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Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired syndrome characterized by 
intravascular hemolysis, thrombosis, and bone marrow failure. The disease is caused 
by a mutation in the PIG-A gene that leads to the lack of glycosylphosphatidylinositol- 
anchored complement regulatory molecules CD55 and CD59 on affected blood cell 
surfaces. In previous studies, spontaneous clinical remissions have been described. The 
disease manifestations are very heterogeneous, and we wanted to examine if true remis-
sions and disappearance of the clone occur. In a follow-up of a nation-wide cohort of 
106 Finnish patients with a PNH clone, we found six cases, where the clone disappeared 
or was clearly diminished. Two of the patients subsequently developed leukemia, while 
the other four are healthy and in clinical remission. According to our data, spontaneous 
remissions are not as frequent as described earlier. Since the disappearance of the PNH 
cell clone may indicate either a favorable or a poor outcome—remission or malignancy—
careful clinical monitoring in PNH is mandatory. Nevertheless, true remissions occur, 
and further studies are needed to understand the immunological background of this 
phenomenon and to obtain a better understanding of the natural history of the disease.
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inTrODUcTiOn

Paroxysmal nocturnal hemoglobinuria (PNH) is an acquired syndrome characterized by intravas-
cular hemolysis, thrombosis, and bone marrow (BM) failure (1). The disease is caused by a mutation 
in the PIG-A gene that leads to the lack of glycosylphosphatidylinositol (GPI)-anchored molecules, 
including the complement regulatory proteins CD55 and CD59 from the surface of a clonal lineage 
of blood cells (2–4). In addition, rare forms of PNH with mutations in the CD59 gene have been 
described indicating the key role of the absence of CD59 in the disease (5, 6).

The diagnosis of PNH is made by analyzing GPI-anchored molecules or the anchor itself on 
blood cells by flow cytometry. The disease course is often unpredictable, and the therapeutic options 
are limited. While in previous studies spontaneous remissions have been reported to occur in up to 
15–30% of cases (7, 8), there are only few detailed case reports published on these patients. Recently, 
four cases of spontaneous remission were described in two different studies (9, 10), but doubts exist 
whether remissions really occur in PNH patients. In particular, it would be important to distinguish 
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Table 1 | Patients and treatments.

age at Pnh 
diagnosis (year)

age at aa/bM 
failure diagnosis 
(year)

Treatment

Patient 1 23 years (1990)a 19 years (1986) Androgens, corticosteroids
Patient 2 56 years (1998) Hypoplastic BM

57 years (1999)
Androgens, corticosteroids

Patient 3 24 years (1998) 21 years (1995) Antithymocyte globulin, 
prednisolone, cyclosporine, 
granulocyte growth factor

Patient 4 25 years (1998) 19 years (1992) Cyclosporine, androgens
Patient 5 43 years (2000) 43 years (2000) Antithymocyte globulin, 

prednisolone, cyclosporine
Patient 6 44 years (1998) 43 years (1997) Prednisolone, cyclosporine

PNH, paroxysmal nocturnal hemoglobinuria; AA, aplastic anemia; BM, bone marrow.
aDiagnosis by Ham’s test. First flow cytometry in 2001. For further clinical information, 
please see the text.
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true remissions from other developing disorders, especially from 
malignancy, because in both cases the PNH diagnostics may give 
a negative result.

Because of the variable clinical course of PNH, we wanted 
to explore whether true spontaneous remissions occur in PNH 
in the Finnish patient material that we have collected during a 
long period of time. A nation-wide study of all PNH patients 
diagnosed in Finland since 1995 and an extended follow-up time 
(up to 20 years) have provided a unique opportunity to perform 
a detailed analysis of the course of the disease in our patients.

PaTienTs anD MeThODs

In a nation-wide project, we collected patients from all Health 
Care Districts in Finland (with a total population of 5.6 million). 
The sources of information included the Helsinki University 
Central Hospital Laboratory (HUSLAB) databases, flow cytom-
etry analysis of red blood cells (RBCs) and leukocytes, patients’ 
medical records, and a patient questionnaire. The patients were 
evaluated until September 2016, and the remission cases were 
followed until June 2017. In total, 106 patients with a CD59-
deficient cell clone in flow cytometry were included in the study.

Besides the flow cytometry analysis the laboratory parameters 
included levels of hemoglobin (Hb), lactate dehydrogenase, hap-
toglobin, erythrocytes, leukocytes, platelets, inflammation mark-
ers (CRP, ESR), D-dimer, fibrinogen, coagulation factor VIII, 
creatinine, and ventricular natriuretic peptide. In addition, the 
glomerular filtration rates and BM analyses were performed. The 
clinical data included the symptoms and conditions attributable 
to PNH: hemoglobinuria, thrombotic events, infections, fatigue, 
renal failure, pulmonary hypertension, abdominal pain, dyspha-
gia, dyspnea, erectile dysfunction, anemia, and the co-existence 
of PNH with aplastic anemia (AA), myelodysplastic syndrome 
(MDS), or leukemia.

An ethical permission for the study was provided by the coor-
dinating ethical committee at the Helsinki University Hospital 
Health Care District. A research permission was also obtained 
from the National Institute of Health and Welfare (THL, Helsinki, 
Finland), and the patients gave written informed consents for the 
study.

resUlTs

In a cohort of 106 Finnish patients with a PNH clone, we found 
6 cases, where the clone disappeared or clearly diminished (to a 
level equal or below 1.5%). Two of the six patients subsequently 
developed leukemia (acute myeloid leukemia and chronic 
myelomonocytic leukemia), while the other four are in clinical 
remission (Table 1).

Patient number 1 was diagnosed with AA in 1986 during a 
twin pregnancy. The patient had pre-eclampsia and a cesarean 
section was performed. The PNH diagnosis was made by Ham’s 
test in 1990 at the age of 23 years. The first flow cytometry test 
was performed in 2001 (24% CD59-negative erythrocytes) 
(Figure 1A). The patient was first treated with steroids without 
any positive outcome and with androgens for 2 years. In 1994, the 
patient was diagnosed with multiple sclerosis. In the mid 90s, the 

patient got several blood transfusions and twice more in 2005 and 
2006. No thrombotic complications occurred. The patient was 
given anticoagulation treatment. Low molecular-weight heparin 
was used postoperatively after a gynecologic operation in 2006, 
and since 2008 the patient used aspirin. In 2012, erythrocytes, 
monocytes, and neutrophils were analyzed by the flow cytometry 
test, and no PNH clone was detected. The patient had no longer 
signs of hemolysis. In the same year, however, the patient was 
diagnosed with MDS and later with acute myeloid leukemia. The 
patient died of leukemia in 2013 at the age of 45 years.

Case 2 (female) was diagnosed with PNH in 1998 at the age of 
56 years (30% CD59-negative erythrocytes by flow cytometry). At 
the time of diagnosis, the Hb level was 70 g/L, and the numbers 
of leukocytes 2.5 × 109/L and platelets 6 × 109/L. The patient had 
a tendency for bruising, petechiae, and bleeding on probing. In 
1999, the patient’s BM sample showed hypoplastic features. The 
patient was treated with corticosteroids from 1998 until 2005. 
Androgen treatment was stopped because of elevated liver values. 
The CD59-negative erythrocyte clone peaked in 1998 after which 
it gradually declined. In 1999, the patient received cyclosporine 
treatment, which had a good effect on the anemia. In 2007, the 
patient recurrently developed anemia and thrombocytopenia. At 
that time, the RBCs had a normal CD59 expression level on flow 
cytometry (Figure 1B). The BM sample showed myelodysplastic 
changes and a systemic mastocytosis with c-KIT mutation was 
observed. In 2010, the patient was diagnosed with chronic myelo-
monocytic leukemia and azacytidine treatment was started. In 
2011, the patient died because of acute ischemic heart disease 
during the leukemia treatment.

Case 3 (female) was diagnosed with AA in 1995 at the age of 
21 years. At the time of diagnosis, the Hb level was 50 g/L, leuko-
cytes 1.9 × 109/L, and platelets 8 × 109/L. The patient was treated 
with antithymocyte globulin, prednisolone, cyclosporine, and 
granulocyte growth factor. In 1996, 8% of the erythrocytes were 
CD59 deficient. When the flow cytometry was performed next 
time in 1998, 50% of the erythrocytes was type I CD59-deficient 
cells and 30% type II (partially CD59 deficient) cells (Figure 1C). 
No thrombotic complications or bleeding have occurred at any 
time of the disease history. The lactate dehydrogenase level was 
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FigUre 1 | The percentage of totally and partially CD59-deficient red blood cells in patients 1–6 [(a–F), respectively]. For patients 1, 3, 5, and 6 who had 
intravascular hemolysis, the lactate dehydrogenase levels (LD) are shown at right on the Y-axis as values in relation to the upper limit of normal (a,c,e,F). Patients 1 
and 2 (a,b) suffered from leukemia and subsequently died. Patients 3–6 are in remission.
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elevated earlier, but has been normal since 2006 (Figure 1C). The 
patient had two deliveries, in 2003 and 2007. During the first 
delivery, the patient was given blood transfusions and suffered 
from postpartum endometritis. The second delivery was without 
complications. In the 1990s, the patient had periods of hemoglo-
binuria. In 2012, the cyclosporine treatment was stopped, and 
only 0.2% of the erythrocytes were CD59 negative. Since 2013 
the expression of CD59 has been normal on erythrocytes and 
the GPI-negative clone in neutrophils and monocytes has been 
0.3–0.6% and the patient is symptom free.

Patient 4 (male) was diagnosed with AA in 1992, and the 
PNH diagnosis was made in 1998 when the patient was 25 years 
old (10% CD59-negative erythrocytes in flow cytometry). 
Before that the patient had had a small CD59-negative RBC 
clone (1.7–7%) since 1996. In 1992, the patient got several RBC 

and platelet transfusions. Cyclosporine and androgen treatment 
were started in 1992 with a good response leading to recovery 
from the cytopenias. The androgen treatment was discontinued 
in 2003 and cyclosporine treatment in 2012. Since then the 
patient has had no symptoms, and the laboratory parameters 
have been in the normal range. In 2010, CD59 expression on the 
erythrocytes was normal. In later controls, the expression has 
been either fully normal or the CD59-negative erythrocyte cell 
clone has been small (between 0.2 and 1.4%) (Figure 1D). The 
GPI-negative clone in neutrophils and monocytes has been in 
the range 0.2–1.5%.

Case 5 (male) was diagnosed with AA and PNH in 2000 at 
the age of 43 years. Fifty-three percent of the erythrocytes were 
totally CD59 deficient. In addition, 10% had a decreased expres-
sion (type II cells). In the BM sample, the cellularity was 25–30% 
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of normal. At the time of diagnosis, the Hb level was 54  g/L, 
neutrophils 0.3  ×  109/L, and platelets 26  ×  109/L. The patient 
was initially treated with prednisolone for a short time. Later, 
the patient was given antithymocyte globulin treatment and 
cyclosporine for 1 year. Initially, the response to the immunosup-
pressive treatment was not sufficient, and an allogeneic stem cell 
transplantation with register donor was already being planned. In 
2002, the transplantation was canceled because of a late response 
to the treatment. At that point, the Hb level was 122 g/L, neu-
trophils 0.77 × 109/L, and platelets 96 × 109/L. The patient had 
hemolysis and hemoglobinuria, fatigue, and erectile dysfunction. 
No thrombotic complications occurred. The anemia was com-
pensated, and there was no transfusion dependency. Since 2009 
the patient has been symptom free and the lab values stable, Hb 
level 155 g/L. The PNH clone has been declining (Figure 1E). In 
2017, it was below 1% in both RBCs and neutrophils.

Patient 6 (male) was diagnosed with AA at the age of 43 years 
in 1997. At that time, the patient had pancytopenia and 5.4% of 
RBCs were CD59 deficient. The patient was treated with cyclo-
sporine with a good response. In 1998, the size of the PNH clone 
was 52%. The patient had tendency for bruising, hemoglobinuria, 
and erectile dysfunction, but no thrombosis. Since 2009 the LD 
values normalized, and the patient did not report hemoglobi-
nuria any more. In 2010, the size of the PNH clone had already 
clearly diminished, and in 2013, it was 0.3% in RBCs and 0.8% in 
neutrophils (Figure 1F).

Among all the six patients, the median time from the diagnosis 
until the remission was 12.5  years (range 6–15  years). For the 
two patients who developed leukemia, the diagnosis was made 
26 and 12 years after the initial PNH/AA diagnosis, respectively. 
In one patient, the CD59-deficient cell clone disappeared 3 years 
earlier, and for the other one in the same year leukemia was 
diagnosed. For all six patients, the median CD59-deficient RBC 
clone size was 64% at highest (range 30–91%) (Figure 1). Four of 
the patients had classical PNH with signs of hemolysis. None of 
the patients received eculizumab therapy since it was not avail-
able at the time of diagnosis. All patients had underlying AA or 
another type of BM failure. Four of the patients were treated with 
cyclosporine, three with androgens, and five with corticosteroids. 
Two of the remission cases also got antithymocyte globulin, and 
one was given granulocyte growth factor. None of the patients 
was heavily transfusion dependent.

DiscUssiOn

Paroxysmal nocturnal hemoglobinuria is a potentially serious 
illness with variable manifestations and outcomes. Reliably 
defined complete remissions from the disease have only rarely 
been described, and doubt exists whether a permanent cure 
from the disease can occur. In Finland, it has been possible to 
conduct a nation-wide study because it has a relatively small 
population (5.6 million) with a comprehensive public healthcare 
system, where rare cases are centralized to specialized healthcare. 
Thus, for this study, we were able to collect all patients diagnosed 
with PNH from a period of over 20 years, altogether 106 PNH 
patients. Indeed, among these we found six cases, where the 
PNH cell clones disappeared. In four cases, this was accompanied 

with spontaneous clinical remission, as well. By contrast, in two 
other cases—showing apparently the disappearance of the PNH 
clone—the disease developed into malignancy.

Our data show that spontaneous remissions are not as 
frequent as previously described, and the disappearance of the 
PNH cell clone can be related to dramatically different outcomes. 
In a Spanish patient cohort, spontaneous remission was reported 
to occur in as many as 30% of the patients (17/56), but the cases 
were not characterized further, and the spontaneous remission 
was not defined (8). We considered that the patients were in 
remission when they had no clinical signs of disease (i.e., no 
cytopenias, signs of hemolysis, or thrombosis) and no flow 
cytometry evidence for PNH. For the latter, a threshold level 
of 1.5% for GPI-anchor negative RBCs was employed, because 
levels lower than this may be artifacts due to staining or trans-
portation. Small PNH-like clones may also be seen in healthy 
individuals (11). In a British material from the year 1995, spon-
taneous clinical remissions were reported in 15% of the patients 
(12/80) (7). The patients had a negative Ham’s test. In five cases, 
flow cytometry was later performed, and in all cases, the RBCs 
expressed normal levels of GPI-linked proteins. However, pos-
sible misdiagnoses with the earlier less specific Ham’s test cannot 
be excluded.

Nevertheless, as our study shows, true remissions occur, but the 
patients need to be carefully followed up for a potential emergence 
of malignancy. Among the six patients, where the PNH clone 
disappeared, four are healthy and have no treatment. The actual 
mechanisms or the reasons for the remissions are unknown. They 
may be spontaneous, have an immunological background, or be 
related to therapy. A proposed explanation has been that the PNH 
clone has a finite lifespan and that normal stem cells are capable 
of repopulating the BM (7). Recently, a case was described, where 
a decrease in the PNH clone did not restore normal hematopoiesis 
but instead was associated with clonal replacement (9). Notably, 
however, in this case, the PNH clone did not disappear but 
remained at a 15% level. All of our six patients had an underly-
ing BM failure. Patients received treatments (e.g., cyclosporine, 
androgens, steroids, CSF, or antithymocyte globulin) that may 
also have affected the PNH cell clone or the cell clone could have 
lost its growth advantage (12) after repopulating the BM.

Paroxysmal nocturnal hemoglobinuria has previously been 
considered to be a monoclonal disorder, and the expansion of 
the GPI-deficient clone has been explained by extrinsic fac-
tors (13). Recent studies have shown that multiple clones are 
present, and a number of additional somatic mutations in the 
PNH clones have been detected (14, 15). The latter may lead 
to clonal selection. Partially, CD59-deficient type II cells are 
thought to emerge because of only a partially defective or absent 
PIG-A enzyme. As PNH is currently regarded as a multiclonal 
disease with clonal hierarchy (14) and a large number of cells 
are involved, a repairing mutation can not be the explanation 
for remission. In our view, the most likely possibility is that the 
immune system is eliminating cells through complement attack 
and/or by the formation of antibodies or by a cell-mediated 
immune response. If antibodies against cells develop, as may 
occur after blood transfusions, the clearance of CD59-negative 
cells could be further boosted. Cells lacking CD59 and CD55 
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would, after all, be more susceptible to complement-mediated 
clearance. Some antibodies may even be targeted against unique 
epitopes on GPI-anchor deficient cells.

Paroxysmal nocturnal hemoglobinuria is known to be a very 
variable disease, and this is also typical among the remission 
cases. The fact that the clone disappears may be related to dif-
ferent outcomes, total recovery, or BM suppression and devel-
opment of leukemia. This provides a challenge to the clinician. 
Careful follow-up is needed to determine the direction to which 
the disease is progressing. Further studies on the mechanisms of 
spontaneous remissions could also provide clues for finding a 
curative treatment for PNH in the future.

eThics sTaTeMenT

An ethical permission for the study was provided by the coor-
dinating ethical committee at the Helsinki University Hospital 
Health Care District. A research permission was also obtained 
from the National Institute of Health and Welfare (THL, Helsinki, 

Finland), and the patients gave written informed consents for the 
study.

aUThOr cOnTribUTiOns

E-SK performed the research, analyzed data, and wrote the initial 
draft of the manuscript. HJ and SM designed and supervised the 
research, revised, and approved the manuscript. A-EA provided 
clinical information, reviewed, and approved the manuscript.

acKnOWleDgMenTs

This work was supported by grants from Sigrid Jusélius Foun-
dation, Signe and Ane Gyllenberg Foundation, Helsinki Uni-
versity Hospital Funds (EVO), and Alexion Pharmaceuticals 
Inc. The sponsors support science in general and had no role 
in gathering, analyzing, or interpreting the data. E-SK is a PhD 
candidate at University of Helsinki, and this work is submitted in 
partial fulfillment of the requirement for the PhD degree.

reFerences

1. Parker C, Omine M, Richards S, Nishimura J, Bessler M, Ware R, et  al. 
Diagnosis and management of paroxysmal nocturnal hemoglobinuria. Blood 
(2005) 106(12):3699–709. doi:10.1182/blood-2005-04-1717 

2. Pangburn MK, Schreiber RD, Muller-Eberhard HJ. Deficiency of an erythro-
cyte membrane protein with complement regulatory activity in paroxysmal 
nocturnal hemoglobinuria. Proc Natl Acad Sci U S A (1983) 80(17):5430–4. 
doi:10.1073/pnas.80.17.5430 

3. Holguin MH, Fredrick LR, Bernshaw NJ, Wilcox LA, Parker CJ. Isolation and 
characterization of a membrane protein from normal human erythrocytes 
that inhibits reactive lysis of the erythrocytes of paroxysmal nocturnal hemo-
globinuria. J Clin Invest (1989) 84(1):7–17. doi:10.1172/JCI114172 

4. Nicholson-Weller A, March JP, Rosenfeld SI, Austen KF. Affected erythrocytes 
of patients with paroxysmal nocturnal hemoglobinuria are deficient in the 
complement regulatory protein, decay accelerating factor. Proc Natl Acad Sci 
U S A (1983) 80(16):5066–70. doi:10.1073/pnas.80.16.5066 

5. Yamashina M, Ueda E, Kinoshita T, Takami T, Ojima A, Ono H, et al. Inherited 
complete deficiency of 20-kilodalton homologous restriction factor (CD59) 
as a cause of paroxysmal nocturnal hemoglobinuria. N Engl J Med (1990) 
323(17):1184–9. doi:10.1056/NEJM199010253231707 

6. Nevo Y, Ben-Zeev B, Tabib A, Straussberg R, Anikster Y, Shorer Z, et al. CD59 
deficiency is associated with chronic hemolysis and childhood relapsing 
immune-mediated polyneuropathy. Blood (2013) 121(1):129–35. doi:10.1182/
blood-2012-07-441857 

7. Hillmen P, Lewis SM, Bessler M, Luzzatto L, Dacie JV. Natural history of 
paroxysmal nocturnal hemoglobinuria. N Engl J Med (1995) 333(19):1253–8. 
doi:10.1056/NEJM199511093331904 

8. Munoz-Linares C, Ojeda E, Fores R, Pastrana M, Cabero M, Morillo D, et al. 
Paroxysmal nocturnal hemoglobinuria: a single Spanish center’s experience 
over the last 40 yr. Eur J Haematol (2014) 93(4):309–19. doi:10.1111/ejh. 
12346 

9. Babushok DV, Stanley N, Xie HM, Huang H, Bagg A, Olson TS, et al. Clonal 
replacement underlies spontaneous remission in paroxysmal nocturnal hae-
moglobinuria. Br J Haematol (2017) 176(3):487–90. doi:10.1111/bjh.13963 

10. Ferla V, Zaninoni A, Fattizzo B, Fermo E, Gianelli U, Barcellini W. Paroxysmal 
nocturnal hemoglobinuria with spontaneous clinical remission. Eur J Intern 
Med (2017) 43:e11–4. doi:10.1016/j.ejim.2017.04.011 

11. Hu R, Mukhina GL, Piantadosi S, Barber JP, Jones RJ, Brodsky RA. PIG-A 
mutations in normal hematopoiesis. Blood (2005) 105(10):3848–54. 
doi:10.1182/blood-2004-04-1472 

12. Bessler M. Paroxysmal nocturnal hemoglobinuria: the price for a chance. 
Schweiz Med Wochenschr (1996) 126(45):1912–21. 

13. Young NS, Calado RT, Scheinberg P. Current concepts in the pathophysiology 
and treatment of aplastic anemia. Blood (2006) 108(8):2509–19. doi:10.1182/
blood-2006-03-010777 

14. Shen W, Clemente MJ, Hosono N, Yoshida K, Przychodzen B, Yoshizato T, 
et al. Deep sequencing reveals stepwise mutation acquisition in paroxysmal 
nocturnal hemoglobinuria. J Clin Invest (2014) 124(10):4529–38. doi:10.1172/
JCI74747 

15. Schubert J, Roth A. Update on paroxysmal nocturnal haemoglobinuria (PNH): 
on the long way to understand the principles of the disease. Eur J Haematol 
(2015) 94(6):464–73. doi:10.1111/ejh.12520 

Conflict of Interest Statement: E-SK and SM have received an investigator- 
initiated research grant and E-SK, A-EA, HJ, and SM have received speaker hono-
raria from Alexion Pharmaceuticals, Inc.

Copyright © 2018 Korkama, Armstrong, Jarva and Meri. This is an open-access 
article distributed under the terms of the Creative Commons Attribution License  
(CC BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/Immunology/
https://www.frontiersin.org
https://www.frontiersin.org/Immunology/archive
https://doi.org/10.1182/blood-2005-04-1717
https://doi.org/10.1073/pnas.80.17.5430
https://doi.org/10.1172/JCI114172
https://doi.org/10.1073/pnas.80.16.5066
https://doi.org/10.1056/NEJM199010253231707
https://doi.org/10.1182/blood-2012-07-441857
https://doi.org/10.1182/blood-2012-07-441857
https://doi.org/10.1056/NEJM199511093331904
https://doi.org/10.1111/ejh.
12346
https://doi.org/10.1111/ejh.
12346
https://doi.org/10.1111/bjh.13963
https://doi.org/10.1016/j.ejim.2017.04.011
https://doi.org/10.1182/blood-2004-04-1472
https://doi.org/10.1182/blood-2006-03-010777
https://doi.org/10.1182/blood-2006-03-010777
https://doi.org/10.1172/JCI74747
https://doi.org/10.1172/JCI74747
https://doi.org/10.1111/ejh.12520
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	Spontaneous Remission in Paroxysmal Nocturnal Hemoglobinuria—Return to Health 
or Transition Into Malignancy?
	Introduction
	Patients and Methods
	Results
	Discussion
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


