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Prof. dr hab. n. med. Piotr Paweł Smolewski 
25 December 1960–19 March 2023
Tadeusz Robak, Agnieszka Wierzbowska, Euzebiusz Krykowski

Department of Hematology, Medical University of Lodz, Łódź, Poland

Professor Piotr Smolewski, MD, PhD, died suddenly aged 62 
on 19 March 2023 at his home in Lodz. He was born in Lodz 
on 25 December 1960, and his whole professional life was 
devoted to medicine in this city. In 1985, he graduated from 
the Faculty of Medicine at the Medical Academy of Lodz. 
At the same Faculty, he received his Doctor of Medicine 
degree in 1991 and Habilitation degree in 2002. In 2007, 
the President of the Republic of Poland awarded him the 
academic title of Professor of Medical and Health Sciences.

Professor Smolewski was a specialist in Internal Medi-
cine and Hematology. He held many positions at the Medi-
cal University of Lodz. He was the Head of the Department 
of Experimental Hematology which he co-founded in 2008. 
Moreover, he acted as the Vice-Dean for Teaching at the 
Faculty of Nursing and Midwifery, and was the Regional 
Consultant in Hematology for the Lodz Voivodeship. Profes-
sor Smolewski participated in a number of foreign research 
internships, the most important of which was his double 
stay at the Brander Cancer Research Institute, New York 
Medical College, New York, USA, as part of a grant from the 
US National Health Institute. He cooperated there with the 
world-renowned scientist of Polish origin, and co-inventor 
of new research methods in flow cytometry, Professor Zbig-
niew Darżynkiewicz. The knowledge and experience gained 
at this Research Institute enabled him to further develop 
this diagnostic and research method back in Poland and 
to create the Cytometry Laboratory in our Department.

In recognition of his achievements, Professor Smolewski 
was elected President of the Polish Society of Cytometry. He 
published several hundred original and review papers, in-
cluding 158 indexed in the PubMed database. Publications 
to which he contributed included the most prominent scien-
tific journals, including the ‘New England Journal of Medi-
cine’, ‘The Lancet Haematology’ and ‘Cancers’. Their leading 
topics concerned lymphoid malignancies, flow and scanning 
cytometry methods, prognostic factors in cancerous blood 
diseases, caspase inhibitors, activity and mechanisms of 
action of new anticancer drugs, as well as apoptosis and 
cell cycle disorders in cancer. Professor Piotr Smolewski was 
a world-class expert in the field of cytometry, authoring ap-
plications of laser scanning cytometry in the study of apop-
tosis and other aspects of cell biology. He developed a new 
method for nucleolus assay, cell nucleolar morphometry, 
a technique for staining cells and tissues for use in space, 



a method of so-called differential fluorescence, and a tech-
nique for applying fluorogenic caspase inhibitors as markers.

Professor Piotr Smolewski was the supervisor of several 
doctoral and dozens of Master’s theses in nursing, midwife-
ry and medical analytics. He was also the supervisor of one 
habilitation dissertation, a reviewer of many doctoral and 
habilitation dissertations, and the supervisor of specializa-
tion in Family Medicine for a number of primary care doctors. 
Moreover, he was the supervisor of specialization in inter-
nal medicine and hematology and a teacher of many doc-
tors, nurses, midwives, pharmacists and medical analysts. 

For his scientific, teaching and organizational activities, 
he was awarded the Medal of the 65th Anniversary of Med-
ical Higher Education in Lodz, the Golden Cross of Merit, 
and many awards from the Rector of the Medical Universi-
ty of Lodz and Poland’s Minister of Health.

Professor Piotr Smolewski was an outstanding physi-
cian and scientist, a respected academic, a boss adored 
by his colleagues, and a good man. He passed away sud-
denly leaving his wife Elisabeth, his son Paul and daugh-
ter-in-law Julia in deep sorrow and grief. He was buried at 
St Adalbert’s Roman Catholic Cemetery in Lodz, Poland.
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Inspiration from Annual Meeting of European Society  
for Blood and Marrow Transplantation

Jan Styczyński iD   

Department of Pediatric Hematology and Oncology, Collegium Medicum, Nicolaus Copernicus University in Toruń,  
Jurasz University Hospital 1, Bydgoszcz, Poland

The European Society for Blood and Marrow Transplanta-
tion (EBMT) is the largest scientific society in the field of 
hematopoietic cell transplantation and cellular therapy. 
Scientists, physicians, nurses, data managers, pharma-
cists, psychologists, statisticians, quality officers, patients 
and their families from more than 100 countries all over 
the world attend the Annual Meeting. The 49th such event 
took place in Paris between 22–26 April 2023, with more 
than 5,500 attendees.

Over 200 sessions were organized including scientific, 
educational, administrative, and business meetings. Over 
1,150 abstracts were submitted for physicians and nurses, 
with 200 presented orally and 950 as e-posters.

The EBMT’s Annual Meeting is a very important scien-
tific event. All the most significant achievements in the field 
of hematopoietic cell transplantation and cellular therapy 
are presented, and new trends are explored.

The two most prestigious prizes awarded at the 
2023 meeting were:

	■ The Van Bekkum Award: Ingvar Floisand et al., ‘Vedol-
izumab for prophylaxis of lower gastrointestinal acute 
graft-versus-host disease after allogeneic hematopoi-
etic stem-cell transplantation from unrelated donors: 
a phase III, randomized, double-blind, placebo-con-
trolled, multicenter study’;

	■ The Basic Science Award: Erik Thiele Orberg et al., ‘Bac-
teriophage-modulated production of intestinal interfer-
on inducing metabolites is associated with protection in 
allogeneic stem cell transplantation patients’.
The six highest-scoring abstracts presented at the Pres-

idential Symposium this year were the following:

1.	 Per Ljungman et al. ‘Improved outcomes over time and 
higher mortality in CMV seropositive allogeneic stem 
cell transplantation patients with COVID-19: an IDWP 
study from the EBMT registry’;

2.	 Emily Liang et al. ‘Factors associated with duration of 
response after CD19 CAR T-cell therapy for relapsed/ 
/refractory CLL: 5-year follow-up update’;

3.	 Spyrou N. et al. ‘An early endpoint for acute graft ver-
sus host disease clinical trials’;

4.	 Joseph McGuirk et al. ‘CTX110 allogeneic CRISPR- 
-CAS9-engineered CAR T-cells in patients with relapsed 
or refractory large B-cell lymphoma: results from phase 
I dose escalation carbon study’;

5.	 Franco Locatelli et al. ‘Efficacy and safety of a single 
dose of exagamglogene autotemcel for transfusion-de-
pendent β-thalassemia and severe sickle cell disease’;

6.	 Rodríguez-Otero P. et al. ‘Idecabtagene vicleucel versus 
standard regimens in patients with triple-class-exposed 
relapsed and refractory multiple myeloma: KARMMA-3, 
a phase III randomized controlled trial’.
Poland, with 21 transplant centers accredited with the 

EBMT, is the 8th largest country in the society. Currently, 
there are 620 EBMT centers which are located in 55 coun-
tries, and the top 10 countries represent 445 centers i.e. 
71% of the total. At the 49th EBMT Annual Meeting, Polish 
scientists presented or co-authored 16 original studies 
selected for verbal presentation, plus many e-poster pre-
sentations. This is proof of high activity, both at nation-
al and international level, which is continuously evolving 
[1–5]. Polish physicians are active in most of the EBMT 
Working Parties.
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Zanubrutinib: novel therapeutic option  
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Abstract
Bruton’s tyrosine kinase (BTK) is a part of the B-cell receptor (BCR) signaling pathway. Activation of the BCR appears 
crucial for normal B cells as it regulates proliferation, differentiation, adhesion, survival, and apoptosis. Such signaling 
is also vital for malignant B cells, since many of them show constitutive activation of the BCR pathway. The develop-
ment of ibrutinib, a best-in-class BTK inhibitor, has led to a new direction in the treatment of B-cell malignancies. 
Further studies have enabled the development of more potent and more selective BTK inhibitors, such as zanubru-
tinib. These novel agents were designed primarily to reduce adverse effects such as diarrhea, atrial fibrillation, rash, 
or hemorrhagic complications. Compelling data from clinical studies that have verified its efficacy and safety has 
allowed the approval of zanubrutinib in hematological malignancies such as mantle cell lymphoma, Waldenström’s 
macroglobulinemia, chronic lymphocytic leukemia, and marginal zone lymphoma.
Key words: ibrutinib, zanubrutinib, CLL, non-Hodgkin’s lymphoma, Bruton’s tyrosine kinase
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Introduction

Targeted immunotherapy has been a significant milestone 
in the treatment of cancer. A boom starting in the 1990s 
brought innovations also to the field of hematology, es-
pecially when rituximab, the first anti-tumor monoclonal 
antibody (mAb) bondable to CD20 antigen, was approved 
for clinical use in 1997 [1]. Considered to be the biggest 
breakthrough in treating B-cell malignancies for over half 
of a century [2], rituximab became a prototype of new gen-
erations of more effective compounds, as many patients 
are refractory to rituximab [3–5]. Antitumor antibodies 
bondable to cluster of differentiation (CD) antigens are 

the most popular so far, but not the only, targeted drugs 
for B-cell malignancies. Representatives of other classes, 
including inhibitors of immune checkpoints (nivolumab 
[6], pembrolizumab [7]), methyltransferase inhibitors 
(tazemetostat [8]), phosphatidylinositol-3 kinase (PI3K) 
inhibitors [9], spleen kinase (Syk) inhibitors [10], and some 
like proteasome inhibitor bortezomib [11], nuclear export 
inhibitor selinexor [12], and specimens based on chimeric 
antigenic T-cell receptor (CAR-T) technology [13–16], are 
undergoing clinical trials or have already been approved 
in clinics. Into the quickly evolving landscape of anti-B 
cell therapeutics, a new class of drugs, Bruton’s tyrosine 
kinase (BTK) inhibitors, has emerged as a ‘rising star’ to 
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be used either alone or in combination with acknowledged 
immunotherapeutics.

Overexpression or disturbances in the activation of pro-
tein kinases involved in cellular proliferation and migration 
are among the key mechanisms of neoplasia development 
[17, 18]. Furthermore, hereditary mutations in genes en-
coding particular protein kinases are associated with the 
initiation, promotion, progression, and relapse of various 
neoplasms [19]. Extensive studies into the role of protein 
kinases in neoplastic diseases have led to the develop-
ment of drugs that specifically inhibit signals transduced 
by these enzymes. Such compounds usually have a rela-
tively low molecular weight compared to immunotherapeu-
tics, and some of them can be administered orally. Their 
introduction is considered to be another milestone in both 
oncology and hematology [20].

BTK is a non-receptor kinase engaged in signal trans-
duction following the binding of a specific ligand to the  
B-cell receptor (BCR). Activation of the BCR pathway is criti-
cal for normal B-cell maturation, proliferation, differentia-
tion, and migration [21], although downstream events of 
this cascade also provide anti-apoptotic and proliferative 
signals for neoplastic cells. BCR signaling in normal and 
malignant cells, with an emphasis on the role of BTK, was 
recently reviewed by Efremov et al. [22]. Briefly, binding of 
antigen to receptor antibody triggers re-organization of the 
cytoskeleton and assembly of local BCR units into clusters. 
This rearrangement initiates the pathway, which leads to 
the formation of a multiprotein complex called the ‘BCR sig-
nalosome’. Within the signalosome, the lipid kinase PI3Kδ 
becomes activated and phosphorylates the membrane 
phospholipid phosphatidylinositol-4,5-bisphosphate (PIP2). 
Phosphorylated PIP2 (now termed PIP3) forms a docking 
site for another pool of adaptor molecules and kinases, 
including BTK. Phosphorylation of BTK by SRC-family ki-
nases and subsequent autophosphorylation turns on the 
activity of BTK. Downstream effects of BTK activation in-
clude dephosphorylation of the transcription factor NFAT, 
which is then translocated from cytosol to the nucleus and 
binds promotor regions of genes pivotal for B cell fate [23].

The other, canonical effect of BTK activation is the 
nuclear translocation of a transcription factor known as 
NFκB. Besides the canonical signaling through the BCR 
receptor, many constituents of this pathway are engaged 
in crosstalk with elements of parallel signaling cascades 
[24, 25], which often occur in a cell-specific manner and 
an inducible fashion [26].

Role and status of BCR signaling  
in B-cell malignancies

The ability to pass the signal through BCR indicates a prop-
er rearrangement of heavy and light chain genes, the 
assembly of functional receptors, and the appearance of 

specific antigens demanding a humoral adaptive response, 
i.e. activation, proliferation, and differentiation of normal 
B cells. Moreover, downstream elements of the cascade 
bias cellular mechanisms of self-control into anti-apoptotic 
scenarios [27]. This is the putative reason why numerous 
B-cell malignancies, including chronic lymphocytic leukemia 
(CLL), Burkitt lymphoma, mantle cell lymphoma (MCL), 
marginal zone lymphoma (MZL), follicular lymphoma (FL), 
diffuse large B-cell lymphoma (DLBCL), and Waldenström’s 
macroglobulinemia (WM), exhibit activated status of the 
BCR pathway [22].

However, the drivers of the pathway and mutational 
background/context may be different to those observed 
in normal B cells. Certain diseases such as CLL are char-
acterized by tumor cells which bear a subset of identical 
BCRs on their surface [28, 29]. Interestingly, these variants 
of BCR are rarely identified in normal B cells, and this ob-
servation suggests that binding to certain antigens may be 
supportive of the survival of CLL cells. Indeed, antibodies 
produced by these CLL clones bind to ubiquitous antigens 
[22, 30–33]. This ensures continuous, or very frequent, 
activation of BCR in CLL cells and seems to be crucial for 
the maintenance of anti-apoptotic proteome [34]. A simi-
lar scheme of BCR activation has been reported for DLBCL  
cells, although they additionally exhibit a mutation in 
CD79B, which protects from the internalization of BCR by 
a negative feedback loop [35].

Different mechanisms of BCR activation are character-
istic of follicular lymphoma. Somatic mutations of these tu-
mor cells often add glycosylation sites in BCR chains, re-
sulting in the exposure of mannose residues. The chronic 
activation of BCR is then supported by interactions with 
macrophages and dendritic cells expressing high levels of 
mannose-binding lectin DC-SIGN [36]. Constitutive activa-
tion of BCR pathway elements is often reported in MCL [37], 
and the correlation between disease occurrence and bacte-
rial infections putatively resulting in notorious stimulation of 
BCR by bacterial antigens has been reported in MZL [22].

The abovementioned all point towards a critical role 
of BCR signaling in B cell-derived lymphatic disorders and 
posit elements of this cascade, including BTK, as a reli-
able molecular target.

Ibrutinib: first generation BTK inhibitor

Ibrutinib was the first BTK inhibitor approved by the US 
Food and Drug Administration (FDA) in 2013 for treating re-
lapsed-refractory (R/R) MCL [38]. MCL affects mostly older 
men, and it is usually diagnosed at stages III or IV, which 
significantly limits the number of available therapeutic op-
tions. Ibrutinib’s approval was granted after publishing the 
results of the clinical trial PCYC-1104 [39]. Patients involved 
in this study received a median of three prior therapies 
followed by a daily oral dose of 560 mg ibrutinib. 75 of  
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111 patients (68%) responded to the therapy, including 21% 
complete response (CR) and 47% partial response (PR). 
Secondary end-points, namely duration of response (DOR) 
and progression-free survival (PFS), were 15.3 months 
and 13.9 months, respectively (medians). Median overall 
survival (OS) was not reached, and that estimated at 18 
months was 58% [39]. Two further studies on ibrutinib as  
a single agent for treating R/R MCL (the SPARK phase II stu
dy, n = 120 and the RAY phase III study, n = 139 in the  
ibrutinib arm), revealed similar outcomes: overall response 
rates (ORR) were 63% and 72%, median PFS was 10.5 and 
14.6 months, and OS at 18 months was 58% and 61%, 
respectively [40].

Other clinical trials have assessed the efficacy of ibruti-
nib’s combination with approved immunotherapeutics (re-
viewed in [41]). ORR as high as 88% (including 44% CR) 
was reported for R/R MCL patients treated with ibrutinib 
+ rituximab [42]. Even more encouraging results, such as 
94% ORR (76% CR), were achieved when a combination of 
ibrutinib + rituximab + bendamustine was used [43]. Nota-
bly, equally promising data has been preliminarily reported 
for combinations of ibrutinib + rituximab (98% ORR, 60% 
CR) [44], ibrutinib + obinutuzumab + venetoclax (100% 
ORR, 47% CR) [45], and ibrutinib + rituximab followed by 
short-course R-HCVAD (rituximab plus hyper-fractionated cy-
clophosphamide, vincristine, doxorubicin, and dexametha-
sone)/methotrexate (MTX) (100% ORR, 90% CR) [46], when 
used as a frontline MCL therapy. Further clinical studies 
have led to ibrutinib’s approval for CLL [47], WM [48], and 
MZL [49]. Promising results were also obtained in a trial 
testing ibrutinib’s combination with lenalidomide and ritux-
imab for the treatment of R/R DLBCL [50].

The clinical approval of ibrutinib was a breakthrough, 
not only due to its efficacy against lymphoproliferative dis-
eases, but also to the decreased risk of side effects. Pre-
vious treatment regimens applied in B-cell malignancies 
contained chemotherapeutic components like chlorambu-
cil, fludarabine and cyclophosphamide, which rendered pa-
tients subjected to such treatment to a high risk of early 
bone marrow suppression and of late onset myelodyspla-
sia. The introduction of BTK inhibitors in monotherapy, or 
combined with other agents, brings nearer the prospect of 
chemo-free therapies.

Why are next generation BTK inhibitors  
necessary?

Despite the clinical success of ibrutinib, some patients 
experience adverse effects (AEs) which can eventually 
enforce discontinuation of therapy. Typical AEs associ-
ated with ibrutinib are different than those observed in 
acknowledged chemotherapy regimens and are therefore 
considered to be class-specific ones [51]. Rates of dis-
continuation due to AE vary between trials/diagnoses. In 

MZL, such discontinuation accounts for 17% of patients, 
whereas serious AEs of any grade occurred in 44% of pa-
tients. Pneumonia grade ≥3 was the most common severe 
side effect, reported in 8% of the cohort [49]. Serious AEs 
occurred in 42% of CLL patients receiving single-agent 
ibrutinib, becoming the reason for discontinuation in 4% 
of patients, and fatal in another 4% [47]. In this study, out 
of 81 cases of serious AE, 46 accounted for infections and 
13 for cardiac disorders, including atrial fibrillation.

A separate study analyzed the prevalence of atrial fibril-
lation in a retrospective follow-up analysis of CLL patients 
receiving ibrutinib. Atrial fibrillation was found in 6.1% of 
individuals without a prior history of this disorder [52]. Oth-
er AEs of grade ≥3 reported in the CLL clinical trial were 
pyrexia, diarrhea, fatigue, nausea, anemia, neutropenia, 
thrombocytopenia, arthralgia, dyspnea, stomatitis, and si-
nusitis. Another clinical study on ibrutinib in R/R CLL and 
small lymphocytic lymphoma (SLL) patients of the high 
risk associated with del(17p) showed a discontinuation 
rate due to AEs of 15% (22 of 144 patients) and fatali-
ty in two patients, although an extended analysis report-
ed death due to AEs in 18 patients [53]. In the R/R MCL 
study, 7% of patients discontinued ibrutinib and 3% died 
from AEs, whereas diarrhea, neutropenia, thrombocytope-
nia, fatigue and dyspnea, but not upper respiratory tract 
infection, were the most common AEs of grade ≥3 [39]. 
The occurrence of thrombocytopenia but also direct ac-
tivity on the signaling pathway in platelets predisposes to 
bleeding and hemorrhage, which is especially noticeable 
in head-to-head clinical trials comparing the effect of ibru-
tinib and chemo plus immunotherapeutics (reviewed in 
[54]). Some of these AEs, including diarrhea, bleeding, and 
atrial fibrillation, are attributed to off-target effects [55]. 
Ibrutinib covalently and irreversibly binds cysteine 481 in 
the ATP-binding pocket of BTK [38]. However, many oth-
er kinases share a similar molecular architecture of this 
functional site as that of BTK, e.g. interleukin-2-inducible 
T-cell kinase (ITK), Tec protein tyrosine kinase (TEC), bone 
marrow tyrosine kinase gene in chromosome X (BMX), and 
epidermal growth factor receptor (EGFR) (reviewed in [54, 
56]). Kaptein et al. [57] assessed the specificity of ibruti-
nib in terms of kinase inhibition (excluding BTK) and, by 
the application of KinomeScan technology, found that the 
activity of 9.4% of human wild-type kinases was inhibit-
ed by more than 65% at a 1 µM concentration. They also 
provided IC50 values from biochemical assays showing 
non-specific inhibition of particular kinases. The IC50 val-
ue for BTK was 1.5 nM, whereas those for TEC, ITK, BMX, 
and EGFR were 10 nM, 4.9 nM, 0.8 nM, and 5.3 nM, re-
spectively. Importantly, functional impairment of these ki-
nases is thought to be associated with diarrhea, dysfunc-
tion of antibody-dependent cellular cytotoxicity (ADCC) 
mechanism, dysfunction of platelets, and the risk of  
bleeding [38, 58, 59].
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Next generation irreversible BTK inhibitors	
Selective BTK inhibitors were developed mainly with the 
aim of reducing significant AEs occurring during ibrutinib 
therapy while maintaining high efficacy in the treatment of 
B-cell malignancies. Apart from zanubrutinib, other selec-
tive irreversible BTK inhibitors have been approved or are 
under investigation. The first approved second-generation 
agent was acalabrutinib (approved for MCL in 2017 [60], 
which due to increased selectivity compared to ibrutinib, 
e.g. lack of TEC, ITK and HER 2 inhibition, presented fewer 
or no AEs such as bleeding or atrial fibrillation [61].

Although there is limited data regarding a direct com-
parison between acalabrutinib and zanubrutinib in terms of 
efficacy and safety, recent findings from the ongoing BGB- 
-3111-215 trial (NCT04116437) showed that zanubrutinib 
could prove beneficial to many patients with B-cell neo-
plasms who had to discontinue acalabrutinib because of 
AEs. In patients intolerant to acalabrutinib who received 
zanubrutinib, 75% of acalabrutinib AEs of any grade did 
not occur during zanubrutinib therapy, and no acalabruti-
nib AEs recurred at a high severity [62].

Other important irreversible BTK inhibitors already ap-
proved for B-cell malignancies are tirabrutinib (CNS lym-
phoma, WM, CLL) and orelabrutinib EGFR, BMX, TEC (MCL, 
CLL, SLL). Studies on these molecules have also shown 
improved selectivity against potential off-target enzymes, 
e.g. BMX, EGFR, TEC, and ITK [63, 64]. Clinical trials have 
led to the approval of these drugs for treating various he-
matological malignancies, including CNS lymphoma (in the 
case of tirabrutinib) [65].

Many irreversible BTK inhibitors, such as evobrutinib, 
spebrutinib, remibrutinib, tolebrutinib and olmutinib, are 
currently under pre-clinical and clinical investigation. So 
far, the results are promising and support the continued 
investigation of these molecules, which may, in the future, 
contribute to approval for the treatment of autoimmune 
disorders (e.g. SLE, arthritis, Sjogren’s syndrome) and can-
cers, such as non-small cell lung cancer [65].

Reversible BTK inhibitors
Another important issue is resistance to BTK inhibitors, 
whose mechanism of action relies on covalent and irrevers-
ible binding to cysteine 481. Substitution of cysteine with 
serine, despite being conservative in terms of amino acid 
homology, precludes effective inhibition of BTK by either 
ibrutinib or zanubrutinib. Such C481S mutation is often 
manifested in CLL patients receiving prolonged treatment, 
and is believed to stem from the selection and expansion 
of rare clones of tumor cells already present in patients 
before treatment initiation [66].

The novel, reversible inhibitors of BTK, such as ve-
cabrutinib (SNS-062) [67], pirtobrutinib (LOXO-305) [68], 
and nemtabrutinib (ARQ-531, MK-1026) [69] have been 
shown to effectively diminish the activity of the C481S 

variant in preclinical testing. Their selectivity, safety, tol-
erability, pharmacokinetics, and efficacy are now being 
assessed in clinical trials [70]. At this stage, the evidence 
suggests that these novel agents may provide clinical 
benefit for patients with CLL or MCL who are resistant to 
ibrutinib [71, 72].

Advantages of zanubrutinib over ibrutinib 
in biochemical and mechanistic context

Zanubrutinib is a novel irreversible BTK inhibitor devel-
oped as a therapeutic agent dedicated to the treatment 
of B-cell lymphoproliferative diseases. Initial studies have 
shown potent on-target activity against BTK comparable to 
that of ibrutinib, but with higher selectivity and an excel-
lent pharmacodynamic profile in vivo [73]. KinomeScan 
analyses have revealed a halving in the percentage of 
non-BTK kinase inhibition by zanubriutinib compared to 
ibrutinib (4.3% vs. 9.4%, respectively) [57]. Importantly, 
off-target effects of zanubrutinib toward vital tyrosine 
kinases such as EGFR, human epidermal growth factor 
receptor (2HER2), HER4, ITK, Janus kinase 3 (JAK3), 
and TEC are considerably lower than ibrutinib [55, 57]. 
The effective inhibitory concentrations depended on the 
assay, and the average IC50 values reported for EGRF, ITK, 
JAK3, HER2, and TEC were respectively 8, 26, 51, 70, and 
2.4-fold higher for zanubrutinib than for ibrutinib. Such 
characteristics may result in more favorable pharmaco-
dynamics, as well as limited AEs, such as diarrhea, rash, 
atrial fibrillation, bleeding, and fatigue. Dobue et al. ana-
lyzed the effect of BTK inhibitors on thrombus formation, 
and found that pretreatment of mice with ibrutinib, but 
not zanubrutinib, resulted in either in vitro reduction of 
platelets’ adhesion to immobilized type I collagen, von 
Willebrand factor (vWF), and fibrinogen, or thrombus 
formation in vivo [74]. The same conclusions were drawn 
from experiments performed on platelets collected from 
ibrutinib-treated CLL patients, who formed smaller throm-
bi than those collected from zanubrutinib-treated patients 
or healthy controls. Such results show a lower incidence 
of zanubrutinib-related bleeding and underline zanu-
brutinib’s advantage over ibrutinib in patients receiving 
anticoagulants [75].

The relative sparing of ITK by zanubrutinib could re-
sult in less interference with the tumor-clearing mecha-
nism of anti-CD20 antibody-induced antibody-dependent 
cytotoxicity (ADCC), resulting in enhanced efficacy when 
combined with obinutuzumab [76]. Another advantage 
of zanubrutinib includes favorable drug-drug interaction 
characteristics that allow co-administration with azole 
antifungals, proton pump inhibitors, and vitamin K an-
tagonists [76, 77]. Moreover, according to preclinical tri-
als, zanubrutinib has better bioavailability when admin-
istered orally [55].
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Better selectivity and bioavailability of zanubrutinib 
should be mirrored in fewer AEs in patients and compara-
ble on-target activity should make it as effective as the pa-
rental molecule. Such a thesis is being verified in clinical 
trials, which assess safety and efficacy, as well as a head-
to-head comparison with ibrutinib.

Clinical trials of zanubrutinib

Ongoing and completed clinical trials of zanubrutinib in 
B-cell malignancies are set out in Table I [78–86]. Here, we 
provide a more detailed description of studies concerning 
MCL, CLL/SLL, and WM.

Mantle cell lymphoma
In the clinical trial NCT02343120, 62 individuals with 
a variety of non-Hodgkin lymphoma (NHL) types were as-
sessed. ORR was 58.1% among all patients, 60.9% among 
46 patients with aggressive NHLs — DLBCL or MCL, and 
50% among 16 patients with indolent lymphomas (FL or 
MZL). CR ratios were 12.9%, 15.2%, and 6.3% respectively 
and PR ratios were 45.2%, 45.7%, and 43.8% respectively 
[87]. In the BGB-3111-AU-003 study among 37 previously 
treated patients with MCL, ORR was 86.5%, CR was 29.7% 
and PR was 56.8%. The median duration of response was 
17.1 months [79]. In the single-arm, open, phase II trial 
NCT03206970, zanubrutinib was effective in patients 
with MCL who had been given at least one prior line of 
treatment, particularly CHOP/CHOP-R (cyclophosphamide, 
doxorubicin, oncovin, prednisone, and rituximab). Among 
86 patients evaluated, ORR was 84%, CR was 59%, and 
PR was 24%. The median duration of treatment was 
19.5 months, whereas the median PFS was 16.7 months 
[78]. Independent review committee (IRC) evaluated the 
response, based on the Lugano 2014 classification [88]. 
Compelling results of zanubrutinib clinical trials in patients 
previously treated for MCL led to FDA approval in November 
2019. Zanubritinib is currently indicated for the treatment 
of adult patients with MCL who have received at least one 
prior therapy. The recommended dosage in this indication is  
160 mg twice daily, or 320 mg once daily, until the progres-
sion of the disease or unacceptable toxicity. 

Chronic lymphocytic leukemia/ 
/small lymphocytic lymphoma
In the non-randomized arm of the international, open, 
phase III clinical trial SEQUOIA, comparing zanubrutinib 
to bendamustine plus rituximab among 90 previously un-
treated patients with CLL/SLL and del(17p) present, ORR 
was 92.2% [80]. In another cohort trial, NCT02343120, 
ORR was 96.7% among all 120 patients with CLL/SLL and 
93.8% in patients with del(17p) at median follow-up (MFU) 
of 26.4 months. ORR was comparable in both previously 
untreated patients and those with relapsed/refractory 
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disease (RR CLL/SLL) [83]. Long-term follow-up of zanu-
brutinib monotherapy in treatment-naïve CLL/SLL patients 
with del(17p) proved the durability of responses in this 
high-risk cohort, with an estimated 18-month PFS of 88.6% 
and an estimated 18-month OS of 95.1%. Zanubrutinib was 
generally well tolerated, with low rates of discontinuation 
due to AEs. These findings support the potential utility of 
zanubrutinib in the frontline management of patients with 
the high-risk [del(17p) positive] disease [89].

The ongoing ALPINE study has been comparing zanu-
brutinib to ibrutinib in relapsed/refractory CLL/SLL. This 
is the first head-to-head comparison of the efficacy and 
safety of these two compounds in a randomized trial [81, 
82]. Thus far, zanubrutinib has been shown to be superi-
or to ibrutinib with respect to PFS and OS. Zanubrutinib 
has also caused fewer AEs leading to discontinuation or 
death than ibrutinib. Also, the risk of atrial fibrillation or 
grade 3 infection was lower with zanubrutinib. The risk of 
cardiovascular AEs, such as hypertension, was very simi-
lar between the zanubrutinib (16.7%) and ibrutinib arms 
(16.4%). Overall, zanubrutinib in the ALPINE trial seems to 
have a favorable benefit-risk profile compared to ibrutinib 
in patients with R/R CLL/SLL [86, 90]. In a phase I trial 
(NCT02343120) zanubrutinib has demonstrated encour-
aging activity in CLL/SLL patients, with a low incidence 
of major toxicities. Among 78 efficacy-evaluable CLL/SLL 
patients, the overall response rate was 96.2% (95% confi-
dence interval, 89.2–99.2). The estimated progression-free 
survival at 12 months was 100% [55]. Grade 3/4 AEs re-
ported included neutropenia (6.4% of patients), anemia 
(2.1%), pneumonia (2.1%), and hypertension (2.1%). One 
patient had febrile neutropenia (grade 3), and one patient 
had disseminated herpes zoster infection (grade 3). Atrial 
fibrillation (grade 2) occurred in one patient with a history 
of hypertension and hyperlipidemia. Only one patient with 
CLL/SLL (receiving concomitant aspirin) experienced ma-
jor hemorrhage (grade 3 subcutaneous hemorrhage). Con-
comitant antiplatelets (aspirin, clopidogrel, or nonsteroidal 
anti-inflammatory drugs) and anticoagulants (unfraction-
ated or low-molecular-weight heparin, direct thrombin in-
hibitors, or warfarin) were used by 16.0% and 8.5% of pa-
tients, respectively. The exposure-adjusted incidence rate 
for grade 3 petechiae/purpura/contusions was 0.086 per 
100 person-months. There were no deaths in the CLL/SLL  
cohort [55].

A 4-year follow-up of the phase I/II AU-003 study eval-
uated long-term tolerability and efficacy of zanubrutinib in 
CLL/SLL patients. In treatment-naïve patients, ORR was 
100%, and in R/R CLL/SLL it was 95%. Complete response 
was observed in 18.7% of patients. At three years, 85.7% of 
patients had ongoing response. AEs leading to discontinu-
ation of therapy were uncommon, and the incidence of AF, 
major hemorrhage or grade ≥3 infection decreased. This 
study showed that, with durable efficacy and acceptable 

tolerability, zanubrutinib can provide long-term clinical ben-
efits for patients with CLL/SLL.

Waldenström’s macroglobulinemia
Clinical trial NCT02343120 evaluated the safety, tolerability, 
pharmacokinetic profile, and effectiveness of zanubrutinib. 
Among 73 individuals with WM (24 previously untreated, 
and 49 with relapsing/refractory disease), long-term za-
nubrutinib treatment resulted in an overall response rate 
of 96% and a very good partial response (VGPR)/CR rate 
of 45%, which increased over time: 20.5% at six months, 
32.9% at 12 months, and 43.8% at 24 months. The esti-
mated 3-year progression-free survival rate was 80.5%, and 
the overall survival rate was 84.8% [84]. In the ASPEN study, 
a randomized phase III trial, zanubrutinib was head-to-head 
compared with ibrutinib in symptomatic WM [85]. Zanubru-
tinib was associated with fewer major hemorrhages than 
ibrutinib (0.3 vs. 0.6 events/100 person-months). Ibrutinib 
patients experienced a ∼10-fold higher incidence of atrial 
fibrillation/flutter (1.0 vs. 0.1 events/100 person-months) 
and an approximately doubled frequency of hypertension on 
an exposure-adjusted basis (1.2 vs. 0.7 events/100 person- 
-months). The frequency of diarrhea among zanubrutinib 
patients in the study was half that reported among ibrutinib 
patients (1.3 and 2.6 events per 100 person-months, re-
spectively), probably explained by the less potent inhibition 
of epidermal growth factor receptor by zanubrutinib. Grade 
3 neutropenia was more common among zanubrutinib pa-
tients (29% vs. 13%). Both agents inhibit BTK in neutrophil 
precursors by similar mechanisms, so higher rates of severe 
neutropenia among zanubrutinib patients may be a function 
of its greater bioavailability. However, the higher incidence 
of neutropenia did not result in a higher infection incidence 
compared to that of ibrutinib. Paradoxically, the incidence 
of some respiratory tract infections (mostly pneumonia) 
was higher among ibrutinib recipients. More ibrutinib than 
zanubrutinib patients required dose reductions for AEs 
(23% vs. 14%, respectively. Treatment with zanubrutinib 
was associated with fewer discontinuations than treatment 
with ibrutinib (4% vs. 9%, respectively), and fewer deaths 
were attributed to AEs (1% vs. 4%). A lower proportion of 
zanubrutinib-treated patients experienced an AE that led 
to dose reductions (13.9% vs. 23.5%) or doses being with-
held (46.5% vs. 56.1%) [85]. Data from real-life studies of 
zanubrutinib in WM is still limited. However, results provided 
by Itchaki et al. [91] from their retrospective multi-center 
study seem to be consistent with clinical studies, with an 
83% ORR and a 23% rate of grade ≥3 AEs.

Recent case studies indicate that zanubrutinib is effec-
tive in the treatment of Bing-Neel syndrome, an extreme-
ly rare complication of WM characterized by infiltration of 
the central nervous system by clonal lymphoplasmocytes, 
sometimes accompanied by hyperglobulinemia in the ce-
rebrospinal fluid [92].
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Marginal zone lymphoma
The phase I I  MAGNOLIA t r ia l  (BGB-3111–214; 
NCT03846427), conducted in 2020 in nine countries, 
evaluated the efficacy and safety profiles of zanubrutinib in 
patients with relapsed/refractory marginal zone lymphoma. 
The study included 68 R/R MZL patients who had previously 
received at least one line of therapy with a CD20-directed 
agent. After a median follow-up of 15.7 months, ORR was 
68.2% and CR was 25.8%. The estimated DOR rate at  
12 months after the first response was 93%. At a median 
follow-up, 40 (89%) of the 45 patients who responded were 
free from progression or death. The response to treatment 
varied between MZL subtypes (nodal, extranodal, splenic, 
unknown). Zanubrutinib in R/R MCL patients was generally 
well tolerated. Most AEs that occurred were in grades 1 or 
2. The most common AEs were infections (45.6%), diarrhea 
(22.1%), contusion (20.6%), constipation (14.7%), and 
pyrexia (13.2%). A total of four patients developed COVID 
pneumonia during the investigations, being fatal in two cas-
es. However, these cases were assessed to not have been 
related to zanubrutinib. Bleeding occurred in 36.6% of sub-
jects, but no patient experienced a major hemorrhage [93].

In September 2021, due to its high efficacy and a fa-
vorable safety profile, zanubrutinib was approved by the 
FDA for adult patients with relapsed or refractory marginal 
zone lymphoma who had received at least one anti-CD20- 
-based regimen [94].

Current position of BTK inhibitors  
and zanubrutinib in treatment  
of B-cell malignancies

The position of BTK inhibitors in the treatment of B-cell 
malignancies is not yet completely established. However, in 
CLL, BTK inhibitors have emerged as the most successful 
therapeutic approach inhibiting signals transmission from 
the B-cell receptor into the cell. The critical role of the B-cell 
receptor for CLL cells has been one of the major discov-
eries of the last two decades, improving outcomes in CLL 
patients, including those with unmutated immunoglobulin 
heavy-chain variable region gene and with p53 deletion/ 
/mutation. This explains the expansion of FDA approval of 
ibrutinib to the frontline treatment of all adult patients with 
CLL in April 2020 based on the results of the E1912 trial 
[95], and acalabrutinib in November 2019 based on the 
results of two phase III randomized trials — ELEVATE-TN and 
ASCEND [96, 97]. Also, early administration of zanubruti-
nib has led to higher overall response rates and greater 
durability of therapeutic benefit [98].

In our opinion, BTK inhibitors are also changing the 
treatment paradigm for MCL [70], which remains incurable, 
and patients will ultimately relapse with shortened remis-
sion durations with each successive therapy. As yet, BTK 
inhibitors are only approved for second-line MCL: ibrutinib 

in 2013, acalabrutinib in 2017 and zanubrutinib in 2019, 
but clinical trials in untreated MCL patients are ongoing 
with very promising results [99]. BTK inhibition has changed 
the treatment landscape of WM. Ibrutinib has resulted in 
deep and durable responses both as an upfront and as 
a salvage treatment, whereas zanubrutinib has resulted in 
similar antitumor activity, including deep and durable re-
sponses, but with a low discontinuation rate due to treat-
ment-related toxicity [85].

Considering the similar efficacy of different BTK inhibi-
tors, the choice between them mainly depends on their tox-
icities. Acalabrutinib and zanubrutinib, recently approved 
in China for patients with relapsed/refractory CLL, appear 
to have a more favorable toxicity profile compared to ibru-
tinib, especially cardiovascular, making them particularly 
interesting agents in the current treatment of patients with 
CLL. In our opinion, they have become the BTK inhibitors 
of choice for CLL and MCL treatment.

The second important issue is to establish whether 
BTK inhibitors should be used in monotherapy or along-
side anti-CD20 monoclonal antibodies or bcl-2 inhibitors. 
The bcl-2 inhibitor venetoclax, given for a fixed period of 
time together with an anti-CD20 antibody, is a valid op-
tion for CLL patients. Among patients with untreated CLL 
and coexisting conditions, venetoclax + obinutuzumab has 
been associated with longer progression-free survival than 
chlorambucil + obinutuzumab [100]. Several clinical trials 
[101–103] are now reviewing ways to incorporate veneto-
clax into the treatment with BTK inhibitors, but it remains 
an unanswered question as to within which setting this 
strategy would work best. In MCL, BTK inhibitors should 
be combined with other agents to improve treatment out-
comes. The combination of obinutuzumab, ibrutinib, and 
venetoclax provides high response rates, including at the 
molecular level, in relapsed and untreated MCL patients 
[99]. In WM, it is unclear whether BTK inhibitors should be 
combined with other agents [104].

The third unresolved issue is how to sequence BTK and 
bcl-2 inhibitors. In CLL, there is no randomized trial com-
paring BTK inhibitors given continuously to bcl-2 inhibitors 
given for a limited time, so it is very difficult to decide which 
is the better approach. Obviously, limited-time treatment 
has some advantages over continuous treatment. It should 
be stressed however, that the greatest benefit from vene-
toclax is for patients who achieve MRD negativity, whereas 
MRD in continuous treatment with BTK inhibitors, in our 
opinion, is not the treatment goal. We also think that pa-
tients with 17p deletion seem to have better outcomes on 
BTK inhibitors than bcl-2 inhibitors. Most of the patients 
who come off the BTK inhibitor move to venetoclax. It is 
unclear whether a patient could be successfully trans-
ferred from venetoclax to a BTK inhibitor. There is no pro-
spective data in that setting, but in our experience, and 
looking at data from retrospective studies, it seems that 
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most patients who are treated with venetoclax in any line 
of therapy, who then relapse either on or after venetoclax, 
can be successfully rescued with a BTK inhibitor. Patients 
with CLL who are resistant to BTK-inhibitors and veneto-
clax should be referred to novel treatments such as CAR-T 
cell therapy. Interestingly, BTK inhibitors can improve the 
efficacy of CAR-T cells [105]. In MCL, we believe that com-
bined therapy of BTK inhibitors with bcl-2 inhibitors and 
anti-CD20 antibodies will soon become a standard first- 
-line treatment. Relapsing patients should be referred for 
CAR-T cell therapy, which has recently been reported to in-
duce durable remissions in most patients with relapsed or 
refractory MCL [16].

Conclusions

Bruton’s tyrosine kinase inhibitors have already become 
an acknowledged element of the treatment for lympho
proliferative neoplasms. Ibrutinib, the best-in-class BTK 
inhibitor, has so far been the most evaluated and has been 
most widely used in numerous indications. Its efficacy and 
relatively good safety profile are well-proven. However, 
the incidence of serious AEs such as atrial fibrillation and 
hemorrhagic complications has led to the development of 
novel agents with reduced off-target effects.

Zanubrutinib, a second-generation BTK inhibitor, ex-
hibits higher selectivity against BTK than ibrutinib, and ap-
pears to have a more favorable toxicity profile, especially 
regarding cardiovascular AEs, primarily atrial fibrillation. 
Clinical studies have already led to the approval of zanu-
brutinib in WM, MZL and CLL/SLL.

Nonetheless, further studies of zanubrutinib, both in 
monotherapy and in combination with other agents, are 
necessary to extend the scope of potential indications and 
evaluate its long-term safety profile. Longer follow-ups, 
more clinical experience, and comparative trials should 
help answer the question as to whether zanubrutinib could 
become the first-line treatment for a variety of lymphopro-
liferative neoplasms.
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Abstract
The curability of childhood leukemia has significantly increased in recent years. The 5-year survival rate for children 
with acute lymphoblastic leukemia (ALL) now exceeds 90%, and is 65–70% for acute myeloblastic leukemia (AML) 
patients. Improvements in supportive care, better understanding of biological features of leukemia cells, better recog-
nition of high-risk children, and optimization of treatment regimens through national and international collaboration 
have led to tremendous progress.
However, the most common and serious complications during antileukemic treatment are infections, mainly bacterial. 
Literature data shows that antibiotic prophylaxis reduces bacteremia and improves outcomes of adult patients during 
aggressive chemotherapy. However, the use of antibiotic prophylaxis in pediatric cancer is still controversial. There is 
a lack of evidence regarding its effectiveness and the best choice of antibiotic. In this review, we summarize the cur-
rent knowledge on antibiotic prophylaxis in children with leukemia undergoing intensive chemotherapy, considering 
also antibiotic efficacy and resistance.
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Introduction

The curability of childhood leukemia has significantly 
increased in recent years. The 5-year survival rate for chil-
dren with acute lymphoblastic leukemia (ALL) now exceeds 
90%, and is 65–70% for acute myeloblastic leukemia 
(AML) patients. Improvements in supportive care, better 
understanding of biological features of leukemia cells, 
better recognition of high-risk children, and optimization 
of treatment regimens through national and international 
collaboration, have led to tremendous progress [1–5].

However, despite the improvement in cure rates, 
the most common and serious complications during 

antileukemic treatment are infections, mainly bacterial 
[6–9]. Many studies show that Gram-positive bacteria are 
a significant etiological factor causing infections during ALL 
and AML treatment in children [10–14]. The most com-
mon complications related to infections are infections of 
the bloodstream, upper respiratory tract, gastrointestinal 
tract, and ear. Infections interrupt leukemia treatment and 
prolong hospitalization [15].

Treatment-related mortality is estimated to be 2–4% in 
current ALL trials, with infections accounting for the ma-
jority of deaths [9, 16]. Mortality ranges from 3% to 15% 
in patients treated for AML [17]. An increased risk of in-
fection during chemotherapy is associated with the use of 
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central catheters, prolonged neutropenia, the coexistence 
of Down’s syndrome, female gender, young age, and also 
Caucasian race [9, 11, 15, 16, 18, 19].

Literature data shows that antibiotic prophylaxis reduces 
bacteremia and improves outcomes of adult patients during 
aggressive chemotherapy [20]. In 2016, the guidelines 
drawn up by the National Comprehensive Cancer Network 
(NCCN), which were approved in hematological malignan-
cies, recommended fluoroquinolones prophylaxis for adult 
patients [21]. The use of antibiotic prophylaxis in pediatric 
cancer is still controversial, and there is a lack of clear evi-
dence of its effectiveness and the best choice of antibiotic 
[22]. The 8th European Conference on Infections in Leuke-
mia (ECIL-8) did not support routine antibiotic prophylaxis 
in patients with acute leukemias [23]. Empirical antibiotic 
therapy is a standard procedure in the treatment of children 
and adults, in the case of neutropenia at the beginning of 
fever or other infection-related symptoms [24–26].

However, many studies have shown that the prophy-
lactic use of levofloxacin in patients with ALL and AML has 
resulted in a significant reduction in bacteremia [22, 27]. 
On the other hand, increasing bacterial resistance is a ma-
jor concern with prophylaxis [28–31]. The introduction of 
antibiotic prophylaxis is associated with an increased risk 
of fluoroquinolone-resistant Gram-negative strains devel-
opment, which has been demonstrated among patients re-
ceiving fluoroquinolone prophylaxis [28, 32]. The choice of 
antibiotic prophylaxis ought to be considered with local ep-
idemiology-resistance patterns [33]. Additionally, potential 
adverse effects of antibiotic prophylaxis use, including drug 
toxicities, invasive fungal disease (IFD) and Clostridioides 
difficile (C. difficile) infection, have been described [34]. 
In this context, it is important to mention musculoskeletal 
negative side effects, which were observed one year after 
levofloxacin administration in children and have been de-
scribed in a few studies [35, 36]. These negative side ef-
fects are discussed in the following sections.

In this review, we summarize the current knowledge of 
antibiotic prophylaxis in children with acute leukemias un-
dergoing intensive chemotherapy, antibiotic efficacy and 
resistance.

Efficacy of antibiotic prophylaxis  
during leukemia treatment

Levofloxacin prophylaxis
Fluoroquinolones, as broad-spectrum antibiotics, are a sig-
nificant class of antibacterial agents. Quinolones inhibit 
DNA synthesis by blocking the activity of DNA gyrase and 
topoisomerase IV. DNA gyrase is an enzyme which cannot 
be found in eukaryotic cells and it is a significant factor for 
bacterial growth. Levofloxacin, which is classified as the 
third-generation fluoroquinolone, shows stronger activity 
against Gram-positive strains than the second-generation 

group that includes ciprofloxacin [37]. Wolf et al. [22] de-
scribed the efficacy of levofloxacin prophylaxis use during 
the induction phase in newly diagnosed patients with 
acute lymphoblastic leukemia between October 2007 and 
January 2016. A total of 344 pediatric patients partici-
pated in this study. Sixty-nine of those patients received 
the above-mentioned broad-spectrum antibiotic, and  
102 of them received other antibiotics such as ciprofloxa-
cin, cefepime and vancomycin. The remaining 173 patients 
received no antibiotic prophylaxis. The dose of antibiotic 
and the exposure duration were selected individually. This 
single-center cohort trial showed decreased episodes of 
fever, enterocolitis, bacteremia and general infections, 
including Clostridium difficile (C. difficile) infections, thanks 
to the use of levofloxacin during induction therapy. Chil-
dren who received levofloxacin prophylaxis had a risk of 
bacterial infections that was more than halved compared 
to the group of patients who did not receive prophylaxis 
(15.9% vs. 37%) [22]. In the study by Sulis et al. [38],  
230 patients, aged 1–21, with newly diagnosed ALL, 
received fluoroquinolones prophylaxis during induction 
chemotherapy. Children enrolled in that trial were receiving 
oral or intravenous levofloxacin or moxifloxacin. Therapy 
was applied to patients without fever. For patients who 
developed fever, the antibiotic was changed to a broad 
spectrum one and was administered intravenously. The 
results were compared to the other ALL Consortium 
Protocol 05-001 Dana-Farber Cancer Institute. The study 
showed a remarkable reduction of bacteremia incidents  
(10.9 vs. 24.4), especially those caused by Gram-negative 
strains, in pediatric patients undergoing the induction 
phase. The scientists noticed a significant reduction of 
infection frequency caused by Streptocccus viridans  
(S. viridans) and Staphylococcus aureus (S. aureus) [38].

In another trial by Alexander et al. [27], patients aged 
six months to 21 years with AML or relapsed ALL were ran-
domly assigned to one of two groups. One group received 
levofloxacin prophylaxis (n = 100), while the other received 
no antibiotics (n = 100). Patients aged six months to five 
years received a dose of 10 mg/kg of levofloxacin twice 
a day, whereas patients older than five years received the 
same dose, but only once a day. The antibiotic was admin-
istered orally, or when this was not possible intravenously, 
on the first or third day of chemotherapy during two cycles. 
The percentage of bacteremia was much lower in the levo-
floxacin prophylaxis group of patients (21.9% vs. 43.4%), 
and there was a lower risk of neutropenia and fever (71.2% 
vs. 82.1%). Despite the positive effects of this antibiotic, 
a large number of infections were still observed — S. viri-
dans and Gram-negative bacteremia. No influence on the 
risk of infection frequency caused by the mentioned patho-
gens suggests a dependence on the spectrum of activity 
or a lower absorption of the antibiotic by the oral adminis-
tration. A significant conclusion of the study is that the use 
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of antibiotic was not associated with an increased risk of 
musculoskeletal toxic effects, IFD or C. difficile infection in 
the levofloxacin prophylaxis group of patients [27]. More-
over, in the study of Bradley et al. [36], the risk of cartilage 
injury caused by levofloxacin appears to be uncommon, and 
musculoskeletal events are clinically undetectable after five 
years of therapy or are reversible. An American retrospec-
tive cohort study conducted for four years enrolled patients 
aged 6 months to 21 years with AML and relapsed ALL. The 
pre-implementation group contained 63 patients, and the 
post-implementation group, in which patients were receiv-
ing levofloxacin prophylaxis, contained 72 patients. The 
main goal of this trial was to examine the influence on the 
bloodstream infection (BSI) risk and central line associated 
bloodstream infections (CLABSI), as a result of implement-
ing levofloxacin prophylaxis. The authors reported that bac-
teremia cases caused by Gram-negative microorganisms 
significantly decreased in patients in the post-implemen-
tation group. Researchers observed more frequent BSI in-
cidents due to levofloxacin-resistant Gram-negative strains 
presence. Therefore, it is important to pay attention to this 
possible problem, which is resistance, in the future [39]. 
The use of antibiotic prophylaxis brings on current-period 
expense, which is drug cost and antimicrobial resistance 
caused by the routine introduction of antibiotics [3, 40]. 
A cost-utility analysis by Maser et al. checked the cost-ef-
fectiveness of using levofloxacin prophylaxis and analyzed 
the influence on quality-adjusted life-years (QALY). In this 
evaluation, the researchers compared the estimated cost 
of the levofloxacin prophylaxis to no prophylaxis in pedi-
atric patients with relapsed ALL or AML receiving chemo-
therapy. They showed that levofloxacin prophylaxis effects 
cost savings. The estimated cost associated with the use 
of levofloxacin prophylaxis was lower vs. no antibiotic pro-
phylaxis, and also a small profit in QALY was noticed. This 
analysis revealed a satisfactory cost/benefit ratio analyzing 
99.2% of the iterations [3]. A summary of the main levo-
floxacin prophylaxis use results is set out in Table I below.

Ciprofloxacin prophylaxis
Ciprofloxacin is a second-generation class and one of the 
most-frequently used quinolones, obtained by a fluorida-
tion of the quinolone structure [37]. This substance is 
also a broad-spectrum antibiotic, which shows the most 
potent activity against Gram-negative strains of all the 
fluoroquinolones [41]. In a single-center cohort study, Yeh 
et al. conducted a trial on 113 children with ALL and 36 
with AML from January 2010 to December 2012. Patients 
received ciprofloxacin orally twice a day at a dose of 300 
mg/m2 in the case of neutropenia without fever, and when 
was expected more than seven days of neutropenia during 
intensive treatment. The research showed less frequent 
episodes of febrile neutropenia, and also a lower frequency 
of bacteremia during the ciprofloxacin prophylaxis period. 

There were 24 episodes of febrile neutropenia altogeth-
er in the ciprofloxacin prophylaxis period, compared to  
96 episodes in the preprophylaxis period in a group of ALL 
patients. Similar results were obtained in AML patients. 
The authors also mentioned that this study was too short 
to draw any definite conclusions on any effect on the de-
velopment of microbiological resistance [4].

In the Laoprasopwattana et al. [48] double-blind, ran-
domized study of 95 patients (aged 0.25–18 years) with 
lymphoma and ALL, 45 of them received ciprofloxacin and 
50 of them received a placebo therapy. The study was con-
ducted from April 2007 to May 2010. Children were receiv-
ing either 20 mg/kg/day ciprofloxacin prophylaxis orally or 
a placebo. Additionally, rectal swab cultures were taken, to 
check if the applied antibiotic had an influence on increas-
ing resistance. Prophylaxis was started within five days af-
ter the first day of chemotherapy, and lasted until the fever 
had increased to more than 38.5°C once or to 38°C twice 
or until adverse effects of ciprofloxacin were present, such 
as rash, arthropathy or when the patient had an absolute 
neutrophil count of 1,000/µL after two weeks of applied 
treatment. A significant difference was observed in the pro-
portion of those who developed fever (50% in the ciproflox-
acin group vs. 73% in the placebo group) in patients who 
underwent induction prophylaxis, but not consolidation (in 
the whole group of 71 patients who had been diagnosed with 
neutropenia). Regarding negative side effects, both groups 
of patients developed similar adverse effects related to the 
underlying disease (arthritis) and caused by chemothera-
py-related nausea. One patient developed a maculopapular 
rash after the first day of ciprofloxacin treatment that was 
directly linked to the administration of the antibiotic. More 
importantly, in all three cases of bacteremia, the causative 
strains were sensitive to ciprofloxacin [48].

In a further single-center retrospective study conduct-
ed between October 2002 and October 2008, 103 pa-
tients with AML were divided into groups and received 
cefepime or vancomycin, oral ciprofloxacin, cephalosporin, 
or cefepime with ciprofloxacin administered orally at a dose 
of 250 mg/m2 twice a day. A control group received only 
oral cephalosporin or no prophylaxis. The average age at 
diagnosis was 8.7 years. The main positive effect of pro-
phylaxis was a reduction in infection episodes and a lower 
frequency of bacteremia caused by S. viridans but without 
a significant effect on the occurrence of febrile neutropenia 
[7]. In one of the American studies, 45 pediatric patients 
with de novo and relapsed AML (35 vs. 10) were enrolled. 
The patients were treated using ciprofloxacin prophylax-
is. Patients were infused with ciprofloxacin intravenously 
at a dose of 15 mg/kg twice daily in every chemother-
apy cycle. The control group underwent no prophylaxis. 
The authors observed a reduction in bacteremia caused 
by Gram-negative strains (13.4% with no prophylaxis vs. 
4.7% with ciprofloxacin prophylaxis), with no change in the 
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frequency of febrile neutropenia, the number of infectious 
episodes and mortality. The authors suggested that this 
substance, as a supportive care component, should be 
further investigated [43]. Another retrospective study was 
conducted on 69 patients with newly diagnosed acute lym-
phoblastic leukemia at the age of 0–13 who received cip-
rofloxacin prophylaxis during delayed intensification. The 
study was conducted between 1997 and 2000 and the 
patients received 25 mg/kg of ciprofloxacin twice a day. 
The patients were receiving antibiotic prophylaxis during 
delayed intensification no. 1 (5 week of chemotherapy), 
no. 2 (20 week) and no. 3 (35–42 weeks). The patients 
were receiving antibiotic prophylaxis during delayed inten-
sification no. 1 (5 week of chemotherapy), no. 2 (20 week) 
and no. 3 (35–42 weeks). An oral antibiotic was given for 
9.21 days (mean) in delayed intensification no. 1 and no. 

2. In no. 3 ciprofloxacin prophylaxis was administered for 
28 days. Ciprofloxacin prophylaxis reduced duration of 
hospitalization in no. 1 and no. 2 while in no. 3 both the 
rate and duration of hospitalization were reduced. A low-
er frequency of bacteremia was noted especially consid-
ering Gram-negative strains [44]. A summary of the main 
ciprofloxacin prophylaxis use results is set out in Table I.

Moxifloxacin prophylaxis
The fourth-generation of quinolones class consists of 
moxifloxacin. Compared to levofloxacin and ciprofloxacin 
antibiotics, moxifloxacin is a rarely used fluoroquinolone, 
but is more potent against anaerobic and Gram-positive 
bacteria [45, 46]. A few studies have shown the benefits 
of moxifloxacin prophylaxis use during leukemia treatment 
in adult patients, as described by Lee et al. [47], who in 

Table I. Comparison of efficacy of levofloxacin, ciprofloxacin and moxifloxacin prophylaxis in patients with acute lymphoblastic leukemia 
(ALL) and acute myeloblastic leukemia (AML)

Antibiotic  
prophylaxis

Number  
of patients

Age range 
[years]

Type 
 of leukemia

Article type Main results References

Levofloxacin 344 3–11.9 ALL Retrospective 
cohort study

Decreased episodes of fever, entero-
colitis, bacteremia

Wolf et al. 
2017 [22]

Levofloxacin, 
moxifloxacin

230 1–21 ALL Randomized 
study

Bacteremia reduction, especially 
caused by Gram-negative strains 
strains

Sulis et al. 
2018 [38]

Levofloxacin 200 3–16 AML, ALL Randomized 
study

Lower risk of bacteremia, neutropenia 
and fever

Alexander 
et al. 2018 

[27]

Levofloxacin 135 0.5–21 AML, ALL Retrospective 
cohort study

Lower bacteremia caused by Gram-
-negative microorganisms

Davis et al. 
2022 [39]

Ciprofloxacin 149 0.2–18 ALL, AML Single-center 
cohort study

Less frequent episodes of febrile 
neutropenia, lower frequency of bac-
teremia

Yeh et al. 
2014 [42]

Ciprofloxacin 140 0.25–18 ALL Double-blind, 
randomized 

study

Lower frequency of fever episodes Laoprasop-
wattana  

et al. 2013 
[48]

Ciprofloxacin 103 <1–21 AML Single-center 
retrospective 

study

Reduction in infections and lower  
frequency of bacteremia caused  
by Streptococcus viridans, but with  
no significant effect on occurrence  
of febrile neutropenia

Inaba et al. 
2014 [7]

Ciprofloxacin 45 3.3–15.4 AML Retrospective 
observational 

study

Reduction in bacteremia caused  
by Gram-negative strains

Felsenstein 
et al. 2014 

[43]

Ciprofloxacin 69 0–13 ALL Retrospective 
study

Lower frequency of bacteremia,  
especially Gram-negative strains

Yousef  
et al. 2004 

[44]

Moxifloxacin, 
levofloxacin

85 ≥18 AML, ALL Single-center 
cohort study

Similar numbers of neutropenia 
episodes in both types of prophylaxis, 
higher rates of Gram-negative infec-
tions in moxifloxacin group than  
in levofloxacin

Lee et al. 
2018 [47]
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a single-center cohort analysis enrolled 85 patients with 
ALL and AML (16 vs. 69), mostly during the induction phase, 
who received moxifloxacin (40 patients) or levofloxacin  
(45 patients) prophylaxis. Patients aged 18 and older were 
included in the trial from July 2012 to October 2014 and 
they received 500 mg/day of levofloxacin or 400 mg/day 
of moxifloxacin. The authors focused on the frequency 
of febrile neutropenia cases, number of infections and 
infection-related mortality, when comparing the use of 
moxifloxacin to levofloxacin. Among the moxifloxacin group, 
22 patients experienced neutropenia episodes compared 
to 30 patients within the levofloxacin group, which sug-
gested similar frequency rates of febrile neutropenia. 
Furthermore, the duration of neutropenia ≥10 days was 
a high-risk factor for febrile neutropenia despite the use of 
fluoroquinolone prophylaxis. However, no differences in the 
frequency of infections or the mortality rate were noted in 
both groups in the hospital. The authors observed higher 
rates of Gram-negative infections in the moxifloxacin group  
(25% vs. 10%) than the levofloxacin group [47]. A summary 
of the main moxifloxacin prophylaxis use results is set out 
in Table I.

Conclusions

The main challenge during leukemia treatment is an in-
creased risk of infection incidents, mainly bacterial, which 
can lead to treatment failure. Several studies have shown 
that the prophylactic use of fluoroquinolones reduces 
bacteremia episodes during the treatment of ALL and AML 
in children. Despite potential negative side effects and 
antibiotic resistance related to fluoroquinolone prophylaxis, 
numerous benefits appear to outweigh the disadvantages. 
For this reason, it may be used as a potent treatment agent 
in the future and be introduced to the standard treatment 
of ALL and AML. Larger, randomized trials are needed to 
confirm the long-term effectiveness of these antibiotics.
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Abstract
Tumor markers are a group of molecules used to diagnose certain diseases, including cancer. These molecules can 
alter cellular pathways, including those associated with some anemias, by expressing or influencing certain cellular 
mediators. The present study is based on data obtained from the PubMed database (1970–2019) using the key 
words ‘tumor markers’, ’anemia’ and ‘iron’. We found that some tumor markers can affect hepcidin expression and 
iron uptake by altering cell pathways. Several other tumor markers also increase in some anemias, so that they can 
sometimes be used to diagnose and confirm the type of anemia. The role of some tumor markers remains unclear de-
spite the increase in some anemias. In general, some tumor markers are involved in the pathophysiology of a number 
of anemias or help diagnose anemia. However, studies of the role of tumor markers in the diagnosis, development or 
progression of anemias have been very limited.
Key words: tumor markers, anemia, iron, hepcidin
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Introduction

Tumor markers refer to a group of molecules that help to 
detect cancer and predict how cancers behave in the body 
[1, 2]. These molecules have impacts not only in terms of 
disease diagnosis in asymptomatic patients, but also in dif-
ferential diagnosis in patients with symptoms [2, 3]. In fact, 
genetic changes in tumor cells affect the gene expression 
pattern of cells and surrounding tissues and lead to the 
formation of some tumor markers. However, only a small 
number of tumor markers are used for disease diagnosis 
[4, 5]. Furthermore, these genetic alterations affect parts of 
cellular pathways via expressing certain proteins or cellular 

mediators [6]. Given that the pathophysiology of anemia is 
cell-dependent, it is possible that a group of tumor markers 
could cause and promote anemia. In this study, we aimed 
to investigate the role of tumor markers in the formation 
and progression of anemia.

Cancer antigen 15-3

Pernicious anemia is an autoimmune disorder characterized 
by gastric atrophy, decreased gastric acid and pepsinogen 
secretion, increased serum gastrin concentration, and mal-
absorption of vitamin B12. The detection of tumor markers in 
serum represents a useful tool in the diagnosis and follow-up 
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of malignant gastrointestinal disorders [7, 8]. Cancer antigen 
15-3 (CA 15-3) tumor marker has long been used as a proven 
test for the diagnosis, as well as the staging, of adenocarci-
nomas, especially breast cancers. Studies have shown that 
there is an increase in CA 15-3 levels in the serum of most 
pernicious patients and this is not related to the Helicobacter 
pylori infection. Screening of megaloblastic anemia patients’ 
serum has shown an unexpected increase in CA 15-3 that 
is not associated with the presence or progression of breast 
cancer [9, 10]. Elevated CA 15-3 levels in both gastrectomy 
patients with a limited portion of normal gastric mucosa, and 
in non-gastrectomy patients with atrophic mucosa, suggest 
that this finding is associated with cobalamin deficiency, but 
not gastric disease. The association between levels of CA 15-3 
and serum hemoglobin, lactate dehydrogenase (LDH) and 
B12 vitamin suggests that accelerated production of CA 15-3 
may be consistent with the severity of megaloblastic anemia.

The increase in CA 15-3 levels in bone marrow super-
natants suggests megaloblastic bone marrow as the site 
of increased CA 15-3 production. Thus, the increase in se-
rum CA 15-3 levels in patients with megaloblastic anemia 
is probably due to B12 deficiency, which is secreted by 
apoptotic megaloblastic erythroblasts (Figure 1A, Table I). 
This increase does not appear to be related to breast can-
cer or other cancers [11].

Alpha-fetoprotein

Alpha-fetoprotein (AFP) is a tumor-related embryonic protein 
that is classified as an ‘oncofetal’ protein due to its dual 

role in tumor and embryonic activity. Physiologically, dif-
ferent AFP isoforms can act as a tumor regulator (growth 
enhancer or inhibitor) [12].

Much of the growth regulation is mediated by recep-
tor-mediated endocytosis, in which an AFP-cell surface re-
ceptor complex is located inside the tumor [13, 14].

Adult liver oval cells appear to be the only source of AFP 
synthesis/secretion, and there is almost no AFP storage 
in liver parenchymal cells [15]. Studies have shown that 
patients with the bilateral mutation FANCD1/BRCA2 had 
higher serum AFP levels than patients with other Fanconi 
anemia (FA) genotypes. In this study, patients had a steady 
increase in AFP levels for one year after hematopoietic cell 
transplantation (HSC), with the exception of one patient 
who returned to normal after one year. A percentage of pa-
tients with normal levels of normal AFP showed an increase 
in the level of this factor after one year of HSC. However, the 
absence of high AFP does not rule out FA, and all patients 
still need diagnostic chromosomal fragility testing [16].

Hypoxic status due to acute anemia may affect liver cell 
regeneration and lead to increased AFP synthesis because 
shortly after acute bleeding, a moderate increase in se-
rum AFP is observed in these patients (Figure 1C, Table I).  
Therefore, an increase in serum AFP is important in pa-
tients with severe anemia without liver cell damage [17].

Calcitonin

The physiological role of gastrin has been suggested as 
a hormonal mediator of calcitonin secretion in the intestine 

Figure 1. Role of tumor markers in some anemias: A. Decrease of B12 vitamin causes increase of cancer antigen (Ca) 15-3; B. 17β-estradiol-
estrogen receptor (E2-ER) complex increases iron release to circulation by an increase of transferrin receptor-1 (TFR1) expression in ER+ 
cells, also E2-ER complex increases ferroportin activity and iron release by suppression of estrogen responsive element region (ERE) in pro-
moter of hepcidin gene; C. Acute anemia with creation of hypoxia affects hepatocyte regeneration and leads to increase of alpha-fetoprotein 
(AFP); D. Progesterone-progesterone receptor membrane component 1 (PGRMC1) complex can reduce iron levels through SFK (Src family 
kinases) pathway and with help of T-cell factor/lymphoid enhancer-binding factor (TCF/LEF) by increasing hepcidin gene expression
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[18]. Intravenous or intramuscular injection of pentagastrin 
(synthetic human gastrin-17) increases serum calcitonin 
concentrations in animals. No precise information is avail-
able on the ability of pentagastrin to stimulate calcitonin 
secretion in humans. In vivo injection of pentagastrin 
increases both serum and urine calcitonin by two to three 
times. Patients with pernicious anemia (PA) have high 
levels of endogenous gastrin, possibly due to achloridria 
(the absence of hydrochloric acid in gastric secretions) 
[19, 20]. In contrast, in another study, an increase in 
serum calcitonin was observed in 25% of patients with PA 
and no association with serum gastrin levels was shown. 
However, such an association may be complex because 
calcitonin reduces gastric acid and serum gastrin. Even so, 
no explanation is apparent for the increase in calcitonin 
concentration, and the main regulator of calcitonin secre-
tion is still unknown [21]. Some studies have shown that 
in long-term hypergastrinemic conditions, such as PA for 
duodenal ulcers, there is no change in the normal fasting 
level of serum calcitonin, while in some other studies, 
calcitonin levels have increased in some patients with PA. 
A study examining the relationship between serum gastrin 
concentration and serum calcitonin in patients with PA 
(Table 1) and healthy individuals showed that patients with 
PA have normal serum calcitonin concentrations despite 
very high serum gastrin levels [22, 23].

Increases in serum calcitonin concentrations after food 
stimulation have been reported in animals and patients 
with duodenal ulcers, possibly due to increased serum 
gastrin concentrations. In normal people, no increase in 
calcitonin has been observed after eating. In one study, 
there was a transient increase in serum calcitonin in five 
PA patients 5–10 minutes after a meal, whereas in healthy 
subjects, no increase was observed. The reason for the 
initial increase in serum calcitonin in some PA patients is 
unknown, but it is probably not due to gastrin, because the 
increase in serum calcitonin started before any increase 
in serum gastrin [24].

Estrogen receptor

Estrogen receptor (ER) is one of the markers that is used 
as a measure in breast cancer. ER is known as a tumor 
marker and is used to determine prognosis and treatment 
goals for breast cancer [25]. Estrogen as a sex hormone 
plays an important role in reproductive development and 
female characteristics. Evidence suggests that estrogen 
also has an important role in the development and growth 
of breast cancer [26]. 17β-estradiol (E2), the most active 
form of estrogen, is expressed highly in young women, 
while iron level (Fe) is low ain this group, but the opposite 
is the case in older postmenopausal women, since they 
usually have low E2 and high iron levels, which could indi-
cate the possible role played by E2 in iron level alteration 
[27, 28]. Hepcidin as an iron-regulating peptide hormone 
inhibits iron entry into the plasma by the degradation of 
the iron exporter ferroportin [29]. Studies have shown that 
hepcidin mRNA in human liver HuH7 and HepG2 cells is 
suppressed by E2 treatment through binding E2 to ER. 
Suppression of hepcidin by E2-ER complex acts directly 
on the estrogen-responsive element region (ERE) in the 
promoter of the hepcidin gene [27, 30, 31]. With decreased 
hepcidin levels, ferroportin activity increases, and subse-
quently iron release escalates (Figure 1B). Also tissue iron 
decreases due to its over excretion. E2-ER complex also 
increases the expression of transferrin receptor-1 (TfR1) 
in ER+ MCF-7 cells that were treated with E2, which leads 
to rises in the amounts of iron released (Figure 1B) [30, 
32]. Studies have shown that the G-coupled protein 30 
(GPR30)–bone morphologic protein 6 (BMP6) pathway, 
which is separate from the ER-mediated signaling pathway, 
is involved in E2-induced hepcidin expression in mice. As 
an estrogen membrane receptor, GPR30 regulates iron 
metabolism through affecting hepatic hepcidin expression. 
As a result of this regulation, ferroportin is upregulated 
in the duodenum and hepcidin mRNA expression is de-
creased in HepG2 cells, and subsequently iron release 

Table I. Role of tumor markers in anemia

Tumor marker Role Ref.

Cancer antigen (CA) 15-3 B12 deficiency increases serum levels of CA-15.3 in patients with megaloblastic anemia 
secreted by megaloblastic apoptotic erythroblasts

[11]

Alpha-fetoprotein (AFP) Hypoxic status due to acute anemia may affect liver cell regeneration and lead to increased 
AFP synthesis; some studies have shown that patients with bilateral mutation FANCD1/ 
/BRCA2 had higher serum AFP levels than patients with other Fanconi anemia genotypes

[16, 17]

Calcitonin An increase in calcitonin has been reported in some people with pernicious anemia, but 
exact information on cause is not yet available

[22, 23]

Estrogen receptor Estrogen-estrogen receptor (E2-ER) complex participates in iron metabolism by acting  
on hepcidin and ferroportin

[33]

Progesterone receptor 
membrane component 1 
(PGRMC1)

Progesterone-PGRMC1 complex can reduce iron levels by increasing hepcidin expression [36, 37]
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increases [33]. Accordingly, estrogen participates in 
iron metabolism by acting on hepcidin and ferroprotein  
(Table I).

The interaction of the E2-ER complex with iron metab-
olism at the systemic level is still not fully understood. Al-
though various factors can play a role in iron level alteration 
in women, the role of estrogen and its receptor is a possi-
ble factor. According to animal studies, it seems that ER as 
a tumor marker plays a role in iron metabolism by affecting 
the expression of hepcidin and subsequently ferroportin. 
Confirming the role of ER in iron metabolism will require 
more extensive studies in the future.

Progesterone receptor membrane  
component 1

Progesterone receptor membrane component 1 (PGRMC1) 
has been linked to multiple cancers, such as breast cancer 
[34]. PGRMC1 is a small hemoprotein that can play a role 
in the differentiation of the erythroid lineage. PGRMC1 
has a single transmembrane domain and a heme-binding 
site. Increased progesterone by binding to PGRMC1 can 
reduce iron levels through the Src family kinases (SFK) 
pathway also, with the help of T-cell factor/lymphoid 
enhancer-binding factor (TCF/LEF) transcription factors, 
via more expression of hepcidin gene (Figure 1D) [35]. 
Hepcidin can deliver heme to ferrochelatase (FECH) and 
apo-hemoprotein. In addition, hepcidin with PGRMC1 can 
be introduced as a chaperone and regulator for FECH.

PGRMC1 can also act as a sensor to regulate heme 
production. This hemoprotein directly coordinates FECH 
activity with stabilizing or destabilizing mitochondrial 
heme contents. Therefore, progesterone can reduce iron 
levels by increasing hepcidin expression during binding to 
PGRMC1 [36, 37].

Conclusions

Tumor markers are a group of molecules that are used to 
diagnose certain diseases. Some tumor markers can affect 
iron uptake and metabolism or play a role in the identifica-
tion, development, and progression of some anemias. El-
evated CA 15-3 levels are probably associated with vitamin 
B12 deficiency and megaloblastic anemia. Checking AFP 
levels can help diagnose Fanconi anemia. An increase in 
calcitonin has been reported in some people with PA but 
exact information on the cause is not yet available. E2-ER 
can increase iron exportation to blood circulation by af-
fecting and suppressing hepcidin, whereas progesterone 
— PGRMC1 decreases iron levels by increasing hepcidin 
expression. So far, limited studies have been conducted on 
the relationship between tumor marker levels and types of 
anemia, which limits our knowledge in this area. Therefore, 
further studies on this topic are needed.
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Abstract
Introduction: Acute leukemia is a malignant disorder which results from clonal proliferation of lymphoid and my-
eloid blast cells. Several studies have reported changes in lipid metabolism at the time of diagnosis of leukemia. 
Although investigators have reported decreased total cholesterol, decreased high-density lipoprotein, and elevated 
triglyceride (TG) in leukemic patients, there is a lack of agreement about these changes among different types of 
leukemia and between children and adult patients, in addition to different data about their impacts on prognosis. 
In this study, lipid profile has been examined at the time of diagnosis of acute leukemia in order to correlate it with 
response to therapy.
Material and methods: This is a prospective study carried out at the Oncology Center at Mansoura University, Egypt 
between 2018 and 2019. Fifty patients newly diagnosed with de novo acute leukemia were included. Thirty-four 
patients were diagnosed with acute myeloid leukemia (AML) (68%), while 16 patients were diagnosed with acute 
lymphoblastic leukemia (ALL) (32%). Lipid profile and body mass index (BMI) data was obtained.
Results: Overweight/obese patients showed a more statistically significant association with female patients than with 
male patients (p = 0.009). By comparing the lipid profile between overweight/obese patients and other patients, there 
was no statistically significant association. 76.7% of AML patients were overweight or obese (p = 0.015), and 81.3% 
of ALL patients showed hypertriglyceridemia (p = 0.014). There was no statistically significant association between 
lipid profile and complete response (CR) rate; however, there was a marginally significant association between non-CR 
rate and overweight and obese patients (p = 0.051). In addition, there was no impact of BMI or lipid profile on overall 
survival among acute leukemia patients.
Conclusions: Female, and acute myeloid leukemia, patients were more commonly associated with overweight and 
obesity, and high TG level was found to be associated with acute lymphoid leukemia. Changes in lipid profile showed 
no impact on complete response rate or on overall survival in acute leukemia patients.
Key words: acute leukemia, AML, ALL, TG, CR
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Introduction

An association between hypocholesterolemia and various 
malignant tumors such as colon, pancreatic, ovarian, 
and lung cancer has been determined [1]. In addition, 
alterations in lipid profile in hematological malignancies 
including leukemia have been demonstrated in the course 
of disease and treatment. Acute leukemia is a neoplastic 
transformation where there is proliferation of hematopoietic 
progenitor cells in the bone marrow, blood and extramed-
ullary sites. Several studies have reported changes in the 
lipid’s metabolism at the time of a diagnosis of leukemia. 
Although investigators have reported decreased total 
cholesterol (TC), decreased high-density lipoprotein (HDL), 
and elevated triglyceride (TG) in leukemic patients, there is 
uncertainty about these changes regarding different types 
of leukemia and differences between children and adults 
[2]. Some studies have demonstrated that lipid profile in 
patients with leukemia can be considered as a possible 
prognostic factor, and might be used as a simple test to 
follow the response to chemotherapy [3–5]. This study was 
carried out to evaluate the lipid profile among Egyptian 
patients who had been diagnosed with acute myeloid and 
lymphoid leukemia, at the time of their diagnosis and the 
impacts on their prognosis.

Material and methods

This is a prospective study conducted on patients with acute 
leukemia admitted to the Oncology Center at Mansoura 
University, Egypt in 2018 and 2019.

A total of 50 adult patients (25 males and 25 females), 
diagnosed with de novo acute leukemia on the basis of pe-
ripheral blood morphology, bone marrow (BM), and flow cy-
tometry,were included. Immunophenotyping (Coulter Epics 
XL Flow Cytometer PN 42372238 B, Coulter Corporation, 
Miami, FL, USA) was used to confirm the diagnosis; Cyt. 
MPO, CD13, CD33, and CD117 were the primary panel for 
myeloid lineage, CD14, CD36, and CD11b for M4 and M5, 
CD61 and glycophorin A for M6, and CD41 and CD42 for 
M7. CD20, CD10, CD79a, CD3, CD5, CD7, and TDT were 
the panel for lymphoid lineage.

Blood specimens for lipid profile assessment were col-
lected after a conclusive diagnosis, and segregated serum 
was kept in a freezer for lipid testing. Blood specimens were 
collected without anticoagulant and serum was separated 
from red blood cells (RBCs) by centrifugation. Triglyceride 
and total cholesterol were determined using laboratory 
kits. Direct analysis of high-density lipoprotein cholesterol 
(HDL-C) was done using kits (ELITECH, France). LDL-cho-
lesterol direct SL kits also from ELITECH were used for di-
rect analysis of low-density lipoprotein cholesterol (LDL-C). 
All measurements were done by an open system HITACHI 
902 autoanalyzer automatically.

All patients received intensive induction therapy (there 
was no control group): cytarabine 100 mg/m2/day for 
5–7 days intravenous (i.v.) continuous infusion and doxoru-
bicin 30 mg/m2 for 2–3 days i.v. for acute myeloid leukemia 
(AML), Hyper-CVAD (fractionated cyclophosphamide, vin-
cristine, doxorubicin, and dexamethasone) or augmented 
BFM (Berlin–Frankfurt–Münster) for acute lymphoblastic 
leukemia (ALL) [max. chemotherapy dosage not exceeding 
surface area (SA) = 2]. Patients were classified according 
to their body mass index (BMI) as overweight and obese 
patients (29 patients), or others (16).

The study design was approved by The Institutional Re-
view Board of the Faculty of Medicine, Mansoura Universi-
ty, Egypt (code number: R.19.09.607)

Statistical analysis
Data was analyzed using SPSS (Statistical Package for 
Social Scientists) 16. A two-tailed p value of <0.05 was 
considered statistically significant. For descriptive sta-
tistics of qualitative variables, the frequency distribu-
tion procedure was run with calculation of the number 
of cases and percentages. For descriptive statistics of 
quantitative variables, the mean and standard deviation 
or the median and range was used. An association be-
tween categorical variables was tested by a Chi square 
test, or by Fishers exact test if the assumptions of Chi 
square were violated. Survival and relapse-free survival 
analyses were calculated using the Kaplan-Meier meth-
od. Comparisons of survival were performed using a log- 
-rank test.

Results

This prospective study analyzed 50 de novo acute leukemia 
patients [25 (50%) males, and 25 (50%) females]. Mean 
age was 39.5 years (range 16–69). 34 (68%) patients 
were AML, and 16 (32%) were ALL. Five patients (10%) 
had diabetes, and eight (16%) had hypertension. In the 
ALL patients, t(9;22) was done in four patients [positive in 
one (25%) and negative in three (75%)], and 11q23 re-ar-
rangement was done in four patients (negative in all). In 
the AML patients, inv(16) was done in 12 patients [positive 
in three (25%) and negative in nine (75%)], t(8;21) was 
done in 11 patients [positive in two (18.2%) and negative 
in nine (81.8%)], and t(15;17) was done in three AML (M3) 
patients [positive in all (100%)]. 29 (58%) patients were 
overweight or obese based on their body mass index (BMI). 
Basic data is set out in Table I.

Overweight/obese patients showed a statistically more 
significant association with female patients than male pa-
tients (65.5%, p = 0.009). Female patients were statistical-
ly significantly associated with high cholesterol level (64%, 
p = 0.048), low HDL level (60%, p = 0.023), and elevated 
LDL level (60%, p = 0.047) (Table II).
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Table I. Descriptive data of acute leukemia patients

Variables No [%]

Gender M:F 25:25 50:50

Leukemia 
type

AML 34 68

ALL 16 32

CBC  
and PB

WBC 66.5 0.6– 
–498

Hb 8.5 3.8– 
–13.6

PLT 56.3 5– 
–296

Blast cells 69.3 20– 
–100

BMI Overweight + obese 29 58

Others 16 32

Missing 5 10

TG level Hypertriglyceridemic 28 56

Normal 22 44

Cholesterol 
level

Hypercholesterolemic 25 50

Normal 25 50

HDL level Low level (risky) 22 44

Normal 28 56

LDL level Elevated 23 46

Normal 27 54

Total chole-
sterol/HDL 
ratio

High risk 21 42

Normal and borderline 29 58

M — male; F — female; AML — acute myeloid leukemia; ALL — acute lymphoblastic leukemia;  
CBC — complete blood count; PB — peripheral blood; WBC — white blood cells; Hb — hemoglobin; 
PLT — platelets; BMI — body mass index; TG — triglycerides; HDL — high-density lipoproteins;  
LDL — low-density lipoproteins

Table II. Comparative lipid profile pattern regarding gender in all 
50 patients

Variables Male Female p

BMI* Overweight/
obese

10 (34.5%) 19 (65.5%)
0.009

Others 12 (75%) 4 (25%)

TG level Hypertrigly-
ceridemic

14 (56%) 14 (56%)
1

Normal 11 (44%) 11 (44%)

Chole-
sterol 
level

Hyperchole-
sterolemic

9 (36%) 16 (64%)
0.048

Normal 16 (64%) 9 (36%)

HDL 
level

Low level 
(risky)

7 (28%) 15 (60%)
0.023

Normal 18 (72%) 10 (40%)

LDL 
level

Elevated 8 (32%) 15 (60%)
0.047

Normal 17 (68%) 10 (40%)
*50 cases included in analysis, except for body mass index (BMI) where only 45 cases included (five 
missed BMIs); TG — triglycerides; HDL — high-density lipoproteins; LDL — low-density lipoproteins

Table III. Comparative lipid profile pattern regarding body mass 
index in 45 patients

Variables Overweight/ 
/obese

Others p

TG level Hypertrigly-
ceridemic

15 (51.7%) 10 (62.5%)
0.48

Normal 14 (48.3%) 6 (37.5%)

Chole-
sterol 
level

Hypercho-
lesterole-
mic

12 (41.4%) 9 (56.3%)

0.33

Normal 17 (58.6%) 7 (43.8%)

HDL 
level

Low level 
(risky)

14 (48.3%) 7 (43.8%)
0.77

Normal 15 (51.7%) 9 (56.3%)

LDL 
level

Elevated 11 (37.9%) 8 (50%)
0.43

Normal 18 (62.1%) 8 (50%)
TG — triglycerides; HDL — high-density lipoproteins; LDL — low-density lipoproteins

In comparing the lipid profile between overweight/obese 
patients and other patients, there was no statistically 
significant association (Table III).

76.7% of AML patients were overweight or obese (p =  
= 0.015), while 81.3% of ALL patients showed hypertri-
glyceridemia (p = 0.014) (Table IV).

There was no statistically significant association be-
tween lipid profile and complete response (CR) rate, al-
though there was a marginally significant association be-
tween non-CR rate and overweight and obese patients 
(p = 0.051) (Table V). In addition, there was no impact of 
BMI or lipid profile on overall survival among acute leuke-
mia patients.

Discussion

The high rate of expansion and metabolism in cancer 
cells associated with decreased intracellular cholesterol 
and other lipids may lead to LDL receptor overexpres-
sion. For example, in myeloblast cells, LDL uptake can 
increase by up to 100-fold. Many attempts have been 
made to evaluate the correlation between serum lipids 
in leukemic patients and disease activity and response 
to chemotherapy [3, 6].

Epidemiological data suggests a significant association 
between increased BMI and hematological neoplasms [7]. 
Several large studies have revealed an association between 
a high incidence of leukemia and being overweight, and sug-
gested that obesity is a poor prognostic factor for leukemia 
[8, 9]. In our study, 76.7% of AML patients were overweight 
or obese, as opposed to 40% of ALL patients (p = 0.015).

Our data showed that female patients were significantly 
overweight/obese (p = 0.009), and were more associated 
with increased TC level (p = 0.048), low HDL level (p = 0.023), 
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and elevated LDL level (p = 0.047) than male patients. This 
data accords with that of Mehrabani et al. [9] who found 
that the incidence of obesity and overweight was higher in 
females than in males, and of Safford et al. [10] who found 
that females have higher TC and LDL levels than males.

In comparing the lipid profile in overweight/obese pa-
tients to that of others, no significant difference was found. 
81.3% of ALL cases were associated with hypertriglyceri-
demia compared to 44.1% of AML cases (p = 0.014). Babu 
et al. [11] demonstrated that only TC and LDL cholesterol 
showed significant differences between obese and non- 
-obese individuals, and other parameters like HDL and TG 
did not show any significant difference.

On the other hand, Einollahi et al. [12] reported hypertri-
glyceridemia and a decline in TC, HDL and LDL among leu-
kemic patients. Also, similar results have been observed by 
Naik et al. [8] (in 55 leukemic patients) and Tao et al. [13]  
(in 86 ALL patients).

As regards response rate and BMI, 80% of patients 
who did not achieve complete response were obese or 
overweight (p = 0.051), which aligns with Orgel et al. [14] 
who found that obesity was associated with residual leuke-
mia following induction therapy for childhood B-precursor 
acute lymphoblastic leukemia, and with Elazab et al. [15] 
who reported that overweight and obesity were associat-
ed with decreased complete response rates in adult AML 
patients (p = 0.004).

Targeting the metabolic profiles in leukemia cells 
could improve the outcome of leukemia patients. Statins 
possess several anti-leukemia effects such as apoptosis, 
anti-proliferation, and autophagy. Preliminary data has 
suggested that statins have anti-leukemia activities [16– 
–18]. Two clinical trials have further revealed that statins 
can improve the efficacy of standard therapy in AML  
[19, 20].

Conclusions

Female, and acute myeloid leukemia, patients were more 
commonly associated with overweight and obesity, and 
a high TG level was found to be associated with acute lym-
phoid leukemia. Changes in lipid profile showed no impact 
on the complete response rate in acute leukemia patients. 
However, 80% of patients who did not achieve complete 
response were obese or overweight.

Further studies are needed to understand the correla-
tions between metabolic profile and leukemia to help in 
developing new therapeutic approaches.
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Table IV. Comparative lipid profile between acute leukemia  
patients

Variables ALL AML p

BMI* Overweight/ 
/obese

6 (40%) 23 (76.7%)
0.015

Others 9 (60%) 7 (23.3%)

TG level Hypertrigly-
ceridemic

13 
(81.2%)

15 (44.1%)

0.014
Normal 3 (18.8%) 19 (55.9%)

Choleste-
rol level

Hyperchole-
sterolemic

10 
(62.5%)

15 (44.1%)

0.2
Normal 6 (37.5%) 19 (55.9%)

HDL level Low level 
(risky)

7 (43.8%) 15 (44.1%)

0.9
Normal 9 (56.2%) 19 (55.9%)

LDL level Elevated 9 (56.2%) 14 (41.2%)
0.32

Normal 7 (43.8%) 20 (58.8%)

Total cho-
lesterol/ 
/HDL 
ratio

High risk 8 (50%) 13 (38.2%)

0.75Normal and 
borderline

8 (50%) 21 (61.8%)

*50 cases included in analysis, except for body mass index (BMI) where only 45 cases included 
(five missed BMIs); ALL — acute lymphoblastic leukemia; AML — acute myeloid leukemia; TG — tri-
glycerides; HDL — high-density lipoproteins; LDL — low-density lipoproteins

Table V. Impact of body mass index (BMI) and lipid profile  
on complete response rate among acute leukemia patients

Variables CR Non-CR p

BMI* Overweight/ 
/obese

13 (52%) 16 (80%)

0.051
Others 12 (48%) 4  

(20%)

TG level Hypertrigly-
ceridemic

17 (65.4%) 11 
(45.8%)

0.16
Normal 9 (34.6%) 13 

(54.2%)

Chole-
sterol 
level

Hyperchole-
sterolemic

11 (42.3%) 14 
(58.3%)

0.25
Normal 15 (57.7%) 10 

(41.7%)

HDL 
level

Low level 
(risky)

10 (38.5%) 12 (50%)
0.41

Normal 16 (61.5%) 12 (50%)

LDL 
level

Elevated 10 (38.5%) 13 
(54.2%)

0.26
Normal 16 (61.5%) 11 

(45.8%)
*50 cases included in analysis, except for body mass index (BMI) where only 45 cases included 
(five missed BMIs); CR — complete response; TG — triglycerides; HDL — high-density lipoproteins; 
LDL — low-density lipoproteins
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patients in participating centers, the incidence rate was 
6.1%. Among all patients (median age 67 years) 36% had 
newly diagnosed myeloma with the remainder having 
relapsed or refractory disease. The majority of patients 
were actively receiving chemotherapy: 20% a proteasome 
inhibitor (PI), 24% an immunomodulatory drug (IMID), 29% 
a combination of PI and IMID, 14.5% a chemotherapy con-
taining the monoclonal antibody, and 6% other drugs (stem 
cell transplantation, selinexor, melflufen, melphalan). Only 
6% of patients were not receiving any treatment. 24.4% 
of patients were in complete response (CR) or stringent 
complete response (sCR), 19% were in a very good partial 
response (VGPR), 21% were in a partial response (PR), and 
20% had either stable (SD) or progressive disease (PD). 
The status of the disease was unknown for 14% of the 
analyzed subjects. A large majority of patients (69%) had 
at least one comorbidity, and this percentage was higher 
among the subpopulation of patients who eventually died. 
A summary of patient characteristics with a description of 
the subpopulation of patients who died is set out in Table I.

Mild or moderate infection was observed in 58% of 
cases, and in 18% the disease was considered to be se-
vere or very severe with the necessity of hospitalization 
in anintensive care unit (ICU). 42 patients were intubat-
ed. Among them, only four survived. Four patients hos-
pitalized in the ICU were not intubated but died, leading 
to a CFR of hospitalized patients in the ICU of 66% and 
95% for patients who were ventilated. Out of all 352 an-
alyzed patients with myeloma and SARS-CoV-2 infection, 
80 died (CFR 23%).

Linear regression showed that patients with lower dis-
ease control (less than CR/sCR or VGPR) had a higher risk 
of death [hazard ratio (HR) 3.3, 95% CI: 1.7–6.1], while in 
patients treated with regimens containing a proteasome 
inhibitor (HR 0.3; 95% CI: 0.09–0.8) the risk of death was 
lower compared to other treatments. The risk of death was 
also higher for those who were hospitalized in an ICU (HR 
9.3; 95% CI: 4.9–17.6), and those who were on a respirator 
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Introduction: Despite several studies, the impact of coronavirus disease 2019 on patients with multiple myeloma 
remains uncertain.
Material and methods: We performed a survey that covered the period of the first and second waves of the severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic in 23 centers inseven countries. Out of 352 pa-
tients with myeloma and SARS-CoV-2, 23% died.
Results/Conclusions: Logistic regression showed a lower risk of death among patients treated with proteasome inhibi-
tor and a higher risk of death for those who had a severe or a very severe course of disease.
Key words: myeloma, COVID-19
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Introduction

Coronavirus disease 2019 (COVID-19) caused by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) 
is an ongoing global health emergency. The case fatality 
rate (CFR), calculated by the ratio of deaths divided by the 
number of documented infections in the whole population, 
varies according to the method of calculation, the time and 
the country. Reported figures as of 17 September 2020 
were: 12.2% in Italy, 4.9% in Spain, 3.0% in Brazil, and 3.0% 
in the USA. Just two months later on 12 November, 2020, 
these numbers had converged, with the CFR for each being 
4.9%, 2.8%, 2.9%, and 2.3%, respectively [1]. Patients with 
cancer are purported to have poor COVID-19 outcomes, with 
a mortality rate approaching 50% [2]. However, the effect of 
infection of severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) on patients with multiple myeloma remains 
uncertain. Thus, we performed a survey among 23 centers 
in Poland, USA, Hungary, Czechia, Turkey, Lithuania, and 
Romania with an estimated population of 5,780 myeloma 
patients to determine the epidemiology and the risk of se-
vere COVID-19 in patients with multiple myeloma.

Material and methods

This study was a retrospective analysis performed accord-
ing to the Declaration of Helsinki with the approval of the 
Ethics Committee at Poznan University of Medical Sciences 
in Poznan, Poland. Patient data was reported anonymously 
based on a unified questionnaire. The survey covered the 
period of the first and second waves of the pandemic 
between March 2020 and March 2021.

Results

We recorded data on 352 patients with myeloma and 
SARS-CoV-2 infection confirmed by polymerase chain reac-
tion (PCR). Taking into account the population of myeloma 
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or who had a severe course of disease (G3 and G4) (HR 
3.2; 95% CI: 1.4–7.0 for G3 and 16.8; 95% CI: 6.2–45.6 for 
G4). Logistic regression confirmed a lower risk of death 
among patients treated with PI [odds ratio (OR) 0.12; 95% 
CI: 0.02–0.70] and a higher risk of death for those who 
had a severe (OR 10.14, 95% CI: 11.66–62.04) or a very 
severe course of disease (OR 17.37; 95% CI: 3.61–83.55).

Specific treatments for SARS-CoV-2 were reported for 
only 42 patients (12%). These treatments consisted of dif-
fering combinations of remdesivir, tocilizumab, dexameth-
asone and convalescent plasma. Only one patient was vac-
cinated, who was infected and developed mild symptoms 
of COVID-19 not requiring hospitalization. Out of those who 
were treated against SARS-CoV-2, there were four deaths. 
Due to the low number of reported treatments and vari-
abilities, no conclusions on the impact of antiviral therapy 
in myeloma patients can be made.

Discussion

Although our study was conducted in conditions without 
the existence of a vaccine against SARS-CoV-2, and al-
though the virulence of the virus is now lower, our obser-
vations remain relevant. Similar retrospective analyses 
have indicated a relatively similar range of mortality rates, 
varying from 22–55% [3, 4] with, notably, an analysis of 
650 patients reported by Chari showing a mortality range 
of 34% [5].

The risk of death among hospitalized and ventilated pa-
tients is also similar, ranging from 60–100% among ven-
tilated patients and patients who were hospitalized (10– 
–53%). The most common reported independent predictors 

Table I. Patient characteristics

Parameter Whole group 
(n = 352)

Patients who died 
(n = 80)

Activity of myeloma

sCR + CR/VGPR/PR/SD + PD/unknown 25%/19%/21%/21%/14% 12%/ 14%/15%/39%/20%

Status of disease

NDMM/RRMM 36%/74% 30%/50%

Treatment

PI/IMMID/PI + IMMID/MoAb/other/no treatment 20%/24%/29%/14.5%/6%/6% 31%/24%/15%/21%/6%/2.5%

Comorbidities

None/HA or CHD/DM/KF/COPD/more than one 31%/30%/3.5%/8%/5%/18% 11%/17.5%/27.5%/7.5%/24%/12.5%

Age

<65 years of age/>65 years of age 25%/75% 25%/75%
sCR — stringent complete response; CR — complete response; VGPR — very good partial response; PR — partial response; SD — stable disease; PD — progressive disease; NDMM — newly diagnosed multiple 
myeloma; RRMM — relapsed and refractory multiple myeloma; PI — proteasome inhibitor; IMMID — immunomodulatory drug; MoAb — monoclonal antibody; HA — hypertension; CHD — coronary heart disease; 
DM — diabetes mellitus; KF — kidney failure; COPD — chronic obstructive pulmonary disease

of adverse outcomes with COVID-19 infection are: advanced 
age, high-risk myeloma, renal disease, and suboptimal my-
eloma control.

Our survey does not exclude this observation but in-
dicates that PI treatment is correlated with a lower risk 
of death that has not been previously reported. SARS- 
-CoV-2 infection in myeloma patients is associated with 
a high risk of a severe course of COVID-19 and a high 
mortality rate. Since the effects of anti-SARS-CoV-2 treat-
ment remain undetermined, vaccination is highly recom-
mended especially during an outbreak of the pandemic. 
Any reported correlation with PI treatment must be con-
firmed in further studies.
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Long-term allogeneic hematopoietic cells transplantation 
survivors’ proinflammatory cytokine profiles  

compared to their respective donors  
and immunophenotype differences depending  
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Abstract
Introduction: In the course of allogeneic hematopoietic cell transplantation (allo-HCT) the donor’s hematopoietic pro-
genitor cells are exposed to immense proliferative stress to reconstitute in the recipient the functional hematopoiesis. 
Moreover, recipients who develop infections or chronic graft-versus-host disease (GvHD) are subjected to further 
proliferative stress, especially in the lymphocyte subset. We hypothesized that allo-HCT may induce changes in pro-
inflammatory cytokines profile and immunophenotype in the allo-HCT recipients, especially in patients with a chronic 
GvHD history.
Material and methods: We compared the cytokine profile [interleukin (IL)-6, IL-10, and tumor necrosis factor α (TNF-α)] 
between long-term allo-HCT recipients and their respective donors and we analyzed cytokine profiles and the immuno-
phenotype of lymphocytes in long-term recipients grouped according to their infection and GvHD history.
Results: We found no differences in the proinflammatory cytokines between allo-HCT recipients and their respective 
donors, or between recipients grouped according to their infectious risk status. Immunophenotyping of recipients 
grouped according to their GvHD status revealed an increased percentage of B-cell presenting programmed death-1 in 
recipients without a history of GvHD.
Conclusions: A lack of differences in proinflammatory cytokines concentrations between recipients and donors of 
allo-HCT would suggest that allo-HCT does not induce acceleration of the ‘inflammaging’-resembling phenomenon. 
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No differences in the cytokine profile and immunophenotype between recipients grouped according to infectious risk 
status suggest that infectious risk is not reflected by the immunophenotype and cytokine profile. Furthermore, the lack 
of significant differences in immunophenotype of the recipients grouped according to a history of GvHD may suggest 
that in long-term survivors the immune system tends to stabilize with time.
Key words: GvHD, cytokines, allo-HCT, immunophenotype
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Introduction

The introduction of allogeneic hematopoietic cell trans-
plantation (allo-HCT) as a standard method of treatment 
for several malignant and non-malignant hematological 
diseases has created an excellent platform upon which 
to study human immunology and cell senescence. Since 
only a small percentage of the donor stem cells pool is 
collected and infused into the donor to engraft and recon-
stitute hematopoiesis, the cells are exposed to immense 
proliferative stress.

However, successful allo-HCT requires also that two 
important immunological barriers be overcome: host ver-
sus graft and graft versus host. Graft-versus-host reaction 
results from the exposure of lymphoid donor cells to the 
recipient antigens which induce donor lymphocyte activa-
tion and proliferation. Partially in patients with malignant 
diseases, this reaction is responsible for HCT’s success in 
eradicating the residual malignant cells (graft-versus-leu-
kemia reaction). However, it may also lead to undesirable 
complications such as graft-versus-host disease (GvHD) re-
sembling autoimmune diseases affecting several host or-
gans. To prevent and control symptoms of graft versus host 
reaction, immunosuppressive agents disrupting lymphocyte 
proliferation (such as methotrexate and calcineurin inhibi-
tors) are routinely administered after transplantation. A key 
role in GvHD is played by donor T cell lymphocytes but also 
B-lymphocytes [1, 2]. Involved donor lymphocytes undergo 
an additional intensive proliferation which may contribute to 
the accelerated telomere shortening in donor lymphocytes.

All of the above lead to the immense proliferative activi-
ty of the cells, including lymphocytes in allo-HCT recipients. 
We hypothesized that this could lead not only to accelerated 
telomeric shortening but also to immunophenotypic chang-
es characteristic of natural aging. Healthy human ageing 
process includes in its characteristics the phenomenon of 
‘inflammaging’. It may be defined as chronic, low-grade in-
flammation, without the presence of infection. In biochem-
ical evaluation it presents with increased concentrations 
of proinflammatory cytokines due to antigenic stimulation 
over a lifespan of an individual [2].

It is also well known that the concentration of some pro-
inflammatory cytokines [such as tumor necrosis factor α  

(TNF-α), interleukin (IL)-6] increases, whereas others  
decrease (such as IL-10) during the course of chronic 
GvHD [3–5].

We reported recently our observations regarding the 
changes in immunophenotype and shortened telomeres 
in CD8+ lymphocyte subpopulation in long-term allo-HCT 
recipients compared to their respective donors [6]. Here, 
we present data on the proinflammatory cytokine profile 
of the same population of patients, i.e. long-term recipi-
ents of allo-HCT and their respective donors, to determine 
whether allo-HCT led to the changes in the proinflammato-
ry cytokines. Moreover, we compared the immunopheno-
type of the recipients grouped according to their infection 
and cGvHD status.

Material and methods

The content of the materials and methods section were 
adapted from Czarnogórski et al. 2022 [6].

Patients
The study consist of 20 allo-HCT recipient-donor pairs. The 
span from the transplantation was more than 12 years 
ago. The study was conducted at University Clinical Center, 
Medical University of Gdansk. From all participants full 
venous blood sample was collected (50 mL).

GvHD and infectious status assessment
Patients were stratified according to their history of chron-
ic GvHD status (yes vs. no) and infectious complications 
according to an infection risk status score developed for 
the purpose of this study [6].

Peripheral blood mononuclear cells  
and lymphocyte isolation
Perpheral blood mononuclear cells collection was per-
formed from full venous blood with Ficoll-Hypaque 
centrifugation technique. Following lymphocyte isolation 
was performed by immunomagnetic separation. The 
lymphocyte subpopulations were TCD4+, TCD8+, B-lym-
phocytes and natural killers (NK) cells. The quality of 
collected material was assessed according to validated 
protocols [7, 8].

https://journals.viamedica.pl/acta_haematologica_polonica


Acta Haematologica Polonica 2023, vol. 54, no. 2

www.journals.viamedica.pl/acta_haematologica_polonica88

Proinflammatory cytokine concentrations
Proinflammatory cytokines concentrations (IL-1B, IL-2,  
IL-4, IL-6, IL-10, TNF-α and IL-17F) were assessed with flow 
cytometry. The results which did not reach the reference 
were excluded from the study.

Immunophenotyping
Immunophenotyping was performed according to protocol 
used by Czarnogórski et al. [6].

Statistical analysis
The statistical analysis was performed by STATISTICA 12.0 
and with Microsoft Exel, detailed analysis was described 
according to Czarnogórski et al. [6]. The W Shapiro-Wilk 
test, and the Leven’s (Brown-Forsythe) test were used. The 
significance of differences between the two groups (inde-
pendent samples model) was tested by Student’s t-test or 
by U Mann-Whitney. The significance of differences between 
more than two groups was verified using the Kruskal-Wallis 
test. In the case of receiving statistically significant dif-
ferences between groups, the Dunn test was performed.  
A p value <0.05 was considered significant.

Results

Patient characteristics
The time from Tx to full venous blood cytometric analysis 
was at least 12 years with range 12–25 years (median 
17.4 years). The population studied consisted of 12 males 
and 8 females. The prevalence of chronic graft versus host 
disease among recipients was 40%. Infection risk status 
was assessed according to Czarnogórski et al. [6]: 12 low 
risk recipients and 8 high risk recipients.

Proinflammatory cytokine concentrations
Surprisingly, we have found no statistically significant dif-
ferences in the concentrations of the cytokines: TNF-α, IL-6, 
IL-10 (Table I). The results of assessment of IL-17F, IL-1β, 
IL-4, IL-2 concentrations were out of range, therefore they 
could not be included into analysis.

Neither we have found any differences between recipients 
when grouped according to infection risk status (Table II).

Immunophenotype of allo-HCT recpients 
grouped according to chronic GvHD history
The analysis of immunophenotype of the allo-HCT recipients 
grouped according to cGvHD history showed no significant 
differences (see Supplementary Table 1), with the exception 
of a few parameters such as Treg Helios-Eomes+, B1 PD1+, 
B2 PD1+ and C19 PD1+. Lymphocytes B in recipients of 
allo-HCT who did not develop cGvHD had greater expression 
of PD-1 (Table III).

Table I. Recipients and donors of hematopoietic cell transplanta-
tion — cytokines concentrations

Parameter R D p value

IL-6 [ng/L]: N = 20 N = 20 0.5792*

•	 avr (standard 
deviation)

0.99 (1.17) 1.61 (2.37)

•	 range 0.38–5.42 0.07–9.53

•	 median 0.58 0.72

•	 95% CI 0.44–1.54 0.50–2.72

IL-10 [ng/L]: N = 19 N = 18 0.5333*

•	 avr (standard 
deviation)

0.58 (0.69) 0.72 (0.71)

•	 range 0.01–3.20 0.15–3.04

•	 median 0.42 0.52

•	 95% CI 0.25–0.91 0.36–1.07

TNF-α [ng/L]: N = 18 N = 19 0.3234*

•	 avr (standard 
deviation)

0.77 (1.53) 0.83 (1.91)

•	 range 0.01–6.78 0.02–8.51

•	 median 0.33 0.22

•	 95% CI 0.01–1.54 –0.09–1.75
*U Mann-Whitney test; IL — interleukin; CI — confidence interval; TNF-α — tumor necrosis factor α

Table II. Recipients grouped according to infection risk status — 
cytokines concentrations

Parameter Low risk Intermediate/ 
/high risk

p value

IL-6 [ng/L]: N = 12 N = 8 0.3159*

•	 avr (standard 
deviation)

1.19 (1.49) 0.69 (0.20)

•	 range 0.38–5.42 0.48–1.10

•	 median 0.52 0.61

•	 95% CI 0.24–2.14 0.52–0.86

IL-10 [ng/L]: N = 11 N = 8 0.9671*

•	 avr (standard 
deviation)

0.68 (0.88) 0.45 (0.27)

•	 range 0.01–3.20 0.11–0.87

•	 median 0.48 0.39

•	 95% CI 0.09–1.27 0.23–0.67

TNF-α [ng/L]: N = 12 N = 6 0.1898*

•	 avr (standard 
deviation)

1.02 (1.85) 0.28 (0.20)

•	 range 0.09–6.78 0.01–0.62

•	 median 0.37 0.28

•	 95% CI –0.15–2.19 0.07–0.49
*U Mann-Whitney test; IL — interleukin; CI — confidence interval; TNF-α — tumor necrosis factor α
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Discussion

In this study, we tried to answer the question of whether 
allo-HCT accelerates the aging of the hematopoietic system 
by determining the differences in cytokine profile between 
long-term allo-HCT survivors and their respective donors 
of allo-HCT.

Studying donor-recipient pairs creates a unique model 
in which donor cells remaining in the donor could be com-
pared to the donor cells infused into respective recipients. 
We were particularly interested in the features of postulat-
ed ‘inflammaging’. We also compared the same cytokine 
profile of the recipients when grouped according to infec-
tious status (low vs intermediate/high) (see Czarnogórski 
et al. [6]). We hypothesized that allo-HCT recipients should 
have higher concentrations of proinflammatory cytokines 
as a robust indicator of aging. We also hypothesized that 
low-risk recipients according to their infection status would 
have increased concentrations of the same cytokines as 
an adaptation for fighting the infections.

Physiologically, the proinflammatory cytokine profile of 
older people is characterized by increased concentrations 

of the aforementioned cytokines (IL-1B, IL-2, IL-4, TNF-α, 
IL-6, IL-10, IL-15, IL-17, IL-18). These concentrations how-
ever do not exceed the upper reference range. Hence, in-
flammaging is defined as the process of chronic, sterile, 
low-grade inflammation.

There is no data on inflammaging in a population of 
allo-HCT survivors compared to their respective recipients 
serving as controls. We did not find any statistically signif-
icant differences in IL-6, IL-10 and TNF-α concentrations, 
either between main groups (recipients vs. donors) nor be-
tween recipients grouped according to infection risk sta-
tus. Our data did not confirm our initial hypothesis that al-
lo-HCT accelerates the inflammaging-resembling process.

We also did not find any differences between low 
and intermediate/high risk recipients stratified by their 
infection status, which could imply that infectious risk 
is not directly connected to the efficacy of one’s innate 
immune response. It would imply that allogeneic hema-
topoietic cells transplantation by itself does not impact 
the inflammaging [9]. However, the issue remains contro-
versial since chronic low-grade inflammation (inflammag-
ing) is a well-established risk factor for developing neo-
plasia [10, 11] which could be debatable in the popula-
tion of our allo-HCT survivors since they were diagnosed 
with hematological malignancies in their 20 s and 30 s. 
On the other hand, there is ample data on the reduction 
of relapse risk after allo-HCT in patients who developed 
chronic GvHD that is in fact a chronic inflammation [12]. 
Moreover, it is difficult to differentiate if heightened con-
centrations of proinflammatory cytokines after allo-HCT re-
sult from chronic GvHD [13] or possibly are an adaptation 
for fighting the infection. There is some data correlating 
the occurrence of inflammaging and immune exhaustion 
in some hematological malignancies, such as plasmo-
cytic myeloma [14]. Thus, it is challenging to determine 
whether the inflammaging features are due to older age 
or to the neoplasia itself.

Surprisingly, the incidence of chronic GvHD also did not 
impact any studied parameters, especially immunopheno-
type with the exception of B-cells expressing PD-1 which 
serves as the programmed death ligand-1 (PD-L1) receptor 
and plays a role in modulating immune response [15]. We 
also found no differences in T-cells expressing PD-1. An in-
creased percentage of B-cells presenting PD-1 in recipients 
without chronic GvHD in anamnesis is difficult to interpret. 
Those differences in receptor expression in antigen-pre-
senting cells (APCs) such as B-cells seem to be insignif-
icant or accidental. The lack of differences in long-term 
(12 years+ from Tx) recipients of allo-HCT when grouped 
according to cGvHD history may suggest that the immune 
system tends to stabilize in the years following Tx. Many 
factors might explain such notion, that is immune suppres-
sion used, history of chronic degenerative diseases, GvHD 
resolution and small number of participants. Our study has 

Table III. Recipients grouped according to chronic graft-versus-
-host disease (cGvHD) status — immunophenotype

Parameter cGvHD Without 
cGvHD p value

Treg Helios–Eomes: 0.0227

•	 avr (standard devia-
tion)

4.1 (1.3) 8.7 (4.8)

•	 range 2.4–5.4 4.2–19.1

•	 median 4.6 7.2

•	 95% CI 2.7–5.5 5.2–12.1

B1 PD1: 0.0147

•	 avr (standard devia-
tion)

4.0 (2.7) 10.4 (5.5)

•	 range 0.2–8.7 3.6–18.7

•	 median 3.7 9.7

•	 95% CI 1.2–6.9 6.4–14.3

B2 PD1: 0.0448

•	 avr (standard devia-
tion)

0.7 (0.7) 1.8 (1.8)

•	 range 0.1–2.1 0.6–6.2

•	 median 0.5 1.1

CD19 PD1: 0.0147

•	 avr (standard devia-
tion)

1.2 (0.9) 3.3 (2.3)

•	 range 0.2–2.9 1.2–8.9

•	 median 0.9 3.0

•	 95% CI 0.2–2.2 1.6–4.9
SD — standard deviation; CI — confidence interval
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several limitations. Firstly, it was performed in long-term 
survivors who were able to fight infections successfully and 
whose cGvHD status became stable. Secondly, the results 
are affected by the small population (20 pairs) and unfor-
tunately the results of some cytokines assays were out of 
range, which might be related to laboratory errors. Unfor-
tunately, we were unable to repeat tests with out-of-range 
results due to sample destruction during an electricity out-
age. Nevertheless, our results may suggest that allo-HCT 
does not accelerate the aging of the hematopoietic system 
despite a clear reduction of telomere shortening in specific 
cell populations and some immunophenotypic differences 
reported by us [6].
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Supplementary Table 1. Comparative characteristics of allogeneic hematopoietic cell transplantation recipients immunophenotype when 
grouped according to graft-versus-host disease status

Parameter p value Parameter p value Parameter p value

B1 0.1193 NK CD39 0.5508 B1 PD1 0.0147

B2 0.0973 NK CD56 dim 0.2548 B2 0.2123

CD19 0.6511 NK CD56 high 0.2548 B2 Fas 0.9567

CD3 0.9599 NK Eomes 0.9567 B2 PD1 0.0448

DNT 0.4808 NK Perforin 0.7042 CD19 0.9567

NK 0.7595 NKT like 1.00 CD19 Fas 0.9567

NK CD56 dim 0.9512 Q1 0.5508 CD19 PD1 0.0147

NK CD56 high 0.4624 Q1 CD39 0.8708 CD4 CD27+CD28– 0.3290

NKT like 0.0662 Q1 Eomes 0.3566 CD4 CD27+CD28+ 0.2123

T CD4 0.7250 Q1 IL10 0.5508 CD4 CD27–CD28– 0.4808

T CD8 0.9567 Q1 Perforin 0.0827 CD4 CD27–CD28+ 0.7042

B1 0.0927 Q2 0.9567 CD4 CD28 0.3566

B1 CD39 0.4159 Q2 CD39 0.3028 CD4 CD57 0.3028

B1 Eomes 0.3566 Q2 Eomes 0.7863 CD4 FasL 0.8283

B1 IL10 0.1752 Q2 IL10 0.1585 CD4 PD-1 0.6255

B2 0.0927 Q2 Perforin 0.1752 CD8 CD27+CD28– 0.7683

B2 CD39 0.7449 Q3 0.3290 CD8 CD27+CD28+ 0.1949

B2 Eomes 0.0577 Q3 CD39 0.7042 CD8 CD27–CD28– 0.6800

B2 IL10 0.6255 Q3 Eomes 0.2123 CD8 CD27–CD28+ 0.5959

CD19 0.4808 Q3 IL10 0.1931 CD8 CD28 0.7683

CD19 CD39 0.4159 Q3 Perforin 0.8708 CD8 CD57 0.6800

CD19 Eomes 0.0448 RTE 0.1158 CD8 PD-1 0.3165

CD19 IL10 0.4477 T CD4 0.7863 DNT 0.3566

CD3 0.6255 T CD8 0.7863 Memory B 0.0735

CD4 CD39 0.4808 Treg FoxP3 0.9567 NK 0.2123

CD4 CM 0.3028 Treg FoxP3 CD39 0.6255 NK CD27 0.7449

→
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Parameter p value Parameter p value Parameter p value

CD4 EM 0.7042 Treg FoxP3 Eomes 0.9136 NK CD28 0.8708

CD4 Eomes 1.00 Treg FoxP3 IL10 0.0735 NK CD56 dim 0.2123

CD4 IL10 0.5508 Treg FoxP3 Perforin 0.2548 NK CD56 high 0.5508

CD4 Naive 0.9567 Treg Helios– 0.6255 NK CD57 0.3566

CD4 Perforin 0.0577 Treg Helios– CD39 0.3566 NK PD-1 0.6255

CD4 Temra 0.7863 Treg Helios– Eomes 0.0227 NKT like 0.9567

CD8 CD39 0.8137 Treg Helios– IL10 0.1752 Q1 0.8708

CD8 CM 0.3768 Treg Helios– Perforin 0.2548 Q1 CD27 0.9567

CD8 EM 0.0875 Treg Helios+ 0.7042 Q1 CD28 0.1431

CD8 Eomes 0.2159 Treg Helios+ CD39 0.7042 Q1 CD57 0.2123

CD8 Naive 0.2629 Treg Helios+ Eomes 0.0577 Q1 FasL 0.7863

CD8 Perforin 0.3768 Treg Helios+ IL10 0.0927 Q1 PD-1 0.3566

CD8 Temra 0.953 Treg Helios+ Perforin 0.6255 Q2 0.9567

DNT 0.4159 B1 0.2123 Q2 CD27 0.7449

NK 0.2123 B1 Fas 0.8708 Q2 CD28 0.5508

Q2 CD57 0.0735 CD3 0.9567 Treg FoxP3 CXCR5 0.1431

Q2 FasL 0.4159 CD4 CD152 0.6255 Treg FoxP3 TIGIT 0.7863

Q2 PD-1 0.9567 CD4 CXCR4 0.7042 Treg Helios– 0.4808

Q3 0.1158 CD4 CXCR5 0.1431 Treg Helios– CCR5 0.5508

Q3 CD27 0.3566 CD4 TIGIT 0.4477 Treg Helios– CD152 0.7042

Q3 CD28 0.7449 CD8 CXCR4 0.7683 Treg Helios– CXCR4 0.4159

Q3 CD57 0.0057 CD8 CXCR5 0.1116 Treg Helios– CXCR5 0.6255

Q3 FasL 0.1431 CD8 TIGIT 0.5169 Treg Helios– TIGIT 0.7042

Q3 PD-1 0.0577 DNT 0.4159 Treg Helios+ 0.5508

T CD4 0.7042 NK 0.2123 Treg Helios+ CCR5 0.8708

T CD8 0.6255 NK CCR5 0.4477 Treg Helios+ CD152 0.7042

Treg FoxP3 0.9567 NK CD56 dim 0.2123 Treg Helios+ CXCR4 0.6255

Treg FoxP3 CD27 0.1037 NK CD56 high 0.4159 Treg Helios+ CXCR5 0.4808

Treg FoxP3 CD28 0.7042 NK CXCR4 0.2548 Treg Helios+ TIGIT 0.8708

Treg FoxP3 CD57 0.0735 NK CXCR5 0.3566

Treg FoxP3 FasL 0.1931 NK TIGIT 0.4808

Treg FoxP3 PD-1 0.4808 NKT like 0.9567

Treg Helios– 0.0735 Q1 0.5508

Treg Helios– CD27 0.9567 Q1 CCR5 0.4159

Treg Helios– CD28 0.3028 Q1 CD152 0.5876

Treg Helios– CD57 0.0577 Q1 CXCR4 0.8708

Treg Helios– FasL 0.2781 Q1 CXCR5 0.1431

Treg Helios– PD-1 0.4808 Q1 TIGIT 0.3028

Treg Helios+ 0.7863 Q2 0.8708

Treg Helios+ CD27 0.1585 Q2 CCR5 0.9567

Treg Helios+ CD28 0.8708 Q2 CD152 0.3028

Treg Helios+ CD57 0.0079 Q2 CXCR4 0.4477

Supplementary Table 1 (cont.). Comparative characteristics of allogeneic hematopoietic cell transplantation recipients immunophenotype 
when grouped according to graft-versus-host disease status
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Parameter p value Parameter p value Parameter p value

Treg Helios+ FasL 0.3028 Q2 CXCR5 0.9567

Treg Helios+ PD-1 0.7863 Q2 TIGIT 0.2548

B1 0.0927 Q3 0.4159

B1 CCR5 0.3566 Q3 CCR5 0.7863

B1 CD152 0.0735 Q3 CD152 0.6255

B1 CXCR5 0.2548 Q3 CXCR4 0.7042

B2 0.0577 Q3 CXCR5 0.4808

B2 CCR5 0.7449 Q3 TIGIT 0.6644

B2 CD152 0.3028 T CD4 0.8708

B2 CXCR5 0.4477 T CD8 0.8708

CD19 0.4159 Treg FoxP3 0.9567

CD19 CCR5 0.4159 Treg FoxP3 CCR5 0.7042

CD19 CD152 0.1752 Treg FoxP3 CD152 0.7042

CD19 CXCR5 0.7042 Treg FoxP3 CXCR4 1.00
*U Mann-Whitney

Supplementary Table 1 (cont.). Comparative characteristics of allogeneic hematopoietic cell transplantation recipients immunophenotype 
when grouped according to graft-versus-host disease status
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Abstract
Introduction: Iron deficiency is the most common micronutrient deficiency worldwide. Iron activates the growth and 
differentiation of immune cells and cytokine actions. Interleukin 6 is a pro-inflammatory cytokine that stimulates the 
differentiation of B lymphocytes into plasma cells and activates T lymphocytes. Our study aimed to evaluate the cor-
relation between blood levels of iron and interleukin 6 (IL-6) and its impact on infection rates in children.
Materials and methods: The study included 36 children. The serum concentration of IL-6, iron, and morphology pa-
rameters from a venous blood sample were assessed. An anonymous survey of children’s parents was conducted 
regarding the frequency of infections before and after the diagnosis of anemia.
Results: In the study group, the levels of IL-6 were higher than in the control group and showed greater variability be-
tween individual patients. There was a statistically significant, negative correlation between IL-6 and iron levels within 
the study group (p = 0.012), and a decrease in the number of viral diarrheas after the diagnosis of anemia compared 
to the state before diagnosis (p = 0.041). There was no statistically significant change in the number of colds or the 
mean duration of infection (p = 0.144, p = 0.498), nor in the incidence of other infectious diseases and antibiotics 
intake in the study group before and after iron deficiency anemia diagnosis (p = 0.500, p = 0.219).
Conclusions: IL-6 might play a role in iron deficiency anemia. Increased levels of IL-6 were shown not to correspond with 
visible changes in rates and the course of colds, but did result in a reduction in the frequency of viral diarrhea. Further re-
search on a larger group of carefully selected patients is required to determine the effect of anemia on the immune system.
Key words: iron deficiency, anemia, interleukin 6, infections
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Introduction

Iron deficiency (ID) is the most common micronutrient defi-
ciency worldwide. Iron deficiency anemia (IDA) is a serious 
public health problem that affects mental and physical 
development, health, and work efficiency. Despite extensive 

progress in understanding regarding iron metabolism, there 
are still uncertainties regarding the correct diagnosis and 
treatment of IDA [1, 2].

Diagnostic biomarkers are required to differentiate 
the different types of anemia and to treat them appropri-
ately. Some of them are well established (concentrations 
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of serum ferritin, serum iron, soluble transferrin receptor 
(sTfR), and sTfR/log ferritin index). Others, such as serum 
hepcidin, hold considerable promise, although they are not 
yet widely used [3, 4]. Iron metabolism is one of the most 
complex processes involving different tissues. Many patho-
physiological disorders are responsible for changes in iron 
homeostasis. These can ultimately result in iron deficiency 
or iron excess, both of which have detrimental effects, not 
only on erythropoiesis but also on the immune system [5]. 
Ferritin and transferrin are proteins notably influenced by 
inflammation, which behave as acute-phase reactants and 
make it difficult to differentiate between IDA, which occurs 
when iron deficiency is severe enough to limit erythropoi-
esis, and anemia of chronic disease (ACD) occurring with 
malignancy or infection. For the detection and differenti-
ation of IDA, the sTfR and the sTfR index appear to be im-
portant. Moreover, sTfR may be of greater clinical value as 
an added value to serum ferritin in the detection of ACD [6].

Anemia of inflammation (AI) is the second most common 
type of anemia. Inflammation-inducible cytokines and the 
major regulator of iron homeostasis, hepcidin, block intes-
tinal iron absorption and cause iron retention in the mono-
nuclear phagocyte system (MPS), resulting in iron-restricted 
erythropoiesis [7]. Due to the toxicity of iron in the human 
body, there is a complex, precise mechanism that controls 
its levels inside and outside of cells. Hepcidin is crucial in 
this mechanism [8]. Interleukin 6 (IL-6) is involved in the reg-
ulation of serum iron levels via the control of ferroportin 1  
which is an iron transporter. IL-6 induces hepcidin produc-
tion, which blocks the action of ferroportin 1 on the gut, 
and thus reduces serum iron levels [9]. This means that the 
IL-6-hepcidin axis is responsible for hypoferremia and ane-
mia associated with chronic inflammation. These changes 
in acute phase protein levels and red blood cells are used 
for the evaluation of inflammatory severity in routine clinical 
laboratory examinations [10]. Labile iron and inflammatory 
conditions during infection can generate high levels of toxic 
free radicals and oxidative stress that can trigger cellular 
damage and cause diseases in different tissues and organs 
[5]. Furthermore, inflammatory cytokines shorten the lifes-
pan of erythrocytes, impair the production and function of 
erythropoietin (EPO), and inhibit the proper proliferation and 
differentiation of erythroid progenitor cells [11].

Experimental evidence in recent decades has shown 
that iron is a fundamental element for the normal devel-
opment of the immune system. Its deficiency affects the 
capacity to have an adequate immune response. The role 
of iron for immunity is necessary for immune cell prolifer-
ation, particularly lymphocytes, associated with the gen-
eration of a specific response to infection [12]. Iron is re-
quired for monocyte/macrophage differentiation, while 
macrophages require iron as a cofactor for the execution 
of important antimicrobial effector mechanisms. Little is 
known concerning the effect of clinical iron deficiency on 

cytokines, although it has been reported that in vitro pro-
duction of cytokines by lymphocytes of iron deficiency pa-
tients may be impaired [2].

The aim of this pilot study was to evaluate the relation-
ship between blood levels of iron, IL-6 and infection rates 
in children with IDA compared to a control group.

Material and methods

The study included 36 patients matched for age and gender 
(18 in the study group and 18 in the control). The study 
group included children with iron deficiency anemia diag-
nosed based on an interview, physical examination (pallor, 
fatigue, impaired concentration), and laboratory tests (de-
creased hemoglobin below 2 standard deviations for sex 
and age, mean corpuscular volume <80 fL, serum ferritin 
<30 µg/L). Patients from the study group were before or 
during iron therapy, and were selected from the ambulatory 
clinic of the Department of Pediatric Hematology, Oncology 
and Transplantology, Medical University of Lublin, Poland, 
or from hospitalized patients in the same ward. Patients 
outside the 1–18 age range, with coexisting autoimmune 
diseases, cancer, immunodeficiency, protein and energy 
malnutrition, acute or chronic systemic disease known to 
affect the immune system, and chronic infections, were ex-
cluded from the study. Children taking immunosuppressants 
and currently or previously treated with chemotherapy or 
radiotherapy were also ineligible to participate in the study.

The control group consisted of children without iron de-
ficiency anemia who did not meet the exclusion criteria. All 
patients in the control group had normal hemoglobin levels 
for their age and sex, with normal red blood cells, serum 
iron, and ferritin levels and were selected only from the am-
bulatory clinic. At the time of sampling, individuals from the 
test and control groups showed no symptoms of infection.

We evaluated several different parameters: red blood 
cells (RBC), hemoglobin (Hb), mean corpuscular volume 
(MCV), mean corpuscular hemoglobin (MCH), medium cell 
hemoglobin concentration (MCHC), iron, transferrin, ferri-
tin, white blood cells (WBC), and neutrophils. The serum 
concentration of IL-6 from a venous blood sample of each 
patient was assessed using the electrochemiluminescence 
method on Cobas apparatus (Elecsys IL-6 immunoassay, 
Roche Diagnostics GmbH, Mannheim, Germany). A sand-
wich test with the following reagents was used for the as-
says: streptavidin-coated microspheres, anti-IL-6~biotin  
antibodies, biotinylated monoclonal anti-IL-6 mouse anti-
bodies, and anti-IL-6 antibodies labeled with a ruthenium 
complex. The measurement range of the apparatus was 
1.5–5,000 pg/mL. The reference range of IL-6 in an exter-
nal study using the Elecsys IL-6 test was 0.00–7.00 pg/mL. 
According to the methodology for IL-6 assays, in vitro tests 
were carried out for the 18 most commonly used drugs and 
13 drugs used in special cases. No interference was found. 
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The coefficient of variation (CV) in periodic quality control 
was 2.08% and 2.62%. All blood samples for IL-6 determi-
nation from anemic patients and controls were collected 
during routine diagnostic tests.

The children’s parents were surveyed regarding basic 
data, nutrition, duration of anemia, other diseases, med-
ications (from both groups), and frequency of infections 
during the year before the diagnosis of IDA and during the 
disease (in the study group).

This study was approved by the Bioethics Committee 
of the Medical University of Lublin, Poland (committee’s 
reference number: KE-0254/52/2021). Written, informed 
consent to participate from the patients’ parents, and cu-
mulative consent from patients above 16 years old and 
their parents were obtained.

Statistical analysis of the study results was performed 
using the IBM SPSS Statistics program. Three levels of sta-
tistical significance were adopted: p <0.001, p <0.01, and 
p <0.05, in each of which the difference was defined as sta-
tistically significant. The following tests and statistical coef-
ficients were used: Pearson’s chi2 test of independence (to 
determine whether there was a statistically significant rela-
tionship between nominal variables or between nominal and 
ordinal variables), Shapiro-Wilk test (to determine wheth-
er the analyzed variables measured at the ratio level were 
consistent with or deviated from the normal distribution), 
Spearman’s rho correlation coefficient (to determine wheth-
er there were statistically significant linear correlations), 
Mann-Whitney U test (to determine whether the two groups 
differed statistically significantly in terms of variables mea-
sured at the ordinal level or in terms of variables measured 
at the ratio level, but whose distribution was statistically 
significant to deviate from normal distribution), the Wilcox-
on rank test (to determine whether there was a significant 
difference between two measurements (in the same group) 
of an ordinal variable or between two measurements (in the 
same group) of a quotient variable whose distribution was 
statistically significantly different from the normal distribu-
tion statistically), and McNemar’s test (to determine whether 
there was a statistically significant difference between two 
measurements (in the same group) of a nominal variable).

Analysis of the study results began with checking the 
normality of the distribution of variables measured at the 
quotient level, in order to select the appropriate tests and 
coefficients for the main part of the analysis. Distributions 
of 17 out of 25 variables in the study group and of 10 out 
of 16 variables in the control group significantly differed 
from the normal distribution. Only in the cases of RBC, MCH, 
and MCHC were the distributions in both groups normal, 
and thus only in their cases would it be acceptable to use 
parametric tests when comparing groups. Thus, in order to 
maintain full comparability of the results, a decision was 
made to use tests and non-parametric coefficients in the 
entire statistical analysis.

Results

Demographic and medical data regarding the study and 
control group is set out in Tables I and II.

There was no statistically significant difference between 
the groups in terms of the frequency of consumption of meat, 
milk, or dairy products (p = 0.502, p = 0.485, p = 0.301, 
respectively). Children from the study group had had ane-
mia from one week to 8 years before the IL-6 study, and on 
average for just under one year (11.79 months). Half had 
more than and half had less than 1 year and 10 months. 
The standard deviation of 6.5 months shows that the study 
group was highly diversified in terms of the duration of ane-
mia (time from diagnosis to the day of the IL-6 test).

There were statistically significant differences between 
the groups in terms of the following test results: Hb, MCV, 
MCH, MCHC and iron. In all these parameters, significant-
ly higher results were recorded in the control group than 
in the study group (Table III). In addition, the difference 
in the case of ferritin was close to statistical significance  
(p = 0.052). There were much higher results in the control 
group. However, the test was performed on only two peo-
ple from this group.

Further, the number of colds, viral diarrheas, the inci-
dence of other serious infectious diseases and the average 

Table I. Characteristics of study and control groups

Parameters Study group 
N = 18

Control group 
N = 18

Statistics

Age range From 1 year 
4 months  

to 17 years

From 3 to 17 
years

p = 0.837Mean age 
[years]

10.33 Nearly 9.80

Median age 
[years]

13.13 9.00

Sex 12 females, 
6 males

6 females, 
12 males

p = 0.046

Mean 
height [cm]

138.1 138.9

p = 0.962
Median 
height [cm]

153.0 138.0

Mean  
weight [kg] 37.3 39.2

p = 0.862
Median 
weight [kg] 39.0 32.0

Mean body 
mass index 
[kg/m2]

17.7 18.3

p = 0.849Median 
body mass 
index  
[kg/m2]

17.2 18.0
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duration of the infection before the diagnosis of anemia 
and after the diagnosis were compared in the study group 
(Table IV). The analysis of IL-6 levels in both groups is pre-
sented in Table V. No statistical significance was noted be-
tween groups in terms of IL-6 level (p = 0.133).

The relationships between the level of IL-6 and the pa-
rameters included in the study, measured at the quotient 
level were examined separately in the study group and the 
control group [age, height, weight, body mass index (BMI), 
duration of anemia from diagnosis up to the day of the 
examination of IL-6, hemoglobin, RBC, MCV, MCH, MCHC, 
ferritin, transferrin, iron, WBC, neutrophils, the frequency 
of meat/milk/dairy products consumption per week, num-
ber of colds and viral diarrheas before anemia diagnosis, 

mean duration of illness before anemia diagnosis, number 
of colds and viral diarrheas after anemia diagnosis, and 
mean duration of illness after anemia diagnosis].

In the study group, there was a statistically significant, 
strong, negative correlation between IL-6 and iron levels  
(p = 0.012), which is presented in the diagram below (Fig
ure 1). Several negative trends close to statistical significance 
were found, according to which the higher the level of IL-6, 
the lower the results of MCH and ferritin (p = 0.083 and p =  
= 0.061, respectively). The other parameters did not cor-
relate with IL-6 (p >0.05). In the control group, no statistically 
significant or close to statistical significance was found be-
tween IL-6 and the parameters included in the study, mea-
sured at the quotient level (p >0.05 for each parameter).

Table II. Characteristics of comorbidities, medications, diet, and dietary supplements in study and control groups according to survey

Parameter Study group 
N = 18

Control group 
N = 18

Statistics

Comorbidities 13 had none (72.2%)
2 allergy/atopic dermatitis
1 insulin resistance
1 arthrogryposis
1 kidney stones

11 had none (61.1%)
4 hemophilia
2 neutropenia
1 spherocytosis
(1 hypothyroidism — not given  
by answerer)

p = 0.480

Permanent medications 12 none (66.7%)
3 iron
1 metformin and isotretinoin
1 desloratadine, dimenhydrinate  
and mometasone

15 none (83.3%)
1 coagulation factors
1 vitamin B6, folic acid
1 levothyroxine

p = 0.248

Diet 16.7% of group on a diet 11.1% of group on a diet p = 0.630

Dietary supplements Used by 50.0% of group Used by 61.1% of group p = 0.502

Table III. Comparison of groups in terms of blood test results

Blood test results Group Mean Median Number of patients Mann-Whitney 
U test

Hemoglobin [g/dL] Study 10.76 10.85 18
p = 0.002

Control 12.83 12.35 18

MCV [fL] Study 73.56 71.65 18
p = 0.044

Control 77.44 79.40 18

MCH [pg] Study 23.31 24.30 18
p = 0.001

Control 27.93 27.55 18

MCHC [g/dL] Study 31.53 32.35 18
p <0.001

Control 34.28 34.30 18

Ferritin 
[µg/l]

Study 19.75 16.20 15
p = 0.052

Control 74.15 74.15 2

Iron [µg/dL] Study 50.11 27.75 14
p = 0.044

Control 151.33 201.00 3

IL-6 [pg/mL] Study 4.47 3.74 18
p = 0.133

Control 2.75 2.28 18
MCV — mean corpuscular volume; MCH — mean corpuscular hemoglobin; MCHC — medium cell hemoglobin concentration; IL-6 — interleukin 6
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Discussion

Iron is a fundamental element for the normal development 
of the immune system and is necessary for cell proliferation 
[2]. In the studies published, a statistically significant cor-
relation has been found between serum iron level and IL-6. 
Hassan et al. concluded that IL-6 is influenced in patients 
with iron deficiency anemia [2]. Patients with iron deficiency 
anemia in this study had significantly lower IgG and serum 
IL-6 levels than controls. Interestingly, a positive correlation 
was found between serum iron levels and IL-6.

In the study by Ekiz et al. [13] (32 children with IDA, 
29 in the control group) the mean levels of IL-6 were 5.6 ±  
± 3.9 pg/mL in children with IDA and 10.3 ± 5.3 pg/mL 
in the control group (p <0.001). In our study, we observed 
an opposite correlation; the levels of IL-6 were higher in 
the study group.

Interestingly, Abdul-Hussein et al. [14] found that pa-
tients with sickle cell anemia had significantly higher 
IL-6 and IL-8 levels than healthy children (p <0.05). This 
is a similar correlation to our results, but their study con-
cerned another type of anemia.

Consumption of large quantities of non–iron-fortified 
cow’s milk and dairy products favors the occurrence of 
iron deficiency anemia [15]. However, we did not observe 
a statistically significant difference in diet between the 
study and control groups.

Furthermore, anemia is most common in children 
during late infancy/early childhood because of rapid 
growth, exhaustion of gestational iron, and low levels of 

dietary iron. The second period when there is an increased 
occurrence of anemia is adolescence, due to rapid growth, 
suboptimal iron intake, and menstrual blood loss in fe-
males [15]. Due to the prevalence of anemia in these two 
age groups, we included in our study patients aged from 
1 to 17 years.

The literature concerning the effect of iron deficien-
cy anemia on the development of infections in children 
is very limited; however, individual studies have support-
ed this association. Children with iron-deficiency anemia 
have a higher prevalence of episodes of acute otitis me-
dia compared to healthy, non-anemic children, and there 
is a direct relationship between the degree of anemia and 
the number of episodes [16]. A further study shows that 
anemia may affect the innate immunity of children and may 
result in a decreased level of salivary human beta defen-
sin-3 (HβD3), thus increasing vulnerability to decay [17]. In 
our study, the average number of viral diarrheas decreased 
significantly after the diagnosis of IDA compared to before 
the diagnosis. This may be explained by an improvement 
in the condition of the immune system after starting treat-
ment for IDA, as well as by reduced exposure to viral infec-
tions, as patients stayed at home during the coronavirus 
disease 2019 (COVID-19) pandemic. However, there was 
no statistically significant change in the number of colds 
and the mean duration of the infection.

There are several limitations that we can point to after 
conducting this pilot study. To begin with, the sizes of our 
study and control groups need to be expanded to determine 
whether the results are reproducible. Secondly, the survey 

Table IV. Characteristics of incidence of infections in study groups before and after diagnosis of anemia

Parameter Study group before diagnosis 
N = 18

Study group after diagnosis 
N = 18 Statistics

Mean number of colds 3.28 2.81 p = 0.144

Mean number of viral diarrheas 1.17 0.39 p = 0.041

Mean number of other infectious diseases 0.17 0.28 p = 0.500

Mean duration of infection [days] 5.42 6.58 p = 0.498

Taking antibiotics Taken by 58.8% of group Taken by 41.2% of group p = 0.219

Table V. Analysis of interleukin 6 (IL-6) levels in study and control 
groups

Parameter of IL-6 Study group 
N = 18

Control group 
N = 18

Mean level  
[pg/mL] 4.47 2.75

Median level  
[pg/mL] 3.74 2.28

Range of values  
[pg/mL] 1.5–10.84 1.5–6.86

Standard deviation 3.05 1.62
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Figure 1. Correlations between interleukin 6 (IL-6) and iron levels 
in study group
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for the parents holds a risk of data inaccuracy, as the an-
swers were subjective. This problem was however limited by 
the fact that each time after completion of a questionnaire, 
one of our researchers checked it and answered the par-
ent’s doubts about the content of the questions. Moreover, 
our study was performed in a hematology clinic (for orga-
nizational reasons), and therefore some patients included 
in the control group had chronic diseases and took medi-
cations. We tried, to the best of our knowledge, to exclude 
from both study and control groups patients with infections, 
neoplasms, autoimmune diseases, immunodeficiency, mal-
nutrition, and other diseases that might affect the iron me-
tabolism or influence the immune system [2, 18–20].

In the future, we would be inclined to select the subjects 
for control from a family doctor’s clinic to avoid comorbid-
ities that may affect the results of blood tests. That might 
comprise children who report for health checks or vacci-
nations. However, the downside of such a solution would 
be the need to take a separate blood sample from the pa-
tient, because preventive blood tests are rarely performed 
in healthy children. Our research was based on minimizing 
suffering during the assays.

Moreover, the time from the diagnosis of IDA in the 
study group varied from one week to 8 years before the 
IL-6 study (on average 11.79 months), which shows that 
the group is highly diversified in terms of the duration of 
anemia. After analyzing the pilot study, we suggest con-
ducting a further study on a larger group of patients and 
dividing them into subgroups with different durations of 
anemia, since our group was too small to be divided into 
subgroups. A minority of children had levels of blood C-re-
active protein (CRP) tested, because the influence of iron 
on the immune system and infections is not so commonly 
associated and it is not routine practice to test CRP in all 
patients with IDA. In addition, our patients did not have 
an infection during the study, so there was no indication 
to order a CRP test.

We analyzed a possible effect of chronic diseases on 
the level of IL-6 according to the literature and our results. 
Madhok et al. [21] stated that hemophilic patients have in-
creased IL-6 concentrations. However, theirs is a relatively 
old article, and in our four control patients with hemophilia 
the mean IL-6 level was 3.125 pg/mL, slightly higher than 
in the whole control (2.75 pg/mL) but still lower than in 
the study group (4.47 pg/mL). In our study, there was no 
statistically significant correlation between levels of neu-
trophils and IL-6 either in the study or the control group  
(p = 0.303 and p = 0.266, respectively) and two patients 
with neutrophilia might not disturb the results. According 
to Vinchi et al. [22], hereditary spherocytosis is associated 
with an increase in IL-6 levels. Our patient with spherocyto-
sis from the control group had IL-6 at the level of 1.5 pg/mL, 
which is below the mean [22]. Our study did not concern 
the study of IL-6 levels in various hematological diseases, 

and the information obtained during the analysis of the re-
sults of patients from the control group might be treated 
as an inspiration for further analyses.

Conclusions

As a result of this pilot study, we suggest that there might 
be a relation between iron and IL-6. Our findings suggest 
that IL-6 may play a role in iron deficiency anemia and, 
together with iron, affect the immune system. Increased 
levels of IL-6 in the study group did not correspond with vis-
ible changes in rates and the course of colds, but resulted 
in a reduction in the frequency of viral diarrhea. Further 
research on a larger group of patients more closely matched 
for the duration of anemia, and without any comorbidities 
in the control group, is required to determine the effect of 
IDA on the immune system.
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Tisagenlecleucel CAR-T for relapsed/refractory  
diffuse large B-cell lymphoma;  

one therapy, two clinical presentations:  
urgent need to design adverse event predictors

Jaromir Tomasik* iD  , Joanna Drozd-Sokołowska, Piotr Kacprzyk, Agnieszka Tomaszewska,  
Rafał Machowicz, Elżbieta Urbanowska, Samanta Witkowska, Grzegorz Władysław Basak

Department of Hematology, Transplantation and Internal Medicine, Medical University of Warsaw, Warsaw, Poland

Chimeric antigen receptor (CAR) T-cell therapy for diffuse 
large B-cell lymphoma (DLBCL) has revolutionized treat-
ment outcomes yet it poses new challenges to clinicians. In 
parallel with its success, CAR-T will inevitably reach clinical 
units inexperienced in the use of this treatment type.

That was the case in Poland, where the Ministry of 
Health launched a reimbursement of tisagenlecleucel for 
adult patients with CD19-positive lymphoid malignancies 
only in 2022 [1]. In this article, we aim to compare the first 
two cases of patients treated with tisagenlecleucel at the 
Department of Hematology, Transplantation and Internal 
Medicine in the Medical University of Warsaw, Poland. The 
two patients developed highly contrasting clinical presen-
tations after CAR-T infusion. The different clinical cours-
es between these subjects constitute a valuable example 
of the highly variable systemic responses to tisagenlec-
leucel. In addition, we briefly discuss an adverse event 
(AE) prediction concept developed by research teams  
worldwide.

Initially, both patients were diagnosed with DLBCL not 
otherwise specified (NOS) and were subsequently treated 
in units not certified for CAR-T. A summary of the patients’ 
treatment before CAR-T is set out in Table I. Initially, Pa-
tient#1 had a stage IV DLBCL compared to a stage II E di-
agnosed in Patient#2 [2]. Both patients were females with 
no comorbidities except for obesity in Patient#1. More-
over, both had no bone marrow or central nervous system 
(CNS) involvement at the time of diagnosis. Their detailed 
characteristics are given in Table I. Notably, at the time of 
diagnosis, Patient#2 was in the 24th week of pregnancy.

Following the diagnosis, Patient#1 received six cycles 
of R-CHOP (rituximab, cyclophosphamide, adriamycin, vin-
cristine, prednisone) chemoimmunotherapy with subse-
quent irradiation of the involved areas (IF-RT). Due to pro-
gressive disease, the patient received R-DHAP (rituximab, 
dexamethasone, cytarabine, cisplatin) salvage therapy. Ad-
ditionally, MTX/DEX (methotrexate, dexamethasone) was 
administered intrathecally for CNS prophylaxis. After one 
cycle of R-DHAP, the treatment was continued with R-ICE 
(rituximab, ifosfamide, carboplatin, etoposide) due to a lack 
of response to the former (disease progression, macroscop-
ic assessment). Subsequently, the patient was qualified for 
CAR-T and continued R-ICE as a bridging therapy, resulting 
in remission prior to CAR-T treatment.

On the other hand, Patient#2 received pre-phase treat-
ment with cyclophosphamide and glucocorticoids followed 
by four cycles of CHOP, four cycles of R-CHOP, and IF-RT. 
Subsequently, four cycles of R-ICE were administered, re-
sulting in progressive disease and Patient#2 was quali-
fied for CAR-T therapy. Later, due to the large tumor bur-
den, the intention-to-treat was to administer Pola-BR (po-
latuzumab vedotin, bendamustine, rituximab) as bridging 
therapy before CAR-T. However, because of progression the 
patient subsequently received one cycle of R-DHAP, with 
macroscopic progression during the cycle, and one cycle 
of GemOX (gemcitabine and oxaliplatin), administered be-
cause of a coronavirus disease 2019 (COVID-19) diagno-
sis at the planned time of the initiation of lymphodepleting 
chemotherapy. R-DHAP was complicated by sepsis caused 
by Klebsiella pneumoniae. Moreover, thrombosis of the 
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Table I. Clinical course of patients — general characteristics

Patient#1 Patient#2

Date* Date*

Sex, age Female, 45 N/A Female, 38 N/A

Diagnosis

(IHC confirmed)

DLBCL, NOS, non-GCB, 
MYC-positive, BCL2-po-
sitive

Ki-67 95%

Apr 2021 DLBCL, NOS, GCB, MYC-negative 
BCL2-negative

Ki-6 100% 
mutTP53-positive

Jun 2021

Disease stage at diagnosis 
(Lugano classification)

IV Apr 2021 II E Jun 2021

Prephase treatment – – CTX + GCs Jun 2021

First-line therapy R-CHOP (6 cycles) 2021 CHOP (4 cycles) 
R-CHOP (4 cycles)

Jul–Nov 2021

IF-RT 2021 – -----

Salvage therapy R-DHAP (1 cycle) May 2022 IF-RT (50 Gy – 2 Gy × 25 fractions) Dec 2021– 
–Jan 2022

Second-line salvage therapy R-ICE (1 cycle) Jun 2022 R-ICE (4 cycles) May–Aug 2022

Bridging therapy R-ICE (2 cycles) Jul–Aug

 2022

P + BR 
R-DHAP (1 cycle) 
GemOX (1 cycle)

Sep 2022 
Oct 2022 
Nov 2022

Other therapeutic regimens Intrathecal MTX/DEX May 2022 mPRED 96mg/day Aug 2022

Disease status at lymphode-
pletion

CR PD

Lymphodepletion Flu/CTX Sep 2022 Flu/CTX Nov 2022

CAR-T infusion Completed Sep 2022 Completed Nov 2022

Treatment result CR Dec 2022 PD Dec 2022

CRS No – Grade 3 Nov 2022

CRS characteristics N/A N/A Fever >40°C

BP 90/60, peripheral hypoperfusion, 
HR 150, facial and neck edema, eleva-
ted CRP and IL-6

N/A

ICU admission: oxygen delivery 25 l/ 
/min, vasopressor, tocilizumab admi-
nistration

ICANS No – Grade 1 Nov–Dec 2022

ICANS characteristics N/A N/A ICE score 8, confusional state, mental 
status changes

N/A

EASIX score before lympho-
depletion

0.88 Sep 2022 1.50 Nov 2022

EASIX score on infusion day 0.95 Sep 2022 1.08 Nov 2022

EASIX-F score before lympho-
depletion

183.54 Sep 2022 682.52 Nov 2022

EASIX-F score on infusion 
day

149.72 Sep 2022 887.37 Nov 2022

*Date of observation/procedure/treatment duration; ABC — activated B-cell; BCL2 — B-cell lymphoma 2 protein; BP — blood pressure; CAR-T — chimeric antigen receptor T-cells; CR — complete remission; 
CRP — C-reactive protein; CRS — cytokine release syndrome; CTX — cyclophosphamide; DLBCL — diffuse large B-cell lymphoma; EASIX — Endothelial Activation and Stress Index, defined as [lactate dehydroge-
nase (LDH); U/L] × creatinine [mg/dL])/platelets [PLTs; × 109/L]; EASIX-F — defined as EASIX × ferritin [ng/mL]; Flu/CTX — fludarabine + cyclophosphamide; GCs — glucocorticoids; GCB — germinal B-center; 
GemOX — gemcitabine + oxaliplatin; Gy — gray; HR — heart rate; ICANS — immune effector cell-associated neurotoxicity syndrome; ICE — immune effector cell encephalopathy; ICU — intensive care unit; 
IF-RT — involved-field radiation therapy; IHC — immunohistochemistry; IL-6 — interleukin 6; Ki-67 — nuclear protein Ki-67; mPRED — methylprednisolone; MTX/DEX — methotrexate + dexamethasone;  
MYC — MYC proto-oncogene bHLH transcription factor; N/A — not applicable; NOS — not otherwise specified; P+BR — polatuzumab, vedotin + bendamustine, rituximab; PD — progressive disease;  
R-CHOP — rituximab + cyclophosphamide, adriamycin, vincristine, prednisone; R-DHAP — rituximab + dexamethasone, cytarabine, platinum agent; R-ICE — rituximab + ifosfamide, carboplatin, etoposide; 
TP53 — tumor protein P53
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right iliac vein was diagnosed one day before the lympho-
depletion, as well as acute pancreatitis in the course of 
lymphoma, infiltrating the pancreas.

In both cases, tisagenlecleucel was administered as 
initially planned. Following the infusion, Patient#1 experi-
enced no AEs, whereas Patient#2 developed grade 3 cy-
tokine release syndrome (CRS) and grade 1 neurotoxicity 
[immune effector cell-associated neurotoxicity syndrome 
(ICANS)] [3]. The onset of CRS was on day +1 post-infu-
sion and manifested initially with increasing fever and fa-
cial edema. The patient’s condition deteriorated, resulting 
in a transfer to the intensive care unit (ICU). The patient 
developed tachycardia, hypotension, fever, head and neck 
edema, and required oxygen therapy (details in Table I). 
Tocilizumab and vasopressors were administered, result-
ing in CRS subsiding on day +5 and a return from ICU. On 
day +6, the patient developed mild neurotoxicity symp-
toms (grade 1).

These two cases show very different clinical presenta-
tions following treatment, which could not be determined in 
advance. The current guidelines state that CRS prediction 
is not yet possible, indicating factors such as high tumor 
burden associated with a higher risk of CRS [3]. Recently, 
CRS and ICANS have been linked to endothelial dysfunc-
tion [4], and various endothelial activation markers have 
been proposed as AE predictors [5, 6]. The simplest mea-
sure of endothelial activation is the Endothelial Activation 
and Stress Index (EASIX), defined as [lactate dehydroge-
nase (LDH); U/L] × creatinine [mg/dL])/platelets [PLTs;  
× 109/L] and its derivatives, for instance: EASIX × ferritin  
[4, 5]. The EASIX scores for Patients#1 and 2 are provided 
at the bottom of Table I, and have been calculated for day 
–7 (i.e. before lymphodepletion) and day 0 (day of CAR-T 
infusion). Unfortunately, EASIX scores are bias-susceptible. 
For instance, renal insufficiency or tumor lysis syndrome 
will lead to changes in creatinine and LDH concentrations, 
respectively, impacting EASIX.

Nevertheless, Penack et al. [4] have shown that a base-
line EASIX of 4.67 could be used as a cutoff for severe 
CRS prediction (grade ≥3). And according to Pennisi et al. 
[7], EASIX scores before lymphodepletion are associated 
with CRS occurrence. The median value was 1.88 in Pen-
nisi et al.’s ‘CRS group’ [7] compared to 1.06 in their ‘no 
CRS group’.

Even so, EASIX scores are not validated predictors of 
CRS occurrence, and we cannot draw conclusions from 
the calculated values. However, as the endothelium can 
be damaged by factors such as chemotherapy, cytokines, 
or sepsis [8], it appears reasonable to deduce that Pa-
tient#2 developed AEs due to having been previously ex-
posed to infection and more chemotherapy regimens. In 
addition, other factors predicting CRS are currently under 
investigation. When endothelial activation occurs, cyto-
kines, adhesion molecules, and other markers such as 

angiopoietins, are released, and their serum concentra-
tions are being evaluated as potentially more accurate 
predictors [6, 9].

To sum up, treating DLBCL with tisagenlecleucel may 
be associated with very different clinical scenarios that 
pose significant challenges for clinical teams. Therefore, 
accurate predictors of adverse events would be extremely 
beneficial, and endothelial activation is emerging as a po-
tential candidate.
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Cell based-therapies in patient with relapsing diffuse 
large B-cell lymphoma
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Gdańsk, Poland

Relapse of diffuse large B-cell lymphoma (DLBCL) after 
autologous hematopoietic cell transplantation (auto-HCT) 
confers a poor prognosis. Many different regimens with 
a high-dose methotrexate (HD-MTX) backbone have demon-
strated efficacy in relapsed or refractory cases, but the 
choice regarding subsequent lines remains a challenge 
[1–3]. It has been shown that chemotherapy alone is 
not sufficient for a cure. A cell-based consolidation with 
innovative chimeric antigen receptor (CAR) T-cells, or more 
standard allogenic hematopoetic cells, should be used to 
achieve long-term remission [4, 5].

Here, we present cell-based treatments in a patient with 
extranodal relapsing lymphoma after auto-HCT.

A 48-year-old male was diagnosed with a DLBCL (with 
unknown cell of origin subtype) in December 2009 with 
clinical stage (CS) IV. He was refractory to two cycles 
of CHOP (cyclophosphamide, doxorubicin, vincristine, 
prednisone) and received auto-HCT as a consolidation, 
partially responding to second-line R-ESHAP (rituximab, 
etoposide, methylprednisolone, high-dose cytarabine,  
cisplatin).

Eight years later, he relapsed with extranodal disease 
infiltrating the chest (with histopathological confirmation 
of primary diagnosis, non germinal center B-cell (GCB) 
subtype, no molecular test was done, immunohistochem-
istry: BCL2–/+; BCL6+/–, c-myc–). He received six more 
cycles of R-CHOP (rituximab, cyclophosphamide, adriamy-
cin, vincristine, prednisone), achieving complete meta-
bolic remission that was consolidated with a second au-
to-HCT in January 2019. In March 2020, he relapsed with 
extensive central nervous system (CNS) involvement. He 
recieved treatment specific for CNS lymphomas: high dos-
es of R-MIV (methotrexate, rituximab, ifosfamide, and vin-
cristine) [6]. After the third cycle, he achieved complete 

metabolic remission. He received three more R-MIV cycles 
with allogeneic cell consolidation from a matched unrelat-
ed donor after reduced-intensity conditioning comprising  
T-FluBu2 (thiotepa, fludarabine and busulfan) combined 
with anti-thymocyte globulin (ATG; 5 mg/kg) and standard 
cyclosporine and methotrexate immunosuppression. The 
post-transplant course was complicated only by neutrope-
nic fever and urinary tract infection. He was engrafted in 
November 2020. He developed acute, and later chronic, 
graft-versus-host disease limited to the skin and was treat-
ed only with topical steroids.

In June 2022, the patient reported difficulties in con-
centrating and memory loss. Positron emission tomogra-
phy–computed tomography (PET-CT) and brain magnetic 
resonance did not show any abnormality; the donor chime-
rism was 100%-donor. In August 2022, the patient’s men-
tal status began to worsen. In both magnetic resonance 
imaging (MRI) and PET-CT, infiltration of the ocular muscle 
was described with SUVmax 20.1 (Figure 1). In addition, in-
filtration of the sacral bone was also noticed (SUVmax 10.2) 
(Figure 2). Only those two regions were affected by lym-
phoma in PET-CT. Biopsy of the involved muscle suggested 
DLBCL relapse, but no CNS involvement by flow-cytome-
try was detected. The patient was qualified for CAR T-cell 
therapy (tisagenlecleucel) with polatuzumab vedotin (PV) 
bridging. Lymphocyte apheresis was done in September 
2022, and two subsequent cycles of PV were given over the 
following two months. A clinical response was observed, 
but no control imaging was done. Infusion of CAR T-cells 
was carried out in November 2022 after limphodepletion 
therapy with fludarabine and cyclophosphamide with no 
severe early toxicity. An initial disease assessment was 
carried out in January 2023 with PET-CT, with no lympho-
ma presence (LPS 2).
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We conclude that cell-based therapies offer a unique 
opportunity to achieve remission in chemotherapy-resis-
tant DLBCL. The optimal usage of CAR-T and allogeneic 
cells should be individualized.
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Figure 1. Positron emission tomography–computed tomography scan of head

Figure 2. Positron emission tomography–computed tomography scan of pelvis
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Pneumatosis intestinalis (PI) is a radiographic sign showing 
the presence of gas in the subserosal and submucosal 
layers of the bowel wall [1, 2]. PI is not a disease itself, but 
rather a radiographic finding resulting from an underlying 
pathology [1, 2]. PI can occur as a complication following 
allogeneic hematopoietic cell transplantation (allo-HCT) in 
children. The risk factors include: conditioning chemother-
apy or irradiation, antibiotic exposure, gastrointestinal (GI) 
infections with Clostridioides difficile or Escherichia coli, GI 
graft-versus-host disease (GvHD), and prolonged immune 
suppression [1–3].

PI presents as two different conditions: life-threatening 
PI and benign PI [1, 2]. Additionally, another entity, pneu-
matosis cystoides intestinalis (PCI), is a rare phenomenon 
belonging to the spectrum of benign PI, and is character-
ized by the presence of gas-filled cysts in the subserosa 
and submucosa [4, 5].

Pathogenetically, PI occurs as primary (idiopathic) (in 
15% of cases) or secondary (in 85% of cases) [1, 4]. Clini-
cal symptoms include diarrhea, vomiting, pain, tenderness, 
and flatulence [1, 2]. The diagnosis is usually made by com-
puted tomography (CT), but sometimes it is identified by 
abdominal X-ray. PI is managed conservatively, and surgery 
is optional in cases of subsequent complications [1–4].

We present the case of a pediatric patient with second-
ary severe bone marrow aplasia who developed PI follow-
ing a second allo-HCT.

A 5-year-old boy underwent allo-HCT for acute my-
eloid leukemia from a matched unrelated donor. Due to 
late secondary marrow aplasia, he had a second allo-HCT 
from another donor five years later, after conditioning with 
fludarabine, cyclophosphamide and thymoglobulin. GvHD 
prophylaxis included cyclosporin and methotrexate. His 
complications were cytomegalovirus infection, hypogam-
maglobulinemia, acute skin GvHD, and acute followed 
by chronic GI GvHD. He was treated with high-dose ste-
roids, mycophenolate mofetil, anti-tumor necrosis factor 
(TNF) agent (etanercept), and extracorporeal photopher-
esis (ECP). 12 months after the second allo-HCT, he de-
veloped a mediastinal pneumothorax and the presence 
of free air nuclei in the subphrenic area was detected. In 
a CT scan, gas was found in the expanded intestinal wall of 
the transverse colon, the sigmoid colon and the descend-
ing colon, as well as in the peritoneal cavity (Figure 1). 
He was treated with antibiotics, total parenteral nutrition, 
immunoglobulins and blood products. No surgery was 
necessary. Two months later, all CT symptoms from the 
GI tract had resolved.

The probable mechanism of developing PI after al-
lo-HCT is chemotherapy and immunosuppression, which 
can induce atrophy of the Peyer’s patches [2, 4]. This can 
lead to the loss of integrity and focal damage of the bowel 
mucosa [4]. Subsequently, gas migration occurs into the 
submucosal and subserosal regions [4]. On the other hand, 
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gas-forming bacteria or other immunosuppressive drugs 
such as steroids can contribute to PI development [1, 2]. 
PI shows no typical clinical presentation, and a definitive 
diagnosis is usually made by a CT scan [1–4]. There is no 
standard treatment for PI [1, 2]. In most cases, patients 

with PI are managed conservatively with wide-spectrum 
antibiotics, bowel rest and total parenteral nutrition [1–5]. 
Surgical therapy is considered as a second-line therapy 
which can be chosen in patients with other severe com-
plications [1–5].

Figure 1. Pneumatosis intestinalis in computed tomography imaging: A. Contrast-enhanced computed tomography (CT). No evidence of 
gas in portal vein (arrow); B. Non-contrast-enhanced CT. Zoomed image of transverse colon. Gas in lumen of intestine (asterisk) and gas in 
expanded intestinal wall (arrow); C. Non-contrast-enhanced CT. Pneumatosis of sigmoid colon (arrow); D. Non-contrast-enhanced CT. Gas in 
peritoneal cavity (arrows); E. Non-contrast-enhanced CT. Pneumatosis of transverse colon and descending colon (arrows)
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