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Biological models applied to the comparison of proton and photon
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Abstract

Proton beams produce depth-dose distributions far superior to those of conventional megavoltage photon or electron beams; the
disadvantage is the cost. It is essential that it be demonstrated convincingly that proton therapy gives a superior clinical outcome
to that from photon or electron beams; to date very few clinical outcome studies have achieved this. Detailed multi-patient simulation
studies of (passive scanned) proton vs. conformal x-ray therapy have been done on prostate cancer by Lee and coworkers and on
rectal cancer, a paraspinal tumour, oesophageal cancer and left-sided breast cancer by Isacsson; both used the Nahum-Tait-Webb
TCP model but different NTCP models. In general the predicted clinical gains for proton therapy have been modest, but the precise
differences depend critically on the parameters used in the models and on the form of the models themselves; in particular, the
overlap of the rectum and the PTV in prostate plans makes substantial differences at high dose virtually impossible. Lomax and
coworkers found recently that intensity-modulated photon-beam plans could match those of spot-scanned protons in terms of the
high-dose volume (70% and above), at the cost of much higher integral dose, for a variety of sites, though inversely-planned IM
protons do even better. An exercise shows how the difference between the proton and photon rectal NTCP increases dramatically
as the volume effect parameter n in the Lyman-Kutcher-Burman model is deliberately varied; firmer estimates of such parameters
are required before definite conclusions can be drawn on the superiority of proton therapy.
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Abstract

In decades of clinical practice many thousands of patients have been given radiotherapy, which has yielded a large quantity of data
about the response of human tissues and tumours to ionising radiation. Different models have been proposed for predicting the
response to radiation and for possible use in treatment planning optimisation. In this paper the main results obtained and published
in international journals by Italian groups, are examined and discussed.
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