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PNH: Current Thinking on the Disease, 
Diagnosis, and Treatment 

PNH

ÁWhat is PNH?

ÁWhat causes PNH?

ÁWhat are the clinical symptoms of PNH?

ÁHow is PNH diagnosed?

ÁWhat are the long-term risks and complications 
of PNH?

ÁHow is PNH treated?

ÁWhat is new or on the horizon for treatment?

What is PNH? What is PNH?

ÁParoxysmal ɀsudden 
onset

ÁNocturnal ɀoccuring 
at night (or early in 
morning upon 
awakeneing)

ÁHemoglobinuria

Despite the name, the majority of patients do not present this way.

What is PNH?

ÁA rare and unusual acquiredhematologic disorder 
characterized by

ĞIntravascular hemolysis (breaking apart of red cells in the 
blood vessels)

ĞBone marrow failure (cytopenias= low blood counts)

ĞThrombosis (Blood clots)

ÁThere is an incredible amount of clinical heterogeneity
amongst patients with PNH.

1st published case report of PNH - 1866

Gull WW. Guys Hospital Reports 

12:381-392, 1866.
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PNH ƵA historical view
A few key events

Parker CJ.  Historical Aspects of Paroxysmal Nocturnal Hemoglobinuria: “Defining the 
Disease.”  Brit J Haematol 117:3-22, 2002.

What causes PNH?

What causes PNH?

Á0.( ÒÅÑÕÉÒÅÓ ȰÔ×Ï-ÈÉÔÓȱ

1) A mutation must occur in a hematopoietic stem cell.

ÀPartial or complete deficiency of the GPI anchor

2) PNH is due to a condition that allows this mutated 
cell to become the dominant cell in the bone marrow.

What causes PNH?

Á The mutation in the PIG-A gene in a 
hematopoietic stem cell leads to a 
defect in the production of an anchor 
protein that ties other proteins to the 
cell surface.

Ğ Sometimes the mutation leads to 
a partial decrease in the amount 
of anchor protein that is made and 
the cells have a partial deficiency 
(Type II cells); sometimes the 
mutation completely knocks out 
the GPI anchor

Ğ Some patients have more than 
one stem cells with different 
mutations in PIG-A gene
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The Missing Proteins in PNH

ÁComplement defense proteins
ĞCD55 (decay accelerating factor, DAF)
ĞCD59 (membrane inhibitor of reactive lysis)

ÁEnzymes
Ğ Acetylcholinesterase
Ğ Alkaline phosphatase

ÁImmune system ligands
ÁAdhesion molecules
ĞNCAM
Ğ Fibronectin receptor

ÁGrowth Factors and receptors
ÁDifferentiation antigens
ĞCD14 (monocytes)
ĞCD52 (T cells)

ÁAnti-procoagulant proteins
Ğ uPAR (CD87)
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Classical 
Pathway

Lectin 
Pathway

Alternative 
Pathway

Complement Activation 

1. Figueroa JE, Densen P. Clin Microbiol Rev. 1991;4(3):359-395.  2. Walport MJ. N Engl J Med. 2001;344(14):1058-66.  3. Rother RP et al. Nature Biotech. 2007;25(11):1256-64.
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Consequences of Chronic Hemolysis
Thrombosis      Pulmonary Hypertension      Poor QoL

Renal Failure      Fatigue      Anemia 
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Terminal Complement Activation 
Renders RBCs Susceptible to Lysis

Normal RBCs PNH RBC

Intact RBC

Complement

Activation

Lysed PNH RBCs and free hemoglobin in the plasma

Chronic Hemolysis

CD59

Rosse WF, Br J Haematol 1973

Complement Sensitivity of Normal and 
PNH Red Cells
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PNH III
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16

MDS

(occasional PNH clone)

PNH w/out AA or MDSAplastic Anemia

(PNH clone in up to ~50%*)

1. Insult to Bone Marrow

2. Mutation in PIG-A

Normal

Bone Marrow Failure Syndromes and PNH

Araten, et al. Proc Natl Acad Sci. 1999;96:5209-5214.; Dunn DE, et al.  Ann Intern Med. 1999; 131:401-408.;  Iwanga, et al. Brit J Haem. 1998;102:465-474.; Johnson & Hillmen. J Clin Path: 
Mol Pathol. 2002;55:145-152.; Maciejewski, et al. Brit J Haem. 2001;115:1015-1022.; Wang, et al. Blood. 2002;100:3897-3902.; Data on file. Alexion Pharmaceuticals; 2008.

*PNH clone Ó0.003%

Models of pathogenesis

Normal Aplastic PNH MDS
Marrow Anemia_________________________          

Immune
Assault

Immune
Assault

PNH 
(hemolysis)

PNH 
(hypoplasia)

Stromal cell
Dysregulation,
Immune
Assault
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Clonal selection –T cell mediated process
Clonal dominance - ?
Clonal expansion _ ?

Clinical Aspects of PNH

The clinical picture of PNH

ÁHemolysis due to complement activation
ĞAnemia and fatigue

ĞHemoglobinuria, kidney damage

ĞNitric oxide trapping >> Esophageal spasm, abdominal 
pain, pulmonary hypertension, impotence, fatigue?

ÁThrombosis ɀCause of blood clots is still unknown
ĞUnusual sites of blood clots

ÁBone marrow failure
ĞDecreased blood counts (cytopenias)

Hillmen P, et al. N Engl J Med. 1995;333:1253-8.

Significant Mortality in PNH

Á5 year mortality: 
35%

ÁDiagnosed at all 
ages - median time 
from diagnosis to 
death: 10-15 yrs
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Patients With PNH

Fatigue in PNH is significant

ÁRosse book chapter (Hoffman-Hematology)1

ïȰ-ÁÎÙ ÐÁÔÉÅÎÔÓ ÎÏÔÅ Á ÆÅÅÌÉÎÇ ÏÆ ÆÁÔÉÇÕÅ ÔÈÁÔ ÍÁÙ 
ÂÅ ÄÉÓÁÂÌÉÎÇ ÄÕÒÉÎÇ ÐÅÒÉÏÄÓ ÏÆ ÈÅÍÏÇÌÏÂÉÎÕÒÉÁȢȱ

ïThis is not related to hemoglobin level (anemia), as 
ÉÔ ÄÉÓÁÐÐÅÁÒÓ ×ÈÅÎ ÔÈÅ ÈÅÍÏÇÌÏÂÉÎÕÒÉÁ ÓÔÏÐÓȢȱ

ÁBrodsky book chapter (Hoffman-Hematology)2

ïȰ0.( ÐÁÔÉÅÎÔÓ ÆÒÅÑÕÅÎÔÌÙ ÃÏÍÐÌÁÉÎ ÏÆ ÄÉÓÁÂÌÉÎÇ 
fatigue that is often out of proportion to the 
ÄÅÇÒÅÅ ÏÆ ÁÎÅÍÉÁȢȱ

1. Rosse. Paroxysmal nocturnal hemoglobinuria In: R Hoffman; EJ Benz; SJ Shattil et al., eds. Hematology: Basic Principles and

Practice. 3rd ed. New York: Churchill-Livingstone; 2000:331-342.

2. Brodsky. Paroxysmal nocturnal hemoglobinuria. In: R Hoffman; EJ Benz; SJ Shattil et al., eds. Hematology. Basic Principles and

Practice. 4th ed. Philadelphia: Elsevier Churchill Livingstone; 2005:419-427.

Pain is a Common Symptom in PNH Patients

Almost 3 out of 5 (58%) patients reported significant pain

27% of patients with pain required medical intervention

Lee JW et al. Hematologica 2010. 95 (s2): Abstract #506.  

No pain

Pain, 

No treatment

Pain, 

Treatment

NSAID

Other

Opioids

Medical Intervention

(N=286)

South Korean National Registry
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Clone size

Clone size refers to how many of the bone marrow stem cells have the mutation.  

In PNH, since the PNH red cells are being destroyed, the % of red cells that are 

CD59 ï(PNH cells) does not give an accurate estimate of clone size.  The white 

cells (granulocytes or monocytes) are not destroyed.  Therefore the % of abnormal 

granulocytes is a more accurate estimate of the percentage of abnormal stem cells 

in the bone marrow.

X

X

X

X

X X

X

X

X

X

Incidence of symptoms or complications of PNH
Correlation with clone size

International PNH Registry data ï524 patients

Urbano-Ispizua A, et al.  EHA meeting 2010.  Haematologica 95(s2): Abstract 1022

What about thrombosis (blood clots) in 
PNH?

Á Blood clots are a presenting sign in 10-
20% of patients with PNH.

Á Can occur in up to 40% of patients with 
PNH.

Á Occur in unusual locations ɀveins of the 
liver (Budd-Chiari syndrome), spleen, 
brain, and skin.

Á Associated with a very bad prognosis

Á Cause of these blood clots is unknown ɀ
possibly related to complement 
activation.

Mesenteric / splenic

18%

Hepatic / portal

16%

PE

7%

Cerebral

6%

Superficial

4%

Arterial / CVA

14%

Arterial / MI

2% DVT: leg

18%

DVT: other

15%

Chronic Renal Insufficiency in PNH

ÁAssociated with hemolysis and/or 
microvascular thrombosis1,2

ÁInsidious and progressive chronic renal 
insufficiency (CRI, GFR <60/ml/min) in up to        
~ 30% of patients2

ÁMay be acute renal failure, which is frequently 
reversible2

ÁRenal failure reported as cause of death in ~ 
8% of US PNH patients3

1. Brodsky. Paroxysmal Nocturnal Hemoglobinuria. In: Hoffman, et al, eds. Hematology - Basic Principles and Practices. 4th ed.
Philadelphia, PA: Churchill Livingstone; 2005:419-427. 

2. Clark DA, et al. Blood. 1981;57:83-89.
3. Nishimura J et al. Medicine. 2004;83:193-207.

29

Diagnosis of PNH

Average delay to diagnosis exceeds 3 years; may be greater than 
10 years1

ÅPNH continues to be primarily a clinical diagnosis, which can be 
confirmed by laboratory analyses

ÅSigns and symptoms are highly variable and may mirror other 
conditions

ÅMost common symptoms at presentation are not unique to PNH

ïHemolytic anemia, often requiring transfusions

ïFatigue

ïDyspnea

ïAbdominal pain or dysphagia

1Hillmen, et al. New Engl J Med. 1995;333:1253-1258.
2 Dacie & Lewis. Sem Haemat. 1972;5:3-23.

30

Flow Cytometry: 
Diagnostic Test for PNH

ÅPerform on peripheral blood 

ÅTest both granulocytes and erythrocytes2

ïErythrocytes alone are not sufficient due to hemolysis and 

the dilution effect of transfusions

ÅUse monoclonal antibodies against GPI-anchored 

proteins, such as CD59 or CD551,2

ÅPNH blood cells (PNH clone) are cells missing GPI-

anchored proteins

1Parker, et al. Blood. 2005;106:3699-3709.

²Hall & Rosse. Blood. 1996;87:5332-5340.
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Fluorescent AERolysin (FLAER)

ÅFLAER binds to the GPI-anchor itself, rather 
than to a single protein such as CD55 or CD59

ÅFLAER provides much greater signal noise 
and better accuracy than an antibody against 
a single target

FLAER

a-CD59

FLAER

CD59
GPI-

linked 

protein

32

Who Should Be Screened For PNH?

ÅPatients with:

ïHemoglobinuria1

ïHemolytic anemia1

ïBone marrow dysfunction1

ÅAplastic anemia (AA) or MDS screened annually

ïCoombs-negative intravascular hemolysis1

ÅElevated serum LDH

ïUnusual or unexplained venous thrombosis1

ÅBudd-Chiari syndrome

ÅMesenteric, portal, cerebral, or dermal veins

ïUnexplained arterial thrombosis2,3

1Parker, et al. Blood. 2005;106:3699-3709.  2Hillmen, et al. N Engl J Med. 1995;333:1253-1258.  
3Nishimura, et al. Medicine. 2004;83:193-207.

LDH=lactate dehydrogenase; MDS=myelodysplastic syndrome.

What happens to PNH patients? PNH ƵWhat do patients die from?

Cause of death Duke Japan

Thrombosis 16 (42%) 3 (8%)

Abd  site 8 1

Other site 7 0

Arterial 3 2

Hemorrhage 4 (10.5%) 9 (24%)

Severe Infection 14 (36.5%) 14 (36.8%)

MDS/AML 3 (8%) 6 (16%)

Renal failure 3 (8%) 7 (18%)

Other malignancy 2 (5%) 2 (5%)

Unknown 2 (5%) 0

Nishimura et al  Medicine 83: 193 -207, 2004.

Possible long term effects of 
Eculizumab

ÁImprove kidney function

ÁPrevent pulmonary hypertension

ÁIncrease survival

PNH Survival ƵPre- eculizumab
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Diagnosis in 80 Patients With PNH 2
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matched controls

Patients with PNH
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Eculizumab Has a Major Impact on Survival in 
PNH

Å96% (76/79) patient survival 

ÅThere was no difference in mortality between patients on eculizumab 

and the normal population (P=0.46)

Survival is comparable to age and gender-matched control population out to 8 years
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Kelly RJ et al. Blood. 117:6786-6792, June 2011


