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Economic evaluation

▪ We live in a world of scarce healthcare resources – trade-offs are required

▪ Economic evaluation: systematic and explicit way of making choices in 
healthcare

▪ Definition: “The comparative analysis of alternative courses of action in terms of 
both their costs and their consequences” (Drummond et al., 2005)

▪ Most common approach: cost-utility analysis

• Outcomes expressed using quality adjusted life years (QALYs)

• Final result: cost per QALY gained – compared to threshold (£20-30k in England, 
$100k in USA)

▪ Other approaches:

• Cost-effectiveness analysis (outcomes expressed in natural units)

• Cost-benefit analysis (outcomes expressed in monetary terms)



Economic evidence for pharmacogenomic 

testing in cancer



▪ 80 studies presented cost-effectiveness evidence

• Mostly (68%) cost-utility analyses

• Mainly single gene tests / small panels (KRAS, EGFR, 21 gene panel for breast cancer)

▪ PGx testing cost-effective in most studies

▪ 26% of studies: PGx offers both clinical benefits + cost savings

▪ 2010 onwards: 11% of studies reported that PGx testing not cost-effective

▪ Two concerns:

• Studies don’t assess the inherent value of testing

• All studies funded by pharmaceutical companies concluded that PGx tests were cost-
effective

Berm et al. (2016)



Verbelen et al. (2017)

▪ Narrower scope than Berm et al. - economic evaluations 
for PGx associations listed in the US FDA Table of 
Pharmacogenomic Biomarkers in Drug Labelling

▪ 44 economic evaluations identified between 2000-2015

• Mostly (68%) cost utility analyses

▪ 57% of studies: PGx is cost saving or cost-effective

▪ Economic evaluations identified for only 15% of the 
drugs on the FDA list

▪ Few of these drugs have applications in cancer



CLL and genomic testing

▪ First-line treatment in patients who can tolerate aggressive chemotherapy 
is combination FCR chemotherapy (rituximab / cyclophosphamide / 
fludarabine)

▪ 25% of these patients will not respond to FCR – characterised by certain 
genetic mutations

▪ Current genetic tests (FISH / karyotyping) can identify 1/3 of these 
patients

▪ Genomic tests (targeted next generation sequencing) could identify 2/3 of 
these patients

Patients who 

will respond 

to FCR

75%

Detectable by 

current 

practice

8.3%

Detectable by 

genomic 

testing

8.3%

Undetectable

8.3%



Summary of comparators

Comparator
Current or future 

practice?

Pre-treatment genetic 

or genomic testing?
Ibrutinib used?

A Current Genetic testing No

B Current Genetic testing As refractory treatment for all patients

C Current None No

Intervention 1 Future Genomic testing
As refractory treatment for likely FCR responders

As first-line treatment for likely FCR non-responders

Intervention 2 Future Genomic testing As refractory treatment for all patients



Retrospective sample analysis study

Percentage of patients

Genetic testing Genomic testing

Predicted PFS positive at 36 months 7% 17%

True PFS positive (as % of predicted PFS positive) 78% 82%

Residual group 93% 83%

Patients not progressing as % of residual group 69% 75%



Economic evaluation results

Analysis Comparator Mean LYs / 

QALYs per 

patient

Mean costs per 

patient

ICER 

(excluding 

dominated 

strategies)

ICER 

(excluding 

extendedly 

dominated 

strategies)

CEA

C 6.37 £69,704 - -

A 6.61 £71,576 £7,903 £7,903

Int 2 6.65 £91,790 £580,390 EXT.DOM

B 7.63 £107,703 £16,133 £35,376

Int 1 7.45 £119,088 DOM DOM

CUA

C 5.60 £69,704 - -

A 5.82 £71,576 £8,565 £8,565

Int 2 5.93 £91,790 £177,198 EXT.DOM

B 6.44 £107,703 £31,153 EXT.DOM

Int 1 6.67 £119,088 £50,559 £55,891



Isolating the value of pharmacogenomic testing

Analysis Comparator Mean LYs / 

QALYs per 

patient

Mean costs per 

patient

ICER 

(excluding 

dominated 

strategies)

ICER 

(excluding 

extendedly 

dominated 

strategies)

CEA

C 6.37 £69,704 - -

A 6.61 £71,576 £7,903 £7,903

Int 2 6.87 £90,876 £74,059 EXT.DOM

Int 1 7.20 £101,941 £33,905 EXT.DOM

B 7.63 £107,703 £13,269 £35.376

CUA

C 5.60 £69,704 - -

A 5.82 £71,576 £8,565 £8,565

Int 2 6.14 £90,876 £59,897 EXT.DOM

Int 1 6.44 £101,941 £37,027 £48,893

B 6.44 £107,703 £1,497,878 £1,497,878



Economic evidence for WGS & WES

▪ Schwarze et al. (under review in Genetics in Medicine): Are whole exome and whole 
genome sequencing approaches cost-effective? A systematic review of the literature

▪ Search period: 2005-2016

▪ Inclusion criteria: economic evaluations, cost studies or outcome studies for WGS 
or WES

▪ 36 studies identified

• Mostly neurological or neurodevelopmental disorders (n=7)

• Few cancer studies (n=3)

▪ Cost estimates for a single test (2016 values, PPP adjusted):

• WES: $555 to $5,169

• WGS: $1,906 to $24,810

▪ Only 8 economic evaluations; 1 related to cancer

• Bennette et al. (2015): cost-effectiveness of generating information on incidental findings

• Colorectal cancer: $118,883 per QALY gained – not cost-effective

▪ Health economic evidence base for WES and WGS is very limited



Challenges for health economists evaluating 

pharmacogenomic tests in cancer



Health economic challenges



Timing of economic evaluations

▪ The attributes of pharmacogenomic tests (e.g. costs, accuracy) 

are constantly evolving

▪ Economic evaluations become outdated rapidly



How much do pharmacogenomic tests cost?

▪ We generally don’t know

• Limited evidence in the literature

• No national guidelines

• Significant variation between laboratories and countries

• Costs span multiple disorders



What is the correct comparator?

▪ Difficult to determine in pharmacogenomic testing in cancer

• e.g. genetic testing in Lynch syndrome

• Many potential combinations of genetic tests



Genomic data and outcomes

▪ The evidence base linking genomic data with health and non-

health outcomes in cancer is very limited

▪ Driven by poor quality effectiveness data

• RCTs for pharmacogenomic tests are large, lengthy and expensive 

▪ Economic evaluations rely on data on surrogate endpoints 

(e.g. PFS)

▪ Potentially important aspects of value excluded from our 

analyses e.g.:

• Value of possessing pharmacogenomic information

• Anxiety associated with identification as a drug non-responder.

▪ Casts doubt on conclusions of economic evaluations



Health economic issues related to pre-emptive 

pharmacogenomic testing





Two points to note for the UPGx study

1. Cost-effectiveness very sensitive to composition of a gene panel

• Actions taken based on test results vary between genes

• May be difficult to definitively conclude that a pre-emptive pharmacogenomic test 
is cost-effective

2. Important to consider behavioural factors

• No health benefit to identifying a marker if no action is taken

- E.g. if individual distrusts a result

• Negative health or non-health consequences for individuals identified as non-
responders?

• Negative health consequences for individuals identified as good metabolisers?

• Behavioural factors can significantly impact on cost-effectiveness



Reasons to be optimistic (1)



Reasons to be optimistic (2)



Thank you for your attention

Any questions?
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