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Summary
Paroxysmal nocturnal hemoglobinuria (PNH) is a sys-
temic, acquired clonal hematological disorder which re-
sults from loss of complement-inhibiting proteins (CD55 
and CD 59) from the blood cell surface. Therefore, such 
patients develop chronic complement-mediated intra-
vascular hemolysis, with thromboses manifesting as 
most severe clinical complications. Recommendations 
of International PNH groups discern certain risk groups 
based on detection of a pathological cell clone, including 

patients with myelodysplastic syndrome (MDS). Here 
we describe detection of a clinically sound PNH clone 
in an elderly patient with MDS, as well as positive results 
of patho-genetic treatment with Eculizumab.
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Introduction
Paroxysmal nocturnal hemoglobinuria (PNH) is a rare ac-
quired chronic disease of hematopoietic stem cells (HSC) 
characterized by chronic intravascular hemolysis, bone mar-
row failure and increased risk of thrombotic complications. 
PNH occurs due to a non-malignant clonal expansion of 
mutated HSCs with an acquired somatic X-linked mutation 
in the phosphatidylinositol glycan A gene (PIG-A) [2, 22]. 
This mutation causes altered glycosylphosphatidylinositol 
(GPI anchor) binding to some surface proteins, e.g., CD55 
and CD 59 complement-inhibitors. Loss of these regulatory 
proteins predisposes for non-controlled complement activa-
tion resulting to intravascular destruction of red blood cells 

(RBC), thus manifesting as chronic hemolysis and progress-
ing anemia [12, 22]. However, sole PIG-A mutation is not 
sufficient for expansion of a PNH clone and clinical symp-
toms. Precise mechanisms of the clonal expansion are not yet 
known, probably, being coupled to bone marrow failure [12, 
21]. Such physiological mechanism is confirmed by higher 
incidence of PNH clone in patients with aplastic anemia 
(AA) and myelodysplastic syndrome (MDS) [11, 18, 27, 26, 
29, 30].

Table 1 shows results of international clinical studies for 
PNH clone assessment in the patients with different MDS 
subtypes.
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Table 1. Identification and distribution of PNH clones in the patients with different subtypes of myelodysplastic 
syndrome (MDS)

No of 
cases 
(reference 
No)

Country Diagnostic 
technique

Cells studied Sensitivity 
threshold

Percentage of 
patients with 
detectable PNH 
clone (number 
of cases)о 

Distribution of PNH 
clones in MDS subtypes

58518 USA
Flow 
cytometry

CD59-RBCs
FLAER/CD24-granu-
locytes
FLAER/CD14-mono-
cytes

0.01% 5.5%(32/585)

LGMDSL
HGMDSL
MDS w/5q deletion
МДС, non-specified
Myelofibrosis 
w/myeloid metaplasia 
(subtype distribution not 
shown)

31627 Japan
Flow 
cytometry

CD59-/CD55-/CD11b+ 
granulocytes
and CD59-/CD55-/
GP-A+ RBCs

≥0.003% gran-
ulocytes and 
≥0.005% RBCs

20% (64/316) RA: 64/316 (20%)

13629 USA
Flow 
cytometry

CD55-/CD59- and/or 
CD16-/CD66b- 
granulocytes

0.01% 6.6% (9/136)
RA: 6/17 (35%)
5q:1/5 (20%)
RCMD: 2/37 (5%)

16428 Japan
Flow 
cytometry

CD59-/CD55-granu-
locytes and RBCs

0.003% CD55-, 
CD59- granulo-
cytes and RBCs

12.8%(21-164)

RA: 21/119 (17.6%)
RARS: 0/4
RAEB: 0/33
RAEBt: 0/8

2530 Turkey
Flow 
cytometry

CD55-/CD59 - leu-
kocytes

≥ M + 1.96 x SD for 
controls

24% (6/25)

RA: 4/17 (23.5%)
RARS: 1/2
RAEB: 1/4
CMML: 0/2

3821 Japan
Flow 
cytometry

CD55-/CD59-RBCs No data 15.7% (6/38)
RA: 5/33 (15.1%)
RARS: 1/1
RAEB: 0/4

Note: PNH, paroxysmal nocturnal hemoglobinuria; MDS, Myelodysplastic syndrome ; CMML, chronic myelomonocytic leu-
kemia; FLAER, fluorescent aerolysine; HGMDSL, high-risk MDS; hMDS, hypoplastic MDS variant, LGMDSL, low-risk MDS; 
MDS-U, MDS non-classified; RA, refractory anemia; RAEB(1/2), RA with blast excess (1/2); RAEBt, RA with blast excess and 
acute leukemia transformation; RAMD, RA with multilineage dysplasia; RARS, RA with ring syderoblasts; RCMD, RA with 
multilineage dysplasia; RCMDRS, RA with multilineage dysplasia and ring syderoblasts; 5q, 5q syndrome.

As seen from a series of studies (Table 1), incidence of PNH 
clone in MDS patients varies from 5.5% to 24% cases (a 
mean of 13%). PNH manifestations are highly different, and 
the disease may develop at any age (a median of 30-40 years 
old) [8, 22]. Life-threatening complications occur, as a rule, 
due to uncontrollable complement-mediated hemolysis and 
consequent blood platelet activation [3, 10, 19]. Most com-
mon clinical symptoms include anemia (88%) [3], thrombo-
sis (35%) [9], chronic kidney disease (64%) [10], abdominal 
pains (57%), lung hypertension (47%), dyspnoe (66%), dys-
phagia (41%), significant fatigue (96%), erectile dysfunction 
(47%), bone marrow failure (45%) [19, 24]. Hemoglobinuria 
is the most remarkable PNH symptom. It develops in nearly 
all patients during the disease, being, however, initially ob-
served only in 26% of the cases [22, 24]. Thromboses repre-
sent the main reason of mortality (40 to 67% of lethal out-

comes) followed by chronic kidney injury (8 to 18% of total), 
infections (17%), and bleedings (8%) [15, 23].

PNH symptoms exert significant negative effects upon qual-
ity of life due to anemia, transfusion dependence, abdominal 
and chest pain, sufficient fatique, dyspnoe which often need 
hospitalization and symptomatic drug medication. 

PNH diagnostics may be quite difficult, due to variability of 
symptoms and rarity of the disorder. However, the time of 
diagnostics may be more rapid when using diagnostic algo-
rithm and screening of high-risk patients [8]. Flow cytom-
etry (FC) is considered the most sensitive and informative 
technique to establish PNH diagnosis. Percentage of blood 
cells with complete or partial GPI anchor deficiency shows 
the size of PNH clone, as measured by immune phenotyping 
performed with flow cytometry [1]
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National Clinical Guidelines on PNH diagnostics and treat-
ment specify several patient groups with different clinical 
traits are discerned for appropriate PNH screening [16], 
i.e., Coombs-negative intravascular hemolysis; hemolytic 
anemia associated with hemoglobinuria, iron deficiency, 
cytopenia and thromboses; some bone marrow failure pat-
terns (suggested or proven aplastic anemia; myelodysplastic 
syndrome (refractory cytopenia with 1-,2- or 3-lineage dys-
pla-sia, hypoplastic MDS variant), other cytopenias with un-
known etiology after detailed examination; thromboses with 
atypical manifestations (uncommon localization, associated 
hemolytic anemia and cytopenias). As suggested in the Rec-
ommendations, optimal frequency of clinical examination 
and PNH screening should be performed initially in cases of 
aplastic anemia (AA) and MDS, and then twice a year in case 
of initial PNH clone detection. Presence of a PNH clone in 
MDS patients may be of high predictive value, with respect 
to its future treatment strategy.

Clinical Practice Guidelines in Oncology by National Com-
prehensive Cancer Network (NCCN-2010) recommend 
screening for PNH clone and HLA-DR15 if considering 
MDS. These markers seem to be best predictors of response 
to immunosuppressive therapy, especially, for younger pa-
tients (≤60 years old) with normal cytogenetics and hypo-
plastic MDS variant [20].

So far, only symptomatic therapy was used for PNH therapy, 
i.e., iron supplement, folates, steroids, blood transfusions, 
anticoagulants in thrombotic episodes. Generally, the me-
dian survival for hemolytic PNH patients comprises 10 to 
15 years from initial diagnosis. Thirty-five percent of these 
patients are lost within 5 years [8]. 

Hematopoietic stem cell transplantation (HSCT) is an ap-
proach which may be potentially curative in PNH. However, 
HSCT is known to produce high complication rates, mortal-
ity, and is performed only for certain indications in cases of 
hematopoietic aplasia [4, 13].

Since 2007, Eculizumab, a drug for PNH target therapy, 
was registered for clinical use. Eculizumab is a humanized 
monoclonal antibody which is able to specifically bind the 
С5 component of complement system, thus blocking exces-
sive complement activation and C5-mediated hemolysis, the 
main affecting factor in PNH. International clinical trials 
and subsequent studies have shown that Eculizumab suffi-
ciently decreased incidence of life-threatening complications 
(i.e., thromboses), and significantly improved survival of the 
PNH patients. [7, 14].

Current publications contain only few reports on successful 
treatment of combined PNH/MDS conditions . In available 
literature we did not find any data on clinical hematologi-
cal remission achieved with Eculizumab therapy in patients 
>70 years old. Therefore, our own description of such clini-
cal case treated by Eculizumab should have clinical practical 
value. 

Clinical case description 
Patient M., 73 years old, was admitted to a Department of 
Therapy in January 2016. He presented with significant fa-
tigue, vertigo, dizziness, absence of appetite, icterus, dark 
urine, periodical pressing heart pain, low-grade fever over 
month, cough, dyspnoe upon modest physical loads. Ane-
mic syndrome and thrombocytopenia are traced since 2006, 
specialized hematological examination was initiated since 
2009. Bone marrow cytology showed megaloblastoid traits 
of erythroid cells evaluated as potential MDS markers. Glu-
cocorticoid therapy did not provide clinical response. Spe-
cial examination aiming to exclude paraneoplastic events, 
has shown a prostate carcinoma (рТ2с, NO, G3, R0). The 
patient underwent extraperitoneal endoscopic radical pros-
tatectomy with removal of regional pelvic lymph nodes, 
followed by urological screening, without any specific treat-
ment. Since June 2015, his condition became worse, due to 
unmotivated fatigue, episodic hematuria. In January 2016, 
he noted some general physical symptoms as else-where de-
scribed (see above), being admitted to Therapeutic Depart-
ment. On admittance, his state was moderately severe. Skin 
and mucosae were icteric, multiple angiokeratomas and skin 
papillomas were evident. Peripheral lymph nodes were not 
enlarged, peripheral oedemas not detected. Chest ausculta-
tion did not show rales, however, weak breathing was evi-
dent. Heart sounds were muffled, at regular beats. Liver and 
spleen were not enlarged. Clinical blood analysis revealed de-
crease Hb (60 g/L), RBCs (1.75 х1012/L), platelets (60х109/L), 
leukocytes (5.4х109/L), neutrophils (64% of total leukocyte 
counts). Urinalysis showed proteinuria 2.0 g/L, changed and 
fresh RBCs (100 to 120 per microscopic field), urobilinogen 
(3+), bilirubin (1+). Results of blood biochemistry were as 
follows: direct bilirubin (21 μmol /L), total bilirubin of 87 
μmol /L, ALaT (31U/L), ASaT (108 U/L, LDH (2925 U/L, 
being much higher normal values of 125-245 U/L). On 
13.01.16, ECG has shown a subendocardial anterior lateral 
myocardial infarction. EchoCG has shown apical hypokine-
sis, akinesia of anterior and anteriorseptal segments. Cor-
onarographic study was refused, due to thrombocytopenia 
and hemorrhagic risk in the patient.

In view of distinct blood changes, we looked for PNH clon-
al markers. Flow cytometry provided the following pattern: 
type I (normal) RBCs, 59.05%; type II (partial СD59 defi-
ciency), 1.47%; type III (complete lack of СD59 ), 39.48%; 
monocytes with FLAER/СD14 deficiency – 92.02%; granu-
locytes with FLAER/СD14 mangle – 94.73%. Hence, a PNH 
clone was detectable among RBCs, monocytes and granu-
locytes in blood sample. Appropriate treatment consisted of 
RBC transfusions (6 standard doses), bisoprolol (5 mg), iso-
sorbide dinitrate (20 mg twice a day) followed by improve-
ment of physical condition. Hb increased to 90 g/L, blood 
bilirubin and LDH levels remained high (resp., 28 μmol /L, 
and 2124 U/L). The patient was discharged from the clinic. 
In June 2016, he was urgently admitted to the M. Zhadkevich 
Municipal Clinical Hospital due to worsened clinical con-
dition, recurrent skin icterus, dark urine, fever. His initial 
blood sampling was impossible due to intravascular hemol-
ysis. Urine samples were brown-colored, with abundant yel-
low-brownish debris seen upon microscopy. Washed RBCs 
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were transfused at this phase. At day +2 after admission, to-
tal blood analysis showed low Hb levels (62 g/L), decreased 
platelet counts (62х109/L). Routine blood chemistry showed 
LDH activity of 7132 U/L (reference, 125 to 245 U/L), total 
bilirubin, 100 µMol/L (direct bilirubin, 20 μmol/L); ASAТ, 
290 U/L; С-reactive protein, 150 g/L. X-ray chest exami-
nation showed pneumonia in the left lower lobe. Further 
transfusion therapy included 3 doses of washed RBCs, and 
antibacterial treatment with Amoxicilline clavulanate, and 
Azithromycin. Relative stabilization of clinical state was 
observed. However, the course of disease was complicated 
by significant thrombocytopenia (to 18-20х109/L), profuse 
nasal bleeding, instability of respiratory and cardiovascu-
lar systems, thus re-quiring therapeutic nitrates, bisoprolol, 
continued antibacterial and detoxication therapy. 

In view of pronounced intravascular hemolysis and gener-
ally severe condition of the patient, we then started patho-
genetic treatment by Eculizumab at a dose of 600 mg at a 
7-day interval. Simultaneous vaccination for meningococcal 
infection was performed at this time. As an outcome, the 
pulmonary inflammation was resolved, urinary parameters 
were normalized, with anemia improved to some degree (Hb 
level increased to 87 g/L).

Seven days after 2nd eculizumab infusion, the patient was 
hospitalized to the Department of Hematology of Clinical 
Research Center at the Moscow Health Department, to spec-
ify further therapy. Upon admission, the patient was in sat-
isfactory condition. Skin was of normal colour, eye sclerae 

were subicteric, hemorrhagic syndrome was not detectable. 
Hemodynamics remained stable, liver, spleen were of nor-
mal size. Blood analysis showed further increased Hb level 
(95 g/L), erythrocytes (3.0х1012/L), platelets, 35х109/L, leu-
kocytes (3.2х109/L); differential counts showed 48% neutro-
phils. Urinalysis showed low protein content (0.1 g/L), eryth-
rocytes (1-4 per vision field). Serum indexes were as follows: 
total bilirubin, 21 μmol /L (direct, 2.5 μmol /L), LDH, 540 
U/L (reference, 125–245 U/L). 

Marrow cytology revealed 2.3% blast cells, with dysplastic 
traits of granulocyte lineage (Peulger-like, hyposegmenta-
tion of the nuclei), erythroid cells (megaloblasts, increased 
pyknosis rates), and megakaryocytic lineage (mononuclear 
or small megakaryocytes). Cytogenetic data exhibited com-
plex aberrations: 45,X, -Y[16]/ 46,XY[4]nucish(DXZ1х1) 
[66] (DXZ1,DYZ3)x1[34]. Loss of Y chromosome was 
shown in 80% of the cells studied.

Hence, the following diagnosis has been established: Par-
oxismal nocturnal hemoglobinuria. Myelodysplastic syn-
drome. Refractory cytopenia with multilinear dysplasia. 
IPSS: intermediate 1 risk. Prostate carcinoma (рТ2с, NO,M0.
G3,R0). Extraperitoneal endoscopic radical prostatectomy of 
2009. Due to observed clinical effect, we decided to contin-
ue Eculizumab treatment, according to a standard schedule. 
This mode of therapy proved to be tolerable, without adverse 
events during the infusions. Time-dependent dynamics of 
main blood indexes and changes in leukocyte profiles during 
such therapy are presented at Fig.1 and Table 2.

Figure 1. Time course of hematological indexes during eculizumab therapy.

Table 2. Time dynamics of leukocyte profiles during Eculizumab therapy

Parameter 03.07 10.07 30.07 15.08 1.09 15.09 30.09 14.10 Normal

Band forms [%] 2 - - 6 4 - 12 - 1-6

Segmented forms [%] 51 - - 42 52 - 46 -- 41-72

Eosinophils [%] 1 - - - 2 - - 0,5-5

Lymphocytes [%] 38 - 34,8 46 34 33,9 36 - 19-37

Monocytes [%] 8 - 10,1 6 8 8,8 5 3-11

ESR [mm/h] 6 - 36 4 23 44 15 10 2-10
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As seen from Fig. 1, the Hb levels did gradually increase to 
reference values, i.e., 120-125 g/L, leukocytes, to 4.1-5.87х109. 
Thrombocytopenia also became clinically insignificant 
(53-60 х109). 

LDH activity is shown to be increased in disorders accom-
panied by tissue damage and cell destruction. Therefore, this 
parameter is an important marker of tissue decay, chronical 
hemolysis. Fig. 2 shows changes in LDH activity during Ecu-
lizumab therapy. 

Figure 2. LDH changes with time after Eculizumab treatment.

As seen from Fig. 2, PNH progression was noted by increased 
LDH levels from April 2014 to February 2016. Positive dy-
namics of the disease was then seen as proven by decreased 
LDH levels and Hb normalization (Fig. 1), when continuing 
treatment. The patient reported improved physical condi-
tion, he has resumed usual physical loads. Eculizumab treat-
ment is continued at a dose of 900 mg once every 2 weeks.

Discussion
Historically, the PNH patients received symptomatic treat-
ment, e.g., transfusion of washed RBCs, anticoagulant drugs, 
iron supplement and folic acid, glucocorticosteroids etc. 
HSCT was introduced is a method of choice for PNH thera-
py. Despite wide use of anticoagulants in PNH for thrombo-
sis prophylaxis, appropriate risk in the patients remain high, 
thus enhancing bleeding risks as well [14]. Advent of Eculi-
zumab, a monoclonal antibody which inhibits complement 
activity, has sufficiently improved results of PNH treatment 
due to effective control of complement-mediated hemolysis 
causing thromboses, and improving total survival of the pa-
tients [5, 17]. 

HCT remains the only curative method for PNH. Accord-
ing to large retrospective study which involved 211 PNH 
patients treated with BMT, total 5-year survival in this co-
hort was 68%, whereas graft failure was observed in 6% of 
the cases. Acute or chronic GvHD was evident in one-third 
of the patients [4, 5]. Meanwhile, Loschi M. et al reported 
total 6-year survival of 92% among the patients treated by 
Eculizumab [17]. Hence, HSCT provides a chance for radi-
cal PNH treatment. However, lethality and potential compli-
cations of the procedure are poorly predictable, and HSCT, 
therefore, cannot be recommended as a first-line strategy in 
the patients with classic PNH [6].

In some cases, HSCT is considered an option of MDS treat-
ment as first-line strategy. According to National Clinical 

Guidelines for Diagnostics and Treatment of Adult MDS, 
HSCT is indicated for the patients from the Group 1-2 in-
termediate and high-risk IPSS scores. Cumulative mortality 
after allo-HSCT from HLA-identical siblings in 387 patients 
with MDS proved to be 37% within 3 years, whereas relapse 
rates were 23% during this time period, with overall 3-year 
survival of 40%, according to IBMTR data. The disease stage 
and number of blasts are more significant to the HSCT out-
comes. However, upper age limits for HSCT do not exceed 
65-70 years [26].

Our clinical case demonstrates clinical remission in an el-
derly PNH patient with myelodysplastic syndrome and high 
comorbidity burden. This case also shows importance of im-
mune phenotyping for PNH clone detection in either patient 
with myelodysplastic syndrome. The patient had several in-
dications for PNH clone testing, including cytopenia due to 
suggested MDS syndrome, intravascular hemolysis traits, 
and arterial thrombosis. 

It is known that poorly documented MDS may be confused 
with unrecognized classical PNH, since in many instances it 
may be interpreted as isolated cytopenia, with non-detect-
ed active intravascular hemolysis. In this view, our clinical 
observation contains sufficient criteria for MDS diagnostics, 
i.e., erythroid hyperplasia and dysplasia typical to PNH, 
along with distinct cytological features of granulocytic and 
megakaryocytic dysplasia, like as clonal cytogenetic aberra-
tion (Y chromosome loss). Certainly, therapeutic choice in 
such cases cannot be based on the MDS treatment standards 
only. One should consider rates of intravascular hemolysis 
and, therefore, arrange target treatment with Eculizumab, 
according to current clinical indications. In this case, inten-
sive intravascular hemolysis was followed by RBC transfu-
sions, being then complicated by myocardial infarction, thus 
being indicative for appropriate target therapy, according to 
current recommendations. Marked positive response to Ecu-
lizumab treatment confirms a leading pathogenetic role of 
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hemolysis rather than of bone marrow failure, for the pro-
found anemia observed in this case. Further accumulation 
of blood immunophenotyping results, cytogenetic and cy-
tological data will specify the PNH clone frequency and its 
pathogenetic role in MDS. 
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Редкий случай пароксизмальной ночной 
гемоглобинурии у пациента старше 70 лет 
с миелодиспластическим синдромом 

Резюме
Пароксизмальная ночная гемоглобинурия (ПНГ) 
является генетически обусловленным, приобретен-
ным, клональным гематологическим заболеванием, 
при котором клетки крови утрачивают способность 
фиксировать на поверхности белки-ингибиторы 
системы комплемента – CD55 и CD59. Вследствие 
этого у больных развивается комплемент-опосре-
дованный хронический внутрисосудистый гемолиз, 
наиболее тяжелым осложнением которого являются 
тромбозы. В рекомендациях международных групп 
по изучению ПНГ определены группы риска для 
выявления патологического клона, в число которых 
входят пациенты с миелодиспластическим синдро-
мом (МДС). Приведено описание выявления клини-

чески значимого ПНГ-клона у пожилого пациента с 
миелопластическим синдромом и позитивные ре-
зультаты применения патогенетического лечения  
экулизумабом. 
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