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RE-IRRADIATION: 
FROM IMRT TO HADRON THERAPY



Reirradiation… a recent history?
• 1926, Lee and Tannenbaum reported their experience with more than 300 patients

managed for recurrent inoperable breast cancer at Memorial Hospital, New York
• From 1930, Soiland and Costolow, for cervical cancer, at the Los Angeles Tumor Institute,

California: 11% of 1574 pts.
• Between 1936 and 1941, 461 patients were reirradiated for cervical cancer, by Murphy

and Schmitz from Roswell Park Memorial Institute, Buffalo, NY.
• Garland and Sisson reported the results of irradiation for lip, tongue, and ear cancer

between 1932 and 1948 (San Francisco)
• Zuppinger reported the University of Zurich data with protracted fractionated radiation

therapy between 1931 and 1936 in 107 patients with head and neck tumors.22 Of these,
13 (12%) were reirradiated.

• Between 1940 and 1950, selected patients with nasopharyngeal malignancy were
reirradiated at the University of California School of Medicine, San Francisco.

• Chu and Hilaris from Memorial Hospital, New York, about brain metastases, which covers
1954 to 1958.

1920-1970



Reirradiation… a recent history?
• In a textbook from 1965, Kramer provided a summary of the knowledge about reirradiation, including

persistent, recurrent, and new primary tumor scenarios. Factors to consider during decision making
included the natural history of the tumor, its extent, the condition of the normal tissues, the details of
the previous treatment, and the objective of the proposed reirradiation.

• He recommended that “an attempt must be made to determine whether the initial course of therapy
has failed because of inadequate doses, geographical miss, or radioresistance of the tumor.

• Previously irradiated tissues are compromised a priori to some extent, whether this is clinically
obvious or not.”



Re-irradiation history

1965 2023



Modern scenario



Definition

Andratschke 2022



Re-irradiation techniques

• EBRT in 265 (54%) of the 
studies: 
• 3D CRT(n=75),
• IMRT or VMAT (n=64)
• SBRT to cranial (n=46) or 

extracranial targets (n=80)

• Particle in 39 (8%) 
• Brachytherapy 46 (9%)
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brain (77%, n = 287)
pelvis (65%, n = 241) 
head and neck region (63%, n = 235)
thorax (60%, n = 221)
breast/chest wall (51%, n = 189)
abdomen (39%, n = 145)

Re-irradiation number



Challenges in reirradiation

Minimize
dose to OAR

Dose 
escalation

Efficacy in 
radioresistance



Challenges in reirradiation



Brain

De Pietro, 2023

Median survival times from 7 to 13 
months and 1-year OS rates of 30–55% 
have been observed following either SRS 
or fractionated SRT, with 1-year 
incidence of neurological toxicities 
ranging from 5 to 20%

90% glioblastoma local
recurrence



Brain

no comparative studies have demonstrated the clinical superiority of a technique over 
another in patients with brain tumors in terms of local control and treatment-related 
toxicity



Brain

Saaed 2020, Mizumoto 2013

Median Dose 46.2 Gy (25-60) 

G3 TOX…Dose

Median Dose 42.3 Gy (30-60)

26 patients with recurrent malignant brain tumors treated with 
conventional radiotherapy (RT, n = 8), stereotactic radiotherapy (SRT, 
n = 10), and proton beam therapy (PBT, n = 8)

median survival 18.3 months
local control  9.3 months

…glioblastoma
 median survival 13.1 months
 local control  11.0 months



HNSCC

• the exact magnitude of the clinical benefit is uncertain as a decrease in dose does not always 
translate into a clinically relevant decrease of toxicity risk



HNSCC
• Series 220 pts, 192Ir seeds, on neck and base of the tongue-

• 2-, 5- and 10-year LC rates of 69%, 51% and 41%
• one-third of the cohort (60 pts) developed severe late complications

• cohort of 69 patients receiving low-dose BT with 125I and 103Pd after surgery
• LC rates in 1-, 3- and 5-year follow-ups constituted 55%, 38%, 28%
• late severe complications high

• 96 patients receiving reRT for rHNC by CyberKnife®
• High total doses (>40 Gy) proved beneficial as measured by 1-|2-|3-year LC rates: 69.4%|57.8%|51.1%
• Target volumes < 25 cm3
• low incidence of radiation complications has been attributed to skip-a-day fractionation

• Vargo et al. published a report (2015) on 48 patients after stereotactic body reRT in combination with cetuximab target therapy
• smaller tumors (18 pts, 38%) received single focal doses of 8 Gy in 5 fractions to TD of 40 Gy; for tumors ≥ 25 cm3 (30 pts), single doses were increased to 

8.8 Gy and delivered also in 5 fractions to TD of 44 Gy
• Acute radiation reactions grade 3 developed in 3 pts (6%

• The meta-analysis by Lee et al. (2020), encompassing a total of 575 cases from 10 multicenter studies
• Total dose amounted to 24–44 Gy (median 30 Gy) delivered in 3–6 fractions (median 5
• The 2-year OS and LC rates constituted, respectively, 30.0% (24.5–36.1%) and 47.3% (3.1–62.1%).

24-50% HNSCC local recurrence
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HNSCC



• Relative Biological Effectiveness of Protons versus Photons in HNSCC
• LET-Based Optimization of Proton Treatment Plans for HNSCC
• Mechanisms Underlying the Enhanced Biological Effects of Proton versus 

Photon Radiation in Head and Neck Cancer
• Proton- versus Photon-Induced Changes in Gene and Protein

Expression in HNSCC
• Proton- versus Photon-Induced DNA Damage and Repair in HNSCC
• Mechanisms Underlying Proton- versus Photon-Induced HNSCC Cell 

Death
• Effects of Protons versus Photons on Immune-Related Responses in 

HNSCC

HNSCC



Rectal cancer

Mantello G, 2023

4-8% recurrence



Rectal cancer

• median total CIRT dose was 60 Gy RBE (range=35-76.8)
• median follow-up was 18 months
• 1 year LC 78%; 2 years 52%
• acute toxicities were grade 2 (G2) (7%) and G1 (14%) neuropathic pain. The 

major late toxicities consisted of G2 peripheral neuropathy (14%)



Rectal cancer

• 77 pts.
• Dose 70.4 Gy (RBE) (4.4 

Gy [RBE] per fraction; 16 
fr.

• LC 90% at 3 years and 
87% t 5-years

10% G3 acute tox
21% G3 late tox
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Rectal cancer

Mantello G, 2023
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No comparative studies

Rectal cancer



PARTICLE THERAPY: 
Re-irradiation patients… and QoL

Mazzola GC. et al., 2023

Reirradiation is performed 
by all centers in a 
proportion ranging from < 
5% to 20% of cases. 



PROTON THERAPY: 
Re-irradiation patients… and costs



WHEN?

REIRRADIAZIONE



Prospective Randomized Study in re-irradiation





Comparison?



Comparison?



Re-irradiation: Technical, administrative and 
patient safety

• Issue: previous treatment records that we may receive for patients span a
wide range of quality and informations

• Solution? The export of radiation treatment records from commercial
planning systems should be standardized

• Issue: diversity of patient data transfer means…
• Solution? Develop a common and secured platform to allow inter-

institutional data transfer



Technical, administrative and patient safety
• Issue: DICOM RT planning data transfer inability, due to TPS obsolescence

or decommissioning, or incompatible formats
• Solution? TPS vendors should guarantee compatibility of DICOM RT files

provided by their software and inversely the ability of software to read
DICOM RT files independently of their source



Technical, administrative and patient safety
Issue: Biological and physical dose…



Beddok A. et al., 2022



TECHNICAL EVOLUTION 

Modern techniques
Evaluation biological effect
Selection of patients
Comparison in the best way
AI for analyse data recorded and correlate to toxicity

“each patient is a special problem to be handled in a special way”


