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Background: UK guidelines for breast cancer recommend that the axilla is assessed by sentinel lymph node biopsy (SLNB) or 4-node sampling. Magnetic resonance imaging (MRI) and positron emission tomography (PET) are non-invasive imaging techniques which avoid the adverse events of surgical procedures, such as lymphoedema. The aim of this study is to evaluate the cost-effectiveness of MRI and PET compared with SLNB for the assessment of axillary lymph node metastases in newlydiagnosed early stage breast cancer patients in the UK.

Methods: An individual patient discrete-event simulation model was developed in SIMUL8® to estimate the lifetime costs and benefits of replacing SLNB with MRI or PET and adding MRI or PET before SLNB. Effectiveness outcomes were derived from a recent systematic review; patient utilities and resource use data were sourced from the literature.

Results: Based on our analysis the baseline SLNB strategy is dominated by the strategies of replacing SLNB with either MRI or PET. The strategy of replacing SLNB with MRI has the highest total quality-adjusted life years (QALYs) and lowest total costs. However the clinical evidence for MRI is less robust than the evidence for PET, due to a limited number of small studies. The strategy of adding MRI before SLNB is cost effective, but subjects to greater uncertainty.

Conclusions:

Based on this analysis the most cost effective strategy is to replace SLNB with MRI.

However, further large studies using up-to-date techniques are required to obtain more accurate data on the sensitivity and specificity of MRI.

Introduction

Breast cancer is the most common type of cancer in women, with 38,048 new cases registered in women in England in 2007. [START_REF]Cancer registration statistics England[END_REF] The usual site of spread outside the breast in newly-diagnosed cases is to the lymph nodes in the axilla. The presence and extent of axillary metastases are important prognostic factors for staging disease and planning treatment, whilst removal of any axillary disease is essential to prevent regional recurrence/relapse and wider metastatic spread.

Axillary lymph node dissection (ALND) , the surgical removal of all or most axillary lymph nodes, has been considered the gold standard for identifying axillary metastases and controlling spread, but is associated with significant short and long term adverse events (AEs) including seroma 2;3 , surgical drains [START_REF] Mansel | Randomized multicenter trial of sentinel node biopsy versus standard axillary treatment in operable breast cancer: the ALMANAC Trial[END_REF] , infection 2;4 , and long term lymphoedema 2;5;6 . Sentinel lymph node biopsy (SLNB) and 4node sampling are increasingly used in the UK and have a lower risk of AEs because only a limited number of nodes are removed. Current UK guidelines recommend SLNB or 4-node sampling where ultrasound-guided biopsy is negative. ALND is indicated where ultrasound-guided biopsy, SLNB or 4-node sampling results are positive. [START_REF]Early and locally advanced breast cancer: diagnosis and treatment[END_REF] The analysis reported here considers SLNB as the baseline diagnostic strategy on the basis that there is more published evidence available on the effectiveness of SLNB than on 4-node sampling. Results based on 4-node sampling as the baseline are reported elsewhere. [START_REF] Cooper | Positron emission tomography (PET) and magnetic resonance imaging (MRI) for the assessment of axillary lymph node metastases in breast cancer: systematic review and economic evaluation[END_REF] Magnetic resonance imaging (MRI) and positron emission tomography (PET) are non-invasive imaging techniques and are associated with no significant short and long term AEs [START_REF] Cooper | Positron emission tomography (PET) and magnetic resonance imaging (MRI) for the assessment of axillary lymph node metastases in breast cancer: systematic review and economic evaluation[END_REF] and therefore offering some advantages over current surgical techniques. MRI, which uses a powerful magnetic field to align the nuclear magnetization of (usually) hydrogen atoms in water in the body, provides detailed images of the body in any plane. [START_REF] Lehman | Imaging in breast cancer: magnetic resonance imaging[END_REF] PET is a nuclear medicine imaging technique which produces a three-dimensional image or map of functional processes in the body. [START_REF] Facey | Overview of the clinical effectiveness of positron emission tomography imaging in selected cancers[END_REF] The benefits of imaging techniques may be offset if they have lower accuracy than current surgical procedures.

The aim of this study is to evaluate the cost-effectiveness of MRI and PET compared with SLNB in the evaluation of axillary lymph node metastases in patients with newly-diagnosed early stage breast cancer in the UK. MRI and PET are assessed firstly as a replacement for SLNB and secondly as an additional test prior to SLNB.

Materials and methods

A probabilistic discrete-event simulation model has been developed in SIMUL8®. The model consists of two main parts: the diagnostic pathway which represents baseline (current UK practice) and alternative diagnostic strategies and the disease pathway which represents the disease progression among various health states after the initial diagnosis. A hypothetical cohort of 5000 newly-diagnosed early stage breast cancer patients is modelled. Each individual patient follows a specific diagnostic path and will finally obtain one of the four diagnostic results relating to the status of the axilla: true negative, false positive, true positive or false negative. The time spent in each of the subsequent health states will be affected by these diagnostic results and is sampled from exponential distributions which are based on yearly transition probabilities. The economic analysis assumes that both costs and QALYs are discounted at 3.5% per annum, in line with current recommendations from HM Treasury. [START_REF] Hm Treasury | The green book: appraisal and evaluation in central government[END_REF] All costs used in the study were adjusted to 2007 values.

2.1.Diagnostic pathway

The baseline diagnostic strategy consists of clinical examination followed by ultrasound. [START_REF]Early and locally advanced breast cancer: diagnosis and treatment[END_REF] If abnormal nodes are identified via ultrasound, an ultrasound-guided biopsy will be conducted. If axillary metastases are identified via the biopsy (true positive or false positive), then the patients will be managed as node positive patients and ALND will be performed, alongside the main surgery, to reduce the risk of relapse.

For women whose axillary metastases are not identified by ultrasound or biopsy, it is assumed that SLNB will be performed, alongside the main breast cancer surgery. Depending on the results of SLNB, patients will either be managed as node negative patients (true negative or false negative) who will receive no further investigation at that time, or as node positive patients who will undergo ALND as a separate surgical procedure. Figure 1a illustrates the baseline diagnostic pathway.

The alternative MRI and PET replacement strategies are represented using the diagnostic pathway illustrated in Figure 1a. For the addition strategies, the baseline pathway is modified so that MRI or PET is performed for patients who have negative ultrasound or biopsy results (Figure 1b). If the results of MRI or PET are positive, patients will be treated as node positive patients and receive ALND without SLNB. If the results are negative, SLNB is still performed as in the baseline pathway.

<Figure 1>

The model assumes that the sensitivity and specificity of biopsy, SLNB, MRI and PET are independent of preceding diagnostic results. The model considers seroma, surgical drainage and infection as the short term AEs associated with ALND and SLNB. Lymphoedema is the only modelled long term AE. Lymphoedema is classified as either mild/moderate or severe. The model assumes that short term AEs increase the costs but do not affect quality of life and long term AEs affect both costs and quality of life for the rest of the patient's life.

The mean values, distributions used for probabilistic sensitivity analysis (PSA) and sources of input parameters for the diagnostic pathway are presented in Table 1. The diagnostic accuracy of MRI and PET were derived from a systematic review of all available evidence. [START_REF] Cooper | Positron emission tomography (PET) and magnetic resonance imaging (MRI) for the assessment of axillary lymph node metastases in breast cancer: systematic review and economic evaluation[END_REF] The accuracy of other diagnostic techniques was derived from published literature, where available [START_REF] Mumtaz | Staging of symptomatic primary breast cancer with MR imaging[END_REF][START_REF] Smith | Staging of the axilla in breast cancer -Accurate in vivo assessment using positron emission tomography with 2-(fluorine-18)-fluoro-2-deoxy-D-glucose[END_REF][START_REF] Kvistad | Axillary lymph node metastases in breast cancer: preoperative detection with dynamic contrast-enhanced MRI[END_REF][START_REF] Alvarez | Role of sonography in the diagnosis of axillary lymph node metastases in breast cancer: a systematic review[END_REF][START_REF] Kim | Lymphatic mapping and sentinel lymph node biopsy in early-stage breast carcinoma: a metaanalysis[END_REF] or otherwise from expert opinion. The probabilities of short term AEs were based on published literature. 2-4;17 Costs of diagnostic techniques, surgical procedures and AEs were mainly derived from NHS reference costs 18;19 or published literature. 20;21 <Table 1>

Disease pathway

All patients with early breast cancer are assumed to receive adjuvant therapy after the main breast cancer surgery. The model has simplified adjuvant therapy regimens such that node positive patients receive chemotherapy followed by hormonal therapy (where appropriate, i.e. the tumour is oestrogen sensitive) while node negative patients only receive hormonal therapy (where appropriate). [START_REF]Early and locally advanced breast cancer: diagnosis and treatment[END_REF] The aim of the adjuvant therapies is to reduce the risk of relapse. Following adjuvant therapy, patients may enter into a disease-free post adjuvant therapy state and potentially stay in this state for the rest of their lives (i.e. cured). Patients may also experience loco-regional relapse during or following adjuvant therapy.

Patients who are in the post adjuvant therapy state may experience loco-regional or metastatic relapse.

Patients experiencing loco-regional relapse receive further treatment. The patients may then enter a further remission period without evidence of cancer until death or further relapse to metastatic disease. Metastatic relapse is not considered curable. Patients may also die due to other causes from any health states. The disease pathway is shown in Figure 1c.

The model assumes that patients receive adjuvant therapy for a fixed five year period. This is the maximum time patients may stay in this state. Patients may experience loco-regional relapse or die from other causes within this five year period. Mortality rates for non-breast cancer causes are based on UK mortality statistics and applied across all health states. These are not adjusted to exclude breast cancer mortality which may slightly overestimate the risk of dying due to non-breast cancer causes.

The mean values, distributions used for PSA and sources of input parameters for the disease pathway are presented in Table 1. The costs and utilities of each health state and the annual transition probabilities between health states were derived from published literature when available. 20;22-25 The probabilities of having lymphoedema and the proportion of mild/moderate and severe lymphoedema were taken from published studies. 2;5;6;26;27 Costs of lymphoedema were based on expert opinion because no published study was identified. The utility decrement due to lymphoedema was estimated from a published study by Liu et al. [START_REF] Mak | Lymphedema and quality of life in Chinese women after treatment for breast cancer[END_REF] reporting quality of life using the FACT-B+4 quality of life instrument, because no published evidence was identified to report utility scores (where 1 = 'perfect health', 0 = 'dead') for patients with lymphoedema.

The decline in health-related quality of life with age in the general population is also taken into account in the model. General population utility estimates were based on a previously published regression analysis. [START_REF] Ara | Populating an economic moel with health state utility values: moving towards better practice[END_REF] The utilities for all health states are multiplied by this age-related utility value.

Sensitivity analysis

Univariate sensitivity analyses were performed on the sensitivity and specificity of MRI and PET, the utility and cost of lymphoedema, the probability of relapse for false negative patients, and the costs of SLNB.

PSA was carried out in all model experiments by allowing the key model input parameters to vary according to the uncertainty specified in their probability distributions (see Table 1). All model results were based on the PSA model outputs.

An important issue for diagnostic studies is that the sensitivity and specificity are generally negatively correlated (e.g., sensitivity may be sacrificed in order to achieve high specificity and vice versa). Therefore, it is not appropriate to sample sensitivity and specificity independently in PSA. To maintain this correlation, the sensitivities of each diagnostic method are sampled from a beta distribution while the corresponding specificities are calculated deterministically based on the sampled sensitivity.

Results

Base-case analysis

For each diagnostic strategy, the proportions of patients whose diagnostic results are true negative, false positive, true positive and false negative are presented in Table 2. All four alternative diagnostic strategies are associated with significantly higher proportions of false positive results than the baseline SLNB strategy (6.3% or 3.6% vs 0.2%). This is because MRI and PET have lower specificity than SLNB (89.7% and 94.2% vs 100% for SLNB). Lower sensitivities of MRI and PET compared with SLNB (90.3% and 63.4% vs 93% for SLNB), generate higher proportions of false negative results for MRI or PET than the baseline SLNB strategy (1.9% and 7.2% vs 1.3%). However, the two strategies of adding MRI and PET before SLNB have fewer false negative results (from 1.3% for SLNB alone to 0.1% or 0.5%), as MRI and PET identify additional true positive cases while any negative MRI or PET cases are examined via the subsequent SLNB (see Figure 1b).

<Table 2>

Table 2 also presents the numbers of diagnostic procedures carried out under each strategy, based on 5000 patients (the size of the patient population in the model) and the number of AEs associated with each strategy. Breast surgery is only performed as a stand-alone procedure in the two replacement strategies where a negative result is obtained by MRI or PET and SLNB is not undertaken. More SLNB procedures are performed under the baseline strategy than all the alternative strategies tested.

The strategy of adding MRI before SLNB is associated with the lowest number of SLNB procedures and the highest number of ALND procedures.

The two replacement strategies have fewer AEs than the baseline strategy, mainly due to the exclusion of SLNB in all patients. There are more AEs when MRI and PET are added before SLNB, due to higher volumes of ALND resulting from increased numbers of true positive and false positive cases compared to the baseline strategy (see Table 2).

A strategy is most cost effective if it has the highest positive net benefit. Thresholds of willingness to pay per QALY of £10,000, £20,000 and £30,000 were used to calculate the net benefit of each alternative strategy relative to the baseline strategy. Table 3 summarises the central estimates of total costs (broken down into costs associated with diagnostic tests and short term AEs and costs associated with health states and long term AEs) and QALYs, and the net benefits of each strategy. The analysis suggests that the most cost effective strategy is to replace SLNB with MRI which has the highest net benefit (e.g. a net benefit of £2,507 using the threshold of £30,000 per QALY). The next most cost effective strategy is to replace SLNB with PET. The baseline SLNB strategy is dominated by both replacement strategies, since they have lower total costs and higher total QALYs. The strategy of adding MRI before SLNB also has a positive net benefit (although significantly lower than the replacement strategies). In contrast, the strategy of adding PET before SLNB is predicted to yield negative net benefit.

<Table 3>

PSA results are also presented as cost-effectiveness acceptability curves (CEACs) in Figure 2 which shows the probability of each strategy (including the baseline strategy) being optimal compared with all the strategies tested at different thresholds from £0 to £100,000 per QALY. The figure demonstrates that the MRI replacement strategy is most likely to be optimal.

<Figure 2>

Although the replacement strategies are predicted to be cost effective, they may be rejected on clinical grounds because they are associated with more false positive or false negative results (see Table 2). If the two replacement strategies are excluded, the net benefit analysis shows that the most cost effective strategy is to add MRI before SLNB.

Sensitivity analysis

On reducing the sensitivity of MRI from 90% to 78% (the lower 95% confidence interval), the MRI replacement strategy remains the most cost effective strategy. If the replacement strategies are excluded, then the most cost effective strategy (for a willingness to pay threshold of £20,000 or above per QALY) is to retain the baseline SLNB strategy, rather than adding MRI before SLNB as in the base-case analysis. When the specificity of MRI is reduced from 90% to 75%, the PET replacement strategy becomes the most cost effective (for a willingness to pay threshold of £20,000 or above per QALY). If the replacement strategies are excluded, it is also more cost effective to retain the baseline SLNB strategy.

A recent systematic review assessed the accuracy of different types of MRI using different contrast agents for evaluation of axillary nodal status. [START_REF] Cooper | Positron emission tomography (PET) and magnetic resonance imaging (MRI) for the assessment of axillary lymph node metastases in breast cancer: systematic review and economic evaluation[END_REF] Although data on each MRI subtype was limited, ultrasmall super-paramagnetic iron oxide (USPIO)-enhanced MRI was found to give the highest pooled estimate for sensitivity. Increasing the sensitivity and specificity of MRI to the levels of USPIO-enhanced MRI (from 90% to 98% and from 90% to 96%), does not change the base-case conclusions. The conclusions also remain unchanged when the sensitivity of PET is increased from 63% to 74% (the upper 95% confidence interval).

Robust utility data for lymphoedema were not available. When the assumed utility decrements for lymphoedema are increased or reduced by 50%, the MRI replacement strategy is still most cost effective. Adjusting the costs of treating lymphoedema by +/-20% does not alter the conclusions.

Changes in probability of relapse for patients with false negative diagnoses were explored. For a 20% decrease the MRI replacement strategy remains the most cost effective. If the replacement strategies are excluded, the most cost effective strategy is the baseline SLNB strategy. For a 20% increase the base-case cost-effectiveness conclusions are unchanged.

For a 20% decrease in the costs of SLNB the MRI replacement strategy remains the most cost effective. When excluding the replacement strategies the most cost effective strategy is to retain the baseline SLNB strategy when a willingness to pay threshold of £20,000 is used. A 20% increase in cost has no impact on the base-case conclusions.

Discussion

As non-invasive procedures for identifying axillary metastases, MRI or PET avoids the AEs associated with SNLB by replacing SLNB with MRI or PET. Adding MRI or PET into the diagnostic pathway avoids SLNB procedures when the MRI/PET results are positive and picks up extra true positive cases. However the use of MRI or PET will increase false positive and/or false negative results. False positive cases result in unnecessary ALND, associated with significant short and long term AEs. False negative cases will not receive ALND and subsequent chemotherapy, resulting in a higher risk of loco-regional and metastatic relapses.

Our results suggest that, based on the whole patient population, the health benefits (in terms of total QALYs) of all four alternative strategies outweigh the negative impacts. The most cost effective strategy is predicted to be the MRI replacement strategy. This strategy dominates the baseline SLNB strategy with both lower total costs (£19325 vs £20189) and higher total QALYs (8.174 vs 8.119). MRI has reasonably good sensitivity and specificity and lower costs than SLNB and PET (see Table 1). Compared with the baseline strategy, the disadvantages of the MRI replacement strategy are that it is associated with more false positive cases (6.3% vs 0.2%) and more false negative cases (1.9% vs 1.3%). However, true positive patients (39.3% of all patients) will be correctly diagnosed by MRI and undergo ALND rather than undergo two sequential surgical procedures (SLNB followed by ALND).

True negative patients (52.5% of all patients) will be correctly diagnosed without the need for SLNB.

However, a small proportion of patients (i.e. additional false positive and false negative cases) will suffer poorer outcomes and from the perspective of individual patient, the strategies involving MRI or PET may be rejected on clinical grounds.

Limitations of the analysis should however be taken into account. The model inputs of sensitivity and specificity of MRI and PET are based on a recent systematic review, which showed that the sensitivity and specificity of MRI and PET vary significantly across different studies and that the evidence for MRI is less robust than the evidence for PET, due to a limited number of small studies [START_REF] Cooper | Positron emission tomography (PET) and magnetic resonance imaging (MRI) for the assessment of axillary lymph node metastases in breast cancer: systematic review and economic evaluation[END_REF] Sensitivity analyses demonstrate that the accuracy of MRI or PET can affect the cost-effectiveness of alternative strategies. Another limitation is that the sensitivity and specificity of MRI and PET are assumed to be independent of previous tests due to lack of evidence, which may not be true. Finally, the quality of evidence on the utility and costs of lymphoedema is poor due to lack of published literature. The utility decrements due to lymphoedema were estimated based on results from a quality of life instrument and the costs of lymphoedema were based on expert estimates. However, sensitivity analyses do show that these parameters have limited impact on the cost-effectiveness results.

Conclusion

Based on our analysis, MRI has the potential to offer a cost-effective alternative to the SLNB in identifying axillary metastases. The sensitivity of MRI reported to date is higher than for PET and the cost of MRI is lower suggesting that PET may have less potential in this application. The current analysis suggests that the most cost-effective strategy is to replace SLNB with MRI. At the whole patient population level, this strategy costs less, and has increased health benefits compared with SLNB. However if the replacement strategy is considered clinically unacceptable due to higher numbers of false negative and false positive cases, the next most cost-effective strategy is predicted to be the use of MRI before SLNB. However, the benefit of this strategy in terms of costs and QALYs is subject to greater uncertainty. Further clinical research is required on large, well-conducted studies using the latest techniques to obtain more accurate data on the sensitivity and specificity of MRI and PET. It would also be useful to identify the dependencies of different diagnostic methods in the pathway; in particular, whether and to what extent the accuracy of MRI or PET depends on the diagnostic results of ultrasound and ultrasound-guided biopsy. 
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 12 Figure 1 Model structure: standard and alternative diagnostic pathway and disease pathway

Table 1

 1 Model input parameters for configuring diagnostic pathway and disease pathway

	Parameter

b By definition. c Expert opinion.

Table 2

 2 Diagnostic results, numbers of imaging and surgical procedures and adverse events for each strategy (based on 5000 patients)

	Diagnostic results	Imaging and surgical procedures	Adverse events

Table 3

 3 Costs and QALYs and the net benefit of each diagnostic strategy

	Diagnostic	Costs of diagnostic	Costs of health	Total	Total	Net benefit	Net benefit	Net benefit
	strategy	tests and short term	states and long	costs (£)	QALYs	(£10 000	(£20 000	(£30 000
		AEs a (£)	term AEs a (£)			per QALY)	per QALY)	per QALY)
	Baseline	3642	16547	20189	8.119		Baseline	
	Strategy 1	3030	16295	19325	8.174	1412	1959	2507
	Strategy 2	3484	15835	19319	8.126	942	1014	1085
	Strategy 3	3546	16655	20201	8.124	35	82	129
	Strategy 4	4208	16614	20822	8.125	-577	-520	-464

a Adverse events
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