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 1882: Strübing :    First reported case. 
 1928: Enneking : “paroxysmal nocturnal hemoglobinuria”.
 1938: Ham : PNH RBCs lysis in an acidified serum by an 

antibody-independent complement-like factors.
 1954: Pillemer:  The alternative complement pathway. 
 1961: Dacie:  PNH cells in BM failure /Link to somatic mutation 

: “abnormal cells must have as yet, not understood biological 
advantage”.

PNH: A Historical Perspective

Parker, PNH: A historical Review. Blood 2008. 93-103

Presenter
Presentation Notes
PNH was described as early as 1822 when a German physician, Paul Strubing, documented paroxysms of nocturnal hemoglobinuria associated with fatigue and abdominal pain. He hypothesized this was secondary to intravascular hemolysis.Drs. Marchiafava and Micheli provided further description, and thus, the term Marchiafava-Micheli syndrome, was born.Around that same time, Dr. Enneking introduced the descriptive terminology which is used today.



PNH: A Historical Perspective

 1966: Rosse:  PNH RBC’s were 25 times more sensitive to lysis 
by complement than normal RBC’s . C3 binding with  
complement activation.
 1970: Luzzatto:  Clonal nature of PNH / G6PD iso-typing.
 1983: Weller: DAF (CD-55) deficiency in PNH cells .
 1989: Parker: MIRL (CD-59) which inhibited reactive lysis of 

PNH cells.
 1993: Kinoshita: Loss of GPI anchor is the result of a somatic 

mutation in PIG-A gene. Parker, PNH: A historical Review. Blood 2008. 93-103



The Etiology of PNH: 

 An acquired / somatic mutation in the X-linked PIG-A gene in 
hematopoietic stem cells.

 Inability to synthesize/display the GPI- anchor on cell surface.
 Loss of GPI-anchored complement-shielding CD-55/CD-59
 One mutation is required in either males or females to cause 

disease.

Presenter
Presentation Notes
Somatic mutation of the PIGA (phosphatidylinositol glycan complement class A) gene on the X chromosome Responsible for the first step in the production of the GPI anchor, namely transfer of N-acetylglucosamine to phosphatidylIn normal cells, following protein attachment  to the GPI anchor and fatty acid remodeling, the GPI anchor is transported into the cell membraneThis cannot occur in PNH cells



1Socie, et al. Lancet. 1996;348:573-577.
2 Schrezenmeier H, Haematologica. 2014 May;99(5):922-9.
.

PNH : Epidemiology

 A rare disorder.
 Incidence: 1-10 cases per million.
 Median age of onset in the 30’s.
 Can affect the elderly and rarely children.
 No ethnic or geographic distribution.
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Presentation Notes
The complement system can be activated by three pathways: lectin, classical and alternative.By inhibiting at the level of 3, all effector pathways are inhibited, inclusive of the opsonization of cells with C3b and the extra inflammatory processes of C3a. C3 inhibition has more coverage potential than marketed C1 inhibitors (Cinryze, Berinert, Ruconest) since they stem from the activation of the classical pathway only, not affecting the C3 cleavage and downstream affects from the Lectin & Alternative pathways. For those indications where MAC is not the only involved factor, C3 inhibition also has expected greater effect, by blocking at the central point of cell death and clearance. In PNH specifically, preventing intra and extra hemolysis further reduces anemia and transfusion dependency



CD59 Deficiency and MAC* Formation

* Membrane Attack Comlplex
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Shown is a schematic of the terminal complement complex (TCC). The absence of the GPI-anchored complement inhibitor, CD59, allows the formation of C5b-9, which is also known as the membrane attack complex (MAC) or TCCThe absence of CD59 increases the sensitivity of PNH RBCs to complement-mediated hemolysis, and accounts for the chronic hemolysis of patients with PNH



The Clinical Triad of PNH

Hemolysis/Hemoglobinuria Thrombosis Bone Marrow Failure*

Budd-Chiari Syndrome

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiVufvF79HTAhWL54MKHXKtAo8QjRwIBw&url=https://www.pinterest.com/pin/426997608404505572/&psig=AFQjCNHS3laskhdAtxyzobz6hGV5YoAZTQ&ust=1493837217464931
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Clinical Manifestations of PNH

 Intravascular Hemolysis
 Anemia and fatigue
 Hemoglobinuria
 Renal failure
 Esophageal spasms
 Abdominal pain
 Headache
 Erectile dysfunction

 Thrombotic Events
 Venous thromboembolism DVT/PE
 Intra-abdominal vein thrombosis

 Budd-Chiari
 Splenic/mesenteric/renal vein thrombosis

 Cerebral vein thrombosis
 Retinal and dermal vein thromboses
 Arterial thromboses: MI/Strokes

Bone Marrow Failure
Pancytopenia
Propensity for infection 
bleeding



Classification of PNH

Classic   Florid (macroscopic hemoglobin- Cellular marrow with erythroid
uria is frequent or persistent)            hyperplasia and normal or near-

normal morphology

PNH in the setting of  Mild to moderate (macroscopic         Evidence of a concomitant
another marrow            hemoglobinuria is intermittent          marrow failure syndrome
failure syndrome or absent)

Subclinical                       No clinical or biochemical                     Evidence of a concomitant
evidence of intravascular hemolysis   marrow failure syndrome

International PNH Interest Group (Blood 106:3699, 2005)



PNH: An Approach To Diagnosis



Bone Marrow Failure Syndromes
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Average time to diagnosis  from onset of symptoms <2 years

Time to Diagnosis of PNH

Shammo et al. SM Clin Med Oncol. 2017; 1(1): 1001-1005

Presenter
Presentation Notes
The average time to diagnosis from onset of symptoms was variable but most cases were diagnosed within 2 years.



Providers Consulted Prior to PNH Diagnosis

Shammo et al. SM Clin Med Oncol. 2017; 1(1): 1001-1005

Presenter
Presentation Notes
Multiple healthcare providers were encountered prior to diagnosis. 40% of patients saw 5+ providers before the diagnosis was made. The majority of patients were first evaluated by their PCP. Interestingly, 11% of patients were evaluated by mental health specialists at some point in their path to diagnosis. 



 Flow cytometry of peripheral blood:
 Gold standard test for diagnosis of PNH

 Stains with monoclonal antibodies for CD55 and CD59 
 FLAER (fluorescein-tagged pro-aerolysin variant) that binds a portion of GPI anchor

 More than one cell lineage should be evaluated 
 Granulocytes
 Monocytes
 Red Blood Cells (RBC)

 Sensitivity Level ~ 0.01%

Diagnostic Testing for PNH

Presenter
Presentation Notes
FLAER stands for fluorescein-tagged pro-aerolysin variant and is a bacterial toxin that binds a portion of the GPI anchor. Flow cytometry is used to measure GPI-anchored proteins directly on blood cells. At least 2 types of blood cells are analyzed, generally erythrocytes and granulocytes.



Flow Cytometric Analysis in PNH
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80.1 % of Granulocytes lack GPI proteins 31.4% RBCs are Type III PNH cells
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Presentation Notes
KEY POINTS:Two key points to noteIf only RBCs were evaluated the tests would have missed the true size �of the PNH cloneHemolysis can often be identified when conducting flow cytometryHigher granulocyte clones in comparison to the RBC clone are often indicative of hemolysis of RBCsIn PNH granulocytes are not as susceptible to hemolysis as the RBCs



Identifying patients for PNH Testing

 All Patients with AA 
 Select patients with MDS.
 Unexplained Coombs- negative hemolytic anemia.
 Hemoglobinuria/ Intravascular hemolysis.
 Young patients with Unexplained thromboses.
 Thromboses at unusual sites.
 Thrombotic events despite adequate anticoagulation.
 Thrombotic events with iron deficiency, granulocytopenia , and or 

hemolytic anemia.
 Patients with unexplained cytopenias

Borowitz et al. Clinical cytometry, 78b: 211-230 ( 2010) 
Dezern et al. clinical cytometry, 94b: 16-22 (2018)



PNH: Treatment



Treatment options for PNH
 Supportive care
 Transfusions.
 Iron/folate.
 Androgens.
 Erythropoiesis stimulating agents.         

 Prednisone
 Dose required (20-30 mg/day). 

 Allogeneic Bone marrow transplantation.
 Complement Inhibition: 
 Eculizumab (Soliris).
 Ravulizumab (ultomiris)

 Clinical trials/Novel agents.
1. International PNH Interest Group. Blood. 2005;106:3699-3709. 
2. Brodsky Blood 2009; 113:6522-6527.
3.    Hillmen et al. N Engl J Med. 2006 Sep 21;355(12):1233-43 



Eculizumab : Anti-C5 Antibody
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KEY POINTS:SOLIRIS® is a first-in-class, humanized, anti-C5 monoclonal antibodySOLIRIS has very high affinity for binding to human C5 protein; each SOLIRIS molecule binds two C5 proteinsSOLIRIS is the first therapy to specifically target complement-mediated hemolysisSOLIRIS is unique among humanized monoclonal antibodies because germline human framework acceptor sequences were used to minimize immunogenicityHuman IgG2/4 heavy chain constant regions were used to eliminate the ability of the antibody to bind Fc receptors and activate complementCONFIDENTIAL – FOR TRAINING PURPOSES ONLY – NOT FOR DISTRIBUTION



Long-Term Extension Trial Hillmen Blood. 
2007

Evaluated long-term safety, efficacy and effect 
on thrombosis; Placebo patients switched to 

Eculizumab
N = 187

Pilot Study – NEJM. 2004
N = 11

Primary endpoint: reduction of hemolysis

TRIUMPH – NEJM. 2006 
Pivotal Phase III, Double-Blind, 
Placebo-Controlled Trial, N = 87

SHEPHERD – Blood. 2008
Broader patient population, including those receiving minimal 

transfusions or with thrombocytopenia, N = 97

Eculizumab Clinical Studies

Presenter
Presentation Notes
KEY POINTS:The Pilot Study was a phase II, open-label 12 week study that included 11 patientsTRIUMPH was a phase III double-blind, placebo-controlled randomized multicenter trial. To be eligible, patients had to have had a history of >4 transfusions / year and a platelet count > 100,000 /mm3Patients received either SOLIRIS® or placebo for 26 weeksSHEPHERD was a phase III open-label, multicenter trial in a broader, more diverse patient population, including patients with lower transfusion requirements ≥1 transfusion in last 24 months or thrombocytopenia (platelet count cut-off > 30,000 /mm3Patients were treated with SOLIRIS for 12 monthsADDITIONAL INFORMATION:TRIUMPH and SHEPHERD were designed to establish the efficacy and safety of SOLIRIS in patients with PNH and combined were the basis for SOLIRIS approval and support the product labeling.All patients in the Pilot, TRIUMPH, and SHEPHERD trials were eligible to enroll into the extension trial (including placebo-treated patients in TRIUMPH)CONFIDENTIAL – FOR TRAINING PURPOSES ONLY – NOT FOR DISTRIBUTION



TRIUMPH – LDH
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CASE 1

 A 55 year old man diagnosed with aplastic anemia in 
1998.
 Treated with immunosuppressive therapy.

 In 2005, he presented with worsening anemia:
 HGB: 9.8 gm/dl, MCV:115, WBC/ANC/Plt. WNL
 T. Bili: 2.2, mostly unconjugated. LDH: >4000. 



CASE 1: Results of Diagnostic Testing
 Bone marrow biopsy: 
 Normocellular bone marrow 
 Erythroid hyperplasia. 
 No overt dysplasia seen. 
 Absent storage iron. 

 Flow cytometry results: 

 RBC Type I: Normal CD59 level. 74.81%
 RBC Type II: Partial CD59 deficiency 1.13%
 RBC Type III: Complete CD59 deficiency 24.06%

 Granulocytes FLAER/CD24 deficiency  76.06%
 Monocytes FLAER/CD14 deficiency 83.65%



CASE 1: LDH



CASE 1: Hemoglobin

Eculizumab



Impact of eculizumab treatment on paroxysmal nocturnal 
hemoglobinuria: a treatment versus no-treatment study

- A retrospective comparison 
study between 123 patients 
treated with eculizumab in the recent 
period (>2005) and 191 historical controls 
(from the French registry).

- Overall survival (OS) at 6 years was 
92% in the eculizumab cohort versus 
80% in historical controls diagnosed 
after 1985 .
(HR 0.38 [0.15 to 0.94], P = 0.037). 

- There were significantly fewer 
thrombotic events in the group of 
patients treated with eculizumab (4%) 
as compared to the historical cohort 
(27% ). 

Loschi et al. Am J Hematol. (2016) 91:366–70. doi: 10.1002/ajh.24278

Presenter
Presentation Notes
Figure 1Open in figure viewerPowerPointOverall survival and probability of thrombotic events and clonal evolution. Panel A represents the overall survival for patients treated by eculizumab (gray line), historical controls diagnosed ≥ 1985 (black line) and historical controls diagnosed before 1985 (dashed line). Panel B represents the results of various adjustment methods to compare patients treated with eculizumab and historical controls. Adjustment (1/2/3) mean: adjustment for age, previous aplastic anemia and previous history of thrombosis (1), age, classic HPN and previous history of thrombosis (2) and time from HPN diagnosis to inclusion, classic HPN and previous history of thrombosis before inclusion (3). Weighted analyses used inverse probability of treatment weights (IPTW) to recreate two pseudo‐populations, one receiving eculizumab and the other not, with baseline characteristics as close as possible. Panel C represents the cumulative incidence of thrombotic events for patients treated with eculizumab (gray line), historical controls diagnosed ≥ 1985 (black line) and historical controls diagnosed before 1985 (dashed line). Panel D represents the cumulative incidence of clonal evolution (myelodysplastic syndrome or acute myeloid leukemia) for patients treated with eculizumab (gray line), historical controls diagnosed ≥ 1985 (black line) and historical controls diagnosed before 1985 (dashed line). The embedded subfigure is a zoom of the whole figure.



ALXN -1210: Ravulizumab

 A humanized monoclonal antibody to C5.

 Enhanced Fc receptor recycling.

 Half-life of 42 days ( 4x longer than 
Eculizumab).

 Administered  IV q 8 weeks.

 Weight-based dosing.

 A sq. version is under investigation.



Ravulizumab:  Phase 3 Trials
 PNH-301: 
 A randomized, open-label trial in treatment-naïve PNH patients (n: 246) .
 To evaluate the efficacy and safety of ALXN1210 VS. Eculizumab
 Co-primary endpoint : Transfusion avoidance, and LDH normalization.
 ALXN 1210 reported to be noninferior to eculizumab (Lee, EHA 2018)

 PNH-302 : 
 A randomized noninferiority trial of ALXN1210 versus eculizumab.
 Previously–treated adult patients with PNH ( n: 197). 
 At least 6 months of eculizumab therapy, LDH < 1.5 X ULN
 Primary efficacy endpoint was hemolysis /percentage change in LDH level from 

baseline to day 183.

Presenter
Presentation Notes
Studies 301 was the largest interventional clinical study of treatment naïve patients with PNH.  Gait.  The drug was shown to be noninferior to eculizumab across to her primary endpoint and other secondary endpoints do to its ability to provide immediate complete and sustained inhibition of C5. –2018, a subgroup analysis was conducted to evaluate the efficacy of both drugs based upon baseline hemolysis level, transfusion history and demographics.  This particular analysis favored the novel agent for the majority of PNH patients analyzedStudies 302 patients treated with eculizumab over 6 months with an LDH below 1.5 times upper limits of normal whereas signed 121 to continue her eculizumab will switch to Pravachol is a lab.  Primary objective was to assess the non-inferiority compared to eculizumab

















(A) Impact of donor: matched sibling versus unrelated donors. (B) Impact of transplant indication: BMT performed RHC, AA or TE.

De Latour et al: Hematologica. 2012;97(11):1666-1673.
.

Bone Marrow Transplantation for PNH

Presenter
Presentation Notes
BackgroundIn the era of eculizumab, identifying patients with paroxysmal nocturnal hemoglobinuria who may benefit from allogeneic stem cell transplantation is challenging.Design and MethodsWe describe the characteristics and overall survival of 211 patients transplanted for paroxysmal nocturnal hemoglobinuria in 83 EBMT centers from 1978 to 2007. Next, we conducted a comparison with a cohort of 402 non-transplanted patients with paroxysmal nocturnal hemoglobinuria diagnosed between 1950 and 2005 in 92 French centers. We compared the occurrence of complications (i.e. thromboembolism and aplastic anemia) using either an individual or a stratum-matching procedure.ResultsAfter a median follow-up of 5 years, the 5-year overall survival rate ± standard error (%) was 68±3 in the transplanted group (54±7 in the case of thromboembolism, 69±5 in the case of aplastic anemia without thromboembolism and 86±6 in the case of recurrent hemolytic anemia without thromboembolism or aplastic anemia). Only thromboembolism as the indication for transplantation was associated with worse outcome (P=0.03). We identified 24 pairs of transplanted and non-transplanted patients with thromboembolism for the matched comparison, with worse overall survival for the transplanted patients (hazard ratio=10.0; 95% confidence interval, 1.3-78.1; P=0.007). This was confirmed by the global matching procedure (P=0.03). As regards aplastic anemia without thromboembolism, 30 pairs were identified for the matched comparison. It was not observed that transplanted patients had a significantly worse overall survival (hazard ratio=4.0; 95% confidence interval, 0.9-18.9; P=0.06). A global matching procedure was not feasible.ConclusionsAllogeneic stem cell transplantation is probably not a suitable treatment option for life-threatening thromboembolism in paroxysmal nocturnal hemoglobinuria.



Risitano; Expert Review of Hematology 2014, 7, 775-789.

PNH Treatment Algorithm



CASE 2

 A 25 year old woman with no prior medical history 
presented to PCP with fatigue and exercise intolerance. 

 A CBC was performed: 
 Hemoglobin 4.5  g/dl, MCV 103.8 Fl
 WBC 2.8 th/mL, ANC: 1.18 th/mL
 Platelets 59 th/mL.

 LDH (> 3000), Total bilirubin: 3.5, mostly unconjugated

 Coombs negative.

 Extensive workup for causes of hemolytic anemia was negative. 



CASE 2: Results of Diagnostic Testing

 Bone marrow biopsy: Normocellular marrow with 
erythroid hyperplasia. No dysplasia present.

 Flow cytometry on a peripheral blood sample for PNH was 
performed:
 Type I  RBC  69.29%
 Type II RBC 20.26%
 Type III RBC 10.45% 

 Granulocytes FLAER/CD24 deficiency: 86%
 Monocytes FLAER/CD14 deficiency: 84.99%



CASE 2: Hgb

Stem Cell Transplantation

Eculizumab



CASE 2: Platelets



CASE 2: PNH Clone Kinetics
 Pre-BMT:
 RBCS

 Type I: Normal CD59 level. 54.64%
 Type II: Partial CD59 deficiency 6.49%
 Type III: Complete CD59 deficiency 38.87% 

 GRANULOCYTES FLAER/CD24 deficiency 94.34%
 MONOCYTES FLAER/CD14 deficiency                                     96.93%
 1 Month Post BMT
 RBCS

 Type I: Normal CD59 level. 99.08% 
Type II: Partial CD59 deficiency 0.59% 
Type III: Complete CD59 deficiency 0.33%

 GRANULOCYTES FLAER/CD24 deficiency 1.11%
 MONOCYTES FLAER/CD14 deficiency 0.66%
 4 Months Post BMT

 No flow cytometric evidence of paroxysmal nocturnal hemoglobinuria (PNH). 



PNH: Novel Agents



PNH: Ongoing Dilemmas

 C5 polymorphism/lack of response to Eculizumab
 Breakthrough hemolysis
 Concomitant bone marrow failure
 Extravascular hemolysis ( + DAT/C3 deposits )
 Increased risk for meningococcal infection.
 Need for frequent infusions ( q 2 week).
 Cost of therapy. 



Risitano et al. Am J Hem. 2018 . 4;( 93) :  564-577 Oral presentation on Monday, abstract 535



Novel Agents

Anti-C5 mAb
 REGN3918
 LFG316
 Eculizumab biosimilars
 Coversin
 SKY59/RO711268/Crovalimab

Interference with C5 production
ALN-CC5



Zilucoplan: C5 Complement Inhibitor

 Zilucoplan (RA101495 SC): self-
administered, subcutaneous C5 
inhibitor 

 Binds to C5 and C5b
 Phase 2 studies completed
 Phase 3 studies in paroxysmal 

nocturnal hemoglobinuria (PNH) 
planned for 2019



Inhibitors of the Proximal Complement

Broad inhibitors of C3 : two compstatin analogs 
 AMY-101 
 APL-2) a
Selective inhibitors of the alternative pathway
ACH-4471: Anti complement factor D (FD) 
LNP023:  Anti  complement factor B (FB).



APL-2: Central Inhibition of Complement
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Janssen, J. Biol. Chem., 282(40), 29241-29247, 2007
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Presentation Notes
The complement system can be activated by three pathways: lectin, classical and alternative.By inhibiting at the level of 3, all effector pathways are inhibited, inclusive of the opsonization of cells with C3b and the extra inflammatory processes of C3a. C3 inhibition has more coverage potential than marketed C1 inhibitors (Cinryze, Berinert, Ruconest) since they stem from the activation of the classical pathway only, not affecting the C3 cleavage and downstream affects from the Lectin & Alternative pathways. For those indications where MAC is not the only involved factor, C3 inhibition also has expected greater effect, by blocking at the central point of cell death and clearance. In PNH specifically, preventing intra and extra hemolysis further reduces anemia and transfusion dependency



PHAROAH: APL-2 Add-on Therapy in Eculizumab Tx’d Pts *

Phase Ib APL-2 PNH Trials 

Patient Population:

 Diagnosis of PNH (WBC clone > 10%)
 At least 3 months of eculizumab treatment
 Hb < 10.5 g/dL at screening, LDH > 2X ULN OR have 

received at least one transfusion with 12 months prior 
to screening

 Platelet count of > 30,000/mm3 and ANC > 500 x 109/L

PADDOCK: APL-2 Monotherapy in eculizumab-Naïve PNH

Patient Population:

 Diagnosis of PNH (WBC clone > 10%)

 LDH > 2X ULN

 Last transfusion within 12 months prior to screening

 Platelet count of > 30,000/mm3 and ANC > 500 x 109/L

* Poster presentation on Sunday , abstract 2314

Presenter
Presentation Notes
PHAROAH Patients – had 12 subjects for trial, with other cohorts of early dose testing that were not pharmacologically active and did not proceed through further evaluation. Sharing data on clinical dose chosen. (4) have completed 2 years of treatment and have moved into a long term extension trial.*Note – Cleveland Clinic has been involved in the Pharoah trial (1 of 4 fully completed patients)PADDOCK Study Originally 6 subjects (3 each cohort), decision made to expand Cohort 2 to a total of 20 patients. During this meeting, Apellis will present data on all 20 patients up to at least day 71.Daily Subcutaneous Dosing in these trials.



PEGASUS Phase III Ongoing Study (n=70)

*Open Label 
extension may be

offered to all 
participants if 

clinical benefit is 
evident

Eculizumab 
maintenance

On Eculizumab
(stable for 3 months)

Meet I/E Criteria
Group 2

Ecul. + APL-2

Group 1+2
APL-2

Screening
1 Month
Run-in

4 Month
Randomized 

Controlled Period Follow up*Open-label APL-2 Period

Baseline 1:1 Randomized

(All patients)

APL-2 +
Eculizumab

Group 1 (n=35)
APL-2 Monotherapy

Group 2 (n=35)
Eculizumab

Parameter

Population PNH patients on eculizumab who continue to be anemic 
(Hb < 10.5 g/dL at screening), elevated retic counts

Primary Endpoint Week 16 change from baseline in hemoglobin level

Design Randomized 1:1 APL-2:eculizumab. 1 Month Run In; 4 Month Randmoization;6 
Month Open Label; 1 Month Follow Up 

Dosing Dose 1080 mg 2/week, SC infusion via injection pump

Sample size 70 patients (35/group) randomized 1:1

Presenter
Presentation Notes
Phase III designed for superiority Phase I Data to date suggest markedly improved hematology vs. SolirisBlocking extravascular hemolysis likely to translate into clinically meaningful improvement in Hb (e.g. transfusion avoidance),reticulocytes, bilirubin, and comparable LDH to C5 inhibitors



Key Takeaways

 PNH is a rare disease with serious consequences.
 Testing for PNH should be performed in high-yield patient 

populations
 Flow cytometry of the peripheral blood is the diagnostic procedure 

of choice for PNH.
 PNH clones should monitored periodically.
 SCT is reserved for patients with PNH/ severe bone marrow failure, 

or those who do not respond to complement inhibition.
 Multiple novel agents are being evaluated.
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