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Abstract
The only potentially curative treatment for paroxysmal nocturnal hemoglobinuria (PNH) is allogeneic hematopoietic stem 
cell transplantation (allo-HSCT).
However, its use has been largely abandoned following the introduction of efficient symptomatic treatment with comple-
ment inhibition. Nevertheless, the population of PNH patients is diverse, and some of them might still gain advantage 
from allo-HSCT, while anti-complement treatment would be the first choice for others. Both treatment modalities may 
be also sequentially applied in the same patient when needed.
This review aimed to present the current status of allo-HSCT in the treatment of patients with PNH, with special ref-
erence to Poland where the previous unavailability of anti-complement therapy enabled the acquisition of extensive 
experience in performing allo-HSCT for PNH, a treatment option currently restricted only to selected patients who are 
not candidates for eculizumab.
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Paroxysmal nocturnal hemoglobinuria (PNH) originates 
from acquired PIGA gene somatic mutation in hemato-
poietic stem cells, leading to deficiency in membrane 
proteins requiring glycosyl phosphatidyl inositol anchor [1].  
The absence of these proteins, most importantly including 
natural complement inhibitors CD55 and CD59, is respon-
sible for complement-mediated intravascular hemolysis, 
leading in classical hemolytic PNH to a wide spectrum of 
clinical symptoms mainly related to the presence of free 
hemoglobin, nitric oxide scavenging, and the increased 
occurrence of thrombosis. Patients with classical PNH 
nowadays are treated with a terminal complement protein 
C5 inhibitor, the monoclonal antibody eculizumab, which 
has been proved to be highly effective in reducing PNH-re-
lated morbidity (hemolytic anemia and thrombosis) and 

mortality [2]. Progress in anti-complement treatment has 
been achieved by substantial prolongation of half-life of 
a newer anti-C5 monoclonal antibody, ravulizumab, which 
instead of twice a month is given once every two months. 
However, access to this drug is restricted [3, 4]. Further 
progress in complement inhibition aims to overcome C5 
polymorphisms responsible for resistance to eculizumab, 
and to reduce breakthrough episodes of hemolysis and 
extravascular hemolysis resulting from complement C3 
opsonization. Moreover, other new monoclonal antibodies 
and complement inhibitors are currently in development, 
e.g. C1 esterase inhibitor [5], C3 inhibitors [6], and factor 
D inhibitors [7]. It is highly likely that they will improve re-
sponse rates as well as quality of  life. However, they inhibit 
the immune system which makes the organism more prone 
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to infectious complications [8]. Also, once started, they 
cannot be withdrawn and patients require life-long treat-
ment with these drugs, which may negatively influence their 
quality of life. There are also reports indicating that only 
a minority of patients obtain complete, or at least major, 
hematological response [9, 10]. The main limitation of C5 
inhibitors treatment however is that they are not curative, 
and they do not correct the underlying stem cell defect [11].

Therefore, despite the success of complement inhib-
itors in hemolytic PNH, there is still a continued need for 
allogeneic hematopoietic stem cell transplantation (al-
lo-HSCT) in bone marrow failure-associated PNH, in which 
the presence of PNH clone overlaps with aplastic anemia, 
myelodysplastic syndrome, or both. PNH clone in this sub-
type is usually smaller than in classical PNH, however over 
the last decade progress has been achieved also in PNH 
diagnosis [12] through the introduction of high sensitivity 
flow cytometry which enables the detection of even very 
small PNH clones [13].

Allo-HSCT is indicated for PNH patients with very severe 
or severe aplastic anemia, high- or higherintermediate-risk 
myelodysplastic syndrome, or patients with severe hemo-
lysis or thrombosis unresponsive to eculizumab [14], or 
those without access to it.

Allo-HSCT can cure the disease thanks to cytotoxicity 
of conditioning treatment and immunoreactivity of donor 
T-cells, leading to eradication of the PNH clone [15]. Al-
lo-HSCT can be proposed after complement blocker ther-
apy in the absence of alternative treatment and after 
careful assessment of the risk-benefit ratio, especially in 
transfused patients. Eculizumab did not change the risk 
of HSCT complications in PNH patients who sequentially 
received both treatment options. The optimal timing for 
the last eculizumab infusion before transplantation seems 
to be during the conditioning regimen [16]. Bridging ther-
apy with eculizumab prior to allo-HSCT is safe, and does 
not negatively influence the engraftment of hematopoiet-
ic stem cells [17].

Identifying patients with PNH who may benefit from 
allo-HSCT is challenging. The low incidence of PNH, and 
the treatment of most patients with eculizumab, makes it 
practically impossible to conduct a randomized prospec-
tive trial. Thus, outcomes of allo-HSCT in PNH are generally 
obtained from observational studies and retrospective ac-
tivity reports. Most of these have been based on low num-
bers of patients, except for a few registry or multicenter 
group studies.

The first large study was reported in 1999 from the In-
ternational Bone Marrow Transplant Registry, which pre-
sented the results of 57 consecutive allo-HSCTs performed 
between 1978 and 1995. The two-year overall survival rate 
was 56%. The most common causes of treatment failure 
were graft failure and infection. Acute and chronic graft-
versus-host disease (GvHD) occurred in 34% and 33%, 

respectively. Sustained engraftment was observed in 77% 
of patients [18].

Another long-term study of allo-HSCT in PNH was report-
ed in 2010 by an Italian group. This included 26 patients 
transplanted between 1988 and 2006. Fifteen patients 
received myeloablative, and 11 were given reduced inten-
sity, conditioning. Graft failure was 8%, and transplant-re-
lated mortality was 42% (26% and 63% following myeloab-
lative or reduced intensity conditioning, respectively). The 
10-year probability of disease-free survival was 57% for 
all patients, with better results after transplants from an 
identical donor (65%, 23 patients) and with myeloablative 
conditioning (73%, 15 patients) [19].

The largest study was reported in 2012 from European 
Society for Blood and Marrow Transplantation (EBMT): a ret-
rospective analysis of 212 patients with PNH transplant-
ed in 83 EBMT centers from 1978 to 2007 who were com-
pared to 402 non-transplanted patients diagnosed during 
55 years in French centers, and who were not treated with 
eculizumab. The overall survival at 5 years was 68% for the 
entire transplanted group. Overall mortality reached 30%, 
with an unacceptably higher risk of mortality in patients 
with a pre-transplant thrombosis history. Worse survival 
with allo-HSCT was reported in patients with thromboem-
bolism (OS =54%, hazard ratio =10.0; p =0.007), but not 
in patients with aplastic anemia or with recurrent hemolyt-
ic anemia without thromboembolism (OS =69% and 86%, 
respectively) [20].

The obtained results have improved significantly in new-
er reports, which was recently confirmed by the Polish PALG 
group in a retrospective analysis of 78 patients, 27 with 
classical PNH and 51 with bone-marrow-failure-associat-
ed PNH (BMF/PNH), who underwent allo-HSCT in 11 Polish 
centers between 2002 and 2016, when eculizumab was 
not yet reimbursed in Poland. Treosulfan-based reduced 
toxicity conditioning was used in 66% of patients, clas-
sic myeloablative conditioning in 6%, and reduced inten-
sity conditioning in 28%. Sustained engraftment was ob-
served in 96% of patients. The 3-year overall survival for 
cPNH and BMF/PNH was 88.9% and 85.1%, respectively, 
and was highest in subgroups of patients with cPNH with-
out thrombosis (92%) or with BMF/PNH with hemolysis 
(93.9%). Rate of acute GvHD II–IV was 23%; cumulative 
1-year incidence of extensive chronic GvHD was 10.8% in 
BMF/PNH and 3.7% in cPNH [21].

In a retrospective analysis of 28 PNH patients, median 
age 28 (range 6–54) years, who received haplo-HSCT be-
tween 2010 and 2018 in China, despite one early failure 
due to septicemia, all evaluable patients achieved myeloid 
engraftment and complete chimerism. One secondary graft 
failure occurred, platelet recovery was delayed in three, and 
failed in one patient. Rate of acute GvHD II–IV was 14.82% 
and the cumulative incidence of moderate-severe chronic 
GvHD was 11.73%. The transplantation-related mortality 
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rate at 1 year was 15.25%, and the probability of 3-year 
overall survival was 84.8 ±7.1%. Haplo-HSCT has been 
recognized as a valuable option for PNH patients who lack 
HLA-matched donors [22].

The results of the presented registry or group stud-
ies, as well as of numerous single center reports not cit-
ed here, indicate that in patients with PNH who cannot be 
effectively treated with eculizumab for different reasons, 
allo-HSCT constitutes a valid therapeutic option with sat-
isfactory overall survival and acceptable toxicity. These 
studies confirm that most patients with PNH can be de-
finitively cured with allo-HSCT. The trends in allo-HSCT for 
PNH include the use of reduced toxicity conditioning to at-
tain the graft versus PNH effect or the use of haploiden-
tical donors. An interesting, although seldom implement-
ed, approach involves the use of eculizumab immediately 
post-transplant as prophylaxis of thrombosis and hemo-
lysis. This treatment was feasible and neither delayed 
engraftment nor increased infections [23]. Nevertheless, 
thrombosis or hemolysis were not reported as problemat-
ic post-transplant complications in the majority of other 
previously reported studies.

In summary, the indications for allo-HSCT in PNH have 
changed since the introduction of anti-complement thera-
py. Firstly, the risk of transplant-related mortality prevents 
the use of allo-HSCT as initial therapy in most patients with 
classical PNH, who can benefit more from complement in-
hibition, with exceptions in countries where the availability 
of eculizumab is a limiting factor. Allo-HSCT is a reasonable 
option for patients with classical PNH who do not respond 
well enough to eculizumab therapy.

Secondly, in patients with bone marrow failure (aplas-
tic anemia or myelodysplastic syndrome)-associated PNH, 
allo-HSCT continues to be the preferred, and the only po-
tentially curative, therapy.
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