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Imaging and Radiation Therapy Planning
Manage m e nt of cance r is  fundam e ntally bas e d on s urge ry, ch e m oth e rapy and radiation th e rapy.
In 189 6 radiation w as  firs t us e d for th e  tre atm e nt of cance r w h ich  is  jus t one  ye ar afte r dis cove ry
of X-ray by W ilh e m  Roe ntge n. In curre nt days  radiation tre atm e nt can be  broadly clas s ifie d as
e xte rnal be am  radiation th e rapy (te le th e rapy), brach yth e rapy and targe te d radionuclide  tre atm e nt.
Exte rnal be am  radiation th e rapy (EBRT) is  th e  m os t com m only us e d m odality for curative  or palliative
options  for m anage m e nt of s olid tum ors . Bas ic principle  of EBRT is  th e  de live ry of h igh  dos e s  of
radiation (ph otons  or e le ctrons  or protons ) to th e  tum or w ith  m inim al pos s ible  radiation induce d
injury to th e  ne igh boring and inte rve ning s tructure s . In e arly ye ars  of radioth e rapy th e  m agnitude
of s ide  e ffe cts  w as  e norm ous ly h igh  and prim arily w as  due  to lim ite d cros s  s e ctional de tails  re q uire d
to s pare  or k e e p th e  vital s tructure s  aw ay from  radiation fie ld. H ow e ve r, th ank s  to H ouns fie ld w h o
in 19 72 inve nte d com pute riz e d tom ograph y (CT) w h ich  provide d a be tte r ins igh t to tum or ge om e try,
its  re lation w ith  s urrounding s tructure s  and als o m ade  it pos s ible  to calculate  th e  radiation dos e  in
3 dim e ns ions  (3D). In curre nt clinical practice , CT bas e d radiation planning is  th e  s tandard of care
and th is  is  due  to its  ability to calculate  th e  tum or dos e  de s pite  of lim ite d tis s ue  contras t. Th is  low
tis s ue  contras t is  th e  m ajor draw back  of CT w h ich  pos e s  difficulty for de line ating th e  gros s  tum or
volum e  (GTV). But robus t de ve lopm e nt in line ar acce le rators  and CT s canne rs  h as  pave d th e  path
of m ore  s oph is ticate d and targe t s pe cific 3D-conform al radioth e rapy, im age  guide d radiation th e rapy
(IGRT), inte ns ity m odulate d radioth e rapy (IMRT) and volum e tric m odulate d arc th e rapy (VMART)
w h ich  are  th e  m ain cuis ine s  of radiation oncology s uite . Magne tic re s onance  im aging (MRI) is  a
pow e rful non-radiation bas e d cros s  s e ctional im aging m odality w h ich  h as  m uch  be tte r s oft tis s ue
contras t th an CT and for th is  re as on h as  h igh  diagnos tic s tre ngth  for be nign and m alignant le s ions .
H ow e ve r, MRI s till com e s  at a s e condary pos ition for radiation th e rapy planning and th is  is  due  to
its  im age  artifacts , lack  of tis s ue  de ns ity inform ation, and re lative ly s m all fie ld of vie w  (FOV). Tis s ue
de ns ity inform ation re q uire s  e le ctron inte raction w ith  tis s ue  w h ich  h appe ns  in CT but re ce ntly a
com m on approach  h as  be e n us e d by as s igning a bulk  de ns ity to th e  MR im age  us ing an atlas -
bas e d, e le ctron-de ns ity m apping m e th od but th is  ne e ds  furth e r re s e arch .
In ye ar 2000, introduction of h ybrid im aging in th e  form  of PET/CT, h as  re volutioniz e d th e  cance r
m anage m e nt not only for s taging and re s taging but als o in radiation th e rapy planning, e arly re s pons e
e valuation and it role  as  a ve ry s trong prognos tic tool. Th is  m ulti-dim e ns ional role  of PET/CT is  due
to availability of h igh  m agnitude  of functional or m e tabolic inform ation (PET) w ith  h igh  re s olution
anatom ical de tails  (CT). In radiation th e rapy planning of various  s olid tum ors , PET/CT h as  be com e
a pre fe rre d ch oice  of radioth e rapis t due  to be tte r anatom ical localization of tum or (CT) and s e le cting
th e  m e tabolically active  or viable  tum or (PET) w h ich  re s ults  in s m alle r gros s  tum or volum e  (GTV),
clinical targe t volum e  (CTV) and planning targe t volum e  (PTV). Obvious ly th e  outcom e  is  be tte r
patie nt s urvival w ith  m inim al s ide  e ffe cts  re s ulting from  s paring th e  vital s tructure s  aw ay from  th e
tre atm e nt fie lds . In PET im aging, various  radiolabe lle d s ubs trate s  can be  us e d to ge t m e tabolic
inform ation lik e  glucos e  m e tabolis m  (18F-de oxyglucos e ; 18FDG), tum or prolife ration (18F th ym idine ;
FLT) or h ypoxia (18F flourom e s oniadaz ole ; FMISO or fluorine -18-fluoroaz om ycin-arabinos ide ;
18F-FAZ A). H ow e ve r, 18FDG is  th e  m os t com m only us e d radiotrace r due  to its  availability and cos t.
Th e  m os t im portant lim itation of us ing PET/CT for tre atm e nt planning is  re producibility of tum or
pos ition in line ar acce le rator as  w e ll and th is  can only be  e ns ure d w h e n patie nt is  im age d and tum or
is  m ark e d us ing th e  s am e  be d (pe lle t) and im m obiliz ation de vice s  as  us e d in radioth e rapy s uite .
Ke e ping in vie w  th e  ph e nom e nal grow th  in im aging and radioth e rapy fie lds , w e  anticipate  an
e xpanding role  of im aging (both  anatom ical and functional) w ith  be tte r outcom e  of radiation tre atm e nt.
H ow e ve r, to us e  th e s e  advance  gadge ts , w e  ne e d to de ve lop a be tte r and s tronge r liais on am ong
m e dical oncologis ts , radiologis ts , nucle ar ph ys icians , radioth e rapis ts  and m e dical ph ys icis ts .
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