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Re-Irradiation in Clinical Practice

LN recurrence 10 years after prior RT for endometrial cancer

45 Gy in 20 f



Clinical Considerations

• Patient’s perspective (goals of care)

• Other medical problems

• Performance status

• Clinical evidence of normal tissue injury

• Current target size, shape, position

• Prior treatment prescription

• Prior dose to critical OARs

• Interval since prior treatment

Key Consideration: Tumor control vs. toxicity



Canadian Re-Irradiation Patterns of Practice

• Wide practice variation

• Goal: Local control or QoL

• Clinical Considerations: Good PS, 
long interval from 1st RT, no side 
effects, ‘radiosensitive’ tumor 

• Dose based on clinical judgement 
(83%) and BED calculations (43%)

• Close monitoring for disease 
progression or side effects

Survey of 185 Canadian radiation oncologists 

Jones and Levin, 2008

Yes No



Head/Neck Re-Irradiation

Multivariate Competing Risk Model

• Prior RT dose (Gy)

• Organ dysfunction (Y/N)

• Age (years)

• Recurrence vs. 2nd primary

• HN site (OPX, larynx, HPX, other)

• Any surgery (Y/N)

Competing risk model of late toxicity after re-irradiation

505 patients from 9 centers

Warde, Multi-Institutional Re-Irradiation Collaborative, 2019



O’Sullivan and Levin, 2003

Pathophysiology of Late Radiation Toxicity



CXCL12/CXCR4 Chemokine Pathway

Macrophage recruitment impairs primary tumor response

Nature Reviews | Cancer
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Tumour-associated 

macrophage

(TAM). TAMs are cells 

recruited to the tumour 

microenvironment where they 

are educated to perform tasks 

that enhance metastasis, such 

as stimulating tumour cell 

migration, invasion and 

intravasation.

macrophage infiltration, however, correlates with poor 

patient prognosis in >80% of cancers analysed, includ-

ing breast, thyroid and bladder cancer in which there 

is a positive association with metastasis (reviewed in 

REFS 31,32).

The induction of angiogenesis is a crucial early stage 

in the development and growth of most solid tumours, 

and is also necessary for haematogenous dissemination 

of cancer cells. Bone marrow-derived myeloid cells, 

including macrophages33, TIE2-expressing monocytes 

(TEMs)34, neutrophils35 and mast cells36,37 have all been 

shown to contribute to tumour angiogenesis through 

their production of growth factors, cytokines and pro-

teases such as vascular endothelial growth factor A 

(VEGFA), PROK2 (also known as BV8) and matrix 

metalloproteinases (MMPs), respectively (reviewed in 

REF. 38) (BOX 1). Several of these cell types have also been 

implicated in the later stages of tumour progression, 

namely invasion and metastasis, and the ability of these 

BMDCs to enhance tumour malignancy directly and 

indirectly is discussed below.

Tumour-associated macrophages. Macrophages can 

be considered the prototypical BMDC type capable of 

modifying cancer cell behaviour and have been shown 

to promote tumour angiogenesis, invasion, intravasation 

and metastasis in animal models39,40. Macrophages are 

inherently plastic cells, and this adaptability may be 

exploited by the tumour to elicit distinct functions 

at different stages of tumour progression. Although 

macrophage classification schemes (TABLE 1) have been 

useful in terms of assigning potential functions to 

tumour-associated macrophages (TAMs), little is known 

about the complexity of individual macrophage activi-

ties and their associated molecular profiles in cancer. In 

particular, the factors controlling the balance between 

tumour-suppressing and tumour-promoting activities 

of macrophages, and how that equilibrium changes 

over the course of tumour progression, are not known. 

We propose that multiple subpopulations of TAMs 

exist within a tumour, which probably change tempo-

rally during tumour development and geographically 

on the basis of their location within the tumour micro-

environment. For example, TAMs recruited to hypoxic 

areas are likely to then be usurped to promote tumour 

angiogenesis41, whereas TAMs at the tumour–stroma 

interface play an active part in invasion and angio-

genesis42. Transcriptome profiling of freshly isolated 

TAMs also suggests that they are similar to those that 

are involved in development43.

Figure 1 | The primary tumour microenvironment. a | Cancer cells in primary tumours are surrounded by a complex 

microenvironment comprising numerous cells including endothelial cells of the blood and lymphatic circulation, stromal 

fibroblasts and a variety of bone marrow-derived cells (BMDCs) including macrophages, myeloid-derived suppressor cells 
(MDSCs), TIE2-expressing monocytes (TEMs) and mesenchymal stem cells (MSCs). b | Invasive human breast cancer 

stained with haematoxylin and eosin, in which a prominent infiltration of leukocytes (indicated by white arrows) is evident 

at the invasive margin. c | Macrophages at the invasive edge of pancreatic islet cancers express cathepsin B (green), which 

is associated with loss of epithelial cadherin (red) on the neighbouring cancer cells. Cell nuclei are visualized by DAPI 
(blue). Part c reproduced, with permission, from REF. 151  (2006) Cold Spring Harbor Laboratory Press.
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Macrophage Exclusion after Radiation Treatment (MERT)*
* Martin Brown, Stanford

Lecavalier and Milosevic, 2019

Better primary tumor response with a CXCL12/CXCR4 inhibitor 



Macrophage Exclusion after Radiation Treatment (MERT)*
* Martin Brown, Stanford

Lecavalier and Milosevic, 2019

Less acute and late gut injury with a CXCL12/CXCR4 inhibitor 
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The Way Forward: Learn from our patients

Abernethy, JCO 2010



Canadian Partnership for Quality Radiotherapy (CPQR)

Canadian Association 

of Radiation Oncology (CARO) 

Canadian Organization 

of Medical Physicists (COMP) 

Canadian Association of Medical 

Radiation Technologists (CAMRT) 

Canadian Partnership 

Against Cancer (CPAC) 



CPQR Mandate 

To support and promote the universal availability of 
best-practice radiotherapy for all Canadians through 
initiatives to harmonize practice, improve quality 
and mitigate risk



CPQR Key Programs

• National RT accreditation

• National RT incident reporting 
system (NSIR-RT)

• Technical (equipment) quality 
control guidelines

• Patient engagement and PRO 
guidelines

• ‘Big data’ harmonization

www.cpqr.ca or www.pcqr.ca



CPQR Vision for 2020 and Beyond

• Universal access to radiotherapy in Canada

• Pan-Canadian collection of patient-reported 
outcomes, linked to

• Detailed radiation treatment dosimetry

Motivation: Quality improvement, system performance 
improvement and research



Canadian Big RT Data Initiative

There is variation in RT 
prescribing practice and 

plan nomenclature across 
Canada

Standardized RT plan 
nomenclature (TG-263) 

is foundational

Standardized RT plan 
nomenclature will 

improve quality and 
efficiency and enable 

data sharing for research

Harmonization of nomenclature and dose reporting



Summary and Conclusions

• Re-irradiation can provide real clinical benefit.

• Clinical benefit hinges on balancing efficacy and safety.

• Patient selection is critical …

… just because we can, doesn't mean we should …

• Learning and practice harmonization though collaboration 
is the way forward.

• Funding for re-irradiation research needs to be prioritized.


