
Vol.:(0123456789)

Applied Health Economics and Health Policy 
https://doi.org/10.1007/s40258-022-00745-w

ORIGINAL RESEARCH ARTICLE

Cost‑Utility Analysis of Major System Change in Specialist Cancer 
Surgery in London, England, Using Linked Patient‑Level Electronic 
Health Records and Difference‑in‑Differences Analysis

Caroline S. Clarke1  · Mariya Melnychuk2  · Angus I. G. Ramsay2  · Cecilia Vindrola‑Padros3  · Claire Levermore4 · 
Ravi Barod5 · Axel Bex6  · John Hines7,8,9  · Muntzer M. Mughal10  · Kathy Pritchard‑Jones11,12  · 
Maxine Tran13,14  · David C. Shackley15,16  · Stephen Morris17  · Naomi J. Fulop18  · Rachael M. Hunter19 

Accepted: 28 June 2022 
© The Author(s) 2022

Abstract
Background Studies have shown that centralising surgical treatment for some cancers can improve patient outcomes, but 
there is limited evidence of the impact on costs or health-related quality of life.
Objectives We report the results of a cost-utility analysis of the RESPECT-21 study using difference-in-differences, which 
investigated the reconfiguration of specialist surgery services for four cancers in an area of London, compared to the Rest 
of England (ROE).
Methods Electronic health records data were obtained from the National Cancer Registration and Analysis Service for 
patients diagnosed with one of the four cancers of interest between 2012 and 2017. The analysis for each tumour type used 
a short-term decision tree followed by a 10-year Markov model with 6-monthly cycles. Costs were calculated by applying 
National Health Service (NHS) Reference Costs to patient-level hospital resource use and supplemented with published data. 
Cancer-specific preference-based health-related quality-of-life values were obtained from the literature to calculate quality-
adjusted life-years (QALYs). Total costs and QALYs were calculated before and after the reconfiguration, in the London 
Cancer (LC) area and in ROE, and probabilistic sensitivity analysis was performed to illustrate the uncertainty in the results.
Results At a threshold of £30,000/QALY gained, LC reconfiguration of prostate cancer surgery services had a 79% prob-
ability of having been cost-effective compared to non-reconfigured services using difference-in-differences. The oesophago-
gastric, bladder and renal reconfigurations had probabilities of 62%, 49% and 12%, respectively, of being cost-effective at 
the same threshold. Costs and QALYs per surgical patient increased over time for all cancers across both regions to varying 
degrees. Bladder cancer surgery had the smallest patient numbers and changes in costs, and QALYs were not significant. 
The largest improvement in outcomes was in renal cancer surgery in ROE, making the relative renal improvements in LC 
appear modest, and the probability of the LC reconfiguration having been cost-effective low.
Conclusions Prostate cancer reconfigurations had the highest probability of being cost-effective. It is not clear, however, 
whether the prostate results can be considered in isolation, given the reconfigurations occurred simultaneously with other 
system changes, and healthcare delivery in the NHS is highly networked and collaborative. Routine collection of quality-of-
life measures such as the EQ-5D-5L would have improved the analysis.
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Key Points for Decision Makers 

This analysis suggested that the London Cancer region 
changes in specialist cancer surgery services were most 
cost-effective in prostate cancer, followed by oesophago-
gastric and bladder cancer, and the changes in specialist 
renal cancer surgery were not cost-effective.

The individual cancer pathways were, however, not 
reconfigured in isolation, and delivery of National Health 
Service (NHS) healthcare services is a highly networked 
and collaborative activity. The results of the four analy-
ses should therefore be considered together as a group 
and not separately.

Comprehensive routine collection of patient-level health-
related quality-of-life information (EQ-5D-5L) would 
improve this type of observational analysis.

1 Introduction

1.1  Background

Major system change in a healthcare context involves ser-
vice reconfiguration or reorganisation at a regional level [1]. 
Service centralisations, leading to higher patient volumes at 
fewer sites, have improved outcomes for some cancers, for 
example, by reducing mortality and length of stay (LOS) in 
hospital [2, 3]. Improvements following centralisations are 
thought to be driven through improved quality of care and 
better trained staff arising from increased volumes [4–7]. 
Reconfiguration could also lead to cost reductions as well as 
clinical improvements [4, 8], for example, via economies of 
scale, where the newly centralised services deliver improved 
care at similar or reduced cost [9, 10]. If the cost of imple-
menting the new system is not greater than any longer-term 
savings, and outcomes are the same or better, then the cen-
tralised model should be more cost-effective than the previ-
ous system [11, 12]. Economic evaluations of major system 
change though are challenging and therefore not commonly 
conducted [8, 13–15].

The ‘Reorganising specialist cancer surgery for 
the twenty-first century: a mixed methods evaluation’ 
(RESPECT-21) programme examined processes and impacts 
of service delivery changes taking place in specialist surgery 
services for prostate, bladder, renal and oesophago-gastric 
(OG) cancers in parts of London and Greater Manchester 
(GM), and considered how lessons learned could apply in 
future centralisations [16]. These cancers were selected as 

they were being centralised in both the London Cancer (LC) 
region and in GM, potentially permitting analysis of changes 
in different contexts. The planned reconfigurations were 
anticipated to affect process variables (e.g. waiting times) 
and clinical variables (e.g. improving surgeons’ and associ-
ated surgical and wider teams’ skills through specialisation), 
and in turn to improve patient outcomes (mortality, hospi-
tal LOS and rate of readmissions) [16]. Between 2012 and 
2016, an integrated network of cancer providers in North 
Central London, North East London and West Essex (ini-
tially known as ‘London Cancer’, population 3.2 million) 
worked to centralise specialist surgery services for eight can-
cer pathways across urology, head and neck, brain, OG and 
haematological cancer services [18]. Cardiovascular service 
delivery was also reconfigured around this time [19]. Delays 
in implementing the GM reconfigurations meant the health 
economics and other quantitative work covered only LC [16, 
17, 20, 21].

This paper reports the results of an economic evaluation 
of the reorganisation of specialist prostate, bladder, renal and 
OG cancer surgery services in the LC region, compared to 
non-reconfigured services. We conducted a difference-in-
differences analysis of observational patient-level electronic 
health records, to calculate mean adjusted and discounted 
per-patient costs and outcomes over a 10-year time horizon 
for patients receiving surgery. We report the net monetary 
benefit (NMB) of the LC reconfiguration and the Rest of 
England excluding Greater Manchester (ROE) for each 
cancer, and their incremental costs and incremental quality-
adjusted life-years (QALYs).

2  Methods

2.1  Outline and Cohorts

This analysis used routine data from the National Cancer 
Registration and Analysis Service (NCRAS), which covers 
all cancer patients in England [22]. We included those diag-
nosed with one of the four cancers of interest between 2012 
and 2017, who had had specialist surgery for the relevant 
cancer. We controlled for time trends using difference-in-
differences methodology and adjusted for possible con-
founding. This cost-effectiveness analysis (CEA) mirrors 
the statistical analysis of clinical outcomes [17, 21].

We note that the main quantitative analysis [21] suggests 
that there were statistically significant reductions in LOS 
in prostate, bladder and renal cancers after the reconfigura-
tions using the same structure of a difference-in-differences 
analysis, and increases in per-surgeon volumes of specialist 
surgeries, but that there was no evidence for changes in mor-
tality or readmissions, possibly due to the existing risk of 
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this being low, meaning that the sample sizes were too small 
to show a significant change in these less common outcomes.

The difference-in-differences analysis categorised 
patients according to when and where they received sur-
gery. ‘Before’ covered the time before reconfiguration had 
begun; ‘during’ began when some patients were starting to 
be treated under the new system; and ‘after’ began when 
all patients were expected to be receiving care under the 
new system (see Table 1). The during periods were omitted 
from the difference-in-differences analysis. The OG changes 
had no during period, as all changes took place on one day, 
1 January 2016. The geographical categories were LC and 
the ROE. The LC group included patients receiving sur-
gery at one of the 11 trusts within the LC network region as 
was (Barts and the Royal London; Barking, Queen’s, King 
George; Homerton; Royal Free London; North Middlesex; 
Princess Alexandra; University College London Hospitals; 
Whittington; Chase Farm and Barnet; Whipps Cross; and 
Newham). During the centralisations some trusts merged, 
and there were eight at the time of analysis. The LC recon-
figurations involved the following moves: OG, from three 
sites to two; prostate and bladder, from four sites to one; 
and renal, from nine sites to one. The ROE group included 
patients treated at other London trusts and elsewhere in Eng-
land, excluding those treated in private hospitals and those 
treated in GM, given the planned centralisations there. A 
more detailed description of how the reorganisations were 
carried out and what staffing, equipment and other changes 
were involved alongside their associated costs can be found 
in our earlier publication on the cost of implementing the 
change [20] and are also discussed in other RESPECT-21 
publications [17, 18, 23].

The CEA used decision analytic models for each of 
the four time/place scenarios (LC before, LC after, ROE 
before, ROE after) across the four cancers (prostate, blad-
der, renal, OG), calculating costs (National Health Ser-
vice [NHS] provider perspective) and outcomes (QALYs), 
summarised as the NMB for the reconfigured services in 
the LC area compared to non-reconfigured services using 

difference-in-differences, and presented as the probability 
of the reconfiguration having been cost-effective at a given 
threshold. Each model calculated costs and QALYs over a 
short-term decision tree, followed by a Markov model, for 
1000 hypothetical patients with the same initial disease sta-
tus and demographics as those in the linked patient-level 
dataset. This time horizon reflects the likely lifetime of the 
changes [20], and captured relevant costs and outcomes.

The adjustment variables were age on index operation 
date (in 10-year bands), sex, ethnicity (White, other, not 
known), Index of Multiple Deprivation (IMD) quintile, can-
cer tumour stage at diagnosis (T1, T2, T3, T4, TX, miss-
ing), combined Gleason grade for prostate cancer (low: less 
than 7; moderate: 7; high: more than 7; missing), tumour 
grade for the other three cancers (G1: well differentiated; 
G2: moderately differentiated; G3: poorly differentiated; 
GX: grade not appropriate or cannot be assessed; missing), 
Charlson Comorbidity Index (0, 1, 2, 3) and total number 
of cancers diagnosed (1, 2, 3+). All adjustment variables 
were included for all four cancers in the decision trees, 
and were assessed for inclusion in the survival models and 
retained if their removal worsened the fit. The analyses were 
performed using Stata v17 and Excel, in UCL’s Data Safe 
Haven walled garden environment, which is certified to an 
ISO27001 information security standard and conforms to 
NHS Digital's Information Governance Toolkit.

2.2  Dataset

Patients diagnosed with any of the four cancers between 
01/01/2012 and 31/12/2017 were identified in the NCRAS 
dataset, accessed via Public Health England’s Office for Data 
Release (ODR), using International Statistical Classifica-
tion of Diseases and Related Health Problems 10th revision 
(ICD-10) codes (see the Electronic Supplementary Material, 
Section 1). The Cancer Registry data contained information 
on patient, diagnosis and disease characteristics, and were 
linked by NCRAS at the patient level to hospital inpatient 
[24], outpatient and accident and emergency (A&E) data 

Table 1.  Boundary dates for the 
time periods used in the analysis 
based on the timelines of the 
reconfigurations

The four groups are ‘LC before’, ‘ROE before’, ‘LC after’ and ‘ROE after’. Patients whose surgery dates 
were in the ‘during’ period were excluded from the analysis. The OG reconfiguration had no ‘during’ 
period
LC London Cancer, OG oesophago-gastric, ROE Rest of England excluding Greater Manchester

Cancer Start and end dates of ‘before’ periods 
(‘LC before’; ‘ROE before’)

During Start and end dates of ‘after’ periods 
(‘LC after’; ‘ROE after’)

Beginning of data Start of ‘during’ Start of ‘after’ End of data

Prostate 1 January 2012 1 July 2015 Excluded 
from 
analysis

1 April 2016 31 December 2017
Bladder 1 January 2012 1 July 2015 1 April 2016 31 December 2017
Renal 1 January 2012 1 January 2015 1 April 2016 31 December 2017
OG 1 January 2012 n/a n/a 1 January 2016 31 December 2017
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from the Hospital Episode Statistics (HES) dataset of all 
hospital admissions in the English NHS, which contains 
information about patients’ operations and other proce-
dures. The dataset was further linked by NCRAS to Office 
for National Statistics (ONS) mortality data. This analysis 
used a subset of this dataset where people had specialist 
surgery for their cancer as defined using OPCS codes (see 
the Electronic Supplementary Material, Section 2).

2.3  Model Structure Outline

The design was similar to previous work on stroke centrali-
sations [25], modelling patient pathways using a short-term 
decision tree followed by a longer-term state transition 
Markov model (see Fig. 1). The prostate decision model 
comprised a 90-day decision tree, and the renal, bladder and 
OG models comprised 30-day decision trees, all followed by 
10-year Markov models with 6-monthly cycles. Differences 
in decision tree durations reflected differences in prognoses 
and commonly used outcome metrics. Patients entered the 
decision tree on the surgery date, and were classified at the 
end of the decision tree into one of three states: ‘healthy’, 
‘not healthy’ or ‘dead’.

Patients were classified as ‘healthy’ in the prostate cancer 
model if their LOS for the index surgery was less than 3 days 
and they were not readmitted within 90 days with a primary 
diagnosis of prostate cancer. Prostate cancer patients who 
either had LOS longer than 3 days or were readmitted within 
90 days, or both, were ‘not healthy’ at 90 days, and those 
who had died by 90 days after surgery, from any cause, were 
classified as ‘dead’. Those alive at the end of the decision 
tree moved into a two-state Markov model (see Fig. 1).

In the bladder, renal and OG cancers, patients were 
‘healthy’ at the end of the 30-day decision tree if they were 
not readmitted to hospital with the primary diagnosis being 
the same cancer within 30 days, and were ‘not healthy’ if 
they were readmitted. Those who had died by 30 days after 
surgery, from any cause, were classified as ‘dead’ at the end 
of the decision tree. Patients alive at the end of the decision 
tree moved into a two-state Markov model (see Fig. 1).

In all cases, the routes of readmission were not consid-
ered; only the diagnosis code at readmission was used.

2.4  Costs

2.4.1  Treatment Event Costs (Hospital Episode Statistics 
Events)

Treatment event costs were calculated using inpatient, outpa-
tient and A&E attendances from HES. Inpatient costs were 
categorised by Secondary Uses Service (SUS) Healthcare 
Resource Group (HRG) (corresponding to ‘Currency Code’ 
in NHS Reference Costs) and Class (ordinary admission, 
day case admission, regular day or night attender), with a 
standard unit cost per bed-day calculated according to these 
types by dividing the full consultant episode (FCE) cost by 
reported average LOS in the Reference Costs. This conver-
sion of inpatient episode unit costs to an average unit cost per 
bed-day was performed in order to capture the cost impact 
of any LOS differences in the analysis. Outpatient unit costs 
were categorised by Treatment Specialty (corresponding to 
‘Service Code’ in NHS Reference Costs), using published 
average costs that had been weighted according to national 
proportions of consultant-led and non-consultant-led attend-
ances. A&E unit costs were categorised by A&E Department 
Type. Unit costs were applied as the latest available NHS 
Reference Costs from 2010/11 to 2017/18, adjusted to the 
2018/19 financial year using the new Health Services (HS) 
Index, using Consumer Price Index (CPI) (Health) and the 
previous hospital and community health services (HCHS) 
indices for part-adjustment of older prices [26, 27]. The ref-
erence costs for 2018/19 were not used as their reporting 
format changed between 2017/18 and 2018/19 so that bed-
day costs could no longer easily be calculated.

2.4.2  Cost of Implementation

The adjusted cost of designing, planning and implement-
ing the LC reconfigurations was approximately £7.2 mil-
lion in 2017–2018 prices, with significant investment in 
capital expenditure and staff time and effort, and a detailed 
description of our calculation is reported elsewhere [20]. 
To incorporate it into this analysis, the total implementa-
tion cost was annuitised assuming a lifetime of the assets 
and reconfigurations of 10 years and an interest rate of 

Fig. 1  Illustrations of the model 
structures for each of the four 
cancers. Length of decision tree 
was 90 days for prostate and 30 
days for bladder, renal and OG. 
OG oesophago-gastric
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3.5%, following Drummond et al. [28]. The annuitised rate 
was then divided by the total population and multiplied 
by the yearly incidence of the relevant disease [29], then 
costs were uplifted to 2018–2019 prices using the new HS 
Index, using CPI (Health) [27], leading to per-patient esti-
mated implementation costs of £458, £375, £703 and £195 
for prostate, bladder, renal and OG, respectively. These 
costs were added to costs for the ‘LC after’ group at the 
start of the decision tree, in the base-case analysis.

2.5  Quality‑Adjusted Life‑Years (QALYs) and Utilities

Patient-level health-related quality-of-life data were not 
available for this cohort as this information is not yet 
routinely collected in this context. Instead, assumptions 
were made regarding patients’ health states based on treat-
ment events observed in the dataset, and appropriate util-
ity scores from published studies were applied (see the 
Electronic Supplementary Material, Section 3) [30–42]. 
Searches were performed on 26 August 2020 for utility 
scores, focusing on National Institute for Health and Care 
Excellence (NICE) technology appraisal documentation 
[43] and the Tufts database (Center for the Evaluation of 
Value and Risk in Health) [44], and by snowballing to 
find other relevant work. Reported literature values were 
applied as follows: ‘healthy’ patients were approximated 
to ‘pre-progression’ patients in published studies, and ‘not 
healthy’ patients to ‘post-progression’ patients. Published 
utility values had been obtained in various ways, e.g. cal-
culated from patient-completed questionnaires (EQ-5D 
[45], European Organization for Research and Treatment 
of Cancer [EORTC] [46], and SF-12 [47]), and estimated 
by experts where patient-reported information was una-
vailable. NICE recommends QALYs be calculated using 
utility scores generated by the EQ-5D [43], and the 3L 
was most common in the work we found, so we prefer-
entially used this where available. We also preferentially 
included patients in standard-of-care arms in trials. Stand-
ard errors (SEs) reported in the literature varied, including 
some reports of zero (i.e. unknown) SEs in OG cancer, and 
some reports where the utility was given as a min–max 
range (0.5–1.0) in bladder cancer; so, a median SE of 0.1 
was used for all utilities. The utility scores of the amal-
gamated ‘alive’ patients in the Markov models were the 
weighted means according to the overall relative propor-
tions of healthy/not healthy patients at the end of each 
decision tree (see the Electronic Supplementary Material, 
Section 4). The utility value of the dead health state was 
zero. Utility scores in the decision tree were assigned for 
the whole 30- or 90-day period on the basis of the patient’s 
health state at the end of the decision tree.

2.6  Statistical Analysis

2.6.1  Decision Tree: Health State Proportions

Proportions of patients in the three health states at the end 
of the decision tree (healthy, not healthy, dead) were esti-
mated separately for each of the four cancers using ordered 
logistic regression models, controlling for place (LC/ROE) 
and time period (before/during/after) using an interaction 
term, and adjusting for patient and disease characteristics 
listed in Sect. 2.1.

2.6.2  Decision Tree: Estimation of Costs

Decision tree costs per health state were calculated by sum-
ming the 30- or 90-day costs per patient and performing 
regression analysis, adjusting for the covariates described 
in Section 2.1. Mean (standard deviation) per-patient 30- 
or 90-day costs by health state, time period and region for 
inpatient, outpatient and A&E events were estimated using 
generalised linear models with a gamma distribution and 
log link.

2.6.3  Decision Tree: Calculation of QALYs

QALYs were calculated by multiplying the assigned utility 
score by the duration of the decision tree, for each health 
state, time period, region and cancer.

2.6.4  Markov Transition Probabilities: Survival Analysis

Parametric survival models using mortality data were fitted 
and the results used to calculate 6-month transition proba-
bilities for the two-state Markov models for the four relevant 
difference-in-differences scenarios (LC before, LC after, 
ROE before, ROE after). The during groups were omitted. 
The censor date was the date of death or the latest follow-up 
time point for patients without a death date recorded. The 
start date was 30 or 90 (for prostate) days after the index 
surgery date. Exponential, Weibull and Gompertz distri-
butions were assessed. Estimated numbers of deaths were 
compared with observed numbers of deaths at 6 months 
and 1 year after surgery, and, where estimated and observed 
values did not match, removal of time/place scenario vari-
ables as well as other adjustment covariates was assessed to 
improve model fit. The best fits were chosen based on visual 
comparison of the observed Kaplan-Meier survival curves 
and survival estimation curves (shape, ordering of curves by 
time/place scenario), as well as comparison of estimated and 
observed numbers of deaths.
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2.6.5  Markov Cycles: Estimation of Costs and QALYs

Markov model 6-month cycle costs were calculated for alive 
patients using the unweighted mean across the four time/
place scenarios of the outpatient decision tree costs, then 
dividing by the number of days in the decision tree (30 or 
90) and multiplying by 183 days. Only outpatient costs were 
included in the alive Markov cycle costs as patients would 
not be expected to maintain the same level of resource use 
over the subsequent 10 years as they had received during 
the decision tree, according to recommendations in the rel-
evant NICE guidelines for each cancer [39, 49–52]. Our cost 
estimates were similar to values in the published literature 
for similar patient groups. For example, Cox et al. provided 
estimates with a mean of £1385 (2017 prices) over 6 months 
when considering follow-up treatment over 3 years following 
surgery in the BOXIT trial [50].

The one-off costs for death in the urology cancer Markov 
models were taken from published values for prostate can-
cer, and in the OG Markov model, these were taken from 
published values for colorectal cancer [53], uplifted to 
2018–2019 prices as before [27].

QALYs were calculated by multiplying the utility score 
by the cycle length in years and the number of patients in 
that health state, and then summing this over the 10-year 
horizon, for each health state, time period, region and cancer.

2.6.6  Probabilistic Sensitivity Analysis

The overall 10-year adjusted and discounted per-patient 
incremental costs and QALYs for the LC reconfigurations 
compared to non-reconfigured services were calculated 
by summing the costs and QALYs from the decision tree 
and Markov sections for each cancer. A 3.5%/year discount 
rate was used for both costs and QALYs [43]. Monte Carlo 
simulations generated estimates of costs and QALYs and 
95% credible intervals (CIs), using the 2.5th and 97.5th 
percentiles of the calculated difference-in-differences costs 
and utilities [54]. Probabilistic distributions (gamma distri-
butions for costs, beta distributions for utilities and log for 
survival) were used to account for parameter uncertainty, 
with 5000 iterations per cancer.

The results were plotted on cost-effectiveness planes 
(CEPs), and translated onto cost-effectiveness acceptability 
curves (CEACs), for a range of cost-effectiveness thresholds 
(£0–80,000 per QALY gained). The NMB was calculated for 
each of the four time/place scenarios of interest at commonly 
used thresholds: NICE threshold boundaries of £20,000 and 
£30,000 [43], and an efficiency threshold of £13,000 [55], as 
this lower threshold could be of interest to (local) decision 
makers in the context of this type of service reorganisation 
planning.

2.6.7  Deterministic Sensitivity Analysis

We conducted a range of sensitivity analyses, excluding 
implementation costs, and varying assumptions around 
reconfiguration timings, and input parameters and their 
estimation. We assessed inclusion of those from the ‘dur-
ing’ period within the ‘after’ period, and tested different 
cost imputation decisions where models for predicting costs 
in the decision tree failed to converge due to small patient 
numbers.

3  Results

3.1  Population

Tables in the Electronic Supplementary Material, Section 5, 
show patient and disease characteristics at surgery date for 
each cancer, by region and time period. Sample sizes are 
repeated in Table 2. There is broad consistency across most 
categories, except for ethnicity and deprivation; there is a 
greater proportion of White patients in ROE than in LC, 
and worse deprivation in patients in LC than in ROE. We 
also note that according to the Gleason combined score in 
patients receiving specialist prostate cancer surgery, those 
in the ‘after’ groups had more severe disease than those in 
‘before’ groups. This could be due to less severe patients 
being offered other non-surgical treatments and more severe 
patients being increasingly offered specialist surgery, after 
the reconfiguration. Sample sizes after reconfiguration were 
small, especially for bladder and OG, limiting the conclu-
sions that can be drawn and leading to uncertainty in results.

3.2  Overall Cost‑Effectiveness Results

The overall 10-year, adjusted, discounted cost-effectiveness 
results for the four cancers are reported in Table 2. There 
was a 79% probability that the LC reconfigurations were 
cost-effective for prostate cancer at cost-effectiveness thresh-
old £30,000/QALY gained, 62% probability for OG cancer 
at the same threshold, 49% for bladder cancer and 12% for 
renal. Figure 2 shows the CEPs and CEACs, and the NMBs 
are reported in Table 2. The CEPs illustrate the uncertainty, 
with the position of the cloud of points indicating cost-effec-
tiveness or otherwise. The proportion of points lying below 
the £30,000/QALY cost-effectiveness threshold (straight 
purple line in CEP with 30,000 gradient) corresponds to 
the probability of cost-effectiveness at that threshold, i.e. 
most (79%) of the points in the prostate CEP are below the 
threshold, and only a few (12%) of the points in renal CEP 
are below.

Table 2 also gives the incremental costs and incremental 
QALYs for each of LC and ROE separately (after vs. before) 
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and for the overall difference-in-differences (‘LC after’ vs. 
non-reconfigured). The 95% CIs are given in the Electronic 
Supplementary Material, Section 6. These figures show that 
the cost per surgical patient became more expensive for all 
cancers in both regions, with significant increases for all 
except bladder, which also had the smallest sample size. 
Incremental QALYs also increased for all cancers in both 
regions, being statistically significant for prostate, and for 
renal and OG in ROE only. Positive NMB suggests good 
value for money (i.e. > 50% probability of cost-effective-
ness) at a given threshold, and the prostate reconfigurations 
gave a positive NMB at all thresholds, and OG at the higher 
two thresholds. These results can be transformed into values 
per annual LC cohort, by multiplying by the annual inci-
dence figures [29]. These cohort values are given in Table 3.

3.3  Sensitivity Analysis

The main secondary analysis involved removing the imple-
mentation costs, and the results for this are given in tables 
and plots in the Electronic Supplementary Material, Sec-
tion 10. The likelihoods of the reconfigurations being cost-
effective were all slightly higher for each cancer due to the 

slightly lower costs in the ‘LC after’ group, but the overall 
conclusions remained the same.

Including those from the ‘during’ period within the ‘after’ 
period had no impact on the conclusions described above. 
Use of various slightly different imputation assumptions for 
missing decision tree costs due to lack of convergence in 
some cases due to small patient numbers (for example, in 
A&E use) also had no impact on the conclusions.

4  Discussion

For prostate cancer, care delivered to patients undergoing 
specialist surgery via the reconfigured service was both 
more expensive and better (in QALY terms) than in the 
non-reconfigured service, and there was a 79% probability 
that this was cost-effective at a threshold of £30,000/QALY 
gained (base case including the implementation costs). The 
picture was similar in OG (62% at £30,000/QALY thresh-
old). For the bladder reconfigurations (49% probability of 
having been cost-effective), the sample size was small, and 
the calculated differences in costs and QALYs were small, as 
can be seen in Fig. 2, where the central point in the CEP sits 

Table 2.  Overall cost-
effectiveness results of the 
10-year model. 2018/19 prices

LC London Cancer, NMB net monetary benefit, OG oesophago-gastric, QALY quality-adjusted life-year, 
ROE Rest of England excluding Greater Manchester
*Differences in mean costs or QALYs were significant at the 5% level

Prostate Bladder Renal OG

Sample size from linked dataset
LC before 802 139 590 191
LC after 975 136 518 269
ROE before 13,901 3906 13,234 3572
ROE after 11,449 2640 9328 5155
Overall cost-effectiveness analysis
Likelihood of being cost-effective at standard thresholds
£13,000/QALY gained 71.0% 48.3% 7.9% 45.7%
£20,000/QALY gained 76.2% 48.5% 10.3% 56.0%
£30,000/QALY gained 79.2% 48.7% 11.9% 61.8%
NMB per patient at standard thresholds
£13,000/QALY gained £561 −£362 −£3673 −£204
£20,000/QALY gained £1144 −£503 −£5532 £839
£30,000/QALY gained £1976 −£705 −£8187 £2330
Separate comparisons of incremental costs and incremental QALYs
Mean costs per patient (adjusted, discounted)
ROE difference (after minus before) £902* £1229 £1543* £670*
LC difference (after minus before) £1423* £1328 £1765* £2811*
Difference-in-differences result for LC reconfiguration £521* £99 £222 £2141
Mean QALYs per patient (adjusted, discounted)
ROE difference (after minus before) 0.141* 0.039 0.435* 0.225*
LC difference (after minus before) 0.224* 0.019 0.170 0.375
Difference-in-differences result for LC reconfiguration 0.083 −0.020 −0.265 0.149
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almost at the origin. For renal, however, the cloud of points 
in the CEP is in the northwest quadrant, suggesting that the 
reconfigured services (LC after) were dominated by the non-
reconfigured system, in that they cost relatively more and 
gave relatively fewer QALYs. This appears to be driven by 
a large increase in QALYs in ROE, making the LC region 
appear worse off over this time period even though it did 
also lead to increased QALYs per patient. This highlights the 
importance of taking into account contemporaneous changes 
that happen elsewhere when conducting observational ser-
vice evaluations.

Previous work in some specialist or acute services pro-
vided evidence that there can be benefits in these types of 
centralisation in terms of patient outcomes, for example, 
acute stroke [1, 6, 7] and some cancers [2, 3]. It is impor-
tant to note, however, that this is not the same context as 
more mainstream services such as maternity care, where the 
risks and benefits of centralisation differ. It is also possible 
that any benefits from centralisations due to economies of 
scale might be more evident in more common conditions, 
for example, in more common cancers such as prostate, sug-
gesting that centralising specialist services in less common 
cancers might be less likely to be cost-effective; however, 
we cannot know this for certain from this analysis due to the 
small patient numbers captured during this timeframe. For 
decision-makers who may be considering reconfiguring can-
cer services in their region, when using cost-effectiveness 
as a criterion, they therefore may consider specialist pros-
tate services as a potential contender based on the results 
of this analysis, although with the caveat of significant 
uncertainty. Also, the context in which the reconfigurations 
occurred means that the results for prostate cancer may not 
be considered in isolation from the other three cancers; the 
results for prostate cancer may not have occurred in this way 
if the other changes had not taken place at the same time. 
This is because the delivery of healthcare services in the 
NHS is a highly networked and collaborative activity, as we 
have seen in particular during the coronavirus disease 2019 
(COVID-19) pandemic and as discussed in related work 
from the RESPECT-21 study team [18]. When the recon-
figurations were taken together over the 10-year horizon 
and over a cohort of 3413 surgery patients across the four 
cancers, based on the annual incident rate of each cancer, 
they resulted in an extra £2.3 million cost to the LC region 

providers, and resulted in 102 more QALYs for this group 
overall (see Table 3).

4.1  Strengths and Weaknesses

We used a comprehensive, nationwide dataset with detailed 
patient-level information on patient and disease character-
istics, and hospital visits, treatments and mortality. We did 
not have explicit information on cancer progression status 
over the 10-year period, except indirectly in the ‘not healthy’ 
group during the decision tree, and the use of a single ‘alive’ 
health state in the Markov section of the model is a limita-
tion of the analysis. Randomised controlled trials are the 
gold standard to control for potential confounders, but they 
are rarely possible in service change evaluations, so, we 
used difference-in-differences methodology, adjusting for 
available baseline patient and disease characteristics recom-
mended by the clinical authors and other clinical colleagues, 
to control for other contemporaneous changes that might 
have taken place [56]. Sites in GM were excluded from the 
ROE group to accommodate the parallel trends assumption 
in difference-in-differences analysis, and this was acceptable 
because the main statistical analysis performed pre-trends 
tests to ascertain whether any difference in the linear trends 
in case-mix adjusted outcomes was apparent, when compar-
ing values in the LC region with those in the ROE before 
the centralisations. Further details can be found in that work, 
but it was found, for all 27 outcomes assessed, that the coef-
ficient of the interaction term of region and linear time trend 
was non-significant (p > 0.05) except for the binary variable 
indicating whether LOS was longer than 3 days in specialist 
prostate cancer surgery [21].

Patient-reported health-related quality-of-life data are 
not routinely collected in this context so estimates of utility 
scores were obtained from published sources and applied to 
patients in the model. It is possible that not all impacts on 
clinical outcomes were fully reflected in the QALY values, 
due to the lack of patient-level utility data in the dataset and 
to the small number of health states used in the decision tree 
and Markov portions of the models. We were also limited in 
only including patients who received specialist surgery, so, 
if changes in the delivery of specialist surgery led to differ-
ences in non-surgical treatments being offered, this was not 
captured in this analysis beyond controlling for patient and 
disease baseline characteristics.

Our analysis was restricted to an NHS payer perspective 
as we had resource use information from hospital records 
and not primary care or community services. The impact 
of this depends on the cancer and relative importance of 
wider costs. The impact of making a sub-optimal decision 
regarding any future decisions to reorganise other similar 
services could be quantified by performing a value of infor-
mation (VOI) analysis to quantify the decision uncertainty 

Fig. 2  Cost-effectiveness planes (CEPs) and cost-effectiveness 
acceptability curves (CEACs) for prostate, bladder, renal and OG. 
LC reconfigurations compared to the ROE using difference-in-dif-
ferences methodology, 10-year horizon, adjusted and discounted. 
(Purple straight lines on CEP: £30,000 cost-effectiveness threshold; 
red diamonds in centre of CEP: point showing mean difference-in-
differences incremental costs and QALYs.) LC London Cancer, OG 
oesophago-gastric, QALY quality-adjusted life-year, ROE Rest of 
England excluding Greater Manchester

◂
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relating to the absence of this information and other types of 
information. These other types of information could involve 
obtaining a larger sample size and the various costs associ-
ated with obtaining more data, as well as having other non-
hospital data, alongside the benefits of having more data 
with which to populate the analysis and thus avoid a poor 
decision. We did not, however, perform a VOI analysis. We 
were also unable to include wider economic costs such as 
impact on employment in this analysis.

The timelines of the research programme meant that we 
only had data for patients diagnosed up to the end of 2017, 
so, ongoing learning and efficiencies could not be included 
in the analysis. The limited timeframe also resulted in small 
patient cohorts. Some models did not converge, so, conserv-
ative estimates for missing decision tree cost information 
were made, which could have underestimated some of the 
differences in costs. Small patient numbers also reduce the 
ability to detect significant differences and mean that outliers 
can have a greater impact on the results.

4.2  Comparison with Other Studies

This type of economic analysis, calculating the incremental 
cost per QALY gained, is not common in economic evalua-
tions of service reconfiguration [8, 14, 15], meaning this is 
one of the few cost-utility analyses in this area. Greving et al. 
developed a decision model to evaluate the centralisation 
of ovarian cancer services in hospitals in the Netherlands; 
services provided in semi-specialised hospitals compared to 
general hospitals were cost-effective at €7135/QALY gained, 
but tertiary hospital care was not (€102,642/QALY) [57]. 
The majority of evaluations in this area focus on the relation-
ship between hospital patient volume and clinical outcomes, 
with some evidence that concentrating procedures in high-
volume hospitals is related to improved clinical outcomes [2, 
3, 58]. The methodology of many of these studies, though, 
means that caution should be exercised when interpreting 
and comparing these results [8].

4.3  Conclusions and Implications

There is some evidence for cost-effectiveness of the LC 
reconfigurations, with the strongest being for prostate 
cancer. It is not clear, however, that the individual cancer 
reconfigurations could be implemented alone, especially as 
urology cancer pathways overlap clinically, so, perhaps the 
results of the four analyses need to be considered together. 
The results of this analysis should be interpreted with cau-
tion due to the small patient numbers and the number of 
assumptions made, and should be considered alongside the 
clinical evidence available. It would be important for future 
work to be able to more explicitly consider patient outcomes, 
for example, by routinely collecting brief patient-reported 
quality-of-life measures such as the EQ-5D-5L.
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