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Pasive Scattering (PS)

• Need for beam spreading elements to laterally and in-depth shape the beam

• Need for specific patient devices to conform the beam to the tumor

100% dose
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Pencil beam Scanning (PBS)
Optimized dose distribution
• Better tissue sparing (lungs, heart and esophagus) and 

superior dose distribution conformality both distal and 
proximal to the tumor.

• Allows for the delivery of intensity modulated proton
theraphy (IMPT)
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Medically inoperable NSCLC with high-risk features (centrally located or <5 cmT3 

tumor or isolated lung parenchymal recurrences) 

50 Gy( [RBE]) in 4 x 12.5-Gy/fracc. (9 SBRT vs 10 SBPT, PS)

One patient in the SBPT group developed grade 3 skin fibrosis (only 3 fields) 

No patients experienced grade 4/5 toxicity.

SBRT SBPT

OS median 28 months NR

OS (3-years) 27.8 % 90%

LC (3-years) 87.5% 90%

RC (3 –years) 47.6% 90%

Nantavithya, IJROBP2018
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cT1-T3N0M0

PBT patients had larger tumors (2.92cm vs. 2.41cm, p=0.02) and more

advanced T stages (T2-T3: 43% vs. 29%, p=0.05),

72 SBRT studies and 9 hypo-fractionated PBT studies from North America, Europe and Asia

Chi, Radiother Oncol 2017

 PBT had improved OS (5yOS 60% vs. 41.3%, p=0.05)

and PFS (57.2% vs.37.7%, p=0.01) on univariate analysis.

 3-year local control improved for PBT on multivariate

analysis (p=0.03).
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30/264 (11.4% IPF) 2010-2017
patients with more advanced IPF (GAP) index stages II-III)

Kim, Radiat oncol 2019

50.0% vs 26.4%
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• Phase II proton dose escalation

• 111 early stage (T1-2N0M0) medically inoperable/refuse Sx

Bush, IJROBP 2013

OS according to dose Local control by dose and T-stage
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How can increase the use of proton SBRT in 
lung cancer treatment?

What are the most important technologies
to improve lung tretament quality?

Liu, IJROBP 2024
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Closed

32 patients enrolled (28 met criteria)

• Dose ranged from 2.5-4 Gy for total dose of 60 Gy

• Concurrent platin-based doublet chemotherapy

• Median follow-up of 31 months

• Trial closed when PACIFIC trial survival results were available

 Majority of patients received 2.5 Gy (14) and PS (18)

 No acute grade ≥ 3 esophagitis, 14% grade ≥ 3 

pulmonar toxicity

Hoppe, IJROBP 2022
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Stage II-IIIB and IV (single brain M1), recurrences after surgery (2009-2014)

 1º end points: G≥ 3 radiation neumonitis or local failure

Liao, JCO 2018

272 enrolled patients, 149 were randomly allocated
to IMRT (n=92) or PSPT (n=57) (insurance denials,
dosimetric differences)
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No statistically significant difference in the primary end points
(grade ≥ 3 RP or LF) after IMRT or PSPT

Liao, JCO 2018
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Heart dose reduction with protons

• 532 patients with NSCLC treated with concurrent chemoradiation

• Mean Heart dose:    22.3 Gy (3DCRT)
5.1 Gy (IMRT)   
6.5 Gy (PBT)

• Retrospective multivariate analysis: mean heart doses > 25th 
percentile associated with increased risk of death (HR 1.4)

Liao ASTRO 2012

Liao, JCO 2018
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 All patients received passive scattered protons

Some considerations
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IMPT vs Passive Scattering

• Non-randomized comparison of two prospective cohorts of 139 patients with stage II-IIIB and  IV (solitary brain metastases)

• Concurrent chemotherapy and IMPT (53) or PSPT (86)

 IMPT had lower rates of grade ≥ 3 pulmonary and cardiac toxicities

 IMPT had fewer grade ≥ 4 toxicities (0 vs. 7%)

 IMPT had longer median OS (36.2 vs. 23.9 months, p=0.09)

Gjyshi, J Th Oncol 2020

 IMPT had lower mean lung , heart and esophagus doses
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• Reduced lung and heart dose across most clinically relevant parameters

• Trend toward lower grade ≥ 2 pneumonitis rate with protons (40 vs .21%, p=0.107)

• Greater use of immunotherapy (44% vs 27%) in proton patients

• Long term impact of 50% reduction in mean heart dose with protons remains to
be determined

Zhou,  Advances Rad Onc 2020

64  patients (34 SPT + 30 IMRT)

Scanning beam vs IMRT
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 Clear learning curve: 

- Pneumonits G ≥3,  was significantly lower in proton arm

among patients who were enrolled after the trial mid-point .

- No such difference observed with IMRT

 The study design in terms of end point definition, 

control of confounding factors, and dealing with the

lung dosimetric restriction  18% of patients required adaptive plans during treatment (12% 

for IMRT and 29% for PSPT). Having a large tumor and receiving

PSPT independently predicted the need for adaptive planning. 

 Futility with 74 Gy was not yet known

Some considerations

 Arm imbalances: proton target volumes were larger

(p=0.071) and more patients received higher doses to

tumors.
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158 

172 

Accrual completion: October 2023

Primary endpoint results: December 2026 
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Heinzerling, Lancet Oncol 2025
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136 patients : 61PBT (90% PSPT) and 75 IMRT

 Total toxicity burden (grade ≥2 pneumonitis, cardiac or esophageal toxicity) 

was lower with PBT (OR 0.35; 95% CI 0.15-0.83; p=0.017)

 V30 heart and V5 lung were the only factors associated with OS on

multivariate analysis

median OS (months): 46.3 vs 76

Boyce-Fappiano, Clin Lung Cancer 2021
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Severe RIL was defined as a lowest ALC during CRT (ALCnadir) of <0.24 K/µL.

164/451patients (36%) experienced severe RIL. 

A nomogram was created with a sum score ranging from 0 to 40 

• Adjuvant durvalumab benefit was observed only in patients with a low predicted
risk of severe RIL, not in high risk patients

• Prediction model has the potential to select high-risk patients who may benefit from
lymphopenia-mitigating strategies to improve immunotherapy efficacy and survival.
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• Lower lymphocyte nadirs during definitive RT were associated with larger GTVs and worse patient outcomes.
Tang, IJROBP 2014

• Therere is a negative correlation between body integral dose and mean lung and heart dose, and post-treatment decline
in ALC, which is an adverse prognostic factor in lung cancer.

• Heart V50 >25% were associated with a higher NLR 4 months post-RT and worse patient outcomes.
Contreras, Radiother Oncol 2018

• Severe lymphopenia during RT is a significant poor prognostic factor for OS in lung cancer patients and could be mitigated
by minimizing vertebrae V20, mean lung and heart dose.                                 Abravan, J Th Oncol 2020

• Baseline ALC is strongly associate with severe radiation-associated lymphopenia and it was related to OS and PFS 
Joo, IJROBP 2016;  Abravan, J Th Oncol 2020

• EDIC is associated with inferior disease outcomes, treatment-related toxicity, and the development of severe lymphopenia.
Friedes Radiat Oncol 2024

LOAR 
(lymphocyte related organs at risk)
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• Reduced planning target volume (PTV): IGRT, Gating/tracking

• Partial tumor irradiation (SFRT) (bystander effect)

• Hypofractionation

Lymphocyte sparing radiotherapy

PATHY

GRID/ LATTICE

 A single fraction delivered 0.5 Gy to 5% of circulating cells

 30 fractions expose 99% of circulating blood to ≥ 0.5 Gy

Yovino, Cancer Invest 2013
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 Radiation field sizes can dramatically impact responses to immunotheraphy

- Large field irradiation may impair responses to immunotherapy

- Irradiation of lymph nodes can decrease immune cell infiltrates into tumors

Charged particle may better spare lymphocytes

Roelofs, J Thorac Oncol 2012

Durante, IJROBP 2000
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1º endpoint: the incidence of lymphopenia G≥ 3 in IMPT vs IMRT

Cortiula?.Radiat Oncol.8680

IMPT was associated with a lower incidence of severe lymphopenia and anemia, better PS 

after CCRT and a higher probability of receiving adjuvant durvalumab.
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Marcus, Cancers 2021
Ritter and Durante, Mut Res 2010

 Photon RT has ben shown to induce mutational neoatigens

that function as targets for CD8+ T cells

 Proton RT differential cell death pattern

 Protons shows unique molecular and celular responses 

compared to photon, e.g induction of more complex DNA damage, 

differential gene expression, and epigenetic modulation and induction

of distinct signaling pathways

 Proton RT might further improve the mutagenic landscape

of tumors with low mutattional burden

Increased antigenicity ?
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• reduction in acute adverse events involving peripheral organs may facilitate ICI introduction

and continuous administration.

• reduction in hematopoietic bone/normal LN exposure may prevent immune deficiency

• more potent antitumor effects may lead to increased immune antigen presentation

• extensive tumors that are difficult to treat by photons can be treated.

Relevance for Protons in the era of immunotherapy
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Estimated and projected number of cancer survivors in the
United States from 1977 to 2022 by years since diagnosis. 

de Moor,  CEBP 2013

Re-irradiation
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• Central overlapped volume

• Mean heart dose

• Mean esophagus dose

• Concurrent chemotherapy



22
MAY
2025

MasterClass en Radioterapia de Pulmón 2025

ONLINE

4ª Sesión: Protonterapia: un horizonte al alcance

ORGANIZADO POR:

Effective use of IMPT to improve outcomes for patients with 
NSCLC depends on:

REAL-TIME volumetric

image guidance

Effective management of

TUMOR AND NORMAL 
ORGAN MOTION

Accurate modeling of

PARTICLE-MATTER
INTERACTIONS and SET-UP 

UNCERTAINTIES

Better understanding of the

RADIOBILOGY of protons
(differential DNA damage along the

beam path)

Better understanding of the

IMMUNOMODULATORY
EFFECT of protons
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Increased need to account for mitigate motion from respiration

• Motion encompassmemt: commonly 4DCT

• Motion mitigation: 
 Margins

 Rescanning

 Gating/ Tracking

 Breath hold/ compression

 4D optimization

 4D reconstruction/adaptation Chang IJROBP 2017, Pakela Front Oncol 2022
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Changes within course of radiation therapy

The aim of Adaptive RT is to account for these changes and deliver
the radiation dose to the tumor as accurately possible
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Impact of tumor changes on organs at risk

Veiga IJROBP 2016
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Iwata, IJROBP 2020

• 47 patients; 70/2 GyRBE to primary lesion, 66/2 GyRBE to LN
• QA verification scans :10, 20, 30 days after RT start.

• Adaptive replanning: when dose to esophagus and spinal cord increased and exceded the limit dose and/ or when lung dose adjacent to

tumor increased 10%

• Mean number of replanning sessions 2.5 (range 1-4)

 Results:

- OS: 2-yr 77%, 5-yr 59%

- Local control: 2-yr 84%, 5-yr 61%

- PFS: 2-yr 43%, 5-yr 37%

 Toxicities/QoL:

- No grade≥ 3 penumonitis

- No significant deterioration in the QoL scores after 24 months except alopecia

24 patientss were not indicated for radical 
Ch-RT with photons *

* “No” indicates lung V20 >35% or mean lung dose >20 Gy
when a total dose was set at 66 Gy in 33 fr. for primary lesion
and lymph node metastasis using involved field technique.
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Future perspectives
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 Enables full treatments (or fractions) in a few hundreds/tenths of a second

- No motion during treatment

- Could mimimize treatment (PTV) margins related to motion

- Less normal tissue exposed to the treatment dose

 Pre-clinical studies show:

- Less normal tissue toxicity

- Similar tumor control

Radiation delivery at ultra-high dose rates (FLASH)

A long way to go….more research is needed
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 Flash protects normal lung tissue from
radio-induced fibrosis

C57BL/6J mice were subjected to bilateral thorax exposure to
CONV (g-rays or 4.5-MeV electrons, 0.03 Gy/s) in a single fraction.

or FLASH irradiation (4.5-MeV electrons, 60 Gy/s)

 Flash is as efficent as CONV in repressing
tumor growth

The 15-Gy CONV survivors (n = 2) were free of tumors but presented with
inflammatory and fibrotic remodeling, whereas the 28-Gy FLASH 
survivors (n = 7) did not initiate fibrosis over the same time frame.

Favaudon Science Transl Med 2014
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Favaudon Science Translat Medicine 2014
Montay-Gruel PNAS 2019

Healthy tissue

 Reduced exposure of circulating cells to RT

 Reduced acute inflamation

 Less chronic activation immune response

Tumor and its micro-enviroment

 Increase immune infiltration

 Particularly CD8+ effector cells

 Synergize with immunotheraphy without increased toxicity

FLASH as immunomodulator

Eggold Mol Can Ther 2021

Kim IJROBP 2020 
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• Non-invasive biomarkers could reduce the reliance on invasive biopsies

• They could be used to describe tumor heterogeneity, clonal evolution
and identify tretament resistance mechanisms

• Its crucial to incorporate traditional prognostic and predictive features
into the analyses

• Considering cost-effectiveness in the design of studies

• Integration of biomarker research with modern data science methodologies
Horne, J Thor Oncol 2024

Biomarkers for treatment individualization
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Help trialists design pragmatic trials

PRECIS-2 tool, Loudon BMJ 2015 Abernethy JCO 2010

Evaluation of Innovations in Radiation Oncology

Bauman, Nature 2026

Personalised
treatment

Evaluate
new 

technology
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TAKE HOME MESSAGES…

 Proton therapy can reduce dose to normal critical thoracic structures , allowing for a potential

reduction in toxicities, better preservation of quality of life, and safer dose escalation, integration

with systemic therapy, and reirradiation.

 Prospective trials are underway to further evaluate the true value of PBT in this clinical setting

 PBS offers even greater dosimetric benefits over scattered protons
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 Large (≥ 5 cm) tumors, T4/N3

 Tumor near critical organs: Central and Ultra-central; peripherally located and close to the brachial plexus, spinal
cord,…

 Patients with interstitial lung disease/ idiopathic pulmonary fibrosis

 Recurrent or new primary NSCLC after prior radiotherapy

 Dose escalation

 Radiation combined with immunotherapy and one or more risk factors for the development of severe lynphopenia

 Post-operative radiotherapy to the mediastinum

 PBT is potentially a powerful tool for improving the therapeutic ratio for subsets of patiens

with NSLC:
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