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E. Lawrence construye el primer Ciclotron (Berkeley)
R. Wilson propone la Protonterapia (Harvard)

C. Tobias trata el 1°" paciente (Berkeley)

NCI otorga el primer « grant » al MGH para protones
Primer instalacion Hospitalaria en LLUMC con SOBP
Desarrollo de PBS en el PSI de Suiza

Primer equipo |ba trata pacientes en el MGH
Comienzo en el MGH de Técnica PBS con Iba
Primer equipo compacto (Proteus ONE)



orque hoy Protonterapia ?

87 anos de evolucion

—E. Lawrencey el primer 2017 — Equipo compacto unis:
trén (12 cm de didmetro) Protonterapia con Técnica PBS



complejidad

Protonterapia (PBS, IMPT)
(inmovilizadores, imagenes, TPS, R&V)

TPS, R&V)

IMRT, IGRT, VMAT, SBRT, SRS, FFF (ALE)
( MLC, inmovilizadores, imagenes,

TPS, R&V)

IMRT, IGRT, SBRT, SRS, FFF (ALE)
( MLC, inmovilizadores, imagenes,

IMRT, IGRT (ALE)
( MLC, inmovilizadores,
imagenes, TPS, R&V)

IMRT (ALE)
( MLC, inmovilizadores,
imagenes, TPS, R&V)

RT 3DC (Co-60??, ALE)
( MLC, inmovilizadores,
imagenes, TPS)

RT 3DC (Co-60, ALE)
(Pb, inmovilizadores,
imagenes, TPS)

RT Basica 2D (Co-60, ALE)
(sin Pb, sin imagenes)

Tecnologias Especiales:
CyberKnife, Gammaknife,
Thomotherapy, RTIO, etc.)

Costos - resultados




isica de los haces de protones
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isica de los haces de protones

| secreto del éxito)
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sica de los haces de protones

Poder masico de frenado
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isica de los haces de protones

Deposicion de la Dosis
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isica de los haces de protones
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isica de los haces de protones
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isica de los haces de protones

>OBP:

pread Out Bragg Peak
Pico de Bragg extendido)

80% 100%

“" Regi6n SOBP

e 12 haces de protones

Tejidos o= = Tejidos
superficiales Tumor profundos

Dosis
\

60%
L
T

20% 40%




isica de los haces de protones
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2 haces
Fotones 15 Mev Protones
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encil Beam Scanning (PBS)

"Spots" del PBS utilizado
Direccion del por el Planificador

Scanning

Trofimov and Bortfeld



PBS Double
Scattering




Dos modalidades:
1) SFUD (Single Field Uniform Dose)
Campo Simple de Dosis Uniforme

2) IMPT (Intensity Modulated Proton Therapy)
Protonterapia de Intensidad Modulada



encil Beam Scanning (PBS)

SFUD IMPT

incidencia del haz F incidencia del haz
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asicamente cada Pencil Beam es especificado por por 5 parametros:
- Energia (relacionada con la penetracion en el paciente)
- Numero de Protones (relacionado con la dosis y por lo tanto con las UM)
- Deflexion Latero-lateral
- Deflexion supero-inferior
- Tamano del Spot (generalmente de algunos milimetros)

a limitante en el tiempo de imparticion de dosis es esencialmente el tiempo de
ambio de una energia a otra (tipicamente del orden del segundo) que es mucho
1ayor que la velocidad de escaneo.
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Juipos de Protonterapia

Pencil Beam Scanning: PB!
Intensity Modulated Proton Thera
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quipo con Multiples Salas
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Energia: 230 Mev
Radio: 1.25 m

Sala de tratamiento
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Int. J. Radiation Oncology Biol. Phys., Vol. 65, No. 5. pp. 1404-1410. 2006
Copyright © 2006 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/06/5—see front matter
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INICAL INVESTIGATION Breast

ACCELERATED PARTIAL BREAST IRRADIATION USING PROTON BEAMS:
INITIAL DOSIMETRIC EXPERIENCE

ALPHONSE G. TacHian, M.D., Pu.D.. Kevin R. Kozak, M.D., Pu.D.. ANceELa KaTz, M.D..
Jupite Apams. C.M.D., Hsiao-MinG Lu, Pu.D., Simon N. PowerLL, M.D., Pu.D.,
AND THomas F. DeELanNey, M.D.

Department of Radiation Oncology, Massachusetts General Hospital, Harvard Medical School. Boston, MA

Purpose: The unique dosimetric features of proton radiotherapy make it an attractive modality for normal tissue
sparing. We present our initial experience with protons for three-dimensional, conformal, external-beam
accelerated partial breast irradiation (3D-CPBI).

Methods and Materials: From March 2004 to June 2005, 25 patients with tumors =2 cm and negative axillary
nodes were treated with proton 3D-CPBI. The prescribed dose was 32 Cobalt Gray Equivalents (CGE) in4 CGE
fractions given twice daily. One to three fields were used to provide adequate planning target volume (PTV)
coverage and dose homogeneity.

Results: Excellent PTV coverage and dose homogeneity were obtained in all patients with one to three proton
beams. The median PTV receiving 95% of the prescribed dose was 100 %. Dose inhomogeneity exceeded 10% in
only 1 patient (4% ). The median volume of nontarget breast tissue receiving 50% of the prescribed dose was
239%. Median volumes of ipsilateral lung receiving 20 CGE, 10 CGE, and 5 CGE were 0%, 1%, and 2%,
respectively. The contralateral lung and heart received essentially no radiation dose. Cost analysis suggests that
proton 3D-CPBI is only modestly more expensive (25% ) than traditional whole-breast irradiation (WBI).
Conclusion: Proton 3D-CPBI is technically feasible, providing both excellent PTV coverage and normal tissue
sparing. It markedly reduces the volume of nontarget breast tissue irradiated compared with photon-based
3D-CPBIL, addressing a principle disadvantage of external-beam approaches to PBL. As proton therapy becomes
more widely available, it may prove an attractive tool for 3D-CPBL.  © 2006 Elsevier Inc.

Int. J. Radiation Oncology Biol. Ph
Vol. 65, No. 5, pp. 1404-1410,20C

Massachusetts General Hospital
Harvard Medical School, Boston,
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adiation Oncology Biol. Phys.
No. 5, pp. 1404—-1410, 2006

husetts General Hospital
| Medical School, Boston, MA
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Int. J. Radiation Oncology Biol. Phys.. Vol. 65, No. 5, pp. 1572-1578, 2006
Copyright © 2006 Elsevier Inc.

Printed in the USA. All rights reserved

0360-3016/06/$—see front matter

doi:10.1016/j.ijrobp.2006.04.025

YSICS CONTRIBUTION

DOSIMETRIC COMPARISON OF PROTON AND PHOTON
THREE-DIMENSIONAL, CONFORMAL, EXTERNAL BEAM ACCELERATED
PARTIAL BREAST IRRADIATION TECHNIQUES

KeviNn R. Kozak, M.D.. Pu.D., ANGELA KaTz, M.D., JupiTH ADAMS, C.M.D.,
ErLizaBetH M. CrowLEY. M.S.. JACQUELINE A. Nyamwanpa, C.M.D.. JenniFer K. FeEng, C.M.D.,
KAReN P. Doppke., M.S.. THoMas F. DELANEY, M.D.. AND ArLPHONSE G. TAGHIAN, M.D., Pu.D.

Department of Radiation Oncology, Massachusetts General Hospital, Harvard Medical School, Boston, MA

Purpose: To compare the dosimetry of proton and photon-electron three-dimensional, conformal, external beam
accelerated partial breast irradiation (3D-CPBI).

Methods and Materials: Twenty-four patients with fully excised, Stage I breast cancer treated with adjuvant proton
3D-CPBI had treatment plans generated using the mixed-modality, photon-electron 3D-CPBI technique. To facilitate
dosimetric comparisons, planning target volumes (PTVs; lumpectomy site plus 1.5-2.0 em margin) and prescribed
dose (32 Gy) were held constant. Plans were optimized for PTV coverage and normal tissue sparing.

Results: Proton and mixed-modality plans both provided acceptable PTV coverage with 95% of the PTV
receiving 90% of the prescribed dose in all cases. Both techniques also provided excellent dose homogeneity with
a dose maximum exceeding 110% of the prescribed dose in only one case. Proton 3D-CPBI reduced the volume
of nontarget breast tissue receiving 50% of the prescribed dose by an average of 36%. Statistically significant
reductions in the volume of total ipsilateral breast receiving 100%, 75%, 50%. and 25% of the prescribed dose
were also observed. The use of protons resulted in small, but statistically significant, reductions in the radiation
dose delivered to 5%, 10%, and 20% of ipsilateral and contralateral lung and heart. The nontarget breast tissue
dosimetric advantages of proton 3D)-CPBI were not dependent on tumor location, breast size, PTV size, or the
ratio of PTV to breast volume.

Conclusions: Compared to photon-electron 3D-CPBI, proton 3D-CPBI significantly reduces the volume of
irradiated nontarget breast tissue. Both approaches to accelerated partial breast irradiation offer exceptional
lung and heart sparing. @ 2006 Elsevier Inc.

Int. J. Radiation Oncology Biol. Pl
Vol. 65, No. 5, pp. 1572-1578, 20

Massachusetts General Hospital
Harvard Medical School, Boston,
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Table 1. PTV and breast dosimetry (n = 24)
Proton 3D-CPBI Photon-electron 3D-CPBI

Parameter Mean Median Range Mean Median Range p
PTV coverage

V100 (%) 94 96 77-100 97 98 89-100 0.004

V95 (%) 99 100 93-100 100 100 98-100 0.004

V90 (%) 100 100 97-100 100 100 99-100 NS
Ipsilateral breast

V100 (%) 22 23 8-35 24 24 i1-37 0.004

V75 (%) 32 33 12-52 44 44 24-61 <0.0001

V50 (%) 39 38 19-59 51 49 28-71 <0.0001

V25 (%) Sl 48 28-74 58 56 32-88 0.006
Nontarget breast

V50 (%) 26 24 1144 41 39 23-59 <0.0001

Abbreviations: 3D-CPBI = three-dimensional, conformal, external beam accelerated partial breast irradiation: PTV = planning target
volume: VX = volume (in % total volume) receiving X% of prescribed dose: NS = not significant (p = 0.05, Wilcoxon signed-rank test).

diation Oncology Biol. Phys.
No. 5, pp. 1572-1578, 2006

usetts General Hospital
Medical School, Boston, MA
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Table 2. Lung and heart dosimetry (n = 24)
Proton 3D-CPBI Photon-electron 3D-CPBI
Parameter Mean Median  Range Mean Median  Range p
Ipsilateral lung
Mean dose (Gy) 0.5 0.3 0-1.3 1.0 0.9 04-2.2 0.0001
V20Gy (%) I 0 0-2 0 0 0-1 0.04
VI10Gy (%) 2 I 0-5 I 1 0-3 NS
V5Gy (%) 3 2 0-8 4 3 0-10 NS
D20% (Gy) 0 0 0-0.7 1.2 1.0 0.2-33 <0.0001
D10% (Gy) 0.6 0 0-2.6 24 24 0.5-5.0 <0.0001
D5% (Gy) 2.8 1.3 0-11.1 4.2 3.8 1.6-8.0 0.02
Contralateral lung
Mean dose (Gy) 0 0 0 0 0 0-0.01  <0.0001
V20Gy (%) 0 0 0 0 0 0 NS
VI10Gy (%) 0 0 0 0 0 0 NS
V5Gy (%) 0 0 0 0 0 0 NS
D20% (Gy) 0 0 0 0.1 0.1 0-0.2 <0.0001
D10% (Gy) 0 0 0 0.1 0.1 0-0.2 <0.0001
D5% (Gy) 0 0 0 0.1 0.1 0-0.2 <0.0001
Heart (Left-sided only, n = 13)
Mean dose (Gy) 0.1 0 0-0.5 0.4 0.3 0.1-0.8 0.002
V20Gy (%) 0 0 0 0 0 0 NS
V10Gy (%) 0 0 0-2 0 0 0-1 NS
V5Gy (%) 0 0 0-3 0 0 0-2 NS
D20% (Gy) 0 0 0 0.5 0.5 0.1-1.2 0.002
D10% (Gy) 0 0 0-0.1 1.0 0.7 0.2-2.4 0.002
D5% (Gy) 0.2 0 0-1.6 1.5 1.0 0.3-3.8 0.002
diation Oncology Biol. Phys. Abbreviations: 3D-CPBI = three-dimensional, conformal. external beam accelerated partial breast
No. 5, pp. 1572-1578, 2006 irradiation: VXGy = volume (in % total volume) receiving more than X Gy: DX% = dose delivered to
X% of tissue volume; NS = not significant (p > 0.05, Wilcoxon signed-rank test).
usetts General Hospital Proton doses represent CGE and are presented as Gy for clarity.
Medical School, Boston, MA
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diation Oncology Biol. Phys.
No. 5, pp. 1572-1578, 2006

usetts General Hospital
Medical School, Boston, MA

Table 3. Nontarget breast tissue sparing: subset analysis (n = 24)

Mean nontarget

breast V50 Mean percent reduction
in nontarget breast V50
Parameter Proton Photon by protons P
Quadrant
U0Q (n = 12) 28% 42% 33
Non-UOQ (n = 12) 25% 40% 38 0.5
Breast volume
=800 mL (n = 12) 22% 37% 39
<800 mL (n = 12) 30% 45% 33 0.4
PTV volume
>150 mL (n = 12) 30% 46% 33
<150 mL (n = 12) 22% 369 39 0.3
PTV/breast volume
>18.5% mL (n = 12) 30% 46% 33
<18.5% mL (n = 12) 22% 369 38 0.3

Abbreviations: PTV = planning target volume; UOQ = upper outer quadrant; V50 = volume
receiving 50% of the described dose.

Percent reduction in nontarget breast V50 by protons = (photon nontarget breast V50—proton
non-target breast V50)/photon nontarget breast V50. Mean reduction determined by averaging the
individual percent reductions in nontarget breast V50 for all patients in defined subgroup. Statistical
significance (p) determined with two-tailed. Wilcoxon rank—sum test comparing percent reduction
in nontarget breast V50 for patients in both subgroups for each parameter.
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Clinical Investigation: Breast Cancer

Proton Therapy for Breast Cancer After Mastectomy: Early
Outcomes of a Prospective Clinical Trial

Shannon M. MacDonald, MD,* Sagar A. Patel, BS,* Shea Hickey, BS,*
Michelle Specht, MD, Steven J. Isakoff, MD, PhD,” Michele Gadd, MD,’
Barbara L. Smith, MD, PhD,Jr Beow Y. Yeap, ScD,” Judith Adams, CMD,*
Thomas F. DeLaney, MD,* Hanne Kooy, PhD,* Hsiao-Ming Lu, PhD,*
and Alphonse G. Taghian, MD, PhD*

Departments of *Radiation Oncology and 'Surgical Oncology, 'Division of Hematology and Oncology, and “Department of
Medicine, Massachusetts General Hospital, Harvard Medical School, Boston, Massachusetts

Received Sep 19, 2012, and in revised form Jan 18, 2013. Accepted for publication Jan 24, 2013

Summary

Proton radiation is a form of
particle radiation that allows
for sparing of tissues distal to
the target volume. Compara-
tive planning studies for
breast cancer patients
suggest potential benefits for
protons over standard radia-
tion by improving target
volume coverage and
cardiopulmonary sparing.
The entrance dose is higher
for proton radiation, leading
to some concern regarding
skin tolerance. We report
early outcomes in 12 women
treated with postmastectomy
proton radiation therapy on
a prospective clinical trial.

Purpose: Dosimetric planning studies have described potential benefits for the use of proton
radiation therapy (RT) for locally advanced breast cancer. We report acute toxicities and feasi-
bility of proton delivery for 12 women wreated with postmastectomy pmton radiation with or
without reconstruction.

Methods and Materials: Twelve patients were enrolled in an institutional review board-approved
prospective clinical trial. The patients were assessed for skin toxicity, fatigue, and radiation pneu-
monitis during treatment and at4 and 8 weeks after the completion of therapy. All patients consented
to have photographs taken for documentation of skin toxicity.

Results: Eleven of 12 patients had lefi-sided breast cancer. One patient was treated for right-
sided breast cancer with bilateral implants, Five women had permanent implants at the time of
RT, and 7 did not have immediate reconstruction. All patients completed proton RT to a dose
of 504 Gy (relative biological effectiveness [RBE]) to the chest wall and 45 to 504 Gy
(RBE) to the regional lymphatics. No photon or electron component was used. The maximum
skin toxicity during radiation was grade 2, according to the Common Terminology Criteria for
Adverse Events (CTCAE). The maximum CTCAE fatigue was grade 3. There have been no cases
of RT pneumonitis to date.

Conclusions: Proton RT for postmastectomy RT is feasible and well tolerated. This treatment may
be warranted for selected patients with unfavorable cardiac anatomy, immediate reconstruction, or
both that otherwise limits optimal RT delivery using standard methods. © 2013 Elsevier Inc.

rotonterapia en cancer de mama

Int J Radiation Oncol Biol Phys
Vol. 86, No. 3, pp. 484—490,

Massachusetts General Hospital
Harvard Medical School, Boston, MA
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Clinical Outcomes and Toxicity of Proton
Radiotherapy for Breast Cancer

. 1 -t & . 2 " 3
Vivek Verma, (.Im‘ﬂg Shah,” Minesh P. Mehta

Abstract

Proton beam radiotherapy (PBT) represents a rapidly expanding modality for the treatment of several malignancies.
We examined the current state of PBT for breast cancer to evaluate its role in the modem era of breast radio-
therapy. Systematic searches were performed using PubMed, EMBASE, and abstracts from the American Society
for Radiation Oncology, American Society of Clinical Oncology, and Particle Therapy Co-Operative Group of North
America annual meetings, using the Preferred Reporting ltems for Systematic Reviews and Meta-Analyses
guidelines. Nine original investigations were analyzed. Despite the dearth of overall data, skin toxicity after PBT
might be equivalent or better than that of photons. Conventionally fractionated breast/chest wall PBT produces
grade 1 dermatitis rates of approximately 25% and grade 2 dermatitis in 71% to 75%. This is comparable or
improved over the published rates for photons. The incidence of esophagitis was decreased if the target coverage
was compromised in the medial supraclavicular volume, a finding that echoes previous results with photon
radiotherapy. The rates of esophagitis were also comparable to the previous data for photons. Using PBT-based
accelerated partial breast irradiation, the rates of seroma/hematoma and fat necrosis were comparable to those
reported in the existing data. Radiation pneumenitis and rib fractures remain rare. PBT offers excellent potential to
minimize the risk of cardiac events, keeping the mean heart dose at < 1 Gy. However, definitive clinical experiences
remain sparse. The recently begun randomized trial of protons versus photons will further aid in providing robust
conclusions.

Clinical Breast Cancer, Vol. 16, No. 3, 145-54 © 2016 Elsevier Inc. All rights reserved.
Keywords: Breast cancer, Cardiotoxicity, Dermatitis, Proton radiation therapy, Pulmonary toxicity
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Summary of Dosimetric Data in Previously Published Studies and Selected Studies Analyzed
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IRT; 9 Gy'15 Gy 30CRT

1 Gy'1 Gy PBT; 3 6y/2 By
30CRT, 5 Gy'5 Gy IMAT

0.44 Gy

1 Gy

1 Gy FBT; 6 Gy pholons

Mean Heart Vo'
0%
(0% PET; 0% PE

0% PBT; 3% 30CAT; 1%
AT, 8% tomotherapy

% MPT; 4% MRAT

0.4% IMPT, B% PE.
14% 30DCAT
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12% 30DCAT

2%/0% PET; 3%/M4% 3DCAT;

20%/22% MAT
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0% PBT; 0% PE
0% PBT, 7% 3DCAT; 5% IMRT;
26% tomotherpy

1% MPT; 7% IMRT

I% MPT; 27% PE; 20% 30CAT

17%/13% PBT; 46%/3%% IMRT;
2T%26% 3DCRT

4% PBT, 36% PE 21% 30CRT

6%/7% PHT, 26%/20% 30CRT,
45%/50% IMAT

5%

3% PBT; 34% photons

Mean Lung Vay'
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13%

17%
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mmm—ammmmmwma nocelerated partial breast imadiation; IMAT = imtersity-modelaied adiotharapy. IWPT = imenslty-modulatad protn fierapy; PET = proton beam radiotarapy, PE = protm-abactron mived
" Vs = wolume of ongan recaiving > 5 8y, Vg = volume of ongan recaving > 20 Gy.
mmmmmmmmammnmmmmmnm
oz difined the kng Voo for both kngs, and ofhers just for the ipsiteral ung
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rotonterapia en cancer de mama

Abstract

roton beam radiotherapy (PBT) represents a rapidly expanding modality for the treatment of several malignancies.
'le examined the current state of PBT for breast cancer to evaluate its role in the modern era of breast radio-
erapy. Systematic searches were performed using PubMed, EMBASE, and abstracts from the American Society
r Radiation Oncology, American Society of Clinical Oncology, and Particle Therapy Co-Operative Group of North
merica annual meetings, using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
lidelines. Nine original investigations were analyzed. Despite the dearth of overall data, skin toxicity after PBT
ight be equivalent or better than that of photons. Conventionally fractionated breast/chest wall PBT produces
ade 1 dermatitis rates of approximately 25% and grade 2 dermatitis in 71% to 75%. This is comparable or
proved over the published rates for photons. The incidence of esophagitis was decreased if the target coverage
as compromised in the medial supraclavicular volume, a finding that echoes previous results with photon
diotherapy. The rates of esophagitis were also comparable to the previous data for photons. Using PBT-based
>celerated partial breast irradiation, the rates of seroma/hematoma and fat necrosis were comparable to those
ported in the existing data. Radiation pneumonitis and rib fractures remain rare. PBT offers excellent potential to
inimize the risk of cardiac events, keeping the mean heart dose at < 1 Gy. However, definitive clinical experiences
main sparse. The recently begun randomized trial of protons versus photons will further aid in providing robust
nclusions.
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Skin_5mm

2/3 of the skin 5 mm rind receives
lower dose with protons

Veluma 2]
o

Obs: Average in 10 P+ pts: Mean heart: 0.16 Gy(RBE), Ipsilateral lung V20: 3%
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