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Advancements

Researchers are exploring the clinically meaningful benefit of proton
therapy in diseases of high incidence where the precision and limited side
effects can provide effective treatment with significant long-term benefits
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5 \'——‘ [ 7—‘e are witnessing a new era in proton therapy research, with an unprec-
\ / edented number of clinical studies under way. For three decades, research
has focused heavily on pediatric tumors and tumors of the brain, spine and

prostate, establishing that proton therapy is efficacious, enables precise

targeting of tumors permitting higher doses of radiation with few short-
and long-term side effects, and maintains a high quality of life for patients." The treatment
also has been shown to reduce the likelihood of treatment-related malignancies.'® Research-
ers now are exploring the clinically meaningful benefit of proton therapy in diseases of high

incidence, particularly iung and breast cancer, where
the precision and limited side effects can provide
effective treatment with significant long-term benefit
to the patient. initial results prove hopeful, especially
for lung cancer, which remains the No. 1 cancer killer
of both men and women.!

rotons VS T

Pediatric and Prostate:

Focus on Quality of Life

The research on proton therapy’s efficacy and reduc-
tion in side effects has been complemented in recent
years by quality of life studies. A paper by Merchant
at al notes that in comparison to photon radiation,
proton therapy lessens
the distribution of

low and intermediate
doses to areas of the
cerebrum in children
receiving treatment

for braln tumors.12
Modeling suggests this
reduction in radiation
to sensitive and critical
areas of the developing
brain will result in fewer
negative cognitive
affects in children,
Longitudinal models

show children who receive proton therapy for
medulloblastoma and craniopharyngioma will have
significantly higher iQ scores than those treated with
photons. This is significant as the more effective we
are in treating pediatric malignancies, the more we
must be mindful of the aftereffects of treatment and
the future of the survivors of childhood cancer.
Research on prostate cancer treatments involving
protons and other modalities increasingly is focusing
on immediate and long-term quality of iife, which
is of prime concem to men as they make treatment
choices. Several newer studies have shown proton
therapy offers significant benefits. A study by Hoppe
etai surveyed 262 young (age 60 or under) prostate
cancer patients prior to proton therapy and every
six months after, using the Expanded Prostate
tndex Composite (EPIC) and Intemational index
of Erectile Function (liEF) questionnaires.'3 At two
years post-treatment, this group of young men had
excellent outcomes in regards to erectile dysfunc-
tion and urinary incontinence. While potency rates
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declined by 11 percent from baseline, 94 percent

of a subset of relatively healthy men (baseline ilEF

of >21, body mass index of <30 and no diabetes)
remained potent. Only 1.8 percent of men required
a pad for urge incontinence. A multi-institutional
study compared EPIiC responses of 1,090 men with
prostate cancer to a control group of 112 nontreated
men and determined both groups had similar qual-
ity of life scores regarding urinary function/bother

“In comparison to photon radiation, proton therapy lessens
the distribution of low and intermediate doses to areas of the
cerebrum in children receiving treatment for brain tumors."

and bowel function/bother.' Sexual function/
bother scores were siightly lower for treated men.
Two highly publicized research papers seem to
contradict the conslstently positive results being
reported in multiple well-regarded studies. However,
{tisimportant to note that these were not controiled
dlinical studies and that researchers analyzed Medicare
data instead of actuai patient reports or responses,15.16
Many more prostate trials are under way or
continuing, including a randomized controlied
trial comparing side effects of proton therapy vs.
intensity-modulated radiation therapy (iIMRT).
Massachusetts General Hospital and the University of
Pennsylvania currentiy are recruiting low- and low-
intermediate risk prostate cancer patients for the trial.

Future Direction: Lung

Via its ability to target the tumor with more specific-
ity, to reduce radiation to surrounding healthy tissues
and therefore to enable higher-dosage treatment,

Proton Therapy

proton therapy is poised to play an important roie in
the treatment of non-small cell lung cancer (NSCLC).
Until we are able to Identify lung cancer earlier in its
course, combination radiation and chemotherapy
llkely will remain part of the treatment regimen for
many NSCLC patients. Combining proton therapy
and standard chemotherapy has been shown to be
efficacious, reporting promising survival rates and
lower rates of pneumonitis and esophogitis.17:18

Comparing toxicity of proton therapy/chemo-
therapy in 62 Stage ill NSCLC patients to similar-size
groups of patients treated with 3D-CRT/chemotherapy
and IMRT/chemotherapy, Sejpal et al found proton
patlents suffered significantly lower rates of severe
pneumonitis (2 percent with protons vs. 30 percent
and 9 percent for photon modaiities) and esophagitis
(S percent vs. 18 percent and 44 percent) despite
receiving higher radiation doses (74 Gy (RBE) protons
vs. 63 Gy for two photon modalities).' Chang et al
followed 44 Stage Iii NSCLC patients treated with 74 Gy
proton therapy and concurrent standard chemother-
apy and reported a median survival of 29.4 months.18
They also found that esophagitis, pneumonitis and late
toxicity were improved in these patients compared to
resuits of other radiation therapy studies. MD Ander-
son and Massachusetts General Hospital have now
launched a National Cancer institute-funded random-
ized controiled trial comparing proton/chemotherapy
to IMRT/chemotherapy in this group of patients.

Protons spread out bragg peak (SOBP)

Protons bragg peak
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With X-ray radiation therapy (black line), the radlation dose peaks soon after entering the body and often long before
reaching the tumor. Healthy tissue ling the tumor much of the dose. With proton therapy (blue lines),
treatment conforms more closely to the tumor, so that less radiation is deposited In the healthy tissue in front of the
tumor compared to X-ray therapy, and almost none is depasited in the healthy tissue behind the tumor.
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Future Direction: Breast

Breast cancer presents many chailenges for radiation
oncoiogists. Radiotherapy Is efficacious in patients
with breast cancer, but because it can expose heart,
coronary vessels and lungs to excess radiation, it

can be associated with lung fibrosis, secondary
malignancies and, In women with left-side breast
cancer, increased risk of coronary artery disease and
cardiac mortality. Proton therapy addresses some of
these treatment-related side
effects, A prospective study
by MacDonaid et al analyzed
nine patients with locally
advanced breast cancer
who had a mastectomy and
received proton therapy
post chemotherapy. The
chest wall and regional lymph nodes were treated
with excellent sparing of the cardiopulmonary struc-
tures.’® Average mean dose to the heart, left ventricle
and lung was 0.44, 0,09 and 6 Gy respectively, and
average V20 to the heart, lung and left ventricle was 0
percent, 0 percent and 13 percent.

Protons vs. IMRT for
Lung Cancer

Radiation from protons.

Radiation fram IMRT,

Areas irradiated through IMRT that are not irradiated
with protons.
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in a dosimetric comparison study using four
different plans — proton therapy, 3D-CRT, iIMRT and
helical tomotherapy (tomo) — Moon et al found
that proton therapy provided significantly less
radiation to normal tissues compared to the other
therapies.2? The average ipsilateral lung volume
receiving 20 percent of the prescribed dose was
significantly lower in proton therapy (0.4 percent)
vs. IMRT (2.3 percent), 3D-CRT (6 percent) and tomo
(14.2 percent). The average heart volume percent-
age recelving 20 percent of the prescribed dose
in left-sided breast cancer was 0 percent in proton
therapy, compared to 1.5 percent (3D-CRT), 1.2
percent (iIMRT) and 8 percent (tomo). Similarly, Ares
et al prepared treatment plans for 20 left-sided breast
cancer patients and determined that proton therapy
offered improved target coverage whiie compara-
tively reducing doses to organs at risk vs. IMRT and
3D-CRT.2! in subsequent increasingly complex
locoregional volumes, low (VS) left lung and cardiac
doses were reduced by a factor of >2.5, and cardiac
doses (V22.5) were reduced by a factor of >20 lower
with proton therapy compared with IMRT. The stud-
ies found the benefit of proton therapy was greater
as target complexity increased.

Proton Therapy: Ever-Evolving
The growth of proton therapy research in combina-
tion with a number of innovations indicates an
expanding roie for proton therapy. This is due in
part to new technologies that enable even better
precislon. One of the most exciting advances is pencil
beam scanning (PBS), which further increases dose
conformality, depositing even more radiation directly
in the tumor, while sparing surrounding healthy
tissue. The advantages of PBS are numerous and will
enable more patients to benefit from proton therapy.
It decreases or nearly eliminates neutron scatter dose,
especially important In pediatric cancer treatment.
PBS increases the ability to dose paint, further spar-
ing normat organs in close proximity to high-dose
tumor volumes. it is also faster — even very complex
patients require only 30-minute time slots — mean-
ing we can schedule and treat more patients.
Paralleling PBS are other advancements, such as
technologies enabling the downsizing of the hard-
ware. improvemnents in imaging are allowing better

treatment planning, permitting adaptive therapy
by allowing optimization of treatment as the tumor
shrinks over time. These various advancements allow
us to reduce the cost of proton therapy — due to
shorter planning and treatment time as well as smaller
equipment and facilities — benefitting patients,
payers, the healthcare system and soclety overall.
Researchers undoubtedly will document how
these advances affect outcomes and add their find-
ings to the ever-expanding number of studies on
the use of proton therapy. We will continually assess
this growing body of knowledge to determine how
proton therapy can be most effective and beneficial
in the treatment of patients dealing with the devas-
tating diagnosis of cancer. in
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