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ABSTRACT
In the ASTER study, mediastinal staging was more
accurate for patients randomised to combined
endobronchial and endoscopic ultrasound, followed by
surgical staging if endoscopy was negative, versus
surgical staging alone. Here, we report survival, quality
of life and cost effectiveness up to 6 months, for the UK,
The Netherlands and Belgium, separately. Survival in the
two arms of the study was similar. In all three countries,
the endosonography strategy had slightly higher quality-
adjusted life years over 6 months, and was cheaper.
Therefore, based on clinical accuracy and cost
effectiveness, we conclude that mediastinal staging
should commence with endosonography.

INTRODUCTION
Historically, mediastinal staging for lung cancer
used cervical mediastinoscopy. We previously
reported a multicentre, randomised, controlled
study, comparing surgical mediastinal staging with
combined endobronchial (EBUS) and endoscopic
(EUS) ultrasonography—the ASTER study.1 Among
patients with (suspected) non-small cell lung cancer
(NSCLC), a staging strategy combining endosono-
graphy and surgical staging (if endosonography was
negative), compared with surgical staging alone,
resulted in greater sensitivity for detection of medi-
astinal nodal disease. UK-specific cost-effectiveness
results showed that the endosonography strategy
was cheaper and patients had better quality of life
during staging.2 However, a multinational trial
permits assessment of consistency of results across
three European countries. Here, we report survival,
quality of life, and resource use during the trial,
together with trial-based, country-specific, cost-
effectiveness analyses.

METHODS
ASTER was a prospective, randomised, controlled
trial carried out at Ghent and Leuven University
Hospitals, Belgium; Leiden University Medical
Centre, The Netherlands, and Papworth Hospital,
UK. Patients with (suspected) NSCLC requiring
mediastinal staging based on CT and PET-CT were
randomised to surgical staging alone or to com-
bined endoscopic and endobronchial ultrasound
followed by surgical staging (if no nodal disease on
endosonography). The primary endpoint was diag-
nostic accuracy of each strategy for mediastinal
staging. Secondary outcomes were rates of

unnecessary thoracotomies and complications, The
health economic study compared survival, quality
of life, and cost effectiveness of the two diagnostic
strategies over 6 months after randomisation.

Quality of life
Quality of life was measured using local language
EuroQoL EQ-5D at baseline, end of staging (before
thoracotomy) and at 2 and 6 months after random-
isation for all UK patients, and for patients
recruited after April 2008 in the Dutch and Belgian
centres.3 EQ-5D responses were transformed to
utility values for each patient and quality-adjusted
life years (QALYs) were calculated as the standard
area under the utility curve method up to 6 months
after randomisation.

Cost-effectiveness analysis
Costs were estimated from a healthcare payer view-
point using resources from all patients in the study
(see online supplement). An NHS and personal
social services perspective was adopted for the UK,
and a health service provider and patient copay-
ment perspective in The Netherlands and Belgium.
Resource use data for EBUS/EUS, surgical staging,
thoracotomy, surgery other than planned thoracot-
omy, chemotherapy, radiotherapy, hospital and
hospice stays was collected prospectively after April
2008, and retrospectively from medical records for
patients recruited before April 2008. These were
multiplied by unit costs to estimate the total direct
healthcare costs per patient. Costing methods
depended on nationally available cost data and locally
recommended guidelines for costing from health tech-
nology assessments (see online supplement).

Statistical and economic analysis
Survival analysis included Kaplan–Meier and log
rank methods. Mean utilities were estimated from
multivariate linear models including baseline meas-
urement, country and treatment as independent
variables. The proportion of patients who had each
component of resource use was compared using the
Pearson’s χ2 test. Bayesian parametric modelling
was used to estimate expected costs and QALYs
over 6 months from randomisation under each
diagnostic strategy. This included information from
patients with partially observed resource usage and
QALY data, as well as patients with complete data.
Technical details of the models have been published
previously.2
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RESULTS
Two hundred and forty-one patients were randomised, 118
(49%) to surgical staging and 123 (51%) to endosonography.
Eighty-one were recruited in The Netherlands, 132 in Belgium
(88 Ghent; 44 Leuven) and 28 from the UK. Mean age was
64.5 years (SD 8.9).

Clinical results
Full clinical results have been published previously.1 Briefly, sen-
sitivity for detecting mediastinal nodal metastases was 79%
(41/52, 95% CI 66 to 88) for surgical staging alone and 94%
(62/66, 95% CI 85 to 98) in the endosonography arm
(p=0.02). Corresponding negative predictive values were 86%
(95% CI 76 to 92) and 93% (95% CI 84 to 97), respectively
(p=0.26). There were 21/118 (18%) unnecessary thoracotomies
in the surgical staging arm compared with 9/123 (7%) in the
endosonography arm (p=0.02). The complication rate was 7/
118 (6%) in the surgical arm versus 6/123 (5%) in the endoso-
nography arm (p=0.78).

Survival
There were 20 deaths within 6 months of randomisation, 9 in
the endosonography group; 11 in the surgical staging group
(log rank test p=0.57).

EuroQoL EQ-5D
Of the 241 patients, 144 (60%) completed baseline EQ-5D
questionnaires. At the end of staging, at 2 months and
6 months, 139 (97%), 132 (92%) and 124 (86%) patients com-
pleted the questionnaires. Throughout the 6-month period,
endosonography and surgical staging arms had very similar
EQ-5D utilities with mean differences lying close to zero, and
CIs crossing zero. In the Netherlands and the UK, there was
little difference between the groups at any time point, while in
Belgium the endosonography strategy resulted in slightly higher
utility during staging and slightly lower utility during follow-up.
When these utilities are combined with survival, the overall
mean (95% CI) increase in quality-adjusted survival due to
endosonography staging for the three countries was very similar,
being 0.014 QALYs (−0.018 to 0.046) in The Netherlands,
0.016 (−0.020 to 0.054) in Belgium, and 0.016 (−0.021 to
0.056) in the UK. This resulted in an overall increase in QALYS
for endosonography compared with surgical staging alone of
0.015 QALYs (−0.023 to 0.052) over 6 months.

Resource use
Staging procedures and thoracotomy were the main drivers of
cost. All bar one (surgical arm) patient received the assigned
staging strategy. Median length of stay after thoracotomy was
longer in Belgium and shorter in The Netherlands (p=0.001)
than in the UK. There was variation between countries in the
proportion of patients who had additional treatment; Belgian
patients were more likely to have chemotherapy in the first
2 months (p=0.054) and Dutch patients less likely to have
chemotherapy after 2 months (p=0.0097). Compared with
Belgian and UK patients, Dutch patients were less likely to be
admitted to hospital in the first 2 months (p=0.0014) and after
the first 2 months (p=0.04). However, these therapies had less
influence on the overall costs and their average costs were
similar between diagnostic strategy groups.

Although there were differences in the cost of resource use in
the three countries, there were some consistent patterns. All
countries estimated a lower cost due to surgical staging and

thoracotomy in the endosonography arm and the sum of these
savings outweighed the additional costs of endosonography. The
cost of chemotherapy was greater in the endosonography arm in
the first 2 months, but greater in the surgical arm after
2 months. In general, the reverse was true for radiotherapy and
hospital admissions, which cost more for the surgery arm in the
first 2 months and more for the endosonography group after
2 months.

Cost effectiveness
The cost effectiveness acceptability curve (figure 1) shows the
probability that the endosonography strategy is cost effective (ie,
represents value in terms of delivering health outcomes, given
the cost) against the amount a decision maker is prepared to pay
for one additional QALY (the cost-effectiveness threshold). Total
costs over the 6 months for each country, and the mean differ-
ence in costs between the two arms are shown in the online sup-
plement. All three countries reported a mean cost saving for the
endosonography strategy, which was greatest in the UK.

DISCUSSION
We examined intercountry cost effectiveness of mediastinal
staging strategies within the ASTER trial.1 In all three countries,
the endosonography strategy had lower mean cost and greater
mean QALYs. Despite differences in patient management,
resource use and unit costs, the mean difference in 6-month
costs for all three countries was lower using the endosonogra-
phy strategy. The cost effectiveness acceptability curve (figure 1)
shows that, if a decision maker is not prepared to pay any add-
itional euros, then the probability that the endosonography
strategy is cost effective compared with surgical staging varies
from 55% in The Netherlands to 82% in the UK. Thus, it is
likely that endosonography delivers greater health outcomes at
lower or equal cost, or alternatively, cost savings with equal
health outcomes.

Few studies have examined cost effectiveness of mediastinal
staging. Work using retrospective data and economic models
have made multiple assumptions to compare alternative strat-
egies.4 The 2011 National Institute of Health and Care

Figure 1 Cost effectiveness acceptability curve under base-case full
Bayesian model: costs compared between three countries.
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Excellence guideline for lung cancer diagnosis and treatment
includes an economic model for a number of potential diagnos-
tic pathways but was limited by the lack of empirical evidence
and was largely based on expert judgement.5

Limitations
Although our results come from a rigorously conducted study,
the small sample size within each country combined with vari-
ation in management of individual patients, means cost effect-
iveness was measured imprecisely. Consistency of cost estimates
and QALY differences in the three countries is reassuring but
confirmatory studies of cost effectiveness in larger cohorts are
required. The later start of the cost-effectiveness component of
the study resulted in some missing EQ-5D questionnaires and
some resource use components. Although we used modern,
sophisticated, statistical methods in an attempt to minimise any
bias this may have introduced, we cannot be sure that this was
completely eradicated.

CONCLUSIONS
A strategy of endosonography-lead mediastinal staging appears
cost effective compared with surgical staging alone. Despite dif-
ferences in patient management and costing between countries,
the endosonography strategy was cheaper and had slightly
higher mean QALY in all three countries.
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