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ABSTRACT

Background. Paroxysmal nocturnal hemoglobinuria (PNH)
stems from chronic, complement-mediated, intravascular
hemolysis, which results in anemia, hemoglobinuria, fatigue,
and other hemolysis-related disabling symptoms. Novel diag-
nostic methods have led into an increased identification of the
disease. Aims. To analyze the salient features of patients with
PNH identified in a single institution in México, in a 30-year
period. Material and methods. The records of 31 patients
with PNH identified between 1984 and 2013 were reviewed; 20
females. Median age was 39 years, range 5 to 88. Patients
were followed for periods of 0.5 to 221 months, median 46
months. Results. Most patients (97%) presented peripheral
blood cytopenias, 11 (35%) presented a thrombotic episode,
whereas 4 (13%) showed hemolytic anemia. No thrombotic
episode was fatal. In the cytopenic group, 4 patients with he-
molysis were included and in the patients with the hemolytic
variant the red blood cell destruction process was continuous
while not paroxysmal. Anemia was recorded in 30 individuals;
median hemoglobin levels were 8.5 g/dL, range 3.7 to 12.8.
Leukopenia was present in 18 individuals; median white blood
cell count was 3.3 x 10%/L, range 1.6 to 10.8, whereas throm-
bocytopenia was present in 18 subjects; median platelet count
was 67 x 10%/L, range 6 to 546. Pancytopenia was present in
15 patients. Hemoglobinuria was recorded in 12 patients and
low free haptoglobin levels coupled with increased lactic
dehydrogenase levels, consonant with hemolysis in 4 patients.
Conclusions. In México the cytopenic variants are considera-
bly more common than either the hemolytic or the thrombotic
variants of the disease, this being particularly relevant since
only the hemolytic variants of PNH are the ones which show
a good response to the complement-blocking therapy employ-
ed nowadays in the treatment of the disease.

Hemoglobinuria paroxistica
nocturna en México: experiencia de
30 arios en una sola institucion

RESUMEN

La hemoglobinuria paroxistica nocturna
(HPN) es una enfermedad crénica, mediada por el
complemento que causa hemdlisis intravascular y se
manifiesta con anemia, hemoglobinuria y fatiga. Se ha
sefialado que la distribucién de las distintas formas clinicas
de la enfermedad es diferente en México que en otros
lugares. Objetivo. Analizar las caracteristicas de un grupo
de pacientes con HPN identificado en un periodo de 30 afios
en una sola institucién privada en México. Material y
métodos. Se revisaron los expedientes de 31 pacientes con
HPN identificados entre 1983 y 2013. Veinte fueron mujeres y
la mediana de edad fue de 39 afios, rango de cinco a 88 afos.
Los pacientes fueron seguidos durante periodos de 0.5 a
221 meses, con una mediana de 46 meses. Resultados.
La mayoria de los pacientes (97%) se presentaron con
citopenias en sangre periférica, 35% se presenté con un
episodio trombético y 13% se presenté como anemia
hemolitica. Ningiin evento trombético fue fatal. En el grupo
de pacientes con citopenias se incluyeron los cuatro con
hemdlisis y en ellos la destruccién de hematies fue continua
y no paroxistica. La anemia se registré en 30 individuos, los
niveles de hemoglobina promedio fueron de 8.5 g/dL (rango
3.7 a 12.8 g/dL). La leucopenia se encontré en 18 pacientes
con una mediana del conteo de glébulos blancos 3.3 x 10°/L
(rango 1.6 a 10.8%/L), la trombocitopenia se presenté en 18 sujetos
con una mediana en el conteo de plaquetas de 67 x 10°/L
(rango de seis a 546) y la pancitopenia se reporté en 15
pacientes. En 12 pacientes con hemoglobinuria se
encontraron valores disminuidos de haptoglobina libre y
aumento de los niveles de deshidrogenasa ldctica en cuatro
pacientes. Conclusiones. La variante citopénica de la HPN
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INTRODUCTION

Paroxysmal nocturnal hemoglobinuria (PNH)
is a hematological disorder characterized by comple-
ment-mediated hemolytic anemia, thrombophilia, and
bone marrow failure. PNH stems from a somatic,
acquired mutation in the X-linked phosphatidyli-
nositol glycan class A (PIG-A) gene, which impairs
the membrane expression on affected blood cells of a
number of proteins, including the complement regu-
lators CD55 and CD59.! In all cases of PNH, blood
cells are deficient not only in CD55 and CD59, but
also in a large variety of other membrane proteins
that have only one obvious connection to one
another: all are anchored to the membrane by a
phospholipid, glycosylphosphatidylinositol (GPI).
The hallmark of PNH is chronic, complement-
mediated, intravascular hemolysis, which results in
anemia, hemoglobinuria, fatigue, and other hemolysis-
related disabling symptoms. In addition, the peculiar
thromboembolic risk typical of PNH patients
is thought as secondary to the complement-mediat-
ed hemolysis itself and/or to a complement-mediated
activation of platelets; in addition, in-travascular
hemolysis appears to play also a role in the trombo-
philia of the disease, as inhibiting the cytolytic acti-
vity of complement markedly reduces the incidence
of thromboembolic complications in patients treated
with eculizumab.!

As a complement-mediated disease, PNH is an
appropriate medical condition to develop and to
investigate therapeutical complement inhibitors; ac-
cordingly, the first complement inhibitor eculizu-
mab, a humanized anti-C5 monoclonal antibody,
which has been proven safe and effective for the
treatment of PNH patients.! Chronic treatment
with eculizumab results in sustained control of
intravascular hemolysis, leading to hemoglobin sta-
bilization and transfusion independence in more
than half of the patients.!

PNH was considered a rare disease, but the devel-
opment of molecular-based treatments has renewed
the interest in the condition, its prevalence being

en México es considerablemente mds comun que las
variantes trombética o hemolitica de la enfermedad, lo que
es particularmente relevante, dado que sélo las variantes
hemoliticas son las que muestran una buena respuesta a la
terapia inhibidora de la activacion del complemento
empleada hoy en dia como tratamiento de eleccién para esta
enfermedad.

Palabras clave. Hemoglobinuria. Paroxistica. Nocturna.
Meéxico.

re-assesed. Several studies dealing with the preva-
lence, diagnosis and salient features of the disease in
México have been published;2!® one of the main fin-
dings of these studies is that the hemolytic variant
of PNH is rather infrequent, whereas the cytopenic
(hypoplastic or dysplastic) variants are the most fre-
quent ones in México.29-10

We describe here the features of a group of 31 pa-
tients with PNH, studied and treated in a single ins-
titution, between 1983 and 2013.

MATERIAL AND METHODS

The records of all patients in whom PNH was
diagnosed at the Centro de Hematologia y Medicina
Interna de Puebla in Puebla, México, from January
1983 to August 2013 were reviewed. Between 1983
and 1997 the diagnosis of PNH relied on the abnor-
mality of the classic PNH tests: Ham'’s test, hemoly-
sis by inulin and hemolysis by sucrose;? after 1997
the diagnosis was based on the expression of CD55
and CDA59, tested by flow cytometry in red blood cells
(RBC), granulocytes and platelets,!2 whereas after
2012, the diagnosis relied on fluoresceinated aerolysin
variant (FLAER)-based assays to detect granulo-
cytes and monocytes lacking expression of
GPI-linked structures.!®-2°

RESULTS
Patients

Thirty-one patients were identified, 11 males and
20 females. Median age was 39 years, within a range
of 5 to 88. Patients were followed for periods of 0.5
to 221 months, median 46 months.

Diagnosis

Fifteen patients were diagnosed employing the
classical PNH tests, between 1983 and 1997. Of these,
12 had an abnormal Ham’s test, 3 an abnormal inu-
lin test and 8 an abnormal sucrose test, whereas 2
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individuals displayed abnormalities in the three
tests. Between 1997 and 2013, 16 individuals were
diagnosed by assessing the expression of CD55 and
CDA59 in the cell surface of blood cells, by means of
flow cytometry, whereas in 3 patients of the latter
group, the diagnosis was confirmed by means of
FLAER-based assays.

Laboratory studies

Anemia was recorded in 30 individuals; median
hemoglobin levels were 8.5 g/dL, range 3.7 to 12.8.
Leukopenia was present in 18 individuals; median
white blood cell count was 3.3 x 10%L, range 1.6 to
10.8, whereas thrombocytopenia was present in 18
subjects; median platelet count was 67 x 10%/L, range
6 to 546. Pancytopenia was present in 16 patients.
Hemoglobinuria was recorded in 12 patients and low
free haptoglobin levels coupled with increased lactic
dehydrogenase levels consonant with hemolysis in 4
patients. A bone marrow biopsy was done in 14 pa-
tients; hypoplasia was recorded in 9. It was also
found that 11 patients had a vaso-occlusive episode
(8 in lower limbs, two in cerebral veins and one in
mesenteric veins). Five patients had iron deficiency
anemia.

Clinical presentation

According to the above mentioned data, most pa-
tients (30/ 31 = 97%) presented with peripheral
blood cytopenias, 11 (35%) presented with a throm-
botic episode whereas 4 (13%) presented hemolytic
anemia. Sixteen patients (52%) displayed pancytope-
nia. In the cytopenic group the 4 patients with he-
molysis were included and in the patients with the
hemolytic variant the RBC destruction process was
continuous and not in paroxysms. Of the 11
patients who had thrombosis, nine had the PNH
clone measured and five were found to have a PNH clone
above 50%, whereas in four the PNH clone was below

50%. None of the thrombotic episodes was fatal
(Table 1).

Treatment and evolution

Of the 31 patients, 26 were given anabolic andro-
gens, 5 were treated with iron salts after recording
iron deficiency and two were given an allogeneic
bone marrow transplant. No patients were treated
with eculizumab. Patients have been followed for a
median of 46 months (range 0.5 to 221). Median
survival of all the patients has not been reached,
whereas the 221-month survival was 74.6%, see fi-
gure 1. Two patients have died, one as a result of
graft vs. host disease 13 months after the diagnosis
and 10 months after the allograft, and the other one
due to acute renal failure during an hemolytic
episode. One patient developed a donor-derived hairy
cell leukemia after an allograft but the clinical
course has been stable and no treatment has been
required.!”

DISCUSSION

The improvement in the diagnostic capacity of
several tests to define the bona fide existence of
PNH has resulted in an increase of the identification
of cases of this disease.!1%2! Flow cytometric analy-
sis of GPI-anchored proteins is the gold standard for
diagnosis of PNH. Due to therapy options and the
relevance of GPI-deficient clones for prognosis in
aplastic anemia detection of PNH is gaining impor-
tance. However, no generally accepted standard has
been established. PNH diagnosis with flow cytome-
try traditionally involves the analysis of CD55 and
CD59 on RBC and neutrophils. However, the ability
to accurately detect PNH RBC is compromised by
prior hemolysis and/or transfused RBC; FLAER-
based flow assay using CD45, CD33, and CD14 that
accurately identified PNH monocyte and neutrophil
clones have been described, the FLAER assay on

Table 1. Distribution of the clinical variants of paroxysmal nocturnal hemoglobinuria patients in different places.

Gongora, Ruiz-Argielles, Hillmen, Socié, This study
etal®10 etal? etal?® etal?
Patients (n) 168 13 & 220 31
Site México México England France México
Centers Multicenter Single center Single center Single center Single center
Cytopenic variant 44% 46% 29% 20% 52%
Hemolytic variant 30% 31% 42% 52% 12%
Thrombotic variant 2.5% 23% 39%% 28% 35%
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Figure 1. Overall survival of the 31 patients with paroxymal noctur-
nal hemoglobinuria.

white blood cells being the most sensitive and ro-
bust primary screening assay for detecting PNH clo-
nes in clinical samples.?? The use of updated
methods to define the existence of PNH has resulted
in an increase of incidence of the disease: In a 30-year
period (1950-1980) in a large hospital in México City
which concentrates cases of hematological diseases
from all over the country, only 13 cases of PNH
were diagnosed, employing the classical tests of
Ham, inulin and sucrose,? whereas in a similar pe-
riod (1984-2013), we have now identified 31 cases of
PNH in a smaller, private-practice institution.

The flow cytometric definition of PNH has totally
replaced the use of the traditional PNH tests:
Ham’s test, hemolysis by inulin and hemolysis by
sucrose.?l Some concerns about over-diagnosing
PNH with these new methods has been raised!? and
it has been shown in our country that around 50%
of patients with histologically proven bone marrow
hypoplasia do show PNH clones in the peripheral
blood and/or in the bone marrow.!? There has also
been some observations about a different distribu-
tion of the clinical variants of PNH in Mexican mes-
tizos as compared with other populations.
Specifically, it has been described that the cytopenic
variants of PNH in México (both hypoplastic and
dysplastic) are considerably more common than ei-
ther the hemolytic or the thrombotic variants of the
disease,” 10 this being particularly relevant since
only the hemolytic variants of PNH are the ones
which show a good response to the complement-
blocking therapy employed nowadays in the treat-
ment of the disease.l?3 The data which we are
presenting here support these previous observations,
since we have found that the cytopenic variants of
PNH were the most frequent ones, followed by the

thrombotic variant, the hemolytic form being the
less frequent one (only 13% of all the PNH cases).
The increased prevalence of the cytopenic variant of
PNH in México may stem from the high prevalence
of aplastic anemia in México,24?> since most hemato-
logists in México look for PNH clones in patients
with bone marrow hypoplasia, a condition in which
PNH clones have shown to be present in up to 50%
of patients.!> We have also found that the hemolytic
variant is lower than that reported from Caucasian
populations26-2? and that the thrombotic variant is
about the same as that informed from Caucasians
(Table 1). As compared with previous information
published from México, our increased incidence of
the thrombotic variant of PNH may stem from our
long-standing interest in thrombophilic conditions;3%-3!
this factor may introduce bias in the increased
identification of this variant. Interestingly, we were
unable to find a correlation between the size of the
PNH clone and the prevalence of thrombotic
episodes (vide supra).

CONCLUSION

We have found that PNH has been underdiagnosed
in México and that by using modern methods more
cases are being and will be identified. The clinical
presentation of the disease in México has some pecu-
liarities since hemoglobinuria presented only in a
fraction of the patients and was not paroxysmal nei-
ther nocturnal. The cytopenic variant of the disease
was the most prevalent in México than in other po-
pulations and the hemolytic variant was found to be
the less frequent one. More studies are needed to des-
cribe the true incidence of the disease employing the
new methodology and diagnostic criteria.

REFERENCES

1. Risitano AM. Paroxysmal nocturnal hemoglobinuria and the
complement system: recent insights and novel anticomplement
strategies. Adv Exp Med Biol 2013; 735: 155-72.

2. Ruiz-Argiielles GJ, Morales-Aceves R, Labardini J, Kraus-
Weisman A. Hemoglobinuria paroxistica nocturna. Experiencia
de 30 afnos en el Instituto Nacional de la Nutricion (México). Sangre
(Barc) 1981; 26: 463-70.

3. Gongora-Biachi RA, Khoury-Mancebo L, Dillman E, Hur-
tado-Monroy R, Gonzilez-Llaven J. Relation between the
hemolytic system and cell variants in paroxysmal noctur-
nal hemoglobinuria. Sangre (Barc) 1984; 29: 384-90.

4. Gongora-Biachi RA, Gonzédlez-Martinez P. Paroxysmal
nocturnal hemoglobinuria: current concepts and contro-
versies. Rev Clin Esp 1987; 180: 438-43.

5. Goéngora-Biachi RA, Sosa-Muiioz J, Duarte-Zapata L, Pin-
to-Escalante D, Gonzéilez-Martinez P, Achach-Asaf J. Noc-
turnal paroxysmal hemoglobinuria: analysis of 36 cases.
Sangre (Barc) 1987; 32: 27-37.

Hernandez-Reyes J, et al. PNH in México. Rev Invest Clin 2014; 66 (1): 12-16 15



Goéngora-Biachi RA. El fenémeno hemolitico en la hemo-
globinuria paroxistica nocturna. Rev Biomed 1990; 1: 159-62.

granulocyte and PNH monocyte detection. Cytometry B Clin
Cytom 2013. Doi: 10.1002/cyto.b.21111 [Epub ahead of print].

7. Goéngora-Biachi RA, Gonzalez-Martinez P, Pinto-Escalante 20. Pu JJ, Brodsky RA. Paroxysmal nocturnal hemoglobinuria
D, Ceballos-Quintal JM. Chromosomic findings in patients from bench to bedside. Clin Transl Sci 2011; 4(3): 219-24.
with paroxysmal nocturnal hemoglobinuria. Int J Hematol Doi: 10.1111/j.1752-8062.2011.00262.x.

1993; 58: 163-7. 21. Gupta R, Pandey P, Choudhry R, Kashyap R, Mehrotra M, Na-

8. Sanchez-Valle E, Morales-Polanco MR, Gémez-Morales E, seem S, Nityanand S. A prospective comparison of four techni-
Gutiérrez-Alamillo LI, Gutiérrez-Espindola G, Pizzuto- ques for diagnosis of paroxysmal nocturnal hemoglobinuria.
Chédvez J. Tratamiento de la hemoglobinuria paroxistica Int J Lab Hematol 2007; 29: 119-26.
nocturna con globulina antilinfocitaria. Rev Invest Clin 22. Sutherland DR, Kuek N, Azcona-Olivera J, Anderson T, Acton
1993; 45: 457-61. E, Barth D, Keeney M. Use of a FLAER-based WBC assay in

9 Gongora-Biachi R, Gonzalez-Martinez P, Gonzalez-Llaven the primary screening of PNH clones. Am J Clin Pathol 2009;
J, et al. Clinical spectrum and prognostic factors in pa- 132: 564-72.
roxysmal nocturnal hemoglobinuria in Mexico. Rev Invest 23. Hillmen P, Muus P, R6th A, Elebute MO, Risitano AM, Schrez-
Clin 1994; 46 (Supl. 1): 187. enmeier H, Szer J, Browne P, et al. Long-term safety and effi-

10. Géngora-Biachi RA, Gonzilez-Martinez P, Sosa-Muifioz J, cacy of sustained eculizumab treatment in patients with
Castro-Sansores C, Delgado-Lamas JL, Vazquez-Villegas paroxysmal nocturnal haemoglobinuria. Br J Haematol 2013;
V., Rico-Balzadua G, et al. Natural history of paroxysmal 162: 62-73.
nocturnal hemoglobinuria in adolescents, adults, and chil- 24. Gomez-Almaguer D, Jaime-Pérez JC, Ruiz-Argiielles GJ. Anti-
dren: the Mexican experience. Sangre (Barc) 1997; 42: bodies in the treatment of aplastic anemia. Arch Immunol Ther
171-7. Exp (Warsz) 2012 [Epub ahead of print].

11. Géngora-Biachi RA, Gonzilez-Martinez P. Hemoglobinu- 25. Jaime-Pérez JC, Ruiz-Argiielles GJ, Gomez-Almaguer D. Hae-
ria paroxistica nocturna: apuntaciones sobre su historia. matopoietic stem cell transplantation to treat aplastic anemia.
Rev Biomed 1999; 10: 129-36. Expert Opin Biol Ther 2005; 5: 617-26.

12. Ruiz-Argiielles GJ, Ramirez-Cisneros FJ, Ruiz-Argiielles A, 26. Hillmen P, Lewis SM, Bessler M, Luzzatto L, Dacie JV. Natu-
Pérez-Romano B, Morales Aceves R. Deficiencia de protei- ral history of paroxysmal nocturnal hemoglobinuria. N Engl J
nas de superficie ancladas por glucosil-fosfatidil-inositol Med 1995; 333; 1253-7.
en células de pacientes mexicanos con hipoplasia medular. 27. Socie G, Mary JY, de Gramont A, Rio B, Leporrier M, Rose C,
Rev Invest Clin 1999; 51: 5-9. Heudler P, et al. Paroxysmal nocturnal hemoglobinuria: Long

13. Piedras J, Loépez-Karpovitch X. Flow cytometric analysis term follow up and prognostic factors. Lancet 1996; 348: 573-7.
of glycosylphosphatidyl-inositol-anchored proteins to as- 28. Rosse WF, Nishimura J. Clinical manifestations of paroxysmal
sess paroxysmal nocturnal hemoglobinuria clone size. nocturnal hemoglobinuria: Present State and future problems.
Cytometry 2000; 42: 234-8. Int J Hematol 2003; 77: 107-12.

14. Goéngora-Biachi RA. Hemoglobinuria paroxistica nocturna: 29. Ruiz-Argiielles GJ. Treatment of patients with PNH. Blood
un sindrome de falla medular. Rev Hematol Méx 2004; 5: 1983; 61: 610.

67-79. 30. Ruiz-Argiielles GJ, Gonzélez-Estrada S, Garcés-Eisele J, Ruiz-

15. Vega S, Reyes-Maldonado E, Vela-Ojeda J, Xélotl-Castillo Argiielles A. Primary thrombophilia in México I: A prospec-
M, Montiel-Cervantes L, Cerecedo-Mercado DA. Estudio tive study. Am J Hematol 1999; 60: 1-5.
ultraestructural de las plaquetas de pacientes con hemoglo- 31. Ruiz-Argiielles GJ, Garcés-Eisele J, Camacho-Alarcén C, Re-
binuria paroxistica nocturna. Rev Invest Clin 2006; 58: yes-Nufiez V, Moncada-Gonzilez B, Valdés-Tapia P, Leén-
475-86. Montes N, et al. Primary thrombophilia in Mexico IX: The

16. Ferrer-Argote VE, Mendoza-Garcia E, Garcia-Garcia JJ, glycoprotein IIla PLA1/A2 polymorphism is not associated
Collazo-Jaloma J, Leén-Gonzalez G. Frecuencia de hemog- with the sticky platelet syndrome phenotype. Clin Appl
lobinuria paroxistica nocturna en pacientes mexicanos con Thromb Hemost 2012 [Epub ahead of print].
anemia apldsica tratados con andrégenos. Rev Med Hosp
Gen Mex 2008; 71: 137-40. Reimpresos:

17. Ruiz-Argiielles GJ, Ruiz-Delgado GJ, Calderén-Meza E, Guillermo J. Ruiz-Argiielles
Ruiz-Argiielles A, Garcés-Eisele J. Donor-derived hairy Director General
cell leukemia. Leukemia Lymph 2009; 50: 1712-4. Centro de Hematologia y Medicina Interna de Puebla

18. Ceballos-Lépez AA, Saldafia-Vazquez R, Pequefio-Luéva- 8B Sur, Nim. 3710.
no MP, Salazar-Riojas MR, Méndez-Ramirez N, Reyes-Lo6- 72530, Puebla, Pue.
pez MA, Goémez-Almaguer D. Deteccién de clonas de Tel.: +52 (2) 243-8100
hemoglobinuria paroxistica nocturna por citofluorometria Fax: +52 (2) 243-8428
de cuatro colores en un laboratorio de hematologia del No- Correo electrénico: gruizl @clinicaruiz.com
reste de México. Rev Hematol Méx 2012; 13: 95-8.

19. Sutherland DR, Acton E, Keeney M, Davis BH, Illingworth A. Recibido el 29 de agosto 2013.
Use of CD157 in FLAER-based assays for high-sensitivity PNH Aceptado el 10 de diciembre 2013.

16 Hernandez-Reyes J, et al. PNH in México. Rev Invest Clin 2014; 66 (1): 12-16



