
This is a repository copy of 1614: MRI V/Q for assessing radiation-induced changes in 
regional lung function in lung cancer patients.

White Rose Research Online URL for this paper:
https://eprints.whiterose.ac.uk/229105/

Version: Accepted Version

Proceedings Paper:
Tahir, B.A. orcid.org/0000-0003-0531-3519, Hughes, P.J.C. orcid.org/0000-0002-7979-
5840, Astley, J.R. et al. (4 more authors) (2024) 1614: MRI V/Q for assessing radiation-
induced changes in regional lung function in lung cancer patients. In: Radiotherapy and 
Oncology. ESTRO 2024, 03-07 May 2024, Glasgow, United Kingdom. , S5062-S5066. 

https://doi.org/10.1016/S0167-8140(24)01981-9

© 2024 The Authors. Except as otherwise noted, this author-accepted version of an 
abstract published in Radiotherapy & Oncology is made available via the University of 
Sheffield Research Publications and Copyright Policy under the terms of the Creative 
Commons Attribution 4.0 International License (CC-BY 4.0), which permits unrestricted 
use, distribution and reproduction in any medium, provided the original work is properly 
cited. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/

eprints@whiterose.ac.uk
https://eprints.whiterose.ac.uk/

Reuse 
This article is distributed under the terms of the Creative Commons Attribution (CC BY) licence. This licence 
allows you to distribute, remix, tweak, and build upon the work, even commercially, as long as you credit the 
authors for the original work. More information and the full terms of the licence here: 
https://creativecommons.org/licenses/ 

Takedown 
If you consider content in White Rose Research Online to be in breach of UK law, please notify us by 
emailing eprints@whiterose.ac.uk including the URL of the record and the reason for the withdrawal request. 



Utility of MRI V/Q for assessment of radiation-induced changes in regional lung function in lung 

cancer patients 

 

Tahir BA1,2, Hughes PJ1, Astley JR1,2, Biancardi A1, Marshall H1, Wild JM1,2 and Hatton MQ1  

 
1Division of Clinical Medicine, University of Sheffield, UK and 2Insigneo Institute for in silico medicine, 

University of Sheffield, UK 

 

 
Main text: 738/750 words 

 

Background and Purpose: 

Radiotherapy (RT) is a cornerstone in treating non-small cell lung cancer (NSCLC). Although there have 

been advancements in RT techniques, such as the introduction of stereotactic ablative RT, survival 

rates remain poor. A contributing factor to this is radiation-induced lung damage, which is further 

aggravated by pre-existing diminished pulmonary function prior to RT [1]. Presently, NSCLC patients’ 
lung function prior to RT is evaluated using standard pulmonary function tests (PFTs), which are 

somewhat limited in scope as they offer global, whole-lung metrics and lack sensitivity to early 

alterations [2]. 

The lungs primarily serve the purpose of gas exchange, making both ventilation (V) and perfusion (Q) 

critical for a comprehensive understanding of lung function, ideally on a regional level. Traditional 

methods for assessing regional lung function have included radionuclide scintigraphy or single-photon 

emission computed tomography, despite their limitations in spatial and temporal resolution [3]. As an 

alternative, MRI offers the capability for high-resolution imaging of regional lung function, as 

demonstrated by dynamic contrast-enhanced (DCE) perfusion proton (1H) MRI and hyperpolarised gas 

ventilation MRI [4].  

In this study, we develop and apply an imaging acquisition and analysis workflow to evaluate the 

impact of radiation dose on regional lung function, as determined by MRI V/Q, in NSCLC patients 

undergoing a course of RT. 

Materials and Methods: 

Patient and imaging data 

12 NSCLC patients receiving RT underwent pre-RT free-breathing CT as standard-of-care and 

inspiratory breath-hold CT at functional residual capacity (FRC)+1L. Helium-3 (3He) (3D SSFP) and 1H-

MRI (3D SPGR) were acquired in the same breath and inflation state as inspiratory CT [5] following 

inhalation of 200ml hyperpolarised 3He and 800ml N2. Imaging was performed at 1.5T (GE HDx) using 

a 3He transmit-receive vest coil (CMRS). Patients were repositioned in an 8-channel cardiac coil with 

DCE-MRI acquired using a 3D SPGR sequence and parallel imaging [6]. All MRI scans were repeated 3-

4 months post-RT. 

Image registration 

Images were segmented using previously described methods [7, 8]. Free-breathing CT, planned dose 

distribution and RT contours were deformably registered to inspiratory CT. Pre-RT inspiratory CT, the 



warped dose distribution and RT contours, post-RT 3He-MRI and pre- and post-RT DCE-MRI were 

registered to the spatial domain of pre-RT 3He-MRI [9]. The registration workflow is shown in Figure 1. 

Dosimetric and image analysis 

A threshold of ≥20Gy was applied to the warped dose distribution minus the gross tumour volume; 

this threshold was selected as it has been validated as a predictive marker for radiation pneumonitis 

[10]. All lung function metrics described below were computed in this dose region.  

Ventilation and perfusion defect percentages (VDP, QDP, respectively) were computed from the ratios 

of the ventilated and perfused lung segmentations over the pre-RT 1H-MRI thoracic cavity volume. The 

spatial overlap of ventilated and perfused defects was computed via the Dice similarity coefficient 

(DSC) to assess global V/Q matching (DSC(V/Q)). Fractional ventilation (FV) [11], pulmonary blood 

volume (PBV), pulmonary blood flow (PBF) and mean transit time (MTT) [12] were computed as 

previously described. The V/Q ratio (FV/PBV) was used as a surrogate of gas exchange [13].  

Statistical analysis 

Wilcoxon signed-rank tests were used to assess differences in imaging biomarkers pre- and post-RT. 

Results 

9 of the 12 patients underwent all imaging tests required to be included in this study. Statistically 

significant differences between the VDP, QDP and DSC(V/Q) before and after RT were only observed 

for DSC(V/Q). Figure 2 summarises the results for the V/Q metrics. Although PBF was the only metric 

to exhibit a statistically significant difference between pre- and post-RT, trends towards significance 

were observed for FV and PBV. The significant changes in vascular response to radiation as observed 

by pre- and post-RT PBF measurements are in line with preclinical studies in irradiated rats [14, 15]; 

radiation induces endothelial injury which exposes basement membrane, resulting in platelet 

adhesion and vascular obstruction, thus limiting blood flow [15]. 

Conclusion 

Quantitative evaluation of dose-associated alterations in MRI V/Q-derived biomarkers can be 

effectively conducted utilising a specialised acquisition and analysis framework. Significant dose-

dependent decrease in the overlap of ventilation and perfusion following RT suggests that MRI V/Q 

holds potential as a diagnostic tool for identifying radiation-induced pulmonary damage in patients 

receiving thoracic RT. 
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Figures 

 

Figure 1. Multi-modal image registration workflow to facilitate quantification of dose-related changes in 

regional lung function pre- and post-RT. 

 

 

Figure 2. Box plots of (a) FV, (b) PBV, (c) PBF, (d) MTT and (e) V/Q ratio. Individual data points are 

shown for all patients along with the mean±SD. Wilcoxon signed-rank p-values are provided. A.U = 

arbitrary units. 

 


