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INTRODUCTION

• Radiotherapy is the main non-surgical treatment for squamous-cell
carcinoma of the head and neck (HNSCC).

• High rates of local tumour control can be achieved :

• stage 1 and 2 == 5-year survival > 80% for

• stage 3 and 4 == 5-year survival 60–70%;

• However, long-term late sequelae of radiotherapy are highly
prevalent and have severe adverse effects on quality of life (QoL).

• Radiation-induced xerostomia is the most commonly reported late
side-effect of radiotherapy to the head and neck. Lack of saliva
affects speech and swallowing and can accelerate dental caries.



Acute effects

Skin

Xerostomia

Mucositis

Dysphagia

Odynophagia

Otitis

Taste

Fatigue

• Erythema -desquamation

• Aqueous - Tenuous - Dry

• erythema - mouth ulcers

• liquid diet - NGT & PEG

• pain requiring morphine

• Erythema – infection 

• altered sensation

• minor to rehabilitating  

During treatment



Late effects

• Xerostomia

• Tissue fibrosis

• Osteoradionecrosis

• Telangiectasia

• Edema



Xerostomia can take form of thick saliva

Or total lack of salivation

Radiation Caries

DRY MOUTH



Paradigm Shift in Cancer Mx
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• It is known that radiotherapy dosimetric factors, such as total dose, 

dose per fraction, volume irradiated, irradiation site and dose 

inhomogeneity, influence the development of late radiation toxicity 

• Other factors, either environmental or genetic, may also predispose 

patients to the development of late toxicity. Examples of such 

factors include additional treatment (e.g. the use of systemic 

treatment or surgery) and patient characteristics (age,smoking

history, body mass index, haemoglobin level & co-morbid 

conditions, such as DM, HT, vascular and connective tissue diseases)
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The changing paradigm

Wide field radiation              Conformal radiation

Optimal Dose Delivery 

…With Minimum Acute And Long Term Toxicity



I M R T - Target volume

� IMRT requires a thorough understanding of target delineation in the 
complex H&N

� IMRT is a process

o Planning

o Information Transfer 

o Delivery

o Verification

� IMRT allows you to customize your treatment delivery based on a 
specific planning objective
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IMRT Clinical Studies



Rationale of IMRT in H & N Cancer

1. Anatomically complex H&N region          
- an ideal option - IMRT.

2. Lack of organ motion in the H&N region      
- an ideal region for IMRT. 

3. Allows for dose escalation                         
- concomitant boost – ideal for H&N



Steps of  IMRT in H&N Ca …

Clinical Assessment…

• Pretreatment dental consultation

• Extraction of bad teeth

• Initiation of prophylactic fluoride therapy.

• Pretreatment ophthalmology and audiology consults

• Thyroid function tests baseline.

• Review of imaging studies and further workup 





Target volume(s) should follow the recommendations of ICRU 
Reports 50 and 62.





History



History











Head and neck cancer related QOL 

questionnaire 

Pain

• Shoulder or neck pain

• General physical problems

• Pain in mouth

• Frequency of use of pain medicines

Communication

• Talk to others

• Talk on phone

• Problems with clarity of voice

• Problems with volume of voice

Emotion

• Embarrassment about 
condition

• Concerns about appearance

• Emotional problems

• Financial worries

• Worry that condition will get 
worse

• Frustration about condition

Eating

• Problems chewing

• Dryness while eating

• Problems with taste

• Problems swallowing soft 
foods / solids

• Problems swallowing liquids

• Problems opening the mouth







PARSPORT

• Before the design of PARSPORT randomised trial, a few 
small single centre experiences had been published 
and a review of the published work on IMRT had been 
done. No randomised trials were identified. 

• PARSPORT (CRUK/03/005) was approved by the 
national South-West Multicentre Research Ethics 
Committee (MREC 03/6/79) and the local ethics 
committees of all participating centres. 

• PARSPORT trial was sponsored by the Royal Marsden 
NHS Foundation Trust and undertaken in accordance 
with the principles of Good Clinical Practice.



PRIMARY END POINT :

Proportion of patients with XEROSTOMIA of Grade 2 or worse 

assessed by LENT SOMA Scale 1 year after RT.

SECONDARY END POINT:

i) Proportion of patients with any measurable Salivary flow after  RT

ii) Acute and other late RT side effects.

iii) QUALITY OF LIFE – Included Xerostomia related

(EORTC) & (Modified Xerostomia Questionnaire)

iv) PFS (RECIST)

v) OS



METHODS :

Multicentric Randomised phase 3 trial
UK based
Jan 2003 to Dec 2007

Inclusion criteria – Pharyngeal squamous cell carcinoma
(Oropharynx and Hypopharynx)
Any T , Any N, Non Metastatic
Both Primary and P/o
WHO PS- 0 or 1
No concomitant Chemotherapy
No Prophylactic Pilocarpine or Amifostine

Exclusion Criteria – Previous RT to Head & Neck
Previous Malignancy except non melanoma 

skin    
cancer 
Preexisting Salivary Gland disease
Tumour involving Parotid Gland



PROCEDURE :

1) STAGING INVESTIGATIONS : Physical Examination

Biopsy

CT / MRI Neck

CXR

Blood Count / Biochemistry

2) CT Scan Based Radiation Planning :

a) 3D Conformal RT with Parallel opposed fields

b) Parotid Sparing IMRT

3) DOSES : 

i) Primary Tumour & Involved Nodes – 65 Gy in 30 fractions

ii) Post op – 60 Gy in 30 fractions

iii) Post op gross residual – 65 Gy in 30 fractions



Cont.

iv) Elective Node –

IMRT – 54 Gy in 25 fractions

Conventional – 50 Gy in 25 fractions

v) Constraints -

Spinal Cord - <50 Gy

Middle Ear & Inner Ear shielding

Parotid - <24 Gy to whole Contralateral  Parotid  (IMRT)

vi) Acute Toxicity –

Graded Weekly during RT upto 8 Weeks after treatment

NATIONAL CANCER INSTITUTE COMMON TOXICITY CRITERIA

(VERSION 3)

vii) Late Toxicities –

At 3,6,12,18,24 months after RT

LENT SOMA & RTOG Scoring System



Cont.

vii) Salivary Flow Measurements –
Before RT

4 weeks of RT

2 weeks after RT

3 , 6 , 12 , 18 , 24 months after RT

(Both Unstimulated and Sodium Citrate Stimulated Saliva  from 

each     

Parotid duct and floor of mouth were collected)

viii) Follow up –
Monthly in 1st year

2 monthly in 2nd year

3-6 monthly in 3rd year



STATISTICAL ANALYSIS :

Assuming 1 year Xerostomia Rates of ~90% in conventional RT 

group, Sample Size of 84 patients is selected 

To achieve

(30% Absolute difference between study groups).

(90% power, 5% two sided significance).

100 patients were to be enrolled to get 84 evaluable patients at end 

of 1 year.

Xerostomia rates were compared using chi square test.

Odds of grade 2 or worse Xerostomia at 12 & 24 months calculated 

with Logistic Regression model.





RESULTS :
1) XEROSTOMIA :Grade 2 or worse

At 3 months: 62 patients

Conventional RT 33(87%) of 38 patients.

IMRT 29(76%) of 38 patients.

At 12 months: Total no. decreased

Conventional RT 25 (74%) of 34 patients.

IMRT 15 (38%) of 39 patients.

ORs 0.23, Absolute Reduction 35%

At 24 months: Conventional RT 20 (83%) of 24 patients.

IMRT 9(29%) of31 patients. 

ORs 0.08, Absolute Reduction 54%



2) SIALOMETRY :  Unstimulated Saliva Flow from 

Contralateral Parotid.

At 12 months: Conventional RT 0 (0%) of 25 patients.

IMRT 16 (47%) of 34 patients.

At 24 months : Conventional RT 0(0%) of 15 patients.

IMRT 7 (44%) of 16 patients.

Similar Results were obtained in Stimulated Saliva Flow 

Results.





Results Cont.

3) QUALITY OF LIFE : EORTC Global Health Status Score

(Higher Score better QOL)

At 12 months : Conventional RT 1.1

IMRT 3

At 24 months : Convetional RT 2.8

IMRT 8.3

HN 35 Subscale Scores for Dry mouth, senses, Sticky Saliva 

shows similar Results in favor of IMRT.



Results Cont.

4) LOCOREGIONAL PFS : PFS At 2 years

Conventional RT 80%

IMRT 75%

IMRT – 12 recurrances total

11 in high dose volume

01 in electively irradiated nodal region

Conventional RT – 07 recurrances total

05 in high dose volume

02 in both high dose & electively   

irradiated region



Results Cont.

4) OVERALL SURVIVAL :

(32 Deaths in Total) 02 years OS

Conventional RT : 76%

IMRT : 78%



DISCUSSION :

1) less Incidence of RT induced XEROSTOMIA in IMRT Arm.

2) Early Recovery of Saliva Flow in cases treated with IMRT.

3) Improved QOL in IMRT Arm.

4) Comparable PFS & OS in both Arms.

5) No significant effect of Neoadjuvant Chemotherapy on  

Incidence of Xerostomia.

Detailed Analysis of Dose Distribution to Salivary Glands 

including Parotid and its clinical correlation is Ongoing.

Initial Results suggest no correlation between salivary gland 

doses of RT and Xerostomia.



• PARSPORT trial is the largest randomised trial of 

IMRT in head and neck cancer, and the only trial 

addressing squamous-cell carcinoma, the 

predominant form seen worldwide. 

• The trial showed that IMRT reduces patient-

reported xerostomia, allows recovery of salivary 

flow, and improves quality of life after treatment 

compared with conventional radiotherapy

Impact of PARSPORT



Merits and Demerits





IMRT for NPC
RTOG Protocol H-0225 (Lee & Garden) 

R
E
G
I
S
T
E
R

Stage: I-IVb

Histology:

WHO I-III

IMRT:

2.12 Gy/F/d X 33 F 
to ≥≥≥≥ 95% of GTV

1.8 Gy/F/d X 33 F 
to ≥≥≥≥ 95% of CTV

Chemotherapy ( ≥≥≥≥T2b or N+)

Concurrent: Cisplatin x 3

Adjuvant: Cisplatin + 5-FU



IMRT for Oropharyngeal SCC
RTOG Protocol H-0022 (Eisbruch & Chao)

R
E
G
I
S
T
E
R

Stage: T1-2 N -1

Site: 
Tonsil, BOT, 
Soft Palate          

Gross disease PTV:

66 Gy/30 FX

Subclinical disease PTV:

54-60 Gy/30 FX

Boost of 4-6 Gy/2-3 FX to 
the tumor PTV allowed



IMRT for Oropharynx Cancer

� 2000-June 2003: 133 patients

� Age: 30-75 (53) years; 85% male

� Site: tonsil-52%; tongue base-40%

� T1-2(x): 114; T3-4: 19

� Chemotherapy: 28 (T3-4 or N2-3)

� 3-Y local control: 95%

� 3-Y overall survival: 93%

Garden et al., 2005



JCO, 2006



• IMRT for HNC, ASTRO 2003

Nancy Lee, MSKCC N.Y.

• Approx. 150 papers reported on outcome of HNC treated with 
IMRT

• End points of these trials were local control and xerostomia.

• Mean parotid dose < 26 Gy has resulted in objective & subjective 
salivary function preservation and improved QOL

• IMRT resulted in 82% improvement in xerostomia as compared to 
40% with 3 DCRT.

• Local control IMRT(%) 3DCRT(%)

T1, T2 92 – 100 64 – 95

T3, T4 92 – 94 44 – 68

T1, T2 92 70 – 90

T3, T4 87 – 94 30 - 70

Cont..

NPC

Ophx.



Recovery of Saliva Flow (A vs C)

p < 0.0001 0.0001 0.0001

Kam et al., ASCO 2005 (NPC)

IMRT

Non-
IMRT













CT, MRI

Anatomical imaging

PET is functional 
imaging

Active viable tumor

PET Scores over others!







Author Patients Change of GTV    Increase Decrease Remarks     
using PET in GTV in GTV

Rahn, 1998 22(prim) 41% 41% 0% No image fusion

12(recur) 58% 58% 0%

Nishioka, 2002 21 71% 0% 71% PET/CT/MRI fusion

Ciernik, 2003 12 50% 17% 33% Integrated PET-CT

Daisne, 2004 29 93% 18% 75% CT-PET image fusion

Paulino, 2005 40 100% - - PET/CT/MRI and 
surgical specimen 
image fusion

Impact of PET-CT  in H & N Cancer





Work under progress



• Image Guided Radiation Therapy

• WHY ??

– Set up error

– Intra & Inter fraction organ movement

– Daily verification

– Accurate Treatment Delivery



Types of IGRT

• Portal Imaging

• EPID – Electronic Portal Imaging Device

• USG guided RT

• In room CT

• KV Cone beam CT

• MRI guided RT

• Tomotherapy



Adaptive Radiotherapy



Adaptive Planning



• Before and After – Adaptive Planning



SBRT in Head and Neck Cancer

• Stereotactic approach – used since decades, well 
established track records in cranial lesions

• Stereotactic approach – initially started with 
cranium but now moved out of cranium

• Delivers biologically similar dose as conventional

• Fewer fractions, increased dose per fraction

• Dedicated or adapted linear accelerators

• Allows optimizations of conformality and tumor 
coverage with sparing of normal tissues



SBRT in H&N Cancer 

• Indications

• Target Definition

• Fractionation 

• Constraints

• Efficacy

• Toxicity profile

• QOL



• Salvage option for unresectable recurrent,

previously irradiated head and neck cancer

• Palliative radiotherapy metastasis to head and

neck region from primary GI/Breast Cancer

• Definitive treatment of 2nd primary –

unresectable & heavily irradiated earlier

SBRT in head and neck cancer



Looking into the history of SBRT 

• First report on use of this technique – Kondziolka
and Lunsford in 1991

• SBRT has been use for boost in Ca Nasopharynx

• Series of publications from Standford University –
stereotactic boost as 7-15 Gy in one fraction 2-6
weeks after conventional 66 Gy

• Results 2 year local control 100%



Heron et al. IJROBP 2009



Early Experience 

• All patients were treated to the 80% isodose line,
which was intended to cover >90% of the target
volume

• Critical structure constraints were as follows:
� Spinal Cord maximum dose: <8 Gy

� Larynx: < 20 Gy

� Mandible: < 20 Gy

� Parotid: variable

� Brainstem: <8 Gy

� Oral Cavity: variable



In the present study, 

Short term SBRT was feasible and safe.

The overall response rate in this group of heavily pre-treated patients was 

28% (CR + PR)

No Grade 3 or 4 toxicities were noted among our patients.

Heron et al. IJROBP 2009



Assessment  of  the impact of retrospectively adding margins/automated

PET volumes to the gross tumor volume (GTV) in patients with post-SBRT 

recurrences.

Contouring and Margins



• However, there is no standard regarding the use of such margins for 

hypofractionated techniques such as SBRT for rSCCHN

• Furthermore, the addition of margins has differed greatly between institutions 

studying this technique: Roh – 2-3mm , Siddiqui – ‘‘slight’’ margin , Unger – 2-

10mm , Cengiz – none.



Dose and efficacy





Vargo et al. radiotherapy and oncology 2012



Vargo et al. 

radiotherapy and 

oncology 2012



QOL was preserved - SBRT re-irradiation, as evidenced by progressive improvements 

in PR-QOL noted throughout the duration of clinical follow-up across all domains in a 

validated PRQOL assessment tool independent of age, use of cetuximab, tumor 

volume, and interval since prior irradiation.

Vargo et al. 

radiotherapy and 

oncology 2012



Experience in metastatic head and 

neck 

• Siddiqui et al -15 patients who had primary 

cancers in lung, breast and brain and renal cell 

carcinoma and gastric adenocarcinoma

• Response Rate (CR + PR) 87%

• Good symptomatic relief



Experience of SBRT in primary 

treatment 

• Experience in primary treatment is limited

• Need to treat the primary and the involved 
nodes to high dose and need to cover elective 
nodal areas

• However in unusual and special circumstances 
SBRT can be employed

• Two series  10 and 13 patients –
• CR – 82% and 84% respectively  

• PR – 69 % and 62 % respectively





• Feasibility study using SBRT to deliver 8.5 Gy * 

5 fractions to T1a vocal cord at Erasmus 

Medical Center, Netherlands



SIDE EFFECTS



Carotid artery blowout syndrome 

(CBS)

• Carotid artery blowout syndrome (CBS) is a 
serious and often fatal complication in 
reirradiation

• Published data reveal that CBS rates can be 
high in reirradiation with SBRT, especially in 
patients with tumors wrapping the carotid 
artery, nearby skin involvement, or necrosis at 
time of recurrence 



Dose Constraints

• No exact dose constraint established for 
Carotid artery

• To delineate the carotid artery and define it as 
an organ at risk to prevent hot spots of >100 
Gy (EQD 2) on significant carotid sheath 
volumes . Similarly, in the Turkish study, all the 
patients who developed CBOS had received a 
maximal carotid artery dose of >34 Gy.



Take home message….
• IMRT is the treatment of choice in Head and Neck Carcinoma

• IGRT and Adaptive Radiotherapy 

• SBRT in head and neck cancer - selective cases

• Smaller PTV margins, Sharper dose fall-off    can allow for 
geographic misses if target localization and immobilization are 
not accurate

• More complex, more beams/arc increase the overall 
treatment time - decrease dose rate! – newer gadgets



Biology is the King

Imaging is Queen 

Technique is merely Manservant


