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Impact of optimized intensity-modulated proton therapy in non-small cell lung cancer
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The radiation dose does matter for local-regional control, toxicity, and survival in
non-small cell lung cancer (NSCLC). Historically, the “standard dose” of 60 Gy was
associated with local-regional failure rates of 40%-50% and median survival of 16-
17 months in stage Il NSCLC (1). Not all cancers are created equal, and dose
escalation/acceleration is certainly needed for some patients. However, radiation is a
double-edged sword in terms of balancing antitumor efficacy with toxicity. A recent
phase Il randomized study (Radiation Therapy Oncology Group [RTOG] 0617)
indicated that a higher radiation dose (74 Gy) using photon treatment given with
concurrent chemotherapy caused higher treatment related mortality, worse local-
regional failure (44% vs. 35.5%) and poorer median survival (19.5 months vs. 28.7
months) as compared with the conventional 60 Gy (2). While the reason of poorer
local control with higher dose is being analyzed, possibly rooted in tighter PTV
margin due to concern of toxicity, 60 Gy remains the “standard” dose for stage III
NSCLC. In stage | NSCLC, however, biological effective dose (BED) > 100 Gy has
been shown to achieve 98% local control and improve survival using image-guided
stereotactic ablative radiotherapy (SABR) (3). However, for centrally located
lesions, SABR remains challenging due to potential higher dose exposure to nearby
critical structures such as bronchial tree, major vessels and brachial plexus (4, 5).

Using 4-D CT based planning and image-guided radiotherapy with adaptive re-
planning, a phase Il study showed that passive scattering proton therapy (PSPT)
with 74 Gy and concurrent chemotherapy, a similar setting as RTOG 0617,
achieved about 20% local-regional failure and 29.4 months median survival with
tolerable toxicity and no treatment related mortality (6, 7). Neither radiation nor
radiation delivery techniques are created equal. Questions remain as to who needs
radiation escalation/acceleration, and where and how boost doses should be given
while minimizing severe side effects. Knowledge-guided radiotherapy dose
escalation/acceleration using individualized optimized cutting-edge technologies
such as 4-D CT based intensity modulated proton therapy (IMPT) may likely lead to
improved clinical outcomes, but further studies are needed (8).

Proton therapy may have a greater potential to spare the critical structures as
compared with photon therapy in lung cancer (9). However, with the development
of IMRT/VMAT optimization and auto-plan, conformality of IMRT/VMAT has



been significantly improved over the past few years (10). With the matured
optimization of IMRT/VMAT, passive scatter proton therapy still significantly
improves sparing of heart, spinal cord, contra lateral lung and lung lower dose
exposure. However, the improvement of lung V20 and/or total mean lung dose
and/or esophagus may not be evident when anatomy is complicated, such as tumors
located in the contralateral hilum, mediastinum, supraclavicular lymph nodes or
tumors curving around critical structure, because PSPT relies on limited 3-D
planning with a significant uncertainty margin (11). In such cases, compromised
dose coverage has to be considered to avoid damaging critical normal tissue
structures.

IMPT using scanning beam therapy can simultaneously optimize the intensities and
the energies of all pencil beams using an objective function that takes into account
targets as well as normal tissue constraints. We conducted a virtual clinical study to
compare dose volume histograms of IMPT with those of IMRT and PSPT for the
treatment of stage I11B non-small-cell lung cancer (NSCLC) and to explore the
possibility of individualized radical radiotherapy (12). Compared with IMRT which
only can deliver 63 Gy in these clinically challenging cases due to normal tissue
constraints, PSPT spared more lung, heart, spinal cord, and esophagus, even with
dose escalation from 63 Gy to 83.5 Gy, with a mean MTD of 74 Gy using current
dose volume constraints. Compared with PSPT, however, IMPT allowed further
dose escalation from 74 Gy to a mean MTD of 84.4 Gy (range, 79.4-88.4 Gy) while
all parameters of normal tissue sparing were kept at lower or similar levels. In
addition, IMPT prevented lower-dose target coverage in patients with complicated
tumor anatomies. For centrally located stage | NSCLC, proton therapy, particularly
IMPT, resulted in less dose exposure to nearby critical structures (13).

IMPT reduces the dose to normal tissue and allows individualized radical
radiotherapy for extensive stage I11IB NSCLC and better sparing of nearby critical
structures in  SABR. However, motion uncertainty, treatment
planning/optimization and quality assurance of IMPT are much more
challenging and complex (14-18). Not all clinical cases can benefit from IMPT
using current available planning and delivery techniques.

Supported by NIH program grant, MD Anderson Cancer Center and MGH are
studying the optimization of proton therapy with the appropriate management of
uncertainties including IMPT. A phase Il randomized study to compare IMRT with
PSPT using 74 Gy with concurrent chemotherapy in stage 111 NSCLC radiotherapy
is ongoing. Although this study potentially will provide level 1 evidence about the
potential benefit of proton therapy in stage Il NSCLC, it will not address the
issues about individualized clinical case selection for appropriate proton therapy
candidates and optimized proton therapy, particularly IMPT. There is a potential
risk of comparing matured IMRT with still maturing proton techniques. As we
learned from our experiences, not all lung cancers are good candidates for proton



therapy, and not all proton therapy or proton plans are created equal. We believe
that appropriate case selection with optimized plan and quality assurance are
crucial to achieve the best clinical outcome. Proton therapy, as emerging novel
treatment techniques in lung cancer, is still maturing and we are still learning.
Phase I/11 clinical studies to explore the role of stereotactic ablative proton therapy
in clinical challenging stage I, hypofractionated proton therapy (60 Gy in 15
fractions), simultaneous integrated boost to GTV to higher dose while keeping
PTV dose at 60 Gy in 30 fractions in stage 111 NSCLC are ongoing (19).

IMPT in lung cancer using 4-D CT guided adaptive re-planning has been
implemented clinically in MD Anderson Cancer Center. We are trying to
establish guidelines and strategies to address the critical issues related to IMPT
in moving target. We reported here our initial experience of clinical
implantation of intensity-modulated proton therapy in lung cancer and seek to
address clinical indications, motion analysis/management, plan
optimization/robustness and quality assurance.

References:

1. Curran WJ Jr, Paulus R, Langer CJ, et al. Sequential vs concurrent
chemoradiation for stage 111 non-small cell lung cancer: randomized phase
iii trial RTOG 9410. J Natl Cancer Inst 2011;103(19):1452-1460.

2. Bradley JD, Paulus R, Komaki R, et al. A randomized phase 111
comparison of standard-dose (60 Gy) versus high-dose (74 Gy) conformal
chemoradiotherapy with or without cetuximab for stage 111 non-small cell
lung cancer: Results on radiation dose in RTOG 0617. J Clin Oncol 31,
2013 (suppl; abstr 7501).

3. Timmerman R, Paulus R, Galvin J, Michalski J, Straube W, Bradley J,
Fakiris A, Bezjak A, Videtic G, Johnstone D, Fowler J, Gore E, Choy H.
Stereotactic body radiation therapy for inoperable early stage lung cancer.
JAMA. 2010 Mar 17;303(11):1070-6.

4. Timmerman R, McGarry R, Yiannoutsos C, Papiez L, Tudor K, DeLuca J,
Ewing M, Abdulrahman R, DesRosiers C, Williams M, Fletcher J.
Excessive toxicity when treating central tumors in a phase Il study of
stereotactic body radiation therapy for medically inoperable early-stage
lung cancer. J Clin Oncol. 2006 Oct 20;24(30):4833-9.

5. Chang JY, Balter PA, Dong L, Yang Q, Liao Z, Jeter M, Bucci MK,
McAleer MF, Mehran RJ, Roth JA, Komaki R. Stereotactic body radiation
therapy in centrally and superiorly located stage I or isolated recurrent
non-small-cell lung cancer. Int J Radiat Oncol Biol Phys 72(4):967-971,
11/2008.

6. Chang JY, Komaki R, Lu C, et al. Phase 2 study of high-dose proton
therapy with concurrent chemotherapy for unresectable stage Il nonsmall



10.

11.

12.

13.

14.

15.

16.

17.

cell lung cancer. Cancer 2011; 117(20):4707-4713.

Koay EJ, Lege D, Mohan R, Komaki R, Cox JD, Chang JY.
Adaptive/Nonadaptive Proton Radiation Planning and Outcomes in a
Phase Il Trial for Locally Advanced Non-small Cell Lung Cancer. IntJ
Radiat Oncol Biol Phys 84(5):1093-1100, 12/2012. e-Pub 4/2012.

Chang JY, Cox JD. Improving radiation conformality in the treatment of
non-small cell lung cancer. Semin Radiat Oncol 20(3):171-7, 7/2010.
Chang JY, Zhang X, Wang X, et al. Significant reduction of normal tissue
dose by proton radiotherapy compared with three-dimensional conformal
or intensity-modulated radiation therapy in Stage | or Stage Il non-small-
cell lung cancer. Int J Radiat Oncol Biol Phys 65(4):1087-1096, 2006.
Quan EM, Chang JY, Liao Z, Xia T, Yuan Z, Liu H, Li X, Wages CA,
Mohan R, Zhang X. Automated Volumetric Modulated Arc Therapy
Treatment Planning for Stage Il Lung Cancer: How Does It Compare
With Intensity-Modulated Radio Therapy? Int J Radiat Oncol Biol Phys
84(1):e69-76, 9/2012.

Mohan R, Matney JE, Bluett J, Palmer M, Choi N, Chang JY, Komaki R,
Cox J, Liao Z. IMRT Versus Passively Scattered Proton Therapy (PSPT)
for Locally Advanced NSCLC - Impact of Changing Techniques and
Technologies Over the Course of a Randomized Trial. International
Journal of Radiation Oncology, Biology, Physics 84(3S):S565-566
(#2923), 11/2012.

Zhang X, Li Y, Pan X, et al. Intensity-modulated proton therapy reduces
normal tissue doses compared with intensity-modulated radiation therapy
or passive scattering proton therapy and enables individualized radical
radiotherapy for extensive stage 111B-non-small cell lung cancer: a virtual
clinical study. Int J Radiat Oncol Biol Phys 77(2):357-366,2010.
Register SP, Zhang X, Mohan R, Chang JY. Proton Stereotactic Body
Radiation Therapy for Clinically Challenging Cases of Centrally and
Superiorly Located Stage | Non-Small-Cell Lung Cancer. Int J Radiat
Oncol Biol Phys 80(4):1015-1022, 7/2011. e-Pub 7/2010. PMCID:
PMC2952351.

Lomax AJ. Intensity modulated proton therapy and its sensitivity to
treatment uncertainties 1: the potential effects of calculational
uncertainties. Phys Med Biol. 2008 Feb 21;53(4):1027-42.

Lomax AJ. Intensity modulated proton therapy and its sensitivity to
treatment uncertainties 2: the potential effects of inter-fraction and inter-
field motions. Phys Med Biol. 2008 Feb 21;53(4):1043-56

Liu W, Zhang X, Li Y, Mohan R. Robust optimization of intensity
modulated proton therapy. Med Phys. 2012 Feb;39(2):1079-91

Stuschke M, Kaiser A, Pottgen C, Libcke W, Farr J.Potentials of robust
intensity modulated scanning proton plans for locally advanced lung
cancer in comparison to intensity modulated photon plans. Radiother
Oncol. 2012 Jul;104(1):45-51



18.

19.

Grassberger C, Dowdell S, Lomax A, Sharp G, Shackleford J, Choi N,
Willers H, Paganetti H. Motion interplay as a function of patient
parameters and spot size in spot scanning proton therapy for lung cancer.
Int J Radiat Oncol Biol Phys. 2013 Jun 1;86(2):380-6

Gomez DR, Gillin M, Liao Z, Wei C, Lin SH, Swanick C, Alvarado T,
Komaki R, Cox JD, Chang JY. Phase 1 study of dose escalation in
hypofractionated proton beam therapy for non-small cell lung cancer. Int J
Radiat Oncol Biol Phys. 2013 Jul 15;86(4):665-70



