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Molly:
…. The top of the hour now. I would like to introduce our presenter, Dr. Jim Hughes. He is a Professor of Biostatistics at the University of Washington. Dr. Hughes, give me one second. I will turn things over to you. Okay, we should have – 

Jim Hughes:
Okay?

Molly:
I'm sorry about that. We should have your slide up on the screen now. No, not quite, and actually Jim, I'm just going to have you share your slides. There you go.

Jim Hughes:
Okay. Let me click that. Are you seeing it?

Molly:
Yes, perfect, thank you.

Jim Hughes:
Okay. Well, good thanks and thanks everyone for joining. Before I really get started, I wanted to just get a sense of what people know or have heard of about stepped wedge designs. If you would not mind answering this quick poll? It asks me how familiar are stepped wedge designs? Have you ever heard of them before? Or, maybe you have heard the term but do not know too much about it; or, are very familiar, or familiar, or very familiar with it. 

Molly:
Thank you.

Jim Hughes:
I will let Molly _____ [00:01:22] we should close that.

Molly:
It looks like we have already had about 70 percent response rate. We have got a nice responsive audience. I will give people just a few more seconds. Then I will close it out. Alright, it looks like we have capped it off at right around 70 percent response rate. 

Jim Hughes:
Okay. Can everyone see this result as well as myself?

Molly:
Yes.

Jim Hughes:
Okay, thanks. Good, so hopefully we'll be able to provide you with an introduction and give you a sense of when this design is useful. Just as importantly, when it is perhaps not a good choice. Let me just show my screen again. We will go onto the top. I just want to start with most stepped wedge designs are carried out in the context of clusters design. 

I wanted to just real briefly, one slide here quickly review the idea of cluster randomized trials for those that may be less familiar with that idea. Most of the time when we think of a clinical trial, we are thinking of randomizing individuals to an intervention or a controlled condition. Cluster randomized trials, in fact, do the randomization at the group level. They randomize groups, although they still measure the outcome on individuals within the groups. 

These groups or clusters may be quite large. It's the whole cities, or communities, or schools, or school districts; or maybe not so large; health clinic or even a family or an intravenous drug using network. The rationale for doing cluster randomized trials, well there are a number of reasons you might choose that sort of design. But often it is because individual randomization does not really make much sense in the context of the intervention you are talking about. For instance, if you wanted to develop some sort of health class to stop middle aged or middle school students from starting smoking, it would not be feasible to present and provide that health course in the context of school to individual students. You would have to at very least do it to entire class of students. But even then, one class might talk to another class, one sixth grade class might talk to another sixth grade class. 

You would probably have to make sure that all of the classes in a given school or even a school district are all getting the same intervention. It is not practical to provide the intervention to individuals. You also might choose to do cluster randomization for other reasons such as to avoid the contamination of individuals who might share the intervention with each other. Or, you maybe want to measure the effect on the entire community. 

In fact, that is one really interesting aspect of cluster randomized trials is that sometimes the intervention is provided to different individuals than you measure the outcome on. For instance, one area that I am involved in is HIV prevention trials. Currently, there is a trial in the field in Africa where the intervention is to provide any retroviral treatments to positive people, HIV positive people. But the outcome in new cases or incident cases of HIV are measured on the uninfected people in the community. 

The intervention is delivered to the positive people. The outcome is measured on the negative people. In any event, the key statistical challenge for cluster randomized trials is that individuals are not what we call statistically independent. If you enroll say a 1,000 individuals in a cluster randomized trial, you get less than a 1,000 independent units of information; the statistical sense. The important result of that is that usually you need more people in a cluster randomized trial than in an individually randomized trial. 

There are a number of common designs that are used for a cluster randomized trial. _____ [00:05:58] the single most common design is what I would call a parallel cluster study. In this case, as this illustrates here, we have six clusters. Three of them are randomized to receive the intervention. Three are randomized to receive the control condition. Then the clusters are followed up over time to measure the outcome. It could be new cases of HIV or whatever your outcome is being measured. 

An important aspect of this design is that if there is any sort of overarching time trends in the outcomes; so, HIV instances is going down or going up. Independent of the intervention, that global time trend is affecting both arms of the trial equally. If there is some change in the outcome over time that is independent of the intervention, both the intervention and control clusters are being affected equally by that underlying time trend. A slight refinement on the parallel cluster study is a so-called matched pair parallel cluster study. 

In this design, individual clusters are paired based on various characteristics that we think might make them more similar to each other. Maybe they are both rural communities. Or, you might pair them based on size or baseline prevalence of disease, any numbers of factors. Then within each pair, one of the clusters is randomly chosen to receive the intervention. The other receives the controlled condition. The interesting and sometimes useful aspect of this design is that all of the clusters do not have to start the intervention at the same point and time so long as each member of a pair starts at the same point and time. 

Then effectively, the effect of any effective time is the same for both arms of the trial. Because we only can do the comparisons within a pair. This one is compared to this one. This one is compared to this one. This one is compared to this one. Any time frames wash out in comparing between the arms. A stepped wedge design though is a little bit different. It is more really – it is really more akin to a crossover trial. 

In a stepped wedge design again, we are assuming we have say six clusters here. In this design, all of the clusters start in the control or standard of care condition. Then one cluster, it is randomly chosen to start the intervention. You implement the intervention in that cluster. The intervention remains ongoing in that cluster. Then you randomly choose a second cluster to start the intervention; and then a third, and so forth like this until by the end of the trial, all of the clusters are receiving the intervention. 

In this case, it is not a question of who receives the intervention; but rather when you receive the intervention. Importantly though in this design, the two arms of the trial, the intervention and control arm are not equal with respect to any global effects of time. For instance, suppose there was completely independent of the intervention, a decrease in the incidence of disease say over the course of this trial. Well, if you did a very naive comparison of the intervention communities, which – the intervention measurements, which are taken later in time to control measures, which are taken earlier in time, you might see lower rates of disease during the intervention period. Not because of the intervention per se, but because of some global time trend. 

You have to be really careful of this design when you analyze the data to account for any global time trends. We will come back to that issue. As I said, time is not balanced in this design between the intervention and control periods. You need to be able to measure the outcome on each cluster at each time period. I need to be able to take outcome measurements on all of the clusters during this time, during this time, and during this time, and so on to allow myself to control for those time trends. 

People have used cluster – or stepped wedge designs using either cross sectional or cohort sampling. I would say in general, cross sectional sampling is more common. But it is certainly possible to enroll a cohort at the beginning of the trial and follow those individuals through the entire duration of the trial. Although, repeated measurements_____ [00:11:11] over and over because as I said, you have to have measurements at each point and time here. You would have to be measuring the individuals in the cohort at each point and time. That can create a burden. 

The advantages of stepped wedge design; well, the most often cited advantage is basically that all of the clusters receive the intervention. This can improve the acceptability of the trial especially when it is perceived to an intervention. Or, an intervention that is perceived to be effective. You are just trying to rollout a program. It is not so much you are interested in improving the intervention is effective; but rolling out the program and assessing how effective it is during rollout. 

Sometimes it is not possible to introduce the intervention in all units at once just for a logistic or financial reasons. In that case, this can also make sense; although, the matched pair design could deal with that problem as well. Because it is a crossover design in some sense, the units – the clusters. 

That should say clusters instead of units. The clusters act as their own controls. There is typically fewer clusters required in this design than for a matched design. Interestingly, it is also possible to study the effect of time on intervention effectiveness; either times since introduction or seasonality. For instance, we look at what is the effectiveness of the intervention right after it is introduced versus quite a while? Is it the effect growing? Or, perhaps people are getting tired of this intervention. It is waning. 

There are definite disadvantages though to this design. One disadvantage is the fairly long time to complete. You have to go through all of these steps. Usually there is some minimal time needed to complete a step just for logistic reasons. That can create a longer trial which increases possibly the potential for contamination between the clusters. Or, the biggest thing that is really hard to quantify. This is not really unique to stepped wedge designs. 

But, I think all cluster randomized trials are community randomized trials. Is this a problem for external events over which you really as the investigator do not have any control to influence the study? If you are conducting your study in communities in Peru; and somebody comes in and implements some intervention. Or, the government starts some program in those communities. You have no real control over that. Sort of this vague notion that the longer the trial goes on, the more problems that could occur, it is hard to quantify. But it is an issue, I believe. It is also this idea of loss to followup. Well, I guess this first one isn't. I don't know if it should really be classified as loss to followup. But there is a possibility that clusters that are scheduled for a later start might – you would want to say well, I am going to start this right away. 

I do not want to wait until the end of the_____ [00:14:39] step. I am going to sort of introduce this intervention immediately. One approach that we have used to deal with that is you do not reveal the entire stepping at the beginning of this study. You only say, okay, the next cluster to start is this one. Then when the next step comes along, you announce who is going to start next. But you do not allow. You do not describe the entire stepping at the start of this study. Then, there is this sort of funny thing that again results from this sort of imbalance in time between the two intervention arms. 

If you had equal loss to followup by clusters, so a completely non-differential loss to followup. This would be more in the context of a cohort design. That would result in unequal loss by intervention arms. Because intervention arms are imbalanced with respect to time. These are the sorts of that you need to be thinking of. The biggest thing I think to consider is the fact that we have confounded time and treatment intentionally in this design. Therefore, to un-confound it or really assess the treatment effect, we need to do a regression analysis where we model the effect of time. Your fundamental intervention effect, it was dependent on a modeling exercise and not a more straightforward comparison like a t-test or something that you would have with a more simple matched design.

Okay. Probably the first example of a stepped wedge design was a study. It was the design was actually introduced, I believe by this Gambia Hepatitis Study Group back in the late '80s where essentially the idea was to rollout an HBV, a hepatitis B vaccine – a hepatitis B virus vaccination program in infants in the Gambia. The Gambia and other countries in West Africa have very high range of hepatitis B and a high range of liver cancer and other liver disease. The thinking was that by vaccinating infant’s hepatitis B vaccine that you could reduce rates of liver cancer and liver disease later in life. But there is limited quantities of hepatitis B vaccine available. Rather than introduce it across the entire country, it was rolled out over a four year period. The logical unit of rollout was the health district. Each health district basically ran its own vaccination program. 

There were 17 health districts in the vaccination program. It was rolled out over four years using this stepping pattern. The immediate outcome was hepatitis B virus antibody titers. Those were shown to increase in the districts that had implemented the vaccination program. But the amazing thing, and really interesting aspect of this trial is that the long-term outcome of it is essentially liver cancer and other liver diseases. The results are not expected for another year or so. A really interesting example of a stepped _____ [00:18:16 to 00:18:21] ….

…. Trial that I am going to talk about for the rest of today is one that I have been involved with and conducted here in Washington State. It is a trial of expedited partner treatment for gonorrhea and chlamydia. Standard approaches in this state for treating gonorrhea and chlamydia; if a person comes into a public health clinic, and is diagnosed with gonorrhea and chlamydia. They are treated appropriately, and then given referrals to give to their partners asking the partner to come in. He could be evaluated and treated. As you might imagine, somehow that message gets lost sometimes. Or the partner never comes in and gets treated especially, if they are asymptomatic. 

An earlier study, an individually randomized trial that we did showed that expedited partner treatment was effective in reducing reinfection in the original and so-called index case. In that trial, an individual came in with gonorrhea or chlamydia. It was treated. It was randomized to either the standard – or give them a referral. Or, giving that original index person drugs to give to their partner. That basically showed that when the original index person came back 12 weeks later, they were much less likely to be reinfected. 

This idea of basically giving the original person drugs to give – or vouchers for drugs; the vouchers being redeemable for free, appropriate medication at a drugstore. That's called expedited partner treatment. The idea now was to implement this strategy throughout Washington State. But it was going to be logistically difficult or required training in Health Department and health providers in each county, each county health. The computer systems being updated in each county's Health Department and so on. The solution that we came to – roll this out and across the state was to use the stepped wedge design. 

We defined 24 – well, we called them local health jurisdictions. But effectively, they were counties in the state. A couple of the smaller counties were combined. That is why we called them local health jurisdictions. We randomized – we had four waves. Six counties per wave were going to introduce the intervention and expedited partner treatment; and a second piece of that called Partner Services. We were going to randomized six per wave. The idea was to take about six months intervals between waves. 

Matt Golden who was a principle investigator of this study estimated it would take about three months to get these six counties up to speed. Then we would use the last three months of each interval to measure the outcome, mainly chlamydia rates in sentinel sites and gonorrhea cases. 

Here is the picture of what we were trying to do. The way it actually played out as if you kind of do the math on the times up here. We had October, 2007, it was the beginning of the first wave, then _____ [00:21:57] 2008. It ended up being a little more than six months between waves. But we basically implemented it at the beginning of the wave and measured the outcome for the last three months of each wave. All of the clusters started at the baseline period. Early on in the study, one of the clusters dropped out. We ended up with 23 instead of 24.

I am just going to have – I promise only slide with the equations here. But I just wanted to motivate some of the complexity of analyzing data from stepped wedge design and for a stepped wedge design by sort of walking you through this sort of model that would be used in the analysis of a stepped wedge trial. The idea here is that you are going to measure an outcome, Y, on person K in cluster I at time J. that is going to be, that result is going to be a function of some sort of _____ [00:22:04] mean. 

It is for concreteness. We will pretend we are talking about chlamydia. You are positive or negative for chlamydia. The individual is just a zero or a one here. This might be the overall prevalence of chlamydia, say five percent. But we might imagine that some counties have higher rates of chlamydia or lower rates of chlamydia than others for various reasons; local epidemics, socioeconomic conditions, and all sorts of factors that might be related to chlamydia prevalence. 

We introduced what is called a random effect, A, as specific to the cluster that can be positive or negative. It kind of indexes the variations in the mean between the clusters. That variation is quantified by a variance term called _____ [00:23:59] square. We also have to control for time. We include this _____ [00:24:03] sub J term. J is the time index. This controls for time. Notice that there is no I here. We assume that this time trend that is captured by beta is _____ [00:24:18 to 00:24:22]….

It sort of a global time trend. The part we are really interested in is the intervention effect. X is simply an indicator, yes and no, zero or one, telling us if the intervention is active in cluster I and time J. If yes, then it is the one. If no, then it is a zero. Data is effectively the intervention effect. Now, just like we think that some clusters might have higher means than others, some clusters might do a better job of implementing intervention than others. 

We can also imagine there could be variation in the treatment effect between clusters. That is what this captures. We have another random effect specific to the cluster. Data essentially captures the variation in the effectiveness of the treatment between clusters for various reasons. Then we add this sort of random variation that you have in all models. The key idea in a cluster of randomized trial is that individuals in the same cluster I are not independent. 

We can express this correlation or dependence between individuals in the same cluster in terms of what is called the coefficient of variation between clusters. There are two of them. There is essentially the variation of the mean between clusters and the variation of the treatment effect between clusters. When you are designing a trial, what you are interested in is basically being able to detect the treatment effect if the treatment really works. That is called the power of the trial. The probability of detecting the treatment effect, if it really works. That is going to depend on a number of factors. It is going to depend on well, how strong is the treatment effect? 

It is going to be much easier to detect large treatment effects than small ones. It is going to depend on the number of clusters; the more clusters, typically the more power in the trial. It is going to depend on the number of steps in your stepped wedge designs and the number of participants per cluster per step. It is also going to depend on these various variance components. The random variation is often for reasons I will not get into in any detail. It is usually not too hard to get a sense of what that should be, if you are doing a power calculation before the study began. But before the study begins, it can be really hard to know what is the variation in the mean the clusters? What is expected variation of the treatment effect between clusters? 

That can be really hard to know before the trial begins. We want to know, well, does it matter, if we have a good sense of them or not? That is what this picture is showing. I will try and walk you through this. But the pattern is important here. Basically, these are some calculations I did for this Washington State expedited partner treatment trial where I assumed the overall prevalence of chlamydia was 0.05, five percent. That we would have 24 clusters in four waves with six clusters per wave. I assumed that the intervention would reduce the prevalence of chlamydia in our sample sites from 5 percent down to 3.5 percent; so a decline of 1.5 percent. What these plots are showing are contour plots of the variance of the treatment effect. Essentially, as the variance gets bigger, my power goes down. 

What I am interested in knowing here is how do the values of those two variance components; variance in the mean between clusters and variance in the treatment between clusters – how are they going to affect my variance? Therefore, how do they affect my power? It is an interesting thing. It turns out that if you have very small clusters; so, only 12 people per cluster per time period. Then both sources of variation are pretty important and affect your power equally. The power going down as we go out. 

But in fact, we were in the situation where our clusters' counties were large. We were measuring at these sentinel sites, over a 100 people in each cluster. When you have fairly large clusters, it turns out that there is not very much change in the variance of the treatment effect; and therefore not very much change in the power as a function of _____ [00:28:59]. Remember _____ [00:29:00] is a variation in the means between clusters. In other words, if you have no idea how much your clusters are going to vary in terms of the means; but you have large clusters, it does not matter. Because it does not affect power that much. 

But there is a strong gradient this way, okay. Variance of the treatment effect goes up; the power goes down as a function of variation in the treatment effect between clusters. In other words, if your clusters are very heterogeneous in terms of how they are implementing the treatment, that can hurt your power. You want to basically do as well as you can to get the treatment effect; and make the clusters homogenous; and make every cluster implement the treatment as equally well as possible to reduce the variation of the treatment effect between the clusters. 

It is important unfortunately to have some sense of how heterogeneous that treatment effect might be when you are powering the trial; which can be really hard to do. The bottom line of this is the variation in actual mean level between clusters does not matter. But variation of the treatment effect between clusters does matter at least for large clusters. The other question I often get asked is how many steps you should do? Twenty-four is actually a marvelous number because it can be four times six, or three times eight, or two times 12. We can investigate with 24 clusters all sorts of different patterns of stepping. 

The answer ends up being quite simple. The more steps, the better. On the other hand, you do have to finish this trial in your lifetime. We noted that at least six months between steps; so there was no way we could do 24 steps or even 12 steps and hope to get this trial done in a reasonable amount of time. We sort of ended up here on this having four waves of six steps; which was going to give us around 80 percent power. The bottom line is more steps is better. But you have to get the trial done. 

This one is one I really want you to focus on. There is an important message here. This is looking at the issue of delays in the treatment effect. What this is showing is again for the Washington State expedited partner treatment trial with a number of things held constant here. It is looking at the relationship between the power and the risk difference or treatment effect. Remember, we thought we would be around here, a 1.5 percent reduction in risk and prevalence of disease. For all of the other primers that we chose for the trial, that was going to give us around 80 percent power here. But what happens if instead of…? 

I am sorry, backing up. That assumes that our intervention is 100 percent effective within the interval we introduced _____ [00:32:20]. But what if in fact, the intervention is not 100 percent effective immediately? I mean, and well think about it. We are trying to prevent a sexually transmitted infection. What we are really trying to do is get the people treated quicker and break change in infection; and reduce onward transmission of disease. It is sort of this whole mechanism by which this will work. It is probably not going to be the case, if you introduce this intervention, and the next day chlamydia rates in that county are down by 1.5 percent. 

 It is going to take a while for this intervention to sort of propagate its effect through the population in that county. What if, instead of being immediately effective, the intervention is only say 80 percent effective in the time interval you are introducing; and 90 percent effective by the next time interval. Then it does not reach a 100 percent until two time intervals. Well, even though that would be a fairly minor change, what we see is that we reduce our power quite a bit from 80, close to 80 percent to down 60 percent or a little over 60 percent just due to that one small lag. You might think well, I will just continue taking additional measurements on the end of the trial to make that up. But that does not really do it. 

Taking additional measurements on the end of the trial only regains a little bit of the lost power. The bottom line here is this is a very poor intervention. If you think there is going to be a long lag between… Sorry, it is a very poor design, if you think there is going to be a long lag between providing the intervention and actually seeing its effect. For an example in the context of HIV prevention trials, people suggested to me that maybe they could measure the rollout of now circumcision, which is a proven effective HIV prevention approach or intervention. They could effect of rollout of a male circumcision campaign using a stepped wedge design. 

But again, the problem there is the time lag between circumcising the men in a community and seeing the effect on HIV incidents particularly in women in the community is going to take a while because you are breaking chains of infection. I have told people that I did not think it was a good design in that context because there was a long lag between providing the intervention and seeing the effect at least on HIV instance. If your outcome was simply something like the number of men in the community circumcised, you could measure that immediately. The stepped wedge design would be fine doing something like that. 

Okay. Those are the power issues. How do you do the analysis? Well, I have alluded to that. You need a regression model. A paired t-test is not valid because it would be biased if there were time trends that would analyze cluster means before and after the intervention. You could potentially – and let me go back to the picture of the stepped wedge here. You could potentially simply do almost like a match design analysis where you compare the intervention to these controls or these interventions to these controls; or these interventions to these control and somehow combine the three. That gives valid because it controls for time. But it is going to be losing the strength within cluster comparisons. 

Really, the best approach is to use a statistical method, a regression method for correlated data generalized and estimate the equations. Generalized linear mixed models are terms that you might hear to do that. Those use all of the information about the intervention effect both between clusters and within clusters. If you have equals on cluster sizes, you could even collapse the data to analyze it at the cluster time mean level. Or, if they are on equal sizes, then you analyze the individual. It is never wrong to analyze the individual data. If you have unequal cluster sizes, then it is important to analyze the individual data. 

Okay, let me just show you then the results of this Washington State trial. First some process outcomes; so, what this is showing here is for each of the four ways of six counties per wave, the level of individuals who received patient delivered partner therapy or expedited partner therapy from their providers before and after the introduction of the intervention. Before in wave one, 14 percent of people had received this sort of _____ [00:37:32] – this expedited partner treatment. Then afterwards, it increased to 25 percent. It was sort of a mixed message there. Good that it increased nowhere as near a 100 percent receiving it, which is the ideal. But we can see that each wave, it increased maybe less so for the fourth wave. 

There was a second component of our intervention called Partner Services, which I will not go into the details. But there is an interesting moral of the story here. What we see is that again, a substantial increase in provision of Partner Services before and after, before and after. But wait a minute. What happened here in waves 3 and 4? Well, remember how I said that in cluster randomized trials and external events; and sort of that you have no control over. It can influence things. It so happened that in the middle of our trial, the Washington State legislature had a little extra money. 

They decided to give it to all of the state health departments to implement Partner Services within their county. Suddenly right in the middle of our trial, this flood of money comes to all of the health departments to implement part of our intervention. Completely out of sync with our stepped wedge design. Obviously, we have no control over that. But we see that basically, it then got no additional bang for our buck for introducing our intervention at least on that particular piece of it. There is nothing we can do. But those are the sorts of things that happened with cluster randomized trials. 

Okay. How about the outcome? Well, what these show is again for the four waves; so, each of these plots involve six clusters over time. The first wave, they were not receiving the intervention at baseline. Then they start receiving the intervention. We see that the Y axis here is prevalence of chlamydia in our sentinel sites. Sure enough, prevalence of chlamydia went down. It went down. It stayed constant. Then, it bumped up a little bit at the end. In the second wave of six, it was high levels of chlamydia. Then, once we introduced the intervention, down and down. The third wave, we were – again, once we introduced the intervention, the levels go down. The fourth wave, the levels go down. 

But if you look at all of these. There is an interesting thing here. It is notice it's especially. You can see especially in the third and fourth wave, the levels of chlamydia are going down even before we introduce the intervention. Gonorrhea, it looked exactly the same way. Going down as it was apparently as a result of the intervention. But wait, actually it was going down even in these other clusters where we had not introduced the intervention. This is why it is important to control for global time effects. In fact, after the fact, we looked. Apparently for reasons we are not very clear about; but in other states, and in the Northwest gonorrhea and chlamydia rates decreased over this period of time as well. It was not just Washington State. 

If we had naively simply compared intervention to control period, we now, adjusting for this global time trend, we would have seen a highly significant effect. But it seems to be not so much the intervention as a global time trend. A lot of details here I will not go into about how we did the analysis. But the bottom line here was what is our relative risk or risk ratio? Well, we basically saw a very modest and not quite statistically significant result on both chlamydia and gonorrhea; chlamydia positivity and gonorrhea incidence – a reduction of about ten percent in those incidence measures across the state. That could be attributed to the intervention above and beyond that global decrease over time. 

I think I have already mentioned most of these. We talked about competing intervention outside of our controls, the state legislature. Was there potential for contamination or for certainly sexual networks _____ [00:42:02] don't stop at county lines? It is possible that there could have been some contamination because the counties are all contiguous. Could there have been substantial lag in the effects? I have actually looked at that. It does not appear to be the case. That is the reason for the modest intervention effect. 

Let me just finish by summarizing. Is the stepped wedge the right design for your study? Basically, I think these are useful especially for rollout and implementation studies where you have got a status quo. Or, you are going to roll out some new intervention. It may particularly be an intervention that has been shown to be effective in some other contexts. You are committed. You are going to roll this out. You are just interested in what is the effect in this context? 

The stepped wedge design will probably require fewer clusters and certainly be less sensitive to cluster to cluster variation and mean than a matched or a matched pairs trial. But it is still sensitive to cluster variation in the intervention effect. Sensitive in the sense that effects your power. But you can include it in the analysis. Most importantly, the stepped wedge intentionally confounds time trends with the intervention effect. 

You always in your analysis need to control for time trends; possibly within strata. If you have clusters aggregated into regions, you might say and allow for a different time trend in each region. That is fine. But you cannot allow for a different time trend for each cluster. There is definitely some assumptions involved there that this time trend is applicable to all of the clusters. There is this modeling assumption aspect of your analysis that you cannot get away from. You want to avoid the design, if there is going to be a substantial lag or a time delay in the intervention effect. To deal with that, you want to make sure that the step link design is greater than any time lag. 

You can see a 100 percent of the intervention effect within the period when you introduce it. Or, one thing people have done is add a transition period, which is what this slide shows. Essentially along these white spaces, we are not going to include those measurements in the analysis of the intervention effect. We are going to basically say this is the control period. This is the intervention. This was a ramp up here. Then, we are not going to consider it. That is perfectly fine so long as you define that ahead of time. 

The stepped wedge design can really be useful for dealing with logistic ethical issues where everybody thinks they should get the intervention. But it is important to stick to the implementation schedule. Because you have to have measurements in each cluster at each time point to control for time trends. You want to minimize dropout because again of this subtle issue that if you have a cohort, excessive dropouts are going to affect the two arms differently. Then probably this last point, we had two of A cluster randomized trial and consider the potential for changes in policy or other external factors that are not under your control. 

Number of students and colleagues I had worked together with on this, Matt Golden in particular was the PI of the expedited partner treatment trial. I thank them for working with me on these designs. On this last slide, I have included a recent reference that includes a lot of other references that can get into the literature. 

Then on my website, I have a couple of pieces of software that are useful to doing power calculations; an Excel spreadsheet that is quite simple to use. But it does not include the possibility of putting cluster to cluster variations in your power calculation. R packets for those of you that use R that does include the cluster to cluster variation. It includes some other functions for doing data tabulation in the plots; for instance, of the treatment effect that I showed you were done with the package. Thank you very much. I think we have some time for questions. 

Molly:
Excellent, thank you Dr. Hughes. We do have some questions pending. For anyone looking to submit a question or a comment, just use the question section of the GoToWebinar control panel that is right there on the right-hand side of your screen. Just click the plus sign next to the word questions, that will expand the dialogue box. You can submit it there. For the first question we have. What would emulate this in a non-randomized design? Would a pre-post study at multiple sites with a difference in difference analyses work?

Jim Hughes:
Actually, you can do a…. I'm sorry, the stepped wedge design does not have to be randomized. It could be done as an observational study just like you can either randomize the individuals to receive an intervention and a control. Or, you can just simply analyze the individuals who chose an intervention and did not choose an intervention. That being the observational analog of the randomized trial. 

We can have an observational analog of the stepped wedge design where the intervention is allocated for a reason, and not randomly; but for some other reasons. As with any observational study then, you would be concerned about confounding. You would still need to do that regression analysis. You would want to avoid a difference in differences, I think, if that is looking only within like a before or after comparison. You do need to make sure that you control for time. You would need that modeling approach even in the observational variant. But you would probably also want to include additional covariates that might be confounders, if you had an observational variant of the stepped wedge design.

Molly:
Thank you for that reply. The next question we have. Can you add a fixed effect to the model to adjust for any external effects that may occur? 

Jim Hughes:
Right. Yes, you can add additional fixed effects. In particular, I am thinking now of a trial I have been discussing with some people that would be conducted in Fiji to look at effect of improved water sanitation on disease levels and in people in urban villages there. One issue that came up is there is periodic flooding that affects some villages and not others. I propose that we add flooding. Is there a basic flood conditions during this month for each village into the model? 

Then it would not have to be subsumed by that time term. Because some villages are going to be effected by flooding and some will not. The time turn is supposed to be a global effect that effect all of the clusters or all of the villages. Yes, you can add – and I would encourage that you add additional fixed effect covariates to account for any known variations in time. 

Molly:
Thank you for that reply – the next question. How do you control for intervention dosage?

Jim Hughes:
What I have described here is sort of an intent to treat analysis. But you could also do an as treated or per protocol sort of analysis. What I would do in that case is if you go back here to the… Where is it? There, in this slide; so, that notice that in this slide, X I said was the interventions provided or not provided. That is where the intent to treat sort of approach to analyzing the data. You could also make X as a fractional measure. If you had some measure of how well the intervention was being provided. Sixty percent of people in the cluster received the intervention. Or it was 60 percent effective. Or, even just some sort of low, medium, or high fidelity to the intervention. 

You could use that as your X variable and essentially make it an as-treated or effect – what is, degree of effect of the intervention analysis. Then you are theta would be effectively estimated as the theoretical effect at a 100 percent X. You would use each fractional Xs to capture the fact in this month, this cluster only implemented 20 percent or 30 percent, and so on.

Molly:
Thank you. You said that it is always good to analyze the individual level data. Can you say more about that, including what you learned when you did that for the Washington study?

Jim Hughes:
Right. It is always acceptable to analyze the individual level data. By that I mean instead of aggregating. Where was that slide? Sometimes if you have equal cluster sizes for each cluster or for each month, then instead of analyzing the zero, one individual level of chlamydia present or absent to the say – just to make up a number. A hundred people in that cluster in that month; I might simply analyze – and collapse all of the data to well 20 out of 100 people were infected. The response for that month is 0.2. 

That would be analyzing the cluster mean data. That is acceptable if two things. One is you have a cross sectional sampling design so that you are not trying to follow the same people over time. Secondly, if the size of each cluster in each month is the same. In other words, the denominator is 100 at every point and time. Then you can analyze cluster means. But you still need to use a regression method like generalized estimated equations, or a generalized linear mixed models to control for time in a regression analysis. 

More commonly, however, data has since come in where you have responses on individuals. I know for those hundred people that individual one had chlamydia. Individuals two and three did not, and so forth – so the zero, one data. Most of the time it is just going to be natural to analyze that data. It is important to analyze that data at the individual level if your cluster sizes are unequal. At one month, you have 200 people. One month, you had a different – a different month and a different cluster. You have 50 people. The denominators jump all around. Then you will want to analyze the individual level data to do the best analysis. 

Molly:
Thank you – the next question. What was the main message you took away from the Washington EPT study?

Jim Hughes:
The main message that I took away was that attempting to control for time trends is hard. I have not shown you some additional _____ [00:54:54] done that essentially… The simple answer is I do not believe there is a big lag in the treatment effect. But the way of getting to that was quite complicated. This whole issue of having to control for time; and having to take, and make sure your observations are synced in time was quite a challenge. 

Essentially, even though I am in some sense – I have done a lot of work on stepped wedge designs, I think for my own part and also many other people that I know that are very familiar with stepped wedge designs. I think they should sort of be a design of last resort. It is better than a non-randomized design. It is better than a simple before or after design. But the fact that you do have to control for these time trends and through this complex modeling analysis is definitely to my way of thinking a disadvantage compared to if I could do a matched design; or a matched parallel design, that would be my preference.

Molly:
Thank you. How would you account for loss to FUP, particularly in the….?
Jim Hughes:
_____ [00:56:20].

Molly:
How would you account for loss to followup particularly in the control arms? Would survival analysis depending on the outcome work?

Jim Hughes:
Yes. That is exactly right. If you have a cohort design, then the appropriate analytic approach would be like a Cox proportional hazards model. That it is essentially when you think about the way a Cox model is constructed, it has a baseline hazard that varies over time. That effectively takes the role of our time effects in the model I showed. The Cox model would be the natural way to control for time and to adjust for followup. Of course, you have all of the attendant assumptions of a Cox model. Then to followup is not informative, and independent, and so forth. But that would be the right approach.

Molly:
Thank you. Wouldn't you get wildly different P values if you have analyzed at the cluster level versus the individual level?

Jim Hughes:
Interestingly enough, no, not if you did it correctly and included the cluster terms in the analysis. You have to use one of these methods, the generalized estimated equations, or a generalized linear models that includes random clusters effects that account for the correlation for individuals when you do the individual level analysis. You were naive and just in linear regression as you learn in your first stat course with no adjustment for the cluster effects. Then you would get wildly different P values. But if you do it with the correct methods that adjust for clustering, then for the case of equal cluster sizes, you would get virtually identical P values.

Molly:
Thank you. That looks like the final pending question at this time. Do you have any concluding comments you would like to make?

Jim Hughes:
No, I think the really good questions – and I think any comments I would have had were subsumed in the questions.

Molly:
Excellent, well, thank you so much for coming on and lending your expertise to the field. Of course, thank you to our attendees for joining us. This session has been recorded. You will receive a follow-up e-mail with a link leading directly to the recording. I am going to close out this session now. 

For our attendees, please wait just a moment while the feedback survey populates on your screen. Take just a moment to answer those few questions. We do closely at your responses. It helps to generate new ideas for future presentations to support. Thank you once again, Dr. Hughes. Have a great rest of the day everyone.

[END OF TAPE]
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