The Clinical Utilization of Proton
Beam Therapy:
Applications in the Head and
Neck

Mohan Suntharalingam, M.D.
Department of Radiation Oncology
Greenebaum Cancer Center
University of Maryland
School of Medicine




Photons for Chordoma
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Protons For Chordoma
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IMRT
Application in the Head and Neck

e Complicated anatomy with many avoidance

structures

Salivary glands, optic nerves, optic chiasm, retina, lacrimal
glands spinal cord, brainstem, mandible, etc.

e predictable pattern of disease spread

e Easy to immobilize
e Opportunity to Iimprove cure rates and

simultaneously improve quality of life

e Significant toxicity associated with combined
modality therapy
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IMRT NPC (Single Institutions)

Center N Stage F/U Local Control
Year Mo (3-year)

SEEEEL T3/4 45%
IJROBP. 7 3 97%

53:1:12-21 N+80%
Kwong
Cancer
2004

Kam

|IJROBP,
2004

Wolden
I JROBP,
2005




Late complications from RT for
NPC

e Xerostomia
 Hearing Loss
 Temporal Lobe Necrosis

* Oral and dental complications
e Pituitary hypofunction

* Neural complications

e Soft and hard tissue cx




Changes of GTV During Tx:
Nasopharyngeal Carcinoma

Pre-therapy During Tx

Issues to consider: Range Uncertainty Due to Daily Setup, Air-tissue

Interface/ Reconstruction Artifacts impact in Planning? Is Replanning
Feasible?




*“Those Who Fall to Study History are
Doomed to Repeat It”
Lessons Learned from the IMRT
Experience
ldentifying Opportunities and

Challenges
1)Challenges With Target Delineation

2)Recurrences due to inadequate
coverage compared to conventional

technigques

3)Unexpected Consequences




Target Delineation
Nodal Stations of the Head and Neck

_ Diagnostic Radiation
Surgical Radiologist Oncologist

Treat a nodal

station in an

“all or none”
fashion

Implications
for IMRT




TIN1 BOT with Marginal Failure

. Boundaries of
gross tumor at
time of recurrence
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3 RP node recurrence
All oropharynx
2 of 3 In N-0 necksl!

2 Ipsalateral, 1 contralat RP

Conclusions:

e Cover RP nodes bilaterally in all (N+ and -) “locally advanced” orophx

e Top of C-1 is not high enough. Cover RP to base of skull




Don’t use IMRT with bilateral level 2 adenopathy

50 Gy to both
retrostyloid spaces
means >30 Gy to both
parotids

Treat the retrostyloid space on a
side with positive cerivcal nodes

(Gregoire abst 2004)




“Dose reduction to specified structures during IMRT
Implies an increased beam path dose to alternate non-
target structures that may result in clinical toxicities that
were uncommon with previous, less conformal

approaches.”

[Conventicnal Eeen Arranganent

Rosenthal et al., IMRT non-target beam path toxicity, IJROBP 72(3), 2008.




IMRT pushed dose Into
unexpected regions...

Table 6. Average of maximum voxel dose (in cGv) to
noncontoured structures per patient, by treatment technique

Structure Conventional IMET

Brain stem 3741.6 4590.4
Cochlea, left 426. 34671
Cochlea, right 433 . 3372.3
Lower lip 2267 3587.1
Mandible, anterior T2, 3871.1
Mandible, middle [124.: 49543
Mandible, postenor 48860, G 14593
Maxilla, anterior 2647 J070.8
Maxilla, posterior 28040 42068
Middle ear, left 374.6 3557.3
Middle ear, nght (2.3 3584.4
Occipital scalp [18.6 34533.6

Rosenthal et al., IMRT non-target beam path toxicity, IJROBP 72(3), 2008.



...and caused unexpected
problems...
“The Dose Bath Effect”

Does Proton Therapy offer chance to deal with this issue?

Rosenthal et al., IMRT non-target beam path toxicity, IJROBP 72(3), 2008.




The Timeline For Data

IMRT —clinical data first appears in the mid-late
90’s

NCI sponsored clinical trials —Phase I

— H-0022 (oropharyngeal cancer)

— H-0225 (nasopharyngeal cancer)

Published phase Il trial that defined a clinical
benefit for SCCHN

— Kam et al JCO Benefits to Parotid Sparing

Current Phase lll trial to allow routine use of
IMRT
— H-0522




Proton Beam Delivery

Accelerator and Gantry

Cyclotron




*Brain stem (0.1 c.c.)

Ca Oropharynx:

Concomitant Boost (7200 cGy)

(95% PTV receives
prescription dose,

*Spinal cord (0.1 c.c.)

«Contralateral parotid
*(mean dose < 2600)
«Contralateral

99% PTV receives submandibular gland

93% of prescription (mean dose < 2600)

dose and 20% PTV  [Fe=m= e ——
receives <110% of || '
prescription dose)




Summary

Proton Therapy Is an exciting new technology
with potential to improve clinical results and
toxicity

Must respect anatomy/lymphatics and basic
oncologic principles

Institutions that have defined standards of care
In Head and Neck are leading the way with
protons

Must understand contours, margins, and dosing
constraints IMRT vs Protons

Must deal with uncertainties unique to protons




