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Big 6 Epi-Biostat Methods ... plus 2 Choice Methods:
Decision & Cost-Effectiveness Analysis

Description
* How frequent are risk factors/exposures/conditions/diseases?

Causation
* What are the causal relationships among environmental, behavioral, and biological factors
within humans? Does X affect Y? Does intervening on X change Y?

Attribution
* What fraction of disease Y is eliminated if causal exposure X is eliminated or reduced?

Mediation
* Mechanisms of causation. How does X cause Y?

Interaction
* When and for whom does X cause / predict Y?

Prediction
* Do A, B, and C predict concurrent / future Y? (diagnosis or prognosis)

Decision Analysis
* What are the consequences (primary & secondary, short & long-term) of
alternate health-related actions (tests or treatments)? Which action optimizes
health outcomes?

Cost-Effectiveness Analysis
* What are the projected improvements in health with increased spending on
health interventions (tests, treatments)? What is the net added cost per unit of
health gain?


Presenter
Presentation Notes
In this slide we describe how decision and cost-effectiveness analysis extend the traditional 6 tools of epidemiology and biostatistics into the realm of analyzing choices that medical and public health practitioners face every day. The 6 Epi-Biostat methods quantify the myriad factors involved in health and disease. They provide the foundation of our understanding of the distribution and causalities of disease and treatment. 

However, in order to best apply this information to guide our actions, we need tools to formally integrate the various quantitative insights and estimates. We need frameworks to translate knowledge into the predicted outcomes of potential actions. These frameworks are decision analysis and cost-effectiveness analysis. Decision analysis systematically maps out the potential consequences of actions we might take, such as diagnostic tests or treatment interventions. It quantifies those consequences, and thus answers the question – which action optimizes health outcomes, like years of healthy life? Cost-effectiveness analysis (CEA) adds economics to decision analysis. It estimates how an increase in spending will translate to improved health outcomes. And thus it allows us to to estimate the added cost per unit of health gain – such as the incremental cost per added year of healthy life.

This lecture is about CEA, but each CEA incorporates a decision analysis. That is, in order to compare the added spending to the anticipated health benefits, we need to estimate those health benefits, using DA. Thus, we’ll be discussing both.


.

A More Relevant Definition of Epidemiology & Biostatistics

2

Roles

Generate knowledge

Titles Researcher;

Scientist

Tools Biology /e,
Chemistry /O/Og
Physiology v
Engineering S
Pharmacology ,b,i\c,\\(’

Toxicology, etc.é\os‘

Publki

m

pr
Clinical practitioner
(e.g., physicians)

Health promotion;
Diagnostic tests;
Behavioral, Surgical &
Pharmaceutical
interventions

/i”'/x,

Benefit from
knowledge

Patient;
Community

resident

Compliance with
interventions; live
everyday life


Presenter
Presentation Notes
Here’s a slide presented by Jeff Martin. It shows nicely how Epidemiology & Biostatistics bridge from the hard science to the application of knowledge in public health and medical practice. But wait, there’s more! [click]

Now you see an additional potential intervening step: Cost-effectiveness analysis helps us decide if the potential applications of that knowledge are worth the required investment. These are very tricky decisions – who wants to deny anyone potentially helpful treatment for a serious disease? But what if Intervention A costs $1 million per added year of healthy life? And if we could instead use that money to do Intervention B for the same disease that costs just $1,000 per added year of health life? Those of us who do CEA think that these are fair questions to struggle with. So that’s why we try to provide cost-effectiveness ratios for these discussions. And that’s why you should try to become a knowledgeable and critical reader of CE studies.

Now let’s look at what goes into a CEA.


Opportunity Costs: Definition

* Use of resources for one purpose precludes their use for
another purpose.

* Concerned with real resource consumption.

* Resources usually quantified in dollars.

Health Strategies International,
Super Models for Global Health
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First, a brief detour to fundamental economic theory. “Opportunity cost” refers to the simple truth that use of resources in one place precludes their use elsewhere. It is concerned with real resources consumption, rather than with mere financial issues. However, the cost of resources used to take an action is the easiest and most flexible way to quantify what we give up – what we could accomplish through alternative use of those funds.


The value of thinking in terms of
opportunity costs

* Counteracts the tendency to unthinkingly continue this
year what worked last year.

 Stimulates creativity about the best use of resources given
current needs and alternatives.

Health Strategies International,
Super Models for Global Health
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These statements may seem trivial because they devolve to the truism that money spent here can’t be spent there. But, contemplating ‘opportunity costs’ focuses the mind, and therein lies its utility. It can counteract the human (and especially institutional) tendency to blindly continue this year what worked last year. Thinking about opportunity cost can stimulate creativity about the best use of resources given current needs and alternatives.



The Reality -- Resource Allocation

* The problem: Resources are always limited.

* The challenge: To allocate resources to achieve a
maximum benefit.

Health Strategies International,
Super Models for Global Health
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The opportunity cost concept translates in practice to resource allocation – how we divide the money available among possible activities. Budgets are always constrained, even if relatively large as in the U.S. The challenge to allocate resources reasonably to achieve the most good. 




B
Alternative ways of making decisions

* Dogmatism. All aneurysms should be surgically clipped.
* Policy. At UCSF we clip all aneurysmes.

* Experience. l've referred a number of aneurysm patients for surgery and
they have done well.

* Whim. Let’s clip this one.
* Nihilism. It really doesn't matter.
* Defer to experts. Vascular neurosurgeons say clip.

* Defer to patients. Would you rather have surgery or live with your

OR
Decision Analysis (incl CEA)
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So, do we normally use a “resource allocation” approach? No, we don’t. We have lots of other ways to make decisions, based on various rules of thumb (known as heuristics) and the culture of our work environment. Let’s run through these. For each, I’d like to see a show of hands for who’s seen this. [Read list, one by one.]

None of these options is perfect, some are funny, and some could be harmful. We’d like to have a more formal approach. So that brings us back to … [last click]


The role of CEA

* It doesn’t decide the goals (value neutral)

* CEA helps to maximize reaching a goal with available
resources (most efficient)

Health Strategies International,
Super Models for Global Health
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A quick note – CEA is a tool, just a tool. As with economics generally, CEA is value-neutral regarding goal selection. Goals depend on your values. Once a goal is determined (e.g., healthy years of life), the role of CEA is to help reach that goal as completely and efficiently as possible. Efficiency is sometimes criticized as unkind, but I think it has a role in helping us reach our agreed health goals.



CEA = Measuring trade-off between cost and
effectiveness

Health Strategies International
Super Models for Global Health
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CEA helps us by quantifying cost and effectiveness, when contemplating which action to take.


Cost-Effectiveness Analysis: When to use it?

When selecting among 2+ courses of action with
different effects and costs.

* HIV Prevention:
* Intervention vs. no intervention?
* One intervention vs. another?
* Universal vs. targeted interventions?
* Group counseling vs. individual counseling?

Health Strategies International,
Super Models for Global Health
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Here’s an example topic – HIV prevention.

CEA can compare an intervention vs no intervention, such as needle exchange or not. Or two interventions, such as nevirapine vs multi-drug antiretroviral regimens for mother-to-child transmission.

In addition, CEA can compare intervening with all individuals versus targeting those who are at elevated risk, with more potential for benefit.



Trading off cost and effectiveness for an
intervention vs. status quo

Lower Cost | Higher Cost

Lower
Effectiveness

Higher
Effectiveness

Health Strategies International, Super
Models for Global Health
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It’s useful to think in terms of a two-by-two table. A new intervention can be lower or higher cost than an existing approach, and lower or higher effectiveness. Which cells are interesting for CEA?


CEA 1s a method for systematically quantifying
the trade-off, when there is a trade-off

Lower Cost | Higher Cost

Health Strategies International, Super
Models for Global Health
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Here we see that two cells are starred. These are the ones that are interesting for CEA. The bottom right is the most common for a new intervention – costs more, and works better. More money, more benefit. Is it worth it? There’s a trade-off we can quantify. Upper left is the same story, from the opposite perspective.

The two other cells are also important – for interventions that are higher cost and less effective, which we call “dominated”. And for interventions that are lower cost and more effective, which we call “dominant”. These situations do happen, as we’ll see, and they’re really important, to identify strong losers and winners. But they’re not amenable to CEA trade-off calculations. 


Structure of a CEA

*Inputs
*Qutcomes
*Analytic Approach

Health Strategies International,
Super Models for Global Health
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Now let’s turn to how a CEA is set up. There are three legs to this stool. What information goes in, the results we want to generate, and the analytic approach.


Three broad inputs into CEA

e Costs of intervention

* Health effects of disease & intervention
e Costs of health care

Health Strategies International,
Super Models for Global Health
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We’ll start with inputs. Again, 3 parts: costs of intervening, health effects of disease and intervening, and costs of health care for that disease.


.
Input: Intervention costs

Standard cost-accounting categories
for input resources

* Personnel (aka staff) eg doctors, nurses, counselors,
lab techs, drivers, guards, etc.

» Supplies (aka commodities, consumables) eg drugs
* Services (e.g., PR or cleaning)

 Capital goods (e.g., vehicle, lab machine)

* Training (esp specific to the program)

* Physical space (i.e., rent)

Health Strategies International,
Super Models for Global Health
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Intervention costs may be unfamiliar to you, but is pretty easy to understand once you get the lay of the land. We quantify “resources” that are required and their costs. We use some standard categories. Let’s start with personnel, or staff, or “human resources”. This is usually the biggest category of costs. It includes health care workers and others. We measure quantity in hours or days or months. Costs are wages or salary or total compensation. [Review remainder of list]


Input: Health effects

* Consequences of the disease portrayed
(e.g., mortality and morbidity risks)

* Intended effect of interventions
(e.g., reduced risk of mortality)

*Side effects of interventions
(e.g., adverse events, incl long-term)

Health Strategies International,
Super Models for Global Health
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The anticipated health effects of disease and treatment are inputs to the model. Of course it’s critical to portray how the disease will affect health. For example, how many will die over 3 years? That’s the outcome we’re trying to change. It’s equally critical to quantify how the intervention will alter that disease course, such as by reducing mortality. And, to have a proper full portrayal, we need to consider side effects, or adverse events, caused by intervening.


Input: Cost of health care

For the disease being modeled,
and due to treatment side effects

e Qutpatient (visits)

* Hospitalizations (days)

* Diagnostics (e.g., lab, xray)
* Therapeutic procedures

* Pharmaceuticals

Health Strategies International,
Super Models for Global Health
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Finally, we need to portray the cost of health care for the disease being modeled. This is essential, because the overall costs of intervening may be affected by how the intervention affects health care use. If the intervention averts disease, it will lower health care costs. If it identifies disease it may increase use of medical care and thus costs. 

We divide health care costs into standard categories. The big ones are listed here. The costing approach is similar to what we do for the intervention – count resources, and apply costs.


CEA Outcomes

* Health:
* intermediate effects (eg physiological)
* Clinical: morbidities, mortality

 DALYs or QALYs: Inclusive standard metric

*Net costs, i.e., intervention cost adjusted for
offsetting savings or added induced costs

* Incremental CE ratio (ICER!)

Health Strategies International,
Super Models for Global Health
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Now the second big element of a CEA: Outcomes. This is what we’re trying to estimate. 

Health outcomes may include intermediate effects, like changes in blood pressure or HgA1c, or CD4 count for HIV. They also always include clinical events, including both morbidity (like heart attacks and infections, or pain or physical or mental disability) and mortality (premature deaths, of course). Readers intuitively understand these clinical events.

However, it’s hard to sum up or compare diverse clinical events. What is a heart attack plus back pain? Or death at age 60 vs. five years of depression? In order to bring some order to this mix of events, we use one of two standard metrics that sum up the effects of premature death (a change in years of life) and of morbidity, taking into account severity and duration. This is done with DALYs or QALYs. More on these metrics in just a moment.

Before we move on, there are two more outcomes. One is “net costs” – the intervention costs adjusted for offsetting medical care savings or induced costs as a result of the intervention.

Finally, if there is a trade-off to assess – more health for more money – we calculate an “incremental cost-effectiveness ratio”, or ICER.


QALYs & DALYs

* QALY — Quality-Adjusted Life Year
e Measure of health — longevity and health status
More is better
Health status measured in “health state utility” (1 = perfect health, 0 = death)
Years of life adjusted for for imperfect health
Dominant metric in US and Europe CEAs

* DALY - Disability-Adjusted Life Year
* Measure of disease burden — lost years of life and compromised health
* Less is better.
* Health status measured in “disability weight” (O = perfect health, 1 = death)
* Years of life lost (YLL) plus disability adjustment (DA) when alive.
* Dominant metric in global disease policy and for CEAs in LMIC

* Opposite & equal
* For any intervention, QALY gained = DALY averted. Really.
* Health state utility = 1 minus disability weight, and vice-versa.
* Theoretical difference but not in practice (as measured).
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Now we’ll take a closer look at the magic metrics that combined mortality and morbidity into a single measure. You’ve seen these before, in the lecture by Dr. Zablotska. The QALY is the quality-adjusted life year. It’s a measure of health – longevity and health status. More is better. Health status is measured with “health state utility”, on a 0-1 scale, with 1 being prfect health. Years of life are adjusted, as necessary, for imperfect health. This is the metric used in the US and Europe most of the time.

The DALY is the disability adjust life year. It’s a bit younger than the QALY. It’s a measure of disease burden – so less is better. Health status is measure in ”disability weight”, also on a 0-1 scale, but perfect health is represented by 0 – no disability. Thus the DALY is sum of years of life lost plus disability when alive. It’s the dominant metric in global disease policy and for CEAs in low and middle income countries.

A bit confusing, right? Different metrics, with different components. Actually, luckily, it’s a bit easier than that. It turns out that in practice – as actually implemented – QALYs and DALYs are opposite and equal. A QALY gained equals a DALY averted. Health state utility is the complement of disability. While disability was intended to measure something different than health state utility, in practice the measurement is a lot like for utility. This means if you can’t find the disability weight for an analysis, you can use one minus the health state utility. 


Using decision trees in CEA

 What is a decision tree?

* When should | use a decision tree?
* How to construct a decision tree

* How to analyze a decision tree

e Software options



What is a decision tree?

* A branching structure that leads from a choice (among competing
courses of action) through a probability net of possible
consequences (temporary and final) ...

e ... in which each path of consequences has an associated probability
and set of outcomes of interest (e.g., cost and health status) such
that ...

e ... each course of action can be assigned expected values for the
outcomes (as the weighted mean of relevant paths) that can be
compared and used to guide decisions among the actions.



A Very Simple Decision Tree

Population | Intervention Clinical course Health status QALYs Cost
No CV event due to smoking Live to 80 good health 20 S0
0.4
No interven(')
N Die 10 $50,000
CV event (M, stroke) 0.3
0.6
Live to 80 mild impairment 19 $150,000
0.7
| 17.78 | $72,000
Smoker [
No CV event due to smoking Liveto 80 good health 20 $8,000
Smoking 0.46
Cessation /')
Program - Die 10 $58,000
CV event (M, stroke) 0.3
0.54
Live to 80 mild impairment 19 $158,000
0.7
| 1800 | 572,800
| 022 | $800
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Now onto analysis. Here’s a very simple example of a decision tree. Trees in real analyses are a lot more elaborate. But this has the key elements. 

There is a population with a health issue, for whom you’re contemplating intervention. In this instance, smokers. The decision (represented by the square) is whether or not to do a smoking cessation program. These are fairly expensive, and for long-time smokers not all that effective. The tree portrays expected clinical outcomes. Again, keeping it simple, is there a CV event related to smoking or not? Circles show the “chance nodes”. At the top, this event has a 60% chance of occurring. If it happens there’s a 30% chance of immediate death, and a 70% chance of long-term survival with mild impairment. The QALYs for no CV event are 20, and the cost is $0. With early death, the QALYs are 10 (because of healthy years before the fatal CV event), and cost is $50,000. Surviving a CV event costs more but results in more QALYs. The expected QALYs are 17.78, and the expected cost is $72,000.

With the program, the risk of a CV event drops by 10% (see yellow highlighting). All the other probabilities are the same. And the costs are the same too, except for $7000 for the program. The expected QALYs are 18, and expected cost is $72,800.

Thus, in this hypothetical example, the intervention increases QALYs by 0.22 and increases costs by $800. Of course for individuals who benefit, the QALY gain is huge. But only a few people benefit.


The CE Ratio (ICER)

Difference in costs between two courses of action
divided by

Difference in health outcomes
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Ah, now the coup de grace – the ICER. This is the analytic approach. (Well, actually, it’s the ultimate outcome measure of CEA, but the details of how we combine the various inputs to arrive at this are more than we can address today. If you’re interested, let me know and I’ll refer you to a video [”The ICER Man Cometh” on YouTube] and readings. Or take Epi 213 to really learn and start to use CEA methods.)

Back to the ICER. It’s a simple ratio – the difference in costs between two courses of action, divided by the difference in health outcomes … 


The ICER, deeper dive:

Net cost with intervention — Net cost with no intervention
QALYs with intervention - QALY's with no intervention

A Net Cost
A QALYs
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… which looks like this, if you’re using QALYs (as is pretty standard, and recommended). It’s the difference in net costs with and without an intervention, or between two interventions, divided by the difference in QALYs. Delta net cost divided by delta QALYs.


A Net Cost
A QALYs

5800
0.22

= $3,604 / QALY


Presenter
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Back to our simple smoking cessation decision tree. Here’s the ICER. $800 divided by 0.22 is $3,600 per QALY gained


When should | use a decision tree?

* Conceptualizing: Almost always. Extremely useful to develop and portray
the structure of a cost-effectiveness analysis ... clarify thinking, tighten logic,

avoid omissions of possible paths. Can be used in conjunction with other
visual portrayals of model dynamics.

* Operationalizing: Often. Assures that conceptual approach is reflected in
implementation. Often used in conjunction with other calculation tools.
Balance of tree & other calculation structures is personal preference.

* Presenting: Sometimes. Some analyses done with trees are presented with
trees, some not.



How to construct a decision tree

* Population & context

* Decision node (square) — the question under study, 2 or more action options — all
plausible (judgment call). Later decisions brought to front.

* Chance nodes (circles) — in each node probabilities sum to 100%. Mutually exclusive &
exhaustive. Dichotomous easiest to manipulate. Markov can be incorporated.

* Terminal node utilities = outcomes — health, costs (direct, time)
* Expected values for health and costs, for each action option as weighted mean of paths.
* Iterative revision — unlike RCTs, the approach can (and nearly always does) change with

early results and better understanding. The trick is knowing when to stop refining, and
balancing completeness with transparency.



How to analyze a decision tree

* Comparisons across options — compare expected values for costs and health
outcomes ... ordered (least to most expensive) & step-wise incremental ... then
incremental cost-effectiveness ratios (ICERSs)

Cost aCost  DALYs APALYS e
(averted)
Option A $1,000 10
Option C $1,500 $500 8 2.0 $250
Option B $1,700 $200 8.5 -0.5 Dominated
OptionD  $2,500 $800 7.5 1.0 $2,000  [vs C]

 Sensitivity analyses — 1-way, 2-way, scenarios, thresholds, multivariate (eg Monte
Carl0).



Software

* Excel — familiar, generic, flexible (eg incorporate epidemic and cost models),
has sensitivity analysis add-ons (Crystal Ball, @Risk). My favorite. Consider
starting with template.

* TreeAge — newer, specialized, efficient for set CEA tasks, learning curve.

» @Risk — newer, specialized, efficient for set CEA tasks, powerful, complex,
narrow market. Can use for SAs with Excel.



Why the “I” in ICER is important

* The “lI” is “Incremental”

* When considering multiple plausible interventions, must examine incrementally.

Example:

Drug cost

Care cost
Net Cost

QALYs

Incremental
A Net cost
A QALYs

ICER

Not Incremental
/\ Net cost
A QALYs

CE Ratio

No Rx Drug A
(generic)
SO $1,000

$10,000 $7,000
$10,000 $8,000
10 12

- ($2,000)
- 2

Dominated Dominant

- ($2,000)
- 2

Dominated Dominant

Drug B Drug C
(brand) (biologic)
$10,000 $75,000
$5,000 $3,000
$15,000 $78,000

12.5 13
$7,000 $63,000
0.5 0.5
$14,000 $126,000
$5,000 $68,000

2.5 3

$2,0 ,667
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It turns out the “I” in ICER is really important. That is, “incremental” has a special meaning, and applying it properly is essential to correct CEAs. It means, when there are 3 or more plausible intervention approaches, you must examine them step-by-step, one increment at a time.

Here’s an example. You’ve got 4 treatment strategies: No treatment; Drug A, which is generic and fairly cheap; Drug B which is brand name and more expensive; and Drug C which is a new and wildly expensive biologic.

No treatment has zero cost for drugs, and $10,000 for the disease. Drug A costs $1000, and lowers disease costs to $7000, so with a total cost of $8000. Drug B costs $10,000, plus $5,000 in other disease costs, is $15,000. And Drug C costs $75,000, lowers disease costs to $3,000, for a total of $78,000.

Under “Incremental” we can see that Drug A is cheaper and better than no treatment, so “dominant”. Drug B adds 0.5 QALYs to Drug A at an incremental net cost of $7,000, so the ICER is $14,000 per QALY gained. Drug C is $126,000 per QALY gained vs. Drug B. Which may be too costly. These are the step-by-step increments we should use.

Now look at “Not Incremental”. If we compare each drug directly to no treatment, it distorts the results. It unfairly makes Drug B and Drug C look very attractive, with much lower cost-effectiveness ratios -- $2,000 and 22,000 per QALY gained. But it’s wrong to skip the intermediate options (click, and hold a second).


CEA examples

Example 1: New antivirals for HCV, U.S.
(Chahal et al JAMA IM 2015)

Treating all fibrosis stages vs stages F3/F4
adds 0.73 QALYs and $28 899
ICER of $39 475 per QALY gained.

Example 2: Adult Male Circumcision in S. Africa
(Kahn, Marseille, Auvert PLoS Medicine 2006)

S181 per HIV infection averted (unadjusted for HIV care)
Adjusted: $2.4 million saved for 1,000 MCs
Dominant! Cheaper + Better. No ICER needed

Health Strategies International, Super
Models for Global Health
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Now onto to some real CEA results from my work.

The first example is about antivirals for HCV in the U.S. These are new and highly effective, and very costly drugs. We compared treating all people with HCV to just those with stages F3 and F4, advanced disease based on histology. We found that advancing treatment to everyone adds 0.73 QALYs and $29,000, for an ICER of $39,500 per QALY gained. I’ll show detailed results in a moment.

Example 2 is about adult male circumcision (AMC) in South Africa to prevent HIB infection. We found a cost of $181 per HIV infection averted, unadjusted for changes in HIV care costs. With that adjustment, we found a net savings of $2.4 million for 1000 circumcisions. That means that AMC is “dominant” – cheaper and better. Thus no ICER is needed, or appropriate, because there’s no trade-off. Just report the savings and health benefits.


.

Cost and cost-effectiveness results for HCV

antivirals by treatment initiation timing

Base-Case Results

Costs, $ QALYs
Combined Sofosbuvir and Ledipasvir Total Incremental  ICER, % per QALY
Treatment Strategy® Treatment Incremental Total Gain Gained®
Treat all vs treat at stages F3 and F4
Treat at stage F3 or stage F4° 60906 NA 14.09 NA NA
Treat all 89804 28899 14.82 0.73 39475
By fibrosis stage
No treatment 46 107 NA 11.82 NA NA
Treat at stage F4 57616 11509 12.85 1.02 11252
Treat at stage F3 60906 14798 14.09 2.27 6522
Treat at stage F2 71913 11007 14.65 0.55 19833
Treat at stage F1 83594 11682 14.79 0.14 81165
Treat all 89804 6210 14.82 0.03 187 065

Chahal HS, Marseille E, Tice JA, Pearson SD, Ollendorf DA, Fox R, Kahn JG. Cost-

effectiveness of Early Treatment of Hepatitis C Virus Genotype 1 by Stage of Liver Fibrosis in a

US Treatment-Naive Population. JAMA Intern Med, 2015.
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Here we see more detailed results for our HCV study.

At the top you can see the comparison I presented on the last slide. This divides the HCV population into two large groups. It costs $39,500 per QALY gained to treat everyone instead of stage F32 or greater. In the US this is generally considered a favorable cost-effectiveness ratio.

But then we decided to get more precise. We divided the HCV population into individual fibrosis stages. And what we found is that expanding the treatment population to each earlier stage has a pretty good ICER, until we compared Stage F1 and later versus Treat All. Then the ICER jumped to $187,000 per QALY gained. So, we found that with any evidence of liver damage, it makes economic sense to treat. But perhaps not for people who are infected but without liver damage.


Analytic Approach —a few issues

* Time Frame — Over how many years are you measuring costs and
outcomes?

* Trade off between accuracy and relevance

* Empirical data versus modelled

* Economic perspective
* Medical system? Patient? Society?
* Payer(s) eg insurers

Health Strategies International, Super
Models for Global Health
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Here are a few issues to consider in an analysis. 

What time frame captures the important outcomes of the situation you’re analyzing? This requires balancing precision (easier for short time frames) with inclusiveness.

Do you have empirical evidence on outcomes? Or need to model disease progression and intervention effects? Or, as is common, a mix of the two.

Whose perspective are you considering – all of society? Payers (insurers)? Patients?


Analytic Perspective, Cost-Effectiveness and
Policy Implication

SOCIETAL

Cost-effective

Not cost-effective

< P

=

COSt“ “No brainer” Realign incentives?
effective
(Yes) (Should be “No”)
Subsidy “Non-starter”
Not C(;)St- (Should be “Yes”) (No)
effective
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Results can heavily depend on perspective. If an intervention is cost-effective from both a societal view and for payers, incentives are aligned. If neither, it’s also clear what the decision is.

If there’s a discordance, it may make sense to try to align incentives. For example, the government may want to subsidize vaccinations, which otherwise may not be attractive to the current payer, but may pay off for society.


Uncertainties

* A “base case” analysis incorporates best estimates
for input values.

* Use sensitivity analyses to explore how results
change with uncertainty in input values.
e 1-way — each input value alone (summarize in Tornado)
e 2-way — eg drug price & efficacy
e Scenarios — eg most or least favorable circumstances
e Multi-variate (probabilistic) — all variables at once

Health Strategies International,
Super Models for Global Health


Presenter
Presentation Notes
A good cost-effectiveness analysis presents the results of a “base case” analysis that incorporates the best estimates for each input. 

These findings are then supplemented by extensive use of sensitivity analyses,  which explore how variations in the value of key inputs affect the results. The sensitivity analyses define the range of circumstances in which a given intervention remains or becomes cost-effective. The SAs can address one input at a time, or two, or sets of inputs, or all inputs doing a probabilistic exploration.

Sensitivity analyses are essential for many reasons – model validation and debugging, assessing the objective robustness of findings, reassuring the reader who may wonder about uncertainty, and identifying inputs that may be modifiable by policy makers, such as target population or drug prices.


Sensitivity Analysis —an example
One-way, tornado

Figure 2. Sensitvity Analyses of Incremental Cost-effectiveness Ratlos (ICERS) for Combined Sofosbuyir and Ledipaswir Treatment for AN Stages
of Fibrosts vs Stages F3 and F4

ICER, § per QALY
Iyt Ease Case (Hamge) Lower Limit  Ulpger Limit
Cabort age, y B0 (20-70) 389 118881
Weskly cost of safusbuv -ledipasive, § 7875 (3937 5-11B125) 17096 61854
Discount rate 0.03 {0.01-0.05) 1077 61112
Utility walue in stage F2, no SWR 082 0.72-1) 21487 59347
Wortality rate increase in stage F3, after 5VR 14{31 1) 31445 46607
Owerall reqression prooartion 1(0-12) 28147 41334
Anmsal cost of stage 1, no SWR, § B10 (405-324M) 28305 41236
Reqresssion proportion from stags F3 to F2, with SYA 0,46 {0.23-0.65) M217 46785
Utility im staqe F1, no SYR 0,98 {0.92-1) 31305 43136
Anmal cost of stage F2, no SWR, § B10 (3240-405) 29304 41170
Patients eligioe for the B-wk drog therapy, % 067 (0.9-0.3) 35420 45564
Anmal cost of stage F1 after SV, § 405 (202.5-1620) 35180 AT243
Anmsal cost of stage FO after SV, § 405 (202.5-1620) 38219 47011
Rleqresssion proportion from stags F2 to F1, with SYR (.58 {0.57-0.29) 36102 43519
Reqresion prapartion from stage F3 to F1, with SYR 024 {0.12-0.36) 26327 43149
Utility im s2aqe FO, no SYR 0,98 {0.92-1) 35030 41718
Anmsal probability of stage F2 to F3 trassition (sge250) 0089 (1.103-0.077) 36557 42565
Annzalcost of stage FD, na VA, § B10 (3240-405) 34336 40331 D] Lomer i
Utility im staqe F1, after SVA 1(1-0.58) 39475 45262
Utility im stage FO, after SVA 1(1-0.5%) 39475 ALOGE [ Lapar it
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ICER, § per QALY
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Presentation Notes
This is a ”tornado graph” – because it looks a little like a tornado. It’s for the HCV CEA. It shows sensitivity of the ICER to a long list of individual input values. The most influential input is the age cohort being modeled, because older populations have less aggregate future risk of getting sick from HCV, all else being equal. The second most influential input is price. And so on.


B
Sensitivity Analysis —an example
Multi-variate (stochastic)

Net savings and QALYs gained per million population with 20% intervention coverage, by intervention
5000 iterations for each simulation

50,000=

Intervention

Cognitive—Behavioral Therapy
40,000- . for Depression

Medication—Assisted Treatment
for Opioid Use Disorder

‘ @ o) Mindfulness Therapy for
30,000~ 7 ‘ LR S : Children of Adults with
| nt ) -~ Depression

Nurse—Family Home Visiting
Program for Intimate Partner
Violence

QALYs gained

20,000~ Rent Payment for Homelessness

Screening and Brief
Intervention for Alcohol Use

10,000~ Stroke Prevention Public

Awareness Campaign

1 1 L]
0 500 1,000 1,500
Overall net savings ($ millions)
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Presentation Notes
This shows distribution of results (QALYs gained and financial savings) for interventions to reduce indirect harm caused by COVID, such as depression, using multi-variate simulations. Each cloud shows 5000 iterations, each time using values randomly drawn from specified distributions for each input variable. All of these interventions save both QALYs and financial costs. 


Critiquing Published CEAs

Six “tires to kick” before buying:

* What is the comparison of options? Is it appropriate
& complete?

* Perspective: Whose costs and benefits?
* Analytic approach explicit and reasonable?

* Appropriate use of data on health outcomes,
intervention effects, costs? Any gaps or bias?

* Comparison increments appropriate?
* Uncertainties: Fully explored?
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Presentation Notes
Most of you will never do a CEA. But you’ll read them. So we want you to be educated consumers. Here are some key issues to assess: 
Are relevant options (e.g., treatments) included? Are any important ones omitted?
Note the perspective. Is societal included? Are key decision-makers portrayed?
Is the analytic approach described and appropriate?
Credible use of data – complete and unbiased use of the evidence?
Are the increments right? No skipping of viable options!
Confront the uncertainties – are sensitivity analysis satisfactory?


	Considering economics in assessing biomedical interventions:�Cost-effectiveness analysis
	Big 6 Epi-Biostat Methods … plus 2 Choice Methods:�Decision & Cost-Effectiveness Analysis
	A More Relevant Definition of Epidemiology & Biostatistics
	Opportunity Costs: Definition
	The value of thinking in terms of opportunity costs
	The Reality -- Resource Allocation
	Alternative ways of making decisions
	The role of CEA
	CEA  = Measuring trade-off between cost and effectiveness
	Cost-Effectiveness Analysis: When to use it?
	Trading off cost and effectiveness for an intervention vs. status quo
	Slide Number 12
	Structure of a CEA
	Three broad inputs into CEA
	Input: Intervention costs 
	Input: Health effects
	Input: Cost of health care 
	CEA Outcomes
	QALYs & DALYs
	Using decision trees in CEA
	What is a decision tree?
	Slide Number 22
	Slide Number 23
	The ICER, deeper dive:
	Slide Number 25
	When should I use a decision tree?
	How to construct a decision tree
	How to analyze a decision tree
	Software
	Why the “I” in ICER is important
	CEA examples
	Cost and cost-effectiveness results for HCV antivirals by treatment initiation timing
	Analytic Approach – a few issues
	Analytic Perspective, Cost-Effectiveness and Policy Implication
	Uncertainties
	Sensitivity Analysis – an example�One-way, tornado
	Sensitivity Analysis – an example�Multi-variate (stochastic)
	Critiquing Published CEAs

