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Assessing cost-effectiveness –
Incremental analysis and Efficiency frontiersIncremental analysis and Efficiency frontiers



Standard approach to measuring 
cost-effectiveness

Average cost
effectiveness
ratio (ACER)

=
Expected cost with A

Expected effect with A

Expected cost 
with A -

Expected cost 
with B

Expected effect 
with A -

Expected effect
with B

Incremental 
cost effectiveness
ratio (ICER)

=



Net benefits…
• ICERs useful and intuitive but have unfavorable 

statistical properties
• Fortunately we can (equivalently) express the results of 

a cost effectiveness analysis in terms of net health or 
net monetary benefit (need to specify a threshold 
willingness to pay…)willingness to pay…)

• NHB
– ∆Effect - ∆Costs / Threshold > 0

• NMB
– Threshold x ∆Effect - ∆Costs > 0

Note: ICER decision rule � ∆Costs/∆Effects < λ



Total effect Marginal Total cost
Marginal 

cost

Cost per 
cancer 

detected

Extra cost 
per extra 
cancer

QALYs lost per 
extra cancer 
detected *

Cost (£000s) @

No. 
tests

Effect (cancers detected)

Why incremental analysis ?
The sixth stool GUAIAC 

Neuhauser D & Lewicki AM. N.Engl.J.Med. 1975;July 31:226-8.

1 65.9469  65.9469  37 37 0.6 1 0.03
2 71.4424  5.4955    52 15 0.7 3 0.13
3 71.9004  0.4580    63 11 0.9 24 1.18
4 71.9385  0.0381    71 9 1.0 227 11.33
5 71.9417  0.0032    79 7 1.1 2,262 113.09
6 71.9420  0.0003    85 6 1.2 21,180 1058.98

detected *tests

@ 1975 UK £, converted from US $ (OECD, GDP PPP, 1980)
* Assuming health system can afford to pay £20,000 per QALY



Assessing cost-effectiveness

Cost (£)

New treatment
dominated

Low extra cost

High extra cost
Low QALY gain

Treatment cost-effective 
in shaded region

CE threshold
NICE ~£20-30K

Effect (QALYs)

New treatment
dominates

Low extra cost
High QALY gainCurrent 

treatment



Incremental analysis: 
making the right comparisons

At a threshold of £20k/QALY:
• B is cost-effective

• A and C are NOT

Cost (£)

C7,000
• Each person given C rather than B 

gains 0.1 of a QALY

• But the extra £4k implies an 
opportunity cost of 0.2 QALYs for 
other NHS patients (£4k/£20k)

• Hence the net social loss for 
treating each patient with C rather 
than B is 0.1 of a QALY

Effect (QALYs)

A

B3,000

0.3 0.4



Incremental analysis: 
Simple dominance

• C is more expensive and less 
effective than B

• So we would always prefer B.

Cost (£)

• C can be ruled out

Effect (QALYs)

A

B3,000

0.3

C6,000

0.2



Incremental analysis: 
Extended dominance

Cost (£)
• If we prefer C to A, we must be 

willing to pay at least £20k per 
QALY

• But if so we must prefer B to C, as 

Effect (QALYs)

B3,000

0.3

C2,000

0.1
A

• But if so we must prefer B to C, as 
this only costs £5k per QALY

• So we would never choose C if B 
is an option



Incremental analysis: 
Rules for comparison of multiple options

Cost (£)

C

1. Rule out any options subject to 
simple dominance

2. Rule out any options subject to 
extended dominance

6. Select option with highest ICER 
less than threshold 

Effect (QALYs)

A

E

D

5. Identify cost-effectiveness 
threshold

4. Calculate ICERs between 
successive pairs of options

3. Rank remaining options in order 
of increasing effect

B



Rationing and the threshold… 
a brief overviewa brief overview

(Acknowledgements to Joanne Lord, Brunel University, UK)



How can we use cost-effectiveness to 
decide if we can afford it?

• Several approaches
– Willingness to pay
– Fixed budget– Fixed budget
– Using a threshold
– Budget reallocation

• To illustrate, let’s draw up a league table…



A simple league table model

1. List all possible health care interventions for all groups 
of patients

2. Estimate cost & health gain (e.g. QALY/DALY) for 
each intervention 

3. Eliminate any options where an alternative costs less 3. Eliminate any options where an alternative costs less 
and gives bigger health gain

4. Rank remaining options in order of decreasing value 
for money (e.g. cost per QALY gained)

(Note - This isn’t really possible, but it’s a useful device for 
thinking through the issues)



Example of a league table
Selected interventions $/QALY 
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and high risk for stroke 

Cost-saving 

Thrombolytic therapy with intracoronary streptokinase vs. 
conventional therapy in patients with ECG evidence of AMI and 
duration of symptoms < 4 hours 

$4,800 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and medium risk for stroke 

$8,800 
fibrillation and medium risk for stroke 
Captopril therapy vs. No captopril 
in 60 year-old patients surviving myocardial infarction 

$11,000 

Thrombolytic therapy with tissue plasminogen activator vs. 
streptokinase in patients presenting within 6 hours after onset of 
symptoms of AMI 

$32,000 

Captopril therapy vs. No captopril in 50 year-old patients 
surviving myocardial infarction 

$73,000 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and low risk for stroke 

$410,000 
 

 
https://research.tufts-nemc.org/cear



The willingness to pay approach

• Determine how much society is willing to pay for a unit of 
health effect (e.g. $50,000 per QALY)

• Fund everything with a cost per QALY below this figure

• This will determine how high the budget needs to be

Selected interventions $/QALY 
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and high risk for stroke 

Cost-saving 

Thrombolytic therapy with intracoronary streptokinase vs. 
conventional therapy in patients with ECG evidence of AMI and 
duration of symptoms < 4 hours 

$4,800 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and medium risk for stroke 

$8,800 

Captopril therapy vs. No captopril 
in 60 year-old patients surviving myocardial infarction 

$11,000 

Thrombolytic therapy with tissue plasminogen activator vs. 
streptokinase in patients presenting within 6 hours after onset of 
symptoms of AMI 

$32,000 

Captopril therapy vs. No captopril in 50 year-old patients 
surviving myocardial infarction 

$73,000 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and low risk for stroke 

$410,000 
 

 

WTP threshold

Healthcare 
budget
needed

• This will determine how high the budget needs to be



The fixed budget approach

• Determine how much society is willing to spend on 
health (e.g. budget fixed by elected government)

• Start by funding projects at the top of table and continue 
moving down the table until the money runs out

• This will determine the ‘shadow price’ of the budget
Selected interventions $/QALY 
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and high risk for stroke 

Cost-saving 

Thrombolytic therapy with intracoronary streptokinase vs. 
conventional therapy in patients with ECG evidence of AMI and 
duration of symptoms < 4 hours 

$4,800 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and medium risk for stroke 

$8,800 

Captopril therapy vs. No captopril 
in 60 year-old patients surviving myocardial infarction 

$11,000 

Thrombolytic therapy with tissue plasminogen activator vs. 
streptokinase in patients presenting within 6 hours after onset of 
symptoms of AMI 

$32,000 

Captopril therapy vs. No captopril in 50 year-old patients 
surviving myocardial infarction 

$73,000 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and low risk for stroke 

$410,000 
 

 

Shadow price

Healthcare 
budget fixed

• This will determine the ‘shadow price’ of the budget



The threshold approach

• Can assess incremental changes to current system
� Start by estimating a cost-effectiveness threshold

� Select projects for evaluation 

� Fund projects if cost per QALY below threshold 

Selected interventions $/QALY 
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and high risk for stroke 

Cost-saving 

Thrombolytic therapy with intracoronary streptokinase vs. 
conventional therapy in patients with ECG evidence of AMI and 
duration of symptoms < 4 hours 

$4,800 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and medium risk for stroke 

$8,800 

Captopril therapy vs. No captopril 
in 60 year-old patients surviving myocardial infarction 

$11,000 

Thrombolytic therapy with tissue plasminogen activator vs. 
streptokinase in patients presenting within 6 hours after onset of 
symptoms of AMI 

$32,000 

Captopril therapy vs. No captopril in 50 year-old patients 
surviving myocardial infarction 

$73,000 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and low risk for stroke 

$410,000 
 

 

Estimated
threshold

Budget
impact



The reallocation approach

• Or compare potential investment/disinvestment projects 
and reallocate funding between them

Selected interventions $/QALY 
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and high risk for stroke 

Cost-saving 

Thrombolytic therapy with intracoronary streptokinase vs. 
conventional therapy in patients with ECG evidence of AMI and 
duration of symptoms < 4 hours 

$4,800 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and medium risk for stroke 

$8,800 

Captopril therapy vs. No captopril 
in 60 year-old patients surviving myocardial infarction 

$11,000 

Thrombolytic therapy with tissue plasminogen activator vs. 
streptokinase in patients presenting within 6 hours after onset of 
symptoms of AMI 

$32,000 

Captopril therapy vs. No captopril in 50 year-old patients 
surviving myocardial infarction 

$73,000 

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial 
fibrillation and low risk for stroke 

$410,000 
 

 

Estimated
threshold

Budget
neutral



NICE as ‘threshold searcher’
• The cost effectiveness of many interventions unknown

– Challenging to gather such information
– Challenging to use that data to analyse optimal resource 

allocation
• Even if data were available, it would be impractical to dismantle the 

current health care system and reconstruct based on an estimated 
optimal allocation…optimal allocation…

• So the estimated threshold approach may be the most pragmatic
• Important to get the threshold ‘right’

– Too high, and more cost-effective interventions will be 
displaced from the health service

– Too low, and less cost-effective strategies will continue to be 
funded and patients will be denied cost-effective treatments

• Need to identify ‘disinvestment’ opportunities



NICE doesn’t have a 
fixed CE threshold… why?

Extent of 
uncertainty

Cost-
effectiveness

ADVISORY GROUPADVISORY GROUP
DECISIONS

Non-utilitarian 
criteria: ethics, 

equity, rights

Legal and 
policy 

constraints

Practicalities of 
implementation



The role of cost impact assessmentThe role of cost impact assessment



Cost-effectiveness vs. cost-impact – a 
“separation of roles” in NICE guidance
Cost-effectiveness analysis

– Cost per QALY gained

– Objective: to estimate 
efficiency of resource use 

– Relative impact of options 

Cost impact analysis
– Costs and savings 

(not health gain)
– Objective: planning for 

implementation
– Absolute impact– Relative impact of options 

(per patient)
– By NCC economists during 

development

– Should inform advisory 
body recommendations

– Absolute impact

– NICE cost analysts during 
consultation on the draft 
guidance

– Should not change 
recommendations



What is costed in a guideline?

� The key recommendations

� Every recommendation

� ‘Significant cost impact recommendations’

cost of optimum careless cost of current care= cost impact
cost impact can be either a cost (+) or saving (-)



Types of costing tool
• Costing report – summarises the national cost estimate 

and discusses the assumptions made when estimating 
the financial impact of implementing the guidance. For 
technology appraisals the report is incorporated into the 
costing template. 

• Costing template – provides users with the ability to • Costing template – provides users with the ability to 
estimate local cost impact based on their population 
and changing assumptions to reflect local 
circumstances. 

• Costing statement – explains why the cost impact is not 
considered to be significant. When cost impact is 
minimal, usually no costing report or costing template is 
produced. 



An example of a costing template –
type 2 diabetes (newer agents)



An example of a costing template –
type 2 diabetes (newer agents)



“Efficiency frontiers”



Efficiency frontiers

• An alternative approach to standard approaches for 
assessing the relation of benefits to costs (in the German 
Statutory health care system) (IQWiG, 2008)

• Focus on addressing the ceiling price at which a superior 
health technology in a given therapeutic area should be 
reimbursedreimbursed

• Abandons cost-utility analysis – “accepted clinical measures” 
should be used  as measure of benefit (familiarity to 
clinicians plus their availability from clinical trials)

• To compare costs and benefits in a particular therapeutic 
area, construct a diagram with costs on X-axis and ‘value’ on 
the Y-axis
– Plot existing therapies as points on this graph



IQWiG’s Efficiency Frontier
Source: IQWiG 2008



IQWiG’s Efficiency Frontier – issues
(Drummond & Rutten, 2008)

• Does the measure of value capture overall benefit to patient?
• Is the measure of value based on a cardinal scale? (e.g. can you infer that 

for a given increase in costs there is a corresponding increase in benefit)
– Many clinical measures do not have cardinal properties

• How up to date is the information on value and costs for a specific 
intervention?

• Are all relevant interventions presented?
• Do positions on the ‘efficiency frontier’ represent efficient decision making 

in the past?
• How useful is cost-effectiveness information from foreign jurisdictions 

(especially if published studies used a cost per QALY approach)?

Frontier approach would allow identification of inefficient strategies that 
may still be used in clinical practice



Using the efficiency frontier to 
make decisions…

Source: IQWiG 2008



Using the efficiency frontier to make 
decisions…

• Decision zones above the superiority boundary – not 
clear what rules apply when the ceiling price is 
uncertain

• How are decisions made when there are multiple non-
aggregated dimensions of value  (and hence aggregated dimensions of value  (and hence 
potentially, multiple efficiency frontiers)?

• What if two therapeutic areas have a common and 
highly relevant measure of value, e.g. increased 
survival
– It may be possible to pay more for increased survival 

in one therapeutic area compared to another


