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Introduction…...

Need for novel approaches to widen the therapeutic window—such as FLASH Radiotherapy

“What novel approach?”

▪  The goal of radiotherapy is to deliver high doses to the tumour while minimising damage to normal 

tissues.

▪  Over the last decade, advances in IMRT, IGRT, ART, and proton therapy have improved patient outcomes 

and reduced toxicity.

▪  However, some tumours remain resistant to radiotherapy, while normal-tissue tolerance limits further dose 

escalation—creating a major clinical need.

▪ Therefore, novel approaches are needed to further optimise radiotherapy.



FLASH Radiotherapy: A New Era in Radiation Therapy

“If FLASH is the future of radiotherapy, are we ready to deliver it safely?”

Introduction

▪ FLASH delivers radiation at ultra-high dose rates in a very short time. 

▪ Potential to reduce normal-tissue toxicity while maintaining tumour control — the “FLASH effect.” 

▪ Moving from preclinical research toward clinical application. 

▪ Clinical implementation requires new workflows, safety systems, QA, and team readiness. 

▪ Treatment delivery and patient safety present new challenges for clinical translation 



❑ FLASH-RT delivers radiation at ultra-high dose rates (UHDR). 

• Several thousand times higher than conventional RT. 

❑ FLASH-RT can significantly reduce normal-tissue toxicity compared with conventional RT. 

❑ It maintains antitumor efficacy with similar levels of tumor control.

FLASH Radiotherapy: Background & Concept

What is FLASH effect?



FLASH Radiotherapy: Background & Concept

What does it mean?

Wider therapeutic window 

▪ Potential for dose escalation with less normal-tissue toxicity.



❑ The three historical observations:

▪ 1959 – Dewey & Boag: Reduced bacterial sensitivity at very high dose rates. 

▪ 1967 – Town et al.: Similar sparing effect observed in mammalian cells. 

▪ 1982 – Hendry et al.: Reduced radiation-induced necrosis in mouse tails.

❑ Why did research slow down?

▪ Mixed results – Some studies found no significant effect. 

▪ High dose requirements – The effect appeared to require very high doses. 

▪ Limited technology – Suitable clinical UHDR sources were not widely available

References: Dewey & Boag (1959); Town (1967); Hendry et al. (1982); Held (2024); Wardman (2020); Ronga et al. (2021); Lowe (2022).

The Earliest Observations (1950s - 1980s)



The "Rediscovery”

 FLASH Effect (2014-2017)

FLASH reopened interest in UHDR radiotherapy and demonstrated its potential to protect normal 

tissue while maintaining tumour control.

References: Favaudon et al. (Sci. Transl. Med., 2014); Gesualdi et al. (Cancer/Radiothérapie, 2024); Lokody (Nat. Rev. Cancer, 2014); Montay-Gruel et al. (PNAS, 2017).



CONV-RT

Features
▪ Average dose rate ≤ 0.03 Gy/s 

▪ High number of fractions 

▪ Relatively low dose per fraction 

▪ Long total treatment time

FLASH RT

Features
▪ Average dose rate ≥ 40 Gy/s 

▪ Relatively low number of fractions 

▪ Large dose per fraction 

▪ Shorter total treatment time

R. Tang et al.) Cancer Letters 587 (2024



“FLASH protects normal tissues across different organs.”



Ouying Yan et al.-FLASH Radiotherapy-2024-FLASH Radiotherapy: Mechanisms of Biological Effects and the Therapeutic Potential in Cancer

“Compared with conventional radiotherapy, FLASH showed a lower risk of mortality and improved survival.”



Clinical Response to FLASH Radiotherapy in a Cat

Cat at Diagnosis Before RT 7TH Month Post Flash 14TH Month Post Flash

Vozenin et al-2019



Randomized Clinical Evidence: FLASH-RT vs Conventional 

RT in Cats

FLASH RT: 

horizontal beam with the cone/applicator 

directly at the nose 

Conventional RT: 

vertical beam with the cone/applicator 

above the nose 

Rohrer Bley et al. Exploring the Limits of FLASH Radiotherapy: Late Toxicity Clin Cancer Res; 28(17) 2022 

Cat treatment set-up and positioning

Randomized study in cats with nasal planum carcinoma (n = 16)





First Patient – 2019

From the Lab to the Clinic (2019-Present)

▪ Bourhis et al. reported the first human FLASH-RT treatment in a 75-year-old man with recurrent cutaneous T-cell lymphoma 

. 

▪ After 100+ previous radiation treatments, he received 15 Gy in a single fraction in just 90 ms. 

▪ Complete tumour response with substantially reduced skin toxicity was reported 
References: Bourhis et al. (Radiother. Oncol., 2019); Gaide et al. (Radiother. Oncol., 2022).



Challenge: Clinical Trial Design

Many variables to consider in clinical trial design
Reference: Dal Bello et al., Radiother Oncol 2023;187:109822.





Biological Mechanisms Behind FLASH RT

Alhaddad L, Osipov A, Andreyan A, Leonov S. FLASH Radiotherapy: Benefits, Mechanisms, and Obstacles to Clinical Translation. IJMS. 2024;25.

❑ Four key biological mechanisms proposed:

1. Oxygen depletion 

2. Free radical interaction 

3. DNA damage 

4. Immune/inflammatory response 

Proposed Biological Hypotheses Behind the FLASH Effect

• These mechanisms are still hypotheses and are not fully established. 

• Each mechanism has its own limitations and is still being investigated.

ROS = Reactive Oxygen Species
Vasculature = Blood vessels

O₂ = Oxygen 



The Oxygen Depletion Hypothesis

“ But how does FLASH protect 

normal tissue? ”

Wilson et al. Understanding FLASH-RT-2020

“FLASH briefly reduces oxygen in normal tissue, helping protect it from radiation, 

while tumour killing is largely maintained.”

LV Et Al: FLASH RADIOTHERAPY AND CANCER

ROS = Reactive Oxygen Species
NROS-Non Reactive Oxygen Species
Vasculature = Blood vessels
O₂ = Oxygen 



What Is Role Of Oxygen In FLASH RT??

▪ The FLASH effect has been shown to be influenced by the amount of oxygen presence in the medium within the tissue.

▪  Increased tissue oxygen has been shown to reduce the protective nature of FLASH in healthy tissue.

▪  The underlying mechanism by which oxygen influences the FLASH effect is still unknown.



Influence On Radiotherapy

Risk of 

Radiobiology

▪ FLASH-RT shows reduced normal-tissue toxicity in several preclinical studies.

▪ This may help widen the therapeutic window.

Dose–Response

Normal-Tissue 
Protection

FLASH-RT may introduce dose rate as a new factor in radiobiological response.

• FLASH-RT challenges the Five R’s due to its ultra-short treatment time. 

• May reduce the impact of repair, repopulation, redistribution, and reoxygenation. 

• The FLASH effect may depend on dose rate, dose per pulse, and irradiation time. 

• Higher doses may be possible with FLASH-RT while maintaining normal-tissue protection. 

• Tumor control may be maintained or improved. 



Critical FLASH 
Parameters

Average dose 
rate & pulse dose 

rate 

Pulse dose & 
beam-on time 

Total dose / 
optimal dose-rate 

range 

Tissue 
oxygenation 

Beam type & 
energy 

Important for 
Clinical 

Translation

Dose-rate 
variation within 
target & healthy 

tissue

Pulse structure & 
timing 

LET / RBE 

Spatial & 
temporal dose 

delivery 

Dose conformity 
& treatment 

planning

Factors That Matter in FLASH



Which factors influence the FLASH effect?

Author(s): Elise Konradsson, Radiotherapy in a FLASH: Towards clinical translation of ultra-high dose rate electron therapy:2023

Terminology and pulse structure of a pulsed electron beam

Key beam parameters for FLASH electron radiotherapy using a linear accelerator



Pulsed FLASH-RT delivery

A schematic view of a pulsed beam delivery, specifying some parameters which seems to be important for inducing the FLASH effect.



Immobilization In The Light Of Future Developments

First clinical treatment: 15 Gy in 90 ms

▪ Ultra high dose rate = All dose delivered in a flash.

▪ Very strict PPD and fixation.

▪ Dose delivered in a flash, so less opportunities to 

move

▪ Role for SGRT (and triggered beam) and less 

need for rigidness?

Comfortable and stable

FLASH



Flash RT Radiotherapy Workflow 

Common clinical workflow — modality-specific parameters may vary

Daugherty et al., Radiother Oncol. 2026;222:111671. Zou et al., IJROBP. 2023;116(5):1202–1217.



UZ Brussel (Brussels University Hospital) 



▪ A single energy ONLY was used and there was no SOBP!

▪ Full dose (8 Gy) through and through the cross-section

▪ Tumor entirely in the entrance dose region, not in Bragg peak!

▪ Bragg peak ‘escaped’ from the body!.... 

Target volume was placed in the entrance region or the plateau region

AnthonyE,et al-JAMA Oncol.2023;9(1):62-69

Normal tissue

FLASH Treatment Plan and Bragg Curve Showing Radiation Dose in 

Color Wash



FLASH vs Conventional Radiotherapy: Dose Rate

“FLASH delivers radiation at ultra-high dose rates, enabling the prescribed dose to be delivered in a fraction of a second.”

Source: Varian Medical Systems. ProBeam 360° brochure. “FLASH therapy.”

Ultra-Fast Treatment

• Treatment time <1 second 

• Reduced intra-fraction motion 

• Improved patient comfort and efficiency
Kemmerling et al., 2015 — Stanford University, USA

                                                                                                     



Current Challenges and Limitations

▪ Advanced Technology Required

• Specialized systems are needed to deliver and control ultra-high dose rates safely.

▪ Precise Beam Control

• Accurate beam monitoring, control and delivery are essential for safe FLASH treatment.

▪ New Dosimetry & QA

• Conventional methods may not be adequate; standardized dosimetry and QA approaches are still developing.

▪ Unclear Biological Mechanisms

• The exact FLASH mechanism, including the role of oxygen and biological responses, is not fully understood.

▪ Limited Clinical Evidence

• Clinical experience is still limited; further studies are needed to confirm long-term safety and effectiveness.



Current Status and Future Readiness

▪ Still in Development:

• FLASH is currently an active area of research and is not yet a routine clinical treatment.

▪ Growing Global Research:

• Research teams worldwide are conducting preclinical studies and early clinical trials.

▪ Promising Early Results:

• Early studies suggest reduced normal-tissue damage while maintaining tumor treatment effectiveness.

▪ Path to Clinical Practice:

• Standardized technology, dosimetry, quality assurance, safety protocols, and clinical evidence are needed 

for wider clinical use.

Future Readiness& Path to Clinical Practice:

Radiation therapists and the multidisciplinary team need to understand the technology, workflow, safety, 

and treatment process to prepare for future clinical implementation.



Konradsson, E. (2023). Radiotherapy in a FLASH: Towards clinical translation of ultra-high dose rate electron therapy. [Doctoral Thesis (compilation Lund University.





Laure Marignol, Trinity College Dublin, Ireland



Take-Home Message

FLASH RT is promising, but more research and preparation are needed.

▪ Radiobiology: Better understanding of the FLASH effect and its mechanisms. 

▪ Physics & Technology: Develop stronger technical knowledge of ultra-high dose-rate physics, dosimetry and QA. 

▪ Treatment Workflow: Learn and standardize the complete planning → verification → delivery process. 

▪ Learning Curve: Build knowledge and practical experience before clinical implementation. 

▪ Multidisciplinary Team: Close collaboration between radiation oncologists, physicists, RTTs, biologists and engineers. 

▪ Future Readiness: Prepare our teams and infrastructure in India before wider adoption of FLASH technology.

“Learn today, prepare today, and be ready for FLASH tomorrow.”



Thank you……
Prakash Umbarkar

P.D Hinduja National Hospital Mumbai-India
Email: umbarkarprakash@gmail.com


	Slide 1
	Slide 2: Introduction…...
	Slide 3: Introduction
	Slide 4
	Slide 5
	Slide 6: The Earliest Observations (1950s - 1980s)
	Slide 7: The "Rediscovery”  FLASH Effect (2014-2017)
	Slide 8
	Slide 9
	Slide 10
	Slide 11: Clinical Response to FLASH Radiotherapy in a Cat
	Slide 12: Randomized Clinical Evidence: FLASH-RT vs Conventional RT in Cats
	Slide 13
	Slide 14: From the Lab to the Clinic (2019-Present)
	Slide 15: Challenge: Clinical Trial Design
	Slide 16
	Slide 17: Biological Mechanisms Behind FLASH RT
	Slide 18: The Oxygen Depletion Hypothesis
	Slide 19: What Is Role Of Oxygen In FLASH RT??
	Slide 20
	Slide 21: Factors That Matter in FLASH
	Slide 22: Which factors influence the FLASH effect?
	Slide 23: Pulsed FLASH-RT delivery
	Slide 24: Immobilization In The Light Of Future Developments
	Slide 25: Flash RT Radiotherapy Workflow 
	Slide 26
	Slide 27
	Slide 28: FLASH vs Conventional Radiotherapy: Dose Rate
	Slide 29: Current Challenges and Limitations
	Slide 30: Current Status and Future Readiness
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Take-Home Message
	Slide 35

