
Received: 14 May 2024 | Accepted: 29 June 2024

DOI: 10.1002/hem3.70004

L E T T E R

Therapeutic strategies and treatment sequencing in patients
with chronic lymphocytic leukemia: An international study of
ERIC, the European Research Initiative on CLL

Thomas Chatzikonstantinou1,^ | Lydia Scarfò2,3,^ | Eva Minga1 |

Georgios Karakatsoulis1 | Dimitra Chamou1 | Jana Kotaskova4,5 |

Gloria Iacoboni6 | Christos Demosthenous7 | Elisa Albi2 | Miguel Alcoceba8 |

Salem Al‐Shemari9 | Thérèse Aurran‐Schleinitz10 | Francesca Bacchiarri11 |

Sofia Chatzileontiadou12 | Rosa Collado13 | Zadie Davis14 |

Marcos Daniel de Deus Santos15 | Maria Dimou16 | Elena Dmitrieva17 |

David Donaldson18 | Gimena Dos Santos19 | Barbara Dreta20 |

Maria Efstathopoulou21 | Shaimaa El‐Ashwah22 | Alicia Enrico23 |

Andrzej Frygier24 | Sara Galimberti25 | Andrea Galitzia26 | Eva Gimeno27 |

Valerio Guarente28 | Romain Guieze29 | Sean Harrop30 |

Eleftheria Hatzimichael31 | Yair Herishanu32 | José‐Ángel Hernández‐Rivas33 |

Ozren Jaksic34 | Elżbieta Kalicińska35 | Kamel Laribi36 | Volkan Karakus37 |

Arnon P. Kater38 | Bonnie Kho39 | Maria Kislova17 | Εliana Konstantinou40 |

Maya Koren‐Michowitz41,42 | Ioannis Kotsianidis43 | Zuzana Kubova44 |

Jorge Labrador45 | Deepesh Lad46 | Luca Laurenti47,48 | Thomas Longval49 |

Alberto Lopez‐Garcia50 | Juan Marquet51 | Stanislava Maslejova5 |

Carlota Mayor‐Bastida52 | Biljana Mihaljevic53,54 | Ivana Milosevic55 |

Fatima Miras56 | Riccardo Moia57 | Marta Morawska58,59 | Uttam K. Nath60 |

Almudena Navarro‐Bailón8 | Jacopo Olivieri61 | Irina Panovska‐Stavridis62 |

Maria Papaioannou12 | Cheyenne Pierie38 | Anna Puiggros63 | Gianluigi Reda64 |

Gian M. Rigolin65 | Rosa Ruchlemer66 | Mattia Schipani57 | Annett Schiwitza67 |

Yandong Shen68 | Tereza Shokralla69 | Martin Simkovic70 | Svetlana Smirnova71 |

Dina S. A. Soliman72 | Stephan Stilgenbauer73 | Tamar Tadmor74 |

Kristina Tomic53 | Eric Tse75 | Theodoros Vassilakopoulos40 | Andrea Visentin76 |

Candida Vitale77 | George Vrachiolias43 | Vojin Vukovic53,54 |

Renata Walewska14 | Zhenshu Xu78 | Munci Yagci79 | Lucrecia Yañez80,81 |

Mohamed Yassin82 | Jana Zuchnicka83 | David Oscier14 | Alessandro Gozzetti11 |

Panagiotis Panagiotidis16 | Francesc Bosch6 | Paolo Sportoletti28 |

HemaSphere. 2024;8:e70004. hemaspherejournal.com | 1 of 7

https://doi.org/10.1002/hem3.70004

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2024 The Author(s). HemaSphere published by John Wiley & Sons Ltd on behalf of European Hematology Association.

https://orcid.org/0000-0002-7972-5666
https://orcid.org/0000-0002-8370-5190
https://hemaspherejournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fhem3.70004&domain=pdf&date_stamp=2024-09-17


Blanca Espinet63 | Gerassimos A. Pangalis21 | Viola M. Popov84 |

Stephen Mulligan68 | Maria Angelopoulou40 | Fatih Demirkan85 |

Tomas Papajík44 | Bella Biderman86 | Roberta Murru26 | Marta Coscia77 |

Constantine Tam87 | Antonio Cuneo65 | Gianluca Gaidano57 | Rainer Claus88,89 |

Niki Stavroyianni7 | Livio Trentin76 | Darko Antic53,54 | Lukas Smolej70 |

Olga B. Kalashnikova90,91 | Mark Catherwood18 | Martin Spacek69 |

Sarka Pospisilova4,5 | Michael Doubek4,5 | Eugene Nikitin17 |

Anastasia Chatzidimitriou1 | Paolo Ghia2,3,^ | Kostas Stamatopoulos1,^

Correspondence: Paolo Ghia (ghia.paolo@hsr.it)

1Institute of Applied Biosciences, Centre for Research and Technology Hellas,

Thessaloniki, Greece
2Università Vita‐Salute San Raffaele, Milan, Italy
3IRCCS Ospedale San Raffaele, Milan, Italy
4Central European Institute of Technology (CEITEC), Masaryk University, Brno,

Czech Republic
5Department of Internal Medicine‐Hematology and Oncology, University

Hospital Brno and Faculty of Medicine, Masaryk University, Brno, Czech

Republic
6Department of Hematology, University Hospital Vall d'Hebron, Barcelona,

Spain
7Hematology Department and HCT Unit, G. Papanicolaou Hospital,

Thessaloniki, Greece
8Department of Haematology, University Hospital of Salamanca (HUS‐IBSAL),
CIBERONC (CB16/12/00233) and Cancer Research Centre (CIC‐IBMCC,

USAL‐CSIC), Salamanca, Spain
9Department of Medicine, Faculty of Medicine, Kuwait University, Kuwait City,

Kuwait
10Department of Hemato‐Oncology, Institut Paoli Calmettes, Marseille, France
11Division of Hematology, University of Siena, Siena, Italy
12Hematology Unit, 1st Dept of Internal Medicine, AUTH, AHEPA Hospital,

Thessaloniki, Greece
13Servicio de Hematología, Consorcio Hospital General Universitario de

Valencia. Fundación de Investigación Hospital General Universitario de

Valencia, Valencia, Spain
14Department of Haematology, Royal Bournemouth Hospital, Bournemouth,

United Kingdom
15Internal Medicine Department, Universidade Federal do Espírito Santo, Vila

Velha, Espírito Santo, Brazil
16Department of Hematology and Bone Marrow transplantation Unit, National

and Kapodistrian University of Athens, Laikon General Hospital, Athens, Greece
17Department of Hematology, Oncology, and Chemotherapy, S. P. Botkin's City

Hospital, Moscow, Russia
18Clinical Haematology, Belfast City Hospital, Belfast, UK
19Hospital de Clinicas, Montevideo, Uruguay
20Department of Internal Medicine, Division of Hematology, University

Hospital Center Zagreb, Zagreb, Croatia
21Department of Haematology Athens Medical Center‐Psychikon Branch,

Athens, Greece
22Oncology Center, Mansoura University, Mansoura, Egypt
23Hospital Italiano La Plata, Buenos Aires, Argentina
24Hull York Medical School, Hull, UK
25Department of Clinical and Experimental Medicine, Section of Hematology,

University of Pisa, Pisa, Italy
26Hematology and Stem Cell Transplantation Unit, Ospedale Oncologico A.

Businco, ARNAS “G. Brotzu”, Cagliari, Italy
27Department of Hematology, Hospital del Mar, Barcelona, Spain
28Institute of Hematology and Center for Hemato‐Oncology Research,

University of Perugia and Santa Maria della Misericordia Hospital, Perugia, Italy

29Department of Hematology and Cell Therapy, Estaing University Hospital,

Clermont‐Ferrand, France
30Peter MacCallum Cancer Centre, St Vincent's Hospital, University of

Melbourne, Melbourne, Victoria, Australia
31Department of Haematology, Faculty of Medicine, School of Health Sciences,

University of Ioannina, Ioannina, Greece
32Department of Hematology, Tel Aviv Sourasky Medical Center and Faculty of

Medicine, Tel Aviv University, Tel Aviv, Israel
33Hematology Department Infanta Leonor University Hospital, Madrid, Spain
34Department of Hematology, University Hospital Dubrava, Zagreb, Croatia
35Department and Clinic of Hematology, Blood Neoplasms and Bone Marrow

Transplantation Wroclaw Medical University, Wroclaw, Poland
36Department of Hematology, Centre Hospitalier Le Mans, Le Mans, France
37Antalya Training and Research Hospital, Antalya, Turkey
38Department of Hematology, Cancer Center Amsterdam, Amsterdam

University Medical Centers, University of Amsterdam, Amsterdam, the

Netherlands
39Department of Medicine, Pamela Youde Nethersole Eastern Hospital, Chai

Wan, Hong Kong
40Department of Haematology, University of Athens, Laikon General Hospital,

Athens, Greece
41Department of Hematology, Shamir Medical Center, Zerifin, Israel
42Sackler Faculty of Medicine, Tel Aviv University, Tel‐Aviv, Israel
43Department of Hematology, University Hospital of Alexandroupolis,

Democritus University of Thrace, Alexandroupolis, Greece
44Department of Hemato‐Oncology, Faculty of Medicine and Dentistry,

Palacký University and University Hospital Olomouc, Olomouc, Czech Republic
45Department of Hematology, Hospital Universitario de Burgos, Burgos, Spain
46Department of Internal Medicine, Postgraduate Institute of Medical

Education and Research, Chandigarh, India
47Sezione di Ematologia, Dipartimento di Scienze Radiologiche ed

Ematologiche, Università Cattolica del Sacro Cuore, Rome, Italy
48Dipartimento di Diagnostica per Immagini, Radioterapia Oncologica ed

Ematologia, Fondazione Policlinico Universitario Agostino Gemelli IRCCS,

Rome, Italy
49Service d'Hématologie Oncologie, Centre Hospitalier de Versailles, Le

Chesnay, France
50Fundacion Jimenez Diaz University Hospital, Health Research Institute

IIS‐FJD, Madrid, Spain
51Hematology Department, Ramón y Cajal University Hospital, Madrid, Spain
52Haematology Department, Hospital Universitario de La Princesa, Madrid,

Spain
53Clinic for Hematology, University Clinical Center of Serbia, Belgrade, Serbia
54University of Belgrade Faculty of Medicine, Belgrade, Serbia
55University of Novi Sad, Faculty of Medicine, Clinical Centre of Vojvodina,

Novi Sad, Serbia
56Hematology Department Hospital Universitario 12 de Octubre, Madrid, Spain
57Department of Translational Medicine, Division of Hematology, University of

Eastern Piedmont, Novara, Italy

2 of 7 | Therapeutic strategies and treatment

 25729241, 2024, 9, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hem

3.70004 by U
niversity O

f Padova C
enter D

i, W
iley O

nline L
ibrary on [10/02/2025]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0003-3750-7342
mailto:ghia.paolo@hsr.it


Novel small molecule inhibitors have revolutionized the treatment
of chronic lymphocytic leukemia (CLL). Indeed, BTK (BTKi) and
BCL2 inhibitors (BCL2i) alone or in combination with each other or
other compounds have proven superior to chemoimmunotherapy
(CIT) in both the frontline and the relapsed/refractory (R/R)
setting.1

ERIC, the European Research Initiative on CLL, conducted this
international multicenter retrospective study focused on the era of
CIT, aiming to (i) reveal the treatment patterns in the “real world” and
(ii) assess the outcomes of patients who received frontline treatment
between 2000 and 2016. Overall, 7382 patients with CLL (7134,
96.6%) or SLL (248, 3.4%) from 76 centers in 25 countries in
five continents were included. The median age at diagnosis was
64 (interquartile range [IQR]: 56–71) years and the median age at first
treatment was 66 (IQR: 58–74) years. The median follow‐up was 7.33
(IQR: 4.56–10.81) years from diagnosis and 5.27 (IQR: 3.04–7.99)
from first treatment. The vast majority of patients (6873/7134,
93.2%) received at least one line of chemotherapy or CIT; only
197/7134 (2.7%) received exclusively novel agents. Baseline char-
acteristics and disease‐specific biomarkers are listed in Supporting
Information Material.

The most common first‐line regimen was FCR (2609, 35.3%),
mostly in young patients (median age at first treatment: 60 years,
IQR: 54–66), followed by chlorambucil monotherapy (1293, 17.5%),
mostly in older patients (median age at first treatment: 74 years, IQR:
65–80). BTKis as first‐line treatment were used in 149/7134 (2%)
patients who either participated in clinical trials and/or had TP53
aberrations; 20/7134 (0.3%) received frontline venetoclax‐based re-
gimens, all in the context of clinical trials (Figure 1). Detailed
outcomes for the most common frontline regimens are provided in
Supporting Information Material.

BTKis were the most common type of R/R treatment (1581/8145,
19.4%). Reflecting the approval of novel agents for patients with R/R
CLL, the use of all types of chemotherapy and CIT decreased after
2014, except bendamustine plus rituximab (Figure 2).

There were 387 patients with an early (<24 months) need for
second‐line treatment after 2016: 203/387 (52.4%) received che-
motherapy and CIT, 147/387 (38%) novel agents (108/387 [27.9%]
BTKi, 24/387 [6.2%] PI3Ki, and 15/387 [3.9%] venetoclax‐based
treatments), and 37/387 (9.6%) other treatments (Figure 2 & File S1).
ORR and discontinuation rates due to progression of patients treated
with novel agents are given in the File S1.

Among patients treated with BTKi with or without anti‐CD20
monoclonal antibodies (Mab), 55/567 (9.7%) discontinued treatment
due to toxicity in second and 120/1014 (11.8%) in later lines. The
median time to discontinuation was 5 months (95% confidence in-
terval [CI]: 3.7–12.5) for patients treated in second line and 14
months (95% CI: 8–20.9) for patients treated in later line. Patients
treated with BTKi in second line discontinued treatment due to
toxicity earlier compared to those treated at later lines. Considering
that administration of BTKi in second versus later lines happened
more recently, this may simply reflect the fact that physicians had
more choices and discontinued faster in second line. Taken together,
our findings mirror the long‐term results of the RESONATE trial yet
are strikingly lower compared to the “real world” study by Mato
et al.,2,3 despite the longer median follow‐up on ibrutinib in our study
(>27 vs. 17 months). We attribute this difference to a number of
reasons. First, the aforementioned study included patients treated
soon after ibrutinib approval when physicians may have been less
experienced on how to manage new adverse events. Second,
most patients in our study derived from large academic centers with
expertise in managing patients with CLL, including ibrutinib‐related
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toxicities. Third, differences in patients' fitness status and comorbidity
burden could have influenced physician decisions. Finally, cultural and
healthcare system differences between the United States and the rest
of the world may have also played a role.

Patients treated with PI3Ki with or without an anti‐CD20 Mab
had the numerically highest toxicity‐related discontinuation rates
(24/76 [31.6%] and 84/285 [29.5%] in second or later line, respectively)
(median time to discontinuation: 8.1 months [95% CI: 5–14.2] in
second line and 10.8 [8–12] in later line), confirming the safety issues of
previous studies.4–6

Continuous venetoclax therapy was discontinued due to toxicity
in 3/60 (5%) and 20/179 (7%) patients in second or later line, re-
spectively (median time to discontinuation: 38.6 months [95% CI:
37.6–not estimable] in second line and 4.5 months [2.5–25] in later
line). None of the 29 patients treated with BTKi plus venetoclax with
or without an anti‐CD20 Mab discontinued treatment due to toxicity,
while only 1/56 (1.8%) (at 5.1 months after treatment initiation) and
4/112 (3.6%) discontinued venetoclax plus rituximab in second or
later line, respectively (in later line, the median time to discontinua-
tion was 4.6 months [1.6–not estimable]).

Infection was a common reason for discontinuation of all
novel agent‐based therapies (18/64 (28.1%), 16/60 (26.7%), and
8/15 (53.3%) for BTKi, PI3Ki, and venetoclax‐based treatments,
respectively). Most patients discontinued BTKi and PI3Ki‐based
treatments due to unspecified nonhematological toxicity (28/64
[43.8%] and 23/60 [38.3%], respectively). Atrial fibrillation/flutter
(6/64, 9.4%) and autoimmune phenomena (15/60, 25%) were
among the prevailing reasons for discontinuation in BTKi and
PI3Ki‐treated patients, respectively. Cytopenias (5/15, 33.3%)
were the second most common reason (after infection) for
discontinuing venetoclax‐based treatments.

Information on tumor lysis syndrome (TLS) was available on
148 patients with R/R CLL treated with venetoclax‐based regimens.
Only 2/148 (1.4%) patients, both high‐risk for TLS, developed
clinical TLS; laboratory TLS was present in 8/148 (5.4%) patients.
Information on the timing of TLS and the ramp‐up scheme/TLS
prophylaxis in each case were not captured. All patients who devel-
oped TLS recovered and continued treatment. Our results are in line
with RCTs and previous large “real world” studies,7–13 highlighting
the ability of hematologists to prevent this adverse event in the
“real‐world” setting.

Seventy‐one patients were double refractory to both BTKi and
venetoclax (File S1). Most patients with available biomarkers had
unmutated IGHV genes (34/43, 79.1%) and 64.5% (20/31) had TP53
aberrations before first‐line treatment. After the second novel agent
failure, 62% (44/71) received an additional line of therapy. The
median time‐to‐next treatment (TTNT) from the second novel agent
treatment was 11.4 months (95% CI: 7.95–14.65) and the median
overall survival (OS) from the second novel agent treatment was
19.88 months (95% CI: 14.72–30.32). Overall, 43 patients received a
subsequent line of therapy for CLL after failing the second targeted
agent. The median OS and TTNT from the start of the subsequent line
of treatment were 12 and 9 months, respectively. Hence, we confirm
the poor prognosis of these patients reported in previous “real world”
studies, especially when noncovalent BTKis and other novel
approaches (e.g., CAR‐T cells) are unavailable.14,15

In a multivariable analysis in patients receiving frontline therapy,
increased age, male sex, unmutated IGHV genes, and TP53 aberra-
tions predicted a shorter TTNT, while unmutated IGHV gene status
was the only statistically significant predictor for the need for the
next treatment (File S1), perhaps reflecting missing information
on TP53 mutation status in 71.3% (5266/7382) of patients. FCR

F IGURE 1 Sunburst diagram of treatment patterns. Each color represents a distinct regimen, and each layer represents a new treatment line starting from the

first line (inner‐most layer) to the third line (outer layer). The “not received” groups include patients who did not receive a new treatment line either due to continued

response to the prior treatment or death.
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conferred a longer TTNT (p = 0.002, 95% CI: 0.64–0.91) versus other
types of frontline treatment. Similarly, in patients with R/R CLL, in-
creased age at second‐line treatment, unmutated IGHV genes, and
TP53 aberrations were statistically significant predictors for a shorter
OS. The only protective factor from death in patients with R/R CLL
was treatment with novel agents in the first or second line (File S1),
highlighting the importance of incorporating novel agents early in the
CLL treatment algorithm.

We chart a major shift in treatment patterns before and after
the introduction of novel targeted agents in 2014. Against that,
many patients with R/R CLL in our cohort were still treated with CIT
even after 2014. This may be explained, at least in part, by the fact
that CIT was considered a valid retreatment option for patients with
long first remissions for quite some time after 2014. Notably, even
after 2016, novel agents were used in only 38% of patients with an
early (<24 months) need for second‐line treatment. Possible reasons
include access to medication, physicians' reluctance, and the
evidence–practice gap. This highlights the need for more timely and
effective knowledge dissemination, but even more importantly, re-
duction of drug costs and adoption of less strict rules for drug
reimbursement.

We acknowledge certain limitations to our study. First, the median
age at diagnosis and first treatment is lower than traditionally ex-
pected, perhaps due to the fact that many patients were included from
referral centers for CLL. Second, the assessment of response was
performed by treating physicians based mainly on complete blood
counts and physical examination, likely overestimating the response in

some cases. Finally, missing information, sampling, and attrition bias
also apply. Recognizing these limitations, we mitigated them by col-
lecting data on consecutively treated patients in each participating
center and focusing on robust metrics (i.e., TTNT and OS).

Altogether, we document the effectiveness and safety of novel
agents in patients with R/R CLL previously treated with CIT or che-
motherapy regimens. We also witness a great delay in the timely
implementation of the existing evidence in the real world with a slow
uptake of drugs proven to be highly efficacious. Thus, dedicated
efforts to improve it should be considered for the future generation
of treatments.
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