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SBRT in Head Neck Cancer

• 75% of HNSCC present in advanced stages: Hence, require locoregional treatment

• Even in early stage, high propensity for LN involvement, hence elective regional 
treatment 

• Basic premise of SBRT: Small volumes, high dose per fraction, very small volumes of 
OARs irradiated: Precision RT

Role of SBRT in HNSCC:

Recurrent small volume tumors

& other situations in the HN like PGL, non-squamous histology, elderly: small volumes

Today: In combination with systemic therapy: SABR



SBRT in Recurrent Head & Neck Cancers



• Cumulative estimated five year incidence of loco 

regional relapse is 29-31% in high risk patients.

• Risk of second cancers which is about 5% per year, the 

incidence being between 16-30%. 

• Longer survival: Probability of developing

- Second Primary Tumors

- Loco-regional recurrences 

Bernier J, Cooper JS, Pajak TF et al.
Head Neck 2005;27:843-50.

Haughey BH et al.
Ann Otol Rhinol Laryngol 1992;101:105-12.

Need for Re-Treatment



Is Re-treatment Necessary ?

Ho AS, Kraus DH, Ganly I, Lee NY, Shah JP, Morris LGT.Head Neck 2014 Jan;36(1):144–51. 



Factors affecting choice of treatment

Patient factors: Age

Co-morbidities

Functional status of the organ

Socio-economic issues

Compliance

Tumor factors: Stage & disease extent, volume

Subsite of disease

Involvement of adjacent structures

DFI, Sequelae of Prior Therapy

Treatment : Expertise available

Philosophy of the treating team



Salvage Modality: Surgery or RT 

Schwartz GJ, Mehta RH, Wenig BL, Shaligram C, Portugal LG. Head and Neck 2000 Jan;22(1):34–41. 

The “cure rate” for patients undergoing surgical salvage was 30% (8/27)



Salvage Modality: Surgery or RT

Liao C-T, Chang JT-C, Wang H-M, Ng S-H, Hsueh C, Lee L-Y, et al. Cancer. 2008 Jan 1;112(1):94–103.

• Patients who had an early relapse (< 10 months) had equivalent outcomes 

with Surgery and CTRT 

• However those with late relapses had better outcomes with surgery



Salvage Algorithm

Strojan P et al , Head Neck. 2015 Jan;37(1):134-50.



Definitive Re-irradiation : Evidence

• More than 30 studies reported in the literature

• Mostly small (N = 30 - 50)

• 2 year OS ranges between 10 - 20%

• Serious late toxicity : 30 - 40%

• Toxicity related deaths : 0-10%



Parameters RTOG-9610 

(Spencer et al.)

RTOG-9911

(Langer et al.)

Time/ n 1996-1999/ 79 2000- 2003/ 105

ReRT dose schedule 1.5Gy, bid to 60 Gy 1.5Gy, bid to 60 Gy

Target volume Tumor + 2 cm Tumor + 2 cm

RT technique 2D/ 3D 3D/ IMRT

Chemotherapy 5FU, HU Cisplat, Pacli

OS (2yrs) 15.2% 26%

Ac Toxicity: Gr3

Gr4      

38%

17.7%

50%

28%

Late Toxicity 9.4% 34%

RTOG 96-10 & 99-11

Definitive Reirradiation: Evidence



Definitive Reirradiation: Evidence



When to Re-irradiate



Principles of Re-irradiation 

• Goal of therapy should be curative 

• Patient should have adequate life expectancy ( > 12 

months) 

• Generally not considered before 1 year of the last course

• Dose should be high ( > 50 Gy) whilst respecting normal 

tissue constraints

• Elective nodal irradiation is not recommended

• Patient related factors like extent of organ dysfunction / 

residual toxicity are important



Selecting Patients Who Benefit

Significant prognostic factors:

• T & N Stage (disease volume)

• Oral Cavity site, Isolated neck recurrence

• Organ dysfunction: Pretreatment TT and Feeding Tube

• Disease free interval

• Comorbidity

Other prognostic factors identified in studies:

• Type of Re-irradiation technique

• Use of concurrent chemotherapy

• Re-irradiation dose > 50 Gy



Nomograms !!

Tanvetyanon et al,  J Clin Oncol, 2009 Apr 20;27(12):1983-91





Reirradiation: How? 

• Target Volume delineation

• Dose Fractionation

• Techniques & Modalities



Target Volumes

• Late radiation-induced morbidity ↑ with CTRT and will 

increase with larger volumes irradiated.                                                                                     

Langlois et al. 1985

• Elective nodal irradiation: 

– Questionable in view of late sequelae

– Primary in-field recurrences

– Uncertainty with SPT

• Unpredictable pattern of recurrences with altered 

lymphatic pathways. 

• Influence outcome of reRT: Disease control & morbidity



Target Volumes

• Retrospective Study 

• N: 106

• Definitive Re-RT (3DCRT/IMRT) with/without 

CTRT

• Conv/HyperFr/Acc RT

• Target : 

– GTV with 0.5 cm margin

– no prophylactic LN/Submucosal RT.

• Median Dose: 68 Gy

• 2 year Survival: 40%.LRC: 23%.

• All LRF within GTV except for 2 patients (4%)

• 29% ≥ Gr 3 Toxicities

Overall Survival

Popovtzer et al, Int J Radiat Oncol Biol Phys 2009;74:1342–1347.



Fractionation

Author n RT Chemo Results Severe Toxicity

Dawson
(2001)
Michigan

40 1.8-2.0Gy/fr (or 1.2Gy 
BID)
Median 60Gy
3DCRT

33%
Platinum based

2 yr LRC 29%
2 yr OS 32%

Acute 10%
Late 21%
No deaths

Lee (2007)
MSKCC

105 1.8-2.0Gy/fr (or 1.2Gy 
BID)
Median 59Gy
IMRT 

43% concurrent 
platinum based

2 yr LRC 42%
2 yr OS 37%

Acute Gr3+ 23%
Late Gr 3+ 12%
No deaths

Sulman
(2009)
MDACC

74 2Gy/Fr
Median 60Gy
IMRT

49% chemo 
concurrent +/-
induction 
platinum based

2 yr LRC 64%
4 yr LRC 50%
2yr OS 58%
4 yr OS 43%

Late: 20% severe
toxicity 
1 possible Rx 
related death

Popovtzer
(2009)
Michigan

66 1.8-2.0Gy/fr or 1.25Gy 
BID
Median 68Gy
3DCRT/IMRT

71%
Cis/Carbo
Cis-5FU in 
Hyperfrx

2 yr LRC 27%
5 yr LRC 19%
2yr OS 40%
5 yr OS 22%

Late: 18% severe
1 death from ARF

Duprez
(2009)
Ghent

84 2.0-2.5 Gy/Fr
Median 69Gy
IMRT

20%
Platinum based

2 yr LRC 48%
5 yr LRC 40%
2yr OS 35%
5 yr OS 20%

Acute: 30% Gr3+
Late: 13% Gr 3+
No deaths

Various fractionation regimens used:

- Split course

- Continuous

- Once daily vs hyperfractionation

- Hyperfractionation with breaks (RTOG studies)

Conventional and hyperfractionated schedules preferred

No definite advantage of one over the other.



Techniques

• In a Canadian Survey on Re-RT,

– Most desirable for Re-RT: Brachytherapy

– Highly conformal external irradiation techniques

Joseph et al, Int J Radiat Oncol Biol Phys. 2008 Dec 1;72(5):1523-9

• With the availability of advanced imaging like PET, MRI & option 

of image guided delivery of treatment, hypofractionation also a 

feasible modality.



Conformal RT Techniques

• Possible to deliver higher, clinically meaningful 
doses

• Superior OAR sparing

• Image guidance, reduce margins

• Acceptable toxicity

• Reasonable disease control

• Choice:
– Patient and tumor characteristics

– Expertise of the treating team

– Infrastructure available



Author RT Technique
Re-RT dose
Pre-RT dose

N
FU duration

Results
PFS/OS

Toxicities

Wang et al
IJROBP 1987

Conventional
50 Gy

51
(rT1/T2)

LRC 50% 
@5years

NA

Nancy LEE et al
IJROBP 2007

Conv:30%
IMRT:70%
60Gy
70Gy

105 LRC 20%
LRC 52%
@ 2 years

23% G-3
12% G-4

Sulman et al
IJROBP 2009

IMRT
60Gy

78 LRC 64%,
OS 58%

20% G3/4

Kwang et al
IJROBP 2008

FSRT,
Cyberknife RS
30Gy/3-5fx/3-
5days

N=36,
Sites =44

80% LRC @ 
17months

13/44 : acute 
G3/4
3/44:Late G3

ReRT Technique



SBRT

• Higher biological dose: Increased chances of tumor control

• Lower toxicity

• May deliver lower dose to the critical structures

• Reproducible immobilization

• Precise target localization

• Steep dose gradient between target and critical structures



SBRT Head Neck: An attractive option

• Reliable, reproducible Immobilization 

• Minimal movement

• Image guidance feasible

• Failures mainly at the gross site

• Precise target localisation with image fusion 
(CT, MRI, PET-CT)

• Hypoxic areas

• Predictive recurrence pattern



Cleveland Clinic Algorithm for Reirradiation

O. M. Mahmoud & S. A. Koyfman. J Radiat Oncol DOI 10.1007/s13566-015-0187-6



Critical Reviews in Oncology / Hematology 122 (2018) 194–201

Relative Contraindications to SBRT:

• Tumours located close to the fossa of Rosenmüller

• Very close to or in contact with the carotid artery 

• Neurological structures in the vicinity of the tumour



• Complex interplay between the different modes of cell death, mitotic cell death, 
apoptosis, senescence, necrosis, necroptosis, immunogenic cell death

• Mediated by the apoptotic death of vascular endothelial cells (Fuks, Kolesnick, et al.)

Acid 
Sphingomyelin
ase pathway 

Activation

•In high 
concentration in 
endothelial cells

Ceramide 
generation •Mediator of apoptosis

Cell death •After exposure to 
high dose/ # of RT

• Immunogenic: potential to release subcellular materials into the tumor microenvironment, 
liberating large quantities of tumor-associated antigens, eliciting a local inflammatory 
response, causing release of inflammatory cytokines that in turn could enhance antigen 
presentation and processing by dendritic cells and macrophages.

Mechanism of Action



Target Volume Delineation

• Accurate target delineation: Most critical step

• Contrast enhanced CT scan with 1.25mm cuts

• RT planning MRI for target delineation

• PET based planning has been shown to improve the 

contouring accuracy

• Volumes: GTV +5 mm margins = PTV

• Dose prescription: 95% volume receiving 80% dose



Margins

• N=89

• SBRT: GTV=CTV=PTV

• Recurrences studied

• Pretreatment planning scans were deformed to post 
treatment follow up scan

• With non-PET planning overlap increased from 11.7% to 
48.2%

• PET based planning: 93.6% of the recurrences got 
covered with 5 mm margin

Wang K. Radiother Oncol 2013
University of Pittsburgh







Commonly Utilised Fractionation Schedules



Materials & Methods: 

• Unresectable rSCCHN previously irradiated to > 40 Gy who underwent 

reirradiation with IMRT or SBRT were collected from 8 institutions. 

• The prognostic value of MIRI proposed IMRT-based recursive partitioning 

analysis (RPA) separating those patients with unresectable tumors with an 

intertreatment interval >2 years or those with < 2 years and without feeding tube or 

tracheostomy dependence (class II) from other patients with unresected tumors

(class III) was investigated among SBRT patients. 

• Overall survival (OS) and locoregional failure were then compared between IMRT 

and SBRT by use of 2 methods to control for baseline differences: Cox regression 

weighted by the inverse probability of treatment and subset analysis by RPA 

classification.



Results:
• 414 patients with unresectable rSCCHN: 217 with IMRT & 197 with SBRT. 

• Unadjusted 2-year OS rate was 35.4% for IMRT and 16.3% for SBRT (P<.01). 

• Amongst SBRT patients:

- RPA classification retained an independent association with OS. 

- No significant differences in OS or locoregional failure between IMRT and SBRT 

were demonstrated. 

- Analysis by RPA class showed similar OS between IMRT and SBRT for class III 

patients. 

- In all class II patients, IMRT was associated with improved OS (P<.001). 

• Further subset analysis demonstrated comparable OS when

- 35 Gy was delivered with SBRT to small tumor volumes. 

- Acute grade > 4 toxicity was greater in the IMRT group than in the SBRT group 

(5.1% vs 0.5%, P<.01), with no significant difference in late toxicity.

Conclusions:

• Reirradiation both with SBRT and with IMRT appear relatively safe with

favorable toxicity compared with historical studies. 

• Outcomes vary by RPA class

• Survival is poor in class III patients, and alternative strategies are needed.







• Localised small unresectable tumors

• GTV volume <25cc

• Ability to deliver doses >35Gy/5#

SBRT: Which patients



Definitive SBRT Reirradiation: Efficacy & Toxicity

O. M. Mahmoud & S. A. Koyfman. J Radiat Oncol DOI 10.1007/s13566-015-0187-6



Definitive SBRT Reirradiation: Efficacy & Toxicity

Critical Reviews in Oncology / Hematology 122 (2018) 194–201



SBRT: Phase 1-Dose Escalation Study

• 25 patients

• Dose escalation with SBRT

• No patient had grade 3-4 reactions

• Median time to progression 4 months

• Median overall survival 6 months

Heron DE. IJROBP 2009



SBRT with Cetuximab: Phase 2 trial

• July 2007-March 2013

• N=50

• Previously irradiated (Dose >60Gy) rec 

HN SCC

• SBRT: 40-44Gy/5# alternate days

• Cetuximab: 400mg/m2 on day -7, 

250mg/m2 on day 0 and +8

• Toxicity: Acute and late toxicity: 6%

Vargo J et al. IJROBP 2015



• 2 Phase I trials: 

SBRT + docetaxel 15 mg/m2 days 1, 8, 15 (NCT02110992)

SBRT + Cisplatin 15 mg/2 days 1, 8, 15, (NCT02158234) 

starting dose of 25 Gy/5 Gy and 30 Gy/6 Gy, respectively 

• Phase II trial (NCT02057107): 

SBRT (8.8 Gy–10 Gy per fraction to 44–50 Gy) + cetuximab 

(Day −7, 400 mg/m2; Days 0 and 8, 250 mg/m2; adjuvant 

cetuximab 250 mg weekly) +/docetaxel (25 mg/m2 weekly 

days 0 and 8; adjuvant 25 mg/m2 weekly) followed by 

adjuvant cetuximab +/− docetaxel. 

Attempts at Intensification



• Aim: To establish a maximum tolerated dose of SBRT with concurrent cisplatin in previously 

irradiated locoregional SCCHN

• Inclusion: DFI of >6 months, >45 Gy received previously, presently non surgical/refused 

surgery, life expectancy > 6 months

• Planned for 5 # of SBRT on alternate days

• Starting dose level was 6 Gy x5 #, f/b 7 Gy x 5# and 8 Gy x 5#

• Concurrent Cisplatin 15 mg/m2 before each fraction of SBRT

April 2023



Results

• 20 patients accrued from 2014 to 2019

• Monitored for DLT that occurred within 3 months of SBRT starting

• Median follow up of 9.5 months

• No DLTs observed 

• Cumulative incidence of locoregional failure at 2 years was 61%, distant 

metastasis was 11% and overall survival was 22% 

• Conclusion: Concurrent cisplatin and reirradiation with an SBRT dose of 

≤40 Gy was safe and feasible in patients with locoregionally recurrent or 

second primary SCCHN



SBRT: Toxicities

• Osteoradionecrosis

• Soft tissue necrosis

• Fistula formation

• Cranial nerve palsies

• Brain necrosis

• Otitis media

• Carotid blow out

• Dysphagia

• Aspiration

• Myelopathy

Sequelae of SBRT



Carotid Blow Out

• One of the most dreaded complications of ReRT

• Mortality rates as high as 60%

• Neurologic morbidity: 40%

• Reirradiation with standard fractionation: 2.6%

• Reirradiation with SBRT: 5.3%-18%

• Factors:
• >180 degree carotid encasement
• Carotid artery dose >100% prescription
• Skin invasion
• Presence of ulceration
• Presence of infection, necrosis
• Treatment of neck recurrences
• Increased PTV size

MacDonald MW. IJROBP 2012

Gebhardt BJ. IJROBP 2018



MacDonald MW, et al. IJROBP, 2012: Vol.82(3), 1083 - 1089

• RT schedule was important

• Not related to use of conc CT, surgery prior to RT

• Lower CBO in patients treated with CF and HF vs accelerated HF 







Prognostic Factor for 
Overall Survival

Risk Factors for Adverse 
Reactions

• Debulking surgery prior to reirradiation

• Anatomic site

• Histology

• Time interval since prior treatment

• Second primary versus recurrent tumor

• Dose–response relationship

• Tumor size (T category)/volume of 

reirradiation

• Treatment modality

• Gender

• Salvage treatment
• Age

• Accumulated irradiated dose

• Concurrent use of chemotherapy

• Age

• Mucosal involvement/ulceration

• Treatment volume

• Reirradiation schedule
• Treatment modalities

Kim YS. Radiat Oncol J 2017;35(1):1-15. Optimal reirradiation strategy for head and neck cancer



• Patient selection is the cornerstone to successful outcome: 

• SBRT is a viable option in small, recurrent disease

• Ascertain details of previous RT

• Optimal treatment of localized recc: Maybe combined with C225/ Docetaxel

• Issues with ReRT: 
– Longer time intervals: Superior outcomes

– Target volumes: Use of functional imaging

– OAR doses: To be respected, as low as achievable

– Restriction of doses possible

– Volumes/ target localization: Volumes < 25 cc preferrable

– Possible to deliver biologically higher/ equivalent doses

– Treatment on alternate days, 35-45Gy/ 5 - 7#

• Attention to supportive care & QOL issues

• Diligent documentation & reporting

For reRT………..



SBRT for Primary Unresectable Head Neck Cancers



SBRT for Primary Unresectable Head Neck Cancers

• Used seldom in patients unfit for chemotherapy and 
borderline Performance Status (ECOG 2/3)

• Lesser no of hospital visits/ shortened treatment time

• Criteria: (Usually)  :  Primary: 3-5 cm

:  Nodal: 4- 5 cm

:  Volume Primary: less than 30 cc

:  Volume Nodal: less than 50 cc

Ref: Survey of current practices from the International Stereotactic Body Radiotherapy Consortium (ISBRTC) for head and neck cancers, Future Oncology, 2016



• 14 patients from Sep 2006 to Nov 2007

• Median Age: 73 Years, All Sites

• T2 (5), T3 (3), T4 (6), N0 (13), and N1 (1).

• Median Fu: 36 months (14-40 months)

• Local control and overall survival rates were 
71.4% (10/14) and 78.6% (11/14), 
respectively.



Between 2003 and 2011, 13 

patients diagnosed with parotid 

malignancies were treated with 

adjuvant or definitive SBRT to 

a median dose of 33 Gy (range 

25–40 Gy)



November 2020



9 studies, 157 patients



• Local control rates at 1, 2, and 3 years were 90.7%, 81.8% and 73.5%

• Overall survival at 1, 2, and 3 years was 75.9%, 61.1% and 50.0% 

• Late grade 3 to 4 toxicity rate was 3.3% and late grade 5 toxicity rate was 0.1% 



• Aim: To evaluate response rates to SBRT in older age patients with inoperable locally advanced HNSCC 

• SBRT: 45 Gy/5 # in 3 to 4 days

April 2023



• 1st prospective trial to evaluate head and neck 

cancer postoperative SBRT in the early 

oropharyngeal and oral cancers with high risk 

margins

• SBRT: 36 Gy/6 # over 2 weeks.

• Primary endpoint: Severe late toxicity defined as 2-

year toxicity of grade ≥ 3 (CTCAE V4.03)

• Study accrual started from Jan 2018

August 2020



Patient factors

• Unresectable disease and/ or borderline 

resectable disease not amenable to cure 

with conventional protracted radiotherapy/ 

with or without concurrent chemotherapy

• Medically inoperable, elderly age with 

compromised performance status

Disease Factors

• T1-T3, small volume T4

• N1/N2, Small size and 

ipsilateral, not multiple levels, 

not involving the low neck

Nasopharyngeal cancers with residual/ recurrent disease

As an alternative to brachytherapy boost in oropharynx cancer

Primary Curative Setting

As Boost

March 2021



SBRT for Metastatic Head Neck Cancers







• 62 patients

• Patients had at least 2 metastatic lesions: 

one that could be safely irradiated and one 

measurable by RECIST version 1.1

• Arms: Nivolumab (3 mg/kg IV, 2 weekly) or 

Nivolumab+ SBRT (9 Gy x 3 #) to 1 lesion

• Primary end point: ORR in nonirradiated 

lesions

• No significant difference in ORR/OS

July 2020



• SBRT sandwiched between cycles of D and T in oligometastatic HNSCC

• D (1500 mg) and T (75 mg) were given for 4 monthly cycles, followed by D for 8 

monthly cycles. 

• SBRT to 2-5 lesions was administered during cycle 2. Dose: 45 Gy/3-5 #

• Primary endpoint: Safety of TTC (Phase I) 6-month PFS (Phase II)

• 42% had Grade > 3 AE attributable to D and T. One Grade > 3 AE by SBRT

• 6 month PFS, was 69.7%, median OS was 25.1 months 

• Conclusion: The addition of SBRT to dual-checkpoint inhibition led to 1 (3%) 

additional patient developing severe AE. Best response rates were encouraging. 

6month PFS was attained and was higher than what was expected in this patient 

population

Jan 2021





In Conclusion…………



October 2023







Efficacy 

Toxicity 
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