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A B S T R A C T

The addition of bevacizumab to weekly paclitaxel as primary chemotherapy for HER-2 neg-

ative metastatic breast cancer (MBC) prolongs progression-free survival without a substan-

tial increase of toxicity.

A Markov cohort simulation was used to follow the clinical course of typical patients with

MBC. Information on response rates and major adverse effects was derived, and transition

probabilities were estimated, based on the results of the E2100 clinical trial. Direct costs

were assessed from the perspective of the Swiss health system.

The addition of bevacizumab to weekly paclitaxel is estimated to cost an additional

40,369€ and to yield a gain of 0.22 quality-adjusted life years (QALYs), resulting in an incre-

mental cost-effectiveness ratio of 189,427 €/QALY gained. Probabilistic sensitivity analysis

showed that the willingness-to-pay threshold of 60,000€ was never reached.

The addition of bevacizumab to paclitaxel in MBC patients is expensive given the clinical

benefit in terms of QALYs gained.

� 2009 Elsevier Ltd. All rights reserved.
1. Introduction

Antibody-based targeted therapies have brought forward the

approach to breast cancer treatment. Trastuzumab, a human-

ised monoclonal antibody that targets HER-2, has become the

standard for HER-2 over-expressing early and metastatic

breast cancer and prolongs both progression-free survival

and overall survival.1 Recently, bevacizumab, a humanised

monoclonal antibody targeting vascular endothelial growth

factor (VEGF), has been approved in combination with chemo-

therapy for metastatic breast cancer not expressing HER-2.

VEGF, the ligand to the VEGF receptor, plays a central role in
er Ltd. All rights reserved
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promoting tumour angiogenesis.2 Similarly to HER-2, over-

expression of VEGF leads to poor outcomes in patients with

breast cancer. Preclinical studies have shown that bev-

acizumab can reduce tumour angiogenesis, and inhibit the

growth of breast cancer, either alone or in combination with

chemotherapy. Table 1 provides an overview of the random-

ised phase III trials studying bevacizumab in this indication.

In a randomised phase III trial conducted in pre-treated

breast cancer patients, the addition of bevacizumab to cape-

citabine resulted in a significant increase in response rates

(19.8% versus 9.1%) and was well tolerated.3 However, this

did not translate into improved progression-free survival
.
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Table 1 – Summary of published randomized controlled trials of bevacizumab in metastatic breast cancer.

Trial Miller (20053) Miller (20074) Miles (20085)

Number of patients 462 722 736

Experimental arm Bevacizumab 15 mg/kg

q3w + capecitabine

2500 mg/m2/d · 1–

14 q3w

Bevacizumab 10 mg/kg

d 1.15 q4w + paclitaxel

90 mg/m2 1815 q4w

Bevacizumab 7.5 mg/kg +

docetaxel 100 mg/m2 q3w

Bevacizumab 15 mg/kg +

docetaxel 100 mg/m2 q3w

Control arm Capecitabine 2500 mg/

m2/d · 1–14 q3w

Paclitaxel 90 mg/m2

1815 q4w

Docetaxel 100 mg/m2 q3w Docetaxel 100 mg/m2 q3w

Median progression-

free survival, month

4.86 versus 4.17 11.8 versus 5.9 8.7 versus 8.0 8.8 versus 8.0

Hazard ratio 0.98 0.6 0.69 0.61

P-value 0.857 <0.001 0.0035 0.0001

Median overall

survival, month

15.1 versus 14.5 26.7 versus 25.2 Not reported Not reported

Hazard ratio 0.88

P-value ns 0.16
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(4.86 months versus 4.17 months) or overall survival (15.1

months versus 14.5 months).

More encouraging results came from the E2100 random-

ised phase III trial examining bevacizumab in addition to pac-

litaxel weekly as primary therapy for metastatic breast

cancer.4 The addition of bevacizumab to paclitaxel alone sig-

nificantly prolonged progression-free survival (11.8 months

versus 5.9 months), although not overall survival (26.7

months versus 25.2 months) (Table 1). Furthermore, interim

data on a phase III trial studying bevacizumab in combination

with docetaxel were recently presented at a major confer-

ence.5 The reported hazard ratio for disease free survival in

the bevacizumab arm was encouraging; however, data for

overall survival are immature yet. Although further phase III

trials of bevacizumab for metastatic breast cancer are under-

way, market approval for the treatment of primary metastatic

breast cancer in combination with paclitaxel has already been

granted in many countries.

Cancer treatment costs have been increasing rapidly dur-

ing the past years and will continue to do so.6 Some expensive

cancer therapies with small clinical benefits have become ac-

cepted treatments.7 The introduction of novel and expensive

systemic therapies together with the increasing prevalence of

cancer in an ageing population requires allocating the avail-

able resources as efficiently as possible.

When the implications of cost-effectiveness and cost-util-

ity results for reimbursement decisions are discussed, refer-

ence to cost-effectiveness thresholds (derived from

comparison of different interventions or based on societal

willingness-to-pay) is usually made. However, neither Swit-

zerland nor other countries have formally defined such

thresholds. In analyses for the USA, threshold values of USD

50,000–100,000 per QALY gained are usually regarded as

acceptable.7–10 If differences in purchasing power are taken

into account, this range is roughly equivalent to CHF 50,000–

100,000 (€31,000–62,000) per QALY gained in Switzerland.11

This threshold corresponds to 0.9–1.8 times the Swiss gross

domestic product (GDP) per capita while the use of a factor

of 1.4–2.1 times the GDP per capita has been tentatively esti-

mated for the United Kingdom (UK).

The cost-effectiveness of bevacizumab in metastastic

breast cancer has not yet been examined. The objective of this
analysiswas to examine the cost-effectiveness of bevacizumab

for primary metastatic breast cancer from the perspective of

the Swiss health care system and to compare it with a

willingness-to-pay threshold of 60,000€ per QALY gained.
2. Materials and methods

We constructed a Markov model to assess the cost-effective-

ness of the addition of bevacizumab (Bev) to paclitaxel (Pac)

alone as primary chemotherapy for HER-2 negative meta-

static breast cancer (MBC), from the perspective of the Swiss

health system. The time horizon of the analysis was life-long.

Modelling of time from treatment start to disease progression

and time from disease progression to death was based on the

survival data from the E2100 clinical trial.4 Direct medical

costs (based on Swiss national tariffs) of chemotherapy treat-

ment, major adverse events, laboratory tests and disease pro-

gression were taken into account. Costs were assessed from

the perspective of the Swiss health system. Consequently,

indirect costs were not considered. Costs are reported in

2008 Euros (€). An exchange rate of 1€ = CHF 1.62 was used.

Utilities for health states were obtained from the literature.

Costs and benefits were not discounted given the short life

expectancy of this patient population.

The treatment strategies compared were equivalent to

those used in the E2100 study. Patients were included into this

trial if they had histologically or cytologically proven meta-

static breast cancer and had not received previous cytotoxic

therapy for metastatic disease. Previous hormonal treatment

for metastatic disease or adjuvant cytotoxic chemotherapy

and concurrent bisphosphonate administration were al-

lowed. Exclusion criteria were ECOG performance status P2

or central nervous system involvement.4 HER-2 positive met-

astatic breast cancer was not a formal exclusion criterion but

was hardly represented in this trial. Only 1.4% of patients in

the experimental arm and 0.9% in the control arm were

HER-2 positive. Further information on trial design, eligibility

criteria and results can be obtained from the original E2100

trial publication.4

The patients enrolled into this study were randomised to

receive 90 mg of Pac per square metre body-surface area
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(mg/m2 BSA) on days 1, 8 and 15 of a four-weekly cycle, either

alone or in combination with 10 mg of Bev per kg body weight

on cycle days 1 and 15. The Pac alone strategy represents an

accepted standard in the treatment of MBC.12 Patients re-

ceived the assigned therapy until disease progression or until

prohibitive toxic effects occurred. Patients in the Bev + Pac

arm without disease progression but who discontinued Pac

due to toxic effects could continue on Bev monotherapy. Pa-

tients in the Pac alone arm could not receive Bev at any time.

The primary outcome measure of this analysis was the

incremental cost-effectiveness ratio (ICER), expressed as cost

per quality-adjusted life year (QALY) gained, of adding Bev to

Pac alone treatment for metastatic breast cancer. In the pres-

ent case, the resulting ICERs were compared with a willing-

ness-to-pay threshold of 60,000 €/QALY.

Secondary outcome measures were ICERs for different age

groups. The effect of different Bev doses on the ICER was as-

sessed under the simplifying assumption of no change in

clinical effectiveness. This assumption is supported by the in-

terim data of a phase III trial showing a comparable disease

free survival in patients receiving 7.5 mg q2w or 15 mg q3w

of Bev per kg body weight.5

One-way sensitivity analyses and probabilistic sensitivity

analysis (Monte Carlo simulation) were performed to test

the robustness of the results.

2.1. Model structure

The structure of the Markov model is shown in Fig. 1. The

model comprised three mutually exclusive health states: sta-

ble/responsive disease, disease progression and death (see

Fig. 1). Cycle length was one month. At model entry, all the

patients were in the stable/responsive disease state. At the

end of each cycle, they could remain stable or develop disease

progression. Patients with progressive disease could remain

in this state or die. Transition probabilities were estimated

using the clinically observed median time in a given state,

using the formula13,14:

Transition probability ¼ 1� 0:5ð1=median time in stateÞ
Fig. 1 – Structure of
2.2. Model inputs

2.2.1. Clinical data
The effectiveness data used in the modelling were based on

the E2100 study.4 Median progression-free survival and over-

all survival were directly extracted from the main trial publi-

cation. Median time from progression to death and survival

data by age group were kindly provided by the authors (per-

sonal communication Kathy Miller, see Table 4). Data on the

frequency or number of patients with Pac dose reductions

were not available. We, therefore, assumed that patients with

Pac discontinuation did not restart on a lower dosage of Pac at

a later point in time, as in clinical practice, chemotherapy is

usually switched to another chemotherapeutic agent instead

of awaiting the resolution of neuropathy. Major adverse

events with statistically significant differences in frequency

of occurrence, such as hypertension, infections and cerebro-

vascular ischaemia, were accounted for in the model (see Ta-

ble 3).

2.2.2. Utilities
Preference-based utility scores for stable and progressive dis-

ease, derived from a Canadian population using the time

trade-off technique, were taken from the literature.15 For sta-

ble disease, the utility used was 0.61. As the limited quality of

life data from the E2100 trial showed no influence on quality

of life for the treatment combination of Pac + Bev, this utility

was applied for stable disease in both arms.4 The utility for

progressive disease was 0.26.

2.2.3. Medical resource use
Assessment of medical resource use was based on the E2100

trial and on a study of the resource use and cost for patients

with metastatic breast cancer conducted at the University

Hospital of Zurich.4,16 The types of medical resources

considered in the model were study medication (including

prescription, preparation and administration), concomitant

medication during chemotherapy, laboratory tests, medical

resources used due to disease progression, and medical re-

sources used due to major adverse events (Tables 2 and 3).
Markov model.



Table 2 – Medical resource use and cost data.

Type of resource Dosage or units
per 28 d

Units per
month

Vials required and cost
per-vial

Costd per
unit (€)

Cost per
month (€)

Bevacizumab,10 mg/kg body

weight

2 times 650 mga 2.17 3 vials à 100 mg 410.46€/

vial

1 vial à 400 mg 1404.91€/

vial

3.77€/mgc

2447.99 5303.92

Paclitaxel,90 mg/m2 body-

surface

3 times 154.8 mgb 3.25 2 vials à 30 mg 54.23€/vial

1 vial à 100 mg 154.91€/vial

1.65€/mgc

254.80 828.11

Chemotherapy prescription

and preparation

3 3.25 € 25.49 82.85

Chemotherapy administration 3 3.25 € 52.90 171.93

Antiemetics, steroids inclusive

of infusion

3 3.25 € 74.07 240.74

Nadir blood count 1 1.08 € 89.24 96.68

Total bevacizumab + paclitaxel

arm

6724.23 €

Total paclitaxel arm 1420.31 €

Treatment during progression16 1 1109.26 1109.26

a Assuming a bodyweight of 65 kg.

b Assuming a bodyweight of 65 kg and height of 1.64 m, resulting in a body-surface area of 1.72 m2.

c The central pharmacies of most swiss hospitals deliver the exact amount of paclitaxel and bevacizumab in mg per patient, i.e. no waste

occurs.

d Swiss national tariff list (tarmed),19 analysenliste,20 arzneimittelkompedium.18

Table 3 – Frequency and costs of adverse events.

Adverse eventsa Patient incidence in
Bev + Pav arm4 (%)

Patient incidence
in Pac arm4 (%)

Cost Further assumptions on occurrence

Hypertension 14.80 0 39.44€/month18 From second cycle on

Infection 9.30 2.90 61.73€/occurrence18 Once per time in stable/responsive disease

Cerebrovascular

ischaemia

1.90 0 56370.00€/occurrence28 Once per time in stable/responsive disease

a Adverse events which showed statistically significant differences between the treatment arms of the E2100 trial.4
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Treatment of adverse events was only considered for side-ef-

fects which showed statistically significant differences in

occurrence between the treatment arms of the E2100 trial.

Calculation of Bev and Pac dosages assumed a typical patient
Table 4 – Median progression-free survival, overall survival an
published E2100 study results.4

Treatment arm

Overall survival, months Paclitaxel Bas

Stu

Paclitaxel + bevaczumab Bas

Stu

Progression-free survival, months Paclitaxel Bas

Stu

Paclitaxel + bevacizumab Bas

Stu

Time treated in

progression-free/stable, month

Paclitaxel Bas

Stu

Paclitaxel + bevacizumab Bas

Stu
with a body weight of 65 kg and a height of 1.64 m, resulting

in a body-surface of 1.72 m2.17 The treatment schemes of

the E2100 study were based on a cycle length of 28 d. In order

to achieve a harmonisation with the cycle length of the
d treatment time: comparison of model outputs and

All Age 27–49 Age 50–64 Age 65–85

e case 25.22 24.80 25.20 25.61

dy E2100 25.2 24.8 25.2 25.6

e case 26.74 28.71 29.42 20.82

dy E2100 26.7 28.7 29.4 20.8

e case 5.92 5.51 6.74 7.91

dy E2100 5.9 5.5 6.7 7.9

e case 11.84 12.56 11.34 11.90

dy E2100 11.8 12.5 11.3 11.9

e case 5.12 4.76 5.82 6.84

dy E2100 5.1 Not available

e case 7.13 7.56 6.82 7.17

dy E2100 7.1 Not available
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model, we implemented an adjustment to ensure correct

assessment of resource use per month (resource use per

28 d * 30.33/28), assuming that the mean number of days per

month is 30.33.

In the E2100 study, the actual treatment times with Pac

and Pac + Bev were shorter than the observed progression-

free survival times. Treatment duration was therefore cor-

rected to fit the real data. For the Pac + Bev group the median

treatment time was 7.1 months (60.2% of time in stable dis-

ease), followed by Bev monotherapy for 3 months in 21% of

the patients. For the Pac group the median treatment time

was 5.1 months (86.4% of time in a stable disease).

2.2.4. Unit costs
Unit costs were taken from Swiss national drug price and tar-

iff lists.18–20 As most of the central pharmacies in the Swiss

hospitals treating breast cancer patients provide the exact

amount of drug required and as any leftovers are saved for la-

ter use, no waste occurs. Therefore, the cost of Bev and Pac

could be based on a simple multiplication of absolute dose

in mg and drug price in EUR/mg. The drug price per mg was

calculated as a weighted average of vial size-specific prices

per mg, based on the vials needed for a woman with a body

weight of 65 kg and a height of 1.64 m. The monthly costs of

treatment after disease progression were based on the total

resource use observed during the first 5 years of treatment

for patients with metastatic breast cancer, in the above-men-

tioned study at the University Hospital of Zurich.16 This single

centre experience is the best currently available Swiss source

on this topic, and the costs are comparable to data from other

health care systems.21,22

2.3. Sensitivity analysis

In order to assess the impact of statistical uncertainty around

key model inputs, we performed a series of univariate sensi-

tivity analyses and probabilistic sensitivity analysis. Scenario

analyses were used to assess the impact of additional

assumptions not primarily related to statistical uncertainty.

2.3.1. Univariate sensitivity analysis
In univariate sensitivity analysis, we varied the median sur-

vival times and utility parameters, the costs of the main treat-

ment strategies and of follow-up treatment, treatment

duration (which according to the E2100 study was shorter

than the time spent in a stable disease), and the proportion

of patients in the Pac + Bev strategy, who received Bev mono-

therapy after Pac was discontinued. The frequency of occur-

rence of the adverse effects of hypertension, infection and

cerebrovascular ischaemia was also varied. As no confidence

intervals were available for most of these parameters, their

base case values were varied by ±30%. Median time to pro-

gression and median time from progression to death, as key

input parameters, were varied by ±50%.

2.3.2. Probabilistic sensitivity analysis
Probabilistic sensitivity analysis (second-order Monte Carlo

simulation) was based on triangular distributions for all

parameters. The lower and upper values of these distribu-

tions corresponded to the ranges of variation used in a uni-
variate sensitivity analysis. The probabilistic analysis was

conducted in two ways. Initially, parameter values were

simultaneously sampled from all probability distributions.

Subsequently, the median times to progression and from pro-

gression to death for the Pac strategy were kept constant at

their base case values. The reason for this second analysis

was that the transition probabilities for the Pac + Bev arm

were modelled independently from the Pac alone arm, as rel-

ative risk estimates were not available. Therefore, indepen-

dently varying the transition probabilities for both arms

may have resulted in an overestimation of variability.

2.3.3. Additional scenarios
Sub-group analyses by age group were also performed after

estimating transition probabilities from the progression-free

and overall survival data observed in the E2100 study, as de-

scribed above.

As the model’s clinical input parameters were derived

from the results of a single trial, uncertainty around the time

from progression to death, which was much shorter in the

Bev + Pac arm of the E2100 study than in the Pac alone arm,

may be an important issue. Therefore, an alternative analysis

assumed the time from progression to death to be the same in

both arms.

The per-vial costs of Bev were not subject to parameter

uncertainty, but as the body weight of patients differs, we per-

formed additional scenario analyses to assess the effect of

body weight on the ICER. Body weight was varied from 45 kg

to 85 kg. For simplicity, only body weight effects on the costs

of Bev were analysed.

Finally, the effect of reducing the Bev dosage was evalu-

ated under the simplifying assumption of no changes in clin-

ical effectiveness.

2.4. Model validation

The model was calibrated to match the original survival re-

sults of the E2100 study. Trackers for progression-free sur-

vival, overall survival and treatment time were included in

the model to check for the correct reproduction of the original

data. In addition, all model outputs were reviewed for plausi-

bility and key input parameters were subjected to extreme

variation to check if the model outputs behaved as expected.

2.5. Technical implementation

The model was implemented and all Markov cohort and

Monte Carlo analyses were performed using TreeAge Pro

2008 Suite� (TreeAge Software Inc., Williamstown, MA,

USA). Further analyses were performed using SAS 9.1� (SAS

Institute Inc., Cary, NC, USA). Probabilistic sensitivity analyses

were based on five thousand sets of randomly drawn input

parameters.

3. Results

3.1. Model validation

After calibration, the model outputs matched the original

clinical data of the E2100 study, as shown in Table 4.



Fig. 2 – Tornado plot of the one-way sensitivity analysis for all parameters.
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3.2. Base case analysis

In the base case analysis, the model indicated that the addi-

tion of Bev to Pac alone treatment would lead to a gain of

0.21 QALYs per patient at an additional cost of € 40,369. The

incremental cost-effectiveness ratio (ICER) for Pac + Bev ver-

sus Pac alone was € 189,427 per QALY gained.

3.3. Sensitivity analysis

Varying time to progression in the Pac + Bev arm led to dom-

ination of the Pac + Bev strategy (incremental costs >0, incre-
Table 5 – Base case model analysis, all ages.

Strategy Costs € Progression-free, month

Pac 28,673 5.92

Pac + Bev 69,042 11.84

Incremental 40,369 5.92

Table 6 – Sub-group analysis according to age groups.

Treatment Age 27

Costs € Pac 28,1

Pac + Bev 73,3

Incremental 45,1

Effect QALY Pac 0.6

Pac + Bev 0.9

Incremental 0.3

ICER €/QALY 152,8
mental effect <0) when the lowest parameter values were

used. For the longest time from stable to progression (17.7

months), however, an ICER of 11,502€ was achieved, which

is below the WTP if 60,000€. The other univariate sensitivity

analysis results are summarised in a Tornado diagram

(Fig. 1). Variation of time to progression and time from pro-

gression to death in the Pac alone arm had the second-biggest

influence overall, while variation of the percentage of patients

with diverse adverse events and of the costs for the Pac stan-

dard treatment had only marginal impact. Except for varying

the time from stable to progression in the Pac + Bev arm, none

of the other performed analyses resulted in an ICER below the
Overall survival, month QALYs ICER €/QALY

25.22 0.69

26.74 0.90

1.52 0.21 189,427

–49 Age 50–64 Age 65–85

61 28,752 29,344

26 70,539 62,605

65 41,788 33,262

7 0.71 0.76

6 0.94 0.78

0 0.23 0.03

94 184,823 1,226,615



Fig. 3 – Probabilistic sensitivity analysis without and with fixing time in stable and progressive disease for the Pac arm.
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WTP threshold of 60,000 €/QALY. Probabilistic sensitivity anal-

ysis with and without fixing median time to progression and
median time from progression to death in the Pac arm, for all

ages combined and for three separate age groups, always re-



Fig. 4 – Effect of reducing Bev dosage on the ICER for women with different body weights.
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sulted in 0% of the cases meeting the 60,000 €/QUALY willing-

ness-to-pay threshold (Fig. 2). Fixing the median times to

event for the Pac arm resulted in a narrowing of the range

of ICERs seen (see Table 5).

3.4. Additional scenarios

3.4.1. Sub-group analysis
The results for different age groups are shown in Table 6.

Although younger patients incurred the highest costs they

also showed the greatest difference in effect (QALYs gained),

resulting in an improved ICER (152,894 €/QALY). The highest

age group showed a very high ICER (1,226,615 €/QALY) due to

a minimal gain in QALYs.

3.4.2. Assumption of no difference in time from progression to
death
The alternative model assuming the same time from progres-

sion to death in both arms decreased the base case ICER (all

ages) to 150,369 €/QALY (incremental effect, 0.30 QALYs; incre-

mental cost, € 45,274), with 0% of the cases in the probabilistic

sensitivity analysis meeting the willingness-to-pay threshold.

3.4.3. Effect of body weight and dosage
Body weight and thereby the amount of Bev given per admin-

istration resulted in ICER value ranging from 130,001 €/QALY

for women with a weight of 45 kg to 248,853 €/QALY for wo-

men with a weight of 85 kg. Reducing dosages to 7.5, 5 and

2.5 mg/kg body weight had a strong influence on the ICER as

shown in Fig. 4. Very low dosages may result in ICER values

below the WTP threshold of 60,000 €/QALY.

4. Discussion

The addition of Bev to Pac alone as primary treatment of HER-

2 negative metastatic breast cancer, based on the E2100 trial,

results in a gain of 0.21 QALYs or 2.5 quality-adjusted life
months according to our model. This survival advantage is

associated with monthly additional costs of approximately

€5000 for Bev compared to the cost of Pac alone. Given the

favourable side-effect profile of Bev, costs for treatment of

side-effects are negligible in the combination treatment

(Fig. 2). Overall, however, the resulting ICER of 189,500 € per

QALY gained is high and above the commonly accepted

thresholds for new health care interventions. The ICER is

higher than that of trastuzumab treatment for metastatic

breast cancer 63,137 € to 162,417 € reported by Norum

et al.23 Trastuzumab has been introduced into the routine

clinical practice in developed countries despite the high costs.

Cost-effectiveness analyses on Bev in breast cancer have not

yet been published, but for the treatment of advanced non-

small cell lung cancer Grusenmeyer and Gralla have con-

cluded that combination treatment with Bev is not cost-effec-

tive given the cost-effectiveness of 350,000 USD per life year

gained.24

In the probabilistic sensitivity analysis, the willingness-to-

pay threshold of 60,000 € was never met (Fig. 3). The most

influential parameters in univariate sensitivity analysis were

the clinical end-points in terms of progression-free survival

and post progression survival. In the E2100 trial, patients in

the Bev arm were significantly longer progression-free than

those in the Pac alone arm. Survival post progression, how-

ever, was unexpectedly poorer in the combination arm so that

the overall survival remained equal in both arms. So far no

convincing explanation is available for this fact, except that

Bev pre-treated patients may respond less to second-line pal-

liative chemotherapy. An effect of different second-line ther-

apies or a crossover effect, where patients in the control arm

would have received Bev as second-line chemotherapy, can-

not be excluded. However, according to the E2100 trial publi-

cation, patients assigned to Pac monotherapy could not

receive Bev at any time.4 Furthermore, during the time of

the E2100 trial, Bev use was not approved for metastatic

breast cancer. In sensitivity analysis, we neutralised the find-



E U R O P E A N J O U R N A L O F C A N C E R 4 5 ( 2 0 0 9 ) 1 3 9 7 – 1 4 0 6 1405
ing of a poorer post progression survival, by assuming equal

post progression survival for both arms (Fig. 3), and this still

resulted in a cost-utility ratio above €60,000 per QALY gained.

Younger patients showed a non-significant trend towards

a better response to Bev treatment than older patients. On

the basis of the age group-specific results of the E2100 study,

the ICER improved for patients <50 years to 153,000 € per

QALY but rose to 1,200,000 € per QALY in patients >65 years.

From a clinical point of view, the underlying difference in re-

sponse to Bev is not understood. Further research may eluci-

date if age or menopausal status are predictive of response to

Bev treatment which would be of clinical as well as phar-

maco-economic interest.

In the E2100 trial, Bev was administered at a dosage of

10 mg per kg of body weight q2w. Bev in combination with

capecitabine for pre-treated metastatic breast cancer patients

was administered at a dosage of 15 mg per kg of body weight

q3w and in the ongoing trial studying Bev in combination

with docetaxel, there is an arm with 7.5 mg and another with

15 mg per kg body weight q3w. In both arms there were no

significant differences in disease free survival in interim anal-

ysis (Table 1). In contrast, in a phase II trial of Bev for meta-

static colorectal cancer the low-dose regimen 5 mg/kg q2w

seemed to be to be more efficient than the high-dose 10 mg/

kg q2w.25 In general, the optimal Bev dosage is still not clear

for different cancer types as well as for breast cancer.26,27

Therefore, we also examined how different Bev drug dosages

influenced the ICER. Assuming equal efficacy we found that a

dosage of around 3 mg per kg q2w might be cost-effective.

There are some limitations that need to be addressed

regarding the present study. First of all the study is based on

the efficacy and safety data of one single randomised trial

and such results usually differ from what is seen in routine

clinical practice. Further phase III trials with bevacizumab

in breast cancer are underway studying other combination

treatments (e.g. docetaxel and anthracyclines) but could not

be included in this study as efficacy data are still immature.

However, the interim results do not show any hints that

assumptions and results of this study would go in a wrong

direction. The quality of life data available from the E2100

trial were affected by missing values and the finding of no

quality of life differences between the study arms, for pa-

tients in stable disease, may be of limited validity. Some input

data (e.g. quality of life and costs) had to be extracted from

the available literature or had to be based on assumptions,

an approach that is very common in cost-effectiveness anal-

yses but leads to limitations that must be understood. The

sensitivity analyses performed aimed at quantifying the po-

tential impact of these limitations and the resulting degree

of variation did not affect the main conclusion.

In conclusion, the present study based on the E2100 trial

and examining Bev in combination with Pac for primary treat-

ment of metastatic breast cancer shows that this regimen is

expensive if compared with common willingness-to-pay

thresholds. However, this analysis is based on a single ran-

domised trial with a limited amount of available detail. There-

fore further pharmaco-economic studies are needed to fully

assess the cost-effectiveness of Bev for metastatic breast can-

cer. If clinical trials can show that the administration of lower

dosages of Bev results in equal efficacy, more cost-effective
treatment strategies including Bev may emerge. Restriction

of Bev use to patient subgroups with an above-average benefit

(e.g. those <50 years) may also improve the cost-effectiveness

of Bev in combination with Pac.
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