng i nt er - subj ect  var i abi l i t y equal  t o 0.  The user  speci f i es an 
i ndi v i dual  desi gn i . e.  onl y one i ndi v i dual  subj ect  wi t h a number  of  
sampl i ng t i mes and t hei r  al l ocat i on i n t i me.   
However ,  i t  i s  al so possi bl e t o speci f y a desi gn composed of  sever al  gr oups 
wi t h di f f er ent  sampl i ng t i mes i nvol v i ng di f f er ent  number s of  subj ect s.  I n 
t hat  case,  as t her e i s no r andom ef f ect  model ,  desi gn eval uat i on and 
opt i mi sat i on wi t h PFI M 3. 2 i s per f or med as a naï ve pool ed dat a appr oach.  
I ndeed,  t he model  i s f i t t ed t o t he pool ed dat a f r om al l  i ndi v i dual s as 
t hought  i t  comes f r om one “ gi ant  subj ect ” .   
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Desi gn opt i mi sat i on f or  model s wi t h no r andom ef f ect  can be execut ed onl y 
wi t h t he Si mpl ex al gor i t hm and no opt i mi sat i on of  t he number  of  subj ect s i s 
possi bl e.   
 

1. 4.  I nt er - occasi on var i abi l i t y ( I OV)  speci f i cat i on  
 
The expr essi on of  t he popul at i on Fi sher  i nf or mat i on mat r i x has been 
ext ended f or  model  i ncl udi ng addi t i onal  r andom ef f ect s f or  i nt er - occasi on 
var i abi l i t y ( or  wi t hi n subj ect  var i abi l i t y) .   
The i ndi v i dual  par amet er s of  an i ndi v i dual  i  at  occasi on h ar e t hus 
expr essed by t he f ol l owi ng r el at i on,  whi ch can be addi t i ve as 
 

q = m+ + kih i ihb  
or  exponent i al  as 

 
( )q = m + k� � ��� � ���  

 
wher e m i s t he p- vect or  of  f i xed ef f ect s,  ib  t he vect or  of  r andom ef f ect s 

associ at ed t o t he i ndi v i dual  i  and ihk  t he vect or  of  r andom ef f ect s 
associ at ed t o t he i ndi v i dual  i  f or  occasi on h ( h=1, …, H wi t h H t he number  of  
occasi ons) .  ��  and ��k  ar e i ndependent .  I t  i s  assumed t hat ( )0,ib N W�  and 

( )0,ih Nk G�  wi t h W and G def i ned as di agonal  mat r i ces of  s i ze p x p.  Each 

el ement  �w  of  W and g �  of  G r epr esent  t he i nt er - i ndi v i dual  var i abi l i t y of  

t he j t h component  of  ib  and t he i nt er - occasi on var i abi l i t y of  t he j t h 

component  of  ��k ,  r espect i vel y.   

 
The si ze of  t he bl ock C and t he bl ock B of  t he expr essi on of  t he Fi sher  
i nf or mat i on mat r i x ar e t hus modi f i ed t o i ncor por at e t he el ement s of  G.   
 
Thi s new devel opment  was per f or med f or  any number  of  occasi ons H.  I t  i s  
i mpl ement ed i n PFI M 3. 2 f or  t he case wher e t he same el ement ar y desi gns ar e 
used at  each occasi on.   
The user  can i ncl ude i nt er - occasi on var i abi l i t y i n t he model  as wel l  as 
covar i at es.   
 

1. 5.  Di scr et e covar i at e speci f i cat i on  
 
The pr esent  expr essi on of  t he Fi sher  i nf or mat i on mat r i x accommodat es model s 
wi t h par amet er s quant i f y i ng t he i nf l uence of  di scr et e covar i at es.  Two or  
mor e cat egor i es can be i ncl uded.  I n PFI M 3. 2,  i t  can be assumed ei t her  t hat  
covar i at es ar e addi t i ve on par amet er  i f  t he r andom ef f ect  model  i s 
addi t i ve,  or  t hat  covar i at es ar e addi t i ve on l og par amet er s i f  t he r andom 
ef f ect  model  i s exponent i al .  
For  i nst ance,  t he i ndi v i dual  par amet er  � i  i s  descr i bed as t he f unct i on of  a 
di scr et e covar i at e Ci ,  whi ch t akes K val ues def i ni ng K cat egor i es,  wi t h 
addi t i ve ef f ect  model :   
  
 

=
=

q = m + b +�
2

�
i

K

i k C k i
k

b   

 
 
wher e her e k=1 i s def i ned as t he r ef er ence gr oup and 1 0b =  
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For  each covar i at e,  t he user  has t o speci f y b ,  t he vect or  of  covar i at e 
ef f ect  coef f i c i ent s and t he pr opor t i ons of  subj ect s associ at ed t o t he K 
cat egor i es.   
However ,  i t  can be speci f i ed i f  covar i at es change or  not  t hr ough t he 
di f f er ent  occasi ons.  I n t he l at t er  case,  addi t i onal  obj ect s ar e needed:  t he 
vect or  of  sequences of  val ues of  each covar i at e at  each occasi on and t he 
vect or  of  pr opor t i ons of  t he el ement ar y desi gns cor r espondi ng t o each 
sequence of  covar i at e val ues.   
The expect ed Fi sher  i nf or mat i on mat r i x i s comput ed f or  each covar i at e.   
The number  of  covar i at es,  t he number  of  par amet er s associ at ed t o each 
covar i at e as wel l  as t he number  of  cat egor i es f or  each covar i at e,  ar e not  
l i mi t ed.  But  i n t hi s ver si on of  PFI M,  t he di st r i but i on of  t he covar i at es 
ar e supposed i ndependent .  
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1. 6.  Comput at i on of  power  and number  of  subj ect s needed t o t r eat  
 

1. 6. 1.  Compar i son t est  
 
 
Comput at i on of  t he expect ed power  
 
The Wal d t est  can be used t o asses t he di f f er ence of  a covar i at e ef f ect  � .  
I n PFI M,  t he Wal d t est  i s per f or med on t he �  of  each cat egor y f or  each 
covar i at e,  a gl obal  Wal d t est  on t he vect or  �  ( al l  ef f ect  coef f i c i ent s)  i s  
not  i mpl ement ed.   
For  one covar i at e and an ef f ect  of  one cat egor y �  ( K=2) ,  t he nul l  
hypot hesi s i s H0:  { � =0}  whi l e t he al t er nat i ve hypot hesi s i s H1:  { � � 0} .  The 

st at i st i c of  t he Wal d t est  i s def i ned as,  
( )

Ù

Ù

b
=

b
WS

SE
 wi t h 

Ù

b  t he covar i at e 

ef f ect  est i mat es and ( )
Ù

bSE  i t s  associ at ed st andar d er r or .  Under  H1,  when 
� =� 1,  we t hen comput e t he power  of  t he Wal d t est  def i ned as:   

 
 

1 1
1 2 1 2

1 1

1
( ) ( )diffP z z

SE SE- a - a

� � � �b b
= - f - + f - -� � � �b b� � � �

    ( 1)  

 
wher e �  i s  t he cumul at i ve di st r i but i on f unct i on of  t he st andar d nor mal  

di st r i but i on and 2za  i s  such t hat  ( )2 1 2af = - az .   

 

Usi ng t he covar i at e ef f ect  1b  f i xed by t he user ,  t he cor r espondi ng st andar d 

er r or   1( )bSE  i s  pr edi ct ed by PFI M 3. 2 f or  a gi ven desi gn and t he val ues of  
popul at i on par amet er s.   

 
 

Comput at i on of  t he number  of  subj ect s needed  
 
The number  of  subj ect s needed t o achi eve a power  P t o det ect  a covar i at e 
ef f ect  usi ng t he Wal d t est  i s al so comput ed.  Fi r st ,  f r om t he equat i on ( 1) ,  
we comput e t he SE needed on �  t o obt ai n a power  of  P,  cal l ed NSE( P) ,  usi ng 
t he f ol l owi ng r el at i on:  

 
 

( )
1
1

2

( )
1

NSE P
z P-

a

b
=

- f -
     ( 2)  

 
 

Last ,  we comput e t he number  of  subj ect s needed t o be i ncl uded t o obt ai ned a 
power  of  P,  cal l ed NNI ( P)  usi ng 
 
 

( )1( )
( )

b
= ´

SE
NNI P N

NSE P
                         ( 3)  

 
wher e N i s t he i ni t i al  number  of  subj ect s i n t he gi ven desi gn and ( )1bSE  t he 

cor r espondi ng pr edi ct ed SE of  �  f or  t he gi ven desi gn.  
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1. 6. 2.  Equi val ence t est  

 
 
Comput at i on of  t he expect ed power  
 
The Wal d t est  can be used t o asses t he equi val ence of  a covar i at e ef f ect  � .  
I n PFI M,  t he Wal d t est  i s per f or med on t he �  of  each cat egor y f or  each 
covar i at e,  a gl obal  Wal d t est  on t he vect or  �  ( al l  ef f ect  coef f i c i ent s)  i s  
not  i mpl ement ed.   
For  one covar i at e and an ef f ect  of  one cat egor y �  ( K=2) ,  t he nul l  
hypot hesi s i s H0:  { � � - � L or  � � +� L}  whi l e t he al t er nat i ve hypot hesi s i s H1:  
{ - � L� � � +� L} .  H0 i s  composed of  t wo uni l at er al  hypot hesi s 

L0,H - D : { � � - � L}  and 

L0,H +D : { � � +� L} .  Equi val ence bet ween t wo covar i at e ef f ect s can be concl uded i f  

and onl y i f  t he t wo hypot heses 
L0,H - D  and 

L0,H +D  ar e r ej ect ed.   

The t wo st at i st i cs of  t he uni l at er al  Wal d t est  under  t he nul l  hypot hesi s 

ar e def i ned as,  

^

( )
L

L
WS

SE
- D Ù

b+ D
=

b
 and 

^

( )
L

L
WS

SE
+D Ù

b- D
=

b
 wi t h 

Ù

b  t he covar i at e ef f ect  

est i mat es and,  i t s associ at ed st andar d er r or .  Under  H1,  when � =� 1 wi t h � 1 �  
[ - � L,  � L] ,  we t hen comput e t he power  of  t he equi val ence Wal d t est  def i ned 
as:  
 

[ ]1
1 1

1

1 ,0
( )

L
equi LP z if

SE- a

� �b + D
= - f - b Î - D� �b� �

                      ( 4)  

                        [ ]1
1 1

1

0,
( )

L
equi LP z if

SE- a

� �b - D
= f - - b Î +D� �b� �

                       ( 5)  

 
 

wher e �  i s  t he cumul at i ve di st r i but i on f unct i on of  t he st andar d nor mal  

di st r i but i on and za  i s  such t hat  ( ) 1zaf = - a .   

I n equi val ence t est  � 1 i s  usual l y chosen t o be zer o.    
 

Usi ng t he covar i at e ef f ect  1b  f i xed by t he user ,  t he cor r espondi ng st andar d 

er r or   1( )bSE  i s  pr edi ct ed by PFI M 3. 2 f or  a gi ven desi gn and t he val ues of  
popul at i on par amet er s.   
 
 
Comput at i on of  t he number  of  subj ect s needed  
 
The number  of  subj ect s needed t o achi eve a power  P t o show equi val ence 
bet ween t wo covar i at e ef f ect s usi ng t he Wal d t est  i s al so comput ed.  Fi r st ,  
f r om equat i ons ( 4)  and ( 5) ,  we comput e t he SE needed on �  t o obt ai n a power  
of  P,  cal l ed NSE( P) ,  usi ng t he f ol l owi ng r el at i on:  

( ) ( )
( )

[ ]1
11 ,0

1
L

LNSE P if
z P-

a

- b - D
= b Î - D

- + f -
                    ( 6)  

( ) ( )
( )

[ ]1
11 0,L

LNSE P if
z P-

a

- b + D
= b Î +D

+ f
                       ( 7)  
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wher e �  i s  t he cumul at i ve di st r i but i on f unct i on of  t he st andar d nor mal  

di st r i but i on and za  i s  such t hat  ( ) 1zaf = - a .   

 
Last ,  we comput e t he number  of  subj ect s needed t o be i ncl uded t o obt ai ned a 
power  of  P,  cal l ed NNI ( P)  usi ng t he equat i on ( 3)  l i ke f or  compar i son t est .   
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2.  I nst al l at i on 
 

2. 1.  Pr e- r equi r ement  
Li ke f or  PFI M 3. 0,  t he sof t war e R i s  r equi r ed.  For  an opt i mal  use of  PFI M 
3. 2,  sever al  packages mi ght  be needed i n t he R l i br ar y di r ect or y:  

-  f or  di f f er ent i al  equat i on syst em t o descr i be t he model :  “ odesol ve”  
and “ nl me”  packages 

-  f or  t he Feder ov- Wynn al gor i t hm:  “ combi nat ”  package 

Compar ed t o PFI M 3. 0,  an addi t i onal  package “ numDer i v”  i s needed f or  t he 
comput at i on of  t he f ul l  Fi sher  i nf or mat i on mat r i x.   
 
The easi est  way t o i nst al l  packages i s di r ect l y f r om t he web.  To i nst al l  
t he packages odesol ve,  nl me,  combi nat  and numDer i v,  st ar t  R and choose t he 
Packages i t em f r om t he menu.  Choose I nst al l  package( s)  f r om CRAN t o i nst al l  
f r om t he web ( you wi l l  see a l i s t  of  al l  avai l abl e packages pop up - -  
choose odesol ve,  nl me combi nat  and numDer i v) .  
To i nst al l  PFI M 3. 2,  t he user  has t o downl oad t he package named PFI M 3. 2 
avai l abl e on t he webpage www. pf i m. bi ost at . f r .   

 
2. 2.  Component s 

The PFI M 3. 2 package i ncl udes t wo mai n f ol der s cal l ed:   
-  PFI M 3. 2  
-  Exampl es  
 

The f ol der  PFI M 3. 2 i s composed of  3 pr i nci pal  f i l es and one f ol der :   
-  The 3 pr i nci pal  f i l es ar e:  

o The mai n f unct i on ( pr ogr am)  f i l e ( PFI M3. 2. r )  
o The i nput  f i l e ( St di n. r )  
o The model  f i l e ( model . r ) .  
 

-  The f ol der  i s cal l ed Pr ogr am and cont ai ns 10 f i l es of  f unct i ons:  
o Pf i m3. 2op1. r :  To comput e t he bl ock di agonal  Fi sher  
I nf or mat i on mat r i x ( opt i on 1)  t o eval uat e a popul at i on desi gn 
usi ng an anal yt i cal  f or m t o descr i be t he model .  
o Pf i mOPT3. 2op1. r :  To comput e t he bl ock di agonal  Fi sher  
I nf or mat i on mat r i x ( opt i on 1)  t o opt i mi se a popul at i on desi gn 
usi ng an anal yt i cal  f or m t o descr i be t he model  
o EQPf i m3. 2op1. r :  To comput e t he bl ock di agonal  Fi sher  
I nf or mat i on mat r i x ( opt i on 1)  t o eval uat e a popul at i on desi gn 
usi ng a di f f er ent i al  equat i on syst em t o descr i be t he model  
o EQPf i mOPT3. 2op1. r :  To comput e t he bl ock di agonal  Fi sher  
I nf or mat i on mat r i x ( opt i on 1)  t o opt i mi se a popul at i on desi gn 
usi ng a di f f er ent i al  equat i on syst em t o descr i be t he model  
o Pf i m3. 2op2. r :  To comput e t he f ul l  Fi sher  I nf or mat i on mat r i x 
( opt i on 2)  t o eval uat e a popul at i on desi gn usi ng an anal yt i cal  
f or m t o descr i be t he model .  
o Pf i mOPT3. 2op2. r :  To comput e t he f ul l  Fi sher  I nf or mat i on 
mat r i x ( opt i on 2)  t o opt i mi se a popul at i on desi gn usi ng an 
anal yt i cal  f or m t o descr i be t he model  
o EQPf i m3. 2op2. r :  To comput e t he f ul l  Fi sher  I nf or mat i on 
mat r i x ( opt i on 2)  t o eval uat e a popul at i on desi gn usi ng a 
di f f er ent i al  equat i on syst em t o descr i be t he model  
o EQPf i mOPT3. 2op2. r :  To comput e t he f ul l  Fi sher  I nf or mat i on 
mat r i x ( opt i on 2)  t o opt i mi se a popul at i on desi gn usi ng a 
di f f er ent i al  equat i on syst em t o descr i be t he model  
o Al gosi mpl ex3. 2. r :  To use t he Si mpl ex al gor i t hm  
o i ni t f edoR. c and cl assf ed. h:  To compi l e t he dl l  
o l i bFED. dl l :  The dynami c l i br ar y of  t he Feder ov- Wynn 

al gor i t hm 
o al gof edor ov3. 2. r :  To use t he dynami c l i br ar y l i bFED. dl l  
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o l i br ayPK. r :  To use t he l i br ar y of  phar macoki net i c model s 
o l i br ayPD. PDdesi gn. r :  To use t he l i br ar y of  i mmedi at e 

r esponse phar macodynami c model s al one 
o l i br ayPD. PKPDdesi gn. r :  To use t he l i br ar y of  phar macodynami c 

model s l i nked t o phar macoki net i c model s bot h wr i t t en usi ng 
anal yt i cal  f or m 

o Cr eat eModel _PKPDdesi gn. r :  To use t he l i br ar i es of  
phar macoki net i c and phar macodynami c model s when t hey ar e 
wr i t i ng ei t her  wi t h di f f er ent  f or ms or  bot h wi t h 
di f f er ent i al  equat i on syst ems.  

 
 

  The f i l es i n t he f ol der  Pr ogr am shoul d not  be changed.  
 
 
The f ol der  cal l ed Exampl es cont ai ns t he exampl e f i l es.  The document at i on 
whi ch gi ves t hei r  descr i pt i on i s i ncl uded i n t he package PFI M3. 2 wi t h t hi s 
document at i on.  
 
To i nst al l  PFI M 3. 2,  cr eat e a di r ect or y ( f or  exampl e di r ect or y “ U: \ \ My 
Document s\ \ PFI M 3. 2” )  and downl oad t he package PFI M 3. 2.  

 
3.  Use 
 

3. 1.  Wor ki ng di r ect or y 
 

-  Cr eat e a wor ki ng di r ect or y,  f or  exampl e:  
 

“ U: \ \ My Document s\ \ PFI M 3. 2_exampl es\ \ Exampl e1”  
 

-  Copy t he f i l es PFI M3. 2. r ,  St di n. r  and model . r  i n t hi s di r ect or y 
 
-  I n t he f i l e “ PFI M3. 2. r ” ,  speci f y your  wor ki ng di r ect or y:  
 

di r ect or y<- “ U: \ \ My Document s\ \ PFI M 3. 2_exampl es\ \ Exampl e1”  
 

-  Then,  speci f y your  pr ogr am di r ect or y i . e.  wher e i s t he f ol der  cal l ed 
Pr ogr am 
 

di r ect or y. pr ogr am<- “ U: \ \ My Document s\ \ PFI M 3. 2\ \ Pr ogr am”  
 
-  Save t he f i l e PFI M3. 2. r  

 
 
 
 

3. 2.  Model  wr i t t i ng 
 
Compar ed t o PFI M 3. 0,  t her e i s  no change i n t he way t o wr i t e a model  usi ng 
an anal yt i cal  f or m or  a di f f er ent i al  equat i on syst em f or  s i ngl e or  mul t i pl e 
r esponse model s usi ng t he user  def i ned opt i on.   
The mai n change i s  t o wr i t e a PK/ PD model  usi ng t he l i br ar i es of  model s.  
Thus,  sever al  exampl es ar e pr esent ed bel ow wi t h t he di f f er ent  ways of  
wr i t i ng model s.    
 

 
3. 2. 1.  Exampl e 1:  Si ngl e r esponse wi t h a PK or  a PD model  
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1.  PK model  usi ng an anal yt i cal  f or m wi t h t he l i br ar y of  model s 
I n t hi s i l l ust r at i on,  t he user  cr eat es a one r esponse model  usi ng t he model  
f unct i on i mpl ement ed i n t he phar macoki net i c l i br ar y ( Or al 1_1cpt _kaVCl )  descr i bi ng a 
one compar t ment  or al  absor pt i on af t er  a mul t i pl e dose admi ni st r at i on ( md) .  N and 
t au ar e t he needed var i abl es and t hus,  t hey have t o be speci f i ed by t he user  i n t he 
f unct i on model .  Her e,  we have f i ve or al  admi ni st r at i on doses wi t h an i nt er val  
bet ween t wo doses equal  t o t wel ve hour s.  
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPK. r " , sep=" " ) )  
 
f or mA<- Or al 1_1cpt _kaVCl _md( N=5, t au=12) [ [ 1] ]  
f or m<- c( f or mA)  
 
 

2.  PK model  usi ng a di f f er ent i al  equat i on f or m wi t h t he l i br ar y of  model s 
I n t hi s i l l ust r at i on,  t he user  cr eat es a one r esponse model  usi ng t he model  
f unct i on i mpl ement ed i n t he phar macoki net i c l i br ar y ( bol us_1cpt _VVmkm)  descr i bi ng a 
one compar t ment  bol us i nput  wi t h Mi ckael i s- Ment en el i mi nat i on af t er  a s i ngl e dose 
admi ni st r at i on ( sd) .  The dose i s speci f i ed i n a par t  of  t he R- scr i pt  f i l e st di n. r :  
t i me. condi ni t <- 0 
condi ni t <- expr essi on( c( 100) )  # dose=100 
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPK. r " , sep=" " ) )  
 
f or mED<- bol us_1cpt _VVmkm( )  
 
 

3.  PK model  usi ng a di f f er ent i al  equat i on f or m wi t h t he l i br ar y of  model s 
I n t hi s i l l ust r at i on,  t he user  cr eat es a one r esponse model  usi ng t he model  
f unct i on i mpl ement ed i n t he phar macoki net i c l i br ar y ( i nf usi on_1cpt _VVmkm)  
descr i bi ng a one compar t ment  i nf usi on i nput  wi t h Mi ckael i s- Ment en el i mi nat i on af t er  
a s i ngl e dose admi ni st r at i on ( sd) .  The dose i s speci f i ed as an ar gument  of  t he PK 
f unct i on i n t he f i l e model . r ,  not  i n t he i ni t i al  condi t i on descr i bed i n a par t  of  
t he R- scr i pt  f i l e st di n. r :  
t i me. condi ni t <- 0 
condi ni t <- expr essi on( c( 0) )   
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPK. r " , sep=" " ) )  
 
f or mED<- i nf usi on_1cpt _VVmkm( doseMM=100,  Ti nf =1)  
 
 

4.  PD model  usi ng an anal yt i cal  f or m wi t h t he l i br ar y of  model s 
I n t hi s i l l ust r at i on,  t he user  cr eat es a one r esponse model  usi ng t he model  
f unct i on i mpl ement ed i n t he l i br ar y ( i mmed_l i n_nul l )  descr i bi ng an i mmedi at e 
r esponse model  wi t h a l i near  dr ug act i on and wi t hout  basel i ne.    
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPD_PDdesi gn. r " , sep=" " ) )  
 
f or mA<- i mmed_l i n_nul l ( ) [ [ 1] ]  
f or m<- c( f or mA)  
 

 
3. 2. 2.  Exampl e 2:  Two r esponses def i ned by a PK/ PD model  
 

 
5.  PK model  wi t h a l i near  el i mi nat i on + i mmedi at e r esponse PD model   

I n t hi s i l l ust r at i on t he user  cr eat es f or  t he PK model ,  a one compar t ment  model  
wi t h bol us i nput  and f i r st  or der  el i mi nat i on f or  a s i ngl e dose,  and f or  t he PD 
model ,  an i mmedi at e r esponse model  wi t h a l i near  dr ug act i on and no basel i ne i s 
used.  As shown i n t he exampl e,  t he PK model  i s  gi ven as an ar gument  of  t he PD model .  
Thus,  i n t he PD model  t he dr ug concent r at i on cor r esponds t o t he expr essi on of  t he 
PK model .  
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPK. r " , sep=" " ) )  
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Li br ar yPD_PKPDdesi gn. r " , sep=" " ) )  
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f or mA<- bol us_1cpt _Vk( ) [ [ 1] ]  
f or mB<- i mmedPD_l i n_nul l ( f or mA) [ [ 1] ]  
f or m<- c( f or mA,  f or mB)  
 
 

6.  PK model  wi t h a l i near  el i mi nat i on + t ur nover  r esponse PD model  
I n t hi s exampl e,  t he user  cr eat es a PK/ PD model  wi t h a one compar t ment  bol us i nput  
f or  t he PK and a t ur nover  r esponse model  wi t h an i nhi bi t i on on t he i nput  f or  t he 
PD,  usi ng t he f unct i on cr eat e_f or mED.  The dose i s speci f i ed i n a par t  of  t he R-
scr i pt  f i l e st di n. r .  
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Cr eat eModel _PKPDdesi gn. r " , sep=" " ) )  
 
cr eat e_f or mED( bol us_1cpt _Vk, t ur n_i nput _I max)  
 

7.  PK model  wi t h a Mi ckael i s- Ment en el i mi nat i on + i mmedi at e r esponse PD 
model  

I n t hi s exampl e,  t he user  cr eat es a PK/ PD model  wi t h a one compar t ment  i nf usi on 
i nput  wi t h Mi ckael i s- Ment en el i mi nat i on f or  t he PK and an i mmedi at e r esponse model  
wi t h a l i near  dr ug act i on and no basel i ne f or  t he PD,  usi ng t he f unct i on 
cr eat e_f or mED.  I n t hi s  case,  t he user  needs t o speci f y t he dose ( her e equal  t o 100)  
and t he dur at i on of  i nf usi on ( her e equal  t o 1 hour ) as ar gument s,   not  i n t he 
i ni t i al  condi t i on descr i bed i n a par t  of  t he R- scr i pt  f i l e st di n. r .    
sour ce( past e( di r ect or y. pr ogr am, di r sep, " Cr eat eModel _PKPDdesi gn. r " , sep=" " ) )  
 
cr eat e_f or mED( i nf usi on_1cpt _VVmkm, i mmedPD_l i n_nul l , doseMM=100, TI nf =1)  
 

 
3. 3.  Gener al  obj ect s r equi r ed f or  Eval uat i on and Opt i mi sat i on 

 
Accor di ng t o t he new f eat ur es i n PFI M 3. 2,  onl y some obj ect s have been 
added or  modi f i ed i n t he i nput  f i l e named by def aul t :  st di n. r .   

 
3. 3. 1.  Ful l  or  bl ock di agonal  f i sher  i nf or mat i on mat r i x 

 
The f ol l owi ng obj ect  has been added:   
 
-  opt i on:  i nt eger  i ndi cat i ng expr essi on of  t he i nf or mat i on mat r i x:   

-  1 f or  bl ock di agonal   
-  2 f or  f ul l  

 
 

3. 3. 2.  Gr aph opt i on 
 
Thi s l i s t  of  obj ect s has been modi f i ed i n t he ver si on PFI M 3. 2.  I t  al l ows 
t o dr aw a gr aph wi t h t he eval uat ed desi gn ( eval uat i on st ep)  or  t he 
opt i mi sed desi gn ( opt i mi sat i on st ep) .  
Compar ed t o t he ver si on 3. 0 of  PFI M,  t he obj ect  names. dat a has t o be 
r epl aced by t he t wo f ol l owi ngs obj ect s:  
 
-  names. dat ax:   char act er  vect or  f or  t he names of  X axi s f or  each gr aph 

t hat  cor r esponds t o each t ype of  measur ement  ( t he l engt h 
of  t hi s vect or  must  be equal  t o t he number  of  r esponses) .
  

 
-  names. dat ay:   char act er  vect or  f or  t he names of  Y axi s f or  each gr aph 

t hat  cor r esponds t o each t ype of  measur ement  ( t he l engt h 
of  t hi s vect or  must  be equal  t o t he number  of  r esponses) .
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3. 4.  Obj ect s r equi r ed onl y f or  I OV opt i on 
 

The f ol l owi ng l i st  of  obj ect s i s associ at ed t o t he speci f i cat i on of  t he 
i nt er - occasi on var i abi l i t y i n t he model .   
 
-  n_occ:  i nt eger  i ndi cat i ng t he number  of  occasi ons.  

Exampl e:  n_occ=2 
 
-  gamma:  vect or  of  t he p var i ances of  t he r andom ef f ect s 

f or  i nt er - occasi on var i abi l i t y.  
     
 
 

3. 5.  Obj ect s r equi r ed onl y f or  covar i at e opt i on 
 

Thi s l i s t  of  obj ect s al l ows t o speci f y t he i ncl usi on of  covar i at e ef f ect s 
on some par amet er s of  t he model .  I n t he st di n. r ,  i t  appear s j ust  bef or e t he 
obj ect  r equi r ed f or  t he opt i mi sat i on.  The user  can now i ncl ude i n t he model  
covar i at es t hat  do not  change wi t h occasi on and/ or  covar i at es t hat  change 
wi t h occasi on.  
 

3. 5. 1.  Covar i at es not  changi ng wi t h occasi on 
 

I f  t he user  want s t o deal  wi t h covar i at es whi ch do not  change wi t h 
occasi on,  he has t o speci f y t he f ol l owi ng obj ect .   
 
 
-  covar i at e. model :  l ogi cal  val ue;  i f  T,  covar i at es ar e added t o t he 

model  
 
I f  t he user  has f i l l ed i n by T t he pr evi ous obj ect ,  he has t o speci f y t he 
f ol l owi ng obj ect s:   
 
 
-  covar i at e. name:  l i s t  of  char act er  i ndi cat i ng t he name of  t he 

covar i at e( s)  Exampl e:   
  covar i at e. name<- l i st ( c( “ Gender ” ) )  
 
-  covar i at e. cat egor y:  l i s t  of  vect or s of  cat egor i es.  Each vect or  i s  

associ at ed t o one covar i at e and def i nes i t s 
cor r espondi ng cat egor i es.  They can be wr i t t en as 
char act er  or  i nt eger .  Exampl e:    

covar i at e. cat egor y<- l i st ( Gender =c( “ F” , ” M” ) )  
 
-  covar i at e. pr opor t i ons:   l i s t  of  vect or s of  pr opor t i ons.  Each vect or  i s 

associ at ed t o one covar i at e and def i nes t he 
cor r espondi ng pr opor t i ons of  subj ect s i nvol ved 
i n each cor r espondi ng cat egor i es.  Exampl e:  

covar i at e. pr opor t i ons<- l i st ( Gender =c( 0. 5, 0. 5) )  
  
 
-  par amet er . associ at ed:   l i s t  of  vect or s of  par amet er ( s)  associ at ed wi t h 

each covar i at e.  Each vect or  i s  associ at ed t o one 
covar i at e and i s def i ned by t he cor r espondi ng 
par amet er s on whi ch i s added t he covar i at e.  
Exampl e:  

   par amet er . associ at ed<- l i st ( Gender =c( Cl ,  V) )  
 

 Name of  t he par amet er ( s)  has t o be i dent i cal  
t o t hose ent er ed i n t he obj ect  par amet er s.   
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-  bet a. covar i at e:   l i s t  of  t he val ues of  par amet er s f or  al l  ot her  

cat egor i es t han t he r ef er ence cat egor y ( f or  
whi ch bet a=0.  Exampl e:  

 bet a. covar i at e<- l i st ( Gender =l i st ( c( 0. 5, 0. 6) ) )  
 
 

3. 5. 2.  Covar i at es changi ng wi t h occasi on 
 

I f  t he user  want s t o deal  wi t h covar i at es whi ch change wi t h occasi on,  he 
has t o speci f y t he f ol l owi ng obj ect .   
 
-  covar i at e_occ. model :  l ogi cal  val ue;  i f  T,  covar i at es changi ng wi t h 

occasi on ar e added t o t he model  
 
I f  t he user  has f i l l ed i n by T t he pr evi ous obj ect ,  he has t o speci f y t he 
f ol l owi ng obj ect s:   

 
-  covar i at e_occ. name:  l i s t  of  char act er  i ndi cat i ng t he name of  t he 

covar i at e( s)  Exampl e:   
  covar i at e_occ. name<- l i st ( c( “ Tr eat ” ) )  
 
-  covar i at e_occ. cat egor y:  l i s t  of  vect or s of  cat egor i es.  Each vect or  i s  

associ at ed t o one covar i at e and def i nes i t s 
cor r espondi ng cat egor i es.  They can be wr i t t en as 
char act er  or  i nt eger .  Exampl e:    

covar i at e_occ. cat egor y<- l i st ( Tr eat =c( “ A” , ” B” ) )  
 
 
-  covar i at e_occ. sequence:   l i s t  of  vect or s of  sequences.  Each vect or  i s  

associ at ed t o one sequence of  val ues of  
covar i at es at  each occasi on.  The si ze of  each 
sequence has t o be equal  t o t he number  of  
occasi ons ( n_occ)  f or  each covar i at e.  Exampl e:  
 covar i at e_occ. sequence<-   
l i s t ( Tr eat =l i st ( c( “ A” , ” B” ) , c( “ B” , ” A” ) )  

 
 
-  covar i at e_occ. pr opor t i ons:   l i s t  of  vect or s of  pr opor t i ons.  Each vect or  i s 

associ at ed t o one covar i at e and def i nes t he 
pr opor t i ons of  el ement ar y desi gns cor r espondi ng 
t o each sequence of  covar i at e val ues.  The si ze 
of  each vect or  has t o be equal  t o t he number  of  
sequences.  Exampl e:  
 covar i at e_occ. pr opor t i ons<-
l i st ( Tr eat =l i st ( 0. 5, 0. 5) )  

 
 
-  par amet er _occ. associ at ed:  l i s t  of  vect or s of  par amet er ( s)  associ at ed wi t h 

each covar i at e.  Each vect or  i s  associ at ed t o one 
covar i at e and i s def i ned by t he cor r espondi ng 
par amet er s on whi ch i s added t he covar i at e.  
Exampl e:  
   par amet er _occ. associ at ed<- l i st ( Tr eat =c( Cl ) )  

 Name of  t he par amet er ( s)  has t o be i dent i cal  
t o t hose ent er ed i n t he obj ect  par amet er s.   
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-  bet a. covar i at e_occ:  l i s t  of  t he val ues of  par amet er s f or  al l  ot her  
cat egor i es t han t he r ef er ence cat egor y f or  whi ch 
bet a=0.  Exampl e:  

   bet a. covar i at e_occ<-
l i st ( Tr eat =l i st ( c( l og( 1. 1) ) )  

 
 
 
3. 6.  Obj ect s r equi r ed onl y f or  comput at i on of  power  and number  of  

subj ect s needed f or  compar i son t est  or  equi val ence t est  
 
 

To comput e t he expect ed power  t o det ect  covar i at e ef f ect s as t o 
comput e t he number  of  subj ect s needed t o achi eve a gi ven power ,  t he 
pr evi ous obj ect  covar i at e. model  has t o be f i l l i ng i n by T.   
 
Addi t i onal  R obj ect s ar e r equi r ed t o be cr eat ed.   
 
The f ol l owi ng obj ect  i s needed f or  bot h opt i ons 
 
-  al pha:  t he val ue of  t he t ype one er r or  f or  t he Wal d 

t est .  Exampl e:  al pha<- 0. 05 
 
 
I t  i s  possi bl e t o comput e ei t her  t he expect ed power  onl y or  t he number  of  
subj ect s needed f or  a gi ven power  or  bot h of  t hem t oget her .   
 
-  comput e. power  l ogi cal  val ue,  i f  T t he expect ed power  f or  

compar i son t est  i s comput ed f or  each covar i at e.  
Exampl e:  

 comput e. power <- T 
 
 
-  comput e. nni   l ogi cal  val ue,  i f  T t he number  of  subj ect s 

needed f or  a gi ven power  f or  compar i son t est  i s 
comput ed f or  each covar i at e.  Exampl e:  

 comput e. nni <- T 
 
 
-  i nt er val _eq vect or  of  equi val ence i nt er val .  Exampl e:   

i nt er val _eq<- c( l og( 0. 8) , l og( 1. 25) )  
 
 
-  comput e. power _eq l ogi cal  val ue,  i f  T t he expect ed power  f or  

equi val ence t est  i s comput ed f or  each covar i at e.  
Exampl e:  

 comput e. power _eq<- T 
 
 
-  comput e. nni _eq l ogi cal  val ue,  i f  T t he number  of  subj ect s 

needed f or  a gi ven power  f or  equi val ence t est  i s 
comput ed f or  each covar i at e.  Exampl e:  

 comput e. nni _eq<- T 
 
 
-  gi ven. power  t he val ue of  t he gi ven power  f or  compar i son 

and/ or  equi val ence t est .  Exampl e:  
 gi ven. power <- 0. 9 
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4.  Resul t s 
 
The r esul t s ar e wr i t t en i n t he out put  f i l e cal l ed by def aul t  st dout . r .  Thi s 
f i l e i s di f f er ent  when onl y eval uat i on or  opt i mi sat i on i s per f or med.  
Compar ed t o t he one comput ed i n PFI M 3. 0,  t he f i l e i s  onl y modi f i ed when 
i nt er - occasi on var i abi l i t y and/ or  covar i at e opt i ons ar e added.  I t  i s  onl y 
det ai l ed bel ow f or  eval uat i on but  i t  i s  s i mi l ar  f or  opt i mi sat i on.  

 
Fi gur e 1 r epr esent s t he out put  f i l e f r om t he desi gn eval uat i on of  a model  
wi t h covar i at es ef f ect  and i nt er - occasi on var i abi l i t y.   
 
The user  can r ead on t he Fi gur e 1:  
 

The name of  t he f unct i on used:  PFI M 3. 2.  
 
The name of  t he pr oj ect  and t he dat e.  
 

 
A summar y of  t he i nput :  model ( s) ,  sampl i ng t i mes i n t he el ement ar y 

desi gns f or  each model ( s) ,  doses or  i ni t i al  condi t i ons and subj ect s 
cor r espondi ng t o t hose desi gns,  r esi dual  var i ance er r or  model  f or  each 
model ( s) ,  r andom ef f ect  model ,  er r or  t ol er ances f or  t he sol ver  of  
di f f er ent i al  equat i ons syst em i f  used,  a summar y f or  i nt er - occasi on 
var i abi l i t y,  a summar y of  t he covar i at e model  

 
 

 The number  of  occasi ons  
 
 

 Each covar i at e not  changi ng wi t h occasi on,  i t s ( t hei r )   
par amet er s associ at ed,  cat egor i es wi t h t hei r  name and t hei r  
cor r espondi ng pr opor t i ons of  subj ect s.  

 
  

   Each covar i at e changi ng wi t h occasi on,  i t s ( t hei r )   
par amet er s associ at ed,  cat egor i es wi t h t hei r  name and t hei r  
cor r espondi ng pr opor t i ons of  subj ect s.  The l i st  of  t he sequence of  
val ues of  cat egor i es f or  each occasi on and each covar i at e.    

 
 
   I f  t he eval uat i on has been per f or med usi ng t he f ul l  or  t he 

bl ock di agonal  expr essi on of  t he Fi sher  i nf or mat i on mat r i x 
 
 
      The popul at i on Fi sher  i nf or mat i on mat r i x,  a di m* di m symmet r i c mat r i x 
wher e di m i s t he t ot al  number  of  popul at i on par amet er s t o be est i mat ed.  
 
 

  The val ue of  each popul at i on par amet er  wi t h t he expect ed st andar d 
er r or  on each par amet er  and t he cor r espondi ng coef f i c i ent  of  var i at i on.   

 
    

  The val ue of  t he var i ance of  t he r andom ef f ect s f or  i nt er -
occasi on var i abi l i t y wi t h t he expect ed st andar d er r or  on each 
par amet er  and t he cor r espondi ng coef f i c i ent  of  var i at i on.   
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  The val ue of  t he det er mi nant  of  t he Fi sher  i nf or mat i on mat r i x and t he 
val ue of  t he cr i t er i on ( det er mi nant ^ ( 1/ di m) ,  wher e di m i s t he t ot al  number  
of  popul at i on par amet er s) .   

 
       Resul t s f r om t he compar i son t est :  t he val ue and t he exponent i al  of  
t he val ue of  each covar i at e par amet er  wi t h t he cor r espondi ng 95% conf i dence 
i nt er val  of  t he par amet er ,  t he pr edi ct ed val ue of  t he power  of  t he Wal d 
t est  and t he number  of  subj ect s needed t o det ect  t hi s covar i at e ef f ect  wi t h 
t he gi ven t ype one er r or  and t he gi ven power .   
 
 
       Resul t s f r om t he equi val ence t est :  t he val ue and t he exponent i al  of  
t he val ue of  each covar i at e par amet er  wi t h t he cor r espondi ng 90% conf i dence 
i nt er val  of  t he par amet er ,  t he power  of  t he Wal d t est  and t he number  of  
subj ect s needed t o achi eve t he gi ven power  f or  t hi s covar i at e ef f ect  wi t h 
t he gi ven t ype one er r or  and t he gi ven i nt er val  of  equi val ence.   

8 

7 
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Fi gur e 1.  Exampl e of  desi gn eval uat i on out put  f i l e wi t h covar i at e ef f ect  and i nt er -
occasi on var i abi l i t y  
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Mor eover ,  t he PFI M( )  f unct i on r et ur ns t he f ol l owi ng R obj ect s:   

- Dose 
- pr ot :  desi gn eval uat ed f or  each r esponse 
- subj ect s:  number  of  subj ect s f or  each gr oup 
- mf i sher :  t he popul at i on Fi sher  i nf or mat i on mat r i x  
- det er mi nant :  t he det er mi nant  of  t he popul at i on Fi sher  i nf or mat i on 

mat r i x 
- cr i t :  t he val ue of  t he cr i t er i on 
- p:  t he vect or  of  t he f i xed ef f ect  par amet er s 
- se:  t he vect or  of  t he expect ed st andar d er r or s f or  each par amet er  
- cv:  t he cor r espondi ng coef f i c i ent s of  var i at i on,  expr essed i n per cent .  
- summar y. exp. power :  a mat r i x wi t h each r ow cor r espondi ng t o each 

covar i at e,  t he name of  t he covar i at es,  t he associ at ed ef f ect  par amet er ,  
t he 95% conf i dence i nt er val ,  and t he pr edi ct ed power  as col umns 

- summar y. nni :  a mat r i x wi t h each r ow cor r espondi ng t o each covar i at e,  
t he name of  t he covar i at es,  t he associ at ed ef f ect  par amet er ,  t he 95% 
conf i dence i nt er val  and t he number  of  subj ect s needed as col umn 

 


