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So now what we let us talk about physiological models.
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Key topics for discussion today

0 How does drug discovery happen today?

o How does modeling help?

o What are mechanistic physiological models? Introduction to Quantitative and
Systems Pharmacology with Type 2 Diabetes as an exemplar

0 Case study of model application in Type 2 Diabetes

o Conclusion and Next Steps



We talked about pharmacokinetics what does the body do the drug? What are the interesting
things that can happen to the drug and how we can start thinking about models to capture that?
Now let us vague into physiology which can get a lot more complicated a lot more intricate and
this is an introduction to quantitative and systems pharmacology how do you develop model of
diabetes.
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PK & PD, madels are designed to address questions in drug development

Pharmacokinetics (PK): First part of the story
Broad goal of PK analysis : Understand and characterize

o intra-subject ADME processes of drug absorption , distribution , metabolism and excretion
governing achieved drug concentrations

... and how these processes vary across subjects (inter-subject variation )

Pharmacodynamics (PD): Second part of the story

o What s a “good " drug concentration?

o What is the “therapeutic window?" (Concentrations that is high enough to produce a desirable
response, but low enough to avoid toxicity) Is it wide or narrow? |5 it the same for everyene ?

o Relationship of response to drug cancentration
o PK/PD study : Collect both concentration and response data from each subject

In the second part of the story when it comes to pharmacokinetics like we said some of the things
that we care about are what is the good drug concentration does that hit the patient in the
therapeutic window because pharmacokinetics is the concentration of the drug. The
pharmacodynamics is what does it do to the clinical read out that the patient cares about? Plasma

glucose, number of asthma attacks, pain in the joints.

Those are all clinical read-outs the patient cares about how does the drug concentration
manipulate that clinical read-out that is what we care about and what are the relationship to drug
concentration. So how high should it go? Does it keep going linearly high with the drug or does
it saturate at a point and then does not matter how much more drug you give. Does it matter that
some patients will respond better to other patients and that depends on the patient's biology so
those are all questions that we want to ask.

(Refer Slide Time: 01:45)



Model designed to address que;gjegﬁogf interest
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Now in the beginning we looked at this figure and we said drug development is really complex.
There are multiple scales. There is the scale of the population that we all see, but we know that
when it was underlying scales when it comes to all of the other networks. So let us talk a second
about diabetes.
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> Diclees ,
@ \C\&M@) u\\mk{. r/ Dm’

Jor” & e

Yo, Spinlin %4 g

h

r\(i@g&

i1l

So based on what you know, you know from your family members, from anything that you have
read when you think about diabetes what are the things that you think about. What are the
clinical thinks? What organs? What are the things that you know about diabetes so far? (())
(02:26) exercise. You can edit it out if it does not work. “Professor - student conversation

starts” So what ideas on diabetes do you have?



Patients have deficiency of glucose, excess deficiency of glucose correct. So we were talking
about glucose in the plasma is important and too much of it is symptomatic and leads to diabetes
and too little you want to avoid (()) (02:52). “Professor - student conversation ends” What else
do you know? Have you seen your relatives prick their finger and test? So really they are testing

glucose there. We know insulin plays an important role.

We know diet, exercise, it is a lifestyle disease in many cases, in many cases it is not. So those
are some important factors. When it comes to organs, we said okay there is a big compartment
that we will call plasma, but we also know that there is organ called the pancreas. We saw that in
the dogs when you cut off their pancreas these exhibits symptoms of diabetes. So the pancreas

and the insulin it secrets is important to control diabetes.

So the one other thing that you should know because we are going into the disease a little bit is
why does it matter that your blood has too much glucose. What little happens is it becomes
many, many things happen, but it becomes a disease of a poor circulation so if you know
diabetics you know they always worry about keeping their legs safe because at the end of the day
the blood becomes too sticky for it to go down the very fine arteries and really profuse the

extremes.

So the kidneys can be affected because again they are not profuse as well. There is a lot of sugar
in the urine potentially. Their extremities can get pretty sick. They may find it harder to find fight
infections because again their blood their systems are not functioning as well because there is a
lot of sugar in the blood. So that is a kind of how diabetes and it has other implications for heart

disease and hypertension as well and often times.

All 3 happen in the same patient together. So that is a kind of how the disease can start and affect
what happens to a person. So 1 other thing that diabetics worry about is HbAlc. So plasma
glucose is something that changes every day with a meal so we saw if you plot glucose over a
day it can changes up and down with breakfast, lunch, and dinner. So that is how plasma glucose

varies. At the end of the day how much glucose is attached to molecule called hemoglobin.



That averages out all of these variations and that is a measure called HbAlc. So that is not
something people can measure with the pin prick that is something we have to go the lab, but
that is indicative of the seriousness of the disease. The other things they have to measure are
fasting glucose as soon as they get up in the morning what is the glucose that gives an indication

of the disease and other thing that we talked about hypoglycemic events.

We really do not want them to get hypoglycemic. Existing treatments for diabetes there are
metformins, sulphonylurea, there are other drugs (()) (05:53) can focus on insulin because it is
like a sledge hammer it is the disease that is just goes against insulin and other treatments are
initial start a treatments for insulin. What are the things that are relevant and we will see how

these are relevant in a second?

Thus the liver, muscle, pancreas, key pathways of these cells inside the liver muscle and pancreas
and all of those become important how the disease evolves, but we will talk in the level of the
organ systems. Insulin is not the only hormone which is important. There are others, but let us
talk about just insulin and glucose today and the other variables that we talked about diet,
exercise, lifestyle etc are important, but we will keep it simple today and talk about what is the
simplest model of diabetes you can build.

(Refer Slide Time: 06:46)

Normal glucose metabolism is regulated by multiple organs and mediators;
Feedback between glucose and insulin is the most critical one

Increased glucose -> Increased insulin -> Increased g!uiose a_bsorptr’on from central ‘tank’ -> Decreased g!umj



So, in order to do that we will be spending a little bit of time on this picture here today. So we
were talking about too much glucose think of the central compartment of the body, the plasma
compartment as this tank. It should have an appropriate amount of glucose. If the glucose in this
tank is too much that is what you want to avoid chronically, but as glucose increases in this

compartment it signals to the pancreas and the pancreas secretes insulin.

And when you have a lot of insulin that increases the glucose absorption from this tank. So this
tank you know it goes to the muscle, it can go to the liver, it can go to other tissue that is what
happens to the glucose when you have insulin and that eventually decreases the glucose in the
central tank. Another important thing to kind of digest you know, keep a mind is glucose is not

bad we need glucose as an energy source.

So you may have done intracellular metabolic pathways with Karthik, glucose is a major source
of energy you know via ATP for all of these biochemical pathways to occur. So that is why we
want to eat glucose. So another you know think that you may be familiar with is the concept of
you know marathon runners. So before they want to run a big race the next day they will do what

they call carb up.

So the previous night they will eat large amounts of pasta or rice or lot of carbs so that gets
stored in a small compartment called glycogen. That is the body’s emergency release for glucose.
So the next morning when they are running and running and running without a break they have
all of this glucose stored up which feeds into their muscle. So that helps their muscle do all the

work to run that helps all of the cellular processes that helps them breathe harder etc, etc.

So that is really the physiological role of glucose it just becomes pathological when you look at it
a point of diabetes. So glucose is necessary in these remote compartments such as the muscle, the
brain which can only function on glucose and other remote compartments. The liver is a critical
organ because it is where this little pool of emergency glucose called glycogen sits. So you have
glycogen in your liver called liver glycogen. There is also muscle glycogen, but this tends to be
important.
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Glucose-insulin (delayed) negative feedback loop is key to maintaining glucose
‘homeostasis’

Increased insulin production signals to

‘—'#%‘r‘e;‘nﬂo;: compartment to increase glucose
— &
Pancreas % .

* A

%Fn

So when the glucose increases in a regular day may be you get up in the morning and you have
you know something you have doughnut for breakfast. So as soon as the doughnut goes in the
glucose in your plasma increases. When that signal reaches the pancreas hopes there is too much
glucose in the blood let us increase insulin so that there is greater absorption into these tissues.

So for control systems people etc this is automatically a negative feedback.

So, for all of you that is a simple method of feedback look. Too much of something increases it
increases some other thing which causes this to go down. So that is kind of how this is ideally
supposed to work.

(Refer Slide Time: 09:55)

At “fasting”, insulin production is low, liver releases glucose
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The other aspect like we are talking in Marathons or when you fast. So you have dinner at 8 pm
and till the next day morning 8 am you are not eating anything at all. Your body still wants to not
go into hypoglycemia so how does that manage that that is where this emergency store of

glucose in the liver that kind of trickles out.

And make sure that the glucose is steady through the night as well and that can be kicking when
you are fasting, when you are running etc the body still wants to make sure that stays. So in this
condition insulin is low and glucose is being shunted out into the plasma insulin is high, glucose
is being shunted back up away from the plasma into these remote compartments.

(Refer Slide Time: 10:40)

“Post-prandially”, insulin increases, glucose uptake increases

So this is what is happening post prandially.
(Refer Slide Time: 10:42)



Disrupted metabolism with persistent hyperglycemia and hyperinsulenemia can
lead to Type 2 Diabetes

4

So what really happens if diabetes is that these interactions become you know, disruptive. There
are many ways they can get disrupted and I will talk about 1 critical way that they can get
disrupted. So here we are talking about glucose can get taken up by a remote compartment. So

let us call it muscle and say muscle needs to take up glucose.

So it can take up glucose at a certain rate let us call at rate some milligrams per minute and that
is a function of insulin. So what really happens in the biological pathway is insulin signals for the
muscles to activate receptors for glucose. So these are called the glut4 receptors and these
receptors capture the glucose and take it inside the muscle. So how are we activating these glut4

so when there is not much insulin there is not much glut4 when the insulin increases.

There is a lot of glut4 and when you reach peak insulin there are lot of activity you are shunting
everything away. They you reach the max amount of glut4 you have and your body is
functioning at max capacity to take up the glucose from the plasma to the muscle compartment.
Now if this is the situation in a healthy person what happens in a diabetic? They start to become

insulin resistant for many reason so let us go into the pathophysiology for a second.

But what starts to happen is you need more and more insulin to be just as effective. You see what
I am saying. So you know what was sufficient for a healthy person to uptake their entire

doughnut a person who has diabetes needs to take an injection add all of these extra insulin to



take it up. For engineers the other concept here is these are kind of typical saturating functions

you can think off as Hill functions.

And I do not know if you have been working on those in this class, but a lot of functions in
biological models tend to be of this kind because there is a range of sensitivity and the saturation.
These functions are not usually linear functions like the more insulin you are dump in the more
happens these are constraint by biological realities so very often these kind of saturating
functions show up a lot in biological models. Excellent.

(Refer Slide Time: 13:14)

Consolidate understanding of physiology relevant to the goal

So what we want to do when we build a biological model it is already a challenging question to
ask you know diabetes is as big complex disease how do you build a model of it. So here we are
saying let us get rid of as much detail as we can let us kind of consolidate the basic pieces and let
us understand what a physiology we want to capture just to capture glucose and insulin
mechanism.
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Create a model map that is a ‘block diagram’ of this understanding
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So the first thing that we do in any you know model creation is to have a model map which is a
block diagram which summarizes this understanding. So in this case we have plasma glucose at
the critical compartment. You get food in once you have food in it can go to the muscle, it can go

to the brain, it can go to the kidney.

The liver is a source which can take up glucose also give back glucose so we have this block
diagram and some of these process are driven by insulin which is again critical. So this is how
glucose and insulin play. So once you have this type of block diagram which is again a vast
simplification of a complex disease but nevertheless useful then you can do the next thing.

(Refer Slide Time: 14:24)

QSP madeling quantifies biological understanding
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You can write a simple flux balance equation. You can say the rate at which plasma glucose
changes with time, depends on how much comes in from the gut or the gastrointestinal tract, how
much is taken up by the muscle which is a function of insulin HGO is hepatic glucose output,
hepatic is anything concerned with the liver. So what does the liver do? It can either take up

glucose or give out glucose. So that is what the liver does.

You may lose some glucose in the urine, your brain and other tissues may take some of this
glucose. So there you have it just the day to day mechanism of glucose and insulin you can start
capturing n a simple equation. Now you want to this is just the fluxes so let us start putting some
Maths behind it. So the what comes in from the gut usually we are saying it is a linear process of

absorption this is the gut glucose.

What shows up into the plasma is linearly is a linear function of that. The more you need the
faster it goes into the plasma. Muscle glucose output so muscle glucose uptake so that is the
function of insulin and we will figure out how complicated a function of insulin it can be and it
has a typical Hill function format so that the more glucose is there is you know there is more
increase to a point but the muscle cannot take up as fast as you know it cannot increase linear

with glucose.

Similarly, what is the liver do, it has insulin and there is other hormone called glucagon. We have
not gone into that, but that is the hormone which is important when you are fasting. That is the
hormone which prevents hypoglycemia. So this insulin and glucagon affect how much glucose
comes into that. So this entire equation you can think of in terms of some milligrams per minute

and you know solve for what is happening.

Your big flux in can be what you eat. So if you eat doughnuts then you have some pasta for lunch
and then you have some rice for dinner that is the amount of glucose you are going to be eating.
Suppose you miss breakfast this is going to look like this and then maybe you eat more than
usual for lunch and that is what you have for dinner and then there is 8 hours where you sleep.

So that is the flux of glucose the gut sees.



So then we can start thinking of what happens to insulin secretion and I am not going to all these
details. But the next important thing to worry about as modelers I am sure you started to worry
about this is questions of systems identification. So how what was you know that is all fair and
good to come up with the model. It is all fair and good to write what I think is happening, but
what are these parameters. How should I start thinking about how to make them what numbers to
put there?

(Refer Slide Time: 17:17)

What does it take to create such models?
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So then I have to talk a little bit about the cultural aspects of how such models are made. So this
is not something that you know you can think up overnight and just write up. This often involves
a lot of intense effort and activity from interdisciplinary teams even in our company for instance
we have biologist. They have degrees in molecular biology, biochemistry, cancer biology
whatever is relevant in this case endocrinology metabolism you have engineers many of you like

here you know I have a degree in physics.

We have people who are chemical engineers, mechanical engineers and such and we need to
understand and digest to scientific literature. So how many of you here are familiar with
PubMed, so lot of you are. So basically that is one data base which kind of collapses a lot of
scientific work done over decades and a lot of the work is in searchable format and you can pull

up the information. Engineers were good at writing equations. So we can use engineering



principles once we all arrive at a map we like. We can use these engineering principles to convert
the biology into mathematics. So it takes a lot of joint work.

(Refer Slide Time: 18:38)
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So in this case for example, there are papers which where people have measured how much
glucose is produced by the liver under various conditions of insulin. So these can be very
complex experiments where you have people who have signed up to do this. You inject them
with insulin and you monitor them careful and you make sure you understand based on flux
balances how much glucose is being secreted by the liver. So these dose response curves we can
get from the basics science data.
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Maybe as an exercise we can also come up with some of these searches that you can do on
PubMed. Another point of caution here is as you may know once you search for something in
PubMed you may get a 1000 hits. So here we got like more than 1500 hits so then you want to
ask the questions of these papers that I see how many do I think are reliable you know I had the

results been reproduced have been cited a lot and used a lot how do I judge that relevance.

If this data comes from some if the same data comes from a rat or a human, I want to build a
model as a human so I will choose the human data. On the other hand, there may be situations
where you have no human data. So lot of cancer models come from mouse model data because
that is the best that you have. So how reliable, how relevant, there are always Caveats as you
read these papers they can be pretty dense understanding the methods and making sure you have
the right data to put in your model is very important.

(Refer Slide Time: 20:17)

Parameterization of the biology ‘bottom-up’ and constraints from ‘top-down’
clinical data results in functional QSP model
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Then you have clinical constraints once you put this entire model together what are the things
you want to see. So here for instance is data from a 3 meal challenge. So this was somebody who
carefully measured how much glucose they gave to this healthy people carefully measured the
glucose and said this is how the glucose changes over the course from 7 am to 6 am in the next

morning. So over 24 hours given these meals this is how I expect glucose to change.



So given this kind of bottom up data of what is happening in each of these arrows and these
fluxes and going from 1 box to the other to top down data which tells me when I put all of this
together how should my system function. Those are the kinds of data that will be used to
constraint and come up with parameterizations for models. Have any of you worked on model

development exercises or recreate existing models.

We have any familiarity with that at this point, not so much yet. So, no model development yet.
So may be again for this bit we can kind of come up with something small so you guys can play
with something like this. So basics science data when possible to fit parameters, estimate other
parameters so that the model fits and spans the clinical data.

(Refer Slide Time: 21:37)

Parameterization of the biology ‘bottom-up’ and constraints from ‘top-down’
clinical data results in functional QSP model
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But at the end of the day this is not a perfect process. So that is something deep caution that I
have to leave you with as well not all of the arrows are well characterized. There is going to be
gaps and understanding. There is going to be variability. Some people believe hypothesis A,
some people believe hypothesis B so as a modeler either you can say there is no strong data to

believe B.

So I am going to go with hypothesis A or you can say I am going to model hypothesis A and B

put it all together in a system and see what the implications are with the modelling. Can the



model help delineate between hypothesis A and B. So those are some questions which come

away all the time as well variability.

You know some people see a 2-fold increase in glucose when they eat a meal, but some people
see a 3-fold increase. All of that is within normal range, so we will not be able to capture all of
that. So classic modelling techniques such as sensitivity analysis are also very important in QSP
and we know we can look up some more papers to confirm that to follow that to kind of follow
that.

(Refer Slide Time: 22:42)
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So overall I want to summarize what I have walked through so far developing a model of disease
physiology is not a simple project it is a typically a complicated project, but like all scientific
endeavors you want to start by making sure you understand what your problem statement is
come up with a right kind of model map there does half the battle in designing the project. Once
you get that done, you want to make sure you get at least 1 what we think of is virtual patient in

the field of QSP.

So here is a model which has physiology and once I run it what happened in that model I call a
virtual patient and then I can try new drugs in that patient, I can try variability on the patient, I

can do experiment in that patient, because I think of that as 1 virtual patient. Then you can come



up with a virtual cohort which is more of these patient variable parameters and then you can start
doing some serious research with just in the modelling.

(Refer Slide Time: 23:49)
What decisions to be taken before developing a mechanistic model?

o Time-scale
*~hours and/or days and//or years

o Space scale
* Plasma, organ, remote organ etc.
o Clinical read-outs
*Plasma Glucose, Plasma Insulin, %HbAlc
o Clinical states
* Healthy and moderate T2D, response to treatment
o Clinical behavior
* Euglycemic clamp, 3 meals, counter regulation
* Disease progression, r'esponse to insulin treatment

Few of the things to remember in any model development process what is the time scale, what is
the space scale like in the design that we were talking about what are the clinical read outs that
you want, what are the clinical states that you want, you want healthy, you want moderate
diabetic, how do they respond to treatment, what kind of clinical behaviours so these are kind of
the design questions that you need to keep in mind.

(Refer Slide Time: 24:13)
Some Key Engineering principles to adhere to in QSP model development

o Flux balance
*When in dynamic equilibrium
o Mass balance
*When not in equilibrium
0"Reasonable” biological functional dependence
o Creation of 1 "Virtual Patient” wit_h?ng-le parameterization that meets all the
constraints
o Understand impact of uncertainty in parameters with formal sensitivity analysis

and explore entire range of variability in parameters (as a "Virtual Population”)
when appropriate



Some key engineering principles in any modelling exercise flux balance, mass balance,
reasonable biological function dependence, this starts to go from science to art because this
depends on the modeler's experience in judgment and such making sure you come up with
versioning of the model so this becomes very important. You cannot boil the ocean at the first
time you want to build a modeler diabetes. You want to slowly layer in more and more detail.

(Refer Slide Time: 24:43)

Physiological Models can focus on different aspects and be designed for specific
purpose
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(¢) glucose-stimulated insulin secretion by pancreatic p-
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(d) glucose-mediated glucagon secretion and regulation
(e) insulin-dependent uptake of glucose in adipocytes and
myocytes

(f) utilization and storage of glucose as lipid and glycogen in
liver, and T

(g) hyperglycemia-induced tissue damage pathway, which
is the cause of diverse diabetic complications.

So the one other thing as you go you know and discover more is what I had been talking about
you can think of as a whole body model of glucose and insulin, but people have many, many
different kinds of model. So you go to PubMed and try to search for mathematical models of
diabetes you can have all kinds of variation. What we spoke about like as I said is whole body
glucose and insulin, but some people worry just about glucose absorption from the gut just that

first part.

How can I make that slow what kind of meal should I give you know people think about you
know a doughnut which has white sugar is a lot slower to is a lot faster to absorb then something
which has more complex carbohydrate? So you can go into a lot of detail for each of these
processes. So you know how do you store glucose. Glucose can be converted to fat. So people

can get fat just from eating a diet of just rice.



Rice is only carbohydrate, but there are processes where that can get converted to lipid. So how
does that happen? So you can go into a lot of detail on various parts of the diabetes, but really
what you want to remember as a modeler is ask the question what is the purpose, why am I
building this model and build a model fit for that purpose.

(Refer Slide Time: 26:02)

Example of a large-scale physiological model: Entelos Metabolism PhysioLab®

Summary Diagram
i

So diabetes models can get very big. Karthik wanted me to share the sense of you know how big
can these model get. So this is a model that exists in the field. It was made by a company called
Entelos. It is huge and it contains all kinds of pieces. You know the nutrient intake, how does it
get absorbed, how does energy expenditure, so you know you can eat a lot, but if you run a lot
will you still get say you still get fat, you know those are some questions you can ask and what
are the various organs involved.

(Refer Slide Time: 26:34)



Example of a large-scale physiological model: Entelos Metabolism PhysioLab®
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So this was built in special software and then you can say this is the range of things. Each of
these is a species which has an OD attached to it and this is the block diagram of it. So for
instance, energy expenditure, what is happing in the liver adipose, etc.

(Refer Slide Time: 26:48)

Example of a large-scale physiological model: Entelos Metabolism PhysioLab®

s e

Once you come to the liver we are talking about it can get stored as glycogen. So you have liver
glucose that goes into another pathway called into another substrate called glucose (())(27:02)
through some pathways and then goes into liver glycogen. So that process which we just
represented with 1 arrow can get incredibly complex. I can have multiple things which effect it
and you can have a much more complicated model to address that and it make sure that you have

the right papers to support it.
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ODEs are the engine of the model

* f,(Insulin)

* f2(G6P) *f;(glucagon) *f;(glycogen)

»

But at the end of the day even all of this is supported mathematically by differential equations.
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Different mathematical approaches are employed

Tabie 2 Common modeling krmalisms in Q5P

Modeling approach Mathermatical form Slrengths Patirilial drawbacks Example & soflwirs/languags
Statisteal datpeon  Agebinic + provabibstc  « Data-dnven bagy + Lags machanistic Apaptosts signaing™
i wuiiions » Bast for cocedinated maasuremant
of PumBrous valiables
Rule-bassd imersctions & Intuithve nides & Liss kinetic ichness Winase pathway cossia

Logic-based
b

» B! lof cooedinglad maasuremant
of rumerous variables

{MATLAB Fuzzy Logic
b}

Wyelcrra cal-ing
pharmacodyramics™
(MATLAB ODE™)

Difterential aquaticrs  Temparal DDES of SDES

= Continuais tmpodl

dynamics

= Random ahacts, if S0Es

» Potantial stnass
« Roquires rich kinedc data

NGF signaing panway
and trgats™
(MATLAB Simbiology’)

Spalislamponl POES
orSDEs  «

« Conlinisnis apalial and

IBMporl Bymamics

» Randam etics, il sischasie

SDEs

» Comgutational apenas
« Spatial indormation neaded

Creulr drug desokion
and distrinution'™ [ANSYS")

Calludai nitomats & Filarmction and avoiulon
agent-based models rules for colection of
agerts”

 Iluitid uded
« Spatial and emporal

dynamis

« Randaf etlects &

amargent behayions

» Computalional dxpends
« Spulial information readad
» Lirik 16 highar leval behaviors

TH grancima & nhalsd
frosimert response™
16++)

(ODES, crdinary diflerarial aquations; PDES, partial differsntial squations; QSP. quantitalive syslems pharmacologdy, SDES, stochastic difersntial equations.
“Mathworks, Natick, MA. "ANSYS, Canonsburg, P
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But differential equations are not the only methods employed. People can have many different

approaches. We have talked a little bit about statistical. You can have logic based. Differential

equation, which are ODEs, PDEs, SDEs, cellular automata I do not know if you guys are familiar

with it. These are agent based models where you have simpler rules and a spatial structure to

kind of see how your species are interacting.
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Many different takes on physiological modeling in pharma
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[ Current Academic Focus || Current Industry Focus
GEMM: Genetically Engineared Mouse Model, POC: Proof of concept

So the field can get pretty complex and you may have seen some models about systems biology,

you know intracellular models. So those can be other model those can be some kinds of models

which modelers do in pharma in QSP in general all the way to the other end economics. So you

can have morals which say if I give this drug to a population of Indian patients how much do I

expect to see in return in terms of increased quality of life. So all of those, those are kind of a

ranges of approaches which engineers use to understand this process.
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QSP models of different disease areas are referred to and in usage

Ly | Drug Induced Liver Injury

We have talked only about diabetes, but there are many other diseases for which there are models

and usage, and these are some of those.
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Insulin is engineered with different pharmacokinetic profiles to mimic post-meal
and fasting kinetics

Rapid acting:
Irsu in lispro, aspart or glulisine

Short acting: Adapted from Nolte 2009)
Regular Insulin

Intermediate acting:
NPH
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Question: Does a 'basal’ insulin with Peak/Trough (P/T) < 1.5 gain us additional advantages?

Let me now walking through a small case study of how this kind of modelling can be useful.
What results can it come up with? So we were talking a little about how the pharmacokinetics

can change. So we have a very rapid acting insulin here and we have a very flat insulin here and

this insulin is what people called people call basal insulin in the field of insulin.
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P Introduction to Q5P

P Case study: QSP model of diabetes




