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Abstract:

Paroxysmal nocturnal hemoglobinuria (PNH) is a clonal, acquired hematopoietic stem cell disorder,
which is caused by activation of the complement system leading to life-threatening manifestations
such as hemolysis, thrombosis, and marrow failure. Eculizumab is a complement inhibitor of C5,
which acts by blocking complement-mediated hemolysis. It needs to be administered lifelong to the
patient; hence, there are major financial implications. This drug is easily available in the Western
countries; however, in low resource countries, where its availability is limited, hematopoietic stem
cell transplantation (HSCT) still remains the main modality for achieving cure in PNH. PNH being a
rare disease, large prospective studies and guidelines are scarce. To choose the ideal candidate for
transplant is the real challenge. This article aims to review the trends in HSCT for PNH, such as the
use of reduced-intensity conditioning to attain the graft versus PNH effect or the use of haploidentical
donors. In the era of complement inhibitor therapy, the role of transplantation still needs to be explored.
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Introduction

aroxysmal nocturnal hemoglobinuria

(PNH) is a clonal hematological disorder
due to the proliferation of abnormal
hematopoietic stem cells, carrying a unique
mutation in the Phosphatidylinositol
N-acetylglucosaminyl transferase subunit
A (PIG-A) gene. PNH can present as a
classical hemolytic variety or as bone
marrow failure (Aplastic anemia/AA).
Patients with the classical form of PNH
have elevated reticulocyte count, lactate
dehydrogenase , and normocellular to
hypercellular bone marrow. They may also
present with either excessive hemolysis
or thrombosis. Small populations of PNH
cells are also seen in patients with acquired
AA or Myelodysplastic syndromes (MDS).
Patients with overlap between AA and
PNH (PNH/AA); present with cytopenias,
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reticulocytopenia, and hypocellular bone
marrow.!!

Hematopoietic stem cell transplantation
(HSCT) is the only proven modality
of the cure for PNH,?? it is however,
associated with significant morbidity and
mortality. Eculizumab (anti-C5 antibody)
was approved in 2007, after which the
only indications for transplant in PNH
include bone marrow failure, refractory
transfusion-dependent hemolytic anemia,
or recurring thromboembolic complications,
not responding to eculizumab. It needs
to be administered lifelong to the patient;
hence, it has major cost implications. In
countries where eculizumab availability
is still limited, HSCT still remains the only
means to achieve cure. Large prospective
studies or guidelines on HSCT for PNH
are scarce. This article aims to review the
published data and current standards of
HSCT in PNH.

How to cite this article: Garg A, Shah S, Shah K,
Patel K. Current status of stem cell transplantation in
paroxysmal nocturnal hemoglobinuria. J Appl Hematol
2020;11:161-8.

161



[Downloaded free from http://www.jahjournal.org on Thursday, August 24, 2023, IP: 253.71.253.112]

Garg, et al.: Transplant in PNH

Transplant for Paroxysmal Nocturnal
Hemoglobinuria: Landmark Studies Till
Date

The first documented case of PNH transplant was in the
1970s. The transplant was done without conditioning; the
donor was a twin who later relapsed due to a mutation
in the PIG-A gene. HSCT from twin donors using
conditioning regimen proved successful with a low
incidence of relapse.*” Since then, many isolated case
reports and single-center experiences have been cited
in literature, but large prospective studies are very few
and far in between. %!

The center for international blood and marrow
transplant registry (CIBMTR) data showed that the
2-year probability of survival in 48 recipients of human
leukocyte antigen (HLA)-identical sibling transplants
was 56% (95% confidence interval: 49%—-63%), at a
median follow-up period of 44 months. Engraftment
failure occurred in 7 patients and death due to
infections occurred in 3 patients. The incidence of acute
graft-versus-host disease (GVHD) (grade > II or more)
and chronic GVHD was 34%, and 33% respectively.'*!

A recent retrospective study from the Gruppo Italiano
Trapianto Midollo Osseo (GITMO) showed a 57% 10-year
survival of 26 transplanted PNH patients (4 AA/PNH).
Rates of acute and chronic GVHD were 42% and 50%,
respectively. The treatment-related mortality (TRM)
was higher in reduced-intensity conditioning (RIC)
transplants (63%, n = 11) as compared to myeloablative
transplants (26%, n = 15). The authors attributed this
difference to the higher number of sick patients receiving
RIC. Many unrelated transplants also received RIC.P!

The European Group for Blood and Marrow
Transplantation (EBMT) published its data of
211 patients transplanted for PNH at 83 EBMT
centers. The indications for HSCT were AA (n = 100,
48%), recurrent hemolytic crisis (n = 64, 30%), and
thrombosis (1 = 47, 22%). Engraftment failure was seen
in 14 (7%) patients. Infections and GVHD were the main
cause of death. Patients undergoing HSCT for recurrent
thromboembolism had worse outcomes (P = 0.03).5

The French PNH registry and the registry from the Société
Francophone de Greffe de Moelle et de Thérapie Cellulaire,
reported the results of HSCT for PNH in 21 patients
previously treated with Eculizumab.®”! Their results
showed that regardless of prior use of Eculizumab,
HSCT is still associated with 30% mortality, predominant
causes being infections, and acute GVHD. The authors
also highlighted the importance of close follow-up and
surveillance for fungal infections in these patients post
HSCT.FF7381

162

Pediatric PNH accounts for 10% of total cases, and there
are only a few published case reports and case series.l**!l
Children predominantly present with marrow failure
rather than the classical variety.®*! Published studies
on transplants in pediatric patients are summarized in
Table 1.

Issues Related to Transplantation for
Paroxysmal Nocturnal Hemoglobinuria

The only curative therapy available for PNH is HSCT,
but it is associated with higher rejection rates as these
patients have been heavily transfused previously
and are alloimmunized. There is also high TRM.*34
Retrospective EBMT data, as stated previously has
shown that transplant outcome is considerably worse
for PNH patients with previous events of thrombosis.*?!
The PNH clone can be successfully eradicated using
appropriate conditioning regimens and through
T-cell-mediated immunity of the graft against the
abnormal PNH hematopoeitic stem cells.*! Classical
PNH can be treated efficiently using eculizumab, but it
does not appear to treat the marrow failure component.
In patients with marrow failure, life-threatening
complications, disease transformation to MDS/AML,
and transfusion-dependent hemolytic anemia HSCT is
the only modality for cure.*’!

Type of donors

The choice of the donor is important for a successful
transplant outcome. An identical twin donor is the
ideal choice."'l However, even with these donors,
conditioning is still required to eradicate the PNH clone.
Few case reports have shown that patients receiving no
conditioning or only single-agent cyclophosphamide
had a poor outcome and early relapse.’'? These data
indicate that conditioning and immunosuppression
in the recipient is needed even with syngenic donors.
Andolina et al. showed that RIC is effective with
syngeneic donors.*!!

Outcomes using matched unrelated donors (MUD) have
been documented in previous studies.*! In a CIBMTR
study, 6 patients were transplanted with a MUD donor
and only 1 was alive at the end of 5 years. The incidence
of TRM is 15%-20% in unrelated and mismatched
related donors (MRDs).* The use of haploidentical
donors has increased over the past few years, and
published literature suggests that haploidentical HSCT
is feasible in PNH. Brodsky et al. published the first
report of successful HLA-haploidentical HSCT in
3 PNH patients, out of which 2 achieved long-term
survival.* Tian ef al. reported the outcomes of 10 PNH
patients who underwent haploidentical HSCT with 90%
survival. The rate of acute GVHD was 40% and only one
patient developed extensive chronic skin GVHD. The
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Table 1: Studies with pediatric paroxysmal nocturnal hemoglobinuria patients undergone haematopoeitic stem

cell transplantation

Reference Number of patients Type of donor Conditioning Outcome
Ware et al. (1991)49 1 NA NA 1/1 alive
Graham et al. (1996)!"%! 1 Syngenic MAC 1/1 alive
Endo et al. (1996)!2 1 Syngenic None 1/1 alive
Flotho et al. (2002)'4 2 MUD MAC 1/1 alive
Curran et al. (2012) 5 MSD (n=1), MUD/MMUD (n=2/2) MAC 3/5 alive
Andolina et al. (2018)1" 2 Syngenic (n=1), MUD (n=1) RIC 2/2 alive

MUD=Matched unrelated donor; MSD=Matched sibling donor; MAC=Myeloablative conditioning; RIC=Reduced-intensity conditioning; NA=Not available

overall outcome and transplant-related complications
were similar in the haploidentical HSCT and MRD
transplants.*”! In another study, Xia et al. performed
haploidentical HSCT for 17 patients using Bu-Cy-ATG
conditioning regimen. All patients engrafted, and the
median time for neutrophil and platelet engraftment
was 12 days and 14 days, respectively. Seven patients
developed acute GVHD, whereas 4 developed chronic
GVHD."! In a recent single-center Chinese study,
outcomes of 25 patients who underwent haploidentical
transplants were reported. The authors documented a
3-year OS and GVHD-free failure-free survival of 86.5%
+7.3% and 78.3% + 8.6%, respectively.!*’!

Type of conditioning

The PNH clone can be eradicated by both myeloablative
and RIC regimens [Tables 2 and 3]. Myeloablative
conditioning (MAC) regimens used in classical
PNH consist of either a combination of busulfan,
cyclophosphamide or fludarabine, or total body
irradiation.?®! However, on the downside, MAC leads
toincreased nonrelapse mortality caused by the increased
incidence of infection and sepsis. Hence, there has been
a paradigm shift in the choice of the conditioning
regimen. RIC regimens are advantageous for those
patients preferring to maintain fertility and those
with organ dysfunction who are poor candidates for
MAC.”1In PNH/AA overlap cases, cyclophosphamide/
ATG is recommended for sibling transplants and
fludarabine-based RIC for MUD HSCT.!!

Previous studies have documented similar TRM and
OS between recipients of RIC and MAC transplants.’¥
In a recent study by Pantin et al., 15 of 17 PNH patients
achieved long-term survival after Flu/Cy + ATG-based
MRD transplant.*! Besides fludarabine, many
transplanters have cited the favorable toxicity profile
of treosulfan-based conditioning along with adequate
myeloablation.®! In addition, rates of acute and chronic
GVHD are reduced.” In a Polish study, 21 patients of
PNH or PNH/AA were transplanted using a treosulfan
based conditioning./*

The feasibility of RIC regimens in PNH/AA overlap
cases has been demonstrated. RIC regimens are capable

of completely eradicating the PNH clone and thus
achieving cure. In a recently published study by Lee
et al., 33 cases of PNH underwent allogeneic HSCT.
Twenty-one patients receiving RIC were followed
up for 6 months posttransplant. The authors showed
that RIC regimen caused PNH clone eradication by 2
months posttransplant and persistence of donor-type
engraftment 6 months posttransplant.®! In a Mexican
study by Schcolnik-Cabrera et al., patients of hypoplastic
PNH given a RIC regimen achieved an 8-year OS of
83.3%.552 Future trials on the benefits of the RIC regimen
for transplant in reducing TRM and achieving cure
for PNH are warranted. Some authors have shown
better outcomes in patients where eculizumab was
administered as bridging therapy before HSCT.""!

Stem cell source

Bone marrow grafts are preferred for benign
hematological disorders. The same holds true for PNH.
They are associated with reduced rates of GVHD.F4!
T-cell depletion of peripheral stem cells using various
in vitro and in vivo strategies have shown to reduce
GVHD incidence.**! Shasheleva et al., recently
published their study using alpha/beta T lymphocyte
depleted hematopoietic cells from matched unrelated
donors in young adults with PNH. Eculizumab was
used in the peritransplant period. They demonstrated
normal hematopoiesis, full donor chimerism, and
minimal late sequalae at a median follow-up period of
4 years posttransplant.® Umbilical cord transplants has
also been performed by some researchers using RIC.5"!

Graft versus host disease

The incidence of GVHD is high post HSCT for PNH. Acute
and chronic GVHD occurs in more than one-third of all
patients.”®! Majority of the protocols use cyclosporine
and methotrexate for GVHD prophylaxis.*% In the
study by CIBMTR group, the incidence of acute GVHD
and chronic GvHD was 34% and 33% respectively.
[ Similarly, in the GITMO group, rates of acute and
chronic GvHD were 42% and 50% respectively.F'! EBMT
data showed the incidence of acute and chronic GVHD
to be 40% and 29%, respectively. GVHD and infections
were the main causes of death.? Liu ef al. reported the
cumulative incidences of acute GVHD grades II-1V and
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Table 2: Myeloablative matched related donor Allo haematopoeitic stem cell transplantation transplants for

paroxysmal nocturnal hemoglobinuria population

Reference Number of patients Conditioning Outcome

Szer et al. (1984)8! 4 Cy based 4/4 alive, median survival of 13 months
Bemba et al. (1999)#! 16 Cy/TBI 5 years OS 58%

Saso et al. (1999)23 57 Cy based (n=56), none (n=1) 2 years OS 56%

Raiola et al. (2000)2! 7 Bu/Cy TRM 0%, median follow up 51 months
Lee et al. (2008)® 3 Bu-Flu-ATG TRM 33%

TBI=Total body irradiation; OS=Overall survival; TRM=Treatment related mortality

Table 3: Nonmyeloablative Allo haematopoeitic stem cell transplantation for paroxysmal nocturnal

hemoglobinuria population

References Number of patients

Conditioning

Outcome

Hegenbart et al. (2003)!""! 7 (MUD=5, MRD=2) Flu/TBI 4/7 alive at 13-38 months

Lee et al. (2003)® 2 (MMUD) Bu/FIu/ATG, Cy/ATG 2/2 alive at 7 and 30 months
Takahashi et al. (2004)%7 5 (MRD) Flu/Cy/ATG 5/5 alive at 5-39 months

Brodsky et al. (2008)c 3 (Haplo) Cy/FIu/TBI 2/3 alive

Tian et al. (2016)1% 18 (10=Haplo, 4=MRD,4=MUD) Cy/ATG with preconditioning 9/10 alive at 6-85 months

DeZern et al. (2018)17) 8 (5=Haplo, 3=MRD) Flu/Cy/ATG/TBI 5/5 alive at median follow up of 37 months

MUD=Matched unrelated donor; MRD=Matched related donor; TBI=Total body irradiation

chronic GVHD were 15.91% and 26.73% respectively.
41 As stated previously, incidence of GVHD is lower
with bone marrow as the graft source. Majority of
patients have been heavily transfused before transplant
and hence develop HLA alloimmunization causing
higher GVHD rates, more so with the use of peripheral
blood stem cells.

Graft rejection and factors predicting survival
Clinical data with the use of MAC along with bone
marrow grafts was associated with less rates of graft
rejection.® With the use of RIC, risk of rejection would
be more however, the risk of relapse will be lessened
due to the ‘graft versus PNH’ effect, which has been
discussed in more detail subsequently. A 100% donor
chimerism is associated with complete disappearance
of the PNH clone. Relapse occurs due to subsequent
reappearance of the clone, as evidenced by increasing
mixed chimerism in PNH patients.’! Thus, a relapse
of hemolytic PNH after allogeneic transplantation is
possible and leads to secondary graft failure. Either
a resistance of the PNH bone marrow or an altered
immunological regulation can be putative causal
factors.

In a study by DeZern et al., 10 patients with severe
AA (SAA) had a PNH clone, which got eradicated after
a RIC haploidentical HSCT.I®) Takahashi et al. studied
the alloimmune status of PNH and normal cells in the
RIC setting. The abnormal PNH granulocytes became
undetectable in all patients by 4 months posttransplant.
PNH cells remained sensitive to the T-cell mediated
immunity, and this explains the immunological
eradication of PNH cells post nonmyeloablative
transplantation.””? Similarly, Lee et al. showed that
GPI-negative erythrocyte and granulocyte populations
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disappeared at median times of 1.3 and 2.2 months after
transplantation, respectively.>!

Socie et al., identified risk factors associated with
a worse outcome. They found that four factors
were associated with worse outcome, namely,
presence of thrombosis (Relative risk [RR] 10.2),
pancytopenia (RR 5.5), disease transformation (RR 19.1)
and thrombocytopenia at diagnosis (RR 2.2).°/I Lee et al.
studied the posttransplant outcomes of 33 PNH patients.
Two patients underwent a second transplant in view of
secondary graft failure. None of the surviving patients
developed any secondary malignancies. The authors also
demonstrated comparable outcomes of AlloSCT for PNH
and SAA. The OS in this study was 87.9% at a median
follow-up of 57 months. They also concluded that the OS
is shorter for patients transplanted for classical PNH as
compared to PNH/AA patients due to the PNH related
comorbidities in the former."!

Patients undergoing MRD transplants have an OS of
50%-60%." As per the EBMT data, a gap of more than
1 year from the time of diagnosis to transplantation was
associated with poor survival outcomes."

Graft versus paroxysmal nocturnal hemoglobinuria
effect

The use of non-MAC with HLA-matched or
haploidentical donors has resulted in the cure of PNH.
This occurs due to the ‘graft versus PNH’ effect.[*”
Pantin et al. conducted a pilot trial to evaluate the RIC
HSCT in PNH. RIC enables the eradication of the
abnormal hematopoeitic stem cells of the host without
causing marrow toxicity, as observed with MAC. The
concept behind graft versus PNH effect is that with a
RIC (comprising of fludarabine/cyclophosphamide and
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ATG), adequate lymphodepletion occurs and the graft
with an appropriate dose of CD34 and donor T-cells leads
to rapid engraftment and eradication of PNH positive
recipient stem cells.?!

Role of transplant in the era of eculizumab
Eculizumab is a C5 complement inhibitor and is
efficacious in reducing intravascular hemolysis and
risk of thrombosis in cases of classical PNH.!'*" The two
landmark trials, namely “TRIUMPH” and “SHEPHERD”
trials have established the efficacy and safety of the
drug.®! On the downside, eculizumab is expensive,
needs to be given lifelong and cannot eradicate the
PNH clone nor provide a cure. It is not available in
many low- and middle-income countries. Another
drawback is the increased incidence of life-threatening
Neisseria infections. HSCT remains the only therapy for
those patients who do not achieve a good response to
eculizumab. Eculizumab may not be effective in certain
situations like coexisting marrow failure or recurrent
episodes of thrombosis.*! The clinical picture of PNH is
predominantly bone marrow failure in Asian patients as
compared to thrombosis in the Western countries. Hence,
HSCT plays an important role.*’!

Few groups have demonstrated the role of eculizumab
before transplantation.!®” Recently, Cooper et al.
showed that eculizumab given before transplant was
associated with minimal GVHD.* Eculizumab use in the
peri-transplant period also warrants study. Dezern et al.
conducted a retrospective review of AA/PNH patients
who got eculizumab before bone marrow transplant
using non-MAC in combination with posttransplant
cyclophosphamide for GVHD prophylaxis. Patients
who received eculizumab before transplant had better
outcomes in terms of transfusion independence and
sustained engraftment.'”! Similarly, the French registry
showed that patients previously treated with eculizumab
had mortality reaching up to 30% regardless of the
indications for HSCT in PNH, owing to infections and
acute GVHD.""!

A number of anti-complement therapies and biosimilars
are in development. Ravulizumab (ALXN1210), a new
complement C5 inhibitor, provides immediate, complete,
and sustained C5 inhibition.[®’ Other agents include
Crovalimab (long-acting anti-C5 monoclonal antibody),
LFG316, REGN3918, and coversin. Trials on inhibitors of
proximal complement are also in the pipeline.[®! Although
these options seem promising, the transplant will continue
to be the modality of cure in the majority of patients in
low- and middle-income countries where eculizumab and
other novel therapies are still a distant dream.

In a study comparing eculizumab therapy and
allotransplant therapy, it was shown that allotransplant

is associated with lower costs and better survival,
especially patients <35 years of age.[? However, further
prospective trials are needed to compare the two
therapies. Although eculizumab is a highly effective
therapy for PNH, there is still a subset of patients who
cannot afford lifelong therapy, and nonresponsiveness
in some patients also limits its use.*”!

The currently accepted indications for transplant in the
eculizumab era include PNH with SAA /very severe AA,
patients of MDS with a PNH clone and those who fail to
respond to complement inhibitor therapy. In countries
where eculizumab is not available, HSCT still remains
the only curative option.

Special considerations during COVID 19 pandemic
Due to the current severe acute respiratory syndrome
(SARS)-CoV-2 pandemic, it is essential to understand
that patients of PNH are exposed to a significant risk
of infection. In patients presenting with severe bone
marrow failure, urgent HSCT is the treatment of choice.
Hence, delaying the transplant is not a valid option. In
such a scenario, screening of the donors and recipients
by reverse transcription-polymerase chain reaction is
required before starting the conditioning. Treatment
protocols do not need any modification. In patients with
moderate marrow failure, it is recommended to delay
the transplant and manage conservatively. The use of
thrombopoietin agonists like eltrombopag should be
considered a bridge to definitive therapy like transplant
or ATG administration. Patients with the classical
PNH variety, eculizumab can be continued during the
pandemic, as it is not known whether it predisposes the
patient to SARS-CoV-2 infection. In patients who may
develop the infection, severe breakthrough hemolysis
can be seen and hence necessitate the modification of
treatment schedule such as dose increments and shorter
dosing intervals.*®!

Conclusions

Since HSCT in classical PNH is associated with high
TRM, it should be offered to only those patients who are
not responding to eculizumab. In developing countries
where eculizumab is not available, patients can be
considered for RIC HSCT with MRD/haploidentical
donors with a possibility of “cure” due to the “Graft
versus PNH” effect. The emergence of RIC to eradicate
the PNH clone is an important milestone. RIC regimens
containing treosulfan, fludarabine, and ATG are
safe and effective without additional morbidity and
mortality. Special considerations in view of the ongoing
SARS-CoV-2 pandemic is recommended along with
mandatory screening for donor and recipient before
transplant. AA/PNH overlap patients are ideal
candidates for HSCT and those cases of classical PNH
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with life-threatening hemolysis or thrombosis where
eculizumab is not easily available. With the advent
of better RIC regimens, high-resolution HLA typing,
advanced supportive care, transplants outcomes in PNH
have improved over the years regardless of the type of
donor, and in low- and middle-income countries like
India where eculizumab is not available, transplant
still remains the only cost-effective curative approach.
Further investigational trials comparing HSCT versus
medical therapy in PNH are reasonable.

Financial support and sponsorship

Nil.

Conflicts of interest
There are no conflicts of interest.

10.

11.

12.

13.

166

References

Hillmen P, Lewis SM, Bessler M, Luzzatto L, Dacie JV. Natural
history of paroxysmal nocturnal hemoglobinuria. N Engl ] Med
1995;333:1253-8.

DeZern AE, Brodsky RA. Paroxysmal nocturnal hemoglobinuria:
A complement-mediated hemolytic anemia. Hematol Oncol Clin
North Am 2015;29:479-94.

Peffault de Latour R. Transplantation for bone marrow failure:
Current issues. Hematology Am Soc Hematol Educ Program
2016;2016:90-8.

Storb R, Evans RS, Thomas ED, Buckner CD, Clift RA, Fefer A,
et al. Paroxysmal nocturnal haemoglobinuria and refractory
marrow failure treated by marrow transplantation. Br ] Haematol
1973;24:743-50.

Nafa K, Bessler M, Deeg HJ, Luzzatto L. New somatic mutation
in the PIG-A gene emerges at relapse of paroxysmal nocturnal
hemoglobinuria. Blood 1998;92:3422-7.

Antin JH, Ginsburg D, Smith BR, Nathan DG, Orkin SH,
Rappeport JM. Bone marrow transplantation for paroxysmal
nocturnal hemoglobinuria: Eradication of the PNH clone and
documentation of complete lymphohematopoietic engraftment.
Blood 1985;66:1247-50.

Appelbaum FR, Fefer A, Cheever MA, Sanders JE, Singer JW,
Adamson JW, et al. Treatment of aplastic anemia by bone mar- row
transplantation in identical twins. Blood 1980;55:1033-9.

Bemba M, Guardiola P, Garderet L, Devergie A, Ribaud P,
Esperou H, et al. Bone marrow transplantation for paroxysmal
nocturnal haemoglobinuria. Br ] Haematol 1999;105:366-8.

Lee JL, Lee JH, Lee JH, Choi SJ, Kim S, Seol M, et al. Allogeneic
hematopoietic cell transplantation for paroxysmal nocturnal
hemoglobinuria. Eur ] Haematol 2003;71:114-8.

de Souza MH, Abdelhay E, Silva ML, Diamond HR, Valente AN,
Tabak DG, et al. Late marrow allograft rejection following
alpha-interferon therapy for hepatitis in a patient with paroxysmal
nocturnal hemoglobinuria. Bone Marrow Transplant 1992;9:495-7.
Doukas MA, Fleming D, Jennings D. Identical twin marrow
transplantation for venous thrombosis in paroxysmal nocturnal
hemoglobinuria; long-term complete remission as assessed by
flow cytometry. Bone Marrow Transplant 1998;22:717-21.

Endo M, Beatty PG, Vreeke TM, Wittwer CT, Singh SP, Parker CJ.
Syngeneic bone marrow transplantation without conditioning in
a patient with paroxysmal nocturnal hemoglo- binuria: In vivo
evidence that the mutant stem cells have a survival advantage.
Blood 1996;88:742-50.

Fefer A, Freeman H, Storb R, Hill ], Singer ], Edwards A, et al.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Paroxysmal nocturnal hemoglobinuria and marrow failure treated
by infusion of marrow from an identical twin. Ann Intern Med
1976;84:692-5.

Flotho C, Strahm B, Kontny U, Duffner U, Peters AM, Dupuis W,
et al. Stem cell transplantation for paroxysmal nocturnal
haemoglobinuria in childhood. Br ] Haematol 2002;118:124-7.
Graham ML, Rosse WF, Halperin EC, Miller CR, Ware RE.
Resolution of Budd-Chiari syndrome following bone marrow
transplantation for paroxysmal nocturnal haemoglobinuria. Br |
Haematol 1996;92:707-10.

Grosskreutz C, Ross V, Scigliano E, Fruchtman S, Isola L. Low-dose
total body irradiation, fludarabine, and antithymocyte globulin
conditioning for nonmyeloablative allogeneic transplantation.
Biol Blood Marrow Transplant 2003;9:453-9.

Hegenbart U, Niederwieser D, Forman S, Holler E, Leiblein S,
Johnston L, et al. Hematopoietic cell transplantation from
related and unrelated donors after minimal conditioning as a
curative treatment modality for severe paroxysmal nocturnal
hemoglobinuria. Biol Blood Marrow Transplant 2003;9:689-97.
Hershko C, Gale RP, Ho WG, Cline M]J. Cure of aplastic anaemia
in paroxysmal nocturnal haemoglobinuria by marrow transfusion
from identical twin: Failure of peripheral-leucocyte transfusion
to correct marrow aplasia. Lancet 1979;1:945-7.

Jehn U, Sauer H, Kolb HJ, Fink M, Ledderose G, Brehm G, et al.
Bone marrow transplantation in adults in acute leuke- mia,
aplastic anemia and paroxysmal nocturnal hemoglobinuria.
Results of the Medical Clinic IIi of LMU (Ludwig-Maximilians
University) Munich. Klin Wochenschr 1982;61:321-8.

Kawahara K, Witherspoon RP, Storb R. Marrow transplantation
for paroxysmal nocturnal hemoglobinuria. Am J Hematol
1992;39:283-8.

Kolb HJ, Holler E, Bender-Gotze C, Walther U, Mittermiiller J,
Clemm C, et al. Myeloablative conditioning for marrow
transplantation in myelodysplastic syndromes and paroxysmal
nocturnal haemoglobinuria. Bone Marrow Transplant 1989;4:29-34.
Raiola AM, Van Lint MT, Lamparelli T, Gualandi F, Benvenuto F,
Figari O, et al. Bone marrow transplantation for paroxysmal
nocturnal hemoglobinuria. Haematologica 2000;85:59-62.

Saso R, Marsh ], Cevreska L, Szer ], Gale RP, Rowlings PA,
et al. Bone marrow transplants for paroxysmal nocturnal
haemoglobinuria. Br ] Haematol 1999;104:392-6.

Shaw PH, Haut PR, Olszewski M, Kletzel M. Hematopoietic
stem-cell transplantation using unrelated cord-blood versus
matched sibling marrow in pediatric bone marrow failure
syndrome: One center’s experience. Pediatr Transplant
1999,3:315-21.

Suenaga K, Kanda Y, Niiya H, Nakai K, Saito T, Saito A, et al.
Successful application of nonmyeloablative transplantation
for paroxysmal nocturnal hemoglobinuria. Exp Hematol
2001;29:639-42.

Szer ], Deeg HJ, Witherspoon RP, Fefer A, Buckner CD,
Thomas ED, et al. Long-term survival after marrow transplantation
for paroxysmal nocturnal hemoglobinuria with aplastic anemia.
Ann Intern Med 1984;101:193-5.

Takahashi Y, McCoy JP Jr., Carvallo C, Rivera C, Igarashi T,
Srinivasan R, et al. In vitro and in vivo evidence of PNH cell
sensitivity to immune attack after nonmyeloablative allogeneic
hematopoietic cell transplantation. Blood 2004;103:1383-90.
Woodard P, Wang W, Pitts N, Benaim E, Horwitz E, Cunningham J,
et al. Successful unrelated donor bone marrow transplantation for
paroxysmal nocturnal hemoglobinuria. Bone Marrow Transplant
2001;27:589-92.

Markiewicz M, Wojciechowska M, Wylezot I, Giebel S,
Wozniczka K, Wojnar J, et al. First two successful unrelated
donor bone marrow transplantations for paroxysmal nocturnal
hemoglobinuria in Poland. Ann Transplant 2005;10:26-30.
Brodsky RA, Luznik L, Bolafios-Meade ], Leffell MS, Jones R],

- Volume 11, Issue 4, October - December 2020



[Downloaded free from http://www.jahjournal.org on Thursday, August 24, 2023, IP: 253.71.253.112]

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Garg, et al.: Transplant in PNH

Fuchs EJ. Reduced intensity HLA-haploidentical BMT with post
transplantation cyclophosphamide in nonmalignant hematologic
diseases. Bone Marrow Transplant 2008;42:523-7.

Santarone S, Bacigalupo A, Risitano AM, Tagliaferri E,
Di Bartolomeo E, Iori AP, et al. Hematopoietic stem cell
transplantation for paroxysmal nocturnal hemoglobinuria:
Long-term results of a retrospective study on behalf of the Gruppo
Italiano Trapianto Midollo Osseo (GITMO). Haematologica
2010;95:983-8.

Peffault de Latour R, Purtill D, Ruggeri A, Sanz G, Michel G,
Gandemer V, et al. Influence of nucleated cell dose on overall
survival of unrelated cord blood transplantation for patients with
severe acquired aplastic anemia: A study by eurocord and the
aplastic anemia working party of the European group for blood
and marrow transplantation. Biol Blood Marrow Transplant
2011;17:78-85.

Taniguchi K, Okada M, Yoshihara S, Sawada A, Tokugawa T,
Ishii S, et al. Strategy for bone marrow transplantation in
eculizumab-treated paroxysmal nocturnal hemoglobinuria. Int
J Hematol 2011;94:403-7.

Peffault de Latour R, Schrezenmeier H, Bacigalupo A,
Blaise D, de Souza CA, Vigouroux S, et al. Allogeneic stem
cell transplantation in paroxysmal nocturnal hemoglobinuria.
Haematologica 2012;97:1666-73.

Muiioz-Linares C, Ojeda E, Forés R, Pastrana M, Cabero M,
Morillo D, et al. Paroxysmal nocturnal hemoglobinuria: A single
Spanish center’s experience over the last 40 yr. Eur ] Haematol
2014;93:309-19.

Pantin J, Tian X, Geller N, Ramos C, Cook L, Cho E, et al. Long-term
outcome of fludarabine-based reduced-intensity allogeneic
hematopoietic cell transplantation for debilitating paroxysmal
nocturnal hemoglobinuria. Biol Blood Marrow Transplant
2014;20:1435-9.

Loschi M, Porcher R, Barraco F, Terriou L, Mohty M, de Guibert S,
et al. Impact of eculizumab treatment on paroxysmal nocturnal
hemoglobinuria: A treatment versus no-treatment study. Am J
Hematol 2016;91:366-70.

Schubert J, Hillmen P, Réth A, Young NS, Elebute MO, Szer J,
et al. Eculizumab, a terminal complement inhibitor, improves
anaemia in patients with paroxysmal nocturnal haemoglobinuria.
Br ] Haematol 2008;142:263-72.

Curran KJ, Kernan NA, Prockop SE, Scaradavou A, Small TN,
Kobos R, et al. Paroxysmal nocturnal hemoglobinuria in pediatric
patients. Pediatr Blood Cancer 2012;59:525-9.

Ware RE, Hall SE, Rosse WF. Paroxysmal nocturnal hemoglobinuria
with onset in childhood and adolescence. N Engl ] Med
1991;325:991-6.

Andolina JR, Reinish AL, Akhtar R, Noronha S, Shand JC,
Girvin A, et al. Successful reducedlintensity conditioning
hematopoietic stem cell transplantation for paroxysmal nocturnal
hemoglobinuria with aplastic anemia in two children. Pediatr
Blood Cancer 2018;65(8):e27218. doi: 10.1002/pbc.27218.
Marotta S, Pagliuca S, Risitano AM. Hematopoietic stem cell
transplantation for aplastic anaemia and paroxysmal nocturnal
hemoglobinuria: Current evidence and recommendations. Expert
Rev Hematol 2014;7:775-89.

Liu L, Liu S, Zhang Y, Zhou H, Wang Q, Tian H, et al. Excellent
outcomes of allogeneic haematopoietic stem cell transplantation
in 44 patients with paroxysmal nocturnal haemoglobinuria: A
singlellcentre study. Biol Blood Marrow Trans 2019;25(8):1544-
1549.d0i:10.1016/j.bbmt.2019.02.024.

Mohammed AA, El-Tanni H, Atiah TA, Atiah AA, Atiah MA,
Rasmy AA. Paroxysmal nocturnal hemoglobinuria: From bench
to bed. Indian ] Hematol Blood Transfus 2016;32:383-91.

Tian H, Liu L, Chen J, Xu Y, Jin Z, Miao M, et al. Haploidentical
hematopoietic stem cell transplant in paroxysmal nocturnal
hemoglobinuria. Leuk Lymphoma 2016;57:835-41.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Xia J, Chen SN, Chen J, Fan Y, Chen F, Ma X, et al. Efficacy and
safety of haploidentical hematopoietic stem cell transplantation
for 17 patients with paroxysmal nocturnal hemamoglobinuria.
Zhonghua Xue Ye Xue Za Zhi 2018;39:904-7.

DeZern AE, Richard ], Jones R], Brodsky R. Eculizumab bridging
before bone marrow transplant for marrow failure disorders
is safe and does not limit engraftment. Biol Blood Marrow
Transplant 2018;24:26-30.

Bacigalupo A, Socie” G, Lanino E, Prete A, Locatelli F,
Locasciulli A, et al. Fludarabine, cyclophosphamide, antithymocyte
globulin, with or without low dose total body irradiation, for
alternative donor transplants, in acquired severe aplastic anemia:
A retrospective study from the EBMT-SAA Working Party.
Haematologica 2010;95:976-82.

Casper J, Wolff D, Knauf W, Blau IW, Rutuu T, Volin L,
et al. Allogenic hematopoietic stem-cell transplantation in
patients with hematologic malignancies after dose-escaleted
treosulfan-fludarabine conditioning. ] Clin Oncol 2010,28:3344-51.
Markiewicz M, Koclega A, Malgorzata SK, DzierzakiMietla M,
Zielinska P, Frankiewicz A, et al. Allogeneic Hematopoietic Cell
Transplantation for Paroxysmal Nocturnal Hemoglobinuria,
New Advances in Stem Cell Transplantation Prof. Taner Demirer
(Ed.); 2012. Available fro m: http://www.intechopen.com/
books/new-advances [Jin-stem-cell-transplantation/allogeneic
-hematopoietic-cell- transplantation-for- paroxysmal -nocturnal-
hemoglobinuria. [Last accessed 2020 Mar 23].

Lee SE, Park SS, Jeon YW, Yoon JH, Cho BS, Eom KS, et al.
Outcomes of allogeneic stem cell transplantation in patients with
paroxysmal nocturnal hemoglobinuria with or without aplastic
anemia. Eur ] Haematol 2017;99:336-43.

Scheolnik-Cabrera A, Labastida-Mercado N, Galindo-Becerra LS,
Gomez-Almaguer D, Herrera-Rojas MA, Ruiz-Delgado GJ,
et al. Reduced-intensity stem cell allografting for PNH patients
in the eculizumab era: The Mexican experience. Hematology
2015;20:263-6.

Novitzky N, Thomas V, du Toit C, McDonald A. Reduced-intensity
conditioning for severe aplasia using fludarabine and CY followed
by infusion of ex vivo T-cell-depleted grafts leads to excellent
engraftment and absence of GVHD. Bone Marrow Transplant
2009;43:779-85.

Elhasid R, Arush MB, Zaidman I, Leiba R, Barak AB, Postovsky S,
et al. Safe and efficacious allogeneic bone marrow transplantation
for nonmalignant disorders using partial T cell depletion and no
post transplantation graft-versus-host-disease prophylaxis. Biol
Blood Marrow Transplant 2007;13:329-38.

de la Rubia ], Cantero S, Sanz GF, Remigia M], Monteagudo E,
Moscard6 F, et al. Transplantation of CD34p selected peripheral
blood to HLA-identical sibling patients with aplastic anaemia:
Results from a single institution. Bone Marrow Transplant
2005;36:325-9.

Shasheleva DA, Maschan AA, Shelikhova LN, Petrova UN,
Kurnikova EE, Illarionova OI, et al. Hematopoietic stem cell
transplantation with alpha/beta T-lymphocyte depletion and
short course of eculizumab in adolescents and young adults with
paroxysmal nocturnal hemoglobinuria. Ter Arkh 2018;90:57-64.
Takahashi T, Ichikawa S, Harigae H. Successful cord blood
transplantation for a paroxysmal nocturnal hemoglobinuria
complicated with Budd-Chiari syndrome and myelodysplastic
syndrome. Ann Hematol 2019;98:2427-8.

Parker C, Mitsuhiro O, Richards S, Nishimura J, Bessler M,
Ware R, et al. Diagnosis and management of paroxysmal nocturnal
hemoglobinuria. Blood 2005;12:3699-708.

Parker CJ. Paroxysmal nocturnal hemoglobinuria: an historical
overview. Hematology Am Soc Hematol Educ Program. 2008:93-
103. doi: 10.1182/asheducation-2008.1.93 .

DeZern AE, Zahurak M, Symons H, Cooke K, Jones R],
Brodsky RA. Alternative donor transplantation with high-dose
post-transplantation cyclophosphamide for refractory severe

- Volume 11, Issue 4, October - December 2020 167



[Downloaded free from http://www.jahjournal.org on Thursday, August 24, 2023, IP: 253.71.253.112]

61.

62.

63.

64.

65.

168

Garg, et al.: Transplant in PNH

aplastic Anemia. Biol Blood Marrow Transplant 2017;23:498-504.
Socie G, MaryJY, de Gramont A, Rio B, Leporrier M, Rose C, et al.
Paroxysmal nocturnal haemoglobinuria: Long-term follow-up
and prognostic factors. French Society of Haematology. Lancet
1996;348:573-7.

Brodsky RA. Stem cell transplantation in PNH. Haematologica
2010;95:855-6.

Brodsky RA, Young NS, Antonioli E, Risitano AM,
Schrezenmeier H, Schubert J, et al. Multicenter phase 3 study
of the complement inhibitor eculizumab for the treatment of
patients with paroxysmal nocturnal hemoglobinuria. Blood
2008;111:1840-7.

Cooper JP, Farah R], Stevenson PA, Gooley TA, Storb R, Scott BL.
Hematopoietic cell transplantation for paroxysmal nocturnal
hemoglobinuria in the age of eculizumab. Biol Blood Marrow
Transplant 2019;25:1331-9.

Kulasekararaj AG, Hill A, Rottinghaus ST, Langemeijer S, Wells R,

66.

67.

68.

Gonzalez-Fernandez FA, ef al. Ravulizumab (ALXN1210) vs
eculizumab in C5-inhibitor-experienced adult patients with PNH:
The 302 study. Blood 2019;133:540-9.

Risitano AM, Marotta S, Ricci I, Marano L, Frieri C, Cacace F,
et al. Anti-complement treatment for paroxysmal nocturnal
hemoglobinuria: Time for proximal complement inhibition? A
position paper from the SAAWP of the EBMT. Front Immunol
2019;10:1157.

Marchetti M, Barosi G. Should I transplant this patient with
paroxysmal nocturnal hemoglobinuria? A cost-effectiveness
analysis of eculizumab versus allogeneic stem cell transplant.
Blood 2014;124:735.

Risitano A, Dufour C, Peffault de Latour R. COVIDI19 Bone
Marrow Failure and PNH Recommendations On behalf of the
Severe Aplastic Anemia Working Party, European Group for Blood
and Marrow Transplantation (EBMT). Availablefrom:http://
www.ebmt.org/sites/default/ les/2020003/SAAWP_COVID_
Recommendations. [Last accessed 2020 Sep 15].

- Volume 11, Issue 4, October - December 2020



