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Ultra-radical surgery compared to standard surgical treatment for
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Shortened title: Cost-effectiveness of ultra-radical surgery for ovarian cancer

Objective To compare current surgical practice for women with AOC to ultra-radical
surgery; to assess whether the new approach would be cost-effective under NICE
guidelines of approximately £20,000/QALY.

Design Cost-effectiveness analysis.

Setting NHS, using data from a variety of sources.

Population Patients with advanced ovarian cancer (FIGO stages IIIC-1V).

Methods A decision analytic model (microsimulation model) was built to examine the
Obijective; deterministic and probabilistic sensitivity analyses were used to test the
susceptibilities of the baseline model and its assumptions.

Main Outcome Measures ICER (incremental cost-effectiveness ratio).

Results The standard model yielded an ICER of £5325.06; this is in spite of an associated
overall decrease in utility due to predicted increase in surgical mortality. The parameters
with the most significant impact on the ICER are the cost of ultra-radical surgery, the
utility associated with progression-free survival, and the probability of death from ultra-
radical surgery.

Conclusions Ultra-radical surgery is cost-effective under NICE willingness-to-pay

thresholds of £20000; the costs of ultra-radical surgery are bound to decrease as centres
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specialise further, and its effectiveness is also likely due to increase with development of
newer techniques and more surgical training.
Tweetable abstract Ultra-radical surgery for advanced ovarian cancer is cost-effective

under NICE willingness-to-pay threshold.

Introduction

Overview and prevalence

Ovarian cancer is the sixth most common type of cancer affecting women in the UK.! Over 7400 cases of
ovarian cancer are diagnosed in the UK each year, 53% of them in women over 65. About 50% of these
patients are confirmed to have advanced ovarian cancer (AOC), FIGO stages IIIC-1V.2

Ovarian cancer is the deadliest of gynaecological malignancies (10-year survival: 35%). In 2017, ovarian
cancer led to over 4116 deaths in the UK.2 High mortality is due to multiple factors, including late diagnosis,*
but also incomplete surgical cytoreduction, which is an independent predictor of survival.>¢7:8

Treatment options

The mainstay of treatment for AOC consists of cytoreductive surgery, platinum-based chemotherapy
(carboplatin/paclitaxel) and novel chemotherapeutic agents such as angiogenesis inhibitors (Bevacizumab)
and PARP inhibitors (Olaparib, for BRCA-positive patients). Traditionally, surgical treatment was focused on
pelvic disease, including total abdominal hysterectomy with bilateral salpingo-oopherectomy (TAHBSO),
omentectomy and nodal resections.” However, following emerging data in the US and Europe, the National
Institute for Heath and Care Excellence (NICE) gave guidance in 2013 for more extensive “ultra-radical
(cytoreductive) surgery” to be introduced into gynaecological cancer centres, with the requirement of
special arrangements for clinical governance, consent and audit of patients undergoing such extensive
surgery. The definition of what constitutes ultra-radical surgery is unclear in NICE guidance'®; in this analysis,
it includes diaphragmatic and peritoneal stripping, multiple resections of the bowel (excluding localised
colonic resection), liver resections, partial gastrectomy, cholecystectomy or splenectomy.

Despite the introduction of a framework to introduce ultra-radical surgery, uptake across the UK is
variable!'. NICE guidance expressed caution regarding ultra-radical surgery due to perceived increased risk of
morbidity/mortality. Subsequent reviews have found that the NICE definition poorly predicts

morbidity/mortality compared to other measures of surgical extent.'® However, with increasing surgical
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extent one would expect, ceteris paribus, a greater rate of postoperative morbidity and mortality. Therefore,
there is a balance between the benefits of achieving complete cytoreduction, which improves survival, and
the mortality risk of ultra-radical surgery. Because ultra-radical surgery is associated with higher costs, the
purpose of this study is to determine whether offering ultra-radical surgery to all women with AOC would be
cost-effective under NICE economic evaluation guidelines.

Aim

To conduct a cost-effectiveness analysis comparing standard surgery to ultra-radical surgery for AOC
patients by using a decision-analytic model; to assess whether the new approach would be cost-effective

under NICE guidelines of approximately £20,000/QALY.

Methods

Economic evaluation

Current practice in gynaecological oncology is rapidly evolving: the use of economic evaluation methods
plays an important role in providing an evidence base for the adoption of new practices within the NHS.
Economic evaluation allows policy-makers to decide between two alternatives in systematic, explicit and
accountable manner®?. Cost-effectiveness analysis using QALYs (quality-adjusted life-years) is the ideal
method of economic evaluation to evaluate health interventions, allowing for the comparison between
different types of interventions and different disease areas, and weighting any increase in survival by the
quality of life experiences by patients.*®

Model overview

A patient-level microsimulation model was developed in TreeAge Pro 2019 (v 19.2.1) software (TreeAge
Software, Inc., Williamstown, MA). Microsimulation models simulate the experience of individuals, allowing
for the analysis of a cohort with heterogeneous risk characteristics, and of problems where risk is dependent
on time and on previous health states.'

The model assumes the perspective of the UK National Health Service; discounting of both costs and
outcomes is 3.5%, in accordance with NICE guidelines.®> Interestingly, because some methods used to
determine utilities already factor in time (e.g. time trade-offs), discounting outcomes at the same rate as

costs tends to underestimate the benefits of a new intervention®. NICE’s required measure of effect is the
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QALY, which represents increases in the length of survival adjusted by utility values attributed to different
health states. Utility values vary between 0 (death) to 1 (full health).
The model reflects the pathways taken by an ovarian cancer patient entering the health service, including
the costs of diagnosis, treatment and follow-up. Every cycle in the model represents one year; during any
given cycle, the patient can either survive (in which case they would accrue additional treatment costs until
death or remission), or die from their ovarian cancer.
The model takes on a lifetime time horizon, to best reflect the downstream costs and outcomes accrued by
individual patients. A half-cycle correction was applied both during the first and during the final cycle of the
simulation to take into account the fact that most transitions from one health state to the next occur
anytime during the year-cycle, not precisely at its end?’.
Cost-effectiveness measure
The primary measure of cost-effectiveness produced by the model is an incremental cost-effectiveness ratio
(ICER). The ICER is calculated with the formula:

C, -G,

ICER=——

El _EO
where C, represents the cost of the alternative treatment (ultra-radical surgery), and C, is the cost of the
control treatment (standard surgery). The difference between the costs is divided by the difference between
E1 (the effect of the alternative) and EO (the effect of the control). The ICER represents the average
incremental cost per one unit of effect (for example, per QALY) gained®.
Probabilities
The ovarian cancer yearly mortality rate from recurrence (0.1732) was derived from Office of National
Statistics data (5-year survival rates)®. All-cause mortality for all age groups was estimated from Office of
National Statistics tables.®
Cost data
Costs were compiled from UK-based reference guidelines;?® they were complemented and validated using
Royal Derby Hospital data. They are reported in British pounds and were not subject to currency conversion.

Utility values
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Utility values range between 0 (death) and 1 (full health). They were compiled from preliminary results from

the Surgery in Ovarian Cancer - Quality of Life Evaluation Research (SOCQER 2) study, which aims to evaluate

QoL in the short, medium and long-term after OC surgery.?

Other assumptions

The average age of AOC diagnosis at Royal Derby Hospital is 63; to reflect this, the distribution of age at
diagnosis for the model starts at 60 years of age. The distribution was derived from Cancer Research UK
data tables.

The time horizon for the model is 30 years; this goes well over UK life expectancy for women (82.9
years)? so as to more fully reflect lifetime costs and benefits.

The rate of ultra-radical surgery in the non-intervention branch of the model is held at zero.?
Ascertaining mortality rates for "ultra-radical surgery" is a complex task, as these are poorly described in
the literature. NICE guidance on ultra-radical surgery suggests death rates of less than 1%;2* however, the
data is based on low-quality evidence with significant limitations. Retrospective review of patients
undergoing extensive surgery have wide variations in mortality rates and all have their own inherent
biases; some of the values reported in the literature include 0.7%2*, 1.2%' 21, 1.7%%, 3.1%°, and 3.6%%.
For the purpose of this study the mortality rate in the ultra-radical arm of the model was set at 3.0% -
consistent with local data,?? and comparable to other published cohort studies.

BRCA mutation-related treatment and associated costs were modeled, but any BRCA-related breast
cancer and associated morbidity/mortality were not included.

Some studies have found BRCA mutations to have an effect on 5-year survival for patients with ovarian
cancer, with BRCA2 in particular leading to a better prognosis; the use of PARP inhibitors in this cohort
has the potential to significantly decrease the risk of disease progression or death (by up to 70%) .
However, other evidence seems to indicate that long-term survival is not affected by BRCA mutations®.
As such, the model makes a simplifying assumption that ovarian cancer survival is the same for all AOC
patients, regardless of genetic mutations.

The 5-year mortality for AOC is held to be constant over the 5-year period.

Sensitivity analyses
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To test the robustness of the model, a one-way deterministic sensitivity analysis was carried out on key
parameters of interest, such as mortality from surgery, costs, and utility scores, by varying one parameter at
atime, all else held constant.

A Monte Carlo probabilistic sensitivity analysis (PSA) was then carried out to test parameter uncertainty by
varying all parameters simultaneously, as recommended by NICE.** The distributions for the parameters
included in the PSA were assigned as follows;

Beta distribution for transition probabilities, as these can only take values of between 0 and 1. The

uncertainty in this type of distribution is defined by the parameters & and B where:
mean(l—mean)_l) B_alpha(l—mean)
SE? and mean

a _mean—(

— The beta distribution was also applied to utility values; this is appropriate as the values under
consideration are far from 0, but it also implies that there are no states worse than death (i.e. below 0).
— Costs were taken to follow a gamma distribution, considering the skewness of the data and constraining

(mean)’ SE?

and B=

them not to be negative. The parameters of “* and B in this case, are Qr? mean

— All-cause mortality parameters were not varied in the PSA as they are based on very large studies,

leading to less uncertainty; their deterministic values were used instead.

Results

Baseline model

The result of the microsimulation over 100,000 first-order trials yielded a mean ICER of 5325.06 per QALY
gained, indicating that the new strategy of ultra-radical surgery for 50.4% of women with an AOC diagnosis is
cost-effective under NICE guidelines. There were 8189 fewer deaths from OC associated with this strategy
(25,031 vs. 16,842). The expected values for costs and QALYs associated with the two strategies are reported
in Table 1.

Deterministic sensitivity analysis

A one-way sensitivity analysis was carried out running microsimulations (100000 trials) on key parameters of
interest one at a time and recording their impact on the ICER. Costs were varied by £30%, utilities by +25%
(upper values were capped at 1); probabilities and risks were varied by +25% or according to their 95%

confidence interval.
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Figure 1 shows how the cost of ultra-radical surgery is one of the variables with the largest impact on the
ICER, both negatively and positively. The utility associated with progression-free survival also has a sizeable
impact; a lower utility is associated with a much higher ICER in this analysis. The probability of death from
ultra-radical surgery also has a large impact on the ICER, with a lower death rate bringing about a negative
ICER (cost-saving).

Because one-way sensitivity analyses only take into account one variable at a time, they are unable to
estimate any uncertainty due to the fact that variables are likely to co-vary and have a downstream effect on
one another, thus underestimating the amount of uncertainty. To overcome these limitations, a PSA is more

appropriate.

Probabilistic sensitivity analysis

The PSA is used to measure the uncertainty of multiple parameter distributions, sampled at random, which
are then combined and varied simultaneously.® It was carried out using a Monte Carlo simulation with 100
second-order parameter samples and 100,000 first order simulation trials. The total number of iterations is
equal to the number of samples times the number of trials; so, in this case, the PSA ran for 10,000,000
iterations. The benefit of this PSA method is that the results of each iteration come from a set of individual
microsimulations, rather than just the simple combination of weighted averages for each strategy.*

The cost-effectiveness scatterplot (Figure 2) plotting all iterations of the PSA on the cost-effectiveness plane
shows extensive overlap in the “probability clouds” of the two strategies; this indicates that, in most
iterations, ultra-radical surgery is only moderately more costly than the standard surgery, while the
associated utility is either the same or marginally diminished.

The incremental cost-effectiveness scatterplot (Figure 3) shows that a majority of PSA iterations fall within
the southern half of the plot, illustrating the potential for ultra-radical surgery to be cost-saving; because a
majority of these iterations fall in the south-western corner, it is also more likely that the utility associated

with this strategy would be lower.

Discussion
Main findings
The ICER for the intervention arm of this model, which raises the proportion of OC patients eligible for ultra-

radical surgery, is fairly low (£5325.06, well under the NICE £20,000 threshold), in spite of the decreased



192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219

220

utility associated with the ultra-radical surgery strategy. This is particularly interesting for two reasons. First,
utility values in particular are currently not well-validated with larger studies (in the UK and abroad). More
surveys of peri-surgical outcomes and perceptions surrounding fear of recurrence are needed. Secondly, the
decreased utility can be mostly attributed to the extra mortality due to surgery itself. Mortality from AOC is
diminished in the intervention strategy (8149 fewer ovarian cancer deaths over the course of the model),
but this does not compensate for the extra surgical mortality associated with ultra-radical surgery (0.03% vs.
0.01% in standard surgery).

Strengths and limitations

Whether the extra mortality is due to patient characteristics or surgical technique should be a matter of
study, as it will be particularly relevant in guiding policy. For ultra-radical surgery to be cost effective we
suggest that mortality rate from surgery should be <2.7%. This analysis only included patients aged 60 and
above to best represent the patient population at Royal Derby Hospital: data on mortality is taken from a
single centre and rates elsewhere may be lower or higher. This should be further investigated, given that the
model is highly sensitive to this parameter. Outcomes in younger patients might differ radically, assuming
lower rates of comorbidities and higher levels of fitness. It is also worth mentioning that the data sources
are mixed between patients who undergo primary debulking surgery (more common in the US literature)
and patients who undergo neoadjuvant chemotherapy (UK data) first. We did not differentiate between the
two patient cohorts because survival rates are similar, however morbidity tends to be lower for the
neoadjuvant chemotherapy patients.

Interpretation

The utility of progression-free survival is one of the variables with the highest single impact on the ICER; this
is because, if we accept the empirical evidence that complete cytoreduction is the best predictor of
progression-free survival,>¢7 it follows that patients who have undergone ultra-radical surgery and achieved
a complete resection (RO) will spend most time in this state, compared to patients with similar disease who
have standard surgery and who therefore will not have RO, accruing more utility every year. The increased
availability of maintenance treatment that could benefit RO resection patients would also allow more
patients to spend more time in this state.

From the financial perspective, there is scope for ultra-radical surgery costs to come down. With increased

technical standardisation and increasing operating volumes, it is plausible that costs, operative times and
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mortality would all decrease over time, bringing about a lower (if not cost-saving) cost-effectiveness value.
Newer techniques and more training could also lead to decreased ICU stays, which certainly make up a large
proportion of the cost component. Using reference costs might not accurately distinguish between more
and less intensive OC surgery. While the reference costs data in this model was validated with Royal Derby
Hospital administrators, it might not reflect costs in other centres.

Finally, data were heterogeneous. The assumptions outlined in the Methods section are specific to the UK
reality or to the University Hospitals of Derby and Burton NHS Foundation Trust; however, the data were
gathered from numerous sources. Whilst UK data were used and validated with local hospital departments
where possible, some data points were unavailable and were obtained from the literature. Data about
recurrence rates, for example, have been drawn from the American context. The majority of American OC
patients receiving treatment would need to have private insurance cover (or Medicare if they are over 65 or
disabled) to afford the costs of surgery and ancillary treatment; this patient selection is likely to be different
from the general population - wealthier, possibly healthier. Considering the differences in healthcare system
and patient mix, recurrence rates are likely to be higher in the UK. High-quality, UK-based data is required to
best reflect the local population, especially where patients’ preferences are concerned, as these may vary
due to personal, societal and cultural differences, and may thus not be accurately represented in studies
carried out abroad. There is also a need for more data to define the risk of early mortality in ultra-radical
surgery, to enable surgeons to more meaningfully counsel patients in regards to their individual risk of
surgical mortality.

Since the data sources for parameter values are based on observational studies, outcomes are likely to
reflect some residual confounding. The model implicitly assumes that the characteristics of patients
undergoing standard and ultra-radical surgery are comparable. This is unlikely to be the case in reality, as
some patients undergoing standard surgery may have extensive disease, but by definition patients who have
late stage but less extensive disease not requiring extensive surgical procedures will not undergo ultra-
radical surgery. To confirm model results, more information on parameter values on women with
comparable disease undergoing standard or ultra-radical surgery is needed, but still may be subject to

residual confounding.

Conclusion
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Offering ultra-radical surgery to more women with AOC would be cost-effective under NICE willingness-to-

pay thresholds. More research should be carried out to gather good quality data about progression-free

survival, patients’ preferences for different health states, as well as peri- and post-operative morbidity and

mortality rates. Decreasing costs associated with economies of scale due to surgical centre specialisation, as

well as improved surgical training and the introduction of safer techniques, have the potential to further

reduce the ICER for this intervention.
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Table 1. Results from the baseline microsimulation model (100,000 trial runs)

Net
| i | d
Strategy Cost nereasein e (QALY) ncrease ICER Monetary C/E
cost effectiveness .
Benefits
Standard 63071.27 8.67 110,388.38  7272.15
. 178319 ———— -0.34 5325.06
Ultra-radical 61288.08 8.33 10547421  7350.35
Standard
andar 72040.08 12.23 172,557.97  5890.49
(undiscounted)
e moticn -4239.60 —————— 071 5983.47
67800.47 11.52 162,626.51  5884.77

(undiscounted)
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