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OVERVIEW

Michelle Petri, MD, MPH, and Daniel J. Wallace, MD, FACP, MACR, provide their experience and insight into
the diagnosis and management of systemic lupus erythematosus (SLE), with perspectives for both general
practitioners and rheumatologists.

Table of Contents Learning Objectives
At the conclusion of this activity, participants should be

TreatmentGoals . .......... ... ... . ... ..., 3 bott blo to:

Lupus Low Disease Activity State ... ............ 4 efter aoie fo

qudioyosculor Risk ....... SERRIEERERERSRRRRER 6 Rheumatologists:

E:shrr(;ghng Ccljrdsvl? ZCI_LI;IE:" RASK L ; o Develop SLE tfreatment plans based on

Qralovascular isk: ONOM v individual patients’ disease characteristics

Intfroduction: Advanced Treatment Topics .. ... .. 9 and freatment goals

Hyaroxychloroguine and Refinopathy ... 9« Identify a validated SLE disease activity

Vitamin D 10 measure for regular patient monitoring

Intfroduction: Clinical Trialsin SLE .............. 12 .

Boli b L ; Foll 12 e |Incorporate recommendations for the use

€ |mu.mc1 + LONG-TErM FOIOW-UR e s of existing and newly approved treatments

Targefing IFN-a ..o 13 for SLE info clinical practice

Other Investigational Treatments . ............. 13

Targeting Interleukin . .. ...................... 14 Primary Care Physicians:

Conclusion ... 15 « Apply the ACR diagnostic criteria to recognize
patients who may have SLE

CE STATEMENT  Utilize and interpret laboratory findings to
investigate possible SLE

Target Audience e Develop SLE freatment plans based on

This activity was developed for rheumatologists, individual patients’ disease characteristics,

family physicians, internal medicine physicians, nurse freatment goals, and consensus

practitioners, nurses, physician assistants and other recommendations

health care professionals who have an interest in o |dentify a validated SLE disease activity

systemic lupus erythematosus (SLE). measure for regular patient monitoring

FACULTY

Daniel J. Wallace, MD, FACP, MACR

Associate Director

Rheumatology Fellowship Program
Professor of Medicine, Cedars-Sinai
Medical Center and David Geffen School
of Medicine Center at UCLA In offiliafion
with Attfune Health

Los Angeles, California

Michelle A. Petri, MD, MPH

Professor of Medicine
Johns Hopkins University
School of Medicine
Baltimore, Maryland

Obtain your CE/CME credit online: hitps://www.annenberg.net/SLE-CME
This educational activity is supported by an educational grant from GlaxoSmithKline.



EMERGING CONCEPTS IN THE
RECOGNITION AND MANAGEMENT OF

SLE

Accreditation and Certification

The Annenberg Center for Health Sciences at
Eisenhower is accredited by the Accreditation Council
for Continuing Medical Education to provide continuing
medical education for physicians.

The Annenberg Center for Health Sciences at
Eisenhower designates this enduring material for a
maximum of 2.0 AMA PRA Category 1 Credits™,
Physicians should claim only the credit commensurate
with the extent of their participation in the activity.

Annenberg Center for Health Sciences at Eisenhower
is accredited by the American Association of Nurse
Practitioners as an approved provider of nurse
practitioner continuing education. Provider number:
040207.

This program is accredited for 2.0 contact hours.
Program ID #5635-EM.

Annenberg Center for Health Sciences is accredited
as a provider of continuing nursing education by the
American Nurses Credentialing Center’'s Commission
on Accreditation.

A maximum of 2,0 contact hours may be earned for
successful completion of this activity.

Provider is approved by the California Board of
Registered Nursing, Provider #13664, for 2.0 contact
hours.

Disclosure Statement

It is the policy of the Annenberg Center for Health
Sciences to ensure fair balance, independence,
objectivity, and scientific rigor in all programming.
All faculty and planners participating in sponsored
programs are expected to identify and reference
off-label product use and disclose any relationship
with those supporting the activity or any others with
products or services available within the scope of the
topic being discussed in the educational presentation.

The Annenberg Center for Health Sciences assesses
conflict of interest with its instructors, planners,
managers, and other individuals who are in a position
to control the content of CE/CME activities. All relevant
conflicts of interest that are identified are thoroughly
vetted by the Annenberg Center for fair balance,
scientific objectivity of studies utilized in this activity,
and patient care recommendations. The Annenberg
Center is committed to providing its learners with
high-quality CE/CME activities and related materials
that promote improvements or quality in health care

and not a specific proprietary business interest of a
commercial inferest.

In accordance with the Accreditation Council for
Continuing Medical Education Standards, parallel
documents from other accrediting bodies, and
Annenberg Center for Health Sciences policy, the
following disclosures have been made:

Daniel J. Wallace, MD, FACP, MACR
Consultant

Amgen-clinical area: Lupus

EMD Serono-clinical area: Lupus
Lilly-clinical area: Lupus
Merck-clinical area: Lupus

Michelle Petri, MD, MPH
Research Support
AstraZeneca-clinical area: Lupus
Exagen-clinical area: Lupus

Consultant

Amgen- clinical area: Lupus

Decision Resources-clinical area: Lupus
EMD Serono-clinical area: Lupus
GlaxoSmithKline-clinical area: Lupus
Inova Diagnostics-clinical area: Lupus
Janssen-clinical area: Lupus
Lilly-clinical area: Lupus
Merck-clinical area: Lupus
Novartis-clinical area: Lupus
Quintiles-clinical area: Lupus

The faculty for this activity have disclosed that there will
be discussion about the use of products for non-FDA
approved indications.

Additional content planners

The following have no significant relationship to disclose:
Chris Fisher (medical writer)

Coy Flowers, MD (peer reviewer)



EMERGING CONCEPTS IN THE
RECOGNITION AND MANAGEMENT OF

SLE

Charles Willis, Director of Continuing Education, consults
for Pfizer, Inc; all other staff at the Annenberg Center
for Health Sciences at Eisenhower have no relevant
commercial relationships to disclose.

Annenberg Center for Health Sciences

The ideas and opinions presented in this educational
activity are those of the faculty and do not necessarily
reflect the views of the Annenberg Center and/or ifs
agents. As in all educational activities, we encourage
practitioners to use their own judgment in treating and
addressing the needs of each individual patient, taking
info account that patient’s unique clinical situation.
The Annenberg Center disclaims all liability and cannot
be held responsible for any problems that may arise
from participating in this activity or following treatment
recommendations presented.

This activity is an online enduring material. Successful
completion is achieved by reading and/or viewing the
material, reflecting on ifs implications in your practice,
and completing the assessment component.

The estimated time to complete the activity is 2.0 hours.

This activity was originally released on January 31, 2019
and is eligible for credit through January 30, 2020.

Our Policy on Privacy

Annenberg Center for Health Sciences respects your
privacy. We don’t share information you give us or
have the need to share this information in the normal
course of providing the services and information you
may request. If there should be a need or request
to share this information, we will do so only with your
explicit permission. See Privacy Statement and other
information at http://www.annenberg.net/privacy-
policy/

Contact Information

For help or questions about this activity please contact
Continuing Education:

ce@annenberg.net

Editor’'s Note

This is a transcript of the Daniel J. Wallace, MD, and
Michelle Petri, MD, MPH, presentation “Emerging
Concepts in the Recognition and Management of
Systemic Lupus Erythematosus.”

Michelle Petri, MD, MPH

Hello, my name is Michelle Petri. I'm the director of the
Lupus Center at John’s Hopkins University School of
Medicine. | want to discuss some advanced topics in
freatment outcomes. The studies in this section look at
prognosis and predictors of organ damage. Here are
my disclosures.
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Dr. Petri will reference treatments for SLE that are not FDA
approved.

Treatment Goals

I want to start with a problem we currently have that
the outcome measures in randomized clinical trials
aren’t used in clinical practice, and they really don’t
reflect the goals we have in clinical practice. The most
common one you'll see used is the SRI or the Systemic
Lupus Responder Index. That usually is a 4-point
reduction in the SLE disease activity index. Of course,
we all want the manifestations of lupus to be less active,
but that’s insufficient in the clinic, where we also want
patients to be able to reduce their prednisone.

BICLA isjust a variation on the SRl where the major focus
is on the reduction of BILAG disease activity index.
We're moving to organ specific measures. 90% of lupus
is skin or joints, so it won't surprise you that the CLASI,
which measures skin involvement, and the tender and
joint count are important,

I want to emphasize that we have to reduce
prednisone if we're going to have our patients do well.
This is a longitudinal study that we did that showed if
the maintenance dose of prednisone is above 6 mg,
there is a 50% increase in permanent organ damage,
and you can see over a 2-fold increase in permanent
organ damage when doses are above 18 mg. So, our
goal in clinical trials should be the very same goal that
we have in our clinical practice, which is to keep the
maintenance prednisone dose below 6 mg.
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Effect of Prednisone on Organ Damage
Adjusting for Confounding by Indication
Due to SLE Disease Activity

Prednisone Average Dose

[ > 0-6 mg/day 1.16 ]
> 6-12 mg/day 1.50
>12-18 mg/day 1.64
> 18 mg/day 25

Thamer M, et al. | Rheumatal. 2D09;36:560-564.

When we talk about organ damage, the most
common organ damage is going to be osteoporotic
fractures, followed by cataracts, and of course people
don’t die usually of osteoporotic fractures, but yes,
with hip fractures sometimes. And people don’t die
from cataracts. The major cause of death in lupus turns
out to be cardiovascular events, and it turns out that
prednisone is a direct factor in cardiovascular events
as well. And here, on this slide, you see the very strong
dose response. So, if the prednisone dose is 10-19 mg,
there is a 2-fold increase in cardiovascular events, and
if it’s 20 or above, there is over a 5-fold increase.

Prednisone Itself Increases the Risk of
Cardiovascular Events

Observed Rate of Age-Adjusted Rate
Prednisone Number of | Events/1000 Ratios
Use CVEs Person-Years (95% CI) P Value
Never taken 22 13.3 1.0 (reference group)

Currently taking

1-9 mg/d 32 123 1.3(0.8,2.0) 0.31
10-19 mg/d 31 20.2 2.4(1.5,3.8) 0.0002
20+mg/d 25 35.4 5.1(3.1,8.4) <0.0001

Magder LS, Petri M. Am | Epidemal. 2012;176:708-719.

In modeling, we adjusted for all the fraditional
cardiovascular risk factors, and we also adjusted for
the disease activity for which the prednisone was
prescribed. So, this shows you how all-pervasive the
damage from prednisone really is and it is contributing
to the major cause of death.

Now where should we go? In a perfect world we
would want to have our outcome measure in both
clinical frials, and in our practice, be remission. And, in
fact, a DORIS group has come up with definitions for
remission. And there can be a remission or there can
be a remission on treatment,

Regardless, it requires that the prednisone dose either
be zero or 5 mg or less. Immunosuppressant drugs are
allowed and hydroxychloroquine is allowed. Serologies
do not have to normalize, because | think everyone
recognizes it's almost impossible to correct low
complement anti-DNA in everyone.

Our problem is that the remission, even though it’s (on)
our wish list, is not actually achievable, and | wanted to
show you how hard it is fo get o remission if your patient
starts at a baseline requiring a lot of freatment. We're
talking about years to try to achieve a remission. That’s
not practical in clinical trials, is it, where the clinical frial
will only last for 12 months. But it’s also unrealistic in our
practice, where we and the patient want to have a
realistic goal.

Results: Median Time to Remission in Years

Baseline Baseline Clinical Complete Clinical Complete
Activity Treatment Remission Remission ROT ROT
All All 8.7 1.8 31

11.0
High High 15.0 >16.0 3.0 5.6
Low 10.5 >16.0 1.6 2.1
High Low 3 6.0 1:5 2.7
Low Low 1.4 ks 0.8 1.0

Low activity: PGA < 1 and SLEDAI <3
High activity: PGA > 1 or SLEDA| > 3

Low treatment: Prednisone < 5 mg/d and no Immunesuppressant use
High treatment: Prednisone > 5 mg/d or Immunesuppressant use

wilheim TR, et al. Ann Rheum Dis. 2017,76:547-553.

Lupus Low Disease Activity State

We do know the patients who are highly unlikely
to ever achieve a remission. In my practice it is my
African American patients, but it's also patients who
start out with active serologies or patients who start
out with hematologic lupus like hemolytic anemia or
thrombocytic anemia. So those are patients who are
going to be much more difficult to treat and much
more difficult fo achieve remission.

Predictors of Remission
(Relative Risk)

Clinical Complete Clinical Complete
Remission Remission ROT ROT
African American £ = -~ LR

p<0.0001 p <0.0001 p <0.0001

06 0.4 07 04
e p<0.0001 p<0.0019 P <0.0005 p<0.0001
07 0.4 05
Sl & p <0015 p <0.0001 p <0.0001
Baseline 0.7 06
Anti-dsDNA p=0.0018 p<0.0001
Baseline 0.6 0.6 0.6 0.5

Hematologic Activity p=0.0002 £=0.0002 £ <0.0001 p <0.0001

Predictors in multivariable models controlling for all the characterlstics in the table, baseline disease activity and treatment,
trased on univariable models checking further for sex, age, use of hydroxychloroquine and disease activity in different organ

Wilhelm TR, et al. Ann fhewm Dis. 2017,76:547-553.
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If remission is a wonderful wish list, but isn’t really
achievable by today’s treatment standards, where
should we go? And | think the place we should go in
both our clinical trials and in our practice is a freat-to-
target where the target is lupus low disease activity
state, or LLDAS for short. Now in this, we use 2 activity
measures. The SLE disease activity index should be
less than or equal to 4, and the physician global
assessment on a zero to 3 scale should be less than
or equal to 1, meaning mild. There can be no major
organ involvement, so no renal, no CNS, no new
activity, meaning no flare, and it allows for a very low
dose of prednisone and immunosuppressive drugs and
hydroxychloroquine.

LLDAS is achievable, but now | want to prove to you
that it’s going to lead to very good long-term outcomes
as well. So how did | show this? | run the Hopkins
Lupus Cohort study. This is a study of over 2,000 lupus
patients who are seen every 3 months, and we do alll
these activity indexes and laboratory tests necessary
to complete them at every visit. So, I'll be telling you
about 2,000 patients followed for over 80,000 person-
months. As in most lupus studies, most of the patients
will be female, and my cohort is pretty much balanced
between African Americans and Caucasians.

Results

There were 81,118 person-months observed among
2,026 patients.

92% female

53% Caucasian, 39% African American

Petrl M, Magder LS. Arthritis Rbeumatal 2018, doi: 101002/art.40571.

First of all, whensomeone achievesremission,remember,
our most wonderful goal, but the impractical one,
even less than 25% of their visits, they have a significant
reduction in later organ damage so I'm never going
to dismiss remission. People who achieve remission do
very well, even if it’s not at every visit. So, it’s still some
day going to be our goal—it’s just not practical yet.

What about LLDAS? What do we have to achieve on
LLDAS to reduce later organ damage? The patient
needs to achieve LLDAS at 50% of her visits, and then
she will have a 50% reduction in later organ damage.

So very easy to remember. Achieve at 50% of the time,
you will have a 50% reduction in later organ damage.

Rates of New Damage In Subgroups Defined by
Past Levels of Disease Activity

Rate of damage per
100 person months

Percentage

of Prior Months in: P-values

Rate Ratios

Clinical Remission

None 1.13 1.0 (Ref)

0.71 0.60 (0.48, 0.75) <0.0001
25% to 50% 0.76 0.66 (0.46, 0.94) 0.023
50% to 75% 0.70 0.63 (0.42, 0.97) 0.035
75%+ 0.61 0.58 (0.30, 1.15) 0.12

Clinical Remission on Treatment (< 5 mg prednisone)
None 1.52 1.0 (Ref)
0.84 0.54 (0.44, 0.67) <0.0001
25% to 50% 0.72 0.46 (0.36, 0.60) <0.0001
50% to 75% 0.64 0.43 (0.30, 0.60) <0.0001
75%+ 0.65 0.45 (0.27,0.75) 0.0019

Petri M, Magder LS. Arthris ftheumotol 2018, dot: 10.1002/art.40571.

Rates of New Damage In Subgroups Defined by
Past Levels of Disease Activity

Percentage

Rate of damage per

100 person months smer L

Rate Ratios

of Prior Months in:
LLDAS on Treatment

None 1.53 1.0 (Ref)

<25% 1.27 0.83 (0.65, 1.06) 0.4

25% to 50% 1.02 0.66 (0.51, 0.85 0.0013
0.73 <0.0001

75%+ 0.62 0.0 (0.30, 0.54) <0.0001

Petri M, Magder LS. Arthriis ftheumotod 2018. dot: 10.1002/art 40571

What kinds of organ damage will be reduced? Well, |
think the most important ones. So, the cardiovascular
and white stroke and myocardial infarction. And
also end-stage renal disease. You know that in large
populafion studies, the frequency of end-stage renal
disease from lupus has not decreased in the last
couple of decades, so | think this shows us what we
need to achieve as clinicians so we can avoid this bad
outcome.

Time in LLDAS Protects Against
MI, Stroke and ESRD

Rate per 1000 person years P-value

for trend

Damage Type

CvA 30

0.016
End Stage Renal Disease 17.8 4.9 13 0.9 <0.0001

Myocardial Infarction 145 10.0 4.1 2.8 <0.0001

Petri M, Magder LS. Arthritis theumatal 2018. doi: 101002 fart 40571
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Achieving LLDAS is not perfect, so | always want to be
honest and show both sides of the story. So, when we
achieve LLDAS, we get rid of those bad outcomes, but
we don’t get rid of these. So, on this slide you see the
problems that will be yet unsolved. We will not reduce
cognitive impairment. One of the problems here is
that cognitive impairment is actually present at the

Time in LLDAS Does NOT Protect Against Pulmonary
Fibrosis, Pulmonary Hypertension, Cognitive
Impairment and Malignancy

Rate per 1000 person years

75%4 | for trend

Damage Type

Cognitive Impairment 3.7 10.9 0.94

4 iwo | 12 om

Petr| M, Magder LS. Arthritis Rheumatal 2018. doi: 10,1002 /art 40571

time of diagnosis. It’s already there. We can’t prevent
something that’s already present. It won’t prevent
deep vein thrombosis, but that’'s probably because
that’s mediated by antiphospholipid antibodies, not
so much active lupus. It won’t prevent malignancy
and it doesn’t prevent our bad pulmonary outcomes,
pulmonary fibrosis or pulmonary hypertension, telling us
there’s something about pulmonary lupus that we don’t
have a handle on, at least, not yet. Now, it does not
protect against cataract, but you’re aware. Cataracts
are increased by even very low doses of prednisone.

My conclusion from studying this freat-to-target issue
is that the DORIS remission definitions are important,
and remember, if someone achieves that (af) even less
than 25% of her visits, she’s going to have a significant
reduction in later organ damage. But LLDAS is much
more practical. [t's achieved 3 times more frequently
than the remission definition, and (a) very simple take

Time in LLDAS Does NOT Protect Against Cataract
{(Which is Associated With Low Doses of Prednisone)

Rate per 1000 person years Pvalue

25-50% | 50-75% for trend

Damage Type

Cataract

Petr M, Magder LS. Arthitis Rheumatol 2018, doi: 10,1002/art 40571,

home message achieved—LLDAS 50% of the fime—
you will have a 50% reduction in later organ damage.

| favor LLDAS. | think it can be an immediate treat-to-
target in our clinical practice as well as convincing
pharmaceutical companies that this is a good
outcome in randomized clinical trials.

Cardiovascular Risk

Remember that 1 of the points I've already made is
that lupus patients don’t die of active lupus. The major
cause of death in the Western world is cardiovascular
events and of course there is also, unfortunately, deaths
still from infection.

In rheumatoid arthritis, there is already a handle on
how to use cardiovascular risk formulas and they have
a very simple method of just multiplying the existing risk
formula and using that to tell the patient what is your risk
of cardiovascular events. Lupus is so heterogeneous, |
don’t think we can have a simple multiplication factor.
| think if we're going to do befter at identifying and
tfreating patients at greatest risk, we're going to have
to individualize it with all the different risk factors, so
nothing is as simple as let’s multiply Framingham by 1.5.

How bad is the risk? We believe at least in Baltimore
that our lupus patients have a 2.66-fold increased risk
at cardiovascular events over the general female
population. This is offen forgotten, that lupus should be
right up there with diabetes, in terms of understanding
the risks of cardiovascular disease.

If we do a cardiac CT to measure a coronary calcium
score, lupus patients have a 2-fold increase in these
noninvasive measures, of very early preclinical
atherosclerosis.

I've already shown you this slide, that it’s not just lupus.
[t’s not just traditional cardiovascular risk factors that
are causing this problem. Prednisone is right in there as

Cardiovascular Events
Person-Years {95% Cl)

Observed Rate of Age-Adjusted Rate
Prednisone Number of
Use CVEs
22 133 1.0 (reference group)

Prednisone Itself Increases the Risk of
Events/1000 Ratios
Never taken

Currently taking

1-9 mg/d 32 12.3 1.3 (0.8, 2.0) 0.31
10-19 mg/d 31 20.2 2.4(1.5,3.8) 0.0002
20+mg/d 25 35.4 5.1(3.1,8.4) <0.0001

Magder LS, Petri M. Am J Epidemal. 2012;176:708-719.
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well. So, you can see how multifactorial it is and how
difficult it’s going to be for us to improve this, or hopefully
someday completely eradicate this accelerated
atherosclerosis risk.

When we did a study of statins, we did look to see what
are the risk factors for progression of atherosclerosis
that’s already there? And it turned out that there were
a lot of risks that we see in the general population as
well, and depending on what vessel we looked at,
the risks were slightly different. So, for coronary artery
calcium, age, smoking, and of all things, a low high-
sensitivity CRP, not a high. For the carotid intfimate
media thickness, it was age and hypertension, and
for carotid plaque, it was age and hypertension. So,
you get an idea here, we can’t escape being general
infernists when we are freating our lupus patients.
We have to treat these traditional cardiovascular risk
factors to target.

The HSCRP story in lupus is very interesting. Remember
that in the general population in women, HSCRP may
be just as important as LDL cholesterol as a risk factor.
Turns out, it doesn’t work well in lupus patients where the
HSCRP is affected by a lot of things, including weight.
[t's not just a cardiovascular risk factor, and when we
studied it, it doesn’t predict which lupus patient is going
to have a myocardial infarction or angina.

We looked at 100 cardiovascular events in my lupus
cohort and asked what were the predictors. So, in
other words, let’s start from scratch and build a lupus
Framingham risk formula for cardiovascular events in
lupus patients. And these were our model results. Now,
the things that we can never change, of course, are
patient age and patient gender, and then you see
that there are a lot of the traditional cardiovascular
risk factors like hypertension, cholesterol, smoking,
diabetes. | want to draw your attention to the last 3 on
the list. Here we see some lupus-specific risk factors for
cardiovascular events. Overall disease activity, that’s

Model Results

Hazard Ratio
(95% CI)

1.3 (1.1, 15)

P-value

Age (per decade) 0.0050

| Male (vs female) 1.5(0.8, 2.8) 0.17
Systolic Blood Pressure (per 10 mmHg)* 1.3 (1.1, 1.6) 0.0010
Cholesterol (per 25 mg/dI)! 1.1(1.0,12) 0.11
Current Smoking 1.6 (1.0, 2.6) 0.055
Diabetes 1.5 (0.9, 2.6) 0.12

| SLEDAI (per unit increase)! 1.1 ({1.0,1.2) 0.028
History of Lupus Anticoagulant 2.2 (1.4, 3.3) 0.0003
Low Mean C3! 1.8(1.1,2.9) 0.027

that SLE disease activity index, the lupus anficoagulant,
so the most important antiphospholipid antibody, and
then a low C3, so a serology. So already you see the
complexity of this risk formula. It's going to include
traditional cardiovascular risk factors, but it’s also going
to include lupus-specific factors.

Estimating Cardiovascular Risk

What do we do next? We want to find out what is
the risk of a cardiovascular event in 10 years, and so
we're going to use a risk formula. To do that, we need
to know the patient’s history. I'm going to give you
an example. This is a 50-year-old man. He has the
lupus anticoagulant. So here we’re going to circle

Calculation of 10-year Risk
Using Model

RISK of a CVE in 10 years is:
1 0.975(Hazard Ratio)
Where the Hazard Ratio is defined relative to someone

age 40, female, SBP=120, Cholesterol=150, SLEDAI=0,
and no other risk factors

the hazard ratios, age per decade, because he’s 10
years older than 40, and he’ll have a hazard ratio of 1.5
because he’s a man, and he’s going to have a hazard
ratio because he has the lupus anticoagulant. The way
risk formulas work is we are now going to multiply these
different hazards and put them in the exponent, and
Nnow you can calculate what his own risk is over the
next 10 years. Remember, we're not going to accept
the rheumatoid arthritis way of just multiplying by 1.5.
We're going to individualize each patient.

Example
50 yr-old Male, hx of Lupus Anticoagulant:
Total Hazard Ratio=1.3x1.5x2.2=4.29

Age (per decade) 1.3
Male (vs female) 1.5

| sep (per 10 mmHg) 13
Cholesterol (per 25 mg/dl) 11
Current Smoking 1.6
Diabetes 1.5
SLEDAI (per unit increase) 1.1
History of Lupus Anticoagulant [ 2.2 I

Low Mean C3 1.8
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Calculation of 10-year Risk Using Model for
50-year Old Male With Lupus Anticoagulant

Hazard Ratio=15x1.3x 2.2=4.29

1-0.975(#29)

RISK =

= 10.3%

Cardiovascular Risk: SLE cohort

Ifthe patient withlupusjust hastraditional cardiovascular
risk factors, the answer we get will be about the same
as if we just used the Framingham formula. But look
what happens when we start to add lupus-specific risk
factors, or 2 lupus-specific risk factors. You can see now
that the lupus-specific formula gives you that much
higher risk, the real high risk that we know from our
longitudinal data.

Comparison With Framingham Formula

m = Estimated 10-year risk, |Estimated 10-year risk,
e SLE formula Framingham formula

Woman, age 50, BMI 23, SBP=150,

Chol=150 4.3% 4.7%
g::rlr;;rz.,“age 50, BMI 23, SBP=150, T —
e s Akt 15.0% 7.8%
Chole220, High dsease sctviy 15.5% 7.8%
Woman, age 50, BMI 23, SBP=150, 17.8% =

Chol=220, Low complement

| think this is what’s going to happen in the future, and
then we’re going to have to decide, once we know
that we have a patient that has a particularly high risk,
what are we going to do. Is it going fo be low-dose
aspirin? Are we going to add statins, or are we going
to have some practice guidelines to help? It's not
enough to know that the person’s at high risk, we have
to decide together how we're going to treat high risk
patients.

| want again to show you the example of comparing
risk factors and the different formulas. You know there’s
more than just a Framingham formula right now. The
American College of Cardiology and the American
Heart Association have a formula as well.

Comparison of Estimated
10 Year Risk With ACC/AHA

Risk Factors Estimated _m-year risk
based on various formulae

Age SBP  Chol HDL SlErelated HOPKINSLUPUS pcc/par
ohart
40 120 150 40 none 2.5% 0.7%
I o 120 150 40 e 42% 3.9%

tRisk of Stroke or M1

Here’s an example of looking at different risk factors
and our cohort data and the American College of
Cardiology answer. So again, remember when you
have multiple SLE-related risk factors, you’ll be able
to show, with the lupus specific risk formula, that the
patient’s at much higher risk.

Comparison of Estimated
10 Year Risk With ACC/AHA

Estimated 10-year risk
based on various formulae

Hopkins Lupus

Risk Factors

eV Age SBP  Chol HDL SLE-related 3 ACC/AHA!
Cohort
W/F 60 120 150 40 Mean SLEDAI=3 5.7% 3.9%
W/F 60 120 150 40 Low C3 7.2% 3.9%
W/F 60 120 150 40 Hx of LAC 8.8% 3.9%
W/F 60 120 150 40 SLEDAI=3, Low C3 9.8% 3.9%
W/F 60 120 150 40  Hx of LAC, Low C3 15.0% 3.9%
W/F 60 120 150 40 Al 20.1% 3.9%

Hx of LAC, Low C3
#Risk of Stroke or MI

There are limitations on one center. Baltimore. One
rheumatologist. These kinds of risk formulas have o be
independently validated and they might be slightly
different in different centers, and of course this reflects
the follow-up that occurred in my cohort, and you
could argue that perhaps a patient seen right now
might have slightly different follow-up over the next 10
years,

To conclude, a data-driven cardiovascular risk formula
included 3 lupus-specific factors. You remmember, that
was the overall disease activity, the lupus anticoagulant
andthelow C3. Things that we allknow how to measure.
They’re available to all of us in practice. It also included
5 fraditional cardiovascular risk factors. | think it’s so
important to think about lupus cardiovascular risks in this
way. It's multifactorial. The traditional cardiovascular
risk factors and lupus-specific risk factors go into that
formula and as you know, remember, while it's not
part of the formula because treatment isn’t in these
formulas, but prednisone increases the risk as well.
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Intfroduction: Advanced Treatment Topics

This is an in-depth look at some freatment tfopics.
We're going to look at hydroxychloroquine including
data on retinopathy. We'll look at vitamin D, we’ll look
at immunosuppressive drugs, and we’ll look at the
belimumab clinical trials and some brand new data as
well.

Here are my disclosures. | wanted to start with
immunomodulators. Immunomodulators means
something that changes the immune system, but
without suppressing the immune system. | always want
to emphasize these in our practice because these
do not cause infection, and they don’t increase the
later risk of malignancy. There are at least 3 of these
available to all of us. The one we all know about is
hydroxychloroquine, but there’s also vitamin D and
DHEA, or prasterone.
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Hydroxychloroquine and Retinopathy

I would argue that hydroxychloroquine should be
background therapy in nearly all lupus patients. Yes,
there are a few who have adllergic skin reactions to it,
for example. There are some very rare patients that
have a lot of Gl toxicity, but the great majority of lupus
patients should be on this medication from the tfime of
diagnosis onwards, for so many reasons. So yes, it does
help disease activity. In particular, it helps skin and joints.
But it has a role as a long-term medication to prevent
the long-term complications of lupus. We know, for
example, that it can help to prevent organ damage,
including renal damage. It has a very beneficial profile
for cardiovascular risk factors, so it actually reduces LDL
cholesterol. It can reduce the incidence of diabetes.
Half of our lupus patients have antiphospholipid
antibodies, and hydroxychloroquine reduces the risk of
thrombosis. For our patients with renal lupus, it triples the
complete remission rate on mycophenolate, and there

are several studies that show improvement in survival.
And | want to reiterate that. Hydroxychloroquine is
our only medication that has been proven to extend
survival.

There has been concern about retinopathy and how
we should monitor for retinopathy. We have used
older guidelines, as shown on this slide, for some fime.
It is now recognized that retinopathy is more common
after years of use than was recognized earlier. So, for
example, in my cohort, after 16 years of use, 9% of my
patients have retinopathy. The controversy is whether
or not we should be reducing our dosing guidelines,

Criteria of Low and Higher Risk for
Developing Retinopathy
[ Jlowmsk  higherRisk |

Dosage < 6.5 mg/kg hydroxychloroquine  >6.5 mg/kg hydroxychloroquine
<3 mg/kg chloroquine >3 mg/kg chloroguine

Duration of use <5 years > 5 years

Habitus Lean or average fat High fat level (unless dosage is

appropriately low)

Renal/liver disease None Present

Concomitant retinal
disease

None Present

Age <60 years > 60 years

Marmor MF, etal. Ophthatmalogy. 2002;109:1377-62

which currently are 6.5 mg per kg, although we always
have to reduce the dose if there’s renal insufficiency or
hepatic problems, and we also reduce the dose in the
elderly. It’s not clear whether we should go with a 6.5 or
5mg per kg. |, in fact, feel that in the future we will base
our dosing on hydroxychloroquine blood levels. In other
words, we will personalize it.

We do have good rules now on when and how to
monitor. Here is an example of the monitoring tasks
that’s recommended. It's called the OCT or the
Optical Coherence Tomogram, and it basically gives
yOu a nice cross-section of the retina. In the parafoveal

Only SLE Patients With Visual Symptoms Need High Tech
hsUHR-OCT (Optical Coherence Tomography) or mfERG
multifocal electroretinogram

Rodriguez-Padila IA, et al. Arch Ophthaimol, 2007,125:775-80.
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: RPE 1/0S

Top: Normal Spectralis spectral domain optical coherence tomography (SD OCT) image with intact photoreceptor inner segment/
outer segment junction (1S/0S). Bottom: Spectralis SD OCT from the left eye of patient 10 showing the “flying saucer” sign of
hydroxychloroquine retinopathy, an ovoid appearance of the central fovea created by preservation of central foveal outer retinal
structures (seen between the black arrows) surrounded by perifoveal loss of the phatareceptor IS/0S junction, and perifoveal
outer retinal thinning.

rnal limiting membrane; IPL, inner plexiform layer; OPL, outer plexiform layer; ELM, external limiting membrane; RPE,
igment epithelium.

Chen E, Brown DM, Benz Ms, et al. |

optical as
ying sign). Clin Gphthaimoi. 2010 Oct 21,4:1151-8,

doi: 10.2147/OPTH 514257

region there should that nice dip that you see on the
top. Now, with hydroxychloroquine retinopathy, the
dip is gone. Instead of the dip you see what looks like a
flying saucer in the retina. I've always thought this part
was fun, that ophthalmologists have a sense of humor.
But of course, it’s not good if you have the flying saucer
sign.

How often do we need to check? We should check it
at baseline, and then the guidelines say to check it at
5 years, and then after 5 years we should check yearly.
Now our problem is it’s not always easy to interpret
these retina studies, and so, for example, in the OCT, if
the patient had lupus nephritis and was on high-dosed
prednisone, they might have had a retinal problem
called central serous retinopathy, or CSR for short. When
this is very bad, by the way, the patient loses vision,
and we have to reduce the prednisone 1o regain their
vision. This changes the OCT forever, and so we need
the ophthalmologist and the rheumatologist to be very
careful before we ascribe all OCT abnormalitfies to
hydroxychloroquine.

And there are more sensitive tests than OCT, such
as the ERG, but the problem with that one is that it's
abnormal in anybody who has a cataract. And of
course, some of our patients are getfting older, they
will have macular degeneration that’s going to affect
these tests. So, the ophthalmologist needs to be an
expert in hydroxychloroquine retinopathy.

I want you to know that patients do not go blind from
hydroxychloroquine. | think as rheumatologists, we
need to stop the fear of hydroxychloroquine. This is
a medication that’s been around since World War Il.
Nothing has changed. | don’t have any blind patients
from hydroxychloroquine. So, | think we need to follow
the guidelines for the amount of monitoring, but let’s
be very careful and not be so afraid of this medication
that our patient begins to fear the only medication
that’s going to extend her survival.
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Vitamin D

I've been very inferested in vitamin D as an
immunomodulator. There are so many studies now of
vitamin D and lupus. | did the very large cohort study,
but there’s also now a randomized clinical trial proving
that vitamin D supplementation reduces lupus disease
activity.

Low Vitamin D in SLE
[suthor & vear_|pesen [N tocation [negimen —Joutcome |

Longitudinal 80 Spain 600-001u/day SLEDAI
Rulz-rastorza 2010 [CENCLTE] 24 months s0i

Fatigue (vAs)
Gpen-label 20 france Safery
SLEDAL
Terrler 2012
Longitudinal cohort 1006 USA
137% AA)
Andreoll 2015
Plantoni 2015
Randomized
Double bl

hhd

Placebo contralled

fFatigue: VAS, 4.1 vs 3.3 P=0.015.
SLEDAI: No effect
SO1: No effect

SLEDAL nan-significant.

Anti dsDNA: Decreased at 2 and & months
CD4: Mon significant increase:

CD*: Decreased In frequency but not in

100,000k week 4/52
then 100,000/
month for x 6/12
Teells
Cytokines number
T regs: Increased
50,000 u/week + SLEDAI! Significant decrease
2004 calclum,
vitamin B/day

SLEDAI

{03}
UPCR
SLEDA

he 25(0HJD value
jecrease in IPCR.
Randornized lated negatively with witamin D.
Placebo-controlled
Randornized
Unblinded

267 Egypt 20001u daily/
placebo

300,000 bolus,
50,0004/ month Vs
25,0006/ month
2000iu, 4000k /
placeho

34 haly Teell and
& call populations
SLE serology

nterferan
signature

Promotion of regulatory T cells

Production of Tha cytakines

Serology: Unchanged

Randomized 54 USA [545%AA) o effect on nterferan gene signature

Double blind

Placeba contralled

50 Brazi 50,0004/ week Vs
Duvenile]  placeho

KR5S
SLEDAI
ECLAM

SLEDAL Improved (P=0.01)
ECLAM: Improved (P=0.008)

What I've showed was that our goal for supplementing
vitamin D should be to achieve a 25-hydroxy vitamin
D level of 40 ng per mL. Just pay attention to the left-
hand part of this slide. The right-hand part of the slide
shows that getting higher than 40 ng per mL does not
increase the benefit. So we can do this very safely and
my cohorts study showed that achieving that 40 ng per
mL goal meant a reduction in disease activity, and in
particular a reduction in the urine protein.

Increasing 25-Hydroxy Vitamin D Helps
Disease Activity and Urine Protein/CR

Model allowing slope to differ before and after 40 ng/mL

Slope over range of Slope over range
Disease Measure 0-40 ng/mL of 240 ng/mL
{95% CI) (95% CI)
Physician’s Global -0.04 0.01
Assessment (~0.08,-0.01) (e (-0.02,004) 050
-0.22 0.12
SELENA-SLEDAI (041, -0.02) 0.032 (~0.01, 0.24) 0.065
Log Urinary -0.03 -0.01
[ Protein/Creatinine  (~0.05,-0.02) %9004 | (001000 024

SELENA-SLEDAI, Safety of Estrogens in Lupus Erythematosus Naticnal Assessment versicn of the Systemic Lupus Erythematasus
Disease Activity Index

Petri M, et al_rthritis Aheum. 2013651865 1871,

How do we achieve this? | usually give 50,000 IU once a
week, but in an overweight patient you're likely going
to need 50,000 units twice a week. | do frequently
check for adherence. If the patient stops taking it, her
vitamin D level will plummet very quickly.

I've goften interested in vitomin D not just as an
immunomodulator. It turns out that vitamin D might
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be antifiorotic. Antifiorotic in the lung, but also in the
kidney. | think there’s going to be greater interest in
vitamin D as the years go by for many reasons (other)
than lupus.

In addition to its antifibrotic role, vitamin D likely has
cardiovascular hematologic benefits as well. For
example, in our lupus cohort, we've been able to show
that vitamin D helps to lower blood pressure, systolic
blood pressure. But there’s so many studies of the
benefit of vitamin D in reducing thrombosis, and this
actually includes a randomized clinical trial that was
done in cancer.

Vitamin D May Have Cardiovascular and
Hematologic Benefits

[TVascular relaxation |

[+ Insulin resistance

Vascular caicification

{ Vascular smooth muscle
cell proliferation

1 Platelet aggregation

Targher G, et al. Semin Thramb Hemostasls. 2012,38:114-124.

We know that vitamin D likely has a benefit in patients
with antiphospholipid anfibodies. It actually reduces
tissue factor expression. Tissue factor, as you remember
from medical school, starts out the coagulation
cascade. Vitamin D fends to be lower in patients with
antfiphospholipid antibodies, and lower in those who
have had a thrombotic event. But this is something
easy we can do. Now, remember, hydroxychloroquine
also reduces thrombosis. So here, if we have our lupus
patient on both hydroxychloroquine and vitamin D,
we have her on 2 very safe therapies that will help 1o
prevent thrombosis.

We asked whether low vitamin D was associated with
thrombosis in my lupus patients and we adjusted for the
lupus anticoagulant, that antiphospholipid antibody
that is so strongly associated. And again, you know,
these are always very large studies when you're
involved with my cohorts, so in this study we had over
1,300 patients. And what we were able to show is that
having a low vitamin D was associated with having
more thrombotic events.

What's very interesting (is) the difference. It's not going
to be that helpful for arterial events. It's going to be
helpful in preventing venous thrombosis. | don’t want
you ever to think that lupus is simple, and that’s why
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Any Thrombotic Event
-g
Mean (SD) N (%) Mean (SD) N (%)

30.6 (14.6) 0.0008

299 (80.4) 759 (75.4) 0.064

Low Vitamin D Is NOT Associated With
Arterial Events

Arterlal Thrombosis Nn Arterial Thrombosis M
Mean (SD) N (%) Mean (SD) N (%)

Vitamin D (ng/ml) (Mean/5D) 289 (15.2)

Vitamin D < 40 ng/ml (N/ %)

Myocardial Infarction (M1)

Vitamin D (ng/ml) (Mean/SD)
Vitamin D < 40 ng/ml (N/ %)

29.9 (14.7) 0.5408

79(75.2)

988 (76.9) 0.7914

Mean (SD)
30.2 (16.9)

N (%) Mean (SD)

29.8 (14.7)

N (%)
0.883

35 (70) 1032(77) 0.3258

Low Vitamin D Is NOT Associated With
Venous Thrombosis

Venous Thrombosis No Venous Thrombosis n

Mean (SD. N (%! Mean (SD] N (%]

Deep Vein Thrombasis

Vitamin D (ng/ml) (Mean/SD) 25.9 (13.4)

Vitamin D < 40 ng/ml (N/ %)

30.4 (14.9) <0.0001

171(87.2) 895 (75) 0.0002

we do these detailed analyses. We still need low-dose
aspirin o prevent arterial events. Vitamin D is going to
help on the venous side.

We adjusted for everything and still found that
having a low vitamin D was associated with deep
vein thrombosis. Remember, it's not associated with
arterial. And then we looked prospectively. Now this
is harder to do because most of my patients are on
hydroxychloroquine. | don’t see a lot of prospective
thrombotic events. But even given the low numbers,
we were sfill able to show an association. Low vitamin
D predicts future thrombotic events.
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After Adjustment (Race, Age, Sex, LAC) Low
Vitamin D Is Still Associated with DVT

Dependent Variables Unadjusted OR (95% Cl) Adjusted OR (95% Cl)

Any Thrombaosis 1.33 (0.99,1.79) 1.36 (0.99,1.86)
Stroke 0.91 (0.58,1.45) 0.92 (0.57,1.48)
Myocardial Infarction 0.7 (0.38,1.29) 0.8 (0.42,1.53)

Deep Vein Thrombosis 2.28 (1.47,3.54) 2.31(1.47,3.65)

So to conclude this part, low vitamin D was associated
with deep vein thrombosis but not arterial. What we're
thinking about in the future is that to prevent thromibosis
we’ll want vitamin D, we’ll want hydroxychloroquine,
but if we're going to prevent arterial thrombosis, | think
we're still going to need low-dose aspirin on board.

Prospective Analysis
(Excluding Thrombosis Before the First Vitamin D Measure)

Hazard Ratio (Any Thrombosis) =
1.75(1.04, 3.92)

after adjustment for race, age, sex

Intfroduction: Clinical Trials in SLE

Now we are going to review clinical trials for several
lupus treatments. We have several compounds that
are in late stage testing, but we have some that are in
earlier stages of testing, and I'll go over the results and
also the mechanisms involved.

Here are my faculty disclosures. Lupus is complex, but
don’t panic. | call this Immunology 101. Let’s start at
the top. In lupus patients the plasmacytoid dendritic
cells are making too much interferon and this happens
in about 50% of our patients. It’s called the interferon
gene signature and it has consequences. When there is
more interferon there is going to be more activation of
the myeloid dendritic cells and these are important for
2 reasons. They make BLyS, the B-lymphocyte stimulator
factor or BAFF is its other name, and this is what keeps B
cells alive. It’s sort of a survival factor, but also myeloid
dendritic cells present self-antigen intfo the T cells and
of course we know in lupus there’s too much T helper,
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TACK-Ig
BAFF-R-Ig
Anti-BLyS

Cytokines

Migrate to /

target organs

Anti-CD40L Anti-CD40L

Ramanujam M, Davidson & Arthritis fles Ther. 2004, 6:197-202.

there’s not enough T regs and so now the T cells are
going to activate the B cells, and the B cells, by making
autoantibodies, will end up with a formation of immune
complexes that can now activate the plasmacytoid
dendritic cells. We put this circle around and this circle
is a feed-forward loop so it’s going to keep going
around.

I like to think of this as an equal opportunity slide. There’s
so many different places where we could break this
cycle, and perhaps we need to personalize it. Perhaps
in some patients, breaking the cycle at one point is
more important or more effective than breaking it af
another. So | think someday, before we start any new
tfreatment, we'll have some simple genetic/proteomic
test that will fell us which biologic or which small oral
molecule to pick.

Belimumab: Long-term Follow-up

We have 1 approved biologic for lupus, belimumab.
What belimumab does is it blocks BLyS or BAFF. We do
have wonderful long-term safety studies, but the safety
studies are also instructive, in that they tell us something
about durability and efficacy. The first long-term safety
study published was the open label follow-up after the
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Seven Year Follow-up on Belimumab

Open label 296 patients

SLE Responder Index
Year 2 -57%
Year 7 - 65%

Anti-dsDNA

Prednisone

40-60%,
50-55%,

Ginzler EM, et al. | Rheumatal. 2014;41:300-7

phase 2 and phase 3 clinical trials. And in this 7-year,
follow-up study, it showed great durability, and in terms
of the SLE responder index, the durability was incredibly
good. It wasn’t that there was any tachyphylaxis. There
wass reduction in serologies and reduction in prednisone
use, and no new safety signals.

We can go even further than that because we now
have the 10-year follow-up study of the patients who
were in the phase 2 and phase 3 trials. And again,
almost identical data on the durability in terms of the
SLE responder index, and even more information on
being able to taper prednisone.

Ten Year Follow-up on Belimumab

131 patients received belimumab 210 years
SLE Responder Index

Year 2-57%

Year 10 - 65%
Prednisone use

Of 99 patients with a baseline dose of <7.5 mg/d, 23.2%
maintained a <7.5 mg/d dose throughout the study

13.1% of patients permanently discontinued use of prednisone
during study

Wallace EULAR 2017

When the belimumab studies were first published—the
phase 3 trials—there weren’t a lot of Affican American
patients in the 2 phase 3 trials, and there was some
question about whether it had benefit in African
Americans. Actually, in the phase 2 ftrial, African
Americans did partficularly well. But we now have many
more data from both investigator-initioted and GSK-
initfiated studies that show benefit in African Americans.

In particular, we know from an investigator-initiated
study from the Toronto cohort that comparing patients
from the belimumalb trial from similar patients from the
Toronto cohort, the patients in the belimumalb trials had
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less accrual of organ damage. Ultimately, we want
many things from new treatments for lupus. We want a
reductionin disease activity, but we want a reductionin
prednisone and a reduction in organ damage as well.
So, | think this Toronto study is particularly informative for
that reason.

Targeting IFN-a

Another potential target are those patients that have
the interferon gene signature. In clinical practice it’s
probably about 50%, but here in the ILLUMINATE trial you
can see it's even higher, | think, of course, because our
randomized clinical trials are enrolling sicker patients
than we see in our clinical practice.

Anifrolumab Primary Endpoint in Phase 2: SRI(4) Including OCS Taper

Day 169

- Day 365

S
=

Responders (%)
P4
=

s placebo. Dropouts and patients whose medication use exceeded protocol threshold were imputed as failure
Furie R, et al. Arthritis Rheumatol. 2017,69:376-386.

Inthe anifrolumab phase 2 trial, there was great efficacy
of the anti-interferon alpha receptor blocker, and in
fact, you see that this efficacy, the delta, was shown in
those patients that had the interferon gene signature.
As expected, there wasn’t a delta vs standard of care
in patients who did not have the interferon alpha gene
signature. This was a very strong phase 2 trial because it
required not just a reduction in the SRI, but a reduction
in the steroid dose for the patient to be considered a
responder. Unfortunately, there’s been a major shock
in that the first of the 2 phase 3 frials of anifrolumab
has been reported to be negative. We'll have to wait
for the second ftrial and for subanalyses to try to figure
out how, when there was such a positive phase 2, the
phase 3 was negative.

Other Investigational Treatments

We have many other targets, so what produces the
majority of our antibodies in our lupus patients are the
plasma cells. And of course, we do know how to target
plasma cells. That’s what we do in multiple myeloma.
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Investigators in Europe have been brave enough to
study bortezomib in lupus and did find efficacy. Now
there are newer generation drugs that target plasma
cells. The reason that we haven’t all jumped on board
to do this is because bortezomib, for example, has
major toxicity, including things like neuropathy.

Targeting Interleukin

There are some brand new studies that | think you'll
find fascinating, because we wouldn’t have normally
thought about these for lupus. And the first one we
are going to talk about is interleukin-12/interleukin-23
as targets in lupus, and these are important because
these are T cell targets. And you'll remember from my
Immunology 101, there’s absolutely no doubt that T
cells are very important in lupus for many reasons and
many subtypes of T cells.

Mechanistic Rationale for Targeting
IL-12/IL-23 in SLE

SLE is a chronic, heterogeneous, autoimmune disorder that is
associated with significant morbidity, progressive organ
damage, diminished life expectancy, and impaired quality of

A

life ‘%:{ [~

. 8 Cell
Available therapies for SLE often have AE or are poorly e J-: ‘.
tolerated, and are inadequate to maintain disease quiescence o A Complexr
of remission P - )

¢ Type | IFNS S = «

1-12 is essential for TH1 cell development and cytotoxic T eell e
activation and function Ampfication, | Dendritic
IL-23 drives the expansion and survival of pathogenic TH17 cells e Cells
which promote inflammation in tissues /
1L-12 and the IL-23/1L-17 axis have been implicated in the / Yo
pathogenesis of SLE / . —IL122=

Reduced disease activity in SLE animal models lacking the g 1L-23

shared IL-12/23 pa0 subunit

SLE genetic risk associated with IL-12/IL-12R pathway

(IL124, 1L12B, IL12RB2, TYK2, STAT4)

1L-12, IL-23, IL-17, Th1 cells, and Th17 cells are elevated in
patients

Relle, et al. Autoimmun Rev. 2015, fors Mieves CE, lzmirly P, Curr Rheumatal Rep. 2016, Kikawada, et al. 4 immunel.
2003 Dal, et al. Eur d immunol. 2007.; Dal, etal. Jimmunal. 2017, Martin, et al, Clin immunal. 2014. Grammer, et al. Lupus.
2016. Mesquita, et al. Clin Exp Immunol. 2017.

How do we target interleukin-12/interleukin-23 with a
drug that’s already available? We can do that with
ustekinumab. Most rheumatologists have a comfort
level with ustekinumalb because our psoriasis patients,
our inflammatory bowel disease patients, have been
on it. We understand it, we know it’s safe, we know its
profile, we know its dosing.

Ustekinumab Background

Ustekinumab (UST) is a monoclonal antibody that blocks the shared p40 subunit of
the cytokines IL-12 and IL-23
UST is approved for the treatment of patients with:
Moderate to severe plague psoriasis
Active psoriatic arthritis
Moderate to severe Crohn's disease
Adolescent (aged 212 years) moderate to severe plaque psoriasis
The safety profile of UST is well established
As of December, 2016 >777,000 PYs
exposure to UST
Warnings and Precautions
Serious infections including TB

IL-23

IL-12
4 Ustekinumab
P8 pdo !ﬁ ‘!
*Ustekinumab is currently not indicated for SLE * /

Ustekinumab (nvestigator's brochure. Florek, et . Br  Dermatal, 2017,
FOA Label: _docs/labsl/

Malignancy risk in animals, not in humans
Hypersensitivity including anaphylaxis

[t turns out that ustekinumab worked in a phase 2
trial for lupus and it worked quite well. It's really quite
a dramatic effect over standard of care with a very
large delta. Now remember we’ve gotten a little
scared about phase 2 trials in lupus. They don’t always
translate into successful phase 3s but our hope is, of
course, that ustekinumab will.

UST Exhibited a Statistically Significant Improvement in SRI-4
Response at Wk 24 Compared to PBO: Primary Endpoint Analysis

100 429%
p=0.0046*
© 80
H
2 60
5 60
s
Y 31
o -
0+
usT PBO

(n=60) (n=42)
*p-ualue calculated by logistic regression with baseline SLEDAI, baseline SLE medication use, and race as covariates.
Pre-specified analysis with a level 0.10.

Modified |TT analysis with treatment failures, dropouts, and missing data considered to be nonresponders.

9 discontinued in PBO arm vs 4 in the UST arm.

wan Vollenhowen R, Hahn B, Tsokos GC, et al. Arthritis Rheumatol 2017:69(suppl 10). Avallasle at https.//
b: afety-of- 1223-nhibitor-in-patients-with-active-

Ustekinumab also prevented lupus flares. What's
particularly important also, is that it’s not enough to just
control disease activity. You and | want to prevent flares
as well. And it also improves serologies. Now we would
never pick a freatment just fo improve serologies, but if
it also improves serologies, it may also help to prevent
cardiovascular lupus where accelerated arthrosclerosis
is highly associated with low C3.

There’s a JAK inhibitor that’s been successfully tested
for lupus in a phase 2, and that’s baricitimib. Baricitimib
of course is also FDA approved for rheumatoid arthritis.
We understand its mechanism of action, and in the
phase 2 trial of lupus it helped joints. There may not
have been enough very severe skin patients to identify
benefit for skin.

There are some studies that are being done of new
treatments for lupus that haven’t reached the level
of a randomized clinical trial, or not yet. And one
that | think is quite interesting is mesenchymal stem
cells. This is predominantly been studied in China, but
there’s now going to be a clinical trial in the US as well.
Mesenchymal stem cells may actually help T regs. So,
there may be many reasons why they could have
benefit in lupus.

Another fascinating approach to lupus, which again,
is not to immunosuppress, is the idea of using low-dose
interleukin-2. Low-dose interleukin-2 increases T regs.
| love this idea because it would allow the immune
system to police itself. Now of course there’s a narrow
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window here. You don’t want too much interleukin-2,
SO you have to be within that window, but this has
been tfested in investigator-initiated studies in Europe
and in China. Seems to have worked well with very little
toxicity, so this is now going to be a focus of several
pharmaceutical companies.

El Greco — Saint Sebastion (©Museo Nacional del Prado)

Conclusion

| wanted to end this presentation with this photograph
of a painting by El Greco of St. Sebastian. | want you to
pay aftention to all these arrows because our problem
in lupus is that our patients usually don’t die of active
lupus. One of those arrows is active lupus but the patient
is going to die from all the other comorbidities. The
accelerated atherosclerosis is to be increased by the
prednisone. The infections, the end stage renal disease,
all the prednisone complications. So, our goal with
new treatments is that they must reduce lupus activity,
but they must also allow us to reduce prednisone,
and they’d better not significantly increase infections
because that would be a trade-off that would be
unacceptable in clinical care. So, a very high barrier,
right? We're very demanding of randomized clinical
trials in lupus, but for good reason, because every
single lupus patient is a precious human being.
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