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“Acta Haematologica Polonica”:  
on its new road

Jan Styczyński

Department of Paediatric Haematology and Oncology, Jurasz University Hospital, Collegium Medicum,  
Nicolaus Copernicus University in Toruń, Bydgoszcz, Poland

“Acta Haematologica Polonica” was launched in 1970 as the 
journal of the Polish Society of Haematology, later the Polish 
Society of Haematology and Transfusion Medicine together 
with the Institute of Haematology and Transfusion Medicine 
[1]. Until 2020, it was published as a quarterly journal. It has 
now become a bimonthly journal, with a primary electronic 
edition. This shift will enable faster publication.

2020 will be remembered by the entire world for the 
never-ending struggle with the SARS-CoV-2/COVID-19 (se-
vere acute respiratory syndrome coronavirus 2/coronavi-
rus disease 19) pandemic that severely affected our lives, 
our careers, and our patients. 2021 began with the roll-
-out of vaccinations against the virus. Bearing in mind that 
vaccinations are one of the greatest achievements in the 
history of humankind and the history of medicine [1–3], 
we all hope that this signals the beginning of the end of 
the pandemic.

A new year calls for new directions, but our fresh per-
spective is based on the substantial achievements of our So-
ciety, and the position of respect that we have earned [4–7].

I call on all members of the haematology and transfu-
sion medicine profession to engage with Acta Haematolo-
gica Polonica. Publish your achievements and cite papers 
published in our journal. We are all readers, authors, and 
reviewers of „Acta Haematologica Polonica”!

Authors’ contributions
JS — sole author.

Conflict of interest
None.

Financial support
None.

Ethics
The work described in this article has been carried out in 
accordance with The Code of Ethics of the World Medical 
Association (Declaration of Helsinki) for experiments invol-
ving humans; EU Directive 2010/63/EU for animal exper-
iments; Uniform requirements for manuscripts submitted 
to biomedical journals.

References

1.	 Styczynski J. 50 years of Acta Haematologica Polonica: value of vacci-
nations in patients with hematological disorders. Acta Haematol Pol. 
2019; 50: 181, doi: 10.2478/ahp-2019-0029.

2.	 Kołtan S, Urbańczyk A, Grześk E, et al. Vaccinations in children du-
ring and after oncological treatment and in selected hematological 
diseases: recommendations of the Polish Society of Pediatric Onco-
logy and Hematology. Acta Haematol Pol. 2019; 50: 182–191, doi: 
10.2478/ahp-2019-0030.

3.	 Styczyński J. Hematology and transfusion medicine facing COVID-19: 
perspectives beyond the pandemic. Acta Haematol Pol. 2020; 51(2): 
58–59, doi: 10.2478/ahp-2020-0013.

4.	 Czyżewski K, Sedláček P, Štěrba J, et al. Progress and trends in pe-
diatric hematopoietic cell transplantation in Central-East European 
countries. Acta Haematol Pol. 2020; 51(3): 142–150, doi: 10.2478/ 
/ahp-2020-0026.

5.	 Styczynski J, Tridello G, Gil L, et al. Prognostic impact of Epstein-Barr vi-
rus serostatus in patients with nonmalignant hematological disorders 
undergoing allogeneic hematopoietic cell transplantation: the study of 
Infectious Diseases Working Party of the European Society for Blood 
and Marrow Transplantation. Acta Haematol Pol. 2020; 51(2): 73–80, 
doi: 10.2478/ahp-2020-0015.

6.	 Jędrzejczak WW. Polish haematology: looking to the future. Acta Hae-
matol Pol. 2021; 52(1): 2–3, doi: 10.5603/AHP.2021.0001. 

7.	 Giebel S, Basak G, Bieniaszewska M, et al. Current status and achie-
vements of Polish haemato-oncology. Acta Haematol Pol. 2021; 52(1): 
4–17, doi: 10.5603/AHP.2021.0003.

mailto:jstyczynski%40cm.umk.pl?subject=
http://dx.doi.org/10.2478/ahp-2019-0029
http://dx.doi.org/10.2478/ahp-2019-0030
http://dx.doi.org/10.2478/ahp-2020-0026
http://dx.doi.org/10.2478/ahp-2020-0026
http://dx.doi.org/10.2478/ahp-2020-0015
http://dx.doi.org/10.5603/AHP.2021.0001
http://dx.doi.org/10.5603/AHP.2021.0003


2

Acta Haematologica Polonica 2021 
Number 1, Volume 52, pages 2–3 
DOI: 10.5603/AHP.2021.0002 
ISSN 0001–5814

EDITORIAL

www.journals.viamedica.pl/acta_haematologica_polonica

Copyright © 2021 
The Polish Society of Haematologists and Transfusiologists, 
Insitute of Haematology and Transfusion Medicine. 
All rights reserved.

Address for correspondence: Wiesław Wiktor Jędrzejczak, Department  
of Haematology, Transplantation and Internal Medicine, Medical  
University of Warsaw, Banacha 1A, 02–097 Warsaw, Poland, phone: 
+48 22 599 28 18, e-mail: wieslaw.jedrzejczak@wum.edu.pl

Received: 12.12.2020	 Accepted: 13.12.2020

Polish haematology: looking to the future
Wiesław Wiktor Jędrzejczak
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In this issue, Giebel et al. [1] report on the status of hae-
mato-oncology in Poland. They summarise achievements 
and describe its current situation. Polish haematology is 
most certainly at a crossroads. There has been a changing 
of the guard. Within just a few years, the ‘baby boomer’ 
generation (those born shortly after World War II) has trans-
ferred practically all chair positions to a younger generation 
of doctors born in the late 1960s and the 1970s. This is 
the generation whose careers began after the change of 
Poland’s political and economic system. This generation 
will be responsible for developments in the field over the 
next 20–30 years.

Since the start of the 21st century, the number of Po-
lish haematologists has more than doubled, reaching 
now almost 500 fully trained specialists, with more than 
100 in training. There are haematology centres in all re-
gions (previously almost half of Poland’s 16 voivodships 
had none) but the greatest challenge is the rapidly gro-
wing number of patients. This is due to the ageing of so-
ciety and even more so to the increased effectiveness of 
therapy. Progress in haematology which now is almost 
instantaneously incorporated into practice is generating 
more and more people surviving with chronic disease 
who need services.

An interesting analysis of the survival of patients with 
various cancers was published by the Polish National In-
stitute of Public Health. The overall effects of cancer treat-
ment in Poland are inferior when compared to the countries 
of what we used to call ‘Western Europe’. However, there is 
one exception: leukemia. Poland, while not leading, is not 
far behind these latter countries [2]. Poland is one of the 
few countries in which bone marrow transplantation tech-
nology was independently developed, rather than being 
imported from abroad [3–6]. While this was largely due to 
necessity (development took place in the early 1980s when 
Poland was under martial law and foreign travel was not 
permitted), this is a clear demonstration of the innovative 
potential of Polish haematology.

Today, Poland has nearly closed the gap in the number 
of haematopoietic cell transplantations (1,848 transplan-
tations in 2019) between it and more developed countries, 
and has become a ‘superpower’ in terms of the number of 
registered potential donors of haematopoietic cells (almost 
1.8 million registered and typed people). This is a figure 
exceeded only by the US, Germany, and Brazil. Moreover, 
Poland has become the second of only two countries (the 
first being Germany) to provide more transplants to foreign 
patients than to its own (1,294 vs. 265 in 2019) [7, 8].

While Polish haematology centres participate actively in 
global clinical trials, there is still a limited number of trials 
initiated and designed in Poland. The Polish pharmaceuti-
cal industry is concentrated on the production of generic 
drugs, and the next step should include also some inno-
vative molecules. However, these have to be invented or 
discovered by the chemists!

The successful introduction of Polish-made cladribine 
has shown that Polish haematology is capable of designing 
and performing trials with the aim of introducing new drugs 
to clinical practice, when gaining early access to new mo-
lecules [9, 10]. Polish haematology is well integrated into 
European haematology, with Polish centres being very acti-
ve in the European Leukemia Net, the European Haemato-
logy Association, and the European Society for Blood and 
Marrow Transplantation.

The future depends both on encouraging further rese-
arch in Poland, and actively participating in international 
collaboration.
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Abstract
The number of newly diagnosed haematological malignancies in Polish adults and children is about 9,000 a year, which 
constitutes about 5.5% of all malignancies in the country. Adult patients with haematological malignancies are diag-
nosed and treated in 42 institutions in Poland. The scientific and educational support for this activity is provided under 
the umbrella of the Polish Society of Haematologists and Transfusiologists (PTHiT, Polskie Towarzystwo Hematologów 
i Transfuzjologów), the Polish Adult Leukemia Group (PALG), the Polish Lymphoma Research Group (PLRG), the Polish 
Myeloma Study Group (PMSG), the Polish Myeloma Consortium (PMC), and consultants in haematology.
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The aim of this position paper is to present the current status and progress in therapy of haematological malignancies 
in Polish haematology adult centres, focusing on the activity of PALG, PLRG, and PMSG. The achievements of Polish hae-
mato-oncology at the beginning of the third decade of the 21st century are set out in this paper. Polish haemato-oncology 
today has an important international position based on contributions to the development of knowledge, international 
cooperation, and a high quality of patient care. In many instances, clinical trials run by Polish collaborative groups have 
influenced international standards. Polish haematologists have been the authors of treatment recommendations, and 
their research has indicated areas for further research.
Key words: Polish Society of Haematologists and Transfusiologists, Polish Adult Leukemia Group, Polish Lymphoma 
Research Group, Polish Myeloma Study Group
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Introduction — haematology in Poland

Adult patients with haematological malignancies are diag-
nosed and treated in 42 institutions in Poland. The scientific 
and educational support for this activity is provided under 
the umbrella of the Polish Society of Haematologists and 
Transfusiologists (PTHiT, Polskie Towarzystwo Hematologów 
i Transfuzjologów), the Polish Adult Leukemia Group 
(PALG), the Polish Lymphoma Research Group (PLRG), the 
Polish Myeloma Study Group (PMSG), and consultants in 
haematology.

The Polish Society of Haematology (PTH, Polskie  
Towarzystwo Hematologiczne) was created in 1949 by 
Prof. Tadeusz Tempka. From the first meeting of the So-
ciety in 1950 in Kraków, Prof. Tempka was its President 
up to 1972. From 1972 to 1976, Prof. Hugon Kowarzyk 
was the President. He changed the name of the society to 
the PTHiT in 1975. The next Presidents were: Prof. Józef 
Japa (1976–1987), Prof. Janusz Hansz (1987–1995),  
Prof. Wiesław W. Jędrzejczak (1995–2003), Prof. Andrzej 
Hellmann (2003–2011), Prof. Tadeusz Robak (2011– 
–2019) and Prof. Iwona Hus (since 2019). The Society has 
biannual meetings. PTHiT meetings were held in Białystok 
2001; Gdańsk 2003; Katowice/Wisła 2005; Warsaw 2007; 
Wrocław 2009; Lublin 2011; Poznań 2013; Szczecin 2015, 
Warsaw 2017, and Łódź in 2019. The 29th Meeting will be 
held in Bydgoszcz in 2021.

The position of national consultant in haematology 
was held consecutively by Prof. Lech Konopka (1997– 
–2001), Prof. Jerzy Hołowiecki (2001–2002), Prof. Wie
sław Jędrzejczak (2002–2014), Prof. Dariusz Wołowiec 
(2014–2016), again Prof. Jędrzejczak (2016–2018), 
and Prof. Ewa Lech-Marańda (since 2018). The current 
team of regional consultants comprises: Lidia Usnarska- 
-Zubkiewicz (woj. dolnośląskie), Małgorzata Całbecka (woj.  
kujawsko-pomorskie), Marek Hus (woj. lubelskie), Katarzy-
na Brzeźniakiewicz-Janus (woj. lubuskie), Piotr Smolewski 
(woj. łódzkie), Tomasz Sacha (woj. małopolskie), Bożena  
Katarzyna Budziszewska (woj. mazowieckie), Dariusz 

Woszczyk (woj. opolskie), Mirosław Markiewicz (woj. podkar-
packie), Jarosław Andrzej Piszcz (woj. podlaskie), Wojciech 
Homenda (woj. pomorskie), Małgorzata Wojciechowska 
(woj. warmińsko-mazurskie), Małgorzata Krawczyk-Kuliś 
(woj. śląskie), Marcin Pasiarski (woj. świętokrzyskie), Lidia  
Gil (woj. wielkopolskie), and Barbara Zdziarska (woj. za
chodniopomorskie).

The Polish Adult Leukemia Group was created in 
1975 and chaired by Prof. Jerzy Hołowiecki up to 2014, 
followed by Prof. Sebastian Giebel. The Polish Lymphoma 
Research Group was created in 2008 and chaired by Dr Ja
nusz Meder followed by Prof. Sebastian Giebel. PALG and 
PLRG include a total of 36 haematology adult centres  
actively participating in scientific activity.

The aim of this position paper is to present the cur-
rent status, achievements and progress in the therapy of 
haematological malignancies in Polish haematology adult 
centres, focusing on the activity of PALG, PLRG, and PMSG.

Epidemiology of haematological 
malignancies in Poland

Morbidity
According to the National Cancer Registry, the number of 
newly diagnosed malignancies in the Polish population in 
2017 was 164,875 including 8,988 (5.45%) haematologi-
cal malignancies (Table I) [1]. However, it is worth noting 
that the National Cancer Registry does not include newly 
diagnosed patients with myelodysplastic syndromes (D46) 
or myeloproliferative neoplasms such as polycythemia 
vera (D45), primary myelofibrosis (D47.1), and essential 
thrombocythemia (D75.2). Data from the National Health 
Fund (NFZ, Narodowy Fundusz Zdrowia) from 2014 indi-
cates there were 1,444 new patients with myelodysplastic 
syndromes and 3,382 patients with myeloproliferative 
neoplasms [2].

The National Cancer Registry provides the following 
general information regarding the epidemiology of the most 
frequent haematological malignancies [1].
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Table I. Newly diagnosed haematological malignancies and morbidity rates in Poland in 2017 (no age limits) [1]

ICD-10 Malignancy Newly diagnosed 
(2017)

Morbidity rate Standardised 
morbidity ratio

C00-D09 All malignancies 164,875 (100%) 429.11 323.50

C81 Hodgkin’s lymphoma 753 (0.46%) 1.96 1.90

C82 Follicular lymphoma 442 (0.27%) 1.15 0.93

C83 Non-follicular lymphoma 1,535 (0.93%) 4.00 3.11

C84 Other specified types of T/NK-cell lymphoma 244 (0.15%) 0.64 0.51

C85 Other and unspecified types of non-Hodgkin’s lymphoma 848 (0.51%) 2.21 1.67

C88 Malignant immunoproliferative diseases 67 (0.04%) 0.17 0.13

C90 Multiple myeloma and malignant plasma cell neoplasms 1,600 (0.97%) 4.16 3.02

C91 Lymphoid leukemia 1,801 (1.09%) 4.69 3.78

C92 Myeloid leukemia 1,119 (0.68%) 2.91 2.28

C93 Monocytic leukemia 71 (0.04%) 0.18 0.13

C94 Other leukemias of specified cell type 375 (0.23%) 0.98 0.72

C95 Leukemia of unspecified cell type 57 (0.03%) 0.15 0.11

C96 Other and unspecified malignant neoplasms of lymphoid, 
haematopoietic and related tissue

76 (0.05%) 0.20 0.16

All haematological malignancies (C81–C96) 8,988 (5.45%) 23.40 18.45
The morbidity rate is the frequency or proportion with which a disease appears in a population. Standardised morbidity ratio is the ratio between the observed number of new diagnoses in a study population and 
the number of new diagnoses that would be expected based on the age- and sex-specific rates in a standard population and the population size of the study population by the same age/sex groups (European 
population is assumed as standard population); ICD-10 — International Statistical Classification of Diseases and Health-Related Problems; NK — natural killers

Leukemia
Patients with leukemia comprise 2% of malignancies. The 
number of newly diagnosed patients with leukemia in 2017 
was 3,423. There is an age-dependent increasing trend in 
the number of newly diagnosed patients. The risk of leu-
kemia in children, adolescents and young adults (AYA) is 
4/105, and this risk steadily increases after the age of 50.

Myeloid leukemia
Myeloid leukemia (acute and chronic, as reported in ICD-10) 
comprises 0.7% of malignancies. The number of newly diag-
nosed patients with myeloid leukemia in 2017 was 1,119, 
with 55% of diagnoses at age 55–79. Patients diagnosed 
with myeloid leukemia between 2003 and 2005 had a 1-year 
survival rate of 45.5% in males and 46.6% in females.

Lymphoid leukemia
Lymphoid leukemia (acute and chronic, as reported in ICD-10)  
comprises 1.1% of malignancies. The number of newly 
diagnosed patients with lymphoid leukemia in 2017 was 
1,801. There are two peak incidence periods: childhood 
and old age. Patients diagnosed with myeloid leukemia 
between 2003 and 2005 had a 1-year survival rate of 
74.7% in males and 77.3% in females.

Multiple myeloma (MM)
This comprises 1% of malignancies. The number of newly 
diagnosed patients with MM in 2017 was 1,600, with 75% 

of diagnoses in those aged over 60. The peak incidence 
is for people in their 70s: 20/105 in males and 15/105 in 
females. Patients diagnosed with MM between 2003 and 
2005 had a 1-year survival rate of 62.9% in males and 
66.0% in females.

Hodgkin’s lymphoma (HL)
This comprises 0.5% of malignancies. The number of newly 
diagnosed patients with HL in 2017 was 753. More than 
50% of new diagnoses in males, and 65% in females, are 
made between the ages of 15 and 40. The peak incidences 
occur between 25–30 and after the age of 70. Patients 
diagnosed with HL between 2003 and 2005 had a 1-year 
survival rate of 89.2% in males and 91.5% in females.

Non-Hodgkin’s lymphoma (NHL)
This comprises 2% of malignancies. The number of newly 
diagnosed patients with NHL in 2017 was 3,069. More than 
70% of new NHL diagnoses are made after the age of 50. NHL 
comprises 7.5% in children, and 5% in age 20–44. Patients 
diagnosed with NHL between 2003 and 2005 had a 1-year 
survival rate of 68.5% in males and 70.2% in females.

Acute myeloid leukemia

Treatment of newly diagnosed AML
Therapeutic management in AML depends on prognostic 
factors, particularly the patient’s age and cytogenetic as 
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well as molecular features [3]. Achievement of complete 
remission (CR) after induction treatment is a prerequisite 
for successful therapy and prolongation of overall survival 
(OS). In PALG studies, attempts have been made to modify 
the standard DA-60 induction protocol (daunorubicin [DNR] 
60 mg/m2 for three consecutive days in combination with 
cytosine arabinoside [Ara-C] at a dose of 100–200 mg/ 
/m2/day for seven days) in order to improve the efficacy of 
induction treatment in AML patients eligible for intensive 
chemotherapy.

Two multicentre randomised trials conducted by PALG 
demonstrated that the addition of cladribine at a dose of 
5 mg/m2/day in a two-hour infusion for five consecutive 
days adhering to the DA induction (DAC protocol) had a ben-
eficial impact in newly diagnosed AML patients ≤60 years of 
age [3, 4]. In the DAC arm, CR rate was significantly higher 
(67.5%) and the occurrence of primary resistance to che-
motherapy rarer (21%) compared to standard DA-60 ther-
apy (56%; p =0.01 and 34%; p =0.004, respectively). The 
addition of cladribine also exerted a significant effect on 
OS improvement (3-year OS, 45% vs. 33%), particularly 
in patients >50 years, with high leukocytosis (>50 G/L), 
and in the group with unfavourable karyotype [4]. A retro-
spective analysis showed that the DAC treatment was as-
sociated with improved CR and OS rates in the subgroup 
of patients with FLT3-ITD mutation [5]. In AML patients 
older than 60 years, DAC appeared to be superior in the 
subgroup aged 60–65 (CR rate: DAC 51% vs. DA 29%;  
p =0.02). What’s more, patients with good and intermediate 
karyotypes benefited from the addition of cladribine also in 
terms of OS (p =0.02) [6]. No differences in haematological 
and non-haematological toxicity between the DA and DAC 
regimens in all trials were observed. In a prospective study, 
outcomes in 509 elderly patients with AML with different 
treatment approaches depending on Eastern Cooperative 
Oncology Group (ECOG) performance status and Charlson 
Comorbidity Index (CCI) were estimated [7].

Treatment of refractory and relapsed AML
A significant limitation of AML treatment is the impossibil-
ity of achieving CR with standard induction chemotherapy 
in 20–30% of patients. In more than half of the patients 
with CR, leukemia relapse can occur within three years of 
the initial diagnosis.

The results of the multicentre PALG phase II clinical 
trials have indicated that cladribine and high-dose Ara-C 
combined with G-CSF (CLAG) and mitoxantrone (CLAG-M) 
is a highly efficient treatment for refractory and relapsed 
AML [8, 9]. The results of the subsequent PALG phase II 
study showed that the CLAG-M protocol has high antileu-
kemic activity and moderate toxicity in poor prognosis pa-
tients with primary drug-resistant AML or in those demon-
strating early relapse (1CR <6 months) or relapse after 
stem cell transplantation [10]. Based on these promising 

results, in the next phase II trial CLAM (cladribine + Ara-C  
+ mitoxantrone ± G-CSF) was used as an early second in-
duction on day 16 based on bone marrow blasts on day 
14 in AML patients aged under 60 years who received DAC 
as first induction. The study results showed that CLAM used 
as early second induction might improve CR/CRi rates for 
younger AML patients with poor early response to DAC in-
duction, but this approach may be associated with higher 
mortality [11].

Treatment of acute promyelocytic 
leukemia (APL)
In Poland, patients with acute promyelocytic leukemia (APL) 
are treated in cooperation with the PETHEMA (Programa 
Español para el Tratamiento de las Hemopatías Malignas) 
group and according to current PETHEMA protocols. A ret-
rospective analysis of a real-life Polish population showed 
that early death (ED) remains a major problem in APL, 
and that shortening the time between the initial contact 
with a healthcare professional and all-trans retinoic acid 
administration, as well as the use of appropriate supportive 
care, could improve the outcomes of an unselected APL 
population [12].

Currently ongoing clinical trials
The PALG-AML1/2016 study aims to compare the safety 
and efficacy of two commonly used induction (DAC vs. 
DA-90) and salvage (CLAG-M vs. FLAG-IDA) regimens in 
AML. This trial is also the first international randomised 
trial regarding AML induction to prospectively evaluate the 
impact of measurable residual disease (MRD) on overall 
survival, using multi-modality testing (flow-cytometry, 
next-generation sequencing, and PCR) of serial samples. 
(ClinicalTrials.gov Identifier: NCT03257241). In the PALG- 
-AML-1/2018 phase I/Ib trial, the safety and efficacy of 
a combination of CPX-351 with cladribine in elderly patients 
with relapsed/refractory acute myeloid leukemia is being 
analysed (EudraCT: 2020-002535-29).

Chronic myeloid leukemia

In monitoring the treatment results of chronic myeloid 
leukemia (CML) with the use of tyrosine kinase inhibitors 
(TKIs), special attention is paid to appropriate follow-up 
with molecular methods, which should be performed in 
certified laboratories able to issue the results of real-time 
quantitative PCR (RQ-PCR) using the international scale (IS). 
Polish Molecular Laboratories have been organised in the 
National Network and have joined the European Leukemia 
Net and EUTOS projects dedicated to the standardisation 
of quantitative BCR-ABL1 analysis in patients with CML 
[13]. The National Molecular Reference Laboratory has 
been established in Kraków, and this has successfully 
conducted standardisation and certification procedure in 
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16 Polish laboratories currently issuing results using the 
IS [14]. Poland was the first European country with reg-
istered imatinib generics in 2014. PALG has established 
a webpage-based registry to evaluate prospectively the ef-
ficacy and tolerability of imatinib generics in a large cohort 
of adult patients. The report after one year of follow-up of 
726 patients (99 previously untreated and 627 patients 
switched from branded to generic imatinib) showed equal 
efficacy and tolerability of imatinib generics compared to 
the branded drug [15].

Myeloproliferative neoplasms Ph-negative

The discovery of mutations that finally confirmed the clon-
ality of Ph-negative myeloproliferative neoplasms resulted 
in the development of molecular studies also in Polish 
research centres. This allowed for the characterisation of 
the Polish population in terms of the presence of new mu-
tations [16], as well as the detection of new mutations in 
atypical exons of the JAK gene and the MPL gene. Also the 
subject of research interest was the relationship between 
the occurrence of complications and the diversified course 
of diseases depending on the changes in the genome.

In 2018, the results of studies on the evolution of the 
clinical picture of myeloproliferative neoplasms were pub-
lished, showing no effect of allele burden on the occur-
rence of polycythemic transformation [17]. As a result of 
the cooperation of the centres of the Myeloproliferative 
Neoplasms Working Group, analysis of the incidence of 
secondary von Willebrand syndrome in myeloproliferative 
neoplasms has been published, where it has been shown 
that this haemostatic pathology is not limited to essential 
thrombocythemia [18]. In 2019, the preliminary results of 
a multicentre study of Polish patients treated with ruxoli-
tinib due to myelofibrosis were presented.

Myelodysplastic syndromes (MDS)

In Poland, the standard of care of MDS patients adheres 
to the current ELN recommendations. In 2008, the MDS 
Working Group within PALG included 960 MDS patients into 
a retrospective Polish MDS Registry. Since 2009, 2,513 
MDS, AML <30% BM blasts and MDS/MPN patients have 
been registered prospectively. Cytogenetic results availabil-
ity improved between 2009–2010 and 2018–2019 from 
45% to 77%. Serum ferritin (SF) had a significant impact on 
outcomes. Patients with higher than 1,000 ng/mL SF ver-
sus patients with SF <1,000 ng/mL had a median survival 
of 320 days versus 568 days (p =0.014) [19]. Assuming 
that azacitidine (AZA) treated patients are at higher risk of 
serious infection, especially within the first three AZA cycles, 
between 2009 and 2016 296 patients were retrospectively 
analysed. It was found that red blood cell transfusion de-
pendency [odds ratio (OR) =2.38], neutropenia <0.8 ×109/ 

/L (OR =3.03), platelet count <50 ×109/L (OR =2.63), 
albumin level <35 g/L (OR =2.04) and ECOG performance 
status ≥2 (OR =2.19) all had a significant impact on infec-
tious risk. A subset of patients was selected with high 
risk of infection rate, 73% versus 25%, and worse clinical 
outcome, 8 versus 29 months survival [20].

Hypereosinophilic syndrome

Hypereosinophilic syndrome (HES) is a group of rare 
disorders with a unique clinical picture and challenging 
treatment. Over the last 20 years, we have witnessed 
an eruption of molecular findings leading to improved 
understanding of HES pathogenesis. A small proportion 
of HES patients may have an abnormal T-cell population 
responsible for the overproduction of eosinophilopoietic 
cytokines. These patients are defined to have lympho-
cytic variant HES. Peripheral blood samples from 42 HES 
patients were studied for the presence of T-cell receptor 
rearrangement by PCR and aberrant T lymphocytes by flow 
cytometry. Clonal T-cell rearrangements were detected 
in 18 individuals (42.8%) whereas an abnormal T-cell 
population was revealed only in three patients, with the 
conclusion that T-cell abnormalities are frequently found 
in HES [21]. Approximately 10% of HES patients present 
an interstitial deletion in chromosome 4q12 leading to 
the expression of FIP1L1-PDGFRa (F/P) — an imatinib- 
-sensitive gene fusion.

Within the Polish Hypereosinophilic Syndrome Study 
Group, 32 patients were identified as meeting HES crite-
ria and expressing F/P. Male gender greatly predominated 
(94%) and splenomegaly and pulmonary involvements were 
most frequently observed. Treatment with imatinib mesyl-
ate (IM) resulted in haematological and molecular CR in 
100% of the studied patients. The response was rapid and 
durable. Imatinib at 100 mg weekly was sufficient to main-
tain CR in long-term follow-up. The updated results after 
a median of 12 years on IM have confirmed its excellent 
efficacy and safety. None of the patients exhibited IM resis-
tance or transformed into acute leukemia. Seven patients 
stopped IM after achieving long-term remission, and two 
of them remained in CR for more than seven years after 
IM discontinuation. IM re-initiation leads to second CR in 
nearly all patients [22, 23].

Acute lymphoblastic leukemia (ALL)

The treatment of ALL in adults has been based on BFM- 
-like protocols in Poland for more than two decades. 
Since 1996, adult patients in Poland have been treated 
with a uniform PALG protocol, with treatment outcomes 
recorded in prospective studies. A randomised trial dem-
onstrated that the use of granulocyte-colony stimulating 
factor enabled better adherence to chemotherapy and 
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improved overall survival of ALL patients [24]. In a phase 
II study, the safety and efficacy of an originally-developed 
FLAM regimen (fludarabine, cytarabine, and mitoxantrone) 
was assessed for patients with relapsed/refractory ALL 
[25]. The PALG 4-2002 study showed that MRD level 
≥0.1% of bone marrow cells after induction assessed 
by flow cytometry should be considered an independent 
risk factor for treatment decisions in adult ALL [26]. The 
combination of MRD status with conventional risk stratifi-
cation system identified a subgroup of patients allocated 
to the SR group with MRD ≥0.1% after induction who had 
a risk of relapse of 71% at three years, versus 9% in the 
remaining subjects (p =0.001) [26]. The prognostic value 
of MRD may be further increased when cytogenetic fea-
tures are included in the model [27]. Consequently, flow 
cytometric MRD positive status, i.e. ≥0.1% after induction 
and ≥0.01% after consolidation, is considered an indepen-
dent risk factor in the current ALL7 PALG protocol which 
was introduced in October 2018. Since L-asparaginase is 
one the core drugs in PALG protocols, recommendations 
were published on the use of L-asparaginase in ALL [28]. 
PALG is currently initiating a randomised, multicentre 
trial to compare obinutuzumab versus rituximab in newly 
diagnosed CD20-positive B-cell ALL. A Polish group led an 
international collaboration to establish recommendations 
regarding the role of allo-HCT in Ph-negative ALL [29].

Chronic lymphocytic leukemia (CLL)

Biology, prognostic factors and the treatment of CLL have 
been important targets of research for Polish haema-
tologists in recent decades. Basic and pre-clinical studies 
performed in several Polish academic haematology depart-
ments have contributed to the current understanding of 
the molecular background and immunology of CLL [30]. 
However, the greatest achievement was the creation of 
a CLL clinical research programme within the PALG by 
Prof. Robak that was aimed at the active development of 
new therapies for CLL, mainly purine nucleoside analogue 
cladribine (2-CdA)-based combinations [31, 32]. Besides 
a number of early phase studies, this successful coopera-
tion within PALG led to the setting up of four large prospec-
tive, multi-centre randomised phase III clinical trials (PALG 
CLL1-4) that included a total of 1,288 untreated CLL pa-
tients between 1995 and 2011. As a result, several active 
regimens such as CC (cladribine and cyclophosphamide) 
or RCC (rituximab, cladribine, and cyclophosphamide) 
have been recommended as up-front therapy of CLL by 
national guidelines and implemented into routine care in 
Poland. Furthermore, rare CLL complications have con-
stituted another area of study where Polish observations 
have enabled better characterisation of epidemiology and 
clinical course of autoimmune conditions, and secondary 
neoplasms including Richter’s syndrome [33].

Follicular lymphoma

The treatment of follicular lymphoma (FL) in Poland has 
been under the supervision of the PLRG since 2008. Two 
randomised clinical trials (RCT) were conducted, PLRG1 and 
PLRG4. In the pre-rituximab era, treatment-naïve patients 
with indolent lymphomas, including 28% of patients with fol-
licular lymphoma, were enrolled into phase III PLRG1 RCT, 
comparing the efficacy of three protocols: cladribine mono-
therapy, CC (cladribine and cyclophosphamide), and CVP 
(cyclophosphamide, vincristine, and prednisone). Protocols 
containing cladribine yielded significantly better overall 
responses and complete remission rates and progression- 
-free survival (PFS) times, but not OS [34]. PLRG4, phase 
III RCT, conducted already in the rituximab era, compared 
two induction chemoimmunotherapy protocols, R-CVP and 
R-CHOP, followed by rituximab maintenance, for indolent 
lymphomas [35]. Patients with FL constituted 42%, while 
patients with marginal zone lymphoma comprised 38%, 
among 250 enrolled patients. The frequency of response 
did not differ between the study arms and the time-to-event 
endpoints i.e. event-free survival (EFS), PFS and OS, were 
similar. The only indolent lymphoma with a significantly 
worse outcome was small lymphocytic lymphoma. Five- 
-year EFS for the whole group reached 61% and 56% in the 
R-CHOP and the R-CVP arms, respectively. The occurrence 
of early progression of FL (POD24) was similarly frequent 
in both arms (13.7 vs. 16.7%, p >0.05). Grade III/IV ad-
verse events occurred more frequently in the R-CHOP arm 
compared to the R-CVP arm (55.1 vs. 18.2%). Based on the 
results of this trial, the R-CVP regimen is preferentially used 
in PLRG centres for follicular lymphoma patients requiring 
therapy. In earlier years, PLRG centres participated also in 
studies involving patients with relapsed/refractory indolent 
lymphomas, including FL, treated either with four weekly 
doses of rituximab [36] or radioimmunotherapy [37].

Hodgkin’s lymphoma (HL)

A new era in the treatment of Hodgkin’s lymphoma (HL) in 
Poland started in the past decade with the use of positron 
emission tomography (PET/CT) for staging [38], interim 
and final response assessment. Centres allied to the PLRG 
took part in the validation study of the Deauville Scale, 
conducted a prospective trial assessing the role of very 
early interim PET (after one cycle) [39], and developed 
a new chemotherapy regimen composed of bendamustine, 
gemcitabine and dexamethasone (BGD) [40] for relapsed/ 
/refractory HL. BGD is now being assessed in a prospective 
study (BURGUND, EudraCT: 2017-001966-97) in patients 
with progressive disease after first line treatment. The 
PLRG, together with international partners, has proposed 
a personalised PET-adapted treatment of early non-bulky 
HL (eHL) using an innovative risk and response-adapted 
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strategy. The RAFTING study (EudraCT: 2020-002382-33) 
aims to assess the efficacy of standard treatment followed 
by nivolumab in high risk eHL patients defined by positive 
interim PET (iPET) and/or by high (>84 cm3) initial meta-
bolic tumour volume (MTV) and chemotherapy alone in low 
risk eHL (defined by both a low MTV and a negative iPET) 
and the rate of HL relapses in low-risk patients that could 
be salvaged with delayed radiotherapy and nivolumab 
maintenance.

Diffuse large B-cell lymphoma

Diffuse large B-cell lymphoma (DLBCL) is the most common 
aggressive B cell lymphoma subtype, and prognosis de-
pends on the efficacy of first line therapy. Polish Lymphoma 
Research Group (PLRG) centres have participated in the 
most important multicentre studies establishing R-CHOP 
as the present standard of care (Prof. Jan Walewski), and  
protocols investigating the potential role of Bruton tyro-
sine kinase inhibitors and immunomodulating agents  
(Prof. Wojciech Jurczak). PLRG, in a national multicentre 
study, confirmed the role of R-CHOP in high risk DLBCL 
patients [41]. Cardiovascular toxicity of doxorubicin was 
addressed in several studies, confirming premature cardio-
vascular mortality [42], investigating the role of arterial hy-
pertension [43], and the feasibility of cardioprotection [44].  
Pre-existing diabetes was identified as an independent risk 
factor of adverse prognosis [45]. In a multicentre approach, 
PLRG investigated the efficacy of the PREBEN regimen 
(pixantrone, rituximab, etoposide, and bendamustine) in 
relapsing refractory cases [46].

Hairy cell leukemia

Hairy cell leukemia (HCL), a chronic lymphoproliferative 
disorder, responds well to treatment, and one course of 
cladribine (2-chlorodeoxyadenosine, 2-CdA) usually induces  
a durable CR. However, there are several administra-
tion schedules of this drug and no superiority has been 
shown of one schedule over the others. Robak et al. [47] 
demonstrated CR obtained in 75% of patients after 5-day 
intravenous infusions of 2-CdA, and in 76% after 7-day 
courses. Intermittent 2-hour infusions and continuous  
24-hour infusions yielded CR in 82.6% and 66.7% of patients 
respectively. In another study, Robak et al. [48] compared 
the efficacy and toxicity of a standard 5-day 2-CdA protocol 
with a schedule of six weekly 2-CdA infusions. Neither the 
efficacy nor the toxicity profile was significantly different 
between the groups. In particular, CR was obtained in 76% 
of patients in the group of daily 2-CdA administration and 
in 72% in the weekly administration group. Both PFS and 
OS were similar in both groups. 2-CdA at 0.12 mg/kg in 
2-hour i.v. infusion for five days; or alternatively 2-CdA at 
0.12 mg/kg in 2-hour intravenous infusion once a week 

for six weeks are currently considered in Poland as the 
standard first line treatment for classical HCL.

Peripheral T cell lymphomas

Peripheral T-cell lymphomas (PTCL) are a heterogenous 
group of rare diseases that are challenging to treat. Patients 
with PTCL are treated with the CHOP or CHOP-like regimens 
used as an induction chemotherapy followed by autologous 
haematopoietic stem cell transplantation (auto-HCT) as 
a consolidation of first response. To expand the published 
experience, Czyż et al. [49] conducted a multicentre, ret-
rospective review of 65 patients with PTCL who underwent 
auto-HCT as a consolidation of first response achieved with 
either initial induction chemotherapy or salvage chemo-
therapy. With the median follow-up of 53 months (range 
7–157 months), the 5-year OS and PFS for all patients were 
61.5% and 59.4%, respectively. Bone marrow involvement 
at diagnosis and less than partial remission after induction 
chemotherapy were factors independently predictive for 
OS and PFS. Maciejka-Kłembowska et al. published a data 
report from the Polish Paediatric Leukemia/Lymphoma 
Study Group on clinical features and treatment outcomes 
of PTCL in 10 children [50]. Different regimens, including 
CHOP and protocols for lymphoblastic lymphoma, were 
used. The 5-year OS and event-free survival rates were 
63.9% and 81%, respectively. Three children underwent 
allogeneic HCT, and all of them remain alive and in com-
plete remission.

Mantle cell lymphoma

The mantle cell lymphoma (MCL) treatment paradigm has 
evolved over recent years in Poland. The National Research 
Institute of Oncology joined the European Mantle Cell Lym-
phoma Network (EMCLN) and co-performed two landmark 
academic clinical trials for untreated MCL patients. In the 
‘younger’ trial, a comparison of R-CHOP (rituximab, cyclo-
phosphamide, doxorubicin, vincristine, and prednisone) 
and autologous haematopoietic cell transplantation (auto- 
-HCT) consolidation versus alternating cycles of R-CHOP and 
R-DHAP (rituximab, cisplatin, cytarabine, and dexametha-
sone) with auto-HCT showed improved time-to-treatment 
failure [median 3.9 vs. 9.1 years and 40% vs. 65% at 5 year 
(p =0.038)] for the treatment containing cytarabine [51].

The ‘elderly’ trial demonstrated that the recommend-
ed treatment in elderly patients is R-CHOP and rituximab 
maintenance [52, 53]. Median overall survival (OS) after 
R-CHOP was 6.4 versus 3.9 years after R-FC (rituximab, 
fludarabine, and cyclophosphamide) (p =0.0054). Patients 
responding to R-CHOP had median progression-free surviv-
al (PFS) and OS of 5.4 and 9.8 years when randomised to 
rituximab versus 1.9 (p <0.0001) and 7.1 years (p =0.0026) 
when randomised to interferon maintenance. Based on the 
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results of this study, rituximab maintenance after immuno-
chemotherapy treatment became the standard procedure 
in elderly patients. The Polish Lymphoma Research Group 
(PLRG), as the EMCLN sponsor’s delegate in Poland, is cur-
rently conducting two subsequent first line trials: TRIANGLE 
for younger and MCL-R2 for elderly patients.

Burkitt’s lymphoma

A major improvement in the outcomes of adult Burkitt’s 
lymphoma patients was achieved in Poland after imple-
menting intensive chemotherapy CODOX-M/IVAC within 
the UKLG LY06 study [54]. Long-term survival increased 
from the previous less than 20% to close to 70%. Toxicity 
of treatment was substantial, with the rate of treatment-
related death approaching 10%. Efficacy was further 
improved with the introduction of the GMALL-B-ALL/ 
/NHL-2002 protocol of short intensive chemotherapy 
combined with rituximab including high-dose methotrex-
ate, cytarabine, and triple intrathecal therapy [55]. This 
largest prospective multicentre trial for adult patients with 
Burkitt’s lymphoma/leukemia involved 363 patients aged 
16 to 85 from 98 European centres including the Oncology 
Institute in Warsaw. The rate of complete remission was 
88%, 5-year survival was 80%, and 5-year progression-
-free survival was 71%. There was no lethal toxicity. Given 
the high cure rates across a range of prognostic groups 
including age, IPI, and feasibility of immunochemotherapy 
in elderly patients, the GMALL-B-ALL/NHL-2002 protocol 
is now preferentially used in Poland.

Cutaneous lymphomas

The diagnosis and treatment of cutaneous lymphomas 
remains a major challenge [56]. Epigenetic dysregulation 
seems to play an important role in the development and 
progression of Sézary syndrome (SS). The TMEM244 gene 
is ectopically expressed in SS patients, SS-derived cell 
lines, and, to a lesser extent, in MF. TMEM244 expression 
is negatively correlated with the methylation level of its 
promoter. TMEM244 expression can be activated in vitro 
by the CRISPR-dCas9-induced specific demethylation of 
TMEM244 promoter region. Since both TMEM244 expres-
sion and its promoter demethylation can be potentially 
used as markers in SS and some other T-cell lymphomas 
[57], STAT5 but also STAT6 and to a lesser extent STAT3 
seems to be constitutively activated in Cutaneous T-cell 
lymphomas (CTCL). Downregulation of STAT5b protein in 
advanced-stage CTCL appears to contribute to its patho-
genesis. STATs seem to be a promising target for new 
effective therapeutic agents in CTCL [58]. WP1220 is 
a synthetic compound that potently inhibits p-STAT3 and 
the growth of CTCL cell lines. Topical treatment of index 
skin lesions in stage I–III MF have revealed safety and 

some efficacy in MF in the Phase 1b study performed at 
the Medical University of Gdańsk [59].

Multiple myeloma

The Polish Myeloma Study Group (PMSG) was established 
by Prof. Anna Dmoszyńska in cooperation with Prof. Maria 
Kraj in 2005. One of the original clinical protocols was the 
evaluation of the efficacy and safety of multiple myeloma 
(MM) patient therapy with the CTD regimen (cyclophospha-
mide, thalidomide, and dexamethasone) based on a low 
dose of thalidomide (100 mg/d) [60]. Other clinical and 
multicentre studies of the PMSG were focused on therapy 
with lenalidomide, pomalidomide and bortezomib as well 
as the identification of novel cytogenetic prognostic fac-
tors [61–66].

The most significant change in the field of multiple my-
eloma in Poland in recent years was the launch of several 
prospective clinical trials initiated by Polish investigators. 
On the one hand this provided the opportunity to play a sig-
nificant role in the development of new treatment strate-
gies worldwide, and on the other hand it provided access to 
non-reimbursed drugs to Polish patients. PMC006 (ATLAS), 
a study that the Polish Myeloma Consortium launched in 
2017, was the first non-commercial investigator-initiated 
clinical study in Poland; it completed the recruitment of its 
planned 160 patients in September 2020. This study as-
sessed two different methods of maintenance after auto-
-PBSCT: R versus KRD.

There are three other important studies ongoing: the 
PMC007 (OBI1), which assesses the efficacy of obinutu-
zumab in patients with refractory or recurrent Waldenstro-
em macroglobulinemia; the PMC008 (PREDATOR), where 
daratumumab is used to treat patients with biochemical 
relapse of myeloma; and the PMC010 (COBRA), which as-
sesses the effectiveness of KRD versus RVD in patients with 
newly diagnosed multiple myeloma. The Polish Myeloma 
Study Group and the Polish Myeloma Consortium are also 
active in the development of the MM Registry. Therefore, 
the prospective observational study PMC009 (POMOST) 
was launched. In this trial, the treatment conditions and 
epidemiology of myeloma in Poland are prospectively as-
sessed on a population of 1,500 patients. PMG and PMC 
also took part, together with the Łazarski University and the 
National Health Fund, in a pilot project to analyse the epi-
demiology and therapy of myeloma based on the sources 
of the NFZ [67]. PMSG regularly publishes recommenda-
tions for the diagnosis and treatment of MM. Several ret-
rospective nationwide or international studies have been 
performed under the auspices of PMSG, including MM pa-
tients with CNS involvement [68], primary and secondary 
plasma cell leukemia [69, 70], primary refractory disease 
[71], t(14;16) [72], and biclonal MM [73]. As a result, it 
has been shown that the outcomes of advanced stage MM 
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patients aged 21–40 are comparable to those of patients 
aged 41–60 [74].

Autologous haematopoietic 
cell transplantation

In 2019, 1,162 auto-HCTs (306 per 10 million inhabitants) 
were performed in Poland. Throughout the past decade, 
work has been underway aimed at the introduction and opti-
misation of a haematopoietic stem cell chemo-mobilisation 
protocol with the use of intermediate-dose cytarabine (ID- 
-Ara-C) which is currently commonly used in Polish centres. 
ID-Ara-C refers to: cytarabine as a i.v. infusion at a dose of 
0.4 g/m2 twice daily on days +1 and +2 (total dose, 1.6 g/ 
/m2), with 10 μg/kg filgrastim started on day +5. In a pilot 
report, its efficacy was shown when given as a second-line 
salvage mobilisation regimen. In a subsequent retrospec-
tive analysis, the greater benefit of ID-Ara-C compared 
to 4 g/m2 cyclophosphamide as first-line mobilisation in 
patients with myeloma and lymphoma was demonstrated 
[75]. In a multicentre analysis from the PLRG, the superior 
efficacy of ID-Ara-C over DHAP plus G-CSF regimen in lym-
phoma patients was noted [76]. Finally, in a randomised 
trial, ID-Ara-C was shown to be superior to G-CSF alone 
for myeloma patients in terms of a greater proportion of 
patients achieving a CD34+ cell yield sufficient for tandem 
auto-HCT (98% vs. 70%), a higher median number of col-
lected CD34+ cells (20.2 vs. 5.9 ×106 cells/kg), and faster 
haematopoietic recovery after auto-HCT [77].

Allogeneic haematopoietic 
cell transplantation

Six hundred and eighty-six allogeneic hematopoietic stem 
cell transplantations (allo-HCT) were performed in Poland 
in 2019 in 17 centres (12 adult and five paediatric). They 
included 185 transplantations from family members, 423 
from unrelated people, and 78 from haploidentical donors. 
Since 2013, local Polish donors have predominated among 
unrelated donors (63% in 2019). The Polish unrelated do-
nor registry is one of the biggest in the world, accounting 
for more than 1.7 million volunteers. The most frequent 
indication for allo-HCT was acute myeloid leukemia (32% 
of procedures from family, 36% from unrelated, and 49% 
from haploidentical), followed by acute lymphoblastic leu-
kemia (21% from family and 20% from unrelated). Poland 
has been a very active member of the European Society for 
Blood and Marrow Transplantation (EBMT). In particular, 
two Polish investigators have been elected chairs of work-
ing parties and members of the EBMT’s Scientific Council: 
Prof. Jan Styczyński (Infectious Diseases Working Party,  
2016–2020) and Prof. Grzegorz Basak (Transplant Compli
cations Working Party, 2017–2021). In addition, Prof. Se
bastian Giebel since 2006 has been ALL subcommittee 

chair and secretary of the Acute Leukemia Working Party. 
Polish authors have substantially contributed to under-
standing the role of NK cell alloreactivity after allo-HCT 
[78], genetic polymorphisms contributing to GVHD [79], the 
role of pharmaco-economics [80], and the management of 
post-transplant lymphoproliferative disease (PTLD) [81], 
as well as having developed a number of international 
recommendations including treatment and outcome of viral 
infections following allo-HCT [82] and GVHD [83].

Infectious complications

Infectious complications constitute the major cause of 
morbidity and mortality in haematology and transplant 
patients. Cooperation between the Infection Disease Study 
Group of PALG with the Polish paediatric group PSPOH and 
the Infectious Diseases Working Party of EBMT has resulted 
in a number of publications. Polish epidemiological analysis 
on stem cell transplant recipients performed by PALG and 
PTHIT together with the Polish Society of Paediatric Oncol-
ogy and Haematology (PTOHD, PSPOH) in a nationwide 
study revealed a high incidence of bacterial infections in 
children compared to adults (36% vs. 27.6%; p <0.0001), 
although with a substantial rate of Gram-negative bacteria 
in adults. Fungal infections were seen also more often in 
children (25.3% vs. 6.3%; p <0.0001), as well as viral infec-
tions (88.0% vs. 74.9%; p <0.0001). Infection-related mor-
tality was lower in children than in adults (7.8% vs. 18.4%; 
p <0.0001) [84]. Sub-analysis of MM patients confirmed 
the importance of multidrug bacterial infections (37.5% of 
Gram-negative; 54% of Gram-positive) during neutropenia 
after HCT, influencing mortality [85]. Important data regard-
ing mucormycosis in haematology and transplant settings 
was published recently, based on 10-year observations. 
Analysis revealed high mortality (82%) in patients undergo-
ing allo-HCT, despite targeted therapy [86]. The treatment 
of infectious complications in haematology/transplant pa-
tients in Poland is based on systematically updated national 
recommendations. Recent guidance concerns vaccination 
in adult patients with haematological malignancies and 
after stem cell transplantation [87–89], the management 
of invasive fungal infections [90], the management of 
CMV infections after allo-HCT [91], and the management 
of infections after CAR T therapy [92].

Haematopathology

The National Histopathological Lymphoma Registry project 
(NHLR) was implemented in Poland in 2014 by haemato-
pathologists from 24 pathology departments in accordance 
with the 2008 WHO Classification of Tumours of Haemato-
poietic and Lymphatic Tissues. DLBCL (32.9%; 2,587), CLL/ 
/SLL (31.84%; 2,504), HL (13.37; 1,567), PCM (13.32%, 
1,561) and MCL (9.04%; 711) were the most frequent 
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in a group of 11,718 tested patients. Major differences 
between NHLR and European and American data on lym-
phoma subtypes included a higher incidence of DLBCL, 
and lower incidences of FL and MALT [93]. The next study, 
based on 2000–2014 data from the Polish National Cancer 
Registry, confirmed a lower FL incidence rate in Poland 
compared to other European countries. FL was ranked 
fourth in incidence (CR 0.72/105, SR 0.87/105) among all 
reported mature B-cell non-Hodgkin lymphomas, after CLL/ 
/SLL (CR 3.62/105, SR 4.99/105), PCM (CR 3.78/105, SR 
4.97/105) and DLBCL, NOS (CR 2.13/105, SR 2.65/105) 
[94]. A scheme of comprehensive haematopathological 
diagnostics of aggressive B-cell lymphomas based on mor-
phology, immune profile and evaluation of MYC, BCL2, and 
BCL6 gene statuses was proposed, and this was introduced 
in Poland after the publication of revised WHO classifica-
tions in 2017 [95].

Molecular diagnostics

During the last ten years, progress has been made in the 
molecular diagnostics of haematological malignancies in 
Poland in terms of the spectrum of techniques used, as 
well as its standardisation. In 2010, the standardisation of 
BCR-ABL1 measurement by RQ-PCR in CML patients was 
carried out in eight laboratories in cooperation with the ELN 
[14]. The results of the BCR-ABL1 KD mutation analysis in 
imatinib-resistant patients were also published [96]. The 
RQ-PCR technique was improved by modification of the 
e13a2 and e14a2 transcript measurement in 2019 [97]. 
Similar progress has been made in the Ph-negative MPN. 
In 2015, the first results of the molecular characteristics 
of Polish patients were published [16]. The quality of JAK2 
V617F quantification was assessed in an international 
study [98]. A comparison of qPCR and ddPCR sensitivity 
in the quantification of the JAK2 V617F mutation allele 
burden was performed in 2019 [99]. Further progress was 
made thanks to the introduction of GEP and NGS to myeloid 
malignancies diagnostics and MRD assessment [100–102]. 
A development has also been made in the CLL thanks to 
the cooperation with ERIC (European Research Initiative on 
CLL) and the creation of a reference laboratories network 
in Poland.

Summary

Polish haemato-oncology in the 2020s has an important 
international position based on many contributions to the 
development of knowledge, cooperation, and a high qual-
ity of patient care. In many instances, clinical trials run by 
Polish collaborative groups have influenced international 
standards. Polish haematologists have been the authors 
of many treatment recommendations, and their research 
has suggested areas for further research.
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Abstract
Multiple myeloma (MM) is an incurable haematological malignancy affecting approximately 7:100,000 people. Mono-
clonal gammopathy of undetermined significance (MGUS) and ‘smouldering’ MM precede symptomatic MM. Cytogenet-
ics in MM is the most powerful prognostication tool incorporated into different classifications, including the Revised 
International Staging System (R-ISS) and the Mayo Clinic Risk Stratification for Multiple Myeloma (mSMART). Methods 
commonly used to test for cytogenetic aberrations include conventional karyotyping and fluorescence in situ hybridisa-
tion (FISH), although the difficulty of obtaining metaphases in plasma cells results in low yields.
Therefore, new genomic tools are essential to explore the complex landscape of genetic alterations in MM. These in-
clude next generation sequencing, a highly sensitive method to monitor minimal residual disease. The serial evolution of 
MGUS to MM is accompanied by a range of heterogenous genetic abnormalities, divided into primary (involving mostly 
chromosome 14 translocations and trisomies) and secondary genetic aberration events (involving mostly 17p, 1p, 13q 
deletions, 1q gain, or MYC translocations). Based on the primary genetic aberration results, strong prognostic features 
of MM have been identified with distinct clinical characteristics. High risk aberrations include 17p deletion, t(4;14), 
t(14;16), t(14;20) and chromosome 1 abnormalities. The incorporation of novel drugs and maintenance strategies in 
conjunction with autologous stem cell transplantation partially overcome the adverse effect of some of these genetic 
aberrations. Nonetheless, survival remains worse in this group compared to standard risk patients. Clinical decisions 
regarding treatment should be based on the cytogenetic results. The establishment of individualised and mutation-
-targeted therapies are of the greatest importance in future studies.
Key words: myeloma, cytogenetics, prognosis, high risk, genomics, aberration
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Introduction

Multiple myeloma (MM) is a neoplastic plasma cell disor-
der which affects approximately seven in every 100,000 
people, giving it the second highest incidence among all 
haematological malignancies in the Western world [1–3]. 
MM is preceded by a pre-malignant stage called monoc-
lonal gammopathy of undetermined significance (MGUS), 
which is present in over 3% of the population >50-years-
-old, and the incidence increases with age [4]. The risk 
of progression of MGUS to MM is approximately 1% per 

year depending on prognostic features (e.g. paraprotein 
concentration, immunoglobulin isotype and free light chain 
ratio) [5]. While MGUS is a ‘benign precursor state’ which 
is devoid of any myeloma defining events (MDE), MM can 
cause severe symptoms and end-stage organ damage 
including renal insufficiency (present in 20% of newly 
diagnosed patients), anaemia (haemoglobin <12 g/dL  
present in 73% of patients), skeletal lesions (present 
in approximately 65–75% of patients) or hypercalcemia 
(calcium level >11 mg/dL present in 13% of patients) [6]. 
According to the updated International Myeloma Working 
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how these subclones emerge, how they are selected and 
what is their prognostic implication, need to be investiga-
ted in future studies.

In general, the pathogenesis of MM can be visualised 
by two steps: the establishment of MGUS and progression 
from MGUS to MM (Figure 1) [14]. This process is accompa-
nied by different cytogenetic changes (Table II). The evolu-
tion of MGUS is thought to be a result of abnormal antigen 
stimulation and is caused by primary cytogenetic aberra-
tion events, so-called ‘disease-initiating’ aberrations. The 
primary cytogenetic abnormalities help to classify MGUS 
and MM into several subtypes and consist mostly of tri-
somies and translocations involving chromosome 14 [5]. 
Additionally, primary cytogenetic abnormalities are mostly 
non-overlapping [15]. The second step occurs rather due 
to random cytogenetic mutations (called secondary cytoge-
netic aberration events) resulting in the evolution to symp-
tomatic MM and further MM progression [16]. Secondary 
cytogenetic aberrations might overlap, and are typically 
subclonal (Figure 1) [5].

This review provides an overview of the different cyto-
genetic approaches used to stratify MM patients. We will 
discuss cytogenetic and molecular aberrations, their fre-
quency, and clinical and prognostic implications.

Laboratory testing strategy

Conventional cytogenetics  
(G-band karyotyping)
Conventional cytogenetics is a well-established and univer-
sally available test, and it also provides a whole genome 
analysis at once. On the other hand, the detection of chro-
mosomal abnormalities using conventional cytogenetics is 
limited due to low proliferative activity of malignant plasma 
cells and low number of plasma cells in an often haemodilu-
ted bone marrow aspirate. Chromosomal abnormalities 
are detected in only 30% of patients without CD138+ cell 
enrichment [17]. In plasma cell leukemia, cytogenetic 
aberrations are more common (up to 68% of cases) [18]. 
Despite this limitation, karyotyping provides essential 

Group (IMWG) criteria, the diagnosis requires ≥10% clonal 
bone marrow plasma cells or a biopsy-proven plasmacy-
toma plus evidence of one or more MDE included in the 
SLiM-CRAB acronym (Table I) [7]. However, unlike other 
haematological malignancies, no specific cytogenetic 
pathognomonic criterium for MM exists.

The disease is considered incurable, and survival may 
vary from a few months to over 15 years; this diversity is 
most strongly driven by the genetic abnormalities present 
in the plasma cells [8].

In the era of modern drugs including proteasome inhibi-
tors (PIs) (bortezomib/carfilzomib/ixazomib), immunomodu-
latory drugs (IMIDs) (thalidomide/lenalidomide/pomalido-
mide), monoclonal antibodies (daratumumab/isatuximab/ 
/elotuzumab), and antibody drug conjugates (belantamab 
mafodotin), median overall survival reaches 6+ years [9].

Several features affect survival: host characteristics, 
tumour burden and biology (cytogenetics) as well as the 
response to treatment. Laboratory risk factors for a poorer 
prognosis have been identified, including serum beta2-mic-
roglobulin (β2M), low albumin and/or elevated lactate de-
hydrogenase. However, genetic changes seem to play the 
largest role in prognosis in MM [10].

Studying myeloma genetics has been always limited 
due to low proliferation potential of the plasma cells for 
standard karyotype analysis. Nonetheless, in recent years 
the development of genetic tools including microarrays and 
next-generation sequencing (NGS) has led to substantial 
progress in understanding the genetics of MM [11].

MM remains a highly heterogenous and complex 
disease with varied genetic aberrations resulting in mul-
tiple subclones. A major clone dominates throughout the 
disease course, although minor clones may evolve and be 
responsible for chemoresistance or serve as a reservoir 
for relapses or progressions [11, 12]. Interestingly, in a re-
cent study by Merz et al., the presence of subclones was 
prognostic for smouldering MM to transform into MM; ho-
wever, the risk of progression was not constant and chan-
ged due to clonal evolution [13]. Nonetheless, the mecha-
nism and driving factors resulting in the development of 

Table I. For diagnosis of multiple myeloma, the criterium of clonal bone marrow plasma cells ≥10% or biopsy-proven bony or extramedul-
lary plasmacytoma should be met, and any one or more of the following myeloma-defining events (SLiM CRAB) should be present

Calcium Hypercalcemia: serum calcium >0.25 mmol/L (>1 mg/dL) higher than upper limit of normal or >2.75 mmol/L 
(>11 mg/dL)

Renal Insufficiency Renal insufficiency: creatinine clearance <40 mL per minute or serum creatinine >177 μmol/L (>2 mg/dL)

Anaemia Anaemia: haemoglobin value of >2 g/dL below lower limit of normal, or haemoglobin value <10 g/dL

Bones Bone lesions: one or more osteolytic lesions on skeletal radiography, computed tomography (CT), or positron 
emission tomography-CT (PET-CT)

Sixty Clonal bone marrow plasma cell percentage ≥60%

Light chains Involved: uninvolved serum free light chain (FLC) ratio ≥100 (involved free light chain level must be ≥100 mg/L)

Magnetic resonance >1 focal lesion on magnetic resonance imaging (MRI) studies (at least 5 mm in size)
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information on numerical and structural chromosomal 
changes. Numerical aberrations include hyperdiploidy or 
non-hyperdiploidy, whereas structural abnormalities inclu-
de translocations or copy number aberrations (i.e. deletions 
or gains). Furthermore, conventional karyotyping is an inde-
pendent prognostic factor even in the era of modern testing 
modalities [e.g. fluorescence in situ hybridisation (FISH), 
NGS, and gene-expression profiling (GEP)], and should be 
routinely performed as an initial diagnostic workup espe-
cially in situations where a FISH test is unavailable [19, 20].

FISH analysis
FISH testing is based on the use of fluorescent probes that 
bind to highly complementary nucleic acid sequence. Using 
a variety of FISH probes, numerous genetic alterations 

might be detected, including numerical amplifications or 
deletions, structural rearrangements and translocations 
[21]. On conventional cytogenetics, in patients with com-
plex karyotype, some aberrations (e.g. translocations) are 
cryptic, and FISH enables their detection [22]. Furthermore, 
a FISH test does not depend on the proliferation rate, and 
the probes can be applied on nondividing cells, mainly on 
interphase cells [21]. However, the detection sensitivity is 
limited by the number of plasma cells in the whole bone 
marrow, which is especially low in patients after treatment 
or early in the diagnosis or relapse (when plasma cells ran-
ge from 1–20%) [23]. Consequently, FISH is run mainly on 
CD138+ enriched cells, and different techniques are used 
to target and enrich the monoclonal plasma cells, e.g. im-
munostaining (cytoplasmic immunoglobulin FISH, cIg-FISH), 

Table II. Genetic abnormalities in multiple myeloma, their frequency and clinical impact

Cytogenetic abnormalities Frequency [%] Clinical impact, additional characteristics

Primary

t(4;14)(p16;q32) 10–15 Adverse, good response to proteasome inhibitors, unfavourable for any 
immunomodulatory drug

t(6;14)(p21;q32) 2 Neutral

t(11;14)(q13;q32) 15–20 Neutral, sensitive to venetoclax

t(14;16)(q32;q23) 2–3 Adverse

t(14;20)(q32;q12) 1 Adverse

Hypodiploidy 13–20 Adverse

Hyperdiploidy 50 Favourable, good response to lenalidomide in patients with trisomies

Secondary

13q deletion 45–50 Adverse

MYC translocation 15–20 Neutral or adverse

1q21 gain 35–40 Adverse, might be implicated in bortezomib resistance

1p32 deletion 30 Adverse

17p deletion At diagnosis <10,  
at relapses >30%

Adverse, possible central nervous system involvement, pomalidomide 
seems to be beneficial

Figure 1. Cytogenetic abnormalities in multiple myeloma (MM) (modified from [14]); amp — amplification; del — deletion; IgH — immunoglobu-
lin heavy chain; MGUS — monoclonal gammopathy of undetermined significance; SMM — smoldering multiple myeloma; t — translocation
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selection by magnetic cell sorting (MACS), fluorescence-
-activated cell sorting (FACS), as well as targeted manual 
scoring or customised automated image analysis [24].

The European Myeloma Network (EMN) guidelines re-
commend that at least 100 cells should be scored when 
analysing FISH [23]. The cut-off value for positivity remains 
a controversial issue and varies from laboratory to labora-
tory; there is no uniform criterion. It is related to the tes-
ting strategy and the various ways to establish cut-off for 
different FISH patterns in different laboratories [25, 26]. 
It is recommended by the EMN to use conservative cut-off 

levels: 10% for fusion or break-apart probes and 20% for 
numerical abnormalities [23], although in clinical practice 
the threshold for a positive test is very often much lower.

Molecular methods
Although not used in daily clinical practice outside clinical 
trials, advanced oncogenomic analyses are very impor-
tant tools to understand the complex genetic landscape, 
and hence clinical outcomes, of MM patients. Different 
genomic analysis methods exist to research into the vari-
ous processes of translating the genomic information. The 
most comprehensive test, NGS, is a process that allows the 
determination of the sequence of nucleotides in a section 
of DNA. This provides a full, integrated spectrum of gene 
mutations, aneuploidies, segmental copy-number changes 
and translocations. Utilising NGS has identified several 
recurrent gene mutations in newly diagnosed MM patients, 
including the most common mitogen activated protein ki-
nase (MAPK) pathway, NF-κB pathway and TP53 pathway 
genes [27]. Although NGS is not yet universally available, in 
the future it will be an important tool in the diagnosis and 
monitoring of the minimal residual disease (MRD) due to 
its high sensitivity [28]. Of note, large sequencing studies 
in MM are being conducted to determine the relevance of 
different mutations, and preliminary results are promising 
(CoMMpass, The Myeloma Genome Project) [29, 30]. The 
GEP analyses the RNA expression of different genes perti-
nent to different functions [31]. It is an important marker 
to detect high risk patients (Table III) [32], and it also helps 
to establish classifiers for prognostication in addition to 
the International Staging System (ISS) or FISH known high 
risk factors [33]. Several genes lists have been found to 
have strong prognostic information, including commercially 
available GEP70 and SKY92 profiles [32, 34]. A single- 
-nucleotide polymorphism (SNP)-microarray is a technique 
of the hybridisation of fragmented single-stranded DNA to 
arrays containing hundreds of thousands of unique nucleo-
tide probe sequences. SNP is the smallest genetic variation 
that can occur within a DNA sequence. SNP microarray can 
detect small copy number changes such as gene deletion, 
chromothripsis, complex copy number changes, and am-
plification, as well as copy neutral loss of heterozygosity 
(CN-LOH), which is an important oncogenic event [25]. It 
also detects aberrations in small populations (subclones) 
due to clonal evolution [25], of which the most common 
are complex MYC 8q24 rearrangements or amplifications, 
1q gain, 1p and 17p deletions [35, 36].

Using the genomic tools, several molecular classifica-
tions have been established in MM. They have been also 
incorporated into well-known staging systems to more pre-
cisely estimate an individual patient’s disease risk and cli-
nical outcome. Incorporating the novel molecular methods 
into clinical use and establishing personalised therapies ba-
sed on the molecular findings will be of the utmost urgency.

Table III. Staging strategies in multiple myeloma according to dif-
ferent working groups

Staging sy-
stem

Stage Criteria

International 
Staging Sy-
stem (ISS)

Stage I β2M <3.5 mg/dL and albumin 
≥3.5 g/dL

Stage II

Stage III

Neither I nor III

β2M ≥5.5 mg/dL

Revised 
International 
Staging Sy-
stem (R-ISS)

Stage I ISS I, standard risk by FISH (no 
high-risk chromosomal abnor-
malities) and normal LDH

Stage II Neither R-ISS I nor III

ISS III, either high risk by FISH 
[del(17p) and/or t(4;14) and/or 
t(14;16)] or high LDH (> upper 
limit of normal)

Stage III

Mayo Clinic 
Risk Stra-
tification 
for Multiple 
Myeloma 
(mSMART)

Stan-
dard 
risk

Trisomies

t(11;14)

t(6;14)

High 
risk

t(4;14)

t(14:16)

t(14;20)

17p deletion

1q gain

R-ISS stage III

High plasma cell S-phase (cut-off 
varies)

GEP: high risk signature

Double-hit: any two high-risk 
factors

Triple-hit: any three or more high-
-risk factors

Gene-expres-
sion-based 
signatures

Presence of alterations detected 
by: UAMS, Skyline 92–HOVON, 
IFM

β2M — beta2 microglobulin; FISH — fluorescence in situ hybridisation; GEP — gene expression 
profiling; LDH — lactate dehydrogenase
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Cytogenetic abnormalities

Primary cytogenetic abnormalities
Hyperdiploidy
Hyperdiploidy, commonly involving gain of odd-numbered 
chromosomes (trisomies), is detected in approximately 
50% of patients with MM [5, 37]. Trisomies 3 and 5 are 
known to improve overall survival, but trisomy 21 impairs 
overall survival [38]. Patients with trisomies have particu-
larly good response to IMIDs [39]. In approximately 10% 
of patients, trisomies and IgH translocations coexist [37]. 
The prognostic impact of this coexistence is a matter of 
controversy. Kumar et al. reported the presence of trisomies 
in patients with high risk translocations, namely t(4;14), 
t(14;16), t(14;20), or TP53 deletion, treated with modern 
drugs (PI and IMiD- based regimens). The adverse impact 
associated with these prognostic markers was partially 
ameliorated [37]. In contrast, Pawlyn et al. showed that in 
high risk cytogenetic patients coexistent hyperdiploidy did 
not abrogate a poor prognosis, although the patients were 
treated with older conventional drugs (cyclophosphamide 
with thalidomide and dexamethasone, or with vincristine) 
[40]. Hyperdiploidy is often accompanied by other struc-
tural chromosome changes (e.g. translocations, deletions 
or duplications) and a hyperdiploid karyotype with ≥2 of 
those aberrations should be considered as an independent 
high risk factor [41].

Non-hyperdiploidy
Non-hyperdiploidy is defined as hypodiploid, pseudodiploid, 
and near-tetraploid karyotypes. Hypodiploidy is defined 
as having ≤44 chromosomes in a cell, pseudodiploidy as 
having 45–46 chromosomes in a cell, and near-tetraploid 
karyotype originates from doubling of the hypodiploid and 
pseudodiploid karyotypes (>75 chromosomes) [42]. Hy-
podiploidy was an important independent factor for worse 
overall survival in multivariate analysis that included Durie 
and Salmon stage, treatment or bone marrow plasmocy-
tosis [43]. In the non-hyperdiploid population, hypodiploid 
cases are associated with a higher prevalence of genetic 
alterations and a worse prognosis [42].

IGH translocations
IGH translocations, with a breakpoint on chromosome 14 
band q32, are often present in tumours of the lymphoid line-
age due to the common physiological DNA rearrangements at 
the immunoglobulin heavy chain (IGH) locus that might have 
been displayed incorrectly [44]. The aberration in IGH in MM 
occurs mostly during class switching, and the juxtaposition of 
an oncogene next to the IGH locus results in overexpression 
of the affected oncogene [45]. In MM, the IGH translocations 
occur in up to 60% of patients [15, 46]. There are five main 
translocation partner chromosomes including the t(4;14)
(p16;q32) — multiple myeloma set domain (MMSET), t(6;14)

(p21;q32) — cyclin D3 gene, t(11;14)(q13;q32) — cyclin D1 
gene, t(14;16)(q32;q23) — musculoaponeurotic fibrosarco-
ma (C-MAF), and t(14;20)(q32;q12) — musculoaponeurotic 
fibrosarcoma oncology family, protein B (MAFB) [45]. Moreo-
ver, the recurrent IGH translocations (mostly with partner 
chromosomes 11, 4, and 16) are highly associated with 
nonhyperdiploid karyotype [47].

t(4;14)(p16;q32)
Translocation t(4;14), present in 10–15% of newly diagno-
sed cases, is not detectable by conventional karyotyping 
[25, 48, 49]. It is associated with poor prognosis and is con-
sidered to be a high-risk prognostic factor [48, 49]. Trans-
location t(4;14) is associated with immature morphology, 
higher tumour mass, and more frequent chromosome 13 
abnormalities [50]. It is also reported to be less frequently 
associated with bone lesions, which consequently might 
be associated with delayed diagnosis [51]. Patients with 
t(4;14) seem to benefit from bortezomib-based therapy and 
bortezomib maintenance, and lenalidomide maintenance 
also might provide better survival in this group of patients 
[52, 53, 54]. It is also recommended to implement autolo-
gous stem cell transplantation (ASCT) as soon as possible 
in this cytogenetic subtype, and tandem ASCT should be 
considered [5]. Moreover, data from the MM-003 trial 
shows that pomalidomide plus low-dose dexamethasone 
is an effective strategy in relapsed/refractory settings in 
patients with t(4;14) [55].

t(11;14)(q13;q32)
The most common IGH translocation, accounting for 15– 
–20% of cases, is t(11;14) [48, 49, 56]. This translocation 
results in upregulation and overexpression of the cyclin 
D1 that might be detected by immunohistochemistry [57]. 
Translocation t(11;14) is more prevalent in plasma cell leu-
kemia patients as well as in light chain amyloidosis patients 
than in MM patients [58, 59, 60]. Although the prognostic 
impact is considered to be standard, some studies suggest 
that the overall survival and response rates are inferior to 
other standard risk patients [61, 62]. Translocation t(11;14) 
is more frequent among the African-American population 
and exerts negative influence on the survival in African-
-Americans compared to non-African-Americans [63, 64]. 
It is associated with lymphoplasmacytic morphology and 
frequently with low serum monoclonal protein or nonsecre-
tory MM, and it is also less likely to coexist with hyperdiploid 
karyotype [50, 57]. In t(11;14) the expression of CD20 is 
often present [65]. The Mayo Clinic experts recommend the 
use of combined bortezomib and lenalidomide regimens 
followed by early ASCT and lenalidomide maintenance 
in t(11;14) patients [5]. The t(11;14) is associated with 
high expression of BCL2 protein and several studies have 
suggested the efficacy of the use of venetoclax, the BCL2 
inhibitor, in t(11;14) positive patients. 
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t(14;16)(q32;q23)
The more common MAF translocation, t(14;16), present 
in 2–5% of newly diagnosed cases, is hardly detectable 
by conventional karyotyping [25, 49, 56]. Translocation 
t(14;16) is associated with adverse outcomes, even in the 
era of novel drugs, something recently confirmed by a large 
international sample study conducted by our group [49, 66, 
67]. Renal failure as a MDE is more frequently observed 
in patients with t(14;16) than in other cytogenetic subty-
pes. It is associated with high levels of free light chain in 
serum, which might partially explain the poorer prognosis 
in t(14;16) positive group of patients [51, 68]. It has been 
observed that t(14;16) is associated with negativity in 
CD56 expression and high proliferative activity, which might 
predispose toward an adverse outcome [69]. According to 
the Mayo Clinic experts, the treatment approach should be 
similar as in t(4;14), and in patients with renal failure it is 
recommended to combine bortezomib with cyclophospha-
mide, thalidomide or adriamycin over lenalidomide [5]. Our 
study suggests that at least a three-drug induction regimen 
(including IMID and PI) should be used, ASCT should be 
performed wherever possible [67, 68], and tandem ASCT 
should be considered [5]. Maintenance should be based 
on bortezomib [5].

t(14;20)(q32;q12)
The second MAF translocation, t(14;20), has a low preva-
lence, 1%, and also exhibits adverse impact on outco-
mes, comparable to t(14;16) [56, 70, 71]. Translocation 
t(14;20) is also associated with higher frequency of renal 
failure due to high levels of free light chains in serum [51, 
68]. Treatment based on PI should be used in an induction 
therapy [68]. Double ASCT should be considered as an 
upfront treatment strategy in this group of patients [70],  
and maintenance should include bortezomib [5].

Secondary cytogenetic abnormalities
MYC translocation
MYC translocations are secondary events and occur at late 
stages of tumour progression. They are present in 15–20% 
of patients [48, 72]. Most MYC translocations involve IGH 
locus, however other genes might be also involved (IGL, 
IGK, FAM46C, FOXO3 or BMP6) [56]. As a result of the 
juxtaposition, the expression of c-MYC is increased [73]. 
The impact of MYC translocation on survival is believed to 
be negative, although it is still a matter of debate [73, 74]. 
It has been suggested that the negative impact on outcome 
of MYC is restricted to hyperdiploid MM and is caused by an 
interaction between t(MYC) and gain of 1q21 [72].

1q gain
1q gain is one of the most common aberrations in MM, 
present in approximately 30% of patients [75]. It is asso-
ciated with end-organ damage and a higher tumour burden 

[75]. It has been shown that 1q gain is associated with the 
evolution from MGUS to MM, and the copy number of the 
1q gain increases with disease progression [76]. Although 
the prognostic impact is a contentious issue, recent studies 
suggest that 1q gain has a strong, independent negative im-
pact on survival, even in the era of modern drugs and ASCT 
[75, 77]. Although neither IMID- and PI-based treatment 
regimens nor ASCT seem to prolong survival in patients 
with 1q gain, a recent Mayo Clinic study suggested that 
PI-based strategies might show a slightly better effect on 
outcomes [75]. Nonetheless, another study showed that 
with increasing number of copies of 1q gain, bortezomib 
resistance also increases [78].

1p deletion
1p deletion is present in approximately 20% of patients 
and has an adverse impact on outcomes [79, 80]. These 
patients might need more intensive treatment, similar to 
that for other high-risk MM subtypes [5, 80].

13q deletion
13q deletion is present in 45–50% of patients with MM 
[48]. The 13q deletion often coexists with other cytogenetic 
abnormalities, and the presence and time of occurrence 
of 13q deletion depends on the presence of specific 
concurrent abnormalities [81]. 13q deletion detected by 
conventional karyotyping appears to predict poor outcomes 
(present in 10–15% of newly diagnosed patients) [82]. 
It has been shown that bortezomib might overcome the 
adverse impact of 13q deletion [83].

17p deletion
17p deletion (associated with loss of the TP53 gene) 
is present in 10% of newly diagnosed patients, and the 
incidence increases with disease progression [48, 56]. 
It is present in the majority of cases of plasma cell leu-
kemia [84]. 17p deletion is considered to be the most 
detrimental prognostic factor of high-risk disease and 
a poor outcome [66, 71]. The size of clone carrying the 
abnormality seems to be significant for the prognosis, 
although a recent study found contradictory results [85]. 
The bi-allelic inactivation of TP53 has an additional negati-
ve impact on survival [86]. TP53 deletions are associated 
with more aggressive disease course and complications 
including plasmocytomas and hypercalcemia [49]. The 
studies on the influence of different treatment strategies 
are inconsistent. BMT CTN 0702 trial results showed no 
survival benefit of either tandem ASCT or intensive treat-
ment that included ASCT with a subsequent four cycles 
of bortezomib and lenalidomide followed by lenalidomide 
maintenance in patients with 17p deletion [87]. Moreo-
ver, Lakshman et al. showed that a deletion 17p positive 
patient did not benefit from IMID plus PI-based induction 
as well as early ASCT [85]. On the other hand, according 
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to the recent study based on the EMN02/HO95 trial, 
patients with 17p deletion were benefiting from intensive 
treatment including tandem ASCT and bortezomib-based 
induction therapy [88].

Despite all these differences, recommendations sug-
gest using induction therapy based on IMIDs and PI (bor-
tezomib or carfilzomib) and subsequently considering tan-
dem ASCT and prolonged bortezomib maintenance [71, 
89]. Of note, pomalidomide seems to be particularly active 
in 17p deletion [90].

Specific mutations
In recent years, the genomic landscape of MM has been tho-
roughly studied, and several recurrent mutations identified, 
most of them involving genes implicated in the translocation 
of chromosome 14 or MAPK pathway, critical in cell growth 
and survival [91]. Some of them are related to the cytogene-
tic MM subtype, e.g. FGFR3 or PRKD2 genes mutations occur 
mainly in t(4;14) positive patients; CCND1, KRAS and IRF4 
genes mutations are detected in t(11;14) positive patients 
or TP53 gene mutation is present in 17p deletion positive 
patients [5]. The MAPK genes mutations are represented by 
KRAS and NRAS, present in 40% of patients as well as BRAF 
genes mutations present in approximately 4% of patients 
[92]. Patients with mutations in NRAS or KRAS have worse 
survival than those with wild-type RAS genes [93]. It has been 
shown that patients with NRAS mutation exhibit reduced 
sensitivity to bortezomib [94]. For the MAP kinase pathway, 
several mutation-specific drugs are tested, e.g. vemurafenib 
in BRAF positive tumours or trametinib in AKT mutation [5].

Double/triple hit MM
High risk cytogenetic aberrations, especially secondary 
genetic aberration events, often overlap. For example, in 
a study by Boyd et al. in a group of patients with adverse 
IGH translocation [t(4;14), t(14;16) or t(14;20)], almost 
72% had additionally 1q gain, and 12.4% had 17p deletion 
[95]. To address the prognosis of patients with multiple 
adverse cytogenetic aberrations, the mSMART classification 
includes the concepts of ‘double hit’ (when any two high 
risk factors are present) and ‘triple hit’ (when any three 
high risk factors are present) as a high risk stage with 
poor prognosis (Table III) [7]. A recent study showed the 
predictive value of double- and triple-hit MM, with double-
-hit MM having OS of 6 months vs. 32 months for patients 
with one high risk factor, and 57 months for patients with 
no high risk factor [96].

Staging approaches

The most universally accepted staging systems are set out 
in Table III. The Mayo Clinic recommends both conventional 
cytogenetic and FISH tests, and FISH is preferred if both are 
not available. All patients should be stratified and classified 

into standard- or high-risk groups using the mSMART criteria 
(Table III) and the FISH set should include detecting at least 
t(11;14), t(4;14), t(14;16), t(6;14), t(14;20), trisomies, and 
17p deletion [71, 97]. The EMN recommends performing 
FISH after CD138+ plasma cell enrichment, and the analysis 
should include at least t(4;14) and 17p deletion; analysis 
of t(14;16), 1q gain and 1p deletion [98]. The National 
Comprehensive Cancer Network (NCCN) recommends FISH 
panel on bone marrow which includes 13 deletion, 17p 
deletion, t(4;14), t(11;14), t(14;16), t(14:20), 1q amplifica-
tion and 1p deletion as an initial work-up [99]. According 
to the IMWG, the essential testing should include either 
cIg-FISH or FISH carried out on the nuclei from purified 
plasma cells. The minimum panel required for prognostic 
estimation should include t(4;14), t(14;16) and 17p dele-
tions. A more comprehensive panel should include testing  
for t(11;14), 13 deletion, ploidy category and chromosome 1  
abnormalities [100]. The Polish guidelines for the basic 
evaluation of cytogenetic prognosis suggest stepwise FISH 
testing: the first step includes TP53 gene and IGH gene. 
If the IGH rearrangement is present, gene FGFR3/t(4;14) 
should be verified. If there is no FGFR3 fusion, further 
analysis should include MAF/t(14;16) gene status. Exten-
ded testing should include additionally t(14;16), t(14;20), 
chromosome 1 status, t(11;14), MYC rearrangement,  
13 deletion and the 5, 9 and 15 chromosome aberrations. 
Karyotyping is an optional study according to the Polish 
experts’ recommendations [101].

It should be highlighted that the risk factors described 
for newly diagnosed patients might be applicable to the 
relapse or refractory setting. However, in that case, other 
factors seem to be equally crucial. For example, the resi-
stance to primary treatment (primary refractory patients), 
or a short response after first line treatment with ASCT 
have poor prognosis, even if other high risk factors were 
not detected [102, 103]. Another powerful predictor of 
outcome in MM is MRD status after induction treatment, 
and its negativity predicts better survival [104]. Although 
not routinely monitored, MRD has a growing significance 
in monitoring the disease in clinical trials. MRD can be 
monitored by multiparameter flow cytometry or using mo-
lecular techniques like polymerase chain reaction (PCR) 
or NGS on a bone marrow sample. Studies evaluating NGS 
in MRD have shown that its negativity surpasses the tra-
ditional complete remission criterium in predicting better 
outcomes in MM patients [105, 106], and its sensitivity re-
aches 10–6 [107]. Limitations in utilising NGS in MRD moni-
toring include lack of standardisation, low availability, and 
frequent haemodilution of the bone marrow sample [98].

Conclusions

MM is a highly heterogenous, gnomically evolving and 
ever-changing disease, with no disease-identifying unique 
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molecular aberration. The coexisting numerous subclones 
and potential lack of functionality of some mutations 
make interpretation even more difficult. Nonetheless, 
based on the cytogenetic and molecular landscape, 
several different subtypes of MM have been identified 
with different clinical characteristics and prognosis, and 
clinical decisions regarding treatment should be made 
based on the cytogenetic results. The establishment of 
individualised and cytogenetic subtype- or mutation-tar-
geted treatment strategies are of the utmost importance 
in future studies.
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Abstract
Castleman disease is a very rare, lymphoproliferative disease, driven by dysregulation of the cytokine interleukin 6 (IL-6) 
and other proinflammatory cytokines with the development of symptoms of systemic inflammation, reactive proliferation 
of lymphocytes, and damage to numerous organs. HHV-8 infection plays a major role in the pathogenesis of human im-
munodeficiency virus (HIV+) multicentric Castleman disease (MCD). The aetiology of the idiopathic form of MCD (HIV/ 
/HHV-8 negative) is unknown.
In 2017, a panel of Castleman Disease Collaborative Network (CDCN) experts developed unified diagnostic criteria 
necessary for the diagnosis of idiopathic MCD. The disease has a diverse course, with a broad spectrum from mild to 
severe. The drug of choice according to the CDCN recommendation of 2018 for patients requiring treatment is anti-
-IL-6 monoclonal antibody, siltuximab. Immunomodulatory and immunosuppressive drugs are an alternative first-line 
treatment when anti-IL-6/IL-6R drugs are unavailable, and in subsequent lines of treatment after the failure of anti-IL-6 
antibodies. Chemotherapy is reserved for the treatment of severe forms of the disease. The prognosis in most patients 
is moderately good. Unfortunately, the availability of the new therapies remains limited.
Key words: multicentric Castleman disease, interleukin 6, siltuximab
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Introduction

Castleman disease (CD) is a very rare, non-neoplastic lymph 
node hyperplasia of unknown aetiology. Excessive release 
of interleukin 6 (IL-6) and other pro-inflammatory cytokines 
results in systemic inflammation, reactive lymphocyte 
proliferation, and organ damage. CD was first described 
by Benjamin Castleman in 1954 as angiofollicular lymph 
node hyperplasia limited to one nodal group, now classi-
fied as unicentric Castleman disease (UCD) [1]. Similar 
lesions involving several nodal groups simultaneously, 

described by Gaba et al. in 1974, usually accompanied by 
systemic symptoms, are now diagnosed as multicentric 
Castleman disease (MCD) [2]. In the 1980s, MCD diagnosis 
was correlated with immune deficiencies, mainly related 
to human immunodeficiency virus (HIV) infection. Since 
then, HIV-associated MCD cases and those unrelated to 
HIV infection (HIV–) have been systematically distinguished 
[3]. MCD has been also associated with POEMS syndrome 
(polyneuropathy, organomegaly, endocrine disorders, 
monoclonal gammopathy and skin lesions). The discovery 
of a direct link between HIV-associated MCD and human 
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herpesvirus 8 (HHV-8/KSHV, Kaposi sarcoma herpesvirus) 
infection was a breakthrough in our understanding of the 
pathogenesis of CD. It has been shown that HHV-8 replicat-
ing in plasmablastic cells in germinal centres stimulates 
the secretion of both viral and human IL-6 and many other 
pro-inflammatory proteins, which leads to characteristic 
histopathological (HP) lesions in the structure of lymph 
nodes [4]. The discovery of the key role of HHV-8 in the 
pathogenesis of HIV-associated MCD and the potential role 
of monoclonal plasma cells in the pathogenesis of POEMS- 
-MCD contributed to the reclassification of CD. The Castle-
man Disease Collaborative Network (CDCN) has proposed 
a classification system distinguishing the disease into 1) CD  
of known or suspected aetiology, i.e. related to HHV-8 in-
fection (HHV8-MCD) often coinciding with HIV infection; 2) 
cases associated with POEMS (POEMS-MCD); and 3) idio-
pathic MCD (iMCD) HHV8(–)/HIV(–) of unknown aetiology 
[5, 6]. First described in 2010 in Japan, TAFRO syndrome 
(thrombocytopenia, ascites, reticulin bone marrow fibrosis, 
renal failure, and organomegaly) has now been recognised 
as a variant of idiopathic MCD, i.e. iMCD-TAFRO [7]. Patients 
who do not meet the diagnostic criteria of TAFRO syndrome 
are classified as having idiopathic multicentric Castleman 
disease, not otherwise specified (iMCD-NOS) [6].

The incidence of Castleman disease in the general 
population is unknown. In the United States, approximate-
ly 4,750 new cases of CD are diagnosed annually, usually 
UCD (80–90%). In multicentric disease, 30–60% of cases 
are idiopathic [6, 8]. The best prognosis is for unicentric 
disease (UCD). In these cases, surgical resection of the le-
sion (the treatment of choice) results in long-term disease-
free survival (DFS) in more than 90% of patients [9]. The 
prognosis of idiopathic MCD depends on the severity of 
clinical symptoms. Before the anti-IL6 antibody era, 5-year 
overall survival (OS) was 55–77% [10]. The introduction of 
anti-IL6/IL-6R therapy has significantly improved the qual-
ity of life of many patients and prolonged overall survival, 
especially in the mild form of MCD. Yet the prognosis in the 
severe disease, including patients with TAFRO syndrome, 
is still unsatisfactory [11, 12]. The treatment of HIV-asso-
ciated MCD patients with a combination of antiretroviral 
therapy and rituximab has been a great success, increas-
ing 5-year OS from 33% to 90% [13].

Pathogenesis of idiopathic multicentric 
Castleman disease

CD is believed to result from the dysregulation of the 
immune system due to the excessive secretion of pro-
inflammatory cytokines. The current pathogenesis model 
assumes that lymph node hyperplasia and characteristic HP 
lesions result from the response to an excess of cytokines, 
mainly IL-6. For several years, the involvement of three main 
cytokine-stimulating mechanisms has been considered:  

1) autoimmune inflammation hypothesis; 2) paraneoplas-
tic syndrome with ectopic cytokine secretion hypothesis; 
and 3) cytokine stimulation by viruses other than HHV-8 
hypothesis [5, 14]. The relationship between CD and infec-
tion with viruses other than HHV-8, including Epstein-Barr 
virus (HHV-4, human herpesvirus 4) and other viruses from 
the Herpesviridae family, has not been confirmed [5, 15].

The hypothesis suggesting an autoimmune background 
highlights the role of germline mutations in immune system 
genes (innate immunity) and the production of abnormal 
antibodies. In the lymph nodes, autoantibodies stimulate 
antigen presenting cells to secrete cytokines [IL-1/tumour 
necrosis factor alpha (TNF-α)], and presumably could ac-
tivate yet unknown (MCD-related) cells to overproduce 
IL-6 and other pro-inflammatory cytokines. In a feedback 
loop, interleukin 6 may stimulate inflammatory cells to ex-
cessive secretion of cytokines (in a kind of vicious circle) [5]. 
Many autoimmune diseases that develop in consequence 
of unclear, complex immune system disorders leading to 
inflammatory response in various tissues and organs, in-
cluding rheumatoid arthritis (RA), Sjögren’s syndrome, 
systemic lupus erythematosus (SLE), and myasthenia gra-
vis, may coexist with similar histopathological features of 
lymph nodes as in CD.

According to the currently accepted criteria, several in-
flammatory and autoimmune diseases have to be excluded 
in order to diagnose iMCD. Importantly, the presence of an-
tibodies can result from MCD activity only. In approximately 
30% of iMCD cases, anti-nuclear antibodies (ANA), anti- 
-Sjögren-syndrome-related antigen A antibodies (SS-A), anti- 
-platelet or anti-erythrocyte antibodies may be present with-
out the diagnosis of another autoimmune disease [6, 16].

An alternative hypothesis suggests that CD is a paraneo-
plastic syndrome. Somatic mutations lead to the formation 
of a small pool of monoclonal stromal cells secreting pro-
inflammatory cytokines in the lymph nodes, which become 
a ‘trigger mechanism’ that drives cytokine production fur-
ther. Next Generation Sequencing studies have shown that 
platelet-derived growth factor beta (PDGFRβ) mutations are 
present in lymph nodes in nearly 20% of patients with UCD, 
and the mutations are probably present in the stromal cells 
(CD45-negative cells) [17]. Analogically to the paraneoplas-
tic POEMS syndrome, in which monoclonal plasmocytes con-
stituting only a small percentage of bone marrow cells are 
responsible for the excessive secretion of vascular endo-
thelial growth factor (VEGF) and, consequently, to systemic 
disorders, it has also been shown that patients diagnosed 
with CD have a higher risk of cancer compared to the gen-
eral population of a similar age (19% vs. 6%) [5, 16].

To explain the mechanisms underlying the pathogen-
esis of MCD, whole-exome sequencing (WES) studies have 
been performed, which allowed the selection of five unfa-
vourable prognostic genes. Among these, NCOA4 (nuclear 
receptor coactivator 4), also known as ARA70 (androgen 
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receptor-associated protein 70), encoding nuclear recep-
tor coactivator 4 protein (NCOA4), is of particular interest.

Abnormal expression and function of NCOA4 has been 
associated with carcinogenesis. L261F mutation in the 
NCOA4 gene appears to be highly specific for the idiopathic 
form of MCD. NCOA4 dysfunction may play an important role 
in the pathogenesis of CD through its association with MAP 
kinase (mitogen-activated protein kinase), which controls 
one of the most important pathways activating IL-6 [18]. 
Recent studies have suggested that excessive activation of 
T cells and mTOR protein kinase (mammalian target of ra-
pamycin), associated with the intracellular PI3K/AKT/mTOR 
signalling pathway, may play a key role in the pathogenesis 
of iMCD. Early attempts to use mTOR inhibitors in the ther-
apy are promising, and a study with sirolimus is underway 
in patients resistant to anti-IL6 antibodies [19].

Cytokines and their role in the pathogenesis 
of Castleman disease

A key role in the development of CD is attributed to IL-6,  
a multifunctional cytokine secreted by lymphocytes, macro
phages, monocytes, fibroblasts, mesothelial cells, mesan-
gial cells, endothelial cells, as well as numerous neoplastic 
cells.

To exert biological activity, IL-6 requires binding to the 
IL-6R receptor (gp-80, glycoprotein-80) on the cell surface 
(mIL-6R, IL-6 membrane receptor) or in a soluble form (sIL- 
-6R, soluble IL-6 receptor). Binding with the receptor results 
in a conformational change of glycoprotein-130 (gp-130), 
followed by autophosphorylation of gp-130-associated JAK 
kinase (Janus activated kinase), and phosphorylation of  
gp-130. The sequence of events leads to the activation 
of two signal pathways: STAT-3 (signal transducer and 
activator of transcription 3) and MAPK. In the nucleus, 
STAT-3 binds to the promoters of the acute phase inflam-
matory response genes. IL-6 plays an important role in in-
flammation and regulation of the immune response.

Specifically, it: 1) stimulates B cells and plasma cells to 
produce immunoglobulins (polyclonal hypergammaglobu-
linemia); 2) together with IL-1, it activates T cells and anti-
gen-presenting macrophages during acute phase reaction; 
3) it participates in switching between the innate response 
(infiltration of neutrophils) and the specific response (in-
filtration of monocytes and lymphocytes); 4) it stimulates 
angiogenesis by upregulation of VEGF; and 5) it is involved 
in the production of acute phase proteins in the liver, in-
cluding haptoglobin, C-reactive protein (CRP), and hepcidin 
(decreased production of albumin, iron blocking for haemo-
globin) [5, 20]. IL-6 presumably plays an important role in 
the development of autoimmune disorders associated with 
CD (haemolytic anaemia and immune thrombocytopenia) 
by stimulating CD5+ B cells to produce autoantibodies. An 
excess of IL-6 disrupts the ratio between Th17 cells (excess 

of pro-inflammatory helper cells) and Treg (regulatory lym-
phocytes protecting from autoimmunity). The other key 
cytokines include IL-1, which plays a more significant role 
in the pro-inflammatory cascade of events than does IL-6. 
A frequently observed elevated VEGF level is responsible for 
increased angiogenesis and permeability of blood vessels.

In cases of concomitant POEMS and MCD (POEMS-
-MCD), excessive VEGF secretion may stimulate the pro-
duction of IL-6. In other cases (POEMS-like symptoms with-
out the presence of monoclonal plasmocytes), the inverse 
mechanism is proposed, with stimulation of VEGF secre-
tion by IL-6 [5, 14]. Recently, excessive activation of CD8+ 
T cells, VEGF-A and the PI3K/AKT/mTOR pathway has been 
confirmed in patients resistant to IL-6 blockade [19].

Diagnosis, pathomorphology

HP image of the enlarged lymph nodes is characteristic, 
but not specific to CD. Similar or even identical lesions are 
described in virtually all enlarged lymph nodes in patients 
with RA, in approximately 30% of patients with SLE, and in 
many other inflammatory and infectious diseases [16]. The 
ultimate diagnosis requires a comparison between the HP 
images and clinical symptoms, and the results of laboratory 
workups with the simultaneous exclusion of inflammation, 
autoimmune, and neoplastic diseases.

In 2017, the panel of CDCN experts released the first 
unified diagnostic criteria of iMCD. According to this, two 
major criteria must be met: typical HP image, and lymph 
node enlargement ≥1 cm in the short axis in at least two 
locations. These two major criteria should be accompanied 
by at least two out of 11 minor criteria (including at least 
one laboratory criterion). At the same time, it is necessary 
to exclude all syndromes and diseases overlapping with 
iMCD (Table I) [6]. There are four HP variants of CD: 1) hya-
line vascular (HV), characterised by sclerosis of blood ves-
sels in atrophic germinal centre, concentrically surrounded 
by small lymphocytes in enlarged mantle zone; 2) plasma 
cell (PC) with expanded germinal centres and proliferating 
plasma cells; and 3) mixed variant (MV) with HV and PC 
features and plasmablastic cell (PB) variant present only 
in HIV-associated MCD [6].

Clinical presentation

The idiopathic form of MCD most often affects men aged 
40–60 (median 50 years). The plasma cell variant is 
observed in 40% of patients, mixed in 40%, and the least 
common (<20%) is the hyaline vascular variant (character-
istic for UCD). The most common symptoms of a relatively 
mild form of iMCD include progressive malaise, fatigue, 
exercise intolerance, general symptoms (fever, night 
sweats, weight loss), usually moderate lymphadenopa-
thy (sometimes spontaneous regression of lesions), and 
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hepatosplenomegaly. Approximately 10–20% of patients 
experience more severe symptoms of systemic inflamma-
tion, and in addition to ‘fatigue syndrome’, also vascular 
leakage syndrome with clinically significant peripheral 
oedema, fluid accumulation in body cavities (pleura, perito-
neum, or pericardium) or symptoms of organ failure (most 
commonly kidneys and lungs) [11, 16, 21, 22]. In rare 
cases, the symptoms can be life-threatening.

The diagnostic criteria for severe iMCD have recently 
been defined by the CDCN. These include organ damage, 
most commonly kidney disease (eGFR <30 mL/min, cre-
atinine >3.0 mg/dL), respiratory failure (interstitial lung in-
flammation or fibrosis), increased fluid retention (oedema, 
ascites, pleural or pericardial effusion), severe anaemia 

(haemoglobin ≤8 g/dL) and significant deterioration in 
performance status [Eastern Cooperative Oncology Group 
(ECOG) ≥2]. A diagnosis requires at least two of these symp-
toms (Table II). Usually in these cases significant laboratory 
abnormalities are present, such as high CRP level (≥100 g/ 
/dL), hypoalbuminaemia (≤2.0 g/dL), and thrombocytope-
nia (≤100 g/L) [23].

TAFRO syndrome is a unique form of iMCD. It was first 
described in 2010 in Japan as a syndrome consisting of 
thrombocytopenia, ascites, reticulin bone marrow fibrosis, 
renal dysfunction, and organomegaly (TAFRO = thrombo-
cytopenia, ascites, fibrosis, renal, organomegaly). It is pre-
sumed that the spectrum of cytokines involved in the de-
velopment of TAFRO syndrome may differ slightly from the 

Table I. Consensus diagnostic criteria for idiopathic multicentric Castleman disease (iMCD) according to Castleman Disease Collaborative 
Network (CDCN) (2017) [6]

MAJOR CRITERIA (both must be met)

1.	 Histopathological confirmation of lesions typical for CD, based on lymph node examination

2.	 Lymphadenopathy ≥1 cm in the short axis, in at least ≥2 areas

MINOR CRITERIA (at least two of these 11 must be met, including at least one laboratory criterion)

Laboratory criteria

1.	 CRP >10 mg/L or ESR >15 mm/h

2.	 Anaemia, Hb <12.5 g/dL for men and <11.5 g/dL for women

3.	 Thrombocytopenia, PLT <150 G/L or thrombocytosis, PLT >400 G/L

4.	 Hypoalbuminemia (albumin <3.5 g/dL)

5.	 Renal failure (eGFR <60 mL/min/1.73 m2) or proteinuria (total protein >150 mg/24 h or >10 mg/100 mL)

6.	 Polyclonal hypergammaglobulinemia (IgG >1,700 mg/dL)

Clinical criteria

7.	 General symptoms: night sweats, fever >38°, weight loss, fatigue (≥2 CTCAE)

8.	 Enlargement of spleen and/or liver

9.	 Fluid retention: oedema, ascites, pleural/pericardial effusions

10.	Eruptive cherry haemangiomatosis or follicular lesions: violaceous papules

11.	Lymphocytic interstitial pneumonia

EXCLUSION CRITERIA (it is necessary to exclude all entities resembling iMCD)

1.	 Infectious diseases

HHV-8 (LANA-1 negative in IHC, PCR negative)

EBV-lymphoproliferative disease

CMV, toxoplasmosis, HIV, active tuberculosis

2.	 Autoimmunological diseases (diagnosis based on applicable criteria for a given disease; presence of autoantibodies is not a crite-
rion that excludes iMCD)

SLE, RA, Still’s disease, juvenile idiopathic arthritis, autoimmune lymphoproliferative syndrome

3.	 Neoplastic diseases

Hodgkin’s lymphoma, non-Hodgkin’s lymphoma , multiple myeloma, isolated plasmacytoma, follicular dendritic cell sarcoma (FDC 
sarcoma), POEMS syndrome

CD — Castleman disease; CRP — C-reactive protein; ESR — erythrocyte sedimentation rate; Hb — haemoglobin; PLT — platelets; eGFR — estimated glomerular filtration rate; IgG — immunoglobulin G; CTCAE — Com-
mon Terminology Criteria of Adverse Events; HHV-8 — human herpesvirus 8; LANA-1 — latency-associated nuclear antigen; IHC — immunohistochemistry; PCR — polymerase chain reaction; EBV — Ebstein-Bárr 
virus; CMV — cytomegalovirus; HIV — human immunodeficiency virus; SLE — systemic lupus erythematosus; RA — rheumatoid arthritis; FDC — follicular dendritic cell; POEMS — polyneuropathy, organomegaly, 
endocrinopathy, monoclonal protein, skin lesions
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classical cytokines associated with iMCD-NOS. This explains 
the thrombocytosis and hypergammaglobulinemia typical for 
the diagnosis of iMCD-NOS, and the thrombocytopenia and 
normal or only slightly elevated levels of immunoglobulins 
observed in TAFRO syndrome. The latter is usually associated 
with a severe course of disease and a poor prognosis [12].

CD might be associated with paraneoplastic pemphigus 
(PNP), a very rare symptom often associated with UCD, and 
symptoms resembling POEMS syndrome, including poly-
neuropathy, present in approximately 2% of patients [21]. 
Typical laboratory abnormalities include normocytic anae-
mia, thrombocytosis or TAFRO-associated thrombocytope-
nia, high CRP and erythrocyte sedimentation rate (ESR), 
elevated fibrinogen, polyclonal gammopathy, decreased 
albumin level, as well as increased IL-6 and VEGF. Bone 
marrow examination often shows an increased percentage 
of polyclonal plasmacytes. In the peripheral blood, auto-
antibodies against erythrocytes and platelets, as well as 
antinuclear antibodies, are often present [6].

Treatment of idiopathic multiple Castleman 
disease based on guidelines of CDCN

The idiopathic form of MCD may be asymptomatic, with 
mild or moderate systemic symptoms, or immediately 
life-threatening ‘cytokine storm’ syndrome leading to multi-
organ failure. The therapeutic approach to iMCD varies due 
to the vast array of symptoms observed in the course of 
the disease. The first attempt to systematise the diagnostic 
and therapeutic recommendations was recently made by 
the CDCN expert panel. In 2016–2018, based on a few 
published studies and case reports (344 patients) and 
analysis of the treatment regimens used (479 regimens), 
the CDCN developed a consensus on three key issues for 
iMCD. The diagnosis criteria for the severe form of iMCD 
were defined (Table II), treatment algorithms were proposed 
(Table III), and treatment response evaluation criteria were 
developed (Table IV) [23].

Treatment of mild iMCD
Patients who do not meet the criteria of severe iMCD (Ta
ble II), without obvious organ dysfunction, in relatively good 
general condition, with moderate severity of IL-6-dependent 
inflammatory symptoms (fatigue, anaemia, impaired 
exercise tolerance, peripheral oedema) may require treat-
ment due to their deteriorating quality of life, expressed 
not only by the disturbance in performing daily activities, 
but also by limitations in their professional life. Clinically 
significant lymphadenopathy is a rare indication for treat-
ment initiation. Based on the results of a phase II study 
(the only randomised, double-blind, placebo-controlled 
study), the CDCN recommends (category 1) first-line treat-
ment with an anti-interleukin 6 (anti-IL-6) monoclonal 
antibody, siltuximab (11 mg/kg i.v. every three weeks) 
[23]. The safety of the drug was confirmed by the results 
of long-term observation in a previous phase I/II study, in 
which the median duration of treatment was 5.1 (range 
3.4–7.2) years, with a median of 81 cycles administered 
(range 49–129). In this study, as many as 74% of patients 

Table II. Diagnostic criteria of severe idiopathic multicentric Castle-
man disease (iMCD) according to Castleman Disease Collaborative 
Network (CDCN) (2018) [23]

Severe iMCD symptoms

1.	 ECOG ≥2

2.	 Grade IV renal failure (eGFR <30 mL/min, creatinine 
>3.0 mg/dL)

3.	 Ascites and/or oedema and/or pleural/pericardial effu-
sion 

4.	 Haemoglobin ≤8.0 g/dL

5.	 Respiratory failure, shortness of breath,  
symptoms of interstitial lung inflammation or fibrosis

The diagnosis of severe iMCD requires at least two of these five symptoms; ECOG — Eastern Co-
operative Oncology Group/ECOG performance status; eGFR — estimated glomerular filtration rate

Table III. Treatment recommendations for idiopathic multicentric 
Castleman disease (iMCD) according to Castleman Disease Col-
laborative Network (CDCN) (2018) [23]

iMCD-NOS/iMCD-TAFRO

Mild Severe

First-line therapy

Siltuximab ± prednisone

Tocilizumab ± prednisone

Rituximab* ± prednisone

Siltuximab 
± HD methylprednisolone

Tocilizumab 
± HD methyprednisolone 

± cyclosporine**

Second-line therapy

Rituximab ± prednisone 
± immunomodulator 

(thalidomide)

Thalidomide ± prednisone 
± cyclophosphamide***

Lenalidomide

CVP ± rituximab

CHOP ± rituximab

Second-line drugs

Bortezomib

Cyclosporine

Sirolimus

Anti-IL-1
*According to CDCN recommendations, first-line rituximab is recommended when anti-IL-6/IL-6R 
antibodies are unavailable, or when short-term anti-CD20 therapy is considered as an alternative to 
long-term anti-IL6 therapy; **combination of tocilizumab, HD-steroids, cyclosporine recommended 
by Japanese research group in iMCD-TAFRO therapy; ***TCP regimen [31] with an immunomodula-
tory drug in second-line of treatment or in first-line when anti IL-6/IL-6R are unavailable; NOS — not 
otherwise specified; TAFRO — thrombocytopenia, ascites, fibrosis, renal, organomegaly; IL-1 — inter-
leukin 1; HD — high dose; CVP — cyclophosphamide, vincristine, prednisone; CHOP — cyclophospha-
mide, adriamycin, vincristine, prednisone
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stayed on treatment for at least four years [24, 25]. The 
phase II study included 79 patients (iMCD) randomised to 
siltuximab or a placebo arm. In the siltuximab group, 34% 
nodal regression responses (complete or partial remission 
maintained for at least 18 weeks) were achieved, but no 
remission was observed in the placebo group. Benefit from 
the administration of siltuximab, defined as a significant 
improvement or relief of symptoms related to the disease, 
was observed in 60% of patients [26].

Data analysis and clinical experience indicate that the 
greatest benefit from the administration of anti-IL-6 treat-
ment is achieved in patients with severe cytokine-depen-
dent symptoms, defined as the presence of laboratory ab-
normalities (high CRP, ESR, fibrinogen, hypergammaglob-
ulinemia, significant anaemia, hypoalbuminemia). Final 
analysis for the predictive model of response to siltuximab 
identified four important parameters: elevated fibrinogen 
levels, CRP, hypergammaglobulinemia, and decreased 
haemoglobin levels. The level of IL-6 alone did not influ-
ence the response [27]. The expected effect of siltuximab 
on nodal regression requires time, as this drug has no di-
rect cytotoxic effect. In the phase II study, mean time to 
obtain overall response rate (ORR), defined as CR or PR, 
was five months [26]. It is recommended that in the early 
stages of treatment, biochemical parameter monitoring 
(CRP, ESR, albumin) and the improvement or resolution 
of disease-related symptoms should be used to evaluate 
treatment response. Nodal remission evaluation (using 
diagnostic imaging) should not be performed earlier than 
three months after treatment initiation [14, 23]. Patients 
who benefit from siltuximab treatment should continue 
the treatment, because there is a risk of relapse after 
treatment cessation. In a small group of patients receiv-
ing the drug for a long time, the intervals between doses 
were safely extended from three to six weeks, but the final 
effect of such a procedure requires longer observation. 
Many years of follow-up of patients receiving siltuximab 
did not reveal any significant treatment-related complica-
tions. The most frequently observed side effects include 

lipid disorders (hypertriglyceridemia, hypercholesterolae-
mia), a slight decrease in platelet count, and itching [25]. 
Based on the results of the phase II study, siltuximab has 
been approved for the treatment of iMCD in the United 
States and the European Union.

When siltuximab is unavailable, anti-interleukin 6 re-
ceptor monoclonal antibody (anti-IL-6R), tocilizumab (8 mg/ 
/kg b.w. i.v. every two weeks), is recommended by the 
CDCN as an alternative first-line treatment (category 2A). 
This drug has similar safety and efficacy profiles to siltux-
imab, but the evidence for its effectiveness is not supported 
by a randomised controlled trial. In a small, prospective, 
single-arm study (35 patients with iMCD), 86% of patients 
who continued treatment for at least five years benefited 
from tocilizumab. However, the effectiveness of the drug 
is determined here only by the percentage of patients who 
continued treatment (86%), and objective response criteria 
were not shown [28]. The drug has been approved for the 
treatment of iMCD in Japan. It is not recommended to ini-
tiate anti-IL-6 (siltuximab) or anti-IL-6R (tocilizumab) ther-
apy solely based on IL-6 levels. In the phase II study with 
siltuximab, several cases of patients with low or normal 
IL-6 levels who responded to treatment, as well as cases 
of patients with high levels of IL-6 without response to the 
antibody, were observed [26]. IL-6 concentration was not 
considered a criterion of response to the treatment be-
cause both siltuximab and tocilizumab can cause false el-
evations in IL-6 levels even up to 24 months after the final 
dose of the drug [14, 23, 29].

Depending on the clinical situation, anti-IL-6 therapy 
can be administered in combination with corticosteroids. 
Prednisone (1 mg/k b.w. for 4–8 weeks) should be con-
sidered with a gradual dose reduction (category 2B). It is 
possible to use higher doses of steroids depending on the 
clinical need. It is not recommended to administer corti-
costeroids in monotherapy because, despite their initially 
high effectiveness (46% ORR), extended treatment is asso-
ciated with a high rate of progression or requires a change 
of therapy due to side effects (54% failures) [23].

Table IV. Response criteria according to Castleman Disease Collaborative Network (CDCN) (2018) [23]

Complete response 
(1 +2 +3)

1. Laboratory workup: Hb, CRP 
albumins, eGFR 

2. Assessment of nodal lesions 
according to Cheson

3. Evaluation of systemic symptoms: 
fatigue, anorexia, fever, body weight*

CR Normal CR Complete resolution of symptoms

PR >50% improvement from base-
line applies to all parameters

PR Improvement in all symptoms 
(but not complete resolution)

SD Improvement <50% or deterio-
ration <25% of all parameters 

Does not meet CR, PR or PD 
criteria

Improvement in at least one symptom 
(but not all)

PD Deterioration of >25% of one 
parameter

PD Worsening of at least one symptom as-
sessed at least twice four weeks apart

*Symptom Severity Score assessed by Common Terminology Criteria of Adverse Events (CTCAE) version 4, improvement in fatigue, appetite and fever symptoms is ≥1 grade CTC reduction from baseline, 
weight gain ≥5% increase to baseline values; Hb — haemoglobin; CRP — C-reactive protein; eGFR — estimated glomerular filtration rate; CR — complete remission; PR — partial remission; SD — stable disease; 
PD — progressive disease
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If anti-IL6/anti-IL6R antibodies are unavailable, the 
alternative first-line treatment should consist of anti-
CD20 monoclonal antibody, rituximab (375 mg/m2 i.v., 
4–8 doses), most often in combination with steroids (cat-
egory 2B). Rituximab can be administered initially in weekly 
infusions (four doses) or at 2–3 weekly intervals (6–8 dos-
es) until the major systemic symptoms (e.g. general symp-
toms, fever, malaise) resolve. According to the CDCN rec-
ommendations, rituximab is proposed as the first-line drug 
for patients who are considering the possibility of short-
-term therapy (4–8 cycles) as an alternative to long-term 
anti-IL-6 therapy [23]. Long-term maintenance treatment 
with rituximab is not recommended.

There is no conclusive evidence for the efficacy of 
rituximab in patients with idiopathic MCD, as the evalua-
tion of its efficacy is mainly based on the experience with 
HIV+/HHV-8+ MCD. The results of a retrospective analysis 
comparing the efficacy of siltuximab to that of rituximab 
for iMCD patients indicate that the anti-IL6 (siltuximab)- 
-terated group had a significantly higher CR rate (p =0.034) 
and progression-free survival (PFS). It is worth noting that 
in the siltuximab group, approximately 75% of objective 
responses (ORR), defined as regression of nodal lesions, 
were achieved. This is a much higher percentage compared 
to the registration phase II study (34% ORR) [22]. The dis-
crepancy in the obtained results is explained by the fact 
that the patients enrolled to the phase II study had less 
severe systemic symptoms, which made the placebo arm 
possible, while patients from the retrospective analysis 
constituted the ‘real life’ population presenting a typical 
broad spectrum of symptoms. This observation seems to 
confirm that anti-IL-6 efficacy is directly correlated with the 
severity of inflammatory symptoms.

First-line anti-IL-6/ anti-IL-6R treatment failure is ob-
served in approximately 40–50% of patients. In these 
cases, it is recommended to use immunomodulatory or 
immunosuppressive drugs, possibly in combination with 
steroids and rituximab (category 2B). The most important 
immunomodulatory drug, thalidomide, is effective in mono-
therapy as well as in combination with rituximab. It lowers 
IL-6 expression and shows anti-angiogenic activity by low-
ering VEGF [23, 30]. In 2019, the results of a prospective 
phase II study were published. The study aimed to evalu-
ate the effectiveness of the TCP regimen based on the use 
of oral immunochemotherapy (TCP: thalidomide 100 mg 
daily for two years, oral cyclophosphamide 300 mg/m2 on 
days 1, 8, 15, and 22 in a 28-day cycle for one year, pred-
nisone 1 mg/kg b.w. on days 1, 2, 8, 9, 15, 16, 22, 23 in 
a 28-day cycle for one year). A high percentage of objective 
responses (48% ORR) was achieved in the group of previ-
ously untreated patients, with good treatment tolerance. 
Based on these results, TCD regimen can be considered 
as a first-line treatment, especially in countries where sil-
tuximab or tocilizumab are unavailable [31].

The recommendations for the third and subsequent 
lines of treatment are not strictly defined. According to the 
CDCN, if iMCD does not meet the severe form criteria, clas-
sic chemotherapy regimens should be avoided [23]. It is rec-
ommended to use other immunomodulatory or immunosup-
pressive drugs, because their effectiveness is comparable 
to classic chemotherapy (ORR 69%), but with significantly 
lower toxicity. The use of lenalidomide, bortezomib, cyclo-
sporin A, or an IL-1β receptor antagonist anakinra (supe-
rior control of IL-1 over IL-6) should be considered [14, 22, 
23, 32–34]. The efficacy of the mTOR pathway antagonist 
sirolimus has also been reported. A study is currently un-
derway to assess the efficacy of sirolimus in patients af-
ter treatment failure with anti-IL6 (NCT03933904) [19].

Treatment of severe iMCD
It is estimated that the severe form of iMCD accounts for 
about 10–20% of all CD cases. Clinically significant organ 
dysfunction (renal failure, massive oedema and exudates, 
respiratory failure, poor general condition) can be life-
threatening. This group of patients requires urgent use of 
high doses of steroids. It is recommended (category 1) to 
administer methylprednisolone at a dose of 500 mg/day 
simultaneously with siltuximab, which in this situation may 
be administered once a week for the first month of intensive 
care (11 mg/kg b.w. at days 1, 8, 15, 22). The patients 
who benefit from the treatment should continue siltuximab 
therapy in the standard regimen (every three weeks). At the 
same time, it is recommended to gradually reduce the doses 
of steroids until their complete discontinuation as soon as 
possible. An alternative option is to use tocilizumab (cat-
egory 2A). Due to the high risk of mortality in severe iMCD, 
it should be remembered that not all patients will respond 
to the treatment quickly. Some will not respond to the com-
bination of anti-IL-6 with steroids. Careful daily monitoring of 
the patient’s condition and laboratory parameters to evalu-
ate the response is recommended. If the general condition 
deteriorates, or no improvement is observed after a week 
of siltuximab administration, conventional cytostatics in 
multidrug regimens typically used to treat non-Hodgkin’s 
lymphoma, multiple myeloma or haemophagocytic lympho-
histiocytosis (HLH) should be administered [23].

The most commonly used regimens include: CVP ± R 
(cyclophosphamide, vincristine, prednisone ± rituximab), 
CHOP ± R (cyclophosphamide, adriamycin, vincristine, 
prednisone/dexamethasone ± rituximab), VDT-ACE-R (bort-
ezomib, dexamethasone, thalidomide, adriamycin, cyclo-
phosphamide, etoposide, rituximab), and HLH-scheme 
(etoposide, prednisone/dexamethasone, cyclosporine). 
Experience with the administration of these regimens is 
based on small groups of patients, and the evaluation of 
their effectiveness comes from retrospective analyses and 
case reports [23, 35]. Attempts to perform autologous or 
allogenic transplantation are casuistic and, according to 
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the recommendations of CDCN experts, should be consid-
ered only as a last resort therapy (with the exception of 
POEMS-MCD with bone lesions as an indication for autolo-
gous transplantation) [14, 23].

Severe iMCD often meets the criteria for TAFRO syn-
drome. In such cases, the CDCN recommends the same 
procedure as for iMCD-NOS. It seems that cyclosporine 
may play an important role in the therapy of TAFRO, espe-
cially in cases of recurrent thrombocytopenia and ascites. 
The Japanese research group recommends the use of to-
cilizumab in combination with cyclosporine and high doses 
of steroids in patients with TAFRO syndrome [36]. The ef-
fectiveness of other immunosuppressants, including calci-
neurin inhibitor (tacrolimus) and mTOR inhibitor (sirolimus), 
has also been described [37, 38].

Treatment response evaluation

The criteria for evaluation of treatment response were 
standardised by the CDCN in 2017 (Table IV). Comprehen-
sive evaluation of treatment response includes: 1) labora-
tory evaluation of inflammatory markers including four 
parameters: haemoglobin (Hb), CRP, albumin, and eGFR; 
2) regression of nodal lesions according to modified Che-
son criteria [39]; and 3) assessment of clinical symptoms 
(fatigue, eating disorders, fever, body weight) according to 
the National Cancer Institute Common Terminology Criteria 
of Adverse Events scale [version 4 of the National Cancer 
Institute — Common Toxicity Criteria (NCI–CTC) of adverse 
events (AE)]. CR requires normalisation of all biochemical 
parameters, PR is defined as improvement ranging from 
50% to 99% of baseline, while stable disease (SD) is defined 
as an improvement of less than 50% of baseline or deterio-
ration of any of the parameters <25%. Progressive disease 
(PD) is defined as a deterioration of any of the parameters 
by >25% of baseline. Relief of all disease-related symptoms 
or improvement in their severity (but not complete resolu-
tion) as assessed by the Common Terminology Criteria of 
Adverse Events (CTCAE) scale indicates CR or PR in the as-
sessment of systemic symptoms. In this case, progression 
means the deterioration of one of the symptoms observed 
on at least two consecutive visits, four weeks apart [23].

CDCN Project, NCT02817997

As part of the CDCN-supported project (NCT02817997), 
each patient can register their medical history at http:// 
//www.cdcn.org/accelerate. The purpose of the registry 
is to obtain demographic, clinical and laboratory data for 
further research into understanding this rare disease [14].
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Abstract
Introduction: Calculating accurate blood volume to process is a critical practice in apheresis planning; therefore, re-
searchers try to develop dedicated prediction models. In this analysis, we have attempted to compare three algorithms 
for two different apheresis collection protocols.
Methods: In a retrospective study, we have analyzed 137 apheresis procedures performed on 100 autologous patients. 
Apheresis procedures were performed with the Spectra Optia apheresis device with two protocols: mononuclear cell 
collection (MNC) and continuous mononuclear cell collection (cMNC). Three algorithms: a model based on mean col-
lection efficiency (CE2), a linear regression model, and a power regression model were validated by plotting collected 
CD34+ cell dose versus predicted CD34+ cell dose.
Results: All models showed high predictability for MNC procedure, a high correlation of predicted CD34+ yield and ac-
tual CD34+ yield (R2 =0.9547; 0.9487; 0.9474 for CE2-based model, linear and power regression model, respectively). 
In contrast, alteration between models for the cMNC procedure was greater (R2 =0.8049, 0.7970, and 0.8169) with 
a higher number of overpredictions. Further analysis revealed that for low CD34+ precounts blood volume to process, 
calculated with the three models, differ significantly up to fivefold times.
Conclusions: Utilizing regression models may lead to calculation errors, which can affect undercollection, repetition of 
apheresis, or even mobilization failure. Contrary to regression models, the model based on mean CE2 gave the most 
accurate prediction both for MNC and cMNC procedures. Although new prediction algorithms are created, this simple 
formula remains a reliable tool that promotes careful planning of apheresis, thus improving patient safety.
Key words: algorithm, apheresis, cMNC, MNC, Optia, peripheral blood stem cells
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Introduction

Understanding the principles of the apheresis technique 
is crucial for performing an efficient and safe peripheral 

blood stem cell (PBSC) collection. Optimizing all steps of 
the mobilization process, that is, preparation of patient, 
timing of the collection, and collection itself has been 
of interest to all haematology professionals involved in 
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Methods

Patients and apheresis
A retrospective study was performed on 100 consecuti-
ve patients, 137 peripheral blood stem cell collections, 
completed in a single center between May 2015 and No-
vember 2017. Information was collected on patient age, 
sex, diagnosis, weight, height, peripheral CD34+ precount 
before the procedure (CD34+pre), total blood volume (TBV) 
processed and yield — number of CD34+ cells collected per 
kg of recipient body weight (CD34+/kg body weight). Patient 
data are summarized in Table I.

All procedures were performed with Spectra Optia 
apheresis device with two protocols: MNC (n =77) and 
cMNC (n =60); the latter was introduced in 2014. Pe-
ripheral venous access was used whenever the nursing 
staff was able to insert cannulas (18 G–16 G) palpably; 
otherwise, a central venous catheter (13 F) was inserted 
before apheresis. A median inlet flow rate of 39 mL/min 
(range, 27–53 mL/min) was used for MNC and 50 mL/ 
/min (range, 27–77  mL/min) was used for cMNC. An 
initial 12:1 inlet:anticoagulant (AC) ratio was used for 
both protocols. It was necessary to decrease the ratio in 
a few MNC procedures where clothing in collection line 
was observed.

The CD34 target dose was 8 ×106 cells/kg of body wei-
ght for multiple myeloma patients and 4 ×106 cells/kg of 
body weight for lymphoma patients. Total blood volume to 
the process was roughly estimated by the operator based 
on previous experiences.

Collection efficiency (CE2) was calculated only with 
the pre-apheresis CD34+ count. The mean CE2 value was 
used for formulating a collection efficiency-based predic-
tion model.

  
CE2 = +CD34 /µL pre × TBV processed

 
+CD34 /µL prod × vol

2

  
CE1 = + +CD34 /µL pre + CD34 /µL post

 
+CD34 /µL prod × vol

× TBV processed

Prediction models and validation
The purpose of each model is to determine blood volume to 
process knowing the CD34+ pre. To validate their accuracy, 
created formulas were used for calculation of the predicted 
CD34+ yield based on the actual blood volume processed 
(TBV processed). The predicted CD34+ yield was compared 
to the actual CD34+ yield. Trend lines were set to cross 
point 0; 0 to eliminate an error where the points lie close 
to the trend line but are located in the underprediction or 
overprediction area of the validation graph.

Model based on the mean collection  
efficiency (CE2)
Blood volume to process can be calculated by equation:

hemopoietic stem cell transplantation (HSCT). PBSC 
collection aims to gather a sufficient number of cells for 
HSCT with minimizing the risk of adverse events associa-
ted with the procedure. It indicates performing apheresis 
at the right time with the application of a minimal number 
of procedures [1]. The kinetics of CD34+ cell increase in 
patients mobilized with granulocyte colony-stimulating 
factor (G-CSF), combined with chemotherapy, is difficult 
to predict. Numerous investigators focus on the timing of 
apheresis, that is, initiation of the procedure. It is widely 
approved to start apheresis with CD34+ cells circulating 
in blood at a minimal level of 10–20 cells in microliter 
[2–5]. A very strong correlation between CD34 precount 
and yield (CD34+ cells/kg of body weight) enables to 
determine a minimal CD34+ precount required for the 
collection of a minimal target dose and, in consequence, 
decreasing the number of unnecessary procedures [6–8]. 
This scheme, however, in which a fixed blood volume is 
processed through a separator, seems to be insufficient 
considering the difference in the patient’s height and 
body weight.

A need for an individualized approach to a patient led 
to a development of different algorithms, which determine 
blood volume to process through a blood separator to re-
ach a particular CD34+ cell target. Calculations based on 
the mean collection efficiency (CE2) (with an assumption 
that the CD34+ cell level in blood is equal throughout the 
whole procedure) provided a simple and fast method for 
calculating blood volume required to be processed [9–13].  
This method enables to reduce citrate toxicity, improves 
quality control, and promotes best practices by enabling 
benchmarking [12]. Furthermore, this algorithm was modi-
fied by decreasing the calculated CE to decrease the num-
ber of underestimated procedures, which could result in 
mobilization failure [14, 15].

An alternative method, first introduced by Mitterer et al. 
in the mid-1990s, applies a linear regression model [16]. 
A plot with CD34+ cell precount against CD34+ cells col-
lected per 10 L whole blood volume processed is used for 
creating equations to determine blood volume to process 
and predicted CD34+ yield [17, 18].

To increase accuracy, these models can be applied 
for stratified groups, that is, healthy donors, patients with 
different diagnoses [18]. Furthermore, the regression mo-
del could be tested for a nonlinear correlation. It leads to 
creating many models, but a question arises which model 
should be chosen? In this article, we try to compare the 
utility of these models and assess their accuracy. Addi-
tionally, to enlarge the extent of research, we build each 
model for two different PBSC collection protocols. We also 
observe the efficacy of the mononuclear cell collection 
(MNC) protocol and continuous mononuclear cell collec-
tion (cMNC) protocol.
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× body weight [kg]
  

cells

kg body weight

blood volume to process [mL] =

 +CD34 target

 +CD34 pre   
  

cells

mL
× CE2 [%]

=

Predicted CD34+ dose [cells/kg body weight] can be 
calculated by equation:

 +CD34 predicted   
  

cells

kg body weight
=

=

 +TBV processed [mL] × CD34 pre   
  

cells

mL
× CE2 [%]

body weight [kg]

Regression model
A plot with CD34+ collected/TBV processed [cells/kg body 
weight/mL] against CD34+pre enables creation of linear 
and power estimation curves, which are elucidated with 
equations y =ax +b and y =cxn. This regression model allows 
for the formation of the following formulas.

Linear regression:

blood volume to process [mL] =

 +CD34 target   
  

cells

kg body weight

 +CD34 pre   
  

cells

mL
× a + b

=

 +predicted CD34   
  

cells

kg body weight
=

 +TBV processed [mL] ×  CD34 pre   
  

cells

mL
× a + b=

Power regression:

blood volume to process [mL] =

 +CD34 target [cells/kg body weight]

  
  

cells

mL
c ×  +CD34 pre

n
=

+CD34  predicted   
  

cells

kg body weight
=

TBV processed [mL] × c ×=   
  

cells

mL

 +CD34 pre
n

CE — collection efficiency; TBV processed — actual blood 
volume processed during collection; vol. — product volume; 
CD34+/µL pre — patient pre-apheresis CD34+ blood cell co-
unt; CD34+/µL post — patient post-apheresis CD34+ blood 
cell count; CD34+/µL prod — product CD34+ cell count.

Table I. Patient characteristics

Variable MNC cMNC

Number of patients n =50 n =50

Sex (male, female) 30, 20 32, 18

Age, median  
(range)

61  
(23–69)

60  
(26–70)

Donor body weight [kg], 
median (range)

70  
(42–110)

74  
(49–114)

Height, median (range) 168  
(148–190)

170  
(149–190)

Donor TBV [mL],  
median (range)

4555  
(3004–6470)

4693  
(3112–6470)

Diagnosis

Multiple myeloma 40 36

Hodgkin lymphoma 1 6

Mantle cell lymphoma 3 3

Diffuse large B-cell 
lymphoma

2 4

Peripheral T-cell  
lymphoma

1 1

Follicular lymphoma 1 0

Burkitt lymphoma 1 0

Blastic plasmacytoid 
dendritic cell neo-
plasm

1 0

Mobilization regimen

Cytarabine + G-CSF 35 36

Cytarabine + G-CSF  
+ plerixafor

2 1

DCEP + G-CSF 4 3

R-DHAP + G-CSF 1 2

ICE + G-CSF 1 2

Dexa-BEAM + G-CSF 1 1

DHAP + G-CSF 2 5

R-GDP + G-CSF 1 0

IGEV + G-CSF 1 0

DCEP + G-CSF  
+ plerixafor

1 0

G-CSF + plerixafor 1 0

Venous access

Peripheral access 37 29

Central venous  
catheter

13 21

MNC — mononuclear cell collection; cMNC — continuous mononuclear cell collection; TBV — total 
blood volume; G-CSF — granulocyte colony-stimulating factor; DCEP — dexamethasone, cyclophos-
phamide, etoposide, and cisplatin; R-DHAP — dexamethasone, cytarabine, cisplatin, rituximab; 
ICE — ifosfamide, carboplatin, etoposide; Dexa-BEAM — dexamethasone, carmustine, etopo-
side, cytarabine, melphalan; DHAP — dexamethasone, cytarabine, cisplatin; R-GDP — rituximab, 
gemcitabine, cisplatin, dexamethasone, rituximab; IGEV — ifosfamide, gemcitabine, vinorelbine, 
prednisone
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Statistical analysis
For patient characteristics and device performance, 
descriptive statistics was used. Results are presented 
as median (min, max). The Spearman’s rank correlation 
coefficient was used to determine a relationship between 
the variables. The Wilcoxon signed-rank test assessed the 
hemoglobin loss after the procedure. Mann–Whitney U test 
compared the differences between protocol parameters 
(STATISTICA, version 13, StatSoft).

Results

MNC vs. cMNC protocol
Safety
The default setting of 12:1 inlet:anticoagulant (AC) ratio 
and the same blood volume processed expectedly did not 
contribute to difference in the volume of ACD(A) infused to 
patients: MNC 973 mL (337, 1543), cMNC 894 mL (451, 
1600) (Table II). In both procedures, only mild adverse 
events occurred occasionally, and they were mitigated 
by oral supplementation and calcium gluconate in saline 
intravenous drip infusion.

Conversely, a significant difference was observed in pla-
telet loss, higher for the MNC protocol by 24.2% (−5.7 to 
60.9), lower for the cMNC protocol 12.2% (−17.3 to 38.3). 
The platelet CE2 confirms higher platelet attrition for the 
MNC protocol 21.9% (9.1–47.5) versus 15.9% (10.2–21.3) 
for cMNC. The better performance of the cMNC protocol is 
a result of lower packing factor (lower g force), implemen-
ted in the Spectra Optia centrifuge. Thicker buffy coat in 
the cMNC protocol allows for more selective separation in 
terms of platelet product contamination.

In contrast, the level of hemoglobin in patient does not 
change for the MNC protocol after the procedure p =0.47, 
but it decreases significantly after the collection proce-
dure performed with the cMNC disposable set procedure 
p =0.009 (Table III). Again, this is a result of the technical 
solution implemented in the Spectra Optia centrifuge. The 
manufacturer recommends in the cMNC protocol to set the 
collection preference setting to collect product containing 
approximately 5% RBC. The Htc level we reached in our 
center is 3.0% (0.7–5.6), which is significantly higher than 
in the MNC setup (Htc 1.4% (0.8–3.7)). We indeed collec-
ted more RBC in the collection bag with the cMNC protocol 
4.94 mL (1.9–14.03) than with MNC 3.96 mL (1.40–13.34).

The difference between the procedures is also distinguis-
hable in cell concentration. White blood count (WBC) and gra-
nulocyte count in 1 µL of product was higher when performed 
with a new procedure. Despite this fact, the granulocyte per-
centage and overall number of granulocytes did not differ.

Performance
The time and effective collection time (average flow rate) 
differed favorably for the cMNC procedure (Table II). The 

manufacturer recommends not to exceed the blood flow rate 
of 62 mL/min for the MNC procedure to maintain the desired 
packing factor in the centrifuge, which elsewise could lead 
to reduced collection efficiency. The new protocol allows us 
to perform the procedure at higher inlet flows equally effec-
tive. However, with the application of this new procedure, 
we reached blood inlet flow above 62 mL/min only in seven 
cases, which was caused by vascular access limitations. With 
peripherally inserted cannulas, it is difficult to exceed the 
blood flow rate of 60 mL/min. Moreover, the blood flow rate 
may be limited by the recommended maximum anticoagu-
lant infusion rate of 1.2 mL/min/kg body weight. The higher 
effective collection time, obtained with the cMNC procedure, 
can be explained by lower sensitivity to blood flow changes.

Collection efficiency CE2 calculated with CD34+ preco-
unt alone was significantly higher for the MNC protocol. The 
different efficiency for both protocols is also confirmed by 
other useful and widely utilized parameters, that is, collec-
tion rate (Table II). Although the CD34+ precount did vary 
between the two cohorts, the performance parameters can 
be compared between the two groups of patients as long 
as the processed TBV is similar [19]. In our study, CE2 is 
independent of CD34+ precount (p =0.095 for MNC and 
p =0.281 for cMNC), which hereby supports this reasoning.

Regression analysis
The regression models showed a strong and very strong 
correlation between CD34+ precount and cells collected per 
1 L of blood volume processed both for MNC and cMNC 
protocol (Figure 1). This supports the use of CD34+precount 
for the calculation of blood volume to process. For the MNC 
protocol, the linear and power model did not show diffe-
rences resulting in similar R2. Interestingly, for the cMNC 
protocol, power regression showed a better correlation 
(R2 =0.9122 vs. R2 =0.7925).

Validation
We observed a high correlation of predicted CD34+ yield 
and actual CD34+ yield for the MNC protocol for all three 
algorithms: based on the mean CE2, linear, and power 
regression (Figure 2A–C). R2 was equal to 0.9547, 0.9487, 
and 0.9474 respectively. It confirms high reproducibility and 
stability of the procedure.

During the cMNC procedure validation, we noticed dif-
ferences between prediction algorithms. The power regres-
sion model and CE2-based one gave similar results regar-
ding R2 =0.8049 and 0.8169 (Figure 2D, F), respectively, 
but the relationship between the predicted and collected 
CD34+ yield in the linear model contributed to a poorer cor-
relation (R2 =0.7970, Figure 2E). Moreover, a comparison 
of validation outcomes for MNC and cMNC procedures re-
veals that overall the accuracy of cMNC prediction models 
is lower. The final yield is less predictive suggesting lower 
stability of the procedure or lesser device automation.
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Table II. Patient pre-apheresis haematology, procedure performance

Variable NMC cMNC p

n Median (range) n Median (range)

Preapheresis haematology
CD34 [/µL] 77 41.0 (2.5–1500.0) 60 110.5 (8.0–1106.0) 0.010
WBC [×109/L] 77 20.78 (5.05–100.02) 60 22.26 (4.00–65.12) NS
PLT [×109/L] 72 75 (37–233) 60 80 (41–282) NS
Granulocytes [×109/L] 77 16.62 (3.27–93.41) 60 17.58 (2.71–55.00) NS
Safety
PLT loss [%] 66 24.2 (–5.7–60.9) 56 12.2 (–17.3–38.3) 0.002
PLT CE1 [%] 66 21.9 (9.1–47.5) 56 15.9 (10.2–21.3) <0.001
ACD infused 65 973 (377–1543) 59 894 (451–1600) NS
Procedure
TBV processed 77 2.20 (1.10–3.00) 60 2.15 (1.30–3.20) NS
Whole blood processed [mL] 77 10162 (4218–16175) 60 9806 (4930–17603) NS
Procedure time [min] 77 261 (137–366) 60 203 (115–497) <0.001
effective collection time (average flow rate) 
[mL/min]

77 39 (27–53) 60 50 (27–77) <0.001

Product
Total collect volume pump [mL] 77 260 (100–580) 60 177 (104–295) <0.001
Htc [%] 77 1.4 (0.8–3.7) 60 3.0 (0.7–5.6)
WBC [×109/L] 77 60 260.805 (56.580–713.97) <0.001
PLT [×109/L] 77 60 636 (255–2426) NS
Granulocytes [×109/L] 77 60 71.790 (11.76–310.97) <0.001
Granulocytes [%] 77 60 29.523 (0.702–75.41) NS
Granulocyte content [×109] 76 12.9 (0.3–55.1) 59 13.5 (0.2–41.7) NS
MNC prod [×109/L] 77 98.44 (31.470–166.27) 60 133.655 (23.540–341.74) <0.001
MNC [%] 77 50.77 (24.26–94.66) 60 50.44 (14.07–87.88) NS
Neutrophils [×109/L] 77 46.88 (2.000–152.80) 60 63.905 (11.76–274.54) <0.001
Recipient CD34+/kg 77 3.10 (0.31–61.90 60 7.06 (0.40–48.30) 0.027
CD34+ total [×109] 77 201.24 (21.94 –5320.08) 60 567.94 (35.84–4103.72) 0.023
CD34+ [cells/µL] 77 1133.0 (93.8–22167.0) 60 2961.5 (128.0–22063.0) <0.001
RBC content [mL] 77 3.96 (1.40–13.34) 60 4.94 (1.9–14.03) 0.001
Performance
CD34 CE2 [%] 77 58.82 (31.55–157.38) 60 51.26 (11.27–100.20) 0.003
CD34 CE1 [%] 0 – 31 57.36 (28.69–107.58) –
MNC CE1 [%] 77 81.8 (28.1–233.5) 60 69.7 (9.2–253.4) 0.011
Collection rate [mL/kg] 77 71.93 (27.47–260.00) 60 59.50 (23.39–204.55) 0.027
Throughput [Cr/min] 77 0.2790 (0.1122–0.9886) 60 0.2970 (0.0629–0.6796) NS

MNC — mononuclear cell collection; cMNC — continuous mononuclear cell collection; WBC — white blood count; NS — not significant; PLT — platelets; TBV — total blood volume; RBC — red blood count;  
CE — collection efficiency

Table III. Hemoglobin loss (Wilcoxon signed-rank test)

Variable MNC cMNC

n Median (range) n Median (range)

Hb pre 70 9.6 (8.0–15.1) 55 10.0 (7.9–13.2)

Hb post 70 9.6 (7.1–14.9) 55 9.7 (7.6–12.4)

p 0.47 0.009
MNC — mononuclear cell collection; cMNC — continuous mononuclear cell collection; Hb — he-
moglobin

If we further analyze the linear regression validation 
plot for cMNC, we notice that the estimated and real CD34+ 
yields deflect from an ideal trend line toward lower yields. 
To further investigate models for each protocol, we plotted 
predicted blood volume to process to target 8 ×106 CD34+/ 
/kg body weight, which is the most common case (Figure 3). 
For CD34+ precount above 100 CD34+/µL, the calculated 
blood volume to process is comparable for all models. The 
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Figure 1. Regression model curves. Solid lines represent the linear model, dotted lines represent power regression model: mononuclear 
cell collection (MNC) protocol (A) and continuous mononuclear cell collection (cMNC) protocol (B)

+CD34  pre

0 200 400 600 800 1200

9

8

7

6

5

4

3

2

1

0

y =0.0075x +0.0109
2R  =0.9564

0.9743y =0.0083x
2R  =0.9526

1000

+
6

C
D

3
4

×
1

0
/k

g/
L

A

+CD34  pre

0 200 400 600 800 1200

7

6

5

4

3

2

1

0

0.9394y =0.0123x
2R  =0.9122

y =0.0049x +0.214
2R  =0.7925

1000

+
6

C
D

3
4

×
1

0
/k

g/
L

B

Figure 2A–F. Validation plots for mononuclear cell collection (MNC) and continuous mononuclear cell collection (cMNC) protocols. Col-
lected versus predicted CD34+ dose. The white area of the graph represents undercollection, that is, less CD34+ cells were collected than 
the model predicted. The grey area represents overcollection, more CD34+ cells were collected than the model predicted. Overcollection 
also implicates that the model has underestimated blood volume to process, which would enable to obtain the desired CD34+ target dose
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difference rises below 100 CD34+/µL, and the difference 
in the values is from twofold even up to fivefold.

Validation CD34+ precount <100 cells/µL
Again, by generating a validation plot we examined the ac-
curacy of models for collections with CD34+ precount below 
100 CD34+/µL (Figure 4). Similar to blood volume to process 
(Figure 3A), models for the MNC procedure, based on the 
mean CE2, linear, and power regression give comparable 
results (Figure 4A). A very good correlation, which is almost 
close to ideal, is observed for trend lines. The coefficient of 
determination equals 0.9092, 0.8652, 0.8652, respecti-
vely. For the cMNC protocol, the three models give different 
results (Figure 4B). The linear and power regression models 
show a low correlation, where R2 =0.6025, R2 =0.6763 with 
most points lying in the overprediction part of the validation 
graph. Only the model based on the mean CE2 proves a good 
correlation R2 =0.8118 with trend line lying close to ideal.

Underestimation and overestimation  
of blood volume to process
An algorithm can underpredict the target dose, which me-
ans that the predicted dose will be lower than actual. It can 
also overpredict the dose; therefore, the predicted dose 
will be higher than the collected one. Overprediction also 
means that the algorithm underestimates blood volume 
to process. This may result in the repetition of apheresis 
or even mobilization failure. We enumerated the number 
of underestimations and overestimations of blood volume 
to process to study the safety of each prediction model 
(Figure 5).

MNC models again showed consistent results with 
slightly more underestimations than overestimations (Figu-
re 5A–C). cMNC regression models underestimated blood 
volume to process in most cases (Figure 5E, F). Only the 
mean CE2 model gave a similar number of underestima-
tions and overestimations (Figure 5D).
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Figure 3A, B. Predicted blood volume to process [L] versus CD34+ pre. For the continuous mononuclear cell collection (cMNC) protocol, the 
differences in predicted volume increase significantly with decreasing CD34+ pre
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Discussion

MNC versus cMNC
Safety and performance
The relative safety and simplicity of peripheral stem cell 
collection rendered blood separators widely utilized in 
hematopoietic stem cell transplantation. Although severe 
adverse events happen rarely [20], professionals constantly 
pay attention to the safety of a procedure, particularly when 
introducing a new apheresis protocol [12]. Although some 
data about the new cMNC protocol have been published 
[11, 15, 21], we have carefully examined patient blood 
parameters to ensure safety.

The anticoagulant consumption did not differ, which 
made the new procedure as safe as the MNC in terms of 
anticoagulation optimization. This is not surprising as the 
device manages anticoagulation identically, and settings 
for both protocols are managed equally.

Hemoglobin and platelet count are often below the re-
ference level in mobilized patients after chemotherapy tre-
atment. Shlenke et al. [22] considered hemoglobin (Hg) 

level above 9 g/dL safe and platelet level above 30 ×109/L 
satisfactory for performing a safe apheresis. By selecting 
a proper Spectra Optia parameter setup and the appropriate 
collection set, transfusion can be avoided. The MNC proto-
col will be suited for patients with critically low hemoglobin 
levels, and the cMNC protocol will be beneficial in individu-
als with critically low platelet count. This is a very important 
conclusion that illustrates how understanding of apheresis 
principles impacts the planning of collection procedures.

The occurrence of adverse events after the infusion 
of PBSC is related to the number of granulocytes in the 
graft. It is stressed that high-quality apheresis product 
is needed for transplantation [23]. As the granulocyte 
content between two protocols did not differ, we conclu-
de that the new protocol again fulfills acceptance crite-
ria and is safe.

The mean CE2 value of 56.0% for MNC and 47.6% for 
the cMNC protocol correspond to the published ones [11, 
12, 15, 17, 21, 24, 25]. The consistency of Spectra Optia 
performance results, revealed by different authors, sup-
ports repeatability of devices. Consequently, our findings 
may have a relevant impact on the work of apheresis units, 
which utilize prediction algorithms to calculate blood vo-
lume to process.

Accuracy of prediction models
A reliable algorithm for determining blood volume to 
process should enable us to collect enough cells for 
a transplantation and prevent unnecessary long pro-
cedures. Prediction models for MNC procedures were 
comparable and suggest high reproducibility of the pro-
cedure. Performance variables support this conclusion 
as they are similar to those published by other authors 
[12, 15, 17, 21, 24–26].

The most significant differences between the algorit-
hms were observed in the cMNC protocol. Which model 
should be therefore utilized for clinical practice? Regres-
sion models showed either a worse correlation (particu-
larly for CD34+ precount below 100 cells/µL) or significant 
overprediction. The regression models are based on an 
entire range of CD34+ precounts. If the correlation is not 
ideally linear, high values can increase discrepancy. This 
observation is consistent with observations made by other 
authors who note that CD34+ precount >200 cells/µL is 
considered as an outlier [27]. This data, coming from pa-
tients called super mobilizers, affected the model, resul-
ting in overprediction. This can be especially dangerous 
for poor mobilizers when underestimation of blood volume 
to process can increase probability of mobilization failure.

In contrast to the MNC protocol, where all models were 
accurate, for the cMNC, only the mean CE2-based model 
was proven to be reliable. It contributed to a good correla-
tion during the validation and did not show overestimation 
or underestimation.

MNC cMNC

CE2 based model
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Linear regressionLinear regression

Power regressionPower regression

Overestimation

Underestimation

EB

FC

 

A
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Figure 5A–F. The white color represents the number of proce-
dures that overestimated blood volume to process and the gray 
color represents underestimation. The latter situation is partic-
ularly dangerous because of the need for apheresis repetition 
and mobilization failure risk; MNC — mononuclear cell collection;  
cMNC — continuous mononuclear cell collection
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Which algorithm to choose?
The authors have considered the regression model a good 
tool for determining blood volume to process. However, they 
have also reported that the prediction algorithm was not 
followed unreservedly as there was a risk of collecting an in-
sufficient number of CD34+ cells [17]. This approach did not 
enable to reveal the number of undercollections, but it was 
reasonable in terms of patient safety. The CE2-based mo-
del, applied and validated in the MNC protocol, did not differ 
from the regression models. When the model was applied 
in the cMNC protocol, the most accurate results were obtai-
ned.Hence, we suggest utilization of this model for clinical  
practice.

As was said in the introduction, many models and appro-
aches have been presented and examined, but there is no 
publication which would compare these models. Further 
studies in the field of prediction models are required. De-
spite limitations of retrospective studies, this analysis has 
provided a safe way to notice hazardous inaccuracy of re-
gression models. With a low CD34+ precount, the calcula-
ted blood volume to process differed fivefold between mo-
dels. The CE2-based model is simple, but yet no one has 
developed a model which would significantly change pre-
diction accuracy. Although WBC precount also correlates 
with CD34+ yield, it does not increase multiple regression 
model (data not shown).

In conclusion, the CE2 model is a simple method, yet 
reliable for all CD34+ precounts. Moreover, it can be easily 
adjusted by constrained CE2 decrease to avoid undercol-
lections. The utility and simplicity of this method should 
promote accurate planning of apheresis and procedure 
parameters among apheresis unit operators, which will 
improve patients’ safety.
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Abstract
Introduction: Immune thrombotic thrombocytopenic purpura (iTTP) is a rare disorder caused by acquired autoantibodies 
to a disintegrin and metalloprotease with thrombospondin-1 motifs (ADAMTS-13) that normally cleaves von Willebrand 
factor macromolecules. It is manifested by microangiopathic hemolytic anemia, systemic microvascular thrombi forma-
tion, and subsequent end-organ ischemia (renal and neurological manifestations). Early diagnosis and management 
resulted in improving the survival rate. This is a retrospective study conducted to describe the clinical characteristics of 
patients diagnosed with iTTP, their survival, and prognostic factors affecting it.
Methods: We included adult patients who met the diagnostic criteria of iTTP between 2016 and 2019. Based on PLAS-
MIC score for TTP, our patients ranged from 6 to 7. ADAMTS-13 testing was not done because of financial issues.
Results: A total of 21 patients were included in this study. The median age of the studied patients was 30.45 years, and 
81% of them were female. The most common clinical feature was fever (57.1%), followed by bleeding manifestations 
(52.4%), neurological manifestations (47.6%), renal impairment (42.9%), and cardiac manifestations (9.5%). There 
were a total of 4 deaths (19.04%). The overall survival was correlated significantly with neurological manifestations and 
PLASMIC scores (p =0.02, 0.012, respectively).
Conclusions: Our report reinforces that iTTP is not mandatory to be presented with classic pentad. Using PLASMIC 
score could help in the diagnosis and prediction of survival, and we strongly suggest that the absence of neurological 
manifestations results in better overall survival. Therapeutic plasma exchange should be started as soon as possible 
once iTTP is suspected. Rituximab has an important role in improving treatment outcomes.
Key words: ADAMTS13, rituximab, thrombotic microangiopathy, thrombotic thrombocytopenic purpura
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Introduction

Thrombotic thrombocytopenic purpura (TTP) is a life-
-threatening thrombotic microangiopathy associated with 
a severe deficiency in ADAMTS13 (a disintegrin and me-
talloprotease with thrombospondin-1 motifs; 13th member 
of the family), the enzyme that cleaves the ultra-large von 
Willebrand factor (vWF) multimers in human’s plasma [1]. 

ADAMTS-13 deficiency is caused by a mutational defect in 
the ADAMTS-13 gene (congenital TTP) or immune-mediated 
(iTTP) by circulating autoantibodies against ADAMTS-13 
that may be associated with a prior immune “trigger” such 
as pregnancy, history of infection, systemic disorders, and 
drugs [2]. iTTP is more common in the 4th decade, with 
female to male ratio of 3:2 [3]. TTP must be suspected 
and confirmed by laboratory testing following its clinical 
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intermediate-risk (5), and high-risk (6–7). Internal and ex-
ternal validation studies revealed that the frequency of se-
vere ADAMTS-13 deficiency is 0–4%, 5–24%, and 62–82% 
in all risk categories, respectively [10].

Treatment response was defined according to inter-
national recommendations as a complete response (CR), 
which was defined as the absence of any clinical manife-
stations and normalization of platelet count for ≥2 days. 
No doubling of platelet count after four days of standard 
intensive therapy and persistently high LDH levels was con-
sidered as a refractory disease. Relapse was the reappe-
arance of clinical features of iTTP for at least 2 days [11].

Statistical analysis
Data were analyzed on a personal computer running 
SPSS21 for Windows (Statistical Package for Social Scien-
tists) Release 18. A 2-tailed p-value of <0.05 was stati-
stically significant. For descriptive statistics of qualitative 
variables, the frequency distribution procedure was run with 
the calculation of the number of cases and percentages. 
For descriptive statistics of quantitative variables, mean, 
standard deviation (SD), and range were used to describe 
the central tendency and dispersion as appropriate. The ove-
rall survival was estimated through the Kaplan-Meier test.

Results

This study was conducted on 21 patients. The mean age 
of the studied patients was 30.45 years, and 81% of them 
were female. The most common clinical feature was fever 
(57.1%), followed by bleeding manifestations (52.4%), 
neurological manifestations (47.6%) in form of headache, 
slurred speech, seizures, confusion up to coma, renal 
impairment (42.9%), and cardiac manifestations (9.5%) in 
form of arrhythmia and myocardial infarction. The mean va-
lues at presentation were consistent with microangiopathic 
hemolytic anemia (Table II).

presentation. The “classical” pentad that includes throm-
bocytopenia, MAHA, fever, renal failure, and neurological 
manifestations is uncommon. Gastrointestinal symptoms, 
such as vomiting, diarrhea, and abdominal pain are fre-
quent; however, myocardial ischemia, pancreatitis, and 
less commonly, a pulmonary injury may also occur [3, 4].

Advanced age, cardio-vascular system affection, and 
high lactate dehydrogenase (LDH) values have been cor-
related with high mortality risk. Management of iTTP invol-
ves proceeding safely and quickly initiating the immunomo-
dulating agents targeting the lymphocytes responsible for 
autoantibodies production alongside a treatment backbo-
ne of therapeutic plasma exchange (TPEx), which helps to 
replete ADAMTS-13 and remove vWF and autoantibodies 
[5]. Untreated iTTP is associated with mortality as high as 
90%; with TPEx, mortality can be reduced to 20% [6]. ISTH 
guidelines recommend using corticosteroids in addition to 
TPEx for treatment of first acute episode and relapses of 
iTTP. Meanwhile, adding rituximab will be effective in the 
treatment of known comorbid autoimmune disease [7].

Recently, caplacizumab (anti-vWF nanobody), blocks the 
adhesion of platelets to vWF and prevents the formation of 
microvascular thrombi [8]. It is recommended to be used 
early at the time of an acute TTP event. However, it neither 
corrects the level of plasma ADAMTS-13 nor does it suppress 
the autoantibodies to ADAMTS-13. Thus, other immunosu-
ppressive therapies use steroids and rituximab that are still 
required to control the underlying disease process [7–9].

In this study, we demonstrate the basic clinic-patholo-
gical features of TTP patients emphasizing the pattern and 
outcome of the disease.

Material

Patients and methodology
All data from iTTP patients referred to Oncology Center and 
Mansoura University from 2016 to 2019 were analyzed. 
We diagnosed our cases based on negative coombs test 
hemolytic anemia and found the presence of schistocy-
tes in peripheral blood film stained with Leishman stain, 
acute peripheral thrombocytopenia (<150 ×103/mm3), 
reticulocyte counting by brilliant cresyl blue staining plus 
or minus the rest of the characteristic pentad. A workup 
including history, physical examination, radiological stu-
dies, serum LDH, liver function, renal function test, viral 
marker, antinuclear antibody, anti-double-stranded DNA 
antibody to exclude secondary causes of iTTP as drugs, 
pregnancy, autoimmune diseases, malignancies, HIV, and 
other infections. ADAMTS-13 testing was not done because 
of financial issues.

We retrospectively applied the PLASMIC score to stra-
tify the cases (Table I). The PLASMIC score is a seven-
-item score with one point is assigned for each item. The 
risk stratification categories are as follows: low-risk (0–4), 

Table I. PLASMIC scoring system

Variables Points

Platelet count <30 ×109/L 1

Hemolysis present:

•	 reticulocyte count >2.5%, or

•	 haptoglobin undetectable, or

•	 indirect bilirubin >2.0 mg/dL

1

No active cancer 1

No history of solid organ or stem cell transplant 1

Mean corpuscular volume (MCV) <90 1

International normalized ratio (INR) <1.5 1

Creatinine <2.0 mg/dL 1
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The patients were administered with steroids and TPEx 
for treatment, and the average number of sessions was 
15 (range 2–45 sessions). Seven patients required ritu-
ximab, 6 of them received it at presentation, and it was 
administered as the second line in one patient; 47.62% 
of patients required cyclosporine as second or third line. 
There were 4 deaths (19.04%), 2 of them were related to 
relapse and the other 2 were secondary to refractoriness 
to therapy.

The mean overall survival of the studied patients was 
19.84 months [95% (confidence interval) CI: 16.41–23.55]. 
The patients presented with a PLASMIC score 6 and the 
absence of neurological problems were associated with 
better overall survival compared to other groups with sig-
nificant p =0.012, 0.02, respectively compared with other 
groups as shown figures 1 and 2, while overall survival in-
significantly correlated with age >30 years (p =0.1), fever 
(p =0.42), and renal impairment (p =0.38).

Discussion

Thrombotic thrombocytopenic purpura’s diagnosis is chal-
lenging secondary to its variable clinical presentations, 
which could overlap with other thrombotic microangio-
pathies and the unavailability of ADAMTS13 tests [12]. 
Many diagnostic scores are available such as the PLASMIC 
score, which is considered a useful application; as it has 
been able to diagnose TTP associated with ADAMTS-13 
deficiency practically and statistically accurate, it’s of low-
-cost, fast, especially in developing countries [10]. Other 
scores as the French registry-based score (Table III) and the 
one proposed by Bentley et al. are also available [13, 14].

In this study, we review the clinical presentations and 
laboratory tests for TTP. We also used the PLASMIC score 
to retrospectively assess our patients.

Our data revealed that females represented 81% of the 
studied cases, with a mean age of 30.45 ±9 years. The most 

Table II. Basic descriptive date of studied group

Parameters Mean ± SD

Age (years) 30.38 ± 9

Haematologi-
cal parame-
ters

WBC ×109/L 10.42 ± 6.58

Hb [g/dL] 7.31 ± 1.43

Platelets ×109/L 33.9 ± 24.11

Reticulocyte count [%] 5.5% ± 2.6%

Schistocytes cells [%] 6.14% ± 2.26%

Liver function 
test

SGPT 44.9 ± 38.12

SGOT 64.14 ± 60.9

Total bilirubin  
[mg/dL]

2.81 ± 1.05

Serum albumin  
[mg/dL]

3.62 ± 0.71

Renal fun-
ction test

Serum creatinine 
[g/dL]

3.21 ± 3.12

LDH [U/L] 1966.52 ± 941.13

No. [%]

Clinical pre-
sentations 

Fever 12 (57.1%)

Bleeding manifesta-
tion

11 (52.4%)

Neurological manife-
station

10 (47.6%)

Renal impairment 9 (42.9%)

Cardiac manifestation 2 (9.5%)

PLASMIC 
score

6 12 (57.1%)

7 9 (42.9%)

SD — standard deviation; WBC —  white blood cells; Hb — hemoglobin; SGPT — serum glutamic-
-pyruvic transaminase; SGOT — serum glutamic-oxaloacetic transaminase; LDH — lactate dehy-
drogenase

Figure 1. Effect of PLASMIC score on overall survival (OS) of stud-
ied cases
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Figure 2. Effect of neurological (neuro) manifestations on overall 
survival (OS) of studied cases
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common feature in our study was fever (57.1%), followed 
by bleeding manifestations (52.4%), neurological manife-
stations (47.6%) in form of headache, slurred speech, se-
izures, confusion up to coma, renal impairment (42.9%), 
and lastly cardiac manifestations (9.5%).

Meanwhile, an Omanian study conducted on 38 TTP pa-
tients revealed that the patients’ mean age was 36 years, 
66% of patients were females. Their clinical presentation 
was: fever (63%), renal impairment (50%), bleeding (31%), 
fits (21%), high blood pressure reading (21%), headache 
(15%), confusion (15%), postpartum presentation (15%) 
and stroke (7.9%) [15].

In comparison to the review from Oklahoma TTP-HUS Re-
gistry that studied 78 patients with acquired TTP, gastrointe-
stinal symptoms were found recorded in 69%, weakness in 
63%, bleeding or purpura in 54%, major neurological findings 
including (coma, stroke, transient focal abnormalities, and 
seizures) were recorded in 41% of patients, while minor neu-
rological findings including (confusion and headache) were 
found in 26% of patients and fever with chills in 10% [16, 17].

Focusing on neurological and renal affection in TTP 
patients, their pathogenesis is mainly caused by the de-
position of hyaline thrombi widely with fibroblastic infiltra-
tion and endothelial overlay found in the terminal arterio-
les and capillaries of multi-organs. Pre-occlusive pseudo-
-aneurysmal dilatation may be one of the mechanisms. 
These mechanisms explain the severity of these events in 
TTP patients and their consideration as independent risk 
factors for prognosis [18].

We retrospectively stratified our iTTP patients based on 
the PLASMIC score, and all of them were categorized as 
a high-risk group, 12 patients (57.1%) were with a score of 
6 and 9 patients (42.9%) were with a score of score 7. The 
PLASMIC score was developed and validated by a study con-
ducted on 214 cases in the Harvard Thrombotic Microangio-
pathies Research Collaborative Registry [10]. In addition, the 
100% diagnostic accuracy for PLASMIC score was confirmed 
by a study conducted in eight patients with iTTP, 4 cases 
with ADAMTS-13 activity <10%, had a PLASMIC score of 6. 
The other 4 had ADAMTS-13 activity >10%, had a <6 score. 
Also, the PLASMIC score predicted accurately their respon-
se to TPEx and the risk of long-term poor outcomes [19].

However, Prevel and his colleagues [5] provide evidence 
that the diagnosis of iTTP based on clinical scores aimed 
at predicting a severe ADAMTS-13 deficiency may be less 
accurate among older patients as organ damage in older 

patients following microthrombi formation may develop 
earlier than in younger patients, leading to earlier clinical 
manifestations with older age. In contrast, the organs of 
younger patients could tolerate microthrombi and ischemia, 
which leads to more aggressive cytopenias.

Steroids and TPEx were used for treatment, and the 
average number of sessions was 15; (range 2–45 ses-
sions). Seven patients required rituximab, 6 of them re-
ceived it at presentation, and it was administrated as the 
second line in one patient, 47.62% of patients required cyc-
losporine as the second or third line. There were 4 deaths 
(19.04%), 2 of them were related to relapse and the other 
2 were secondary to refractoriness to therapy. However, 
we noticed that using rituximab as the first line in addition 
to TPEx and steroids improved the survival of our patients 
who had neurological manifestation at presentation.

Rituximab is a monoclonal IgG1ĸ antibody, which is com-
monly used in treatment regimens for iTTP. Rituximab can 
prevent relapse and reduce mortality. Its half-life is about 
2 to 3 weeks but ultimately depends on the underlying tre-
ated condition, presence of TPEx, and CD20+ lymphocyte 
load [20, 21]. A prospective study by Carden et al. 2020 [22] 
conducted on three patients studying the role of rituximab 
in iTPP, found that rituximab can eliminate all circulating 
CD20+ B and T cells within 24 hours for each patient, despi-
te uninterrupted daily TPEx through multiple mechanisms, 
including antibody-dependent cell-mediated cytotoxicity, 
complement-dependent cytotoxicity, and apoptosis.

Data revealed that the mean overall survival of our pa-
tients was 19.84 months (95%CI: 16.41–23.55). Patients 
presented with PLASMIC score 7 and absence of neurolo-
gical manifestations were associated with better overall 
survival with significant p =0.012 and 0.02, respectively, 
compared with the other groups, while the overall survival 
insignificantly correlated with age, fever and renal impair-
ment (p =0.1, 0.42, and 0.38, respectively). Similarly, it 
was reported in a study from the UK TTP Registry involving 
292 patients that 24% of the patients who presented with 
a reduced Glasgow Coma Score were significantly asso-
ciated with shorter overall survival compared to the other 
groups (p <0.0001) [23].

A study conducted by Prevel et al. [5] on 411 patients 
showed that for patients aged more than 60 years, renal 
impairment; cardiac involvement, and total TPEx volume 
were independently associated with mortality. That is why 
physicians should be aware of atypical clinical presenta-
tions and for immediate intervention once suspected, which 
could improve the prognosis in iTTP patients.

Conclusion

The high cost of ADAMTS-13 testing makes it infeasible 
to do it for all patients in our country, and that is why we 
retrospectively applied the PLASMIC score trying to validate 

Table III. The French score — modified

Variables Points

Platelet count <3 ×1010/L 1

Creatinine >2.26 mg/dL 1

Reactive antinuclear antibodies 1
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it in our community. A high PLASMIC score indicates imme-
diate TPEx without losing time waiting for ADAMTS-13 level, 
while a low score, synchronized with low clinical probability, 
justifies further search for an alternate diagnosis in order 
to avoid overuse and associated complications of TPEx. We 
also aimed to focus the spot on neurological presentation 
of TTP patient correlating with worse survival and this may 
be put into consideration as a risk factor during deciding 
the treatment plan.
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Abstract
Introduction: Nowadays, a significant number of children with acute leukemia can be cured. Iron overload, related to 
blood transfusions and its long-term complications, remains a problem. Elevated ferritin concentration is often observed 
in this group.
The aim of this study was to evaluate the prognostic value of serum ferritin on long-term outcomes in children treated 
for acute leukemia. 
Material: We studied 71 patients treated for acute lymphoblastic (ALL) or myeloblastic (AML) leukemia between 2005 
and 2011. Serum ferritin concentration, serum transaminases activity, lactic dehydrogenase and C-reactive protein 
levels (CRP) were analysed. Serum ferritin >1,000 µg/L was considered to be a marker of iron overload.
Results: Thirty-seven patients (52.1%) had iron overload. Ferritin serum concentration correlated with alanine amino-
tranferase activity (p =0.001) and CRP concentration (p =0.012). A total of 19 (26.76%) patients died during follow-up. 
Ferritin level was higher in patients with AML vs. ALL. There was a significant difference in long-term outcomes with 
respect to high ferritin concentrations, both in patients undergoing haematopoietic cell transplantation (HCT) and in 
the non-HCT group.
Conclusions: In both groups, patients with higher ferritin concentrations had worse overall and event-free survivals and 
a higher relapse incidence. Ferritin concentration >1,000 µg/L was the strongest determinant of long-term treatment 
outcome. Ferritin serum concentration >1,000 µg/L is an adverse prognostic marker of survival in children with acute 
leukemia treated with chemotherapy with or without HCT.
Key words: ferritin, iron, leukemia, children, haematopoietic cell transplantation
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Introduction

In recent years, a great deal of progress has been made 
in treating acute leukemia in children. Nonetheless, tre-
atment is still complicated by significant morbidity and 
mortality. With improved diagnostic procedures, intensi-
fication of therapy, and effective treatment of infections, 
the prognosis for children with acute lymphoblastic 
leukemia (ALL) and acute myeloid leukemia (AML) has 
improved [1–3]. However, a major challenge has arisen 

regarding long-term complications including iron overload 
and its sequelae [4].

Serum ferritin is usually used to detect iron overload. 
It is a sensitive parameter, albeit of low specificity becau-
se it can be elevated in a variety of inflammatory states, 
as well as other clinical entities including sickle cell ana-
emia [5], haemophagocytic lymphohistiocytosis and macro
phage activation syndrome [6]. It is also a surrogate marker 
for cytokine release syndrome [7] and neuroblastoma [8].  
The incidence of hyperferritinemia increases with the 
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AML were treated according to the IDA-FLAG/FLAG 
protocol.

Transplant procedures
Children were qualified for HCT according to chemotherapy 
protocols. The conditioning regimen before transplantation 
was either myeloablative (MAC) or reduced intensity condi-
tioning (RIC). MAC was based on total body irradiation (TBI), 
busulfan or treosulfan. RIC was based on fludarabine or 
busulfan at doses of ≤8 mg/kg/cycle. For prophylaxis of 
graft-versus-host disease (GvHD), cyclosporine A (CsA) and 
short-term methotrexate (MTX) were used. Patients from 
alternative donors [i.e. matched unrelated donor (MUD), 
mismatched unrelated donor (MMUD), or haploidentical 
donor] received anti-thymocyte globulin (ATG).

Definitions
The primary endpoint was overall survival (OS). Additional 
endpoints were event-free survival (EFS) and relapse inci-
dence (RI). An event was defined as relapse or death from 
any cause. EFS was defined as survival without evidence 
of relapse or progression. Relapse was considered in the 
presence of >5% bone marrow (BM) blasts and/or the re-
appearance of the underlying disease. OS was analysed for 
non-HCT patients as the time from the start of chemotherapy 
to death from any cause, or until the end of follow-up; OS for 
transplanted patients was calculated from the day of allo-
-HCT to death from any cause or until the end of follow-up. 
Death from any cause was regarded as an event for OS, while 
relapse and death from any cause were considered to be 
events for EFS. RI was estimated by considering a relapse 
or the reappearance of the underlying disease as events of 
interest, and death without relapse as a competing event.

Statistical analysis
The Mann-Whitney U-test was used for non-categorical com-
parisons and Chi-square or Fisher exact test for categorical 
comparisons. Correlations between laboratory parameters 
were analysed with Spearman rho coefficient. OS, EFS and 
RI were calculated with the Kaplan-Meier curves method, 
and differences between the curves were compared by log-
-rank test. Mean survival was determined by Kaplan-Meier 
method. The Cox regression model was used to calculate 
treatment outcomes for risk factors, and hazard ratios (HR) 
were calculated with 95% confidence interval (95%CI). 
All the tests were two-sided. Statistical significance was 
defined as p <0.05. Am SPSS25 (IBM, Armonk, NY, USA) 
statistical package was used.

Results

Demographics
Our study included 71 patients with acute leukemia, 43 
boys and 28 girls with a median age of 9 (range 1–19.7) 

number of transfusions. One red blood cell (RBC) unit ad-
ministered to correct anaemia contains 200–250 mg of 
iron which is being delivered to the patient. Iron overload 
can occur after 10–20 RBC transfusions. It is universally 
recognised that iron overload is a risk factor for organ and 
metabolic complications. Dysfunction of the heart and li-
ver are commonly observed [9].

Serum ferritin concentration has been shown to be 
a strong predictor of survival after allogeneic haemato-
poietic cell transplantation (allo-HCT) [5, 8, 10, 11]. Apart 
from acute leukemia patients, iron overload resulting from 
transfusion-dependent conditions is frequently observed 
in patients with myelodysplastic syndromes (MDS). In that 
group, elevation of serum ferritin is associated with a high 
risk of leukemic transformation [12].

Data regarding the impact of serum ferritin concentra-
tion on treatment in children with acute leukemia or un-
dergoing HCT is scarce. Thus, the objective of this study 
was to evaluate the prognostic value of serum ferritin con-
centration on the long-term treatment results in children 
with acute leukemia who were undergoing intensive che-
motherapy with or without HCT.

Material

Study design
In this retrospective single centre study, all patients treated 
in our department for acute leukemia between 2005 and 
2011 who were tested for ferritin serum concentration were 
included. Children undergoing multiagent chemotherapy 
with or without subsequent HCT were qualified for long-term 
follow-up. This study was approved by the Local Bioethical 
Committee (169/2020; 31 March 2020).

Collection of data
Serum ferritin concentration, serum transaminases activity, 
and C-reactive protein (CRP) levels  were analysed among 
the study participants. In all cases, ferritin concentration 
was measured at least four months after the diagnosis of 
leukemia. In cases of multiple testing, the highest concen-
tration was taken into account. Serum ferritin >1,000 µg/ 
/L was considered to be a marker of iron overload. The 
values of CRP, alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and lactate dehydrogenase (LDH) 
obtained at closest proximity to the day of ferritin concen-
tration testing were also analysed. In most cases, the time 
interval between these tests was four days or less.

Treatment of leukemia
Children with de novo ALL were treated according to the 
ALL-IC-2002 protocol. Children with relapsed ALL were 
treated according to the ALL-REZ BFM 2002 protocol. 
Children with de novo AML were treated according to 
the AML-BFM-2004 protocol. Children with relapsed 



Acta Haematologica Polonica 2021, vol. 52, no. 1

www.journals.viamedica.pl/acta_haematologica_polonica56

years. The primary disease in these patients was ALL in 
54, and AML in 17 (Table I). The total number of patients 
who underwent HCT was 34, comprising 32 allo-HCT and 
two auto-HCT. In 19 patients a MUD, and in 13 a matched 
sibling donor (MSD) transplant was performed. In one 
patient, auto-HCT was followed by allo-HCT; this patient 
was categorised as allo-HCT. The stem cell source for HCT 
was peripheral blood (19 patients) and bone marrow (15 
patients).

Ferritin concentration
The median value of highest serum ferritin concentrations 
was 2,307 µg/L (range: 33–8,500 µg/L) and 708.44 µg/L 
(range: 14–7,440 µg/L) in patients with AML and ALL, 
respectively. In 37/71 patients, serum ferritin was >1,000 
µg/L. Ferritin serum concentration correlated with ALT 
activity (Spearman’s rho coefficient 0.41; p =0.001), and 
CRP concentration (rho 0.32; p =0.012), but not with AST 
activity or LDH concentration.

Survival of patients
Overall, 52 (73%) patients were alive at the end of the study 
in 2020. Mean survival was 9.0 years (95%CI =7.8–10.1). 
Probability of overall survival (pOS) of all patients at  
5 years was 0.79 ±0.05, and at 10 years it was pOS =0.63 
±0.10; the 5-year EFS was 0.70 ±0.06, and the 5-year RI 
was 0.19 ±0.05.

Splitting the analysis into subgroups with respect to 
the highest serum ferritin concentrations, the values of 
probability of OS, EFS and RI are set out in Table II. Pa-
tients with a higher ferritin concentration, regardless of 
its cut-off value, had worse overall survival and a higher 
incidence of relapses.

Table I. Patient characteristics

Characteristics Total [%] HCT (n = 34) Non-HCT (n = 37) p

Age (years)

Median, range [years]

<10 vs. >10

9.4 (1.1–19.7)

36 (50.7):35 (49.3)

11.2 (2.5–19.7)

13 (38.2):21 (61.8)

6.6 (1.1–19.7)

23 (62.2):14 (37.8) 0.205

Gender

Male:female 43 (60.6):28 (39.4) 23 (67.6):11 (32.4) 20 (54.1):17 (45.9) 0.245

Type of leukemia

ALL:AML 54 (76.1):17 (23.9) 18 (52.9):16 (47.1) 36 (97.3):1 (2.7%) <0.001

Ferritin [µg/L] 461 (4–8,500) 1,060 (14–8,500) 284 (15–2,110) 0.002

ALT [U/mL] 20 (6–1,172) 33 (9–769) 14 (6–1,172) <0.001

AST [U/mL] 30 (11–554) 40 (13–415) 26 (11–554) 0.054

CRP [mg/mL] 7 (<5–374) 10 (<5–146) 5 (<5–374) 0.215

LDH [U/mL] 297 (5–4,705) 341 (113–2,815) 5 (257–4,705) 0.473
ALL — acute lymphoblastic leukemia; AML — acute myeloblastic leukemia; ALT — alanine aminotransferase; AST — aspartate aminotransferase; CRP — C-reactive protein; LDH — lactate dehydrogenase

Table II. 5-year treatment outcomes with respect to serum ferritin 
concentration

Ferritin 
cut-off 
concen-
tration 
[µg/L]

Pa-
tients

OS EFS RI

Ferritin 
500

<500

≥500

p-value

 

36

35

 

0.89 ±0.05

0.68 ±0.08

0.008

 

0.86 ±0.06

0.52 ±0.09

0.003

 

0.06 ±0.04

0.35 ±0.09

0.006

Ferritin 
1,000

<1,000

≥1,000

p-value

 

49

22

 

0.90 ±0.04

0.55 ±0.11

<0.001

 

0.86 ±0.05

0.32 ±0.10

<0.001

 

0.09 ±0.04

0.52 ±0.13

<0.001

Ferritin 
1,500

<1,500

≥1,500

p-value

 

54

17

 

0.85 ±0.05

0.59 ±0.12

<0.001

 

0.82 ±0.05

0.31 ±0.12

<0.001

 

0.12 ±0.04

0.51 ±0.15

<0.001

Ferritin 
2,000

<2,000

≥2,000

p-value

 

58

13

 

0.83 ±0.05

0.62 ±0.14

0.001

 

0.79 ±0.05

0.25 ±0.13

<0.001

 

0.13 ±0.04

0.59 ±0.185

<0.001

Total 71 0.79 ±0.05 0.70 ±0.06 0.19 ±0.05
OS — overall survival; EFS — event-free survival; RI — relapse incidence
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Long-term outcomes and differences  
between HCT and non-HCT patients
Patients undergoing HCT (n =34) vs. non-HCT (n =37) had 
significant differences in long-term outcomes, although in 
both groups those with a higher ferritin concentration had 
worse survival. The outcomes for a ferritin concentration 
threshold value of 1,000 µg/L are shown (Figure 1A–I). 
The OS values for non-HCT patients were insignificant 
compared to those with higher vs. lower ferritin (Figure 1B), 
but EFS values were significantly lower for those with high 
ferritin (Figure 1E). This was caused by the higher relapse 
incidence (Figure 1H). For HCT patients, all outcomes were 
significantly worse in patients with a high ferritin concen-
tration (Figure 1C, F, I).

Risk factor analysis
We conducted univariate analysis of factors contributing 
to overall survival including the following parameters: age 
of patient (<10 vs. >10 years), primary diagnosis (ALL vs. 
AML), ferritin serum concentration (<1,000 vs. >1,000 µg/ 
/L), and HCT treatment (non-HCT vs. HCT) (Table III). 
Adverse risk factors with a p <0.1 value were inclu-
ded into multivariate analysis: diagnosis of AML, ferritin 

concentration >1,000 µg/L, and treatment with HCT. The 
only significant risk factor in multivariate analysis was fer-
ritin concentration >1,000 µg/L, with a 7.1-fold hazard risk 
for death. Analogically, ferritin concentration >1,000 µg/ 
/L was the only significant risk factor for EFS and RI with 
a 4.3-fold and a 6.9-fold hazard risk, respectively, for 
adverse events and leukemic relapse (Tables IV and V).

Discussion

Our analysis shows that iron overload is often observed in 
paediatric patients with acute leukemia who are undergoing 
intensive chemotherapy with or without HCT. Furthermore, 
we have shown an adverse prognostic value of ferritin se-
rum concentration. This parameter can be used as a marker 
negatively influencing overall survival, EFS and relapse 
incidence in children after treatment for acute leukemia, 
particularly those undergoing HCT. Previous data has con-
firmed the predictive power of serum ferritin concentration 
for survival after allo-HCT and showed that elevated ferritin 
is associated with an increased risk of relapse [10].

Univariate and multivariate analysis showed that 
high ferritin serum concentrations were correlated with 

Table III. Univariate and multivariate risk factors analysis for overall survival (OS)

Parameter Characteristics 5-year OS Univariate analysis Multivariate analysis

HR (95%CI) p HR (95%CI) p

Age <10 years 0.82 ±0.06 1 0.339 – –

>10 years 0.75 ±0.08 1.6 (0.7–3.9) –

Diagnosis ALL 0.83 ±0.05 1 0.076 1 0.762

AML 0.65 ±0.12 2.3 (0.9–5.7) 1.2 (0.4–3.1)

Ferritin <1,000 µg/L 0.90 ±0.04 1 <0.001 1 <0.001

>1,000 µg/L 0.55 ±0.11 6.8 (2.8–20) 7.1 (2.6–20)

Treatment Non-HCT 0.92 ±0.05 1 0.009 1 0.165

HCT 0.65 ±0.08 5.5 (1.6–18) 2.4 (0.7–10)
HR — hazard ratio; 95%CI — 95% confidence interval; ALL — acute lymphoblastic leukemia; AML — acute myeloblastic leukemia; HCT — haematopoietic cell transplantation

Table IV. Univariate and multivariate risk factors analysis for event-free survival (EFS)

Parameter Characteristics 5-year EFS Univariate analysis Multivariate analysis

HR (95%CI) p HR (95%CI) p

Age <10 years 0.79 ±0.07 1 0.110 – –

>10 years 0.58 ±0.09 2.0 (0.8–4.1) –

Diagnosis ALL 0.77 ±0.06 1 0.044 1 0.753

AML 0.47 ±0.12 2.4 (1.1–5.5) 1.3 (0.4–2.8)

Ferritin <1,000 µg/L 0.86 ±0.05 1 <0.001 1 0.003

>1,000 µg/L 0.32 ±0.10 6.8 (2.8–16) 4.3 (1.6–12)

Treatment Non-HCT 0.89 ±0.05 1 0.002 1 0.111

HCT 0.48 ±0.09 4.9 (1.9–13) 2.5 (0.8–7.3)
HR — hazard ratio; 95%CI — 95% confidence interval; ALL — acute lymphoblastic leukemia; AML — acute myeloblastic leukemia; HCT — haematopoietic cell transplantation
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decreased survival. This finding aligns with previous data 
suggesting iron overload to be strongly correlated with 
a poor prognosis in patients with MDS or after HCT [12]. 
Data on children undergoing non-HCT treatment for leuke-
mia and other types of malignancy is inconsistent, with iron 
overload rates ranging from 24–90% of children (according 
to [13]), and the clinical consequences of iron overload with 
respect to risk groups require additional research. As yet, 
there are no clear guidelines in terms of recommendations 
for iron overload screening.

Our study has several limitations. It was a retrospective 
study, meaning that other possible factors influencing iron 
metabolism could not be taken into account [14]. Also, the 
impact of disease stage and other possible therapy com-
plications [15–19] were not analysed. The validity of the 
assessment of ferritin as an indicator related to the clinical 
course of the disease after treatment in paediatric leuke-
mia is debatable, because serum ferritin might normalise 
during follow-up in some children [20]. Another concern 
is the measurement of parameters in different time inter-
vals of blood samples. The number of administered trans-
fusions also was not taken into consideration. Our group 
of patients was heterogeneous in terms of disease stage 
and donor type.

Based on our results, we propose the monitoring of 
ferritin and iron concentrations in all patients with acute 
leukemia, especially those after the consolidation phase 
of chemotherapy and those undergoing HCT. Ferritin level 
>1,000 µg/L should be taken into account as a significant 
prognostic factor of death.

Conclusion

In conclusion, a high ferritin concentration is an adverse 
prognostic factor for overall survival and event-free survival, 
and contributes to a higher relapse incidence in children 
after treatment for acute lymphoblastic or myeloblastic 
leukemia.
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Abstract
Introduction: The ferric reducing ability of plasma (FRAP) assay is used for measuring the antioxidant capacity. FRAP is 
proportional to the molar concentration of the antioxidant capacity. This study attempts to analyze the possibilities of 
FRAP as an indicator of oxidative stress.
Methods: Blood was drawn from male Wistar rats and stored for 20 days at 4°C in citrate phosphate dextrose adenine 1.  
The rats were divided into two groups: controls and experimentals. The experimentals were added with antioxidants  
— L-carnitine, curcumin, vitamin C (VC), and caffeic acid of varying concentrations — 10, 30, and 60 mM (n =5 for each 
group). Plasma was isolated from these samples at regular intervals (every 5 days), and FRAP and protein were assayed. 
Results were analyzed by two-way ANOVA, using GraphPad prism 6. FRAP was maintained in controls.
Results: VC (ascorbic acid) was the most potent antioxidant in terms of FRAP during storage compared with the above 
antioxidants. This study emphasizes the use of FRAP as a potential marker of oxidative stress in plasma of stored blood.
Conclusion: FRAP can be utilized as a reliable marker for determining the antioxidant capacity.
Key words: plasma, antioxidants, FRAP, blood storage
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Introduction

Ferric reducing ability of plasma (FRAP) is an assay that 
is used for measuring the antioxidant power. This assay is 
based on the reduction of a Fe3+ complex of tripyridyltriazine 
(Fe(TPTZ)3+) to Fe(TPTZ)2+ which is intensely in blue color at 
low pH. Excess Fe3+ is utilized and Fe(TPTZ)2+ is the rate-li-
miting factor. Thus the color formation reflects the reducing 
ability of the sample [1, 2]. However, FRAP was developed 
to give a more biologically relevant overview than individual 
biomarkers of oxidative stress (OS). Antioxidants (endoge-
nous and exogenous) together provide protection against 
reactive oxygen species (ROS) than individual compounds. 
Therefore overall antioxidant capacity, such as FRAP, gives 
a cumulative effect of all the antioxidants present than in-
dividual components. FRAP is the only assay that measures 
the antioxidants directly when compared with other assays 
that measure the inhibition of free radicals. FRAP is directly 

proportional to the concentration of the electron-donating 
antioxidants [3]. FRAP can be used as a single test for the 
estimation of total antioxidant capacity of blood. FRAP de-
scribes the prooxidant–antioxidant equilibrium better than 
other assays [4]. FRAP does not measure thiol antioxidants 
and the reduction of ferric ions [5, 6]. However, FRAP has 
gained importance as it is simple, cost-effective, straight-
forward, fast, and highly reproducible compared with other 
tests of total antioxidant capacity [4].

During storage of blood, OS is induced which causes 
irreversible damage that limits its shelf life [7]. OS repre-
sents an imbalance between the ROS produced and the 
biological system’s ability to counteract or detoxify the 
ROS or repair the resulting damage caused [8]. Blood and 
its components are stored in different storage solutions. 
The most commonly used storage solution is citrate phos
phate dextrose adenine 1 (CPDA-1). Blood and its compo-
nents possess an innate antioxidant system that helps in 
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cartilage and slightly to the left of the midline. Of note, 
4–5 mL of blood was carefully aspirated from the heart into 
5 mL polypropylene collection tubes with CPDA-1 (sodium 
dihydrogen orthophosphate 2.22 g/L, citric acid 3.27 g/L, 
sodium citrate 26.3 g/L, dextrose 31.9 g/L, and adenine 
0.27 g/L) [35].

Experimental design
Blood was drawn from 65 male Wistar rats (4 months old) 
and divided into two groups: controls and experimentals. 
The experimentals were added with antioxidants — LC, Cu, 
VC, and CA of varying concentrations — 10, 30, and 60 mM 
and n =5 for each group and stored for 20 days at 4○C. 
Plasma was isolated from whole blood at regular intervals 
(every 5 days) and assayed for FRAP (Figure 1).

Plasma separation
Plasma was isolated from 1 mL whole blood in microcentri-
fuge tubes by centrifuging in a fixed angle rotor for 20 min 
at 1,000 g. The plasma was removed and stored at -20○C 
for further assays [36].

Ferric reducing ability of plasma
The FRAP assay was performed as described by Benzie and 
Strain [2]. In brief, sample was added to freshly prepared 
FRAP reagent (300 mM acetate buffer [pH 3.6], 10 mM 
TPTZ, and 20 mM FeCl3). The reaction mixture was incuba-
ted for 5 min at 37○C and absorbance was read at 593 nm. 
FRAP was determined by using the extinction coefficient of 
21,250 mM-1cm-1.

Protein estimation
Protein was determined in the plasma by the method of 
Lowry et al. [37], using bovine serum albumin (BSA) as 
the standard.

Statistical analyses
Results are represented as mean ± standard error (SE). 
Values between the groups (storage period) and subgroups 
(antioxidants) were analyzed by two-way ANOVA and were 
considered significant at p <0.05. Bonferroni post-test was 
performed for FRAP using GraphPad Prism 6 software.

Results

Results are represented as 1) changes during the storage 
in all groups with day 0 and 2) changes between different 
concentrations against control on a particular day.

FRAP was maintained during storage in controls. Chan-
ges in FRAP were significant in all experimental groups.

L-carnitine
FRAP increased by 85% and 52% on days 10 and 20, 
respectively, against day 0 in LC 10. Decrements of 80% 

protecting itself against the ROS [9]. Since plasma holds 
all the blood’s cellular components in suspension, it provi-
des an overview of the OS microenvironment over storage.

Free radicals are highly unstable molecules that can 
cause OS, triggering cellular damage. Antioxidants combat 
these free radicals, thereby providing a protective effect 
[10]. An antioxidant is defined as “any substance that, when 
present at low concentrations compared to those of an oxi-
dizable substrate, significantly delays or prevents oxidation 
of that substrate” [11]. Various studies have reported the 
beneficial effects of antioxidants (L-carnitine [LC], curcumin 
[Cu], vitamin C [VC]) in blood storage solutions [12–22].

LC (l-3 hydroxy-4-N-N-N-trimethylaminobutyrate) is one 
of the nutrient-derived, non-enzymatic antioxidants, which 
plays an important role in fatty acid turnover. LC, the biolo-
gically active stereoisomer, is an endogenous compound 
derived from the diet or synthesized in the liver from lysine 
and methionine. It acts as an antioxidant that reduces me-
tabolic stress in cells, thus reducing OS [21, 23].

Cu (1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadie-
ne-3,5-dione) or diferuloylmethane, a component of Cur-
cuma longa (turmeric), possesses antioxidant activity and 
free radical scavenging activity. Cu increases intracellular 
glutathione (GSH) and regulates antioxidant enzymes. It 
also protects oxyhemoglobin from nitrite-induced oxida-
tion [12, 22].

VC or ascorbic acid is a cofactor for at least eight en-
zymatic reactions. Ascorbic acid acts as a reducing agent. 
The oxidized forms of VC are semidehydroascorbic acid 
and dehydroascorbic acid. Ascorbate is maintained in its 
reduced state by glutathione and NADPH-dependent rea-
ctions [24, 25].

Caffeic acid (CA; 3,4-dihydroxycinnamic acid) and its 
conjugates (chlorogenic acid and caftaric acid) are power-
ful antioxidants [26]. They are ubiquitous in nature, found  
in almost every plant. Thus, there is a high potential to 
utilize this antioxidant [27]. They prevent the formation of 
mutagenic and carcinogenic compounds as they inhibit the 
N-nitrosation reactions [28].

Studies have reported the use of FRAP to determine the 
antioxidant capacity of various extracts [29–33]. However, 
FRAP as an OS marker during blood storage has not been 
reported. Thus, this study attempts to analyze the possibi-
lities of FRAP as an indicator of OS.

Methods

Animal care and maintenance was in accordance with the 
ethical committee regulations (841/b/04/CPCSEA).

Blood sampling
Animals were lightly anesthetized with ether and restrained 
in dorsal recumbancy as described earlier [34]. In brief, 
the syringe needle was inserted just below the xyphoid 
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were observed in LC 30 and LC 60 on all days when com-
pared with day 0.

Increments of 100% and 55% were observed on days 
10 and 20, respectively, in LC 10 against their controls. 
FRAP increased by 73% on day 0, while it decreased by 73% 
(days 5 and 20), and 65% (days 10 and 15) in LC 30 and 
LC 60 with controls (Figure 2).

Curcumin
FRAP increased by 51% in Cu 10 on day 10 and 100% in 
Cu 30 from day 10 to day 20, and Cu 60 on days 5, 10, 15, 
and 20 against day 0. Changes in FRAP were insignificant 
in Cu 10 against controls. FRAP elevated by twofold on days 
10, 15, and 20 in Cu 30 with respect to controls. Elevations 
of one-fold (days 5 and 15) and two-fold (days 10 and 20) 
were also observed in Cu 60 (Figure 3).

Vitamin C
FRAP levels decreased by 63% (day 10), 37% (day 15), 
and 55% (day 20) against day 0 in VC 10. Elevation of 
42% was observed on day 5, whereas decrements of 
44%, 22%, and 27% were observed on days 10, 15, 
and 20 in VC 30. FRAP elevated by 13-fold (days 5 and 
10), 16-fold (day 15), and 1-fold (day 20) in VC 60. FRAP 
increased by twofold on days 0 and 5 in VC 10 against 
their respective controls. Increments of threefold (day 
0), fourfold (day 5), onefold (day 10), and twofold (days 
15 and 20) were observed in VC 30 against controls. 
FRAP also elevated by threefold on days 5, 10, and 15 
in VC 60 (Figure 4).

Caffeic acid
FRAP was maintained in CA samples throughout the storage 
period. A decrement of 32% was observed in CA 10 on day 

Figure 2. Effect of L-carnitine on ferric reducing ability of plasma 
(FRAP) during storage. LC 10 = L-carnitine 10 mM, LC 30 = L-carnitine 
30 mM, and LC 60 = L-carnitine 60 mM. Values are mean ± stan-
dard error (SE) of five animals per group. Two-way ANOVA was 
performed between the groups and subgroups to analyze FRAP, 
followed by Bonferroni post-test, using GraphPad Prism 6 software. 
Changes between the groups (storage period) are represented in 
upper case. Changes within the groups (treatment–antioxidant con-
centrations) are represented in lower case. Those not sharing the 
same letters are significantly different; A, B, C, D, E — changes be-
tween the groups (storage days); a, b, c — changes within the groups 
(treatment-antioxidant concentrations on a particular day)
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Figure 1. Experimental design; CPDA-1 — citrate phosphate dextrose adenine 1; FRAP — ferric reducing ability of plasma
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20 when compared with day 0. FRAP increased by 100% on 
days 0, 5, 10, and 15, and 56% on day 20 in CA 10 against 
controls. Increments of twofold were observed on all days 
in CA 30. FRAP also elevated by threefold (days 0 and 10) 
and twofold (days 5, 15, and 20) in CA 60 (Figure 5).

Discussion

FRAP is proportional to the molar concentration of antioxi-
dants present. An increase in FRAP value is usually a desi-
rable phenomenon as it proves a better protection against 
OS [38]. FRAP assay depends on the reduction of the TPTZ 
complex (Fe3+ to Fe2+) by a reductant (plasma constituents) 
at low pH. The Fe2+ complex results in the blue coloration 
that can be detected at 593 nm [8, 39].

FRAP was maintained in controls over the storage pe-
riod, indicating that the innate antioxidant system present 
in plasma can combat the OS induced during storage.

LC is an effective antioxidant as it possesses radical 
scavenging (superoxides, hydrogen peroxide), metal che-
lating activity, and great reducing power [40]. It contribu-
tes to the antioxidant defense by 1) directly scavenging 
free radicals, 2) preventing the formation of free radicals,  
3) maintaining the redox state of cells, and 4) activating 
vitagens [41]. LC also stabilizes the energy balance across 
cell membranes and enhances carbohydrate metabolism, 

Figure 4. Effect of vitamin C on ferric reducing ability of plasma 
(FRAP) during storage. VC 10 = vitamin C 10 mM, VC 30 = vitamin 
C 30 mM, and VC 60 = vitamin C 60 mM. Values are mean ± stan-
dard error (SE) of five animals per group. Two-way ANOVA was 
performed between the groups and subgroups to analyze FRAP, 
followed by Bonferroni post-test, using GraphPad Prism 6 software. 
Changes between the groups (storage period) are represented in 
upper case. Changes within the groups (treatment–antioxidant 
concentrations) are represented in lower case. Those not sharing 
the same letters are significantly different; A, B, C, D, E — changes 
between the groups (storage days); a, b, c, d — changes within the 
groups (treatment-antioxidant concentrations on a particular day)
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Figure 3. Effect of curcumin on ferric reducing ability of plasma 
(FRAP) during storage. Cu 10 = curcumin 10 mM, Cu 30 = curcum-
in 30 mM, and Cu 60 = curcumin 60 mM. Values are mean ± stan-
dard error (SE) of five animals per group. Two-way ANOVA was 
performed between the groups and subgroups to analyze FRAP, 
followed by Bonferroni post-test, using GraphPad Prism 6 software. 
Changes between the groups (storage period) are represented in 
upper case. Changes within the groups (treatment–antioxidant 
concentrations) are represented in lower case. Those not sharing 
the same letters are significantly different; A, B, C, D, E — changes 
between the groups (storage days); a, b, c — changes within the 
groups (treatment-antioxidant concentrations on a particular day)
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along with maintaining the cell volume and fluid balance 
[42], thus protecting the erythrocyte membrane. LC redu-
ces OS as it increases the antioxidant activity and sulfhy-
dryls while it reduces lipid peroxidation [43]. LC at 10 mM 
is more beneficial than at 30 and 60 mM in terms of FRAP. 
LC at 10 mM may be the optimum concentration to main-
tain the antioxidant capacity.

Cu (phenolic chain-breaking antioxidant) donates hydro-
gen atoms from the phenolic group or through the central 
methylenic hydrogen. This is responsible for the antioxidant 
property of Cu [44, 45]. Cu at higher concentrations upre-
gulates the antioxidant enzyme activity and reduces lipid 
peroxidation and protein oxidation [12]. Thus FRAP was di-
rectly proportional to the concentration of Cu.

VC reduces metal ions (such as iron) that are present 
in the active sites of mono- and dioxygenases. It acts as 
a co-substrate rather than a coenzyme [46]. Ascorbate also 
assists in the regeneration of a-tocopherol from the a-to-
copheryl radical. It reacts with radicals to form an interme-
diate radical (ascorbate radical) of low reactivity. [47]. VC 
at all concentrations upregulated FRAP. This can be attri-
buted to VC’s potent ferric reducing ability. It reduces Fe3+ 
similar to hydroxylamine [48].

CA protects a-tocopherol in low-density lipoprotein [26]. 
CA and its analogs are antioxidants with multiple mecha-
nisms that include free radical scavenging and metal ion 
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chelation, and they inhibit free radical and lipid hydrope-
roxide formation [49]. CA increased FRAP at all concentra-
tions and hence FRAP was proportional to the concentra-
tion of CA. This can be attributed to CA’s potent free radi-
cal scavenging, metal chelating property, and its effective 
reducing power. It has a greater reducing power than the 
standard compounds such as butylated hydroxytoluene, 
butylated hydroxyanisole, trolox, a-tocopherol, etc. [26].

Conclusion

FRAP is a potential marker of OS in plasma of stored blood 
as it reflects the antioxidant capacity and has a positive 
correlation with 2,2-diphenyl-1-picrylhydrazyl (DPPH) radi-
cal scavenging activity [29]. Thus, FRAP can be utilized as 
a reliable marker for determining the antioxidant capacity. 
VC (ascorbic acid) was the most potent antioxidant in terms 
of FRAP during storage, with respect to the above antioxi-
dants (VC > CA > Cu > LC).
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Introduction

Coronavirus disease 2019 (COVID-19), caused by a new 
coronavirus (SARS-CoV-2, severe acute respiratory syn-
drome coronavirus 2), is a highly contagious disease that 
first appeared in Wuhan, China, in December 2019 [1]. On 
30 January 2020, the World Health Organisation (WHO) 
declared that the COVID-19 outbreak constituted a public 
health emergency of international concern (PHEIC) [2, 3]. On 
11 March 2020, the WHO officially declared a pandemic [3].

Most infected patients have mild symptoms including 
fever, fatigue, and cough [1, 4]. However, severe cases 
can progress rapidly and develop adult respiratory distress 
syndrome (ARDS) with coagulopathy [1, 4]. The latter is al-
ready described as one of the most important independent 
poor prognostic factors [5, 6]. Thus, the objective of this 
investigation was to analyse the coagulation alterations 
produced by COVID-19, and assess whether they present 
different characteristics to the coagulopathy present in 
other pathologies.

Methods

From the Haemostasis and Coagulation Laboratory, we 
selected 15 consecutive patients who had D-dimer values 
at least four times higher than normal (0.1–0.5 µg/mL), 
positivity by polymerase chain reaction (PCR) of SARS-CoV-2, 
and pneumonia on chest radiography. All of them were 
admitted during March 2020 to the Mostoles University 
Hospital (Madrid), which cares for a population of approxi-
mately 169,000 patients. During the months of March and 
April, the number of new patients with COVID-19 pneumonia 
admitted to the Hospital was 515 and 358, respectively.

All patients, coinciding with a scheduled extraction, 
had a blood sample drawn to determine basic coagulation 
parameters such as the prothrombin time ratio (PT ratio), 
activated partial thromboplastin time ratio (APTT ratio), 
thrombin (TT), D-dimer and fibrinogen. In addition, the von 
Willebrand factor (vVF:Ag and vWF:Rco), blood group ABO, 

natural anticoagulants such as antithrombin (AT), protein 
C and protein S, were analysed, and coagulation factors 
II, V, VII, VIII, IX, X, XI, and XII were dosed. All of the deter-
minations were made using STA Compact MAX and R MAX 
analysers, along with their original reagents (Diagnostica 
Stago, Saint-Denis, France). A clot solubility assay in 5M 
urea was performed as a factor XIII deficiency screening 
method. The determination of lactate dehydrogenase,  
C-reactive protein (Cobas Roche with its original reagents) 
and ferritin (ECLIA electrochemiluminescence) were also 
included in the analysis.

In addition, we collected demographic data of the pa-
tients (age and sex), the number of hospital admission days 
at the time of sample extraction, the occurrence of throm-
botic events such as pulmonary thrombosis diagnosed by 
imaging test [angiography computed tomography (angio-
CT)], and data showing if they were previously receiving 
antithrombotic prophylaxis. Moreover, the severity of the 
patients’ infectious picture, the appearance of other related 
complications, and information determining if eventually 
the patient improved or died, were also acquired.

Results

Out of the 15 patients included in the study, seven were 
women and eight were men, with a median age of 63 
years (range 30–86). Median days of hospitalisation at 
the time of sample collection was 6 (range 1–12) (Table I).  
All patients presented pneumonia confirmed by chest 
radiography from admission; 11 of them required invasive 
mechanical ventilation in the Intensive Care Unit. Before 
admission, none of them were on anticoagulant treatment. 
Prophylactic low-molecular-weight heparin (LMWH) was 
prescribed at standard doses (40 mg of enoxaparin per 
day) from the moment of admission, except for two patients 
who empirically received anticoagulant doses because they 
presented D-dimer levels 20 times higher than normal 
(0.1–0.5 µg/mL); and one who did not receive it due to 
thrombocytopenia (22 ×103/µL platelets).
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10 of the 15 patients underwent angio-CT after observ-
ing the elevation of D-dimer, and six of the 10 (60%) had 
peripheral pulmonary thrombosis. As previously discussed, 
5/6 patients were receiving prophylactic LMWH at standard 
doses prior to diagnosis. The remaining patient did not re-
ceive it, because at the time of admission he had throm-
bocytopenia of 22 ×103/µL, presenting a thrombotic event 
48 hours after it. This patient, who was diagnosed with es-
sential thrombocythemia, presented a multiple ischaemic 
stroke with subsequent haemorrhagic transformation, as 
well as an acute myocardial infarction.

Subsequently, eight patients died as a result of COVID-19 
lung infection, five were definitively discharged, and two 
remain in long-stay hospitals for recovery at the time of 
writing this review (Table I).

D-dimer values at the time of the study were between 
2.39 and 172.33 µg/mL (median 16.39 µg/mL); signifi-
cantly higher in relation to the DD value on admission 
day (median 0.86 µg/mL, range 0.47–13.19 µg/mL). The 
platelet count was within normality in 80% of the patients 
and slightly decreased in the rest (>80 ×103/µL). The PT 
ratio was also normal, except for one patient in whom the 
determination after the admission figure was normalised. 
Fibrinogen was above the upper limit of normality in 85.7% 
of patients (12/14), while in the rest it was normal, and the 
APTT ratio was normal or shortened. The TT was normal, ex-
cept in three patients due to the effect of LMWH (Table II).

None of the patients included in the study met DIC 
criteria. No significant decrease in AT, PC and PS was ob-
served. Only one patient had a slightly decreased deter-
mination of AT (76%) and PC (64%), and another of co-
agulative PS (51%). In both patients, the determination 
was made in the context of a pulmonary thrombosis diag-
nosed by angio-CT, so the decrease was not measurable 
given the consumption of coagulation factors in the acute 
thrombotic event.

A highly increased factor VIII and vWF (medians of 
267% and 466.5% respectively) were found in all patients. 
The blood group was tested in 14 patients, with nine of 
them being from blood group A, four from group O, and 
one from group B. No significantly higher values of factor 
VIII or vWF were observed in the non-O groups compared 
to the O group.

We did not observe a significant decrease in the rest of 
the coagulation factors, with the exception of four patients 
who presented a minimal decrease in factors II and V, and 
one patient in factor XII (Table II).

Discussion

The main finding of our study was that there is no factor 
consumption, nor a decrease in natural anticoagulants, 
while all the patients presented a factor VIII and a vWF 
greatly increased, reflecting the state of hypercoagulability 
they presented, although this assertion is just a hypothesis 
that requires further investigation.

These findings are in contrast to findings reported in 
other studies about coagulopathy in infectious diseases. 
As observed in our study, the alterations found in patients 
with severe SARS-CoV-2 infection are different from the co-
agulopathy found in disseminated intravascular coagulation 
(DIC) [7]. This finding is reflected in the constant observa-
tion that platelet counts and fibrinogen concentrations do 
not decrease significantly in patients with COVID-19, de-
spite the marked increase in D-dimer concentrations [8, 9].

However, given the sparse knowledge that we still have 
about the SARS-CoV-2 infection, we believe that the analyti-
cal alterations do not offer a good reflection of the altera-
tions at the local level. Whether microthrombosis exists at 
this level is beyond the scope of this study.

We do not have a real incidence of thrombotic events. 
In our study, six patients were diagnosed with pulmonary 
thrombosis after requesting imaging tests. Some of the 
remaining patients may also have it, but it is an event that 
has not been confirmed. At the present time, a retrospective 
study is underway, organized by Dr. Llamas Sillero, Head 
of Haematology Department of Fundacion Jimenez Diaz 
University Hospital (Madrid), and endorsed by the Madrid 
Society of Haematology, which aims to make an accurate 
estimation of them in the Community of Madrid.

Thus, the concept of pulmonary intravascular coagu-
lopathy (CIP) seems correct to us [9] for this condition with 
activation of coagulation located in the lung, where an en-
vironment of hypercoagulability occurs, not caused directly 
by the virus, but rather secondary to three triggers:
1)	 inflammation, both produced by cellular damage 

caused by cells damaged by the virus (type II pneumo-
cytes), as well as secondary to innate immunity. This 
inflammation would activate coagulation through tis-
sue factor expressed by macrophages, neutrophils, 

Table I. Clinical characteristics of patients

Parameter Value

Age Median 63 years (range 30–86)

Sex 7 (46.7%) female 
8 (53.3%) male

Thrombotic complica-
tions diagnosed 
by imaging test

6 (60%) pulmonary thrombosis

1 (6.7%) ischaemic stroke

1 (6.7%) myocardial infarction

Haemorrhagic 
complications

0 (0%)

Clinical evolution 7 (46.7%) death

5 (33.3%) hospital discharge

3 (20%) ICU
ICU — Intensive Care Unit
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endothelium, platelets and extracellular vesicles, phos-
phatidyl serine, free DNA, damage-associated molec-
ular patterns (DAMPs), extracellular neutrophil traps 
(NETs) or platelet activation;

2)	 the endothelial lesion, which loses its protective layer 
and alters its regulatory function of fibrinolysis in order 
to avoid the formation of thrombi on its surface, and its 
regulatory function of vascular permeability. In addition, 
there is direct endothelial damage from the virus since 
the endothelium, like type II pneumocytes, also has an-
giotensin-converting enzyme (ACE2R) receptors [10];

3)	 hypoxia that causes cellular damage and regulates 
coagulation and fibrinolysis through hypoxia-inducible 
transcription factors (HIFs) [11].
The role of immunothrombosis in containing bacte-

ria is well known, but its role in viral infections is not well 

understood [9]. In any case, when it occurs excessively, as 
is happening in many of the patients with SARS-CoV-2 pneu-
monia, it can be more harmful than the virus itself.

Conclusions

After analysing the results of the referred determinations, 
we can establish:

■■ classical DIC does not occur in COVID-19 associated 
coagulopathy (CAC). There is no consumption of fac-
tors, nor a decrease in natural anticoagulants. There 
is a significant increase in factor VIII and vWF, due 
to extensive endothelial injury, which seems to play 
a leading role in pulmonary microthrombosis, and in 
injury to other affected organs (heart, kidneys, small 
intestine);

Table II. Laboratory parameters

Parameter Reference range n Median (min–max) < lower limit 
Reference

> upper limit 
Reference

LDH 135–225 U/L 15 479 (227–768) 0 (0%) 15 (100%)

Ferritin 50–220 ng/mL 15 1,544 (394–6,230) 0 (0%) 15 (100%)

CRP 0–5 mg/L 15 239.4 (0.7–598.8) 0 (0%) 14 (93.3%)

Platelets 150–450 ×103/µL 15 294 (81–426) 3 (20%) 0 (0%)

PT ratio 0.9–1.25 15 1.12 (1–1.31) 0 (0%) 1 (6.7%)

APTT ratio 0.86–1.18 15 0.93 (0.8–1.04) 2 (13.3%) 0 (0%)

Fibrinogen 200–400 mg/dL 14 535.5 (201–848) 0 (0%) 12 (85.7%)

D-dimer on admission 0.1–0.5 µg/mL 13 0.86 (0.47–13.2) 0 (0%) 11 (84.6%)

D-dimer at time of study 15 16.39 (2.39–172.3) 0 (0%) 15 (100%)

TT 16–21 s 12 18.75 (16.4–27.1) 0 (0%) 3 (25%)

Factor II 70–120% (95%) 15 104 (66–129) 2 (13.3%) 1 (6.7%)

Factor V 70–120% (95%) 15 113 (52–122) 2 (13.3%) 5 (33.3%)

Factor VII 55–170% (112.5%) 15 99 (55–183) 0 (0%) 3 (20%)

Factor X 70–120% (95%) 15 106 (77–135) 0 (0%) 4 (26.7%)

Factor VIII 60–150% (105%) 15 267 (128–383) 0 (0%) 15 (100%)

vWF:Ag 50–150% (100%) 12 406.5 (255–420) 0 (0%) 12 (100%)

vWF:Rco 50–200% (125%) 10 236 (from 156 to >200) 0 (0%) 7 (46.7%)

Factor IX 60–150% (105%) 15 151 (107–225) 0 (0%) 8 (53.3%)

Factor XII 60–150% (105%) 15 101 (35–139) 1 (6.7%) 0 (0%)

Factor XIII* 15 Negative 15 (100%)

AT III 80–120% (100%) 15 115 (76–135) 1 (6.7%) 5 (33.3%)

PC 70–130% (100%) 15 99 (64–181) 1 (6.7%) 3 (20%)

Free PS M: 70–148% (109%)
F: 50–134 (92%)

8
7

109.5 (87–179)
90 (67–129)

0 (0%)
0 (0%)

1 (12.5)
0 (0%)

Functional PS M: 77–143% (110%)
F: 55–123 (89%)

8
7

94.5 (89–137)
64 (51–125)

0 (0%)
1 (14.3%)

0 (0%)
1 (14.3%)

APC ratio ≥2.9 13 3.58 (3.27–4.34) 0 (0%)
*Clot solubility assay in urea 5M; LDH — lactate dehydrogenase; CRP — C-reactive protein; PT — prothrombin time; APTT — activated partial thromboplastin time; TT — thrombin time; vWF — von Willebrand factor; 
Ag — antigen; Rco — ristocetin cofactor; AT — antithrombin; PC — protein C; PS — protein S; f; APC — activated protein C ratio
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■■ the elevation of D-dimer suggests that there is local 
coagulation activation in the lung, where fibrinolysis 
is increased, but with an overall balance in favour of 
thrombosis;

■■ what analytics ‘globally’ reflects does not seem to repre-
sent what is happening at the local level. In the places 
where microthrombosis is taking place, it is very likely 
that the levels of factors and anticoagulants are dif-
ferent from those found in this study, which points to 
the idea of a different haemostatic microenvironment.
Regarding the anticoagulation in these patients, given 

the extensive endothelial injury, we suggest that heparin, 
which apart from being an anticoagulant can also protect 
the endothelium [8] which is especially affected in this 
pathology, would be, given the data available so far, the 
chosen anticoagulant drug for both thromboprophylaxis 
and for the treatment of established venous thrombo-
embolism (VTE) [8, 12], at least in the acute moment. It 
will be interesting to observe the outcomes of patients 
who, for various reasons, have been treated with direct 
anticoagulants.
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Introduction

Chronic myelogenous leukemia (CML) is the commonest 
myeloproliferative neoplasm encountered and it is charac-
terized by the hallmark translocation t(9;22) or BCR-ABL1 
transcripts. The natural history of the disease has three 
phases: the chronic phase (CP) followed by progressive 
transformation to the accelerated or blast phase. The 
defining criteria for the blast phase are the presence of 
at least 20% blasts in peripheral blood or bone marrow or 
extramedullary proliferation of blasts [1]. Infiltration of the 
central nervous system as the sole site of extramedullary 
blast crisis is exceptional and deserves attention.

Clinical vignette

We report the case of a 42-year-old male who was diagno-
sed as a case of chronic myelogenous leukemia in chronic 
phase (CML-CP) in August 2016. At the time of diagnosis, 
hemoglobin (Hb) was 11.2 g/dL, platelet counts were nor-
mal, and white blood cell counts were 120 × 103/mL with 
left shift, 7% basophils, and 5% blasts. Bone marrow cyto-
genetics confirmed the presence of BCR-ABL1 transcript 
in all metaphases. Clinically, the patient had splenome-
galy 3 cm below the left costal margin. He was started on 
imatinib therapy. He responded well to therapy achieving 
major molecular response (MMR) at the end of 1 year 
(BCR-ABL1 by reverse-transcriptase polymerase chain 
reaction [RT-PCR] = 0.015%). However, in November 2018 
he presented with severe frontal headache and vomiting. 
Magnetic resonance imaging (MRI) brain revealed chronic 
small vessel ischemia and nonspecific demyelination. Bone 
marrow studies showed a normocellular bone marrow. Flow 
cytometry of cerebrospinal fluid (CSF) was suggestive of 
pre-B cell lymphoblasts. He was thus diagnosed as CML 
in central nervous system (CNS) blast crisis and managed 

with triple intrathecal chemotherapy, which included 
methotrexate (12 mg), cytosine arabinoside (30 mg), and 
dexamethasone (4 mg), a total of four doses in a month 
along with cranial radiotherapy. The patient responded 
well to the treatment without residual sequelae and was 
started on the second-generation tyrosine kinase inhibitor 
(TKI), tablet dasatinib 70 mg twice a day and was being 
worked up for bone marrow transplantation After 2 months, 
he again presented with CNS relapse and complained of 
acute onset ptosis and diplopia in the absence of fever, 
headache, seizure, or any trauma. Ophthalmologic exami-
nation revealed cranial nerve III palsy with pupillary sparing. 
Haematological parameters were Hb 10.0 g/dL, TLC 3,200/ 
/mL, and platelet count 177 × 103/mL. Bone marrow study 
revealed cellular reactive marrow without an increase in 
blasts. MRI brain showed nonspecific white matter changes. 
The CSF study showed markedly elevated white blood cell 
(WBC) count of 270/mL with 90% blasts (Figure 1); the 
total protein was 56 mg/dL with raised globulins, glucose 
was 55 mg/dL, and adenosine deaminase and lactate 
dehydrogenase levels were normal. CSF flow cytometry 
this time again was consistent with pre-B lymphoblasts 
(positive for CD10, CD19, CD79a, HLA-DR and negative for 
CD13, CD33, CD117, cyto MPO). He was again started on 
triple intrathecal chemotherapy and cranial radiotherapy. 
However, he had progressive deterioration in his neurolo-
gical status and succumbed to his illness after two cycles 
of chemotherapy. Postmortem could not be performed due 
to unwillingness by family members.

Discussion

Extramedullary blast crisis in CML is rare and CNS invol-
vement is a rarity that is noted in only 5–10% of patients 
[2]. Our patient had two episodes of isolated CNS blast 
crisis, despite having achieved haematologic and molecular 
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remission. The most plausible explanation for extramedul-
lary relapse is the poor penetration of imatinib through the 
blood–brain barrier, hence CNS serves as the sanctuary 
site leading to relapses. Second-generation TKIs such as 
dasatinib, nilotinib, and bosutinib are more effective in 
treating CNS disease due to better penetration through the 
blood–brain barrier [3]. Unfortunately, our patient relapsed 
even with dasatinib treatment. Rare case reports of isolated 
CNS relapse with dasatinib therapy like our patient have 
been reported [4, 5].

Systemic chemotherapy, which includes daily cytara-
bine 200 mg/m2 and daunorubicin 40 mg/m2 have been 
used for treatment in CML blast crisis. So far, allogeneic 
hematopoietic stem-cell transplantation is still the only way 
to cure CML and is one of the first treatment options for 
children with chronic myelogenous leukemia [6].

Despite advances in molecular disease detection and 
monitoring, there is still a need to identify the risk factors 
leading to CNS relapses. Unfortunately, CSF study is not 
included in the CML diagnostic workup or monitoring pro-
tocols, unlike other acute leukemias and lymphomas.

Through this case, we intend to highlight the fact and 
also caution physicians that one should be aware of the 
possibility of CNS relapse in CML patients on imatinib even 
if they have achieved haematological and cytogenetic re-
mission. Hence, a high index of suspicion, prompt CSF 
studies, and aggressive management are key to salvaging 
CML patients.
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Figure 1. LG stained cytospin smears of cerebrospinal fluid. Markedly cellular smears showing atypical mitosis, numerous blasts which have 
high N:C ratio, a large nucleus with open chromatin, and prominent nucleoli 400 ×
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