My name is Stuart Haines. I am a Professor at the University of Maryland,
School of Pharmacy which is in Baltimore Maryland and Clinical Pharmacy
Specialist at the West Palm Beach VA Medical Center which is in West Palm
Beach Florida. The title of my talk is Challenges in Meeting Established
Goals.
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There are some key concepts that I hope that you will take away from my
presentation the first of which is that the approach to diabetes management
needs to be highly individualized and that’s because each patient is different
in terms of their pathophysiology. There are lots of psychosocial issues that
impact the care of patients with diabetes and of course are many economic
factors that impact the care of these patients. So it's a global approach, it's a
system approach, it's also healthcare practitioner approach as well as
dealing with individual patient.
A second key concept that I hope you will take away is that glycemic goals
are not one-size-fits-all that we should be looking at the individual patient
circumstances and making goal setting different for each patient based on
their comorbidities and how long they have had diabetes and all sorts of
other factors. So even though the guidelines tell us there is one goal, there is
not one goal for everybody.
And lastly, is the concept that the A1C is a measure of glycemic control, it is
not the measure of glycemic control. There are other measures of glycemic
control that we need to pay attention to and I will come back to these
concepts throughout my talk.
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Here is a case study. JL is a 57-year-old Latin-American female. She is here
today for a routine diabetes follow-up visit and her past medical history
includes diabetes which she was diagnosed about two years ago type 2,
hypertension, dyslipidemia, obesity. So she is the classic metabolic
syndrome patient and she is also post-menopausal and she says, “I feel just
fine today, I have no problems.”
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She says her blood glucose readings in the morning at home have been
pretty good. She tests a few times a week, the readings have been
consistently between 90 and 140 per her recall, she didn’t bring her meter or
log book with her today. And, “the highest I can remember in the last few
months was 164 and that was after I ate a whole bunch of pasta the night
before so I know why that happened.” She also monitors her blood pressure
and her blood pressure, last two that she can recall, are well below her ADA
and AHA goals of less than 130/80. And she had routine fasting labs done
yesterday prior to this visit.
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Her current meds: she takes chlorthalidone, enalapril, lovastatin, she takes
metformin for her diabetes and she takes an aspirin each day. She uses a
pill box to organize all this and doing the med reconciliation with her, she
was able to name each of the medications and the doses and how she takes
them and their purposes so she is clearly a person who understands her
meds.
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She has an Rx copayment through her employment so she does have
insurance that pays for her meds but it’s a 3-tiered co-pay, co-pays her
$5/$15 and then everything above the third co-pay, she can get it, but you
pay for the difference of what we would have paid for the second tier med.
So it can get quite expensive for her on these third tier meds. No drug
allergies or ADRs. Social history–she lives with her husband and a grown
son, she has daughters and has grandchildren. She is the one primarily
responsible for meals in the house. She does most of the shopping and
cooking. She’s never smoked, only drinks occasionally and at social events
and she works as a bank teller and she is a bit concerned about her job in
the banking industry right now.
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Objective Data: Her blood pressure as you can see is well controlled as
measured today. Her weight, she weighs 194 pounds and her BMI is 33 so
she is obese. Physical exam though, there is nothing remarkable and in
terms of the labs that were drawn yesterday really not much anything
remarkable. A glucose of 133 fasting, her A1C is 8.4 slightly higher than we
would like and total cholesterol 166, LDL 92, below the recommended goal
for someone with diabetes. But, other than that, things look pretty good.
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My first question to you is this. What is JL’s 10-year risk of a major
cardiovascular event?
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Well I am not going to tell you the answer. We are going to come back to this
later but I will give you some information about it.
This study by Steve Hefner and colleagues more than a decade ago now
they followed a group of patients with diabetes for period of 7 years as well
as a group of patients who didn’t have diabetes for a period of 7 years. And
when you compare patients who did not have diabetes and had no previous
cardiovascular history, no previous MI, their event rates over the next 7
years, even though they were approximately the same age and gender
matched controls here, was pretty low 3.5% of having a nonfatal MI, about
2% chance of having a nonfatal stroke and about 2% chance of dying from
that. But compare that to people with diabetes who had no previous
cardiovascular history, you can see that the risk is somewhere in the order of
10%-20% for each of the events and the risk of dying from a major
cardiovascular event is about 15%.
And so the concept here is that people with diabetes, even if they have
never had a previous cardiovascular event, their risk is on the order of what
we see with people with cardiovascular disease. So often it's talked about as
risk equivalent and this is where that data largely comes from.
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So now why don’t people get to their goals their glycemic goals for diabetes?
Well I think there are several reasons why that happens. Some of it relates to the patients themselves. There are
patient-related factors, there are clinician or health professional related factors and there are system related
factors, and all of these conspire to make it kind of difficult for people to achieve their glycemic goals. In fact, I
would say all three of these need to be aligned and working well for a patient to achieve their glycemic goals.
The patient-related factors are of course the underlying pathophysiology and the underlying pathophysiology is
not the same for every patient, and I will come back to this concept in little while. But that means if the
pathophysiology is different, the drugs that might work for a particular patient is going to be different; there is no
one drug that’s going to work for every single patient all the time. Another reason is of course dietary habits and
physical activities. We live in a society most of us where food is plentiful, it's relatively cheap compared to
everything else we spend on and we can consume a lot more calories than we really need. So our dietary habits
can have a huge influence on why we don’t we get to our goals, and same with physical activity. We have cars,
we have escalators. We have all sort of things that help us not to do anything everyday and so the degree of
physical activity we have each day has declined year after year after year. So again this conspires to not reach
our glycemic goals. There are lots of psychosocial factors. Home life, family life, stressors such as economic
downturn is affecting people’s lives, many people have psychiatric illnesses such as depression, and in my
setting, posttraumatic stress disorder because of service in the military or other major stress events in one’s live
that really affect their ability to adhere to therapeutic regimens and it's really not depression obviously affects
their apathy and their motivation to take care for themselves in terms of diabetes. And then knowledge and skills,
it takes a great deal of knowledge and skills to manage the disease and that’s why we have diabetes education
program. So all of these things must be aligned in terms of patient related factors.
Then we have got to turn to the clinicians. Not all clinicians are aware of all the medications and how they are
used and when best to use them. There is clinical inertia saying that an A1C of 7.9, that’s close enough, sure,
let's just keep going; you are fine, you feel good, let's just keep doing what we are doing.
Also there are system related issues. Access, particularly in the United States, access to medical care, there are
many patients who don’t have health insurance, are underinsured or uninsured. And lastly, many practices are
not built on the concept that people with chronic illness need regular follow-up and feedback about what's going
on, are built both on an acute care model where people come in when they feel symptomatic, we are not built on
a chronic disease model so just the system of care is not built around this concept.
So all these things conspire and if any one of these ingredients is not well done then patients don’t get to goal.
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As I said diabetes requires a high individualized approach. The diagnosis of
diabetes just tells us that someone has an elevated plasma glucose, that’s
all it tells us. It doesn’t tell us about the underlying pathophysiology. The
underlying pathophysiology is related to any number of derangements in
glucose regulation and we are learning more and more about what those
derangements are. In fact, we don’t yet know all the causes and underlying
etiology and pathophysiology of type 2 diabetes. We have a pretty clear
understanding of what type 1 is although we don’t know what the triggering
events are for the destruction of beta cells but type 2 is a bit more of a
mystery. And addressing that underlying pathophysiology of course is this
key to success.
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So, what are the targets or what is the underlying pathophysiology?
Well we know that genes are an critical ingredient. Particularly in type 2
diabetes, it runs in families, we know there are several genetic variants that
have been identified as being associated with type 2 diabetes and we know
environment plays a huge role as well. So going back to physical activity and
consumption of calories, all relate to this.
And these two ingredients together set us up for three major abnormalities
and the contribution of each one of these abnormalities to an individual
patient’s pathophysiology is somewhat different but there is a common
theme, many patients will have impaired insulin secretion particularly later in
the course of the diabetes, many patients with type 2 diabetes have insulin
resistance and varying degrees of that and many patients have impairments
in their glucagon-suppression which normally should occur when their blood
glucose is high but they fail to do that and they still continue to crank out
glucose from their liver even though they have got plenty of glucose in their
plasma. So these abnormalities at first lead to impaired glucose tolerance.
When they are given a glucose load, they have elevated blood glucoses and
eventually, if it's not reversed in someway or addressed, it leads to type 2
diabetes.
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And we have a lot of drugs to address each one of these abnormalities. We
have drugs that affect the absorption of carbohydrates from the gut those are
the alpha-glucosidase inhibitors, we have drugs that impact or mimic the
secretion of incretin or augment the endogenous secretion of incretin what
we are going to be talking a lot about later in this program. We have drugs
that are physiological replacements for insulin or for amylin which is cosecreted with insulin from the beta cells. We have drugs that flog the beta
cells to produce more insulin. We have drugs that deal with the insulin
resistance in the periphery. We have drugs that deal with hepatic glucose
production and the GLP-1 agonist and the incretins also mitigate some of that
hepatic glucose production by suppressing glucagon.
So we have drugs that impact each of the system; finding out which of these
drugs is best for our individual patient what the next generation of science
needs to tell us is which is best for our patient. But right now it's a trial and
error process. We kind of try one see how well it works and if that one
doesn’t work so well, we try something else. Or often, it doesn’t work so well
so we keep adding on more and more.
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So here is my second question for you.
Risk of cardiovascular events is most closely correlated with, now remember
people with diabetes are at high risk for cardiovascular events so which one
of these indices of glycemia control is it most closely correlated with?
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We are learning more and more about postprandial blood glucose and its
value as a indices of glycemic control. We know that postprandial excursions
are the earliest sign of impaired glucose tolerance and then after we have
impaired glucose tolerance with postprandial excursions then we have
impaired fasting glucose, and after that, we begin to develop the glucoses
being high enough to have the diagnosis of diabetes. So it's one of the
earliest signs of glucose dysregulation.
We also know that it relates to diabetes complications but seems to relate
most to cardiovascular complications. There's fairly robust epidemiological
data but we don’t have randomized control trials yet that have targeted
postprandial blood glucose as the target, the intervention, the outcome of
interest that then links that to long term outcomes. We have the A1C. That’s
what we have used traditionally in clinical trials to follow as indices of
glycemic control.
The only study that I am aware of that even made an attempt to target
postprandial blood glucose is the Kumamoto Study which was an insulin trial
in people who had cardiovascular events and they showed there was a
benefit. Now that was not the only target in this trial, they were trying to
achieve better glycemic control overall and it was a positive trial but we don’t
have prospective studies to say if we change postprandial glucose do we
change outcomes.
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We do have epidemiological data from both DECODE which is a European
based epidemiological study as well as meta-analysis involving over 100,000
patients that show there is a pretty strong correlation between postprandial
blood glucose and cardiovascular events as well as all cause mortality. We
have carotid intima-medial thickness studies which look at much fat is
accumulated in the carotid arteries that show that there is a greater
correlation between postprandial blood glucose and thickening of the intima
versus fasting blood glucose.
And we have one study, the STOP-NIDDM trial, which was a diabetes
prevention study but these patients were high risk for cardiovascular events,
they use acarbose. Acarbose is a alpha-glucosidase inhibitor, it works
primarily on postprandial blood glucose excursions, and in this study, they
showed a reduction in MIs in those treated with acarbose again suggesting
that postprandial blood glucose is probably linked to cardiovascular events.
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So I am going to make a slight transition here because I think in 2008 it’s
kind of a watershed year for diabetes landmark trails. There are three major
trials published this past year all with the same theme which was to say can
we achieve very intensive glycemic control and what will be the benefits of
that in terms of cardiovascular risk.
The first of these trials to be published or at least first one to appear in
literature is ADVANCE, there is also ACCORD and VADT trial which I am
going through each of those briefly. But ADVANCE was a largely European
study. It was a study on which patients, it was actually both a blood pressure
control study as well as a glycemic control study in patients with diabetes
who had cardiovascular risk factors over the age of 55. It's a pretty large
study and had over 10,000 patients so was randomized prospective control
trial, went for 5 years. And the goal was to get one group to a very intense
goal of less 6.5 and the other group to be more standard control whatever
the investigator said was standard in their particular country and practice
setting.
The patients in the intensive treatment group had to receive a sulfonylurea,
that was part of the study design and the funding of it actually. The other
group could not receive sulfonylurea but other than that whatever other
drugs was left up to the investigator so there are variety of drugs that were
used to control both of these groups.
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As you can see at baseline, these are middle aged men and women about a
third of whom have had a previous cardiovascular event but they are all at
risk of a major cardiovascular event. They have had other cardiovascular risk
factors. A1C at baseline’s not bad 7.5 and their blood pressure, well that
could have been a little bit better at baseline.
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What did they achieve?
Now these are surrogate markers here. You can see that A1C, in the
standard therapy group achieved a 7 so they actually achieved pretty good
control, the difference here is only 0.6. As you can imagine the use of
antidiabetic drugs such as insulin, sulfonylureas and TZDs was more
common in the intensive treatment group. Of course, they needed to use
more drugs, to reach that goal. But there also was slightly more antiplatelet
drug use in the intensive treatment group and the blood pressure was
slightly lower in the intensive treatment group.
So one would think that the cardiovascular events in the intensive treatment
group would be significantly less; everything is pointing in the right direction;
blood glucose control is better, using more antiplatelet drugs, blood pressure
control is better
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And, overall, the combined endpoint of microvascular and macrovascular
events was lower in the intensive treatment group by a 10% margin relative
risk reduction. However, almost all of that benefit came from major
microvascular events not major cardiovascular events so this is a very
modest reduction in major cardiovascular events which should not reach
statistical significance, and it came at a price of more hypoglycemic events.
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The ACCORD study which many of you in the US may be more familiar with
made the news. I remember the news when they broke, they stopped the
study early because of its negative outcomes.
The ACCORD study was also a very intensive glycemic control, it also has
arms in blood pressure and lipid control which are ongoing right now. But the
glycemic control part of the study was stopped early in 3.5 years because of
the negative outcomes which I will show you in a second. Again, a very large
study over 10,000 patients with diabetes who were over age of 40 and who
had cardiovascular risk factors. The intensity of treatment here is even more
intense, they are trying to get an A1C goal of less than 6 compared to the
standard treatment goal group that they are trying to keep between 7 and 8.
Again, therapy was highly individualized so it was up to the investigator what
drugs they wanted to pick for that patient to achieve those goals these are
not based on a specific drug regimen.
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At baseline, the patients were in their low 60s, again men and women
enrolled in the study about a third had major cardiovascular events. A1C at
baseline is more typical for an American audience of 8.3% and blood
pressure control was actually pretty good at baseline.
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The results, well, they were not able to achieve that very intense glycemic
goal of 6%, they achieved the exact same one that they achieved in the
ADVANCE trial 6.4; in the standard treatment arm it was 7.5. So A1C
difference here is about 1.1 %.
Again, as you would imagine, they had to use more drugs to achieve this
goal and they used insulin more frequently, they used secretagogues more
frequently and they used a heck of a lot more TZDs; in the United States and
North America they were using a lot of rosiglitazone and pioglitazone for the
treatment of these patients.
In both groups, both the standard treatment group and the intensive
treatment group, more than half of the patients were receiving these drugs
as well as some patients were receiving incretin-based therapies. Blood
pressure control as you can see was very, very good.
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You will see that the primary outcome was not really improved all that much,
it did not reach statistical difference. And when we look at death from either
all cause or from a cardiovascular cause, you were not better off being in the
intensive treatment group in fact you were worse off being in that group by a
slight margin but still a statistically significant harm caused by more intensive
treatment in this particular study population and it also came with a risk of
severe hypoglycemia.
Now they have done analysis to say well is this because of the certain type
of drugs that were used and so far those analyses do not indicate that it was
the drugs that were used that led to this increased risk in cardiovascular or
all cause death. So we don’t really understand why this very intensive
treatment approach actually led to worsening of outcomes.
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The last study in this series that I want to share with you is the Veterans
Affair Diabetes Trial, the VADT again a randomize, a prospective trail of
almost 6 years in duration, a much smaller study only about 1800 patients
enrolled in this and they were all veterans treated in veteran affairs hospitals
in US. All had type 2 diabetes and they all had to have an A1C above 7.5 at
entry. So these were largely poorly controlled patients and they were
randomized to very intensive control or more standard treatment of 7%-9%.
Therapy was highly individualized although it was based on VA formularies in
that particular investigator’s institution so it was somewhat limited in the
drugs they used. The intensive treatment group though was asked to use
insulin as part of the regimen to achieve intensive control.
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At baseline this group was actually slightly younger than the other studies,
but as you can imagine, 97% men in this study. Major cardiovascular events
about 40%, A1C at baseline, not very good 9.4% but blood pressure control,
actually quite good.
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After treatment for 5.6 years, they had intensive treatment group achieving
an A1C of 6.9 and the standard treatment group at a A1C of 8.4 so not as
good a control obviously in the standard treatment group than we would like
to see even in standard treatment. So there is a major difference here.
What’s not reported in this study is what was used to achieve these goals
that’s why I put question marks but they did achieve very good blood
pressure control in the study.
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And in terms of outcomes, much smaller study so it's underpowered to
detect many of these complications but, you can see that in terms of
cardiovascular death, you are not better being in the intensive treatment
group and the magnitude, the risk increase here is about the same as what
was seen in the ACCORD trial. So even though there are not statistically
significant increases in this risk of death from cardiovascular causes
mirroring what we have seen in previous trials.
Now the cardiovascular event rate was slightly lower. So it implies that
although you are less likely to have an MI or stroke, you are more likely to
die from that MI or stroke if you were in the intensive treatment arm and that
also comes with the risk of severe hypoglycemia.
So, all in all, these three studies don’t really favor the use of very intensive
glycemic control to reduce cardiovascular events, right.
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This is a little bit of in contrast to what we know from UKPDS. It was first
published more than a decade ago and now has had a follow-up study also
published in 2008.
So if you recall, UKPDS is what set the standards, that’s what has an A1C
goal of 7%. They showed in that trial that more intensive treatment led to
better outcomes particularly microvascular outcomes but also cardiovascular
outcomes in patients treated with metformin. Obese, type 2 patients treated
with metformin had some cardiovascular benefits.
So the study ended in 1997, the results were published in 1998, patients
went back to their primary care providers and they continued to be followed
over the subsequent 10 years. They were no longer in the trial but they
continued to follow these patients
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So there were three separate groups if you recall.
The trial one was an intensive sulfonylurea insulin treatment group, another
was a metformin intensive treatment group in obese patients, and the third
group was standard therapy which started with diet and lifestyle modification
and added whatever drug you wanted but not to a very intensive level of
control.
So after the patients got released from this study, of course the people in the
standard treatment group learned about the benefits of intensive therapy. So
what did they do? They started to be treated more intensively. And the
people in the intensive treatment groups, when they got released from the
study, they said “man this has been a lot of work” and so their glycemic
control got a little worse and so within a year, their glycemic control was
exactly the same in both the intensive and standard treatment groups. And
for the next ten years, they were followed by their primary care doctors.
About 44% of them, died over the course of the 17 year follow-up period and
the most common cause was cardiovascular disease.
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Looking at just the sulfonylurea and insulin cohort. Seventeen years later
those who were randomized during the trial to this more intensive therapy
were still better off, 10 years after the close of the study. In other words this
early period of glycemic control had long lasting benefits even after standard
therapy people started to be treated just like they were. And it even had an
effect on MIs, as you can see here, the rate of MI was significantly lower with
sulfonylurea and insulin-intensive therapy than with standard therapies. So
it’s suggesting here that cardiovascular risk in fact is linked to glycemic
control.
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This is particularly true in the metformin cohort. So during the trial,
metformin reduced the risk of cardiovascular events and in the follow-up
period, the magnitude in absolute risk was even greater here. So the benefit
of being on metformin years ago was long-lasting.
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So what does this all mean? It seems like a confusing picture, doesn’t it.
Intensive control was kind of good but was not so good, what is it?
Glycemic control is important particularly for microvascular events but it's not
the only factor that contributes to cardiovascular events. It's one thing that
contributes but probably not the strongest contributing factor unlike blood
pressure management and lipid management. We can see very short term
impact of controlling lipids and blood pressure within a year or two.
Glycemic control is not that way, it takes many years for the benefits to
accrue and if you are too late, If you wait to make the interventions after the
damage has already been done from poor glycemic control, the cat’s already
out of the bag, you cannot reverse damage that’s already occurred from the
poor glycemic control. So early, soon after the diagnosis, good glycemic
control seems to be more important than trying to achieve really good
glycemic control years later.
Also, I would make the contention that the A1C is only a measure of
glycemic control and that may be we are missing the picture, we are missing
some other element of what we should be looking at. The A1C only gives us
a sense of average. But you can have hypoglycemia followed by
hyperglycemia excursions that may be setting you up for cardiovascular
events but your A1C looks beautiful. It's like having your head in the oven
and your feet in ice. Your average temperature is pretty good but I would not
say that’s very comfortable.
How we achieve glycemic control may be just as important . All I can say is
we still have a lot to learn.
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So let's go back to our case.
We have been talking a little bit about glycemic goals here. So, the ADA now
recommends more individualized approach to glycemic goals. Which of the
following would be the most appropriate goal for our particular case?
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I am going to spend the next 20 or 30 minutes talking about some of the new
drugs that are in development.
So my goal then is to talk about the newer drugs that are in development,
some of them are not yet available, but they probably will be in the near
future, so you are going to want to stay on top of that.
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My objectives then are to provide overview of the efficacy and the tolerability
of two classes of drugs, the GLP-1 agonists and the DPP-4 inhibitors, both
as monotherapy and in combination with oral agents. Once you compare
these GLP agonists and DPP-4 inhibitors, you get an idea of how the drugs
stack up to one another.
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When we talk about GLP-1 agonists and DPP-4 inhibitors, what are we really
talking about? In order to understand that, we need to know little bit about
the physiology. After a meal, your body is releasing GLP-1 and GIP from
enteroendocrine cells in the gut, GLP-1 from the distal cells, the L cells and
GIP from the more proximal cells. These are two peptide hormones that are
released as active hormones and that are very rapidly inactivated by an
enzyme in the circulation and on endothelial cells called dipeptidyl peptidase4, DPP-4. The half-life of GLP-1 in circulation, is about a minute and a half
and the half life of GIP is only about 7 minutes. So this is a very dynamic
system and whole purpose of the system is help you respond in the
postprandial period and these two peptide hormones have the major affect of
enhancing insulin secretion in a glucose-dependent fashion.

37

We really focus more on GLP-1 analogs, because it turns out in patients with
diabetes, although GIP is secreted, it looks like there is a great deal of
resistance to the effects of GIP, it’s not an effective secretagogue. GLP,
however, does actually work in the setting of diabetes and it has effects to
enhance insulin secretion, as I mentioned, but there are also some other
interesting effects that make it a useful target for controlling hyperglycemia in
type 2 diabetes. There is some evidence that it improves insulin resistance
which of course is one of the pathophysiologic abnormalities.
GLP-1 also suppresses glucagon hypersecretion from alpha cells of the
pancreas and the combination of improving insulin resistance, enhancing
insulin secretion and decreasing glucagon leads to lower glucose production
by the liver. GLP-1 in pharmacologic doses also has effects on appetite and
of course 80% or so of our patients with type 2 diabetes are obese, so this is
actually quite a useful attribute as well.
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So there are two ways to leverage the GLP-1 axis, the problem of course
with native GLP-1 is the half-life of one minute that really is not a very
effective pharmacologic agent, so we need to get around that somehow.
There are two strategies; one is to make longer-acting analogs and
mimetics, these are peptides and they are injectables.
The other strategy is to block DPP-4, the enzyme that degrades GLP-1 and
GIP. There are number of these DPP-4 inhibitors, on the market or in
development and these are oral agents, so really the two major divisions are
injectable peptide agonists or oral agents that block DPP-4.
Within the injectable class, there are two major subcategories, one is
Exendin based injectables, these are GLP-1 mimetics. They have some
homology to human GLP-1, but they are not GLP-1. This is exenatide, which
we already have and variations on that theme and then the other strategy is
to make analogs of human GLP-1, there are number of those in
development. Liraglutide, albuglutide and taspoglutide. We will talk about
mainly the ones that are in later stage development today.
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Let's come back to our patient. JL indicates that her blood glucose readings
are between 90 and 140 in the morning. She doesn’t check postprandial,
and her A1C is 8.4 %. This calculates as an Estimated Average Glucose of
198 mg/dL. So what's the discrepancy due to?
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The fasting glucose gives you one aspect of overall glycemic control, but the
postprandial glucose is also a very important aspect of your overall glycemic
control, so think about it. We spend a great majority of our time in the
postprandial period and some patients with diabetes perhaps more than
others. And it turns out that the lower your A1C, the bigger the relative
contribution of the postprandial period to the increases in A1C. So if your
A1C is under 7.3%, most of that is driven by hyperglycemia in the
postprandial period. If it's between 7.3% and 8.4% or so, where our patient
is, still about 60% of her glycemic excess, if you will, is due to this
postprandial period and that’s not picked up with her fasting blood sugar
measures.
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Let's now talk about the drugs that we have. These are data from the
registration trials for exenatide. Exenatide was studied in combination with
metformin, in combination with sulfonylurea or in combination with both
metformin and sulfonylurea.
This is the injection, it started with 5 µg BID, it was titrated to 10 µg BID, but
some patients were kept on the lower dose. So let’s just focus on the higher
dose, which is the therapeutic dose. Reductions in hemoglobin A1C, range
between 0.8% and 1% or so, relative to placebo. So it's pretty good drug on
average A1Cs and the exenatide trials were about 8%, so it certainly works.
It doesn’t actually tell us how well it’s worked relative to other drugs,
however.
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Now one of the things that distinguishes exenatide is that unlike many of the
drugs that we have, the TZDs, sulfonylureas, and insulin, exenatide is
associated with some weight loss. In the add-on to metformin study, it
approached 3 kilograms It was slightly less, one and half or so when
exenatide was used with sulfonylureas, but there was still significant weight
loss with exenatide treatment.
So this is a very attractive thing for patients that prospect of weight loss is
really an unmet need in our diabetes clinics and even though, on average 3
kilograms doesn’t sound like a lot of weight loss, it's significant for patients
and some people have much more weight loss than that.
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Exenatide has been studied in observational studies for upwards of three
years now and as a consequence of the weight loss, we believe, there are
improvements in cardiovascular risk factors, these include reductions in
triglycerides and total cholesterol, LDL cholesterol as well as small
reductions in blood pressure. Now this was an uncontrolled study, so it’s
hard to know if this is due to the drug itself or whether or not, it's due to the
weight loss, we suspect that in this case, it’s due to the weight loss.
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One of the major side effects of exenatide treatment is nausea and
vomiting, this occurred in upwards of 40% of people in the clinical trials,
vomiting up to 13% or so. The GI side effects are really the limiting
tolerability issue with exenatide and that’s because GLP-1 high doses has
effects in central centers that are related to appetite, but also related to
nausea. GLP-1 also can inhibit gastric emptying and that also might
contribute to sensations of nausea. Now most of this nausea is transient,
so they have it with initial treatment with exenatide and then it goes away
or they get more or less used to it.
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It's very hard to figure out how well drugs work, if you are just comparing
them against placebo. There is a new formulation of exenatide in
development, the standard formulation that we have is twice daily, so it's a
relatively short-acting drug, but they have an LAR, long active release
formulation in development, that’s a once weekly injection, so this is really a
big shift in the paradigm. They do that by putting exenatide in the matrix
where it’s slowly released, so it's the same molecule slowly released.
Now this is actually a very helpful study that was presented at the ADA last
year. This is a head-to-head trial of the LAR version versus regular
exenatide. What they showed is, is that the long acting release version was
significantly better starting from A1Cs around the mid 8s, they reduced A1C
by 1.9%, that’s really a substantial reduction, that was significantly better
than with just exenatide. There was an increase in number of patients who
achieved an A1C less than 7%, almost three-quarters of patients did. There
were significantly better reductions in fasting plasma glucose levels.
Remember the discussions between the difference between fasting glucose
and postprandial glucose, exenatide works primarily on postprandial glucose
excursions, the reductions in fasting glucose are kind of small and about
twice as good with a long acting version. And finally there seem to be even
less nausea with a longer acting version than there was with the short-acting
version, that’s probably a pharmacokinetic effect with less peaks.
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The new GLP-1 analog that is in the process of being reviewed by the FDA
is called liraglutide. Liraglutide isn’t different from exenatide in that it is a
human GLP-1 analog, so here is human GLP-1 up here, this 2 amino acids
here is the site of the peptidyl peptidase IV action, these are cleaved off to
render an inactive hormone
Here is Liraglutide it has 97% homology to human GLP-1, the only difference
is in amino acid substitution there and the addition of an acyl group here.
This is very similar to the mechanism by which levemir has made into longacting insulin. This allows self association of liraglutide and binding to
albumin and results in a change in the half-life from minutes to 14 hours, so
this is a true, once a day GLP-1 analog.
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One of the things that I like about the liraglutide development program is that
it was very comprehensive. For the most part, these were 26-week studies,
so 6-month studies, with the exception of this study LEAD-2 is monotherapy,
which was a one-year study. But they are trying to cover the spectrum of
diabetes treatment going all the way from the monotherapy, 1 OAD, 2 OADs,
and then 2 OADs plus insulin.
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So they have trials of liraglutide as monotherapy in combination with one
drug, sulphonylureas and another study in combination with metformin, in
combination with two drugs metformin and the TZD here in the LEAD 4 and
metformin and sulfonylurea in LEAD 5 and then finally they had a head-tohead study in combination with two drugs versus exenatide.
The other thing that I really like about the liraglutide development programs,
is that in all but one of the studies, there was active control arm, so in the
monotherapy study, it was sulfonylurea glimepiride, in the add-on to
sulfonylureas, it was a TZD, also in combination with metformin, it was an
SU, in this study, it was a comparison to insulin. So we now have a better
idea of how this new therapy stacks up with things that we use all the time in
clinics.
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Here is the main data. I don’t want you to focus so much on the numbers, but I want you to
come away with the overall gestalt of how we are doing relative to other drugs.
In LEAD program, people could be on one or two agents and then they were switched to the
monotherapy here and then it was add-on with the liraglutide or for example in the LEAD 3
study, they could have come on one or two agents of low doses and then they were switched
to monotherapy with liraglutide or glimepiride, that subtlety is important because it explains
some of the findings.
So focus just on the higher dose of liraglutide, the 1.8 µg, so it's about 1.2% reduction in
hemoglobin A1C with the high dose in addition to sulfonylurea and that was significantly
better, about twice as good as it was with the TZD. As the add-on to metformin study, there
was also about the same reduction of over 1% in hemoglobin A1C, it’s about the same as it
was with the sulfonylurea. In the monotherapy study, the reductions in hemoglobin A1C with
the high dose were about the same and it was about twice as good as the sulfonylurea.
Now here’s where the subtlety of the design comes in. This is not a very good response for
sulfonylurea. And in looking at that, you might say well something is kind of wrong with the
trial and really it's a function of the trial design, the fact that some people were already on
therapy when they came in and were switched over to an active therapy.
And then finally liraglutide in combination with metformin and the TZD did really well indeed
with reductions around 1.5% or so. So these are the changes in hemoglobin A1C at 26
weeks. This is matched pretty much by changes in fasting plasma glucose levels which were
in each case higher with liraglutide at the higher dose than they were with the comparator
therapy and we’re seeing reductions in hemoglobin A1C on the order of 40 mg/dL, so better
than you would get with exenatide.
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LEAD 5 is the study that compared liraglutide therapy with insulin therapy, so
you have people on two oral agents, one of your choices is just to start them
on insulin when they are not controlled.
In this study, the high dose of liraglutide performs significantly better than
insulin therapy, so you might ask, how is this possible, you could conceivably
titrate insulin as much as you wanted to. And that’s true, but in this study
they used, one of the standard insulin titration regimens based upon the
fasting plasma glucose levels and they did pretty well, did as well in this trial,
titrating insulin as they have done in any of the other insulin titration trials, it's
just that liraglutide did a little bit better. There is a reduction in fasting plasma
glucose levels, a little bit better with the long acting insulin than with
liraglutide. So that’s not unexpected from the mechanism of action of insulin.
What isn't shown there is a hypoglycemia, which was less with liraglutide
than with basal insulin and I will show you the weight change in a little bit.

51

Finally, with the LEAD 6, the comparison versus exenatide, this again I think
is very informative study. There were significantly better reductions in
hemoglobin A1C with liraglutide, that was because there are significantly
better reductions in fasting plasma glucose. There was little bit less
hypoglycemia with liraglutide and equivalent changes in body weight. So
liraglutide appears more efficacious than exenatide.
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This is also kind of interesting to me, remember I told you the major side
effect of exenatide was nausea and nausea is seen with liraglutide as well.
It's primarily an early phenomenon, within the first couple of weeks of
starting liraglutide or exenatide, these peaks here are because of the titration
for both liraglutide and exenatide. But one thing that’s different is that it tends
to go away faster with liraglutide than it does with exenatide and again I think
that’s not so much because of the molecule, but because of the differences
in the pharmacokinetics. When you have a longer acting GLP-1 analog, you
have less peaks.
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Here is the data with liraglutide on weight change. You see reductions in the
weight of around 2 to 3 kilograms or so, depending on the trial and that was
of course significantly different from glimepiride, so the net change of about
3½ kilograms versus the glimepiride or versus glimepiride here and the TZD.
So really this does add up, talking almost 10 pounds of weight difference at
the end of 26 weeks.
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So just to summarize current status of GLP-1 analogs, they mimic the effects
of GLP-1, they result in pharmacology of GLP-1 levels, they have a very
effective lowering of hemoglobin A1C, but the data now suggests that those
that are longer acting have a better effect on fasting blood glucose and
therefore more efficacy in terms of A1C. The drugs are associated with
some weight loss and over the long term there are beneficial effects on
cardiovascular risk factors.
What I didn’t show you was data for liraglutide, but there are some
reductions in blood pressure there as well. Because these are peptides, they
have to be injected and the injection range differs some of the GLP -1
agonists from one another. Exenatide is twice a day, liraglutide is once a day,
and exenatide LAR could be once a week.
Nausea is a significant adverse event, especially with the shorter acting
GLP-1 analogs. And the FDA has issued a warning about pancreatitis with
exenatide that will probably carry over to other GLP-1 analogs, having case
reports of pancreatitis as well as some deaths associated with exenatide
use. It's not clear that these are mechanistically linked to exenatide,
however.
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Now the concept of DPP-4 inhibitors as a treatment for diabetes. So after a
meal, GLP-1 and GIP are released and they are rapidly inactivated by DPP4. If we give a DPP-4 inhibitor then we expect higher levels of active GLP-1
and GIP, that’s exactly what we see. GLP-1 and GIP levels are two to
threefold higher following a DPP-4 inhibitor, these augment glucose-induced
insulin secretion, they decrease glucagon levels and enhance glucose
disposal, so the exact same effects you would see with the GLP-1.
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There are four main DPP-4 inhibitors in development sitagliptin, alogliptin,
vildagliptin, saxagliptin. And I break these down into two main classes,
typified by sitagliptin and alogliptin in one hand and vildagliptin and
saxagliptin on the other hand.
Sitagliptin and alogliptin are reversible inhibitors of DPP-4 whereas
vildagliptin and saxagliptin are covalent, but reversible inhibitors of DPP-4.
So there is a slightly different mechanism, saxagliptin and vildagliptin also
have this moiety here as cyanopyrrolidine, moiety that’s part of the
mechanism of action.
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I wanted to highlight a couple of differences between these drugs. Sitagliptin
and alogliptin have a long half-life, it’s shorter with saxagliptin and
vildagliptin. Nevertheless all of these drugs result in pretty significant DPP-4
inhibition at 24 hours and the difference here between half-life and then
pharmacodynamic half life probably relates to that mechanism of enzyme
inhibition.
Sitagliptin and alogliptin are excreted mostly unchanged in the kidneys.
Vildagliptin and saxagliptin are metabolized and have both liver and kidney
excretion. Saxagliptin, but not vildagliptin has an active metabolite. All of
these drugs will need renal dose adjustment as it turns out. All are fairly
specific for DPP-4 with sitagliptin and alogliptin being more so than
saxagliptin and vildagliptin. All of these drugs have been very well designed,
so they have almost no potential for drug-drug interactions. Nothing is
showed up in any of the clinical trials in the Phase I studies that have been
done and none of them really have food effects.
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Here is the basic sitagliptin data with as monotherapy as add on to
metformin or as add on to a TZD starting from A1Cs in the low 8s reductions
in hemoglobin A1C of about 0.8% or so.
Again this is not terribly helpful. What I like is head-to-head studies and now
we are beginning to see some head-to-head studies.
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With sitagliptin, head-to-head study versus glipizide was done starting from
A1C in the mid 7s, reductions were identical with the sulfonylurea and the
DPP-4 inhibitor. There was of course an increase in body weight with the
sulfonylurea and much more hypoglycemia with the sulfonylurea than with
the DPP-4 inhibitor.
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It's also the case that these drugs work about as well across the A1C
spectrum, so at higher A1Cs, above 9%, they both reduced A1C by about
1.7% to 1.6 % or so.
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An initial combination therapy study with sitagliptin was recently published;
this is different doses of metformin here versus sitagliptin and then the
combination. The main take-home message is that the combination of
sitagliptin and metformin can result in hemoglobin A1C reductions of about
over 2% starting from the mid 8s, so that’s enough to get most people to
goal.
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Sitagliptin has also been compared to rosiglitazone in combination with
metformin. In this scenario sitagliptin and metformin had equivalent effects
on change in hemoglobin A1C and as you might expect there was a weight
gain with rosiglitazone, but a slight weight reduction with the DPP-4 inhibitor.
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Of course adverse events are important, but with the DPP-4 inhibitors in
general, there is not much to talk about in terms of adverse events. Overall
the adverse events are quite similar with the DPP-4 inhibitors and all
comparatives, all drug related adverse events and even deaths were similar
or less with DPP-4 inhibitors.
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In terms of serious adverse events, coronary heart disease was less,
myocardial infarction was less, non-cardiac chest pain was less with the
DPP-4 inhibitor as was cholelithiasis and pneumonia. So these drugs look
like they are relatively well tolerated and fairly safe class of drugs.
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Another monotherapy study that compared vildagliptin showed equivalent
efficacy to rosiglitazone both in the overall trial as well as people with higher
A1Cs. So what I am trying to build here is the case that the DPP-4 inhibitors
as a class are quite similar to the efficacy of sulfonylureas and TZDs.
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Vildagliptin has been studied in combination with pioglitazone and here
similar to the combination of sitagliptin with metformin, you can see
reductions in hemoglobin A1C of almost 2%. So this is another effective
combination.
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A couple of new drugs that are in development one is alogliptin, here are
different doses as monotherapy,
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The two major doses that will go forward are 12.5 and 25 milligrams, and
they reduce hemoglobin A1C about the same as the other DPP-4 inhibitors,
both as monotherapy and in combination with pioglitazone, sulfonylureas or
metformin.
What they did was something interesting, they have actually studied the drug
in combination with insulin and saw almost equivalent reductions in
hemoglobin A1C there as well.
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Here is the data for fasting plasma glucose levels
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And the new kid on the block, is saxagliptin, you maybe aware that in early
April, there was a FDA Advisory Committee Meeting which gave thumbs up
to saxagliptin in terms of their cardiovascular safety. Saxagliptin has the
same efficacy that the other DPP-4 inhibitors do in combination with
sulfonylureas or TZDs.
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This is the study I published couple of years ago looking at vildagliptin. What
we did is to compare efficacy in older and younger individuals and really
wanted to see whether or not this class of drugs would be safe in the elderly,
who comprise about 40% of people with type 2 diabetes. We saw equivalent
reductions in hemoglobin A1C, even though the elderly had a slightly lower
A1C to start off with, so that means they worked very well in the elderly
population. The drug is also extremely well tolerated in the elderly.
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So just to summarize the role of DPP-4 inhibitors as type 2 diabetes therapy,
these are oral agents, they tend to be once daily and they enhance
endogenous GLP and GIP levels rather than providing exogenous GLP-1
levels. They can be used as monotherapy, as add on to metformin, TZDs,
triple combination therapy, and even add on to insulin. They resulted in
clinically significant reductions in hemoglobin A1C that in my judgment are
quite similar to TZDs and sulfonylureas based upon head-to-head trials.
I didn’t show you the data, but the data are that they are somewhat less
effective than metformin. They have pretty durable efficacy up to two years
now and one of the things that distinguishes this class is that they are very,
very well tolerated, no GI side effects, no weight gain and very low risk of
hypoglycemia and no edema. And finally they have a very low risk for drugdrug interactions which makes them a great choice in elderly patients who
are on multiple medications for multiple comorbidities.
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So let's turn back to our patient. In addition to addressing her dietary habits
and increased physical activity which of the following would be the most
appropriate therapeutic intervention for JL?
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To summarize differences between DPP-4 inhibitors and GLP -1 agonist,
DPP-4 inhibitors enhance endogenous GLP-1 and GIP whereas with GLP-1
agonist, you get a pure GLP-1 effect at pharmacologic levels. DPP-4
inhibitors are limited by endogenous secretion, this is not true of course with
GLP-1 agonist that we administer.
The efficacy of DPP-4 inhibitors is comparable to TZDs and sulfonylureas,
however at least from the liraglutide data, we believe that the longer acting
GLP-1 agonists are superior to TZDs and sulfonylureas.
Both of these classes of medications have shown pretty good durability over
two to three years.
DPP-4 inhibitors have superior tolerability, whereas nausea, vomiting are
side effects of all the GLP-1 agonists.
With DPP-4 inhibitors, they weight neutral, this is a class effect and there
tends to be weight loss with GLP-1 agonists.
These are oral treatments usually once daily and the GLP-1 agonists are
injectables.
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And one final note, in addition to effects on the pancreas and insulin
secretion, GLP-1 and GIP can have pleotropic effects. There is evidence that
GLP-1 might have neuroprotective effects and it certainly has effects on
appetite. There is an evidence that it might have cardioprotective effects and
with GIP there is evidence that it has effects on lipogenesis and effects on
bone as well and positive effects, I might add.
So these are whole new evolving areas of science and in addition just to the
clinical science is being developed, that will help to differentiate these drugs
from other drugs on the market.
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What I would like to do is basically take the science that Dr. Haines and Dr.
Pratley just provided for us and put this now into the art of education. One of
the things, my job as a diabetes educator is I am there to help my patient
solve their problems. I am not solving problems for them, it is up to them to
solve their own problems. I am their resource to provide education and the
tools so that they can solve the problems and live everyday with diabetes in
a very happy and non-complication way. Now, with that being said, here is
the surprise and I know everybody will be totally shocked. Patients don’t
listen to what we tell them. How many people have patients that they don’t
listen to them? Quite a few I can tell you, I deal with a population that a lot of
times, patients don’t listen to what we tell them.
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So what I try to do is tell them how to do a wrong thing right at sometimes.
And what that means is taking the science and turning it into art of
education. And with that patients often don’t do what they are told because
they don’t understand why.
What’s in it for them? Why should they do what we are asking them to do?
They don’t understand and so that’s where the education comes in and
providing them with the puzzle pieces to problem solve on their own.
Now, we have already talked about all of the studies that are out there, and I
think one of the big take home messages is to recognize there is no such
thing as diabetes.
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A person with diabetes automatically has cardiovascular disease and we know that
cardiovascular disease happens long before the diagnosis of diabetes. So with that
being said when, we are looking at the patient, if you are just looking at A1C or if you
are just looking at their blood sugar, you are getting a quarter or less of the picture. We
need to look at the ABCs, the A1C, the blood pressure, the cholesterol, the depression,
the erectile dysfunction, we can go on and on and on down the alphabet but the point is
to look at everything as a whole.
The other big thing that we are learning a lot about and Stuart was kind enough to
explain the UKPDS. But we also know it from the DCCT that early aggressive treatment
the body has a memory. So what happens is what we do early in the diagnosis, the
body will remember for years to come and from both UKPDS follow up and the DCCT
follow up we found that people who have aggressive therapy in the beginning upon
diagnosis later down the road had less complications than those people that had
conventional therapy early on. And this kind of makes sense because if you have
hyperglycemia for many, many years and then all of a sudden you decide to control it,
the body says, hey, wait a minute, what are you doing to me. You have been running
high sugar, and now all of a sudden you want to bring me down. It's a shock to the
system. It's kind of like weight management. You don’t want to drop 50 pounds in a
couple of weeks because you are not going to keep it off. Not to mention it's very
challenging to do that.
So, with that being said we need to focus not only on the A1C but the patient as a
whole. And I know we also talked a little about the fluctuation. So the fluctuation from
lows to highs can actually have an impact not only microvascular but macrovascular
too.
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Now, with that we know that monotherapy typically doesn’t work. From the ADOPT trial
we know that many of the oral agents that were available won’t last a real long time on
their own. And of course, diabetes is a progressive disease and we are learning new
things everyday. I mean I just think back to when we were told that pancreas is a
problem. Now we know different. Pancreas is one of five broken organs in type 2. So
type 2 diabetes is about five broken organs, the liver, the pancreas, the peripheral
tissue, the GI track and the brain and there basically all five organs are broke and that’s
where this dysfunction comes from.
So I say to patients, if your car broke down, if your transmission didn’t work, the fuel
line had a leak, the driver side window wouldn’t roll down, and the brakes weren’t
working, and you took the car into the shop and they fixed your window. You still
wouldn’t have a car that works. So, in the same content of diabetes if we use
monotherapy because majority of the drugs will fix one or two organs, monotherapy
isn't going to cut it because you have five broken organs. So the ultimate goal is to fix
all five of the broken organs.
Now, the other thing is for most of the drugs that are available they are mimicking lifestyles. For example, pioglitazone rosiglitazone, it's nothing more than exercise in a pill.
So when the patients complain about the cost of the drugs I always say you can try the
natural, they are all excited, oh natural, yeah. Where it is? It's called exercise, get up
and move. Again, every drug mimics a natural life-style and imagine the concept of
doing lifestyle with pharmacotherapy, you could really control the disease that way. So
with that, we talked about the five broken organs and the dysfunction here. So if you
can see, there are several I am going to do several references to these five broken
organs and what drugs fix what.
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So here we see the GI track. We know we have the AGIs, the alpha-glucosidase
inhibitors that actually do work on the GI track. Insulin resistance and that’s of course
due to the hepatic gluconeogenesis, that hepatic production glucose as well as the
peripheral or lack of peripheral uptake of glucose and the TZDs and metformin work on
both of these organs. So they work on the liver and peripheral tissue, one usually
primary and other is secondary.
There is also inadequate suppression of the alpha cell in the pancreas and that’s where
the incretins come in. Now keep in mind that the incretins work as we learn from the Dr.
Pratley, on the GI track. So they are working on a hormone within the GI track, that
hormone then goes to work on the pancreas and it targets two areas in the pancreas,
the alpha- and the beta-cell. By suppressing the alpha-cell, we suppress the liver. By
enhancing the beta-cell, we are getting the release, the appropriate release of the insulin
and the release of amylin. So we are actually targeting several organs here, the GI
track, the pancreas, the liver and the brain. So with the incretins we are fixing more than
one organ.
You know again TZDs and metformin also fix more than one organ. Then we have acute
beta-cell dysfunction and this is where secretagogues will come in, and they will actually
work on the pancreas to secrete more insulin. But it's in acute phase, not long lasting.
The big thing, and this is basically where diabetes research is going. Is chronic beta-cell
dysfunction. So, how can we in essence save the beta-cell? That is the ultimate goal,
that’s where we were actually calling the Holy Grail, we want to save the beta-cell. So
when we are thinking of pharmacotherapy for patients and choosing medication in the
back of our head, one of the concepts should be what is this therapy doing to save that
beta-cell because we know it's the beta-cell loss that progresses the disease. So, if we
can do something to save it, we can slow the progression of type 2 diabetes.
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And here as you can see just again, a real quick overview of the timeline of
diabetes and as you can tell upon diagnosis, the patient has already had
postprandial glucose elevations for anywhere from 9 to 12 years. So really it
takes 9 to 12 years to diagnose type 2. So by the time a patient is diagnosed,
you are already behind the eight ball. You have lost nearly 50 and in some
cases, potentially 80% of the beta-cell function. So saving that beta-cell is a
very, very important.
Now, the good news is again there are therapies out there and they are good
and when you combine pharmacotherapy with lifestyle you get really a good
effect.
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So again, here you can see the progressive loss. What I want to do is point
out key concepts. Here you can see again progressive loss and this is from
the UKPDS that monotherapy in oral agents over time just decreases. Ee
don’t do anything to save that beta-cell and beta-cell function is lost within 3
to 5 years.
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Now, patients that have type 2 diabetes have already a beta-cell loss
compared to folks without diabetes. So here we are seeing people without
diabetes and then fasting, impaired fasting glucose and then type 2 so you
can see over time the beta-cell loss that occurs in the disease.
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And then we know again changes within other hormones in the body. We
have inappropriate amounts or high amounts of glucose and then the insulin
secretion is not normal, so it’s impaired meaning we get a delayed spike and
then we get a kind of a long acting hyperinsulinemia going on with people
with diabetes. And then of course glucagon is elevated so we have the liver
making sugar, we are eating and of course we are getting the double
whammy on elevated blood glucose.
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I have already mentioned amylin, amylin is co-secreted with insulin. The big
thing is if insulin isn't coming out or if the beta-cell isn't working it's not
secreting amylin, and what does amylin do? Amylin is what makes us feel
full. So it’s the signal to the brain that actually works on the area postrema of
the brain to tell the brain, hey I am full.
Now working with people who have impaired GLP-1 or decreased GLP-1 and
they go on the incretins, particularly exenatide, what I hear from patients they
have never felt so good in their life, because what’s happening is that satiety
factor is being achieved and suddenly they do feel full.
One of the problems that I hear a lot from patients with type 2 they are
always hungry and never full. I always want to eat and part of that is because
again that signal to the brain to tell them, hey your full, isn't there. Now true
there are some lifestyle factors that play a major role but the big thing is the
fact that as losing beta-cell function is not just the insulin that we are losing,
we are losing amylin as well.
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There are six key points into deciding what therapy to use for your patient. How long could they have the disease because newly
diagnosed we know they still have some beta-cell functions so insulin is there but as the disease progresses over time we are
losing beta-cell function. So is the drug that you are choosing for your patient require endogenous insulin to be present? For
example TZDs, secretagogues, they require endogenous insulin. If you do not have endogenous insulin those particular agents
aren’t going to be very useful, at least not for a long time. You might get a short spurt out of them, but over the long haul they are
not going to work. Do you have a newly diagnosed person or is it someone who is having long standing disease? That’s question
#1 and at that same point again keep in your mind about that beta-cell: how am I saving the beta-cell.
The next question is what blood glucose is out of whack? Is it the fasting, is it the postprandial, is it both? We know a lot of times
people check fasting but checking fasting blood sugar is like driving a car with one eye closed, you are getting half the picture. The
A1C doesn’t matter if the glucose molecule is fed, you know the red blood cell doesn’t mind if the glucose if it’s fed or fasting, red
blood cells will of course attach to glucose which we get our A1C from, but as we learn from Dr. Pratley when we are closer to the
near normal majority of that A1C is coming from the postprandial glucose. As the A1C goes up, majority of that A1C is coming from
the fasting so then the question is, which blood sugar is out of whack, is it the fasting, is the postprandial or both?
Then with that same regard how much A1C-lowering effect are we going to get? If we think about it in monotherapy for majority, for
8 out of the 9 classes of drugs that are out there monotherapy will get somewhere from 0.5% to maybe 2% lowering of A1C. Of
course insulin is the one exception it is the one class of drugs with which can lower A1C endlessly. We have no limit with insulin
but as far as the other 8 agents go in monotherapy we really don’t have much more than 2%. That’s where again if your patient is
coming in and their A1C is 10 or 14, you need to get good lowering effect so this is where combination therapy will be mandatory.
The next thing is what about the patients’ tolerability to the side-effects. How are they able to handle the side-effects? What are
they, is it something that you can deal with. For example in our patient case. Our patient is overweight she is actually obese, her
BMI is 33. If we give her an agent that may cause weight gain she may not choose to be adherent to therapy. She gains a few
pounds and she is going to say forget this drug, I am trying to lose weight and here this is making me gain weight. So again what is
the side-effect profile and how is the patient going to be tolerant, as well as are they willing to take the medicine
So what is the patient’s preferred route of administration. How many folks have patients that absolutely will not inject anything? I
have worked with a lot of these people, I will do whatever you want me to do just don’t give me a needle. Yet they do their blood
sugar all the time but you know it’s just again education.
And then of course what coexisting conditions do they have, so do they have a condition that would prohibit them from using
certain agent, obviously so patient who has heart failure we wouldn’t be looking at the TZDs. So again what coexisting conditions
are out there?
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Now the next few slides are basically for your information and all I want to do
is spend a few seconds to tell you how to read these charts.
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These are the oral meds. The next chart is the injectable medication. It’s broken down to the six
classes of orals, the three classes of injectables. And the bottom-line is what is the target organ, so
what organ is the drug fixing. Looking at the main target organ that that drug is actually fixing and
then the mechanism of action. And then in the last column is the blood glucose that is targeted.
Does this particular agent target fasting, postprandial or both because if you are trying to get lower
postprandial blood glucose obviously you would not get that from metformin you need to go with the
drug that targets postprandial. So knowing what blood glucose the drug is going to target and then
again common side-effects. So that’s basically how to read the chart.
Now what I do want to say is we have 5 broken organs and for most of the part here we have drugs
that fix those organs but it’s lifestyle that comes in as well and that’s what patients need to
understand, I work in a free clinic, our involvement has increased drastically with the economy right
now, we have a lot of people that are out of jobs and so are coming in to the free clinic for services
and they are not adherent to the therapy. I had a gentleman come in who basically could not afford
his insulin. Now, he is type 2, he was on the poor man’s pump, so he was on insulin glargine and
one of the rapid acting analogs and he couldn’t afford it anymore at this point he can only afford,
one vial of an insulin. So, how do you tell him, how to manage his disease where he can't afford
therapy? These are things that we were seeing, so again the bottom line is to let patients know,
how to in essence manage their disease under the conditions and working and listening to what
their concerns are and then also reminding them that many of the drugs will mimic lifestyle
behaviors.
I mentioned pioglitazone, rosiglitazone, exercise in a pill. The incretins are nothing more than eating
small meals frequently. Metformin is basically eating breakfast then not skipping meals through the
day. So, these are just natural ways that we can fix the body through lifestyle behavior and then you
complement that with drug therapy, you get more bang for your buck, patients are more likely to
adhere to the regimens, when they understand the rational behind it.
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So, again you have the injectable chart here, which again same thing it goes
over the mechanism of action and then it actually gets into the targeted
blood glucose and side effects.
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And for people who like visuals, this is basically the visual chart, where the
five broken organs are and where the drug actually works.
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So, with that, I am actually going to give you the answer to this question.
Here we can see, according to the new ADA algorithm for managing
hyperglycemia and type 2 where do the GLP-1 agonists fall?
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They are actually step 2, tier 2.
Now, let me tell you little history on the algorithm. When the original
algorithm came out in 2006, the folks, Europe and the United States
combined sat down and they came up with it. They wanted drugs that had
been out for minimum of 6 years and that’s because they wanted to have
medications that were on the algorithm that had long-term outcome data.
When they first came out with it, the only drugs that were on it were TZDs,
metformin, and secretagogues, namely sulfonylureas, and of course insulin.
It was because of the concept they wanted long-term data on the
medications.
Now, the problem is with the new version, the incretins and some of the
newer agents really haven't been out that long, so that’s part of the reason
we don’t see them in use because we don’t have that outcome data. I do
know that this particular algorithm stirred a lot of controversy in the diabetes
community and to the point where I know some researchers are actually
trying to disprove it and show that incretin hormones can actually be used
earlier on and be used very well. There is a lot of research being done and I
will just leave it at that. We are learning more as the time goes on.
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When it comes to GLP-1 what do we know? We do know that in patients with
type 2, we have less GLP-1. A normal person has normal GLP-1 levels but in
prediabetes, in type 2 diabetes, we see those levels dropping and that’s the
endogenous GLP-1.
So, what happens is we came up with ways to increase GLP-1, now we can't
naturally increase our own GLP-1 with a GLP-1 agonist directly because
again as Dr. Pratley mentioned, GLP-1 breaks down within minutes. So, we
need to come up with a mimetic or GLP-1 agent that’s in essence in disguise,
which is what happens and it comes into the body and it does exactly what
GLP-1 does the endogenous, but it’s pharmacological in nature.
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And the outcome of this GLP-1 enhancement in the body is basically we are
stimulating the right amount of insulin as well as amylin from the beta cell.
We are getting suppression of the alpha cell, which leads to suppression of
gluconeogenesis from the liver. We get a regulation of gastric emptying and
that’s again one of the main defects in type 2 is the GI track empties very,
very quickly and if you talk to these patients they never feel full and it’s
because the GI-track is emptying and so they don’t feel that fullness and
now if we can increase GLP-1, it regulates the GI-track, they do feel full plus
they have the added amylin, so it makes a difference again in the amount
that they are eating as well. And then that’s where the satiety comes in and
of course, if you feel full or you are less likely to eat more and that way you
are seeing weight loss as well.
Now, there is also a lot of investigation into saving the beta cell, do the
incretins, save the beta cell and I will just leave it at the fact that there is a lot
of research being put into that.
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So, here’s another comparison chart, comparing and contrasting the GLP-1s
with the DPP-4s.
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Back to our patient. JL has seen an advertisement about an injectable
medicine to help control diabetes and lose weight.
So, which of the following adverse effects is most important to discuss with
her to help her in making an informed decision about incretin mimetic
therapy?
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What are the drugs that are currently on the market again, we have already
talked about this, so this is just a listing of the GLP-1 receptor agonists. Now,
another thing to be aware of is liraglutide is expected to make its debut in
Europe very shortly and I say this because again I deal with patients that
have dual citizenship so they come back and forth and I do see a lot of
people bringing medicine from their other home in other countries. So you
may see patients that are coming in that do have liraglutide because it was
prescribed in Europe and then they are coming here. Here in the United
States exenatide is currently FDA approved at this time.
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So who would be a candidate for GLP-1 mimetic therapy? Here we can see
it doesn’t matter on the spectrum of diabetes you can have a newly
diagnosed you can have someone who has had it for a long-standing time. It
will help in either case because again you are suppressing the alpha-cell and
therefore suppressing gluconeogenesis from the liver. So in this case it can
be used across the spectrum of diabetes.
Primarily these drugs target postprandial you will get a residual effect on
fasting but for the most part it's postprandial and then they have a modest
A1C lowering so something to consider. A patient who would like to lose
weight this would be a great option. But they need to understand of course
portion size and lifestyle changes in order to minimize the side effects. And
then we do need to assess their kidney function or other drug agents that
also could enhance the problems with the kidney. And then obviously the
patient needs to understand injectable.

99

So the gliptins inhibit DPP-4 which allows more endogenous GLP-1 to be
present. And that’s why, because it's the endogenous GLP-1, you don’t see
the nausea and vomiting as much with these particular agents. So here again
we have the agents that are currently either on the markets or under
investigatio.
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So who would be a candidate for gliptin therapy? And this is where again
someone with newly diagnosed to long-standing, no gastroparesis. Primarily
targeting postprandial with a modest fasting because if you are suppressing
the alpha cell that is again targeting the liver which is going to affect your
fasting blood glucose. Modest A1C lowering but it is targeting different
organs and then again no weight gain or I should say it is a weight neutral
type drug.
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So back to our patient. Our primary care physician has recommended
starting a gliptin. So which are the following issues is most important to
discuss with JL before therapy is initiated.
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As I started out patients don’t do what we tell them. So how can we get them to be more
adherent to their medication therapy or any type of therapy that they are on for that
matter? Bottom line education, what's in it for them, why should they do it? If they don’t
understand why they need to take a medicine they are not going to take it or if they don’t
understand the side effects or what to look for they are not going to take it. So we need to
check in with them to make sure they understand the rational behind it.
Timing, I always say get your monies worth, take the drug at a time where you know it's
going to work. For example, I had a patient in clinic who is taking metformin once a day
and he was taking it in the morning opposed to in the evening. Of course taking it in the
evening has a better effect on the fasting profile and by switching it just from morning to
evening we saw a significant improvement in his fasting blood sugar. the problem was no
one ever told him to take it in the evening, he took it in the morning. He also took it on an
empty stomach which he developed a side effect of gastro effects. He had diarrhea and
with that he wanted to stop the drug. Again no one told him to take it with food. So my
thing is make sure patients are getting their monies worth. Taking at a time where the drug
will work best and at the same time taking at a time where you are going to minimize the
side effects.
And then monitoring, they spend money on the test strips as well. But we have them
monitor at times to tell information if a drug you are taking affects your fasting, yes you are
going to want to monitor fasting. But if the drug you are taking affects postprandial you
need to check postprandial glucose in order to know if the drug is working.
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So again, tips on adherence. Biggest thing is medication checkups. I
encourage patients to get their medication checked up in a perfect world for
every visit. But if we could do it at least every 6 months, sit down go through
what drugs they are taking, when are they taking them, are they getting the
best effect, what side effects are they having, what drug interactions or food
interactions are they having?
So really we should be doing medication checkups on a regular basis.
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These are the blood glucose lowering agents, the fasting postprandial or the
ones that target both levels.
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And best time to take them in regards to food with or without food often at
times, it's more just for the side effects.
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So take home message one of the things we need to get early aggressive
treatment. We need to get patients when they are newly diagnosed and
that’s where we are really going to see and make a difference.
So getting them early, getting aggressive and if we get them early we can go
with the 6.5 A1C
But the thing is to check them every three months and if we are not at goal
what do we need to do to get them to goal and we make therapy changes to
help get them there. Again these are in folks that are newly diagnosed.
Bottom-line treat the patient not the number and remember it's 5 broken
organs so if you target one you still have four more that are broke with that.
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We are in the position to do that, knowledge is power, what’s in it for a
patient, let's help them make the best decisions to manage their diabetes.
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We are going to quickly go through the case study and give you the answers
as how we see them and there is not an answer in some cases so there may
be some discrepancies between what you answered and what we would
answer.
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So remember JL, she is the Latin-American female. She is here for routine
follow-up and she’s got the metabolic syndrome.
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She has no complaints, she feels great. She is testing her blood glucose it’s
fairly low in the morning. She monitors her blood pressures.

111

She is on several medications including an thiazide, an ACE, as well as a
statin, metformin, and aspirin everyday and she is pretty well organized
about all that.
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And she is a little concerned about money and the cost of medications.
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And her glucose yesterday fasting was 133 which kind of mirrors what she
gets at home and her A1C is 8.4.
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And the first question I asked is what's her risk of cardiovascular disease.
So I will ask our panelists what would you answer in this particular case.
Richard Pratley: So a lot of what we know about the risk in cardiovascular
disease in diabetes was based upon the studies that were done sometime
ago and most of those studies were done primarily in men. But what we do
know is that in women, diabetes eradicates the benefit you have of being a
female in terms of cardiovascular disease. So she is at increased risk. I
would probably consider her at 20% risk, it maybe slightly lower given her
treatment regimens but we need to consider that she is at high risk for
cardiovascular disease and treat her appropriately. One of the things that we
have seen in the last few years is that event rate is going down in men but
not in women and I think that’s because of under-appreciation of this risk.
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ADA recommendations, so should we be very aggressive which is option A or should
ADVANCE and ACCORD and the VADT diabetes trial really alter our thinking on this?
Susan Cornell: Well being that JL is newly diagnosed or fairly newly diagnosed, she’s
within two years so that tells me she is still at a good target where we can get
aggressive with her, and I would go with A. I do believe we have got a good chance
that she’s at low risk for the problems that we have seen from the folks that were in
the ACCORD and ADVANCE trial as they were having diabetes for on average 10
years. She is two years so I would say A, get aggressive.
Richard Pratley: I would agree with that. And she is somebody who is more likely to
get to A, A1C less than 6.5% than in somebody who has had diabetes for 15 years
who has an A1C of 9.5%. So we are not going to need four drugs and insulin to get
her there and in particular we may be able to avoid hypoglycemic regimens, and I
think that all works in her favor.
Stuart Haines: One other issue in this case I don’t know what lifestyle modification
she’s made but that can make a tremendous impact if she were to lose even a modest
amount of weight. drugs that we have available now come with a very low risk of
hypoglycemia so we can push this a bit. Whereas years ago getting to a goal that’s
less than this with using secretagogues and insulin came with a very significant risk of
hypoglycemia but I think we have the drugs now to do it without a significant risk of
hypoglycemia.
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Question number 4, she says that her blood glucose readings are pretty
good in the morning, yet her A1C is 8.4 and I think we have covered this
concept so I am not going to ask the panelists to describe this. But one of
the most common reasons why we see this phenomenon is because they
have significant postprandial blood glucose. So, I ask patients to check that
when I see this kind of pattern to prove it.
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So question number 5 . She is on metformin, her A1C is not as good as we would like it. No matter
where you think this lady’s goal should be, 8.4 is probably not as good as we could do. So what do
we add next? Do we add a sulfonylurea, TZD, DPP-4, do we add an incretin mimetic, or do we go
with basal insulin at bedtime? And these are all options we could of course talk about alphaglucosidase inhibitors as well which I didn’t throw up here even amylin. So what would be your next
step in this particular case? What would you favor all things being equal, you have talk to the patient
and they are willing to do any treatment?
Richard Pratley: So the key thing is to do something and something is better than nothing and too
often we get into the trap of I see my patient, she will say well I have had a difficult holiday season, I
know my glucose levels are up but I am going to work on my diet and exercise, I don’t really want to
start a new drug. And that’s not good enough because you will see them again in three months and
they have yeah maybe made a little bit of progress but they are not at goal. And by doing that, we
can keep them at high levels of A1C for, the data would suggest, years without making the
appropriate adjustment. So the answer is you have to do something and choose what's right for the
patient. Now in a patient who is relatively young and a woman, I would not necessarily choose a TZD
because there is some new evidence that they may cause osteoporosis. I am not so excited about
that; although it would probably be a very good drug for her. Here’s a woman who is motivated to
lose weight so a GLP-1 mimetic or incretin mimetic might be a very good choice. But there are
different choices that are right for different patients, and as Susan said, the right choice is the one
that the patient is actually going to take.
Stuart Haines: So, for me, one attractive thing about the incretin mimetics is the weight loss and also
the potency of these drugs can get 1½% to 2% reductions in A1C and slightly more than what we
would see with either sulfonylurea, a TZD, or a DPP-4. So in some ways I favor that but not every
patient is interested and can tolerate these. Basal insulin is also an option but we are not seeing in
this case very high fasting glucose so not one I would favor here.
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Question number 6 is she sees advertisements, what do you go over with her in terms of potential
adverse events from the GLP-1 agonists or the incretin mimetics. Do you talk a lot about pain at the
injection site? Do you talk a lot about nausea and vomiting? Do you bring up necrotizing pancreatitis,
which the FDA has warned healthcare professionals about, or do you talk about depression and
suicidal ideation?
Susan Cornell: In her case, obviously, the nausea and vomiting and we do need to really reinforce
the lifestyle because if she doesn’t make changes to her portion size and her eating habits, she is
going to be a prime candidate for developing some serious side effects.
Richard Pratley: And that’s exactly right. I went to a start a patient on GLP-1 analog who happened
to be in one of our clinical trials. And he came back within the week for his regular visit and he said
well I had some nausea starting the drug, the injection went okay and then me and my friend went
out to McDonald’s and I had two cheeseburgers or two quarter-pounds with cheese and , my
dietician looked at him and said have you thought about not doing that. And in fact, little diet
adjustments made things a lot better for him, and he was able to do that.
Stuart Haines: I think the issue of pancreatitis is something that we should bring up with patients.
Obviously we don’t know yet whether it's really attributable to the drug but certainly we want to warn
patients you may experience nausea, you may have vomiting, you can adjust the therapy and move
the dose closer to meal and that side effect should go away overtime. But if you start to experience
belly pain, I want to hear about it and we need to check that out. So I think some sort of warning to
the patients until we get more evidence about whether this is related to these therapies or not.
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Question number 7, DPP-4, what's the biggest issue here? They are very
well tolerated drugs. So hypoglycemia is unlikely unless it’s combined with
something else that causes hypoglycemia. Response is seen pretty quickly
so this is not something we have wait 4 to 8 weeks unlike TZDs. But, cost
can be a major barrier to many patients because this has yet not made it on
many algorithms for insurance companies for first line therapies or preferred
therapy usually they are tier-2 or tier-3. So it’s something that we do need to
talk about. And timing is not as key of an issue here although taking it in the
morning is probably the best time for most patients.
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So, I do want to get to questions. One, pharmacologically, a lot of people ask
why I can’t use a DPP-4 with an incretin mimetic, why not use these
together? Wouldn’t you get synergy out of that? Any thoughts on using both
incretin therapies together and whether that would be rational.
Richard Pratley: So this question it’s probably the top question. And the
answer is we don’t really have any data about the two in combination. In
theory, it wouldn’t make a whole lot of sense because the GLP-1 agonist that
we have now exenatide is not a substrate for DPP-4 so I wouldn’t expect any
prolongation of GLP-1 activity with the addition of DPP-4 inhibitor. What we
don’t know is whether or not you get additional bang for your buck with the
increase in GIP so we really have to wait for more studies.
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Thanks very much.
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