Recognize the signs and symptoms of

Paroxysmal Nocturnal
Hemoglobinuria (PNH)

Characterized by uncontrolled terminal complement activation and attack on
red and white blood cells and platelets, resulting in intravascular hemolysis
and severe consequences'

Up to 35% of PNH patients die within 6 years
despite historical supportive care.??




PNH is an acquired hemolytic disease caused by a genetic mutation PNH is an acquired hemolytic disease caused by an acquired
in hematopoietic stem cells* mutation in hematopoietic stem cells and characterized by terminal

. . = 4
e PNH has multifactorial symptoms that result in many patients experiencing a lengthy and complex path to diagnosis, with Complement—medlatEd IntravaSCUIar hemOIYSIS

high morbidity and early mortality.” In patients with PNH, an acquired mutation in the PIG-A gene prevents the production of GPI anchors and results in the lack, or

e Prevalence of PNH is estimated to be ~12-13 per million people in the general population.® reduced expression, of GPl-anchored complement regulatory proteins, leading to dysregulation of the complement system.*?!

e 24% of all PNH diagnoses can take 5 years or longer, while approximately 60% take longer than 1 year to diagnose.”

i Hematopoietic stem cells in bone marrow ------ b

e Diagnostic delay can be a source of distress and affect patients’ emotional well-being.? v v
e PNH is characterized by terminal complement-mediated intravascular hemolysis, which can lead to the devastating and Normal hematopoietic stem cells Hematopoietic stem cells with acquired mutation in PIG-A gene
potentially life-threatening consequences of thrombosis, multi-organ failure, and early mortality.! e N [ v’ ™

PNH blood cell

No GPIl-anchored complement regulatory proteins
In PNH, an acquired P/G-A mutation can lead to the complete

e PNH impacts both children and adults and is believed to affect males and females in equal numbers.*1° Normal red blood cell
GPIl-anchored complement

e The median age at diagnosis is during the 30s.!:1? regulatory proteins

e A majority of patients (80%) with PNH report experiencing fatigue, which can result in decreased physical activity and In healthy red blood cells, GPI- or partial absence of GPl-anchored complement regulatory
quality of life.3:14 anchqred complement regulatory proteins. Red blood cells Iack_lng surfa(_:e expression qf_ .
proteins (CD55 and CD59)? defend GPl-anchored complement regulatory proteins have increased sensitivity
against complement-mediated to complement attack. White blood cells and platelets without the GPI-
hemolysis.* anchored complement regulatory proteins are activated by complement attack.”
PNH is likely one of the most vicious acquired thrombophilic states known in medicine!>-'’ N RN J
e Up to 35% of PNH patients die within 6 years despite historical supportive care.?32 Clone size is the percentage (number) of blood cells that are affected by PNH. The percentage of cells that do not have

GPl-anchored complement regulatory proteins is referred to as the PNH clone size.??

PNH is characterized by terminal complement-mediated attack on red blood cells, white blood cells,

. . . . . : 2,3,17,18,b
Historical survival rates in patients with PNH and platelets, leading to severe consequences of thrombosis, organ damage, and early mortality*
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white blood cells and platelets, leading to potentially devastating consequences in PNH2°
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Thrombosis®? Smooth-muscle dystonias®?®
eg, intra-abdominal, hepatic, cerebral, eg, dyspnea, dysphagia, erectile
pulmonary, or renal thromboemboli dysfunction, abdominal pain, chest pain

End-organ damage®?
eg, chronic kidney disease, pulmonary K&
hypertension, liver damage

sSupportive care included blood transfusion, anticoagulation, immunosuppressive therapy, and bone marrow transplantation.?s tThese data reflect observations T T ,

from multiple studies conducted under different conditions and in different patient populations, which may limit generalizability. ¢Patients in the Peffault de aComplement-inhibiting proteins CD55 (decay-accelerating factor) and CD59 (membrane inhibitor of reactive lysis) defend red blood cells against complement-
Latour 2008 study were followed up to 40 years.'® “Patients in the Hillmen 1995 study were followed up to 25 years.!® mediated lysis by regulating the formation and stability of the C3 convertase and blocking the assembly of the membrane attack complex, respectively.*




An intact complement system helps to protect against infections?%%

The pattern of infectious risk varies based on whether proximal or terminal complement activity is disrupted.?5:2

Proximal complement (C3)

Deficiency of the C3 opsonic activities of proximal complement may lead to increased susceptibility
to bacterial infection?®

C3 convertase activity is an important defense against bacterial infections.?®

' N\

Infections associated with proximal complement defects primarily include?®2°;

Streptococcus pneumoniae Neisseria meningitidis Enterococcal species

Staphylococcus aureus Streptococcus agalactiae Certain fungal organisms

Escherichia coli Kingella kingae

Haemophilus influenzae Stenotrophomonas maltophilia

Terminal complement (C5)

Deficiency in components of terminal complement (eg, C5, C6, C7, C8, or C9) may impact the
formation of the membrane attack complex, such as C5b-9, and its ability to lyse certain bacteria?®

Deficiencies in terminal complement predispose the patient to infection with meningococcal and disseminated gonococcal
infections.??

( 2\

Infections associated with terminal complement defects primarily include?®2°;

Meningococcal infections

Disseminated gonococcal infections

Any deficiencies in the complement system can decrease the ability to fight infections and pathogens?6-2”

In PNH, the key consequences of clonal expansion of PIG-A mutant
HSCs are intravascular hemolysis and thrombosis!’

Proximal complement-mediated extravascular hemolysis

Proximal complement-mediated extravascular hemolysis means the lysis of red blood cells occurs
outside of the vascular system and in organs—specifically in the spleen and liver3°

e Extravascular hemolysis is caused by C3b being deposited on the surface
of defective red blood cells and tagging those cells for removal by
macrophages, which results in the destruction of those red blood cells in
the liver and spleen.3!

e This is similar to how old or damaged red blood cells are removed
from circulation, but in extravascular hemolysis, the process in PNH is
premature.3!

e This process will stimulate new red blood cell production but may result in
anemia if production cannot keep up with destruction.3!32

Terminal complement-mediated intravascular hemolysis

Terminal complement—-mediated intravascular hemolysis is the destruction of red blood cells within the
blood vessels as a result of defective red blood cells (as in PNH), complement activation, drugs, or
infection!7:31:33

e Unlike extravascular hemolysis, there are limited mechanisms to process
the cellular debris.}”3!

e When contents of red blood cells spill out into the vessels, it causes
multiple pathological consequences.!”3!

e |ntravascular hemolysis can result in marked increase in circulating
free hemoglobin as well as enzymes such as LDH.!73!

e Patients can often manifest acute, significant anemia in the setting of
intravascular hemolysis with evidence of end-organ damage, particularly
within the renal system, attributable to terminal complement fixation.!”:3!

In PNH, hemolysis can take place in two pathways: extravascular hemolysis and

intravascular hemolysis. In some patients being managed for PNH, extravascular hemolysis
may be the more prominent form of hemolysis!7:34:35




LDH is an important clinical marker of terminal complement-mediated
intravascular hemolysis and an important measure of the severity of PNH
disease activity!33637

e | DH >1.5 x ULN has been shown to significantly increase the risk for thrombosis and be a predictor of premature
mortality in patients with PNH.36.37.ab

- Patients with PNH and LDH >1.5 x ULN had a 4.8-fold higher mortality rate compared with the age- and sex-matched
general population (P<0.001).372

- LDH >1.5 x ULN alone or in combination with chest or abdominal pain has been reported to increase the risk of
thrombosis and premature mortality in patients with PNH.36:37:a

Hemolysis as measured by LDH and clinical symptoms are associated with increased risk of thrombosis
in patients with PNH36»

Compared with
LDH <1.5 x ULN + no symptom

Abdominal pain 2.8 P=0.006

LDH >1.5 x ULN + abdominal pain 17.8 P=0.006
Chest pain 2.7 P=0.022

LDH >1.5 x ULN + chest pain 19.0 P<0.001
Dyspnea 2.9 P=0.003

LDH >1.5 x ULN + dyspnea 10.3 P=0.002
Hemoglobinuria 1.3 P=0.493

LDH >1.5 x ULN + hemoglobinuria 10.3 P=0.025

Regularly assess for labs indicating hemolysis along with clinical signs and symptoms to help

diagnose PNH. Once positive for PNH, monitor LDH as it is an indicator of risk for thrombosis,
organ damage, and early mortality in PNH?.13:36:37

2A retrospective chart review of 301 patients with PNH, enrolled into the South Korean PNH registry, assessed the clinical signs and symptoms predictive

of mortality using a standardized mortality ratio compared with an age- and sex-matched general Korean population.®” °A retrospective analysis of 301 patients
from the South Korean PNH registry evaluated risk factors for thrombosis using a multivariate analysis matched for age, sex, and bone marrow failure.

Data are presented as odds ratios comparing patients with LDH >1.5 x ULN with specified symptoms to patients with LDH <1.5 x ULN and no symptoms.3¢

Patients with PNH are at risk of thrombosis regardless of PNH
granulocyte clone size and bone marrow failure3®

e Thrombosis leads to severe morbidity and is the most common cause of premature mortality in PNH.!5:36

e Clone size is the percentage (number) of blood cells that are affected by PNH. The percentage of cells that do not have
GPIl-anchored complement regulatory proteins is referred to as the PNH clone size.??

e Even PNH clone sizes <20% are associated with a risk of thrombosis.3®

Incidence of thrombosis in PNH granulocyte clone size categories3®?
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e |n a retrospective study, the incidence of thromboembolic events in patients with PNH was ~18% (54/301).26

- Thrombotic events reported in 37 patients were stratified by clone size; they occurred in 16% of the patients with a clone
size of <20%, in 19% of the patients with a clone size of 20% to 50%, and in 20% of the patients with a clone size >50%.

- The risk of experiencing thrombosis was not related to clone size (P=0.843).

Although clone size is not related to thrombosis, LDH is an indicator of disease activity, including

thrombosis, organ damage, and early mortality in PNH!:13:36.37

2A retrospective analysis of medical charts of 301 patients with PNH in a South Korean registry to describe the burden of disease, the clinical characteristics of
thrombosis, and the risk factors associated with thrombosis in PNH; N=number of PNH granulocyte clones.3¢




Signs and symptoms of PNH can include a wide range of unpredictable
and potentially life-threatening complications!3=3"2

Historically, approximately...

16% to 46%

of PNH deaths were
due to venous or arterial
thrombosis3:1838ce

Chest pain | 33%1013
Abdominal pain | 44%3%

2% to 18%

of PNH deaths
were associated with
renal failure!!3847

Hemoglobinuria | 62%!3
Erectile dysfunction® | 38%3

47 %
of patients suffered

from pulmonary
hypertension3°¢

Approximately 20% to 35% of patients with PNH die within 6 years

of diagnosis despite historical supportive care?!.cni

“The percentages for the signs and symptoms of PNH (with exception of anemia) are from Schrezenmeier 2014 and supplement: PNH Global registry with

856 patients self-reporting symptoms via a baseline questionnaire.'*38 ®Male patients only (n=410).38 °Retrospective 6-year survival in historical control patients
diagnosed with PNH between 1985 and 2005 in France (N=100). Retrospective thrombosis data presented are also from historical control group (N=44).2
9Retrospective chart review of patients diagnosed with PNH in South Korea (N=301).3” ¢Retrospective study of patients diagnosed with PNH (N=465) between
1950 and 2005 in France.!® ‘Retrospective study comparing patients diagnosed with PNH since 1966 from the United States (N=176) to patients with PNH in
a database registry in Japan (N=209).!! eData from patients with PNH enrolled in an international phase 3 randomized, placebo-controlled trial between October
2004 and June 2005 (N=87).%° "Five-year survival in patients diagnosed with PNH between 1997 and 2004 in Leeds, UK (N=30).? 'Supportive care included
blood transfusion, anticoagulation, immunosuppressive therapy, corticosteroids, and bone marrow transplantation.?3

Rapid recognition of the signs and symptoms of PNH
and early diagnosis are important to patient management??4°

The International Clinical Cytometry Society and International PNH Interest Group recommend testing high-risk patients.#-43
Patients who meet the criteria within any of the high-risk groups for PNH should be tested for PNH with high-sensitivity flow
cytometry with FLAER on peripheral blood, the standard diagnostic test for PNH.22:41:44.45

Core signs and symptoms of PNH (any of the following)®22:41:43:46

Esophageal spasms
Dark-colored urine Dysphagia
Intermittent abdominal pain

in association with 1 of the following or if the patient exhibits 1 of the following (in the absence of an above symptom)

High-risk groups associated with PNH522:41:43,46,47

B dysfuncti Unprovoked? and Hemolysis
one marrow dysfunction unexplained thrombosis Any of: 1 LDH J haptoglobin “reticulocyte count /™ bilirubin

Symptoms of anemia

(eg, fatigue, tachycardia,
shortness of breath, headache)

Thrombosis [

Coombs-negative Hemoglohinuria

venous or arterial hemolytic anemia } [ or hemosiderinuria}
: :

Unexplained Aplastic
cytopenia® anemia

With any of the following:

N

Myelodysplastic With any of the following:

 Refractory cytopenia

i [ With or without signs of: Renal dysfunction }
e Any subtype® with evidence | syndrome e Evidence of hemolysis . ,
of hemolysis i i e Usual and unusual sites® i i
e Refractory iron deficiency i With any of the following: | | e Any cytopenia i i
anemia i | *Any subtype with * Nonresponsive to i i
e Nonresponsive to therapy i evidence of hemolysis anticoagulant i i
e Thrombosis i  Hypoplastic N J i i
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Test for PNH with high-sensitivity flow cytometry with FLAER on peripheral blood, the gold-standard diagnostic test for PNH>2244¢

This algorithm is intended as educational information for healthcare providers. It does not replace a healthcare provider’s professional judgment or clinical diagnosis.

Frequency of cases showing PNH clone cells at diagnosis in high-risk conditions*®f

Hemolysis Bone marrow failure Unexplained thrombosis

e Coombs-negative hemolytic anemia: e Aplastic anemia: 44.9% e Thrombosis with nonhemolytic

18.6% o Myelodysplastic syndrome: 9.8% anemia and/or other cytopenias:
13.7%

e Hemoglobinuria: 47.9%

e Unexplained cytopenia: 8.8%

Establish a definitive diagnosis via high-sensitivity flow cytometry with FLAER on peripheral blood,

the gold-standard diagnostic test for PNH?241-43:48

2Deep vein thrombosis and/or pulmonary embolism in a patient with no antecedent major clinical risk factor for venous thromboembolism that is not provoked by
surgery, trauma, immobilization, hormonal therapy (oral contraceptive or hormone replacement therapy), or active cancer.® ®(Unexplained persistent cytopenia
in a patient in whom (minimal) diagnostic criteria for myelodysplastic syndrome are not fulfilled.> °Anemia, neutropenia, or thrombocytopenia.®® ¢Unusual sites
include hepatic veins (Budd-Chiari syndrome), other intra-abdominal veins (portal, splenic, splanchnic), cerebral sinuses, and dermal veins.® ¢Detects PNH cells
down to a 0.01% clone size.?? 'A multicenter, prospective evaluation of diagnostic screening for PNH by flow cytometry in 3,938 peripheral blood samples tested
in 24 laboratories in Spain (N=1,718) and a reference center in Brazil (N=2,220).4¢




Patients with unexplained cytopenias are at high risk for PNH?248

About 1 of 11 patients with unexplained cytopenias have PNH clones!®

e The International Clinical Cytometry Society recommends PNH testing in patients with unexplained cytopenias
and hemolysis or thrombosis.??41:43:48

e Cytopenias can be suggestive of numerous conditions; therefore, it is important to rule out PNH in patients with
unexplained cytopenias.®

Patients with PNH and concomitant cytopenias?*®?

22.4%

U lained cyt ia includi i
nexplained cytopenia including anemia (n/N: 88/393)

Thrombosis with non-hemolytic anemia 13.7%
and/or other cytopenias (n/N: 10/73)

Unexplained cytopenia 5.1%
without anemia (n/N: 39/772)

Frequency of PNH cases
presenting with cytopenias

Unspecified 3.6%
anemia (n/N: 17/468)

International Clinical Cytometry Society Guidelines recommend testing patients

with cytopenias and hemolysis or thrombosis, or patients with cytopenias
that remain unexplained after a thorough workup??

?A multicenter, prospective evaluation of diagnostic screening for PNH by high-sensitivity flow cytometry in 3,938 peripheral blood samples tested in
24 laboratories in Spain (N=1,718) and a reference center in Brazil (N=2,220).4®

Patients with PNH may have complex and diverse presentations
due to concomitant bone marrow failure syndromes, such as aplastic
anemia and myelodysplastic syndrome?248

e |nternational Clinical Cytometry Society Guidelines recommend regularly testing these patients for PNH with flow
cytometry with FLAER performed on peripheral blood.??44

e Patients with PNH and aplastic anemia are also at risk of thrombosis.!®5!

Overlap of PNH and bone marrow failure syndromes®?2

Patients with PNH may exhibit some of the same signs
and symptoms as patients with other types of bone
marrow failure syndromes, such as aplastic anemia®?

PNH PNH-MDS®

PNH-AA"

2Overlapping circles indicate difficulties in diagnostic discrimination and
AA shared underlying mechanisms. Circles are not drawn to scale by relative
incidence of disease. The incidences of aplastic anemia, PNH, and
myelodysplastic syndrome are estimated to be 2.3, 5.7, and between 53 and
MDS 131 cases/million/year, respectively.®5254 ®In a multicenter, prospective study
of 3,938 peripheral blood samples submitted for diagnostic screening of
Hypocellular MDS PNH by high-sensitivity flow cytometry, 44.9% (243 of 541) of the patients
with aplastic anemia and 9.8% (26 of 266) of the patients with low-grade
myelodysplastic syndrome had a detectable PNH clone (>0.01% in >2
different white blood cell lineages).*®

Although PNH and aplastic anemia may have overlapping symptoms, each condition can progress
independently and the predominant clinical features can evolve over time®®

PNH? w Aplastic anemia®®
o ) ) Thrombosis o : )
Clinical manifestations Pulmonary Increased Clinical manifestations
& . H ings8 .
predominantly result from hypertension® Fatigyessss  fisk of bleeding predominantly result from
Abdominal and/or . -

uncontrolled complement chest pain®37s7 Dyspneass=® Easy bruising® inadequate hematopoiesis

activation and terminal ilure® ; : . .

- e Hemoglobinurias . "™ Propensity for Patients with PNH and
complement-mediated infections concomitant bone marrow failure

. . Dysphagia® .
intravascular hemolysis ysphag may have decreased hemoglobin
as well as a need for transfusions

B > due to production issues®

* In a retrospective study,® the 10-year cumulative incidence of thrombosis was not significantly different between PNH
and PNH + aplastic anemia (37.9% vs 27.8%, respectively; P=0.095).18

A retrospective study of 460 French patients diagnosed with PNH between 1950 and 2005 that evaluated the epidemiology of classic PNH
and PNH-aplastic anemia syndrome and risk factors for thrombosis.!®

Investigate other potential causes of persistent transfusion dependence among patients

with PNH, such as an underlying bone marrow dysfunction
(eg, aplastic anemia or myelodysplastic syndrome)*




Multiple terminal complement-mediated actions are implicated
in the creation of a prothrombotic state in PNH>23:25

All cell lineages are involved in terminal complement-mediated attack that independently leads to increased risk for
thrombosis and combined lead to multifactorial prothrombotic events.!523.25

Multifactorial prothrombotic mechanism in PNH?®
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Uncontrolled terminal
complement-mediated
activation

(rmmmmm e

[

i Platelet Platelet
i activation aggregation
[ Results in the following:

Thrombosis
o Activation of clotting factors | n PN H

* N Thrombin (cross-linked
® Missue factor levels fibrin clot)

{ C5a & C5b-9
(MAC)

Endothelial
damage

Cytokine
release

Activation of the
coagulation cascade

Complement system Complement-mediated

intravascular hemolysis

Anticoagulation therapy does not address the underlying cause of terminal complement-mediated
intravascular hemolysis and attack on platelets, white blood cells, and endothelial cells and the
associated morbidities and early mortality in PNH!:156!

e First thrombosis can be fatal.3”2

- A nearly 14-fold higher mortality rate from thrombosis has been observed in patients with PNH compared with the
general population.37?

e After the first thrombotic event occurs, patients with PNH have a greater risk of recurrent thrombosis and a 5- to 10-fold
increase in risk of mortality.!1.61.62.c.d

International Clinical Cytometry Society Guidelines recommend testing patients with unexplained
or unprovoked thrombosis or with unexplained cytopenias for PNH. The risk of thrombosis in PNH

is based on terminal complement-mediated attack that leads to the multifactorial prothrombotic
risk in PNH1:224148

?Data from a retrospective chart review of 301 patients with PNH, enrolled into the South Korean PNH registry, to assess the clinical signs and symptoms
predictive of mortality using standard mortality ratio compared with an age- and sex-matched general South Korean population.®” ®(SMR, 13.92 [95% Cl,
8.23-19.61]; P<0.001). “Retrospective data from a French cohort of 454 patients with PNH, diagnosed between 1950 and 1995, to evaluate long-term
outcomes of PNH and to search for prognostic factors that affect survival.®? Retrospective data from 2 large cohorts of patients with PNH from Duke
University (N=176) and Japanese institutions (N=209) to determine and directly compare the clinical course of disease in White and Asian populations.!t

Thrombosis in PNH can be life-threatening and can occur at any site'®

e Multiple sites may be involved in more than one-fifth of cases.!®

Sites of thrombosis in patients with PNHé!2b

6.5% 5.6%

Pulmonary embolus Cerebral/internal jugular

.................................. 4.0%
16.9% .. Superficial vein
Hepatic/portal vein Arterial
13.7%
_ Cerebrovascular
Venous 1.6%
18.5% Myocardial infarction/unstable angina

Mesenteric/splenic vein

33.1% Deep vein®

2Data pooled from examining the medical histories of patients with PNH (N=195) from 3 independent studies. Thrombotic events occurred in 63 patients:
1 event in 35 patients, 2 events in 15 patients, 3 events in 7 patients, and >5 events in 6 patients.®! ®Includes events in lower extremity (n=23) and other
locations (n=18; including inferior vena cava, bilateral lower extremity, pelvic, ureter, axillary, subclavian, and brachiocephalic veins).®!

¢ Venous thromboembolism is approximately 50x to 69x more likely in patients with PNH vs the general population.51,6364

Approximated risk of developing venous thromboembolism in PNH and other inherited hypercoagulable
conditions based on data from multiple studies®!63-66.

90

20 40x-80x These data reflect observations from multiple studies conducted under different
50x-69x conditions and in different patient populations, which may limit generalizability.
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The risk of VTE in patients with PNH is approximately

N O e TR TIT R rad than that of the general population®">

Risk of VTE vs general population
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Factor V Leiden ~ PNH? Antiphospholipid Factor V Leiden  Protein C Antithrombin Estrogen- Prothrombin Hyper- Protein S
(homozygous) antibodies (heterozygous)  deficiency deficiency containing variants  homocysteinemia® deficiency

(lupus anticoagulant) oral contraception

Thromboembolism is the most common cause of mortality in patients with PNH and accounts
for approximately 40% to 67% of PNH-related deaths of which the cause is known. Further,

29% to 44% of patients with PNH have been reported to have at least 1 thromboembolic event
during the course of their disease!®

Data for hypercoagulable conditions based on observations from case control studies (with exception of antiphospholipid antibodies [lupus anticoagulant]

and estrogen-containing oral contraception).®* “Venous thromboembolism event rate (no. per 1,000 patient-years) is based on 105 events in 1,683.4 patient-years
occurring in patients from the pretreatment periods of 3 clinical studies and a phase 3 extension study.®! Venous thromboembolism rate in the general population
based on a retrospective study using linked administrative healthcare databases to identify a cohort of Québec residents (74,297,764 person-years) with an incident
event of venous thromboembolism from January 1, 2000, to December 31, 2009. The incidence rate of definite venous thrombosis (n=67,354) in this study was
0.91 (95% ClI, 0.90-0.91) per 1,000 patient-years and the rate of probable venous thrombosis (n=91,761) was 1.24 (95% Cl, 1.23-1.24) per 1,000 patient-
years.% ¢Levels above the 95th percentile of the normal values as an arbitrary cutoff for mild hyperhomocysteinemia.®*




PNH is much more than a disease of hemolysis and anemia,
having broad multisystem effects, including severe and potentially
life-threatening consequences!

Test the following patients for PNH>22:44

Signs of renal dysfunction
Proteinuria! and/or
Hematuria®2 and/or

Increased serum creatinine or reduced eGFR!

All patients with hemolysis but not
necessarily renal dysfunction or

Coombs-negative hemolytic anemia'”#' . S .
€ y Evidence of hemolysis without obvious cause®®

Elevated LDH and/or
Low haptoglobin levels and/or

Iron deficiency and/or
Elevated bilirubin and/or
Elevated reticulocytes

Perform routine PNH screening for patients with Coombs-negative hemolytic anemia, particularly if
characteristic cellular abnormalities (spherocytes, sickle cells, schistocytes, etc) are not present®?22

e Hemolysis in PNH is due to complement-mediated attack on red blood cells.®”

e Hemolysis with a negative Coombs test or direct antiglobulin test, based on International Clinical Cytometry Society
Guidelines, warrants high-sensitivity flow cytometry with FLAER on peripheral blood to rule out PNH.22:68

® 18.6% (71/382) of patients with hemolytic anemia have been shown to test positive for a PNH clone.*®
e The direct Coombs test in PNH is negative as the hemolysis of PNH is not caused by antibodies.?®

e Patients with Coombs-negative hemolytic anemia and concomitant iron deficiency are more likely to present
with a PNH clone.??

Patients with hemoglobinuria are at high risk for PNH4*®

e Proteinuria, hematuria, hemoglobinuria, or reduced estimated glomerular filtration rate, in conjunction with any evidence
of hemolysis, should raise the index of suspicion for PNH.2546:5770.716

e 47.9% (35/73) of patients with hemoglobinuria have been shown to test positive for a PNH clone.*®

e Hemoglobinuria, characterized by dark-colored urine, is a sign of terminal complement-mediated intravascular hemolysis.*!7?

The International Clinical Cytometry Society and the International PNH Interest Group recommend
testing patients with Coombs-negative hemolytic anemia and/or hemoglobinuria for PNH?272

Chronic terminal complement—-mediated hemolysis causes progressive
renal damage and early mortality in patients with PNH!4¢

e Renal failure is the second leading cause of death in patients with PNH.1%75

* Evidence of renal damage has been shown in nearly all PNH patients via biopsy, imaging techniques, or postmortem
examination.*671.76-82

Prevalence of chronic kidney disease at screening#é2®

64%
present with CKD
N

50

40

Adapted from: Hillmen P, et al. Am J Hematol. 2010.

30

2A clinical study of 195 patients with PNH showing evidence of renal
dysfunction or damage as evidenced by spot urinalysis with proteinuria or

by abnormal imaging findings. CKD stages as defined by the Kidney Disease
Outcomes Quality Initiative: Stage 1 (GFR >90 mL/min/1.73 m?); Stage 2
(GFR 60-90 mL/min/1.73 m?); Stage 3 (GFR 30-60 mL/min/1.73 m?);

Stage 4 (GFR 15-30 mL/min/1.73 m?); Stage 5 (GFR <15 mL/min/1.73 m?).4®
°®National Kidney Foundation criteria applied at initial screening visit.

Percentage of patients
20

10

No CKD Stages 1-2 CKD Stages 3-5 CKD
(n=69) (n=84) (n=40)

In PNH, terminal complement-mediated attack on red blood cells leads to free hemoglobin
and hemosiderin deposits that contribute to chronic kidney disease in PNH?23:25:46.83

Sequestered Cell-free plasma

oxyhemoglobin Intravascular hemolysis hemoglobin Kidney damage

Erythrocyte Releases free hemoglobin,
resulting in nitric oxide depletion

Renal toxicity results from
free hemoglobin, iron, and
hemosiderin deposition

Repeated exposure to free
hemoglobin, hemosiderin, and
depletion of NO results in thromboses,
and renal tubular necrosis leads to
renal failure

Experts recommend evaluation of renal function to detect signs of chronic kidney disease,

which was observed in 64% of patients with PNH4¢

The information on this page is intended as educational information for healthcare providers. It does not replace a healthcare professional’s judgment

or clinical diagnosis.

2Failure to distinguish hemoglobinuria from hematuria is a principal cause of delay in diagnosis of PNH, often leading to an extensive urological evaluation
before the distinction is made.'”’3 ®Obvious causes of hemolysis include mechanical blood processing during surgery, infection, drug-induced hemolysis,
and sickle cell disease.!”7374




Comprehensive and routine clinical assessment is critical in identifying

patients with PNH at risk of morbidities and early mortality3°4143.84

Has your patient presented with any of the following laboratory values or symptoms?2

Abbreviations: AA=aplastic anemia; ANC=absolute neutrophil count; Cl=confidence interval; CKD=chronic kidney disease; eGFR=estimated glomerular
filtration rate; FLAER=fluorescent aerolysin; GPl=glycosylphosphatidylinositol; Hb=hemoglobin; HSC=hematopoietic stem cell; IVH=intravascular
hemolysis; LDH=lactate dehydrogenase; MAC=membrane attack complex; MDS=myelodysplastic syndrome; NO=nitric oxide; NT-proBNP=N-terminal

prohormone brain natriuretic peptide; OR=o0dds ratio; PIG-A=phosphatidylinositol glycan complementation class A; PNH=paroxysmal nocturnal
Evidence of elevated hemolysis43'85 hemoglobinuria; RBC=red blood cell; ULN=upper limit of normal; VTE=venous thromboembolism.
e LDH >1.5x ULN (range of normal=105-333 1U/L)&¢ /L References 52. Young NS, et al. Blood. 2006;108(8):2509-2519.
1. Sharma VR. Clin Adv Hematol Oncol. 2013;11(9)(suppl 13):2-8. 53. Vaht K, et al. Haematologica. 2017;102(10):1683-1690.
e Elevated reticulocyte count (>1.5%)%’ % 2. Kelly RJ, et al. Blood. 2011;117(25):6786-6792. 54. Cogle CR. Curr Hematol Malig Rep. 2015;10(3):272-281.
3. Loschi M, et al. Am J Hematol. 2016;91(4):366-370. 55. Weinzierl EP, Arber DA. Am J Clin Pathol. 2013;139(1):9-29.
° i . . . 88 4. Parker CJ. Hematology Am Soc Hematol Educ Program. 56. Hill A, et al. Br J Haematol. 2012;158(3):409-414.
Low hemoglobin levels (female: <12.1 g/dL; male: <13.8 g/dL) g/dL 2016;2016(1):208-216. 57. Rachidi S, et al. Eur J Intern Med. 2010;21(4):260-267.
. b 89 5. Roth A, et al. Eur J Haematol. 2018;101(1):3-11. 58. Brodsky RA, Jones RJ. Lancet. 2005;365(9471):1647-1656.
* Low haptoglobin levels® (<41 mg/dL) mg/dL 6. Jalbert JJ, et al. Blood. 2019;134(suppl 1):3407. 59. Hill A, et al. BrJ Haematol. 2007;137(3):181-192.
- . . 7. Shammo JM, et al. Blood. 2015;126(23):3264. 60. Olutogun T, et al. Blood Transfus. 2015;13(3):363-369.
* Elevated bilirubin (direct: >0.3 mg/dL; total: >1.2 mg/dL)*° mg/dL 8. Mitchell R, et al. SM Clin Med Oncol. 2017;1(1):1-4. 61. Hillmen P, et al. Blood. 2007;110(12):4123-4128.
3 ) 9. Bessler M, Hiken J. Hematology Am Soc Hematol Educ Program. 62. Socié G, et al. Lancet. 1996;348(9027):573-577.
¢ Hemoglobinuria Yes [] No [ ] 2008;2008(1):104-110. 63. Tagalakis V, et al. Am J Med. 2013;126(9):832.e13-832.e8.32E21.
10. Schrezenmeier H, et al. Ann Hematol. 2020;99(7):1505-1514. 64. De Stefano V, et al. Haematologica. 2002;87(10):1095-1108.
11. Nishimura JI, et al. Medicine (Baltimore). 2004;83(3):193-207. 65. Wahl DG, et al. Lupus. 1998;7(1):15-22.
. . . . 12. NORD. Updated 2019. https://rarediseases.org/rare-diseases/ 66. Vinogradova Y, et al. BMJ. 2015;350:h2135.
SlgnS Of Impalred renal functlon43v46 paroxysmal-nocturnal-hemoglobinuria/ 67. Kalam S, et al. Oxf Med Case Reports. 2020;2020(3):0omz125.
. X 13. Schrezenmeier H, et al. Haematologica. 2014;99(5):922-929. 68. Savage N, et al. Lab Medicine. 2008;39:465-466.
 Low eGFR (<90 mL/min/1.73 m?)% mL/min/1.73 m? 14. Ueda Y, et al. Int J Hematol. 2018;107(6):656-665. 69. Theis SR, Hashmi MF. Coombs test. In: StatPearls. StatPearls Publishing;
15. Hill A, et al. Blood. 2013;121(25):4985-4996. 2021.
e Elevated serum creatinine (female: >1.1 mg/dL; male: >1.3 mg/dL)%2 mg/dL 16. Luzzatto L, et al. Br J Haematol. 2011;153(6):709-720. 70. Baumgarten M, Gehr T. Am Fam Physician. 2011;84(10):1138-1148.
17. Hill A, et al. Nat Rev Dis Primers. 2017;3:17028. 71. Clark DA, et al. Blood. 1981;57(1):83-89.
18. de Latour RP, et al. Blood. 2008;112(8):3099-3106. 72. Hillmen P, et al. N Engl J Med. 2004;350(6):552-559.
19. Hillmen P, et al. N Engl J Med. 1995;333(19):1253-1258. 73. Parker CJ. Hematology Am Soc Hematol Educ Program. 2008;93-103.
Signs and symptoms of thrombosis®43:84 20. Brodsky RA. Blood. 2014;124(18):2804-2811. 74. Rosse WF. Hematology: Basic Principles and Practice.
21. Brodsky RA. Hematology: Basic Principles and Practice. 4th ed. Churchill 3rd ed. Churchill Livingstone; 2000:331-342.
° _di 93 Livingstone; 2005:419-427. 75. Hillmen P, et al. Br J Haematol. 2013;162(1):62-73.
Elevated D-dimers (>250 ng/mL) ng/mL 22. Borowitz MJ, et al. Cytometry B Clin Cytom. 2010;78(4):211-230. 76. Mathieu D, et al. Blood. 1995;85(11):3283-3288.
23. Kelly R, et al. Ther Clin Risk Manag. 2009;5:911-921. 77. Mulopulos GP, et al. AJR Am J Roentgenol. 1986;146(1):51-52.
* Low platelet count (<150 x 10%/L)* x 109/L 24. Murphy KM. Janeway’s Immunobiology. 8th ed. Garland Science, Taylor &  78. Nguyen JS, et al. N Engl J Med. 2006;355(10):1048-1052.
; B Francis Group LLC; 2016:37-76. 79. Rimola J, et al. Br J Radiol. 2004,;77(923):953-956.
* Abdominal pain Yes [ ] No [ ] 25. Rother RP, et al. JAMA. 2005;293(13):1653-1662. 80. Suzukawa K, et al. Intern Med. 1993;32(9):686-690.
. 26. Walport MJ. N Engl J Med. 2001;344(14):1058-1066. 81. Tanaka YO, et al. J Comput Assist Tomogr. 1993;17(5):749-753.
e Chest pain Yes [ ] No [ ] 27. El Sissy C, et al. Front Immunol. 2019;10:1936. 82. Zachee P, et al. Clin Nephrol. 1993;39(1):28-31.
28. Figueroa JE, Densen P. Clin Microbiol Rev. 1991;4(3):359-395. 83. Tsai CW, et al. Kidney Int. 2007;71(11):1187.
° Dyspnea Yes I:' No I:' 29. Ram S, et al. Clin Microbiol Rev. 2010;23(4):740-780. 84. Weitz |, et al. Intern Med J. 2013;43(3):298-307.
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e Pain Yes I:l No I:l 39. Hill A, et al. Br J Haematol. 2010;149(3):414-425. 90. MedlinePlus. Published January 24, 2020. Updated November 30,
40. Richards SJ, Barnett D. Clin Lab Med. 2007;27(3):577-590, vii. 2021. Accessed December 6, 2021. https://medlineplus.gov/ency/
41. Parker C, et al. Blood. 2005;106(12):3699-3709. article/003479.htm
42. Sutherland DR, et al. Cytometry B Clin Cytom. 2018;94(1):23-48. 91. MedlinePlus. Published July 7, 2019. Updated November 30,
Other eVidence 0f disease progression22.55 43. Sahin F, et al. Am J Blood Res. 2016;6(2):19-27. 2021. Accessed December 6, 2021. https://medlineplus.gov/ency/
44. Dezern AE, Borowitz MJ. Cytometry B Clin Cytom. 2018;94(1):16-22. article/007305.htm
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2Normal laboratory values may vary slightly among different laboratories and also among individuals. Elevated values for this chart were defined by the
upper limit, and low levels by the lower limit, of normal ranges identified by either MedlinePlus, Medscape, or the Mayo Foundation. *Low haptoglobin
is indicative of excess plasma hemoglobin released from hemolyzed red blood cells.®®




Notes Notes




Rapid recognition of the signs and symptoms of PNH
and early diagnosis are important to patient management??4°

International Clinical Cytometry Society Guidelines and multiple experts have identified groups of patients
at risk for PNH?5:22:40-42

Core signs and symptoms of PNH (any of the following)3322:41,43:46

Symptoms of anemia Esophageal spasms
(eg, fatigue, tachycardia, Dark-colored urine Dysphagia
shortness of breath, headache) . - .
Intermittent abdominal pain

in association with 1 of the following or if the patient exhibits 1 of the following (in the absence of an above symptom)

High-risk groups associated with PNH522:41:43,46,47

B dysfuncti Unprovoked? and Hemolysis
one marrow dysfunction unexplained thrombosis Any of: 1 LDH J haptoglobin “reticulocyte count " bilirubin

® Hypoplastic

e Thrombosis

o Refractory cytopenia

Unexplained Aplastic i Thrombosis Coombs-negative Hemoglobinuria
cytopenia® anemia | venous or arterial hemolytic anemia or hemosiderinuria
H N i : . : : 1
With any of the following: ! Myelodysplastic With any of the following: [ With or without signs of: Renal dysfunction }
e Any subtypec with evidence | syndrome e Evidence of hemolysis
of hemolysis ! i e Usual and unusual sites®
e Refractory iron deficiency ¢ | With any of the following: | | e Any cytopenia
anemia i | *Any subtype with o Nonresponsive to
e Nonresponsive to therapy E evidence of hemolysis anticoagulant
\
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Test for PNH with high-sensitivity flow cytometry with FLAER on peripheral blood, the gold-standard diagnostic test for PNH3.2244¢

This algorithm is intended as educational information for healthcare providers. It does not replace a healthcare provider’s professional judgment or clinical diagnosis.

2Deep vein thrombosis and/or pulmonary embolism in a patient with no antecedent major clinical risk factor for venous thromboembolism that is not provoked by surgery,
trauma, immobilization, hormonal therapy (oral contraceptive or hormone replacement therapy), or active cancer.>®Unexplained persistent cytopenia in a patient in whom
(minimal) diagnostic criteria for myelodysplastic syndrome are not fulfilled.® °Anemia, neutropenia, or thrombocytopenia.®® “Unusual sites include hepatic veins (Budd-
Chiari syndrome), other intra-abdominal veins (portal, splenic, splanchnic), cerebral sinuses, and dermal veins.® ¢Detects PNH cells down to a 0.01% clone size.?

e PNH is a chronic, devastating, and potentially life-threatening disease characterized by terminal complement—-mediated
attack on red blood cells, white blood cells, and platelets that can lead to the severe consequences of thrombosis, organ
damage, and early mortality.!

e Terminal complement—mediated intravascular hemolysis, the clinical hallmark of patients with PNH, causes a wide range of
unpredictable and potentially life-threatening complications.!31&2537.38

e Up to 35% of PNH patients die within 6 years despite historical supportive care. So early diagnosis is crucial.?3!

e Thrombotic events in PNH are caused by uncontrolled terminal complement activation leading to intravascular hemolysis,
white blood cell activation, platelet activation, and aggregation.?546

e | DH is an important clinical biomarker for terminal complement—-mediated intravascular hemolysis and an important
measure of PNH disease activity.3®

e Establish a definitive diagnosis via high-sensitivity flow cytometry with FLAER performed on peripheral
blood, the gold-standard diagnostic test for PNH.??
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