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THE SEARCH FOR CONFORMALITY



CONVENTIONAL RT

 Simple field arrangements 

 Uniformly radiate both the target and the 
surrounding normal tissues. 

 Includes the use of rectangular blocks to 
shield normal structures. 



CONFORMAL RT

 Multiple fields, including oblique and non-
coplanar fields

 Varying weightage and wedges. 

 Shaped blocks :Blocks may be Cerrobend 
blocks, or motor-driven Multi Leaf Collimators 
(MLC). 

 CT-based 3D planning





INTENSITY MODULATED RADIOTHERAPY

 IMRT is a higher form of 3DCRT.

 Two forms: 

 Forward planned IMRT :basically a form of 
complex 3DCRT using field-in-field technique. 

 Inverse planned IMRT : requires Inverse 
Treatment Planning (ITP) software. 



Forward Planning                           Inverse Planning

Beam parameters (beam orientation,                     
shape, modifier, beam weights, etc.) 

3D dose distribution. 

If not satisfactory, then modify 
the beam parameters 

3D dose distribution

Beams Fluence 
Profile

If objective criteria is not satisfied,
Then, changes the beam parameters 
and/ or objective criteria



INVERSE PLANNING

 The user specifies the dose and dose-volume 
constraints for the PTV and OARs, using a system of 
priorities and weights. 

 Normally the beam arrangement is predefined also. 

 The system performs iterative calculations with a 
quadratic function, to achieve the best possible dose 
distribution based on the given dose constraints.

 After this, the accurate dose distribution is 
recalculated after considering the machine (jaw & 
MLC) parameters.



DOSE CONSTRAINTS

1.Based on physical 
parameters.
Dose based

Dose volume  
based

2.Biological model

Tumor 
control probability.

Normal 
tissue complication   

probability.
EUD.
Effective  

volume.



OPTIMISATION

 The process by which 
the optimum beam 
weight or intensity 
distribution is 
determined that can best 
satisfy the objective 
function/ cost function/ 
score as specified by 
planner. 

Target coverage Homogeneity

Conformality OAR sparing



OPTIMISATION ALGORITHMS

 Essential for speeding up the optimisation
process.

 The algorithms are almost entirely iterative 
ones.

 This means that they start with an initial guess 
for the beam profiles and modify the profiles 
step by step, until the optimum is found.



 The desired dose 
constraints are used to 
generate a fluence
matrix. 

 Fluence across the 
individual beams are 
modulated to create 
beamlets of different 
fluence. 

Beamlets



DELIVERY TECHNIQUES

 Step-and shoot: done by 
superposing a number of 
different beam shapes with 
the same gantry orientation-
these are called segments. 
Created by differing MLC 
arrangements, where the 
target is differentially blocked. 

 Dynamic/ sliding window: the 
MLCs sweep across the field  
with different speeds and 
durations to create the same 
effect.

Segments



STEP & SHOOT VS SLIDING WINDOW IMRT



COMPLEX 3DCRT/ FORWARD 
PLANNED IMRT (WESTBANK 

EXPERIENCE)



95% DOSE COLOUR WASH

7 Beam arrangement



DVH

L parotid 42% >30Gy
R parotid 55%>30 Gy



3DCRT VS IMRT





IMRT vs Rapid Arc vs
Tomotherapy



 Dosimetric study (N=10)
 All patients had oropharyngeal carcinoma (5 BOT, 5 

tonsil)
 2 sets of plans: IMRT vs Tomotherapy
 Improved dose homogeneity within the target volume 

with HT (SD within the PTV reduced by 71%)
 Improved critical structure sparing (EUD of surrounding 

normal tissue reduced by 17.4% for BOT and 27.1% for 
tonsil)

 80% reduction in NTCP of parotid glands



 Dosimetric study (N=29)
 Patients of carcinoma oropharynx, hypopharynx and 

larynx
 Conventional (Sliding Window) IMRT vs Rapid Arc(single 

arc) vs Rapid Arc (double arc)
 Both variants of rapid arc were significantly better in 

sparing normal tissue. Average doses to ipsilateral
parotid  were 40 Gy vs 36.2 Gy vs 34.4 Gy & to 
contralateral parotid were 32.6 Gy vs 30.9 Gy vs 28.2 Gy

 Rapid arc (double arc) also significantly improved target 
coverage & homogeneity with respect to conventional 
IMRT.



PRACTICALITIES OF IMRT



PROCESS OF IMRT PLANNING
 Immobilization
 Planning CT
 Image transfer
 Contouring of volumes
 Margins
 Treatment planning
 Selection of optimum plan (dose distribution & 

DVH analysis)
 Plan quality assurance
 Plan implementation
 Position verification (2D/3D)
 Treatment execution



WORKFLOW 

Unified Database
QA

CT simulator

LA console

LA

TPS



ITP SOFTWARE INTERFACE: SETTING 
PRIORITIES & CONSTRAINTS

Fluence Map

DVH



WHAT HAPPENS IN IMRT QA?

 The patient’s plan is opened on the CT dataset 
of the phantom.

 Gantry angles are set to zero.
 The plan is recalculated.
 The new plan is executed with the phantom in 

place.
 Point doses (measured & calculated) are 

compared to ensure accurate dose calculation 
by the TPS has been done.



QUALITY ASSURANCE: WATER PHANTOM



QUALITY ASSURANCE: IMATRIXX
(ION CHAMBER ARRAY)



IMRT DOSE & FRACTIONATION



EUD

 Standard dose 
constraints assume that 
the whole organ is being 
uniformly irradiated at 
1.8-2Gy/#.

 In IMRT, aside from use 
of higher dose/# (in 
SIB), most OARs are 
only partially irradiated. 
There is also a steep 
dose gradient within a 
given OAR.

 Equivalent Uniform Dose 
(EUD) is that dose, which 
had the organ been 
wholly and uniformly 
irradiated,would have 
produced the same 
biological effect.

 Complex voxel-based 
calculation.



SIB-IMRT/SMART VS SEQUENTIAL IMRT

 Dosimtric advantage:  Superior PTV conformality & superior 
parotid gland sparing.                                        Dogan et al (2003)

 Logistical advantage : lesser number of treatment days 
required.

 Radiobiogical advantage: Due to higher dose/# (to the target) 
and lesser duration of treatment, the NTD (Normalised Total 
Dose=EQD2) is actually higher than the Nominal Dose.



SIB-IMRT VS CONCOMITANT BOOST RT (CBRT)
(MSKCC, 2006)

 Study period Sep 1998- Jun 2004
 N=293
 All were patients of Ca oropharynx (112 were stage 

III/IV).
 41 received SIB-IMRT with concurrent chemotherapy 
 71 received conventional 2DRT with late concomitant 

boost (CBRT) along with concurrent chemotherapy
 RT dose was 70 Gy. Parotid dose constraint for IMRT 

was mean dose <=26 Gy. 
 Significant advantage in terms of PEG-dependancy & 

severe xerostomia at 2 years, in favour of IMRT.

Nancy Lee, et 
al



COMMON SIB DOSE SCHEDULES

 (1) 70 Gy/35# to PTV (GTV)
63 Gy/35# to PTV (CTV1:high risk microscopic ds)
54 Gy/35# to PTV (CTV2: low risk microscopic ds)

 (2) 66 Gy/30# to PTV (GTV)
60 Gy/30# to PTV (CTV1:high risk microscopic ds)
54 Gy/30# to PTV (CTV2: low risk microscopic ds)



CLINICAL IMPACT OF IMRT



What happens to 
the parotid 
glands in 
Conventional 
RT?



PAROTID DOSE & XEROSTOMIA

 Eisbruch et al (1999): A mean parotid dose of  
< 26 Gy should be  planning goal.

 Eisbruch et al (2007): Substantial parotid flow 
recovery (upto 86% of pretreatment levels) at 2 
years if mean doses are between 25-30Gy.

 Eisbruch et al (2010): Severe xerostomia 
(<25% of baseline) avoided if mean parotid 
dose kept to <20Gy (if one parotid is to be 
spared) or <25 Gy (if both are to be spared)



DOES PAROTID-SPARING IMRT HAVE A 
NEGATIVE IMPACT ON  LOCAL CONTROL?

 Cannon & Lee (2008): (N=3) All patient had 
recurrence near a spared parotid gland.

 Eisbruch et  al (2005): (N=158, all stage III/IV) 
19/23 failures occurred in-field, within the 
high-dose volume. Suggest that clinical rather 
than dosimetric factors predicted outcome & 
suggested treatment intensification in these 
advanced cases.



SUBMANDIBULAR GLAND DOSE & XEROSTOMIA

 Xerostomia does not correlate with parotid 
doses alone.

 If submandibular gland doses are kept to 
=<39Gy, then also there is good recovery of 
salivary flow rates at 2 years.



CONSTRICTOR DOSE & DYSPHAGIA

 Levendag et al (2007): Significant correlation between 
doses to superior and middle constrictors and 
incidence of severe dysphagia. Steep dose response 
curve, with 19% increase in probability with every 
10Gy dose.

 Bhide et al (2009): No statistically significant 
correlation between radiation dose to the pharyngeal 
constrictors and observer-assessed/ patient-reported 
severe dysphagia at 1 year



IMRT : IMPACT ON QOL

 Evidence-based review by Nutting et al (2010): 

 Significant heterogeneity in data.

 Conflicting results.



IS CONC CHEMO NECESSARY WITH SIB-IMRT?

IF REQUIRED, IS IT TOLERATED?



CHEMO: BED



RTOG 00-22 (2010)

 N=69 (14 institutions)
 All patients of Ca oropharynx, stage T1-T2,N0-N1,M0
 No chemo was permitted
 RT dose was 66Gy/30# to PTV(gross disease) and 54-

60Gy/30# to PTV (subclinical)
 Median FU=2.8 years
 2-yr LRF was only 9%.
 Very low rate of severe (>grade 2) late toxicities: skin (12%), 

mucosa(24%). Xerostomia (grade 2) was seen in 55% 
patients at 6 months but reduced to 16% at 2 years

 Moderately hypofractionated IMRT without chemotherapy in 
early oropharyngeal carcinomas, is safe & well-tolerated.





 SIB-IMRT with conc chemotherapy is well-
tolerated and effective for all common head-
neck sites.

 Trials included mostly locally advanced cases.

 Locoregional failure rates are around 5-20%.

 Overall survival rates are around 60-85%.

 2-yr severe xerostomia rates are around 0-30%.



IMRT IN HNC: THE EVIDENCE SO FAR



2 Meta-analyses



30 studies, including 3 RCTs so far 
comparing IMRT with conventional 
RT/3DCRT

Of the 3 RCTs, 2 are small studies on 
Nasopharyngeal cancer, from China. 

The 3rd is the PARSPORT study from 
UK on oro-hypopharyngeal and 
laryngeal cancers.



 Pow et al (n=51) : Stage II NPX: 2DRT vs IMRT: 
IMRT significantly increased xerostomia-related 
but not overall HRQoL.

 Kam et al (n=60): Stage I & II NPX: 2DRT vs 
IMRT: IMRT significantly reduced the clinician-
assessed (but not the patient reported!!) grade 
2-4 xerostomia at both 6 weeks and 12 
months.



PARSPORT 





OTHER STUDIES IN 
ORAL/OROHYPOPHARYNGEAL/LARYNGEAL 

CANCERS

 15 non-randomised studies: IMRT (n=959) vs
2DRT/3DCRT (n=1455)

 All report reduced acute & late xerostomia, leading 
to better xerostomia- HR QoL

 2 studies have reported statistically significant 
improvements in tumor control.



 Siemens trial (3DCRT vs IMRT)

 N=60

 The aim was to analyse location of site of 
locoregional failure and their dose-volume 
correlation

 It was found that the majority of failures (75%) 
were within the high-dose volume & only 25% 
were marginal.



 IMRT led to significant improvements in acute 
grade 3 toxicities of skin, mucous membrane & 
pharynx

 IMRT also led to significant delayed progress to 
grade 2 toxicity in the above sites

 Mean dose to the target also significantly 
improved with IMRT compared to conv RT



ONGOING/ UNPUBLISHED RCTS OF IMRT IN HNC



IMRT: VARIATIONS



 IMRT is not a magic- box & there is no single 
right answer.

 Hence, as before, the treatment methods and 
results remain very much dependant on the 
physician’s approach.

 Almost every area of IMRT planning sees 
significant variation in approach between any 2 
clinicians.



 Dose levels: 2/3
 Dose prescription technique: to 2-3 different PTVs OR 

different levels to GTV, CTV,PTV
 Boost technique: SIB/sequential
 Dose to electively irradiated nodes : 50 & 60Gy/ uniformly 

50 Gy/ uniformly 60 Gy
 Spinal cord constraint parameter:  max/ 1%/2%/ 1cc/2cc
 (ICRU 83 recommends reporting all OARs on D2%)
 Spinal cord dose constraint : 45/47/48/50 Gy
 Parotid constraint parameter:  whole parotid/ (parotid-PTV)



PATTERN OF CARE SURVEY IN 
HEAD & NECK CANCER

JYOTIRUP GOSWAMI & SUMAN MALLIK (AROICON 2011)

 Aims & objectives:  As new paradigms and techniques emerge 
and older ones are eclipsed in the treatment of head and neck 
cancer, it is important to gauge attitudes and approaches in the 
Radiation Oncology community. This study was an attempt to 
objectively analyse a few subjective but highly crucial issues 
relating to practice in head and neck cancers. 

 Materials & methods: Keeping constraints of time and 
convenience in mind, a brief questionnaire comprising 20 key 
questions was framed and circulated by email to radiation 
oncologists of Consultant rank across India, in both government 
and corporate sectors, between June 2011-August 2011. The 
questions related to diagnosis, radiotherapy planning, 
chemotherapy protocol, supportive care ,follow up and 
management of post-radiotherapy recurrences. Responses were 
collated and analysed



 % of patients undergoing  Triple scopy for 
staging: (a) 0-20  (b) 20-40 (c) 40-60 (d)>60

 % of patients undergoing  PET-CT for staging: 
(a) 0-20  (b) 20-40 (c) 40-60 (d)>60

 Indication for Induction chemotherapy for 
oropharyngeal/hypopharyngeal/laryngeal 
cancers: (a) stage II onwards (b) stage III 
onwards (c) only stage IV (d) not considered

 Induction chemotherapy regime & no of 
cycles: (a) TPFx3 (b) PFx3 (c)TIPx3 (d) Others --
-------

 Spinal cord tolerance parameter: (a) Max dose 
(b) 1% volume (c) 1cc volume (d) 2cc volume

 Spinal cord tolerance dose (Gy):--
 Parotid dose constraints for IMRT: (a) Average 

dose to whole parotid <26 Gy (b)Dose 
received by 50% of  Whole parotid <30 Gy (c) 
Average dose to (Whole parotid-PTV)  <26 Gy
(d) Dose received by 50% of (Whole parotid-
PTV) <30 Gy (e) Average dose to whole 
parotid<20 Gy

 % of patients on IMRT: (a) 0-30%  (b) 30-50%  
(c) >50%

 IMRT fractionation: (a) Conventional  (b) SIB
 SIB-IMRT dose levels: -----

 PET-CT based RT planning: (a) Yes  (b)  No
 Routine counselling for PEG tube insertion 

before RT:  (a) Yes    (b)  No
 Routine Triple scopy for follow-up: (a) Yes    (b) 

No
 Routine Imaging for follow-up: (a) Yes  (b) No
 Imaging modality for follow-up: (a) CT (b) MR  (c) 

PET-CT
 Preferred management of  locoregional

recurrence post-radiotherapy:  (a) Surgery alone 
(b) Surgery + systemic therapy (c) Reirradiation

 Preferred chemotherapy regime for locoregional
recurrence: (a) Platinum  (b) Taxane-Platinum 
doublet (c)  Others----

 Preferred biologically targeted agent for 
locoregional recurrence: (a) Cetuximab (b) 
Nimotuzumab (c) Others---

 Reirradiation safegap: (a) >6 months  (b) >2 
years  (c) Other----

 Reirradiation dose:  (a) 40-50 Gy (b) 50-60 Gy
(c) > 60 Gy



 Results:  Out of 80 emails sent, only 25 (31.25%) responded.
 Most clinicians (68%) were still using maximum dose as spinal 

cord tolerance dose parameter and the preferred threshold, in   
52% was   44-46Gy. 

 Majority of clinicians (68%) were using intensity modulated 
radiotherapy (IMRT) in fewer than 30% of cases.

 Most (68%) were using simultaneous integrated boost as 
preferred IMRT schedule. 

 Conclusions:  While the study is a work in progress, it underlines 
the importance of good communication and evidence-based 
approaches. 



THANK YOU


