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Re e ie e ts 

A Mo sieu  le P ofesseu  Re aud de C e oisie  

Je  ous  e e ie d a oi  a ept  de di ige   e t a ail. Vot e  i eau d e ige e  is‐à‐ is de  ous‐

e,  ot e dispo i ilit  et  os  aleu s hu ai es so t u   od le pou   oi.    J esp e  ue  la 

suite de  a  a i e fera ho eu  à la  o fia e  ue  ous  a ez a o d e.  

A Mada e la Do teu  Ca oli e Lafo d 

Je te suis  e o aissa t d a oi  a ept  d e ad e   e t a ail. Tes  o seils et  e a ues au  ou s 

de  ette th se o t pe is d a lio e  sa  ualit . C est u  plaisi  de t a aille  au  uotidie  a e  

toi, auta t su  le  e sa t  li i ue  ue s ie tifi ue.  

A Mo sieu  le Do teu  A toi e Si o  

Je te  e e ie pou  to  e ad e e t, tes  o seils et ta  ie eilla e,  o  seule e t au  ou s de 

e  t a ail  de  th se  ais  aussi  depuis  le d ut de  o  pa ou s  s ie tifi ue.  J esp e pou oi  

o ti ue  à  fi ie  de to  e p ie e pou  la suite de  es t a au . 

A Mada e la P ofesseu  Juliette Tha iat 

J ai  eu  le  plaisi   de  te  e o t e   lo s  de  o   i te at  à  Ni e.  D jà  à  l po ue,  j a ais   t   

i p essio  pa  to   i eau de p odu tio  s ie tifi ue, et  est  e   toute  logi ue  ue  tu  as 

t   o e PU‐PH à Cae . Je te  e e ie de l ho eu   ue tu  e fais e  a epta t de juge   e 

t a ail. 

A Mo sieu  le Do teu  Ni olas Boussio  

Vous  e  faites  l ho eu   d a epte   de  juge   ette  th se,  et  je  ous  e   e e ie.  Vot e 

o aissa e des p o l ati ues e   adioth apie et  ot e e pe tise e  TEP justifie plei e e t 

ot e pla e da s  e ju . 



 

A Mo sieu  le P ofesseu  Jea  Bou his 

Mo  a e de  o ilit  à  os  ôt s à Lausa e a  t  u e e p ie e e i hissa te. J ai pu p ofite  

de  ot e « i sti t »  o e a t  les  oies de  e he hes p o etteuses,  tout e   fi ia t de 

ot e g a de e p ie e e   adioth apie O‘L. Je suis  a i d a oi  des p ojets a e   ous au t a e s 

du GO‘TEC, et j esp e pou oi   o ti ue  à  fi ie  de  os p ieu   o seils.   

A Mo sieu  le P ofesseu  Ad ie  Depeu si ge 

Ce fut u   ai plaisi  de t a aille  a e  toi du a t  ette a e e  “uisse. Tu as su  e fai e p ofite  

de to  e p ie e, de tes  o aissa es, a e  patie e et p dagogie. Je te  e e ie de pa ti ipe  

à  e ju  de th se et j esp e  ue  ous au o s l o asio  de pou sui e  ot e  olla o atio .  

A Mo sieu  le Do teu  Ro i  Ga ia 

Vous a ez  a ti  a e  su s le g oupe ph si ue  di al au sei  du GO‘TEC,  o t i ua t ai si 

à la d a i ue i dispe sa le de  ot e g oupe. U e de  os p e i es a tio s a  t  d i itie  u e 

aluatio  de la  adioth apie adaptati e et des outils  ui s   appo te t. Vot e p se e au sei  

de  e ju   tait do  u e  ide e pou   oi, et je  ous  e e ie d a oi  a ept  de juge   o  

t a ail. 
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I t odu tio  
 

Le t aite e t des  a e s des  oies a o‐digesti es sup ieu es  VAD“   epose su  u e app o he 

ultidis ipli ai e,  o i a t la  hi u gie, la  adioth apie et la  hi ioth apie. La  adioth apie 

se fo de su  l utilisatio  de  a o e e ts io isa ts do t l o je tif est de p o o ue  la  o t des 

ellules  tu o ales.  La  pla ifi atio   du  t aite e t  de  adioth apie  est  alis e  à  pa ti   d u  

s a e   alis  a a t le d ut de t aite e t. Le  adioth apeute  a d li e  su   e s a e  les 

olu es  i les  tu eu  p i iti e et ga glio s  ai si  ue  les o ga es sai s à p ot ge . Ap s  la 

ise e  pla e des fais eau  de t aite e t, le  al ul de la dose est  alis  e  utilisa t l i fo atio  

de de sit   le t o i ue  fou ie pa   le  s a e .  La  diffi ult   de  ette  tape de dosi t ie  est 

d attei d e u e dose  le e da s la tu eu  pou  essa e  d o te i  la gu iso  du patie t, tout 

e  li ita t la dose da s les tissus sai s, pou  li ite  la to i it , e  pa ti ulie  pou  les pa otides. 

E   effet,  le  p i ipal  effet  se o dai e  de  la  adioth apie  est  la  osto ie  e t ai a t  des 

diffi ult s de pa ole, d ali e tatio  et des t ou les de tai es , li e à l i adiatio  des pa otides. 

Les  te h i ues  e tes  de  adioth apie  telle  ue  la  odulatio   d i te sit   o t  pe is 

d aug e te  la  o fo atio  de la dose, li ita t de  e fait la to i it . Ces te h i ues o t pe is 

d attei d e u  tau  de  o t ôle lo o‐ gio al à   a s d e i o   % et u  tau  de  osto ie à   

a  d e i o   % [ ‐ ]. Cepe da t u e fai lesse de la  adioth apie est li e au fait  ue tout le 

t aite e t  du a t   se ai es   epose su  u e pla ifi atio  u i ue,  e p e a t pas e   o pte 

les  odifi atio s a ato i ues  ui peu e t su e i  pe da t le t aite e t, pa  e e ple li es à 

u  a aig isse e t du patie t. Du fait de  es  odifi atio s a ato i ues, la dose d li e peut 

e pas  o espo d e à  la dose pla ifi e,  a e  u   is ue de  su dosage des  tissus  sai s  is ue 

ajo  de to i it  et/ou de sous dosage de la tu eu   is ue de  idi e . La  alisatio  d u  

ou eau pla  de t aite e t de ie t alo s  essai e afi  de  o ige   es  a iatio s a ato i ues. 

Ce p o essus de  epla ifi atio  e   ou s de  t aite e t est appel   adioth apie adaptati e.  Il 

s agit d u e app o he  e te,  ui sus ite de  o euses i te ogatio s,  ota e t au  ega d 

de la  ha ge de t a ail  ep se t e pa   ha ue  epla ifi atio . Ai si l o je tif de la  adioth apie 

adaptati e est‐il de di i ue  la to i it , d aug e te  le  o t ôle lo al ou les deu  à la fois ? Est‐

e  ue  tous  les  patie ts  o t  esoi   d u e  app o he  de  adioth apie  adaptati e ?  Les 



 

 

 

epla ifi atio s doi e t elle  t e  alis es selo  u  s h a p  d te i  ou  ie  guid es pa  

des  pa a t es  a ato i ues  et/ou  dosi t i ues ?  A  uelle  f ue e  et  ua d  faut‐il 

epla ifie  ?  Faut‐il  epla ifie   de  o o  ou  ie   e   p e a t  e   o sid atio   la  dose 

p de e t d li e ? Et e fi , est  e  ue le  fi e i di iduel pou  le patie t  o t e ala e 

l i estisse e t  hu ai   et  o o i ue  essai e  à  sa  ise  pla e.  “o   aluatio   pose  le 

p o l e de l esti atio  de la dose  eçue s a e ap s s a e da s des st u tu es d fo a les, 

sp iale e t pou  les  a e s des VAD“. Cette esti atio  de la dose  u ul e fait appel à des 

thodes de  e alage  lasti ue,  e  ui pose le p o l e de leu   aluatio , e  pa ti ulie  pou  

e  ui  o e e leu  p isio .  

La  ise  e   œu e  da s  u e  p ati ue  li i ue  uotidie e  d u e  adioth apie  adaptati e 

essite a do  plusieu s  tapes. La p e i e est d esti e  so   fi e, à la fois e  te es de 

di i utio  de  la dose au  o ga es  sai s  da s u  o je tif  de di i utio  de  la  to i it   et  de 

ou e tu e du  olu e  tu o al  da s u  o je tif de  o t ôle  lo al . E suite  le d eloppe e t 

d outils  d ide tifi atio   des  patie ts  o s  a didats  pe ett a  de  li ite   ette  app o he  au  

patie ts pou a t e  ti e  u   el  fi e. E fi , l ide tifi atio  du s h a opti al e  te es de 

o e et de f ue e de  epla ifi atio  pe ett a d o te i   le  a i u  de  fi e de  la 

te h i ue tout e   ita t u e  ha ge de t a ail i utile. 

La p e i e pa tie de  e  a us it d it le  o te te et la p o l ati ue  di o‐s ie tifi ue de 

la  adioth apie adaptati e e  O‘L, et est sui ie des o je tifs de  ette th se. Les t a au   e s 

so t e suite d its, tout d a o d da s u  o je tif d pa g e des gla des pa otides pou   dui e 

la  osto ie, puis pou  l a lio atio  de la  ou e tu e du  olu e  i le. 

Les  sultats  de  ette  th se  appa aisse t  sous  fo e  de  diff e ts  a ti les  its  e   a glais, 

i t oduits et  o lus e  f a çais. Ce do u e t se te i e pa  u e s th se et u e  o lusio  e  

f a çais. 



 

 

 

 Co te te et p o l ati ue  di o‐s ie tifi ue 

Ap s  u e  e  des iptio   des  a e s  des  oies  a o‐digesti es  sup ieu es  VAD“ ,  les 

p i ipes  de  la  adioth apie  et  ses  e tes  olutio s  se o t  d taill es.  Les  li ites  de  la 

adioth apie  pou   p e d e  e   o pte  les  a iatio s  a ato i ues  se o t  e pos es,  li ites 

justifia t  d u e  adioth apie  adaptati e  do t  les  p i ipes  se o t  a o d s.  E fi   la  pla e 

p po d a te de l i age ie da s la  adioth apie adaptati e se a d taill e. 

.  Ca e s des voies a o‐digestives sup ieu es 

1.1.1 Epidémiologie 

Les  a e s des  oies a o‐digesti es sup ieu es  VAD“ ,  gale e t appel s  a e s de la sph e 

Oto‐ hi o‐la gologi ue  O‘L   ep se te t  le  e  a e   e   te es  d i ide e  au  i eau 

o dial [ ]. Il e iste u  lie   ajeu  e t e l appa itio  de  es  a e s et le  ode de  ie, les ¾ des 

as  ta t  li s  au  ta a   et  à  l al ool  [ ].  Les  aut es  fa teu s  de  is ue  so t  l e positio   au  

adiatio s  ou  à  des  age ts  hi i ues  a i og es,  et  à  e tai s  i us  i us  d Eptsei   Ba , 

papillo a i us hu ai  [ ]. L âge  o e  de su e ue est d e i o   ‐  a s a e  u e i ide e 

plus  le e  hez l ho e   ho es pou    fe e  [ ].  

1.1.2 Classification 

L a ato ie des VAD“ est  o ple e et peut  t e di is e e  plusieu s sous lo alisatio s  ue so t la 

a it   u ale,  le  asopha ,  l o opha ,  l h popha   et  le  la   Figu e  .  Cette 

disti tio  a ato i ue est i po ta te à la fois e  te es de p o osti  et de th apeuti ue. 

Le d ai age l phati ue au  i eau des VAD“ est t s i po ta t, e pli ua t  u e i o   % des 

patie ts o t u e attei te ga glio ai e lo s du diag osti  [ ]. L e te sio  des  a e s des VAD“ 

s alue e  fo tio  du stade TNM  Tu o  Node Metastasis  de l A e i a  Joi t Co ittee o  

Ca e   AJCC : 

- Le stade T  tu o , de   à    o espo d à la taille et à l e te sio  de la tu eu  p i iti e,  



 

 

 

- Le stade N  ode, de   à   d it l e te sio  ga glio ai e  gio ale, 

- Le stade M  etastasis,   ou    o espo d à la p se e ou  o  de  tastases à 
dista e. 
 

  

Figu e   : A ato ie des  oies a o‐digesti es sup ieu es 

 

La  lassifi atio  e  stade des  a e s de VAD“ est illust e 

Ta le  . 

Ta le   : ‘eg oupe e t e  stade des  a e s des VAD“ [ ]. 

 

   



 

 

 

1.1.3 P i ipes th apeuti ues 

Le  t aite e t  des  a e s  lo ale e t  a a s  des  VAD“  epose  su   u e  app o he 

plu idis ipli ai e, i pli ua t les  hi u gie s, les o ologues  adioth apeutes et les o ologues 

di au .  Pou   les  tu eu s  o   a essi les  à  u e  hi u gie,  le  t aite e t  o siste  e   u e 

asso iatio  d u e  adioth apie a e  u  t aite e t  di al  hi ioth apie à  ase de sels de 

plati e ou th apie  i l e  etu i a  [ ‐ ] . La  adioth apie est u e  thode de t aite e t 

lo o gio al  des  a e s,  utilisa t  des  a o e e ts  io isa ts  pou   d t ui e  les  ellules 

tu o ales. L u it  de dose utilis  est le G a   G ,   G   o espo da t à u  d pôt d e gie de   

Joule da s   Kg de  ati e. L i adiatio  peut e t ai e  i di e te e t des l sio s de l ADN, pa  

adiol se  de  l eau  o te ue  da s  la  ellule,  adiol se  p oduisa t  e suite  des  adi au   li es 

haute e t to i ues pou  la  ellule. U  effet di e t du  a o e e t,  oi s f ue t, su  l ADN 

de la  ellule est  gale e t possi le. Ces effets di e ts ou i di e ts  o t p odui e des l sio s de 

l ADN,  ui, si elles so t s es ou si elles d passe t les  apa it s de  pa atio  de la  ellule,  o t 

o dui e à la  o t  ellulai e. Les  a o e e ts p oduise t do  u  effet  iologi ue aussi  ie  

su  la tu eu   ue le tissu sai . Cepe da t la  apa it  de  pa atio  des tissus sai s est sup ieu e 

à  elle de la tu eu . Cet effet diff e tiel e t e le tissu sai  et  la tu eu  pe et de li ite   la 

to i it  e  f a tio a t la dose de  a o e e t su  plusieu s jou s. Ai si, pou  les  a e s des 

VAD“ lo ale e t a a s, la dose  lassi ue de t aite e t est de   à   G , d li e à  aiso  de 

,  à  ,  G  pa  jou ,   jou s pa  se ai e pe da t   à   se ai es. L o je tif de la  adioth apie 

est do  de d li e  la dose la plus  le e da s le  olu e  i le  tu eu  p i iti e et ad opathies  

afi  de gu i  le patie t, tout e   ita t auta t  ue possi le d i adie  les tissus sai s,  ui peu e t 

t e  t s  p o he  de  la  tu eu .  La  hi ioth apie  est  o i e  a e   la  adioth apie  afi  

d essa e  d aug e te  le tau  de  o t ôle lo al et la su ie de  es patie ts. Le  fi e e  te e 

de su ie glo ale de l ajout d u e  hi ioth apie à  ase de sels de plati e a  t  esti e à  % à   

a s da s u e  ta‐a al se [ ]. Le tau  de  e hute lo ale,  ui  o ditio e e  g a de pa tie le 

p o osti  de  es patie ts, est  le , de l o d e de   à   % à   a s [ ‐ ]. Les effets se o dai es 

de  la  adioth apie  o t d pe d e du  i eau d i adiatio  des o ga es  à  is ue.  Il  peut  s agi  

d effets se o dai es aigus, su e a t da s les    ois post t aite e t ou de to i it s ta di es,  ui 

o t pe siste  plusieu s  ois ou a es ap s la fi  du t aite e t. U e des p i ipales to i it s 



 

 

 

de  la  adioth apie  est  ep se t e pa   la  osto ie  se satio   de  ou he  s he  li e  à  u e 

di i utio   du  flu   sali ai e ,  ui  a  e t ai e   des  o pli atio s  au  i eau  ali e tai e,  de  la 

pa ole et de tai e. La  osto ie est  aus e pa  u e i adiatio  des gla des sali ai es, pa otides 

et sous  a illai es,  ota e t. Les pa otides o t u   ôle  u ial,  o t i ua t à la  ajo it  de la 

s tio   sali ai e  alo s  ue  les  gla des  sous  a illai es  o t  u   ôle  plus  a gi al  [ ]. 

L i adiatio  des deu  pa otides à u e dose sup ieu e à   G  e t ai e ai si u e pe te d fi iti e 

de la fo tio  sali ai e [ ]. Au  ou s d u e  adioth apie pou  u   a e  O‘L, il e iste do  u  

dou le d fi th apeuti ue et te h ologi ue po ta t su  la gu iso  et de  ualit  de  ie, te a t à 

l opti isatio   du  i lage  de  la  adioth apie.  Les  g a des  olutio s  te h i ues  de  la 

adioth apie  alis es  au  ou s  des  de i es  a es  o t  he h   à  po d e  à  ette 

p o l ati ue, afi  d a lio e  e o e l effi a it  et la tol a e de la  adioth apie. 

.  Radioth apie des  a e s ORL 

Au  ou s de la  adioth apie, le patie t est allo g  su  la ta le de la  a hi e de t aite e t  ui 

a d li e  le fais eau d i adiatio   Figu e  .  

 

Figu e   : Patie t i stall  su  la ta le de t aite e t, sous l a l ateu  li ai e de pa ti ules. 

Afi  d assu e   l effi a it  du  t aite e t,  il est  essai e  ue  ha ue s a e de  t aite e t se 

d oule  da s  les  es  o ditio s  ue  elle  p ue  lo s  de  la  pla ifi atio   du  t aite e t. 

Plusieu s a a es te h ologi ues o t  t   alis es afi  de  po d e à  et o je tif de  i lage de 



 

 

 

la dose,  ue  e soit au  i eau de la  alisti ue de la dose ou des dispositifs d i age ie pe etta t 

le positio e e t du patie t.  

. .  De  la  adioth apie  D   o e tio elle  à  la  adioth apie  D  a e   odulatio  

d’i te sit   RCMI  

Histo i ue e t  a a t  les a es  , des  li h s  adiog aphi ues sta da ds  taie t utilis s 

pou  d te i e  les  olu es de t aite e t. Au  ou s de  ette  adioth apie  D  o e tio elle, 

la  ise e  pla e des fais eau  de t aite e t  tait assez si ple, les pla s de t aite e t  o sista t 

le plus sou e t e    fais eau  lat au  oppos s ou   fais eau  e  «  oîte ». E   aiso  de la g a de 

i e titude  su   la  positio   elle  de  la  tu eu ,  ette  te h i ue  i pli uait  u   la ge  ha p 

d i adiatio , e t ai a t de  e fait u e i po ta te i adiatio  du tissu sai .  

L i t g atio  de  la to ode sito t ie  ou s a e  da s  les a es  ‐  à  l tape de  la 

pla ifi atio   o espo d au d eloppe e t de la  adioth apie  D. Cette te h i ue  ep se te 

u e a a e  ajeu e de la  adioth apie, pe etta t de p e d e e   o pte l a ato ie e   oupe 

a iale, et de  alise  la d li atio  de  olu es  o ple es  tu eu  ou o ga es sai s  e   D de 

faço   p ise.  L i t g atio   des  olli ateu s  ulti  la es  da s  les  a l ateu s  de  pa ti ules 

Multi leaf  olli ato   MLC   Figu e   a pe is d adapte  le fais eau de t aite e t à la fo e de 

la  i le de t aite e t. 

 

Figu e   : U   olli ateu   ulti‐la es, utilis  pou   o fo e  la fo e du fais eau au  olu e de t aite e t 



 

 

 

La  odulatio   d i te sit   ‘CMI ,  d elopp e  da s  les  a es    ep se te  la  de i e 

g atio   de  adioth apie  o fo atio elle  D.  Cette  te h i ue  p se te  deu   a a tages 

ajeu s pa   appo t à la  adioth apie  D sta da d :  

- U  p ofil d i te sit  du fais eau  odul   Figu e  . La ‘CMI pe et de  odule  à la fois 

le  o e de  ha ps et l i te sit  de l i adiatio  da s  ha ue  ha p. Cette  odulatio  

pe et d o te i  u e i fi it  de dist i utio s de doses,  apa les de s adapte  à la fo e 

du  olu e  i le tout e  li ita t la dose au  o ga es à  is ue. 

- La pla ifi atio  i e se pa  o di ateu . L op ateu  fou it au s st e les  o t ai tes de 

dose  o espo da t  au   i eau   i i au   et/ou  a i au   de  dose  à  d li e   au  

olu es‐ i les  tu o au   et  au   o ga es  sai s  à  is ue.  C est  e suite  le  logi iel  de 

pla ifi atio   ui  a, g â e à u  p o essus it atif, d te i e  la  alisti ue, la  o t i utio  

de  ha ue  ha p et la  odulatio  de l i te sit  de l i adiatio  pe etta t de  espe te  

au  ieu  les o je tifs. 

 

Figu e   : Diff e e e t e  adioth apie  D et  odulatio  d i te sit  

A gau he: ‘ pa titio  ho og e de la dose au sei  du  ha p d i adiatio  e   adioth apie  D sta da d. 
A d oite: ‘ pa titio  h t og e de la dose da s u   ha p de t aite e t e  ‘CMI. 

 



 

 

 

La ‘CMI pe et ai si de d li e  u e dose haute e t  o fo atio elle da s des  st u tu es 

a ato i ues  o ple es tout e  p se a t les tissus sai s. Ai si, pou  les  a e s des VAD“, t ois 

tudes  a do is es o t d o t  u e  eilleu e  pa g e des gla des pa otides e  utilisa t la 

‘CMI  pa   appo t  à  u e  te h i ue  sa s  ‘CMI,  pe etta t  u   eilleu   flu   sali ai e  et  u e 

di i utio  du  is ue de  osto ie [ ‐ ]. 

1.2.2 Traitement standard actuel par radiothérapie 

La  adioth apie  sta da d  des  a e s  O‘L  est  do   a tuelle e t  u e  adioth apie  pa  

odulatio  d i te sit , a e  guidage pa  l i age au  i i u  he do adai e pou  assu e  u   o  

epositio e e t de la  i le. Le p o essus glo al d u  t aite e t pa   adioth apie est illust  

Figu e  .  

 

Figu e   :  P o essus  glo al  d u   t aite e t  pa   adioth apie  a e   odulatio   d i te sit   guid e  pa  
l i age  su  e     tapes.  

D‘‘ : Digital  e o st u ted  adiog aph . 



 

 

 

. . .  “ a e  de pla ifi atio  et d li atio  des  olu es d’i t t 

Lo s de l tape de pla ifi atio , u   as ue the ofo  pe so alis  est  alis  afi  d assu e  

l i o ilisatio  du patie t da s la  e positio  du a t toute la du e du t aite e t  tape  . 

U e a uisitio  s a e  est e suite  alis e  tape  . U e  tape optio elle de fusio  d i ages 

TEP et/ou I‘M  peut  t e  alis e afi  d aide  à la d fi itio  des  olu es tu o au   tape  . Le 

adioth apeute  a e suite d li e  les diff e ts  olu es su  le s a e  de pla ifi atio   tape 

. Le  olu e tu o al  a os opi ue  g oss tu o   olu e  GTV   o espo d à la tu eu   isi le 

à l e a e  et/ou su  les diff e ts e a e s d i age ie. Le  olu e  i le  li i ue  li i al ta get 

olu e  CTV   o espo d à u e  a ge suppl e tai e autou  du GTV pou  p e d e e   o pte 

le  is ue d e ahisse e t  i os opi ue. Il d pe d esse tielle e t de la lo alisatio  tu o ale 

e   fo tio   des  a i es  a ato i ues  ou  des  zo es  de  fai lesse.  U   olu e  i le  i te e 

i te al  ta get  olu e  ITV   peut  t e  ajout   autou   du  CTV  pou   p e d e  e   o pte  les 

ou e e ts ph siologi ues et les  a iatio s de taille. Ce  olu e est su tout utile au  ou s d u e 

i adiatio  tho a i ue pou  p e d e e   o pte les  ou e e ts  espi atoi es, et  est  ue t s 

a e e t utilis  lo s d u e  adioth apie des VAD“. Classi ue e t,     de  a ges so t ajout s 

autou  du CTV, d fi issa t ai si  le  olu e  fi al de  t aite e t  pla i g  ta get  olu e  PTV . 

Cette  a ge pe et de p e d e e   o pte  les d pla e e ts et  e tuelles d fo atio s du 

olu e  i le, et  les  i e titudes  li es à  la positio  du patie t sous  l appa eil de t aite e t. La 

dose totale de t aite e t se a d li e da s le PTV. Le  adioth apeute  a  gale e t d li e  

les o ga es sai s à  is ue de to i it .  

. . .  Dosi t ie pa  pla ifi atio  i e se 

L tape de dosi t ie  tape    a  o siste  à d te i e  le pla  de t aite e t e  fo tio  des 

olu es  i les et des o ga es à  is ue. Ap s d fi itio  des o je tifs de doses au   olu es  i les 

et  au   o ga es  à  is ue,  les  pa a t es  de  t aite e t  so t  opti is s  pa   u   p o essus  de 

pla ifi atio  i e se  ui  a agi  su  la fo e et l i te sit  de  ha ue fais eau de t aite e t. Ce 

p o essus  a pe ett e d o te i  u e dose haute e t  o fo e au   olu es  i les,  pa g a t 

auta t  ue possi le les o ga es sai s. U  e e ple de dosi t ie pou  u   a e  du  asopha  

est illust  Figu e  . 



 

 

 

 

Figu e   : Dosi t ie pou  u   a e  du  asopha  e   ue sagittale et  o o ale.  

Le pla i g ta get  olu e  PTV  est  ep se t  e   iolet et  leu  lai , les pa otides so t e   e t. Le t ait 
o a ge  ep se te l isodose  %  ,  G  de la dose de p es iptio    G . La haute dose au d li e 
au  i eau du PTV tout e   pa g a t les pa otides.   

. . .  Radioth apie guid e pa  l’i age 

Da s  e  o te te de t s haute  o fo atio  de la dose, u e t s fai le  a iatio  de positio  peut 

e t aî e  u  sous‐dosage du  olu e  i le et/ou u  su dosage des o ga es à  is ue e  pa ti ulie  

de la  oelle [ ]. U   as ue plasti ue the ofo  a e   i  poi ts d atta he est g ale e t 

utilis  pou  i o ilise  le patie t. M e si u  tel s st e de  o te tio  pe et de li ite  les 

e eu s de positio e e t,  les  ep es utilis s pou  positio e   le patie t  sous  l a l ateu  

so t su  la su fa e e te e du patie t  oi e su  le  as ue, et  o  pas da s le  olu e  i le. Des 

d pla e e ts i po ta ts peu e t de  e fait  t e o se s. E   o e e da s la litt atu e, les 

e eu s s st ati ues et al atoi es  a ie t de  ,  à  ,    et  ,  à  ,     espe ti e e t [ , 

]. Au  u de  es e eu s de positio e e t, la  a ge de      lassi ue e t ad ise pou  le 

olu e  i le p isio el peut  s a e   i suffisa te. Da s u e  s ie de   patie ts  t ait s pa  

to oth apie, Houghto  et al. o t ai si o se  des e eu s de positio  de plus de     pou  

p s de   % des s a es de  t aite e t  [ ]. De  t s  fo tes  a iatio s e iste t pa  ailleu s e  

fo tio  des sous‐ gio s  o sid es, pou a t alle  jus u à p s de     pou  la  a di ule [ , 

].  



 

 

 

Des s st es de guidage pa  l i age o t do   t  d elopp s pou   epositio e  le patie t,  o  

plus e  fo tio  de  a ueu s e te es,  ais sui a t des st u tu es a ato i ues  tape  . Les 

a l ateu s de pa ti ules utilis s pou  le t aite e t so t ai si  uip s de s st e d i age ie, 

utilisa t des tu es à  a o s X. Cette i age ie peut  t e de t pe  D   i ages kV pe pe di ulai es  

ou  D, e  utilisa t plusieu s i ages  D da s diff e tes p oje tio s   à   pou   e o st ui e 

u e i age  olu i ue  o e  ea  CT  CBCT  e   as d i age ie kV ou  ega  oltage CT  MVCT  e  

as d i age ie MV .  

Le guidage pa  l i age sta da d,  eposa t su  u e i age ie  D,  o siste e  u   e alage osseu , 

a e  deu  app o hes possi les,  l u e diff e  offli e  et  l aut e e  di e t  o li e ,  est‐à‐di e 

alis e e  d ut de f a tio  de t aite e t. Le guidage pa  l i age diff ,  as  su  l a al se de 

plusieu s s a es d i adiatio , pe et de di i ue  l e eu  s st ati ue de  , – ,    à  , –

,     ais  a pas d effet su  l e eu  al atoi e, au  o t ai e du guidage e  te ps  el  ui est 

la  f e e  [ ,  ,  ‐ ].  D u   poi t  de  ue  dosi t i ue,  la  alisatio   d u   guidage  pa  

l i age  su   les  st u tu es osseuses pe et d ite  u   su dosage au  i eau des pa otides, du 

a al  dullai e,  de  la  o hl e  et  des  st u tu es  i pli u es  da s  la  d glutitio   [ ‐ ].  La 

d o st atio  du  fi e  li i ue de  e  e alage est plus diffi ile,  ais  elui‐ i se le  o dui e 

à u  gai  e  te es de  ualit  de  ie  osto ie et t ou le de la d glutitio  [ ,  ]. 

Pou   e  ui  o e e  la  f ue e  des  o t ôles,  la  alisatio   d u e  i age ie  uotidie e 

appa aît sup ieu e à u e app o he he do adai e,  e da s le  as de  a ge e t e les  olu es 

i les p isio el et a ato o‐ li i ue de      [ ‐ ,  ‐ ]. De  et al. o t  e sugg  

u u e  to og aphie  o i ue  uotidie e pou ait pe ett e de di i ue   les  a ges à     

da s  e tai es  lo alisatio s  et  e tai es  di e tio s  [ ].  À  ote   epe da t  ue  alg   u e 

i age ie  uotidie e  CBCT  ou  D ,  p s  de   %  des  s a es  p se te t  des  e eu s  su   le 

positio e e t  de  plus  de      [ ].  U e  g a de  p ude e  este  aussi  essai e  pou   les 

gio s  a ato i ues  fo te e t  o iles  o opha ,  la .  E   p ati ue,  le Natio al Health 

“e i e  p o ise  depuis   u e  i age ie  idi e sio elle  o thogo ale  uotidie e  a e  

e alage osseu  à la pla e de l i age ie he do adai e  o seill e aupa a a t [ ]. Les de ie s 

essais du G oupe d o ologie  adioth apie t te et  ou  Go te  i t g e t  gale e t de plus e  



 

 

 

plus u e i age ie au  i i u   ihe do adai e,  oi e  uotidie e. La  alisatio  d u e i age ie 

lo s  des  t ois  à  i   p e i es  s a es  de  t aite e t  a e   esu es  o e ti es  sui ie  d u e 

i age ie he do adai e appa aît do   o e le  i i u   e uis lo s d u e ‘CMI O‘L [ ]. E  

as de  essit  d assu e  le  a i u  de p isio  du t aite e t, u e i age ie  uotidie e a e  

epositio e e t  est  lai e e t  i dispe sa le.  Co pte  te u  des  i p isio s  de 

positio e e t  alg  u  guidage pa  l i age  uotidie e et du fait des hautes doses d li es, 

u   olu e p isio el des o ga es à  is ue est  gale e t  o sid  d s l tape de pla ifi atio . 

Ce  olu e  o espo d à l additio  de  a ges  o p ises e t e   et     autou  de  es o ga es 

à  is ue dit « e  s ie »  oelle, t o   al, la ,  e f opti ue . 

Au  u  de  la  a ia ilit   de  ou e e ts  des  diff e tes  sous‐ gio s,  la  d fi itio   d u   sous‐

olu e a ato i ue pou  le  epositio e e t peut s a e   essai e. Da s  e  as, la  gio  la 

plus sou e t utilis e est le  a his  e i al e t e C ‐C , afi  d assu e  le  epositio e e t de la 

oelle, o ga e le plus  iti ue [ ]. Le  hoi  de  e sous‐ olu e  este  atu elle e t d pe da t 

de la lo alisatio  t ait e. L utilisatio  d u e i age ie  olu i ue  to og aphie  o i ue   e se le 

pas  appo te   de  fi e  suppl e tai e  e   te es  de  p isio   du  epositio e e t  pa  

appo t  à  u e  i age ie  idi e sio elle.  Cette  i age ie  peut  epe da t  s a e   utile  pou  

essa e   de  p e d e  e   o pte  la  a ia ilit   de  ou e e ts  des  diff e tes  sous‐ gio s 

a ato i ues  e t e  elles.  Ai si  e tai s  auteu s  p opose t  u   e alage  o e   as   su   les 

d pla e e ts de plusieu s sous‐ gio s d i t t [ ]. Cette app o he pe et pote tielle e t 

u e di i utio  du  o e de s a es  o po ta t des e eu s de positio e e t de plus de 

  . 

U e fois  ette  tape de  e alage du  olu e  i le da s u e positio  la plus p o he possi le  ue 

elle d fi i à la pla ifi atio   tape  , le t aite e t peut  t e  alis   tape  . 

. .  Va iatio s a ato i ues e   ou s de t aite e t des  a e s des VAD“ 

Pou   les  tu eu s  lo ale e t  a a es,  des  odifi atio s  o phologi ues  ajeu es  et 

o ple es, aut es  u u   au ais positio e e t du patie t, peu e t su e i  au  ou s des sept 

se ai es de t aite e t telles  u u  a aig isse e t du patie t, u e di i utio  du  olu e des 



 

 

 

pa otides  Ta le   et u e fo te tu o ale  Ta le  . Pou  les gla des pa otides, toutes les  tudes 

o t e t u e di i utio  du  olu e e t e   et   % à  i t aite e t et e t e   et  , % à la fi  

du  t aite e t,  o espo da t  à  u e  di i utio   de  %  pa   jou   [ ].  Il  e iste  gale e t  u  

d pla e e t  dia  de   à    . La pa otide  o t olat ale  pa   appo t à la tu eu  se le 

oi s,  oi e  e pas du tout, se d pla e   o pa ati e e t à la pa otide ho olat ale [ ]. Pou  

le  olu e  i le, les do es so t plus h t og es,  e tai es  tudes  appo ta t des do es su  

le  olu e  tu o al  a os opi ue  GTV , d aut es  su   le  olu e  i le  li i ue  CTV .  La  fo te 

tu o ale  GTV  a  t  esti e e t e   et  % à  i t aite e t et à plus de la  oiti  à la fi   ‐

% ,  o espo da t à u e di i utio  de  , % à  , % pa  jou . La fo te tu o ale se le  t e 

as t i ue  au  ou s  de  la  adioth apie  [ ].  Ces  a iatio s  a ato i ues  e t aî e t  des 

odifi atio s de  la dist i utio  de dose a e  u   is ue de su dosage des o ga es à  is ue, e  

pa ti ulie   des  pa otides.  Ces  odifi atio s  i te ie e t  à  deu   i eau .  Tout  d a o d  la 

dist i utio   de  dose  e   elle‐ e  est  sus epti le  d t e  odifi e,  ota e t  e   as  de 

odifi atio s  du  o tou   e te e  du  patie t,  oi e  des  oies  a ie es.  Ces  odifi atio s 

a ato i ues  e t aî e t  u   ha ge e t,  pa   appo t  à  la  pla ifi atio ,  des  i te a tio s 

pa ti ules‐ ati es et do  des doses a so es lo ale e t. Pa  ailleu s, les tissus su issa t des 

a iatio s a ato i ues so t sou is à u  d pla e e t au sei  de la dist i utio  de dose. La dose 

eçue pa  les tissus peut alo s  a ie . U  si ple  epositio e e t  igide  e pou a pas  o pe se  

es  a iatio s dosi t i ues. E  effet, le  epositio e e t  igide  e pe et de  ett e e  œu e, 

da s  le  eilleu   des  as,  u u   o p o is  glo al  e t e  i lage  de  la  tu eu   et  pa g e  des 

diff e ts tissus sai s. 



 

 

 

Ta le   : Va iatio  a ato i ues des gla des pa otides au  ou s d u e ‘CMI pou  u   a e  des 

VAD“ 

Auteu   N  
pts 

M thode d’ valuatio Va iatio s a ato i ues pa   appo t à la 
pla ifi atio  

T pe  Mo e t Di i utio  de 
volu e  %  

D pla e e t 
dial   

Ah  [ ]    CT  e e,  e e et  e e f ‐
Aja i [ ]    CT  “      , ‐
Ba ke  [ ]    CT   /se ai e ,
Belt a  [ ]    CT  e e et  e e f ‐
Be outs [ ]    PET/CT  e e et  th f ‐
Bhide [ ]    CT  “        ,  à “   ‐
B oggi [ ]    MVCT ou 

KVCT 
e  et de ie  jou  de ‘T ‐

Capelle [ ]    CT  “ , ‐
Castadot [ ]    CT  /se ai e  pa  jou   ,
De a  [ ]    CT   G ‐
Dup ez [ ]    TEP/CT  e e f   à la  e e f   ‐
Ha se  [ ]    CT  e e f ‐
Height [ ]    CT  ‐  G
Ho [ ]    CBCT  /se ai e ‐
Je se  [ ]    CT  /se ai e ‐
Loo [ ]    MVCT  /se ai e CL :  .

HL :   
‐

Ma zi [ ]    CT  /se ai e . ‐
Nishi [ ]    CT  “  ou “ ‐ ,
‘eali [ ]    CT  “     ‐ de ‐ ,  à  ,
‘o a  [ ]    CT  /se ai e ‐ ,
“a gui eti [ ]    CT  /se ai e ‐
“ h a tz [ ]    CT  /jou ‐
Vas uez‐Oso io 
[ ] 

  CT  “ HL : 
CL :   

‐

Wu [ ]    CT  /se ai e ‐
Yip [ ]    CBCT  /se ai e  ‐ ‐
 

‐ = Do es  o  dispo i le, N  pts=  o e de patie ts, “= se ai e de t aite e t, CBCT= Co e Bea  Co puted 

To og aph , CL=  o t olate al, HL = ho olate al, MVCT = Mega Voltage Co puted To og aph , f = f a tio , ‘T = 

adiothe apie 



 

 

 

Ta le   : Va iatio  a ato i ues du  olu e  i le au  ou s d u e ‘CMI pou  u   a e  des VAD“ 

 

Auteu   N  
pts 

M thode d’ valuatio Di i utio  de volu e 
i  % 

T pe  Mo e t GTV CTV
Ah  [ ]    CT  e e,  e e et  e e f ‐
Ba do [ ]    CT  /se ai e ‐
Ba ke  [ ]    CT  /se ai e , /jou ‐
Belli [ ]    MVCT  /se ai e ‐
Be outs [ ]    PET/CT  e e a d  e e f ‐
Capelle [ ]    CT  “ ‐
Castadot [ ]    CT  /se ai e , /jou ‐
De a  [ ]    CT   G ‐
Ha se  [ ]    CT  e e f ‐ ,
Height [ ]    CT  ‐  G ‐
Kata ia [ ]    CT  e e f ‐
Ma zi [ ]    CT  /se ai e , ‐
Nishi [ ]    CT  “  o   ‐
Oltea u [ ]    PET/CT  e e et e e f  % à  %  à la e e f   ‐
“ h a tz [ ]    CT  Dail ‐ ,
“i o e [ ]    CT  d “ ‐
“u u u [ ]    CT  e e “ ‐
Vas uez‐Oso io 
[ ]    CT  “      ‐ 

Wu [ ]    CT  /se ai e ‐
Yip [ ]    CBCT  /se ai e ‐  to 

 

‐ = Do es  o  dispo i le, N  pts=  o e de patie ts, “= se ai e de t aite e t, CBCT= Co e Bea  Co puted 

To og aph , CL=  o t olate al, HL = ho olate al, MVCT = Mega Voltage Co puted To og aph , f = f a tio , ‘T = 

adiothe apie 

 

. .  P i ipe de la  adioth apie adaptati e des  a e s des VAD“ 

La  adioth apie  adaptati e  adapti e  adiatio   the ap ,  A‘T   o siste  à  utilise   o   plus  u  

u i ue  pla   de  t aite e t,  o e  da s  la  adioth apie  lassi ue,  ais  plusieu s  pla s  de 

t aite e t  [ ,  ].  Ces  diff e ts  pla s  de  t aite e t  pe ette t  d adapte   le  t aite e t  à 

l olutio  i di iduelle de  ha ue patie t, alla t do   e s u e  eilleu e pe so alisatio  de la 

th apie.  Cette  olutio   i di iduelle  peut  i t g e   des  aspe ts  a ato i ues,  ais  aussi 



 

 

 

ta oli ues  [ ].  Da s  le  as  d u e  p ise  e   o pte  des  odifi atio s  a ato i ues,  la 

adioth apie  adaptati e  peut  se  d fi i   o e  u e  ou le  de  t oa tio   o e ti e  afi  

d assu e  l ad uatio  e t e la dose pla ifi e et la dose d li e. T ois t pes de st at gies d A‘T 

so t possi les. L adaptatio  peut se fai e e  di e t, pe da t la s a e, lo s ue le patie t est su  

la ta le de t aite e t [ ]. La  odifi atio  est appli u e soit juste a a t la s a e soit pe da t 

la  d li a e  de  la  dose.  Cette  thode  de  adioth apie  adaptati e  o ige  les  e eu s 

s st ati ues  et  les  e eu s  al atoi es.  Elle  est  epe da t  lou de  e   essou es  hu ai es  et 

o t ai tes  de  te ps  et  essite  des  solutio s  te h ologi ues,  telles  ue  la  possi ilit   de 

e al ule  la dist i utio  de dose e  te ps  el, a tuelle e t  o  i pl e t es. U e se o de 

app o he  o siste à a ti ipe  su  les d fo atio s pote tielles su e a t e   ou s de t aite e t. 

Cette  st at gie,  utilis e  ota e t,  à  t a e s  la  g atio   de  i lioth ues  de  pla s  de 

t aite e t, pou  le t aite e t des  a e s du  ol de l ut us [ ] pa aît  o ple e à  ett e e  

œu e e  O‘L où les d fo atio s so t plus diffi ile e t p di ti les. U e t oisi e app o he, 

dite diff e,  o siste e  u e adaptatio  du pla , e  l a se e du patie t, à pa ti  d u e i age 

a uise au  ou s des se ai es de t aite e t. Le  al ul d u   ou eau pla  est alo s  alis  e t e 

les s a es de t aite e t. Cette  thode pe et de  o ige  des  a iatio s s st ati ues et/ou 

p og essi es.  Du  fait  du  a a t e  p og essif  des  odifi atio s  a ato i ues  au  ou s  d u e 

adioth apie pou  u   a e  des VAD“,  ette app o he diff e se le la plus adapt e. 

. .  Pla e de l’i age ie da s la  adioth apie adaptati e des  a e s des VAD“  a ti le  

. . .  I t odu tio  

L i age ie o upe u e pla e  ajeu e da s le p o essus de la  adioth apie adaptati e. L i age ie 

e a u e  CBCT ou MVCT  ou pa   la  alisatio  d u e  ou elle a uisitio  s a e   a ai si 

pe ett e de d te te  des  a iatio s a ato i ues pou a t a oi  u  i pa t su  la dose d li e. 

Elle  a  gale e t se i  au  al ul de la dose à la f a tio  ou  ie  da s u e app o he de  u ul de 
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Abstract

Radiotherapy  (RT),  alone  or  combined  with surgery  and/or  chemotherapy  is given  to  almost  all  head  and  neck  cancer  (HNC).  The  goal  of RT

is  to  increase  as much  as possible  the  dose  in  the  tumor  to  cure  the  patient,  while limiting  the  dose  in  the  organs at  risk,  mainly  the  parotids

gland  to  limit  the  xerostomia.  HNC  RT appears  particularly  challenging  due  to the  complexity  of the  shape  of  the  anatomical  structures, which

also  changes  during  the  7 weeks  of  treatment.  Advances  in  imaging-modalities,  -processing  and  -integration  at  the  different  RT steps  have  been

crucial  to  develop  a  new image  and  dose-guided  adaptive  RT (ART)  strategy.  Moreover,  the  integration  of functional  imaging  such  as FDG-PET

(performed  before  and  during  the  treatment)  leads  to  an  even  more  highly  targeted  and  dose-escalated  ART.  This  article  is  an  overview of  the  place

and  role  of  imaging  at  the  different  steps  of HNCART,  from  a medical  point  of view.

©  2013  Elsevier  Masson  SAS.  All rights  reserved.

1.  Introduction

Radiotherapy  (RT), alone or  combined  with  surgery  and/or

chemotherapy is the treatment  for almost  all  head  and neck  can-

cers. The  goal  of  radiotherapy  is to  deliver  a  maximum  dose  to

the tumor  target  volume,  thereby  curing  the patient,  while  dimin-

ishing the dose to  the  organs at risk,  thus  decreasing the risk

of toxicity.  Recent  improvements  in  radiation techniques have

allowed for a reduction  in  toxicity,  particularly  the  xerostomia

by limiting  the dose  to the  parotid gland  [1–3].  This  progress  has

been realized  thanks  to  the  combined  improvement  of  imaging,

computer science  and technology  of  linear  accelerators.  Imag-

ing plays  indeed  a  crucial  role  in  the three  main radiotherapy

improvement axis: delineation  of  the  tumor,  dose  distribution

thanks to the use of intensity-modulated  RT (IMRT)  and  tumor

localization at  the time  of  the treatment  providing a  way forward

to the new  image  guided radiotherapy  (IGRT) strategies.

The RT  reference  imaging  modality is  X-ray  Computed

Tomography (CT),  since the computation  of  dose  distribution

∗ Corresponding author.

E-mail address: j.castelli@rennes.unicancer.fr (J. Castelli).

is based  on  electron  density  maps assessed by  the Hounsfield

units of  the  CT  image.  Reference  imaging  for  tumor  visual-

ization is,  however, MRI  and becoming  increasingly  used  in

the 18-Fluoro-deoxy-glucose  (FDG)-positron-emission  tomo-

graphy (PET),  thus  implying  the  need  for multimodal  imaging

fusion tools  for accurate  tumor  delineation.  Moreover, morpho-

logical variations  can  occur  during  the  7 weeks  treatment  course,

so that  the pre-treatment  planned  dose  may  not  correspond  to

the actual  delivered  dose  [4,5].  Adaptive  radiotherapy  (ART)

is a  new IGRT  based  strategy  aimed  at correcting  these inters

course morphological  variations,  by re-generating  one  or  more

plannings during  the treatment  course.

The adaptive RT  is a new  RT  strategy  that  is still  at a  feasibil-

ity level  and the first  clinical  results  are  not even  yet  available.

Indeed, the presented  head  and neck  adaptive  RT  workflow  com-

prises different  level  of  complexity,  corresponding  to  the use

of both  constructor  based  and  homemade  software.  The  treat-

ment (re-)  planning  are  performed  by using  “standard”  IMRT

treatment planning  system,  and  the daily bone rigid registration

are performed  using  the LINAC  based  registration  system  (grey

gradient based  algorithm).  The  cumulative  dose monitoring  is

not yet  fully  validated and is mostly  performed  by  homemade

software, when tested/evaluated by  different  teams.

1959-0318/$ – see front matter © 2013 Elsevier Masson SAS. All rights reserved.
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Head and  neck  cancer  (HNC)  is the  main  tumor  site  for  ART.

This article  is  an overview  of  the place  of  imaging  at the  different

steps of HNC  ART  from  a medical  point of  view.

2. Imaging  for  treatment

The general  overview  of  image  modalities  and  processing  in

HNC ART  workflow  is  showed  on Fig.  1.  Twelve  steps have

been identified  and will  be  described  below.  The  specific  adap-

tive RT  loop  (in  green,  steps  8 to 12) is based  on a  more  standard

IMRT workflow  (in orange,  steps  1 to  7), from  the patient  immo-

bilization device  realization  to  the  fraction  treatment.

2.1. Images  acquisition,  delineation  and  3D

reconstructions (Step  1–4)

Custom-fitted thermoplastic  masks  are  first  realized  to  immo-

bilize the  neck  in the  same  position  during  the full treatment  (step

1). In a  standard  RT  treatment,  only one CT acquisition  is per-

formed for the planning (step 2).  Several  target  volumes  will  be

consecutively delineated  and  defined  on  this  planning  CT  (step

4): the GTV  (gross  tumor  volume) corresponds  to  the macro-

scopic visible  tumor  on  clinical  examination  and/or  on  different

imaging, the  clinical  target  volume  (CTV)  is the GTV  plus a  mar-

gin corresponding  to  the sub-clinical  microscopic  tumor  spread.

This CTV  cannot  therefore  be fully  imaged  and  mostly depends

on the  natural  history  of  HNC. Five-millimeter  margins  are then

classically added  all  around the  CTV  to  define  a planning  target

volume (PTV),  taking  into  account  both  the anatomical  struc-

tures displacement  and  deformations  under  the mask and the

patient position  uncertainty  under  the  linear  accelerator.  The

total dose  of  RT  will  be  finally  delivered within  this  PTV.  Organs

at risk  of  toxicity  (OAR)  are  also  delineated  on  the CT.  All these

volumes are  manually  segmented  by  the radiotherapist  (Fig.  2).

Manual segmentation  in  HNC  is particularly  complex  imply-

ing a rather  large  knowledge  of  both  HNC anatomy  and natural

history of  HNC spreading,  and is also  time  consuming  (up to

3 hours  per patient)  [5].  Significant  inter-  and  intra-observer

variations in  CT-based  target  delineation  have  been  moreover

shown due to  the  limit of  the  CT for accurate  tumor  visual-

ization. MRI  (T1 weighted  with  contrast  imaging) presents  a

superior soft  tissue  differentiation  than  CT,  without  dental  arte-

facts. In  comparison  with  CT,  MRI-based  GTV  has been shown

to be  smaller  and with  less  interobserver  variation  than CT-based

GTV [6].  Due  to  the  necessity  of  electron  density  map,  image

co-registration between  MRI and CT  is  necessary  (step  3), lead-

ing potentially  to  new  uncertainties.  If the dosimetry  should  be

calculated on  CT due  to  the necessity  to  take account  of  elec-

tronic density,  the dream  of  the radiation  oncologist in  head  and

neck, as  in  almost all  tumor  localization, is to  use straightly

and exclusively  the MRI  for  both the planning  and  the tumor

localization at  the  time  of  the treatment.  Ongoing works  aim

to make  MRI-based  dose  distribution feasible  [7,8] and first

results are encouraging,  especially  for the pelvis.  Only  one study

was focused  on  intracranial  lesions with  very  little  difference

between CT-based  plans  and MRI-based  plans  [9].  The  integra-

tion of  the MRI  within  the LINAC  appears  particularly  complex.

However, prototypes already  exist  and first  results  were  pub-

lished [10,11].  PET  imaging  is also  particularly  helpful  in  HNC

delineation, for  both  the  primary  tumor  and  the lymph node  [12].

Fig. 1. Overview of  image modalities and processing in head and neck adaptive radiotherapy. A total of 12 steps are individualized. In orange: the “standard” RT

treatment workflow. In green: the specific adaptive and dose-guided radiotherapy workflow. DRR: digital reconstructed radiograph.
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Fig. 2. a and b: anatomical structure delineation (CT imaging) and 3D reconstruction in case of a  nasopharynx carcinoma (light blue on the left). The pink color

represents the “low risk”  Planning Target Volume (PTV). The different organs at risk are  shown in  Fig. 2b: parotids (green), spinal cord (red) eyes (yellow), optic

nerve (light blue).

Geets  et al.  [13] showed  that  using  PET  for  segmentation  per-

mits to  decrease  the target volume  and therefore  the toxicity.  For

laryngeal tumors,  Daisne  et al.  [14] compared  tumor  delineation

using CT,  MRI  and PET with  the  “gold  standard”  pathological

specimen. The  best  correlation  was found  with  the use of  PET.

The PET  based  GTV  was  smaller  than  those based  on CT or

MRI. However,  there  is a lack  of  validation  for PET  segmen-

tations. A simple  visual  method  can  lead  to  major  variations

in segmentation  [15].  Different  automatic  methods  have  been

tested, by using  a percentage  of  the  maximal  SUV  (Standard

Uptake Value)  [14,16],  a  threshold  value of  SUV  [15,17],  or  a

signal/noise ratio  [14,18,19].  The  use of  PET  based  segmenta-

tion must  remain  however  cautious,  due to the risk  of  increasing

the recurrence  by  an  inappropriate  volume  decrease.  And, as

with MRI,  co-registration  is necessary  on  CT  in  order to  com-

pute dose  distribution,  with  a  risk  of  uncertainties  during  this

step (Fig.  3).

2.2.  CT-based  inverse  planning  and  dose  calculation  (step

5)

The planning  step  aims to  determine  the  treatment  plan, based

on the target  and OAR delineations.  Number  of  beams,  angu-

lations of  beams  and rotation  of  the  collimator  is previously

set by  the user.  Considering  dosimetric  constraints,  parameters

of the  treatment  (shape  of the treatment  fields  and  number  of

segment by  beams)  are  optimized by an  inverse planning  dose

calculation approach  based  on  objectives  of dose  on  target  vol-

ume and OAR.  IMRT  aims to  modulate  the shape  and intensity

of the beams  of  radiation to  highly  conform  the dose distribu-

tion to the  complex  shape  of  the  tumor,  avoiding  the  OARs.

The clinical  benefit  of  IMRT  over  non-IMRT  techniques  has

been clearly  demonstrated  in  HNC.  Indeed,  3  randomized  stud-

ies have  shown  a  better  parotid  sparing  with  IMRT  [1–3],  leading

to a  better  salivary  flow  and  a decreased  risk  of  xerostomia.  The

Fig. 3. In a routine practice of head and neck RT, PET imaging is recommended at  the planning to  identify involved nodes. However, PET imaging should be  used

prudently for a straight tumor delineation. On the left: PET imaging in  treatment position before the planning, showing tumor and  two lymph nodes (duration of

acquisition = 45 min). In the middle: CT modality in the same treatment position at the same time (duration of acquisition = 1 min) On the right: PET co-registered

with CT. The mismatch is  visible on the posterior lymph node, explained by the different acquisition duration.
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Fig. 4. Sagital and coronal view (CT imaging). Dose distribution for a nasopharynx cancer. In purple and light blue: primary and  lymph nodes target volume (PTV).

In  green: parotids. High dose are delivered within the PTV, with a  relatively efficient sparing of the parotids. In orange: 95% (66.5 Gy) of the prescription isodose

(70  Gy).

narrow  gradient  of  dose  provided  by  IMRT  all around  the  target

requires however a particularly  accurate  segmentation  of  all  the

anatomical structures.  An  example  of  IMRT  dose  distribution

sparing the  parotid  glands is shown  on  Fig.  4.

2.3. Per-treatment  kiloVolt  (kV)  imaging  and  CB-CT for

rigid registration  (step  6)

Controlling the tumor  position appears  particularly  crucial

during the  7 weeks  of  RT,  being  the main goal  of  IGRT.  The

new generations  of  linear  accelerators  provide  adequate  embed-

ded imaging  for  patient  repositioning  by  a  rigid  registration.

The onboard  imaging  corresponds  to  the use  of  an X-ray  tube.

This imaging  may be 2D (2  perpendiculars  kV  imaging) or  400

to 600  2D projections  for  a 3D  imaging  reconstruction  (Cone

Beam CT).  Setup  corrections  can be  performed  by  using either

bone (2D  method)  or  soft  tissue  (3D)  rigid  registration  (Fig.  5).

This rigid  registration  leads to  a residual  setup errors  up  to

3.6 mm  [6].  Under  these  conditions  IGRT  doesn’t  compensate

however for shape  and  volume  variations.  These  changes  (tumor

Fig. 5. Mosaic imaging showing a  daily bone registration between 2 perpendicular kV imaging acquired before the fraction and the pre-treatment digitally reconstructed

radiography (DRR).
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regression,  alterations  of  normal  tissues,  weight  loss) may  be

particularly important  during  the treatment  course [20,21],  lead-

ing for  instance  to  an increased  dose  in  the  parotids  [22].

2.4. Adaptive  radiotherapy  loop (steps  8–12)

ART aims  to  correct  the morphological  variations during the

course of  treatment  by  generating new  periodic  plannings.  Very

few studies  suggest  that  ART  allows  for  the  mean  parotids  dose

to be decreased,  thereby  likely decreasing  toxicity  [22,23].  The

change of anatomy  (shrinking of  both the  tumor  and the  healthy

parotids) modifies  the  position  shape  and electron  map density

of the  organs and modifies  therefore  the dose  distribution leading

to parotid  over irradiation  compared  to  the initial  planning dose.

A dose  distribution  can  be calculated  at the  fraction  by  using

the CB-CT  (step 8).  The  cumulative  dose  can  be  calculated  by

applying to the dose  at the  fraction  the  same elastic  transfor-

mation than  the  anatomical  variation  between  the image  at  the

fraction and  the planning  CT (step  9)  for  a cumulative  dose mon-

itoring (step  10),  as  detailed  in  Fig.  6.  The  cumulative  dose can

be compared  with  the planning  dose, in  a dose-guided  perspec-

tive (step  11).  The  re-planning  loop  can be  repeated  as  long as  the

delivered dose differs  from the planning  dose  (step  12).  Two  the-

oretical ART  strategies  may  be  discussed.  In the on-line method,

a re-planning  is performed  immediately  after  a new  CT acquisi-

tion, and  a new  planning  is immediately  generated.  Contouring  is

time consuming  and required a high  level  of  expertise  in  the  field

of head  and neck  tumor  imaging  (help of  the  radiologist).  New

commercial software  are particularly  helpful  to  propagate the

contours from  the  planning  CT  to  the per-treatment  re-planning

C. If their  performance  appears  high  for the OARs,  their  use

for the CTV  delineation  needs  absolutely  to  be validated by  the

radiation oncologist,  in  a  semi-automatic  process.  This  method

appears to  be  not realistic  since  the patient  remains  still on

table during  the complex  segmentation  and  the  full calculation

duration of  the new  plan.  Moreover,  specific  highly  expensive

equipment is required  (CT  on rail).  In  the offline method,  a new

plan is generated  with  a  delay of few  days,  enabling  also  to

proceed to  the clinical  quality assessment  process.  This method

appears feasible  with  a  lower  machine-occupation  and equip-

ment availability  (standard  CT).  The  offline contour  propagation

from the  planning  CT  to  the weekly CT,  based  on non-rigid

image registration  (Demons’  method,  applied  to  intensities  or to

distance maps of  the delineated  organs) [24,25],  can  save time,

however being  not fully  validated  in  a  routine practice.  Another

complex issue  is the validation  of  a  cumulated  dose  guided  RT

strategy (DGRT), so  that  the new  planning  could  be  decided  on

a cumulative  dose monitoring.  CB-CT  should be  used  for dose

calculation, without  needing  any CT imaging.  But the first  issue

is the  poor  image  quality  of  the CB-CT  for  an  accurate  tumor

and OAR delineation.  The  second issue  is the need of  matching

CT values and density  in  CB-CT  images.  Such tables  are spe-

cific for  an  anatomical  region  and depend of  the CB-CT  image

acquisition parameter  [26].

The goal  of  head and neck  ART  is at least  to  maintain  the same

parotid gland  sparing  during  treatment  as  the  planning.  It’s  even

likely that  re-planning  could  even  more reduce  the dose  in  these

salivary glands  compared  to the  planning  due to  the  anatomical

variations, for  a  subset  of  patients. Preliminary  results  suggest

for a series  of  11  patients  that  a weekly re-planning  can benefit

significantly to  one third  of  the  PGs  (and 50% of  the pts), lead-

ing to  decrease  the  absolute  risk  of  xerostomia  of  at least  13%

Fig. 6. The cumulative dose can be  calculated by applying to  the dose at the fraction the same elastic transformation than the anatomical variation between the image

at  the fraction and the planning CT for a cumulative dose monitoring.
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Fig. 7. Three roles of PET imaging in head and neck radiotherapy. 1:  Hypermetabolic tumor (FDG) or radioresistant (F-miso) volumes can be identified by PET,

allowing a “dose-tumor painting” approach. 2.  Metabolic activity assessed before or during the treatment may be a  predictor of the recurrence. The analysis of the

recurrence is crucial to improve the efficiency of the treatment: is the recurrence mostly fully inside the initial target volume suggesting to increase the dose, or in

the  border or outside this target volume suggesting to increase this volume?

[27]. The  clinical  benefit  is not  yet  established  and should be

demonstrated by  ongoing  randomized  trials.

3. PET  for  dose  tumor  painting  and  for patient  outcome

prediction

Functional imaging  plays  an  increasing  role  in RT.  Indeed,

two main  axes  of  research  may  be identified  in  HNC  RT:  dose

tumor painting  and prediction/analysis  of  cancer  recurrence.

(Fig. 7).

3.1. PET  for  dose  tumor  painting

Nowadays, target  volumes are considered  as  a  homogeneous

risk area.  Thus  a  homogeneous  dose  is delivered  within the

whole volume.  However,  it  is well  established  that  tumors are

heterogeneous, and constituted  of  multiples  sub-volumes  of

variable aggressivity.  Dose painting  aims  at producing inhomo-

geneous dose  distributions  within  the  tumor  volume  adapted

to radioresistant  areas defined  by  functional  imaging  [5] and

PET may  provide  such  information.  Thus,  it  became  possible  to

increase doses  in  the  most aggressive  regions,  without  increasing

the dose  to organs at  risk  (Fig.  8).

3.2. PET  to  predict and  analyze  recurrence

PET has  a  major role  in  the evaluation  of  treatment  response.

Results at three months  after  the treatment  have  suggested  a

predictive value  for  relapse  [28–30].  A few  studies have been

focused on correlation  between  PET before  or  during  treatment

and patient  outcome  [31,32]  (Fig.  9).  The  modifications  of the

SUV in  the tumour  during  the treatment  course  are particularly

complex to interpret  since they  can  be  related  to  tumour  evolu-

tion or  inflammatory  reaction.  However,  several  studies suggest

that FDG-PET  performed  at 20 Gy or  40  Gy  [31,32]  can be  good

predictor of  tumor  recurrence  or  patient  death.  These  prelimi-

nary results  are  however  limited,  with  a small number  of  patient

and monocentric.

Currently,  no  evidence  has been  clearly built for  defining  the

subgroups of different prognoses  but  several  ongoing  studies

exist, yet.  Some  studies are  ongoing to  deal  with  this  question.

Thus, most  of  the  locoregional  failures occur  within  the  high

dose region,  confirming  the interest  of  dose  painting  [33].

Fig. 8. Dose tumor painting. High doses (yellow and green) are delivered on

sub-volumes of  the tumor without increasing the dose outside the tumor. The

main limitation of such approach is still the validation of the tumor segmentation

methods.  Each colorwash corresponds to different target volume (depending on

the tumor aggressivity). Each color line corresponding to  different radiation

doses  (isodose curves).
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Fig. 9.  PET before (left) and during treatment (right), with complete response (up) and partial response (bottom).

4. Conclusion

Imaging  plays  a  major  role  in  the development  of  radiothe-

rapy and  improvement  in  patient  outcome.  IGRT  aims  to  reduce

setup errors  during  treatment,  by  integrating  a  rigid registra-

tion step,  nevertheless  with  a  lack  of  morphological  variation

consideration. Adaptive  radiotherapy  aims  to  correct these mor-

phological variations  by  realizing one  or  more plans  during

the treatment  course. Imaging  is  used to  detect  these varia-

tions, thereby deciding  on  a potential  re-planning.  If  justified,

the re-planning  is particularly  heavy  and complex,  implying  to

segment again all  the volumes  of interest  and to  recalculate

optimized dose distribution.  Contours  propagation  by  non-rigid

image registration  is a promising  alternative  to  tackle  these

issues. The  combination  of  PET  imaging  with  the ART  work-

flow open the  news  field of  high escalation  dose  thanks  to  a

dose tumor  painting  or  sculpting  strategy.  Moreover,  PET may

be an important  tool  for  early  evaluation  of  tumor  response,

likely leading  to  an  increased  dose  for non-responder  patients

in an adaptive  framework.  Ongoing prospective studies aim  to

demonstrating the benefit of ART (ARTIX) and to confirm  the

predictive value  of  PET during  treatment  (TEmPORaL)  in  HNC

RT.
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. . .  Pla e de l’i age ie e   adioth apie :  o lusio  

L i age ie o upe u e pla e  e t ale da s la  adioth apie adaptati e. Les s st es d i age ie 

e a u s pe ette t u e  aluatio  des  a iatio s a ato i ues pou a t su e i  e   ou s de 

t aite e t. Id ale e t,  ette i age ie pou ait se i  à esti e  e  di e t la dose d li e et ai si 

la  o pa e  à la dose pla ifi e. Cette  o pa aiso  pe ett ait de d le he  u e st at gie de 

adioth apie adaptati e da s u  p o essus de  adioth apie guid e pa  la dose.  

Cepe da t  plusieu s  uestio s  de eu e t  su   les  odalit s  d i age ie  CBCT  ou  s a e   à 

utilise ,  la  ualit   a tuelle des CBCT  e da t diffi ile  la d li atio  des  olu es d i t ts.  La 

pla e de l i age ie fo tio elle  TEP ou I‘M   este  gale e t à d fi i ,  ota e t e  te es 

d o je tifs  a lio atio   du  o t ôle  lo al  e   ide tifia t  les  patie ts  au ais  po deu  ? 

Di i utio   de  la  to i it   e   ide tifia t  des  odifi atio s  fo tio elles  p o es  p di ti es 

d u e  to i it  ? .  L i t g atio   de  es  i fo atio s  o phologi ues  et  fo tio elles  da s  le 

p o essus de  epla ifi atio   este i p ise. La d isio  de  epla ifi atio  doit‐elle  epose  su  

la d te tio  d u e d iatio  su  l i age ie du jou   aluatio  à la s a e  ou da s u   o te te 

plus glo al su  l e se le des s a es d jà  alis es,  essita t alo s u e op atio  de  u ul 

de dose ? Lo s ue la d isio  de  epla ifi atio , faut‐il  epla ifie  de  o o e  utilisa t l i age ie 

du jou  ou  ie  faut‐il p e d e e   o pte la dose p de e t d li e ? 

   



 

 

 

.  P o l ati ues  thodologi ues 

. .  Quels so t les o je tifs th apeuti ues de la  adioth apie adaptati e ? 

La  adioth apie adaptati e  ise à  o ige  les  a iatio s  uotidie es de la tu eu  et des tissus 

sai s  pa   u e  odifi atio   e   di e t  ou  e   diff   du  pla   de  t aite e t  i itial.  C est  u e 

app o he  ui  peut  t e  assi il e  à  u e  te h i ue  de  o t ôle  pa   etou   d i fo atio .  Elle 

epose su  la d te tio  de  odifi atio s  o phologi ues,  ta oli ues ou dosi t i ue  et le 

hoi  de  alise  u e i te e tio  suite à  es  a iatio s, le tout da s u  o je tif  li i ue glo al. 

Le  i eau le plus si ple de la  adioth apie adaptati e se ait d assu e  l ad uatio  e t e la dose 

pla ifi e et la dose d li e, afi  d assu e  l pa g e des tissus sai s  e  pa ti ulie  les pa otides , 

tout e   ai te a t la dose p es ite da s la tu eu . U e app o he plus a itieuse pou ait  t e 

d utilise  le  fi e dosi t i ue de la  adioth apie adaptati e pou   alise  u e es alade de 

dose da s la tu eu  afi  d aug e te  e o e le  o t ôle lo al. Cette app o he pou ait se  alise  

e  utilisa t des  te h i ues de dose pai ti g pou  des patie ts  ide tifi s  o e  ta t à haut 

is ue de  idi e. U e aut e app o he se ait d ide tifie  les patie ts à  is ue de to i it , afi  de 

leu  p opose  u e st at gie de  epla ifi atio  pou  di i ue  auta t  ue possi le la dose da s les 

tissus sai s. E fi , da s u e pe spe ti e de  adioth apie adaptati e  uotidie e e  di e t, u e 

di i utio   oi e  u e  supp essio   des  a ges  de  t aite e t  pou ait  s e isage ,  pe etta t 

ai si  de di i ue  e o e  la  to i it .  La  adioth apie  adaptati e pou ait  ai si  po d e à u  

dou le o je tif de di i ue  la to i it   e  pa ti ulie  la  osto ie  tout e  a lio a t le  o t ôle 

lo al. 

. .  E aluatio  et si ulatio  de t aite e ts sta da ds et de st at gies adaptati es 

L aluatio  des diff e tes  st at gies de  adioth apie  a e  ou  sa s  epla ifi atio  peut  se 

fai e  pa   diff e ts  it es  de  juge e t.  Il  est  possi le  de  alise   u e  aluatio   pu e e t 

g o t i ue des  a iatio s a ato i ues, sa s  it es dosi t i ues. U e aut e possi ilit  est 

u e  aluatio   dosi t i ue  idi e sio elle,  sa s  i fo atio   spatiale  a al se  des 

histog a es  dose  olu es  HDV   ou  t idi e sio elle  a al se  des  at i es  de  dose .  La 

si ulatio  des diff e tes st at gies peut alo s se fai e à la s a e ou  ie  e   u ula t la dose 



 

 

 

s a e ap s s a e, g â e à des  thodes de  e alage  lasti ue  oi   i‐ap s . E fi  l utilisatio  

de  od les de p di tio  de  sultats  li i ues  tu o   o t ol p o a ilit   TCP  ou  o al tissue 

o pli atio  p o a ilit   NTCP   ep se te u  aut e  i eau d aluatio . La  it  te ai   este 

epe da t  ep se t e  pa   les  e e ts  li i ues  elle e t  o se s,  essita t  la 

alisatio  d essais th apeuti ues, id ale e t de phase III.  

Ces  it es  de  juge e t  i pli ue t  pa   ailleu s  des  thodes  d a al ses  statisti ues  de 

o ple it s  a ia les  test  o  pa a t i ue,  od le li ai e g alis e  i te,  od le de Co , 

thode d app e tissage auto ati ue  a hi e lea i g ,…  afi  de pou oi  les  o pa e . 

. .  N essit   de  d eloppe   des  app o hes  adapt es  pou   u ule   la  dose :  e alage 
d fo a le  

a  I possi ilit  d additio e  les HDV  o espo da t au  diff e tes s a es 

Il  est, d u e  faço  g ale, pas adapt  d additio e   les histog a es dose‐ olu e  HDV  

o espo da t à diff e tes f a tio s de t aite e t. E  effet, de pa  les d fo atio s des tissus, 

les  diff e tes  « e t es »  i s   de  l histog a e  peu e t  e  pas  o espo d e  au   es 

tissus. Les doses  o espo da tes  e peu e t do  pas  t e si ple e t additio es. L e e ple 

i‐dessous  Figu e   illust e  ette i possi ilit  de  u ule  les HDV pou  esti e  la dose  u ul e 

eçue pa  la  essie au  ou s d u e i adiatio  p ostati ue. La d o st atio  est faite à l aide d u  

fa tô e  u i ue  ui pe et de  ua tifie  effe ti e e t la dose totale  u ul e [ ].  

a  Cu ul de dose pa   e alage d fo a le 

Le  e alage d i age  o siste e  la d te i atio  d u e t a sfo atio  g o t i ue pe etta t 

de  ett e  e   o espo da e  les  poi ts  d u   o jet  da s  u e  ue  do e  a e   les  poi ts 

o espo da ts da s u e aut e  ue du  e o jet ou d u  o jet diff e t. Le  e alage peut  t e 

utilis  pou  t ou e  les  o espo da es e t e les diff e tes i ages d u   e o ga e, pou  

alue  les d fo atio s d u  o ga e ou pou  p opage  des  o tou s e t e diff e ts patie ts 

pou   g e   u   atlas  pa   e e ple .  Deu   g a des  at go ies  de  e alage  peu e t  t e 

ide tifi es, selo  le t pe de t a sfo atio   igide ou d fo a le  utilis e. Le  e alage  igide est 



 

 

 

glo al, a e  si  pa a t es au  a i u    a es de t a slatio s,   a es de  otatio s  alo s  ue le 

e alage  d fo a le  est  lo al  o el  à  o el ,  a e   eau oup  plus  de  deg s  de  li e t .  Le 

p o essus glo al du  e alage  lasti ue est illust   

Figu e  .  Pa  u  p o essus  it atif, u   ha p de d fo atio  est  affi   sui a t u e  t i ue 

ua tifia t la si ila it  e t e les i ages à  e ale .   

 

Figu e   : La  o e e des histog a es dose  olu e  e pe et pas d esti e  la dose  u ul e 

 

“ou e : B. ‘igaud, A. “i o , J. Castelli et al. Defo a le i age  egist atio  fo   adiatio  the ap  : p i iple, 
ethods, appli atio s a d e aluatio s. “u itted A ta O ologi a   

Le  u ul de dose e ploite le  e alage pou   appo te  à l a ato ie de pla ifi atio  les  at i es de 

dose  o espo da t à la dose d li e. Le  ha p de d fo atio  est esti  e t e l i age de la 



 

 

 

pla ifi atio  et u e i age a uise e   ou s de t aite e t. Ce  ha p est e suite appli u  à  la 

at i e de dose  o espo da t à la dose d li e. Ai si, le  e alage  lasti ue pe et d o te i  

u e dose  u ul e au  ou s du t aite e t afi  de pou oi   o pa e  la dose d li e sa s ou a e  

adioth apie adaptati e  Figu e  . 

 

Figu e   : P o essus glo al pou  le  e alage d fo a le d i ages 

 

 

“ou e :  B.  ‘igaud,  A.  “i o ,  J.  Castelli  et  al.  Defo a le  i age  egist atio   fo   adiatio   the ap  :  p i iple, 

ethods, appli atio s a d e aluatio s. “u itted A ta O ologi a   



 

 

 

 

Figu e   : Le  e alage d i age utilis  pou  le  u ul de dose au  ou s d u  t aite e t de  adioth apie 

The dose  is  fi st  al ulated  at  the  f a tio  o   the dail   i age  ,  the   the  pla i g CT  a d  the dail   i age a e 

egiste ed usi g DI‘  .  The  esulti g  defo atio   e to   fields  a e  used  to  p opagate  the  f a tio   dose  to  the 

pla i g CT  . The f a tio  doses a e  u ulated o  the pla i g CT  . The  u ulated dose  a   e fi all   o pa ed 

to the pla ed dose  .  

“ou e: J.Castelli et al. Adapti e  adiothe ap  fo  head a d  e k  a e s. ‘e isio , A ta O ologi a   

 

Le  e alage  lasti ue  o po te des  li itatio s à p e d e à  o pte  lo s de  la  alisatio  d u  

u ul de dose. Ces diffi ult s so t  su es da s la Figu e  ,  e tai es s appli ua t plus  ue 

d aut es à  l O‘L. Ai si,  e  O‘L, u e des p i ipales  li ites est  li e  au  fait  u il  est  essai e 

d a oi  les  es tissus e t e les deu  i ages à  e ale . Da s le  as  o t ai e, il peut e   sulte  

u   ha p de d fo atio  e o , et da s le  as du  u ul de dose à des e eu s d esti atio  de 

la dose. C est pou uoi il pa aît e o  de  alise  u   u ul de dose pa   e alage  lasti ue pou  

la tu eu  du fait de la fo te tu o ale su e a t e   ou s de t aite e t. La p isio  du  e alage 

poi t à poi t est  gale e t p i o diale afi  d assu e  u   u ul de dose  o e t. 



 

 

 

 

Figu e   : Illust atio  des p i ipales diffi ult s pou  le  e alage d fo a le 

 

“ou e :  B.  ‘igaud,  A.  “i o ,  J.  Castelli  et  al.  Defo a le  i age  egist atio   fo   adiatio   the ap  :  p i iple, 

ethods, appli atio s a d e aluatio s. “u itted A ta O ologi a    

. .  Tous les patie ts so t‐ils  a didats à u e  adioth apie adaptati e ? 

La  adioth apie adapti e est u e te h i ue  lou de, de a da t du te ps  at iel et hu ai  

i po ta t  [ ,  ].  Les  do es  po ta t  su   l i pa t  dosi t i ue  su   les  tissus  sai s  des 

a iatio s a ato i ues su e a t e   ou s de t aite e t  o t e t  ue tous les patie ts  o t 

pas  esoi   d u e  app o he de  adioth apie  adaptati e  Ta le  .  Il  appa ait  do   essai e 

d ide tifie  les patie ts  ui au o t u   ita le  fi e dosi t i ue et su tout  li i ue d u e 

telle st at gie. 



 

 

 

Ta le   : Va iatio s de la dose pou  les pa otides et la  oelle au  ou s d u e  adioth apie sta da d sa s 
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a  b  s  t  r a  c t

18 F-fluorodeoxyglucose  (18F-FDG)  positron emission  tomography/computed  tomography (PET/CT)

allows  to quantify  the  metabolic  activity of a  tumor (glycolysis)  and  has  become  a reference tool  in

oncology  for  the  staging, restaging,  radiotherapy  planning  and monitoring  response  in many  cancers.

Quantitative  analyses  have  been introduced  in order  to overcome some  of  the  limits of the  visual meth-

ods,  allowing  an  easier  and more  objective  comparison of the  inter-  and  intra-patients  variations.  The  aims

of  this  review  were  to report  available evidences  on the  clinical  value  of quantitative  PET/CT parameters

in  HNC.

Forty-five studies,  for  a  total  of 2928  patients, were  analyzed.  Most  of the  data  available dealt with  the

intensity  of the  metabolism, calculated  from  the Standard  Uptake  Value  (SUV).  Metabolic  Tumor Volume

(MTV)  was well  correlated  with  overall survival  and  disease free survival,  with  a higher predictive value

than  the  maximum SUV.  Spatial distribution of  metabolism  and  textural analyses  seems  promising.

© 2016  Elsevier  Ireland Ltd. All rights reserved.
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1. Introduction

Head and neck cancers are  among the most common in the

world (5th leading cancer by incidence (Parkin et al., 2005)).

The American Joint Committee on Cancer (AJCC) staging is  gen-
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erally used to estimate the prognosis and guide therapy (Edge

and Compton, 2010). Radio-chemotherapy is a standard treatment

of unresectable and/or locally advanced Head and Neck Cancers

(Pignon et al., 2000; St Guily et al., 2010). Despite this treatment, the

prognosis remains worst and loco-regional recurrence may  occur

in up to 40% patients, mostly within the first 2-years after treatment

(Chajon et al.,  2013). 18F-fluorodeoxyglucose (18F-FDG) positron

emission tomography/computed tomography (PET/CT) allows to

quantify the metabolic activity of a  tumor (glycolysis) and has

become a reference tool in  oncology for the staging, radiother-

apy planning and monitoring tumor response in many cancers

(Cacicedo et al., 2016; Fletcher et al., 2008). For primary tumor

diagnosis, 18F  FDG-PET imaging showed a  significant better sen-

sitivity (93% vs 65%) and specificity (70% vs 56%) over CT  (Gambhir

et al., 2001). PET imaging allows a  more accurate nodal staging of

locally advanced head and neck cancer (Kyzas et al., 2008; Yoo et al.,

2013), and could result in  changing the therapeutic management

in nearly 15% of patients (Lonneux et al., 2010). For patients with

cervical node metastases of unknown primary, PET/CT detected a

primary tumor in nearly 30% of patients (Rudmik et al., 2011; Wong

et al., 2012; Zhu and Wang, 2013).

Thanks to these potential advantages, PET/CT is recommended

for the initial staging and for the treatment decision algorithm

of advanced head and neck cancer (Yoo et al., 2013). However,

in almost all of these studies, only a  visual analysis of PET/CT

by physician, based on contrast in  uptake between normal tis-

sues and potential tumor (i.e. operator dependent), was  performed.

Visual analysis was sufficient for diagnosis, staging and detection of

recurrence, but with the goal of predicting patient’ outcome, quan-

tification is necessary. More recently, quantitative analyses have

been introduced in order to  overcome some of the limits of the

visual methods (Table 1). Indeed, quantitative analysis is  less oper-

ator dependent than visual analysis and can be fully automated,

allowing an easier and more objective comparison of the inter-

and intra-patient variations. The main goal of the quantification

is to obtain parameters reflecting the tumor activity and/or having

a prognostic value.

The  aims of this review were to report available evidences on

the value of quantitative parameters from PET/CT performed at the

diagnosis, during treatment and during follow to predict overall-

and disease free survival in head and neck cancer and to discuss

theirs limits.

2.  Materials and methods

We  performed a systematic electronic search of articles pub-

lished in PubMed/MEDLINE from January 2000 to march 2016. Our

search was restricted to articles reporting data obtained on humans

and to English-written articles dealing with locally advanced head

and neck cancer and PET/CT. All the articles which did not  report

data on the prognostic value of PET/CT-related parameters were

excluded as well as all the articles which reported data obtained

only from visual analyses. Hence this review was focused on

the prognostic value of parameters obtained from quantitative or

semi-quantitative analyses. We  included all the studies reporting

data on PET/CT performed before, during or after exclusive RT +/−

CT, excluding those reporting data from surgical series and/or

post-operative radio-chemotherapy. The predictive value of PET

at diagnosis, during treatment and during follow up was analyzed

separately.

3. Results

One hundred and twenty-five studies were identified accord-

ing to the criteria described above. Seventy-seven studies were

excluded  since they did not match the inclusion criteria, mainly

because they dealt with operated patients (22/77 studies). One

retrospective study presenting data on a small population (<20

patients) was also excluded. Finally, 45 studies were included in

the analysis, for a  total of 2928 patients. Table 2  summarizes the

main characteristics of the studies included in this analysis, while

Table 3 summarizes the principal results of these studies.

3.1.  Predictive value of 18FDG PET before treatment with RT-CT

Forty-two  studies investigated the predictive value of  quanti-

tative PET parameters at diagnosis (Table 4). The large majority of

these studies analyzed parameters based on Standard Uptake Value

(SUV), while only 3 studies performed texture or shape analysis.

3.1.1.  SUVmax and metabolic tumor volume

Maximum standard uptake value (SUVMax) corresponding to

the maximal pixel value in the tumor. Thanks to its ease of  use, it

was historically the first parameter analyzed. SUVmax was corre-

lated with overall- or  disease free survival in 11 studies (Allal et al.,

2002; Brun et al., 2002; Castaldi et al., 2012; Chen et al., 2014; Farrag

et al., 2010; Higgins et al., 2012; Kitagawa et al., 2003; Machtay

et al., 2009; Matoba et al., 2015; Rasmussen et al., 2015; Sanghera

et al., 2005). SUVmax allows to identify patients with a  high risk of

events (death or  recurrence). For example, (Rasmussen et al., 2015)

analyzed 287 patients with locally advanced head and neck can-

cers treated with radiotherapy ± chemotherapy. SUVmax showed a

higher predictive value for recurrence than T stage, N stage and age.

The authors developed a  prognostic model of freedom from failure

at 2 years, in which including SUVmax significantly increased the

predictive value, changing the estimated risk by more than 10% for

23% of the patients. In (Allal et al., 2002), 63 patients treated with

RT ±  CT  were prospectively included. Patients presenting a  SUVMax

<5.5 g/ml had a 3-year DFS of 79% compared to 42% for those with

SUVmax >  5.5  g/ml (p  = 0.005). However, the range of  cutoff values

adopted in  published studies to  define patients at  high or  low risk

of events markedly varied between 3.7 and 9 g/ml (median: 5.8).

Noteworthy, also 2 negative studies are available in  the literature

(Ashamalla et al., 2014; Greven et al., 2001). In (Greven et al., 2001),

patients with local recurrence had a  mean pretreatment SUVMax of

7.7 g/ml versus 8.2 g/ml for patients without local recurrence. In

(Ashamalla et al., 2014), SUVMax was  correlated with OS in  uni-

variate analysis, but not in  multivariate analysis. Only 28 patients

were included in this study, which may  explain this negative result.

The Metabolic Tumor Volume (MTV), defined as the volume of

FDG activity in  a tumor assessed by automated volume of  interest

delineation, and Total Lesion Glycolysis (TLG), defined as MTV  x

SUVmean, may  be more representative of the tumor heterogeneity.

The predictive value of MTV  was evaluated in  26 studies, with 21 of

them also evaluating SUVMax (for a  total of 1464 patients). All these

studies showed that  MTV/TLG were predictive for clinical outcome,

with a  higher predictive value than SUVmax. In (Chang et al., 2012),

108 patients with nasopharyngeal cancer treated with RT-CT were

prospectively included to  assess the predictive value of  SUVMax,

MTV and TLG for DFS and OS. Only Epstein–Barr virus DNA load

and TLG of the tumor were significantly correlated with DFS and

OS. In  particular, patients presenting a  TLG value <  65  g showed a

3-year DFS of 79.9% versus 37.4% for other patients (p <  0.001), with

a  hazard ratio of 3.54 (p =  0.006) for DFS and of 4.91 (p  =  0.045) for

OS.

In two  studies, MTV  was found to  have a  higher predictive

value than TNM staging (Kao et al., 2012; Romesser et al., 2014).

(Romesser et al., 2014) reported data of 100 oropharyngeal cancer,

treated with RT-CT (median follow-up: 49 months). MTV  at a cutoff

of 9.7 ml  was  correlated with DFS (80.3% vs 56.7%, p = 0.015) and OS
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Table 1

Most  frequently used quantitative parameters in PET  imaging.

Parameters Definition and method to compute

SUVMax Maximal pixel value in the tumor

SUV Peak Average SUV within a  small, fixed-size region of interest (ROIpeak) of 1.2 cm diameter, centered on a  high-uptake part

of the tumor

Metabolic  Tumor Volume (MTV) Sum of the volume of voxels with SUV exceeding a certain threshold value in a tumor

SUV  Mean Average SUV in the ROI (defined by  applying a threshold or by visual assessment)

Total Lesion Glycolysis (TLG) TLG is obtained by  multiplying MTV  and the  mean SUV of the MTV

(84.1% vs 57.8% p  = 0.008). In multivariate analysis, only MTV  was

significant while GTV, T stage and N stage did not.

Noteworthy, the reproducibility of the MTV  and/or TLG may  be

limited by the initial definition of these parameters, which is  based

on a threshold of  SUV, absolute (all pixels with SUV value > x) or

relative (all pixels with SUV value >  xx% of SUVMax). The choice of

the threshold for either method may  affect the absolute value of the

MTV. Six studies compared the predictive value of MTV  and/or TLG

computed with different thresholds (Cheng et al., 2015; Kao et al.,

2012; Lin et al., 2015; Schinagl et al., 2011; Yabuki et al., 2015). In

the study by (Schinagl et al., 2011), 4 thresholds (2.5, 40%, 50% and

adaptive threshold based on liver uptake) were compared for 77

patients treated with RT ± CT. MTV  40% was the strongest predictor

of DFS and OS. However, even if the predictive value of the other

thresholds was slightly lower, they were also correlated with OS

and DFS. Same results were reported by  the others studies. Based

on these results, the use of different thresholds within a reasonable

range (between 2 and 3 for an absolute threshold; and between 40

and 50% for a relative threshold) seems to  have no major impact on

the predictive value of MTV.

3.1.2. Texture and shape analysis

Two different approaches have been used to evaluate tumor

heterogeneity, one morphological at macroscopic level (shape of

the metabolic area) and the other at pixel level (texture analysis).

(Apostolova et al., 2014) used a  new parameter to characterize the

deviation of the tumor’s shape from sphere symmetry (aspheric-

ity). The initial assumption of the authors was that  “aggressive”

tumors are expected to show more irregular shapes, due to necro-

sis, angiogenesis and extravascular extracellular matrix. In a first

study, including patients treated with surgery, radiotherapy or

chemotherapy alone, asphericity was correlated with OS and PFS.

Based on these results, the authors tried to confirm the predic-

tive value of asphericity in  a following study (Hofheinz et al.,

2015). Thirty-three patients, with LAHNC treated with RT-CT were

included. Using the same cutoff of 20.4 found in  (Apostolova et al.,

2014), asphericity was correlated with PFS (HR 2.96, p = 0.015) and

OS (HR 5.9, p = 0.001).

Two studies evaluated the prognostic value of texture analy-

sis in LAHNC. In the first study (Cheng et al., 2013), including 70

oropharyngeal cancers, TLG and texture uniformity were corre-

lated with OS (HR 5.85 and 0.46 respectively). A 3-point risk scale

for DFS and OS was proposed, according to the presence of a uni-

formity ≤ 0.138 and a TLG >  122.9 g.  One point was  given for each

factor. Clinical outcome (DFS or  OS) was significantly different in

the 3 risk groups. These findings were confirmed in  an independent

series of 88 oropharyngeal cancer patients (Cheng et al., 2015).

3.2.  Predictive value of quantitative PET parameters during

chemoradiotherapy

Early changes in tumor metabolism during radiochemotherapy

may  be assessed by PET/CT and may  be used to  tailor treatment.

The aims of this adaptive strategy to  the treatment’ response are to

decrease the adverse effect and/or to  intensify the treatment, with

the final goal to improve the outcome.

Seven  studies (374 patients) evaluated the predictive value of

PET performed during RT ± CT (Brun et al., 2002; Castaldi et al.,

2012; Chen et al., 2014; Farrag et al., 2010; Hentschel et al., 2011;

Min et al., 2016, 2015). All  but one of them found a correlation

between PET parameters RT ± CT and clinical outcome. In a study by

Min  et al., 100 patients received a  PET before and 3 weeks after the

beginning of treatment (Min  et al., 2016). The authors showed that

pre-treatment SUVMax and mid-treatment TLG were correlated

with 2-year DFS in multivariate analysis (83% vs 71.4%, p  =  0.0019

and 88.4% vs 77.2%, p =  0.012, respectively). Moreover, patients pre-

senting pretreatment TLG <  91 g and a mid-treatment TLG <  9.4 g

presented a  better 2-year DFS (88.1% vs 61.1%, p = 0.001) and 2-

year OS (90% vs 67%, p  = 0.012). Other parameter,such as SUVMax

and MTV  were also correlated to  DFS and OS, but TLG was  the

most predictive one. In (Castaldi et al., 2012), which included 24

patients, no predictive value of PET during treatment was shown.

However, the decrease of SUVmax between PET at diagnosis and

during treatment was highly correlated with 2-year DFS (100% in

case of complete response vs 74% in case of partial response, defined

as a  reduction of 25% in tumor 18FDG SUV (Young et al., 1999)).

The  optimal time to perform PET during treatment is still

unclear. Most of the studies performed the PET before the third

week to  allow time for adapting therapy. A prospective multicen-

tric study (TEMPORAL) (NCT02469922) is undergoing to  assess the

predictive value of PET at the 2nd and 4th week of chemoradio-

therapy. One hundred twenty-three patients are expected to  be

included.

3.3. Predictive value of 18FDG PET after treatment

After treatment with radiotherapy, PET/CT may  be used to iden-

tify good responders and avoid useless neck dissection. Twelve

studies performed a  quantitative or semi quantitative analysis from

PET after treatment. All  these studies evaluated the SUVMax. A high

SUVMax in post treatment was correlated with a poor outcome in

6 studies (Horiuchi et al., 2008; Hoshikawa et al., 2011; Ito et al.,

2014; Kim et al., 2016; Kitagawa et al., 2003; Moeller et al., 2010).

In (Moeller et al., 2010), 98 patients underwent a  PET before and

8 weeks after RT +/− CT. The authors found that a  post-treatment

SUVMax ≤  6 g/ml and the variation of SUVMax (in%) between the

pre- and post-irradiation PET/CT were predictive for DFS. In (Kim

et al., 2016), a  PET was performed 3 months after RT-CT. Seventy-

eight patients were analyzed. Three-year OS was 87.7% in  patients

with SUVMax <  4.4 g/ml versus 56.9% (p = 0.002).

A comparison between visual analysis and quantitative parame-

ters was  performed by (Hoshikawa et al., 2009). Thirty-five patients

underwent PET before and 5 weeks after RT-CT. Patients with a

post-treatment SUVMax value >  3 g/ml and decreasing less than

60% compared to  the pre-treatment situation presented a  higher

risk of recurrence (odds ratio = 61.5, p <  0.0001). The overall accu-

racy for quantitative analysis was 89.9% vs 60.9% for the visual

analysis.
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Table 2

Main  criteria of the 45  studies. * = Mean follow up, CR: Complete Response, LCR: Loco Regional Response, LR:  Local Relapse, DSS: Disease Specific Survival, RFS: Recurrence Free Survival, LRFS: Local Relapse Free Survival, DFS:

Disease  Free Survival, OS: Overall Survival, MTV: Metabolic Tumor Volume, TLG: Total Lesion Glycolysis.

Authors Year Subject No.  Study Design Timing of te

PET-CT

Follow  up Localisation Treatment End point Quantitative PET

parameters

Greven 2001 45  Prospective Pre post N/A HNC RT  LR SUVMax

Allal 2002 63  Prospective Pre 36  HNC RT  ±  CT DFS

OS

SUVMax

Brun 2002 47  Prospective Pre and per  39.6 HNC RT  ±  CT CR

LRC

OS

SUVMax

Metabolic rate  FDG

Kitagawa  2003 20 Prospective Pre, post 52.8 HNC CRT CR SUVMax

Sanghera 2005 12  Prospective Pre 24  HNC RT  OS SUVMax at 1 and 2  h,

SUVMax Difference

Horiuchi  2008 31  Retrospective Pre and post N/A HNC CRT LR SUVMax

Chung 2009 82  Retrospective Pre 34.8* Pharynx RT  ±  CT LR

DFS

OS

SUVMax

MTV 2.5

La  2009 85  Retrospective Pre 20.4* HNC RT  ±  CT OS

DSF

LRC

SUVMax

MTV 50%

Machtay  2009 60 Retrospective Pre N/A HNC RT  ±  CT OS

DFS

SUVMax

Suzuki 2009 45  Retrospective Pre 24* HNC RT  OS

DFS

SUVMax

Farrag 2010 43  Prospective Pre and Per  12.7 HNC CRT OS DFS LRRFS SUVMax

Moeller 2010 98  Prospective Pre and post 24  HNC RT  ±  CT DFS SUVMax T

Change in SUVMax T

Seol  2010 59  Retrospective Pre N/A HNC Neo CT ± RT  DFS OS SUVMax

SUVMean

MTV  2.5

Deron  2011 22  Retrospective Pre 20 HNC RT  ±  CT DFS OS SUVMax

MTV  50%

Hentschel  2011 37  Prospective Pre and per  26  HNC CRT DFS OS LRC SUVMax

SUVMean

MTV  50%

Hoshikawa  2011 35  Prospective Pre and post 50 HNC RT  ±  CT Recurrence SUVMax

Murphy 2011 47  Retrospective Post 34  HNC CRT DFS OS SUVMax

MTV  2,  2.5, 3,  3.5, 4

TLG
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Table 2 (Continued)

Authors Year Subject No.  Study Design Timing of te

PET-CT

Follow  up Localisation Treatment End point Quantitative PET

parameters

Schinagl 2011 77  Prospective Pre 46  HNC CRT DFS OS SUVMax

SUVMean

MTV  40% 50%

MTV  2.5

GTV  −PET

Castaldi  2012 24  Prospective Pre per and post 29.2 HNC CRT RFS DSS SUVMax

Change in SUVMax

(EORTC  criteria)

Chang  2012 108 Prospective Pre N/A Nasopharynx CRT OS DFS LRFS SUVMax

MTV  2.5

TLG

Chu  2012 51  Retrospective Pre 17.5 HNC RT  ±  CT OS DFS SUVMax

MTV50%

MTV  Velocity

Higgins  2012 88  Retrospective Pre 15  HNC RT  ±  CT DFS LRC OS SUVMax

SUVMean

TLG (manuelly

delineated)

Kao  2012 64  Retrospective Pre 24  Pharynx RT  ±  CT DFS PRFS MTV  2.5 3.0 40% 50%

Romesser 2012 41  Retrospective Pre 24.2 HNC RT  ±  CT OS DFS LRFS SUVMax

MTV  (Gradient based

method)

Tang  2012 83  Retrospective Pre 20 HNC CRT OS

DFS

SUVMax

MTV 50%

Cheng  2013 70 Retrospective Pre >24 Oropharynx CRT OS

DFS

MTV  2.5

TLG

Textural features

Ashamalla  2014 28  Retrospective Pre and post 36* HNC RT  ±  CT OS SUVMax

SUVMean

Anatomical biological

value  =  SUVMax x

greatest tumor

diameter

Chen  2014 51  Prospective Pre and per  23  Pharynx RT  ±  CT OS DFS SUVMax pre and per

SUV  reduction ratio

Hanamoto 2014 118 Prospective Pre N/A HNC CRT LR SUVMax

SUVMean

MTV  2.5

TLG

Ito  2014 36  Retrospective Post 23.8* HNC CRT OS LC SUVMax

Romesser 2014 100 Retrospective Pre 49  Oropharyngeal CRT LRC DFS OS  SUVMax

MTV  42%

Sager  2014 74  Retrospective Pre 23  HNC CRT DFS OS SUVMax

MTV  50%

Akagunduz  2015 62  Retrospective Pre 18  HNC RT  ±  CT LRFS DFS OS  SUVMax

SULMax

MTV  (adaptive

threshold based)

Cheng  2015 88  Retrospective Pre 32  Oropharynx CRT DFS DSS MTV  50% 42% 2.5 and

adaptive  threshold

TLG

Textural features
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Table 2 (Continued)

Authors Year Subject No.  Study Design Timing of te

PET-CT

Follow  up Localisation Treatment End point Quantitative PET

parameters

Hofheinz 2015 37  Prospective Pre 27* HNC CRT DFS OS SUVMax

SUVMean

MTV  (adaptive

threshold)

TLG

Asphericity

Lin  2015 91  Retrospective Pre 18  Pharynx CRT OS

DFS

SUVMax Nodal

MTV2.5 N

MTV40%  N

MTV50%  N

TLG40% N

TLG50% N

Matoba  2015 33  Prospective Pre and post N/A HNC CRT LRC DFS OS  SUVMax

EORTC Criteria

Min  2015 72  Retrospective Pre and per  25  HNC CRT LRFS

DFS

MFFS

OS

SUVMax

MTV 2.5

TLG

Percentage reduction

between  per  and pre

treatment  PET

Moon  2015 44  Retrospective Pre 34.7 Nasopharynx CRT DFS SUVMax

SUVMean

MTV  (adaptive

threshold)

TLG

Rasmussen  2015 287 Retrospective Pre 32  HNC RT  ±  CT Time to  failure SUVMax

SUVMean

SUVPeak

Schwartz  2015 74  Retrospective Pre and post 50.4 HNC CRT LR DFS OS  SUVMax

SUVPeak

MTV  40%

Yabuki  2015 118 Retrospective Pre 36  Larynx CRT OS

DFS

SUVMax

MTV 2,  2.5, 3

Kim  2016 78  Retrospective Post 52.7 HNC CRT DFS OS SUVMax

Min  2016 100 Retrospective Pre and per  20 HNC RT  ±  CT LRFS DFS MFFS  OS  SUVMax

MTV  2.5

TLG

Percentage reduction

between  per  and pre

treatment  PET
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Table 3

Correlation between PET  quantitative parameters and clinical outcome. CR: Complete Response, LCR: Loco Regional Response, LR:  Local Relapse, DSS: Disease Specific Survival, RFS: Recurrence Free Survival, LRFS: Local Relapse

Free  Survival, DFS: Disease Free Survival, OS: Overall Survival, MTV: Metabolic Tumor Volume, TLG: Total Lesion Glycolysis.

Timing Authors Year End point Used PET  parameters Significant Prognostic

parameters

Threshold Clinical outcome Hazard Ratio

Pre and

post

Greven 2001 LR SUVMax None

Pre  Allal 2002 DFS OS SUVMax SUVMax (DFS) 5.5 3-year DFS 79% vs 42% N/A

Pre  and per Brun 2002 Complete

response (CR)

LRC

OS

SUVmax

Metabolic rate (MR) FDG

Pre  Treatment: SUVMax Tumor

(CR and LCR)

Per  Treatment: SUVMax Tumor

(CR and LCR), MR Tumor and

lymph node (CR and LCR)

MR FDG per  OS

Pre  treatment SUVmaxT = 9

Per  trt SUVmaxT =  5

SUVmax pre trt

CR  96% vs 64% (p=0.01)

LRC  96 vs  57  (p=0.003)

MR  Tumor per  trt

CR  96 vs 62% (p=0.007)

LRC  96 vs  55% (p = 0.002)

OS  72%  vs 35% (p =  0.0042)

SUVMax per  trt

LCR  91% vs 62 (p=0.031)

Pre  and

post

Kitagawa 2003 Clinical

response

SUVMax SUVMax N/A N/A  N/A

Pre  Sanghera 2005 OS  SUVMax at  1  and 2 h,

SUVMax Difference

SUV  difference 16% N/A  N/A

Pre  and

post

Horiuchi 2008 LR SUVMax SUVMax Post trt 3.7 N/A

Pre  Chung 2009 LR

DFS

OS

SUV Max

MTV  2.5

MTV  40 DFS 3.42 (p  =  0.04)

Pre  La  2009 OS

DFS

LRC

SUVMax

MTV  50%

MTV50% (OS and DFS) N/A N/A  Increase of 17.4 ml  of

MTV50% =  HR 1.9 (first event)

and  2.1 (death)

Pre  Machtay 2009 OS

DFS

SUVMax SUVMax 9 2 year DFS 76 vs 37% (p  =  0.007)

2 year OS 82% vs 46%  (p = 0.016)

DFS:  2.41 (p  = 0.03)

OS: 2.47 (p = 0.06)

Pre  Suzuki 2009 OS  DFS SUVMax None 5.5 N/A  N/A

Pre  and Per Farrag 2010 OS  DFS LRRFS SUVMax Pre: SUVMax (OS)

Per  SUVmax (OS)

Pre  trt: 8.11

Per  trt: 4.03

2-year OS

SUVmax pre trt 81% vs 50%

(p  =  0.027)

SUVMax Per  trt 82 vs 47%

(p  =  0.026)

N/A

Pre  and

post

Moeller 2010 DFS SUVMax T

Change  in  SUVMax T

SUVMax  Post

Change  in SUVMax

6  N/A  N/A

Pre  Seol 2010 DFS OS SUVMax

SUVMean

MTV  2.5

MTV  9.3 cm3 N/A DFS: 2.19 (p  = 0.006)

OS: 1.62 (p = 0.051)

Pre  Deron 2011 DFS OS SUVMax

MTV  50%

MTV50(DFS OS) 31 cm3 N/A N/A

Pre  and per  Hentschel 2011 DFS OS LRC SUVmax

SUVMean

MTV  50%

�SUVmax10/20 (OS)

MTV50  TEP 0 (OS)

�SUVmax10/20 50%

MTV50%  10.2

2  year OS

�SUVmax10/20

88%  vs 38% (p = 0.02)

MTV  50%

83%  vs 34% (p = 0.02)

N/A

Pre  and

post

Hoshikawa 2011 Recurrence SUVMax SUVMax Post

%  change in SUV

60%  N/A  Odds ratio local control 61.5

(p < 0.001)

Post Murphy 2011 DFS OS SUVMax

MTV  2,  2.5, 3, 3.5, 4

TLG

Post  trt:  MTV2.0 (DFS OS) 15 cm3 N/A Increase of 21 cm3: 2.5 (DFS)

and  2  (OS)

Pre  Schinagl 2011 DFS OS SUVMax

SUVMean

MTV  40%  50%

MTV  2.5

GTV  −PET

GTV  PET (LC  DFS OS in oral

cavity  and oropharyngeal

cancer)

MTV40% (DMFS DFS OS)

N/A  N/A  N/A
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Table 3 (Continued)

Timing Authors Year End point Used PET parameters Significant Prognostic

parameters

Threshold Clinical outcome Hazard Ratio

Pre per and

post

Castaldi 2012 RFS DSS SUVMax

Change in  SUVMax (EORTC

criteria)

EORTC  criteria post N/A 2 year DSS (late TEP)

CR 100%

PR 74%

PD 33%

p=0.009

N/A

Pre  Chang 2012 OS  DFS LRFS SUVMax

MTV  2.5

TLG

TLG T (OS DFS) 65 g 3-year DFS

79.9%  vs 37.4% (p  < 0.001)

DFS: 3.54

OS:  4.9

Pre  Chu 2012 OS  DFS SUVMax

MTV50%

MTV  Velocity (Difference

between  the 2 pre

treatment  TEP)

MTV  T N/A N/A  Increase of 1cc/week =  85%

increase  of the risk of death

Pre Higgins 2012 DFS LRC OS  SUVMax

SUVMean

TLG (manuelly delineated)

SUVMean  (DFS) 7 (median) 2 year DFS

82%  vs 58% p  =  0.03

DFS: 1.14 (p  = 0.014)

Pre  Kao 2012 DFS PRFS MTV  2.5 3.0 40% 50% MTV  2.5 (DFS PRFS) 13.6 ml 2-year PRFS

72%  vs 39% (p  = 0.001)

2-year DFS

68%  vs 41% (p  = 0.008)

DFS HR 2.69 p  =  0.011

PRFS HR 3.76 p  =  0.003

Pre  Romesser 2012 OS  DFS LRFS SUVMax

MTV  (Gradient based

method)

MTV  7.2 2-year LC 100 vs 54.2%

(p  =  <  0.001)

DFS 94.7 vs  39.4% (p  =  0.001)

OS  94.7 vs 64.2 (p  = 0.04)

N/A

Pre  Tang 2012 OS  DFS SUVMax

MTV50%

MTV50% T (OS  and DFS) Increase of 17 cm3

(differencebetweenfirstandthirdquartiles)

N/A DFS: 2.07 (p = 0.00017)

OS:  1.99 (p  =  0.0048)

Pre  Cheng 2013 PFS DSS OS MTV  2.5

TLG

Normalized gray-level

co-occurence matrix

Neighborhood gray-tone

difference matrix

TLG  (PFS DSS OS)

Uniformity  (PFS DSS OS)

TLG  121.9 g

Uniformity 4 bins 0.138

N/A  PFS

TLG: 7.15(p =  0.02)

Uniformity: 0.32 (p =  0.001)

OS

TLG:  5.85 (p =  0.011)

Uniformity: 0.46 (p =  0.017)

Pre  and

post

Ashamalla 2014 OS  SUVMax

SUVMean

Anatomical biological

value  =  SUVMax X greatest

tumor diameter

None N/A N/A  N/A

Pre  and per  Chen 2014 OS  DFS SUVMax pre  et per  (T  et N)

SUV reduction ratio

SUV  reduction ratio tumor 3.9 2-year DFS

64%  vs 41% (p  = 0.045)

2 year OS

66%  vs 47% (p  = 0.035)

DFS: 2.33

OS:  2.64

Pre  Hanamoto

[67]

2014 LR SUVMax

SUVMean

MTV  2.5

TLG

For  laryngeal and

hypopharyngeal cancer, High

MTV (> 25  ml) or high TLG

(  >  144.8 g) =  high risk  of partial

response

N/A N/A  13.4 (p = 0.003)

Post  Ito  2014 OS  LC SUVMax SUVMax (OS) 6.1 OS  12.1 vs 44.6 months

(p  <  0.001)

N/A

Pre  Romesser 2014 LRC PFS OS SUVMax

MTV  42%

MTV  (Distant metastasis,

Disease  progression or death)

9.7 5-year PFS

80.3%  vs 56.7% (p  = 0.015)

5-year OS

84.1%  vs 57.9% (p  = 0.008)

PFS: HR2.17

OS:  HR 2.37

Pre  Sager 2014 DFS OS SUVMax

MTV  50%

MTV50% N/A N/A  DFS: 2.5

OS:  2

Pre  Akagunduz 2015 LRFS DFS OS  SUVMax

SULMax

MTV  (adaptive threshold

based)

MTV  (treatment response, LR,

Disease related death)

SULMax  (LR)

N/A  3-year (MTV)

DFS  75.5% vs 25.3%

OS  82.9% vs 55.9%

N/A
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Table 3 (Continued)

Timing Authors Year End point Used PET  parameters Significant Prognostic

parameters

Threshold Clinical outcome Hazard Ratio

Pre Cheng 2015 PFS DSS MTV  50%  42% 2.5 and

adaptive  threshold

TLG

Grey  level run lenght

encoding  matrix

Grey  level size zone matrix

Zone  size nonuniformity,

Uniformity, TLG adaptive

threshold  (PFS)

N/A  N/A  N/A

Pre  Hofheinz 2015 PFS OS  SUVMax

SUVMean

MTV  (adaptive threshold)

TLG

Aphericity

TLG  MTV ASP MTV  12.6

TLG  82.6

ASP 22%

N/A  PFS

MTV: 2.89 (p  =  0.017)

TLG: 3.11 (p =  0.02)

ASP: 3.09 (p =  0.015)

OS

MTV: 3.3  (p  =  0.018)

TLG: 3.32 (p =  0.016)

ASP: 5.9 (p =  0.001)

Pre  Lin 2015 Nodal relapse

free  survival

OS

DFS

SUVMax  Nodal

MTV2.5  N

MTV40%  N

MTV50% N

TLG40%  N

TLG50%  N

TLG  40% (DFS NRFS) 38g  N/A  DFS: 2.12 (p  = 0.02)

Pre  and

post

Matoba 2015 LRC PFS OS SUVMax

EORTC Criteria

EORTC  criteria (OS and PFS) N/A N/A  N/A

Pre  and per  Min  2015 LRFS

DFS

MFFS

OS

SUVMax

MTV  2.5

TLG

Percentage reduction

between  per and pre

treatment  PET

SUVMax  per  trt (DFS)

MTV  Pertrt (DFS)

TLG  pertrt (LRFS DFS)

SUVMax  4.25

MTV  3.3

TLG  9.4

N/A N/A

Pre  Moon 2015 DFS SUVMax

SUVMean

MTV  (adaptive threshold)

TLG

TLG  7.6 N/A  DFS: 7.62 (p  < 0.001)

Pre  Rasmussen 2015 Time to failure SUVMax

SUVMean

SUVPeak

SUVmax N/A N/A  Time to  failure (for SUVMax

increase  from 25th to 75th

percentile): 1.34 (p =  0.039)

Pre  and

post

Schwartz 2015 LR PFS OS SUVMax

SUVPeak

MTV  40%

Primary MTV  40% (LRR, DM,

DFS)

8.76 cm3 N/A LRR: 4.01 (p  = 0.02)

PFS: 2.34 (p =  0.05)

Pre  Yabuki 2015 DFS OS MTV  2.5 3 (for t  and n)  MTV  T 2.5  (OS DFS) 4.9 ml 3-year DFS 92.9% vs 38.6%

(p <  0.001)

3-year OS  95.35% vs 59.27%

(p  <  0.001)

DFS: 6.97 (p  = 0.001)

OS: 1.96 (p = 0.002)

Post  Kim 2016 PFS OS  SUVMax SUVMax (DFS and OS) 4.4 3-year PFS 81.1% vs 42.9%

3-year  OS  87.7% vs 56.9%

PFS:  4.79 (p <  0.001)

OS: 4.25 (p = 0.005)

Pre  and per  Min  2016 LRFS DFS MFFS

OS

SUVMax

MTV  2.5

TLG

Percentage reduction

between  per and pre

treatment  PET

TLG  pertrt (DFS)

SUVMax  per  (DFS MFFS)

MTV  per (DFS OS)

TLG  per (DFS)

TLG  per trt 9.4

SUVMax  pre  11.45 and per 4.25

MTV pre 21.95 and per 3.3

TLG  pre 91.75 and per 9.4

TLG

2-year  DFS 85.9% vs 60.8%

(p =  0.005)

MTV

2-year DFS 83.2% vs 62.3%

(p =  0.018)

SUVMax

2-year DFS 82% vs 64.5%

(p  =  0.025)

TLG DFS:  7.7

MTV  DFS: 4.29

SUVMax:  4.18
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Table  4

Summary of the results of the 42 studies which analyzed the predictive value of PET before treatment. *: if considering only studies without volumetric PET parameters. DFS:

Disease  Free Survival, OS: Overall Survival, MTV: Metabolic Tumor Volume, TLG: Total Lesion Glycolysis.

Quantitative

parameters

Correlation  with

DFS/OS

Number  of positive

studies/total studies

Strength Weakness

SUVMax Poorly 14/38 (11/14*) Ease of use Poorly reproducible

No  data concerning heterogeneity

SUVPeak ? 0/2  More robust than SUVMax May not be representative of

nonhomogeneous overall tumor

uptake

Ideal size of the ROI  is  still unclear

SUVMean No 1/9 – –

MTV/TLG  Yes 26/26 Represent the  heterogeneity of the

tumor uptake

Ease  of use

No clearly segmentation method

No data concerning spatial

relationships

Shape/

Texture  analysis

? 3/3 Represent the  heterogeneity of the

tumor

No  standardized method/Experimental

Which  correlation with histology?

Fig. 1. Heterogeneity measures do not  characterize the spatial relationships

between  voxels. The two tumors in the  upper row have identical SUV histograms,

although  their visual aspect is very dissimilar.

4.  Discussion and conclusion

This  overview of the available literature shows that MTV  and

TLG are well correlated with clinical outcome (Local control, Dis-

ease Free Survival and overall survical). Most of the available data

deal with the intensity of the metabolism, calculated from the

SUV, a quantitative parameter used to  normalize the uptake of
18F FDG. In practice, SUV is  defined as a  ratio of tissue radioac-

tivity concentration and the injected dose adjusted by body weight

(SUVbw with BW for body weight). Intensity of the metabolism can

be analyzed using histogram-based method, which represents the

voxel value frequency distribution. This method includes in  partic-

ular the four histogram moments, i.e., the mean (corresponding to

SUVMean), the maximum (corresponding to SUVMax), the median,

the skewness (asymmetry of the histogram) and kurtosis (degree of

peakedness of a  distribution). However, it did not take into account

the spatial relationship between voxel values (Fig. 1).

The  maximum SUV (SUVMax) corresponds to the maximal pixel

value in the tumor. Thanks to its ease of use, it is one of the most

used parameters in the clinical practice. However, this value is

highly dependent from noise, duration and parameters of acquisi-

tion, and so is considered to be poorly reproducible (Boellaard et al.,

2004; Nahmias and Wahl, 2008; Nakamoto et al., 2002). This point

may  explain the wide range of cut-off value for SUVmax reported in

the  available studies (from 3.7 to  9 g/ml), limiting the generalization

of the use of SUVmax for the whole population. Peak SUV (SUVPeak),

defined as the average SUV within a small region of interest (1.2 cm

of diameter) around the SUVMax, is a  more robust alternative to

SUVMax.  However, SUVPeak may  not be representative of  nonho-

mogeneous overall tumor uptake, and the ideal size of the ROI is

still unclear (Lee et al., 2007).

Others volumetric parameters like the MTV, the mean SUV

within the tumor volume or the TLG are used to represent the

heterogeneity of the tumor uptake. The predictive value for clin-

ical outcome of these parameters seems to be higher than SUVMax.

However, uptake in  PET may  be due to  inflammatory or infec-

tious reaction. Furthermore, the physiological uptake surrounding

organs can also be a  source of loss of specificity in  the analysis of the

signal. A major difficulty in the analysis of PET is to  differentiate the

tumor signal from the non-tumor signal. PET imaging suffers from

a low contrast and spatial resolution, with a  high noise background

and partial effect volume. Tumor delineation may  change depend-

ing on the chosen segmentation method. One of the most used

automatic method is to use a threshold, between 2  and 3  (absolute

value) or  40–50% (relative value of SUVmax).

One important issue concerning the predictive value of  MTV is

the lack of external validation. Most of the studies were mono-

centric, using the same PET/CT for all patients. Only two  studies

performed a  validation on an independent dataset (Hofheinz et al.,

2015; Tang et al., 2012). The first study (La et al., 2009) included

85 patients and showed that an increase of MTV of  17  cm3 (from

the 25th to 75th percentile) was significantly correlated with an

increased risk of death (HR 2.1).  The authors validated their results

on a  dataset of 83 patients treated in the same institution after

the original dataset (Tang et al., 2012). Based on (Apostolova et al.,

2014), (Hofheinz et al., 2015) used a  cutoff of TLG of 58.7 ml.

They showed a  correlation of TLG only with better DFS (HR 3.01,

p = 0.048) but not with better OS (HR 2.02, p =  0.22). After adjust-

ing the cutoff at a value of 141 ml,  TLG was  also correlated with

OS (HR 3.32, p =  0.016). Such methodologies and findings highlight

the difficulty in  identifying a  cutoff which may  be tested on exter-

nal dataset of patients. The use of international guidelines, like the

European Association of Nuclear Medecine guidelines for tumor

imaging (Boellaard et al., 2015), by harmonizing quantitative FDG

PET/CT imaging procedures in  multicentre studies and quantita-

tive interpretation criteria, may  increases the reproducibility of PET

studies.

The spatial relationships between the voxel values within the

tumor may  be assessed by texture analyses. Texture analyses aim

to  characterize the internal metabolism morphology of  the tumors.

From a  technical point of view, they characterize the transitions

between voxel values. Several approaches exist and they all rely

on a quantification of spatial scales organization and directions in

images. Most approaches are computing the latter in two  dimen-

sions on a  slice basis. The most widely used method is the Gray Level

Co-occurrence Matrix and consists in calculating matrices count-

57



50 J. Castelli et al. / Critical Reviews in  Oncology/Hematology 108  (2016) 40–51

Unresolved questions and controversies

1. Reproducibility of  PET parameters between different
machines and/or centre

2. Which methods (Manually, relative, absolute or adaptive
segmentation) and which threshold to compute MTV?

3. When should perform PET during radiotherapy?
4.  Which methods for texture and shape analysis?

ing the co-occurrences of two voxels values separated from a set of

fixed distances and along set of fixed directions. Several statistics

can be computed on these matrices to quantify textural proper-

ties (e.g., correlation, contrast, energy). Another popular approach

is to apply image filters with various scales and directional prop-

erties to continuously quantify transitions between image voxels.

One popular example is the isotropic Mexican hat filter (also called

Laplacian of Gaussian filter). A comprehensive review of methods

for 3-D texture analysis is  available in  (Depeursinge et al., 2014).

This kind of analysis seems promising, but  its use should still be

considered experimental and limited to clinical studies.
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. . .  Co lusio  

Les pa a t es  ua titatifs  ta oli ues issus de la TEP p  th apeuti ue so t  o l s a e  la 

su ie et la  idi e. Leu   aleu  p di ti e appa ait  o e sup ieu e au  pa a t es  li i ues 

sta da ds.  U e  TEP  alis e  e   ou s  de  t aite e t  pou ait  gale e t  appo te   des 

e seig e e ts su  la  po se au t aite e t,  ais les do es so t a tuelle e t i suffisa tes. 

U e  des  li ites  de  es  pa a t es  TEP  est  li e  à  leu s  a a t es  pote tielle e t  a hi e 

d pe da t, la totalit  des  tudes  ta t  o o e t i ue, sa s  alidatio  e te e des pa a t es 

p opos s. De plus, le  hoi  du seuillage pou   al ule  le MTV  a  t   alu   ue pa  u e seule 

tude,  ais u i ue e t e  utilisa t u  seuillage e   aleu  a solu de “UV a . E fi  le  eilleu  

o e t pou   alise  u e TEP e   ou s de t aite e t doit  t e p is . Ces li ites soulig e t le 

esoi  de  alise  u e  tude  ulti e t i ue a e  u e  alidatio  e te e des pa a t es TEP à 

is e de p di tio  de la su ie. 



 

 

 

. .  A  uelle f ue e et  ua d faut‐il  epla ifie  ? 

La  adioth apie  adaptati e  peut  s e isage   sous  u   ode  de  ou elle s   epla ifi atio s  

s st ati ue s  selo  u  s h a p ta li, pa  e e ple à la  i ui e se ai e d i adiatio  ou 

à  u e  f ue e  he do adai e  da s  u e  opti ue  a i aliste.  Cette  de i e  app o he  o  

pe so alis e  est  epe da t pas la plus  e ta le,  a  t s p o a le e t  o   essai e pou  

tous les patie ts. Du fait de la lou deu  du p o essus de  epla ifi atio s, la plupa t des  tudes de 

adioth apie adaptati e o t fait le  hoi  d u e à deu   epla ifi atio s e   ou s de t aite e t, 

soit à u   o e t p ta li, soit e  fo tio  de la d isio  du  adioth apeute.  

Il est fo t possi le  u il  e iste pas u  s h a id al de  epla ifi atio s,  ais plusieu s e  fo tio  

ota e t des o je tifs  hoisis  de  la  st at gie de  adioth apie adaptati e  di i utio  de  la 

to i it  ou aug e tatio  du  o t ôle lo al ? . 

 

 



 

 

 

 O je tifs de la th se 

Les o je tifs de  ette th se so t de  ua tifie  le  fi e dosi t i ue et de p di e le  fi e 

li i ue d u e st at gie opti is e de  adioth apie adaptati e des  a e s des VAD“ lo ale e t 

a a s. 

Ce t a ail de  e he he  o e a t la  adioth apie adaptati e se d eloppe sui a t deu  a es : 

l u   o e a t  l o ga e à  is ue  ajeu   ue so t  les pa otides, et  l aut e  o e a t  la  i le 

tu o ale. Il  ise à : 

 L aluatio   de  la  diff e e  e t e  dose  pla ifi e  et  dose  d li e  sa s  et  a e  

adioth apie adaptati e  et l esti atio  du  is ue de to i it  asso i   osto ie  ; 

 L ide tifi atio  des patie ts  o s  a didats à u e st at gie de  adioth apie adaptati e 

pou  di i ue  la to i it  ou aug e te  le  o t ôle lo al; 

 L ide tifi atio  du  eilleu  s h a de  epla ifi atio  pou   pa g e  les pa otides. 

Ces   a es so t d taill s da s la Figu e  .  

 



 

 

 

 

 

Figu e   : O je tifs de la th se  

I t g atio   de  l i age ie  o phologi ue  et  ta oli ue  pou   od lise   le  fi e  dosi t i ue  et 
li i ue de la  adioth apie adaptati e pou  di i ue  la  osto ie et aug e te  le  o t ôle lo al



 

 

 

 Radioth apie adaptati e pou   pa g e  les pa otides et di i ue  la 
osto ie 

Pa   appo t à  la  adioth apie sta da d,  la ‘CMI a  i itiale e t  o t   sa sup io it  a e  u  

fi e e  te es d pa g e des pa otides, di i ua t le tau  de  osto ie à   % à   a   o t e 

% e  l a se e de ‘CMI [ ,  ]. Cepe da t, du fait des  a iatio s a ato i ues p de e t 

d ites  Ta le   et Ta le  , la dose d li e peut  e pas  o espo d e à la dose pla ifi e  Ta le 

,  e  su dosage,  e   pa ti ulie   des  pa otides,  pou a t  alo s  e t ai e   u e  aug e tatio   du 

is ue  de  osto ie.  Il  appa ait  do   esse tiel  d esti e   l i po ta e  et  la  f ue e  de  e 

su dosage pa otidie . 

.  Mod lisatio   de  la  RT  adaptative  e   ORL  pou   pa g e   les 
pa otides  a ti le  

3.1.1 Introduction 

La  alisatio  d u  s a e  he do adai e e   ou s de t aite e t pe et d esti e  le su dosage 

des pa otides au  ou s d u e ‘CMI sta da d sa s  epla ifi atio  e   alisa t u   u ul de dose 

pa   e alage  lasti ue.  Cette  e  i age ie  s a e   pe et  gale e t  de  alise   u e 

od lisatio   du  fi e  d u e  st at gie  de  adioth apie  adaptati e  pou   pa g e   les 

pa otides. U  des  fi es pote tiels de la  adioth apie adaptati e  ta t la  du tio  de la dose 

eçue pa   les pa otides,  e  fi e doit aussi  t e  ua tifi . Co e  o u  p de e t, 

diff e tes  o i aiso s  de  f ue es  et  de  o e ts  de  epla ifi atio   peu e t  t e 

e isag es. U e st at gie «  a i aliste »,  o sista t e  des  epla ifi atio s he do adai es, a 

tout d a o d  t   o sid e pou   a a t ise  le  fi e  a i u  pote tiel.   

L a ti le  ep oduit  i‐dessous, pu li  da s la  e ue Radiatio  O olog  e   ai  , p se te  es 

t a au .  



 

 

 

3.1.2 Impact of head and neck cancer adaptive radiotherapy to spare the parotid glands and 

decrease the risk of xerostomia 
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Abstract

Background: Large anatomical variations occur during the course of intensity-modulated radiation therapy (IMRT)

for locally advanced head and neck cancer (LAHNC). The risks are therefore a parotid glands (PG) overdose and a

xerostomia increase.

The purposes of the study were to estimate:

- the PG overdose and the xerostomia risk increase during a “standard” IMRT (IMRTstd);

- the benefits of an adaptive IMRT (ART) with weekly replanning to spare the PGs and limit the risk of xerostomia.

Material and methods: Fifteen patients received radical IMRT (70 Gy) for LAHNC. Weekly CTs were used to

estimate the dose distributions delivered during the treatment, corresponding either to the initial planning (IMRTstd)

or to weekly replanning (ART). PGs dose were recalculated at the fraction, from the weekly CTs. PG cumulated

doses were then estimated using deformable image registration. The following PG doses were compared:

pre-treatment planned dose, per-treatment IMRTstd and ART. The corresponding estimated risks of xerostomia

were also compared. Correlations between anatomical markers and dose differences were searched.

Results: Compared to the initial planning, a PG overdose was observed during IMRTstd for 59% of the PGs, with

an average increase of 3.7 Gy (10.0 Gy maximum) for the mean dose, and of 8.2% (23.9% maximum) for the

risk of xerostomia. Compared to the initial planning, weekly replanning reduced the PG mean dose for all the

patients (p < 0.05). In the overirradiated PG group, weekly replanning reduced the mean dose by 5.1 Gy (12.2 Gy

maximum) and the absolute risk of xerostomia by 11% (p < 0.01) (30% maximum). The PG overdose and the

dosimetric benefit of replanning increased with the tumor shrinkage and the neck thickness reduction (p < 0.001).

Conclusion: During the course of LAHNC IMRT, around 60% of the PGs are overdosed of 4 Gy. Weekly replanning

decreased the PG mean dose by 5 Gy, and therefore by 11% the xerostomia risk.
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Introduction
The treatment of unresectable Head & Neck Cancer

(HNC) consists of a chemoradiotherapy [1,2]. One of

the most common toxicity of this treatment is xerosto-

mia, inducing difficulties in swallowing and speaking,

loss of taste, and dental caries, with therefore a direct

impact on patient quality of life. Xerostomia is mainly

caused by radiation induced damage mainly to the par-

otid glands (PG), and to a lesser extend to the subman-

dibular glands [3]. Intensity modulated radiotherapy

(IMRT) permits to deliver highly conformal dose in

complex anatomical structures, while sparing critical

structures. Indeed, three randomized studies have dem-

onstrated improving (PG) sparing by using IMRT com-

pared to non-IMRT techniques, resulting in better

salivary flow and decreased xerostomia risk [4-6]. How-

ever, large variations can be observed during the course

of IMRT treatment, such as body weight loss [7,8], pri-

mary tumor shrinking [7], and PG volume reduction [9].

Due to these anatomical variations and to the tight

IMRT dose gradient, the actual administered dose may

therefore not correspond to the planned dose, with a

risk of radiation overdose to the PGs (Figure 1) [10,11].

This dose difference clearly reduces the expected clinical

benefits of IMRT, increasing the risk of xerostomia. Al-

though bone-based image-guided radiation therapy

(IGRT) allows for setup error correction, the actual de-

livered dose to the PGs remains higher than the planned

dose [12], due to the fact that IGRT does not take

shape/volume variations into account. By performing

one or more new planning during the radiotherapy treat-

ment, adaptive radiotherapy (ART) aims to correct such

uncertainties. ART has been already shown to decrease

the mean PG dose during locally advanced head and

neck cancer IMRT [13], but no surrogate of the PG dose

difference and of the dosimetric benefit of ART has yet

been identified. In the context of IMRT for locally ad-

vanced HNC, this study sought to:

– estimate the difference between the planned dose

and the actual delivered dose (without replanning)

to the PGs, i.e., the PG overdose;

– estimate the PG dose difference with replanning and

without replanning to spare the PGs while keeping

the same planning target volume (PTV), i.e., the

benefit of ART;

– identify anatomical markers correlated with these

dose differences (PG overdose and ART benefit).

Materials and methods

Patients and tumors

The study enrolled a total of 15 patients with a mean age

of 65 years (ranging from 50 to 87 years). Patient, tumor,

and treatment characteristics are provided on Table 1. All

tumors were locally advanced (Stage III or IV, AJCC 7th

ed). The mean PG volume was 25.3 cc (ranging from

16.6 cc to 52.1 cc, standard deviation (SD): 8.1 cc).

Treatment and planning

All patients underwent IMRT using a total dose of 70 Gy

(2 Gy/fraction/day, 35 fractions), with a simultaneous inte-

grated boost technique [14] and concomitant chemother-

apy. Planning CTs (CT0) with intravenous contrast agents

were acquired with 2 mm slice thickness from the vertex

to the carina. A thermoplastic head and shoulder mask

with five fixation points was used. PET-CT and MRI co-

registration was used for tumor delineation. Three target

volumes were generated. Gross tumor volume (GTV) cor-

responded to the primary tumor along with involved

lymph nodes. Clinical target volume 70 Gy (CTV70) was

Figure 1 Illustration of the anatomical variations on the dose distribution. IMRT dose distributions at different times for a given patient,

showing the PG overdose without replanning (B) and the benefit of replanning (C). A: Planned dose on the pre-treatment CT (CT0). B: Actual

delivered dose without replanning during the treatment (Week 3). C: Adaptive planned dose with replanning to spare the parotid glands (PG) at

the same fraction (Week 3). PGs are shown by the red line. The full red represents the Clinical Target Volume (CTV70). The arrow show the head

thickness. Figure 1B and 1C compared to 1A shows that the PGs and the CTV70 volumes and the neck thickness have decreased. These anatomical

variations have led to dose hotspots in the neck, close to the internal part of the two PG (Figure 1B). Replanning (Figure 1C) allowed to spare the PG

even better than on the planning (Figure 1A).
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equal to GTV plus a 5 mm 3D margin, which was ad-

justed to exclude air cavities and bone mass without evi-

dence of tumor invasion. CTV63 corresponded to the area

at high-risk of microscopic spread, while CTV56 corre-

sponded to the prophylactic irradiation area. GTV, CTV63,

CTV56, and all organs at risk were manually delineated on

each CT slice. Adding a 5 mm 3D margin around the

CTVs generated the PTVs. PTV expansion was limited to

3 mm from the skin surface in order to avoid the build-up

region and to limit skin toxicity [15]. All IMRT plans were

generated using Pinnacle V9.2. Seven Coplanar 6-MV

photon beams were employed with a step and shoot IMRT

technique. The prescribed dose was 70 Gy to PTV70,

63 Gy to PTV63, and 56 Gy to PTV56. The collapsed cone

convolution/superposition algorithm was used for dose

calculation. The maximum dose within the PTV was

110% (D2%). The minimum PTV volume covered by the

95% isodose line was 95%. Dose constraints were set ac-

cording to the GORTEC recommendations [16]: a mean

dose (Dmean) <30 Gy and a median dose <26 Gy for

contralateral PGs.

Patients were treated as planned on CT0 and no

changes were applied to dose distribution during treat-

ment. During the treatment course, weekly in-room

stereoscopic imaging corrected set-up errors >5 mm. All

patients signed an informed consent form. The study

was approved by the institutional review board (ARTIX

study NCT01874587).

Weekly dose estimations, in cases of replanning and

without replanning

During the treatment, each patient underwent six weekly

CTs (CT1 to CT6) according to the same modalities as

CT0, except for the intravenous contrast agents (not sys-

tematically used, particularly in case of cisplatin based

chemotherapy). For each patient, the anatomical structures

were manually segmented on each weekly CT by the same

radiation oncologist. In case of complete response, initial

macroscopically-involved areas were still included in the

CTV70, which was adjusted to exclude any air cavities and

bone mass without evidence of initial tumor invasion.

Actual weekly doses (Figure 2, Step 1A) were esti-

mated by calculating the dose distribution on the weekly

CT, using treatment parameters and isocenter from

CT0. Weekly re-planned doses (Figure 2, Step 1C) were

calculated by generating a new IMRT plan on each

weekly CT in accordance with the dose constraints de-

scribed for the initial planning. PTV coverage did not

differ between initial planning and weekly re-planned

CT. The dose constraints for the organs at risk have

respected the GORTEC recommendations at the initial

planning and in all replanning.

Total cumulated dose estimations by deformable registration

Cumulated doses were estimated for the two scenarios,

with or without replanning (Figure 2 Steps 1B and 1D),

according to the following deformable image registration

Table 1 Patient, tumor, and treatment characteristics at the initial planning (CT0)

ID Gender Age Tumor
localization

TNM Volume (cc) Dmean (Gy) Xerostomia
NTCP (%) [21]

CTV70 HLP CLP HLP CLP
HLP CLP

1 M 86 Tonsil T3N1 45.2 52.1 48.6 30.2 31.1 26.5 28.3

2 F 63 Tonsil T2Nx 26.3 31.1 27.5 31.4 26 29.0 18.7

3 M 74 Oropharynx T3N2c 181.5 24.9 20.7 37.9 31.1 44.3 28.4

4 F 66 Oropharynx T2N2c 107.2 27.8 23.4 32.9 27.9 32.3 22.0

5 M 57 Velum T3N0 62.4 20.7 18.0 28.1 27.8 22.4 21.7

6 M 67 Oropharynx T3N2c 156.2 24.5 22.7 30.8 29.4 24.7 21.4

7 M 52 Oropharynx T4N2 165.1 N/A 21.6 N/A 28.7 N/A 23.4

8 M 67 Trigone T4N1 139.3 22.0 19.3 30.7 29.2 27.4 24.4

9 F 65 Oropharynx T3N3 237.5 23.9 20.2 42.4 31.1 55.2 28.2

10 F 65 Oropharynx T4N3 257.9 N/A 24.5 N/A 35.2 N/A 37.7

11 M 50 Oropharynx T4N2c 434.5 N/A 17.7 N/A 36.3 N/A 40.3

12 M 53 Oropharynx T3N0 14.4 16.6 23.3 41.3 24.2 52.9 15.9

13 M 73 Oropharynx T3N2c 147.0 29.4 29.2 54.6 32.2 81.7 30.7

14 M 56 Larynx T3N0 14.0 22.8 29.2 19.7 9.2 10.1 2.7

15 M 75 Hypopharynx T2N2 76.3 20.3 22.4 29.4 29.1 25.0 24.4

M: male; F: female; CT0: initial planning; CTV70: clinical target volume receiving 70 Gy; PGs: parotid glands; HLP: homolateral PGs; CLP: contralateral PGs; Dmean: mean

dose at initial planning; N/A: not applicable (PGs included in the CTV), NTCP: normal tissue complication risk of xerostomia defined as a salivary flow ratio <25% of the

pretreatment one [21].
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procedure (contour-guided Demons registration algo-

rithm) [17]. For PGs on each CT, a signed distance map

was generated to represent the squared Euclidean dis-

tance between each voxel and the PG surface. Distance

maps of each PG were then registered using the Demons

registration algorithm [18]. The resulting deformation

fields were employed to map the weekly dose distribu-

tions to the planning CT using tri-linear interpolation.

Next, the mapped dose distributions were summed to

estimate the cumulated dose for each PG. The average

Dice score for PG registration, from the weekly CT to

each planning CT was computed as followed:

Dice score = 2×(|A∩B|)/(|A| + |B|), where: A is the de-

lineated PG contour on the weekly CT, B is the planning

contour propagated by the registration and |.| denotes

the number of voxels encompassed by the contour. The

Dice score ranges from 0 (worst case: no match between

both contours) to 1 (perfect match) [19]. A 3D dose dif-

ference in the PG was calculated between the cumulated

dose distribution and planned dose distribution.

Anatomical variation description

Anatomical variations (between CT0 and weekly CTs)

were characterized by variations in CTV70 and PG vol-

umes, in the distances between PGs and CTV70 and in

the thickness of the neck (at the level of the geometrical

centers of the PGs). The distance between PGs and

CTV70 corresponded to the minimal distance between

the surfaces of the two contours (PG-CTVds), computed

using an Euclidean distance map of the first contour, it-

eratively considering all the points of the second contour

and keeping the resulting minimal distance.

Statistical analysis

The impact of the anatomical variations on PG dose was

analyzed considering Dmean and the full DVH. Their im-

pact on the risk of xerostomia was estimated by using

the LKB NTCP model (n = 1, m = 0.4, and TD50 = 39.9)

[20,21], the complication being defined as a salivary flow

ratio <25% of the pretreatment one [22].

The mean PG dose differences between the weekly doses

(with and without replanning) and the planned dose were

calculated (Figure 2). The PG overdose was assessed as the

difference between the dose without replanning (at the frac-

tion or cumulated) and the dose at the planning. The be-

nefit of weekly replanning was assessed as the difference

between the doses with replanning and without replanning

(at the fraction or cumulated). Linear mixed-effects models

were used to test if the following parameters were correlated

with the PG overdose or the benefit of the weekly replan-

ning: initial volumes of the CTV70 and of the PGs, decreas-

ing (between the weekly CT and the planning CT) of the

volume of the CTV70 (in cc and %) and the PGs (in cc and

%), shortening of the distance between PGs and CTV70, re-

duction of the head thickness and the time between the

CT0 and the beginning of treatment. All dose and volume

comparisons were performed using nonparametric tests

(Wilcoxon test). Statistical analysis was carried out using the

Statistical Package for the Social Sciences V 20.0.

Results

Since 3 ipsilateral PGs were completely included within

the PTV (Patient number 7, 10 and 11), they were ex-

cluded from the analysis, resulting in a total of 27 PGs an-

alyzed. The average Dice score [19] for PG registration,

Figure 2 Overall study flow chart. Weekly CT scans were performed during the 7 weeks of treatment. Doses were calculated on each weekly

fraction, corresponding either to the initial planning (step 1A) or to a replanning to spare the parotid glands (step 1C). Corresponding cumulated

doses were calculated (steps 1B and 1C) using elastic registration. Doses were then compared.
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from the weekly CT to each planning CT was 0.92 (from

0.83 to 0.95).

Quantification of anatomical variations during the

7 weeks of treatment

From CT0 to CT6, the PG volumes decreased by a mean

value of 28.3% (ranging from 0.0 to 63.4%, SD 18%), corre-

sponding to an average decrease of 1.1 cc/week (ranging

from 0.0 to 2.2 cc/week). The CTV70 decreased by a mean

value of 31% (ranging from 73% to −13%, SD 28%).

The distance between the PGs and the CTV (PG-CTVds)

decreased in 74% of the PGs by 4.3 mm on average (ran-

ging from 0.1 to 12 mm, SD 3.7 mm), whereas it increased

in the other 26% of the PGs by 3.2 mm on average (ranging

from 1.1 to 6.3 mm, SD 2.1 mm).

The thickness of the neck decreased for 78% of the pa-

tients by a mean value of 7.9 mm (ranging from 0.1 to

26.6 mm, SD 6.2 mm).

Dose comparison between planned dose, and doses with

or without replanning in PGs

The per-treatment PG doses (with or without replanning)

were analyzed, first considering the weekly fractions and

then, using the cumulated doses from all weekly fractions,

for all the 15 patients. The results are shown in Table 2.

PG dose comparisons at the per-treatment weekly fraction

In order to assess the PG overdose, comparison was first

made between the dose at the fraction without replanning

(Figure 2 Step 1A) and the planned dose. For 67% of the

plans, the Dmean increased on average by 4.8 Gy (up to

24.9 Gy, SD 4.6 Gy). In the other 33% of plans, the Dmean

decreased by 3.9 Gy (up to 10.7 Gy, SD 2.9 Gy). The vari-

ation of the mean PG dose during the treatment was

showed Figure 3 for two representative patients.

Then, to assess the benefit of replanning, comparison

was made between the dose with (Figure 2 step 1C) and

without replanning (Figure 2 Step 1A). In 85% of the

plans, replanning decreased the Dmean on average by

4.6 Gy (up to 23.8 Gy, SD 4.0 Gy).

PG dose comparisons using the cumulated doses and the

corresponding estimated xerostomia risks

A PG overdose was reported in 59% (N = 16) of the

PGs. Figure 4a shows the Dmean difference for each PG

of each patients. Ten out of fifteen patients received a

higher Dmean in at least one PG (6 patients in the 2

PGs), which corresponded to a Dmean increase of an

average of 3.7 Gy (ranging from 0.4 to 10.0 Gy, SD

2.9 Gy). Figure 5 shows the average planned DVH (red

line) and the average cumulated DVH without replan-

ning (blue line).

Figure 4b shows the corresponding difference in the

estimated xerostomia risk. The average absolute in-

creased risk of xerostomia was 3% (ranging from −16.7

to 23.9%, SD 2.9%) in all patients, and was 8.2% (ranging

from 3.8 to 23.9%, SD 7.1%) among patients with an in-

creased dose to PGs.

Weekly replanning enabled the Dmean to be reduced to

at least the same value as that of the pre-treatment plan-

ning for all over-irradiated PGs (Figure 6). In the sub-

group of over-irradiated PGs, the mean Dmean difference

between the cumulated doses with replanning and with-

out replanning was therefore 5.1 Gy (ranging from 0.6 to

12.2 Gy, SD 3.3 Gy) (p = 0.001). In the subgroup of non-

over-irradiated PGs, this mean Dmean difference was

1.4 Gy (ranging from 0 to 4.1 Gy, SD 1.7 Gy) (p = 0.001).

Figure 5 displays the impact of the replanning to de-

crease the PG dose, with the average cumulated DVH

with replanning (green line) and without replanning

(blue line).

In the over-irradiated PG group, the replanning de-

creased the xerostomia risk by 11% on average (ranging

from 1 to 30%, SD 8%) (p < 0.01).

Table 2 Parotid gland overdose and replanning benefit assessments, based on the fraction or the cumulated doses, for

all the 15 patients

Dmean (Gy),mean (Min-max;SD) p-value

Planned dose (1) 30.9 (9.2-54.6; 7.9) -

Doses at the fraction Without replanning (2) 33.0 (7.7-61.2; 9.9)

With replanning (3) 29.4 (4.1-51.7; 8.3)

PG overdose (4) = (2)-(1) 1.8 (−10.6-24.9; 5.8) <0,001

Replanning benefit (5) = (3)-(2) 3.8 (0–23.8; 4.0) <0,001

Cumulated doses Without replanning (2) 32.0 (8.7-57.6; 9.3) -

With replanning (3) 28.6 (4.6-51.2; 8.4)

PG Overdose (4) = (2)-(1) 1.1 (−7.9-10.0; 4.1) 0,1

Replanning benefit (5) = (3)-(2) 3.6 (0–12.2; 3.3) <0,001

PGs: parotid glands; Dmean: First, the mean PG dose was calculated for each patient and each week (DmeanWeekly). Then, the mean of the DMeanWeekly was

calculated for each patient (DMeanPt). Finally, the mean of the DmeanPt was calculated for the whole population (D(mean)).

p values are calculated using the Wilcoxon test, to test if the Dmean in (1) and (2), and if the Dmean in (2) and (3) are statistically different.
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Anatomical parameters correlated with PG overdose or

replanning benefit

PG overdose and replanning benefit (at the fraction or cu-

mulated) increased with the CTV70 shrinkage and the reduc-

tion of neck thickness (p < 0.01). At the fraction, a reduction

of 10 cc of the CTV70 or of 1 mm of the neck thickness

leads to an increase of the mean PG dose of 0.3 Gy. The

PG volume variation has no impact on the mean PG dose.

Discussion and conclusion

The main goal of definitive chemoradiotherapy in locally

advanced HNC is to improve locoregional control, while

Figure 3 Variation over time of the mean PG dose for two representative patients. Red line corresponding to patient N°1 who presenting an

increasing of the mean PG dose cumulated. Blue line corresponding to the patient N°12 who presenting a decreasing of the mean PG dose cumulated.

Figure 4 Parotid gland overdose assessment: Difference between the mean cumulated dose (without replanning) and the mean dose

at the planning, in each of the parotid gland, for each of the 15 patients (4a). The corresponding impact on the xerostomia risk (%) is

presented Figure 4b. NTCP: normal tissue complication risk of xerostomia defined as a salivary flow ratio <25% of the pretreatment one [21].
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keeping a high quality of life. Reducing the dose in the PGs

during the whole course of IMRT and therefore xerosto-

mia is a major challenge. Indeed, we found the majority of

the PGs (59%) being overirradiated of a mean dose of 4 Gy

(up to 10 Gy), resulting to an absolute increase risk of

xerostomia of 8% (up to 24%). The ART strategy appears

to benefit not only to the over-irradiated PG patients,

reducing the mean dose of 5 Gy (up to 12 Gy) and the

xerostomia risk of 11% (up to 30%), but also to the non-

over-irradiated PGs. These results suggest thus a large use

of ART for the majority of locally advanced HNC patients.

In our study, four patients (N° 4, 7, 10 and 12) have not

clear benefit from replanning. These patients were pre-

sented a spontaneous decrease of the mean PG dose dur-

ing the treatment. No more gain was possible with the

replanning due to the other constraints (homogeneity,

Figure 5 Mean parotid gland dose-volume histograms (DVHs) showing the impact of replanning on the over-irradiated PGs (n = 16).

Figure 6 Replanning benefit assessement: cumulated mean dose difference between the dose with replanning and the dose without

replanning, in each of the parotid gland (ipsilateral and contralateral), for each of the 15 patients (6a), and corresponding estimated

xerostomia risk (%) (6b). NTCP: normal tissue complication risk of xerostomia defined as a salivary flow ratio <25% of the pretreatment one [21].
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spinal cord, brainstem …). The GORTEC dose volume

constraints has been respected for all the replanning.

The dosimetric benefit of ART has been shown in a

limited number of studies, and not exclusively for the

PGs. In a series of 22 patients, Schwartz et al. evaluated

the impact of one and two replanning using daily CT on

rails [23]. The mean PG dose was decreased of 3.8% for

contralateral PGs and of 9% for ipsilateral PGs, with pos-

sible sparing of the oral cavity and larynx. In another

series of 20 patients, a single replanning performed at

the 3rd or 4th week of treatment decreased the mean

PG dose of 10 Gy [9]. On the other hand, Castadot et al.

didn’t show any dosimetric benefits for PGs when using

four replanning in a series of 10 patients, however redu-

cing the spinal cord dose and improving the CTV56 dose

conformation [24].

The optimal number and time of replanning are unclear.

Wu et al. concluded that one replanning decreased the

mean PG dose by 3%, two replanning by 5%, and six re-

planning by 6% [13]. A “maximalist” weekly replanning

strategy was considered feasible in our study, as in an on-

going randomized study (ARTIX) comparing one IMRT

based planning to a weekly based IMRT replanning. The

benefit of such strategy has to be demonstrated compared

to other replanning strategies. Ongoing study (like ART-

FORCE trial) test the benefit of only one replanning [24].

The benefit of each supplementary weekly replanning has

to be evaluated. A true adaptive RT strategy should be

personalized to each patient, ranging potentially from no

re-planning to a maximalist weekly replanning. Ideally, re-

planning decisions may likely be based on either geomet-

rical criteria or cumulated dose monitoring corresponding

to the dose-guided RT approach. Replanning is also par-

ticularly time-consuming, complete delineation taking up

to 2.5 hours in our experience and that of others [25-28].

Deformable image co-registration software can be used to

propagate the OAR contours from the initial planning CT

to the per-therapeutic planning CT, reducing the delinea-

tion time by approximately a factor 3 [26,28]. The CTV

delineation should be however carefully checked, to pre-

vent recurrence due to inadequately reduced CTV. In-

deed, the goal of ART in our study was to spare the PGs

during treatment as they were spared at the planning,

while keeping the same appropriate CTV coverage (and

not to reduce the CTV coverage).

The analysis of the anatomical variations occurring

within the course of IMRT is crucial to understand the

overdose of the PGs and to identify early the sub-group

of the overdosed PGs (59%). We found that mean vol-

umes decreased by 28% for the PGs and 31% for the

CTV, in agreement with the literature reporting values

of 15% to 28% for the PGs, 69% for the GTV, and 8% to

51% for the CTV [7,9,13,23,26,29]. We found that the

PGs overdose (without replanning) and the dosimetric

benefit of replanning increased with the tumor shrinkage

and the reduction of head thickness. The last one is likely

explained by loss of weight, tumor shrinking and decrease

of the PG volume. The reduction of the head thickness

leads consequently to the occurrence of dose hotspot in

the neck, close or within the PGs (Figure 1). Other studies

also found that reduction of the neck diameter increases

the risk of over-irradiation [30,31]. The variation of the

mean PG dose was more important between the CT0 and

the CT1 than between each weekly CT. This difference

may be explained by the delay between CT0 and the first

weekly CT. In our study, the PG dose differences between

the fraction and the initial planning are likely related to

both the set-up error (we did not quantified) and the ana-

tomical structures volume/shape variations. Systematic

set-up errors may increase the mean PG dose by around

3% by mm of displacement [32]. This point suggests, for a

daily practice, to combine both a daily bone registration to

correct the set-up errors and replanning to correct the

anatomical variations.

Fraction comparison only provides information for a

specific moment and there is a need for full treatment

dose evaluation and comparison. Deformable registra-

tion enables dose fraction accumulation [33]. Since PG

shape and volume variations were limited, our study’s

Dice scores were relatively high (0.92). However, the

Dice score does not provide any information regarding

the registration’s anatomical “point to point” corres-

pondence accuracy. Moreover, the possibility of PG de-

fects observed over the course of radiotherapy [34]

should prompt careful consideration of this cumulated

dose approach, thereby justifying an independent “frac-

tion to fraction” dose analysis. Our results, based on

both weekly fraction and cumulated dose, were consist-

ent. The 3D dose visualization and differential DVH of

the dose difference between the cumulated dose and

planning dose (Figure 1) revealed moreover the hetero-

geneity of hotspot distribution in PGs, which may also

impact on the xerostomia risk. The cranial part of the

PGs seems to be more critical [35,36], maybe due to the

presence of an important concentration of salivary gland

stem cells at this level [37]. The possible heterogeneity

of the radiosensitivity within the PG could be therefore

more carefully investigated in order to consider to spare

not only the full gland (represented by a mean dose end-

point) but also subparts of the gland. Indeed, relatively

small dose (10 Gy) within the PG may cause severe loss

of function [38], and dose greater than 20 Gy may cause

up to 90% loss of the acinar cells [39]. It seems also that

radiation-induced gland dysfunction are due to mem-

brane damage, causing secondarily necrosis of acinar

cells and atrophy of the lobules [40].

Our study exhibits limitations. The small patient num-

ber did not allow us to analyze the potential impact of
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tumor localization. Even if CTs from a single patient

were always delineated by the same radiation oncologist,

intra-observer variabilities in organ delineation are also

potentially responsible for uncertainties. Moreover, the

clinical benefit of the weekly replanning has been esti-

mated and was not reported in the study.

In conclusion, an ART strategy combining a daily bone

registration and a weekly replanning may be proposed

for locally advanced HNC, with an expected benefit to

decrease xerostomia. This PG-sparing strategy appears

however particularly complex and should be therefore

assessed within prospective trials, with a special atten-

tion for CTV delineation. The optimal number and time

of replanning are unclear. The benefit of a weekly re-

planning strategy versus other replanning strategies have

to been demonstrated.
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3.1.3 Conclusion 

Ce t a ail de  od lisatio   o fi e  u e   as de ‘CMI sta da d sa s  epla ifi atio  pou  des 

a e s lo ale e t a a s des VAD“, e i o   /  des pa otides  o t  t e su dos es de p es ue 

 G  pa   appo t à la dose pla ifi e, alo s  ue l aut e tie s  a p se te  u  sous dosage spo ta . 

Le su dosage  e  o e e do  pas la totalit  des pa otides, et  e tai s patie ts pou aie t  e 

pas  ele e   d u e  app o he  de  adioth apie  adaptati e  pou   pa g e   les  pa otides.  U e 

adioth apie  adaptati e  he do adai e  pe et  de  o ige   e  su dosage  pou   la  totalit   des 

pa otides,  oi e  de  di i ue   e o e  la  dose  pa   appo t  à  la  dose  pla ifi e.  Ce  fi e  est 

d auta t  plus  a u   pou   les  patie ts  a a t  u   su dosage  des  pa otides  e   l a se e  de 

adioth apie adaptati e. Da s  e  as, la dose  o e e au  pa otides  tait di i u e de   G  e  

as de  adioth apie adaptati e pa   appo t à  l a se e de  epla ifi atio . Cette  o e tio  du 

su dosage  pou ait  pe ett e  u e  di i utio   du  is ue  esti   de  osto ie  de    %. 

Co e a t les patie ts a e  u  sous‐dosage des pa otides au  ou s d u e ‘CMI sta da d sa s 

epla ifi atio ,  la  adioth apie  adaptati e  appo te  u   fi e  i eu ,  pe etta t  u e 

di i utio  d e i o    G  de la dose  o e e, a e  u   fi e  li i ue i e tai  au  ue de la 

fai le  a iatio  de dose. 

Ces  sultats soulig e t le  esoi  de dispose  de  od le de p di tio  du  is ue de su dosage 

des  pa otides  afi   de  p opose   u e  st at gie  de  adioth apie  adaptati e  au   patie ts  ui 

pou o t e   eti e  u   el  fi e  li i ue. 

   



 

 

 

.  Ide tifi atio   des  o s  a didats  à  u e  adioth apie  adaptative  pou  
pa g e  les pa otides  a ti le  

3.2.1 Introduction 

“i, au  ou s d u e ‘CMI sta da d sa s  epla ifi atio , u e  ajo it  de patie ts  o t p se te  u  

su dosage des pa otides,  e tai s patie ts p se te t au  o t ai e u  sous dosage des pa otides. 

M e si la  adioth apie adaptati e pe et de di i ue   l g e e t  la dose au  pa otides  hez 

es patie ts, il  est pas  e tai   ue  e gai  dosi t i ue se t aduise pa  u   fi e  li i ue. De 

plus, du fait de la lou deu  de la  adioth apie adaptati e [ ,  ], il appa ait plus judi ieu  de 

o e t e   les  o e s  su   les  patie ts  a e   u   su dosage  pa otidie ,  pou   les uels  u e 

di i utio  de plus de   % du  is ue de  osto ie se le possi le. Plusieu s a ti les o t ai si 

appo t  u e  o latio  e t e le su dosage des pa otides et des pa a t es a ato i ues tel  ue 

la pe te de poids [ ], la fo te tu o ale [ ], la di i utio  du dia t e  e i al [ ,  ] ou la 

di i utio  de  olu e des pa otides [ ]. Cepe da t  es  o latio s so t  elati e e t fai les 

et/ou o t  t  faites e  fi  de t aite e t,  e pe etta t do  pas d ide tifie  p o e e t les 

patie ts à  is ue de su dosage.  

Afi  de pou oi  guide  le  adioth apeute da s le  hoi  de d le he  ou  o  u e st at gie de 

adioth apie adaptati e, l utilisatio  de  a ueu s a ato i ues et/ou dosi t i ues p o es 

à  la  pla ifi atio   ou  e   d ut  de  t aite e t   p di tifs  de  l i po ta e  du  su dosage  des 

pa otides est do   essai e. Id ale e t  es  a ueu s de aie t  t e utilis s  o  seule e t 

pou  ide tifie  les patie ts à  is ue de su dosage des pa otides,  ais aussi pou  p di e la s it  

de  e su dosage.  

L a ti le  ep oduit  i‐ap s,  pu li   da s  la  e ue  Radiatio   O olog   e   jui   ,  d it  la 

g atio   d u   o og a e  pe etta t  u e  p di tio   i di idualis e  du  su dosage 

pa otidie . 



 

 

 

3.2.2 A nomogram to predict parotid gland overdose in head and neck IMRT 
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Abstract

Purposes: To generate a nomogram to predict parotid gland (PG) overdose and to quantify the dosimetric benefit

of weekly replanning based on its findings, in the context of intensity-modulated radiotherapy (IMRT) for

locally-advanced head and neck carcinoma (LAHNC).

Material and methods: Twenty LAHNC patients treated with radical IMRT underwent weekly computed

tomography (CT) scans during IMRT. The cumulated PG dose was estimated by elastic registration. Early predictors

of PG overdose (cumulated minus planned doses) were identified, enabling a nomogram to be generated from a

linear regression model. Its performance was evaluated using a leave-one-out method. The benefit of weekly

replanning was then estimated for the nomogram-identified PG overdose patients.

Results: Clinical target volume 70 (CTV70) and the mean PG dose calculated from the planning and first weekly CTs

were early predictors of PG overdose, enabling a nomogram to be generated. A mean PG overdose of 2.5Gy was

calculated for 16 patients, 14 identified by the nomogram. All patients with PG overdoses >1.5Gy were identified.

Compared to the cumulated delivered dose, weekly replanning of these 14 targeted patients enabled a 3.3Gy

decrease in the mean PG dose.

Conclusion: Based on the planning and first week CTs, our nomogram allowed the identification of all patients

with PG overdoses >2.5Gy to be identified, who then benefitted from a final 4Gy decrease in mean PG overdose by

means of weekly replanning.

Keywords: Nomogram, Adaptive radiotherapy, Head and neck, Parotid gland overdose

Introduction

During the course of intensity-modulated radiother-

apy (IMRT) for head and neck cancer (HNC), large

anatomical variations may result in delivered doses

differing from the planned dose [1]. The literature

shows that while dose variations in the clinical target

volume appear extremely low [2–5], the percentage

of patients with estimated PG overdoses ranges

widely from 5 to 70 % [1, 5–10]. With the aim of

correcting these PG overdoses, an adaptive radio-

therapy (ART) strategy involving one or several

replannings during treatment has been investigated

[1, 2]. These replannings are, however, time-

consuming, as a complete delineation can take up to

2.5 h [11–13] and may not be beneficial for all pa-

tients. It is therefore crucial to identify patients with

PG overdose and evaluate how ART benefits each

individual. Ideally, replanning decisions should be

based on early and simple anatomical criteria, such

as weight loss or decrease in neck diameter, which

have been identified as risk factors for over-

irradiation [10, 14–17]. However, a clear correlation

between these markers and PG overdose has not yet

been established [6]. After having identified early

predictors of PG overdose, this dosimetric study had

two objectives: 1) to generate a nomogram so as to

predict PG overdose; 2) to quantify the benefits of

weekly replanning, triggered by the nomogram, in

terms of dose sparing and decrease in xerostomia

risk.
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Materials and methods

Patients and tumors

A total of 20 patients (mean age: 63; range: 50–77) were

enrolled in this study. All patients presented with

locally-advanced oropharyngeal cancer (Stage III or IV,

American Joint Committee on Cancer 7th ed.). Patient,

tumor, and treatment characteristics have been provided

in Table 1.

Treatment and planning

All patients underwent IMRT with total doses of

70Gy (2Gy/fraction/day, 35 fractions), combined with

a simultaneous integrated boost technique [18] and

concomitant chemotherapy (cetuximab or platinum).

Planning CTs (CT0) were performed with intravenous

contrast agents using 2-mm slice thickness, from the

vertex to the carina. Three target volumes were gen-

erated: CTV70, CTV63, and CTV56. The 70Gy clinical

target volume (CTV70) was equal to the gross tumor

volume plus a 5-mm 3D margin, adjusted to exclude

the air cavities and all bone mass free of tumor inva-

sion. CTV63 corresponded to the area at high-risk of

microscopic spread, in particular the ipsilateral nodal

level II, while CTV56 corresponded to the low-risk

subclinical area. The planning target volume (PTV)

was the CTVs plus a 5-mm 3D margin, limited at

3 mm from the skin surface in order to avoid the

build-up region and therefore limit skin toxicity [19].

The minimum PTV covered by the 95 % isodose line

was 95 %. Dose constraints were set according to the

GORTEC group (the French group of radiation oncol-

ogy for head and neck cancer) (Table 2).

Parotid sparing was not conducted if considered to the

detriment of PTV coverage or other essential organs at

risk (OARs).

During the treatment course, set-up errors >5 mm

were corrected by weekly in-room stereoscopic kV im-

aging. Informed consent was obtained from all patients.

This study was approved by the institutional review

board (ARTIX study NCT01874587).

Weekly dose estimations

Each patient underwent six weekly CTs (CT1-CT6)

using the same protocol as CT0 over the treatment

course, except for some variations in intravenous con-

trast agent use, which was not systematically employed,

Table 1 Patient, tumor, and treatment characteristics at initial planning (CT0)

ID Gender Age TNM Tumor
sublocation

Chemotherapy Volume (cm3) Mean planned PG dose (Gy) Xerostomia NTCP (%) [23, 24]

CTV70 ILP CLP ILP CLP ILP CLP

1 M 77 T4N0 Tonsil Cetuximab 45.2 52.1 48.6 30.2 31.1 27.1 28.9

2 F 61 T2N2 Base of tongue CDDP 26.3 31.1 27.5 31.4 26 29.7 19.1

3 M 70 T3N2c Oropharynx CDDP 181.5 24.9 20.7 37.9 31.1 45.1 29.1

4 F 66 T2N2c Oropharynx Cetuximab 107.2 27.8 23.4 32.9 27.9 33.1 22.5

5 M 57 T3N0 Velum CDDP 62.4 20.7 18 28.1 27.8 23 22.3

6 M 67 T3N2c Base of tongue CDDP 156.2 24.5 22.7 30.8 29.4 25.4 22.1

7 M 52 T4N2a Tonsil Cetuximab 165.1 N/A 21.6 N/A 28.7 N/A 24

8 M 67 T4N1 Base of tongue CDDP 139.3 22 19.3 30.7 29.2 28 25

9 F 65 T3N3 Base of tongue CDDP 237.5 23.9 20.2 42.4 31.1 56.1 29

10 F 65 T4N3 Oropharynx CDDP 257.9 N/A 24.5 N/A 35.2 N/A 38.5

11 M 50 T4N2c Oropharynx CDDP 434.5 N/A 17.7 N/A 36.3 N/A 41.1

12 M 53 T3N0 Base of tongue CDDP 14.4 16.6 23.3 41.3 24.2 53.6 16.3

13 M 73 T3N2c Oropharynx Cetuximab 147 29.4 29.2 54.6 32.2 82.1 31.4

14 M 56 T3N0 Epiglottic Cetuximab 14 22.8 29.2 19.7 9.2 10.3 2.7

15 M 75 T2N2a Oropharynx Cetuximab 76.3 20.3 22.4 29.4 29.1 25.6 25

16 M 57 T3N0 Oropharynx CDDP 46.5 23.8 31.2 32.1 31.2 29.3 31.3

17 M 64 T3N2c Epiglottic CDDP 109.8 23.5 15.6 39.6 17.3 49.3 7.8

18 M 55 T1N2b Tonsil CDDP 31 20.2 20.8 25.7 23.63 18.7 15.3

19 M 65 T4N0 Velum CDDP 10.1 23.7 25.3 28.6 28.2 24 23.2

20 M 56 T4N2b Pharyngeal wall CDDP 150 32.4 26.8 45 24.4 62.8 16.6

M male, F female, CTV70 clinical target volume receiving 70Gy, ILP ipsilateral parotid glands, CLP contralateral parotid glands, CDDP cisplatin, NTCP normal tissue

complication, PG parotid gland, N/A not applicable (PGs included in the CTV)

The NTCP Lyman Kutcher Burman (LKB) model (n = 1, m = 0.4, and median toxic dose [TD50] = 39.9) [23, 24] defined the risk of xerostomia as a salivary flow ratio

<25 % of the pretreatment one
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particularly not in the context of cisplatin-based chemo-

therapy. Anatomical structures were manually seg-

mented on each weekly CT by the same radiation

oncologist for each patient. In the event of complete re-

sponse, the original macroscopically-involved areas were

still included in CTV70, which was adjusted to exclude

any air cavities and bone mass showing no evidence of

original tumor invasion.

Treatment always commenced on Mondays, with each

weekly CT performed the following Monday. As patients

were treated 5 days per week, each weekly CT corre-

sponded to a 10Gy additional dose to the PTV (CT1 at

10Gy, CT2 at 20Gy, and so on). The actual doses deliv-

ered weekly were estimated by calculating the dose dis-

tribution on the weekly CTs using treatment parameters

and the CT0 isocenter (Fig. 1).

Total cumulated dose estimations using deformable

registration

For all patients, the weekly CT images were first regis-

tered to the planning CT using a rigid transformation

defined by six parameters (three translations and three

rotations). The mean squared error was used as a simi-

larity criterion. The cumulated dose estimate relied on

deformable image registration, using the free-form de-

formation (FFD) method. The control points were itera-

tively displaced according to the considered metric. The

dense deformation field was obtained by B-spline

interpolation [20]. The mutual information metric was

used to handle the modified intensities between CT

datasets caused by the presence of contrast agent. The

geometric transformation obtained using both rigid and

deformable registration was then applied to the weekly

dose distributions in order to propagate each one to the

planning CT0 dataset. The implementation was provided

by the ElastiX library [21].

The average Dice score for PG registration was 0.81

(0.62–0.94). The propagated dose distributions were to-

taled to compute the cumulated dose on the planning

CT, which was finally compared to the planned dose.

Linear regression model and nomogram to predict PG

overdose

PG overdose was calculated as the difference between

the cumulated mean PG dose and the mean PG dose of

the planning CT dataset (CT0).

The following anatomical and dosimetric parameters

have previously been described in the literature as

correlating with PG overdose [6, 10, 14, 15], and were

assessed for this correlation: CTV70 (cm3), PG vol-

ume (cm3), neck thickness (mm), PG-to-CTV70 dis-

tance, and mean PG dose. The PG-to-CTV70

distance was defined as the minimal Euclidean dis-

tance between the surfaces of the two contours. The

difference between and ratio of each of these parame-

ters computed from the two CTs (CT0 and each

weekly CT, respectively) were also studied. The Pear-

son correlation was used to assess the correlation be-

tween variables significantly correlated with the PG

overdose. When high correlation was observed be-

tween two variables (r2 > 0.5), only the most signifi-

cant parameter was included for further analysis.

Finally, a linear regression method with backward elimin-

ation (coefficient of determination r2 > 0.3, p <0.05) was

used to generate a model for PG overdose prediction. Re-

gression was run with and without an intercept. The

standard errors were compared to decide whether ordin-

ary least squares or regression through origin provides a

superior fit [22]. The model’s accuracy was then validated

by the quantiles-quantiles plot (QQ-plot) and r2 for PG

overdose prediction. A nomogram was generated based

on this model, i.e. a chart representing a linear function

calculating a predicted value from plotted input data

(Fig. 2).

Leave-one-out cross validation was then performed to

estimate the model’s stability and accuracy. This method

consisted in all patients but one (n = 19) being used to

develop a PG overdose model (difference between cu-

mulated PG dose and planned dose). A PG overdose

prediction was then calculated for the one remaining pa-

tient using the model. This predicted PG overdose was

then compared to the cumulated PG overdose. This step

was repeated for each patient. The variance of each

model parameters was calculated to estimate the model’s

stability and identify outliers. The mean squared error of

the predicted values was calculated.

Statistical analysis was carried out using the Statistical

Package for the Social Sciences V. 20.0, and R language

and environment for statistical computing.

Weekly replanning for the patients at risk of PG overdose

Using the nomogram, we identified patients predicted

to receive at least one PG overdose, for whom we

performed a weekly IMRT replanning on each weekly

CT dataset, in accordance with the dose constraints

Table 2 Dose constraints according to the GORTEC group (the

French group of radiation oncology for head and neck cancer).

D2%: Near maximum absorbed dose

Organ at risk Dose constraint

Spinal cord D2% < 45Gy

Brainstem D2% < 54Gy

Optic nerves D2% < 54Gy

Contralateral parotid Mean dose < 30Gy, median dose < 26Gy

Ipsilateral parotid Mean dose: as low as possible

Oral cavity Mean dose < 30Gy, V30 < 65 %, and V35 < 35 %

Lips D2% < 30Gy, mean dose < 20Gy
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described for the initial planning. PTV coverage did

not significantly differ between the initial planning

and the weekly replanning. The dose constraints spe-

cified for the OARs complied with the GORTEC rec-

ommendations for all replanning, as for the initial

planning. The mean PG cumulated doses with replan-

ning were compared to those without. The impact of

the replanning on the risk of xerostomia was esti-

mated by using the Lyman Kutcher Burman (LKB)

model of normal tissue complication probability

Fig. 2 Nomogram use to predict parotid gland overdose. For each patient, the nomogram was used to predict the parotid gland (PG) overdose. In

the event of an estimated PG overdose, weekly replanning was performed. The cumulated doses with replanning were compared to those

without to quantify the benefit of adaptive radiotherapy (ART). CT: computed tomography; CT0: planning CT; CT: first weekly CT (C1); CTV70:

clinical target volume receiving 70Gy

Fig. 1 Total cumulated dose estimation by deformable image registration in four steps. Step 1: The weekly delivered doses were calculated from the

weekly computed tomography scans (CTs). Step 2: A deformable image registration was applied to the weekly doses according to the

deformation field between the weekly and planning CT (CT0). Step 3: The propagated dose distributions were totaled to compute the cumulated

dose for the CT0. Step 4: The planned dose was compared with the estimated cumulated dose
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(NTCP) (n = 1, m = 0.4, and median toxic dose

[TD50] = 39.9) [23, 24], the complication defined as a

salivary flow ratio <25 % of the pretreatment one at

12 months.

Results

A total of 37 PGs were analyzed, due to three ipsilateral

PGs included within the PTV being excluded from analysis.

Based on the difference between the cumulated and

planned PG doses, two PG subgroups were identified

(Fig. 3):

– a PG overdose group: 70 % of all the PGs, with a

mean dose increase of 2.5Gy (up to 11.7Gy) and 16

patients presenting at least one overdosed PG;

– a PG under-dose group: involving the other 30 % of

the PGs, with a mean dose decrease of 1.2Gy (up to

3.1Gy).

When identifying PG overdose predictors, we found

the parameters from the first weekly CTs to be the most

significant. Two anatomical and three dosimetric param-

eters were significantly correlated with PG overdose

(Table 3).

As the mean PG dose for CT1 and the CT1/planning

mean PG dose ratio were highly correlated with the dif-

ference between the mean PG doses for CT1 and CT0

(∆DosePG) (r2 = 0.5 and 0.9, respectively, p <0.001), only

the parameter with the highest r2 was used (mean PG

dose difference). The three parameters used for PG

overdose prediction were CTV70 on the planning CT

dataset (CTV70_CT0), the CTV70 CT0-to-CT1 difference

(∆CTV70), and the difference between the mean PG

doses of CT1 and CT0 (∆DosePG).

Based on these parameters, the resulting linear regres-

sion model for PG overdose prediction, optimized for all

patients, was:

Fig. 3 Parotid gland overdose assessment. The mean dose difference was calculated between the estimated cumulated dose (without replanning)

and the planned dose, in each parotid gland (PG) (ipsilateral and contralateral), for each of the 20 patients. A dose difference with a positive or

negative value corresponded to a PG overdose or under-dose, respectively. Predicted PG overdose calculated by the nomogram are represented

by circles (ipsilateral PG) or diamonds (contralateral PG) (cf. Section 3.2)
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PGoverdose ¼ 0:007� CTV70CTOð Þ− 0:045� ΔCTV70ð Þ
þ 0:509� ΔDosePGð Þ

The corresponding nomogram is shown in Fig. 4a.

The quantiles-quantiles plot of the nomogram is shown

in Fig. 4b.

The correlation between the observed and predicted

cumulated PG doses is shown in Fig. 5 (r2 = 0.75).

Dose variations (PG over- or under-doses) were cor-

rectly predicted for 25 of the 37 PGs (Fig. 3). Of the 16

patients with at least one overdosed PG, 13 were accur-

ately identified (One patient with an error concerning

the side of the PG overdose). In the three patients (Pa-

tients 12, 18 and 19) who were inaccurately classified,

the mean PG was increased by an average of 1Gy (range:

0.4–1.5Gy).

The model’s performance, evaluated using the leave-

one-out cross validation, in terms of identifying patients

with or without PG overdose achieved sensitivity, speci-

ficity, and positive and negative predictive values of

80 %, 60 %, 86 %, and 50 %, respectively. The mean

values and standard deviations (SDs) of each coefficient,

considering the leave-one-out cross validation, were

0.007 (SD: 0.0006), −0.045 (SD: 0.004), and 0.507 (SD:

0.01), for CTV70CT0 ,∆CTV70 , and ∆DosePG , respect-

ively. The mean square error for the predicted PG over-

dose was 2.6 Gy (SD: 1.6 Gy). No significant outliers

were extracted from the validation procedure.

For the 14 patients identified by the nomogram as

having a predicted PG overdose, the mean PG dose

without ART was 34.8Gy (range: 20.9–51.4Gy), corre-

sponding to a mean xerostomia risk of 37 % (20–86 %).

The dosimetric benefit of weekly replanning for these 14

patients is shown in Fig. 6. Replanning achieved an aver-

age decrease of 3.9Gy in the mean PG dose (range: 0–

9.5Gy), representing an average decrease in absolute xer-

ostomia risk of 8 % (0–22 %).

Discussion

We generated a nomogram aimed at predicting PG over-

dose based on early predictors calculated on the

planning CT dataset and on a CT performed in the first

week of treatment.

In total, 14 of the 16 patients with a calculated

mean PG overdose of 2.5Gy were identified by the

nomogram. All patients with a PG overdose >2.5Gy

were identified. Weekly replanning of these 14 tar-

geted patients enabled the mean PG dose to be de-

creased by 3.9Gy compared to the cumulated

delivered dose, corresponding to an 8 % decrease in

the estimated absolute xerostomia risk.

Due to anatomical variations occurring during the

course of IMRT, some PGs can receive doses exceeding

the planned dose (overdose). In an attempt to prevent this,

ART is designed to take these anatomical variations into

account by generating one or several new plannings. An

increasing number of studies demonstrate this technique

to have dosimetric benefits [1, 2, 4, 25]. The clinical im-

pact of replanning has been evaluated in two studies [5,

26], where it was shown to improve both patient quality

of life [26] and localize disease control, yet had no impact

on overall survival. Nevertheless, ART is particularly com-

plex and time-consuming [11–13], generating increased

workload for all treatment staff. As not all patients may

benefit from ART, it is essential to identify early predictors

of PG overdose to enable appropriate patient selection.

Neck thickness, weight loss, PG volume, initial tumor vol-

ume, and decrease in tumor volume were found to correl-

ate with PG overdose [10, 14, 15]. In a recent review [6],

these anatomical parameters were identified as selection

criteria for ART patient selection, though no clear conclu-

sion was reached due to the heterogeneity of the studies.

However, these correlations were mostly primarily identi-

fied using parameters calculated at the end of treatment,

therefore significantly limiting the possibility of treatment

modifications. These parameters were also correlated with

each other. Decrease in PG volume, for instance, has been

found to correlate with age, body mass index, planned

dose to the parotid glands, initial PG volume, and the vol-

ume of PG overlapping with lymph node metastases. De-

crease in PG volume may be a useful parameter for

identifying patients at higher risk of xerostomia [27].

However, neither the Brouwer et al. [6] study nor our own

found any clear association between the decrease in PG

volume and PG overdose. Other parameters may be indir-

ectly linked to PG overdose. Human papillomavirus

(HPV)-positive cancer has demonstrated a higher sensitiv-

ity to radiation [28, 29]. As the decrease in the CTV dur-

ing the first week of treatment was correlated with PG

overdose, HPV-status may exert an impact on the risk of

PG overdose. Yet our series was not large enough to

analyze the impact of this relationship.

Anatomical variations occurring during the first two

weeks of treatment may be particularly relevant for PG

overdose prediction, and may justify early replanning,

Table 3 Correlation between the anatomical/dosimetric

parameters (calculated on CT0 and CT1) and the PG overdose

Analyzed parameters r2 p-value

CTV70_CT0 0.32 0.038

∆CTV70 −0.46 0.004

∆DosePG 0.72 <0.001

DmeanPG_CT1 0.49 0.002

DmeanPG_CT1/DmeanPG_CT0 0.70 <0.001

r2 = Pearson correlation value, DmeanPG =Mean PG dose (Gy), _CT0 = on the

planning CT (CT0), _CT1 = CT at the first week (CT1), ∆ = difference of the

parameter between CT1 and CT0
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resulting in significant PG dose sparing [17, 30]. Indeed,

in the literature, CTV shrinkage appears to be particu-

larly significant during the first week of radiotherapy

[31]. In our study, the only anatomical parameters

strongly correlated with PG overdose were CTV70 at

planning and its decrease in the first week. However, this

parameter alone was not sufficient to predict final PG

overdose. Indeed, the most relevant parameter in our

nomogram was the PG dose difference between the

planning CT (CT0) and the first week of treatment CT

(CT1). Early PG overdose has also been demonstrated to

correlate with the estimated cumulated PG dose by

Hunter et al. [8].

In our study, we found that considering the parame-

ters only for the planning CT was not sufficient for PG

overdose prediction. The acquisition of a new CT,

performed during the first week of treatment with dose

calculation, was required to predict the mean cumulated

PG dose at the end of treatment. In terms of practical

use of ART, replanning decisions can be based solely on

anatomical parameters, ideally defined on cone-beam

CT (CBCT) performed at the time of the fraction, which

is also useful for bone registration to correct for patient

set-up. This approach should be explored further, as-

suming that anatomical parameters alone could be suffi-

cient for PG overdose prediction, and also be visible on

the CBCT.

We performed a leave-one-out cross validation to esti-

mate the model’s stability and accuracy, which revealed

very low variation in each model coefficient. So, the

model is not strongly influenced by individual patients,

showing that, even if the number of patients is low, the

Fig. 4 a Nomogram to predict PG overdose. The nomogram enables easy prediction of the difference between the mean cumulated parotid

gland (PG) dose and the mean planned PG dose (in Gy), using three parameters calculated on the planning computed tomography (CT) (CT0)

and on a CT performed during the first week of the treatment (CT1). CTV70 (in cm3): clinical target volume receiving 70Gy; ΔCTV70 (in cm3):

difference between the CTV70 of CT1 and CT0; ΔDosePG (in Gy): mean PG dose difference between CT1 and CT0. b Quantiles-quantiles plot

(Q-Q plot) of the nomogram. The more accurately the quantile position is aligned, the more linear the model

Castelli et al. Radiation Oncology  (2016) 11:79 Page 7 of 11

85



considered population is homogeneous enough for the

model to reach stability. No outliers were extracted.

These results are proof of the model’s good stability and

accuracy.

The nomogram’s sensitivity was only 80 %, which is

insufficient for clinical decision making. The nomo-

gram failed to predict PG overdose for two patients,

whom exhibited moderate mean PG dose increases

(<1.5Gy). In order to improve the sensitivity and

identify other anatomical parameters correlated with

PG overdose, a larger patient cohort is required. In

addition, an external cohort is needed to validate the

nomogram before it can be implemented in routine

clinical practice.

Fig. 6 Benefit of weekly replanning for the 14 parotid gland (PG) overdose patients identified by the nomogram. Cumulated mean dose

difference between doses with replanning and those without (left y-axis), in each of the parotid glands (PGs) (ipsilateral and contralateral). The

corresponding estimated risk of xerostomia (%), computed using the normal tissue complication (NTCP) Lyman Kutcher Burman (LKB) model (LKB

NTCP) (n = 1, m = 0.4, and median toxic dose [TD50] = 39.9) [23, 24] is represented on the right y-axis. Xerostomia was defined as a salivary flow ra-

tio <25 % of the pretreatment one

Fig. 5 Correlation between observed and predicted parotid gland (PG) doses. Representation of the observed (vertical axis) and predicted (horizontal

axis) values of PG dose variation (difference between cumulated and planned PG dose) for each PG. The model included three parameters (CTV70
shrinkage at the CT1, mean PG dose difference between the dose delivered at CT1 and the planned dose, and CTV70 at the planning). Blue line:

regression line (R2 = 0.75). Red areas: wrong predictions (e.g. predicted overdose vs. observed under-dose). CT: computed tomography; CTV70 (in

cm3): clinical target volume receiving 70Gy; CT1: Week 1 treatment CT
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We attempted to translate the dosimetric benefit from

ART to a clinical benefit, based on a xerostomia NTCP

model. A strong relation existed between the mean doses

to the parotid glands and salivary flow, and the efficacy of

these NTCP models proved relatively high (area under the

curve: 0.68–0.75) [24, 32–34]. Non-dosimetric patient fac-

tors, such as age, tumor stage, baseline xerostomia, and

chemotherapy [32, 35–37] may also increase the risk of xer-

ostomia, though this is controversial [32–34]. Using IMRT,

severe xerostomia was detected in approximately 40 % of

the patients, compared to 80 % using 3D conformal radio-

therapy [38, 39]. The dose constraints recently suggested by

the QUANTEC group [34] may enable reducing severe xer-

ostomia to under 20 % [33, 37]. However, these dose con-

straints were only met in a minority of patients. In our

study, the estimated xerostomia risk for the cumulated dose

without replanning was 37 %, close to the observed xeros-

tomia values in IMRT studies [38, 39]. For the patients pre-

dicted to receive overdose by the nomogram (70 % of our

population), an ART strategy could enable the xerostomia

risk to be reduced to under 30 %.

The key issues affecting ART use include the choice

of image registration method to monitor the cumu-

lated dose and thus trigger replanning, within a dose-

guided radiotherapy perspective. The PGs are often

close to or within a high-dose gradient, and even

minor geometrical registration errors can lead to high

cumulated-dose errors. A recent study evaluating ac-

curacy for dose accumulation of 10 deformable-image

registration methods in HNC [40]. For the most ac-

curate method (FFD with mutual information), a

mean cumulated dose point-to-point error of 2.5Gy

for the PG was shown. Taking into account these un-

certainties, it was possible to correctly identify the

overall under- and overdosed PGs. Moreover, poten-

tial loss of PG cells during the course of radiotherapy

[41] should be carefully considered due to the uncer-

tainty of point-to-point matching between different

CTs when using a deformable registration method. In

addition, due to the possible heterogeneity of radio-

sensitivity within the PGs [42–44], local hotspots may

also have different impacts on xerostomia risk. In our

study, the predicted value of PG overdose was ob-

tained from the estimated cumulated dose using the

Dose Index Registry (DIR), and is therefore subject to

uncertainty. For all these reasons, and in the interest

of clinical justification (correlation between the mean

PG dose and xerostomia), we only investigated the

mean PG dose. Clearly, more thorough analysis into

correlations between the PG cumulated dose and xer-

ostomia, using a larger patient cohort or phantom-

based studies evaluating the accuracy of the DIR,

need to be carried out in order to validate the dose

accumulation method for daily clinical practice.

Conclusion

Based on the planning and first week CTs, our nomo-

gram enabled the identification of all patients with large

PG overdoses (≥2.5Gy). Replanning of these targeted pa-

tients lead to an eventual 4-Gy decrease in the mean PG

overdose, while still respecting the dose-volume con-

straints in the other OARs and PTV. Other external co-

horts are now required to validate this nomogram, as

are clinical studies in order to validate the benefit of

ART in the aims of decreasing the risk of xerostomia in

locally-advanced HNC IMRT.
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3.2.3 Conclusion 

E  utilisa t des pa a t es a ato i ues et dosi t i ue issus de la pla ifi atio  et du s a e  

alis  à la p e i e se ai e de t aite e t,  ous a o s pu d fi i  u   od le de p di tio  du 

is ue de su dosage des pa otides. Les patie ts a a t u e tu eu   olu i euse, a e  u e fo te 

tu o ale p o e et p se ta t u  su dosage des pa otides à la p e i e se ai e de t aite e t 

so t les  eilleu s  a didats à u e  epla ifi atio . Fo d  su   es pa a t es, u   o og a e a 

pu  t e  alis  afi  d aide  à  l esti atio  du  is ue de su dosage des pa otides. La  alisatio  

d u e  epla ifi atio   hez les patie ts ide tifi s pa  le  od le  o e  ta t à  is ue de su dosage 

des  pa otides  pe et  u e  di i utio   de  la  dose  o e e  au   pa otides  de    G ,  e  ui 

o espo d à u e di i utio  du  is ue esti e de  osto ie de   % e   aleu  a solue.  

E   aiso  du  o e  li it  de patie ts  i lus da s  l tude   patie ts ,  ous  a o s pas pu 

alise  de  alidatio  e te e. U e  alidatio   ois e pa  lea e‐o e‐out a  epe da t  t   alis e, 

pe etta t d esti e  la se si ilit  du  o og a e à  % et la sp ifi it  à  %. Ces  sultats, 

ui  peu e t  s e pli ue   pa   le  fai le  o e  de  patie ts  i lus,  este  i suffisa t  pou   u e 

utilisatio   e   p ati ue  li i ue.  Cepe da t,  il  est  i t essa t  de  ote   ue  le  o og a e 

pe ettait d ide tifie  tous les patie ts a a t u  su dosage de plus de  ,  G ,  es patie ts  ta t 

p o a le e t les plus à  e de  fi ie  d u e  adioth apie adaptati e.  

Au total,  l utilisatio  de pa a t es a ato i ues et dosi t i ues si ples pou ait pe ett e 

l ide tifi atio  des patie ts à  is ue de su dosage des pa otides,  a didats à u e st at gie de 

epla ifi atio   he do adai e  afi   de  di i ue   le  is ue  de  osto ie.  Le  fi e  d u e 

st at gie  de  adioth apie  adaptati e  utilisa t  u   o e  oi s  i po ta t  de  epla ifi atio  

este  epe da t à  alue . 

  

   



 

 

 

.  St at gie opti ale de  adioth apie adaptative pou   pa g e  les pa otides 

Des  sultats p de ts,  ous a o s  u  ue la  adioth apie adaptati e appo te u   fi e e  

te es de di i utio  de la dose au  pa otides. Cepe da t  e  fi e a  t  esti  e  utilisa t 

u e app o he s st ati ue de  epla ifi atio  he do adai e. Il est possi le  ue  ette app o he 

e  soit  pas  la plus  e ta le  e   te e de  fi e  dosi t i ue pa   appo t  au  te ps et  à  la 

lou deu  de  ette app o he. E  effet, si u e p e i e  aluatio  po ta t su    patie ts a ait 

o t   ue    epla ifi atio s pe ettaie t u e  eilleu e  pa g e des pa otides  o pa e à   

epla ifi atio s  [ ],  e  fi e  estait  odeste.  Da s  ette  tude,  seul  le  o e  de 

epla ifi atio s  tait  a ia le  ,   ou  . La  epla ifi atio   tait  alis e à la t oisi e se ai e 

de t aite e t da s le  as d u e  epla ifi atio  u i ue. Da s le s h a a e     epla ifi atio s, 

elles‐ i  taie t  alis es  à  la  deu i e  et  uat i e  se ai e.  E fi   la  f ue e  tait 

he do adai e da s le s h a a e     epla ifi atio s. U e  aluatio  des diff e ts s h as de 

epla ifi atio   e  te es de  o e et de  o e t de  epla ifi atio  appa aissait do   o e 

essai e. 

Not e  uipe  a  ai si  alu   le  fi e  de  l e se le  des  s a ii  de  epla ifi atio s 

he do adai es. E  faisa t  a ie  la f ue e  de   à    epla ifi atio s  et les se ai es de  ise 

e  œu e  des  epla ifi atio s  de  la  i e  à  la  de i e  se ai e ,  u   total  de    s h as  de 

epla ifi atio  o t  t   o pa s  Figu e  . Cette  o pa aiso  a  epos  su  les  es  it es 

ue l a ti le  ep oduit p de e t  I pa t of head a d  e k  a e  adapti e  adiothe ap  to 

spa e the pa otid gla ds a d de ease the  isk of  e osto ia ,  est‐à‐di e e   o sid a t la dose 

o e e  eçue pa  les pa otides à pa ti  de la dose  u ul e pa   e alage d fo a le.  



 

 

 

 

Figu e   : “ h a de l tude 

CT:  o puted to og aph ; W: se ai e de t aite e t. Les doses he do adai es  taie t  e al ul es sa s 
epla ifi atio   step  A  ou a e   step  C . Les doses  u ul es sa s  epla ifi atio   step  B  et pou  
ha u  des s a ii  step  D  o t  t   al ul es e  utilisa t à la fois la  o e e des doses  o e es et 
u e  thode de  e alage  lasti ue, puis o t  t   o pa es a e  la dose à la pla ifi atio . 

“ou e P.)ha g, A.“i o , B. igaud, J.Castelli et al. ‘adiothe . O ol.   

Les  sultats  Figu e    o t  o t   ue  ha ue  epla ifi atio   suppl e tai e  appo te  u  

fi e e  te es d pa g e des pa otides. Cepe da t,   % du  fi e  tait attei t a e    

epla ifi atio s à la  i e,  i e et  i e se ai e. U  tel s h a de  epla ifi atio  pou ait do  

ep se te   le  eilleu   o p o is  e   te es  de  appo t  o ple it / fi e.  Ce  t a ail  a 

gale e t pe is de soulig e   ue da s le  as où u e seule  epla ifi atio  est  alis e, elle doit 

t e faite de faço  p o e  da s les   p e i es se ai es  pou  o te i  le plus de  fi e su  



 

 

 

l pa g e des pa otides. Ce de ie  poi t peut s e pli ue  pa  la su e ue p o e des  a iatio s 

a ato i ues  lo s de  la  adioth apie. De plus,  la  alisatio   t op  ta di e d u e  epla ifi atio  

au a  ue peu d i pa t à l helle du t aite e t du fait du  o e li it  de s a es au uelles 

ette  epla ifi atio   a s appli ue . 

 

 

Figu e   : B fi e de la  epla ifi atio s  pou   pa g e  les pa otides e  fo tio  de  ha ue s e a io, 
e   o sid a t la  o e e des doses  o e e au  pa otides  

A‘T:  adioth apie adaptati e; PG: pa otide; CL:  o t olat ale; IL: ho olat ale 

Cha ue  oite à  ousta he  ep se te la diff e e e t e la dose  u ul e et la dose pla ifi e pou   ha u  
des   s a ios d A‘T. Cha ue s e a io est ide tifi  pa  la ou les se ai e s  de  epla ifi atio ,  lass  pa  
o d e  oissa t de  o e de  epla ifi atio s  CT  to CT . Les li ites de  ha ue  e ta gle  ep se te t 
les  ie e a d  ie e pe e tiles, les t aits fi s  e ti au   ep se te t les  aleu s e t es et la lig e au 
sei   du  e ta gle  o espo d  à  la  dia e.  Le  t ait  oi   ho izo tal  ep se te  la  f e e  pou   la 
diff e e  de  dose  dose  pla ifi e  su   le  s a e   i itial .  La  lig e  ouge  e   poi till e  o espo d  à  la 

dia e de la diff e e de dose pou  l e se le de la  oho te e  l a se e de  epla ifi atio . Les poi ts 
e   ouleu  da s la pa tie i f ieu e  ep se te t le pou e tage de patie t  ui o t, pou   ha ue s a io, 
u   fi e de plus de   G  pou  les   pa otides  e   oi , au  oi s u e pa otide  e   e t , seule e t 
pou  la pa otide ho olat ale  e   leu  ou seule e t pou  la pa otide  o t olat ale  e   ouge   o pa e 
à l a se e de  epla ifi atio .  

“ou e P.)ha g, A.“i o , B. igaud, J.Castelli et al. ‘adiothe . O ol.   



 

 

 

 Mod lisatio  de la  adioth apie adaptati e des  a e s des VADS 
pou   a lio e   la  ou e tu e  du  olu e  i le  ou  pou  
l’i te sifi atio  th apeuti ue 

La  adioth apie adaptati e pe et u e di i utio  de la dose  eçue pa  les pa otides, et ai si 

pou ait pe ett e de di i ue  la to i it . Elle peut  epe da t  t e utilis e aussi pou  assu e  le 

ai tie   d u e  ou e tu e  tu o ale  a i ale  et/ou  da s  l opti ue  d u e  es alade  de  dose 

guid e pa  l i age ie  o phologi ue ou  ta oli ue . 

.  Qua tifi atio  du  fi e de la  adioth apie pou  a lio e  la  ouve tu e 
du volu e  i le au  ou s d’u e i adiatio  d’u   a e  des VADS 

4.1.1 Introduction 

Nous a o s  u p de e t  ue du fait des i po ta tes  a iatio s a ato i ues su e a t e  

ou s de t aite e t,  il e iste u  su dosage des pa otides. Co e a t les  olu es  i les,  il est 

glo ale e t  o sid   ue l utilisatio  d u e  a ge de t aite e t autou  de la tu eu   pla i g 

t eat e t  olu e  PTV   de ait  li ite   le  is ue  de  sous  dosage  du  olu e  i le  [ ,  ]. 

Cepe da t, l esti atio  de la dose  eçue pa  la tu eu  est u  pa a t e  apital,  ota e t au 

ega d de  la g a it  du p o osti  des patie ts t ait s pa   adio‐ hi ioth apie pou  u   a e  

lo ale e t  a a s  des  VAD“  e i o     %  de  idi e  lo ale  à    a s  [ ] .  Les  do es 

dispo i les  o t e t  ue le sous dosage du  olu e  i le est possi le e   ou s de t aite e t [ , 

,  ]. Tout  o e pou  les pa otides,  e sous dosage  e se le su e i   ue pou  u e pa tie 

des patie ts. 

L aluatio   du  sous  dosage  au  olu e  i le  pose  le  p o l e  du  u ul  de  la  dose  da s  la 

tu eu . E  effet,  o pte te u de la pe te de su sta e  ui  a su e i  e   ou s de t aite e t, il 

est i possi le de  alise  u   u ul de dose pa   e alage  lasti ue. U e app o he pa  la  o e e 

des doses he do adai es a do   t   hoisis da s l a ti le sui a t  e   ou s de sou issio  à la 

e ue ‘adiothe ap  a d O olog  e  o to e  . 



 

 

 

4.1.2 Adaptive radiotherapy in head and neck cancer to correct tumor underdose and 

parotid gland overdose (article) 
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Abstract 

Purpose 

In the context of locally advanced oropharyngeal cancer (LAOC) treated with definitive 

radiotherapy (RT) (combined with chemotherapy or cetuximab), the aims of this study were: 

1) to estimate the dosimetric impact of anatomical variation on the tumor coverage and the 

parotid gland; and 2) to estimate the benefit of adaptive radiotherapy for both decrease the 

mean parotid gland dose and increase tumor coverage. 

Materials and methods 

Thirty-seven patients with a LAOC treated with IMRT (70 Gy, 2 Gy per fraction) had weekly 

computed tomography scans during the seven weeks of IMRT. Weekly doses were calculated 

without or with replanning. The dose delivered to 98% of the CTV (D98_CTV), the nearly 

maximum dose for the CTV (D2_CTV) and the mean dose of the CTV and the parotid gland 

were calculated. The delivered dose was estimated as the mean of the weekly dose of each 

parameters (without or with replanning). The delivered dose without ART was compared to 

the planned dose, and the delivered dose with ART was compared to the delivered dose 

without ART. Comparison was performed using median value of each parameter. 

Results 

The median D98_ CTV delivered without ART was 68 Gy, compared to 69.1 Gy at the planning 

(p<0.01). Ninety-four % of the patients had either CTV underdosage, PG overdose or both. A 

decrease of the dose to the CTV of more than 2 Gy combined with an increase of the mean PG 

dose of 2.4 Gy was show for 30% of the patients. Compared to standard IMRT without 

replanning, ART allowed increasing the D98_ CTV (69.2 Gy compared to 68 Gy, p<0.01). In the 

same time, the D2_CTV with ART was decreased from 74 Gy to 72.85 Gy (p<0.01) and the mean 

CTV dose from 71.4 Gy to 70.9 Gy (p=0.01). The mean PG dose was decreased from 27.9 Gy to 

25.9 Gy (p<0.01). 

Conclusion 

Thirty % of the patients had a CTV underdose of more than 2 Gy without ART. These patients 

may be at higher risk of treatment failure. ART allowed increasing treatment homogeneity and 

correcting both CTV underdose and PG overdose. These dosimetric benefits may allow 

increasing local control and decreasing toxicity. 
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1 Introduction 
 

During the course of intensity-modulated radiotherapy (IMRT) for head and neck cancer (HNC), due to 

large anatomical variations, the delivered dose may differed from the planned dose. Adaptive 

radiotherapy (ART) using one or several replanning aims to correct these variations and thus optimize 

the delivered dose distribution to the daily anatomy of the patient. ART was mainly evaluated to 

decrease the dose to the parotid gland [1-6]. Regarding the dose to the target volume, clinical target 

volume (CTV) coverage is usually considered more robust to changes, thanks to use of the planning 

target volume (PTV), combines with a tumor shrinkage. Indeed the analysis of the differences between 

planned and delivered dose for the GTV, CTV, and PTV showed controversial results. While a majority 

of the studies found very low dose differences (below 1-2% for the D2% and D95%) [3, 6-12], some 

reported large dose differences [13-16], of 1.9-Gy underdose to the GTV [16] or of 3 Gy to the PTV (up 

to 7.4Gy) [15]. However, these studies included a limited numbers of patients (ranging from 10 to 30) 

and imaging for dose comparison was performed at various time point, mostly only once time [1, 3, 7, 

9, 15].  

Regarding the benefit of ART to increase tumor coverage, five studies reported an improvement of 

various dosimetric endpoints, with a more uniform coverage [3, 5, 6] and an increased dose to the 

tumor compare without ART [4, 6, 15]. However, replanning was performed only time [3, 15] or two 

time [4-6] for a limited number of patients (10 to 33), while only a subset of patients may have a tumor 

underdose without ART (REF). Moreover, no data was available regarding the dose variation for both 

tumor and parotid gland at an individual scale. In particular, the frequency of patients with both a 

tumor underdose and a parotid gland overdose is not reported. 

The aims of this study were to estimate (i) the dosimetric impact of anatomical variations on tumor 

coverage and parotid gland sparing with a standard IMRT;  and (ii) the dosimetric benefit of ART with 

a weekly systematic replanning, for both correcting the tumor underdose and the parotid gland 

overdose. 
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2 Materials and methods 
 

2.1 Patients, tumors and treatment 

 

Thirty-seven patients with a locally advanced oropharyngeal cancer were prospectively included in this 

study. All tumors were locally advanced, corresponding to T3-4 or N2-3 stage (stage III or IV, AJCC 7th 

edition).  

All patients underwent IMRT with total dose of 70Gy (2Gy/fraction/day, 35 fractions), combined with 

a simultaneous integrated boost technique [17] and concomitant chemotherapy (cetuximab or 

platinum). Half of the patient have been treated with a standard one planning based IMRT and half 

have been treated with a weekly systematic replanning. 

All patients had a systematic percutaneous endoscopic gastrostomy for enteral feeding in order to 

avoid weight loss during the treatment. Informed consent was obtained from all patients. This study 

was approved by the institutional review board (ARTIX study NCT01874587). 

2.2 Planning  

Planning CTs (CT0) were performed with intravenous contrast agents using 2-mm slice thickness, from 

the vertex to the carina. Three target volumes were generated: CTV70, CTV63, and CTV56. The 70Gy 

clinical target volume (CTV70) was equal to the gross tumor volume plus a 5-mm 3D margin, adjusted 

to exclude the air cavities and all bone mass free of tumor invasion. CTV63 corresponded to the area at 

high-risk of microscopic spread, in particular the ipsilateral nodal level II, while CTV56 corresponded to 

the low-risk subclinical area. The planning target volume (PTV) was the CTVs plus a 5-mm 3D margin, 

limited at 3mm from the skin surface in order to avoid the build-up region and therefore limit skin 

toxicity [18]. The minimum PTV covered by the 95% isodose line was 95%. Dose constraints were set 
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according to the GORTEC group (the French group of radiation oncology for head and neck cancer) 

[19]. Parotid sparing was not conducted if considered to the detriment of PTV coverage or other 

essential organs at risk (OARs).  

2.3 Weekly replanning 

Each patient underwent six weekly CTs (CT1-CT6) using the same protocol as CT0 over the treatment 

course, except for some variations in intravenous contrast agent use, which was not systematically 

employed, particularly not in the context of cisplatin-based chemotherapy. Anatomical structures 

were propagated from the planning CT to the weekly CT using deformable image registration (MIM 

Software 6.6©) and were manually corrected by the same radiation oncologist for each patient. In the 

event of complete response, the original macroscopically-involved areas were still included in CTV70, 

which was adjusted to exclude any air cavities and bone mass showing no evidence of original tumor 

invasion. Two weekly dose distributions were performed on each weekly CT dataset, corresponding to 

two differents situations: standard IMRT without replanning or IMRT with replanning (ART). The 

standard IMRT without ART dose distribution was computed using treatment parameters and the 

isocenter from planning after bony registration. Weekly IMRT replanning was performed in accordance 

with the dose constraints described for the initial planning. The dose constraints specified for the OARs 

complied with the GORTEC recommendations for all replanning, as for the initial planning.  

Treatment always commenced on Mondays, with each weekly CT performed the following Monday. 

As patients were treated 5 days per week, each weekly CT corresponded to a 10Gy additional dose to 

the PTV (CT1 at 10Gy, CT2 at 20Gy, and so on). 

2.4 Cumulated dose estimations for the CTV and the parotid gland 

The dose received by 98% of the CTV70 (D98_CTV), the mean CTV70 dose, the nearly maximum dose for 

the CTV (D2_CTV) and the mean parotid gland dose for each scenario (without or with replanning) was 

calculated. The cumulated dose without or with replanning were estimated using the mean of the 
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weekly dose for each dosimetric endpoints. Due to the loss of substance of the tumor and potentially 

of the parotid gland, deformable image registration was not used to cumulate the dose in this two 

structures. 

2.5 Statistical analysis 

The endpoints were the cumulated dose for the parotid gland (mean dose) and the CTV (D98, D2 and 

mean dose). The cumulated dose without ART and with ART were compared with the planned dose 

using nonparametric tests (Wilcoxon test). The cumulated dose with ART were also compared with the 

cumulated dose without ART. 

3 Results 
 

3.1 Quantification of the CTV underdose and parotid gland overdose with standard 

IMRT (cumulated dose without ART minus planned dose) 

Compared to the planning, when using a standard IMRT without replanning, the median D98_CTV 

decreased from 69.1 Gy to 68 Gy (p<0.01). Twenty-eight (76%) patients had a median decrease of 1.6 

Gy of the CTV_D98. Table 1 shows the population repartition based on D98_CTV variations without 

ART compared with the planned dose. Figure 1 shows the population repartition based on D98_CTV at 

the planning and cumulated without ART. The median value for the D2_CTV and the mean CTV dose 

at the planning were 72.8 Gy and 70.9 Gy, compared to a median value without ART of 74 Gy (p<0.01) 

and 71.4 Gy (p=0.02) respectively. The median CL PG dose slightly increased without ART compared to 

the planning (27.9 Gy and 27.8 Gy, respectively (p<0.01)). The dose to the CL PG was decreased by a 

median value of 0.8 Gy for 33% of the patients, while an increased by 2.3 Gy was show for the other 

67% of the patients. Table 1 shows the population repartition based on mean parotid gland dose 

variations without ART compared with the planned dose. Figure 2 shows the population repartition, 
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for both ipsilateral and contralateral parotid gland, of mean dose at the planning and cumulated 

without ART.  

Ninety-five percent of the patients had either CTV underdosage, CL PG overdose or both. Table 2 shows 

the population repartition of CTV underdose and parotid gland overdose without ART. 

3.2 Quantification of the benefit of ART to correct CTV underdose and parotid gland 

overdose 

Replanning was available for 30 patients. The median D98_CTV was 69.2 Gy with ART, compared to 68 

Gy in case of standard IMRT without replanning (p<0.01). Compared to standard IMRT without 

replanning, ART allows to maintain the treatment homogeneity, decreasing the D2_CTV from 74 Gy to 

72.85 Gy (p<0.01) and the mean CTV dose from 71.4 Gy to 70.9 Gy (p=0.01). Figure 1 shows the 

population repartition of D98_CTV at the planning, cumulated without ART and with ART. No 

difference between planned dose and cumulated dose with ART was show for the D98_CTV (p=0.06), 

the D2_CTV (p=0.1) and the mean CTV dose (p=0.18). ART allows also correction of the PG overdose, 

from 27.9 Gy to 25.9 Gy (p<0.01). Figure 2 shows the population repartition of mean PG dose at the 

planning, cumulated without ART and with ART. The benefit of ART to increase the dose to the CTV 

and decrease the dose to the parotid gland compared to the planned dose and to cumulated dose 

without ART is show table 2A and table 2B respectively. The figure 3 shows the individual benefit of 

ART to correct CTV underdose and PG overdose, compared to the cumulated dose without replanning.  

4 Discussion 
 

Our study is the first to report the dosimetric benefit of a maximalist weekly replanning to both 

increase tumor coverage and decrease mean parotid gland dose during IMRT for head and neck cancer. 

Nearly half of the patients had a CTV underdose of more than 1 Gy. ART allows also achieving a more 

uniform coverage of the target volume. Moreover, regarding both contralateral parotid gland and CTV 
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dose variation, the dose delivered without ART was similarly to the planned dose for only 5 % of the 

patients.  

Thanks to the use of a planning target volume, one can think that the impact of the anatomical 

variation to the dose delivered to the target volume will be non-significant. However, literature 

showed controversial results, some studies reported an increase of the dose to the tumor [7, 8], others 

studies found very low dose differences between planned and delivered dose to the target volume 

(below 1-2% for the D2% and D95%) [3, 6, 9-12], and finally another studies reported large dose 

differences [13-16]. However, the tumor localization may also impact on the results, some studies 

included patients with head and neck cancers without tumor localization criteria [3, 9-12] while others 

studies included only nasopharynx [14] or oropharynx cancer [6]. The treatment was also different, 

with definitive or post-operative radiotherapy. All these studies included a limited number of patients 

(from 10 to 30 patients), while tumor underdose occurred not for all patients but only for a subset, 

and used a limited number of time points for cumulated the dose. Only five studies cumulated the 

dose based on at least a weekly imaging [6, 8, 10-12], while the other studies used 1 to 3 time points 

during the treatment. The method to cumulate the dose may also have a major impact on the results. 

Deformable image registration to cumulate the dose should not be used for the target volume due to 

tumor shrinkage. These points may explain the discrepancy between the different studies regarding 

tumor underdose. In our study, the cumulated dose was estimated by the mean of weekly value. A 

weekly imaging seems sufficient, as anatomic variations appear progressively over the treatment 

weeks. The tumor ant treatment homogeneous as all patients included had an oropharynx treated 

with chemoradiotherapy. We found that nearly 30% of the patients had a decrease of the dose to the 

CTV of more than 2 Gy, and an increase of the mean PG dose of 2.4 Gy. For these patients, these 

difference corresponding to one lost fraction to the tumor and to one supplementary fraction to the 

parotid gland. Such dose differences to the target volume are likely to lead to treatment failure. The 

impact of the planned dose to the tumor was assessed using quality assurance of radiotherapy for 820 

patients included in the TROG 02.02 study. Based on protocol-specified criteria for significant 
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deviations (Gross disease must receive at least 66.5Gy, no more than 10% of the planning target must 

receive < 66.5Gy), two subgroups were retrospectively identified. Patients with major deficiencies in 

their treatment plans had a worse outcome compared with those treatment plans were protocol 

compliant: 2 years freedom from locoregional failure 54% v 78% respectively (p<0.001) [20]. We found 

that nearly 20% of the patients in our study had a delivered dose without ART to the CTV lower than 

66.5Gy. These patients may have a great benefit from an ART strategy, with a potential increase of the 

local control. 

In most of studies, ART was performed with the goal of correcting organs at risk overdose (mostly the 

parotid glands), allowing a decrease of the mean parotid gland dose (ranging from 0.6 Gy to 4.1 Gy), 

compared without ART [1, 2, 9, 10]. Regarding the benefit of ART for the tumor coverage, fives studies 

reported an improvement of the dosimetric endpoints (GTV, CTV, and PTV) with more uniform 

coverage [3, 5, 6] and increased coverage [4, 6, 15]. Schwartz et al. [6]included 22 patients with an 

oropharynx cancer. Using one or two replanning, an increase of tumor coverage and dose homogeneity 

were show. However, these studies used one or two replanning, and included a limited number of 

patients (from 10 to 30). One study included 30 patients, but only one replanning was performed at 

40 Gy and the benefit of ART was estimated for the remaining 30 Gy. Our study is the first to evaluate 

the benefit of a maximalist weekly replanning for both increase tumor coverage and decrease mean 

parotid gland dose. In our study, ART allowed to correct CTV underdose for all patients. For the patients 

with a D98_CTV decrease > 2 Gy, the mean D98_CTV with ART was 68.8 Gy compared to 65.3 Gy 

without ART and to 68.7 Gy at the planning. This result may explain the better clinical outcome 

reported for patient treated with ART in two non-randomized studies [21, 22].  

Different ART strategies for head and neck cancers were reported in the literature. The majority of the 

studies suggest that the more replanning are used, the more the PG can be spared, and especially so 

for oropharyngeal tumors. However, limiting the number of replanning is a crucial issue, given the 

burden each supplementary replanning entails [15, 23]. This point was addressed in a study 

investigating the benefit of numerous replanning strategies, defined by various numbers (1 to 6), and 
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the timings of replanning (at each week of the treatment) with regard to parotid gland sparing for 13 

patients with oropharyngeal cancers [24]. Six replannings ensured the best benefits (decrease of 3.3 

Gy of the parotid gland mean dose). However, 94% of this benefit was already attained with three 

replannings at weeks 1, 2, and 5, enabling a decrease of the mean parotid gland dose by 3.1 Gy. In our 

study, a maximalist number of 6 replanning were used to ensure the maximal benefit of ART. However, 

a lower number of replanning may be used to decrease the workload while keeping a significant benefit 

regarding tumor coverage and parotid gland-sparing. 

There are two different modalities for ART: online or offline approach. In online ART, the whole process 

is performed while the patient remains on the treatment couch. This approach enables correction of 

systematic and random errors, can take into account acute modifications like rapid disease response, 

and provides small benefit in sparing the parotid gland compared to the off-line approach [10]. On the 

other hand, due to ti e constraints, online ART appears unrealistic in today’s clinical practice. In the 

offline approach, a new plan is generated in just a few days, enabling the clinical quality assessment 

process to be initiated, and using information from previous time point. In clinical practice, offline ART 

seems more realistic for HNC, as anatomic variations appear progressively over the treatment weeks.  

 

Our study exhibits some limits. Replanning were available only for a subset of patients (30/37). It was 

not possible to investigate the correlation between CTV underdose and tumor relapse as most of the 

patients were treated using an ART strategy. The number of patients was limited, even if it was the 

largest series reporting data of ART for tumor coverage combined with parotid gland sparing. No 

correlation between CTV underdosage and anatomical parameters were available. To estimate the 

dose without ART, we used the mean of the weekly CTV_D98 and of the mean PG dose. Such choice 

may be discussed for the CTV. However, due to tumor shrinkage, dose accumulation using deformable 

image registration was not possible. To ensure the best benefit of ART, an online approach was 

simulated in our study, and an offline approach may offer a slightly lower benefit. 
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5 Conclusion 
 

Compared to the planned dose, nearly half of the patient treated with standard IMRT without ART had 

a decrease of the dose to 98% of the CTV of more than 1 Gy. Regarding both CTV and PG dose, the 

delivered dose was similar to the planned dose for only 5% of the patients. A weekly ART corrected 

both CTV underdose and parotid gland overdose for all patients, and may allowed to increase local 

control while decreasing toxicity.  
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Table 1: Population repartition based on D98_CTV variations without ART (Delivered dose 

without ART minus planned dose) 

Dose variations without ART compared to planned dose 

(Delivered dose without ART minus planned dose) 

Nbr of patients (%) 

D98_CTV  

> + 1 Gy 1 (3%) 

- 1 Gy to + 1 Gy 19 (51%) 

< -1 Gy 17 (46%) 

Mean parotid gland dose  

> 2 Gy 

-2 Gy to + 2 Gy 

< -2 Gy 

15 (41%) 

19 (51%) 

3 (8%) 
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Table 2: Population repartition of CTV underdose and parotid gland overdose without ART 

(Delivered dose without ART minus planned dose)  

 

 PG$ underdose PG$ overdose Total 

CTV underdose 28%  

D98_CTV = - 1.2 Gy* 

PG dose = - 1.1 Gy* 

48% 

D98_CTV = - 2 Gy* 

PG dose = + 2.3 Gy* 

76% 

CTV overdose 5% 

D98_CTV = + 0.2 Gy* 

PG dose = - 0.2 Gy* 

19% 

D98_CTV = + 0.6 Gy* 

PG dose = + 2.6 Gy* 

24% 

Total 33% 67%  

 

*=median, $ = The contralateral parotid gland has been considered only. Number of patients = 37 
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Table 2A: Population repartition of the benefit of ART to increase the dose to the CTV and 

decrease the dose to the parotid gland (cumulated dose with ART minus planned dose) 

ART compared with 

the planning 

CL PG underdose CL PG overdose  

CTV underdose 64% 
D98_CTV = - 0.6 Gy* 

Mean PG dose = - 2.2 Gy* 

3% 
D98_CTV = - 0.4 Gy* 

PG dose = 1.1 Gy * 

67% 

CTV overdose 30%  
D98_CTV = + 0.7Gy* 

PG dose = - 1.7Gy* 

3% 
D98_CTV = + 0.2 Gy* 

Mean PG dose = + 0.9 Gy* 

33% 

 94% 6%  

 

*=median, number of patients = 30 

 

2B Population repartition of the benefit of ART to correct the dose to the CTV 

(underdose/overdose) and decrease the dose to the parotid gland (cumulated dose with ART 

minus cumulated dose without ART) 

ART compared 

without ART 

Correction of the PG overdose PG dose increase  

Correction of the CTV 

underdose (D98 

increase) 

56% 
D98_CTV = + 1.7Gy* 

Mean PG dose = - 3.8Gy* 

11% 
D98_CTV = + 2.7Gy* 

Mean PG dose = + 1.7Gy* 

67% 

Correction of the CTV 

overdose (D98 decrease) 

33% 
D98_CTV = - 1Gy* 

Mean PG dose = - 4.1Gy* 

0%  
D98_CTV = N/A 

Mean PG dose = N/A  

33% 

 89% 11%  
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Figure 1: Population repartition of D98 CTV: at the planning, delivered without ART and 

delivered with ART 

The D98_CTV delivered without ART (red area) was decreased compared to the planned dose 

(blue area). A weekly ART allows correcting tumor underdose (green area). 

D98_CTV = Dose delivered to 98% of the CTV. 
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Figure 2: Population repartition of mean PG dose: at the planning, delivered without ART and 

delivered with ART 

Compared to the planned dose (blue area), standard IMRT without ART (red area) leads to an 

increase of the mean parotid gland dose. A weekly ART (green area) allows correcting this 

parotid gland overdose. 

ART = Adaptive radiotherapy, PG =parotid gland 
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Figure 3: Individual benefit of the ART strategy for both dose to 98% of the Clinical Target 

Volume high dose and mean contralateral parotid gland 

Red and green area corresponding to 95% of the distribution of the patients (N=30) without 

and with ART respectively. Red and green dots corresponding to the cumulated dose received 

by 98% of the CTV (D98_CTV) and to the mean parotid gland cumulated dose without or with 

ART. 
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4.1.3 Conclusion 

Au  ou s d u e  adioth apie sta da d sa s  epla ifi atio   la dose d li e au  olu e  i le et 

au  pa otides  e  o espo d à la dose pla ifi e  ue pou  e i o    % des patie ts. E i o  la 

oiti  des patie ts  o t p se te  u  sous dosage de plus de   G  de la tu eu . Ce sous dosage 

de la tu eu  s asso ie à u  su dosage des gla des pa otides de plus de   G . Il e iste do  pou  

es patie ts à la fois u   is ue d aug e tatio  de la to i it   osto ie  et de  idi e tu o ale. 

U e  adioth apie adaptati e he do adai e pe et de  o ige  à  la  fois  le sous dosage de  la 

tu eu  et le su dosage des pa otides, pe etta t d esp e  u e aug e tatio  du  o t ôle lo al 

tout e  di i ua t la to i it  pa otidie e. U e  epla ifi atio  he do adai e pe et  gale e t 

d a lio e  l ho og it  de la dose au sei  du  olu e  i le. Il est  epe da t diffi ile d esti e  

si  es  a iatio s de doses peu e t  a oi   u   i pa t  su   l effi a it   du  t aite e t.  E   effet,  e  

l a se e de possi ilit  de  alise  u   u ul de dose pa   e alage  lasti ue,  ous a o s esti  la 

dose  pa   la  o e e  des  doses  he do adai es.  Cette  app o he  e  p e d  pas  e   o pte 

l i fo atio  spatiale de la dose. Il est do  possi le  ue le sous dosage d u e pa tie de la tu eu  

à u e se ai e do e du t aite e t soit  o pe s  lo s d u e aut e se ai e de t aite e t. 

Pa  ailleu s, tout  o e pou  les pa otides, u e pa tie seule e t des patie ts  o t p se te  u  

sous  dosage.  L ide tifi atio   p o e  de  es  patie ts  est  do   u   o je tif  ajeu   da s  u e 

opti ue d assu e  le  o t ôle lo al. 



 

 

 

.  Ide tifi atio  des patie ts à  is ue de  sous dosage de  la  tu eu  au  ou s 
d’u e  adioth apie sta da d sa s  epla ifi atio  

4.2.1 Introduction 

Co e  o t  p de e t, e i o  la  oiti  des patie ts  o t p se te  u  sous dosage de 

la  tu eu   au  ou s  d u e  adioth apie  sta da d  sa s  epla ifi atio .  Tout  o e  pou   les 

pa otides,  il appa ait esse tiel d ide tifie  p o e e t  es patie ts afi  de leu  p opose  u e 

st at gie de  adioth apie adaptati e a e  u  o je tif de  ai tie  de la  ou e tu e tu o ale.  

4.2.2 Matériels et méthodes 

Les pa a t es a ato i ues et/ou dosi t i ues p di tifs de  e sous dosage o t  t   alu s 

e   utilisa t  la  oho te  de  patie t  p de e t  d ite  f  se tio   . . .  Les  pa a t es 

a ato i ues et dosi t i ues sui a ts o t  t  a al s s da s l o je tif d alue  leu   o latio  

a e   le  sous  dosage  tu o al  esti   pa   la  dose  eçue  pa   %  du  olu e  i le  li i ue 

D _CTV  : CTV   ,  olu e des pa otides  , dia t e du  ou  , diff e e e t e la 

D _CTV pla ifi e et la D _CTV à la  i e se ai e, dose  o e e à la pa otide à la pla ifi atio  

et à  la  i e  se ai e, et e fi   la diff e e de dose  o e e à  la pa otide  o stat e à  la  i e 

se ai e.  U   test  de  o latio   de  Pea so   a  t   utilis   pou   alue   la  o latio   de  es 

pa a t es e t e eu  et a e   le sous dosage tu o al. Da s  le  as de pa a t es d pe da ts 

e t e eu , seul le pa a t e a e  le  oeffi ie t de  o latio  le plus  le  a  t   ete u pou  la 

suite de l a al se. U   od le li ai e de  g essio  a e  a al se des e da te a  t   alis . U e 

alidatio   ois e  pa   lea e‐o e‐out  a  t   alis e  pou   esti e   la  p isio   et  la  sta ilit   du 

od le.  

4.2.3 Résultats 

Les  sultats du test de  o latio  de Pea so  e t e les pa a t es a ato o‐dosi t i ue et le 

sous dosage du CTV so t p se t s Ta le   .  

 



 

 

 

Ta le   : Co elatio   et ee  a ato i al pa a ete s a d  a iatio  of the deli e ed dose fo  CTV   

A ato i al pa a ete Coeffi ie t of 
o elatio   “pea a

P  alue 

At the pla i g   
CTV D   i  G     .  
CTV      ‐ . < .  
Volu e of CL PG  .   .  
Volu e of HL PG    .  
Mea  CL pa otid dose    .  
Mea  HL pa otid dose .  
T stage    .  
N stage 
Dia ete  of the  e k 

  .  
.  

st  eek 
CTV D   i  G   . < .  
CTV D  : Dose diffe e e CT  – CT   i  G   .   < .  
CTV    i     ‐ .   .  
CTV   : Volu e diffe e e CT  – CT   i       .  
CL PG  i       .  
CL PG : Volu e diffe e e CT  – CT   i     ‐ .   .  
HL PG  i       .  
HL PG : Volu e diffe e e CT  – CT   i   .  
Dia ete  of the  e k  i       .  
Dia ete  of the  e k : Diffe e e CT  – CT   i  

 
‐ .   .  

 

CTV   = Cli i al Ta get Volu e; PG = pa otid gla d 

 

L a al se e   od le  li ai e de  g essio  a  et ou    pa a t es sig ifi ati e e t  o l s 

a e  le sous dosage de la tu eu . Il s agissait de la diff e e de D _CTV e t e la  i e se ai e 

et la pla ifi atio  et le  olu e de la tu eu  à la pla ifi atio . A pa ti  de  es   pa a t es, u  

od le de p di tio  a  t   o st uit selo  la fo ule sui a te : 

CTV_D  Va iatio  =  .    ∆CTV_D _CT  –  .    CTV _CT  

Ce  od le  a ait  u   oeffi ie t  de  d te i atio   ajust   ²   de  .   p< , .  L e eu  

uad ati ue  o e e et la p isio  du  od le, d te i  pa  la  alidatio   ois e  tait de  ,  



 

 

 

G  et de  , %  espe ti e e t  Figu e  . Ce  od le pe et de  ie   lasse   sous dosage ou 

su dosage de la tu eu    % des patie ts. Les patie ts a e  u  sous dosage de plus de   G  so t 

o e te e t ide tifi  pa  le  od le.  

 

 

Figu e   : Co elatio   et ee  o se ed a d p edi ted Cli i al Tu o  Volu e  CTV  doses  esults of 
lea e‐o e‐out  oss  alidatio  

 

‘ep ese tatio  of the o se ed  e ti al a is  a d p edi ted  ho izo tal a is   alues of CTV dose  a iatio  
diffe e e  et ee  deli e ed  ithout A‘T a d pla ed CTV dose  fo  ea h patie t. The  odel i luded 
t o pa a ete s  Mea  CTV dose diffe e e  et ee  the dose deli e ed at CT  a d the pla ed dose, a d 
CTV  at the pla i g . Blue li e:  eg essio  li e  ‘²= . ,  ed  dashed  li e = pe fe t fit. ‘ed a eas:  o g 
p edi tio s  e.g. p edi ted u de dose  s. o se ed o e dose  

CT:  o puted to og aph ; CTV   i   :  li i al ta get  olu e  e ei i g  G ; CT : Week   t eat e t 
CT 

 

   



 

 

 

4.2.4 Conclusion 

Tout  o e pou  les pa otides, il est possi le d ide tifie  p o e e t  d s la  i e se ai e de 

t aite e t  la plupa t des patie ts  ui  o t p se te  u  sous dosage de la tu eu , e  utilisa t 

des pa a t es a ato i ue et dosi t i ue si ple. La diff e e de dose au  olu e  i le à la 
e se ai e de t aite e t est fo te e t  o l e à la diff e e de dose fi ale. U e  o latio  

si ilai e  a ait  t   et ou e  pou   le  od le  de  p di tio   de  su dosage  des  pa otides.  Les 

pa a t es a ato i ues seuls  este t do  i suffisa ts pou  le  o e t pou  p di e le  is ue 

de  odifi atio  de  la dose d li e sa s  adioth apie adaptati e,  ue  e soit pou   le  olu e 

i le ou les pa otides. 

Au total, la  alisatio  d u  s a e  a e   e al ul de dose à la p e i e se ai e de t aite e t 

pe et d ide tifie  la totalit  des patie ts a a t u  sous dosage de la tu eu  d au  oi s   G , et 

da s le  e te ps les patie ts a a t u  su dosage des pa otides de plus de  ,  G . Ces patie ts 

pou aie t  ai si  fi ie   d u e  st at gie  de  adioth apie  adaptati e  da s  l o je tif 

d aug e te  le  o t ôle lo al. 



 

 

 

.  Ide tifi atio   des  patie ts  à  haut  is ue  de  idive  et  essita t  u e 
ouve tu e tu o ale opti ale  a ti les  

4.3.1 Introduction 

E i o  la  oiti  des patie ts p se te t u  sous dosage de la tu eu  de la tu eu  d au  oi s 

 G . Pa  ailleu s,   à   % des patie ts  o t p se te  u e  e hute lo ale, le plus sou e t da s 

les   a s sui a t la fi  du t aite e t. M e si au u e  tude  est dispo i le à l heu e a tuelle 

o e a t u  lie  e t e  e sous dosage de la tu eu  et la  idi e lo ale, il est  aiso a le de 

pe se   ue les patie ts  o sid s  o e à haut  is ue de  idi e lo ale de aie t  t e de  o s 

a didats  à  u e  st at gie  de  adioth apie  adaptati e  da s  l o je tif  d assu e   u e  ualit  

opti ale de t aite e t. Le p o osti  de  es patie ts est esti  glo ale e t e  se  asa t su  la 

lassifi atio   AJCC.  Cepe da t  ette  lassifi atio   este  i suffisa te  pou   esti e   le  is ue  à 

l helle i di iduelle. La TEP au  FDG, e  fou issa t u e i fo atio  su  le  ta olis e de la 

tu eu  pou ait pe ett e d ide tifie  a a t  e le d ut du t aite e t les patie ts à haut 

is ue  de  idi e.  Les  pa a t es  de  olu e  ta oli ue  MTV  et  TLG   se le t  à  e  tit e 

p o etteu  [ ]. Cepe da t  es pa a t es  essite t des op atio s de seuillage  e   aleu  

a solu de “UV ou  elati e pa   appo t au “UV a  pou   les  al ule .  La  uestio  du  hoi  du 

seuillage  opti al  da s  u e  opti ue  de  p di tio   du  is ue  de  idi e  ta t  pas  solue  à 

l heu e a tuelle. Pa  ailleu s, au u e  tude  a  alis  de  alidatio  e te e de  es pa a t es 

issus de la TEP. 

Da s  e  o te te,  ous a o s  alu  da s u  p e ie  t a ail l i pa t du  hoi  de la  thode de 

seuillage  a solu  ou  elati e   et  de  so   i eau  da s  u   a ti le  pu li   da s  Cli i al  Nu lea  

Medi i e  e   ja ie   .  Nous  a o s  e suite  alu   la  possi ilit   de  alise   u   od le  de 

p di tio  de la su ie e  utilisa t  es pa a t es TEP a al s s s pa e t su  la tu eu  et les 

ad opathies. Ce t a ail est p se t  da s u  se o d a ti le pu li  da s l Eu opea  Jou al of 

Ca e  e  ja ie   . 
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Metabolic Tumor Volume and Total Lesion Glycolysis in
Oropharyngeal Cancer Treated With Definitive Radiotherapy

Which Threshold Is the Best Predictor of Local Control?

Joël Castelli, MD, MSc,*†‡ Adrien Depeursinge, PhD,§|| Berardino de Bari, MD,*¶
Anne Devillers, MD,** Renaud de Crevoisier, MD, PhD,†‡††
Jean Bourhis, MD, PhD,* and John O. Prior, MD, PhD‡‡

Purpose: In the context of oropharyngeal cancer treated with definitive

radiotherapy, the aim of this retrospective study was to identify the best thresh-

old value to compute metabolic tumor volume (MTV) and/or total lesion gly-

colysis to predict local-regional control (LRC) and disease-free survival.

Methods: One hundred twenty patients with a locally advanced oropharyn-

geal cancer from 2 different institutions treated with definitive radiotherapy

underwent FDG PET/CT before treatment. Various MTVs and total lesion

glycolysis were defined based on 2 segmentation methods: (i) an absolute

threshold of SUV (0–20 g/mL) or (ii) a relative threshold for SUVmax

(0%–100%). The parameters’ predictive capabilities for disease-free

survival and LRC were assessed using the Harrell C-index and Cox

regression model.

Results: Relative thresholds between 40% and 68% and absolute threshold

between 5.5 and 7 had a similar predictive value for LRC (C-index = 0.65 and

0.64, respectively). Metabolic tumor volume had a higher predictive value

than gross tumor volume (C-index = 0.61) and SUVmax (C-index = 0.54).

Metabolic tumor volume computed with a relative threshold of 51% of

SUVmax was the best predictor of disease-free survival (hazard ratio, 1.23

[per 10 mL], P = 0.009) and LRC (hazard ratio: 1.22 [per 10 mL], P = 0.02).

Conclusions: The use of different thresholds within a reasonable range

(between 5.5 and 7 for an absolute threshold and between 40% and 68%

for a relative threshold) seems to have no major impact on the predictive

value of MTV. This parameter may be used to identify patient with a high

risk of recurrence and who may benefit from treatment intensification.

Key Words: metabolic tumor volume, oropharyngeal cancer, PET,

threshold

(Clin Nucl Med 2017;42: e281–e285)

18F -FDG PET/CTallows to quantify the metabolic activity of
a tumor (glycolysis) and has become a reference tool in

oncology for staging, radiotherapy planning, and monitoring tumor

response in many cancers.1,2 Compared with other diagnostic
modalities, PET imaging allows a most accurate nodal staging of lo-
cally advanced head and neck cancer3,4 and could result in changing
the therapeutic management in nearly 15% of patients.5

The SUVmax corresponds to the maximal pixel value in the
tumor. Thanks to its ease of use and relative robustness, it is one of
the most widely used parameters in clinical practice. However,
SUVmax is not representative of nonhomogeneous overall tumor
uptake. More recently, volumetric PET parameters—metabolic tu-
mor volume (MTV) and total lesion glycolysis (TLG)—have been
correlated with clinical outcome.6–8 Nonetheless, these parameters
require a tumor segmentation that is classically defined by either a
percentage of the SUVmax or absolute SUVas the lowest threshold
for inclusion. The optimal SUV threshold for clinical outcome pre-
diction in head and neck cancer is not well defined. Few studies
have compared different thresholds of MTV and/or TLG,9–14 and
a large majority of studies using the same thresholds of 40%
SUVmax15 or a fixed SUV threshold of greater than 2.5.16 In the
context of oropharyngeal cancer treated with definitive radiother-
apy, the aim of this retrospective study was to identify the best
threshold value to compute MTV and/or TLG in order to predict
clinical outcome.

MATERIALS AND METHODS
All consecutive patients from 1 cancer center and 1 university

hospital treated with definitive concurrent chemoradiotherapy or
radiotherapy-cetuximab for a locally advanced oropharyngeal carci-
noma between January 2010 and December 2015 were retrospec-
tively analyzed. The study enrolled a total of 122 patients. All
tumors were locally advanced (stage III or IV, American Joint Com-
mittee on Cancer seventh edition).

Treatment and Planning
All patients underwent intensity-modulated radiotherapy using

volumetric modulated arc therapy (Rennes) or helical tomotherapy
(Lausanne). A total dose of 70 Gy (2 Gy/fraction per day, 35 fractions
[Rennes]; or 2.12 Gy/fractions per day, 33 fractions [Lausanne], with a
simultaneous integrated boost technique)17was delivered combined to
concomitant chemotherapy,18,19 or cetuximab20 if the patients were
not fit for chemotherapy. The modality of planning and treatment
were the same as previously described.21 The study was ap-
proved by both institutional ethical committees (NCT02469922).

PET/CT Acquisition
All patients underwent FDG PET/CT for staging before treat-

ment. For (Rennes), the patients lasted at least 4 hours prior to injec-
tion of 4 MBq/kg of 18F-FDG (Flucis). Blood glucose levels were
checked prior to the injection of 18F-FDG. If not contraindicated, in-
travenous contrast agents were administered before CT scanning.
After a 60-minute uptake period of rest, patients were imaged with
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a PET/CT imaging system Discovery ST (General Electric Medical
Systems; General Electric Healthcare, Milwaukee, Wis). First, a CT
(120 kV, 80 mA, 0.8-second rotation time, slice thickness 3.75 mm)
was performed from the base of the skull to the midthigh. PET
scanning was performed immediately after acquisition of the CT.
Images were acquired from the base of skull to the midthigh
(3 min/bed position). PET images were reconstructed by using

an ordered-subset expectation maximization iterative reconstruction
(2 iterations, 28 subsets) and an iterative fully 3-dimensional image.
CT data were used for attenuation calculation. A similar protocol
was used in Lausanne, however, on a slightly more recent system,
Discovery D690 TOF PET/CT (General Electric Healthcare),
which allowed shorter acquisition (2min/bed position). PET images
were reconstructed after time-of-flight and point-spread-function
recovery corrections.

PET Analysis
For each patient, tumor gross tumor volume (GTV-T) and

nodal GTV (GTV-N) were manually segmented on each PET/CT
by the same radiation oncologist, experienced in head and neck can-
cer treatments. A region of interest (ROI) was computed by adding
3-dimensional margins of 10 mm to GTV-T and GTV-N (Fig. 1).

A set of quantitative parameters based on SUV histograms
was extracted from ROI-T and ROI-N in PET images. SUVmax
was first computed from ROI-T as the maximum SUV in the delin-
eated volume. Several metabolic volumes were subsequently de-
fined based on 2 segmentation methods: (i) an absolute threshold
of SUV (ranging from 0 to 20 g/mL, 0.5-g/mL steps) or (ii) a rela-
tive threshold of SUVmax (0%–100%, 1% steps). Metabolic tumor
volume was computed as the metabolic volume of the segmented
region in milliliters and TLG as SUVmean � MTV of the corre-
sponding thresholded region.

Statistical Analysis
Patients alive at the time of analysis were censored at the date

of last follow-up. Disease-free survival (DFS) was calculated from
the first day of radiotherapy (chemoradiotherapy) to the date of first
event (local or distant recurrence or death). Locoregional control
(LRC) was calculated from the first day of radiotherapy to the date
of first recurrence in primary tumor and/or lymph node. Follow-up
was calculated using a reverse Kaplan-Meier estimation.22Disease-
free survival and overall survival (OS) estimations were computed
using the Kaplan-Meier method, and 2-sided log-rank test was used
to compare groups.

The association of the PET pretreatment parameters with
DFS and OS was assessed using univariate Cox analyses.
Harrell C-index (C-index) was used to compare different models
(C-index ≈ 0.5→ not predictive, C-index ≈ 1→ predictive).23 The
C-index was used to determine the optimal SUV threshold giving the
most predictive value for each PET parameter. Factors with signifi-
cance of P < 0.1 and with the highest C-index after univariate analysis

FIGURE 2. Volume in milliliters for each relative (A) and absolute threshold (B). No impact of the ROI was shown as MTV
decreases regularly from 0% to 100% and from 0 to 20 mg/mL.

FIGURE 1. Illustration of GTV for the primary tumor
(GTV T = red line) and for the lymph nodes (GTV N = green
line) delineated by the radiation oncologist, for a patient with
a T4 N2 oropharyngeal cancer (SUVmax = 9.4 mg/mL).
An ROI was computed by adding 3-dimensional margins
of 10 mm to GTV-T (ROI-T = purple line) and GTV-N
(ROI-N = yellow line). These 2 ROIs were used to compute
MTV at different thresholds.
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were assessed for multivariate Cox regression model using backward
elimination. Variables were removed from the model if P > 0.1.

Two prognostic risk groups were identified based on the esti-
mated optimal cutoff point by the Hothorn and Lausen24 method.
Kaplan-Meier method was used to evaluate this cutoff.

All analyses were performed using R software 3.2.4 (R Develop-
ment CoreTeam; http://www.r-project.org).

Follow-up
A clinical evaluation was performed after radiotherapy every

3months the first 2 years then every 6months. Databasewas locked
on May 30, 2016.

RESULTS

Clinical Outcome
The median follow-up was 38 months (range, 2–80 months).

The 2-year DFS was 56.4% (95% confidence interval [CI],
47.3%–67.3%), and the 2-year LRC was 60.7% (95% CI,
51.6%–71.3%). At the analysis, 44 patients had died, and 47 pre-
sented a recurrence (20 with locoregional recurrence, 13 with distant
recurrence, and 14 with both locoregional and distant recurrence).

Predictive Parameters
Figure 2 shows the correlation between the volume of MTV

and the chosen threshold. No limitation in computation ofMTV due
to the use of an ROI was found.

SUVmaxwas not correlatedwith LRC orDFS (C-index = 0.54,
P = 0.63). No difference was found between MTV and TLG. All
thresholds between 40% and 60% of SUVmax or between 4.5 and

6 mg/mL appear to have a similar predictive value (Fig. 3). Relative
thresholds lower than 36% or higher than 84% were not significantly
correlated with DFS (Fig. 4). The best threshold to predict OS and
DFS was 51% of SUVmax, (C-index = 0.68 for OS [hazard ratio,
1.43 per 10 mL; 1.23–1.65; P < 0.001]; and C-index = 0.65 for DFS
[hazard ratio, 1.43 per 10 mL; 1.23–1.65; P = 0.03]). Gross tumor
volume was also correlated with DFS (C-index = 0.66, P = 0.04)
and LRC (C-index = 0.66, P = 0.03). In multivariate analysis,
MTV 51% was the only significant parameter.

The estimated cutoff point by the Hothorn and Lausen24

method for the MTV 51%was 22.7 mL. Based on this cutoff, 2 risk
groups were identified. The 2-year DFS and LRCwere 63.3% (95%
CI, 53.2%–75.5%) and 68% (95% CI, 48%–79.7%) for the group
with MTV 51% of less than 22.7 mL versus 32.9% (95% CI,
18.7%–58.1%) (P < 0.001) and 35.3% (95% CI, 20.4%–61.2%)
(P < 0.001) for the group with MTV 51% of 22.7 mL or greater
(P = 0.004) (Fig. 5), respectively.

DISCUSSION
To the best of our knowledge, our study is the first one ad-

dressing the issue of the predictive value of awide range of different
thresholds (from 0 to 20mg/mL and from 0% to 100% of SUVmax)
of MTVand TLG in the specific context of oropharyngeal cancers.
Considering both primary tumor and lymph node, we found that a
relative threshold of 51% was the best predictor for OS and DFS.
However, all thresholds between 40% and 62% of SUVmax or be-
tween 4.5 and 6 mg/mL appear to have a similar predictive value.
The most predictive threshold was 51%, whereas GTV, SUVmax,
and parameters computed from absolute SUV threshold appear less
predictive. The use of a relative threshold rather than an absolute

FIGURE 4. P values for DFS and LRC of MTV computed with different relative thresholds (from 0% to 100% of SUVmax) (A) or
with different absolute thresholds (from 0 to 20 mg/mL) (B).

FIGURE 3. C-index values for MTV computed with different relative thresholds (from 0% to 100% of SUVmax) (A)
or with different absolute thresholds (from 0 to 20 mg/mL) (B) to predict DFS and LRC. To estimate the predictive
capabilities of PET parameters on survival, Harrell C-index values were calculated (C-index) (C-index ≈ 0.5→ not predictive,
C-index ≈ 1→ predictive).23 The C-index was used to identify the threshold that offered the strongest predictive value for MTV.
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threshold may allow identifying the most metabolic part of the
tumor, which may be involved in the recurrence. Relative threshold
was also shown to be a better predictor than absolute threshold in a
similarly study in cervical cancer.25 This PET parameter may be
used to identify patients with a high risk of recurrence or death,
potentially candidates for treatment intensification (eg, dose escala-
tion by dose painting in the MTV).

Several studies also showed a better predictive value of MTV,
when compared with GTV and/or American Joint Committee on
Cancer staging.10,26 Noteworthy, the reproducibility of the MTV
and/or TLG is limited by the initial definition of these parameters,
which is based on a threshold of SUV, absolute (all pixels with
SUV value > x) or relative (all pixels with SUV value > xx % of
SUVmax), and most of the studies used only 1 threshold (2.5 or
3 g/mL, or 40%–50%). Six studies compared only 3 or 4 different
thresholds of MTVand/or TLG, most often using the same thresh-
old of 40%, 50%, or 2.5 and 3 of absolute SUV.9–13,27,28 An abso-
lute threshold of 2.510,13 and a relative threshold of 40%9,12 were
the best predictors for OS and DFS. However, also, all the other stud-
ied thresholds were correlated with OS andDFS but with a lower pre-
dictive value. Our study confirms that the use of different relative
thresholds within a reasonable range (between 40% and 60%) seems
to have no major impact on the predictive value of MTV.

Regarding absolute thresholds, we found a higher value
(from 4.5 to 6) than the 2.5 value used routinely.10,13However, same
result is shown in Abgral et al.14 This monocentric study compared
14 thresholds (from 2.0 to 7, and 30%, 40%, and 50% of SUVmax)
in 80 patients with head and neck cancer treated with surgery and/or
radiotherapy. An absolute threshold of 5 was the best one to predict
recurrence and death in head and neck cancer. However, the au-
thors computed MTV only for the primary tumor, and not for
the lymph nodes.

Another controversial issue is the use of a cutoff value for
MTV, which largely varied from 4.9 to 65 mL (median, 13.1 mL).
10,29–32 The use of different thresholds made it difficult to identify
the best cutoff to predict clinical outcome. In Abgral et al,14 a cutoff
of 4.9 mL for the MTV 5 was used. However, univariate and multi-
variate analyses were performed using dichotomized parameters in-
stead of continuous parameters. Dichotomization leads to loss of
power, affects the ability to detect relationships, and overestimates
the effect size. In our study, in a first step, we used continuous
parameters to identify the best threshold (MTV 51%), and in a sec-
ond step, we used the Hothorn and Lausen24 method to determine
the best cutoff (23 mL).

Our study had some limitations. It was a retrospective analy-
sis, without independent validation. We also calculated MTV with
the same threshold for both primary tumor and lymph nodes, in-
stead of using a combination of different thresholds, which may

have provided a better predictive value. Despite these limitations,
we showed that MTV is an independent prognostic factor, with a
higher predictive value than SUVmax and GTV.

CONCLUSIONS
The use of different thresholds within a reasonable range

(between 5.5 and 7 for an absolute threshold and between 40%
and 68% for a relative threshold) seems to have no major impact
on the predictive value of PET parameters. Metabolic tumor vol-
ume for both primary tumor and lymph node computed with a
relative threshold of 51% of SUV max was the best predictor of
OS and DFS. This parameter may be used to identify patients with
a high risk of recurrence of death and who may benefit from
treatment intensification.
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c Université de Rennes 1, LTSI, Rennes, F-35000, France
d Ecole Polytechnique Fédérale de Lausanne, CH-1015, Lausanne, VD, Switzerland
e University of Applied Sciences Western Switzerland, 3960, Sierre, Switzerland
f Radiotherapy Department, Centre Eugene Marquis, Rennes, F-35000, France
g Nuclear Medicine and Molecular Imaging Department, Lausanne University Hospital, Switzerland
h Nuclear Medicine Department, Centre Eugene Marquis, Rennes, F-35000, France
i Head and Neck Department, CHU Rennes, Rennes, F-35000, France
j Oncology Department, Centre Eugene Marquis, Rennes, F-35000, France

Received 27 September 2016; received in revised form 28 November 2016; accepted 14 January 2017

KEYWORDS

Oropharyngeal cancer;

Nomogram;

Prognostic score;

PET

Abstract Purpose: In the context of locally advanced oropharyngeal cancer (LAOC) treated

with definitive radiotherapy (RT) (combined with chemotherapy or cetuximab), the aims of

this study were: (1) to identify PET-FDG parameters correlated with overall survival (OS)

from a first cohort of patients; then (2) to compute a prognostic score; and (3) finally to vali-

date this scoring system in a second independent cohort of patients.

Materials and methods: A total of 76 consecutive patients (training cohort from Rennes)

treated with chemoradiotherapy or RT with cetuximab for LAOC were used to build a pre-

dictive model of locoregional control (LRC) and OS based on PET-FDG parameters. After

internal calibration and validation of this model, a nomogram and a scoring system were

developed and tested in a validation cohort of 46 consecutive patients treated with definitive

RT for LAOC in Lausanne.

Results: In multivariate analysis, the metabolic tumour volume (MTV) of the primary tumour

and the lymph nodes were independent predictive factors for LRC and OS. Internal calibra-

tion showed a very good adjustment between the predicted OS and the observed OS at 24

months. Using the predictive score, two risk groups were identified (median OS 42 versus

14 months, p < 0.001) and confirmed in the validation cohort from Lausanne (median OS

not reached versus 26 months, pZ 0.008).
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Conclusions: This is the first report of a PET-based nomogram in oropharyngeal cancer. Inter-

estingly, it appeared stronger than the classical prognostic factors and was validated in inde-

pendent cohorts markedly diverging in many aspects, which suggest that the observed signal

was robust.

ª 2017 Published by Elsevier Ltd.

1. Introduction

Head and neck cancers (HNC) are among the most

common cancers world wide (5th leading cancer by

incidence) [1]. The American Joint Committee on Can-

cer (AJCC) staging, based on the primary tumour

extension and nodal spread, is generally used to estimate

the prognosis and guide therapy [2]. Based on evidence-

based medicine level 1 [3], chemoradiotherapy (CRT) is

a standard treatment for non-resected or unresectable

locally advanced HNC (LAHNC) [4e6]. Radiotherapy

(RT) combined with cetuximab has been established as a

potential alternative standard treatment, especially use-

ful when concomitant chemotherapy cannot be used [7].

Despite these treatments, the prognosis of these cancers

remains relatively poor and locoregional recurrence can

occur in up to 40% patients, mostly occurring in the first

2 years after the treatment [8], suggesting a need to

better identify patients with a worse prognosis.
18F-fluorodeoxyglucose (18F-FDG) positron emission

tomography/computed tomography (PET/CT) allows to

quantify the metabolic activity of a tumour

(glycolysis) and has become a reference tool in oncology

for staging, RT planning and monitoring tumour

response in many cancers [9,10]. PET imaging allows a

more accurate nodal staging of LAHNC [11,12] and

could result in changing the therapeutic management in

nearly 15% of patients [13]. A PET/CT performed at

2e3 months after the end of RT � chemotherapy allows

the identification of good responders and can be useful

for decision-making of neck dissection for residual neck

disease [14]; however, most of the available studies were

based on visual analysis.

The maximum standard uptake value (SUVmax) cor-

responds to the maximal pixel value in the tumour.

Thanks to its ease of use and relative robustness, it is

one of the most widely used parameters in clinical

practice. However, SUVmax is not representative of non-

homogeneous overall tumour uptake. More recently,

volumetric PET parameters, i.e. metabolic tumour vol-

ume (MTV) and total lesion glycolysis (TLG), have been

correlated with clinical outcome [15e17]. Nonetheless,

these parameters require to delineate the tumour. As

PET imaging suffers from a low spatial resolution, along

with a high noise background and partial volume effect,

tumour delineation heavily depends on the chosen seg-

mentation method. One of the most common methods

consists of using an automatic threshold, although the

threshold value of 42% has been suggested in many

studies. However, there are no consistent data for using

a specific threshold to compute MTV. Another point is

the reproducibility of PET parameters between different

scanners and/or institutions, as most of the studies

published so far were monocentric.

In this context, the aims of our study were: (1) to

identify PET parameters correlated with overall survival

(OS) from a first cohort of patients (from Rennes

Cancer Center, France); then (2) to create a prognostic

scoring system; and (3) finally to validate this scoring

system with a second independent cohort of patients

(from Lausanne University Hospital, Switzerland).

2. Material and methods

All consecutive patients from Rennes Cancer Center and

Lausanne University Hospital treated with definitive

concurrent CRT or RT and cetuximab for locally

advanced oropharyngeal carcinoma (LAOC) between

January 2010 and December 2015 were retrospectively

reviewed. Inclusion criteria were an age between 18 and

75 years, T3e4 or Nþ stage, no surgery before RT, no

history of cancer, a PET performed at least 8 weeks

before RT, no metastasis at diagnosis and a minimal

follow-up of 6 months.

The study enrolled a total of 122 patients (76 from

Rennes and 46 from Lausanne). The main patient,

tumour and treatment characteristics are shown in Table

1. All tumours were locally advanced, corresponding to

T3e4 or N stage (stage III or IV, AJCC 7th edition).

2.1. Treatment and planning

All patients underwent intensity-modulated RT (IMRT)

using volumetric modulated arc therapy (VMAT, Ren-

nes) or helical tomotherapy (Lausanne). A total dose of

70 Gy 2 Gy/fraction/day, 35 fractions (Rennes) or

2.12Gy/fractions/day, 33 fractions (Lausanne) with a

simultaneous integrated boost technique [18] was given

in combination to concomitant chemotherapy [5,6] or

cetuximab [7] if the patients were not fit for chemo-

therapy. The modality of planning and treatment were

the same as previously published [19]. The study was

approved by the institutional ethical committees

(NCT02469922).
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2.2. PET/CT acquisition

All patients underwent FDG PET/CT for staging before

treatment. For the training cohort (Rennes), the patients

fasted at least 4 h before the injection of 4 Mbq/kg of

(18F)-FDG (Flucis). Blood glucose levels were checked

before the injection of (18F)-FDG. If not contra-

indicated, intravenous contrast agents were adminis-

tered before CT scanning. After a 60-min uptake period

of rest, patients were imaged with the Discovery PET/

CT imaging-system (General Electric Medical Systems,

Milwaukee, WI, USA). First, a CT (120 kV, 80 mA, 0.8-

s rotation time, slice thickness 3.75 mm) was performed

from the base of the skull to the mid-thigh. PET scan-

ning was performed immediately after acquisition of the

CT. Images were acquired from the base of skull to the

mid-thigh (3 min/bed position). PET images were

reconstructed by using an ordered-subset expectation

maximisation iterative reconstruction (OSEM) (two it-

erations, 28 subsets) and an iterative fully 3D (Discovery

ST). CT data were used for attenuation calculation. A

similar protocol was used in Lausanne; however, on a

slightly more recent system, Discovery D690 TOF PET/

CT (General Electric Healthcare, Milwaukee, WI,

USA), which allowed shorter acquisition (2 min/bed

position). PET images were reconstructed after time-of-

flight and point-spread-function recovery corrections.

2.3. PET analysis

For each patient, gross tumour volume-tumour (GTV-

T) and nodal GTV (GTV-N) were manually segmented

on each PET/CT by the same radiation oncologist.

A set of quantitative parameters based on SUV his-

tograms were extracted from GTV-T and GTV-N in

PET images. SUVMax was first computed from GTV-T

as the maximum SUV in the delineated volume.

Various metabolic volumes were subsequently defined

based on two segmentation methods: (i) an absolute

threshold of SUV (ranging from 2.5 g/ml to 8 g/ml,

0.5 g/ml steps) or (ii) a relative threshold of SUVMax

(30%, 35%, 40e60 (2% steps), 65% and 70%). Six

metabolic intensity parameters were computed using the

two segmentation methods at each threshold for both

GTV-T and GTV-N. The four statistical moments of the

intensity distribution, i.e. SUVMean, SUVVariance, SUV-

Skewness, SUVKurtosis, were computed. The latter are based

on the assumption that SUVs are following normal

distributions within the metabolic volumes. MTV was

computed as the metabolic volume of the segmented

region in millilitres. TLG was computed as SUVMean �

MTV of the corresponding thresholded region. SUVPeak

was computed from GTV-T only. The latter was defined

as the mean SUV inside a sphere of 1.2 cm centred on

the position of SUVMax. The intersection of the sphere

and the metabolic region was used when the sphere was

not fully included in the metabolic volume.

2.4. Statistical analysis

OS was calculated from the first day of RT to the date of

death from any cause. Patients alive at the time of

analysis were censored at the date of last follow-up.

Locoregional control (LRC) was calculated from the

first day of RT to the date of first recurrence in primary

tumour and/or lymph node. Follow-up was calculated

using a reverse KaplaneMeier estimation [20]. Both

LRC and OS estimations were computed using the

KaplaneMeier method and two-sided log-rank test was

used to compare the groups.

The analyses were performed as suggested in the

TRIPOD statement [21].

In the first step, the analysis was performed only on

the Rennes cohort. The association of the pretreatment

parameters with LRC and OS was first assessed using

univariate Cox analyses. Harrel’s c-index was used to

compare different models (c-index z 0.5 / not pre-

dictive, c-index z 1/ predictive) [22]. The c-index was

used to determine the optimal SUV threshold giving the

most predictive value for each PET parameter.

Factors with significance of p-value <0.1 and with

highest c-index after univariate analyses were assessed

Table 1

Patient characteristics.

Characteristics Training set

cohortdRennes

(N Z 76)

External validation

set cohortdLausanne

(N Z 46)

p-value

Mean age, years

(SD)

59.2 (8.6) 63.3 (�9.17) 0.027

Gender, N (%) 0.34

Male 61 (80.3%) 40 (87%)

Female 15 (19.7%) 6 (13%)

T-classification,

N (%)

0.005

T1 1 (1.4%) 6 (13%)

T2 20 (26.3%) 16 (34.9%)

T3 34 (44.7%) 18 (39.1%)

T4 21 (27.6%) 6 (13%)

N-classification,

N (%)

0.49

N0 11 (14.5%) 3 (6.5%)

N1 11 (14.5%) 10 (21.7%)

N2 51 (67.1%) 29 (63.1%)

N3 3 (3.9%) 4 (8.7%)

GTV, cm3 45.8 (�47.7) 25.6 (�26.7) <0.001

p16 0.001

Positive 15 (19.8%) 17 (37%)

Negative/

unknown

21 (27.6%)/40

(52.6%)

15(32.6%)/14

(30.4%)

Chemotherapy,

N (%)

0.058

Cisplatin5 51 (67.1%) 24 (52.2%)

Carboplatin e

5FU6

9 (11.8%) 4 (8.7%)

Cetuximab7 16 (21.1%) 18 (39.1%)

GTV Z Gross Tumour Volume.

J. Castelli et al. / European Journal of Cancer 75 (2017) 222e230224

130



for multivariate Cox regression model using backward

elimination. Variables were removed from the model if

p > 0.1.

An internal validation on the patients from the

training cohort (Rennes) was performed by the boot-

strap method (1000 datasets constructed by random re-

sampling with replacement from the original) [23]. This

method was used to estimate the adjusted c-index and

the 95% confidence interval (95% CI) of each parameter.

Second, an internal calibration was performed to esti-

mate the accuracy of the final model.

Based on this final model, a nomogram was built to

estimate the individual OS probability at 18 and 24

months. b-Coefficient estimations from the final model

were used to build a predictive score. Two prognostic

risk groups were identified based on the estimated

optimal cut-point by Hothorn and Lausen method [24].

KaplaneMeier method was used to evaluate this score.

Finally, the multivariate Cox model and the prog-

nostic scores were tested in the Lausanne validation

cohort. Harrell’s concordance index was used for the

Cox model and KaplaneMeier method for the prog-

nostic score.

All analyses were performed using R software 3.2.4

(R Development CoreTeam; http://www.r-project.org).

2.5. Follow-up

A clinical evaluation was performed after RT every 3

months for the first 2 years and then every 6 months.

Database was locked on 30th May 2016.

3. Results

3.1. Training cohort (Rennes)

For the training cohort (Rennes), the following param-

eters were associated with OS in univariate Cox analyses

with a p < 0.1: N stage, GTV, MTV-N, MTV-T,

SUVKurtosis_N, SUVKurtosis_T, SUVMean_N,

SUVSkewness_N, SUVSkewness_T, SUVVariance_T,

SUVVariance_N, TLG_N and TLG_T (Table 2).

In multivariate Cox analysis, the tumour MTV with a

threshold of 35% (MTV_T_35) and the lymph node

MTV with a threshold of 44% (MTV_N_44) were the

two independent risk factors for OS (Table 3)

(p< 0.001). The same parameters were also correlated

with LRC (pZ 0.03), with a hazard ratio of 1.01 and

1.043 for MTV_T_35 and MTV_N_44, respectively.

3.2. Internal validation and calibration of the final model

for the training cohort

The c-index of the model was 0.69. After internal

bootstrap validation, the adjusted c-index was estimated

at 0.68. The 95% CI for the coefficient of the parameters

Table 2

Univariate cox analyses for overall survival in the training cohort

(Rennes). For PET parameters, data are given only for absolute and

relative thresholds with the highest c-index.

Parameters HR [95% CI] c-index p

Gender 0.38 [0.13e1.08] 0.54 0.067

Chemotherapy

(Platinum versus Cetuximab)

0.97 [0.67e1.42] 0.49 0.9

PS (0e1 versus 2) 1.56 [0.55e4.44] 0.52 0.39

Age 0.99 [0.95e1.04] 0.49 0.9

Tobacco 2.2 [0.68e7.43] 0.52 0.18

Alcohol 1.65 [0.73e3.79] 0.54 0.22

GTV (as continuous variable) 1.0 [0.99e1.01] 0.6 0.2

T-classification

(T1eT2 versus T3eT4)

0.97 [0.47e2.02] 0.49 0.95

N-classification

(N0eN1 versus N2eN3)

2.12 [0.95e4.69] 0.56 0.062

AJCC staging (stage III versus IV) 1.71 [0.71e4.11] 0.53 0.19

p16 0.3 [0.04e2.36] 0.53 0.17

SUVmax 0.98 [0.92e1.04] 0.52 0.57

MTV-N

Absolute threshold (SUV [ 4.5) 1.02

[1.006e1.03]

0.64 0.004

Relative threshold (SUV [ 44%) 1.06 [1.03e1.09] 0.64 <0.001

MTV-T

Absolute threshold (SUVZ 2.5) 1 [0.99e1.02] 0.60 0.14

Relative threshold (SUV [ 35%) 1.02

[1.002e1.04]

0.61 0.03

TLG N

Absolute threshold (SUV [ 2.5) 1.002

[1.001e1.004]

0.65 0.003

Relative threshold (SUV [ 65%) 1.01 [1e1.01] 0.73 0.004

TLG T

Absolute threshold (SUVZ 2.5) 1 [0.99e1.001] 0.58 0.45

Relative threshold (SUVZ 35%) 1 [0.99e1.002] 0.59 0.35

SUV Peak T

Absolute threshold (SUVZ 4.5) 0.98 [0.88e1.09] 0.53 0.8

Relative threshold (SUVZ 56%) 0.97 [0.9e1.05] 0.58 0.57

SUV Mean N

Absolute threshold (SUVZ 2.5) 1.24 [1.03e1.49] 0.63 0.06

Relative threshold (SUVZ 54%) 1.05 [0.99e1.11] 0.55 0.85

SUV Mean T

Absolute threshold (SUVZ 6.5) 0.98 [0.86e1.11] 0.57 0.79

Relative threshold (SUVZ 35%) 0.96 [0.87e1.07] 0.54 0.53

SUV Kurtosis N

Absolute threshold (SUV [ 7) 1.32 [1.06e1.64] 0.58 0.01

Relative threshold (SUV [ 60%) 1.27 [1.04e1.57] 0.74 0.02

SUV Kurtosis T

Absolute threshold (SUVZ 2.5) 0.72 [0.48e1.08] 0.57 0.11

Relative threshold (SUVZ 70%) 1.07 [0.77e1.43] 0.58 0.6

SUV Skewness N

Absolute threshold (SUVZ 5.5) 0.97 [0.54e1.74] 0.6 0.9

Relative threshold (SUV [ 58%) 2.5 [1.32e4.73] 0.65 0.03

SUV Skewness T

Absolute threshold (SUV [ 2.5) 0.35 [0.14e0.85] 0.61 0.02

Relative threshold (SUVZ 30%) 0.67 [0.25e1.76] 0.55 0.42

SUV Variance N

bsolute threshold (SUV [ 2.5) 1.1 [1.03e1.18] 0.6 0.004

Relative threshold (SUV [ 65%) 1.16 [1.02e1.33] 0.65 0.02

SUV Variance T

Absolute threshold (SUVZ 5.5) 0.97 [0.93e1.02] 0.56 0.24

Relative threshold (SUVZ 46%) 0.94 [0.84e1.05] 0.57 0.28

HRZHazard Ratio, CIZConfidence Interval, GTV Z Gross

Tumour Volume, SUVZ Standard Uptake Value, MTV Z Metabolic

Tumour Volume, TLGZ Total Lesion Glycolysis. Bold values refer to

p-values <0.05.
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of the model are given in Table 3. Internal calibration

showed a very good adjustment between the predicted

and observed OS at 18 (Fig. 1) and 24 months

(Figure E1).

3.3. Nomogram and prognostic score for the training

cohort

Based on the final model, a nomogram was computed

(Fig. 2). A prognostic score was calculated based on the

b-parameter from the Cox model. A normalisation was

applied to obtain a score ranging from 0 to 5. The

estimated cut-point by Hothorn and Lausen method

was 1.33 (Supplementary Figure E2). Based on this cut-

off, two risk groups were identified. The median OS was

42 months (95% CI: 20e64) for the low-risk group

versus 14 months (95% CI: 5e23) for the high-risk

group (p< 0.001) (Fig. 3A). The same prognostic score

was used to estimate the LRC. The median LRC was

not reached for the low-risk group versus 10 months for

the high-risk group (pZ 0.009) (Fig. 3B).

3.4. Comparison between the training and the validation

cohort

Median follow-up for the training cohort (Rennes) and

validation cohort (Lausanne) were 38 (range, 2e80

months) and 23 months (range, 3e57 months), respec-

tively (p< 0.001). The two populations differed notably

concerning age (mean 59.2 versus 63.3 years [p Z 0.02]),

the tumour volume (GTV: 45.8 cm3 versus 25.6 cm3

[p < 0.001]) and p16 status (p16þ: 18% versus 37%,

[pZ 0.001]) for Rennes and Lausanne, respectively. The

use of cetuximab was slightly more frequent in the

validation cohort (pZ 0.05). In both cohorts, most of

the patients were smokers (90e95%), with a perfor-

mance status of 0 or 1.

At time of the analysis, 38 (50%) and six (13%) pa-

tients had died, while 26 (34.2%) and 8 (17.3%) patients

had a locoregional recurrence for Rennes and Lausanne,

respectively. The 2-year OS rate was 58% (95% CI:

46e70%) and 85% [74e99%] for Rennes and Lausanne,

respectively (pZ 0.001).

3.5. Evaluation of the final model and the prognostic score

in the validation cohort (Lausanne)

The b-coefficients from the training model were applied

to the validation cohort. The c-index was 0.76, higher

than in the training cohort (0.69). The prognostic score

was calculated for the validation cohort and the cut-off

of 1.33 (obtained from the training cohort) was applied.

The result confirmed the external validation of the

model with a median OS not reached for the low-risk

group versus 26 months (95% CI: 22e30) for the high-

risk group (pZ 0.008) (Fig. 3C). For the LRC, the same

training model was applied to the validation cohort. The

LRC at 18 months for the low-risk and the high-risk

group were 96.1% and 63.1%, respectively (pZ 0.009)

(Fig. 3D).

4. Discussion

To our knowledge, this is the first study presenting a

PET-based score allowing the prediction of the risk of

death in LAOC patients. Even if there are other studies

exploring the prognostic values of some PET param-

eters (SUV, MTV and TLG, etc.) in LAOC, none of

them performed an external validation. We found that

both MTV-T and MTV-N as continuous

variables were major predictors of OS. Noteworthy,

the classical clinical variables (T-classification, GTV [T

and N], age, gender, etc) were less or not significantly

predictive of patient outcome. Other established

prognostic parameters (PS, AJCC staging and smoking

status) were not significant in our study due to the lack

of variability in the distribution of these parameters in

both training and validation cohorts (more than 90%

of smokers, all patients with PS 0 or 1). One limitation

of our study was some missing data concerning p16

status which were available for only half of the pa-

tients, as p16 analysis was performed routinely in our

centres only since 2013, and hence did not allow a full

evaluation of this well-established prognostic param-

eter in our model. Prevalence of human papilloma

virus (HPV) in oropharyngeal cancer was shown to be

around 23% in Europe [25], being higher than in our

training cohort (19%) and lower than in our validation

cohort (37%). The p16 status was found to be highly

predictive of treatment outcomes and survival in pa-

tients with oropharyngeal cancer [26]. However,

smokers with p16-positive tumour seem to have a

worse prognosis than those with p16-positive tumour

without history of smoking. In our study, most of the

patients were smokers which may explain the lack of

significance of p16. However, despite the difference in

the rate of p16 status (Table 1), the results of the

external validation seem confirm that the good

Table 3

Parameters associated with overall survival in multivariate analysis in the training cohort (Rennes).

Parameters Mean Value (SD) (in cm3) HR [95% CI] (per 1 cm3) p 95% CI (Bootstrap validation)

MTV_T_35 18 (�15.6) 1.021 [1.000e1.043] 0.052 [1.000e1.056]

MTV_N_44 4.52 (�9.7) 1.057 [1.028e1.087] <0.001 [1.040e1.094]

HRZ hazard ratio, CIZ confidence interval, MTV_T_35 Z metabolic tumour volume of the tumour computed with a relative threshold at 35%

of SUVmax, MTV_N_44 Z metabolic tumour volume of the lymph node computed with a relative threshold at 44% of SUVmax.
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predictive value of our nomogram is not influenced by

the p16 status.

The PET-based nomogram obtained from this score

allowed the prediction of 18- and 24-month OS in this

clinical setting. Three strengths of our study are note-

worthy. First, we followed in our study the internationally

accepted TRIPOD criteria to build our predicting factors.

This is an important quality-assurance issue, reinforcing

our results. Second, this is the first study showing the

prognostic impact of MTV in an external validation-in-

dependent population of oropharyngeal cancer patients.

Third, we used continuous parameters instead of dicho-

tomised variables.Dichotomisation leads to loss of power,

affects the ability to detect relationships andoverestimates

the magnitude of the effect.

PET volumetric parameters like MTV or TLG have

been used to estimate the heterogeneity of the tumour

FDG uptake. Limited data were available but it showed

a higher predictive value of MTV compared with more

classical parameters (TNM, SUV, GTV.) [27,28],

which is consistent with our findings. Only two studies

performed a validation on an independent dataset

Fig. 1. Internal calibration of the final model for the training cohort (Rennes) at 18 and 24 months. Grey line is the ideal model, black line

is the predicted survival and the blue-dotted line is the predicted survival corrected to avoid overfit. Both the 18- and 24-month survivals

were nearly perfectly predicted. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version

of this article.)
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[29,30]. La et al. [31] included 85 patients and showed

that an increase of MTV of 17 cm3 (from the 25th to the

75th percentile) was significantly correlated with an

increased risk of death (hazard ratio [HR] 2.1). The

authors validated their results on a dataset of 83 patients

treated in the same institution after the original dataset

[30]. Despite these interesting results, the possibility of

adopting their model in the clinical practice is limited by

the monocentric nature of their study and by the defi-

nition of the cut-off of MTV based on population-

dependent characteristics (from the 25th to the 75th

percentile). Based on the results of a previous study [32],

Hofheinz et al. [29] used a cut-off of 58.7 ml for TLG.

They showed a correlation of TLG only with better

disease-free survival (DFS; HR 3.01, p Z 0.048) but not

with OS (HR 2.02, p Z 0.22). After adjusting the cut-off

at a value of 141 ml, TLG was also correlated with OS

(HR 3.32, p Z 0.016). Such methodologies and findings

underline the difficulty in identifying a cut-off, which

may be tested and reproducibly validated on an external

dataset of patients. In our study, we choose to evaluate

the MTV as continuous variables and to perform an

external validation without modifying the model and the

score obtained from the training dataset. Important

differences in age, use of cetuximab, T-classification, p16

status, tumour and nodal volume (GTV) and PET/CT

scanner between the training and the validation cohorts

were observed. Despite these differences, the very good

predictive performance obtained with the training

cohort was confirmed (and even higher) for the valida-

tion cohort. These data strongly suggest that this new

scoring system seem to be robust and could be further

proposed and tested for patients’ selection in clinical

trials to identify patients with a high risk of locoregional

failure and death, potentially candidates for treatment

intensification, for instance, by dose escalation with dose

painting in the MTV.

Noteworthy, the reproducibility of the MTV or TLG

is considered to be limited by the initial definition of

these parameters, which is based on a threshold of SUV,

absolute (all pixel with SUV value > threshold) or

relative (all pixel with SUV value > threshold % of

SUVMax). In the study by Schinagl et al. [33], four

thresholds (2.5%, 40%, 50% and an adaptive threshold

based on liver uptake) were compared for 77 patients

treated by RT with or without chemotherapy. The au-

thors found that 40% MTV was the strongest predictor

of DFS and OS. However, also all the other thresholds

were correlated with OS and DFS. Same results were

reported on a population of 118 patients using three

thresholds of MTV (2, 2.5 and 3) [34]. In our study, we

evaluated 11 different absolute thresholds (from 2.5 to

8) and 15 relative thresholds (from 30% to 70%). All

relative thresholds between 30% and 60% were corre-

lated with OS, confirming the robustness of the MTV as

a predictor factor, regardless the threshold chosen.

However, based on p-value and c-index, the relative

thresholds of 35% for the tumour and 44% for the lymph

nodes were the best predictors of OS. The tumour MTV

was nearly significant in the final model (p Z 0.052).

However, the final model (combination of both tumour

and lymph node MTV) was highly significant

(p < 0.001) and using tumour MTV increased the c-

index of the model to 0.69 versus 0.64 for lymph node

MTV alone. The combination of these two parameters

probably takes into account the risk of death by local

Fig. 2. Nomogram to predict the overall survival (OS) at 18 and 24 months. For each PET parameter, the corresponding points is obtained

by drawing a line upward from the corresponding values to the ‘Points’ line. The total points for each patient is obtained by summing the

points for each of the individual factors in the nomogram and is plotted on the ‘Total points’ line. A line is drawn down to read the

corresponding predictions of 18- and 24-month LRC and OS. An example is given: an MTV-T of 25 mL corresponding to 15 points and

an MTV-N of 5 mL to 8 points. The total score is 23, corresponding to 18-month and 24-month OS probabilities of 62% and 54%.

MTV_NZmetabolic tumour volume of the lymph node computed with a thresholdZ 44% of the SUVmax. MTV_TZmetabolic tumour

volume of the tumour computed with a threshold Z 35% of the SUVmax.
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relapse (primary tumour) and by metastasis (lymph

node), both with a different weight in the final model.

5. Conclusion

MTV as a continuous variable was a strong prognostic

factor for OS in LAOC patients treated with CRT or

RT þ cetuximab. We defined, and successfully validated

on an independent dataset, a PET-based predictive score

and nomogram that need to be further tested in larger

prospective series to define their potential interest for

tailoring the therapeutic approach.
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4.3.4 Conclusions 

Les pa a t es TEP de  olu e  Meta oli  Tu o  Volu e  appa aisse t  ette e t sup ieu s au  

pa a t es utilis s e  p ati ue  li i ue  lassifi atio  AJCC et au “UV a . U  seuillage e   aleu  

elati e de “UV a  se le sup ieu  à u  seuillage e   aleu  a solue. La  aleu  p di ti e du 

MTV  este  glo ale e t  si ilai e  e   as  d utilisatio   d u   i eau de  seuillage  esta t  o p is 

e t e    et  %.  L a al se  s pa e  de  l a ti it   ta oli ue  de  la  tu eu   et  des  ga glio s 

a lio e e o e la  apa it  de p di tio  de la su ie  o pa e à u e a al se  o i e. Cette 

app o he a pe is de  alise  u   o og a e ide tifia t les patie ts à haut  is ue de  idi e 

lo ale  et  de  d s.  U e  alidatio   e te e  de  e  o og a e  su   u e  se o de  oho te  de 

patie ts t ait s da s u  aut e  e t e a pu  t e  alis e.  

Les  odalit s d a al se du MTV ga glio ai e  este t  epe da t à  ieu  d fi i ,  ota e t pa  

appo t au fait  ue la  f e e utilis e pou  le seuillage  tait le “UV a  de la tu eu  et  o   elui 

des  ad opathies.  Pa   ailleu s  les  zo es  d h po ie,  put es  adio‐ sista tes,  e  so t  pas 

h pe fi a tes à la TEP au  FDG. 

Au  total, u e  adioth apie adaptati e pou ait  t e p opos e à  es patie ts à haut  is ue de 

e hute  a e   l o je tif  d assu e   u e  ou e tu e  tu o ale  opti ale,  et  id ale e t  de  leu  

p opose   u e  i te sifi atio   th apeuti ue.  Cepe da t,  le  sous  olu e  ui  pou ait  t e  à 

l o igi e de  la  idi e  et  au  sei  du uel  il  se ait  essai e de  alise  u e es alade de dose 

essite d t e ide tifi  a a t de pou oi  p opose  u e telle app o he. 



 

 Dis ussio , s th se et pe spe ti es 

.  Radioth apie adaptative  o phologi ue 

L a ti le  sui a t  s th tise  les  uestio s  ajeu es  o e a t  la  adioth apie adaptati e des 

a e s des VAD“, et  ota e t les app o hes  o phologi ues de la  adioth apie adaptati e. 

Cette pu li atio  est p opos e e  fi  de do u e t de th se puis ue,  dig e e  fi  de th se  e  

isio  pou  la  e ue A ta O ologi a e  o to e  , elle i t g e à la fois les do es de la 

litt atu e et u e pa tie de  ot e t a ail   a ti les au total .  
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Adaptive radiotherapy for head and neck cancer 

Introduction: This review, focused on ART in head and neck, aims to (i) identify the 

various strategies of ART and to (ii) estimate the dosimetric and clinical benefit of these 

strategies.  

Material and methods: We performed an electronic search of articles published in 

PubMed/MEDLINE and Science Direct from January 2005 to December 2016. Among 

a total of 134 articles assessed for eligibility, 11 articles only were finally retained for 

the review.  

Results: Eight in silico studies tested a various number of replanning, ranging from 1 to 

6, aiming mostly to decrease the dose to the parotid glands. The optimal timing for 

replanning appears early during the first two weeks of treatment. Compared to standard 

IMRT, ART enables to decrease the dose to the parotid gland from 0.6 to 6 Gy and to 

the spinal cord from 0.1 to 4 Gy, while improving target coverage and homogeneity in 

the majorities of the studies. Only five studies report clinical results of ART, three of 

them included a non-randomized comparison with standard IMRT. These studies show 

that ART is safe and suggest a benefit of ART to decrease xerostomia, to increase 

quality of life, and to increase local control. Patients with the largest early anatomical 

and dose variations are the best candidate for ART. 

Conclusion: ART may decrease toxicity and improve local control for locally-advanced 

head and neck cancer. Randomized trials are, however, necessary to demonstrate the 

benefit of ART before using the technique in routine practice. 

Key words: adaptive radiotherapy, head and neck cancer, parotid gland 
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1 Introduction 

Intensity-modulated radiotherapy (IMRT) is classically based on only one initial planning 

computed tomography (CT) scan, whereas large anatomical variations can be observed during 

the treatment course. In case of head and neck IMRT, these variations are body weight loss, 

primary tumor shrinkage, parotid gland displacement and volume reduction [1-3]. Due to the 

steep IMRT dose gradient along with the potentials anatomic variations, the actual delivered 

dose may therefore not correspond to the planned dose. The consequence can be an increase 

in the doses delivered to the organs at risk (OAR), and/or a decrease in the doses delivered to 

the tumor, resulting in increased risk of toxicity and recurrence [4, 5] (supplementary table S1 

and S2). 

The standard approach of image-guided radiotherapy (IGRT) in head and neck cancer 

consists of rigid registration based on the bony anatomy using planar or Cone Beam CT 

images. Daily IGRT allows reducing the set-up errors to 1.5 mm [6, 7]. However, the 

flexibility between rigid bony structures, and the deformations of the target volume and 

organs at risk may lead to different local misalignments, which are impossible to correct 

simultaneously with a single couch displacement [8, 9]. Adaptive radiotherapy (ART) using 

one or several replanning aims to correct these variations and thus optimize the delivered dose 

distribution to the daily anatomy of the patient. Based on daily CTs, several ART strategies 

can be designed that potentially require technical and organizational actions, such as dose 

monitoring based on dose per fraction calculation, cumulated dose during treatment, and 

replanning. Since the use of ART is very recent, its benefit can be estimated either in silico, 

using deformable image registration (DIR) for dose accumulation, or clinically, based on a 

limited number of studies. However, the choice of the optimal algorithm for dose 

accumulation is particularly complex. The following questions arise also when considering 

ART's clinical goal: Does it aim to increase local control, decrease toxicity, or both? Do all 
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patients need ART?  What is the optimal number and timing of replanning?  Does the gain in 

patient quality of life counterbalance the human and economic resources required in the whole 

process? 

This review, focused on ART in head and neck, aims to (i) identify the various 

strategies of ART and to (ii) estimate the dosimetric and clinical benefit of these strategies. 

The methodological aspects are discussed as well as the identification of the subgroup of 

patients who are more likely to benefit from ART. 

2 Material and methods 

We performed an electronic search of articles published in PubMed/MEDLINE and Science 

Direct, according to PRISMA guidelines [10] from January 2005 to December 2016, using the 

following keywords: adaptive radiotherapy, anatomical variations, head and neck cancer, 

parotid glands, target volume. Our search was restricted to articles reporting data obtained 

from humans written in English and dealing with locally-advanced HNC, and 

anatomical/dosimetric variation in the context of adaptive radiotherapy. In addition, the 

references of each study were screened in order to retrieve additional relevant papers. All 

included studies were reviewed to collect the following data: study design (prospective vs 

retrospective), number of patients, diagnosis of the included patients, time and modality of 

evaluation, anatomical and/or dosimetric variations, dosimetric and/or clinical benefit of 

ART. Retrospective studies with a limited number of patients (<15 patients) were excluded to 

avoid bias. 
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Figure 1: PRISMA flow diagram of the literature search 

3 Results 

The PRISMA flow diagram of the literature search is show Figure 1. One hundred fifty-two 

studies were identified from PubMed/MEDLINE. Another twelve studies were identified 

from references. Three studies was excluded because only the abstract was available and 

thirteen as they were general reviews. One hundred thirty-four articles were assessed for 
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eligibility. Ninety-seven studies did not meet the eligibility criteria, as most of them were 

focused on dose calculation or algorithms for image registration. Eight supplementary studies 

were excluded due to their retrospective nature with a limited number of patients (<15). 

Finally, a total number of eleven studies was included in the analyses for this review, 

of which 5 reported clinical data. Eighteen other studies were included for supplementary 

analysis on dosimetric impact of anatomical variations during standard IMRT. 

3.1 ART strategies for head and neck cancer in the literature 

Eleven studies have been identified as reporting the benefit of ART, either providing 

dosimetric data (table 1) or clinical results (table 2). These studies included between 10 and 

86 patients, treated or simulated with ART. The number of replanning ranged from 1 (72% of 

the studies) to 6 (10% of the studies), performed in most cases at the 3rd or 4th week of 

treatment. For comparison between ART and no-ART, two types of approach were used, 

either by considering another cohort of no-ART patients or by using a single group of patients 

undergoing treatment simulation with or without ART. The dose comparison could be 

performed at the fraction or considering the cumulated dose calculated by the mean dose or 

using DIR (table 1). 
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Table 1: Dosimetric benefit of ART in head and neck cancer 

Author 

(Year) 

Nb 

pts 

Replanning 

strategies  

Dosimetric analysis  Dosimetric benefit 

Nb  Timing  Time point 

to 

cumulate 

the dose 

Method 

to 

cumulate 

the dose 

Total dose 

for the 

comparison 

(Gy) 

Parotid Gland  

(Dmean) 

Spinal 

cord 

(Dmax) 

Target Volume 

(PTV) 

Capelle 

(2012) [17] 
20 1 

3th 

week 
2 

Average 

DVH 
66 - 0.6 Gy -0.6 Gy +0.5 Gy (D1%) 

Castelli 

(2015) [12] 
15 6 Weekly 7 DIR 70 - 3.8 Gy - - 

Dewan 

(2016) [18] 
30 1 40 Gy 2 DVH 30 

IL -6 Gy 

CL -2.2 Gy 
-6 Gy 

- More uniform 

coverage 

- Decrease V110% 

by 2 

Duma 

(2012) [3] 
11 1 

16th 

(9th-

21th) Fr 

1 DVH 2 No variation -0.14 Gy - 

Jensen 

(2012) [23] 
15 2 to 4 - 3 to 5 DIR 70 

CL: - 11.5 % $ 

IL: - 3.8 % $ 
- 

Improvement of 

coverage by 8 % 

Olteanu 

(2014) [22] 
10 2 

8th and 

18th Fr 
3 DIR 70 - 6 % $ - 

Higher minimum 

and lower 

maximum doses 

Schwartz 

(2013) 

[25] 

22 1 or 2 

16th 

and 

22th Fr 

2 or 3 DIR 70 - 0.7 Gy - 

Increase coverage 

and dose 

homogeneity 

Zhao 

(2011) [29] 
33 1 

15th 

(+/-5) 

Fr 

2 DVH 
37.5 Gy 

(20-50 Gy) 

Decrease 

mean dose 
- - 

$ = Median dose, - = Not assessed, Nb pts = Number of patients, HNC = Head and neck cancer, LAHNC = 

Locally advanced head and neck cancer, NPC =  Nasopharyngeal Carcinoma, Fr= fraction, RT= Radiotherapy, 

RTCT= Chemoradiotherapy, DVH = Dose Volume Histogram, DIR = Deformable Image Registration, Dmean = 

Mean dose, Dmax = maximum dose, D1= Dose received by 1 % of the volume, V110% = Percentage of target 

volume receiving 110 % of the dose prescribed (hot spot), IL = Ipsilateral, CL = Contralateral, PTV = Planning 

Target Volume 
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Table 2: Clinical benefit of ART in head and neck cancer 

Author 

(Year) 

Nb pts Tumor 

site 

Total 

dose 

(Gy) 

Replanning 

strategies  

Follow-up 

(months) 

Clinical endpoint 

ART No 

ART 

Nb Timing Loco regional 

control and survival 

Acute Toxicity Late toxicity 

Schwartz 

(2012) 

[25]¤ 

22 0 OPC 
66-

70 

1 

or 

2 

16th 

and 

22th Fr 

31 2-year LRC = 95 % 

- G III mucosal = 100% 

- G II xerostomia = 55% 

- G III xerostomia = 5% 

Full preservation or 

functional recovery of 

speech and eating at 

20 months 

Kataria 

(2016) 

[27] 

36 0 LAHNC 70 1 54 Gy - 
- 2-year DFS = 72% 

- 2-year OS = 75% 

G II-III mucosal = 100% 
- G II xerostomia = 8% 

- G II mucosal = 11% 

- No G III 

Yang 

(2013) 

[28]¤ 

86 43 NPC 
70-

76 

1 

or 

2  

15 th 

and/or 

25th Fr  

29 

2-year LRC: 

- 97.2% (ART) 

- 82.2% (No-ART) 

p=0.04 

- 
Improvements in 

quality of life with ART 

Chen 

(2014) 

[26] 

51 266 LAHNC 
60* 

70µ 
1 

40 Gy 

(10-58 

Gy) 

30 

2-year LRC: 

- 88% (ART) 

- 79% (No-ART) 

p=0.01 

2-year OS: 

- 73% (ART) 

- 79% (No-ART) 

p=0.55 

G III: 

- 39% (ART) 

- 30% (No-ART) 

p=0.45 

G III: 

- 14% (ART) 

- 19% (No-ART) 

p=0.71 

Zhao 

(2011) 

[29] 

33 66 NPC 70 1 

15th 

(+/-5) 

Fr 

38 

3-year LRFS: 

- 72.7% (ART) 

- 68.1% (No-ART) 

p=0.3 

- 

No difference except 

less xerostomia and 

mucosal with ART for 

N2 and N3 patients  

¤= Prospective studies (non-randomized), *= Adjuvant RT, µ = Definitive RT, Nb pts = Number of patients, 

LAHNC = Locally advanced head and neck cancer, OPC = oropharynx cancer, NPC = Nasopharyngeal 

carcinoma, Nb= Number, ART = Adaptive Radiotherapy, Fr= Fraction, LRC = Loco regional control, LRFS = 

Loco regional free survival, DFS = Disease Free Survival, OS = Overall Survival 
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3.2 Dosimetric benefit of ART 

A total of eight studies reported data on the dosimetric benefit of ART: eight to spare the 

parotid gland, three for the spinal cord and five to improve the target volume coverage (table 

1). 

3.2.1 Parotid glands 

The difference between mean planned doses and mean delivered doses without ART ranged 

in the literature from -1 Gy to 6 Gy, with 85% of the studies showing a parotid gland 

overdosage (supplementary Table S1). Moreover, parotid gland overdose appeared strongly 

patient-dependent, observed only in 30 to 65% of the patients. Furthermore, a small 

proportion of patients (10%-30%) were reported to present spontaneous parotid gland 

underdose [11]. 

Compared with the mean dose delivered with standard IMRT, ART allowed a dose 

decrease ranging from 0.6 Gy to 4.1 Gy in all the studies, except one study which did not find 

a benefit with one replanning only [3]. Surprisingly, the ART strategy has been found to 

benefit not only to the over-irradiated parotid glands’ patients, reducing the mean dose by 5.1 

Gy but also to the non-over-irradiated parotid glands, reducing the mean dose by 1.4 Gy [12]. 

The benefit of ART seems to correlate with the number of replanning. The dosimetric benefit 

of numerous replanning strategies (63 combinations), defined by various numbers (1 to 6), 

and timings of replanning (at each week of the treatment), has been investigated in 13 patients 

with oropharyngeal cancers [13]. Six weekly replanning ensured the best benefits, allowing a 

decrease of 3.3 Gy of the mean dose. However, 94% of this benefit was already attained with 

three replanning at weeks 1, 2, and 5, enabling a decrease of the mean dose by 3.1 Gy. 

In total, nearly 40% of the patients present a parotid gland overdose (compare to the 

planned dose) around 2 Gy (up to 6 Gy) when treating with standard IMRT. Compared to the 
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delivered dose with standard IMRT, ART allows decreasing the mean dose around 4 Gy for 

all these over-irradiated parotid glands. Moreover, a decrease of dose is also observed for 

non-overdosed parotid glands, with a dose decrease for the whole population of nearly 2.5 Gy. 

The dosimetric benefit of ART is improve by increasing the number of replanning. The 

optimal timing for replanning appears early during the first two weeks of treatment [11, 13, 

14]. 

3.2.2 Spinal cord 

Eleven studies reported dose variations for the spinal cord. Compared to the planning and 

without ART, the maximum dose to the spinal cord increased by a range from -0.1 Gy to 3.8 

Gy (supplementary table S1), depending on the patient. However, in most cases, the 

maximum dose never increased higher than the initial spinal cord dose constraints at the 

IMRT planning (<45 – 48Gy) [15]. This dose increase correlates with positional variability, 

yet not with anatomical variation [16]. 

Three studies reported ART achieved a dosimetric benefit for the spinal cord, 

decreasing the spinal cord maximum dose by 0.1 Gy to 4 Gy for a number of fractions 

ranging from 1 to all fractions [3, 17, 18]. The benefit of such dosimetric difference is unclear 

and may not be translated into a clinical benefit. 

In total, for the spinal cord, positional variation is considered as the main cause of 

dose variation. No strong evidence of the benefit of replanning was show. 



150 

Table S1 (supplementary data): Dosimetric impact of anatomical variations for the parotid 

gland and the spinal cord without ART (difference between delivered and planned dose) 

Author Nb 

pts 

Total 

prescribed 

dose  

Loss of 

volume 

(%)* 

Dosimetric analysis Dosimetric impact of anatomical variations* 

Time point for 

dose evaluation 

Method to 

cumulate 

the dose 

Parotid glands 

Dmean (Gy) variation 

Spinal cord 

Dmax (Gy) 

variation 

Ahn (2011) [16] 23 70 24 
11th, 22th and 

33th fr 

Average 

DVH 
+ 2.5 Gy + 3.8 Gy 

Beltran (2012) 

[56] 
15 70 30 15th and 25th fr 

Average 

DVH 
+ 6 Gy + 2.5 Gy 

Berwouts (2013) 

[53] 
10 70 32 8th and 18th fr DIR - - 0.1 Gy (D5 %) 

Bhide (2010) 

[15] 
20 70 14.2 (W2) Weekly 

Comparison 

of weekly 

DVH 

- 1 Gy + 2.6 Gy 

Capelle (2012) 

[17] 
20 66 17.5 3rd week 

Average 

DVH 
- + 0.4 Gy 

Castelli (2015) 

[12] 
15 70 28 Weekly DIR 

60 % of PG : 

+ 4 Gy 
- 

Height (2010) 

[57] 
10 70 21 40-50 Gy 

Average 

DVH 
-1 Gy + 0.5 Gy 

Ho (2012) [58] 10 65 29 Weekly 
Average 

DVH 
+ 0.2 Gy (D50) + 1.1 Gy 

Hunter (2013) 

[11] 
18 70 - Weekly 

Average 

DVH 
63 % of the PG : + 2.2 Gy - 

Jensen (2012) 

[23] 
72 70 40 Weekly DIR 

IL: + 4 % 

CL: + 11 % $ 
- 

Marzi (2012) 

[59] 
15 70 41.5 Weekly 

Average 

DVH 
+ 1.3 Gy - 

Nishi (2013) [2] 20 70 - 3rd or 4th week 
Average 

DVH 
+ 5 Gy $ + 2.1 Gy 

O’Daniel 2007  
[60] 

11 70 - 2/week DIR 
IL: + 3 Gy 

CL: + 1 Gy 
No variations 

Orban de Xivry 

(2010) [61] 
10 70 - Weekly DIR < 1 Gy + 1.84 Gy (D2 %) 

Robar (2007) 

[62] 
15 70 - Weekly 

Average 

DVH 
+ 2 % + 1.2 % 

Yip (2014) [63] 15 70 4-23 Weekly 
Average 

DVH 
+ 2 % - 

*=The loss of volume and dose variations are quantified between the planning CT and the end of treatment, $= 

Median dose (instead of mean dose), - = Data not assessed, Nb Pts= Number of patients, W= Week, PG= parotid 

gland, CL= Contralateral, IL = Ipsilateral, Dx% = Dose delivered to x % of the volume  
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3.2.3 Submandibular glands 

Only one study reported an one Gy increase in the submandibular gland mean dose in a small 

series of 10 patients receiving chemoradiotherapy for laryngeal cancer, undergoing CT scans 

at the 2nd, 3rd, 4th, and 5th weeks of treatment [19]. No data was available regarding the benefit 

of ART for the submandibular glands. 

Due to the lack of data for the submandibular glands, it is not possible to draw any 

conclusion. 

3.2.4 Target volume (GTV, CTV, and PTV) 

The analysis of the differences between planned and delivered dose without ART for the 

GTV, CTV, and PTV showed controversial results. While a majority of the studies found very 

low dose differences (below 1-2% for the D2% and D95%), some reported large dose 

differences [15, 16, 20], of 1.9 Gy underdose to the GTV [16] or a mean reduction of 2 Gy of 

the minimum dose to the PTV [15] (supplementary table S2). 

Five studies reported the dosimetric benefit of ART in increasing the dose to the target 

volume. All these studies reported improved various dosimetric endpoints (for GTV, CTV, 

and PTV) with more uniform coverage [18, 21, 22] and increased coverage [21, 23, 24], for 

instance an increase of 2.1 Gy to the PTV (D95%)[24] (Table 1). 

In total, regarding target volume, there is no consensus in the field on how to report 

target coverage during treatment (coverage index and target volume definition). Only a subset 

of patients, as for the parotid glands, may need of ART to correct tumor underdose. However, 

due to the lack of studies and to the variability in endpoints, more data is necessary to draw a 

conclusion. 
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Table S2 (supplementary data): Dosimetric impact of anatomical variations for the target 

volume without ART (Difference between delivered and planned dose)  

Author Nb 

pts 

Total 

prescribed 

dose (Gy) 

Anatomical 

variations* 

(average) in % 

Dosimetric analysis Dosimetric variations (D95%)* 

GTV CTV Time point for 

dose evaluation 

Method to 

cumulate the 

dose 

GTV CTV PTV 

Ahn 

(2011) 

[16] 

23 70 17 - 
11th, 22th and 

33th Fr 
Average DVH - 1.9 Gy - - 

Beltran 

[56] 
15 70 - - 15th and 25th Fr Average DVH - - -4 % 

Bhide 

[15] 
20 70 - 

3.2 

(W2) 
Weekly 

Comparison of 

weekly DVH 
- - - 2 Gy (Dmin) 

Capelle 

[17] 
20 66 - - 3rd week Average DVH - - - 0.6 Gy 

Chen [20] 25 70 - - Average DVH - - + 2 Gy 

Height 

[57] 
10 70 49 - 40-50 Gy Average DVH 

+ 0.5 Gy 

(D99%) 
- - 

Marzi 

[59] 
15 70 74.5 - Weekly Average DVH + 1 Gy - - 

O’Daniel 
[60] 

11 70 - - 2/week DIR - 
No 

difference 
- 

Schwartz 

[21] 
24 66-70 - 10.3 16th and 22th Fr DIR - 

No 

difference 
- 

Yip [63] 15 70 - 1 to 6 Weekly Average DVH - 
No 

difference 
- 

*=The loss of volume and dose variations are quantified between the planning CT and the end of treatment, - = 

Data not assessed, Nb pts = Number of patients, GTV = Gross tumor volume, CTV = Clinical Target Volume, 

PTV = Planning Target Volume, Dx% = Dose delivered to x % of the volume, Dmin = Dose minimum delivered 

to the volume 

3.3 Clinical benefit of ART 

Only five studies reported clinical benefits of ART (Table 2). The number of patients per 

study ranges from 22 to 86. The median follow-up ranges from 29 to 38 months. The tumors 

are mostly located in the oropharynx [25-27] and less frequently in the nasopharynx [28, 29]. 

Three studies report clinical results of ART compared with a no-ART technique [26, 28, 29]. 

As benchmark from the literature, by treating with standard IMRT, the grade II xerostomia 

rate at one year is around 40% and the 2-year locoregional control rate is around 80% [30-34]. 
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Each of these 5 studies is described one by one, beginning with the two studies that do not 

include any comparison group. 

Schwartz et al. [21, 25] analyzed 22 patients with locally advanced oropharyngeal 

cancer enrolled in a prospective ART trial. Patients had IMRT using a three-dose level 

delivered in 30 to 33 daily fractions. Gross disease and high-risk regions received 66 to 70 

Gy, immediately adjacent lymph node levels and soft tissues target received 60 to 63 Gy and 

prophylactic cervical nodal coverage target received 54 to 57 Gy. A 3-4 mm 3D-margins 

around CTV was used to generate the PTV. All patients received concurrent systemic 

treatment. A daily online IGRT (in-room CT) was performed. DIR was used to propagate the 

planning contours to the daily CT for dosimetric evaluation and replanning, when needed. In 

the event of significant changes (criteria not detailed by the authors), replanning was 

performed. All patients had at least one replanning (median time at the 16th fraction) and eight 

had second replanning (median time at the 22nd fraction). With a median follow up of 31 

months, the 2-year local-regional control rates was 95%. Regarding acute toxicity, all patients 

(n=22) had grade III mucositis, 12 had grade II xerostomia, and one patient grade III 

xerostomia. Quality of life score at 20 months demonstrated full preservation or functional 

recovery of speech and eating. 

Kataria et al. [27] included 36 patients with locally-advanced HNC (58% oropharynx), 

treated with IMRT. The high-risk volume was generated by expanding the gross disease by 1–

1.5cm. The low-risk nodal CTV included the remaining nodal levels at risk. A 5mm 3D-

margin was used to generate the PTV. All patients received a total dose of 70 Gy in 35 

fractions. The dose prescribed to the low-risk nodal volume was not given. All patients 

underwent a CT after the 23rd fraction (46 Gy), which was used for generating a new dose 

distribution for the last 8 fractions (16 Gy). Patient received concurrent chemotherapy. 

Median follow-up was not reported. Regarding toxicities, grade III acute mucositis and 
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dysphagia were observed in 44% and 18% patients, respectively. No grade III late toxicity 

was reported. Four recurrences were found within the initial high dose volume. The 2-year 

disease free survival (DFS) and overall survival (OS) rates were 72% and 75%, respectively. 

The study of Zhao et al. [29] included 99 patients with Stage II-IV nasopharyngeal 

carcinoma treated with simultaneous modulated accelerated radiotherapy. GTV was defined 

as the mass shown in the enhanced CT images, including the nasopharyngeal tumor, the 

retropharyngeal nodes, and the enlarged neck nodes. Two CTV (high risk and low risk) were 

defined. A total dose of 70 Gy was prescribed to the high risk CTV (2.5 Gy per fraction), and 

56 Gy to the low risk CTV (2 Gy per fraction), delivered in 28 fractions. The margin used for 

the PTV was not precised. One replanning was performed for 33 patients at various times 

(ranging from 1st week to 3rd week). The timing of the replanning was decided by the 

radiation oncologist, based on clinical changes in patient anatomy, as tumor shrinkage (16 

patients), weight loss (10 patients) or both (7 patients). After a median follow up of 38 

months, the 3-year loco-regional free survival was 72.7% for ART patients (n=33), and 68.1% 

for no-ART patients (n=66), without significant difference (p=0.3). ART significantly 

increased 3-year loco-regional free survival for patients with stage T3-T4 only. The 3-year 

locoregional free survival was 80% for ART patients, compared to 60% for patients without 

ART (p=0.03). No difference was found for early stage (T1-T2) or in case of large lymph 

nodes volumes (N2, N3). Regarding late side effects, reported only for 8 patients with ART 

and 20 patients without ART, no significant difference was observed. 

Yang et al. analyzed prospectively 129 patients with Stage I-IV nasopharyngeal 

carcinoma, 86 of them having ART with one or two replanning and 43 refused the replanning 

[28]. The time for the first replanning was before the 15th fraction for 10 patients, and before 

the 25th fraction for 53 patients. Twenty-three had two replanning before the 15th and 25th 

fractions. The PTV were defined by adding a 3-mm margin to the CTV. A total dose of 70 Gy 
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were delivered to the PTVs of the primary nasopharyngeal tumor and the involved lymph 

nodes. A total dose of 60 Gy and 56 Gy were delivered to the CTV high risk and low risk 

respectively. Treatment was delivered in 33 fractions with a simultaneous integrated boost. 

Stage I patients (n=15) were treated with radiotherapy only, and stage II-IV (n=114) were 

treated with chemo-radiotherapy. With a median follow-up of 29 months, the 2-year loco-

regional control (LRC) rate was significantly improved for the patients with replanning, 

compared to that of patients without replanning (97.2% vs. 92.4%, respectively, p=0.04). The 

overall survival was not significantly different between the two IMRT strategies (89.8% vs. 

82.2%, p=0.47). The quality of life scores were, however, significantly better for patients with 

replanning, while those without replanning reported more complications (for speech, social 

contact, and teeth). 

Similar results were reported by Chen et al. in a larger series of 317 primarily 

oropharyngeal cancer patients, who underwent IMRT with daily IGRT [26]. The median 

prescribed dose was 60 Gy for patients treated postoperatively (45%), and 70 Gy for patients 

treated definitively (55%). The PTV margin was 3 to 5 mm around the CTV.  One replanning 

was performed at a median dose of 40 Gy (range: 10-58 Gy), depending on multiple factors 

(weight loss, nutritional status and tumor shrinkage). With a median follow up of 30 months, 

the 2-year LRC was 88% for patients treated with ART vs. 79% for those without (p=0.01). 

There was, however, no significant difference in OS and distant metastasis-free survival 

between the two treatment groups. No significant difference was demonstrated either in terms 

of Grade III acute toxicity (39% with ART vs. 30% without ART, p=0.45) or Grade III late 

toxicity (14% vs. 19%, p=0.71). As the patients with a major tumor shrinkage underwent 

replanning, the potential advantage of ART exhibited in this study may be due to the selection 

of tumors with a better prognosis. 
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Overall, these non-randomized and mostly retrospective studies show that ART is safe 

and may increase local control, and to a lesser extent, improve quality of life by decreasing 

toxicity (xerostomia). 

4 Discussion 

This overview shows that the optimal strategy of ART is a weekly replanning or at least early 

replanning. ART appears justified to avoid parotid gland overdose [12, 23] and therefore 

likely decreasing the risk of xerostomia [25]. The benefit of ART for other OARs 

(submandibular glands, spinal cord) is unclear. ART appears also to correct the target volume 

underdose for a subset of patients [17, 22, 23] and improves local control in non-randomized 

studies [26, 28, 29]. The level of evidence of the clinical benefit of ART over non ART is 

therefore weak. The methods used to demonstrate the dosimetric benefit can be discussed. 

Moreover, this complex ART technic may be indicated only for a subgroup of patients which 

need to be identified. Finally, metabolic parameter variation during treatment may also be 

used to better trigger ART. 

4.1 Limitation of the methods to evaluate the benefit of ART 

The methods used to evaluate the dosimetric benefit of ART vary according to the type of 

per-treatment imaging, imaging frequency, methods to evaluate the dose and dosimetric 

endpoints (table 1). A limited number of patients have been included in each studies (from 10 

to 33 patients), decreasing the statistical power of the results. The tumor localization may also 

impact on the results (oropharynx or nasopharynx). Moreover, per-treatment imaging were 

performed at different time points and frequencies during IMRT, from just once to each week. 

Only three studies used more than 2 time points to estimate the cumulated dose. Moreover, 

the dosimetric impact of anatomical variations was estimated using different dosimetric 
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endpoints. Indeed, most of the studies reported variations in the mean dose (in Gy or in % 

compared to prescribed dose), which have been shown to be predictive of xerostomia [35]. 

Only a few studies also used the normal tissue complication probability (NTCP) model to 

estimate the increase in xerostomia risk (n=1, m=0.4, and the median toxic dose ([TD50]=39.9 

[36, 37]). 

The dose comparison could be performed at the fraction [3] or considering the cumulated 

dose, calculated by the mean dose for only a subset of fractions [18, 29] or for the whole 

treatment [17]. Dose accumulation could otherwise be estimated using deformable image 

registration (DIR) [12, 21-23] (supplementary figure S1). 

Figure S1 (supplementary): Deformable image registration (DIR) used for both structure 

propagation and dose accumulation during the course of radiotherapy 

The dose is first calculated at the fraction on the daily image (1), then the planning CT and the daily image are 

registered using DIR (2). The resulting deformation vector fields are used to propagate the fraction dose to the 

planning CT (3). The fraction doses are cumulated on the planning CT (4). The cumulated dose can be finally 

compared to the planned dose (5). 

The choice of the best method/algorithm for dose accumulation is however particularly 

complex. The main limitation of the DIR approach is the accuracy of the elastic registration 
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algorithm, linked to the uncertainty of point-to-point correspondence between the planning 

CT and the daily imaging. Indeed, the required accuracy of DIR depends strongly on its 

application, either for dose accumulation or for contour propagation. Dose monitoring for 

dose accumulation requires a low point-to-point error, especially in case of high dose gradient 

provided by IMRT (near the parotid gland by example [38]). On the other hand, delineation 

propagation require only a good correspondence between organ boundaries. Several methods 

have been therefore described to evaluate the accuracy of DIR algorithms, as visual 

evaluation [39], similarity indices (Dice similarity for example) [40], point-to-point error [41] 

or phantom  [41, 42]. In practice, DIR can be used routinely for contour propagation since the 

contours can be visually validated /corrected by the radiation oncologists [43, 44]. However, 

the analysis of the literature shows that DIR is not yet fully validated in routine practice for 

dose accumulation. Thereby, due to the variability between the different studies (number of 

time points and methods to cumulate the dose, accuracy of the DIR methods, doses reported 

in Gy or in %), it appears difficult to estimate the true benefit of ART to spare the parotid 

gland and even more to decrease xerostomia. 

In this context, studies providing clinical endpoint should be more relevant than in 

silico studies. Only five studies [25-29] reported clinical endpoint. However, these studies 

were either retrospective [26, 27, 29] or non-randomized [25, 28]. Only one study performed 

a systematic replanning [28]. For the four others studies, replanning was performed mostly of 

based on the radiation oncologist decision. As the patients with a major tumor shrinkage 

underwent more often replanning than patient without tumor response, the potential advantage 

of ART exhibited in these studies may be due to the selection of tumor with a better 

prognosis.  Regarding toxicities, two studies reported an improvement of the quality of life for 

patients treated with ART [28, 29]. However, due to the lack of randomisation, the benefit of 
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ART to reduce toxicity is unclear, due to potential confounding factors (better tumor 

response, difference at baseline,…). 

4.2 Which patients are good candidate for ART? 

ART is particularly time-consuming [24, 29], requires many resources, is expensive and 

carries the risk of error, thus requiring rigorous quality-assurance procedures. Dosimetric and 

clinical results have demonstrated that ART may not be useful for all patients. It is therefore 

crucial to target patients with OAR overdose and/or target volume underdose. Ideally, 

replanning decisions should be based on early and simple anatomical predictors, in a clear 

objective of parotid gland over dose and/or tumor underdose correction. 

In a review evaluating anatomical variations during radiotherapy to identify ART need 

predictor, no strong conclusion was possible due to the heterogeneity between studies [45]. In 

another study, Brown et al. analyzed 110 patients with oropharyngeal and nasopharyngeal 

carcinoma, reporting three OAR overdose profiles suitable for ART indication [46]. These 

three profiles were selected based on tumor location (oropharynx or nasopharynx), disease 

stage N (N0-2 or N3), initial weight (<or >100 Kg), and initial node size (< or >28 mm). The 

best candidates for ART were, for oropharyngeal tumor, N3 disease, initial weight > 100 kg 

and initial node size > 55 mm. For nasopharyngeal tumor, the best candidates were stage N2-

3 disease, initial weight > 100 kg and initial node size > 15 mm. In another study with 20 

oropharyngeal cancer, a nomogram was built to predict parotid gland overdose (without 

replanning) based on information from the planning CT and first weekly CT scan. This 

incorporated the initial volume of the CTV calculated from the planning CT, the shrinkage of 

the CTV at the first weekly CT, and the difference between the parotid gland mean doses at 

the first week and planning CTs [14]. The decision of replanning can be also guided by the 

tumor shrinkage. Indeed, another study proposed selecting good-responder patients for ART 
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[47]. Two decisions trees were therefore built based on type of chemotherapy, age, primary 

tumor growth pattern, site, KPS, HPV status, site, initial primary GTV, and total GTV 

volumes. However, several issues still remains in the issue of patient selection, mainly due to 

the limited number of patients in the studies [14], the small number of per-treatment imaging 

[47], unclear criteria to perform replanning [46], and the lack of external validation of the 

models. 

In summary, good candidate for ART are mainly likely those with early tumor 

shrinkage or early parotid gland overdose. Cross validation studies are, however, necessary to 

confirm such decision criteria. 

4.3 Metabolic ART: adaptive dose painting 

Based on the assumption that 18-FDG-avid regions of the tumor are radioresistant and 

may be at the origin of the recurrence [48], PET can be used to guide dose escalation. In this 

approach, the dose can be prescribe homogenously inside the 18-FDG-subvolume (dose 

painting by contour (DPBC)) [49] or heterogeneously for each voxel as the function of the 

signal intensity of that voxel in the biologic image (dose painting by numbers) [50]. The 

feasibility of dose escalation based on DPBC in head and neck cancer was evaluated in a 

phase I [49] which included 41 patients. Based on pre-treatment 18-FDG-PET, the dose was 

escalated from 72.5 to 77.5 Gy in 32 fractions. One treatment-related death at dose level II 

(77.5 Gy) halted the study. More than half of the recurrence occurred inside the high dose 

area, suggesting the potential of 18-FDG-PET to guide dose escalation. However, DPBC is 

limited by its binary character (inside or outside the target), while dose painting by numbers 

(DPBN) may allow higher intra tumor doses. Due to anatomical and biological variations of 

the target volume during treatment [51], anatomical and metabolic ART (with replanning) 

should be considered to maintain plan quality [52]. However, very few studies addressed this 

complex strategy [22, 53, 54]. Long-term outcome of adaptive dose painting by numbers (A-
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DPBN) was reported in a study having included 72 patients with head and neck cancer [55]. 

Among these 72 patients, dose escalation was performed using DPBC for 41 patients (without 

replanning), while 31 patients received 18F-FDG-PET-voxel intensity-based IMRT, adapted 

to per-treatment changes after 8 fractions (2 phase A-DPBN, 21 patients) or after 8 and 18 

fractions (3 phase A-DPBN, 10 patients). Patients were matched to 72 other patients treated 

with standard IMRT without dose escalation during the same period. The median follow-up 

was 87.7 months. Patients treated with the 3-phase A-DPBN achieved higher 3-year local 

control (90%), compared to patient treated with standard IMRT (79%). Regarding late 

toxicity, no difference was show between A-DPBN and standard IMRT. The authors stated 

also that A-DPBN allowed to increase the dose to tumor subvolumes, while decreasing the 

dose to the OARs. 

In total, only three prospective studies from the same treatment center (Ghent 

University Hospital, Belgium) suggest the interest of A-DPBN. Clinical studies, such as the 

ongoing study NCT01341535 (phase II randomized study comparing adaptive dose escalation 

to standard IMRT), are necessary to establish the feasibility and to evaluate the benefit of A-

DPBN. 

5 Conclusion 

In summary, anatomical variations during the course of IMRT for locally-advanced 

head and neck cancer may lead to significant parotid gland and spinal cord overdose, as well 

as to tumor underdose. The clinical impact of such dose variations justifies the use of 

performing ART based on weekly or at least early replanning. How frequently should 

replanning be performed and when is not yet clearly defined, however. Preliminary clinical 

results suggest that the benefit of ART to decrease toxicity and improve local control 

nevertheless requires a better identification of the subset of patients that will particularly 

benefit from the technique. The clinical benefit of ART must compensate for the technique’s 
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high cost, as it requires a high workload for both technicians and equipment. Ongoing 

randomized trials are, however, necessary to demonstrate the benefit of ART compared to no-

ART before using the technique in routine practice in locally-advanced head and neck cancer. 

Moreover, the complexity of the technique requires rigorous quality assurance 

procedures, training, and evaluation, for all the composite steps, including on-board imaging 

and processing, replanning, and treatment delivery. The new combined MRI/LINAC 

machines will pave the way for optimized ART. 
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Au total,  la  adioth apie adaptati e se le appo te  u   fi e e  te es de  o t ôle lo al 

ui  pou ait  s e pli ue   pa   l a lio atio   de  la  ou e tu e  tu o ale  o e  d it 

p de e t  et e  te es de di i utio  de la to i it . Cepe da t il appa ait  lai e e t  ue 

tous  les  patie ts  e  fi ie t  pas  d u e  telle  app o he.  Des  outils  d aide  à  la  d isio   de 

epla ifi atio  [ ,  ], ou de p di tio  du  is ue de d iatio  de la dose d li e pa   appo t à 

la dose pla ifi e [ ] so t do  i dispe sa les.  

M e si le p o essus opti al de  epla ifi atio   a pas  t   lai e e t d fi i, il peut se d fi i  

selo  le s h a sui a t : la p e i e  tape est l a uisitio  d u e i age ie  D sous l appa eil de 

t aite e t  a tuelle e t CBCT ou MVCT, p o hai e e t l I‘M . Ap s p opagatio  des  o tou s 

pa  u  algo ith e de  e alage  lasti ue depuis le s a e  de pla ifi atio   e s l i age ie du jou , 

u e app o he de  adioth apie guid e pa  la dose se ait p opos e e   o pa a t la dose  u ul e 

pa   appo t à la dose pla ifi e. E   as de d isio  de  epla ifi atio , u e  ou elle dist i utio  de 

dose  se ait  alo s  al ul e,  e   p e a t  e   o pte  la  dose  p de e t  d li e.  Afi   de 

a i ise   le  fi e  de  la  adioth apie  adaptati e,  ette  epla ifi atio   se ait  alis e  e  

di e t, a e  l aide d outils de pla ifi atio  auto ati ues [ ,  ]. Afi  de te d e  e s  e s h a, 

plusieu s  opti isatio s  este t  essai es,  ota e t  pou   le  al ul  de  dose  su   l i age ie 

e a u e, l a lio atio  des algo ith es de  e alage  lasti ue pou  la p opagatio  de  o tou s 

et le  u ul de dose et e fi  l utilisatio  d outils de pla ifi atio  auto ati ue. 



 

5.1.2 Radiothérapie adaptative guidée par la dose 

L app o he de  epla ifi atio  s st ati ue,  e si elle  i l e su   les patie ts pou  le uel  le 

fi e pote tiel est le plus  le ,  e p e d pas e   o pte les sp ifi it s i di iduelles. Il est 

do   gale e t  possi le  d e isage   u e  app o he  plus  pe so alis e,  eposa t  su   u   sui i 

o ito i g   de  la  dose  e   ou s  de  t aite e t.  Ce  o ito i g  de  dose  peut  t e  alis   e  

utilisa t les s st es d i age ie e a u e su  les a l ateu s de t aite e t. Les Co e Bea  

CT  CBCT  utilis s pou  le  epositio e e t des patie ts pou aie t ai si pe ett e d esti e  la 

dose  eçue  pa   le  patie t.  Deu   p o l ati ues  li ite t  aujou d hui  ette  utilisatio .  La  i e 

o e e la  ualit  d i age  dio e du CBCT, a e  u e  solutio  spatiale, u   ha p de  ue et 

u   o t aste i f ieu s à  elui d u  s a e . La  i e est e  lie  a e  le  al ul de dose,  ui  essite 

l i fo atio   de  de sit   le t o i ue  as   su   les  u it s  Hou sfield  UH .  Les  CBCT  e 

pe ette t  pas  d o te i   di e te e t  les UH,  e da t  i possi le  le  al ul  di e t  de  la  dose. 

Plusieu s  thodes o t  epe da t  t  d ites pou  pe ett e le  al ul de dose su  CBCT. La  i e 

thode  o siste à  alise  u e  ali atio  du CBCT. Cette  thode do e des  sultats  o e ts, 

a e  u e diff e e de dose de  oi s de  % e t e le CBCT et le s a e  pou  des  a e s des 

VAD“ [ ‐ ]. Cepe da t pou   e tai s patie ts, la diff e e peut  t e  eau oup plus  a u e 

jus u à  % [ ] , et la  ali atio  doit  t e ajust e e  fo tio  de la lo alisatio  tu o ale et 

de  l a ato ie  du  patie t.  Afi   de  pallie   à  es  i o ie ts,  u e  aut e  app o he  o siste  à 

att i ue  des de sit s  le t o i ues au  st u tu es a ato i ues sui a t des  lasses de tissus  ai , 

eau, os . Cette app o he se le pe ett e u e p isio  de  al ul de dose satisfaisa te  ais a 

seule e t  t   alu e da s u  petit  o e d tudes a a t i lus  oi s de   patie ts [ ,  ]. 

Les p e ie s  sultats de  ot e  uipe su    patie ts  o t e t  ue le  al ul de dose e     lasses 

de de sit s est faisa le, a e  de fai les  a ts dosi t i ues pa   appo t au  al ul su  CT pou  la 

dose  o e e au  pa otides  ,  % , la dose  eçue pa   % de la  oelle  ,  %  et la  ou e tu e 

des PTV  ,  % . La Figu e   illust e u  e e ple des i e titudes de dose pou  u  patie t.  



 

Figu e   : Des iptio  de la  thode de de sit     lasses 

L i di e I  o espo d au  o e t de la  epla ifi atio , depuis  s a e  i itial  jus u à    epla ifi atio  à 
la  e e se ai e de t aite e t . Cha ue s a e   CT  et CTi, i de  à   est seg e t  e     lasses  ai , tissus 
ous et os ,  ha u  a e  u  seuillage sp ifi ue. Les de sit s  o e es pou   ha u e des    lasses so t 

e suite assig es da s le logi iel de pla ifi atio  e  utilisatio  les  aleu s  o e es issues du s a e  de 
pla ifi atio . Le  al ul de dose est e suite  alis  a e   es de sit s.  

F o  A. Ba ateau, N. Pe i ho , J. Castelli et al. “u itted A ta O ologi a   O t.  



 

Figu e   : E a ple of spatial dose u e tai ties usi g the de sit  assig e t  ethod o  CBCT i ages 

A  ga a  a al sis  as pe fo ed  et ee  dose dist i utio s  al ulated o  CT a d dose dist i utio s 
al ulated f o  a th ee de sit   lass CBCT i age. Both i ages  CT a d CBCT  ha e  ee  a ui ed the sa e 
da . The ipsilate al pa otid gla d is deli eated i  o a ge, the  o t alate al pa otid gla d i  g ee  a d the 
spi al  o d i   lue. 

F o  A. Ba ateau, N. Pe i ho , J. Castelli et al. “u itted A ta O ologi a   O t.  

U   o ito i g de  la dose  eposa t su   ette app o he se le do  a epta le, pou a t ai si 

pe ett e u e app o he de  adioth apie adaptati e guid e pa  la dose et plus p is e t pa  

la diff e e de dose e t e la dose  o e e pla ifi e et la dose d li e au  pa otides  Figu e 

. 



 

Figu e   : Pa otid gla d dose diffe e e  et ee   u ulated dose a d pla i g dose  ithout  epla i g  

 The  ea  dose  D ea  a e  o side ed. Positi e diffe e e  ea s a pa otid gla d  PG  o e dosage. 

F o  A. Ba ateau, N. Pe i ho , J. Castelli et al. “u itted A ta O ologi a   O t.  

La  isualisatio   des  olu es  d i t t  su   CBCT  este  epe da t  u   fa teu   li ita t.  “uite  au 

e t  d eloppe e t  d u e  I‘M  oupl e  a e   u   a l ateu   [ ],  l I‘M  peut  aussi  t e 

o sid e pou  u e app o he de  adioth apie adaptati e guid e pa  la dose. “i le p o l e de 

isualisatio  des  olu es d i t t  e se pose pas su  l I‘M du fait de sa  solutio  spatiale et de 

so   o   o t aste, l a se e de de sit   le t o i ue  e d a tuelle e t i possi le le  al ul di e t 

de la dose. Co e pou  le CBCT, plusieu s te h i ues,  su e da s la Ta le  , o t  t  d ites 

pou   e d e possi le  la  alisatio  d u e dosi t ie su   I‘M. Deu  g a des app o hes o t  t  

d elopp es, d u e pa t la g atio  d u e i age de su stitutio  to ode sito t i ue à pa ti  

de l I‘M su  la uelle est fi ale e t  alis e la pla ifi atio , et d aut e pa t le  al ul di e t de dose 

à pa ti  d I‘M e  se  asa t su  des h poth ses ph si ues. La p e i e  thode se le la plus 

aliste à l heu e a tuelle. 



 

Ta le   :  Pla ifi atio   d u e  adioth apie  à  pa ti   d I‘M  :  p i ipe,  a a tages  et  i o ie ts  des 
diff e tes  thodes de  al ul de dose. 

  “ou e : Pla ifi atio  à pa ti  d i age ie pa   so a e  ag ti ue e   adioth apie. A.  La ge t,  J.C. 

u es, C. Lafo d, N. Pe i ho , J. Castelli, et al. Ca e . ‘adiothe .   



 

5.1.4 Questions méthodologiques tenant à l’évaluation de la dose cumulée 

U e des diffi ult s  ajeu es  lo s de  l aluatio  du  fi e d u e  st at gie de  adioth apie 

adaptati e tie t e  effet à l esti atio  de la dose  u ul e sa s ou a e   epla ifi atio . Au  u de 

l i possi ilit  de so e  les HDV, il est  essai e d utilise  des te h i ues de  e alage  lasti ue 

afi   de  alise   ette  esti atio .  Cepe da t  la  dose  u ul e  ai si  esti e  est  fo te e t 

d pe da te  de  la  p isio   des  algo ith es  de  e alage  lasti ue.  Ce i  est  d auta t  plus 

p o l ati ue  da s  les  zo es  a e   u   fo t  g adie t  de  dose,  ota e t  à  p o i it   des 

pa otides. Nous a o s ai si  alu   la p isio  de    thodes de  e alage  lasti ue pou    

patie ts,  ha u  a e    s a e s. Quato ze  ep es a ato i ues o t  t  utilis s. Les  sultats 

o t e t  ue si la p isio  spatiale  tait t s  o e   à    , l i pa t su  l e eu  d esti atio  

de la dose pou ait  t e i po ta t   à   G  pou  les pa otides   Ta le  .   

Ta le   :  A e age  u ulated dose  G   e o     la d a ks  a d    egist atio   ethods  ith  the  fi st 
o se e  as a ato i al  efe e e. 

“ou e : B.‘igaud, A.“i o , J.Castelli, et al. Bio ed. ‘es. I t.   

Cette diff e e de p isio  peut ai si  o dui e à des diff e es de dose esti e de plusieu s 

G  e t e les diff e ts algo ith es  o e illust  da s la Figu e  . 



 

Figu e   : Va ia ilit   et ee  esti ated  u ulated dose    ethod fo  the sa e o ga   ith the  ea  
dose i  the pa otid gla d  o e dose a d u de dose .  

The g ee  poi ts  ep ese t the pla ed dose a d the  ello  sta s  ep ese t the  alue  etu ed   the f ee 
fo  defo atio   ith  utual  i fo atio   et i  o   filte ed CT‐s a s  ethod. The  li its of ea h  o  
ep ese t the  th a d  th pe e tiles, the  hiske   ep ese ts the  i  a d the  a   alue, a d the  ed 
li e  ep ese ts the  edia   % of the total  alues . Ea h  o plot is  ep ese ted  ithout the outlie s. 

“ou e : B.‘igaud, A.“i o , J.Castelli, et al. Bio ed. ‘es. I t.   



 

5.1.5 Limites de nos travaux 

Plusieu s li ites so t à soulig e  au  ega d des t a au   ue  ous a o s  e  da s le do ai e de 

la  adioth apie adaptati e  o phologi ue. Tout d a o d, il s agit d tudes de  od lisatio  a a t 

po t es su  u   o e  est ei t de patie ts   à   patie ts . Nous a o s fait le  hoi  de  alise  

u   u ul de dose pa   e alage  lasti ue pou  les pa otides. Au  u des  sultats d aluatio  de 

la p isio  de  es  thodes, u e i p isio  de l aut e du G  de eu e pou  la dose  u ul e. 

La p ude e  oud ait do  de  e  o sid e   o e sig ifi atif  ue les patie ts p se ta t u  

su dosage  d au  oi s    G   da s  la  pa otide.  La  pe ti e e  li i ue  d u   tel  su dosage  este 

i p ise,  a   e si  ous a o s utilis  u   od le NTCP pou  esti e  u e di i utio  de  % 

du  is ue de  osto ie,  es  od les o t  t   o st uits e   o sid a t la dose pla ifi e et  o  

pas la dose d li e. Co e a t le  olu e  i le, il  est pas  t  possi le de  alise  u   u ul de 

dose pa   e alage  lasti ue du fait de la fo te tu o ale. Nous a o s  hoisi de  ep se te  la dose 

u ul e pa  la  o e e de la dose  o e e et de la dose  eçue pa    % et  % du  olu e. La 

pe ti e e  li i ue de  es pa a t es  este  epe da t à d o t e . U e aut e li ite tie t à la 

f ue e d ha tillo age du s a e   alis  u e fois pa  se ai e,  ui  e pe et  ue d a oi  

u e esti atio  de l i pa t des  a iatio s a ato i ues. Cepe da t, pou  les  a e s des VAD“, 

du fait de l appa itio  p og essi e des  a iatio s a ato i ues,  et  ha tillo age he do adai e 

peut  t e suffisa t. Pou  le  al ul de la dose d li e sa s  epla ifi atio , l esti atio  a  t  faite 

à  pa ti   d u   e alage  su   l iso e t e,  e  ui  e  o espo d  pas  à  u e  ita le  app o he  de 

adioth apie  guid e  pa   l i age.  Cette  diff e e  pou ait  e t ai e   u e  ajo atio   des 

a iatio s dosi t i ues o se es e  lie  a e  u e e eu  de positio e e t [ ]. E fi   ous 

a o s si ul  u e app o he de  adioth apie adaptati e e  te ps  el, diffi ile à  ett e e  pla e 

e   outi e  li i ue. U e app o he e  te ps diff , plus  aliste, pou ait a oi  u   fi e  oi s 

i po ta t. La de i e li ite  ajeu e tie t au fait  u il s agit d tudes  i  sili o, sa s  alidatio  

e te e et su tout sa s  sultat  li i ue pou  le  o e t. Au  u de la lou deu  de la te h i ue, 



 

seul u   fi e  li i ue f a  pe ett a  l adoptio  de  la  adioth apie adaptati e e   outi e 

uotidie e. 

Au total, au  u de  os  sultats et des li ites de  os t a au , il appa ait  essai e de pou sui e 

les  od lisatio s su  u  plus g a d  o e de patie ts. Id ale e t,  es outils de aie t  epose  

su   des  it es  a ato i ues  si ples,  e  essita t  pas  de  e al ule   la  dose  à  la  p e i e 

se ai e. U e  alidatio  p ospe ti e des outils de p di tio  de su dosage des pa otides et de 

sous dosage de la tu eu  est pa  ailleu s i dispe sa le. Il se a  gale e t  essai e d alue  la 

diff e e de dose esti e e t e u   e alage su  l iso e t e et u e app o he de  adioth apie 

guid e pa   l i age.  E fi   les  algo ith es de  e alage  lasti ue doi e t  t e a lio s et  leu  

p isio  doit  t e  alu e, id ale e t su  fa tô es [ ,  ], afi  d a lio e  les  sultats de 

u ul de dose. Cette  tape d aluatio  se a  lai e e t i dispe sa le a a t leu  utilisatio  e  

outi e  li i ue. 

.  Radioth apie adaptative  ta oli ue 

Nos  t a au   a aie t  pou   ut  de  d te i e   des  pa a t es  issus  de  l i age ie  ta oli ue 

pe etta t d affi e   le p o osti  des patie ts à  l helle  i di iduelle. Nous a o s  o fi   la 

aleu  p o osti ue i d pe da te de pa a t es  ua titatifs issus de la TEP p ‐th apeuti ue. 

Ces  sultats o t  t   alid s su  deu   oho tes disti tes,  issues de    e t es diff e ts. Nous 

a o s ai si pu  alise  u e  alidatio  e te e de  ot e  od le de p di tio  de su ie, et  ous 

aff a hi   du  a a t e  «  e t e  d pe da t »  des  pa a t es  p opos s  aupa a a t  da s  la 

litt atu e. 

Plusieu s li ites de eu e t  epe da t da s l utilisatio  de  es pa a t es. Tout d a o d,  e 

si les pa a t es  ta oli ues o t  t  a uis su     a hi es TEP diff e tes, il est  essai e de 

alise  u e  alidatio  plus la ge a e  des patie ts issus d aut es  e t es a e  des TEP diff e tes. 

E suite,  ot e  od le de p di tio   a  t   alis   ue su  des patie ts a a t u e tu eu  de 

l o opha , et  est  as   ue su  u e a al se d i te sit  de l i age ie TEP. Il est possi le  ue 

les pa a t es soie t diff e ts pou  les aut es tu eu s des VAD“. Pa  ailleu s  ous  a o s pas 



 

e plo  l utilisatio  d u e TEP a uise e   ou s de t aite e t. Les  uel ues  tudes dispo i les 

se le t  o t e  u   i t t à  l aluatio  de  la  po se  ta oli ue e   ou s de t aite e t 

[ ].  La  uestio   du  eilleu   o e t  pou   alise   ette  TEP  e   ou s  de  t aite e t  est 

gale e t  u iale. Cette  aluatio  doit  t e  alis e suffisa e t  tôt pou   laisse   le  te ps 

d adapte   le  t aite e t  tout  e   laissa t  le  te ps  au  t aite e t  de  o e e   à  agi .  “i  les 

ale tou s de la  i e se ai e de t aite e t se le t  t e le  eilleu   hoi  [ ,  ], la  uestio  

este e ti e a tuelle e t. Ce tai es  uipes o t aussi  alis  u e es alade de dose guid e pa  

l i fo atio   ta oli ue a uise e   ou s de t aite e t [ ,  ,  ,  ]. U e des li ites de 

ette app o he  este l a se e de  o latio  f a he e t e les pa a t es  ta oli ues et le 

site  de  la  idi e.  E   effet,  si  la  idi e  su ie t  ajo itai e e t  da s  le  olu e  tu o al 

a os opi ue [ ,  ], au u e  o latio  f a he a e  l i te sit  du sig al TEP  a pu  t e 

ta lie pou  le  o e t.  

Au total, le d eloppe e t de  od le TEP issu de  oho te  ulti e t i ue et i t g a t diff e tes 

lo alisatio s  au  sei   des VAD“ doit  t e pou sui i.  La  aleu  p di ti e de  la  TEP e   ou s de 

t aite e t  doit  t e  o fi e.  L a al se  des  sites  de  idi es  et  leu s  elatio s  a e  

l i fo atio   ta oli ue  doit  t e  alis e  afi   de  pou oi   d eloppe   u e  i te sifi atio  

th apeuti ue  i l e  su   les  sous  olu es  à  haut  is ue  de  idi e.  E fi   u e  a al se  de  la 

te tu e du sig al TEP  ous se le  essai e afi  de  ieu   a a t ise  les sous  olu es à  is ue 

de  idi e. 



 

 Co lusio   

La  o t i utio  de  ot e t a ail de th se pa   appo t au  do es de la litt atu e se situe su  les 

poi ts sui a ts : 

- Qua tifi atio  de la dose d li e au  pa otides sa s et a e   adioth apie adaptati e : 

Nous a o s  o t   u e i o   /  des pa otides p se taie t u  su dosage de plus de   

G   au  ou s  d u e  ‘CMI  sa s  epla ifi atio .  La  alisatio   d u e  adioth apie 

he do adai e  s st ati ue  pe ettait  de  o ige   e  su dosage  da s  tous  les  as, 

pe etta t  d esp e   u e  di i utio   e   aleu   a solue  de   %  du  is ue  esti   de 

osto ie. 

- Ide tifi atio  des patie ts à  is ue de su dosage des pa otides : e  utilisa t les do es 

issues de   patie ts,  ous a o s pu d eloppe  u   od le de p di tio  du  is ue de 

su dosage  des  pa otides,  pe etta t  ai si  d ide tifie   les  patie ts  a didats  à  u e 

adioth apie adaptati e. 

- “t at gie  opti ale de  adioth apie  adaptati e  pou   pa g e   les  pa otides :  ha ue 

epla ifi atio  suppl e tai e appo te u   fi e e  te es d pa g e des pa otides. 

Cepe da t la  ajeu e pa tie de  e  fi e est attei t ap s    epla ifi atio s. Da s le 

as où u e seule  epla ifi atio  est  alis e, elle doit  t e  alis e de faço  p o e  da s 

les   p e i es se ai es de t aite e t  

- Qua tifi atio  de la dose d li e à la tu eu  :  ous a o s  o t  l e iste e d u  sous 

dosage de  la tu eu  pou    % des patie ts e   l a se e de  adioth apie adaptati e. 

L utilisatio   d u e  st at gie  de  adioth apie  adaptati e  pe et  de  o ige   e  sous 

dosage et pou ait pe ett e d aug e te  le tau  de  o t ôle lo al. 

- ‘e alage  lasti ue : le  e alage  lasti ue est u e  tape i o tou a le pou   alise  u  

u ul  de  dose.  Nous  a o s  o t   ue  toutes  les  thodes  de  e alage  lasti ue 

o po te t  u e  i e titude  de    à    G   e   fo tio   de  l o ga e  o sid .  Cette 



 

i e titude doit  t e p ise e   o pte lo s de l a al se des  sultats de la  adioth apie 

adaptati e. 

- ‘adioth apie  adaptati e  ta oli ue :  ous  a o s  o t   ue  la  TEP  pou ait  t e 

utilis e pou  ide tifie  les patie ts à haut  is ue de  idi e et/ou de d s. Ces patie ts 

so t de  o s  a didats  à u e app o he de  adioth apie adaptati e pou   ai te i   la 

ou e tu e tu o ale,  oi e à u e es alade de dose guid e pa  la TEP. 

Au‐delà des t a au  de  od lisatio , le  it e de juge e t opti al  este le  fi e  li i ue, 

id ale e t o se  au  ou s d tude de phase III. Deu  essais so t e   ou s da s  ette opti ue. 

Le p e ie  essai  A‘TIX   o pa e u e  adioth apie adaptati e à u e  adioth apie sta da d sa s 

epla ifi atio . L o je tif p i ipal est u e di i utio  du tau  de  osto ie à   a . J i te ie s 

da s  et  essai  e   ta t  ue  o‐i estigateu .  Le  deu i e  essai  TEMPO‘AL,  do t  je  suis 

oo do ateu   alue  la  aleu   p di ti e  de  la  TEP  alis e  e   ou s  de  t aite e t  à  la 

deu i e  et  uat i e  se ai e  de  t aite e t .  Ces  deu   essais  de aie t  te i e  

p o hai e e t leu s  e ute e ts. 
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R su

O je tifs : Not e t a ail a ait pou  o je tifs  i  d alue  le  fi e dosi t i ue et de p di e le 
fi e  li i ue  d u e  adioth apie  adaptati e  pou   des  a e s  des  oies  a o‐digesti es 

sup ieu es, à la fois e  te es de to i it  et de  o t ôle lo al,  ii  d ide tifie  les patie ts  o s 
a didats à u e st at gie de  adioth apie adaptati e, et  iii  d ide tifie  le  eilleu  s h a de 
adioth apie adaptati e pou   pa g e  les pa otides 

Mat iels  et  thodes :  Le  fi e  dosi t i ue  a  t   alu   e   utilisa t  les  do es  de 
patie ts  i lus  da s  u e  tude  de  phase  III  alua t  le  fi e  li i ue  d u e  adioth apie 
adaptati e.  La  dose  u ul e  sa s  et  a e   adioth apie  adaptati e  a  t   esti e  pa   des 

thodes de  e alage  lasti ue. U e  aluatio  des diff e ts algo ith es de  e alage a  t  faite 
à  la  fois  e   te es  de  p isio   spatiale  et  d i pa t  su   la  dose  esti e.  Des  od les  de 
p di tio   du  is ue  de  su dosage  o t  t   d elopp s  e   utilisa t  des  od les  li ai es 
g alis es  i tes  et  u e  alidatio   ois e  pa   lea e‐o e‐out.  L aluatio   de  diff e ts 
s h as de  adioth apie adaptati e  e  te es de f ue e et de  o e  a  t   alis e e  se 
asa t su  l pa g e des pa otides. La  aleu  p di ti e de pa a t es  ua titatifs issus de la TEP 

a  t   alu e  à  t a e s  u e  e ue  s st ati ue  de  la  litt atu e.  La  aleu   p di ti e  de 
pa a t es i te sit  issue de la TEP a  t  a al s e da s    oho tes i d pe da tes.  

R sultats :  Nos  t a au   o t  o fi   u e   l a se e  de  adioth apie  adaptati e  pou   des 
a e s des VAD“, il e iste u   is ue de su dosage des pa otides de plus de   G  pou  les  /  des 
patie ts.  Il  s  asso ie u   is ue de sous dosage de  la  tu eu  de plus de   G  pou    % des 
patie ts. U e  adioth apie adaptati e pe et de  o ige  à la  fois  le su dosage des pa otides 

fi e  li i ue esti e de   % de di i utio  du  is ue de  osto ie  et le sous dosage de 
la  tu eu .  Bas s  su   des  pa a t es  issus  de  la  pla ifi atio   et  de  la  p e i e  se ai e  de 
t aite e t, des  od les de p di tio  du  is ue de su  dosage des pa otides ou de sous dosage 
de  la  tu eu  o t  t  d elopp s. Les pa a t es TEP p di tifs du  is ue de  idi e o t  t  
ide tifi s. U   o og a e a pu  t e d elopp  et  alid  da s u e  d  oho te de patie ts. 

Co lusio  : Nos t a au   o fi e t le  fi e d u e  adioth apie adaptati e pou   pa g e  
les pa otides et  ai te i  la  ou e tu e tu o ale. Ce  fi e dosi t i ue de ait pe ett e 
u e di i utio  de la to i it  et u e a lio atio  du  o t ôle lo al. Des pa a t es a ato i ues 
et  dosi t i ues  si ples  pe ette t  l ide tifi atio   des  patie ts  à  is ue  de  su dosage  des 
pa otides ou de sous dosage de la tu eu . L utilisatio  de la TEP pe et d ide tifie  p o e e t 
les patie ts à haut  is ue de  idi e,  a didats pote tiels à u e i te sifi atio  th apeuti ue. 
Ces  sultats  justifie t  la  pou suite  des  t a au   su   u e  oho te  de  patie ts  plus  i po ta te, 
id ale e t da s le  ad e d tudes  li i ues de phase III. 
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