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Risha Gidwani:
Good afternoon or good morning to everybody. I am Risha Gidwani, I’m the presenter for this cyber seminar today. We are at HERC kicking off our 2015 Cost Effectiveness Cyber Seminar so very happy to have you all here. I will be presenting the first lecture in this series, which is an Overview of Decision Analysis. 
So I’m just going to get right into this because we have a lot of material to go over today. So today, we’re going to be covering a few main topics. The first is why to even use decision analysis, and we’ll go through the different types of decision analysis one can operationalize. I’m going to spend some time today defining a lot of the jargon that one often hears in health economics so hopefully, you’ll come away with some clarity about a lot of different terminology. 

What I’m hoping, if you get nothing from this lecture, I hope that you get one clear definition, and that is the difference between cost effective and cost saving.

Whoops, sorry about that. Okay, so why should we even engage in decision analysis? Well, we start doing a decision analysis when we have to choose between funding different interventions. So let’s say in our case, it’s different healthcare strategies. And you have limited resources and so you have to prioritize funding one intervention and not funding another. And you use a decision analysis in a situation where you don’t really have the clear right answer of which is the best intervention to understand. And that’s because each one of your interventions has its own pros and cons and you need to weigh these pros and cons in a logical, transparent, and quantitative way in order to make an informed decision about the strategy that will provide most benefit.

When you weigh the pros and cons of a decision, you need to think about a few different things. Mainly that not all pros and cons are created equal. So your different pros and cons are going to have different severity of consequences and they’re also going to have different probabilities of occurring. Not only that, there’s going to be variations in the probability that a pro or a con occurs. So for example, you may see that the same intervention has a higher likelihood of adverse events in an older population than it does in a younger population, and that’s a variation in probability of con that you’d want to accommodate in your decision.
So let’s look at some examples here. Here we have one strategy that we’ll call Option A, and Option A has an 80% probability of cure and a 2% probability of a serious adverse events. Option B has a higher probability of cure – 90% probability of cure – but it also has a higher probability of a serious adverse events; 5% of the patients who take Option B have a serious adverse event. We have even a third option and in the third option, Option C, we have the highest probability of cure – 98% of patients are cured from their illness. However, we also have a 1% probability of a treatment-related death so a really serious consequence, and a 1% probability of a minor adverse event, a not-so-serious consequence. Here, it’s not clear which one of these three options is the best. You may want to maximize cure but if you maximize cure, you also maximize a probability of treatment-related death. And what you need to do is weigh the probabilities that the treatment-related death, the serious adverse events, and the cure against each other to understand which one of these three options represents your best strategy.

Here’s a great example of where we would want to use the decision analysis. We can plug all three options here into a decision analysis and we’re going to compare them against one another. So one of the things you can see here is that I have more than two options. When you engage in a decision analysis, you can have as many options as you choose. You don’t have to be limited to just two options. 

Whenever you are funding one intervention, it means that you have an opportunity cost because you’re foregoing the advantages associated with another intervention. And any time you make a decision about a strategy to engage in, you’re going to be facing these opportunity costs. And these opportunity costs exist because you can’t fund everything, or you don’t have the resources to staff all of the interventions that you want to staff. And so the decision analysis allows you to explicitly compare the opportunity costs of these different strategies. 

So for example, there may be Department of Public Health, and they have enough manpower to either send people to the community to engage in directly-observed therapy for people with tuberculosis. Or they have enough manpower to train community health coaches to promote breastfeeding to new mothers. And they don’t have the manpower to do each. But each one of these strategies is going to have its proof of concept. The opportunity cost, if you go with directly-observed therapy for tuberculosis, is that you’re foregoing any health benefits that come to the community through a breastfeeding campaign and vice versa.

You can also have resource constraints, and that’s often the biggest constraint you have and why you need to choose one strategy versus another. 

So in environment economics, which is actually a field that has used cost effectiveness analysis and decision analysis for a long time, an environmental economist may be interested in deciding whether one should pursue a cap-and-trade policy versus a carbon tax policy in order to address global warming. And these have some sort of funding constraints because it costs a lot of money to implement each type of regulation. So here’s another example where outside of healthcare, you could use a decision analysis in order to decide which strategy you should pursue.
When we do decision analysis in medicine and healthcare, we have to accommodate a lot of variation. And there’s two main sources of variation that we have to deal with. One source is real variation and the other source is sampling error, or measurement error. So the real variation that we have to accommodate in our decision analyses could range from variations in an application of an intervention. So let’s say we’re looking at a new intervention of a diabetes education program. Each site that has a diabetes education program may implement this in a different way, which may be totally appropriate if it’s culturally specific to its own patient population. But that’s going to be a variation in how the intervention is operationalized that we’ll need to accommodate in our decision analysis. 
There also could be variation in how patients adhere to an intervention. So for example, younger patients may have different levels of adherence to medications than older patients do. And that’s, again, a reality that we’re going to want to accommodate in our decision analysis.

One of the things to keep in mind with decision analysis is that we are not just modeling what happens in an ideal circumstance, like what happens in a randomized controlled trial. Rather, we’re modeling what happens in the real world with all of the messiness and all of the constraints that happen in reality. 
Other types of variation that we’d want to accommodate in our intervention is the response. So we may see that males and females have a different response to an intervention – the same intervention. And that’s, again, something that we would want to incorporate into our modeling process.

So those are real variations that is going to be a part of our model, and that’s going to exist no matter how good our quality of data inputs are for our modeling or our cost effectiveness analysis, our decision analysis.

There’s also sampling errors that we need to accommodate. And sampling error is measurement error. It means that the sample is not representative of the population. If we didn’t properly obtain the sample – it’s a limited sample or there’s some selection bias in the sample – it won’t be representative of the population to which we want to generalize and we need to incorporate that into our model, as well.
So why do we want to use decision analysis? As a recap, we have limited resources that we need to allocate in order to fund a single intervention. Each one of the potential interventions that we could fund has its own advantages and disadvantages and each intervention is different. They may be addressing a different condition, addressing different populations. They certainly will have different costs and different health outcomes associated with each intervention. And we also know that there’s uncertainty or variation around much of our estimates of the advantages and disadvantages of intervention and the costs and the health outcomes associated with the intervention.

An advantage of using decision analysis in these situations where we have multiple interventions that we want to fund is that we can evaluate each intervention using the same measure and we can compare our results using the same metric. So we may just be looking at the cost of [sound breaking up] one intervention versus the cost of another intervention. We could be looking at the cost per life year saved with one intervention versus that of another intervention. Or we could view the same cost per quality-adjusted life year with one intervention versus another, and we’ll get more into this later on this lecture.

The decision analysis can be applied to a variety of topics. In healthcare, we can look at different drugs, we can look at different procedures like surgical procedures or diagnostic procedures, evaluate different health programs, screening interventions, vaccines. We can even use decision analysis to evaluate reimbursement decisions for providers. Really, anything you can think of in healthcare or in other aspects, really, because it’s not just limited to healthcare that you can apply decision analysis. But if you can measure a situation, measure an intervention, measure its cost, measure its health outcome, then you can use that information in order to conduct a decision analysis. 
So let’s say you yourself were interested in understanding whether you should be spending your disposable income on purchasing organic food versus buying a health club membership. You could actually gather your data input and build your own personal decision analysis over which would be the best intervention to fund for your own lifestyle.

So let’s get into the different types of decision analysis that one can do. I’m going to cover four big types of decision analyses that you’ll see in the literature – cost effectiveness analysis, cost benefit analysis, cost consequence analysis, and budget impact analysis. 

Before I get into the specifics, I just want to back up and ask about your own experiences with decision analysis. So Heidi, I’ll turn it over to you to ask this whole question about what type of decision analysis you’ve conducted.

Heidi:
Yes, and so we have the poll question up on the screen right now. You can select all that apply. Your options are cost effectiveness, cost benefit, cost consequence, budget impact, or none. We’ll give everyone just a few moments to fill that out. And while we do that, I just want to give a quick check. I know it looks like Paul has called in. Paul, if you can unmute yourself. Are we able to hear you on the line?

Paul:
I hope so.

Heidi:
We can hear you now, perfect.

Paul:
Great, great.

Heidi:
Perfect, thanks so much.

Paul:
And so I’ll just be – sorry, Risha, to have a little trouble with the technology here but I will let you know if we have questions and people are invited to submit questions via the electronic interface here.

Risha Gidwani:
Okay.

Heidi:
Okay, with that, a good response here so I’m going to close the poll question out and we will go through the responses. We are seeing 37% saying cost effectiveness, 31% cost benefit, 10% cost consequence, 24% budget impact, and 47% none. Thank you everyone for participating.
Risha Gidwani:
Great, so looks like we have folks that are definitely familiar with these different types of decision analysis techniques. So this overview lecture may be a bit introductory for those folks, although for the half of you that don’t have experience, this should be a good way to kick things off. For those of you who do have experience with these different types of decision analyses, I’ll encourage you to continue participating in the rest of this cyber course as we will get more sophisticated in the information we present over time.
So to delve into these different types of decision analyses, I’ll start off by mentioning that they’re all comparative. So they all are evaluating one option in relationship to another. That option can be a variety of things. It could be another active intervention, the standard of care approach, or it could be a do-nothing approach. And it’s important to recognize that when you are doing a cost effectiveness, budget impact, any one of these different types of analyses, that the do-nothing approach that could be a potential comparator also has its own consequences associated with it. 
So for example, I am right now with Paul and some other colleagues working on a cost effectiveness analysis for hepatitis B. And you all may be familiar with the fact that there’s new, very expensive medications on the market to treat hepatitis B. When we do the cost effectiveness analysis, we’re comparing the cost of an active drug to a do-nothing approach as one of the comparators. That do-nothing approach has its own consequences associated with it. If we do not treat patients with hepatitis B, their disease will progress, they will have some sort of liver failure or cirrhotic liver or develop hepatocellular carcinoma, and the downstream cost of that liver disease will have its own financial impact that we need to accommodate in our decision model. 
A cost effectiveness analysis is a very prevalent form of decision analysis that we see in healthcare, and it’s one that we see a lot in the VA. In a cost effectiveness analysis, you’re looking at cost relative to health effect. That’s your outcome – cost relative to health effect. And those health effects can be anything. It can be life years saved, cases of cancer avoided, number of medications successfully taken – really, anything that’s health-related, if you can measure it, it can be your outcome – your health outcome in your cost effectiveness analysis.

The result of a cost effectiveness will be an ICER, or an Incremental Cost Effectiveness Ratio. Because cost effectiveness analyses compare the impact of two or more interventions, your ICER will look at the delta in cost across your two interventions relative to the delta in health effect across two interventions. Now before, I said that you can evaluate more than two interventions in a cost effectiveness analysis. If you have more than two interventions in this type of analysis, you’ll engage in some sort of evaluation of one intervention relative to each one of its comparators. And in doing so, will whittle down your multiple options into the two best options and then your ICER will look at the delta in cost versus the delta in health effect across these two best options. We have more lectures in this cyber course that will explicate how you actually go through and whittle down multiple options into two options to evaluate for your final analysis.
A cost utility analysis is a particular form of cost effectiveness analysis. So you can think of cost effectiveness analysis as the umbrella term under which cost utility analysis lives. In a cost utility analysis, you are still looking at cost relative to health effect but your health effect is a quality-adjusted life year, or QALY. And that QALY is derived from utility; hence, the name “cost utility analysis.”
So cost effectiveness versus a cost utility analysis; both of these compare two or more interventions. In a cost effectiveness analysis, you’re looking at a change in cost relative to change in health effect where that health effect can be anything. In a cost utility analysis, you’re looking at a change in cost relative to a change in quality adjusted life year.

I’ll go through QALYs and utilities, explicate their relationship further. The QALY is a function of the number of years of life times the utility of that life. So if somebody lived for five years and each one of those years had a utility of 0.8, your QALY would be 5 x 0.8 or 4.0. 

A utility represents a preference for health. Importantly, it is not just a measure of health. So a utility is actually going to combine information about a person’s health state with information about the valuation of that health state. In a utility conventionally ranges from 0 to 1 where 0 represents death and 1 represents perfect health. 
So let’s go through a utility calculation. Here we have four different variables that we’re using that we think in this example cogently represents health-related quality of life. And those variables are activities of daily living, exercise, mental clarity, and emotional wellbeing. We have two people. We have Jane and we have Joe. I’m sorry, I think we have someone who’s not muted in the background.
Heidi:
Yes, I’m trying to figure out the same thing. The problem is that they called and they did not put an audio PIN in. Somebody who connected using a presenter or an organizer access code. Risha or Paul, not sure if either one of you forwarded your connection information. Because they haven’t put an audio PIN in, I’m not able to do anything for the audience to hopefully clear this up. If everyone could just hit your mute button. If you don’t have a mute button, please dial *6 and we’ll try to get this cleared up as much as possible. Sorry about that.
Risha Gidwani:
No problem, great. Okay, so we have two folks. We’ve got Jane and we’ve got Joe. And you can see that they actually have the exact same functional status. On a scale of 0 to 1, they both score a 0.8 on activities of daily living, a 0.2 on exercise, 0.4 on mental clarity, and a 0.9 on emotional wellbeing. However, Jane and Joe value these different aspects of health-related quality of life differently. So I’m going to try to find my pointer. Let’s see. Not sure, can you guys see my pointer?
Heidi:
Oh, we can see a cursor but it’s not very bright. If you want a big red dot on that, tab hitting off the left where that orange arrow is. One of the bottom options, if you click on the button, will give you like a big red pointer.

Risha Gidwani:
Okay. 

Paul:
We can see the arrow, though.

Heidi:
We can see the arrow.

Risha Gidwani:
Okay. Oh, I see, great. Big red pointer here, alright. 

Heidi:
Yup.

Risha Gidwani:
Great. So we have here Joe, who considered activities of daily living to be the most important part of health and he has given that half of the weight of his valuation of health, those activities of daily living. And he doesn’t consider exercise to be very important. That only has a valuation of 0.10. Jane, on the other hand, considers exercise and mental clarity to be very important aspects of health-related quality of life to her. And so even though Jane and Joe have the exact same functional status; because they value that functional status differently, they have actually different QALYs. 

So if we look at – if we multiply the value of health – I’m sorry, the functional status times the value of that functional status and we sum across all the different aspects of health, we see that Jane has a utility of 0.405 and Joe has a utility of 0.655. So very different utilities even though they have the exact same health status.

Now in reality, we don’t actually ask Jane and Joe to give us a valuation of health. We’ll ask them to give us information about their functional status but in terms of valuation, we would actually go to the community and ask a community sample to tell us how they would value the type of medical health states and apply that to Jane and Joe. We’ll go more into that in the utility lecture we’re giving later on in this series. I just wanted to give you this example as an illustration of how health differs from the valuation of health.
So now, we’ve got our utilities of Jane and Joe and we want to be able to derive QALYs from these utilities. And how do we do that? Well, we have – looks like I’ve got a little bit of a delay in when I’m clicking and when things are moving so I’ll try to go backwards here. Sorry about these technical difficulties, all. Okay, guess that’s not working. 

So let me go through this example. So we have Jane with a utility of 0.405 and Joe with a utility of 0.655. If Jane and Joe both live for ten years, then that means that Jane has a QALY of 0.405 x 10 years, and she has 4.05 QALYs. If Joe lives for ten years, he has a utility of 0.655 for ten years, that means he has 6.55 QALYs. So if Jane and Joe live for the exact same amount of time, Joe’s going to have more QALYs than Jane does, even though he has the exact same functional status.

Let’s say that Jane lives for twelve years and Joe lives for five years. And I’m sorry, but it seems like I’m having some technical difficulties because I am clicking and nothing is happening.

Heidi:
If you get rid of that red spotlight, it should help out with that.

Risha Gidwani:
Okay, okay. So we’ve got Jane and Joe. Jane now is living for twelve years and Joe is living for five years. And so Jane’s utility is still 0.405, living for twelve years. She now has 4.85 QALYs. Joe, same utility at 0.655 but now he’s living for five years so he has 3.275 QALYs. So now we see that Joe has fewer QALYs than Jane does.

So you can see that people can get different QALYs in many different ways. They can get different QALYs because they have different functional status, they can get different QALYs because they have different valuations of that functional status, or they can get different QALYs because they live for different periods of time with a functional status. So here, even though Jane had a lower utility than Joe; because she lived for a greater number of years, she ended up with a greater number of QALYs.

So you may be thinking this all sounds a little complicated. Why are we even engaging in this? And it’s because QALYs and utilities have a great advantage and that advantage is that they incorporate morbidity and mortality into a single measure. So we are able to [sound distortion] both _____ [00:24:10] how long somebody lives, as well as their quality of life while they’re living, in a single metric. So it actually becomes a very elegant way to compare different interventions. 

So let’s say you’re a public health department or you’re an insurer and you’re interested in funding newborn screening programs versus prostate cancer treatment and you really only have the resources to fund one over the other. Now, of course, babies and elderly men are a very different patient population and they have very different conditions. And so if we were just going to be looking at health outcomes that were specific to each one of those conditions or each one of those patient populations, we could end up with apples and oranges in terms of the health outcomes that we’re comparing. And here, because we’re translating those different health outcomes into a single metric of health-related quality of life, or QALY, a quality adjusted life year, you can actually compare those different apples and oranges strategies using a common denominator.
So when we have an analysis that using QALY – again, a cost utility analysis – we’re still looking at ICERs for our result as what we should consider to be our best strategy. So here, the ICER is going to look at the delta in cost across two strategies versus the delta in QALY, the cost to strategy. If the result, if our ICER is less than $50,000 per QALY, it’s generally considered cost effective, and we’ll go through more about that later.

Let me give you first an example of how to calculate an ICER in a cost utility analysis. So here we have two programs and they’re both for diabetes. Program A is a mobile text messaging program to improve medication adherence and Program B employs a diabetes care coordinator to help patients with all of their different appointments and their different providers. Program A is pretty inexpensive, it costs only $40,000 while it’s $150,000 that Program B costs. Program A, however, also provides less health benefit – only 25 QALYs versus 35 QALYs that Program B provides. So here, we calculate our ICER looking at the delta in cost - $150,000 minus $40,000 minus the delta in health effect or the delta in QALYs – 35 minus 25. That gives us a ratio of $110,000 for 10 QALYs, which reduces down to $11,000 for the adjusted life year. Because it’s $11,000 for quality adjusted life year, it’s less than the threshold of $50,000 per quality adjusted life year, this program of the diabetes care coordinator is considered to be cost effective. It costs more money but it provides proportionally higher health benefit, it’s cost effective.
So this brings me to one of my main points today, and that is the difference between cost effective and healthy. In a cost saving intervention, you have – I’m sorry, the cost savings situation – you have a new intervention that costs less than a comparator and it provides greater health. That’s fantastic, it’s a win-win. You save money, you get more health, you’re definitely going to choose that new intervention. 

However, in healthcare, we don’t see many things that are cost saving. Usually, what we see is that an intervention could be cost effective. And there are two different ways that this cost effectiveness can occur. One is that the new intervention costs more money than the comparator but it provides proportionally more health. The other is the new intervention costs less money than the comparator and it provides proportionally less health in a way that we’re willing to accept. What we normally see in healthcare is you have an intervention that costs more and it provides proportionally more health. We’re usually not very willing to accept less health even if it saves us [sound out] money. We generally see what’s happening here as more money but more health benefit.
So in healthcare, again, we generally see that Program B may cost more than Program A but it provides proportionally more health benefit. And so now, you’re probably wondering what does proportional means. Proportional means that the incremental cost effectiveness ration is less than a willingness to pay threshold. In the United States, the willingness to pay threshold is oftentimes cited as $50,000 per quality of life year. That means that we’re willing to pay up to $50,000 for one additional QALY. 

Now, one thing that I want to point out is that this is actually an arbitrary threshold and is thus heavily criticized. It is not empirically derived. This willingness to pay threshold was first published in the early 90s and began to be used in the mid-1990s more frequently and a few papers use this threshold. Even though they say that it was an arbitrary threshold, it gained traction and began to be used. Because it’s not empirically derived, I would strongly encourage you to vary this threshold if you’re conducting your own cost utility analysis to see how that affects your completion. There are other groups, such as the World Health Organization, that recommend that you use one to three times GDP per capita as a willingness to pay threshold but this itself also doesn’t have a theoretical justification. So you know, I think it’s really important that you don’t just present the results of your cost utility analysis as being cost effective but rather, you present your ICER. Because that way, somebody else can look at your ICER and evaluate it against their own willingness to pay threshold and determine whether they consider to be a cost effective intervention.

In the United States, we have the US Panel on Cost Effectiveness in Health and Medicine and they have published a textbook that puts forth gold standard recommendations of how to conduct cost effectiveness and cost utility analyses. The citation is at the end of this lecture. I strongly encourage anybody who’s going to be undertaking a cost effectiveness analysis to familiarize yourself with the recommendations. This panel does not actually endorse any willingness to pay threshold.
NICE in the UK, the National Institute for Health and Care Excellence, which uses cost effectiveness analyses to inform reimbursement and coverage decisions, also does not have an explicit threshold for willingness to pay. Oftentimes, if you look at their results, you’ll see that many of the interventions that they consider cost effective are those that fall between about a 20,000 pound per QALY or 30,000 pound per QALY threshold. But again, they do not come out with anything explicit to say that something is cost effective if it’s under a specific threshold.

So that’s cost effectiveness and cost utility analysis. I’ll go on now to briefly discuss cost benefit analysis. In a cost benefit analysis, cost and health effect are expressed entirely in dollar terms. So you convert a health effect to a cost, meaning that you’re putting a dollar value on health. And it’s actually used less frequently in healthcare because people are generally uncomfortable with placing a dollar value on human lives and on quality of life. This is actually a lot more frequently used in environmental economics. 

So in a cost benefit analysis, your outcome is the net social benefit. And that net social benefit is an incremental benefit, which is expressed as a cost, minus the incremental costs of implementing intervention. And if the net social benefit is positive, then the program is considered to be worthwhile.

So I want to point out that this is more than a return on investment analysis. Return on investment analysis would evaluate an intervention’s financial input versus its financial output. A cost benefit analysis can go beyond this to include information about quality or safety or other externalities. So it’s more sophisticated in the types of information that it incorporates.

So one thing about a cost benefit analysis, if you don’t actually express it as a benefit to cost ratio, that can be confusing because the costs can be inconsistently placed in the numerator or the denominator. For example, the cost of a disease avoided could be put as a benefit in a numerator if you were using this ratio, or the negative cost in the denominator, and that will, of course, lead to different results. And so the calculation of net social benefit avoids this problem and so the incremental benefit is greater than the incremental cost, then the program is beneficial and you don’t have any sort of confusion about how the inputs are related to the results.
So the big challenge in doing cost benefit analysis is how you actually assign this dollar value to the health outcomes, or the dollar value to life. And there are a couple different ways that you can do this. And so one of them is looking at a willingness to pay because you can look at a revealed willingness to pay, which is how much people themselves have actually spent for a particular service. So that might be something like how much people pay out of pocket for laser eye surgery, which is not covered by insurance. Or you could elicit willingness to pay. You can ask people to choose between different scenarios that state the probability of achieving desired outcome with or without the intervention. And then through that, ask for their willingness to pay for the intervention. So either way, you are aggregating willingness to pay across individuals in order to have a societal value.

And there are, like any type of exercise of this sort, there are some things you need to consider about how you operationalize it. So the way that – behavioral economics tells us that the way that information is framed has an effect on willingness to pay. We also know that people are loss-averse. They would rather avoid a loss than get an equal amount of gain. There are age-related effects; people who are older may be less willing to pay for something than people who are younger. And then of course, people have varying levels of disposable income. So a person who is less wealthy may be less willing to pay for something than somebody who’s, you know, wealthier.

If you didn’t want to go with a willingness to pay approach, to assign a dollar value to life, you could use a human capital approach. And this is not actually eliciting information from individuals and aggregating it like the willingness to pay approach is. It’s using an entirely different approach of looking at projected future earnings to value a life. So you could go to the Bureau of Labor statistic and look at median salaries and understand how much life would be lost with one intervention versus another, and assign a dollar value to that life lost based on the amount of money that person would earn. 

Now, the human capital approach, of course, assumes that somebody’s value is entirely measured by their formal employment so it poses some challenges like how do you manage this for children or for people who are retired? We also know that there’s a pay differential between men and women and different races. And so if you are going to use the human capital approach, you’d really need to account for differential effect of age, gender, education, race when trying to estimate the value of future earnings so that you didn’t take inequities that were present in current pay and include those in your model.

So cost benefit analysis, you can probably tell, it’s very complicated because of the messiness of applying a dollar value to human life. And so it’s actually very rarely used in healthcare and medicine because of these problems with assigning a dollar value to life. And then also, there’s some problems with whether this properly evaluates quality of life. Because as you remember from the example with Jane and Joe, we’re not just interested in someone’s number of life years that they’re living; we’re also interested in the quality of the life years that they’re living, as well, and just a dollar value may not be able to properly address that.
So that’s cost benefit analysis and we’ll move onto cost consequence analysis briefly. In a cost consequence analysis, you compare the costs and the consequences to health outcomes of multiple interventions and each cost and each consequence is listed separately. Now, this is unlike our cost effectiveness analyses, our cost utility analyses, and our cost benefit analyses where we aggregate the cost and we aggregate the health benefits each into a single number. Here, we’re actually going to keep everything disaggregated.

So here’s an example from an article by Josephine Mauskopf that was published in Pharmacoeconomic, and this is an example of what you would fill in for a cost consequence analysis. So you can see here that we keep direct medical care, direct nonmedical care, indirect costs separate. And then, we keep the impact of an intervention on symptoms and on quality of life disaggregated, as well. But the advantage of this approach is that it draws attention to the specific aspects of cost or health outcomes that are most impacted. So let’s say that you have one decision-maker who’s really interested in symptoms and another decision-maker who’s really interested in health related quality of life. By keeping these types of information separate, these decision-makers can focus in on the information that matters to him or her most in deciding which intervention to fund. 
Now, this is also a disadvantage. Because one person may prioritize, you know, quality of life and one person may prioritize system burden. But they’re each making decisions for a population of patients. And so, you know, you may want to have decision-makers be making decisions about which intervention to fund in a more standardized fashion.
Other disadvantages – so they may reach different conclusions, of course, about which intervention to pursue. And then, the other disadvantage is that it doesn’t indicate the relative importance of value items. So maybe symptom burden is not as important to some patients as quality of life or vice versa. But from this type of presentation of information and results, we wouldn’t know that.

I’ll briefly now touch on budget impact analyses, our last type of decision analysis that we’re going to discuss. In a budget impact analysis, you estimate the financial consequences of adopting a new intervention and this is usually performed in addition to a cost effectiveness analysis. So a cost effectiveness analysis tells us does the intervention provide good value. Are the health benefits proportional to the money that we’re spending? The budget impact analysis says, “Okay, we’ve got an intervention that provides good value. Now, can we afford it?” And the budget impact analysis can tell you the financial consequences of adopting the cost effective intervention on both a global budget, as well as on sub-budgets. And so it’s actually very useful from an operational perspective and you’ll see that VA operations and the QUERI program were all very interested in the budget impact analysis for this reason.

So let’s go to an example. We have two drugs and Drug A has an ICER of $20,000 per QALY compared to Drug B so it is cost effective. Now, Drug B costs $70,000 and Drug A costs $98,000. There’s 10,000 people who are eligible for Drug A, resulting in a total cost of $980,000,000. So we know that Drug A provides good value for money because it’s considered cost effective. But the question is can we afford the $980,000,000 hit to our budget?

So the budget impact analysis is going to tell us – it’s going to combine information about the true unit cost of the intervention, $98,000, times the number of people affected by the intervention, 10,000 people, to give us an understanding of the total budget required to fund the intervention, $980,000,000.

So let’s go through cost effectiveness analysis versus budget impact analysis. And I want to go through this because sometimes I see that people do a budget impact analysis instead of doing a cost effectiveness analysis. And what I hope to show is that you actually need to do both because each gives you a different piece of information about the health economic impact of an intervention. The cost effectiveness analysis will tell you does this intervention provide high value. Budget impact analysis tells you can you afford it. The cost effectiveness analysis is going to look at both cost and health outcomes, and if you’re doing a cost utility analysis, that health outcome is the QALY. The budget impact analysis just looks at the cost because you’ve already looked at the health outcomes in your previous step of doing the cost effectiveness analysis.
In a cost effectiveness analysis, you don’t explicitly consider the size of the population. You’re going to get a unit-based ICER. In a budget impact analysis, you do explicitly consider the size of the population. And we’re going to have a lot more information about budget impact analysis in a coming lecture that’s devoted entirely to this topic but I hope this gives you a general sense of how they differ and impresses upon you that the budget impact analysis comes subsequent to cost effectiveness analysis.
So Heidi is going to [interruption]…

Paul:
Risha, if I could just interrupt for just a moment, we do have one person that’s somehow inadvertently has an open mike and it seems to be a gentleman. If you have a mike, could you mute it or at least swing it out of the way? Because we’re just getting some heavy breathing in there. It’s a little distracting. Thanks.

Risha Gidwani:
So we’ve just got one more poll question, and that is “After reviewing all of this information and getting a 30,000-foot perspective on different types of decision analyses, what type of decision analysis are you now most interested in conducting?

Heidi:
And our options here, again, cost effectiveness, cost benefit, cost consequence, and budget impact. We’ll give you all just a few more moments before I close the poll question out. And it looks like responses are slowing down. I’ll give everyone just a few more seconds if you want to get a last-minute response in there. 

Okay, and what we are seeing is 58% saying cost effectiveness, 14% cost benefit, 5% cost consequence, and 23% budget impact. Thank you, everyone.

Risha Gidwani:
Great. Thank you, Heidi. So it looks like this seminar series will be of use to a majority of you because we’re really going to do a lot of work to give you the tools that you’ll need to operationalize the cost effectiveness and the budget impact analyses. And then the cost benefit and the cost consequence analyses use a lot of the same tools that we’re using in cost effectiveness where the budget impact – or, I’m sorry – the cost benefit goes one step further to assign a dollar value to the health effect. Up until that point, the methods are going to be the same that the cost effectiveness analysis that you’ll see just detailed a lot more in the upcoming lectures.
I’m going to briefly go over approaches to decision analysis because I want everyone to recognize that there are actually two big ways that you can operationalize the decision analysis. The first one is modeling, which is the most common way; and the second way is measurement alongside a clinical trial. So you can use – if you’re doing measurement alongside a clinical trial, you can do that to operationalize the cost effectiveness analysis and a cost benefit analysis. If you also want to do a budget impact analysis, you’re going to have to engage in some modeling. 

So when we measure alongside a clinical trial, what that means is that we piggyback our information that we’re collecting about cost and health incomes onto an existing randomized controlled trial. So we’ve already got some colleagues that are doing a randomized controlled trial and we want to collect extra information on their patients. We want to collect information on cost, which is usually collected in the form of utilization data that we then translate into cost. And we want to collect information on utilities. And the information about the health outcomes related to the efficacy of intervention and the adverse events are already being collected in the trial. We’ll also use that alongside the information that we’ve piggybacked to collect about cost utilization and utilities in order to operationalize our decision analysis.
You engage in modeling when there is no real world RCT that’s going on but you’re still interested in evaluating a question. And what you do instead is you build a mathematical framework to understand explicitly the relationship between inputs and outputs. So you build a model a structure in a software and you populate it with inputs that you get from the published literature, and you run this model to derive your outputs, which are oftentimes going to be your ICERs or your budget impact. 

The advantage is that you get to decide on the boundaries of the analysis. So you get to decide on the timeframe. You may be following patients until death, which is the gold standard recommendations whereas the randomized controlled trial is never – well, I shouldn’t say never – but it’s oftentimes not going to do that because of resource constraints. You can decide on the population that you’re going to analyze. Maybe you’re interested in doing a lot of different subgroup analyses of patients with multiple morbidities or very elderly patients who are unlikely to be included in a randomized controlled trial. And you also get to decide the interventions of interest. So for example, if we wanted to understand the impact of smoking on cardiovascular outcomes, it would be unethical for us to randomize people to smoking versus not smoking. What we would instead do is we want to model a hypothetical population of smokers versus that same hypothetical population had they not smoked, and understand what their influence of that smoking would be on their cardiovascular outcomes and the cost and the health effects associated with their cardiovascular state. 

So oftentimes, you’re going to engage in modeling because it’s unethical to do measurement alongside a clinical trial because the clinical trial itself would be unethical or because the clinical trial won’t give you the information on the population that you’re interested in or for the timeframe that you’re interested in.

There are a lot of different types of models you can gauge in. Modeling, I’m putting here as a singular term but it’s really an umbrella term that covers things from decision trees to state transition models to microsimulations – all different ways of operationalized models. And that’s going to be discussed later on in this series in a lecture by Jeremy Goldhaber-Fiebert. 

To briefly talk about modeling versus measurement; in measurement, you’re only considering the treatments that are in a randomized controlled trial, which of course, may include placebo. In modeling, you can indicate – you can include any treatments of interest. If you just want to look at active treatment, you can look at active treatment. And you can also include information from randomized controlled trials, as well, in your model but you’re not limited to doing so.

The advantage of measurement is that you can collect the specific information you want. You can design case report forms. You will have the individual patient data that you wanted to get some information on the subgroups. You could run those analyses yourself. You are going to elicit utilities from the patients that are in your clinical trial and so they may be a little bit more accurate. Because usually, utilities are health condition-specific. What’s the utility of being in a cancer disease state? But they’re not usually going to be treatment and health condition-specific. So you’re not usually going to get the utility of having a Stage 3 cancer with chemotherapy. You’re usually only going to get the utility of the Stage 3 cancer from the literature. And so if the treatment itself like chemotherapy has a significant detriment to utility, then collecting that utility alongside a clinical trial has a big advantage. 
The advantage of modeling is you don’t need to wait for a trial to be funded to do your analysis. Trials are few and far between and a model is just much lower resource to operationalize. 

The disadvantage of measurement is that you have a short timeframe. The randomized controlled trial is usually only going to last a couple of years. You want to follow patients until death. And so you’re still going to have to project data beyond – so from when a clinical trial ends to when the patients die – you’re going to have to figure out how to derive those inputs. 

Measurement alongside a clinical trial also is not going to provide all of your inputs. You’re still going to need to go to the literature. Decision models have hundreds of inputs, some of them have thousands. And so you’re still going to have to dig around in the evidence base beyond your randomized controlled trial to get all the inputs you need.

The other disadvantages is that utilities are going to come from the patient perspective, from the people included in your randomized controlled trial, rather than coming from the community. And gold standard recommendations are to get utilities from the community perspective rather than the patient perspective. Because when we are thinking about funding healthcare interventions, we’re thinking about funding them with dollars from society rather than dollars from just the patients who are receiving the intervention.

The disadvantage to modeling is that you have to find inputs that come from similar studies on your population of interest, and that can be difficult if you’re studying something that’s more of a niche question or if you’re interested in a subgroup analysis.

So I briefly went over that. We’ll get more into that later on in the series but it is important to think about when you’re starting to design a cost effectiveness analysis how you actually want to obtain your information. If you’ve got a clinical trial to piggyback on, you can do that, or you can decide if it’s going to be model-based and entirely based on inputs from the literature.

So as we are nearing the end of the hour, I want to take a step back and get a bigger perspective on how cost effectiveness analysis is used to resource allocation. What is the kind of real world impact of this type of work or how does it flow out from our sort of scientific academic circles into the rest of the world?

So outside of the US, cost effectiveness analysis is used quite a bit by regulatory agencies. So we’ve got NICE in the UK, we’ve got the Pharmacy Benefits Advisory Committee in Australia, we have the Canadian Agency for Drugs and Technology in Health; and all of these agencies use cost effectiveness models for regulatory or market access purposes. So if the drug company has a new pharmaceutical, they want to get it onto an international market, they oftentimes have to have a cost effectiveness analysis that they submit to these agencies before they decide whether that drug is even going to be available to give to their population.
In the United States, we don’t really use it for decision-making in healthcare. I shouldn’t say decision-making, in coverage or reimbursement decisions for healthcare. So Medicare has historically not used cost effectiveness to decide what treatments it should cover. And actually, with the passage of the Affordable Care Act, this is explicitly prohibited. So this is a passage from the Affordable Care Act, and you can see that in talking about the Patient Centered Outcomes Research Institute, or PCORI, it states that they cannot use an adjusted life year or similar measure as a threshold to determine coverage, reimbursement, or incentive programs under title XVIII. And that title is the act that specifies Medicare so that means that cost per QALY is outlawed by Medicare for making coverage and reimbursement decisions.
So really, in the real world, we see a lot of the cost effectiveness work being used by other countries, not in the United States, even though a lot of the methods for cost effectiveness come from the United States. In the US, we pretty much have sort of three audiences for cost effectiveness analysis. One is the pharmaceutical companies because they’re trying to get their drugs onto the international market. They need to submit to NICE in the UK, CADTH in Canada, PBAC in Australia. We also have the Academy, who is very interested in cost effectiveness analyses. So you’ll see, for example, the new hepatitis B drug, that there’s a lot of cost effectiveness analyses that have been published in annals of the Journal of Medicine and there’s a lot of discussion about that in academic circles. And then the VA – the VA is also interested in cost effectiveness analysis. 

So not used by the FDA or by the Center for Medicare and Medicaid Services but it used by these other audiences.

Paul:
Risha, I just might interject, though. There is some interesting recent studies that say that the things that Medicare approves are more likely to have had a cost effectiveness analysis done. So is it coincidental or is there some sort of backhanded way that it’s affecting decision-makers’ choices? It’s an interesting question.

Risha Gidwani:
It is, yeah. Well, I know that legally, that they’re not supposed to be using – they’re supposed to look at outcomes but they’re not supposed to be looking at cost relative to outcome. So seems as though there’s one arm of CMS that’s looking at cost in isolation, another arm that’s looking at outcomes in isolation; but the simultaneous, explicit consideration of the two relative to one another is not, at least legally, supposed to occur.

Paul:
Right, and I think the same – I don’t know whether it’s by law or regulation – but the Preventive Services Task Force, which makes all the recommendations about screening in preventive services we should do in this country, and is essentially codified by the Affordable Care Act. They’re not supposed to be considering cost effectiveness either but somehow, I think it has a subtle influence on what they do.

Risha Gidwani:
Okay. Thanks, Paul. So in summary, there are a few different types of – a few major types of decision analysis, all of which we covered today. There’s budget impact analysis, cost benefit analysis, cost consequence analysis, and cost effectiveness analysis. In cost effectiveness analysis, what is oftentimes operationalized is the cost utility analysis where the health outcome is a QALY, of which – the great advantage of which is that it’s a simultaneous measure of morbidity and mortality.
If you’re thinking about doing a decision analysis, you need to consider whether you want to piggyback the decision analysis alongside a clinical trial or start from scratch and doing a model yourself, the latter of which is much more common.

And the one thing you should come away with today, if nothing else, is that cost effective does not mean cost savings.

So there are a few resources if you’re interested in doing your own decision analysis that I recommend you read. I’d actually recommend you read all three of these different textbooks. The Gold book on top comes from the US Panel on Cost Effectiveness in Health and Medicine. Gives you the gold standard recommendation, sort of a high-level view of how you should be thinking about your cost effectiveness analysis, operationalizing it, its parameters. 

The Hunink and Muennig books, which are second and third, are a lot more specific about how you actually derive your model input and build the decision model and they’re both justification good handy references that provide step-by-step instructions of how to do this from start to finish. All three are very readable.
So with that, I will open it up to any questions.

Paul:
So as you said, the US doesn’t use the cost effectiveness analysis or other measures. How then are decisions made about research allocation in this country?

Risha Gidwani:
That’s a great question. So Medicare does look at impact on health outcome. So they’re certainly – CMS certainly does look at that. There’s another payment committee – The Medicare Payment Advisory Committee or MedPAC – they decide the amount that should be reimbursed for a particular service. 

In terms of looking at value, we are seeing Medicare shifting towards using value to reimburse providers. And so they don’t look at cost per QALY adjusted life year but they may look at things like with the accountable care organizations whether you are exceeding an average use of resources for your patient population. Or whether you are providing – if you have a patient that’s in the hospital, if that patient gets readmitted within thirty days. It’s that indication of poor quality care.
And so what they’re doing is they’re using – they’re paying people based off of the quality of care they provide, and they call that value-based purchasing. But they’re not actually limiting what services can be reimbursed by looking at cost relative to health outcome. So it’s really [interruption]…

Paul:
There is – I just mentioned, Risha, that we will be having a whole lecture on this as the last course in the series.
Risha Gidwani:
Right. I think, Paul, you’re giving that lecture.

Paul:
Yeah, I am, that’s true [laughter].

Risha Gidwani:
So thank you, Paul.

Paul:
So there’s much more to be said on this.

Risha Gidwani:
Yeah, Paul will have a lot more to say on that. So you know, in the United States, we generally allowed new treatments if they are considered, for example, for new drugs. If a new drug is considered safety and effective relative to placebo, it comes off the market. And then Medicare will decide how much they should reimburse for that medication. But there is no sort of explicit consideration when a new drug comes on the market. They won’t say, “Oh, it’s safe and effective relative to placebo and cost effective relative to a comparator.” That last component is not used to decide what should come onto the market. It’s really just safety and efficacy for new drug treatments.

Paul:
So there’s an interesting paper that Alan Garber wrote some years ago and he served, he was a VA physician who served on the Medicare panel that makes coverages decisions. And he said that when an intervention is very expensive, they want to see a large and very statistically significant effect size. So there is kind of back-of-the-envelope cost effectiveness judgments being made there – not rigorous but still, they are aware that if something is very expensive, they want to see very strong evidence that it’s highly effective.

Risha Gidwani:
On the flip side, we also have a lot of new drugs coming out, for example, for chemotherapy that are costing $10,000 per month and elongating survival by a few weeks. And so there are drugs that still do come to market that are safety and effective relative to placebo but that may not be cost effective.
Paul:
So there’s another question here. Did you say that modeling is the most common type of decision analysis?

Risha Gidwani:
Modeling is the most common way to operationalize a decision analysis. But the different types of decision analysis would be the cost effectiveness, cost consequence, cost benefit, and budget impact analysis. Everything except for the budget impact analysis could be operationalized doing modeling alongside of clinical trials or – I’m sorry – measurement alongside a clinical trial or modeling. And modeling – of those two ways to operationalize those three different types of decision analyses, modeling is the most common way of operationalizing.

Paul:
And we are just at the hour. You answered most of the other questions online here. Any last questions? We should perhaps give a chance – Heidi a chance to do the evaluation and mention that the next – excuse me – presentation in the series. 

Heidi:
Yes, we have our second session in this series. It’s scheduled for one week from today on the 13th again at 2:00 pm Eastern. I know most of you have registered for it or I have sent you confirmation on it. Give me just a second here. And as Paul was saying, when I close the meeting out in just a moment, you all with be prompted with a feedback form. Please, please take a few moments to fill that out. We really do read through all of our feedback and use that for our current and upcoming session planning.

And our session for next Wednesday is Recommendations for Conducting Cost Effectiveness Analysis Elements of the Reference Case. We hope you can all join us for that session. Thank you, everyone, for joining us for today’s HSR&D cyber seminar and we look forward to seeing you at a future session.
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