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Paroxysmal Nocturnal Hemoglobinuria Paroxysmal Nocturnal Hemoglobinuria:
A Chronic Disabling and Life -Threatening Disease
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i Even in the absence of symptoms, destructive A Estimated 4,000 i Dingnosis in 80 Patents Wih PR ?
progression of hemolysis is ongoing 6,000 patients in U.S.1
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Al t 6 socturoal A 5 year mortality: 35%2 .
I Hemolysis in PNH is subtle and constant, A Diagnosed at all matched controls

24 hours a day QQ:Sr i lM;?Iag ggg .

A Hemo_glot_)lnurla is a less commonly seen A Quality of life - Pationts Wi
complication diminisheds
I ¥ patients present without hemoglobinuria:

A frogressive disease?




Objectives of

todayc

AExplain what is PNH describing the mechanisms
involved in the development of this disease.

AHow is the diagnosis of PNH made at the present
time.

A Describe the signs and symptoms associated with
chronic hemolysis in PNH patients.

AReview current therapy for PNH.
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What is PNH?

A PNH is an acquired clonal disorder resulting from a
somatic mutation in a hematopoietic stem cell

A PIG-A gene mutation leads to a decrease in or total
lack of GPI-anchored proteins

A Affected cells and their progeny (PNH clone) lack
membrane-bound complement inhibitors,
specifically CD59

A PNH RBCs are vulnerable to terminal complement-
mediated lysis resulting in chronic hemolysis

PIGA =Phosphatidylinositolycan-complementation class A;
GPI=Glycosylphosphotidylinositol

The Defect in PNH
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The Somatic Mutation of the PIG A gene in the hematopoietic stem cell

prevents all GPI anchored proteins from binding to cell surface

CD59 CD55

AForms a defensive shield for RBCs APrevents formation and augments
from complement-mediated lysis instability of the C3 convertases,

Alnhibits the assembly of the attenuating the complement cascade
membrane attack complex

GPl-anchor %
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Role of complement in PNH

A The complement system is a vital component of the natural
(innate) protective immune system

A Complement is activated by 3 mechanisms which allow the
system to respond to inflammation, infection, ischemia,
necrosis, and foreign and self antigens.

AAl ways fAono

Antibody. C1

to allow rap[id

I Rapid amplification leads to powerful and destructive
immune reaction

i

Factor B.
. . . . Factor D, C3b
Natural inhibitors of complement keep the amplification in

check and prevent uncontrolled complement activity

Cytotoxicity

Control of Complement The Defect in PNH

The Somatic Mutation of the PIG A gene in the hematopoietic stem cell
BYE (5D prevents all GPI anchored proteins from binding to cell surface
CD59 CD55
Antibody. C1

AForms a defensive shield for RBCs
C4.C2

APrevents formation and augments
from complement-mediated lysis instability of the C3 convertases,
Alnhibits the assembly of the attenuating the complement cascade
membrane attack complex

GPl-anchor
Factor B

Factor D, C3b

Cytotoxicity
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Historically Viewed as a Hemolytic Anemia Hematologic forms of PNH at presentation

Normal red blood cells Without this protective

are protected from complement inhibitor AThe classic hem0|ytic form is the most common.

complement attack by shield, PNH red blood
a shield of terminal cells are destroyed - . . . .
complement inhibitors A Aplastic anemia form: patients present with a
picture of aplastic anemia: low blood counts and
femptyo bone marrow
Cor]\pler)\ent " i
Actiation I With a small PNH clone (<1%)

I With a large PNH clone

.l I These patients require first immunosuppressive
RerveecHeaderdtss therapy. If response to treatment, the PNH clone
can expand and will require anti-complement
Anemia therapy

Intact RBC

How is the diagnosis of PNH made? Testing for PNH in Red Blood Cells

A Currently flow cytometry of peripheral blood cells is ) Normal RBCOS wit

the standard method of diagnosis o d e i
AFlow cytometry can measure indirectly (no ] .

molecules attached to the GPI anchoring protein) 1 . PNH clone with complete

with anti-CD55, CD59) or directly (the absence of | . it

the anchoring protein ) using a protein that detects 1 ) -

GPI (FLAER)

PNH clone with complete
CD59 deficiency (Type il
cells) and partial CD59
deficiency (Type Il cells)

on
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Look Beyond RBCs for PNH? PNH Patient with an 80% WBC clone size and
31% RBC clone size indicating Hemolysis

A Granulocytes provide more accurate representation RBC

of PNH clone size

A Percentages of PNH RBCs may be affected by:
i Hemolysis
i Blood Transfusion

CD24- Granulocytes

PNH reports should provide quantitative results expressing
clone size on both granulocytes and erythrocytes

FLAER- GPI Anchor Binding Marker

80.1 % of Granulocytes lack GP! proteins

J etal. for International Clinical Cyt Part B Clin Cytometry. 2010; 788: 2 Data Source - Dah-Chase Diagnostic S

Consequences of Chronic Hemolysis and Free Hemoglobin

Important to Monitor Granulocytes and
RBCs Over Time

Sept 08 Dec 08 Mar 09
pr Normal red blood cells Without this protective 5
5 Thrombosis
are protected from complement inhibitor
complement attack by shield, PNH red blood N
a shield of terminal cells are destroyed Renal Failure
complement inhibitors
Pulmonary Hypertension Impact on
Survival

CD24-Granulocytes

Co2¢-Granulocyes
Co24-Granulocytes
CD24-Granulooyes

S

FLAER-GPI Anchor Marker FLAER-GPI Anchor Marker FLAER-GPI Anchor Marker Abdominal Pain

Complement

3 a 7. Gran Clone : 14. £ 23.3%

Gran Clone: Gran Clone : 7 Gran Clone : 2: e -

RBC clone: 0.8 RBC clone : 1.6 RBC clon RBC clone : 2.4% yspnea
Dysphagia

Intact RBC Fatigue
Free Hgb/Anemia

Hemoglobinuria

o33 1P o Proen o5 1 6Pt Ao Proon o "
£ Erectile Dysfunction

PNH Clone Expanded in <1 Year




Consequences of
Nitric Oxide (NO) Depletion

Reduced Nitric Oxide Can Cause

A Smooth muscle dystonias?
I Vascular constriction - pulmonary and systemic
hypertension, erectile dysfunction?
I Gastrointestinal contractions - dysphagia,
abdominal pain
A Platelet activation and aggregation®-4
I Platelet hyperreactivity
Hypercoagulability

) Haematol. 2010; May;

Thrombosis hronic Kichey Diseass Common Symptoms of PN
Thrombosis in PNH

A All patients with PNH are at risk for thrombosis

A 40% of patients experience clinical thrombotic events

A Occurs in typical and atypical site

A Is not adequately managed with anticoagulation

A Is the leading cause of death
T Accounts for 40-67% of deaths
i First thrombotic event can be fatal
T Median time to TE was 2.1-2.3 years from diagnosis
i First TE increases risk for death 5- to 10-fold
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Thrombosis Chronic Kidney Disease

Common Symptoms of PNH
Common Symptoms in Patients With PNH

PNH Symptom Incidence Rate (%)

41% Dysphagia 1

47% Pulmonary Hypertension 2
66% Dyspnea 1

57% Abdominal Pain 1

@4% Chronic Renal Insufficiency 3
47% Erectile dysfunction 1

26% Hemoglobinuria 4

40% Thrombosis 5

89% Anemia 6

96% Fatigue, Impaired QoL 1

Thrombosis Chronic Kidney Diseas Mmor mptoms of PNH

Common Sites of Thrombosis
Occur Frequently in PNH

Hillmen P et al. 1995 Hillmen P et al. 2007

YT (N=80) (N=195)

DVT or PE 33% 40%

CVA/MI 16%

Typical VTE most common
VTE in PNH

Atypical VTE more common in PNH
than in the general population®

Higher proportion of PE and/or DVT sites of thrombosis consistently found in PNH
patients i Socie et al. 1996 (29%)4 and Nishimura and Rosse. 2004 (27%)5



9/19/2017

Thrombosis Ch isease Coml ymptoms of PNH Thrombosis Chronic Kidne Disease Common Symptoms of PNH
TE Can Occur Regardless of Clone Size Kidney Disease Conclusions
A 8-18% mortality in PNH results from renal failurel

A Kidney disease in PNH is caused by hemolysis?

A 64% of patients with PNH exhibit chronic kidney disease
at any one time3
I Renal insufficiency prevalence in PNH is 6.6 times
higher than reported for the general population*

A Kidney disease is underappreciated in PNH3

20-50

PNH Granulocyte Clone Size (%)

dicine. 2004 al. Blood. 1981;Jan;57(1):83-0. 3. Hillmen P et al. Am. J. Hematol. 2010;

1 Korean National Registry. Jletal
4.t LAetal. N Engl

tal. Her

Chronic Kidney Disease Common Symptoms of PNH Thrombos Chronic Kidney Diseas Common Symptoms of PNH
Hemolysis Causes Fatigue Impact of PNH on Quality of Life

Independent of Anemia

A Many patients note a feeling of fatigue that may be disabling
during periods of hemoglobinuria.

% of Patients

A This is not related to hemoglobin level (anemia), as
it disappears when the hemoglobinurias t ops . 0

A PNH patients frequently complain of disabling fatigue
that is often out of proportion to the degree of anemia. sotomralShornest Dy erte  Fatgus

L . . . . . . . . . Dyfunction
A Multivariate analysis indicates hemolysis drives fatigue in
. A 7504 . , " .
PNH i not anemia3 75% of Patients Reported Symptoms as Moderate to Very Severe

59% patients were transfusion -free for at least 12 mo or had never been transfused
76% were forced to modify their daily activities to manage their PNH
17% were unemployed due to PNH

*Moderate to severe; N=29.
etal. B (11




Chronic K Disease

Common Symptoms of PNH

Pain is a Common
Symptom in PNH Patients

Medical Intervention
Pain,
No treatment

Opioids, /
27% Pain, 18%
@ Treatment
38%
NSAID

No pain (n=286)

Almost 3 out of 5 (58%) patients reported significant pain
47% of patients with pain required medical intervention

Treatment of PNH in 2017

A Supportive measures
i Folic acid
i Transfusions
i Anticoagulants

A Immunosuppressive therapy when associated with aplastic anemia

A Anti-complement therapy: eculizumab (Soliris) is the only treatment
approved by the FDA

A Alllogeneic bone marrow transplantation
| Curative but rarely used as upfront therapy as there is a morbidity
and mortality risk
i Used mostly in patients with life threatening cytopenias
unresponsive to immunosuppression or in patients who have
developed complications such as MDS
i Presently almost every patient can have a transplant
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Thrombosis Chronic Kidney Disease

Common Symptoms of PNH

Is Dyspnea in PNH
Linked to Pulmonary Hypertension?

A 66% of PNH patients report
dyspnea1 Chest Pain

Dyspnea
2 I I
0

Symptoms Predictive of TE in PNH Patients

A Hemolysis results in cell-free
hemoglobin and NO
consumption leading to
pulmonary hypertension23

[
o

Odds Ratio

-

A Dyspnea and chest pain are
significant predictors of TE
(P=0.009, 0.002, respectively)*

o
@

South Korean National Registry.
1) 3-1662. 3. Hill A etal. Br J Haematol, 2010;

Anti -complement therapy of PNH

A Eculizumab (Soliris) blocks the complement at the C5-9
level, only treatment for PNH approved by the FDA

A Has to be given for life, the current form is every 10-14 days
intravenously.
A Very expensive
A Long acting form of eculizumab undergoing phase 3 trials
A Rarely ineffective and due to:
T Extravascular hemolysis

i Rare patients with complement mutations that render
them insensitive to eculizumab blockage.



Soliris Blocks Terminal Complement

Complement Cascade 23 el
A Soliris binds with high affinity
to C5t2

A Terminal complement - C5a
and C5b-9 activity blocked?2

Proximal

A Proximal functions of
complement remain intact??2
A Weak anaphylatoxin24
A Immune complex clearance?

Terminal

A Microbial opsonization2

1. Soliris® (eculizum t,2011. 2. Rother RP et al. Nature Biotec
3. WalportMJ. N Eng 66. 4. Figueroa J

73% Reduction in Mean Units
Transfused Across all Subgroups: TRIUMPH

Patients not on Soli
oliris (n=43)

Median Units Transfused

(n=30) (n=35) (n=22)
4-14 15-25 =25
Pre-treatment Transfusion Strata'

= 51% of Soliris patients achieved transfusion independence vs 0% of patients not on Soliris'
= Patients with concomitant bone marrow dysfunction may continue to require minimal transfusions

*P<0.001.
Transfusion data obtainedduring 12 months before treatment; values were normalized for a 6-month period
i
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86% Reduction in LDH:
TRIUMPH and SHEPHERD

l @ TRIUMPH - Placebo/Extension
RIUMPH - Soliris/Extension
® SHEPHERD - Sol

100% response after the
first dose

24 28 32 36 40 44 48 52
Time, Weeks
= TRIUMPH placebo patients swiiched to Soliris after Week 26

= All TRIUMPH patients entered the long-term extension study
001 atall measuredtime points.

92% Reduction in Thrombotic Events

45 N=195
40
35
30
25
20
15 P=0.0001
10
5
0

Thrombotic Events (#)

Pre-Soliris Treatment Soliris Treatment

63% of patients received concomitant anticoagulants'
The effect of anticoagulant withdrawal was not studied?
Events observed in both venous and arterial sites

There were fewer thrombotic events with Soliris treatment than
during the same period of time prior to treatment:



Soliris Treatment Results in
Large and Clinically Meaningful Improvements in
Patient-Reported Outcomes

Large
Clinical
Impact

1 Moderate
Clinical

j Impact
W Small
= Clinical

J Impact

Standard Effect Size (SES)

FACIT-Fatigue* EORTC Fatigue* Dyspnea* Pain!
(P<0.001) (P<0.001) (P=0.002) (P<0.001)

PNH patients refractory to  eculizumab who can
be treated with other complement inhibitors

A Small number of patients throughout the world who have a
complement mutation that renders insensitive to
eculizumab.

A This has led to the search of other molecules/drugs that can
have an anti-complement effect different from an antibody.

A Coversin is a molecule that inhibits mutated complement.
Isolated from the saliva of a blood sucking mosquito. This
has been given a very limited number of patients.

i Given subcutaneously, although more frequently (like
insulin)

i Long acting forms can be given less frequently

i It does not trigger an antibody response
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TRIUMPH Demonstrated that Improvement in Fatigue
Occurred Independent of Hemoglobin Response

P<0.001

23 or more points denotes a clinically FACIT-Fatigue Score

significant improvement

Weeks
Soliris {n=43) —— Patients not on Soliris {n=44) —— Soliris Hgb

= In SHEPHERD, 78% patients reported a significant improvement in fatigue'

35004

30004 Patient with poor response

2500
g
£ 2000 ~— ~—
5 3 / v ~e
I 1500 ~-\%_,_xa Patient with poor response
g

10004

500+ . Patients with good response

0 1 2 3 4 5 6 7 8 g: 100 IE 1%

Weeks of Eculizumab Treatment

10
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CH50 (% of Control)

EcuNC

CovNC

EcuNC2

CovNC2

EcuNC3

Cov NC3

0.57mglkg
Change from baseline (mean)

% activity

-~ ACTIVE n=4
<@ PLACEBO n=2

[ 24 48 72 96
Hrs

At3-72hrs p<0001

Wynne H Weston -Davies et al. Blood 2014;124:4280

€ blood

Drug fug/mi) ©2014 by American Society of Hematology
@ G Publications
‘ Bone Marrow Transplant for PNH
Although BMT is the only potentially curative therapy for PNH,
BMT is associated with significant morbidity and mortality
E \ Hemolysis and thrombosis are risk factors for poor outcomes
= ) —a—PAS-Caversin iv. .
E —e—Coversin v, A Posttransplant complications such as GvHD have had a significant
L impact on quality of life post transplant
I .
E A Allogeneic BMT recommended for PNH patients with life-threatening
g cytopenias or possibly the rare patient with disabling hemolysis
3 thrombosis not controlled with existing therapy: or for patients wi
‘; develop late complications such as MDS
¢ e
ol e r—
0 5 0 1B A0 25 W B
Time [h]

DOI: 10.1021/acs.bioconjcher.6b00369

Copyright © 2016 American Chemical Saciety

Published in: Nadine Kuhn; Christoph Q. Schmidt; Martin Schlapschy; Ame Bkesajugate Cherg016,27, 23592371,
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Recent developments in BMT

A Supportive measures have improved: new anti-bacterials ,
anti-fungals, anti-virals.

A Improvement in HLA typing: currently molecular typing is
the standard

A Better methods to prevent GVHD such as ex vivo T cell
depletion on in vivo selective T cell depletion with
posttransplant cyclophosphamide.

A Use of less intensive preparative regimens: less transplant
related complications and transplant can be used in older
patients or with comorbidities.

A Everyone can have a transplant: matched related or
unrelated, unrelated cord blood, and haploidentical donors
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Outcomes of allogeneic stem cell transplantation in patients with paroxysmal nocturnal
hemoglobinuriawith or without aplastic anemia

w100 Total (n=33) §7.8  5.7%
£ 5

P

3

B

£

: ©

2

&

g

— Classic PNH (n=7) 71.44 17.1%
- PNHIAA (n=26) 9233 5.2%

Probabllity of OS (%)
8 &8 8 8

P=0.146

0
0 12 4 % 4 60 72 B %
Wonths after HSCT

100

Total (n=33) 53.4 + 8.8%

Probabilty of GFFS (%) &
EH

0 12 24 3 48 B0 T2 84 8
Manths after HSCT

European Joumal of Haematology
25 UL 2017 DOI: 10.1110/ejn. 12922
1113/ein

P12 38 3% 45 8 T2 B4 %
Months after HSCT

— Classic PNH (n=7)  42.9  18.7%
- PNHIAA (n=26)  63.519.2%
1 P=0.360

12 3 3% 42 B0 T2 B 8
Months after HSCT

Probabiity of GFFS (%)
8 & 8 8

Outcomes of allogeneic stem cell transplantation in patients with paroxysmal nocturnal
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Cyclophosphamide induction of
tolerance
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http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full
http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full

PNH: Understanding diagnosis and treatment
Conclusions

A The pathogenesis of PNH is better understood.

A This has led to progress in the development of treatment such as anti-
complement therapy with eculizumab.

A Eculizumab and immunosuppressive therapy remain the first line
therapy for the hemolytic and the aplastic form of PNH, respectively.

New molecules/drugs that have an anti-complement effect are currently
being investigated.

A Allogeneic BMT has made significant improvement in the past 10 years:
decrease in transplant related complications and almost every patient
can have a transplant with the development of new sources of stem
cells.

Long term outcomes of reduced intensity

in matched transplants for PNH
Pantinet al. BBMT 2014, 20:1435

Thank you
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