
Karageorgou et al. 
Diagnostic and Prognostic Research            (2022) 6:19  
https://doi.org/10.1186/s41512-022-00132-y

PROTOCOL

Clinical prediction models assessing 
response to radiotherapy for rectal cancer: 
protocol for a systematic review
Margarita Karageorgou1, David M. Hughes2, Arthur Sun Myint1,3, D. Mark Pritchard1 and Laura J. Bonnett2*    

Abstract 

Background:  Rectal cancer has a high prevalence. The standard of care for management of localised disease involves 
major surgery and/or chemoradiotherapy, but these modalities are sometimes associated with mortality and mor-
bidity. The notion of ‘watch and wait’ has therefore emerged and offers an organ-sparing approach to patients after 
administering a less invasive initial treatment, such as X-ray brachytherapy (Papillon technique). It is thus important 
to evaluate how likely patients are to respond to such therapies, to develop patient-tailored treatment pathways. We 
propose a systematic review to identify published clinical prediction models of the response of rectal cancer to treat-
ment that includes radiotherapy and here present our protocol.

Methods:  Included studies will develop multivariable clinical prediction models which assess response to treatment 
and overall survival of adult patients who have been diagnosed with any stage of rectal cancer and have received 
radiotherapy treatment with curative intent. Cohort studies and randomised controlled trials will be included. The 
primary outcome will be the occurrence of salvage surgery at 1 year after treatment. Secondary outcomes include 
salavage surgery at at any reported time point, the predictive accuracy of models, the quality of the developed mod-
els and the feasibility of using the model in clinical practice.

Ovid MEDLINE, PubMed, Cochrane Library, EMBASE and CINAHL will be searched from inception to 24 February 
2022. Keywords and phrases related to rectal cancer, radiotherapy and prediction models will be used. Studies will be 
selected once the deduplication, title, abstract and full-text screening process have been completed by two inde-
pendent reviewers. The PRISMA-P checklist will be followed. A third reviewer will resolve any disagreement. The data 
extraction form will be pilot-tested using a representative 5% sample of the studies reviewed. The CHARMS checklist 
will be implemented. Risk of bias in each study will be assessed using the PROBAST tool. A narrative synthesis will be 
performed and if sufficient data are identified, meta-analysis will be undertaken as described in Debray et al.

Discussion:  This systematic review will identify factors that predict response to the treatment protocol. Any gaps for 
potential development of new clinical prediction models will be highlighted.

Trial registration:  CRD42022277704.
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Background
According to the Association of Coloproctology of Great 
Britain and Ireland, rectal cancer is the third most com-
mon cancer in men and second in women in the United 
Kingdom (UK) [1]. The current guidelines for patients 
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who do not have disseminated metastastic disease (can-
cer which has spread beyond the primary site) at the time 
of diagnosis recommend surgical treatment with or with-
out chemo-radiotherapy (CRT) depending on the stage of 
the disease. An organ-sparing approach without surgery 
is also emerging as an effective option for some patients, 
based on effective CRT protocols and ‘watch-and-wait’ 
strategies with regular follow-up checks [2, 3]. Along-
side this approach, active patient involvement in decid-
ing their treatment options is also being promoted. As 
a result, patients who do not wish to have a permanent 
stoma (an artificial opening on the abdomen which con-
nects the large bowel and allows waste, gas and faeces, to 
be diverted out of the body) are able to explore other pos-
sible treatment options for their disease [4].

One such option is contact X-ray brachytherapy, also 
known as contact radiotherapy (Papillon technique) 
which delivers a high dose of low energy X-rays straight 
onto the rectal tumour [5, 6]. It can be used in selected 
patients (often in addition to CRT) to treat rectal cancer 
and potentially avoid the need for surgery. According to 
the UK National Institute for Health and Care Excellence 
(NICE) guidelines, patients should not only be offered 
organ-sparing treatment options, but they also have the 
right to choose one of the approved treatments that best 
suits their needs [7]. In order to be able to make a choice, 
a patient needs to have the necessary background infor-
mation and well-rounded knowledge of all the available 
options.

Clinical prediction models combine multiple pieces of 
patient information to make predictions about clinical 
outcomes in people who have an underlyimg condition. 
They can be used to inform patient counselling, guide 
treatment choice and stratify patients within clinical tri-
als [8, 9]. Such a model, that is easy to understand and 
to use, may prove to be helpful to both clinicians and 
patients, especially now that new ‘watch-and-wait’ proto-
cols for rectal cancer have emerged due to the extensive 
use of neo-adjuvant treatment (n-AT) [10]. A systematic 
review of risk prediction models in colorectal disease was 
undertaken in 2020 [11]. Although the review identified 
24 risk prediction models and 51 risk factors that evalu-
ate the colorectal tumour burden, none of these is widely 
used [11]. Additionally, no assessments of risk bias of 
the included models were undertaken. Consequently, an 
updated systematic review, targeting response to radio-
therapy in people with rectal cancer, with an assessment 
of risk of bias, has the potential to minimise unneces-
sary operations and chemoradiotherapy side effects. Our 
review will highlight whether a suitable model already 
exists, whether an existing model can be updated in 
light of new evidence, or whether a new model should be 
developed.

We hope to create a new clinical prediction model, or 
update an existing one, for contact X-ray brachytherapy 
in rectal cancer and will therefore firstly systematically 
review existing clinical prediction models for the role 
of any type of radiotherapy in treating this disease. Our 
systematic review focuses on radiotherapy, with radical 
intent-treated rectal cancer patients. We will not include 
patients who have been treated for disease palliation.

Research aims
The aim of this systematic review is to identify and sum-
marise existing clinical prediction models and clini-
cal decision rules predicting response to radiotherapy 
treatment, in adults with rectal cancer. The response to 
treatment will be assessed by the need of salvage surgery 
either immediately after treatment or later. According 
to the literature, the most common timepoint for sal-
vage surgery occurs within the first year of radiotherapy 
treatment [12]. This review will identify and summarise 
studies of any prospective or restrospective design which 
utilise multiple prognostic factors in combination to pre-
dict the individualised risk of response.

Methods
Overall, the PICO question is formulated [13]:

Population
The study population are adult patients diagnosed with 
any stage of rectal cancer who have received radiotherapy 
as a component of their treatment regimen.

Intervention
The study intervention is the radiotherapy for rectal can-
cer treatment administered with curative intent.

Comparator
A comparator is not applicable to a systematic review 
of clinical prediction models. The comparator regarding 
the population type is patients with rectal cancer who 
in their treatment protocol did not receive any form of 
radiotherapy.

Outcome(s)
The primary outcome is the assessment of overall sur-
vival of the patients and of the patient’s response to treat-
ment (radiotherapy), i.e., the need for salvage surgery.

Selection criteria
Study design
The review will include studies which have developed 
and/or validated or compared prediction models to pre-
dict the response of rectal cancer to radiotherapy. Types 
of studies to be included are randomised controlled trials 
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and cohort studies which are either prospective or retro-
spective and combine multiple prognostic factors to pre-
dict the outcome. Case–control studies will be excluded.

Study population
This review will include adults from all sexes who have 
a diagnosis of rectal cancer (any tumour node metasta-
sis (TNM) stage) in whom treatment protocol radio-
therapy regimens were administered with curative intent. 
Patients who received radiotherapy for palliation will be 
excluded, as well as any non-rectal cancer primary site 
diagnosis. Studies with mixed populations, including 
those outside of the remit, will be included provided that 
the appropriate data for our defined group of patients is 
extractable.

Eligible prediction models will include patients who 
may respond to treatment and were thus recruited to the 
study at the time of treatment.

Setting
Studies in any setting will be included.

Potential prediction models
Studies must report a clinical prediction model utilis-
ing multiple prognostic factors to predict the chance 
of response to treatment following diagnosis of rectal 
cancer.

Study outcomes
This systematic review will evaluate the predictive accu-
racy of clinical prediction models identified in the lit-
erature to evaluate patient response to radiotherapy 
treatment for rectal cancer at 1  year, our primary out-
come. This will be determined by the need for salvage 
surgery after treatment. An additional outcome of this 
study will be the predictive accuracy of models assessing 
the overall survival of patients through patient follow-up 
assessment. Additional secondary outcomes will consider 
the response at different time points, quality of the devel-
oped models in terms of the use of appropriate statisti-
cal methodology, and the feasibility of using the model in 
clinical practice.

Search strategy
Bibliographic databases will be searched for studies to 
include in the review. Ovid Technologies, Inc., part of 
the Wolters Kluwer group (Ovid MEDLINE) will be 
searched, PubMed free search engine will be used. The 
Cochrane Library (Wiley) will also be searched to iden-
tify any potentially similar systematic reviews. The HDAS 
(Healthcare Databases Advanced Search) platform 
will also be used to access EMBASE (Excerpta Medica 

database by Elsevier) and CINAHL (Cumulative Index to 
Nursing and Allied Health Literature) by EBSCO.

Searches will be performed using keywords and 
phrases related to rectal cancer, radiotherapy and prog-
nostic models [13–16]. The full-search strategy is shown 
in Additional file 1.

References cited in identified sources will be exam-
ined to supplement the database searches. Sources of all 
languages and time periods will be searched. To iden-
tify other studies which have not yet been published, 
abstracts for conferences relevant to our research will 
be searched. Relevant systematic reviews will also be 
searched for further studies to include.

Study selection
Firstly, the search results from the databases will be dedu-
plicated using reference manager Endnote X9, and then, 
the titles and abstracts will be searched, and if thought 
relevant, full texts will be identified and compared 
against the eligibility checklist. This will be performed 
by two independent reviewers (MK and DH) using pre-
defined screening criteria and a full list of inclusion crite-
ria. If any discrepancies cannot be resolved between the 
two reviewers, a third reviewer (LJB) will be sought for a 
solution [17, 18]. When required, additional information 
to ascertain eligibility will be requested from the study 
authors. If studies are not chosen for inclusion, the exclu-
sion reason will be documented. A PRISMA-P (Preferred 
Reporting Items for Systematic Review and Meta-analy-
sis Protocols) flow chart will be created and can be found 
in the Additional file 2 [19–21].

Non-English studies will be translated where neces-
sary and possible to facilitate interpretation and data 
extraction.

Data extraction
Data will be extracted by two reviewers independently 
using an in-depth piloted data extraction form. Disagree-
ments will be resolved through discussion or referral to 
a third reviewer. The data extraction form will be pilot 
tested using a representative 5% sample of the studies to 
be reviewed. Consensus between review authors will be 
gained before any modifications are made to the form. If 
major changes are needed after the first testing, the pilot 
testing will be repeated on a new set of 5% of the studies.

In terms of data extraction, study characteristics, study 
design characteristics, patient characteristics, candidate 
prognostic factors considered including the information 
on missing data, outcome measures, statistical methods 
employed and how prognostic factors included in the 
analysis were handled; and prediction model informa-
tion including the method used in the final model will be 
extracted as will the prognostic factors used in the model. 
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The data extraction specifically related to clinical predic-
tion models will include the final model (its specification, 
included factors, values of regression coefficients and 
standard errors), how it was developed and any internal 
or external validation performance statistics for discrimi-
nation (such as the c-statistics or area under the curve) 
or for calibration (such as the expected/observed events 
ratio), together with their associated measures of spread 
[22]. This will be informed by the Critical Appraisal and 
Data Extraction for Systematic Reviews of Prediction 
Modelling Studies (CHARMS) checklist which helps 
frame the review question, design the review and extract 
the relevant items from the reports of the primary pre-
diction modelling studies [23].

If deemed necessary, the author will be contacted to 
clarify any issues or in an attempt to retrieve any missing 
information.

Assessment of study quality
In this systematic review of prediction models in rectal 
cancer treatment, the assessment of bias and applicability 
to the intended population and setting will be performed 
using PROBAST (Prediction model Risk Of Bias Assess-
ment Tool) [24]. This tool is intended to evaluate studies 
developing, validating or updating (for example, extend-
ing) prediction models, both diagnostic and prognostic. 
The study design and sample size will also be included in 
the risk of the bias assessment. Moreover, the reviewers 
will consider how missing data and continuous variables 
were handled, how the prognostic factors in the final 
model were chosen and whether there was any internal 
or external validation of the model [23].

Evidence synthesis
Any studies reporting the development of a prediction 
model will be summarised narratively, in particular what 
prognostic factors were included in the final model, how 
the included variables were coded, what the specification 
of the model was and how it produces an individual out-
come probability or risk score, the reported predictive 
accuracy of the model and whether the model was vali-
dated internally and/or externally, and if so how.

If multiple studies are found that externally validate 
the same prediction model, then calibration statistics 
(such as expected/observed events) and discriminatory 
statistics (such as the c-statistic or area under the curve) 
will be synthesised using random-effects meta-analysis 
methodology of Debray and Snell to summarise the mod-
el’s average performance across different settings and 
its predicted performance in a future setting [25, 26]. If 
there are updated versions of the same prediction model 
identified in our review, then only statistics for the most 
recent model will be included in the meta-analysis.

If we identify multiple prediction models that have 
been adequately externally validated, we will compare 
their performance narratively, taking into account the 
different case mix, how this relates to our own setting, 
Clatterbridge Cancer Centre NHS Foundation Trust and 
also the quality of studies. The Clatterbridge Cancer Cen-
tre NHS Foundation Trust is a centre of excellence for 
contact X-ray brachytherapy treatment, namely Papillon 
technique, and receives referrals not only on a national 
but also on an international level. We have the largest 
cohort of adult patients treated for rectal cancer with this 
modality.

Analysis of subgroups or subsets
If there are sufficient relevant prediction models avail-
able, subgroup analyses will synthesise calibration and 
discrimination statistics for studies according to the 
setting of radiotherapy treatment implementation; i.e., 
neo-adjuvant or adjuvant conducted in different settings 
(countries) or different types of studies (prospective stud-
ies vs. randomised studies vs. randomised trails) or dif-
ferent model types (logistic vs. survival analysis) [27, 28].

Discussion
The results of this systematic review will identify the fac-
tors predicting response to the treatment protocol. It will 
also identify all the currently available statistical models 
for prognosis and will provide insight into their applica-
bility. Moreover, any gaps for potential development of 
new clinical prediction models will be highlighted.

Our results have the potential to inform the clini-
cal management of patients diagnosed with rectal can-
cer. In particular, the results of the review will identify 
clinical prediction models for the response to treatment 
after diagnosis. These will be informative for clinicians 
currently treating patients and help inform treatment 
choices. The review will also identify areas where the evi-
dence for or against particular candidate prediction mod-
els is lacking, and this will lead to recommendations for 
initiating additional prediction model development and 
validation.

Abbreviations
UK: United Kingdom; CRT​: Chemoradiotherapy; NICE: National Institute for 
Health and Care Excellence; PICO: Population/praticipants, intervention, 
comparator, outcome; C-index: Concordance index; ROC: Receiver operat-
ing characteristic curve; AUC​: Area under the curve; TNM: Tumour, node, 
metastasis; MEDLINE: Medical Literature Analysis and Retrieval System Online; 
PubMed: Public MEDLINE; CHARMS: Critical appraisal and data extraction 
for systematic reviews of prediction modelling studies; PROBAST: Prediction 
model risk of bias assessment tool; PRISMA-P: Preferred reporting items for 
systematic review and meta-analysis protocols; CAST: Active monitoring of 
cancer as an alternative to surgery.



Page 5 of 5Karageorgou et al. Diagnostic and Prognostic Research            (2022) 6:19 	

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s41512-​022-​00132-y.

Additional file 1. Full search strategy tables.

Additional file 2. PRISMA-P 2015 Checklist.

Acknowledgements
This project has received funding from the European Union’s Horizon 2020 
research and innovation programme under the Marie Skłodowska-Curie grant 
agreement No 857894—CAST.

Authors’ contributions
LJB had the idea for the manuscript. MK wrote the first draft of the manuscript 
with guidance from LJB and DMP. All authors contributed to the writing of this 
protocol. The authors have read and approved the final manuscript.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare they have no competing interests.

Author details
1 Department of Molecular and Clinical Cancer Medicine, Institute of Systems, 
Molecular and Integrative Biology, University of Liverpool, Liverpool, UK. 
2 Department of Health Data Science, Institute of Population Health, University 
of Liverpool, Waterhouse Building, Block B, Brownlow Street, Liverpool L69 3GF, 
UK. 3 Papillon Suite, Clatterbridge Cancer Centre, Liverpool, UK. 

Received: 31 March 2022   Accepted: 2 August 2022

References
	1.	 National Bowel Cancer Audit Annual Report 2020 An audit of the care 

received by people with bowel cancer in England and Wales. 2020. 
https://​www.​nboca.​org.​uk/​conte​nt/​uploa​ds/​2020/​12/​NBOCA-​2020-​
Annual-​Report.​pdf.

	2.	 Habr-Gama A, et al. Alternative treatment to surgery for rectal cancer. 
ALES. 2018;3:50–50.

	3.	 Glynne-Jones R, et al. Rectal cancer: ESMO Clinical Practice Guidelines for 
diagnosis, treatment and follow-up. Ann Oncol. 2017;28:iv22–40.

	4.	 Myint AS. Patient choice in the NHS: capturing “decision regret.” BMJ. 
2019;366:l5363–l5363.

	5.	 Gérard JP, et al. Contact X-ray brachytherapy for rectal cancer: past, pre-
sent, and future. Cancer Radiother. 2021;25:795–800 Elsevier Masson s.r.l.

	6.	 Gérard JP, et al. A brief history of contact X-ray brachytherapy 50 kVp. 
Cancer/Radiotherapie. 2020;24(3):222–5.

	7.	 Bromham N, et al. Colorectal cancer: summary of NICE guidance. The 
BMJ. 2020;368:m461.

	8.	 Riley RD, van der Windt D, Croft P, Moons KG. Prognosis research in 
healthcare: concepts, methods, and impact. Oxford University Press; 2019.

	9.	 Moons KG, Royston P, Vergouwe Y, Grobbee DE, Altman DG. Prognosis 
and prognostic research: what, why, and how? BMJ. 2009;338.

	10.	 Beard BW, Rettig RL, Ryoo JJ, Parker RA, McLemore EC, Attaluri V. 
Watch-and-Wait compared to operation for patients with complete 
response to neoadjuvant therapy for rectal cancer. J Am Coll Surg. 
2020;231(6):681–92.

	11.	 Xu W, et al. Risk factors and risk prediction models for colorectal cancer 
metastasis and recurrence: an umbrella review of systematic reviews and 
meta-analyses of observational studies. BMC Med. 2020;18(1):172–172.

	12.	 Sun Myint A, et al. Treatment: the role of contact X-ray brachytherapy 
(Papillon) in the management of early rectal cancer. Colorectal Dis. 
2019;21:45–52.

	13.	 Eriksen MB, Frandsen TF. The impact of patient, intervention, comparison, 
outcome (Pico) as a search strategy tool on literature search quality: a 
systematic review. J Med Libr Assoc. 2018;106(4):420–31.

	14.	 Salvador-Oliván JA, Marco-Cuenca G, Arquero-Avilés R. Development of 
an efficient search filter to retrieve systematic reviews from pubmed. J 
Med Libr Assoc. 2021;109(4):561–74.

	15.	 Geersing GJ, et al. Search filters for finding prognostic and diagnostic 
prediction studies in medline to enhance systematic reviews. PLoS One. 
2012;7(2):e32844.

	16.	 McGowan J, et al. PRESS Peer Review of Electronic Search Strategies: 2015 
Guideline Statement. J Clin Epidemiol. 2016;75:40–6.

	17.	 Bonnett LJ, et al. Individualised prediction of psychosis in individuals 
meeting at-risk mental state (ARMS) criteria: protocol for a systematic 
review of clinical prediction models. Diagn Progn Res. 2019;3(1):21.

	18.	 Watson V, Tudur Smith C, Bonnett L. Protocol for a systematic review 
of prognostic models for recurrent events in chronic conditions. Diagn 
Progn Res. 2020;4:1.

	19.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, 
et al. The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. Syst Rev. 2021;10(1):1–11.

	20.	 Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. 
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349.

	21.	 PRISMA-P Statement - Moher Sys Rev Jan 2015.pdf.
	22.	 Debray TP, et al. A guide to systematic review and meta-analysis of pre-

diction model performance. BMJ. 2017;356:i6460.
	23.	 Moons KGM, et al. Critical appraisal and data extraction for systematic 

reviews of prediction modelling studies: the CHARMS checklist. PLoS 
Med. 2014;11(10):e1001744.

	24.	 Moons KGM, et al. Transparent reporting of a multivariable prediction 
model for individual prognosis or diagnosis (TRIPOD): explanation and 
elaboration. Ann Intern Med. 2015;162(1):W1–73.

	25.	 Debray TP, Koffijberg H, Nieboer D, Vergouwe Y, Steyerberg EW, Moons 
KG. Meta‐analysis and aggregation of multiple published prediction 
models. Stat Med. 2014;33(14):2341–62.

	26.	 Snell KI, et al. Multivariate meta-analysis of individual participant data 
helped externally validate the performance and implementation of a 
prediction model. J Clin Epidemiol. 2016;69:40–50.

	27.	 Snell KI, et al. Meta-analysis of prediction model performance across 
multiple studies: which scale helps ensure between-study normality 
for the C-statistic and calibration measures? Stat Methods Med Res. 
2018;27(11):3505–22.

	28.	 Debray TP, et al. A framework for meta-analysis of prediction model 
studies with binary and time-to-event outcomes. Stat Methods Med Res. 
2019;28(9):2768–86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s41512-022-00132-y
https://doi.org/10.1186/s41512-022-00132-y
https://www.nboca.org.uk/content/uploads/2020/12/NBOCA-2020-Annual-Report.pdf
https://www.nboca.org.uk/content/uploads/2020/12/NBOCA-2020-Annual-Report.pdf

	Clinical prediction models assessing response to radiotherapy for rectal cancer: protocol for a systematic review
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Background
	Research aims

	Methods
	Population
	Intervention
	Comparator
	Outcome(s)
	Selection criteria
	Study design
	Study population
	Setting
	Potential prediction models
	Study outcomes
	Search strategy
	Study selection
	Data extraction
	Assessment of study quality
	Evidence synthesis
	Analysis of subgroups or subsets


	Discussion
	Acknowledgements
	References


