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Core tip: This review was written for the non-radiation
Abstract oncologist who wishes to understand the use of proton

beam therapy (PBT) for locally advanced lung cancer.
Protons interact with human tissue differently than do PBT can be used to create treatment plans delivering
photons and these differences can be exploited in an significantly lower doses of radiation to the adjacent
attempt to improve the care of lung cancer patients. organs at risk (lungs, heart, esophagus, and bone mar-
This review examines proton beam therapy (PBT) as a row) than photon (X-ray) radiotherapy (XRT). PBT com-
component of a combined modality program for locally bined with chemotherapy has resulted in relatively low
advanced lung cancers. It was specifically written for toxicity and favorable survival. One randomized study is
the non-radiation oncologist who desires greater under- being performed and another is planned to clarify the
standing of this newer treatment modality. This review differences in outcome for PBT compared to XRT. New-
describes and compares photon (X-ray) radiotherapy er forms of radiotherapy such as PBT should positively
(XRT) to PBT. The physical differences of these beams impact lung cancer patients.
are described and the clinical literature is reviewed.
Protons can be used to create treatment plans deliver-
ing significantly lower doses of radiation to the adjacent Schild SE, Rule WG, Ashman JB, Vora SA, Keole S, Anand A,
organs at risk (lungs, esophagus, and bone marrow) Liu W, Bues M. Proton beam therapy for locally advanced lung
than photons. Clinically, PBT combined with chemo- cancer: A review. World J Clin Oncol 2014; 5(4): 568-575 Avail-
therapy has resulted in low rates of toxicity compared able from: URL: http://www.wjgnet.com/2218-4333/full/v5/
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INTRODUCTION

Lung cancer is the leading cancer killer in the United
States and worldwide. It has been estimated that lung
cancer has taken the lives of 159480 Americans in 2013,
Lung cancer has been historically divided into 2 major
histologic types: non-small cell lung cancer (NSCLC) and
small cell lung cancer (SCLC).

Thoracic radiotherapy using photon (X-ray) radio-
therapy (XRT) has been standard therapy for lung can-
cer since the 1960’s when the Veterans Administration
Hospital System performed a phase I trial in patients
with unresectable lung cancer (including both SCLC and
NSCLC)m. Patients with localized but clinically inoper-
able tumors were assigned either XRT or a placebo.
The median survival of patients given XRT was 142 d
compared to 112 d (P = 0.05) for those who received a
placebo. This study established the role of XRT in the
treatment of unresectable lung cancer. XRT improved
survival modestly in spite of the fact that many of these
patients likely had distant metastatic disease that wasn’t
recognized because this trial was performed prior to the
advent of modern imaging (computed tomography, mag-

netic resonance imaging, or positron emission tomogra-
phy).

Standard therapy for locally advanced SCLC (stages
I -I) and NSCLC (stage II) includes concurrent che-
motherapy plus XRT)[S]. SCLC patients who complete
chemotherapy plus RT and have achieved stable disease
or a better response should also receive prophylactic cra-
nial irradiation (PCI)[3’4].

In spite of many years of investigation, the outcome
for lung cancer patients remains poor due to the cancer’
s propensity to persist locally and metastasize widely",
Local control rates have been poor when defined us-
ing post-chemo-RT tumor persistence on biopsy rather
than radiologic imaging criteria”. The overall 5-year
survival rates for locally advanced NSCLC and SCLC
range from approximately 15% to 25%"Y. Concurrent
chemotherapy plus XRT results in better survival than
XRT alone or sequential therapy but with higher rates
of severe toxicity”’gl. For example, The North Central
Cancer Treatment Group (NCCTG) performed a phase
Il trial to determine whether chemotherapy (cis-platin
and etoposide) plus cither twice daily (BID) XRT or daily
(QD) XRT achieved a better outcome for patients with
stage Il NSCLC. Severe, grade = 3 (3+) and grade 4+
toxicity was very common, occurring in 87% and 67%
of patients, respectively”. Grade 3+ and 4+ hematologic
toxicity occurred in 80% and 62%. Grade 3+ and 4+
esophageal toxicity occurred in 18% and 1%. Grade
3+ and 4+ pneumonitis occurred in 12% and 2%. The
5-year survival was 17%. These results form a reasonable
standard for chemotherapy plus XRT to which other
treatment programs can be compared. It is clear that
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morte research is needed to develop therapies that result
in better survival and less toxicity.

PHYSICS, RADIOBIOLOGY, AND
RATIONALE FOR PBT

One potential method to improve patient outcome is to
optimize the radiotherapy. Historically, we have improved
patient outcomes each time newer methods of radiation
delivery were invented. First, radiotherapy was delivered
with radio-isotopes placed directly into the tumor. This
was problematic when treating lung cancer since the act
of placing potential sources within a lung tumor would
require physical damage to the lung. Low energy X-ray
devices were then developed which delivered kilo-voltage
X-rays. Unfortunately, these beams penetrated the tissues
poortly and delivered the maximum dose on the skin with
only a small fraction of the dose to a deep seated tumor.
Kilovoltage X-ray beams were used in the VA study not-
ed above. The isotope cobalt 60 was then used and pro-
duced a beam composed of gamma rays with two distinct
energies of 1.17 and 1.33 million volts (MV) resulting in
better skin sparing and improved depth-dose penetration.
Linear accelerators were then developed which produced
still higher energy MV X-rays or photons. These photon
beams penetrated better but still delivered the maximal
dose between 1.5 and 3.5 cm beneath the surface with
the dose gradually decreasing as the beam penetrated
straight through without stopping until exiting the body.
The dose-distribution of X-rays within the body is due to
their unique characteristics of having almost no mass and
no charge.

Protons, in contrast, have mass (approximately 1800x
that of an electron) and hold a positive elementary
charge. These characteristics create a much different dis-
tribution of dose deposition within the body. First, the
accelerated protons enter the body with a high momen-
tum which carries them to a specific depth dependent
on the initial kinetic energy imparted upon them by the
accelerating device (generally a cyclotron or synchrotron).
As the proton beam travels to that depth, there is a rela-
tively small amount of energy transmitted to the tissues.
As the protons slow down, more and more energy is
transferred to the surrounding tissues. The energy lost
per unit path length is almost inversely proportional to
the squate of the speed of the proton. Shortly before the
entire energy of the proton is lost, the energy loss rate
reaches a sharp peak. Once the kinetic energy of the pro-
ton is entirely dissipated into the tissue, the proton comes
to rest within the body. The energy of the proton is dis-
sipated in collisions with the electrons of the neighbor-
ing atoms in the surrounding tissues causing ionizations
which produce radiation damage. The region in the body
where the maximum energy loss and final stopping of
protons occurs is narrow and is located at a specific depth
depending on the initial energy of the proton beam. This
sharp, well defined peak of maximal dose from charged
particles is referred to as the “Bragg peak”. Beyond this
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Figure 1 Depth-dose comparisons of a single photon (X-ray) beam and a
proton beam.

point, there is no radiation energy imparted upon sut-
rounding tissues as the protons have stopped. So far we
have only discussed mono-energetic proton beams, Ze.,
proton beams in which all protons have the same initial
energy. The peak of a mono-energetic proton beam is so
narrow that in order to generate a clinically useful proton
beam one has to spread it out by giving repeated mono-
energetic beams of protons with successively lower enet-
gles to cover a mass or tumor within the high dose region
otherwise known as the “spread-out Bragg Peak” (Figure
1).

Figure 1 reveals depth-dose compatisons of a single
photon (X-ray) beam and a proton beam. Each beam
enters the body at 0 cm depth on the left side of the
graph and travels into the body traveling to the right. The
depth within the patient is shown on the X-axis and the
percent of the prescribed dose delivered on the Y-axis.
The 18 MV photon beam delivers the greatest dose at 3.5
cm depth within the patient and then decreases in dose
delivered as it enters and exits the tumor at depths of 11
and 22 cm, respectively. The photon beam then contin-
ues through the body until it exits. In contrast, the pro-
ton beam administers the maximum dose in the tumor
stopping just beyond the deepest portion of the tumor.
There is less dose delivered as the proton beam travels to
the tumor and no exit dose beyond the tumor. The grey
areas correlate to the excess dose delivered by photons to
normal healthy tissue that would not be irradiated by the
proton beam.

Protons are also different from photon irradiation in
terms of killing power. The relative biological effective-
ness (RBE) for proton RT is generally estimated at 1.1
X that for photons. Thus, one gets 10% more cancer kill
power for each gray (Gy) of proton RT than photon RT.
To simplify discussions, photon doses are described in
Gy and proton doses described in Gy equivalence (GyE)
to describe 2 beams with similar killing properties. One
Gy is the addition of one joule of energy per kilogram
of tissue. The energy absorbed results in free radical
formation. The free radicals ionize and fracture DNA
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molecules within the cells’ nuclei. These DNA fractures
result in cell death especially in rapidly reproducing cells
which atre the most sensitive to radiotherapy.

The primary benefits of PBT compared to XRT are
based on the above mentioned interactions with matter
when traveling into a patient to treat a tumor. The fact that
the proton beam stops results in no radiation exposure
beyond the tumor allows for the sparing of distally placed
tissues. In contrast, photons don’t stop and travel through
the entire body from the entrance to the exit point.

If one has a tumor in the anterior portion of the
chest, it would be desirable to treat from the anterior
perspective with PBT. After the proton beam treats the
tumor, it stops. This results in substantially less dose than
X-rays to deeper structures including the spine (spinal
cord and marrow), esophagus, lung, and heart. Each of
these normal dose-limiting organs is sensitive to radiation
and can be injured during treatment. As discussed eatlier,
the standard therapy of concurrent chemotherapy plus
XRT to 60 Gy in 30 daily fractions results in severe (grade
34) toxicity in the vast majority of patientsm. Thus,
maximal sparing of these critical organs is important in
potentially improving patient outcomes (survival, quality
of life, and toxicity).

Detailed studies comparing the XRT plans using
both 3-D planning and intensity modulated photon RT
(IMRT) technology to proton TRT plans have been per-
formed. Nichols ¢z al'” examined the dose distributions
(dosimetry) from 8 consecutive stage Il NSCLC patients.
In all patients, 3-D XRT, IMRT, and proton therapy
plans achieved the dose goals for the tumor volumes.
Compared with 3-D XRT plans, proton plans offered a
median 29% reduction in normal lung V20 (total lung
volume receiving > 20 Gy), a median 33% reduction in
mean lung dose (MLD), and a median 30% reduction in
the volume of bone marrow receiving a dose of > 10
Gy. The V20 and MLD have been established to cot-
relate well with the risk of radiation pneumonitis[“’m.
The 10 Gy dose to the bone marrow would be sufficient
to suppress myelopoiesis within the irradiated marrow.
Compared with the IMRT plans, the proton plans offered
a median 26% reduction in normal lung V20, a median
31% reduction in MLD, and a median 27% treduction in
the volume of bone marrow receiving a dose of > 10 Gy.
They concluded that by reducing the volumes of normal
structures irradiated, protons can potentially improve the
therapeutic index for stage Il NSCLC compared to with
either 3-D XRT or IMRT. Similar results were found
by Chang ez al™ when they compared the RT plans that
delivered high dose RT with cither protons or photons.
PRT reduced the dose to normal tissues significantly,
even with dose escalation, compared with standard-dose
photon therapy, either 3-D XRT or IMRT.

The dosimetric studies highlight significant differ-
ences in the dose distributions when comparing protons
to photons in the treatment of lung cancer. Because the
proton beam can stop just beyond the far end of the tar-
get, normal tissues beyond the tumor can be spared from

October 10, 2014 | Volume 5 | Issue 4 |



Schild SE et a/. Proton therapy for lung cancer

Figure 2 Dosimetric comparisons between photon [left (A, C, E) and proton right (B, D, F)] plans for a stage lll lung cancer patient. Radiation doses shown
as color washes warmer colors (red) represent higher doses compared to cooler colors (blue). The first pair of axial slices (A and B) are at a level superior to axial cuts
C and D; It is apparent that more normal lung is irradiated on the left than the right; E and F are coronal cuts with dosimetry.

receiving radiation when compared to XRT. These differ-
ences can be used to produce potentially safer RT plans.
Clinical data is required to substantiate that the gains
found dosimetrically translate into improvements in patient
outcome. Newer proton facilities are employing scanned
pencil beams instead of the broad passively scattered
proton beams which are shaped with apertures and range
compensators. Pencil beams are very narrow proton beams
steered with magnetic fields which move in a raster pattern
back and forth through the tumor volume. The intensity (or
dose) can be modified as the beam moves allowing the de-
livery of intensity modulated proton beam therapy (IMPT).
Zhang et al'? was able to show that IMPT produced better
dosimetric results than more conventional proton beam
therapy. Figure 2 includes dosimetric compatisons between
photon and proton plans for a patient with stage Il lung
cancer. The doses delivered shown as a color wash with
lower doses denoted in blue and higher doses in red. On
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the left is a rapid arc intensity modulated photon RT (IMRT)
plan which included 6 MV photons which delivered IMRT
while the gantry rotated around the patient. On the right
are shown the same patient treated with intensity modu-
lated proton RT. It is clear from figures that the IMPT plan
delivers the same dose to the target (red outlined region)
with less dose to the surrounding normal tissues.

Proton beams are more sensitive to a variety of un-
certainties such as respiratory motion, changes in patient
positioning, and tumor shrinkage. This creates more tech-
nical challenges in planning and delivery of radiotherapy.
The term, “robust” is used to describe treatment plans
which can accommodate these uncertainties.

RESEARCH
Results in patients with limited stage SCLC

Colaco e al'” reported the first known series of limited
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stage SCLC (L-SCLC) patients treated with PBT. All 6
patients also received chemotherapy and PCI. Five pa-
tients received 60-66 GyE in 30-34 daily fractions and
one patient received 45 GyE in 30 BID fractions. With
one year of median follow up, the one-year overall sur-
vival rates was 83%. Treatment was well tolerated; there
were no cases of acute grade 3+ esophagitis or grade 2+
pneumonitis, and no other grade 3+ non-hematological
toxicities were seen. Dosimetric comparison revealed bet-
ter sparing of lung and esophagus with PBT than IMRT.
They concluded that PBT merits further investigation as
a method of reducing toxicity in L-SCLC.

Results of PBT in patients with stage Z/ NSCLC

Clinical outcomes of phase [ and II studies are avail-
able. Standard therapy for stage Il NSCLC in fit patients
i1s concurrent radiation and chemotherapy. As such,
this summary focuses on the studies which delivered
combined modality therapy. Chang e a/" reported the
early findings of a phase II trial of high-dose PBT
that included 44 patients with stage Il NSCLC treated
with 74 GyE in 37 fractions with weekly carboplatin
and paclitaxel. Protons were delivered as passively scat-
tered beams and adaptive re-planning. The median over-
all survival time was 29.4 mo and no patients suffered
grade 4 or 5 proton-related toxicity. The most common
non-hematologic grade 3 toxicities were dermatitis (7 =
5.11%), esophagitis (# = 5.11%), and pneumonitis (# =
1.2%). Nine (20.5%) patients experienced local disease
recurrence, four (9.1%) patients had regional lymph node
recurrence, and 19 (43.2%) patients developed distant
metastasis. Of the 44 patients, 9 (20%) had their origi-
nal plans adapted to changes in their tumor volume!"”,
Changes in tumor volume due to response can suf-
ficiently alter the proton stopping power of the tissues
to require changing the plan in order to administer the
prescription dose to the tumor and protect normal tis-
sues. The authors concluded that concurrent high-dose
PBT and chemotherapy were well tolerated and that the
median survival was encouraging,

Hoppe ¢t a/* reported on 19 NSCLC patients (# =
18:stage IlI, » = 1:stage IIb) treated with carboplatin,
paclitaxel, and PBT to 74 Gy/37 fractions. There were
only 1 (5%) acute grade = 3 non-hematologic toxic-
ity and 2 (11%) chronic non-hematologic toxicity with a
median follow up of 16 mo. Oshiro compiled a series of
57 patients with stage Il NSCLC treated with a median
dose of 74 Gy with PBT and no chemotherapy[zﬂ. The
median survival was 21.3 mo which was similar to many
combined modality series. Toxicity was very modest with
grade 3+ lung toxicity in 11% and no grade 3+ esopha-
geal toxicity.

Comparative results of protons vs photons

Clinical comparisons of patients treated with either pho-
ton or proton therapy for lung cancer are rare. This is
in part due to the relatively few clinical experiences with
proton therapy for lung cancer. This is in part due to the
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difficulty in getting lung cancer covered by insurance for
PBT. Sejpal ez al™ reported a retrospective comparative
analysis of the MD Anderson experience in patients with
stage 3 NSCLC. Their rational for the use of proton
beam therapy was the recognition that concurrent che-
motherapy plus XRT, the standard of care for stage 3
NSCLC, causes severe toxicity in most patients. Photon
based TRT cannot be given at doses associated with a
high chance of cure without excessive toxicity. They hy-
pothesized that PBT could permit higher tumor doses
with less normal-tissue toxicity than XRT delivered as 3-D
XRT or IMRT. They compared the outcome of PBT +
chemotherapy (# = 62), 3D-XRT + chemotherapy (# =
74) or IMRT + chemotherapy (7 = 66). RT was delivered
to the gross tumor volume with weekly paclitaxel and
carboplatin. The median total radiation dose was 74 GyE
for the proton group and 63 Gy for the other groups.
Severe (grade 3+) pneumonitis and esophagitis in the
proton group (2% and 5%) were lower despite the higher
radiation dose(3-D XRT, 30% and 18%; IMRT, 9% and
44%; P < 0.001 for all). The median survival times were
17.7 mo for the 3-D XRT group, 17.6 mo for the IMRT
group, and 24.4 mo for the proton therapy group (P =
0.1). They found that higher doses of PBT could be de-
livered to lung tumors with lower rates of esophagitis and
pneumonits.

The above findings were provocative enough to justify
a randomized trial of IMRT »s PBT. This trial is entitled,
“A bayesian randomized trial of image-guided adaptive
conformal photon #s proton therapy, with concurrent
chemotherapy, for locally advanced NSCLC.” The pri-
mary objective is to compare the incidence of grade 3+
treatment related pneumonitis (TRP) or local failure. In
addition, the Radiation Therapy and Oncology Group
(RTOG) is planning a phase III trial (RTOG 1308) com-
paring chemotherapy plus either XRT or PBT in doses
of 60 to 70 Gy. The primary endpoint is overall survival.
Other trials exist and can be found at: http://clinicaltri-
als.gov and are summarized in Table 1.

PBT offers stage Il lung cancer patients potentially
safer radiotherapy plans with significantly lower doses
delivered to the lungs, esophagus, and bone marrow. This

has resulted in less toxicity™

in retrospective compari-
sons. Safe dose escalation with photon therapy was not
possible in stage Il NSCLC patients treated on RTOG
0617 which compared chemotherapy plus cither 60 Gy
or 74 Gy of photon irradiation. The higher dose arm re-
sulted in poorer survival which appears to be secondary
to increases in normal tissue (pulmonary and/or cardiac)
doses™. PBT can better spare the normal surrounding
organs at risk and, thus, offers investigators an opportu-
nity to safely deliver higher tumor doses which may result
in higher local control rates and improved survival.

One randomized study is being performed and an-
other is being planned to further elucidate the potential
clinical benefits of PBT compared to traditional XRT.
Technology continues to improve and pencil beam PBT
and IMPT may produce better clinical results than scat-
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Non-small cell lung cancer

1 ClinicalTrials.gov identifier NCT00881712 (LU02: University of Florida): A phase II trial of 3-D proton radiotherapy with concomitant
chemotherapy for patients with initially unresectable stage Il non-small cell lung cancer:
(1) Arm 1: Concurrent chemotherapy and PBT (74 GyE/37 fractions) for unresectable stage 3 patients with nodes > 15 mm in diameter.

(2) Arm 2: Concurrent chemotherapy and PBT (60 GyE/30 fractions) for unresectable stage 3 patients with nodes <15 mm in diameter.

(3) Arm 3: Resectable stage 3 diseases: preoperative PBT (50 GyE/25 fractions) and surgery.

2 ClinicalTrials.gov identifier NCT01993810: (RTOG1308) phase IIl randomized trial comparing overall survival after photon vs proton

chemoradiotherapy for inoperable stage II-1I B NSCLC:

(1) Arm I:XRT (70 Gy/35 fractions) and either paclitaxel and carboplatin or etoposide and cisplatin.

(2) Arm II': PBT (70 GyE/35 fractions) and either paclitaxel and carboplatin or etoposide and cisplatin.
3 ClinicalTrials.gov identifier NCT01770418 (Proton Collaborative Group): A Phase I /II study of hypofractionated proton therapy for stage II-III

non-small cell lung cancer:
(1) Proton radiotherapy

Dose Level 1: 60 Gy (RBE) at 2.5 Gy (RBE) per fraction x 24 fractions
Dose Level 2: 60 Gy (RBE) at 3 Gy (RBE) per fraction x 20 fractions

Dose Level 3: 60.01 Gy (RBE) at 3.53 Gy (RBE) per fraction x 17 fractions

Dose Level 4: 60 Gy (RBE) at 4 Gy (RBE) per fraction x 15 fractions

(2) Paclitaxel and carboplatin or cisplatin and etoposide

4 ClinicalTrials.gov identifier NCT01565772 (MGH): A phase I trial of hypofractionated PBT with cisplatin and etoposide followed by surgery in

stage Il non-small cell lung cancer:

Radiation (PBR): 45-55 Gy total, 1.8-2.2 Gy x 25 fractions with cisplatin and etoposide followed by resection

5 Clinical trials.gov identifier NCT01165658 (MD Anderson) phase I study of Hypofractionated Proton Radiation Therapy in Thoracic Malignancies:
The radiation prescription dose ranges from 45 Gy in 3 Gy fractions to 60 GyE in 4 Gy fractions. This is for patients ineligible for chemotherapy.
6 Clinical trials.gov identifier NCT00614484 (Loma Linda University): phase I /II study of combined chemotherapy and high dose, accelerated
proton radiation for the treatment of locally advanced non-small cell lung carcinoma. Carboplatin and taxol and 5 wk of daily proton therapy.
7 Clinical trials.gov identifier NCT01629498 (MD Anderson): phase 1 /1I trial of Image-guided, intensity-modulated photon or scanning beam
proton therapy. Both with SIB dose escalation to the GTV with concurrent chemotherapy for stage II /Il NSCLC

(1) Experimental. IMPT + SIB + chemotherapy phase [ starting IMPT dose: 60 Gy (RBE) in 30 fractions; phase I starting SIB dose: (72-84) Gy (RBE).

All patients receive standard concurrent chemotherapy.

(2) Experimental. IMRT + SIB + chemotherapy: phase I Starting IMRT dose: 60 Gy (RBE) in 30 fractions; phase I starting SIB Dose: (72-84) Gy (RBE).

All patients receive standard concurrent chemotherapy

8 Clinical trials.gov identifier NCT00915005 (MD Anderson): A bayesian randomized trial of image-guided adaptive conformal photon vs proton
therapy, with concurrent chemotherapy, for locally advanced NSCLC (treatment related pneumonitis and locoregional recurrence)
(1) Experimental group 1 (photon therapy): 74 Gy/37 fractions + carboplatin and paclitaxel

(2) Experimental group 2 (proton therapy): 74 Gy/37 fractions + carboplatin and paclitaxel

(3) Experimental group 3 (proton therapy): 66 Gy/33 fractions + carboplatin and paclitaxel

9 ClinicalTrials.gov identifier NCT01076231 (University of Pennsylvania) feasibility and phase I /I trial of preoperative PBR with concurrent
chemotherapy for resectable stage Il A or superior sulcus NSCLC: pbr over 5.5-7.5 wk plus concurrent chemotherapy comprising cisplatin and
etoposide. Then, patients may undergo surgical resection or additional chemoradiotherapy

10 ClinicalTrials.gov identifier NCT01108666 (University of Pennsylvania): phase I dose escalation trial of PBR with concurrent chemotherapy and
nelfinavir for inoperable stage Il NSCLC. Determine MTD of nelfinavir and MTD of PBR when given with chemotherapy for stage I NSCLC.

11 ClinicalTrials.gov identifier NCT01808677 (MD Anderson): registry study of thoracic reirradiation for NSCLC utilizing PBT or intensity modulated
radiation therapy. Primary objective to assess the prevalence of high-grade toxicity in patients being treated with thoracic re-irradiation with PBT or
IMRT for NSCLC, with or without chemotherapy.

12 ClinicalTrials.gov identifier NCT01386697 (University of Pennsylvania): A prospective radiation oncology planning study for lung, gastrointestinal
and lymphomatous malignancies using proton radiotherapy as compared to 3D conformal and intensity-modulated X-ray therapy for dosimetric

evaluation of tumor coverage and dose to organs-at-risk. The overall objective is to estimate the actual or potential benefit of DIBH treatment in the

context of proton radiotherapy as compared to 3DCRT and IMXT.

PBT: Proton beam therapy; RBE: Relative biological effectiveness; IMRT: Intensity modulated radiation therapy; NSCLC: Non-small cell lung cancer; SIB:
Simultaneous integrated boost; GTV: Gross tumor volume; DIBH: Deep inspiration breath holding; IMXT: Intensity-modulated X-ray therapy; 3DCRT:

Three dimensional conformal radiation therapy.

tered PBT. Along with the development of better sys-
temic therapy, improvements in radiotherapy technology
should positively impact on the care of unresectable lung
cancer. Protons may allow the safe escalation of dose to
levels considered to be tumorcidal while sparing the criti-
cal normal tissues™. This was not possible using photons
either with 3-D treatment planning or IMRT when tested
in RTOG 0617,
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More research is needed to optimize proton admin-
istration especially for the newer pencil beam systems.
This requires greater physics understanding in order to
create plans which are robust in the face of uncertainty.
Comparative studies will elucidate the potential value of
this newer radiotherapy modality in terms of both clini-
cal outcomes (survival, toxicity, and QOL) and cost ef-
fectiveness.
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