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Assessing cost-effectiveness —
Incremental analysis and Efficiency frontiers




Standard approach to measuring
cost-effectiveness

Average cost Expected cost with A

effectiveness =
ratio (ACER)

Expected effect with A

Expected cost Expected cost
Incremental with A i with B
cost effectiveness =
ratio (ICER) Expected effect Expected effect
with A ] with B
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Net benefits...

ICERSs 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...)

NHB

— Effect- Costs/ Threshold >0

NMB

— Threshold x Effect- Costs>0

Note: ICER decision rule Costs/ Effects <
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Why incremental analysis ?

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

Effect (cancers detected) Cost (E000s) @

No.
tests |

OO0~ WDN PR

@ 1975 UK £, converted from US $ (OECD, GDP PPBQ]19

* Assuming health system can afford to pay £20,0800QALY s
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Assessing cost-effectiveness

High extra cost

Cost (£)4 Low QALY gain
New treatment
dominated
O
Current
treatment\/

ect (QALYS)

CE threshold

NICE ~£20-30K @)

ctive New treatment
dominates
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Incremental analysis:
making the right comparisons

Cost (£) A
At a threshold of £20k/QALY:

* B is cost-effective

* Aand C ardNOT

» 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 (E4k/£20Kk)

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

7,000
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Incremental analysis:
Simple dominance

Cost (£)
? » C I1s more expensive and less
effective than B
« S0 we would always prefer B.
6,000 © » C can be ruled out
3,000 B
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Incremental analysis:
Extended dominance

Cost (£
( )ﬁ * If we prefer C to A, we must be
willing to pay at least £20k per
QALY
» But if so wemus prefer Bto C, a
3,000 this only costs £5k per QALY

 So we would never choose C if B
IS an option

2,000
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Incremental analysis:

Rules for comparison of multiple options

Cost (E)?

1. Rule out any options subject to

simple dominance

. Rule out any options subject to

extended dominance

. Rank remaining options in order

of increasing effect

. Calculate ICERSs between

successive pairs of options

. Identify cost-effectiveness

threshold

. Select option with highest ICER

less than threshold
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Rationing and the threshold...
a brief overview

(Acknowledgements to Joanne Lord, Brunel University, UK)
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How can we use cost-effectiveness to
decide If we can afford it?

o Several approaches
— Willingness to pay
— Fixed budget
— Using a threshold
— Budget reallocation

« To lllustrate, let’s draw up a league table...
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A simple league table model

List all possible health care interventions for all groups
of patients

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

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

. 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)
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Example of a league table

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

Thrombolytic therapy with intracoronary streptokinase vs. $4,800
conventional therapy in patients with ECG evidence of AMI and

duration of symptoms < 4 hours

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial $8,800
fibrillation and medium risk for stroke

Captopril therapy vs. No captopril $11,000
in 60 year-old patients surviving myocardial infarction

Thrombolytic therapy with tissue plasminogen activator vs. $32,000
streptokinase in patients presenting within 6 hours after onset of

symptoms of AMI

Captopril therapy vs. No captopril in 50 year-old patients $73,000
surviving myocardial infarction

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial $410,000
fibrillation and low risk for stroke

https://research.tufts-nemc.org/cear
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The willingness to pay approach
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The fixed budget approach

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

o 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 buc

Selected interventions $/QALY

_— xgmmx - T

o m@ﬁ : ﬁ Healthcare

.'té*;% oronary s t FE%%E

Shadow price ¢ ,@ - - ﬁt@t

sk aaath tieciin nlacming s arthviatnd

streptokinase in patients presenting within 6 hours after onset of
symptoms of AMI
Captopril therapy vs. No captopril in 50 year-old patients $73,000
surviving myocardial infarction
Warfarin vs. aspirin in 65 year-old with nonvalvular atrial $410,000
fibrillation and low risk for stroke
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The threshold approach

« Can assess incremental changes to current system
Start byestimatinga 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 Cost-saving
fibrillation and high risk for stroke

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial $8,800

E : d fibrillation and medium risk for stroke - B u d g et
stimate : i

th res h 0] I d Thrombolytic therapy with tissulasminogen activator vs. $32,000 p

ol LUl

symptoms of AMI

Captopril therapy vs. No captopril in 50 year-old patients $73,000

surviving myocardial infarction
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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 Cost-saving
fibrillation and high risk for stroke

Thrombolytic therapy with intracoronary streptokinase vs. $4,800

conventional therapy in patients with ECG evidence of AMI and
duration of symptoms < 4 hours

Warfarin vs. aspirin in 65 year-old with nonvalvular atrial $8,800
E t t d fibrillation and medium risk for stroke B u d g et
Stimate Captopril therapy vs. No captopril $11,000
in 60 year-old patients surviving myocardial infarction n e utral
th res h Old Thrombolytic therapy with tissue plasminogen activator vs. $32,000
ol LUl
symptoms of AMI
Captopril therapy vs. No captopril in 50 year-old patients $73,000
surviving myocardial infarction
Warfarin vs. aspirin in 65 year-cld with nonvalvular atrial $410,000
fibrillation and low risk for stroke NHS
National Institute for
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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...

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

Cost- Extent of
effectiveness uncertainty

ADVISORY GROUP
DECISIONS —
Legal and S Non-utilitarian

constraints equity, rights

policy ﬁ % criteria: ethics,

Practicalities of
Implementation
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The role of cost impact assessment
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Cost-effectiveness vs. cost-impact — a
“separation of roles” in NICE guidance

Cost-effectiveness analysis

Cost per QALY gained

Obijective: to estimate
efficiency of resource use

Relative impact of options
(per patient)

By NCC economists during
development

Should inform advisory
body recommendations

Cost impact analysis

Costs and savings
(not health gain)

Obijective: planning for
Implementation

Absolute impact

NICE cost analysts during
consultation on the draft
guidance

Should not change
recommendations
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What Is costed in a guideline?

The key recommendations
Every recommendation

‘Significant cost impact recommendations’

cost of optimum carkesscost of current care cost impact
cost impactan be either a cost (+) or saving (-)
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Types of costing tool

e 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.

o 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.
INHS|
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CE87CostingTemplate [Read-Only] [Compatibility Mode]

1Al B E u} E F G H J K L
1
2 | Costing template for type 2 diabetes: newer agents
3 | H S
4 National Institute for
5 1 Heaith and Clinical Excellence
& | Costing template =
? {
Cost for selected population using Cost for selected population using local
g standard assumptions assumptions
3| England [Enter the name of your locality here] [Enter the name of your locality here]
Unit cost [E] { Total cost | Unit cost [£) 4 Total cost | Unit cost [E] ! Total cost
jul MNotes Percentage [%] Units [£] Percentage %] Units [£] Percentage [%] Units [£]
1
12| Blue cellz shoud be amended b reflect
13 local circumstances
| Tatal population 501,542 505 100,000 100,000
5| |1 Males 15-24 0.0z 471 0.02% 1 0.0z 1
L % Males 26-34 0.2t £an 0.2 14 021 4
L [Males 35-44 1042 33,805 1045 74 104 T4
L [lales 45-54 324 103321 323 208 323m 206
19| Tlales 55-64 T0En 207167 708 40 T.0gn 40
20 | IVales 65-T4 1219 24,45 1219 477 1218 477
21 | [Wales 75+ 1383 208,261 1363 408 1363 408
22 | Femnales 18-24 .08 1143 .08 z 0.06% 2
23 Females 25-34 D22z 7,358 D2z 15 0.2z 15
24 Females 35-44 077 20127 077 1] 0.77% [21]
25 Females 45-54 2202 72,288 220 143 2.20% 143
26 Females 55-64 4420 132,044 42 285 425 266
2 Females 65-74 SEIN 183,004 263 m 863 i
28 Females 75+ 1013 242 0z 481 0z 4
28
30 Total cazes 1482773 2934 2934
H Overall prevalence 284 23% 29%
32
]
34
i} Current prescribing behaviour
36
I ] Tetformin BHE0 BET.ITE JHE0M 1162 KNI 1162
38 Sulfonlyurea .75 218,703 14.75 433 W78 433
39 Pioglitazane 050 7414 050 15 0.50% 1
40 Riosiglitazane 050 7414 050 15 0.50% 1
H Metfarmin & sulfanylurea Ta00 266,839 18.00: 528 18.00% n2g
42 Metfarmin & pioglitazone 150 22,242 150 44 180 44
43 Metfarmin & rosiglitazane 150 22,242 150 44 1803 44
44 Metformin & sitagliptin 0.0 - 0.00% 0.003
45 Wetformin & vildagliptin 0.0 - 0.00% - 0.003 -
46 Sulfonylurea & pioglitazone 100z 14,528 100 239 1.00% 29
47 Sulfonylurea & rosiglitazone 100z 14,528 1004 29 1.00% 29
48 Sulfonylurea & sitagliptin 000 - 0.00 0.00%
43 Sulfonylurea & vildagliptin 000 - 0.00 - 0.00% -
50 Metformin & sulfonylurea & pioglitazone 300 44483 300 88 300 a8
] Metfarmin & sulfonylurea & rosiglitazone 300 44,453 300 a8 3.00% it
H4FH Step 2. Costing template ,© Step 3. Costing summary Sensitivity analysis Pharmacological Treatments Costs over time Where to find the guidance Gl || e
Ready Uﬁ (Ol [) 5% =) O




Workbook Views Show/Hide Zaom Window Macros
F13 - £ | =D19+{{619-D19)/3)%2 4]
ostingTemplate [Read-Only] [Compatibility Mode] —r K
LA E i o E F G | J K L 1 I u} P R 5 T 1] Y W 'E
1
2| Costs over time
j i National Institute for
5 Health and Clinical Excellence
E | User percentage by treatment Costs over time
1 || ri ' e 3 ri i fre 3
& Metformin| 4000 | 40.00% | 4000 | 40.00% £14.082272 £14.139.722 FACACTAR] EM.234.620
3 Sulfonylurea| 1500% | 1500% | 1500% | 15.00% 4,592,889 £4615.837 £4.644 736 £4670,735
10 | Pioglitazone | 0.50% 0.ET 083 1005 £2,098.124 £2,797.458 £3496.873 £4.196,247
i | Rosiglitazone | 050x | 033 0173 .00z £312,823 £2,076,882 £1,027,341 £0
12 Metformin & sulfonylurea| 12.00% 167 1733 1700 12,010,460 £11,798,044 11,665 528 432
13 Metformin & pioglitazone |  150% 200 250K 3.003 i6.228.168 £5.460.051 E12.052,013 E4.723.418
L Metformin & rosiglitazone | 1503 133 117 1003 9,475,267 £5,778,015 £7.680,763 15,583,512
16 Metformin & sitagliptin| 0.00x 033 DETH 1005 il £2. 283,700 £4.627.400 £E.751100
16 Metformin & vildagliptin| 000% | 0332 | 067 1003 £ £1907 834 13,815,669 £5,723503
Sulfonglurea &
| pioglitazone |  1.00% 117 s 1605 £4.607 620 £6,268.901 £6,010,173 EETEL444
Sulfonglurea &
18 | rosiglitazone | 1003 0.8 DLETH (.50 £E.539.028 £6,443,140 4,369,162 £ 269514
13 Sulfonglurea & sitagliptin| 0.00% | 050% 1,005 1505 £ 13,373,308 16,74E517 110,119,925
20 | Sulfonylurea & vildagliptin|  0.00: (.50 100 1605 il £2,839,510 £6,679.020 28,618,630
Metformin & sulfonylurea
2 & pioglitazone | 3.00% pATEA ek 350 15,668,082 16,543,151 822824 13,513,281
Metiormin & sulfonylurea =
22 & rosiglitazone | 300% | 267w [ 233w | 200w £20584682 | F19006.584 | SI6085036 | £13.789748 [
Metformin & sulfonylurea
22 & sitagliptin| 0.00: IR 033 | 080 £0 £1,183,747 £2,367494 £3.551,241
Metformin & sulfonylurea
24 & vildagliptin | 0.003 0 033 | 080 £0 £1,005,314 £2,011,629 13,017,443
20 Exenatide | 0.00% 0.ET: 133 2.00 £7.993 560 FARROTN £13,075,873 £24.614,030
2 Acarbose| 000x [ o0o0x [ ook | ooo £ ] £ £
27 NPH insulin| 5.00: 4.00% 3005 2.00 13,715,645 #10,472.519 £0.229.388 £6,426.260
28 Long-acting insulin| 5.00: FcEr BETH 4.003 £24,696,885 £28.2T1016 E21.846,187 £15.420,838
24 Premiz insulin| 1003 11722 1335 15605 12,743,130 £3,200,31% £3,657,508 £4,114,535
a0 Total| 100 100 oz 100 £1549,165,650 £168.251.720 EIFTMTTH | E1B6A443.861
3
a2
P Predicted 3 year uptake of newer agents Predicted 3 year cost of newer agents
3 14.00% 50,000,000
2
% " e E70,000,000 [ iyt —
37 £60,000,000
kL] . 2
33 é DPE-d inkibitors T:= == DIPP-4 inhibitars
4 = 3
42 B =
47 400 £20,000,000 -
44 _ e 1
45
16 0.00% £0
47 ¥ro ¥rio ovra o vrs3 ¥rd ¥ri ¥r2 vrs3
42 1
AQ
LR Step 2. Costing template Step 3. Costing summary Sensitivity analysis Pharmacological Treatments Costs over time Where to find the guidance '*:I_I|T| Il | %t
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“Efficiency frontiers”
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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
reimbursed

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 .
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Value of Health Benefit

IQWIG’s Efficiency Frontier

Source: IQWIiG 2008

Completed Theoretical Efficiency Frontier

Clearly Better

c Clearly Worse

Total Net Cost (/pt)



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
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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 celling price is
uncertain

How are decisions made when there are multiple non-
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




