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cancer medicine for clinicians…2022 and more…

…your cancer… your cure… your care…



60-70% indicated; ½ for cure; 80% organ preservation; >90% + systemic therapy



20-25%



PTCOG website… operativos “contados a mano” en 2021 68 centros

Estimados pacientes tratados en 2021….> 200.000…



Discussing only proton therapy arguments and data..



Sincrotrón



Health-Value and Proton Therapy:

the new science of normal tissues…



Bragg Peak

construyendounafamilia.com



Unnecesary irradiation: the medical dilema…

Sarcoma radionduced





“Would we agree to receive 25 Gy
to a large fraction of our brain or abdomen . . .

with no known credibly hypothesized medical benefit?”



122 active PTB trials
42.000 patients

79 % interventional studies





Non-comparative 25 studies
Comparative 9 studies



Clinical health-value is not intuitive…

international metrics are heterogeneous





clinical benefit = magnitude/metrics = outcomes + toxicity

dosimetric benefit

conditio sine qua non

clinical benefit

X  ?



Cost-Effectiveness Analysis Registry (2000-2015) abstracts (18)  Particle Therapy Co-Operative Group of North America

RESULTS: 

- Cost-effectiveness for prostate cancer diagnosis was suboptimal. 

- The most cost-effective option are pediatric brain tumors. 

- Costs for breast cancer is favorable for selected patients with left-sided cancers at high risk of cardiac toxicity 

- NSCLC cost-effectiveness benefits for loco-regionally advanced—but not early stage—tumors.

- Favourable cost-effectiveness in selected head/neck cancer patients at higher risk of acute mucosal toxicities. 

- CONCLUSIONS: PBT offers promising cost-effectiveness. Patient selection is critical to assess cost-effectiveness. 

Cancer 2016;122:1483-501.



Health-Value: oncology

T EC H N O LO GY I S U N D E R CO N T RO L  ( AG E N C I ES ) … D R U G S A R E  O U T O F  CO N T RO L  ( T R I A L S ) …  



In 2020-2030 Oncology innovation is… 

cancer cure an quality of life… 

(…not just better scientific knowledge…)

The next decade…



> 80 %

< 7 %



Health-Value: radiotherapy

DOSIMETRIC BENEFIT = CLINICAL BENEFIT = QUALITY OF L IFE =  COST HEALTH SYSTEM



Health- Value in pediatric oncology

N E V E R R A N D O M I Z E D,  R E T RO S P EC T I VE ,  H E T E RO G E N EO U S P ROTO N T EC H N O LO GY



> 3.000 siblings

> 15 años seguimiento; 72% recibieron RT

62% vs 27% patología en tratamiento activo

28% vs 9%  grado3-4 (severa/riesgo vital)



Health- Value pediatric oncology: 
neurocognition

N E V E R R A N D O M I Z E D,  R E T RO S P EC T I VE ,  H E T E RO G E N EO U S P ROTO N T EC H N O LO GY



2007 and 2018 79 patients (37 PRT, 42 XRT)
same medulloblastoma protocols radiotherapy (PRT vs XRT)

PRT group superior (all P , .05) long-term outcomes in

global intelligence quotient (IQ), 

Perceptual reasoning

working memory 

XRT group significant decline (all P,.05) in 

global IQ, 

working memory

processing speed

PRT group stable scores over time in all domains 

(exception of processing speed (P = .003).

first study to compare intellectual trajectories
PRT vs XRT on comparable, contemporary protocols

PRT was associated with favorable intellectual outcomes

strongest evidence to date of an intellectual sparing advantage 
with PRT in the treatment of pediatric medulloblastoma

Neurocognition…. Dependence…



Elements protected over time by protons



Health- Value pediatric oncology:
hematological tolerance

N E V E R R A N D O M I Z E D,  R E T RO S P EC T I VE ,  H E T E RO G E N EO U S P ROTO N T EC H N O LO GY



Meduloblastoma Protons vs Photons

97 pts
60 vs 37

Dana-Farber + MGH + J Hopkins + UCSF + U Minn
< 25 y

2000 – 2017

No concomitant CT (only VCR)
39.6 + boost 3D photons vs passive PT

> 15 y VBSparing

Immuncompetence



Health- Value pediatric oncology: 
radio-induced cancer

N E V E R R A N D O M I Z E D,  R E T RO S P EC T I VE ,  H E T E RO G E N EO U S P ROTO N T EC H N O LO GY



Volume108, Issue 3 March 2017

5-, 10- and 20-year  
grade 2 or higher late toxicities were 18%, 35% and 45% 
grade 3 or higher late toxicities were 6%, 17% and 17% 
Univariate analysis irradiated site (head and neck, brain) associated late toxicities

No malignant secondary tumors occurred within the irradiated field. 

10- and 20-year all secondary tumors: 8% and 16%

PBT has the potential to reduce the risk of late mortality and secondary malignancy

> 400 patients



Radiation induced malignancies: photons vs protons

IMRT 10-year second malignancy of 4.3%.

peak second tumors of 31% in volumes that receive 2.5 Gy or less.

Pediatr Blood Cancer. 2015;62(2):311–316.

No malignant secondary tumors occurred within the irradiated field

> 400 patients





Clinicaltrials.gov… proton therapy…  active 2020

Pediatric (all observational)



Health- Value in adult cancer models

F E W R A N D O M I Z E D,  R E T RO S P EC T I V E B U T A L S O P RO S P EC T I V E ,  H E T E RO G E N EO U S P ROTO N T EC H N O LO GY,

CO N CO M I TA NT C H E M OT H E R A P Y



Health-Value: “costicity”

FINANTIAL TOXICITY… 



Basic approach to health economy…



Health Value

Decreased cost of after treatment delivery…



clinicopathologic factors to match 25 patients with OPC IMPT in 2011-12 vs 25 patients IMRT in 2000-09.

single-fraction costs 2.79 times higher IMPT vs IMRT (owing to higher equipment costs), 

average full cycle cost of IMPT 1.53 times higher than IMRT, the initial cost increase is mitigated by:  

reductions in costs in non-RT supportive health care services.

Conclusions: a subset of IMRT patients had similar costs to IMPT patients, owing to greater use of supportive care resources. 

Multidimensional patient outcomes and TDABC provide vital methodology for defining the value of radiation therapy modalities.



Results: 

only 4 formal CEMs specific to PBT for HNC had been published (2005, 2013, 2018, 2020). 

The parameter inputs cohort models generally referenced 

older literature, 

exclusion of clinically relevant complications 

applying numerous hypothetical assumptions for toxicity states,

incorporating inputs from theoretical complication-probability models (limited availability of direct clinical evidence). 

Case numbers of cohorts low

structural design of models inadequately reflected the natural history of HNC.

cost inputs were incomplete and referenced to historic figures.

Conclusion: 

Contemporary CEMs are needed: better estimates for toxicity risks and costs associated to PBT delivery



COSTICITY… the cost of toxicity… intensive chemoradiation





11 % vs 27 % grade 3-4 CRT toxicity



10 % vs 30 % grade 3-4 CRT toxicity

Why???



Helath-Value: “costicity” + survival

A MAJOR CONTRIBUTION… AFORDABLE CURE AND QUALITY OF L IFE





Value Proposition- Esophagus

Lin SH et al., ASTRO 2015

Protons reduces 

hospital stay by > 2 

days



JCO 38:1569, 2020

Resctability
Histology

Induction QT
Stage

Randomized IIB           50.4 Gy

Protons

IMRT

TTB
total toxicity burden

11 events
AEs + POCs

PFS

2012-2019
Early termination 67% accrual

61 / 46 (107)
44 mo MFT

50% esophagectomy
80% passive scatering

TTB 26% vs 40%
2,3 times higher IMRT

POCs score 2% vs 19% 
7,6 times higher IMRT

PFS 50% vs 51%
OS 44% vs 44% 

“costicity” NCT01512589

Total complications x 2 ; postoperative complications x 7



Benefit in cancer control and patient survival

protons vs photons: extreme difficult model!



Proton therapy 65 (20.2) 232 (43.1)

IMRT 257 (79.8) 306 (56.9)

Lymphopenia grade 4       no-G4

survival vs lymphopenia is… survival vs toxicity!

survival vs immune-competence!





2018 Jun 20;36(18):1823-1830

693 proton therapy patients matched to 3,465 IMRT

Proton therapy patients group had:

lower risk of composite urinary toxicity (33% v 42% at 2 years; P < .001) 
Erectile dysfunction (21% v 28% at 2 years; P < .001)
Risk of bowel toxicity (20% v 15% at 2 years; P = .02)

younger men with prostate cancer, proton radiation was associated with 
significant reductions in urinary toxicity but increased bowel toxicity



The REALITY, today: 
recommendations…

ASTRO, ESTRO, SEOR…Minister of Health…



11 clinical scenarios
5 new additions 2017



6 clinical scenarios CED



JASTRO 2017

125 proton references
35 sites /  histologies / stages

58 % hypofractionated schemes
45 % pediatric cancer



+ =
2019

Proton therapy services @ CUN 2022

11 clinical scenarios
5 new additions 2017

+



The REALITY, today:

Mayo Clinic daily practice…



60

Un día cualquiera del verano 2019
…en Mayo Clinic Rochester…

Protonterapia con sincrotrón 4 salas
100 pacientes al día

1000 pacientes al año
25% pediátricos 10% nonagenarios

benefit = dosimetric = clinical



Proton therapy and social change 2022 - 2032



Demographic change and health-value sytem: impact in proton therapy

Normal tissues that are not that normal: comorbidities…



Survivors … unexpected!...toxic?...social dependence?



“Suvivors” : male vs female



The REALITY, today:

Opportunities in clinical practice…



PT in context:  interdisciplinar oncology; opportunities 2022



CTV Prostate & Intraboost CTV HR



Impact factor 2017… 244.585



50 CGyE/25 fr
protons

Pre PT Post PT 1,5 months Post PT 5 months

18 months NED

unclassified round cell sarcoma with INI1 loss
PD-L1 expression >/=1%
TILs (CD4 10% positive, CD8 2% positive; 5:1ratio)



Proton therapy 65 (20.2) 232 (43.1)

IMRT 257 (79.8) 306 (56.9)

Lymphopenia grade 4       no-G4

survival vs lymphopenia is… survival vs toxicity!

survival vs immune-competence!



Proton therapy today in  Europe
(2021)

clinical practice in adults…questionaire of activity



Dosimetric benefit
= 

Clinical benefit





Comorbidity scales



Models for individual risk estimations: 

IMRT

IMPT



chordoma (10)

craniopharyngioma (7)

ependymoma (6)

January 2016 and December 2018

Commonwealth funding for PBT via the Medicare Medical Treatment Overseas 

Program (MTOP) 
Proton versus photon treatment planning is a pre‐requisite for the MTOP application



significant reduction in dose to parallel OARs

IMPT over VMAT 

ipsilateral parotid (P = 0.004)
contralateral parotid (P = 0.01)

ipsilateral temporal lobe (P < 0.001)

contralateral temporal lobe (P < 0.001)

ipsilateral inner ear (P < 0.001)

contralateral inner ear (P < 0.001)

brain (P < 0.001)

pituitary (P = 0.007)

combined hippocampi (P = 0.031)
ipsilateral hippocampus (P < 0.001)

contralateral hippocampus (P < 0.001)



Basic approach to health economy… 360º models



Cancer-related financial toxicity impacts head and neck cancer patients and survivors.

Economic implications of proton therapy—dimensions of ‘‘financial toxicity’’—need to be addressed. 

The value of proton therapy for head and neck cancer: empiric comparisons of patients’ and survivors’

lost productivity 

disability after treatment. 

A cost-of-illness framework for evaluation comprehensively identifying the value of proton therapy incorporating financial toxicity in evaluation. 

Overall, financial toxicity burdens remain understudied in head and neck cancer patients from a patient-centered perspective

The evidence base for optimal selection and rationale for payer coverage 

Cancer care delivery: proactive screening for financial toxicity and  early financial navigation in vulnerable patients:

- engaging stakeholders,

- improving oncology provider team cost communication, 

- expanding policies to promote price transparency
- expanding insurance coverage for proton therapy



Precision medicine = personalized oncology = normal tissues are personal



Health-Value estimations for particle therapy do need a 360º analytical models based in medical and demographic dinamics
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