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3. Plain English Summary
Breast cancer is the most common cancer found in women. In 2005 45,936 women were diagnosed in the UK 
,
,
,
  accounting for approximately 30% of all newly diagnosed cancers in women. Most are detected at an early stage and are often managed with conservation surgery, postoperative radiotherapy and, increasingly, systemic treatment. 
Breast radiotherapy is of proven benefit
 and uses around 30% of radiotherapy resources in the UK.
 The majority of breast radiotherapy is adjuvant, i.e. supplementary to primary surgery for the eradication of possible microscopic disease. Adjuvant radiotherapy may be delivered to the breast or chest wall and also to lymph nodes.  As more patients survive breast cancer,
  it follows that toxicity from treatment becomes even more important. Around 30% of patients may experience some late normal tissue toxicity and around 5% experience severe side effects.7 These can include breast shrinkage and hardening, breast discomfort and skin changes. These symptoms may reduce quality of life and can produce a poor cosmetic result, which has been shown to cause psychological distress.
  Other rarer but important late normal tissue side effects include damage to the heart, lungs and ribs. In addition, there is a very small risk of second radiation-induced malignancy.


There is considerable variation in the quality and complexity of breast radiotherapy available in the UK. Treatment planning for other sites requiring curative radiotherapy usually aims to fulfil the target volume dose homogeneity criteria from the recommendations of the International Commission on Radiation Units and Measurements (ICRU) Reports 50 and 62.
,
  This has not been the situation for radiotherapy planning of the breast, where two dimensional (2D) planning has been the standard for many years despite its limitations: it does not take into account variation away from the centre plane of the breast and hence, for about 2/3 of patients can result in an inhomogeneous dose distribution.  Some Centres have moved to three dimensional (3D) treatment planning of the breast, allowing the dose distribution throughout the whole breast and surrounding normal tissues to be predicted accurately. With this knowledge, it is possible to change or “modulate” the dose distribution. Several simple methods are available for dose modulation, which include wedges and dose compensators. 
More recently, the method of intensity modulated radiotherapy (IMRT) has emerged. Inverse-planned IMRT utilises computers, manipulating many hundreds of treatment beamlets, in order to produce highly complex treatment plans which would be beyond the scope of a treatment planner. The computer iteratively attempts to forfil the planner’s defined dose target and normal tissue constraints. This complex planning process is time consuming and requires considerable quality assurance per patient. Forward-planned IMRT in breast cancer is a simpler process, and is more commonly used, whereby the planner modifies a provisional plan (based on the treatment beam arrangements that are likely to be used –‘the class solution’) until the dose distribution is improved. The benefit of IMRT is largely related to the avoidance of side effects of radiation.
There are 3 main categories for possible use of IMRT in breast cancer:

1. Improving the dose distribution throughout the breast, typically using forward planned IMRT techniques, in order to minimise unwanted late normal tissue toxicity. 

2. Treatment of challenging targets with surrounding important normal tissues (e.g. unusual tumour position or breast anatomy), inclusion of internal mammary node irradiation and bilateral breast cancer), using inverse-planned IMRT  

3. Delivery of planned dose inhomogeneity corresponding with the risk of cancer relapse throughout the breast, i.e. higher doses to regions of high risk and lower doses to regions of low risk, using both forward and inverse-planned IMRT.
 
The aim of this review is to systematically evaluate and appraise the potential clinical and cost-effectiveness of IMRT for the treatment of breast cancer. 
4. Decision problem
4.1 Purpose of the assessment

The assessment will address the question “What is the clinical and cost effectiveness of intensity modulated radiotherapy for treatment of breast cancer?”

4.2 Clear definition of the intervention 
The included intervention will be curative intensity modulated radiotherapy (IMRT). IMRT using both forward planning and inverse planning will be included and will be considered separately as they are typically used for different purposes (See categories above) 
4.3 Place of the intervention in the treatment pathway(s) 

Radiotherapy is standard therapy for women who have undergone breast conserving surgery and should be considered for some women who have had mastectomy (with or without breast reconstruction). Radiotherapy may be given as adjuvant therapy or it may be used alone when surgery is not appropriate. 
4.4 Relevant comparators 

2D breast radiotherapy planning. This includes cases where 3D imaging has been carried
out, but radiotherapy planning has been restricted to a single outline through the breast

4.5 Population and relevant sub-groups 

The population to be studied will comprise adults with breast cancer for whom radiotherapy is considered appropriate.  Relevant subgroups may include: type of surgery (mastectomy or breast conserving), stage of cancer, size of breast or need for lymph node irradiation.
4.6 Key factors to be addressed 

The objectives of the review are:

•
To evaluate the clinical effectiveness of IMRT in terms of overall survival and progression-free survival .
•
To evaluate the side-effect profile of IMRT
•
To estimate the incremental cost-effectiveness of IMRT compared with current standard therapy 
In the absence of evidence on clinical endpoints, dosimetric studies will be considered. Dosimetric studies can be used to compare dose distributions using different planning methods. Radiobiological modelling based on real patient data can be used to estimate the Tumour control probability (TCP) and normal tissue complication probability (NTCP). Use of evidence from dosimetric studies will only be consider  in cases where there is limited clinical data, e.g. use of inverse-planned IMRT for treatment of challenging targets with surrounding important normal tissues.

4.7 Areas outside the scope of the appraisal
Palliative radiotherapy 
5. Report methods for synthesis of evidence of clinical effectiveness 

5.1 Search strategy

A comprehensive search will be undertaken to systematically identify clinical effectiveness and cost effectiveness literature concerning intensity modulated radiotherapy in people with breast cancer.  The search strategy will comprise the following main elements: 

· Searching of electronic databases 
· Contact with experts in the field 

· Scrutiny of bibliographies of retrieved papers 

The following databases will be searched: Medline, Embase, CINAHL, BIOSIS, the Cochrane Database of Systematic Reviews (CDSR), the Cochrane Controlled Trials Register (CCTR), the Science Citation Index and the NHS Centre for Reviews and Dissemination databases (DARE, NHS EED, HTA).  Pre-Medline will also be searched to identify any studies not yet indexed on Medline.  Current research will be identified through searching the UK Clinical Research Network (UKCRN), National Research Register archive (NRR), the Current Controlled Trials register and the MRC Clinical Trials Register.  In addition, abstracts of relevant conferences will be browsed.  Any industry submissions, as well as any relevant systematic reviews will also be hand-searched in order to identify any further clinical trials.  Searches will not be restricted by date or publication type.  The MEDLINE search strategy is presented in Appendix 1.  

If indirect comparisons are necessary, a further search will be conducted to try to identify a network of trials that connect the intervention and comparator.
5.2 Inclusion criteria

Intervention

Intensity modulated radiotherapy (IMRT) with systems that either do or do not combine the ability to simultaneously image, whether delivered using forward planning or inverse planning.  These systems will be considered separately.  IMRT to the breast with or without radiation to axillary or supraclavicular lymph nodes will be included.
Population 
The population will comprise people with breast cancer for whom radiotherapy is considered appropriate.  Where data are available, the following subgroups will be considered: stage of cancer; type of surgery (mastectomy or breast conserving); need for lymph node irradiation.
Comparator
•
2D breast radiotherapy planning. This includes cases where 3D imaging has been carried
out, but radiotherapy planning has been restricted to a single outline through the breast

Outcomes
•
overall survival 

•
progression-free survival 

•
adverse effects of treatment

•
health-related quality of life
In the absence of evidence on clinical endpoints, dosimetric studies will be included.
Study types
According to the accepted hierarchy of evidence, randomised controlled trials and meta-analyses from systematic reviews will be sought initially, as they provide the most authoritative forms of evidence.  If sufficient data are not available from RCTs, case-control and cohort studies will be included. 
If data from head-to-head RCTs are not available, indirect treatment comparison methods may be used, and so data will be sought that could form a network of trials that compare the technologies with other interventions.
5.3 Exclusion criteria

Studies only published in languages other than English will be excluded.

Based on the above inclusion/exclusion criteria, study selection will be made by one reviewer, with involvement of a second member of the project team when necessary.

5.4 Data extraction and critical appraisal

Data will be extracted with no blinding to authors or journal.  Data will be extracted by one reviewer using a standardised form.  Quality of randomised controlled trials will be assessed according to criteria based on NHS CRD Report No.4 
 see Appendix 2.  If no randomised controlled trials are eligible for inclusion into the review, quality assessment of other study types will be adapted from the Downs and Black checklist for randomised and non-randomised studies. 
The purpose of such quality assessment is to provide a narrative account of trial quality for the reader and, where meta-analysis is appropriate, inform potential exclusions from any sensitivity analyses.

5.5 Data synthesis

Pre-specified outcomes will be tabulated and discussed within a descriptive synthesis.  Where statistical synthesis is appropriate, meta-analyses will be conducted using fixed or random effect models, using RevMan software.  If sufficient trials are available, a sensitivity analysis will be undertaken to see if the removal of poor quality trials affects the results. 

5.6 Methods for estimating quality of life

Any HRQoL data available from studies accepted into the review will be extracted. In the absence of such evidence, the mathematical model may use indirect evidence on quality of life from alternative sources.  Quality of life data will be reviewed and used to generate the quality adjustment weights required for the model.

6. Report methods for synthesising evidence of cost-effectiveness 

6.1 Identifying and systematically reviewing published cost-effectiveness studies
Appropriate published cost-effectiveness and cost-utility studies associated with IMRT for treatment of breast cancer will be identified using an economic search filter which will be integrated into the search strategy detailed in Section 5.1. These will be reviewed and possibly used to inform suitable methodologies for the economic model. The quality of economic literature will be assessed using a combination of key components of the British Medical Journal check list for economic evaluations
 together with the Eddy checklist on mathematical models
 (see Appendix 3).
6.2 Methods for estimating costs and cost-effectiveness
An economic evaluation will be carried out from the perspective of the UK NHS. A mathematical model will be developed to estimate the cost per QALY gained for IMRT for treatment of breast cancer. The model structure will be determined in consultation with clinical experts. Ideally, the quality of life data regarding the reduced side-effects associated with IMRT for the treatment of breast cancer will be identified from the literature. Where utility values are not found in the published literature these will have to be estimated from other sources, including, but not limited to, comparisons with other conditions with comparable health states and expert opinion. Acute side effects develop during or shortly after radiotherapy and typically resolve within a few weeks. Late effects start to develop from 6 months and may continue to develop over a period of years. Evidence on the profile of QOL over time will therefore be sought. Cost data for the economic model will ideally be derived from the source of clinical effectiveness. If such data are unavailable, cost data will be extracted from a variety of published sources, and if necessary, and available, from interrogations of clinical databases and resource usage records. The costs of implementation of IMRT will consider additional staff resources and equipment required. It is likely that staff training and increased workload will be a key issue, particularly in the initial phase of IMRT implementation.16 It is anticipated that forward planned IMRT for breast cancer will use less resources than inverse planned IMRT. The time horizon of the analysis will be a patient’s lifetime. However, the model will be constructed to facilitate the use of shorter horizons.

A sensitivity analysis will be undertaken to identify the key parameters that determine the cost-effectiveness of the intervention with the objective of identifying how secure the results of the economic analyses are, given the available evidence. Uncertainty with respect to model parameters will be explored with a probabilistic sensitivity analysis (PSA), where uncertainty of all input variables is modelled with probability distribution of their value. The information derived from PSA will be summarised graphically using cost effectiveness acceptability curves.
7. Handling the company submission(s) 

All data submitted by the manufacturers/sponsors will be considered if received by the TAR team no later than 28-10-2008.  Data arriving after this date will not be considered.  If the data meet the inclusion criteria for the review they will be extracted and quality assessed in accordance with the procedures outlined in this protocol.  Any economic evaluations included in the company submission, provided it complies with NICE’s advice on presentation, will be assessed for clinical validity, reasonableness of assumptions and appropriateness of the data used in the economic model.  If the TAR team judge that the existing economic evidence is not robust, then further work will be undertaken, either by adapting what already exists or developing de-novo modelling.  Any ‘commercial in confidence’ data taken from a company submission will be highlighted in yellow and underlined in the assessment report (followed by an indication of the relevant company name e.g. in brackets). 

8. Competing interests of authors
None
Appendix 1 
Draft search strategy for MEDLINE 
1     exp breast neoplasms/ (159524)
2     exp neoplasms/ (2004744)
3     exp carcinoma/ (392882)
4     exp adenocarcinoma/ (226738)
5     exp breast/ (25267)
6     or/2-4 (2004744)
7     5 and 6 (13619)
8     (carcinoma adj3 breast$).tw. (22273)
9     (neoplas$ adj3 breast$).tw. (1816)
10     (adenocarcinoma adj3 breast$).tw. (1277)
11     (cancer$ adj3 breast$).tw. (122706)
12     (tumor$ adj3 breast$).tw. (13429)
13     (tumour$ adj3 breast$).tw. (3219)
14     (malignan$ adj3 breast$).tw. (4624)
15     or/8-14 (145385)
16     1 or 7 or 15 (192434)
17     Radiotherapy, Intensity-Modulated/ (878)
18     intensity modulated radiotherap*.tw. (1221)
19     intensity-modulated radiotherap*.tw. (1221)
20     intensity modulated radiation therap*.tw. (1334)
21     intensity-modulated radiation therap*.tw. (1334)
22     imrt.tw. (2343)
23     image guided radiotherap*.tw. (185)
24     igrt.tw. (117)
25     dose compensation.tw. (28)
26     electronic compensation.tw. (28)
27     e compensation.tw. (0)
28     forward planning.tw. (99)
29     field in field.tw. (19)
30     physical compensation.tw. (4)
31     17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or
29 or 30 (3524)
32     16 and 31 (206)
33     Randomized controlled trials as Topic/ (56091)
34     Randomized controlled trial/ (262539)
35     Random allocation/ (62296)
36     Double blind method/ (99460)
37     Single blind method/ (12362)
38     Clinical trial/ (456962)
39     exp Clinical Trials as Topic/ (209455)
40     33 or 34 or 35 or 36 or 37 or 38 or 39 (675160)
41     (clinic$ adj trial$1).tw. (131739)
42     ((singl$ or doubl$ or treb$ or tripl$) adj (blind$3 or mask$3)).tw.
(100247)
43     Placebos/ (27883)
44     Placebo$.tw. (117974)
45     Randomly allocated.tw. (11105)
46     (allocated adj2 random).tw. (658)
47     41 or 42 or 43 or 44 or 45 or 46 (289987)
48     40 or 47 (768692)
49     32 and 48 (24)
Appendix 2  Draft quality assessment
Appendix 2

Randomised controlled trial quality assessment scale based on NHS CRD Report No. 4.12  

	
	Yes/No/Unclear/Not Applicable

	Was the method used to assign participants to the treatment groups really random?
	

	What method of assignment was used?
	

	Was the allocation of treatment concealed?
	

	What method was used to conceal treatment allocation?
	

	Was the number of participants who were randomised stated?
	

	Were the eligibility criteria for study entry specified?
	

	Were details of baseline comparability presented?
	

	Was baseline comparability achieved?
	

	Were participant data analysed by allocated treatment group in accordance with intention-to-treat principle?
	

	Were at least 80% of the participants originally included in the randomised process followed up in the final analysis?
	

	Were the outcome assessors blinded to the treatment allocations?
	

	Were the individuals who administered the intervention blinded to the treatment allocation?
	

	Were the participants who received the intervention blinded to the treatment allocation?
	


Appendix 3:
Critical appraisal checklist for economic evaluations using key components of the British Medical Journal checklist for economic evaluations together with the Eddy checklist on mathematical models employed in technology assessments.14,15 

	Reference ID
	

	Title
	

	Authors
	

	Year
	

	Modelling assessments should include:
	Yes/No

	1
	A statement of the problem;
	

	2
	A discussion of the need for modelling vs. alternative methodologies
	

	3
	A description of the relevant factors and outcomes;
	

	4
	A description of the model including reasons for this type of model and a specification of the scope including; time frame, perspective, comparators and setting. Note: n=number of health states within sub-model
	

	5
	A description of data sources (including subjective estimates), with a description of the strengths and weaknesses of each source, with reference to a specific classification or hierarchy of evidence; 
	

	6
	A list of assumptions pertaining to: the structure of the model (e.g. factors included, relationships, and distributions) and the data;
	

	7
	A list of parameter values that will be used for a base case analysis, and a list of the ranges in those values that represent appropriate confidence limits and that will be used in a sensitivity analysis;
	

	8
	The results derived from applying the model for the base case;
	

	9
	The results of the sensitivity analyses;
unidimensional; best/worst case; multidimensional (Monte Carlo/parametric); threshold.
	

	10
	A discussion of how the modelling assumptions might affect the results, indicating both the direction of the bias and the approximate magnitude of the effect;
	

	11
	A description of the validation undertaken including; 
concurrence of experts;
internal consistency;
external consistency;
predictive validity. 
	

	12
	A description of the settings to which the results of the analysis can be applied and a list of factors that could limit the applicability of the results; 
	

	13
	A description of research in progress that could yield new data that could alter the results of the analysis
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