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PNH 
Understanding your diagnosis and 

treatment

Hugo Castro -Malaspina, MD

Memorial Sloan Kettering Cancer Center

New York, NY

Paroxysmal Nocturnal Hemoglobinuria
(PNH)

Paroxysmal Nocturnal Hemoglobinuria

ÁItôs not paroxysmal

ïEven in the absence of symptoms, destructive 

progression of hemolysis is ongoing 

ÁItôs not nocturnal

ïHemolysis in PNH is subtle and constant, 

24 hours a day

ÁHemoglobinuria is a less commonly seen 

complication

ï¾ patients present without hemoglobinuria1

1. Parker, et al. Blood. 2005;106:3699-3709
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Paroxysmal Nocturnal Hemoglobinuria:
A Chronic Disabling and Life -Threatening Disease

ÁEstimated 4,000 ï

6,000 patients in U.S.1

Á5 year mortality: 35%2

ÁDiagnosed at all 

Ages ïMedian age 

early 30ôs3,4

ÁQuality of life 

diminished5

ÁProgressive disease2-
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The expected survival of an age- and sex-matched control group is shown for comparison 
(Hillmen et al 1995). In a patient population where ½ the patients have <30% clone, 1 in 7 
patients died by 5 years (de Latour et al. Blood. 2008; 112: 3099-3106)

Actuarial Survival From the Time of

Diagnosis in 80 Patients With PNH 2

Age- and gender -

matched controls

Patients with PNH

1. Hill A et al.  Blood. 2006;108(11): 290a. Abstract 985. 2. Hillmen P et al. N Engl J Med. 1995;333:1253-1258.  3. Nishimura JI, et al. Medicine. 

2004;83:193-207.  4. Socié G et al. Lancet. 1996;348:573-77.  5. Hill A et al. Br J Haematol. 2007;137:181-92.
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Objectives of todayôs presentation

ÁExplain what is PNH describing the mechanisms 

involved in the development of this disease. 

ÁHow is the diagnosis of PNH made at the present 

time.

ÁDescribe the signs and symptoms associated with 

chronic hemolysis in PNH patients.

ÁReview current therapy for PNH.

What is PNH?

ÁPNH is an acquired clonal disorder resulting from a 

somatic mutation in a hematopoietic stem cell 

ÁPIG-A gene mutation leads to a decrease in or total 

lack of GPI-anchored proteins

ÁAffected cells and their progeny (PNH clone) lack 

membrane-bound complement inhibitors,

specifically CD59

ÁPNH RBCs are vulnerable to terminal complement-

mediated lysis resulting in chronic hemolysis

PIG-A = Phosphatidylinositolglycan-complementation class A; 

GPI = Glycosylphosphotidylinositol.
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CD55

The Defect in PNH

The Somatic Mutation of the PIG A gene in the hematopoietic stem cell 
prevents all GPI anchored proteins from binding to cell surface

8

1. Adapted from: Johnson RJ et al. J Clin Pathol: Mol Pathol. 2002;55:145-152. 2. Brodsky R. Paroxysmal Nocturnal Hemoglobinuria. In: Hematology - Basic 

Principles and Practices. 4th ed. R Hoffman; EJ Benz; S Shattil et al, eds. Philadelphia, PA: Elsevier Churchill Livingstone; 2005; p. 419-427. 

CD59
GPI-anchor

CD55

ÁPrevents formation and augments 
instability of the C3 convertases, 
attenuating the complement cascade 

CD59

ÁForms a defensive shield for RBCs
from complement-mediated lysis

ÁInhibits the assembly of the 
membrane  attack complex
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Role of complement in PNH

ÁThe complement system is a vital component of the natural 

(innate) protective immune system 

ÁComplement is activated by 3 mechanisms which allow the 

system to respond to inflammation, infection, ischemia, 

necrosis, and foreign and self antigens.

ÁAlways ñonò to allow rap[id immune response

ïRapid amplification leads to powerful and destructive 

immune reaction

ïNatural inhibitors of complement keep the amplification in 

check and prevent uncontrolled complement activity

Complement (Simplified)

C6-8

C5bC3b

Antibody, C1
C4, C2

Factor B, 
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Cytotoxicity

C9

+++

Control of Complement
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The Defect in PNH

The Somatic Mutation of the PIG A gene in the hematopoietic stem cell 
prevents all GPI anchored proteins from binding to cell surface
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1. Adapted from: Johnson RJ et al. J Clin Pathol: Mol Pathol. 2002;55:145-152. 2. Brodsky R. Paroxysmal Nocturnal Hemoglobinuria. In: Hematology - Basic 

Principles and Practices. 4th ed. R Hoffman; EJ Benz; S Shattil et al, eds. Philadelphia, PA: Elsevier Churchill Livingstone; 2005; p. 419-427. 

CD59
GPI-anchor

CD55

ÁPrevents formation and augments 
instability of the C3 convertases, 
attenuating the complement cascade 

CD59

ÁForms a defensive shield for RBCs
from complement-mediated lysis

ÁInhibits the assembly of the 
membrane  attack complex



9/19/2017

4

A
u
g
u
s
t_

2
0
_

2
0

1
0

U
S

13

Normal red blood cells 

are protected from 

complement attack by 

a shield of terminal 

complement inhibitors

Without this protective 

complement inhibitor 

shield, PNH red blood 

cells are destroyed

Intact RBC
Free Hemoglobin

Complement

Activation

Reduced Red Cell Mass

Historically Viewed as a Hemolytic Anemia

Anemia

1. International PNH Interest Group. Blood. 2005;106:3699-3709.  2. Brodsky R Paroxysmal Nocturnal Hemoglobinuria. In: Hematology - Basic Principles and 

Practices. 4th ed. R Hoffman; EJ Benz; S Shattil et al, eds. Philadelphia, PA: Elsevier Churchill Livingstone; 2005; p. 419-427. 3. Rother RP et al. JAMA. 

2005;293:1653-1662.  4. Socie G et al.  Lancet. 1996;348:573-577.  5. Hill A et al. Br J Haematol. 2007;137:181-92. 

Hematologic forms of PNH at presentation

ÁThe classic hemolytic form is the most common.  

ÁAplastic anemia form: patients present with a 

picture of aplastic anemia: low blood counts and 

ñemptyò bone marrow

ïWith a small PNH clone (<1%) 

ïWith a large PNH clone

ïThese patients require first immunosuppressive 

therapy. If response to treatment, the PNH clone 

can expand and will require anti-complement 

therapy

How is the diagnosis of PNH made?

ÁCurrently flow cytometry of peripheral blood cells is 

the standard method of diagnosis 

ÁFlow cytometry can measure indirectly (no 

molecules attached to the GPI anchoring protein) 

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

the anchoring protein ) using a protein that detects 

GPI (FLAER)
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Testing for PNH in Red Blood Cells

PNH clone with complete 

CD59 deficiency (Type III 

cells) and partial CD59 

deficiency (Type II cells)

PNH clone with complete 

CD59 deficiency 

(Type III cells)

Normal RBCôs with normal 

CD59 expression 

(Type I cells)

Gating on GPA+ RBCôs

Data Source - Dahl-Chase Diagnostic Services
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Why Look Beyond RBCs for PNH?

ÁGranulocytes provide more accurate representation 

of PNH clone size 

ÁPercentages of PNH RBCs may be affected by:

ïHemolysis

ïBlood Transfusion

Borowitz MJ et al. for International Clinical Cytometry Society. Part B Clin Cytometry. 2010; 78B: 211-230.

PNH reports should provide quantitative results expressing 

clone size on both granulocytes and erythrocytes
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PNH Patient with an 80% WBC clone size and 
31% RBC clone size indicating Hemolysis

Data Source - Dahl-Chase Diagnostic Services
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FLAER- GPI Anchor Binding Marker CD59 ïGPI Anchored Protein

80.1 % of Granulocytes lack GPI proteins 31.4% RBCs are Type III PNH cells
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WBC RBC
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May 09

Gran Clone : 23.3%

RBC clone : 2.4%
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FLAER-GPI Anchor Marker

9 months

CD59 ïGPI Anchor Protein

Mar 09

Gran Clone : 14.2%

RBC clone : 1.8%
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FLAER-GPI Anchor Marker

CD59 ïGPI Anchor Protein
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Dec 08

Gran Clone : 7.6%

RBC clone : 1.6%

FLAER-GPI Anchor Marker

CD59 ïGPI Anchor Protein
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Important to Monitor Granulocytes and 
RBCs Over Time  

6 months

Sept 08

Gran Clone: 3.8%

RBC clone: 0.8%
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FLAER-GPI Anchor Marker

CD59 ïGPI Anchor Protein

PNH Clone Expanded in <1 Year

19

Consequences of Chronic Hemolysis and Free Hemoglobin

1. International PNH Interest Group. Blood. 2005;106:3699-3709.  2. Brodsky R Paroxysmal Nocturnal Hemoglobinuria. In: Hematology - Basic Principles 

and Practices. 4th ed. R Hoffman; EJ Benz; S Shattil et al, eds. Philadelphia, PA: Elsevier Churchill Livingstone; 2005;419-427. 3. Rother RP et al. JAMA. 
2005;293:1653-1662.  4. Socie G et al.  Lancet. 1996;348:573-577.  5. Hill A et al. Br J Haematol. 2007;137:181-92.  6. Lee JW et al. Hematologica 2010;95 

(s2):Abstract #505 and 506.  7. Hill A  et al. Br J Haematol. 2010; May;149(3):414-25.  8. Hillmen P et al. Am. J. Hematol. 2010;85:553-559.

Thrombosis

Fatigue

Renal Failure

Abdominal Pain

Dyspnea

Dysphagia

Hemoglobinuria

Erectile Dysfunction

Normal red blood cells 

are protected from 

complement attack by 

a shield of terminal 

complement inhibitors

Without this protective 

complement inhibitor 

shield, PNH red blood 

cells are destroyed

Intact RBC

Complement

Activation

Significant 

Impact on 
Survival

Significant   

Impact on 
Morbidity

Free Hgb/Anemia

Pulmonary Hypertension

NOŹ
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Consequences of 
Nitric Oxide (NO) Depletion

Reduced Nitric Oxide Can Cause

ÁSmooth muscle dystonias1

ïVascular constriction - pulmonary and systemic 

hypertension, erectile dysfunction2

ïGastrointestinal contractions - dysphagia, 

abdominal pain

ÁPlatelet activation and aggregation1-4

ïPlatelet hyperreactivity

ïHypercoagulability

1. Rother R et al. JAMA. 2005;293:1653-1662.  2. Hill A  et al. Br J Haematol. 2010; May;149(3):414-25.  3. Weitz I. Thrombosis Research. 

2010;125:S106-S107.  4. Helley D et al. Haematologica. 2010;95:574-581.

Common Symptoms in Patients With PNH

1. Meyers G et al. Blood. 2007;110(11):Abstract 3683.3. 2. Hill A et al. Br. J. Hematol. 2010;149(3):414-425.  3. Hillmen P et al. Am. J. Hematol. 2010; 85:553-559. 4. International PNH 

Interest Group. Blood. 2005;106(12):3699-3709. 5. Hillmen P et al. N Engl J Med. 1995;333:1253-8.  6. Nishimura J et al. Medicine. 2004;83(3):193-207.

41% Dysphagia 1

47% Pulmonary Hypertension 2

66% Dyspnea 1

57% Abdominal Pain 1

64% Chronic Renal Insufficiency 3

47% Erectile dysfunction 1

26% Hemoglobinuria 4

40% Thrombosis 5

89% Anemia 6

96% Fatigue, Impaired QoL 1

41% Dysphagia 1

47% Pulmonary Hypertension 2

66% Dyspnea 1

57% Abdominal Pain 1

64% Chronic Renal Insufficiency 3

47% Erectile dysfunction 1

26% Hemoglobinuria 4

40% Thrombosis 5

89% Anemia 6

96% Fatigue, Impaired QoL 1

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

PNH Symptom Incidence Rate (%)PNH Symptom Incidence Rate (%)

Thrombosis in PNH

ÁAll patients with PNH are at risk for thrombosis

Á40% of patients experience clinical thrombotic events

ÁOccurs in typical and atypical site

ÁIs not adequately managed with anticoagulation

ÁIs the leading cause of death

ïAccounts for 40-67% of deaths

ïFirst thrombotic event can be fatal

ïMedian time to TE was 2.1-2.3 years from diagnosis

ïFirst TE increases risk for death 5- to 10-fold

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Common Sites of Thrombosis
Occur Frequently in PNH

Higher proportion of PE and/or DVT sites of thrombosis consistently found in PNH 

patients ïSocie et al. 1996 (29%)4 and Nishimura and Rosse. 2004 (27%)5

1. Hillmen P et al. N Engl J Med. 1995;333:1253-8.  2. Hillmen P et al. Blood. 2007; 100:4123-8.  3. Fowkes FJI et al. Eur J Vasc Endovasc Surg. 

2003;25:1-5.  4. Socie G et al. Lancet. 1996;348:573-7.  5. Nishimura J et al. Medicine. 2004;83(3):193-207.

TE Type
Hillmen P et al. 1995 

(N=80)

Hillmen P et al. 2007 

(N=195)

DVT or PE 33% 40%

CVA/MI 16% 15%

Typical VTE most common 

VTE in PNH ã ã

Atypical VTE more common in PNH 

than in the general population3 ã ã

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis
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TE Can Occur Regardless of Clone Size

PNH Granulocyte Clone Size (%)

%
 T

E

South Korean National Registry.

Lee JW et al. Hematologica. 2010;95(s2):Abstract #505.

(n=43)

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Kidney Disease Conclusions

Á8-18% mortality in PNH results from renal failure1

ÁKidney disease in PNH is caused by hemolysis2

Á64% of patients with PNH exhibit chronic kidney disease 

at any one time3

ïRenal insufficiency prevalence in PNH is 6.6 times 

higher than reported for the general population4

ÁKidney disease is underappreciated in PNH3

1. Nishimura JI et al. Medicine. 2004;83:193-207.  2. Clark DA et al. Blood. 1981;Jan;57(1):83-9.  3. Hillmen P et al. Am. J. Hematol. 2010; 

85:553-559.  4. Stevens LA et al. N Engl J Med. 2006;354:2473-83. 

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Hemolysis Causes Fatigue 
Independent of Anemia

ÁMany patients note a feeling of fatigue that may be disabling 

during periods of hemoglobinuria.

ÁThis is not related to hemoglobin level (anemia), as 

it disappears when the hemoglobinuriastops.ò

ÁPNH patients frequently complain of disabling fatigue 

that is often out of proportion to the degree of anemia.

ÁMultivariate analysis indicates hemolysis drives fatigue in 

PNH ïnot anemia3

1. Rosse W. 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 RA. 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.  3. Hill A et al. Haematologica.

2008;93(s1):359. Abstract 0903 and Presentation at: European Hematology Association 15th Annual Meeting; June 15th, 2008; Copenhagen, Denmark.

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Impact of PNH on Quality of Life

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.
Meyers G et al. Blood. 2007;110 (11): Abstract 3683.

~75% of Patients Reported Symptoms as Moderate to Very Severe

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis
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Pain is a Common 
Symptom in PNH Patients

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

47% of patients with pain required medical intervention

South Korean National Registry.
Lee JW et al. Hematologica. 2010;95(s2):Abstract #506.  

No pain

Pain, 

No treatment

Pain, 

Treatment

NSAID

Other

Opioids

Medical Intervention

(n=286)

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Is Dyspnea in PNH 
Linked to Pulmonary Hypertension?

Á66% of PNH patients report 

dyspnea1

ÁHemolysis results in cell-free 

hemoglobin and NO 

consumption leading to 

pulmonary hypertension2,3

ÁDyspnea and chest pain are 

significant predictors of TE 

(P=0.009, 0.002, respectively)4

South Korean National Registry.
1. Meyers G et al. Blood. 2007;110(11):Abstract 3683.  2.  Rother R. et al. JAMA. 2005; 293: 1653-1662. 3. Hill A  et al. Br J Haematol. 2010; 

May;149(3):414-25. Abstract #1022; 4. Lee JW et al. Hematologica. 2010;95(s2):Abstract #505.  

Chronic Kidney DiseaseChronic Kidney Disease Common Symptoms of PNHCommon Symptoms of PNHThrombosisThrombosis

Chest Pain
Dyspnea
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Symptoms Predictive of TE in PNH Patients
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Treatment of PNH in 2017

ÁSupportive measures

ïFolic acid

ïTransfusions

ïAnticoagulants

Á Immunosuppressive therapy when associated with aplastic anemia

ÁAnti-complement therapy: eculizumab (Soliris) is the only treatment 

approved by the FDA

ÁAlllogeneic bone marrow transplantation

ïCurative but rarely used as upfront therapy as there is a morbidity 

and mortality risk 

ïUsed mostly in patients with life threatening cytopenias

unresponsive to immunosuppression or in patients who have 

developed complications such as MDS 

ïPresently almost every patient can have a transplant

Anti -complement therapy of PNH

ÁEculizumab (Soliris)  blocks the complement at the C5-9 

level, only treatment for PNH approved by the FDA

ÁHas to be given for life, the current form is every 10-14 days 

intravenously.

ÁVery expensive

ÁLong acting form of eculizumab undergoing phase 3 trials

ÁRarely ineffective and due to:

ïExtravascular hemolysis

ïRare patients with complement mutations that render 

them insensitive to eculizumab blockage.
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Soliris Blocks Terminal Complement 1,2
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1. Soliris® (eculizumab) [package insert; 2011. 2. Rother RP et al. Nature Biotech. 2007;25(11):1256-1264. 

3. Walport MJ. N Engl J Med. 2001;344(14):1058-1066. 4. Figueroa JE, Densen P. Clin Microbiol Rev. 1991;4(3):359-395. 

C5a

Soliris 

ÁProximal functions of 

complement remain intact1,2

ÅWeak anaphylatoxin2,4

ÅImmune complex clearance2

ÅMicrobial opsonization2

ÁTerminal complement - C5a 

and C5b-9 activity blocked1,2

ÁSoliris binds with high affinity 

to C51,2

Complement Cascade 2,3

C5b-9C5b

C3 C3a

C3b
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PNH patients refractory to eculizumab who can 
be treated with other complement inhibitors

ÁSmall number of patients throughout the world who have a 

complement mutation that renders insensitive to 

eculizumab. 

ÁThis has led to the search of other molecules/drugs that can 

have an anti-complement effect different from an antibody. 

ÁCoversin 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.   

ïGiven subcutaneously, although more frequently (like 

insulin)

ïLong acting forms can be given less frequently

ïIt does not trigger an antibody response
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Wynne H Weston -Davies et al. Blood 2014;124:4280

©2014 by American Society of Hematology

Published in: Nadine Kuhn; Christoph Q. Schmidt; Martin Schlapschy; Arne Skerra; Bioconjugate Chem.2016, 27, 2359-2371.
DOI: 10.1021/acs.bioconjchem.6b00369
Copyright © 2016 American Chemical Society

Bone Marrow Transplant for PNH

Although BMT is the only potentially curative therapy for PNH, 

BMT is associated with significant morbidity and mortality

Hemolysis and thrombosis are risk factors for poor outcomes

ÁPosttransplant complications such as GvHD have had a significant 

impact on quality of life post transplant

ÁAllogeneic BMT recommended for PNH patients with life-threatening 

cytopenias or possibly the rare patient with disabling hemolysis or 

thrombosis not controlled with existing therapy, or for patients who 

develop late complications such as MDS
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Recent developments in BMT

ÁSupportive measures have improved: new anti-bacterials , 

anti-fungals, anti-virals.

ÁImprovement in HLA typing: currently molecular typing is 

the standard

ÁBetter methods to prevent GvHD such as ex vivo T cell 

depletion on in vivo selective T cell depletion with 

posttransplant cyclophosphamide.

ÁUse of less intensive preparative regimens: less transplant 

related complications and transplant can be used in older 

patients or with comorbidities.

ÁEveryone can have a transplant: matched related or 

unrelated, unrelated cord blood, and haploidentical donors 

Outcomes of allogeneic stem cell transplantation in patients with paroxysmal nocturnal 
hemoglobinuriawith or without aplastic anemia

European Journal of Haematology
25 JUL 2017 DOI: 10.1111/ejh.12922
http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full#ejh12922-fig-0002

Outcomes of allogeneic stem cell transplantation in patients with paroxysmal nocturnal 
hemoglobinuriawith or without aplastic anemia

European Journal of Haematology
25 JUL 2017 DOI: 10.1111/ejh.12922
http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full#ejh12922-fig-0001

Cyclophosphamide induction of 
tolerance

http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full
http://onlinelibrary.wiley.com/doi/10.1111/ejh.12922/full
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PNH: Understanding diagnosis and treatment 
Conclusions

ÁThe pathogenesis of PNH is better understood.

ÁThis has led to progress in the development of treatment  such as anti-

complement therapy with eculizumab. 

ÁEculizumab and immunosuppressive therapy remain the first line 

therapy for the hemolytic and  the aplastic form of PNH, respectively. 

Á New molecules/drugs that have an anti-complement effect are currently 

being investigated. 

ÁAllogeneic 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.

Thank you
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Long term outcomes of reduced intensity 
in matched transplants for PNH

Pantinet al. BBMT 2014, 20:1435


