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Research Question

 What is the cost to society of caring for 

people with cancer at the end of their lives?
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Why it’s important to know this

To understand the resources spent on particular 

types of care

To identify the different contributions of 

different sectors to overall care

To plan for future care needs



Problems



1 No standard research definition 

for end of life

Uncertainty in data and model 

structure2
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1 No standard research definition 

for end of life

Problems

“I shall not today attempt further to define what I understand to be 

embraced within that shorthand description “End of Life Care", and 

perhaps I could never succeed in intelligibly doing so. But I know it when 

I see it.”

Paraphrased from the Supreme Court Decision in Jacobellis v Ohio



1a No standard research definition

It is not easy to identify a priori which patients 

are end of life

We cannot use data sets to identify end of life 

patients until they have died

Once they have died, not easy to determine how 

long they might have been end of life



1 No routine data

It follows that…. 

… because we can’t easily identify patients, it is 

hard to collect routine data

Without routine data, it is difficult to know 

what happens to people at a population level

1b



1 No tariff

Without routine data, it is difficult to identify 

the costs of services

This makes it difficult to set a tariff, which are 

set according to trust activity and cost data

Without a tariff, services may be seen as less 

important – no payment, so harder to justify 

providing services

1c



1 Why does this matter?

To estimate the cost of care requires data on:

• The size and characteristics of the population

• The cost of their care

• Which care is End of Life Care, and which care just 

happens at the end of life

The absence of routine data or tariff data makes 

this much more challenging to estimate

1



Estimating the cost of cancer care in Europe
• Had information about the total number of contacts 

with each type of service, and… 

• the proportion of those that were attributable to 

cancer, so…

• calculated costs by applying unit costs to the total 

number of cancer-related contacts or hospital days…

Giving the total cost of care (€126 billion in 

2009)

Example: 
Economic burden of cancer across the European Union: a 

population-based cost analysis (Luengo-Fernandez et al)



Solutions Part I



The first key decision was how to define 

the end of life period

Determines the rest of the analytical 

decisions

Determines what data must be collected

1a No standard research definition



Define EoL as last 12 months of life
• This is approach used by Nuffield and NAO 

• Congruent with surprise question

But… 

• Some patients spend >12m(breast, prostate)

• Some patients spend <12m (lung, colorectal)

• Eg of mean survival: 

• Breast cancer = 372 days

• Lung cancer = 180 days

1a No standard research definition



Guest et al define EoL period as the point at 

which patients begin strong opioids

• Clinically relevant – at this point, care is 

directed more towards palliation

• Can account for the varying lengths of time 

patients with different illnesses may spend with 

palliative care needs

• Tractable – can determine when this happens

1a No standard research definition



Cannot approach the problem like in the 

example given

Alternative…

Evidence synthesis approach 

• Collect a wide range of evidence and 

combine with an economic model

Generates new problems……….

1b/c No routine data/tariff



1 No standard research definition 

for end of life

Uncertainty in model structure 

and data2

Problems



Solutions Part II



Uncertainty

Modelling approach – allows aggregation of a 

wide range of indirect sources 

Creates Uncertainty

• Model structure

• Data

• But does allow for uncertainty to be 

quantified 

2



Uncertainty: structure2a

Assumptions about types of care people receive

• End of life care v care at the end of life

• Social care/health care

• Formal/informal

• Inpatient/outpatient/community

Links between different data sources 

• How do different elements of care relate to one 

another?

• Co-variance 



Patient

Volume of 
resource use

Unit cost

Per patient cost

Probability of 
resource use

Expected survival

• The first step in the 
modelling process is to 
estimate the probability of 
an individual using a 
resource and then 
estimating the expected 
volume of the resource 
used. 

• Resource use is adjusted to 
account for estimated 
expected survival

• Each estimate is subject to 
uncertainty. 

• Once the expected level of 
resource use is estimated 
total costs for that resource 
are calculated by 
multiplying by the unit 
costs.  

• These are then summed to 
give an expected total cost 
per patient. 

• 10,000 simulations for each 
cancer type give an 
expected mean cost per 
patient and 95% credible 
intervals. 

Total cost
(with credible 

intervals) 

Model structure



Quantity of 
resource use

Unit cost

Per patient 
cost

Probability of 
resource use

Expected 
survival

Mean cost
(with credible intervals) 

𝐶𝑖=  

𝑎=1

𝑛

𝑟𝑎𝑐𝑎+𝑟𝑏𝑐𝑏+⋯+𝑟𝑛𝑐𝑛

Literature
Routine

data
Expert 

opinion



Uncertainty: structure2a

Assumptions about types of care people receive

• End of life care v care at the end of life

• Social care/health care

• Formal/informal

• Inpatient/outpatient/community

Links between different data sources 

• How do different elements of care relate to one 

another?

• Co-variance 
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Data  2b
No routine data

Data in the literature is often only partially 

reported – eg mean days on strong opioids was 

presented without measure of dispersion

• Required assumptions to fit distributions

Not possible to adjust for covariance between 

inputs

• could crudely adjust for expected survival

• but could not relate individual resource use 

categories – eg GPs and district nurses 
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Data  2b
Reliant on a few key data sources

2012 Nuffield study most important source

Other sources:

• HES

• ONS

• NHS Tariffs

• PSSRU unit costs

• Individual studies



Uncertainty in the data  2b

Uncertainty in the data dealt with using simulation 

methods

Model parameters entered as distributions rather 

than point estimates



Uncertainty in the data  2b

Monte-Carlo simulations with credible intervals 

and IQ ranges

One-way and scenario analyses  



Results



CANCERTYPE HEALTHCARE SOCIALCARE CHARITY CARE INFORMAL TOTAL

Mean  (95% CI) Mean  (95% CI) Mean  (95% CI) Mean  (95% CI) Mean  (95% CI)

Breast
£4,346 £2,843 £480 £4,868 £12,663

(£395 to £12,545) (£84 to £10,170) (£7 to £1,845) (£18 to £21,818) (£1,249 to £38,712)

Colorectal
£4,854 £1,489 £470 £2,850 £9,760

(£413 to £14,485) (£44 to £5,350) (£6 to £1,833) (£10 to £13,350) (£1,037 to £29,545)

Lung
£3,157 £1,358 £459 £2,420 £7,467

(£332 to £8,944) (£39 to £4,838) (£6 to £1,775) (£9 to £11,153) (£855 to £21,663)

Prostate
£6,687 £2,728 £482 £4,814 £14,859

(£535 to £20,257) (£83 to £9,588) (£6 to £1,906) (£18 to £21,981) (£1,391 to £46,424)

Mean* £4,254 £1,829 £468 £3,265 £9,914

Based on 10,000 Monte Carlo simulations.
*Mean weighted by proportion of deaths due to each cancer in the total population 

Mean estimated cost per patient, by cancer type and 

resource use category, with Bayesian credible intervals



CANCERTYPE HEALTHCARE SOCIALCARE CHARITY CARE INFORMAL TOTAL

Mean  (95% CI) Mean  (95% CI) Mean  (95% CI) Mean  (95% CI) Mean  (95% CI)

Breast
£44.82 £29.31 £4.95 £50.20 £130.57

(£4.07 to £129.35) (£0.86 to £104.86) (£0.07 to £19.02) (£0.19 to £224.97) (£12.88 to £399.16)

Colorectal
£70.10 £21.51 £6.79 £41.16 £140.95

(£5.96 to £209.18) (£0.64 to £77.25) (£0.09 to £26.47) (£0.15 to £192.79) (£14.98 to £426.66)

Lung
£95.57 £41.11 £13.90 £73.25 £226.06

(£10.05 to £270.78) (£1.18 to  £146.47) (£0.17to £53.72) (£0.27 to £337.65) (£25.90 to £655.81)

Prostate
£64.85 £26.46 £4.68 £46.69 £144.11

(£5.19 to £196.45) (£0.81 to £92.98) (£0.06 to £18.49) (£0.17 to £213.17) (£13.49 to £450.22)

Mean* £275.33 £118.39 £30.32 £211.29 £641.68

Based on 10,000 Monte Carlo simulations.
*Mean weighted by proportion of deaths due to each cancer in the total population 

Estimated total cost of care, by cancer type and 

resource category (millions), with Bayesian credible 

intervals



Discussion



Model-based approach: Advantages

Capture and communicate uncertainty1

Adaptable analyses

• Scenario analysis

• Service planning

2

Explore detail3



Uncertainty

Expected mean cost per patient, by care type and cancer

(with inter-quartile ranges)



Uncertainty

Expected mean cost per patient, by care type and cancer

(with inter-quartile ranges)



Scenario analysis 

comparison, mean per 

patient cost

Hospice care = 5%
(baseline)

Hospice care = 20%
• Could also be adjusted to 

allow for decreases in 

resource use in other areas

Adaptable



Scenario analysis 

comparison, mean per 

patient cost

Hospice care = 5%

Hospice care = 20%

Adaptable
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Model-based approach: Disadvantages

Very high data requirements1

Independent data sources - difficult to 

account for co-variance
3

Limited by data quality – difficult to define 

distributions2

Higher probability of error – which I know 

too well! 4



Key messages

We don’t know enough about what activity is 

being done in relation to EoLC1

We need better routine data 3

What we do know is subject to considerable 

uncertainty2

Need data that distinguishes End of Life 

Care from care at the end of life 4



Thank you

Round, J , Jones, L, Morris, S. Estimating the cost of 

caring for people with cancer at the end of life in 

England And Wales: a modelling study. (Palliative 

Medicine)


