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Editorial Commentary
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Introduction

Lung cancer is the second most common noncutaneous 
cancer and the deadliest cancer in the United States (US) 
with 228,150 estimated new cases in 2019 (1). About 
87% of lung cancers diagnosed in the US are non-small 
cell lung cancer (NSCLC), which currently has a 5-year 
overall survival (OS) rate of 23% across all stages, ranging 
from 57% for stage I to 4% for stage IV diseases (2). 
Radiation therapy (RT) is heavily utilized in the treatment 
of NSCLC. In early stage NSCLC (ES-NSCLC), 
stereotactic body radiation therapy (SBRT) delivered with 
photon radiotherapy has been shown to have high a local 
control rate and low incidence of severe treatment related  
toxicities (3), making it a standard of care curative option 
especially in medically inoperable patients (4). In stage 
III or locally advanced NSCLC (LA-NSCLC), radiation 
is used in approximately 60% of cases, often as part of 
bimodality treatment in conjunction with chemotherapy or 
as part of trimodality treatment delivered concurrently with 
chemotherapy followed by surgical resection (2). In stage 
IV or metastatic NSCLC, radiation is being increasingly 
used to palliate symptomatic lung or distant metastases and 
in specific settings, such as oligometastatic NSCLC, may 
be utilized with curative intent to target both the primary 
tumor and all metastatic disease sites (5). 

Proton therapy (PT) in early stage NSCLC

PT offers potential advantages over conventional photon 
RT because of the unique physical characteristics of the 
Bragg peak, where most of the proton radiation dose is 
deposited across a very narrow range of depth, reducing 
irradiation of normal tissues near the tumor (6). In 
NSCLC treatment, major organs at risk (OARs) include 
the esophagus, heart, spinal cord and the normal lung 
tissue, which is often radiation dose limiting. Radiation 
pneumonitis (RP), caused by inflammation of lung 
tissues following radiotherapy, is one of the most difficult 
radiation-related toxicities to manage and can be fatal in a 
subset of patients (7). The acute cascade of inflammation 
may lead to chronic parenchymal changes such as 
pulmonary fibrosis that can be debilitating clinically for the 
patients. Fibrosis can particularly have an impact on quality 
of life in patients treated with SBRT, especially since many 
are medically inoperable and have considerable preexisting 
lung diseases (7). It is expected that by better sparing OARs, 
PT for NSCLC can reduce treatment-related toxicities and 
allow for safer dose-escalation, which in turn may improve 
survival by reducing life-threatening side effects and 
improving local control, respectively (6,8).

While PT is known to better spare OARs compared 
with photon therapy for ES-NSCLC (9), multiple studies 
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have also reported promising clinical outcomes of PT in 
ES-NSCLC, with low incidence of toxicities such as RP. 
Investigators from Loma Linda reported that none of the 
111 stage I NSCLC patients treated with PT had clinical RP 
requiring steroid therapy (10). A recent meta-analysis comparing 
hypofractionated particle beam therapy (including PT) to 
photon SBRT for ES-NSCLC showed significantly lower rates 
of Grade ≥3 RP in patient treated with particle beam therapy 
(0.9% vs. 3.4%, P=0.001) (11). Furthermore, a recent National 
Cancer Database (NCDB) propensity score matched analysis 
compared outcomes of all NSCLC patients (stages I–IV) treated 
with proton versus photon radiation, showing a significant 5-year 
OS advantage for PT (22% vs. 16%, P=0.025) (12). 

Numerous studies have demonstrated that PT has 
higher relative biological effectiveness (RBE) than photon 
therapy, allowing for increased tumor killing. In the clinical 
setting, we routinely use RBE =1.1 as a dose scaling factor 
to equate the effects of protons and photons. However, 
the actual RBE at the distal edge of the proton beam has 
been shown to be much higher than 1.1, which may be 
beneficial for tumor control, and which may account, in 
part, for the exceptionally low local failure rate observed in 
a multicenter prospective trial of proton reirradiation for 
recurrent NSCLC (13). However, this increased RBE may 
also deposit more than expected effective irradiation dose 
to the normal tissue just beyond the tumor, which has the 
potential to increase normal tissue inflammation compared 
to photon radiation (14,15). SBRT, which delivers ablative 
dose of radiation most commonly in 5 or fewer fractions, 
has already been shown to elicit a greater degree of 
normal lung tissue responses compared to conventionally 
fractionated RT (16). This raises the question that whether 
stereotactic proton radiation therapy (SBPT) could elicit 
similar or even more inflammatory response in lung tissues 
compared to SBRT. While clinical pneumonitis rates have 
consistently been reported to be low with PT (11), a better 
understanding of the inflammatory effects of PT could 
allow for further refinement of the therapeutic ratio of PT, 
especially since the inflammatory cascades can influence 
both normal tissue toxicities and tumor killing immune 
responses, with the latter thought to be increasingly 
important in the era of more frequent combinations of RT 
and immunotherapy for NSCLC (17). 

Differential inflammatory responses: PT vs. 
photon RT

In the July 2019 issue of Radiotherapy and Oncology, Li 

and colleagues from Massachusetts General Hospital 
provided some answers to the question of whether there 
are differential inflammatory responses of SBPT vs.  
SBRT (18). The investigators reviewed an institutional 
series of patients (n=23) with ES-NSCLC who were treated 
by SBPT between 2008 and 2017. They carefully matched 
the cases to patients with similar demographic and tumor 
characteristics treated with SBRT at the same institution 
during the same period. To evaluate the inflammatory 
response of irradiated normal lung tissue, they used 
a validated surrogate marker for lung inflammation. 
Specifically, they plotted the computed tomography (CT) 
density changes (unit: Hounsfield Unit, HU) in ipsilateral 
lung parenchyma outside of target tumor volume against 
dose received by corresponding voxels to generate a 
quantitative measure of CT density changes in normal 
lung with a unit of HU/Gy. The CT density changes at 
subsequent time points (3, 6 and 12 months following RT) 
were also compared. 

The authors found that compared to matched SBRT 
cases, SBPT cases had numerically but not statistically 
significantly higher CT density changes in lung parenchyma. 
Interestingly, they did show a statistical difference in the 
response kinetics of lung density changes, with SBPT cases 
more likely to mount an accelerated course of inflammatory 
response compared to SBRT. Specifically, it was found that 
lung tissue density changes peaked early in SBPT cases at 3 
months post-RT then started to decrease or stay unchanged 
at subsequent time points. On the contrary, SBRT cases did 
not show as robust acute lung responses but continued to 
result in increases in lung densities at later time points. 

Based on these findings, the authors concluded that 
SBPT may be able to elicit more acute inflammatory 
responses in lung compared to SBRT. They speculated 
that these differential lung inflammatory responses might 
not contribute to any clinical differences in symptomatic 
pulmonary toxicities (RP or radiation fibrosis) given 
the overall low incidence of such events in ES-NSCLC 
treated with SBRT or SBPT, but that the more accelerated 
inflammatory response associated with SBPT might offer 
potentially better synergistic effect with immunotherapy, 
for example with immune checkpoint inhibitors (ICI). 

Comments on the study

We commend the authors for a notable publication 
comparing the inflammatory responses in normal lung 
tissues after SBPT vs. SBRT for ES-NSCLC. Although 
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a relatively limited sample size to be able to assess for 
differences between protons and photons, this cohort of 23 
patients treated with SBPT is one of the largest to date in 
NSCLC delivering true SBPT in 5 or fewer fractions. 

Overall, the matching cohorts appear to be quite 
balanced except for the SBPT group having fewer 
treatment fractions [all having 3 or 4 fractions except only 
1 patient treated in 5 fractions, compared to the SBRT 
group where all patient had 4 (n=15) or 5 (n=8) fractions 
of treatment]. Usually, with fewer fractions of stereotactic 
treatment, the biologically effective dose (BED) of radiation 
increases if the total dose stays the same based. However, 
we calculated the BEDs based on the dose fractionation 
regimen provided in the supplemental material and found 
there was no statistically significant difference in BEDs, 
suggesting that the investigators did consider BED when 
pairing SBRT patients to SBPT patients. On the other 
hand, prior reports suggest SBRT treatments with 3 or 
fewer fractions have relatively minimal lung density changes 
between 3 to 6 months, whereas SBRT treatments in  
4–5 fractions tend to have more lung inflammations at 
6 months compared to at 3 months (19). Therefore, the 
difference in radiation fractionation between the SBPT and 
SBRT groups in this study could have contributed, in part, 
to the results of differential inflammatory responses at early 
versus late time points. Another potential explanation of 
the more significant early inflammation with SBPT is the 
higher RBE at the distal edge of Bragg peak. 

The authors did not include CT scans after 12 months 
following radiotherapy completion in their analysis. This 
is likely due to prior studies showing that the radiation 
induced lung responses tend to stabilize without further 
significant changes after 12 months (20). Since the SPBT 
patients in this study showed a trend of decreasing lung 
inflammation at later time points (9 months), it would be of 
interest for continued assessment with longer follow-up of 
these patients to see if a more significant difference in lung 
parenchymal changes will develop.   

Given the extremely low incidence of RP reported in 
multiple prior studies for hypofractionated PT for ES-
NSCLC (11) and the limited number of patients in the 
current analysis, a clinically significant difference in rates 
of RP in this series would not be expected. However, 
as the authors did not report toxicities in this study, the 
differential inflammatory responses identified in this 
study do not provide a direct correlation with clinically 
meaningful endpoints such as symptomatic RP. While 
lung density changes was analyzed as the sole surrogate 

for lung inflammation, recent studies have attempted 
to integrate machine learning and radiomics features to 
provide more powerful and precise estimate of risks of RP  
development (21,22).

RP in LA-NSCLC happens at much higher rate, 
likely due to larger lung volumes irradiated and the use of 
concurrent chemotherapy (7). The authors referenced one 
study comparing PT vs. photon RT that showed numerically 
but not statistically significantly higher rates of RP in LA-
NSCLC patients treated with PT as a supportive evidence 
of potentially higher inflammatory response elicited by  
PT (23). It is worth noting that the RP rates dropped 
from over 20% down to 0% in the PT group when 
comparing patients enrolled during the first approximately 
3 years of the trial to the last 3 years of trial. In contrast, 
RP rates did not change significantly in the photon RT 
group, highlighting the importance of experience with 
newer treatment modalities, which may significantly 
affect treatment outcome and toxicities, masking any true 
existence or non-existence of biological effect differences 
between modalities. 

Meanwhile, two recently published prospective trials 
utilizing glycolytic score from 18F-2-fluoro-2-deoxy-D-
glucose (FDG) positron emission tomography/computed 
tomography (PET/CT) as a surrogate marker for 
global lung parenchymal inflammation showed less lung 
parenchymal inflammation with PT compared to photon 
RT or combined photon-proton RT in LA-NSCLC 
patients (24,25). While those findings contrasts the 
conclusions from this study in ES-NSCLC, it is possible 
that conventionally fractionated PT for LA-NSCLC may 
cause much less global lung inflammation due to fewer 
low dose irradiation to the normal lungs as a result of the 
physical nature of the proton beam, whereas the normal 
lung immediately adjacent to the target volume treatment 
with SBPT for ES-NSCLC may cause more a robust and 
earlier onset of focal lung inflammation as a result of the 
hypofractionation and increased RBE at the distal edge of 
Bragg peak, underscoring the differences between global 
versus focal lung inflammation. 

Finally, from a technical perspective, it is noteworthy 
that the SBPT treatments in this study were mainly 
delivered with passive scattering proton treatment (PS-PT) 
started over a decade ago. While PS-PT can significantly 
reduce the integral irradiation dose to the normal lungs 
compared with photons, it can deliver higher doses to 
focal areas immediately adjacent to the target volume, 
especially when accounting for proton beam uncertainties 
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and imaging uncertainties of not having volumetric imaging 
with cone beam computed tomography (CBCT) that was 
not available for the patients treated in the current study. 
Next generation PT delivered with pencil beam scanning 
proton treatment (PBS-PT) is able to offer more conformal 
planning for high dose treatment such as SBPT (26). 
Furthermore, CBCT is now in clinical use for PT and can 
further reduce uncertainty involved in setup and treatment 
planning (27). With these new technical advances in PT, 
we must refine our understandings about the dynamics of 
inflammatory responses in lung tissues after PT, which is 
of the utmost importance for future attempts to synergize 
the inflammatory and immunogenic responses of PT with 
immunotherapy. 
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