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Imaging in radiotherapy



Roles of imaging in RT

• CT: Despite some disadvantages, CT remains 
the only three-dimensional imaging modality 
used for dose calculation. 

• MRI: Better tissue contrast and resolution 
than those of CT, improves tumor definition 
compared with CT planning alone.

• PET: PET also provides metabolic information 
to supplement the CT and MR anatomical 
information. 



The Role of Imaging in Radiation Therapy 
Planning: Past, Present, and Future. 2014
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Nasopharyngeal carcinoma









Radiomics and radiogenomics









ST14 RNA expression ST14 methylation

P = 0.3852 P = 0.04204

N
o

rm
a

li
z

e
d

 r
e

la
ti

v
e

 e
x

p
re

s
s

io
n

N
o

rm
a

li
z

e
d

 r
e

la
ti

v
e

 e
x

p
re

s
s

io
n

GSE5364

GSE22820

N
o

rm
a

li
z

e
d

 r
e

la
ti

v
e

 e
x

p
re

s
s

io
n

 (
lo

g
 n

o
rm

)

N
o

rm
a

li
z

e
d

 r
e

la
ti

v
e

 e
x

p
re

s
s

io
n

 (
lo

g
 n

o
rm

)

P < 0.001 P < 0.001

P
e

a
rs

o
n

’s
 c

o
rr

e
la

ti
o

n

P
a

ti
e

n
t 

n
u

m
b

e
r

P
a

ti
e

n
t 

n
u

m
b

e
r

TCGA

GSE75067

P < 0.001

P < 0.001

a

b

c d

e

f

g i

h

H450K annotation

A
c

c
u

ra
c

y

T
ru

e
 p

o
s

it
iv

e
  
ra

te

False positive  rate

Log (lambda) Log (lambda)

log(RPKM+1)

Color bar

e



GTV

• The GTV is the gross palpable, visible, or clinically 

demonstrable location and extent of the malignant 

growth. 

• It can consist of primary tumor and metastatic 

lymphadenopathy, or other metastases.

• The methods used to determine the GTV should meet 

the requirements for staging the tumor according to the 

AJCC systems.

Journal of the ICRU Vol 7 No 2 (2007) Report 78



GTV

• There is a value in indicating whether a 

given GTV or CTV represents the 

primary tumor, or grossly involved 

nodes, or grossly visible metastases.

• GTV-T, GTV-N, GTV-M



CTV

• The CTV is a tissue volume that contains the GTV(s) 

and/or sub-clinical malignant.

• Delineation of the CTV is based on:

1. The probability of microscopic extension at different 

distances around the GTV, and the probability of sub-clinical 

invasion of regional lymph nodes or other tissues. 

2. The judgement of the radiation oncologist.

• The CTV delineation should be based on knowledge of 

pathways of tumor infiltration in three dimensions.

Journal of the ICRU Vol 7 No 2 (2007) Report 78



CTV

• There might be no macroscopic disease, and 

hence no GTV, after gross resection or, 

occasionally, after chemotherapy as the gross 

tumor might then no longer be evident or 

even present. 

• In such a case, only a CTV, and not a GTV, 

would be defined.

• CTV could be identical to GTV.



ITV: Internal Target Volume

• Allowance for the internal component of 
uncertainty (organ motion, variation in size 
and shape) is termed the internal target 
volume (ITV). 

• The margin between the ITV and the CTV is 
termed the internal margin.



PTV: Planning Target Volume

• The PTV allows for two components of uncertainty:

– internal uncertainties (e.g., physiologic movements and 

variations in size, shape, and position of the CTV within 

the patient) 

– uncertainties in factors external to the patient (e.g., 

set-up uncertainties). 

• To ensure that the prescribed dose is actually 
delivered to all parts of the CTV.



PTV: Planning Target Volume

• A generally satisfactory approach is to assess 

them explicitly in the six cardinal directions: AP, 

PA, left, right, cephalad, and caudad.

• To ensure that the prescribed dose is actually 

delivered to all parts of the CTV.



PTV: Planning Target Volume

• It should be noted that the estimated distribution of 

dose within the PTV is an underestimate of the 

dose distribution in the CTV. 

• This results because the CTV can remain well within 

the PTV and hence not experience the reduced 

dose often delivered at the PTV boundary.



ICRU Report 83. Prescribing, Recording, and Reporting Photon-Beam 
Intensity-Modulated Radiation Therapy (IMRT)
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