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Is the allogeneic stem cell transplantation still an option for PNH ?

Yes



Haemolytic PNH
• 21year old male

• New diagnosis of haemolytic PNH 2008

• LDH 2241 (NR <240), Hb 82 g/L

• Symptomatic of haemolysis, with no thrombosis

• Identical Twin Brother (monozygotic)- Fit and well

• what is the best treatment option?

HSCT vs Anti-complement therapy



Bone marrow transplants

for paroxysmal nocturnal haemoglobinuria
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Summary. Paroxysmal nocturnal haemoglobinuria (PNH) is

a rare clonal haematological disorder characterized by

intravascular haemolysis and increased risk of thrombosis.

PNH is associated with bone marrow failure syndromes

including aplastic anaemia, myelodysplasia and leukaemia.

Bone marrow transplants are sometimes used to treat PNH,

but small series and reporting biases make assessment of

transplant outcome difficult. The outcome of 57 consecutive

allogeneic bone marrow transplants for PNH reported to the

International Bone Marrow Transplant Registry (IBMTR)

between 1978 and 1995 was analysed. The 2-year

probability of survival in 48 recipients of HLA-identical

sibling transplants was 56% (95% confidence interval 49–

63%). Two recipients of identical twin transplants remain

alive 8 and 12 years after treatment. One of seven recipients

of alternative donor allogeneic transplants is alive 5 years

after transplant. The most common causes of treatment

failure were graft failure and infections. Our results indicate

that bone marrow transplantion can restore normal bone

marrow function in about 50% of PNH patients.

Keywords: paroxysmal nocturnal haemoglobinuria, allo-

geneic bone marrow transplantation, haemolysis.

Paroxysmal nocturnal haemoglobinuria (PNH) is a clonal

haematological disorder characterized by intravascular

haemolysis, reflecting exceptional sensitivity of red blood

cells (RBC) to complement-mediated lysis (Dacie, 1967; Oni

et al, 1970; Josten et al, 1991; Rosse, 1993; Bessler et al,

1994; Rosse & Ware, 1995). It is associated with a somatic

mutation in the phosphatidyl inositol glycan protein A (PIG-

A) gene(Takeda et al, 1993). PIG-A isessential for formation

of the glycosyl phosphatidylinositol anchor by which many

surface proteins attach to the cell membrane (Yeh & Rosse,

1994). Clinical features of PNH include haemoglobinuria,

thrombosis, bone marrow failure and susceptibility to

infections (Rotoli & Luzzato, 1989; Rosse, 1989).

There is a close relationship between PNH and bone

marrow failure, particularly aplastic anaemia (Lewis &

Dacie, 1967; Gardner & Blum, 1967; Tichelli et al, 1988).

In somepatients with aplastic anaemia a small clone of PNH

cells may arise without producing significant haemolysis,

being identified only by a positiveserum acidified lysis (Ham)

test or deficient expression of PIG-anchored proteins on one

or more blood cell lineages (Young, 1992). PNH is also

reported in association with acute leukaemia, myelo-

dysplasia and myeloproliferative diseases (Marsh & Geary,

1991). In these cases prognosis is dependent on the

underlying disease rather than that of typical PNH.

The clinical course of PNH is usually chronic with a

median survival of about 10 years (Dacie & Lewis, 1972;

Hillmen et al, 1995). Treatment includes RBC transfusions

and prevention or treatment of thrombosis. Corticosteroids

may be beneficial in some people but have substantial

adverse side-effects (Rosse, 1989; Issaragrisil et al, 1987).

Anabolic steroids sometimes improve bone marrow function

but often haveto bediscontinued because of side-effects. Iron
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56% OS at 2 years

1978-1995 (n=57)-CIBMTR

HSCT in PNH



Haemolytic PNH
• 21 year old male

• New diagnosis of haemolytic PNH 2008

• LDH 2241 (NR <240), Hb 82 g/L

• Symptomatic of haemolysis, with no thrombosis

• Identical Twin Brother (monozygotic)- Fit and well

• what is the best treatment option?

HSCT vs Anti-complement therapy
• No treatment

• Took 6 years to convince him and now on Ecu---Ravulizumab (since 2014)

• Total cost- Euro 3.82 million (per decade)



Sheth et al, Blood Advances, 2019

HSCT in Aplastic Anaemia

King’s College Hospital, 2015
FCC regimen

MSD, n=12, 100%

UD, n=33, 90.5%
Study design

Multi-centre, retrospective

Regimen (‘FCC’)

Fludarabine 30mg/m2 x 4

CY 300mg/m
2

x 4 

Alemtuzumab 60mg (40-100)

Post graft: ciclosporin



Transplant-related mortality (TRM) 42% 
Median F/U 131 months

Santarone, Haematologica 2010                                                                                   Peffault de Latour, Haematologica 2012

OS 57%

5yr OS 68%

Graft Failure 7%

Acute GVHD grade II-IV 40%

Chronic GVHD  29%

HSCT in PNH
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Mortality With Best Supportive Care In Hemolytic PNH Patients
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AIH

Mortality With Transplantation In Hemolytic 

PNH Patients (1978-2007)
median age 30 years, 2/3rd HLA-identical

EBMT cohort (n=211)
-Hemolytic (n=64)

-Aplastic anemia (n=100)

-Thrombosis (n=47)

Transplantation
-GvHD

- Acute, CI = 65%

- Chronic, CI = 45%

-Causes of death (n=64)

- GvHD

- Infections

Peffault de Latour, et al. Haematologica. 2012 

RHC-recurrent haemolytic crisis (HR 1)

AA-aplastic anaemia with no TE (HR 2.4)

TE-thromboembolism (HR 3.7)



SFH EBMT

122 47

Non grafted SCT

Not confirmed1

121

Severity ?

27

2

Date ?2 2

F-up<6mo post HSCT

MDS before    1

4292

2424 Matched pairs

2520151050

80
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Time since thrombosis (year)

40

100

SCT

Non Grafted

p Log Rank = .01

p Cox stratified on pairs = .007

HR SCT/non grafted = 10.0(1.3-78.1)

Overall Survival (OS)

Thrombosis and Transplantation

Peffault de Latour et al, Haematologica 2012 



Peffault de Latour et al. Blood 2008; 112:3099-3106.Loschi et al. American Journal of Hematology 2016

Clonal evolution

Thrombosis and eculizumab/ravulizumab

Kelly et al. Blood 2024.
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Pantin, et al. BBMT. 2014 

How to transplant if anti-complement therapy is not available?

▪ Patients, N=17; median age of 31 (range 20–42 years)

▪ Median percentage of GPI-negative neutrophils pre-transplant was

81.6% (range 5.5%–99%). 

▪ Indications for transplant included: 

– 10 patients with PNH- BMF (2 with cytogenetic evidence for evolution to 

myelodysplastic syndrome)

– 3 with thrombotic events;

– 4 uncontrolled hemolysis

▪ Patients received a T-cell replete G-CSF PBSC from a sibling after RIC regimen (Cy 60 

mg/kg/d D-7 and -6 and flu 25 mg/m2/d D-5 to -1). Horse ATG + CSA + MMF (Mtx) as 

GvHD prophylaxis

Bone marrow failure, patient preference or drug unavailability



Pantin, et al. BBMT. 2014 

▪ All patients engrafted with full donor chimerism

▪ The cumulative incidence of grade 2–4 acute GVHD was

47.1% (n=8) and the cumulative incidence of chronic

GVHD was 70.6% (n=11)

▪ With a median follow-up of 6 years (range 2.6–11 years), 

15 patients (87.8%) are alive 

How to transplant if anti-complement therapy is not available?



HSCT in PNH- No anti-complement therapy



PNH

Eculizumab/

Ravulizumab

Haemolytic PNH

ATG + CSA + EPAG

AA with
haemolysis

HSCTThrombosis

AA / PNH

AA/PNH Management

Slide courtesy Régis Peffault de Latour , modified

Cyclosporin

HSCT

No access to any anti-

complement therapy

HSCTNo access to any anti-

complement therapy



17

Concurrent treatment of AA and PNH

PNH patients with coexistent BMF (AA/MDS) can have IST (ATG/CSA/Campath) 

with eculizumab either concurrently or sequentially without any deleterious effects

N=25

N=9



18

EHA 2019 and Acta Haematologica, 2022, in press

NO CHANGE IN THE EFFECTIVENESS OF IMMUNOSUPPRESSIVE THERAPY IN 

PATIENTS WITH PNH AND AA RECEIVING CONCOMITANT ECULIZUMAB

Anita Hill1; Régis Peffault de Latour2; Austin G. Kulasekararaj3; Morag Griffin4; Robert A. Brodsky5; Jaroslaw P. Maciejewski6; Amanda 

Wilson7; Philippe Gustovic8; Hubert Schrezenmeier9

N=88

N=162

N=33



Evolution to AA, MDS or AML under eculizumab

• Retrospective study, 2007-2017, patients going to HSCT while on eculizumab

• 21 Patients:
– Aplastic anemia, n=10

– Clonal evolution, n=1

– Hemolytic patients, n=8

– Thrombosis, n=2

Vallet, et al. Haematologica. 2018 



Evolution to AA, MDS or AML under eculizumab

Overall survival 70%
Causes of death

-GvHD
-Infections

Vallet, et al. Haematologica. 2018
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Eculizumab with HSCT in PNH



Proposed algorithm for the management of PNH and PNH/AA 

Hemolytic dominant Aplasia dominant

PNH-cytopenia (AA)

NSAA SAA NSAA SAA

Ecu/Ravu
IST followed by Ecu/Ravu
Ecu/Ravu followed by IST
Ecu/Ravu with IST/SCT

IST HSCT IST

Donor (+)
Age<50

Donor (-)
Age≥50

IST; immunosuppressive therapy, HSCT; stem cell transplantation

high disease
activity

HSCT IST

Donor (-)
Age≥50 Ecu/Ravu

Donor (+)
Age<50

Classic PNH

Modified and based on BCSH guideline (Kulasekararaj, BJH 2024)



Transplant for PNH (no access to anti-complement therapy)

NO YES

• To all patients 

• Caution with Thrombotic PNH

• GVHD risk exists

• ?role of short access to 
complement inhibition pre-HSCT



Transplant for PNH (availability of complement inhibition)

NO

• Sub-optimal response to Ecu/Ravu
EVH, residual haemolysis and residual 
anaemia

• Refractory to Ecu/Rav
• C5 polymorphism

• Thrombotic PNH

YES

• Concurrent symptomatic BMF
• coexisting AA (even NSAA?)

• Relapse of AA

• Progression to MDS and/or AML

• Young/adolescents with hPNH???
• Syngeneic donor

• Sibling donor

• Pharmaco-economic rationale? (even 
in countries with access)
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Paroxysmal Nocturnal 
Haemoglobinuria ServicePNH Designated Centres:

Leeds Teaching Hospitals
PNH Clinicians: Dr Morag Griffin, Dr Richard Kelly 

Dr Talha Munir, Dr Petra Muus, Dr Sateesh 

Nagumantry, Dr Alexandra Pike, Dr Malinthi 
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Coordinator: Mandy Ling

King’s College Hospital NHS Foundation 

Trust
Department of Haematology
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Denmark Hill

London SE5 9RS

Tel: 0203 299 1039
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joanna.large@nhs.net

PNH Designated Centres

PNH Outreach Clinics

PNH Scotland Outreach

Leeds Teaching Hospitals
catchment area

King’s College Hospital
catchment area

Clinical Trials, clinical trials, clinical trials….

82 patients on clinical trials since 2016

23 clinical trials
Savings of £ 51 million

Thank you to patients and sponsors
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