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Introduction

Until the mid-1980s, it was generally considered sufficient to assess medical services from the physician's point of view: As the service provider, the physician diagnosed the illness and initiated the appropriate intervention; as the service payer, the health insurance bodies funded the costs; and as the service recipient, the patient could be confident that the services rendered would achieve the best possible result.

A prerequisite for functioning of this system was the availability of sufficient financial resources to fund all health care services rendered [START_REF] Porzsolt | Die o ¨konomische Bewertung von Gesundheitsleistungen aus der Sicht des Patienten[END_REF][START_REF] Health | The forecast, the challenge by the Institute for the Future[END_REF]. During the past two decades, however, these costs have risen dramatically. Part of the increase is attributable to medical-technological progress and the ensuing expanded range of diagnostic and therapeutic options. Demographic developments, particularly the increasing proportion of elderly persons within industrialized nations, as well as socio-economic factors, such as unemployment, have also contributed to this rise.

Ideally, clinical medicine with its individualized approach operates under the assumption that human life is priceless. However, due to the competition for limited resources, health care policy makers are forced to allocate resources according to priorities related to the needs of the population as a whole. Hence, the reality of medical decision making differs from the idealization by including monetary costs, which represent an additional dimension in the evaluation of medical alternatives.

In a given disease situation such as in advanced breast cancer, if different therapy options have equivalent or indistinguishable utility (efficacy and impact on quality of life), then from the societal point of view the most efficient policy would usually be to conserve resources by selecting the cheapest option. Otherwise, the utility of each therapy option needs to be taken into account before discussing cost. The willingness of society to pay for a medical intervention (drug, surgery, etc.) cannot be fairly and objectively determined without quantifying the utility of the service on an appropriate health economic basis, for example, in terms of expected quality adjusted life years gained [START_REF] Porzsolt | Die o ¨konomische Bewertung von Gesundheitsleistungen aus der Sicht des Patienten[END_REF].

In some countries, an assessment process along these lines constitutes an established and systematic component of the health care system. One of the best-known examples is the National Institute of Clinical Excellence (NICE) [3], set up by the British government as an independent health care agency to develop evidence-based clinical guidelines for the use of medicines in the National Health Service (NHS) in England, Wales and Northern Ireland, taking into account their value under monetary considerations. In Germany, an independent scientific institute for quality and cost efficiency in the health care sector (IQWiG: Institut fu¨r Qualita¨t und Wirtschaftlichkeit im Gesundheitswesen) [START_REF]Institut fu ¨r Qualita ¨t und Wirtschaftlichkeit im Gesundheitswesen[END_REF] has been established within the framework of a foundation and is overseen by two federal authorities: the Federal Joint Committee (G-BA: Gemeinsamer Bundesausschuss) and the Federal Healthcare Ministry (BMG: Bundesgesundheitsministerium) [5]. The mission of this institute includes assessment of surgical and diagnostic procedures, pharmaceutical drugs, and treatment guidelines.

There is a particular need for standardized assessment models and benchmarks in advanced breast cancer. In this setting, patients place value not only on survival time, but also on quality of life. This consideration is reflected in current guidelines [START_REF] Beslija | Second consensus on medical treatment of metastatic breast cancer[END_REF]7] for postmenopausal advanced breast cancer patients with hormone receptor-positive (HR?) tumors: provided they remain effective, endocrine therapies are preferred to chemotherapies due to their substantially milder toxicity profile and less severe impact on quality of life [START_REF] Simons | Cost-effectiveness of anastrozole versus tamoxifen as first-line therapy for postmenopausal women with advanced breast cancer[END_REF]. Fulvestrant is a prime therapy option in this setting because it is well tolerated, enjoys excellent compliance, and is likely to remain effective despite resistance to previous endocrine therapies. Although guidelines point toward patient benefit from sequences with fulvestrant, they do not quantitatively address the question of cost effectiveness, which is important in underpinning the interaction between the health care system and the patient. To this end, this paper presents a health economics model designed to quantify-from the specific perspective of the German health care system-the cost-effectiveness of therapeutic sequences including fulvestrant for hormone-receptor-positive, advanced breast cancer patients.

Methods

Health economics modeling approach

Expressed in general terms, the goal of a health economics model for a given disease context is to produce reliable and objective population estimates of utility, costs, and other appropriate indicators, generated by alternative courses of action (decisions and interventions) that are hypothesized to affect these indicators. The utility and cost for each patient will generally depend on the individual disease course and on responses to interventions.

In view of the complexity and variability of individual disease courses and therapy responses in advanced breast cancer, the cost-utility problem is posed here in terms of a sequential Markov model: each patient is idealized as evolving through a temporal sequence of uniquely defined (i.e. mutually exclusive) states characterizing her health, finally reaching the ''final'' or ''absorbing'' state (i.e. death of the patient). The particular health states defined here for advanced breast cancer are described shortly.

Events that change the state are represented within the Markov model as state transitions. In order to take the stochastic nature of events into account, many virtual patients are generated. Their state transitions are generated by random draws from appropriately parameterized probability distributions, which could depend in general on the patient's entire previous history. The current study is based on a ''first-order'' Markov model, i.e. the transition probabilities depend only on the immediately preceding state.

In the present model, utility is primarily measured in quality-adjusted life years (QALY's). Utility is assumed to accrue at a rate dependent on the state of health; the ''quality adjustment'' takes into account negative impacts on quality of life as disutility. More severe disease states are thus associated with a reduced accrual rate of utility. The reduction may be attributable both to the underlying disease and to stronger toxicities of medication; it is represented formally as a so-called ''weighting factor'', which ranges from ''one'' in the case of full health to ''zero'' in the case of death. Thus, two months of survival in a disease state with a utility factor of 0.4 would provide the same utility contribution as one month of survival in a state with utility factor 0.8. Model specifics are presented below.

From the health provider's point of view, the effort to maintain or improve the state of health is usually associated with certain recurring costs (e.g., for medication) or sporadic costs (e.g., for surgery). Specific cost data for the German provider are presented below. There is often a trade-off between costs and benefits, i.e., whenever an intervention producing positive utility is associated with a positive cost difference. The incremental cost per unit of utility is known as the ''incremental cost-effectiveness ratio'' (ICER), calculated as the ratio of cost difference to utility gained; it is commonly measured in €/QALY and €/LY gained. When two sequences are compared, sometimes the sequence with cost savings is associated with higher utility as well; in that case, the sequence is said to be ''dominant'', and the optimal decision then does not depend on how much the payer is willing to pay for the utility obtained. If a treatment sequence is ''dominant'', then the ICER is (formally) a negative number but not reported as its meaning is ambiguous.

In most situations, uncertainties or variability in model features are possible. The term ''base-case'' is used here to describe model sequences with expected (or reference) parameter values. ''Sensitivity analysis'' refers to the process of varying relevant features or parameters in order to estimate to what degree the indicators (e.g., cost and utility) depend on departures of the assumptions from the base case [START_REF] Schackman | How often do sensitivity analyses for economic parameters change cost-utility analysis conclusions?[END_REF]. Varying the parameters one by one is referred to as ''one-way'' sensitivity analysis. The particular base case assumed and details of the one-way sensitivity analyses are described below.

To address the key issue of uncertainties in time to progression estimates a probabilistic sensitivity analysis (PSA) was also performed. For this, a Monte Carlo simulation of 1,000 runs was performed with TTP values drawn from an appropriate probability distribution (here a beta distribution), resulting in 1,000 estimates of expected utility and cost.

The results can be visualized directly as a two-dimensional scatter plot of utility versus cost (see Results). In addition, the procedure allows one to generate a characteristic curve expressing the probability of a favorable ICER as a function of willingness to pay (WTP): this statistic is computed by varying the willingness-to-pay threshold and counting the fraction of the N simulations corresponding either to dominance or to an ICER lower than the threshold.

Model specifics for advanced breast cancer

A hypothetical population of postmenopausal women with the primary diagnosis of HR? metastatic/advanced breast cancer (ABC) was considered; patients were assumed to have previously received tamoxifen or aromatase inhibitors (AI) as adjuvant anti-hormonal therapies for at least 5 years; endocrine responsiveness was assumed to persist. Virtual patients were drawn and randomized to one of two cohorts (Fig. 1) differing in whether fulvestrant was administered as second line treatment (Cohort A) or not (Cohort B). Both sequences reflect current clinical practice in Germany.

A central aspect of the modeling problem in a Markov representation for health economics is to define appropriate, mutually exclusive health states [START_REF] Briggs | An introduction to Markov modelling for economic evaluation[END_REF][START_REF] Sonnenberg | Markov models in medical decision making: a practical guide[END_REF]. The degree of detail used in this definition depends on the problem domain. The present model for advanced breast cancer associated health states with distinct therapy lines (Fig. 1). Based on current practice, the treatment concept for the cohort without fulvestrant thus consisted of two endocrine (AI) lines, two chemotherapy lines, and the supportive/ palliative care package administered when there are no appropriate anti-tumor treatments left for a patient, leading to a maximum of five health states in addition to the ''initial'' and ''terminal'' states. The corresponding model with fulvestrant contained these five health states together with an additional sixth health state of fulvestrant as the second line therapy.

At any given time, a patient may either remain in the current health state (i.e., therapy line) or make a transition to another state. This continuous process is approximated in Markov models as a discrete process with an appropriate time unit (known as ''cycle length''). The cycle length here was chosen as 28 days, corresponding to one interval of fulvestrant administration. For chemotherapy and other endocrine regimens with different dosing intervals, resource use, costs and outcomes were converted as appropriate for a 28-day cycle.

Permitted state transitions are indicated in Fig. 2. In addition to transitions corresponding to the therapy concept (sequence of Fig. 1), the model includes transition probabilities from endocrine treatments to polychemotherapy (possibly skipping one or more endocrine therapies), as well as from every therapy directly to palliative care or directly to death. Transition probability distributions are related to the efficacy of each therapy as summarized below.

The Markov cohort-simulations model was implemented using Microsoft Excel Ò and Microsoft Visual Basic (version 6.3).

Model inputs

Model inputs to estimate transition probabilities, quality of life, and costs were derived from available sources of evidence, augmented where required by expert assessments from a panel of practising German gynaecologists and oncologists.

Transition probability distributions

The total transition rate out of a therapy state is a consequence of therapy efficacy; under the assumption that therapy changes occur when the patient suffers disease progression, this rate is characterized by time to disease progression (TTP). To obtain transition probabilities to permitted new states, estimates are also required for the probabilities of skipping one or more lines of treatment, advancing to the terminal phase, or dying while on a therapy.

The required estimates were obtained based on a systematic literature review for each therapy; if unavailable, these were elicited from the expert panel. We conducted a systematic literature review involving searches of MED-LINE, EMBASE databases, and internet search engines to identify all prospective randomized controlled trials and other experimental studies published between 1998 and 2006 regarding the treatment lines in the model sequence. Observational studies, abstracts, supplements, and unpublished studies were excluded. The medical subject heading (MeSH) ''Advanced breast cancer'', ''postmen*'', ''Randomized controlled trial, ''Clinical trial'', ''Meta-analysis'' were combined with the Boolean operators 'AND' and 'OR'. TTP data were extracted from original publications and, wherever possible, results for a given treatment at a given treatment line were pooled using meta-analysis and standard statistical methods [START_REF] Dersimonian | Meta-analysis in clinical trials[END_REF]. Results of the metaanalysis regarding TTP for endocrine and chemotherapy treatments are presented in Table 1.

The proportions of patients skipping a line of treatment, advancing to the terminal phase, or dying while on therapy were estimated by the panel on the basis of the available literature: Estimated proportions of patients dying per line of therapy were 10% for first-line therapy, 20% for secondline therapy, 30% for third-line therapy, 40% for fourthline therapy, 60% for fifth-line therapy, and 90% for seventh-line therapy.

Utility parameters

The utility (i.e., health-related quality-of-life adjustments) associated with each treatment in the sequence was assessed by a clinical expert panel. On a 0-100 point visual analogue scale (VAS), the experts rated quality of life for a woman receiving either endocrine therapy, chemotherapy or palliative care for ABC during each possible therapy line. For each therapy line, the mean utilities were computed. The results, rescaled to a range from 0 to 1, are presented in Table 2. Note that in the context of advanced breast cancer, Markov health state transitions represent disease progression, implying that any realistic model should exhibit utility decreases along the sequence. This general property is reflected in the qualitatively similar results obtained from different utility scaling systems (see below).

Cost data

Since the analysis was designed to reflect the perspective of the German health care payer, only direct costs of medical care associated with treatment of ABC were included. Thus indirect costs that would be important from a societal or patient perspective, such as productivity loss, costs to the society, additional illness-related costs arising from prolonged survival, transport costs, etc., were excluded. Costs were expressed in 2007 euros (€). The direct costs for treating ABC included drug acquisition costs for endocrine and chemotherapies, resource use for treatment administration and disease progression, cost of terminal care, and cost of treating adverse events associated with each sequential treatment. Drug acquisition costs were calculated on the basis of the standard pharmacy prices for 2007 in Germany. These were extracted from the Rote Liste Ò [START_REF] Rote Liste Ò | German drug list (including EU approvals and specific medicinal products)[END_REF] and are presented in Tables 3 and4.

In addition to drugs and supportive measures, costs (per cycle length) for administration, re-evaluation, therapy monitoring, diagnostic procedures, and care in the event of disease progression were also included. The 2007 Standard Valuation Scale (Einheitliche Bewertungsmaßstab) [29] used in Germany for outpatients was the main source of resource use costs. Frequencies of monitoring and diagnostic procedures were estimated by taking into account current guidelines [START_REF] Albert | Stufe-3-Leitlinie Brustkrebs-Fru ¨herkennung in Deutschland[END_REF] and expert consensus: • Re-evaluation by CT, ultrasound, or bone scintigraphy (every 3 months). • One patient consultation for case history, assessment of health status, and for information about test results, one blood-sampling consultation and one for issuing the prescription (every 3 months).

• One GP and one breast cancer specialist visit every 4 weeks.

The following resource uses were also considered for patients under chemotherapy:

• Weekly blood-count follow-up.

• Sodium, potassium, chloride, blood glucose, GOT, GPT, creatinine, total albumin, albumin, and CRP at each administration time. • Patients' health state, physical examination, i.v. access (e.g. port implantation), administration of chemotherapy and supportive drugs at each visit.

Table 5 presents a synopsis of the calculated costs. Anticancer agents are known to be associated with various adverse events that may have a significant impact on patients' quality of life as well as on required health care services. In this analysis, we included both medical and health care costs for treating adverse events (AE's) for each therapy. AE's were graded according to the National Cancer Institute-Common Toxicity Criteria (NCI-CTC). Treatment and resource use for AE's were derived from expert opinion. Only AE's with an incidence of at least 5% or AE's with substantial impact on health care services were considered. Total costs were computed by multiplying the cost of each AE by its likelihood of occurring and summing.

Additional costs arising from disease progression (e.g. specialist visits and diagnostic procedures used for patient re-evaluation) and care during the terminal phase (e.g. analgesic therapy, GP home visits, nursing home visits, nutritional therapy) were also included (Table 5). These were categorized as pre-hospitalization (4 weeks), terminal phase (10 days), home care (10 days), medication, and other (6 weeks).

Analyses were performed with a 10-year time horizon. In the base case, annual discount rates of 3.0% were used for costs and benefits [START_REF] Gold | Cost-effectiveness in health and medicine[END_REF]. 

Results

Base case

The base-case analysis (Fig. 1) compared a cohort of 1,000 HR? postmenopausal women with advanced breast cancer receiving a therapy sequence including second-line fulvestrant (Cohort A) to a corresponding cohort whose sequence did not include fulvestrant (Cohort B). The patient progression sequences were generated as described under Methods by drawing from estimated probability distributions describing progression rates, proportions of patients skipping therapy lines, and proportions deceased during each treatment line.

Figure 3 shows that in Cohort A fewer patients (640 vs. 756) would eventually receive polychemotherapy than in Cohort B. A similar trend was observed regarding patients progressing to mono-chemotherapy (307 in Cohort A vs. 423 in Cohort B).

Table 6 summarizes the expected costs for the base case (including costs for treatment of adverse events) and compares these for Cohorts A and B. The costs are given for each separate health (treatment) state and as a total. The two cohorts have comparable but distinct direct medical costs per patient (€13,356 vs. €13,920) and mean survival times (24.16 months vs. 23.33 months). The treatment sequence with fulvestrant produces a mean estimated gain of 21 QALYs per 1,000 patients and estimated cost savings of €564 ($745, £380) per patient compared to the treatment sequence without fulvestrant. Thus, the base-case sequence including fulvestrant is dominant compared to the sequence without fulvestrant as it is both less costly and more effective.

These results have a clear intuitive interpretation if one considers the cost structure of the sequences as a whole: The major cost drivers in advanced breast cancer are latestage treatments, whereas the strongest contributions to patient benefit are accrued during early-stage therapies. The longer a patient remains in an early therapy state associated with a high quality of life the greater the resulting cost-effectiveness gains.

Sensitivity analysis

Key parameters varied in one-way sensitivity analyses and their impacts on costs and utilities are summarized in Table 7. Appropriate ranges of variation for these parameters were estimated based on clinical and economic considerations.

Variation of discounting

The practice of discounting costs and utility is subject to differing interpretations [START_REF] Drummond | Methods for the economic evaluation of health care programmes. Cost-effectiveness analysis[END_REF], even within the perspective of a given insurance carrier. The impacts of varying these discounts on costs and utilities were therefore assessed by sensitivity analysis. Results qualitatively similar to the base case were obtained when both costs and benefits were discounted either at 0% or at 6%; in particular, the treatment sequence with fulvestrant still dominates (Table 7).

Variation of utility values

When utility values elicited from surveys of UK [START_REF] Cameron | Fulvestrant in the treatment of hormone receptor-positive advanced breast cancer-a cost-effective addition to the treatment sequence[END_REF] or Belgian clinicians 1 were utilized in the sensitivity analysis, the model showed similar results compared to the basecase analysis (Table 7), suggesting that the model was robust with regard to variations in this key parameter.

Variation of other parameters

Even quite substantial changes in resource costs, proportions of patients skipping treatment, proportions of patients dying at each treatment line, or chemotherapy positioning in the treatment sequence had limited effect on the ICER (Table 7).

Uncertainties in TTP

In order to characterize the effects of uncertainties in TTP, sensitivity analyses were performed with modifying the TTP from literature ±20%. The calculated costs varied less then 0.5%. Moreover, a probabilistic sensitivity analysis (PSA) was performed using Monte Carlo methods as described above. A two-dimensional scatter plot (cost versus utility) for the results of the 1,000 simulations is presented in Fig. 4. The majority of simulations correspond to the lower right quadrant, which represents the ''dominant'' region for fulvestrant sequences (lower costs and higher utility), and almost all points are located in the lower half plane, corresponding to cost savings for fulvestrant sequences.

Cost-effectiveness acceptability curve

As explained above, the probabilistic sensitivity analysis allows one to generate a cost-utility acceptability curve describing the probability of a favorable ICER as a function of willingness to pay. The results are shown in Fig. 5 and indicate that there was a greater than 90% probability that the cost per QALY gained would be lower than €10,000 ($13,207, £6,733). As yet there are no generally accepted threshold values in Germany for willingness to pay. Experience form the UK and the USA suggests, that values in the range of £20-30,000 (approximately €24,000-36,800) and $50,000 (approximately €34,500), respectively, are generally considered acceptable for reimbursement. For these values, the probability of the fulvestrant sequence being cost-effective is at least 72%.

Discussion

Efficacy measures such as degree of remission and progression-free interval are key criteria for therapy selection in advanced/metastatic breast cancer. Improved remission and progression-free interval are generally associated with longer overall survival, though quantitative relationships are complex and difficult to ascertain from the available evidence. However, advanced breast cancer patients place value not only on overall survival, but also on present and near-term quality of life. Hence a straight comparison of efficacy measures generally does not provide all the information required for patient-oriented therapy selection in this disease context [START_REF] Groot | Economic evaluation of cancer therapies: more and better studies will lead to better choices in cancer care[END_REF]. For example, ''degree of remission'' is not necessarily the defining factor for quality of life: an endocrine therapy that can stabilize advanced disease will help to maintain quality of life at a relatively high level, even if no pronounced reduction in tumor dimensions is achieved. Efficacy measures do not include the impacts of side effects, adverse events, therapy toleration, etc. on quality of life. A similar situation prevails in most advanced cancer settings. A patient-oriented strategy [START_REF] Simons | Cost-effectiveness of anastrozole versus tamoxifen as first-line therapy for postmenopausal women with advanced breast cancer[END_REF] for evaluating the utility of oncological therapies in advanced cancer settings is to combine efficacy and quality-of-life indicators into a single utility measure, in our case ''quality adjusted life years.'' Only after the (expected) utility of a therapy option has been established can objective decisions regarding the appropriate cost be made [START_REF] Porzsolt | Die o ¨konomische Bewertung von Gesundheitsleistungen aus der Sicht des Patienten[END_REF]. To this end, cost-utility analysis (as applied here) uses the available evidence to derive estimated probability distributions for both utility and resource expenditures within a defined population. Considering alternative courses of action and alternative assumptions, one can estimate incremental costeffectiveness ratios or the probability of acceptable costs for a given willingness to pay, as demonstrated above. Hence, the analysis provides an objective basis for decision making in a complex setting. Treatment of breast cancer is a major component of health care services, since it is the most frequent cancer in women [START_REF]Arbeitsgemeinschaft Bevo ¨lkerungsbezogener Krebsregister[END_REF]. Diagnostic procedures and therapeutic procedures, particularly for ABC, have a strong impact on budgets, leading to an increasing demand for health economic evaluation. To our knowledge, this study is the first to evaluate the cost-effectiveness of various treatment sequences in women with HR? ABC in Germany.

Fulvestrant, an estrogen-receptor antagonist, constitutes a new form of endocrine therapy. Several clinical studies have demonstrated similar efficacy for fulvestrant in postmenopausal women with hormone-dependent advanced breast cancer (compared to an AI) with a consistently good tolerability profile [15, 20-22, 25, 36, 37]. The first clinical trial used fulvestrant after tamoxifen failure. This showed a clinical benefit in 69% which persisted up to 20 months [START_REF] Howell | Development of endocrine therapy of breast cancer 1896-2006[END_REF]. Furthermore, an effective inhibition of tumor cell proliferation was observed in conjunction with a massive reduction of immunohistochemically detected estrogen receptors [START_REF] Defriend | Investigation of a new pure antiestrogen (ICI 182780) in women with primary breast cancer[END_REF]. Compared to tamoxifen, there were fewer menopausal symptoms with fewer negative effects on liver, brain, and genital tract [START_REF] Howell | New endocrine treatment strategies[END_REF]. Moreover, compared to tamoxifen, fulvestrant exhibits a 100 times greater affinity for binding to the estrogen receptor. Subsequent trials investigated the use of fulvestrant in second-line therapy. Two trials reported an effectiveness equivalent to that of anastrozole [START_REF] Howell | Fulvestrant, formerly ICI 182, 780, is as effective as anastrozole in postmenopausal women with advanced breast cancer progressing after prior endocrine treatment[END_REF]. In the context of the randomized phase-III EFECT trial, the effectiveness of fulvestrant in metastatic breast cancer patients who had been pre-treated with nonsteroidal AI's was compared to that of exemestane [START_REF] Chia | Double-blind, randomized placebo controlled trial of fulvestrant compared with exemestane after prior nonsteroidal aromatase inhibitor therapy in postmenopausal women with hormone receptor-positive, advanced breast cancer: results from EFECT[END_REF]. This showed comparable effectiveness with clinical benefit of 32.2% vs. 31.5% and response duration of 13.5 months vs. 9.8 months, respectively. Warm et al. [START_REF] Warm | Results of the German fulvestrant in practice evaluation programme to evaluate the efficacy, safety, tolerability and acceptance of fulvestrant under daily routine conditions[END_REF] enrolled 848 postmenopausal women with ER? advanced breast cancer, who had relapsed during or after adjuvant anti-estrogen treatment, or with a disease progression under an antiestrogen therapy, in an In Practice Evaluation Programme (IPEP) with fulvestrant therapy. In this study, 78% of the patients had one or more prior palliative therapies. Estimated 9-month overall survival was 89% and 9-month Ceiling ratio for WTP (€) per additional QALY Probability of cost-effectiveness (Cohort A) Fig. 5 Cost-effectiveness acceptability curve for inclusion of fulvestrant in the treatment of HR-positive women with ABC event-free survival was 71%. Tolerability was judged as good to very good by the majority of both specialists and patients with stable values at 3, 6 and 9 months.

The combination of efficacy and tolerability formed the basic assumption of this model. This combination provides the opportunity to maintain quality of life, delay or avoid chemotherapies with serious side-effects, and prolong endocrine therapy by adding an additional endocrine therapy step (i.e. fulvestrant). In this Markov model formulated here for HR? advanced breast cancer in the German context, therapy sequences including fulvestrant therapy had both improved utility and lower costs than those omitting fulvestrant, i.e. in Health Economic terminology, fulvestrant sequences were ''dominant''. This result held not only for the base case, but also for all one-way sensitivity analyses. The base-case sequence with second-line fulvestrant resulted in an estimated utility gain of 21 QALYs per 1,000 patients and estimated cost saving of €564 per patient compared to the treatment sequence without fulvestrant. Cost savings due to including fulvestrant in the therapy sequence were very likely as indicated by the cost-effectiveness acceptability curve: the probability of acceptable cost-effectiveness exceeded 50% for any realistic level of ''willingness to pay'' (WTP) and was about 75% for WTP = €30,000/QALY. Dominance of the fulvestrant-containing sequence held irrespective of the kind of chemotherapeutic agents used or the use of monoas opposed to polychemotherapy. In essence, the initial increase in costs of introducing fulvestrant into the existing ABC treatment sequence in Germany is more than offset by direct savings due to reduced or delayed use of chemotherapy and indirect savings of resources required for treating chemotherapy-associated adverse events.

In a recent analysis, Cameron et al. [START_REF] Cameron | Fulvestrant in the treatment of hormone receptor-positive advanced breast cancer-a cost-effective addition to the treatment sequence[END_REF] used a similar sequential model to evaluate the use of fulvestrant as second-line therapy in the UK context. According to their model, integration of fulvestrant would lead to a gain of 53.5 QALYs at an additional cost of £716 per 1,000 women with HR? advanced breast cancer. Using the UK utility values in our sensitivity analysis resulted in a gain of 30.0 QALYs at an additional cost of €564 per 1,000 women. This minor variation in the overall results suggests that the model is robust for the utility parameter. Although there are considerable differences between the UK and the German health systems, the results of the two studies suggest that the underlying cost-saving mechanism for fulvestrant may be consistent across different health systems.

Maintenance of quality of life is still the most important goal in the area of palliative medicine. The present analysis placed a special focus on the occurrence of side-effects with a demonstrable influence on quality of life. In this connection, available endocrine therapy options were reviewed for side-effects (e.g. bone pain, anemia, constipation, diarrhea, thromboembolic events, etc.). These side effects were then connected with appropriate supportive therapies according to the NCI-CTC criteria and corresponding guidelines by the expert panel in a consensus procedure, and subsequently factored with costs. The identical consensus procedure was also applied to chemotherapy-related side-effects (e.g. alopecia, anorexia, asthenia, infections, diarrhea, neutropenia, etc.). Numerous side-effects of chemotherapy can result in patient hospitalization, thus reducing quality of life by social isolation even further. Thus, as a result of the rise in costs, the cost benefit ratio of chemotherapy compared to that of fulvestrant was influenced in a negative way.

All modeling studies are subject to uncertainties arising from the limited quality of available clinical evidence. For example, the external (out-of-sample) validity of clinical trial results may be limited when applied to day-to-day practice in advanced breast cancer, particularly whenever clinical practice differs from the trial protocol. These uncertainties can be at least partially captured and quantified by directly addressing the source of uncertainty and performing one-way and probabilistic sensitivity analyses as described above.

Some key uncertainties that could affect the results need to be noted. First, published evidence for efficacy (TTP) of third to fifth line chemotherapy in ABC is rarely available: most available studies have evaluated first or second-line treatment, and very few have considered third-line treatment. Some parameters were therefore estimated by expert consensus, if none were available from the literature. The inherent uncertainties around the TTP were addressed by the method of probabilistic sensitivity analysis, captured in the model by fitting a distribution around TTP. Second, our baseline analysis assumed a time frame of 10 years. The corresponding uncertainties were addressed by performing sensitivity analysis on time frame parameters, i.e. 2 years, 5 years, and life-time frames.

According to our model assumptions, designed for the German context, in a representative population of women with HR? advanced breast cancer, inclusion of fulvestrant in the treatment sequence provides a cost-effective therapy concept. The dominance (cost effectiveness and better utility) of the fulvestrant option holds not only for the base case (second-line fulvestrant) but also for a third-line fulvestrant option. Moreover, a high probability of costeffectiveness is maintained under variations in all key parameters and persists irrespective of the type and mode of chemotherapy selected. The results reflect a tendency for patients receiving fulvestrant to remain longer in earlier therapy states associated with higher quality of life. By this, life time with endocrine therapy with several endocrine drugs can be extended and later therapy stages with a more detrimental impact on quality of life and higher costs, such as chemotherapy, can be delayed or avoided.

As a result of medical progress and changes in economic, political, and demographic factors affecting most countries, medical costs are becoming an increasingly important factor in decision making. In Germany, health care expenditures have become a controversial public issue, but the discussion generally has focused on costs rather than cost/benefit ratios. However, rational decisions concerning payment cannot be made without ascertaining the potential value of the health services rendered. In order to achieve maximum benefit for patients while taking limited resources into account, medical economic models are likely to play an increasingly important role in health policy, particularly in the market approval process for new treatment concepts in advanced disease settings. There is a strong need for the stakeholders in health care to integrate the parameters required for determining cost effectiveness into clinical trial designs. Clinical trials in advanced forms of cancer could address the problem of cost-effectiveness by evaluating both traditional efficacy measures (e.g., as primary endpoints) and measures of quality of life (e.g., as secondary endpoints) as well as capturing data on resource use. More precise and extensive data on these parameters could significantly reduce the residual uncertainties in expected cost/benefit ratios.

Fig. 1 Fig. 2

 12 Fig. 1 Treatment sequences for the two cohorts with and without fulvestrant. AI aromatase inhibitor, BSC best supportive care; Selected chemotherapies are the ones most commonly used in Germany in the respective settings of breast cancer care

Fig. 3

 3 Fig.3Estimated number of patients with HR? positive ABC who would receive the treatment for the following drugs in sequence. ABC advanced breast cancer, BSC best supportive care, HR? hormone receptor-positive, NSAI non-steroidal aromatase inhibitor

Fig. 4

 4 Fig.4Cost-effectiveness plane derived from the results of a cost-effectiveness analysis comparing the treatment sequence containing fulvestrant versus the sequence without fulvestrant for treating ABC

Table 1

 1 Estimated median TTP (with upper and lower confidence intervals) by type and line of treatment

		Treatment	Treatment	Median TTP (months)	Sources
			line	(95% CI)	
		Anastrozole	1st	8.50 (7.38, 9.62)	[13, 14]
		Exemestane	1st	8.90 (7.20, 10.60)	[15-17]
		Letrozole	1st	9.40 (6.48, 12.32)	[13, 18, 19]
		Anastrozole	2nd	4.84 (3.95, 5.72)	[20-24]
		Exemestane	2nd	4.16 (3.47, 4.86)	[15-17]
		Fulvestrant	2nd	4.50 (2.66, 6.34)	[15, 20, 25]
		Exemestane	3rd	3.72 (3.09, 4.35)	[15, 16]
		Monochemotherapy (Docetaxel)	3rd/4th/5th 4.20 (3.36, 5.04)	[26]
		Monochemotherapy (Capecitabine)	3rd/4th/5th 3.10 (2.48, 3.72)	[27]
		Polychemotherapy (Epirubicin ? Cyclophoshamide) 3rd/4th/5th 3.50 (2.48, 3.72)	Expert panel
		Polychemotherapy (Docetaxel ? Capecitabine)	3rd/4th/5th 3.50 (2.48, 3.72)	Expert panel
	TTP time to progression	Best supportive care/palliative care	5th/6th	2.31 (2.01, 2.61)	Expert panel

Table 2

 2 Utility values for different lines of treatment

	Treatment line	Utility value	
		Cohort A	Cohort B (without
		(with fulvestrant)	fulvestrant)
	1	0.89	0.89
	2	0.82	0.82
	3	0.63	0.53
	4	0.42	0.42
	5	0.36	NA
	BSC	0.13	0.13
	Death	0.00	0.00
	Source: expert panel		
	BSC best supportive care	

Table 3

 3 Drug costs for endocrine therapy

			Anastrozole Fulvestrant	Exemestane Letrozole	Tamoxifen	Megestrol acetate
	Days each unit prescribed		28	28	30	28	30	30
	Dosage		1 mg daily 250 mg every 4 weeks 25 mg daily 2.5 mg daily 20 mg daily 160 mg daily
	Treatment cost per prescribed unit	572.96	579.61	572.96	572.96	22.56	1,040.00
	(3 months, 100 tablets) (€)					
	Treatment cost per cycle (28 days) (€) 223.19	671.72	223.19	223.19	69.08	409.43
	Average cost for treating AE's	101.87	146.61	156.10	116.95	87.79	78.87
	associated with therapy (€)					
	Source: Rote Liste Ò [28]						
	Table 4 Drug costs for chemotherapy					
		Monochemotherapy	Monochemotherapy	Polychemotherapy		Polychemotherapy
		(Capecitabine)	(Docetaxel)	(Docetaxel ? Capecitabine)	(Epirubicin ? Cyclophosphamide)
	Days each unit prescribed 21		21	21		21
	Number of treatment cycles	5		5	5		5
	(chemo)						
	Dose	2,500 mg/m 2 ,	35 mg/m 2 , d1, q7d,	Capecitabine (2,000 mg/m 2 ),	Epirubicin (90 mg/m 2 ),
		d1-14, q21d	based on patient	d1-14, and Docetaxel	d1, and cyclophosphamide
		based on patient	surface area of	(75 mg/m 2 ), d1, q21d,	(600 mg/m 2 ), d1, q21d,
		surface area	1.75 m 2	based on patient surface	based on patient surface
		of 1.75 m 2		area of 1.75 m 2		area of 1.75 m 2
	Treatment cost per	623.30		924.25	2,173.70		956.46
	prescribed unit (€)						
	Treatment cost overall	7,395.82		9,333.37	15,959.20		10,016.99
	(chemo one-off) (€)						
	Average cost for treating	2,938.55		3,371.35	3,390.33		3,534.01
	AE's associated with						
	therapy (€)						
	Source: Rote Liste Ò [28]						

Table 5

 5 Synopsis of the cost factors used

	Resource	Unit cost
		per visit (€)
	GP visit	11
	GP home visit	16
	Specialist visit	32
	Nurse home visit	108
	Ultrasound scan	28
	Bone scan	73
	CT scan a	147
	Chest X-ray	27
	Blood sample b	33
	Other costs associated with chemotherapy	90
	Sources: expert panel and Einheitliche Bewertungsmaßstab [29]
	GP General practitioner	
	a Weighted average costs for CT head/neck/chest/abdomen/pelvis
	b Average cost including clinical biochemistry and haematology

Table 7

 7 Sensitivity analysis (one-way) showing impact of varying each parameter on relative utility and costs (positive numbers indicate advantage for Cohort A relative to Cohort B)

	Parameter varied	Value in base case	Variation considered for	Utility gained	Cost savings
			sensitivity analysis	(QALYs per	per patient (€) a
				1,000 patients)	
	None (base-case)	NA	None	21	564
	Chemotherapy	Polychemotherapy	Monochemotherapy followed by	17	510
	positioning	followed by	polychemotherapy		
		monochemotherapy			
		Capecitabine as a	Docetaxel as a monochemotherapy	16	702
		monochemotherapy			
	Chemotherapy regimen	Eprubicin plus	Docetaxel plus capecitabine	14	1,369
		cyclophosphamide			
		One polychemotherapy	Two polychemotherapies	16	1,284
		and one			
		monochemotherapy			
		One polychemotherapy	Two monochemotherapies	12	447
		and one			
		monochemotherapy			
	Discount rate	Costs 3% and benefits 3%	Costs 0% and benefits 0%	29	513
			Costs 6% and benefits 6%	5	544
	Analysis time frame	10 years	5 years	29	529
			Life-time	37	467
	Utility values	Expert assessment	Belgian clinical study [19]	15	564
			UK clinical study [32]	30	564
	Proportion of patients	See text	-20% of the base-case values	15	454
	dying at each treatment line		?20% of the base-case values	20	609
	Proportion skipping		No skipping	59	1,444
	treatment		-50% of the base-case values	21	715
			?50% of the base-case values	12	425
	Costs of resource use	See Tables 3, 4, 5, 6	-50% of the base-case values	12	205
			?50% of the base-case values	12	1,342
			Costs for resource use associated with	12	550
			disease progression is excluded and		
			assumed to be the same as in		
			treatment specific costs		
	a Incremental costs (€) per QALY gained between treatment sequence with fulvestrant and sequence without fulvestrant	
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