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Topic Exploration Report 

This report summarises the results of a brief exploration to establish the quantity and quality of 

existing high-level evidence on the procedure of interest. 

 

Topic: 

Volumetric Modulated Arc Radiotherapy (VMAT) 
plus daily online Image-Guided Radiotherapy 
(IGRT) for people with locally advanced cervical 
cancer 

Topic proposer Louise Harris 

Report identifier RT05 

Topic exploration report number: TER033 

Prepared by Cedar (Cardiff & Vale University Health Board) 

Report date 8 March 2019 

 

Purpose 

On behalf of Health Technology Wales, Cedar researchers conducted a rapid review of evidence 

on the implementation and use of volumetric modulated arc radiotherapy plus daily on-line IGRT 

for people with locally advanced cervical cancer. This exploratory summary will inform the 

prioritisation of radiotherapy procedures to be introduced at Velindre Cancer Centre (VCC), 

alongside expert opinion and other considerations. It could also be used to clarify the scope of 

an evidence appraisal. Some of the background information and resource impact considerations 

was submitted by clinical teams at VCC. 

 

Background 

VMAT – Volumetric Modulated Arc Radiotherapy  

IMRT - Intensity Modulated Radiotherapy 

IGRT – Image Guided Radiotherapy 

The current RT treatment is 3D CRT (Conformal Radiotherapy) in which multileaf collimators 

(MLCs) on the linac output shape the beam to match that of the tumour (planned treatment 

volume, PTV). This is done for several orientations of the beam, so that the shape is matched 

in 3 dimensions. Each beam is delivered whilst the gantry is static, and then the linac is moved 

to a new position. 

In IMRT, the beam intensity is altered (modulated) in addition to the MLC movement, to deliver 

different doses across the PTV. 
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In VMAT, the MLC and beam intensity are altered dynamically as the linac gantry moves around 

the patient, delivering a beam whose shape and intensity is continuously altered. Treatment 

may be completed in a single arc, or in several. 

Daily IGRT additionally requires a new image of the tumour to be taken on the linac before each 

RT treatment starts. The position of the target volume can vary substantially between fractions 

mainly due to variable filling of the bladder and rectum. This variability is often accommodated 

by including large margins for the treatment area, thus delivering large doses to surrounding 

healthy tissue. Using IGRT, the target volume is checked before treatment and adjustments in 

position are made to ensure the best alignment. Alternatively, the treatment plan can be 

adapted using a ‘library of plans’. Daily images also allows for the possibility of replanning 

treatment should significant changes in tumour volume or shape occur. 

IMRT and VMAT may have additional planning and quality assurance burdens over 3D CRT. The 

planning techniques differ between 3D CRT and IMRT/VMAT (forward versus inverse planning). 

However, this may reduce as experience with the technology increases, and is probably lower 

for each additional patient. 

UK surveys indicate that use of IMRT and VMAT are increasing. The percentage of radically 

irradiated patients treated with VMAT went from 0.6% in 2010 to 6.0% in 2012 (Mayles et al. 

2012), and the number of centres using VMAT increased from 34% in 2012 to 74% in 2014 

(Abolaban et al. 2016). 

 

Proposed PICO 

Population Locally advanced cervical cancer 

Intervention Volumetric arc modulated therapy (VMAT) plus daily online image-guided 

radiotherapy 

Comparator 3D Conformal radiotherapy 

Outcome measures Toxicity, survival, planning time, delivery time 

 

Summary of findings 

The collation of evidence is complicated as there are 2 or 3 potential changes proposed: VMAT, 

IGRT and lymph node/parametrial boosts. The available evidence for VMAT in cervical cancer 

includes comparisons with 3D CRT and/or IMRT (with variable numbers of beams), some include 

chemotherapy or brachytherapy. Some studies include IGRT (for position alteration and for 

adaptive RT). Wide variations in implementation will result in having multiple interventions and 

comparators to co-ordinate. VMAT is sometimes treated as a type of IMRT and sometimes is 

distinct. A Medline and Embase search for VMAT and cervical cancer produced 103 references 

of which 37 were potentially relevant following first sift, but included some duplicate reports. 

Many references were conference abstracts. Only one RCT was identified (conference abstract 

only). Most studies are hypothetical planning comparisons that report dosimetric outcomes (in 

silico studies), observational studies or non-comparative studies. Clinical outcomes and the 

effect on planning, quality assurance and delivery times appear to be lacking in the published 

data. These outcomes may be generic to the techniques and not specific to this condition, and 

therefore could be addressed by additional searches. 
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The 2 references supplied by the proposer do not include VMAT or IGRT and therefore were not 

identified in this search. 

The introduction of VMAT and IGRT will likely reduce radiation doses to normal tissue and 

toxicity for similar tumour effects. Both may require additional time for treatment planning. In 

general VMAT reduces delivery time. However, IGRT will increase delivery time (5mins 

estimated per fraction). It is unclear what the overall effect on delivery time would be. Total 

radiation output from the linac is measured in Monitor Units (MU). VMAT appears to deliver 

similar treatment doses with lower MUs, which may reduce scattered radiation doses. 

 

Economic impact 

No economic analyses were identified, either as separate publications or within the abstracts 

of the retrieved references. We understand that no additional equipment or software is 

required. There are likely to be training costs (even if only staff time) and an increase in 

planning and QA initially, which are not included in this proposal. The proposer has identified 

the need for physics staff to develop new PTV plan (37.5 hrs), but not included this in the costs. 

No costs for increased linac time are included in the delivery costs. 

Estimate for increased delivery time with IGRT:  

+5 mins for 30 patients, 25 fractions each → 5x30x25 = 62.5hrs per year x £23.41 (source 

needed) 

If replanning using IGRT is included planning time will also increase. Physics planning time has 

been incorporated, but not consultant time or scanning time. 

Estimate for additional 10% replan rate (3 patients per annum) with IGRT: 

7.5hrs physics planning time x 3 = 22.5 hrs x £23.41(source needed) 

 

Prioritisation criteria 

Clinical impact (Potential for the technology to have an impact on patient-related health 

outcomes):  

Potential reductions in early toxicity. Unknown effect on late toxicity, survival or recurrence. 

Budget impact (Impact of the technology on health care spending):  

Potential for increased patient throughput in delivery, but maybe longer planning. Small savings 

on treating early toxicity effects. Small increases in training costs and planning time. 

Population impact (The size of the population that would be affected by the technology):  

In 2014 170 women were diagnosed with cervical cancer in Wales1. The proposer indicates 

approximately 30 patients per year for this treatment. 

Equity (The technology has the potential to introduce, increase, or decrease equity in health 

status):  

No equity issues identified. 

 

  

                                             

1 http://www.wcisu.wales.nhs.uk/dashboard-data 

http://www.wcisu.wales.nhs.uk/dashboard-data


 
Page 4 of 5 TER033 for VCC prioritisation exercise RT05 

v1.0 

March 2019 

Questions for researcher 

Based on the sources you have identified, is your impression that the evidence is likely to: 

 favour implementation of the procedure? 

 favour standard care? 

 be inconclusive? 

VMAT appears to have relatively consistent advantages with respect to reduced treatment time 

and reduced monitor units (MU) for similarly effective dose delivery to the PTV. This may result 

in increases in throughput of patients and reduced intrafraction movement. The case for sparing 

of non-tumour tissue and reduced toxicity is less clear, especially as there are few comparative 

clinical studies. It is not clear that theoretical reductions in dose to surrounding tissue would 

necessarily translate into measureable reductions in toxicity, although 1 RCT of 40 patients 

suggests this is the case (Rai et al 2018). I have not seen anything that suggests the use of VMAT 

could transform treatment from life-extending to curative for advanced cervical cancer. 

The introduction of IGRT will increase delivery times, and may reduce radiation dose to 

surrounding normal tissues. 

 

Questions for topic proposer 

 What exactly is standard care and what exactly is being proposed? Why are IMRT examples 

included in the proposal? Are chemotherapy and brachytherapy relevant? 

 Where does the £23.41 rate come from? (A band 6 radiographer is rated at £47 per hour, 

PSSRU 2017.) Delivery time has an additional multiplier of 2, but planning does not. Is this 

of number of staff? 

 Are there definitely no training costs, or additional planning time (not replanning)? 

 

Sources of evidence 

 Rai B, Singh M, Saha S, Oinam A, Ghoshal S. A randomized study to evaluate the acute 

toxicity in patients of cervical cancer treated with three-dimensional conformal 

radiotherapy versus image guided radiotherapy. Int J Gynecol Cancer 2018; 28(Supplement 

2):74. 

 Deng X, Han C, Chen S, Xie C, Yi J, Zhou Y et al. Dosimetric benefits of intensity-modulated 

radiotherapy and volumetric-modulated arc therapy in the treatment of postoperative 

cervical cancer patients. J appl clin med phys 2017; 18(1):25-31. 

 Guy JB, Falk AT, Auberdiac P, Cartier L, Vallard A, Ollier E et al. Dosimetric study of 

volumetric arc modulation with RapidArc and intensity-modulated radiotherapy in patients 

with cervical cancer and comparison with 3-dimensional conformal technique for definitive 

radiotherapy in patients with cervical cancer. Med Dosim 2016; 41(1):9-14. 

 Qiao L, Cheng J, Liang N, Xie J, Luo H, Zhang J. A comparative dosimetric study of 

volumetric-modulated arc therapy vs. fixed field intensity-modulated radiotherapy in 

postoperative irradiation of stage IB-IIA high-risk cervical cancer. Oncol Lett 2016; 

11(2):959-964. 
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Appendix – Brief literature search results 

Resource Results 
UK guidelines and guidance 

NICE NICE – no guidelines for external beam RT in cervical cancer.  

Healthcare Improvement Scotland HIS – no relevant guidelines found. 

SIGN SIGN Clinical Practice Guideline 99 (2007) “Management of cervical cancer” - no mention of any specific RT modality. 

Other Royal College of Radiologists (2016) “Radiotherapy dose fractionation” (2nd Ed). Level 2b (CEBM) evidence that VMAT 
and IMRT deliver lower toxicity than 3D CRT.  

Secondary literature and economic evaluations 

e.g.Cochrane library; 
Medline 
systematic reviews, meta-analyses, 
economic evaluations 

No published Cochrane review. A protocol for a Cochrane review of modern RT techniques (including VMAT) was 
published in December 2017. 
No systematic reviews of VMAT in cervical cancer. 

Primary studies  

Medline  
RCTs; observational studies 

Medline + Embase → 109 references 
1 RCT (Rai et al , 2018), only currently available as a conference abstract.  

Cochrane 
trials database 

Sharfo et al 2015; Fiorentino et al 2016 (same as Mazzola 2017?) 

Ongoing secondary research 

Clinicaltrials.gov NCT02957266 – Chemotherapy plus VMAT versus chemotherapy alone (Azerbaijan) 
NCT01325961 – Tomotherapy versus VMAT for prostate, anal and cervical cancer (France – probably abandoned) 

 

Date of search: 26th November 2018 

Concepts searched: (“Volumetric modulated arc radiotherapy” OR “VMAT”) AND “cervical cancer” 

 

 

http://www.nice.org.uk/
http://www.healthcareimprovementscotland.org/
http://www.sign.ac.uk/
http://www.thecochranelibrary.com/
https://www.ncbi.nlm.nih.gov/pubmed/
https://www.ncbi.nlm.nih.gov/pubmed/
https://clinicaltrials.gov/

