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Abstract

Aplastic anemia is a rare hematological syndrome caused by bone marrow failure and
pancytopenia. It can be either inherited or acquired, the second one being more common. A
variety of trigger factors have been implicated in the etiology of acquired aplastic anemia.
However, in around 70% of the cases, the reason remains unknown. The two first line
treatment options with competitive rate of success are immunosuppressive therapy (IST) and
allogeneic stem cell transplantation (SCT). In this retrospective study we present our
experience in the treatment of thirteen patients with severe acquired aplastic anemia. Six of
the patients mentioned underwent matched unrelated (MUD) SCT and had all been
previously treated with IST, except for one patient. The remaining seven patients included in

our study underwent matched related SCT, without previous IST. Conditioning regimen,
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graft versus host prophylaxis, veno occlusive disease prophylaxis, antimicrobial prophylaxis
and treatment, source of stem cells, as well as blood counts were taken into account, within
a 7 year follow up period on average. Our findings revealed an overall survival rate of 92%.
Three cases of graft versus host disease were observed, two within the MUD SCT group of
patients (33%) and one within the matched related SCT group (17%). Faster engraftment was
reached in patients treated with matched related SCT. One patient demanded a second
allogeneic SCT. Comparable to other findings in literature, our study corroborated the
favorable outcome of both allogeneic related and unrelated hematopoietic stem cell

transplantation in the treatment of patients with severe aplastic anemia.

Key words: aplastic anemia, immunosuppressive therapy, stem cell transplantation

Introduction

Aplastic anemia (AA) is a rare hematological disease characterized by inability of
bone marrow to produce mature blood cells leading to different degrees of peripheral blood
cytopenia, without abnormal infiltrate or bone marrow fibrosis (Bacigalupo, 2017). Primarily
affected are children, young adults, and those over 60 years of age (Montane et al., 2008).

Estimated incidence rate ranges from 1-2 per million population each year, and it
appears to be two to three times higher in Asia than in Europe (Bacigalupo, 2017; Montane
et al, 2008). AA can be classified as either inherited or acquired. Inherited forms of AA
account 20% of all AA cases, they are group of rare genetic diseases usually associated with
germ line mutations and characterized with physical anomalies, presentation usually in the
first decade of life and increased risk of secondary malignancies.

Majority of acquired AA cases are idiopathic (70-80%), so diagnostic approach must
include tests that will exclude other possible etiologies of AA. Bone marrow biopsy is
mandatory and will show “empty” bone marrow without signs of infiltration of any kind nor
fibrosis. Pathophysiology of idiopathic AA is not fully known, but many studies have shown
that at the basis of the disease there is autoreactive T cell mediated destruction in combination

with deteriorated bone marrow microenvironment (Young et al., 2006).
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Many trigger factors have been implicated in the development of AA, including
drugs, infections, chemicals etc., so careful drug or occupational exposure history should be
obtained. Usually 2-6 months between drug exposure and the development of AA is needed,
and any potential causative drug should be discontinued (Bacigalupo, 2017).

Clinical presentation varies depending of disease severity accessed with the use of
Camitta criteria by which patients are classified as very severe, severe, or non-severe AA
cases (Camitta et al., 1975). Patients usually present with symptoms of anemia, hemorrhagic
syndrome and infections, although serious infections are not frequent early in the course of
the disease. Symptoms vary depending of disease severity and may be severe and life-
threatening or minor enough to not require transfusion support (De Zern and Churpek, 2021).
However, if left untreated, mortality rate of AA exceeds 80% in the first two years of
diagnosis, and major cause of death are infections (Hochsmann et al., 2013).

Hence, early and prompt diagnosis is essential because among disease severity and
patient’s age and comorbidities, the interval between diagnosis and start of treatment is
another strong predictor of survival (Hochsmann et al, 2013). Once the diagnosis is
established, taking the patient’s age into account, HLA typing is the next step that needs to
be taken, since allogeneic hematopoietic stem cell transplantation (HSCT) from a HLA-
matched sibling donor (MSD) is well established first line therapy with great rate of success
(Valdez et al, 2011). For those patients in whom bone marrow transplant isn’t an option,
immunosuppressive therapy (IST) with antithymocyte globulin (ATG) and cyclosporine A
(CyA) is the treatment of choice. Studies have shown similar rates of success (>80%)
between these two first line therapy options (Killick et al., 2016; Valdez et al., 2011).

Choice between these two major competing treatment options depends on several
variables like patient’s age, performance status, disecase severity and availability of HLA —
matched donors especially related (Killick et al., 2016).

The aim of this study was to evaluate the success of allogeneic related and unrelated
hematopoietic stem cell transplantation in the treatment of patients with severe aplastic
anemia diagnosed and treated at the University Clinic of Hematology, in Skopje, Republic
of North Macedonia.
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Material and methods

The study was conducted atthe University Clinic of Hematology, Skopje, R. of North
Macedonia and included retrospective analysis of 13 patients diagnosed with severe form of
aplastic anemia and treated with allogeneic stem cell transplantation (allo-SCT), related and
unrelated. Median follow up period was 7 years (2-20 years). In all patients conditioning
regimen with cyclophosphamide 200 mg/kg (from day -5 to day -2) and ATG (from day -5
to -3) was used. Prophylaxis against graft versus host disease (GVHD) consisted of
Cyclosporine A (CyA) and methotrexate (MTX) according to Seattle protocol; prophylaxis
against veno occlusive disease was conducted with ursodeoxycholic acid and low molecular
weight heparin; antibacterial, antiviral and antimycotic prophylaxis and treatment was
tailored individually according to patient’s status. We used bone marrow (BM) as stem
source in two pts, and in other 11, peripheral stem cells. Blood parameters (hemoglobin,
leucocytes, absolute neutrophil count, platelets) were analysed at diagnosis, at engraftment
achievement and during follow up. Engraftment was defined by peripheral blood neutrophil
count of > 500 x 10%/L (Wolff, 2002), and platelet count of more than >20 x 10°/L (Teltschik
et al., 2016).

Results

This study included 13 patients with severe AA admitted at our clinic with various
degree of pancytopenia. Definitive diagnosis of AA was established with histological
analysis of bone marrow biopsy after excluding other possible causes for pancytopenia.
According to Camitta criteria patients were referred as severe AA cases (neutrophils <0.5 x
10°/L, platelets <20 x 10°/L, reticulocytes <20 x 10%L, bone marrow cellularity <25%). In
our study, 7 patients underwent related allogeneic SCT; in 6 pts matched unrelated SCT
(MUD SCT) was performed and in three of them, the procedure was performed abroad and
they were followed at our clinic afterward. Table 1 shows patient’s characteristics that
underwent MUD SCT
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Table 1

Mean age at diagnosis was 29.5 years (17-45); Five patients were initially treated
with IST consisted of ATG plus Cy A and supportive treatment with blood and platelet
transfusions according to standard guidelines and one patient proceeded directly to MUD
SCT; mean time from diagnosis to MUD SCT in 5 pts that were initially treated with IST
was 20 months and in the one that directly underwent MUD SCT was 2 months after
diagnosis. Hemoglobin, leucocyte and platelet counts of the pts are shown in Fig. 1, 2, and 3

respectively. GVHD was observed in two pts (33%) as shown in Fig. 4.

Fig. 1
Fig. 2
Fig. 3
Fig. 4

Patients’ characteristics that underwent matched related SCT are shown in Table 2.
Mean age at diagnosis was 18.5 years (12-28); none of the patients were treated with IST
prior SCT; mean time from diagnosis to SCT was 6.5 weeks. Hemoglobin, leucocyte and
platelet counts are shown in Fig. 5, 6 and 7 respectively. Of 7 pts, one patient died at day +10
of SCT and of the remaining 6, only one developed GVHD (17%) in the form of scleroderma,

shown in Fig. 8.

Table 2
Fig. 5
Fig. 6
Fig. 7
Fig. 8
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Our study observed that engraftment was achieved faster in pts with related allogeneic
SCT (mean time to engraftment at day +13) then in those with MUD SCT (at day +20.5)
(p<0.05) (Fig. 9).

Fig. 9

Overall survival in our cohort was 92% i.e. of total of 13 pts only one died at Day +10 of the
procedure relapse was observed in one patient and second allogeneic related SCT was

performed and this patient is free of disease at the moment (Fig. 10).

Fig. 10

Discussion

Allogeneic SCT and IST are two first line treatment options with similar success
rates, with the first being preferred in younger patients, especially in those <40 years (Killick
et al., 2016, Marsch et al., 2009). In older patients, preference is given to IST because of the
higher incidence of graft failure and GVHD, with exceptions in selected cases with good
performance status and severe AA where SCT should be carefully considered (Bacigalupo et
al., 2000, De Zern et al., 2020). Although data from several studies show superior outcomes
with BM stem cell source compared with peripheral stem cells, our experience shows no
difference in terms of GVHD development or overall survival (Bacigalupo et al., 2000).
Prevention of bleeding and infective complications before start of treatment was also of great
significance that contributed to the high rate of overall survival in our group of patients. Our
results in terms of overall survival are consistent with data from literature, showing that early
and prompt diagnosis, and treatment of AA cases is essential in order to achieve long and

sustainable remission of the disease.

*Corresponding author e-mail: marijapopova85@ yahoo.com 8



mailto:marijapopova85@yahoo.com

doi: Original scientific paper

References

Bacigalupo, A., 2017.How I treat aplastic anemia. Blood 129 (11), 1428-1436. Available at:
https//doi.org/10.1182/blood-2016-08-693481.

Bacigalupo, A., Brand, R., Oneto, R., Bruno, B., Sode, G., Passweg, J., Locasciulli, A., van
Lint, M.T., Tichelli, A., McCann, S., Marsh, J., Ljungman, P., Hows, J., Marin, P.,
Schrezenmeier, H., 2000. Treatment of acquired severe aplastic anemia: bone marrow
transplantation compared with immunosuppressive therapy - the European Group for
Blood and Marrow Transplantation experience. Semin Hematol. 37, 69-80. Availab le
at: https//doi.org/10.1016/S0037-1963(00)90031-3.

Camitta, B.M., Rappeport, J.M., Parkman, R., Nathan, D.G., 1975. Selection of patients for
bone marrow transplantation in severe aplastic anemia. Blood 45, 355-363. Available
at: https://doi.org/10.1182/blood.VV45.3.355.355.

De Zern, A.E, Churpek, J.A., 2021. Approach to the diagnosis of aplastic anemia. Blood
5(12), 2660-2671. Availabe at: https://doi.org/10.1182/bloodadvances.2021004345.

De Zern, A.E., Zahurak, M.L., Symons, H.J., Cooke, K.R., Rosner, G.L., Gladstone, D.E.,
Huff, C.A., Swinnen, L.J., Imus, P., Borrello, I., Wagner-Johnston, N., Ambinder,
R.F., Luznik, L., Bolafios-Meade, J., Fuchs, E.J., Jones, R.J., Brodsky, R.A., 2020.
Haploidentical BMT for severe aplastic anemia with intensive GVHD prophylaxis
including posttransplant cyclophosphamide. Blood Adv. 4(8), 1770-1779. Availab le
at: https://doi.org/10.1182/bloodadvances.2020001729.

Hochsmann, B., Moicean, A., Risitano, A, Ljungman, P., Schrezenmeier, H., 2013.
Supportive care in severe and very severe aplastic anemia. Bone Marrow
Transplant 48, 168-173. Available at: https://doi.org/10.1038/bmt.2012.220.

Killick, S.B., Bown, N., Cavenagh, J., Dokal, 1., Foukaneli, T., Hill, A., Hillmen, P., Ireland,
R., Kulasekararaj, A., Mufti, G., Snowden, J.A., Samarasinghe, S., Wood, A., Marsh,
J.C., 2016. Guidelines for the diagnosis and management of adult aplastic anaemia.
British Society for Standards in Haematology 172(2), 187-207. Available at:
https//doi.org/10.1111/bjh.13853.

*Corresponding author e-mail: marijapopova85@ yahoo.com 9



mailto:marijapopova85@yahoo.com
https://doi.org/10.1182/blood-2016-08-693481
https://doi.org/10.1016/S0037-1963(00)90031-3
https://doi.org/10.1182/blood.V45.3.355.355
https://doi.org/10.1182/bloodadvances.2021004345
https://doi.org/10.1182/bloodadvances.2020001729
https://doi.org/10.1111/bjh.13853

doi: Original scientific paper

Marsch, J.C., Ball, S.E., Cavenagh, J., Darbyshire, P., Dokal, I., Gordon-Smith, E.C., Keidan,
J., Laurie, A., Martin, A., Mercieca, J., Killick, S.B., Stewart, R., Yin, J.A., 20009.
Guidelines for the diagnosis and management of aplastic anemia. Br. J. Haematol.
147, 43-70. Available at: https//doi.org/10.1111/j.1365-2141.2009.07842.x.

Montane, E., Ibanez, L., Vidal, X., Ballarin, E., Puig, R., Garcia, N., Laporte, J.R., 2008.
Epidemiology of aplastic anemia: a prospective multicenter study. Hematologica 93,
518-523. Available at: https//doi.org/10.3324/haematol.12020.

Valdez, J.M., Scheinberg, P., Nunez, O., Wu, C.O., Young, N.S., Walsh, T.J., 2011.
Decreased infection-related mortality and improved survival in severe aplastic
anemia in the past two decades. Clin. Infect. Dis. 52, 726-735. Available at:
https://doi.org/10.1093/cid/ciq245.

Young, N.S., Calado, R.T., Scheinberg, P.,2006. Review in translational hematology
Current concepts in the pathophysiology and treatment of aplastic anemia.
Bloodjournal 108(8), 2509-2519. Available at: https://doi.org/10.1182/blood-2006-
03-010777.

*Corresponding author e-mail: marijapopova85@ yahoo.com 10



mailto:marijapopova85@yahoo.com
https://doi.org/10.1111/j.1365-2141.2009.07842.x
https://doi.org/10.3324/haematol.12020
https://doi.org/10.1093/cid/ciq245
https://doi.org/10.1182/blood-2006-03-010777
https://doi.org/10.1182/blood-2006-03-010777

doi: Original scientific paper

Pe3ume

TpeTMaH Ha MAMMEHTH CO TCIIKA AIVIACTUYHA aHeMuja CO aJiore”Ha TpaﬂcnnaHTaunja

Ha XeMaTOIMOCTCKH MATUHYHH KJICTKH - HAIIIM UCKYCTBa
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Kuryunn 300poBu: ansjacTryHaaHeMHja, UMyHOCYIIPECHBHA Teparuja, TpaHCIJIaHTalja Ha

XEMATOITIOCTCKU MaTHU4YHU KICTKU

ArmutacTYHaTa aHEMHja € PEIOK XEMATOJIONIKKH CHHIPOM KOj C€ KapaKTepus3upa co
HECIOCOOHOCT Ha KOCKeHaTa CpIEBMHA 3a MPOJYKIHja Ha KPBHU €JIEMEHTH U
HoCiIeI0oBaTeIHA NaHIUTONeHWja. Moke na Ouje BpoJeHa WM CTeKHATa, CO IOrojemMa
WHIIHJICHIIa Ha BTOpocroMeHarata (¢opma. [lmpok crekrap Ha eTHOJOUIKH (AKTOpU Ce
MOBpP3yBaaT CcO I[I0jaBaTa Ha arnjacTHYHa aHemuja, HO kaj okoiny /0% onx ciydaute
€THOJIOTH]jaTa OCTaHyBa Hemo3HaTa. JJOKOJIKy ocTaHe HelleKyBaHa, cTalkara Ha MOPTaJTUTET
HagmuHyBa 80% BO TpBUTE JBE TOAWHU OJ AujarHo3a. l[lopamy Toa, HaBPEMEHO
NIOCTaBYBaW€ JIMjarHo3a U MOYHYBaWkE Tepaluja € 0] OCHOBHO 3Hauewe. [IpBa nuHMja Ha
TpeTMaH 3a oBaa 0OJIECT Ce MMYHOCYIIPECMBHA Tepalivja M ajoreHa TpaHCIUIAHTaluja Ha

XCMATOIMOCTCKU MATHYHH KIICTKU, CO CJIMYHA CTallKa 3a YCIICX. Bo oBaa PCTPOCIICKTHBHA
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CTyIMja TO MPUKAXyBaMe HaIleTO MCKYCTBO CO TpeTMaH Ha 13 mamueHTH co temka gopma
Ha anjacTHYHa aHeMHja CO aJoreHa TpaHCIUIaHTallMja, copaHa U HecpoaHa. Kaj mect ox
OBHE MAIMCHTH OCIIie CIIPOBE/ICHA aloreHa HECPOIHA TPAHCIUIAHTAIIH]a Ha XeMaTOITOCTCKI
MaTHYHH KIETKH, 110 MPETXOTHO OpJAMHUPaHAa UMYHOCYIIPECHBHA Tepanuja (CO UCKIYy40K Ha
€/ICH TallMeHT Ka] KO JUPEKTHO € CIPOBEACHA aJoreHa HECpOJHa TPaHCIUIaHTaIlMja Ha
XEMaTOIMOETCKH MaTH4HH KIeTk). Kaj ocraHatute ceayM MalMeHTH CIpPOBEACHA Oelre
QJIOTEHA CpOJHA TPAHCIUIAHTAIIMja Ha XeMAaTOIOSTCKA MATHYHU KICTKH, 0€3 IPETXOIHO
UCTUTE Ja OUaT MOCTaBeHHN Ha UMYHOCYIIpeCHBHA Tepanuja. [IpoceueH mepuojHa cieemne
Ha TAI[MEHTUTE U3HECYBa CEIyM TOIMHU, U Oea CICICHHM XEMaTOJIOMKUTE IapaMeTpH BO
MOMEHTOT Ha MOCTaBYBam€ JIMjarHO3a, BO MEPUOAOT Ha mpudakame Ha rpadroT Kako U
MOCJTICIHUTE XEMATOJIONIKKM BPEIHOCTH, W IOjaBa HA KaJIeM IPOTUB JOMaKWH OOJIECT.
Cramnkara Ha IPEKUBYBAKE COTIACHO PE3yNITaTUTE JOOMEHU BO HAIllATA CTY/AWja W3HECYBa
92%. Hotupanu 6ea Tpu ciydad Ha OOjecT KajieM MPOTUB JOMakuH, U TOA Kaj ABajua
nanueHTu Tpetupanu co Hecpoana (33%) u exgen mauueHt (17%) Tperupan co cpojHa
ajyioreHa TpaHCIUIaHTAaIlMja Ha XeMaTOMOETCKA MaTUYHU KIeTKU. 3abenexkaHo Oere moOp30
npugakame Ha rpadToT Kaj MaueHTUTE TPETUPAHHU CO CPOIHA aJlOreHa TpaHC CIJIaHTal[1]ja Ha
XEMaTOMOETCKH MaTHYHU KIETKHM W ToTpeda o BTOpa ajoreHa TpaHCIJIaHTalMja Ha
XEMAaTOMOETCKM MAaTHYHU KJISTKH MMaIlle Kaj €ICH MaIlMeHT U UCTHOT € 0e3 3HaIu 3a 0oyect
BO MOMEHTOT. CorflacHO MPETXOJAHUTE MOJATOIM U CO3HAHHWja BO JTUTEpaTypara, Halara
CTya¥ja TOTBP/IYyBa JIeKa aJIOTeHATa TPAaHCIIJIATallija Ha XeMaTONOCTCKH MaTHYHH KICTKH,
CpOJHA ¥l HECPOJIHA, CE YCIeHa MPBOJUHUCKA TepATuCKa METO/1a Kaj MAIlieHTUTE CO TEIIKa

dopma Ha aryIacTUYHA aHEMH]a.
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Table 1. Patient’s characteristics that underwent MUD SCT

Age at Year of Patient  Initial Initial Initial Initial
diagnosis  diagnosis  gender  hemoglobin leucocyte  ANC Platelets
g/L count (10°/L)  (10°L)
10°/L

T.D 17 2014 Female 78 3.1 1.0 11

RP 14 2019 Male 84 0.4 0.2 17

1.J 45 2017 female 62 2.9 0.9 23

M.D 39 2018 Male 51 2.8 0.8 19

SD 31 2018 Male 93 0.8 0.1 28

I.P 31 2012 female 89 1.0 0.5 30
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Fig. 1. Hemoglobin count (initial, engraft and last hemogram) of patients that underwent
MUD SCT.
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Fig. 2. Leukocyte count (initial, engraft and last hemogram) of patients that underwent
MUD SCT.
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Fig. 3. Platelet count (initial, engraft and last hemogram) of patients that underwent MUD
SCT.
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Fig. 4. GVHD % in MUD SCT.
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Table 2. Patient’s characteristics that underwent matched related SCT

Age at Year of Patient Initial Initial Initial  Initial
diagnosis  diagnosis  gender  hemoglobin leucocyte ANC  Platelets
g/L count (10°/L)  (10°/L)
10°/L

AS 15 2020 female 33 3.6 0.8 18

AK 28 2016 female 113 5.4 1.0 36

EF 19 2018 male 63 2.8 0.7 13

AP 16 2016 female 101 13 0.5 60

Sbh 21 2012 male 85 2.0 0.5 9

DM ? 2002 male 90 3.0 0.5 20

AS 12 2012 female 90 2.0 0.6 5
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Fig. 5. Hemoglobin count (initial, engraft and last hemogram) of patients that underwent
matched related SCT.
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Fig. 6. Leukocyte count (initial, engraft and last hemogram) of patients that underwent
matched related SCT.
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Fig. 7. Platelet count (initial, engraft and last hemogram) of patients that underwent
matched related SCT.

*Corresponding author e-mail: marijapopova85@ yahoo.com 21



mailto:marijapopova85@yahoo.com

doi: Original scientific paper

% GVHD in related SCT

B GVHD
B NOGVHD

Fig. 8. GVHD % in matched related SCT.
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Fig. 9. Day of engraftment in patients that went MUD SCT and matched related SCT.
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Overall survival

Fig. 10. Overall survival rate in the cohort.
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