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A Multicenter, Double-blind, Placebo-Controlled Study to Assess the Efficacy and
Safety of H.P. Acthar® Gel in the Treatment of Subjects With Amyotrophic Lateral
Sclerosis (ALS)

& Background

& Objectives ¢ Study Design

ALS, a neurodegenerative
disorder that affects the upper and
lower motor neurons in the central
nervous system, causes death In
up to 70% to 80% of patients
within 5 years of symptom onset!

More than 30 agents have
shown promise In preclinical and
In vitro ALS models but have
falled to modify the disease In
humans?3

Acthar may have neuroprotective,
neuroregenerative, and anti-
iInflammatory effects that could
potentially delay or halt the
progression of ALS

In a pilot study, post hoc analyses
suggested that Acthar may delay

» The primary objective of this study
IS to assess the effect of Acthar (given
once daily as a 0.2-mL [16-U] dose for
36 weeks) on functional decline using
the ALSFRS-R

» Secondary objectives are to assess
the safety and tolerability of Acthar, its
effect on survival, and its longitudinal

effects on functional decline and

survival in subjects with ALS

& Study Population

» Males or females
» 18 to 75 years of age
» Diagnosis of ALS (clinically definite,

» Anticipated enrollment: ~213 subjects
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-28 -1 Week 0 Week 36 2x/wk for 2 wk =» 1x/wk for 1 wk

Screening
(days)

Randomization
(Acthar:Placebo = 2:1)

Open-label Extension or Taper

& Study Endpoints

disease progression, as assessed Primary Endpoint

by the ALS Functional Rating
Scale over time; Acthar was well
tolerated, and there were no
unexpected TEAEs

clinically probable-laborator
/P / » Change from baseline in the telephone-administered ALSFRS-R total

score at Week 36

Key Secondary Endpoints

supported, clinically probable) per

» Revised El Escorial criteria

» Onset of symptoms (first muscle

weakness or dysarthria) <2 years » Mean slope of ALSFRS-R total score decline

prior to Screening Visit » Change from baseline in ALSFRS-R total score over time

» Predicted FVC 260%
» Blood pressure <140/90 mm Hg

» Exclusion of edaravone (2-week

¢ Pu rPOSE » Mean slope of decline in pulmonary test scores (FVC, FEV,, and SVC)

» The purpose » Survival

of this study Is » Summary of general safety profile, including AEs (serious and nonserious),

to examine the vital signs, and laboratory assessments, by study period and over the

washout prior to randomization)
effect of Acthar

on ALS

progression

» If receiving riluzole, maintenance of entire study

stable dose for 4 weeks

ALS is a neurodegenerative
disorder that affects the upper
and lower motor neurons in the
central nervous system.

Image Source: Frank Gaillard. https://radiopaedia.org/editors.
Accessed August 16, 2017.

& References

1. Beghi E, Logroscino G, Chio A, et al. The epidemiology of ALS and the role of population-based registries. Biochim Biophys Acta. 2006;1762(11-12):1150-1157.
2. Aggarwal S and Cudkowicz M. ALS drug development: reflections from the past and a way forward. Neurotherapeutics. 2008;5(4):516-527.
3. Gordon PH and Meininger V. How can we improve clinical trials in amyotrophic lateral sclerosis? Nat Rev Neurol. 2011;7(11):650-654.

» No history of type 1 or 2 diabetes
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Abbreviations: AE, adverse event; ALSFRS-R, Amyotrophic Lateral Sclerosis Functional Rating Scale-Revised; FEV,, forced volume expired in 1 second; FVC, forced vital capacity;
SVC, slow vital capacity; TEAE, treatment-emergent adverse event.
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<€ Introduction

» Amyotrophic lateral sclerosis (ALS) is a rare neurodegenerative disease that results
in progressive muscle paralysis and disability; eventual mortality often occurs within
5 years of symptom onset and is most commonly caused by respiratory failure'2

» Riluzole and edaravone are the only agents currently approved by the FDA for the
treatment of ALS34

e Riluzole has shown only modest effects on survival, prolonging survival by an
average of 2 to 3 months®

e The effects of edaravone on delaying functional decline were demonstrated in
patients with early disease defined by time from symptom onset, functional
decline, and respiratory function®

» Although more than 30 other agents targeting different ALS pathways have shown
promise in preclinical models, few have demonstrated clear benefit in clinical trials*>

» Repository corticotropin injection (RCI; H.P. Acthar Gel; Mallinckrodt ARD, Inc.,
Bedminster, NJ, USA) is a naturally derived product that contains a highly purified
porcine analogue of adrenocorticotropic hormone (ACTH)

» ACTH has been shown to activate all 5 known melanocortin receptors (MCR1-5),
and MCR expression has been demonstrated on ALS-relevant tissues, including the
cerebral cortex, spinal cord, and muscles’

e Its anti-inflammatory effects may be mediated by the downregulation of pro-
inflammatory cytokines and chemokines and the attenuation of inducible nitric
oxide synthase and nitric oxide via MCR receptors??

e ACTH may also have neuroprotective and neuroregenerative effects that could
slow the progression of motor neuron death”.10

» Findings from a previous open-label pilot study (ClinicalTrials.gov identifier:
NCT01906658) demonstrated that RCI was well tolerated in 43 patients with ALS;
no unexpected adverse events were observed

e This pilot study was designed to examine the acute safety and tolerability of 4
RCI dosing regimens and to inform dose selection for future ALS studies

e Exploratory efficacy assessments included the commonly used ALS Functional
Rating Scale — Revised (ALSFRS-R); both the original ALS Functional Rating
Scale (ALSFRS) and the ALSFRS-R use the decline in physical function that
characterizes ALS as a marker for disease severity and progression

» Here, we report results from post hoc exploratory analyses of efficacy data collected
during the pilot study to evaluate the potential effectiveness of RCI for the treatment
of ALS

€ Study Objective

» We used data from the RCI pilot study and the Pooled Resource Open-Access
ALS Clinical Trials (PRO-ACT) database (https://nctu.partners.org/ProACT)'2 to
evaluate the potential effects of RCI on functional disease progression as
measured by the ALSFRS in 2 post hoc analyses:

e A matched case-control analysis, with historical controls derived from patients
in the PRO-ACT database who received placebo

e A slope analysis of actual ALS progression derived from the study and
predicted ALS progression based on an award-winning algorithm3 developed
using PRO-ACT data

<€ Methods

RCI Pilot Study in ALS

» This open-label pilot study evaluated 43 patients with ALS who were randomly
assigned to receive 1 of 4 RCI dosing regimens (Figure 1)

P At screening, patients were categorized by 1 of 4 ALS diagnoses according to the
revised El Escorial criteria:

e Clinically definite ALS X Clinically probable ALS

e Clinically probable (laboratory-supported) ALS X Clinically possible ALS
» Patients had ALS symptom onset within the last 3 years and an upright slow vital
capacity 260% of predicted
» Prior to both post hoc analyses, data from all 4 RCI dosing groups in the pilot
study were combined into a single RCI group, and ALSFRS-R scores collected
during the study were converted to ALSFRS scores by excluding the
2 questions assessing respiration to match the PRO-ACT data

Figure 1. Pilot Study Design

Open-label Extension Follow-up
(28 weeks; optional) (1 week)

Follow-up
(1 week)

RCISC

Group 2:
24 U 1x/d

Group 4:
16 U 1x/d

Group 1:
80 U 2x/wk

Group 3:
56 U 2x/wk

R,

A

Randomization

(4 RCI dosing Open-label Extension

or Taper

Abbreviations: R, randomization; RCI, repository corticotropin injection; SC, subcutaneous.

Matched Case-Control Analysis

P Historical controls were obtained from the placebo groups of 16 phase 2 and 3
studies (n=80 each) conducted between 1990 and 2010 and 1 large observational
study (n=8635) in PRO-ACT

» A review of available literature was used to identify 7 variables associated with
disease progression:

ALSFRS total score

Time from symptom onset to enrollment (=18 months; <18 months)

Gender (male; female)

Age at symptom onset (240 years; <40 years)

Site of onset (limb; bulbar; limb and bulbar)

Body mass index (218.5 kg/m?; <18.5 kg/m?)

. Baseline creatinine level (253.04 pmol/L; <53.04 umol/L)

P Patients treated with RCI in the study were matched with up to 3 PRO-ACT
controls using all identified variables

» Mean changes in ALSFRS total score from baseline at weeks 8 and 36 were
compared among the RCI and control groups using a linear mixed-effects model
with repeated measures, with treatment, time, and treatment-by-time interaction
as fixed effects; baseline ALSFRS total score was adjusted in the mixed-effects
model

» p-values <0.05 were considered statistically significant

NN =

PRO-ACT Prediction Algorithm Analysis

» The actual observed slope for ALS progression after 36 weeks of RCI treatment in
the pilot study was calculated as follows:

(ALSFRS [week 36] — ALSFRS [baseline])
(month [week 36 visit — baseline visit])

» We adapted an award-winning algorithm from the DREAM Phil Bowen ALS
Prize4Life Challenge’? that was developed using PRO-ACT data to derive a
predicted slope for ALS progression at week 36 using 50 baseline features
including patient demographics, disease characteristics, treatment, and laboratory
test results

e The algorithm was modified to use random forests and only the features that
were available from the pilot study

e The modified algorithm was cross-validated using a subset of PRO-ACT data,
with the root mean square error of the modified algorithm (0.517)
demonstrating a better performance than that of the original algorithm (0.559)

» Mean values of the actual observed and PRO-ACT algorithm—predicted slopes for
the 21 patients who completed the pilot study through week 36 were compared
using a 2-sided paired t test

P p-values <0.05 were considered statistically significant

< Results

Matched Case-Control Analysis

» The 43 cases from the pilot study were matched with 106 PRO-ACT controls; no
significant differences in any matching variables were seen between groups (Table 1)

Table 1. Baseline Characteristics of Patients From the Pilot
Study and Matched PRO-ACT Controls

- Characteristic Statistic/
: Category

Matched PRO-

Pilot Study

S ACT Controls p-Value?
(RCI; n=43) (placebo; n=106) -
ALSFRS total score Median (IQR) 28.0 (8) 28.0 (9) 0.60
Time from symptom <18 months 21 (49) 45 (42) 0.48
onset >18 months 22 (51) 61 (58) '
Male 26 (60) 71 (67)
0.45
Gender Female 17 (40) 35 (33)
<40 years 5 (12) 11 (10)
A 0.82
ge atsymptomonset 1, 15 vears 38 (88) 95 (90)
. Limb 33 (77) 85 (80)
.64
Site of onset Bulbar 10 (23) 21 (20) 0.6
<18.5 kg/m? 0 1(1)
BMI 0.53
>18.5 kg/m? 41 (100) 105 (99)
. <53.04 pmol/L 16 (37) 24 (23)
.07
Creatinine level >53.04 pmol/L 27 (63) 83 (77) 0.0

Abbreviations: ALSFRS, Amyotrophic Lateral Sclerosis Functional Rating Scale; BMI, body mass index; IQR, interquartile
range; PRO-ACT, Pooled Resource Open-Access Amyotrophic Lateral Sclerosis Clinical Trials; RCI, repository
corticotropin injection.

Data are No. (%) of patients unless otherwise indicated.

a p-Values are from the Wilcoxon rank sum test or chi-square test; values <0.05 were considered statistically significant.

: n

ALSFRS Total Score - Change from Baseline

ALSFRS Total Score - Change from Baseline

» Mean ALSFRS total scores were higher in RCl-treated patients from the pilot study

than in PRO-ACT placebo-treated controls at both week 8 and week 36 (Table 2)

e The least-squares mean score changed significantly less from baseline in RCI-

treated patients than in placebo-treated controls at week 36

Table 2. Longitudinal Data Analysis Results for Change From
Baseline in ALSFRS Total Score

Matched PRO-

FRII(c:,It ?‘t:f% ACT Controls?
’ (placebo; n=106)
106

Baseline Mean+SD 27.8+5.55 27.2+6.31

Median 28.0 28.0

Range (16.0, 37.0) (13.0, 37.0)

n 37 53
Week 8 Mean+SD 28.0+5.41 26.5+7.42

Median 28.0 28.0

Range (13.0, 37.0) (12.0, 38.0)

Mean+SD -0.4+1.88 -2.0+£3.32

LS meanzSE -0.5+0.32 -0.9+0.20
g::;ﬁ]eef;‘t’?veek o | LS Mean difference+SE 0.4+0.38

95% CI -0.4, 1.1

p-Value 0.327

n 21 89

Mean+SD 24.1+8.11 20.9+£9.10
Week 36 Median 25.0 22.0

Range (7.0, 36.0) (1.0, 38.0)

Mean+SD —-4.3+4.71 -6.6+5.57

LS Mean+SE -2.2+0.55 -3.6+0.32
g::;%zf;?r\?veek 45 | LS Mean difference+SE 1.4+0.64

95% ClI 0.2,2.7

p-Value 0.025

Abbreviations: ALSFRS, Amyotrophic Lateral Sclerosis Functional Rating Scale; Cl, confidence interval; LS, least squares; PRO-ACT,
Pooled Resource Open-Access Amyotrophic Lateral Sclerosis Clinical Trials; RCI, repository corticotropin injection; SD, standard
deviation; SE, standard error. 2 The PRO-ACT control group is treated as the reference group.

» Slope estimates for weeks 8 and 36 also demonstrated that there was significantly

less of a decline in ALSFRS total score in RCl-treated patients than in placebo-
treated controls (Figure 2)
e Week 8 slopes: RCI, 0.003; placebo, —0.034 (slope difference, 0.036 [95% CI:
0.009, 0.063]; p=0.009; Figure 2A)
e Week 36 slopes: RCI, —0.022; placebo, —0.030 (slope difference, 0.008 [95%
Cl: 0.000, 0.015]; p=0.048; Figure 2B)

Figure 2. Slope Estimates for Change From Baseline in
ALSFRS Total Score
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Abbreviations: ALSFRS, Amyotrophic Lateral Sclerosis Functional Rating Scale; PRO-ACT, Pooled Resource Open-Access

Amyotrophic Lateral Sclerosis Clinical Trials.

aThe PRO-ACT control group is treated as the reference group. The intercepts of regression lines are based on the average

baseline ALSFRS total score.
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H.P. Acthar® gel is not currently FDA approved for the treatment of ALS

Post Hoc Analyses Using the PRO-ACT Database to Evaluate Repository Corticotropin Injection
(H.P. Acthar® Gel) as a Potential Treatment for ALS

Susan VanMeter,! Patrice Becker,! Lester Mackey,? Lilly Fang,® Enxu Zhao'
"Mallinckrodt ARD, Inc., Bedminster, NJ, USA; 2Microsoft Research, Cambridge, MA, USA; 3Independent Researcher, Cambridge, MA, USA

PRO-ACT Prediction Algorithm Analysis

» The actual 9-month rate of ALSFRS decline was slower than the predicted rate
(Table 3)

Table 3. Comparison of Actual Observed and Predicted Slopes
of 9-Month ALSFRS Total Score Decline

~ Actual | Predicted
Parameter Pilot Study PROACT P-Value
_ Algorithm
(n=21) =21

MeantSD -0.51+0.57 -0.75+0.26
Baseline Median -0.36 -0.79 0.087
Range (-2.21, 0.35) (-1.20, -0.29)

Abbreviations: ALSFRS, Amyotrophic Lateral Sclerosis Functional Rating Scale; PRO-ACT, Pooled Resource Open-
Access Amyotrophic Lateral Sclerosis Clinical Trials; SD, standard deviation.

€ Summary and Conclusions

» We conducted a post hoc matched case-control analysis using historical
placebo-treated controls from the PRO-ACT database and a second post hoc
analysis using an award-winning prediction algorithm for ALS progression
based on PRO-ACT data

» Patients who received RCI in the pilot study had a significantly slower decline
in ALSFRS total score than matched PRO-ACT placebo-treated controls

» The actual observed slope of ALSFRS total score in the patients from the pilot
study declined at a slower rate than predicted by the PRO-ACT algorithm

» Findings from these 2 post hoc exploratory analyses suggest the potential for
RCI to slow the rate of functional decline in patients with ALS

» These findings provide a rationale for the ongoing larger controlled study of
RCI efficacy in the treatment of ALS (ClinicalTrials.gov identifier:
NCT03068754)
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Treatment of Proteinuria Due to Treatment-Resistant or Treatment-Intolerant
Idiopathic Focal Segmental Glomerulosclerosis (FSGS): A 2-Part Prospective
Study of H.P. Acthar® Gel (PODOCYTE)

Mallinckrodt
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& Background

Primary FSGS Is a major cause of
idiopathic nephrotic syndrome and Is
the most common primary glomerular
disorder causing end-stage renal
disease in the United States?

Primary FSGS Is a progressive
disorder; ~50% of affected patients
develop end-stage renal disease over
a period of 5 to 8 years?

Current treatments for primary FSGS
are effective in <560% of patients and
are associated with significant side
effects34

Acthar Is approved to induce a
diuresis or remission of proteinuria in
nephrotic syndrome without uremia,
the idiopathic type, or that due to
lupus erythematosus

Remission of proteinuria (complete
or partial) in FSGS Is associated with
an improved renal survival rate®

Data from a recently published case
series suggested that 29% of patients
with steroid-resistant or steroid-
dependent primary FSGS achieved
complete or partial remission of
proteinuria after treatment with Acthar®

€ Purpose
» The purpose of this study is to

provide nephrologists with additional
clinical evidence regarding the efficacy
and safety of Acthar in subjects with
treatment-resistant or treatment-
Intolerant FSGS

Y YNV

- @ Objectives

» The primary objective of this study
IS to confirm the efficacy of Acthar In
iInducing remission of proteinuria in
subjects with primary FSGS who are
resistant to, or intolerant of, at least
1 previous Immunosuppressive
therapy such as corticosteroids or
CNIs

P Secondary objectives are to
confirm the safety and tolerability of
Acthar and to evaluate its efficacy in

maintaining remission of proteinuria

< Study Population

» Adult subjects (218 years old)
» Primary FSGS diagnosis
confirmed by renal biopsy

» Nephrotic
» uPCR >3.0 mg/mg
» eGFR >30 mL/min/1.73m?

» Intolerance to or failure to achieve
complete or partial remission with
21 previous Immunosuppressant

» Treatment with an ACEI/ARB 24
weeks before Screening

» Blood pressure <150/90 mm Hg

4 Study Design

» Anticipated enrollment: ~236 subjects

If remission is achieved, subjects are randomized
to Acthar vs placebo for maintenance

Acthar 80 U SC 2x/week

Placebo 2x/week

Remission
Achieved

mmmmdll FOllOW-up

Screening Acthar 80 U SC 3x/week PFlaper

I\_IO : Acthar 80 U SC 3x/week Flaper 7
Remission

Follow-up

If remission is not achieved, subjects have the option
of entering an OLE period

Randomized Maintenance Treatment or OLE | Follow-up Period
(Weeks 26-49) (Weeks 50-54/56)

Open-label Treatment Taper
(Weeks 0-23) (Weeks 24-25)

Screening
(Days -63 to -3)

& Study Endpoints
Primary Endpoint

» Proportion of subjects who achieve CR or PR of proteinuria at Week 24

Key Secondary Endpoints

» Time to first relapse in subjects with CR or PR at Week 24 during the
Randomized Maintenance Period

» Proportion of subjects
» Who maintain remission of proteinuria at Week 50
» With remission at Week 24 who experience relapse during the Randomized
Maintenance Period

» Change in eGFR, total cholesterol, and uPCR from Week 24 to Week 50 in
subjects with remission at Week 24
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A Prospective Observational Registry of H.P. Acthar® Gel for the Treatment of Multiple Sclerosis Relapse
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<> |ntrod uction Figure 1. Patient Enrollment and Data Collection Overviewap ‘ ReSU ItS RCI| Use

: Pre-Enrollment Period : i - , _ _
» During the last several years, there has been tremendous expansion in the range of agents available to treat - (from time of MS diagnosis) (FO"O\:(-)I::) i:::::/n:;:ito?rlsorc:\onths) . Patient Characteristics and Medication Use at Enrollment » Data on RCI use have been collected for 31 patients and are summarized in Table 4
multiple sclerosis (MS)12 : . : :
o Several disease-modifying therapies (DMTs) are currently available, and several more are under investigation A A : » As of October 27, 2016, 45 patients had enrolled in the study and provided data : Table 4. Summary of RCI Use (n=31)
= DMTs reduce the occurrence of MS relapses, slow disability worsening, and decrease activity on : / \ - » Patient characteristics and medication use at enrollment are shown in Tables 2 and 3, respectively ; _ Median (IQR)
magnetic resonance imaging . ] » 23 patients (51%) had a history of insufficient treatment response to, intolerance of, or intravenous access . NO. of d fient 50 (5.0
» Despite these advances in treatment, many patients with MS experience relapses ’ < T T i o | e | .T problems with high-dose corticosteroid therapy 0. Ot doses per patien 0 &)
» High-dose corticosteroid therapy (eg, with methylprednisolone) is the mainstay of acute treatment of MS ' o 1wk 2wks 3wks | owks : . : 4 . Strength per dose, U 80 (0)
relapses®* ; Table 2. Patient Characteristics at Enroliment : No. of days dosed? 5.0 (5.0)
e Results from randomized, double-blind clinical trials suggest that 19% to 35% of patients may not adequately . © 000 © © © © © © - - _ - Total d dav. U 80 (0
respond to this therapy5* . <@ <& & <@ & <& <& Characteristic Initial Screening (N=45) ’ Otal dose€ per aay, (0)
> For patients who do not respond to or are unable to tolerate high-dose corticosteroids, options for acute treatment : Daily While on Acthar Age,” mean (SD), y 50.2 (10.7) o %og;rﬁavs"?rfjg:ts dcss';’fjt‘::;eog?;si;Ogllziaﬂfg'rﬁgt\fv r%l;/;)écifie 4 the mode of administration.
of relapses are limited A A A A A Gender, No. (%) ' Abbreviations: IQR, interquartile range; RCI, repository corticotropin injection.
» Incomplete recovery from MS relapses may contribute to accrual of disability, highlighting the importance of . e i dh Male 5 (11) ’ Safet
1 4,7,8 . are
> (Faif(faep?s\iteo:slgopriﬁ:;[)rt??gi?lei?\}ection (RCI; H.P. Acthar Gel) contains a porcine-derived analogue of - h Female 31(69) : ’ : : :
Missing 9 (20) . P 9 adverse events (AES), including 3 serious adverse events (SAEs), have been reported (Table 5)

adrenocorticotropic hormone (ACTH) approved by the US Food and Drug Administration for treatment of MS . . .
P ( ) app 4 J P All SAEs were considered not related or unlikely related to RCI, and all patients recovered

relapses in adults® ' . Race, No. (%)
e Anti-inflammatory and immunomodulatory effects of ACTH in MS historically were attributed solely to its ability . Date of Study Enrollment (consent] (Baseline Visit) . Black/African American 4 (9) Table 5. Sum mary o f AEs

Usual care visits (hypothetical subject)

to stimulate endogenous cortisol, but more recent evidence suggests that corticosteroid-independent - . White 29 (64) .
melanocortin receptor—mediated activity may contributel0 ’ - Date of initiation of Acthar Gel (Specialty Pharmacy shipment may have short delay for benefit investigation or obtaining prior authorization) - Hisnanic 1 (2) Su bj ect Considered Serious
> Study objectives . Patient Self-Report (MS Impact scale [MSIS-29v1]) . N p f ion/missi 11 (24 . Nausea No
; ; ; ; 0 Information/missin -
o Ic-:'jhat:[_a];(:ttenzf thetpoptlslatlonhifspa?ents who receive ECI ffotr MS'[ relapses @ Patient Self-Report (Work Productivity and Activity Impairment Questionnaire: Multiple Sclerosis [WPAI:MS]) - EDSS score b f— (SgD) 4.4 El 9)) . A Vomiting No
o entry treatment patterns, relapse recovery, and sarety outcomes _ o ) _ . v . - .
» This interim report summarizes data collected through October 27, 2016 @ patient self-Report (HealthCare Resource Utiization [HRU] Questionnaire) ' Previous treatments for MS, No. (%) Headache No
Patient Self-Report (Actual Acthar Gel Use [Daily eDiary]) Methylprednisolone 13 (29) B UTI Yes
A Data abstraction from patient medical charts . RCI 11 (24) C Trigemina| neura|gia_ No
‘ I\/I et h O d S ‘ Clinician Assessment (Expanded Disability Status Scale [EDSS] score and Functional System Score [FSS]) IV steroids (unspecified) 2 (4) . b UTI No
k Clinician Assessment (Clinical Global Impression of Improvement scale [CGI-I]) Prednisone 2 (4) - Acute sinusitis No
Study Design Glatiramer acetate 1(2 : i
y g a Patients who experience post-enroliment relapses while the study is ongoing will be followed up for the relapse as specified for the index . ) ( ) : E Asthenia Yes
» Ongoing multicenter, prospective, 24-month, observational registry study exacerbation (ie, for 6 months) or until study close (if the latter occurs before 6 months have elapsed). Index exacerbation is defined as the MS Teriflunomide 1(2) . F MS relapse Yes
; : ’ ! . : : . . bation at stud liment. . .
> Target enrpllment: 260 patients at up to 60 sites (ie, neurology practices in the United States that treat adult . S)gfé; @i;fgear:pﬂrégrxﬁhmezn4 hours of identification, even when outside of usual care visits. . None 1(2) : Abbreviations: AE, adverse event; MS, multiple sclerosis; SAE, serious adverse event; UTI, urinary tract infection.
patients with MS) - Abbreviations: MS, multiple sclerosis; SAE, serious adverse event. Unknown 1(2)
. » Because patients may have >1 MS exacerbation during the follow-up period, the exacerbation at study enroliment : No information 12 (27) :
. o u | Yy \Y X | url W-U 104, X | uay ’ ) ; . de . .
Enrollment and Data Collection . is defined as the index exacerbation, and subsequent exacerbations are defined as relapses : MSIS-29v1 physmal sect.|on SCOre, meah (SD) : 65.4 (19.4) _ : ‘ CO NC I usions
» Potentially eligible patients are recruited during routine care visits at the study sites : * Relapses that occur during the study will be followed up as specified for the index exacerbation (ie, for : ;E():;a) \;\éeﬁ) ?:j/:!?r? '§uf§1§ T\;/lg?tlf? rllat:&ab v[\)/::Z \;v\?a:ﬁa?)\ll: 'E?fsf?,;ﬁzn'i?t'eerét?afezaéﬁdaosnc;i??é?nf%og (1)530531?' fgg rologre :
e Those who meet the study eligibility criteria (Table 1) and provide informed consent are enrolled - 6 months) or until the study ends (if the latter occurs before 6 months have elapsed) (Figures 1 and 2) ; representing the worst possible score. | | : » Data from this ongoing study will expand current understanding of RCI use for the treatment of MS relapses and
- ) ] ] ] . Abbreviations: EDSS, Expanded Disability Status Scale; IV, intravenous; MSIS-29v1, 29-item Multiple Sclerosis Impact ’ will provide information regarding
F|g ure 2. Data Collection Schematic With Case Examp|es : Scale, version 1; RCI, repository corticotropin injection; SD, standard deviation. : e Characteristics of patients treated with RCI

Table 1: Key Inclusion and Exclusion Criteria

: : Study Period (24 month : L
Inclusion : VetjEetios (24 monthe) : Table 3. Summary of Medication Use at Enroliment (N=45)
Age 218 years r ) ' Characteristic No. (%) RCl safety . . L . . . .
Characteristics of patients who experience additional MS relapses (ie, following the index exacerbation)

Clinically definite relapsing form of MS according to McDonald criteria (2010 revision)1 . Casel _ . :
y psing 9 ( ) : \ . DMT use : during the study period

Acute MS exacerbation as determined by treating clinician . e’ xk B : Yes 32 (71) » The data collected to date suggest that RCI is typically dosed using a regimen of 80 U/d for a period of 5 days

MS relapse treatment patterns
Treatment response and MS relapse recovery

Planning to initiate RCI therapy for acute MS exacerbation f ‘ ; No 5(11) . e Additional data on RCI dosing and therapeutic response collected during the remainder of the study could be

Exclusion . Case3
; " . : Specific DMT use2

Diagnosis of progressive MS . Case 4 - _ .
Requirement for concomitant corticosteroid therapy , ‘ Dimethyl fumarate 15 (33)

- . . A | | 1 1 T 1 1 ] 1] I B D B ' Glatiramer acetate 9 (20 :
Receiving experimental drug therapy . o 1 2 3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Natalizumab 8518; ‘ References

g' B Missing 8 (18) . used to explore possible clinical implications for the treatment of MS relapses
‘ . . » Study enrollment is anticipated to conclude by the end of 2017
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History (within 5 years) of scleroderma, systemic fungal infections, ocular herpes simplex, or cancer . ; | .
: L . : . . . FPFV r LPFV ‘. LPLV ' Alemtuzumab 511 ’ : : . : . : .
Recent surgery or a history (within 6 months) or presence of a peptic ulcer, congestive heart failure, or sensitivity to . ! \ . _ _ (11) . 1. Comi G, Radaelli M, Soelberg Sgrensen P. Evolving concepts in the treatment of relapsing multiple sclerosis. Lancet.
proteins of porcine origin . Enrollment Visit (Decision to treat with Acthar for index exacerbation is already made and consent is obtained) \\ . Teriflunomide S (11) . 2017;_389(10076)51347'1356- _ _ _
: . . . . — . . . x B iharse Visih ! \ Fingolimod 4 (9) 2. Doshi A, Chataway J. Multiple sclerosis, a treatable disease. Clin Med (Lond). 2016;16(suppl 6):553-s59.
Pregnancy, breastfeeding, or (if woman of childbearing potential) unwillingness to use appropriate contraception P i i ' 3. Berkovich R. Treatment of acute relapses in multiple sclerosis. Neurotherapeutics. 2013;10(1):97-105.
. . - . : L |:| Usual Care Follow-up (medications and AEs only) i Post-Relapse \ . Interferon B-1a 2 (4) 4. Kalincik T. Multiple sclerosis relapses: epidemiology, outcomes and management. A systematic review. Neuroepidemiology.
Abbreviations: MS, multiple sclerosis; RCI, repository corticotropin injection. 4 (Follow-up Study Period: 6 months) E} . : — . 2015:44(4):199-214
. - f.ff.’,'f..ﬁ?:,;‘f}] (;nh: 3,::::,:" ;;ﬂf:,‘eﬂii‘}?.;"si"‘é;[,'ff,sﬁ'fg"1' 'J{ A \ﬂ . Other Conco,mltant medication/supplement use® . 5. Le Pf;lge E,. Veillard D Laplaud DA, et al. Oral versus intravenous high-dose methylprednisolone for treatment of relapses in patients with
» Each patient will be followed up for a minimum of 6 months and a maximum of 24 months : months [+2 weeks] and 6 months [+1 month] visits) o : Cholecalf:lferol 10 (22) : : g“lllt'f)'_e SC:frl":S'S d(CSPOLjfENP_):Ia rar;)dl\‘/’lmc')sled’ C‘f]”tg’”egl’ dglgbée'b'”:jd’ ”9”'(;”“6"”0”2’ t”a|-tLal?cotlat-t2315;1§86(?%97%:%74'981'
» Data will be abstracted from patient medical records at predefined time points (Figure 1) ' T ! . | | kil Z Ergocalciferol 8 (18) Z - oetiebjerg F, Frederixsen JL, Tielsen Fiv, Llesen . bouble-blind, randomized, placebo-controfied study ot oral, high-dose
. ) ) ) .. N g wkwis lwks, sk 5 3 a s 6 § methylprednisolone in attacks of MS. Neurology. 1998;51(2):529-534.

» RCI will be obtained via the usual commercial channels for prescription medications : 500006 © o s s S 4 : Baclofen 7 (16) 7. Goodin DS, Reder AT, Bermel RA, et al. Relapses in multiple sclerosis: relationship to disability. Mult Scler Relat Disord. 2016;6:10-20.
» While receiving RCI, patients will record data on daily RCI use in electronic diaries (Figure 1) : Patient Self-Report @ * * o - ® - . Fampridine 6 (13) 8. Lublin FD, Baier M, Cutter G. Effect of relapses on development of residual deficit in multiple sclerosis. Neurology. 2003;61(11):1528-1532.
» Patients will also complete the following self-report instruments at the times specified in Figure 1 : oy Wi on cker . Gab i 6 (13 9. H.P. Acthar Gel [package insert]. Hazelwood, MO: Mallinckrodt Pharmaceuticals; 2015.

e 29-item Multiple Sclerosis Impact Scale, version 1 (MSIS-29v1) Chart Review { = = A A e . abapentn (13) 10. Arnason BG, Berkovich R, Catania A, Lisak RP, Zaidi M. Mechanisms of action of adrenocorticotropic hormone and other melanocortins

. . ) . . . . . ) Physician Assessments . Cvanocobalamin 5 (11 relevant to the clinical management of patients with multiple sclerosis. Mult Scler. 2013;19(2):130-136.

g 6'queSt!0n Work Productivity and AC“V_'ty Impairment Q_UeS“(_)nna're for multiple sclerosis (WPAI:MS) { ~ h : y L (11) . 11. Polman CH, Reingold SC, Banwell B, et al. Diagnostic criteria for multiple sclerosis: 2010 revisions to the McDonald criteria. Ann Neurol.

e 5-question healthcare resource utilization (HRU) questionnaire ' Multivitamins 5(11) ’ 2011:69(2):292-302.
» The clinician assessments below will be administered at the times depicted in Figure 1 ; ?b?f?v_i?tﬁgﬁ Al}]E’ ﬁﬁvefse event; CGt_'I'_L f_”“icﬁ'PE'\?bla' 'tmp';_essti?_“ ?f !mtpffgﬁ\f;‘el"titEDtS_Svt'fxptar!dfdMDSiTgbggylstgéui Scijleilt'_:Fl’F\él :‘"St patient : Amantadine 3(7) '

- e - - irst visit; , healthcare resource utilization; , last patient first visit; , last patient last visit; -29v1, 29-item Multiple Sclerosis . . _
e Expanded Disability Status Scale (EDSS) and Functional System Score (FSS) . Impact Scale, version 1; WPAI:MS, Work Productivity and Activity Impairment questionnaire for multiple sclerosis. ’ Levothyroxine sodium 3 (7)

e Clinical Global Impression of Improvement (CGl-I) scale Topiramate 3(7) <> AC k n OWl ed g m en tS an d Fu n d | n g

a Some patients were receiving >1 medication at time of enrollment. ® Only medications used by 25% of patients are listed.

Abbreviations: DMT, disease-modifying therapy; RCI, repository corticotropin injection. Professional writing and editorial support was provided by Elizabeth Barton, MS, of MedLogix Communications, LLC, Schaumburg, lllinois,

under the direction of the authors. United BioSource Corporation® was the contract research organization for this study. Funding was provided
by Mallinckrodt Pharmaceuticals.
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A Multicenter, Randomized, Double-blind, Placebo-Controlled Parallel-Group,
Pilot Study to Assess the Efficacy and Safety of H.P. Acthar® Gel in Subjects With

Mallinckrodt

Pharmaceuticals

Relapsing-Remitting Multiple Sclerosis (RRMS)

& Background

MS Is a chronic neurodegenerative
disease characterized by
demyelination within the CNS

According to the Multiple Sclerosis
Foundation, between 300,000 and
400,000 people In the United States
and ~2.5 million worldwide are
estimated to have MS; MS iIs more
common in women than men (3:1
ratio) and iIs most commonly
diagnosed between 20 and 40 years of
age, although it can develop in young
children, teenagers, and older adults*

The most common form of MS Is
RRMS, in which patients experience
episodes of worsening neurological
function followed by periods of partial
or complete recovery

MS relapses are treated with high-
dose corticosteroids or ACTH for
patients who do not respond to or
tolerate corticosteroids

In randomized trials, 20%-35% of
patients treated with corticosteroids do
not have significant improvements in
MS relapses or related symptoms?3

Acthar Is approved for treating MS
exacerbations and is an option for
patients who do not respond to
standard of care treatment with high-
dose corticosteroids*®

& Purpose

» The purpose of this study is to
determine the efficacy and safety of

Acthar in subjects with RRMS who have

not responded adequately to treatment
with high-dose corticosteroids

safety and tolerability in subjects with

oral methylprednisolone

Patients with progressing MS
experience a steady worsening of
symptoms that frequently affects
mobility, but the rate of progression
varies widely according to the extent
of nerve damage and the nerves

affected.1

Image Source:
Wavebreakmedia/Shutte

- ¢ Stud
 » Adult males or females with RRMS Etficacy

Baseline visit

10 days of relapse symptom onset

rstock.com.
Accessed September 11, 2017.

» Onset of relapse <25 days before the

» Treatment with corticosteroids within

& Objectives - ¢ Study Design

» The primary objectives of this study » Anticipated enrollment: ~66 subjects

. are to generate an estimate of the Screening Follow-up
: _ (3.5 weeks) (2 weeks) (4 weeks)

. response rate for Acthar and assess its |

Acthar

(1 mL [80 U], SC
1x daily for 14 days)

Oral/IVMP
: RRMS who have not responded to [ o Change in
i - M Onset Oral FSS <1 point
. high-dose IVMP, oral prednisone, or § Prednisone Follow-up 1 Follow-up 2
(Day 21) (Day 42)

(for up to 7 days,
started within 10
days of onset of first
relapse symptom)

Placebo
(1 mL, SC
1x daily for 14 days)

Day 1 Day 7 Day 14 g pEVAiRsS Day 42
Screening
(days) A

Randomization Clinic Visit Remote

(Acthar:Placebo = 1:1) Telephone Visit

R o [

-25 -14  -13

. @ Study Endpoints
y Population Primary Endpoints

» Response rate based on the EDSS on Day 42 for each treatment group
Safety

» Summary of safety profile, including AEs (serious and nonserious), vital signs,
and laboratory assessments, by study period and over the entire study

Secondary Endpoints

» IVMP (1 g/day) OR

» Ora
» Ora

» For each treatment group

prednisone (1250 mg/day) OR
P Response rates based on the MSIS-29 on Days 7, 14, 21, and 42

methylprednisolone

» Response rates based on the EDSS on Days 7 and 21

(1000 mg/day)

» Failure

» CGI-I mean scores on Days 7, 21, and 42

to Improve by at least 1 point

IN 1 or more FSS functions 14 days ‘ References

after the first dose of corticosteroids
» An EDSS score of 3.5 to 6.5 at the

Baselin

Y YNV

Multiple Sclerosis Foundation. Common Questions. https://msfocus.org/Facts-About-MS.aspx. Accessed September 5, 2017.

Le Page E, Veillard D, Laplaud DA, et al. Oral versus intravenous high-dose methylprednisolone for treatment of relapses in patients with multiple sclerosis (COPOUSEP): a
randomised, controlled, double-blind, non-inferiority trial. Lancet. 2015;386(9997):974-981.

Sellebjerg F, Frederiksen JL, Nielsen PM, Olesen J. Double-blind, randomized, placebo-controlled study of oral, high-dose methylprednisolone in attacks of MS. Neurology.
1998;51(2):529-534.

Rose AS, Kuzma JW, Kurtzke JF, et al. Cooperative study in the evaluation of therapy in multiple sclerosis. ACTH vs. placebo - final report. Neurology. 1970;20(5):1-59.

Miller H, Newell DJ, Ridley A. Multiple sclerosis. Treatment of acute exacerbations with corticotrophin (ACTH). Lancet. 1961;2:1120-1122.

Thompson AJ, Kennard C, Swash M, et al. Relative efficacy of intravenous methylprednisolone and ACTH in the treatment of acute relapse in MS. Neurology. 1989;39(7):969-971.

INVESTOR DAY ¢ OCTOBER 4, 2017 ¢ NEW YORK, NY

Abbreviations: ACTH, adrenocorticotrophic hormone; AE, adverse event; Cl, confidence interval, CNS, central nervous system; EDSS, Expanded Disability Status Scale; FSS, Functional Systems Score;
IVMP, intravenous methylprednisolone; MS, multiple sclerosis; MSIS-29, Multiple Sclerosis Impact Scale; RRMS, relapsing-remitting multiple sclerosis; SC, subcutaneous.
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Treatment with repository corticotropin injection reduces the progression of

experimental autoimmune uveitis in rats 1 Ma"IanI'Odt

Dale Wright, Ben Zweifel, Chris Bollinger, Kyle Hayes & Rick Fitch Pha rmaC@Ut\ Cd ‘S
Mallinckrodt Autoimmune & Rare Disease Inc., Hampton, NJ

}ABSTARCTi » RESULTS FIGURE 2: HISTOPATHOLOGY SCORE Table 2: Individual scoring of the » SUMMARY
Following the clinical evaluations on Day 14, animals were euthanized and - i

EPa S A s : histopathology evaluations.

. . eyes processed for histology. A blinded grader analyzed the slides an Sianificant val 0,05

Purpose: Previous studies have suggested that e - : ignificant values (p>0.05) are . .. : i i
Ip " tor (MCR . ?g | o scored on a scale of 0-4 based on their anterior clinical disease. Representative images of the scor_edd gtlll_zm_?_ the scoring system below. All concentrations of R,CI tested highlighted in green for reduced IRBP-induced uveitis was successfully induced in Lewis

melanocortin receptor ( ) agonists play a role in anterior chamber were taken at the time of clinical evaluations (A). Treatment with RCI provided significant protection (p>0.01, one-way ANOVA Dunnett’s test

: rats.
. : : : : : : inflammatory damage compared
regulating the progression and resolution of experimental significantly reduced the ocular clinical score (mean + SEM) on Days 11 (B) and 14 (C) for the peisusiplacenoicontiofgrotipjlioieiicunagineinigiiaoselprednisolone Treatment )/ A Disease control animals showed clinical signs of EAU, with
autoimmune uveitis (EAU). Repository corticotropin mid and high doses. Treatment with prednisolone showed a trend in the clinical score 229 Slefalliieeiuly 7t [ose Mo S EelulIeh WUis e EElo el Ol fo placebo control. Significant |

: e hi Group - Increased redness, neovascularization, and haziness in the
Co _ . : reduction, with significance at the 5 ma/kg dose on day 11 and for the 1 ma/kg dose on day 14. (p>0.05, one-way ANOVA Dunnett’s test). Representative histopathology difference, as measured by the : , ,
|nject|_on (RCI: HP Acthar® Ge:) IS a complex_ formulation ABLEI, SN S g/kg y gikg y photos 20 eyes/group 4 arq certified pathologist, are anterior chamber.
containing a porcine ACTH analogue. ACTH Is a highlighted in green (p < 0.05,

FIGURE 1: Clinical Evaluations: Animals were observed under a dissection microscope and

(*p < 0.05; **p < 0.01; ***p < 0.001 ***p < 0.0001) one-way ANOVA Dunnett’s test.

melanocortin peptide that binds to the 5 known MCRS_' Clinical Scoring Scale Histology Scoring Scale one-way ANOVA Dunnett’s test) » Treatment with RCI at 40 and 400 1U/kg significantly
Because RCl is an FDA-approved treatment for certain 0-0.5: No disease; eye is translucent. Some blood vessels in the iris may be dilated. 0: No disease, normal retinal architecture. alleviated clinical signs on Days 11 and 14.
iInflammatory ocular disorders, the aim of this study was to 1: Engorged blood vessels in iris; abnormal pupil contraction (or dilation). 0.5: Trace. <1/4 Mild inflammatory cell infiltration of the retina with or OD OS
i i ini 2. Slight haziness to the anterior chamber. without photoreceptor damage. : : :
E'X‘asl.tlgate the effects of RC1 on a preclinical model of 3: Mogderately opaque anterior chamber, but pupil still visible. 1:21/4 I\p/l?ld inflam%ation_an%/or phptoreceptor o_uter segmgnt damage Placebo 2 43 + 1.30 240 + 1.15 » Prednisolone tes_ted at three different _Concentratlons
4: Opaque anterior chamber and obscured pupil 2: 21/4 Mild to moderate inflammation and/or lesion extending to the outer showed a trend in reduced symptoms; however, only the

_ _ _ _ nuclear layer. high dose (5 mg/kg) on Day 11 and the mid dose (1 mg/kg)

Method: Lewis rats were immunized with 3: 21/4 Moderate to marked inflammation and/or lesion extending to the RCI 10 [U/kg 1.15£0.71 143+ 1.01 on Day 14 scored significantly less than placebo.

iInterphotoreceptor retinoid binding protein (IRBP) peptide A inner nuclear layer. | |
(1177-1191) in complete Freud’s adjuvant. Inflammation acebo Contrc RCI 10 IU/kg RCI 40 IU/kg RCI 400 IU/kg 4: 21/4 Severe inflammation and/or full-thickness retinal damage. RCI 40 IU/kg 1.25+0.75 1.50+0.84

was observed under a dissection microscope on days 4, 7,

Histopathology scores supported the clinical findings.

. o . ) RCI 400 1U/kg 1.00 + 0.53 1.05 + 0.44 _ _
11 and 14 post lmmunlzat_lon and disease was clinically » All three doses of RCI tested provided protection to the
scored (as described in Figure 1) on a scale of 0-4 based Pred 0.1 mg/kg |  1.70 % 0.89 175 + 0.68 retinal architecture in addition to a reduction in the ocular
on their anterior clinical disease. Animals were inflammation.
subcutaneously dosed with RCI (10, 40, or 400 1U/Kkg), Pred 1.0 mg/kg | 1.70 +0.89 165 + 1.08
Placebo gel (SmL/kg) or Prednisolone (0.1, 1, or 5 mg/kg) > Prednisolone at 5 mg/kg) also significantly reduce the
every other day starting on the first day of the study. On Pred 5.0 mg/kg | 1.25+0.82 1.20 + 0.67 retinal damage and ocular inflammation versus the
day 14, whole eyes were collected, processed and placebo.
sections were stained with hematoxylin & eosin and FTY7200.3 0.75+1.28 0.58 + 0.79
scored mg/kg ' ' ithi

: Melanocortin receptors are uniquely expressed within the

: . . eye.
In situ hybridization was performed using the

Advanced Cell Diagnostics RNAScope ISH platform. _ o _
Custom designed ISH probe to rat Mc1r and Mc5r » Using quantitative-PCR, expression of Mclr and Mc5r was
mRNA were use on formalin fixed, paraffin seen in the eye. The level of MRNA for Mc2r showed weak
embedded sections. Images of retinal expression, expression.

focused within the outer nuclear layer with some
minor expression in the inner layer.

Results: Clinical assessment within the anterior chamber
of the eye performed in a blinded manner, demonstrated
that RCI administered at 40 or 400 |U/kg significantly
reduced the ocular clinical disease score on day 14 B C

Clinical Score Day 11 Clinical Score Day 14

compared to placebo (0.93 £ 0.18 and 0.85 £ 0.17 versus
1.98 = 0.22, respectively), (p< 0.01). In contrast,
prednisolone marginally reduced the clinical disease
score, at the doses tested, with only the 1 mg/kg dose
having significance (1.05 + 0.18; p < 0.05). In addition, the
clinical findings for RCI were supported by the histological
data, showing protection to the retinal architecture with a
reduction in inflammation at all 3 doses evaluated.

3.0 2.5

2.0 T

» Utilizing In situ hybridization, Mclr and Mc5r in the retina.

» CONCULSION

Mallinckrodt, the “M” brand mark, the Mallinckrodt Pharmaceuticals logo and other brands are trademarks of a Mallinckrodt company. © 2015 Mallinckrodt.

olone 5.0 mg/kg
BEOre: 1.5

We show RCI (H.P. Acthar® Gel) can reduces the progression
of IRBP-induced uveitis. Additional studies will help elucidate
RCI’'s mechanism(s) of action for immune suppression in
uveitis. However, these data suggest RCI's potential anti-
iInflammatory effect in uveitis.

Clinical Score + SEM
Clinical Score + SEM

Table 1. Melanocortin receptor expression in rat ocular tissue.
+, MRNA expression CT < 31; (+) weak mMRNA expression, 32 S CT <
34; no mRNA expression, CT value 2 34.

Conclusions: The treatment of EAU with RCI resulted Iin
the suppression of the ocular clinical score and
iInflammation reducing retinal damage. These data are the
first to explore the effects of RCI in a preclinical model of
experimental autoimmune uveitis.

Mc1r Mc2r Mc3r

Studies were performed by Ophthalmic Research Associates Inc.,
Andover MA

CT = cycle time




Suppression of acute uveitis following treatment with repository corticotropin

Injection

Dale Wright, Ben Zweifel, Luke Oh, Prabha Sharma, Chris Bollinger, Kyle Hayes & Rick Fitch
Mallinckrodt ARD Inc., Hampton, NJ

» INTRODUCTION » RESULTS

Repository corticotropin injection (RCI: H.P. Acthar® Gel) contains a
purified porcine pituitary ACTH analogue, and is an FDA-approved
treatment for several inflammatory eye diseases. ACTH binds to all 5
known melanocortin receptors and may suppress inflammation by
steroid-dependent and independent pathways. Endotoxin-induced
uveitis (EIU) in rodents is a useful experimental model to investigate
mechanism of action and pharmacological efficacy of potential
treatments. This study was conducted to investigate the potential anti-
inflammatory benefit of RCI in an acute rat model of EIU. EIU is
characterized by clinically relevant signs of inflammation, including
elevated inflammatory cytokines and cellular inflammation in the
anterior and vitreous chambers. Rats (16/group) were treated with
dexamethasone (Dex), placebo, or RCI at 160 1U/kg, 400 1U/kg or 800
|U/kg following EIU induction. Eyes were clinically examined at pre-
challenge, 6-8, 24, and 48 hours post challenge using the Combined
Draize and McDonald — Shadduck Scoring System.

We show that RCI treatment significantly reduced ocular inflammation
and inflammatory cytokines in an EIU model of acute uveitis. The
mechanism of action of RCI may involve more than the induction of
corticosteroids, and will be explored further in future studies.

MATERIAL & METHODS

Induction of Endotoxin-induced Uveitis. Female Sprague Dawley
rats were administered a single subcutaneous injection on Day 0 and
Day 1 of Dexamethasone (Dex) at 2 mg/kg (Group 3), Placebo gel
(Group 4), or RCI gel at 160 1U/kg (Group 5), 400 1U/kg (Group 6) or
800 IU/kg (Group 7). The non-treated group was used as a control for
disease induction (Group 2). EIU was induced by footpad injection with
100 pL of lipopolysaccharide (LPS) at 10 mg/mL. Clinical evaluation of
animals was conducted using slit—-lamp and scored according to the
Combined Draize and McDonald-Shadduck Scoring System and the
Ocular Posterior Segment Scoring Scale. Animals were euthanatized
24 and 48 hours (8/group/time) after disease induction, one eye/animal
was collected, fixed and paraffin-embedded. Five sagittal sections for
each eye were stained with hematoxylin and eosin and assessed by a
board certified Pathologist for inflammatory cell infiltration, hemorrhage,
necrosis, congestion, edema using a scale from 0 to 5 as follows: 0=
normal, 1 = minimal, 2 = mild, 3 = moderate, 4 = marked, or 5 =
severe. Scores were combined to give a total inflammatory score for
each section.

Tissue cytokine expression. To evaluate cytokine expression, protein
extracts were isolated from Rat Retina/Uveal Tract of the other eye.
Tissue lysates were assayed for IL-1q, IL-6, MCP-1, MIP-2 and TNF-a
using Millipore's Milliplex Rat Cytokine/Chemokine Magnetic Bead
Panel (EMD Millipore; RECYTMAG-65K) on the Luminex 100 platform.

LPS-Induced TNF-a Production. RCI or vehicle was administered
subcutaneously at a volume of 5 ml/kg. LPS (Escherichia coli serotype
0111:B4; Sigma-Aldrich) was administered 1.0 h after compound
injection at a dose of 300 ug/rat in a volume of 0.5 ml. Blood was
collected in serum separator tubes via cardiac puncture 90 min after

LPS injection, a time point corresponding to maximal TNF-a production.

Table 1. Melanocortin receptor expression in rat ocular tissue. +,
MRNA expression CT < 31; (+) weak mRNA expression, 32 < CT <
34; no mRNA expression, CT value 2 34.

Mclr Mc2r Mc3r

CT = cycle time

Figure 1. In situ hybridization was performed using the Advanced Cell
Diagnostics RNAScope ISH platform. Custom designed ISH probes to
rat Mc1lr and Mcr mRNA were used on formalin fixed, paraffin
embedded sections. Images of retinal expression, focused within the
outer nuclear layer with some minor expression in the inner layer.

FIGURE 2. RCI treatment reduced the ocular inflammation score in the
Endotoxin-induced Uveitis model, (A) 18 hour and (B )48 hour post-LPS
Injection. Symbols represent individual animal scores with mean +/-

SEM. RCI at 160 U/kg significantly reduced ocular inflammation at 48
hours whereas 400 U/kg and 800 U/kg (****p < 0.0001, one-way ANOVA
Dunnett’s test) significantly inhibited ocular inflammation at all time
points evaluated compared to Disease control animals.
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FIGURE 3: Treatment with RCI decreases the summed histopathology
score 48 hour post LPS. Endotoxin-induced Uveitis leads to an acute

inflammatory response composed largely of neutrophils and macrophages.

This leads to an inflammatory response that is observed predominantly in
the anterior chamber segment of the eye. (p < 0.01, one-way ANOVA
Dunnett’s test versus disease control group)
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FIGURE 4: HISTOPATHOLOGY IMAGES. Sagittal sections were
stained with hematoxylin and eosin and assessed for inflammation and
edema. Ocular inflammation at 48 hours showed an increase in
neutrophils and macrophage in the anterior chamber, ciliary body and
retina. Treatment with RCI dose-dependently reduced inflammation,
edema, and the presence of proteinaceous fluid. A, Group 1; B, Group 2;
C, Group 3; D, Group 4l; E, Group 5; F, Group 6; G, Group 7

FIGURE 5: Reduction in inflammatory cytokines MIP-2, IL-1a, and TNFa

following treatment with RCI. Eyes were collected at 18 hours. Tissue
lysates were tested for IL-1a, IL-6, MCP1, MIP2, and TNFa. Only MIP2
(A) and IL-1a (B) showed a response to LPS challenge at 18 hours, and
both were dose-dependently decreased by RCI. To examine the effects of
RCI on TNFa (C) production, Sprague Dawley rats were treated with RCI
(10, 20, 40, 80 U/kg) and challenged with LPS. RCI significantly reduced
serum TNFa levels. (p < 0.01, one-way ANOVA Dunnett’s test versus
disease control group)
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» SUMMARY

MIP2 (pg/ml)
(mean = sem)

Ocular Clinical
Score (mean *
sem)

IL-1a (pg/ml)
(mean = sem)

Treatment Group

Group 1

0 37 + 8.5* 62 + 6.0*
(Naive)
~ Group 2 155+ 1.2 207 + 69 240 + 47
(Disease Control)
Group 3
2.6 + 0.5* 54 + 11* 92 + 10*
(Dex 2 mg/kQ)
Group 4 18.4 + 1.6 135 + 33 175 + 28
(Placebo)
Group 9.4 + 1.0* 130 + 35 158 + 43
(RCI 160 1U/kg) aE = =
Group 6
2.0 +0.3* 96 + 20 114 + 18*
(RCI 400 1U/kg)
7
Group 0.9 + 0.2* 51 + 8.3* 126 + 32

(RCI 800 IU/kg)
*=p =< 0.05 in a one-way ANOVA Dunnett’s test versus disease control group

Acute uveitis was successfully induced in Sprague Dawley rats. It was
manifested in the anterior chamber of the eye, peaked at 18-24 hours and
maintained out to 48 hours. Treatment with repository corticotropin injection
significantly reduced ocular inflammation in a dose-dependent manner.
RCI at 400 U/kg showed comparable level of reduction in clinical ocular
symptoms to the positive control dexamethasone while treatment at 800
U/kg was shown to be even more efficacious. Pro-inflammatory
chemokines and cytokines are thought to have a role in the recruitment of
inflammatory cells and pathogenesis in uveitis. Cytokines such as IL-6 and
TNF- a have been implicated the various clinical subtypes of uveitis, with
agqueous humor levels correlating with disease severity (1,2). IL-1a and
MIP2 were increased following LPS-induced uveitis. Treatment with RCI
shows a dramatic and dose responsive reduction on the levels in the
retina/uveal tract. Furthermore, in an LPS-induced TNF model, RCI
significantly reduced TNFa production. The expression of Mc1r and Mc5r
was show in the retina using quantitative PCR and in situ hybridization. In
this study, RCI at 160, 400, and 800 U/kg showed dose-dependent
suppression of the ocular inflammation and inflammatory cytokines induced
in an experimental uveitis rat model. Additional studies are needed to
elucidate RCI's mechanism(s) of action for immune suppression in uveitis.
However, these data support the use of RCI in ophthalmic diseases.
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A Multicenter, 2-Part Study to Assess the Efficacy and Safety of H.P. Acthar® Gel
in Subjects With Rheumatoid Arthritis (RA) With Persistently Active Disease

Mallinckrodt

Pharmaceudticals

& Background

RA Is an autoimmune disorder
characterized by chronic inflammation,
articular erosions, and periarticular
bone loss; prevalence Is estimated at
0.5%-1% of the adult population In
developed countries, with an annual
iIncidence rate of 5-50 new cases per
100,000

The goal of treatment is focused on
achieving remission (absence of
iInflammatory disease); low disease
activity Is an acceptable alternative

Disease-modifying antirheumatic
drugs (DMARDS) and corticosteroids
are commonly used to manage RA,
but 28%-58% of patients do not
achieve a minimal 20% improvement
in ACR criteria (ACR20)2; those
patients who achieve improvement can
experience a waning in responses

Acthar Is approved as an adjunctive
therapy for short-term administration
(to tide the patient over an
exacerbation) in RA (selected cases
may require low-dose maintenance
therapy). An open-label single-center
study suggested that 12 weeks of

Acthar was an effective add-on therapy

for patients with active RA refractory to
at least 3 therapeutic agents with
different mechanisms of action®

& Purpose
» The purpose of this study is to

confirm the efficacy of Acthar for the
management of RA In patients who
have persistent disease activity, with
secondary evaluation of the potential
benefit after LDA Is achieved

Y YNV

- @ Objectives

» The primary objective of this study is

. to assess the efficacy of Acthar given as

a 1-mL (80 U) dose 2x/week for

12 weeks as determined by DAS28-ESR

IN subjects with persistently active RA
» Secondary objectives are to assess
the safety and tolerability of Acthar as
well as its efficacy to maintain LDA (in
subjects who have achieved LDA after

- 12 weeks of treatment)

& Study Design

» Anticipated enrollment:; ~232 subjects
(12 weeks) (12 weeks)

Acthar

Screening
(4 weeks)

Acthar Follow-up

(1 mL [80 U], 2x/week) (1 mL [80 U], 2x/week) (4 weeks)
Placebo " Follow-up
(1 mL, 2x/week) (4 weeks)

Follow-up
(4 weeks)

A

-28 -1 ORVEE ! Week 12 Week 13 Week 24 Follow-up

Screening
Gays) A A A A A A
Screening Visit Week 0 Week 4 Week 8 Week 16 Week 20 Week 24

Week 12:

Randomization
(Acthar:Placebo = 1:1)

(Baseline Visit) Week 28:

Follow-up

& Study Population

- Diagnosis of RA screening
» Per 2010 ACR/EULAR classification

P Persistently active disease
. » DAS28-ESR >3.2 (at screening and

baseline)

=12 weeks prior to screening®

=24 weeks prior to screening
» MTX <20 mg per week + 1 allowed
biologic or nonbiologic DMARD OR
» 1 allowed biologic DMARD

*All starting dose levels must remain stable through the study duration.

.~ » Corticosteroid, MTX, DMARD use for |

» Stable prednisone dose (5-10 mg) for :

& Study Endpoints

Primary Endpoint
» Proportion of subjects with DAS28-ESR <3.2 at Week 12
Secondary Endpoints

» Proportion of subjects
» Who maintained DAS28-ESR <3.2 for Weeks 12-24

» With CDAI <10 at Week 12
» Who meet criteria for ACR20 at Week 12

» Time to disease activity flare for Weeks 12-24
» Summary of general safety profile (including the below) by study period and

the entire study
» AESs (serious and nonserious) » Vital signs

» Laboratory assessments
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Abbreviations: ACR, American College of Rheumatology; ACR20, 20% improvement in ACR criteria; ACTH, adrenocorticotropic hormone; AE, adverse event; CDAI, Clinical Disease Activity Index;
DAS28-ESR, Disease Activity Score with 28 joint count and ESR; DMARD, disease-modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; EULAR, European League Against Rheumatism;
LDA, low disease activity; MTX, methotrexate; RA, rheumatoid arthritis.




A Multicenter, Randomized, Double-blind, Placebo-Controlled Study to Assess the
Efficacy and Safety of H.P. Acthar® Gel in Subjects With Persistently Active
Systemic Lupus Erythematosus (SLE) Despite Moderate-Dose Corticosteroids

& Background

SLE Is a chronic, autoimmune disease
that results in widespread inflammation
and tissue damage to affected areas,
iIncluding the joints, skin, brain, lungs,
kidneys, and blood vessels;* ~1.5 million
Americans and millions more worldwide
have SLE?

One-third of SLE-related deaths in the
United States occur In patients younger
than 45 years3 despite declining
mortality rates due to improvements In
treatment and medical care

A number of medications are used In
the treatment of SLE, including NSAIDs,
antimalarials, glucocorticoids, and
Immunosuppressive agents; the primary

goal of treatment with these medications
IS to control or halt the inflammatory
process while minimizing side effects

Acthar Is approved by the FDA for use
during an exacerbation or as
maintenance therapy Iin select cases of
SLE

Results from a recent randomized,
double-blind, placebo-controlled pilot
study as well as a single-center open-
label investigation suggested that Acthar
was an effective treatment alternative
for reducing several measures of
disease activity in patients with
moderately active SLE#>

& Purpose

» The purpose of this study is provide
additional data to support the efficacy
and safety of Acthar in SLE and to
further explore the PD, potential
pharmacoeconomic, and steroid-sparing
effects of Acthar

Y YNV

& Objective
» The primary objective of this study is

to determine the ability of Acthar to
reduce SLE activity (as measured by
SRI) in subjects requiring moderate-

dose corticosteroids for persistently

active disease

or sores that appear

| of skin.

Image Source:
V, Altmeyer P, Bechara FG.

le:Lupus_pernio_01.jpg. Accessed
September 1, 2017.

& Study Population
» Diagnosis of SLE according to ACR

revised criteria

» Active SLE as demonstrated by
SLEDAI-2K score (arthritis and/or
rash)*

» Moderate to severe arthritis and/or
rash by BILAG-2004*

» Documented history or screening

result of positive ANA, ENA, or anti-
ds-DNA

» Corticosteroid use for 28 weeks prior

to screening
» Stable dose (7.5-30 mg) for

=4 weeks prior to screening

* Must be present at Screening and Randomization Visits

SLE can cause rashes

on sun-exposed areas -

Sand M, Sand D, Thrandorf C, Paech :

https://commons.wikimedia.org/wiki/Fi

& Study Design

Mallinckrodt

Pharmaceuticals

» Anticipated enrollment: ~162 subjects

Screening
(4 weeks)
: I
: I
: Acthar : Foll
: (1 mL [80 U] QOD for 4 weeks; Ollow-up
| then 2x/week for 20 weeks) ! | (4 weeks [+ 5 days])
|
I | I
[ ' [
Placebo ; | Eoll
R (1 mL QOD for 4 weeks; then | ! Ooliow-up
2x/week for 20 weeks) ! (4 weeks [£5 days])
| | |
I ' I
[ ' [
I ' I
= B T o s
' 1 (4 weeks [ 5 days])
|
| |
| ! |
-28 -1 Week 16 Week 24
Screening
(days)
izati Primary endpoint
Randomization y P Follow-up

(Acthar:Placebo = 1:1) assessment

& Study Endpoints

Primary Endpoint
» Proportion of responders as assessed by Systemic Lupus Erythematosus
Responder Index (SRI) at Week 16

Secondary Endpoints
» Time to first response as assessed by SRI

» Change from baseline over time (Weeks 0 to 16) in the following disease activity

measures

» SLEDAI-2K
> PGA

» Total BILAG-2004
» CLASI activity score (CLASI activity score at baseline)

» 28-Joint Count (tender and swollen; tender and swollen joints at baseline)
» Proportion with decrease 24 points from baseline in SLEDAI-2K (Weeks 0 to 16)

» Summary of safety measures including
» Vital signs
» Laboratory assessments

» AESs (serious and non-serious)
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Introduction

Corticotropin (adrenocorticotropin, or ACTH) Is the
principal regulator of production of glucocorticoid
hormones from the adrenal cortex. The discovery of
anti-inflammatory properties of such glucocorticoids led
directly to the use of ACTH preparations as therapeutic
agents to augment endogenous glucocorticoid
production; HP Acthar® Gel (repository corticotropin
Injection, RCI) is FDA approved for the treatment of
certain Iinflammatory and autoimmune diseases. Both
clinical observation (1,2) and experimental evidence (3)
have, however, suggested that augmentation of
endogenously produced glucocorticoid levels might not
be the operative mechanism underlying all RCI effects.
We used RNA-Seq methods to define the effects of RCI
on human B lymphocytes at the molecular level and to
compare the changes in gene expression resulting from
RCI treatment with those resulting from glucocorticoid
exposure.

Methods

Cell preparation and culture: Peripheral blood B cells
from healthy volunteers were Isolated with magnetic
CD19 MicroBeads (Miltenyi Biotec). Cells were plated at
0.5-1.0 x 10%/ml and stimulated with 10 ng/ml IL-4 and 2
ug/ml recombinant human CD40L (R&D Systems). Cells
were also treated with either: (A) RCI (Mallinckrodt ARD,
Inc.) at concentrations of 0.124 uM, 1.24 uM or 2.49 uM,
(B) placebo gel identical to RCI but lacking active drug
(Mallinckrodt ARD, Inc.), (C) dexamethasone (Dex) at 10
nM concentration, or (D) ethanol vehicle control for Dex.
Cells were harvested at 19-24 hours.

RNA isolation, library preparation and sequencing: RNA
was Isolated from cells (RNeasy Mini Kit; QIAGEN),
guantitated (Nanodrop 2000c spectrophotometer), and
qguality was determined (Agilent 2100 BioAnalyzer). A
barcoded cDNA library from each sample was prepared
using the TruSeq Stranded Total RNA with Ribo-Zero
Gold Library Prep Kit (lllumina). Libraries were pooled,
diluted, denatured, and loaded onto TruSeq SR v3 flow
cells on an lllumina HiSeq 2500 for sequencing.

Quality control, mapping, quantification of RNA-Seq
reads: lllumina CASAVA pipeline v1.8 was used to
extract de-multiplexed sequencing reads and FastQC
was used to validate raw sequence data. After alignment
to the reference genome using TopHat (v 2.0.9) the read
counts were calculated with HTSeq.

Differential gene expression analysis:
package v3.1 with edgeR was used to
differentially expressed genes, comparing RCI
placebo gel and Dex with its own vehicle control.

RUVSeq R
identify
with

Analysis of Interactions and Overrepresentation of
Functional Pathways among RCI- and Dex-requlated
MRNAS

STRING (Search Tool for the Retrieval of Interacting
Genes/Proteins) was used to analyze potential
relationships among the mMRNAs modulated by RCI or
Dex (3). Interactions were quantitated using STRING by
combining the probabilities from the different evidence
channels and corrected for the probability of randomly
observing an Interaction. Evidence channels include
experimental data from BIND, DIP, HPRD, IntAct, MINT,
and PID and curated data from BioCyc, Gene Ontology
(GO), Kyoto Encyclopedia of Genes and Genomes
(KEGG), and Reactome. Overrepresentation of gene
products In specific GO and KEGG pathways was
assessed using STRING.
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Placebo Treatment
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Repository corticotropin injection exerts direct acute effects on
human B cell gene expression distinct from the actions of

glucocorticoids
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Figure 1. Dose-dependent effects on gene expression
iIn 1L4/CD40L-activated human B cells resulting from
treatment with RCI or Dex. Data are shown as
expression relative to levels observed Iin cells treated
with respective placebo. A) Transcripts up regulated
by RCI or Dex at concentrations as shown. (B.)

Transcripts downregulated by RCI or Dex at
concentrations as shown.
100- 1 0.124 pyM A
: 1.24 uM
e | Bl 249 pM
28 |
-éé T i
HI| I|\|\‘\|
1&;@4 & & ‘g\;: FELL L OF RS &

\/
& Q“@o‘z‘
\g F e O i %4'*6«0
3 & F N @\Q' ¢

F «é

B 1.24 uM
0.6- Bl 249 uM B

0.4-

0.2-

Expression Relative to
Placebo-Treatment

Figure 2. Dose-response relationships for mRNAs
modulated by RCI in IL4/CD40 ligand-activated human B
lymphocytes. Mean = SEM for three RNA-Seq expts.

A) Expression relative to the level observed in placebo
gel-treated cells for mRNA transcripts that were
iIncreased by treatment with RCI doses of 0.124 uyM,
1.24 uM, and 2.49 yM.

B) Expression relative to level In placebo gel-treated
cells for mRNA transcripts that were decreased by
treatment with 1.24 uM and 2.49 yM RCI.
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High-dose corticotropin (ACTH) versus
prednisone for infantile spasms: a prospective, randomized, blinded study.

2014 Mechanisms of action of ACTH in the
management of relapsing forms of multiple sclerosis. Ther Adv Neurol Disord

1 Transcript

115 Transcripts

55 Transcripts

88 Interactions
(34 expected; p = 1.2 x 1014

17 interactions
4 (7 expected; p =8.3 x 104)

0 GO Biologic Process
Pathways

13 Gene Ontology
Biologic Process Pathways

0 KEGG Pathways

3 KEGG Pathways

UP-REGULATED BY DEX

UP-REGULATED BY RCI

Figure 3: STRING network analysis of mRNAs
upregulated by RCI or Dex in IL4/CD40L-activated
B cells cultured for 19-24 hrs. Shown are (1) the
total number of transcripts upregulated, (2) the
number of interactions among the encoded proteins
identifled by STRING from experimental and
curated databases, (3) the number of GO Biologic
Process Pathways found to be significantly over-
represented in the regulated gene set, and (4) the
number of KEGG pathways found to be
significantly over-represented in the regulated gene
set. Only one mRNA, encoding glutathione-S-
transferase u3 (GSTM3), was upregulated In both
RCI- and Dex-treated B cells.

3 Transcripts

81 Transcripts

18 Transcripts

47 interactions
(25 expected; p = 5.21 x 10)

2 interactions
(1 expected;
p =0.187)

79 Gene Ontology
Biologic Process Pathways

0 GO Biologic
Process Pathways
0 KEGG Pathways

25 KEGG Pathways

DOWN-REGULATED
BY DEX

DOWN-REGULATED BY RCI

Figure 4. STRING network analysis of mMRNAs
downregulated by RCI or Dex In |L4/CD40L-
activated human B cells In culture at 19-24 hours.
Data are presented as in Figure 3. Only three
MRNAs (MACROD2, PARM1, and TNFSF11) were
downregulated in both RCI- and Dex-treated B
cells.

Conclusions

These experiments identify specific mRNAs that
are modulated by RCI treatment during B cell
activation by IL4 and CD40 ligand in vitro.

« Our findings confirm that RCI exerts effects
directly on mRNA expression in human B cells
under glucocorticoid-free conditions.

« We found only negligible overlap between the
sets of human B cell mMRNAs whose levels were
modulated by RCI action and those that were
modulated by glucocorticoid action.

« We show that specific biologic pathways of B
cell function are significantly altered by RCI
treatment, and that these pathways are distinct
from any modulated by the action of
glucocorticoids.




Health Care Resource Utilization and Costs for Sarcoidosis in a Commercially Insured US Population
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» BACKGROUND/PURPOSE » RESULTS » RESULTS

Sarcoidosis is a multisystem inflammatory disorder characterized Study cohort: 7,119 patients with sarcoidosis and 7,119 matched patients in the control cohort Sarcoidosis patients had 41% higher medical costs and 30% higher work-loss costs in the outcome period than matched controls (Figure 3)
by granulomas .(C'“"!F’S of immune system cells), usually in the After matching, the pairs of sarcoidosis and control patients had similar demographics, comorbidities, and health care utilization during the
lungs but sometimes in other organs. baseline period _ _ _
P ' Figure 3. Annual Medical and Work-Loss Costs Per Patient
Patients with sarcoidosis have a lower quality of life and a Compz)ared wit? controls, gqrcoidczsis patieonts had higher rates of essential (primary) hypertension (35.3% vs. 32.0%), interstitial lung disease v
higher risk of comorbidities (e.g., lung disease, skin disorders, (20.8% vs 2.5%), and uveitis (5.1% vs 0.4%). Work-loss days’ _ | o
and cardiac complications). Health care resource utilization: = Medically Related Absenteeism = Disability Days GG = Medically Related Absenteeism = Disability Days
: : : : .. : : : 16 '
. : N Sarcoidosis patients had 4.2 more medical visits than matched controls during the outcome period, a 22% difference.
This study estimated the health care resource utilization and - N _ _ _ N 14
costs (direct health care costs and indirect work-loss costs) of Each additional visit was associated with $1,236 in additional costs. _ $3,000
: . . 12 2] ’
sarcoidosis to commercial payers. Sarcoidosis patients had 37% more inpatient admissions, 15% more emergency department visits, and 22% more outpatient/physician office 2 3
. : . : .. . : S < $2,000
Sarcoidosis patients were significantly more likely than controls to visit specialists (Figure 1). < 8 E
» METHODS S 6 =
Figure 1. Specialist Visits $1,000
Data source 4
m Sarcoidosis Patients = Control Patients
40% 2

De-identified health care utilization records from OptumHealth
Care Solutions, LLC, for more than 19.1 million beneficiaries
with commercial insurance from 84 Fortune 500 companies

$0

: ) : . rcoi Is Patient ontrol Patient
30% Sarcoidosis Patients Control Patients Sarcoidosis Patients C ents

*Difference in work-loss days = 4.6 days (P = 0.001) “Difference in work-loss costs = $761 (P < 0.001)
20% 38.3%
28.7% Disability and medically related absenteeism Clinical Outcomes
10% 15.8% Sarcoidosis patients had 4.6 more days of work loss than matched controls (15.9 Sarcoidosis patients had significantly higher rates of comorbidities and
days vs. 11.3 days), 2.9 more disability days (7.5 vs. 4.6), and 1.8 more days of prescription drug use during the outcome period than matched controls.
0%

Definitions

Study period: January 1, 1998, to March 31, 2015

% of patients with at least 1 visit

Index date:
o _ _ o _ medically related absenteeism (8.4 vs. 6.7). _ o _ _
Sarcoidosis patients: Date of earliest sarcoidosis diagnosis Pulmonologist Ophthalmologist Cardiologist Gastroenteroenterologist Rheumatologist Direct and indirect burden of sarcoidosis:
_ : : *P < 0.001 Sarcoidosis patients had $3,288 in annual work-loss costs, $761 (30%) more Sarcoidosis patients impose a total direct medical cost burden of up to $8.7
Control group: Date of a randomly selected medical claim than controls ($2,527). billion on commercial payers, or up to $2.3 billion in excess costs compared with
Cost differential matched controls (Figure 4).

Baseline period: 12 months before index date

_ _ Commercial payers incurred $19,714 in total annual health care costs per sarcoidosis patient during the outcome period, $5,190 (36%) more than
Outcome period: 12 months after index date controls (Figure 2).

Figure 4. Direct and Incremental Medical Burden
Over 50% of the additional costs were due to outpatient/physician office visits.

Sample : C : L . )
| | | | | | - Annual cost for outpatlent/.physmlan office visits for sarcoidosis patients: $9,050 Total direct medical burden:
Sarcoidosis group: Patients with at least one diagnosis of - Annual cost for control patients: $6,296
sarcoidosis during the study period Nearly 40% of the cost differential was due to inpatient admissions; each additional admission was associated with $18,980 in additional costs. Total per-patient healthcare cost among Prevalence of sarcoidosis in the US Number of adults in the US covered by Total estimated direct medical cost
sarcoidosis patients 48330 Ty commercial insurance burden of sarcoidosis in the US
_ : : : . : : : ] ] ] ] —330 sarcoidosis cases
ﬁ]zn;{l?cliygggrllj(?d Patients with no sarcoidosis diagnosis during Figure 2. Total Annual Health Care Costs* Per Sarcoidosis Patient $19,714 per sarcoidosis patient per 100,000 persons 133.9 million persons $1.3 —$8.7 billion

Both groups: Aged 18-64 on the index date m QOutpatient Visits = Inpatient Admissions  ® Emergency Department Other Visits  m Prescription Drugs

Incremental direct medical burden:

Matching: Each patient in the sarcoidosis cohort matched to a
patient in the control cohort with the same Charlson
Comorbidity Index (composite measure of health status), Sarcoidosis Patients e 506
availability of work-loss data, and propensity score

Incremental per-patient healthcare cost Prevalence of sarcoidosis in the US Number of adults in the US covered by Total incremental direct medical cost
(sarcoidosis minus control) g@ commercial insurance burden of sarcoidosis in the US

48-330 sarcoidosis cases

$5,190 per sarcoidosis patient per 100,000 persons 133.9 million persons $0.3 -%$2.3 billion

AL
A » SUMMARY
Incremental cost

QOutcomes measured

Health care resource use and costs (assessed from the payer

- Control Patients o/ 0
erspective eP 6% 17% . . _ I .
PErsP ) $5,190 Sarcoidosis patients had significantly more healthcare resource utilization compared with matched controls
!nfdirect _work-lqlssblcc)Jsts (estimated for patients with disability Y g The excess resource utilization among sarcoidosis patients resulted in a 36% increase in annual healthcare costs compared with matched controls
information available
$Ok $2k $4k $6k $8k $10k $12k $14k $16k $18k $20k Sarcoidosis patients in the US impose a total direct medical burden of $1.3 to $8.7 billion (in 2015$) to commercial insurers, amounting to $0.3 to $2.3 billion in
Sarcoidosis-related clinical characteristics *All comparisons significant at P = 0.001 excess costs over matched controls

Podium presentation at The Second International Conference on Respiratory and Pulmonary Medicine. October 17-19, 2016. Chicago, IL.

Journal publication: Rice JB, White A, Lopez A, Conway A, Wagh A, Nelson WW, Philbin M, Wan G. Economic burden of sarcoidosis in a commercially-insured population in the United States. J Med Econ. 2017 Jul 21:1-8. doi: 10.1080/13696998.2017.1351371. [Epub ahead of print]
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Non-infectious inflammatory eye diseases (IEDs), such as uveitis, are rare conditions Literature Identification Criteria Summary Statistics Treatment Options for Non-infectious Inflammatory Eye Diseases Economic Outcomes
with estimated incidence rates of 24.9-52.4 cases per 100,000 patient-years and _ _ o | o |
annual prevalence rates of 58.0-115.3 per 100,000 patient-years?? Figure 2: Ovid search criteria Of the 39 papers extracted, the study designs were as follow: 21 clinical trials, Systemic treatments (immunomodulators, biologics, and/or oral corticosteroids) Figure 6: IED Economic Outcomes
. . . . - : / retrospective database analyses, 6 literature reviews, 3 chart reviews, and are generally considered effective at treating inflammation associated with IEDs>
10% of the over 65 population who are registered as legally blind can attribute r : - : Clinical, medical, or 2 pati _
Al _ I Non-infectious IED Clinical trials : patient surveys . . . . . . Economic Outcomes
their vision loss to IEDs and their complications? economic burden Corticosteroids are typically used as the first-line drug of choice, however,
The primary goal of the treatment of IEDs is to prevent permanent vision loss At least one of the following: Ovid publication type is “complications” Figure 3: Paper counts IED patients treated with corticosteroids had a significantly higher level of
P Y9 P P e t bl J ) 'tP . |,,yp ol P Cout ) diagnoses of glaucoma, cystoid macular degeneration, and retinal detachments Among privately insured patients, average cost for non-infectious uveitis patients was
Other treatment goals include relieving ocular pain, eliminating ocular inflammation o:insezr:ga oy OPAtHaimic “U\_/e_' > ? : . Ao “C niea qu?ciomes No. of papers following initiation of treatment and the literature suggests that patients are not between $13,728 to $32,268 in 2009 dollars (or, $16,302 to $38,318 in 2016 dollars),
or identifying the source of inflammation, preventing the formation of synechiae, and . , cunicat tria eConomic: remaining appropriately treated® or 3.1 to 8.3 times the costs of an average patient®
managing intraocular pressure* inflammatory ocular disease il Jikell, [Pisse lourlen
ging P “inﬂammatory eye disease” “clinica tria’ Dhase II” “resource utilization” Unlque results from Ovid search 288 Pa.tientS whose Iinflammation iIs not .COntrOI!ed with COI"[iCOSteI’OidS, often turn |npatient admissions were 83% h|gher for pa’[ients receiving corticosteroid treatment
Because of the breadth of treatment options and research in recent years, the “uveitis” “clinical trial, Phase III” “cost$” Exclusion criteria to Immunosuppressants as a “steroid-sparing” therapy. These drugs have been than those receiving therapy with biologics, 44 vs. 24 admissions per month per
objective of this study was to conduct a systematic literature review on the burden “keratitis” “clinical trial, Phase IV lost productivity” Sopulation not of-interest 54 shown to be effective at controlling inflammation, but many ophthalmologists are 1000 patients®
-i | | | | Ifi INi “clini ial” in ti “disability” . . . rel n Immun I n her perceived risk jally in
of non |r_1fect|ous iInflammatory eye dlseas_es, v_vlth_a specific focus on cllnlgal and !r!t|s . OR “clinical trial” in title/ disability -ocus other than non-infectious inflammatory eye diseases £3 eluctant to use immunosuppressar ts d_ue to other perce _ed sks (especially _ _ _ _ _ . _ -
economic outcomes to better capture the implications of IEDs and the variety of “iridocyclitis” abstract “medically-related _ _ younger patients), including potentially increased cancer risk and safety concerns Healthcare costs for patients with non-infectious intermediate, posterior or panuveitis
treatment options utilized “choroiditis” absenteeism” nappropriate study design 53 during pregnancy and the postpartum period’ are 3.5 to 5.1 times those of matched controls without the conditions?'?
“anti it “ - i nappropriate publication type /8 . . . . . . .
optic neuritis quality of life ppropriate pu _' onyp There is a general consensus against using biologics as a first-line treatment,® Implants up-front cost was $22,700 to $43,100 during first 6 months), compared
“chorioretinitis” “*QALY?” Outcomes not of interest 6 : _ : - . - . !
due to high costs ($13,000-$20,000/year) and a perceived lack of efficacy and to $7,700 to $8,100 with systemic therapies™
‘ METHODS “anterior segment “pharmacoeconomic?” Non-English 0 safety evidence? ’ ’
nflammation* ‘prices’ Final count of papers extracted 39 - - - - - Implants were associated with increased rates of adverse ocular events compared
Fiqure 1° Stud roach AND at least one of the following: “cost-effectiveness analysis” Pap Finally, implants represent a technological advancement relative to systemic P . . L . A 0 mp
gure 1: Study approac cnon-infectiols” NOTE: Papers were excluded sequentially following these criteria. The above counts reflect both the title/abstract screen and the full-text screen. treatments, but give rise to numerous additional considerations to system;c cor_tlcostermds,( |2rgél/ud|ng4§/a)t§ract surgery (80% vs. 31%) and intraocular
| ” _ _ _ _ _ _ pressure-lowering surgery o vS. 4%
autoimmune Figure 4: Types of treatment options examined for non-infectious — Increased rates of adverse events relative to systemic steroids in some patients
Inflammatory eye diseases j i i 11 ithi |
dentification papers identified through Ovid Cevmvorde y €y (including cataracts, elevated intraocular pressure, glaucoma) The general_ consensus among these papers was that, vylthln re_latlvely |
yw : . . . narrowly-defined disease areas, the adverse effects associated with chronic
P titles/abstracts were searched to identify those with at least one keyword Steroids - Large upfront costs, but potentially lower maintenance costs over time, as steroid use may be costly
aper i . . . 4 - . Y projected by an economic model, despite higher rates of adverse events*® o |
for non-infectious |nﬂammat0ry eye disease AND represents clinical trial OR Includes | | | | o | — These f|nd|ngs have been documented for selected disease areas
_ relevant keywords for clinical or economic outcomes — Given the increased risk of adverse events, patients with implants require (e.g., panuveitis, posterior uveitis®), yet the literature is silent on the
Papers included after Reasons for exclusion - L Immunosuppresants _ “close monitoring” which can increase the costs of outpatient visitst! economic burden of non-infectious inflammatory eye diseases more broadly
title/abstract screenin —®  _ Population not of interest Additional criteria: . e . .
9 _ _ . — Adverse events associated with implants included costly (surgical)
— Focus other than non-infectious Papers were further restricted g ftreat fg13
Screening ¢ | | v de — Date range: 2011-2016 for non-clinical trials; 2009—-2016 for clinical trials
Inappmpr!a © 3 ubl'y =sign (expanded date range to include the MUST trial) Clinical Outcomes: Common Adverse Events <4» CONCLUSIONS & IMPLICATIONS
Papers included after -~ ° pmp”atetpi ' Kt:auor: o - Non-conference abstracts only Slologies _ ° Figure 5: Common adverse events
full text screenin — vutcomes hot ot Interes . . . ' ' iti iant's visi
g  Not English _ Adult humans only (i.e., papers were restricted to human subjects only and Inflammatory eye diseases (IED) are rare conditions that threaten a patient’s vision
excluded if they had any of the following keyword prefixes: “pediatr$”, “infant$”, NOTES: The literatur nfirms that there | nsiderabl nomi rden lated IED
¢ " h|d$" - Y 1 $ o yh $ gt Y id P d P $ $ 1] Counts reflect papers meeting inclusion criteria following both title/abstract review and full-text review. Outcomes / adverse event # of papers Prevalence range < literattre €o > tha ere Is a considerable economic burden associated >
chl , Or Juveniies,” where o represents a wild car ) 2 It:’ap_ers rzv_ieyvirlgdmL;Itipl_edtreatment options are included multiple times in the counts above. The “steroids” category includes both — Health care cost of IED patients 3 to 8 times higher than an average patient
systemic and injected steroias.
Papers included Review Process 3] Examples of immunosuppressants studied in the final selection of papers include azathioprine, cyclosporine-A, and Glaucoma/elevated intraocular pressure 31 3%—-65% — npatient admissions were 83% h|gher for corticosteroid treatment than biologics
Included g ad cyclophosphamide; examples of biologics include infliximab and adalimumab.
e SHIIMAtiee Reviewers: Key Themes Cataracts 17 204—-91% IED treatment, in particular corticosteroids, had many of the same adverse ocular
“ | o . | S | Titles and abstracts resulting from the literature identification criteria were assigned Cost and comparative effectiveness of newer treatments for the _ ; outcomes that treatments are supposed to prevent
NOTE: [1] The “populations not of interest” which were excluded were the pediatric population and patients with infectious eye diseases. to tWo reviewers - | various types of IEDS Retinal detachment 6 11% AFE rates of different corticosteroid administrations may differ tremendously
= . . . . . . enera ., = . . . " -
Literature Databases Reviewers \_/vor_ked m_dependentl_y and were given deta_lled Instructions on the research focus Clinical outcomes among patients with IEDs generally, as well Endophthalmitis 5 1%—-5% -4 C:<Ut fof 5 tsterpld tmp!gmt patients had cataract surgery after 2 years; 3 times the
. . S : : - - ¢ - risk of systemic steroids
The Ovid search platform (Wolters Kluwer) was used to search medical and scientific inclusion criteria; reviewers confirmed the initial inclusion criteria of included as |[ED patients receiving specific therapies Hypotony A 50, y g | | |
databases for papers of interest Upon furth_er review of the full text, certain papers were excluded from further articles Treatment options assessed include implants and systemic —loutof4 s_ter0|d |mp_lant patients _had mtr_aocular pressure-lowering surgery after
— The Ovid platform is a commonly-used search platform for systematic literature consideration (see below) treatments (steroids, Immunosuppressants, biologics) Hypertension 4 Not reported 2 years; 8 times the risk of systemic steroids
reviews, and includes search capabilities across a range of journal articles and Reviewers extracted information from papers based on pre-determined templates Studi . . . . . | Despite ocular AEs, long-term corticosteroid use remains common, indicating that
! . tudies with steroid therapies report numerous negative clinical - - o :
other publications, including those not indexed by MEDLINE in Excel findings P P 9 Hyperglycemia 2 2o% providers may not be intensifying therapy appropriately
. . i i I . . . " " . . . = . = I O - 0
Databases accessed through Ovid platform: ? ;);Oject manager reviewed the extractions and worked to resolve inconsistencies, (_len_lcal Non-steroid therapies may be associated with improvements in Ocular hypertension 2 12%—28%
— Ovid MEDLINE In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily, y findings ocular comorbidities, which may result in lower health care costs Decrease in visual acuity , Not reported
and Ovid MEDLINE Inclusion criteria: and reductions in health care resource use ‘ REFERENCES
— Embase Focus of the paper on non-infectious inflammatory eye diseases Arthralgia - Not reported
_ Cochrane Central Register of Controlled Trials Approoriate studv desians (exclude papers with N < 40 The majonty of economic papers assess the cost or Compara’uve Acharya NR et al., JAMA Ophthalmology, 2013. Heo. et al., Expert Oplnl.on on Biological Therapy, 2012.
_ Cochrane Database of Svstermatic Reviews PPOP y designs ( | p. P | ) o | effectiveness of treatment options, as well as outcomes among IED treatment, in particular corticosteroids, is associated with numerous adverse fﬂztélii;”;go”sl\ﬁ’ Zczggha'mo'ogy’ 2004 gz;greetta;'l’ Eggﬁ;j;‘gﬁgyofzzgztha'mo'ogy’ 016
y _ Papers other than non-systematic reviews without expert opinions, conference Economic patients with IEDs following specific treatments events (AEs), with frequently-cited AEs including glaucoma, elevated intraocular American Optometric Association, 1994 parekh et al., JAMA Ophthalmology, 2015.
— Cochrane MethOdOIOgy Reg|5ter abstracts, or abstracts pUb“Shed without an accompanying full-text article flndlngs \Very few papers assess the economic burden of IEDs broadly; pressure, cataracts, and retinal detachment Gui et al., Ocular Immunology and Inflammation, 2015. Thorne et al., Acta Ophthalmologica, 2016.
. : : It : : . - - Chu et al., Journal of Ophthalmic Inflammation and Kempen et al., Ophthalmology 2011
— NHS Economic Evaluation Database English only significant costs to the payers differences across papers in study populations, therapies, and study designs Shaw, American Academy of Ophthaimology, 2011. Science, 2015.
pPap y POP P y 9
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» ABSTRACT » METHODS

Background/Purpose: Repository corticotropin injection (RCI) may
produce anti-inflammatory and immune-modulatory effects. This study
examined the demographics of patients who used RCI and the trends in
medication use, specifically prednisone, after RClI initiation.

Methods: This retrospective analysis of the Symphony Health
Solutions Patient Transactional Dataset from 2008 to 2015 included
patients with at least 1 claim for RA, SLE, or DM/PM, and any use of
RCI. Patients with claims for non-rheumatologic conditions that may
also be treated by RCI, namely, multiple sclerosis and proteinuria, were
excluded. Demographics, patterns of RCI use, and concomitant
medications (corticosteroids [CS], biologics, NSAIDs, and DMARDS)
were reported. Patients were followed for concomitant medication use
from 2 years prior to and 1 year after RCI initiation. Paired two-tailed t-
tests were used to calculate the p values for the use of each drug class
before/after RCI initiation.

Results: Out of 2.7 million rheumatologic patients in the database
over 6 years, there were 2,749 patients who used RCI — 1,269 RA
patients, 874 SLE patients, and 606 with DM/PM (Table 1). SLE patients
were younger than RA and DM/PM patients, and most of the patients
were female for all 3 conditions. The majority of patients received 80U
of RCI twice weekly. The study identified 504 RA, 322 SLE, and 222
DM/PM patients with sufficient follow up time to evaluate concomitant
medication use. For all 3 conditions, the proportions of patients who
used any CS were significantly lower after RCI initiation: reduced from
67% pre-index to 54% post-index for RA, from 73% to 58% for SLE, and
from 76% to 58% for DM/PM (p < 0.05 for all comparisons, Figure 1).
Proportions of patients on biologics and DMARDs were also
significantly lowered after RCI initiation. In Figure 2, among patients
who had taken CS consistently 24 weeks before RCI initiation, dose
reductions were statistically significant for RA (28%), and trended lower
without statistical significance for SLE (25%) and DM/PM (25%).
Limitations of the retrospective analysis include uncertainties in
diagnosis, medication use, and factors influencing medication changes.

Conclusion: This claims-based study of patients with RA, SLE, and
DM/PM indicated that RCI use may be associated with significant
reductions in CS requirements.

Study Design and Data Source

This study used data from the Symphony Health Solutions claims
database, which captures health events in 17 out of every 20 persons in
the U.S. with any insurance types, including Medicare and Medicaid.

Pediatric and adult patients newly initiated on RCI were included in
the analysis if they had at least one claim for the following International
Classification of Disease, Ninth Revision (ICD-9) diagnosis codes:

RA (ICD-9 code 714.0, 714.30, 714.31, 714.32, 714.33)
SLE (ICD-9 code 710.0)
DM (ICD-9 code 710.3), and PM (ICD-9 code 710.4)

Patient characteristics were reported for the overall study population

A subset of patients were followed longitudinally to study medication
use patterns. Those with insurance claims two years prior to the first
RCI use and one year after the last RCI use were included.

Statistical Analysis

Paired two-tailed t-tests examined the use of CS, biologics, NSAIDs,
and DMARDs during 6 months before and 6 months after RCI initiation.
The mean prednisone dose pre-RCl and post-RClI was compared
among patients who received prednisone prior to RCI initiation.

» RESULTS

Table 1. Patient Characteristics of the Overall Population

Patient Characteristics

Number of patients on RCI 1,269

Age, Mean (Years) 59.1 48.1 55.5
Female 78% 89% 70%
RCI dose of 80U twice weekly 58% 57% 68%
RCI dose of 200U weekly 12% 15% 16%
RCI duration, Mean (Days) 115.7 129.2 157.1

LE DM/PM
874 606

From the overall population, there was a subset of 504 RA, 322 SLE,
and 222 DM/PM patients evaluated for the use of biologics, NSAIDs,
DMARDSs, and CS before and after RCI use.

The proportion of patients on prednisone after RCI use decreased
from 67% of patients to 54% for RA, 73% to 58% for SLE, and 76% to
58% for DM/PM. The declines were significant for all three disease
groups, as indicated by p value <0.05 (Figure 1).

The use of NSAIDs, DMARDSs, and biologics decreased significantly
In RA and SLE patients. The use of DMARDs decreased significantly in
DM/PM patients (Figure 1).

» BACKGROUND/PURPOSE

RCI works by stimulating the adrenal cortex to secrete cortisol,
corticosterone, and aldosteronel. Additionally, it has been shown that
RCI binds to and activates all five known melanocortin receptors
(MCRs)?. Thus, RCI may produce anti-inflammatory and immuno-
modulatory effects by directly activating MCRs.

The purpose of this study was to analyze prescription use patterns in
patients with rheumatologic conditions and to examine the trends of
concomitant medication use, especially prednisone, after RCI
administration.

Figure 1. Medication Use Before and After Repository Corticotropin Injection (RCI) Initiation

m Corticosteroids = DMARD

26% 31%

RA, 6 months
before RCI

RA, 6 months
after RCI

SLE, 6 months
before RCI

NSAID m Biologics

1%

2%

SLE, 6 months
after RCI

DM/PM, 6 months
before RCI

DM/PM, 6 months
after RCI

* denotes p<0.05. Sum of column >100% because patients received multiple medications concomitantly

Figure 2. Corticosteroid (CS) Dose Trends in Patients who had 24 weeks of Consistent Use before Repository Corticotropin
Injection (RCI) Initiation

RCI
Initiation

N
o
|

=
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|

o1
|

o

CS Dose (mean mg/days of supply)
H
o

- Q8 - Q7 - Q6 - Q5 - Q4 - Q3 - Q2 -Q1 + Q1 + Q2 + Q3 + Q4

Time

Number of patients 201 131 121

CS Dose 1Q Pre-RCI, Mean + 95% ClI 15.86 £ 1.71 17.39 £ 2.27 17.31+£2.18
CS Dose 1Q Post-RCI, Mean £ 95% ClI 11.47 £ 1.63 13.05 + 2.27 12.98 £ 2.34

» RESULTS » CONCLUSION

This claims-based study indicates that RCI use might reduce the use of
prednisone, DMARDSs, and biologics. Further prospective study is needed
to determine the impact of such reductions.

Among RA patients who had taken prednisone consistently 24
weeks before RCI use, the mean prednisone dose significantly
decreased by 28% at 12 weeks (or 1 quarter) after RCI initiation (15.86
+ 1.71 mg per day to 11.47 £ 1.63mg per day) (Figure 2).

» ACKNOWLEDGEMENT

In SLE and DM/PM, the mean prednisone dose trended lower with
25% reductions but without statistical significance (Figure 2).

» LIMITATIONS

Factors such as co-morbidities and disease activities might have
influenced medication changes.

Diagnoses and medication use were derived from information in
outpatient, institutional, and pharmacy claims. As a result, no
information was available on the diagnostic certainty or disease activity.

No information was available on clinical consequences of decreases
In concomitant medication use after RCl administration.

Further prospective study will be needed to address disease
activities during and after RCI use and to determine clinical impact of
reduction in prednisone use.
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A Multicenter, Randomized, Parallel-Group, Double-blind, Multiple-Dose, Mallinckrodt
Placebo-Controlled Study to Assess the Efficacy and Safety of MNK-1411 in Male Pharmaceuticals
Subjects 4 to 8 Years of Age With Duchenne Muscular Dystrophy (DMD)

<& Background - @ Objectives - @ Study Design

DMD is an X chromosome-linked
disease that causes progressive

muscle loss and leads to symptomatic to determine the effect of MNK-1411 on Screening
cardiomyopathy and respiratory - motor function in subjects with DMD e S

fallure, which both contribute to the

» The primary objective of this study is » Anticipated enroliment: ~132 subjects

. : ' ' ' 5 i *Follow-up
associated mortality!-2 P Secondary objectives include § | High dose SC 2% per week) (Week 28 [+ 7 days])
assessing the effect of MNK-1411 on i VPRI

medications to date that have and mUSC|e Strength and determining SC 2% per week) Subjects remain on dose from the double-blind phase
demonstrated broad efficacy on a :

variety of functional endpoints in

Placebo
(Low dose, volume matched,
SC 2x per week)

*Follow-up
(Week 28 [+ 7 days])

the safety and tolerability of MNK-1411

randomized, placebo-controlled in patients with DMD

clinical studies of patients with DMD> |

Corticosteroids (mainly prednisone [ . I f f _ (Low dose SC 2x per week) ' Foll
: : ,  Open-label Extension Ph *Follow-up
and deflazacort) are the only - additional measures of motor function R Placebo T eeks 2atg) T (Week 52 [ days])
: ; \ (High dose, volume matched, !

MNK-1411 is a long-acting Screening
formulation of cosyntropin acetate, a
synthetic 24—amino acid
adrenocorticotropic hormone
(ACTH1-24) analogue

A

Open-label Extension or Follow-up

A

Randomization
(MNK-1411:Placebo = 2:2:1:1)

- *All subjects will have a follow-up visit at 28 (+7) days after their last dose of study drug. Subjects who complete the study and do not enter the
- open-label extension will have their follow-up visit at approximately Week 28. Subjects who complete the open-label extension will have their follow-up
- visit at approximately Week 52.

It is hypothesized that MNK-1411 N\ e B |
may delay DMD progression by A T B | @ Study Endpoints
activating melanocortin receptors to A \ S Dri Endpoint
reduce inflammation and attenuate - N @ rimary enapoin

: . : m urce: nd. :
PRV EREECEEU N ORE FIEVRIE 0% o comphotosieasystandaszizozssoinphoosieam. > Change from baseline in the 10-meter walk/run test at Week 24
endogenous cortisol release® . Accessed August 21, 2017, 5 _
- Secondary Endpoints

In a single-center, open-label, . i o o
PK/PD, and safety study in healthy R 2 Study Population = > Change from baseline in North Star Ambulatory Assessment, 4-stair climb,
adult volunteers, IM and SC doses of & > Mal f e time to stand from supine, and quantitative muscle testing at Week 24
)/ dNK'1411 wetre Wel tolerqt?d,tan_ctlh ' Males, 4 to 8 years of age (Inclusive) : » General safety profile, including adverse events, vital signs,
adverse events were consistent wi - - - ; . - .

» DMD diagnosis confirmed by 5 immunogenicity, and laboratory assessments over the entire study

the safety profile of long-acting

cosyntropin products marketed » Complete dystrophin deficiency
outside the United States » Identifiable DMD gene mutation : <« References
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_ A _ Abbreviations: IM, intramuscular; PD, pharmacodynamics; PK, pharmacokinetics; SC, subcutaneous; TEAE, treatment-emergent adverse event.
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