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Elżbieta Kalicińska,aq Laribi Kamel,ar Volkan Karakus,as Arnon P. Kater,ap Bonnie Kho,at Maria Kislova,au Eliana Konstantinou,av

Maya Koren-Michowitz,aw,ax Ioannis Kotsianidis,ay Robert J. Kreitman,az Jorge Labrador,ba Deepesh Lad,bb Mark-David Levin,bc Ilana Levy,bd

Thomas Longval,be Alberto Lopez-Garcia,bf Juan Marquet,bg Lucia Martin-Rodríguez,d Marc Maynadié,bh Stanislava Maslejova,f

Carlota Mayor-Bastida,bi Biljana Mihaljevic,bj,bk Ivana Milosevic,bl Fatima Miras,bm Riccardo Moia,bn Marta Morawska,bo,bp Roberta Murru,af

Uttam Kumar Nath,bq AlmudenaNavarro-Bailón,j Ana C. Oliveira,br JacopoOlivieri,bs David Oscier,u Irina Panovska-Stavridis,bt Maria Papaioannou,s

Tomas Papajík,bu Zuzana Kubova,bu Punyarat Phumphukhieo,bv Cheyenne Pierie,ap Anna Puiggros,bw Lata Rani,ak Gianluigi Reda,r

Gian Matteo Rigolin,bx Rosa Ruchlemer,by Marcos Daniel de Deus Santos,bz Mattia Schipani,bn Annett Schiwitza,ca Yandong Shen,i

Martin Simkovic,h Svetlana Smirnova,cb Dina Sameh Abdelrahman Soliman,cc Martin Spacek,cd Tamar Tadmor,bd Kristina Tomic,bj Eric Tse,ce

Theodoros Vassilakopoulos,av Andrea Visentin,cf Candida Vitale,cg Julia von Tresckow,ch George Vrachiolias,ay Vojin Vukovic,bj,bk Renata Walewska,u

Ewa Wasik-Szczepanek,ci Zhenshu Xu,cj Munci Yagci,ck Lucrecia Yañez,cl,cm Mohamed Yassin,cn Jana Zuchnicka,co Maria Angelopoulou,av

Darko Antic,bj,bk Bella Biderman,cp Mark Catherwood,w Rainer Claus,cq,cr Marta Coscia,cg Antonio Cuneo,bx Fatih Demirkan,cs Blanca Espinet,bw

Gianluca Gaidano,bn Olga B. Kalashnikova,ct Luca Laurenti,ac,ad Eugene Nikitin,au Gerassimos A. Pangalis,z Panagiotis Panagiotidis,v

Viola Maria Popov,cu Sarka Pospisilova,e,f Paolo Sportoletti,ai Niki Stavroyianni,g Constantine Tam,al Livio Trentin,cf Anastasia Chatzidimitriou,a

Francesc Bosch,d Michael Doubek,e,f Paolo Ghia,b,cw,∗ and Kostas Stamatopoulosa,cw

aInstitute of Applied Biosciences, Centre for Research and Technology Hellas, Thessaloniki, Greece
bUniversità Vita-Salute San Raffaele and IRCCS Ospedale San Raffaele, Milan, Italy
cDepartment of Mathematics, University of Ioannina, Ioannina, Greece
dDepartment of Haematology, University Hospital Vall d’Hebron, Autonomous University, Barcelona, Spain
eCentral European Institute of Technology (CEITEC), Masaryk University, Brno, Czech Republic
fDepartment of Internal Medicine - Hematology and Oncology, University Hospital Brno and Faculty of Medicine, Masaryk University,
Brno, Czech Republic
gHematology Department and HCT Unit, G. Papanicolaou Hospital, Thessaloniki, Greece
h4th Department of Internal Medicine-Haematology, University Hospital and Faculty of Medicine, Hradec Králové, Czech Republic
iRoyal North Shore Hospital, Sydney, NSW, Australia
jDepartment of Haematology, University Hospital of Salamanca (HUS-IBSAL), CIBERONC (CB16/12/00233) and Cancer Research Centre
(CIC-IBMCC, USAL-CSIC), Salamanca, Spain
kFaculty of Medicine, Department of Medicine, Kuwait University, Kuwait City, Kuwait
lDepartment of Hemato-Oncology, Institut Paoli Calmettes, Marseille, France
mDivision of Hematology, University of Siena, Siena, Italy
nHematology Department, University Medical Center Groningen, University of Groningen, Groningen, the Netherlands
oInstitut Bergonié, Bordeaux, France
pHospital Costa del Sol, Málaga, Spain
qDepartment of Hematology and Stem Cell Transplant, Armed Forces Bone Marrow Transplant Center/National Institute of Blood and
Marrow Transplant, Rawalpindi, Pakistan
rHematology Unit, Foundation IRCCS Ca’ Granda Ospedale Maggiore Policlinico of Milan, Milan, Italy
sHematology Unit, 1st Dept of Internal Medicine, AUTH, AHEPA Hospital, Thessaloniki, Greece
tServicio de Hematología, Consorcio Hospital General Universitario de Valencia, Fundación de Investigación Hospital General
Universitario de Valencia, Valencia, Spain
uDepartment of Haematology, Royal Bournemouth Hospital, Bournemouth, United Kingdom
*Corresponding author. Università Vita Salute San Raffaele and IRCCS Ospedale San Raffaele, Via Olgettina 58, Milan 20132, Italy.
E-mail address: ghia.paolo@hsr.it (P. Ghia).

cvEqually contributed as first authors.
cwEqually contributed as senior authors.

www.thelancet.com Vol 65 November, 2023 1

Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
Delta:1_given name
Delta:1_surname
mailto:ghia.paolo@hsr.it
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eclinm.2023.102307&domain=pdf
www.thelancet.com/digital-health


Articles

2

vDepartment of Hematology and Bone Marrow Transplantation Unit, National and Kapodistrian University of Athens, Laikon General
Hospital, Athens, Greece
wClinical Haematology, Belfast City Hospital, Belfast, United Kingdom
xHospital de Clinicas, Montevideo, Uruguay
yDivision of Hematology, Department of Internal Medicine, University Hospital Center Zagreb, Zagreb, Croatia
zDepartment of Haematology, Athens Medical Center-Psychikon Branch, Athens, Greece
aaOncology Center, Mansoura University, Mansoura, Egypt
abHospital Italiano La Plata, Buenos Aires, Argentina
acSezione di Ematologia, Dipartimento di Scienze Radiologiche ed Ematologiche, Università Cattolica del Sacro Cuore, Rome, Italy
adDipartimento di Diagnostica per Immagini, Radioterapia Oncologica ed Ematologia, Fondazione Policlinico Universitario Agostino
Gemelli IRCCS, Rome, Italy
aeSection of Hematology, Department of Clinical and Experimental Medicine, University of Pisa, Pisa, Italy
afHematology and Stem Cell Transplantation Unit, Ospedale Oncologico A. Businco, ARNAS "G. Brotzu", Cagliari, Italy
agDepartment of Hematology, Hospital del Mar, Barcelona, Spain
ahHematology Department, Infanta Leonor University Hospital, Madrid, Spain
aiInstitute of Hematology and Center for Hemato-Oncology Research, University of Perugia and Santa Maria della Misericordia Hospital,
Perugia, Italy
ajDepartment of Hematology and Cell Therapy, Estaing University Hospital, Clermont-Ferrand, France
akLaboratory Oncology Unit, Dr. B.R.A. IRCH, All India Institute of Medical Sciences (AIIMS), New Delhi, India
alPeter MacCallum Cancer Centre, St Vincent’s Hospital, University of Melbourne, Melbourne, VIC 3000, Australia
amFaculty of Medicine, Department of Haematology, School of Health Sciences, University of Ioannina, Stavros Niarchos Avenue,
Ioannina 45110, Greece
anDepartment of Hematology, Tel Aviv Sourasky Medical Center and Sackler School of Medicine, Tel Aviv University, Tel Aviv, Israel
aoDepartment of Hematology, University Hospital Dubrava, Zagreb, Croatia
apDept of Hematology, Cancer Center Amsterdam, Amsterdam University Medical Centers, University of Amsterdam, Amsterdam, the
Netherlands
aqDepartment and Clinic of Hematology, Blood Neoplasms and Bone Marrow Transplantation Wroclaw Medical University, Wroclaw,
Poland
arDepartment of Hematology, Centre Hospitalier Le Mans, Le Mans, France
asAntalya Training and Research Hospital, Antalya, Turkey
atDepartment of Medicine, Pamela Youde Nethersole Eastern Hospital, Chai Wan, Hong Kong, China
auDepartment of Hematology, Oncology, and Chemotherapy, S. P. Botkin’s City Hospital, Moscow, Russia
avHaematology, University of Athens, Laikon General Hospital, Athens, Greece
awDepartment of Hematology, Shamir Medical Center, Zerifin, Israel
axSackler Faculty of Medicine, Tel Aviv University, Tel-Aviv, Israel
ayDepartment of Hematology, University Hospital of Alexandroupolis, Democritus University of Thrace, Alexandroupolis, Greece
azLaboratory of Molecular Biology, National Cancer Institute, National Institutes of Health, Bethesda, MD, USA
baDepartment of Hematology, Hospital Universitario de Burgos, Burgos, Spain
bbDepartment of Internal Medicine, Postgraduate Institute of Medical Education and Research, Chandigarh, India
bcDepartment of Internal Medicine, Albert Schweitzer Hospital, Dordrecht, the Netherlands
bdHematology, Bnai-Zion Medical Center, Haifa, Israel
beService d’Hématologie Oncologie, Centre Hospitalier de Versailles, Le Chesnay, France
bfFundacion Jimenez Diaz University Hospital, Health Research Institute IIS-FJD, Madrid, Spain
bgHematology Department, Ramón y Cajal University Hospital, Madrid, Spain
bhBiological Haematology Department, Dijon Bourgogne University Hospital, Haematological Malignancies Registry, LNC UMR 1231,
Dijon 21000, France
biHaematology Department, Hospital Universitario de La Princesa, Madrid, Spain
bjClinic for Hematology, University Clinical Center of Serbia, Belgrade, Serbia
bkFaculty of Medicine, University of Belgrade, Belgrade, Serbia
blFaculty of Medicine, Clinical Centre of Vojvodina, University of Novi Sad, Novi Sad, Serbia
bmHematology Department, Hospital Universitario 12 de Octubre, Madrid, Spain
bnDivision of Hematology, Department of Translational Medicine, University of Eastern Piedmont, Novara, Italy
boExperimental Hematooncology Department, Medical University of Lublin, Lublin, Poland
bpHematology Department, St. John’s Cancer Center, Lublin, Poland
bqDepartment of Medical Oncology & Hematology, All India Institute of Medical Sciences, Rishikesh, India
brDepartment of Clinical Hematology, ICO, Hospital Duran i Reynals, IDIBELL, Barcelona, Spain
bsHematology Clinic, ASUFC, Udine, Italy
btMedical Faculty, University Clinic of Hematology, University Ss. Cyril and Methodius, Skopje, North Macedonia
www.thelancet.com Vol 65 November, 2023

www.thelancet.com/digital-health


eClinicalMedicine
2023;65: 102307

Published Online xxx

https://doi.org/10.
1016/j.eclinm.2023.
102307

Articles
buFaculty of Medicine and Dentistry, Department of Hemato-Oncology, Palacký University and University Hospital Olomouc, Olomouc,
Czech Republic
bvHull York Medical School, Hull, United Kingdom
bwMolecular Cytogenetics Laboratory, Pathology Department, Hospital del Mar and Translational Research on Hematological
Neoplasms Group, Hospital del Mar Research Institute (IMIM), Barcelona, Spain
bxSt. Anna University Hospital, Ferrara, Italy
byDepartment of Hematology, Shaare-Zedek Medical Center, Affiliated with the Hebrew University Medical School, Jerusalem, Israel
bzInternal Medicine Department, Universidade Federal do Espírito Santo, Vila Velha, ES, Brazil
caHematology and Oncology, Faculty of Medicine, University of Augsburg, Stenglinstrasse 2, Augsburg 86156, Germany
cbConsultative Hematology Department with a Day Hospital for Intensive High-Dose Chemotherapy, National Medical Research Center
for Hematology, Moscow, Russia
ccHematopathology Laboratory, Hamad Medical Corporation, Doha, Qatar
cdFirst Faculty of Medicine, 1st Department of Medicine - Hematology, Charles University and General Hospital in Prague, Czech
Republic
ceDepartment of Medicine, School of Clinical Medicine, The University of Hong Kong, Hong Kong, China
cfHematology and Clinical Immunology Unit, Department of Medicine, University of Padova, Padova, Italy
cgDivision of Hematology, A.O.U. Città della Salute e della Scienza di Torino and Department of Molecular Biotechnology and Health
Sciences, University of Turin, Turin, Italy
chClinic for Hematology and Stem Cell Transplantation, West German Cancer Center, University Hospital Essen, University of Duisburg-
Essen, Essen, Germany
ciDept. Hematooncology and Bone Marrow Transplantation, Medical University in Lublin, Lublin, Poland
cjFujian Provincial Key Laboratory of Hematology, Fujian Institute of Hematology, Fujian Medical University Union Hospital, Fuzhou
350001, China
ckGazi University Medical Faculty, Ankara, Turkey
clDepartment of Hematology, University Hospital Marqués de Valdecilla, Santander, Spain
cmDepartment of Hematological Malignancies and Stem Cell Transplantation, Research Institute of Marques de Valdecilla (IDIVAL),
Santander, Spain
cnHematology Section, Department of Medical Oncology, National Center for Cancer Care and Research, Doha, Qatar
coDepartment of Haematooncology, University Hospital Ostrava, Ostrava, Czech Republic
cpDepartment of Molecular Hematology, National Medical Research Center for Hematology, Moscow, Russia
cqPathology, Faculty of Medicine, University of Augsburg, Stenglinstrasse 2, Augsburg 86156, Germany
crFaculty of Medicine, Comprehensive Cancer Center Augsburg, University of Augsburg, Stenglinstrasse 2, Augsburg 86156, Germany
csDivision of Hematology, Dokuz Eylul University, Izmir, Turkey
ctFederal State Budgetary Educational Institution of Higher Education Academician I.P. Pavlov First St. Petersburg State Medical
University of the Ministry of Healthcare of Russian Federation, St. Petersburg, Russia
cuHematology Department, Colentina Clinical Hospital, Bucharest, Romania

Summary
Background Patients with chronic lymphocytic leukemia (CLL) have a higher risk of developing other malignancies
(OMs) compared to the general population. However, the impact of CLL-related risk factors and CLL-directed
treatment is still unclear and represents the focus of this work.

Methods We conducted a retrospective international multicenter study to assess the incidence of OMs and detect
potential risk factors in 19,705 patients with CLL, small lymphocytic lymphoma, or high-count CLL-like monoclonal
B-cell lymphocytosis, diagnosed between 2000 and 2016. Data collection took place between October 2020 and
March 2022.

Findings In 129,254 years of follow-up after CLL diagnosis, 3513 OMs were diagnosed (27.2 OMs/1000 person-years).
The most common hematological OMs were Richter transformation, myelodysplastic syndrome (MDS) and acute
myeloid leukemia (AML). Non-melanoma skin (NMSC) and prostate cancers were the most common solid tumors
(STs).
The only predictor for MDS and AML development was treatment with fludarabine and cyclophosphamide with/
without rituximab (FC ± R) (OR = 3.7; 95% CI = 2.79–4.91; p < 0.001). STs were more frequent in males and patients
with unmutated immunoglobulin heavy variable genes (OR = 1.77; 95% CI = 1.49–2.11; p < 0.001/OR = 1.89; 95%
CI = 1.6–2.24; p < 0.001).
CLL-directed treatment was associated with non-melanoma skin and prostate cancers (OR = 1.8; 95% CI = 1.36–2.41;
p < 0.001/OR = 2.11; 95% CI = 1.12–3.97; p = 0.021). In contrast, breast cancers were more frequent in untreated
patients (OR = 0.17; 95% CI = 0.08–0.33; p < 0.001).
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Patients with CLL and an OM had inferior overall survival (OS) than those without. AML and MDS conferred the
worst OS (p < 0.001).

Interpretation OMs in CLL impact on OS. Treatment for CLL increased the risk for AML/MDS, prostate cancer, and
NMSC. FCR was associated with increased risk for AML/MDS.

Funding AbbVie, and EU/EFPIA Innovative Medicines Initiative Joint Undertaking HARMONY grant n◦ 116026.

Copyright © 2023 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
Two authors independently reviewed the published literature
in PubMed using “chronic lymphocytic leukemia,” “second
malignancies,” “other malignancies,” “second cancers,” and
“other cancers” as search items with no restrictions on the
date of publication or the language.
The available evidence indicates that patients with chronic
lymphocytic leukemia (CLL) have a higher risk of developing a
second, other malignancy (OM) than the general population.
Large registry studies from the United States, Denmark, and
the Netherlands found an increased incidence of both
hematological and non-hematological OMs in patients with
CLL. In addition, several studies showed that the overall
survival (OS) of patients with OMs and CLL was worse than
those with CLL but without an OM. In these studies, in parallel
with the general population, older age, and male sex
remained important risk factors for the increased risk of OMs.
However, the CLL-associated risk factors for OMs remain
elusive. CLL-directed treatment has been linked with the
occurrence of OMs, although these findings are inconsistent
between studies.
The current study is an international multicenter retrospective
study aimed at finding potential risk factors for the
occurrence of OMs in patients with CLL.

Added value of this study
Our study highlights for the first time in a large cohort the
clear association of the FC ± R regimen with AML and MDS.
In addition, the varied effect of CLL-directed treatment
between different non-hematological OMs reflects their
heterogeneity and partly explains the conflicting results of the
literature. Finally, the association between unmutated
immunoglobulin heavy variable (IGHV) genes and certain
solid tumors (not previously explored in the literature)
provides new insights into the potential mechanisms of the
increased susceptibility to OMs occurrence.

Implications of all the available evidence
The existing literature illustrates the burden of OMs in
patients with CLL. Across different studies, patients with CLL
and OMs have consistently a worse OS than patients with CLL
but without OMs. In our study, the FC ± R regimen was
associated with AML and MDS occurrence, while no events
occurred in patients treated exclusively with novel agents.
This finding provides valuable information on treatment
selection in patients with CLL, particularly in younger patients
with favorable disease characteristics.
Despite this evidence, studies with long follow-ups of patients
treated only with novel agents are needed to reveal the true
impact of these treatments on the occurrence of OMs.
Introduction
Patients with chronic lymphocytic leukemia (CLL) have
a higher risk of developing a second malignancy. Several
retrospective studies reported that other malignancies
(OMs), either hematological and/or solid, occur more
frequently in patients with CLL versus the general
population.1–4

Several CLL-related factors could explain this asso-
ciation. Firstly, patients with CLL have inherent and
therapy-related immune defects that heavily impact
their long-term health.5–8 This CLL-associated immu-
nodeficiency may also render patients more suscepti-
ble to developing an OM. Secondly, the close follow-up
of patients with CLL increases the probability of
detecting an indolent OM.9 Finally, CLL and certain
OMs have higher frequencies in older patients and
might share common genetic and environmental pre-
disposing factors.

CLL can transform into an aggressive lymphoma
[described as Richter transformation (RT)] in 2–9% of
patients with CLL. Numerous clinical and genetic risk
factors have been associated with RT.10–15 Diffuse large
B cell lymphoma (DLBCL) is the most common his-
tologic type, although Hodgkin lymphoma and other
aggressive lymphomas can also arise in the context of
RT.16 In addition, other hematological malignancies
occur more frequently in patients with CLL. In partic-
ular, several studies have emphasized the association
www.thelancet.com Vol 65 November, 2023
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of fludarabine-based regimens with treatment-related
myelodysplastic syndrome (MDS) and acute myeloid
leukemia (AML).1,17–20

The incidence of solid tumors is also higher in pa-
tients with CLL. A retrospective study of 16,367 patients
with CLL/SLL enrolled in the Surveillance, Epidemi-
ology, and End Results (SEER) program found an
increased risk of solid malignancies. Kaposi sarcoma,
melanoma, and cancers of the larynx and the lung were
significantly more frequent in patients with CLL versus
the general population2; however, CLL-directed treat-
ment had no impact on the occurrence of solid tumors.
Subsequently, a report from Denmark confirmed the
higher incidence of OMs in patients with CLL and
found that not only MDS but also lower respiratory and
skin cancers occurred more frequently in treated pa-
tients.1 In a recent large retrospective study of patients
included in the SEER program from 1973 to 2015, most
OMs were diagnosed early after CLL diagnosis, and
their incidence was higher in men, those treated with
chemotherapy, older, and non-White patients.3

Despite this evidence, several questions remain open
regarding the development of OMs throughout the
natural history of CLL. First, the impact of CLL-directed
treatment on the occurrence of OMs remains to be
determined, especially considering conflicting reports in
the literature.1–3,21 Moreover, similar to the general
population, age and sex dictate OM occurrence in pa-
tients with CLL; however, it remains unclear if and how
CLL clinical and biological characteristics can also
impact the development of OMs.3,22 Finally, risk factors
for AML or MDS development, besides treatment with
fludarabine-based regimens, remain elusive.

We conducted an international multicenter retro-
spective study focusing on OM risk factors associated
with CLL inherent characteristics or CLL-directed ther-
apy. We aimed to (i) determine the incidence of OMs in
a population of patients with CLL, (ii) assess the overall
survival of patients with CLL and OM, and (iii) find
potential risk factors for the occurrence of OM in pa-
tients with CLL. In contrast to cancer registries, we
specifically designed this study to fill essential knowl-
edge gaps about OMs in patients with CLL.
Methods
Data collection
This is a retrospective international multicenter study
conducted by ERIC, the European Research Initiative on
CLL, in the context of HARMONY, the Healthcare alli-
ance for resourceful medicines offensive against neo-
plasms in hematology (https://www.harmony-alliance.
eu/). Investigators at each participating site provided
data on consecutive sets of patients diagnosed with CLL/
small lymphocytic lymphoma (SLL) or high-count CLL-
like monoclonal B-cell lymphocytosis (MBL) between
2000 and 2016.23 CLL diagnosis, treatment decisions,
www.thelancet.com Vol 65 November, 2023
and review of medical history were performed by the
local teams following international guidelines.24

Collected data included baseline demographics; date
of CLL diagnosis; immunoglobulin heavy variable
(IGHV) gene somatic hypermutation status; cytogenetic
status for chromosomes 11q, 13q 17p, and 12 deter-
mined by fluorescence in situ hybridization; TP53 gene
mutation status assessed by Sanger sequencing or next-
generation sequencing; CLL treatment status; type of
treatment; presence of comorbidities, Cumulative
illness rating scale (CIRS); date and type of other ma-
lignancy, date of last follow-up and outcome.

The investigators reviewed the medical records and
assessed information related to anatomical and chro-
mosomal characteristics (when available) to ascertain
participants’ assigned sex at birth. Cases diagnosed with
CLL/SLL or MBL before 2000 or after 2016 and those
missing information on the date of CLL diagnosis and/
or OM occurrence were excluded from the study. Cases
missing information on other mandatory variables were
included only in the calculation of the incidence.

Depending on the context, Overall Survival (OS) was
defined as the time from CLL diagnosis to death or last
follow-up date or as the time from OM diagnosis to
death or last follow-up date.

Statistical analysis
For descriptive statistics, frequencies and relative fre-
quencies were used to describe categorical variables,
whereas median and interquartile range (IQR) were
used for the numeric ones.

Univariable and multivariable analyses (MVA) were
performed, having the development of OMs after CLL
diagnosis and OS as outcomes. Concerning the devel-
opment of OMs, the dataset contains censored data
(with different follow-up times) for these outcomes. In
addition, OMs are relatively rare events, hence a sig-
nificant proportion of patients will never experience
them: this means that not all of the censored data are
due to follow-up incompleteness, leading to a plateau in
the Kaplan–Meier curves (Supplemental Material). On
these grounds, Mixture Cure models were applied in
order to examine both the risk of experiencing the
outcome and the time until that happens.25 All Mixture
Cure models were semiparametric, using the logit link
function for the cure/long-term part (risk of eventually
developing the outcome), but no specific distribution for
the time until the outcome development. Odds ratio
(OR) was used to examine the risk factors associated
with the risk of eventually developing the outcome of
interest (independently of the time this happens),
whereas hazard ratio (HR) was used to examine the risk
factors associated with the time of outcome develop-
ment between susceptible subjects. Of note, a risk factor
may affect the risk of developing the outcome but not
the time until that happens, and vice versa. Recognizing
the importance of aging in the occurrence of OMs, we
5
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obtained crude and age-adjusted estimates for all
analyses.26,27

Since the outcomes of interest are relatively rare
events, Firth’s bias reduction method was also applied.28

The estimates are reported along with their confidence
intervals. The standard errors of the coefficient estimates
were estimated via bootstrap sampling, and Wald-type
confidence intervals were constructed. No corrections
for multiple comparisons were conducted.

Clinical and biological characteristics, treatment sta-
tus (before OM occurrence), total lines of treatment
until malignancy occurrence, and the type of treatment
were examined as potential risk factors for the occur-
rence of OMs after CLL diagnosis.

As for OS, it was calculated either from the time of
CLL diagnosis or from the time of OM development.
The risk factors examined were the development of OM
or not, as well as the type of OM. The analyses were
performed using the log-rank test.

For the MVA, we performed a two-level variable se-
lection approach. At first, we obtained the risk factors
with p-value ≤0.20 from the univariable analyses and
used them as risk factors for a multivariable model. In
that model, LASSO penalty was used.29

Concerning handling missing data, pairwise deletion
was performed for the univariable analyses. For the
multivariable analyses, listwise deletion was performed
only for the variables entered in the model.

All statistical analyses were conducted in R 4.1.3. We
used dplyr package for data manipulation,30 ggplot2 for
data visualization,31 and the intsurv package for the
Mixture Cure model.32
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Associated Partners are responsible for any use that may
be made of the information contained herein.

Paolo Ghia, Kostas Stamatopoulos, Lydia Scarfò, and
Thomas Chatzikonstantinou had full access to all the
data in the study and accept responsibility for the deci-
sion to submit for publication.
Results
Patient characteristics
We assessed data on 19,705 patients from 85 different
centers in 28 countries [the flow diagram of the study is
provided in the Supplemental Material]. The median age
at CLL/SLL or MBL diagnosis was 65 years (IQR 57–73),
and the median follow-up from CLL diagnosis was 6.2
years (IQR 3.7–9.6). The majority of patients had CLL
(18,386, 93.3%), while 528 (2.7%) and 791 (4%) were
diagnosed with SLL and high-count CLL-like MBL,
respectively. Baseline characteristics and disease-
specific biomarkers are listed for all patients and spe-
cific subgroups in Table 1 and Supplemental Material,
respectively.

At last follow-up, 10,146 (52.6%) patients had
received at least one line of treatment (median 1, IQR
1–2). Most patients (7,128, 73.7%) received only che-
moimmunotherapy or/and chemotherapy. Only 600
(6.2%) were treated exclusively with novel agents (i.e.,
Bruton’s tyrosine kinase and PI3Kδ inhibitors and the
BCL2 inhibitor venetoclax), while both treatment types
(i.e., chemotherapy/chemoimmunotherapy followed by
novel agents) were used in 1940 (20.1%) patients
(Table 1 & Supplemental Material).

Other malignancies in patients with CLL
Diagnosis of OM was reported in 4134/19,705 (21%)
patients with CLL; of these, 633 (3.2%) had RT or B cell
prolymphocytic leukemia (B-PLL). Most patients (3088,
15.7%) were diagnosed with one or more solid tumors,
834 (4.2%) patients had a second hematological malig-
nancy, and 212 (1%) patients had both.

In 2940/4134 (71.1%) patients, the OM postdated the
diagnosis of CLL; in 872/4134 (21.1%), the OM either
antedated or was diagnosed concurrently with CLL;
finally, in 322/4134 (7.8%), an OM was diagnosed both
before and after CLL diagnosis (Table 1). Overall, 3513
OMs were diagnosed in 129,254 years of follow-up after
CLL diagnosis (27.2 OMs/1000 person-years).
Supplemental Table S2 and Fig. 1 depict the most
common hematological and non-hematological OMs,
respectively. Detailed information on non-hematological
OMs is provided in Supplemental Material.

Other hematological malignancies excluding RT
The median time from CLL diagnosis to the diagnosis of
hematological OM was 4.71 years (IQR = 2.06–7.77).
The most common hematological OMs were MDS (84/
19,705, 0.43%), followed by AML (39/19,705, 0.2%) and
multiple myeloma (26/19,705, 0.13%) (Supplemental
Table S2).

CLL-directed treatment was the only risk factor for
developing a hematological malignancy after CLL diag-
nosis. However, when we excluded AML or MDS from
the analysis, only 13q deletions remained as a risk factor
in the MVA.

Several risk factors [including CLL-directed treat-
ment, treatment with bendamustine-based regimens,
and treatment with fludarabine and cyclophosphamide
with or without rituximab (FC ± R)] were associated with
the development of AML or MDS in the univariable
www.thelancet.com Vol 65 November, 2023
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Patient characteristics Results N = 19,705 % Missing %

Sex assigned at birth Female 7626 38.7 0 0

Male 12,079 61.3 0 0

Diagnosis CLL 18,386 93.3 0 0

MBL 791 4 0 0

SLL 528 2.7 0 0

Survival status Alive 13,524 68.6 0 0

Dead 5984 31.4

Comorbidities at diagnosis No 4271 30 5489 27.9

Yes 9945 70

Treatment status Treated 10,146 52.6 433 2.2

Untreated 9126 47.4

Type of treatment CIT or/and chemotherapy 7128 71.3 147 1.4

CIT or/and chemotherapy and novel agents 1940 19.4

Only novel agents 600 6

Other 331 3.3

IGHV gene status Mutatedb 4256 50.5 11,269 57.2

Unmutatedc 4180 49.5

del(13q) Negative 4851 52.7 10,507 53.3

Positive 4347 47.3

del(11q) Negative 8334 86.5 10,068 51.1

Positive 1303 13.5

Trisomy 12 Negative 7531 82.5 10,578 53.7

Positive 1596 17.5

del(17p) Negative 8992 90.4 9755 49.5

Positive 958 9.6

TP53 mutation status Mutated 604 13.5 15,244 77.4

Unmutated 3857 86.5

Karyotypea Normal 2107 52.2 15,668 79.5

Abnormal 1930 47.8

Other malignant neoplasms No 15,571 79 0 0

Yes 4134 21

Time of other malignant neoplasms Before CLL diagnosis 872 21.1 0 0

After CLL diagnosis 2940 71.1

Before and after CLL 322 7.8

Multiple other malignant neoplasms Two or more non-hematological 464 2.4 0 0

Both non-hematological and hematological 212 1

Two hematological 16 0.08

Transformation No 19,072 96.8 0 0

Yes 633 3.2

Type of transformation DLBCL 559 88.3 0 0

HL 35 5.5

PLL 18 2.8

Burkitt lymphoma 3 0.5

Other 18 2.8

CIT, chemoimmunotherapy; CLL, chronic lymphocytic leukemia; SLL, small lymphocytic lymphoma; MBL, monoclonal B lymphocytosis; IGHV, immunoglobulin heavy
variable; DLBCL, diffuse large B-cell lymphoma; HL, Hodgkin’s lymphoma; PLL, B cell prolymphocytic leukemia. aKaryotype specific abnormalities: Complex Karyotype (≥3
abnormalities): 384 (9.5%), Trisomies 12 & 19: 50 (1.2%), 6q deletions: 62 (1.5%), Translocations of 14q: 54 (1.3%), Translocation (14; 19): 17 (0.4%). bMutated: <98%
germline identity. cUnmutated: ≥98% germline identity.

Table 1: Patient characteristics.
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analyses (Supplemental Material). However, treatment
with FC ± R was the only statistically significant risk
factor in the MVA (Table 2). We confirmed this result in
separate analyses for AML and MDS and when we
restricted the analyses to two subgroups of interest (i)
www.thelancet.com Vol 65 November, 2023
only treated patients and (ii) only treated patients with
mutated IGHV genes without known TP53 aberrations
(n = 1697) (a group of patients for which FCR is still
recommended as a valid option) (Supplemental Material
& Table 2).33 The median time from the start of FC ± R
7
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Fig. 1: Other hematological and non-hematological malignancies and their relation to CLL diagnosis and CLL therapy initiation. *Including
Richter transformation. AML, acute myeloid leukemia; MDS, myelodysplastic syndrome.
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until AML or MDS development was 3.65 years
(IQR = 2.41–4.97). Twenty-one (44%) new AML or MDS
diagnoses were made within 3 years of follow-up after
FC ± R, while 36/48 (75%) and 46/48 (96%) cases were
diagnosed within 5 and 10 years, respectively. Within
5 years of follow-up from FC ± R treatment, 2.6%
(36/1419) of patients developed AML or MDS. Finally,
the median survival from MDS/AML diagnosis for all
patients was 13 months (95% CI = 10–30).

Other non-hematological malignancies
Solid tumors occurred at a median of 4.36 years
(IQR = 2.05–7.56) after CLL diagnosis. Male patients
and those with unmutated IGHV gene status had a
higher risk of developing a non-hematological OM
[excluding non-melanoma skin cancers (NMSC)]
(Table 2). NMSC (986/19,705, 5%) and prostate cancers
(530/19,705, 2.7%) were the most frequent, followed by
colon (382/19,705, 1.9%) and breast cancers (343/
19,705, 1.7%) (Fig. 1 & Supplemental Material).

Next, we focused on identifying potential risk factors
for solid tumors detected in more than 150 patients (i.e.,
NMSC, melanoma, prostate, breast, lung, colon, and
bladder cancers). Statistically significant associations
were found between: (i) NMSC development and male
sex, older age at diagnosis, and FC ± R treatment; (ii)
male sex and colorectal, lung, and bladder cancers; (iii)
unmutated IGHV gene status and melanoma, lung and
breast cancers (Table 2).

CLL-directed treatment and other non-
hematological malignancies
Initially, we analyzed solid tumors as a group and found
that CLL–directed treatment was associated with a
higher incidence of non-hematological OMs in the
univariable but not in the multivariable analysis. That
notwithstanding, the impact of treatment was not uni-
form when we analyzed the single most common solid
tumors (Table 2). In detail, for prostate cancer, CLL
treatment of any type was the only statistically signifi-
cant risk factor in the MVA, while for NMSC, only the
treatment with FC ± R remained significant. On the
contrary, CLL–directed treatment was not a risk factor
for lung cancer in the MVA. Conversely, CLL-directed
treatment appeared to exert a protective effect on
breast and colon cancers. Of note, the hazard of devel-
oping breast cancer for untreated patients was also
higher in the MVA (Table 2).

Overall survival
Patients with OM had worse OS than those without
[median OS 12.41 (95% CI = 11.81–13.29) versus 14.28
www.thelancet.com Vol 65 November, 2023
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Multivariate analyses for different OMs

Risk factor Category ORb (95% CI) p value HRc (95% CI) p value

Hematological malignancies (excluding Richter transformation, AML and MDS)

del(13q) Positive 1.67 (0.98–2.85) 0.06 – –

AML or MDS

FC ± R at any line (before MDS or AML) Yes 3.7 (2.79–4.91) <0.001 – –

AML or MDS (including only treated patients)

FC ± R at any line (before MDS or AML) Yes 4.57 (2.19–9.53) 0.006 1.6 (1.12–2.29) 0.01

Age at diagnosis 1.04 (1.01–1.08) <0.001 – –

AML or MDS (including only treated patients with mutated IGHV and excluding those with known TP53 aberrations)

FC ± R at any line (before MDS or AML) Yes 3.59 (1.09–11.81) 0.035 – –

All non-Hematological malignancies (excluding non-melanoma skin cancers)

Sex assigned at birth Male 1.77 (1.49–2.11) <0.001 – –

IGHV gene status Unmutateda 1.89 (1.6–2.24) <0.001 – –

Treatment status (before malignancy) Treated – – 0.4 (0.3–0.48) <0.001

Age at diagnosis – – 1.03 (1.03–1.04) <0.001

Bladder cancer

Sex assigned at birth Male 6.36 (3.33–12.16) <0.001 – –

Treatment status (before bladder) Treated – – 0.37 (0.21–0.67) <0.001

Age at diagnosis – – 1.03 (1.02–1.05) <0.001

Breast cancer

Sex assigned at birth Male 0.3 (0.22–0.4) <0.001 – –

Type of treatment (before breast cancer) Chemotherapy or CIT 0.55 (0.34–0.89) <0.001 – –

IGHV gene status Unmutateda 1.83 (1.02–3.26) 0.042 – –

Colon cancer

Sex assigned at birth Male 1.03 (1.01–1.05) 0.001 – –

Bronchus and lung cancer

IGHV gene status Unmutateda 2.09 (1.07–4.09) 0.03 – –

Sex assigned at birth Male 2.23 (0.84–5.88) 0.11 – –

Melanoma

IGHV gene status Unmutateda 2.41 (1.16–5.01) 0.02 – –

Non-melanoma skin cancers

Sex assigned at birth Male 2.53 (1.81–3.55) <0.001 – –

Age at diagnosis 1.04 (1.02–1.07) 0.001 1.04 (1.02–1.06) <0.001

FC ± R Yes 1.8 (1.36–2.41) <0.001 – –

Prostate cancer

Treatment status (before prostate) Treated 2.11 (1.12–3.97) 0.021 – –

OMs, other malignancies; OR, odds ratio; HR, hazard ratio; CI, confidence interval; FC ± R, fludarabine, cyclophosphamide with or without rituximab; AML, acute myeloid
leukemia; MDS, myelodysplastic syndrome; IGHV, immunoglobulin heavy variable. Empty cells denote that the respective risk factor was not included in the cure or survival
part of the model. aUnmutated: ≥98% germline identity. bOR was used to examine the risk factors associated with the risk of eventually developing the outcome of interest
(independently of the time this happens). cHR was used to examine the risk factors associated with the time of outcome development between susceptible subjects.

Table 2: Multivariate analyses of risk factors for different other malignancies after CLL diagnosis.

Articles
(95% CI = 13.86–14.77) years] (Fig. 2). We also per-
formed an OS analysis (from CLL diagnosis until death
or last follow-up) to compare four different groups: pa-
tients with AML or MDS, hematological OM (excluding
RT, AML, and MDS), solid tumors (excluding NMSC)
and patients without OMs or with only NMSC. We
found that patients with solid tumors had a worse OS
than patients without OMs or with only NMSC
(p < 0.001). Finally, patients with AML or MDS had the
worst OS, regardless of the timing of AML or MDS
diagnosis (p < 0.001) (Fig. 3).
www.thelancet.com Vol 65 November, 2023
Discussion
We here present the largest non-registry-based study on
OMs in patients with CLL. In this dedicated effort, we
found that 16.6% of all patients with CLL developed at
least one OM after CLL diagnosis (27.2 new OMs per
1000 person-years): this group had inferior OS than
patients without OMs, particularly if concerning AML or
MDS. Moreover, we report that the occurrence of AML
or MDS was associated only with the administration of
the FC ± R regimen, hence significantly strengthening
the evidence from previous albeit considerably smaller
9
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Fig. 2: Overall survival from the time of CLL diagnosis. Comparison between patients with at least one other malignancy after CLL diagnosis
versus patients without a second malignancy after CLL diagnosis (Patients with Richter transformation were excluded).
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series. Finally, we highlight for the first time that the
impact of CLL-directed treatment on the type of OM is
highly variable and that CLL-related features (i.e., the
somatic hypermutation status of the clonotypic IGHV
genes) are linked with the occurrence of certain solid
tumors.

Our findings align with the literature regarding the
high risk of OMs for patients with CLL.1–4 The largest
study on patients enrolled in the SEER program, an
Australian, a Dutch and a Danish study, respectively,
reported a rate between 24 and 36 new OMs per 1000
person-years.1,3,22,34 These studies have also shown that
patients with CLL have a higher risk of developing OMs
compared with the general population by calculating the
absolute excess risk (AER). We chose not to perform
AER analysis due to our cohort’s heterogeneity; instead,
we focused on the risk factors of OMs.

Similar to previous studies, patients with CLL and
OMs had an inferior OS than those without.4,21,35 Despite
the changes in the incidence and the improvements in
OS of patients with many cancers, including CLL, the
impact of OMs on the OS of patients with CLL remained
constant across studies conducted in different
periods.36–39 The co-occurrence of CLL and OMs poses
several challenges. First, these patients often tolerate
chemotherapy poorly due to the added CLL-related
immunosuppression in addition to the older age,
comorbidities and polypharmacy that characterize a
significant proportion of patients with CLL. Second,
these tumors may fare more aggressively in patients
with CLL due to the well-known CLL-associated
immune dysfunction. Interestingly, a SEER Population-
Based Study found that patients with CLL have an
inferior OS when diagnosed with specific types of can-
cer than those with the same cancers but without CLL.40

Finally, CLL-directed treatment could interact with spe-
cific OM treatments, limiting the available options.
Regardless the underlying causes, this finding un-
derlines the importance of identifying and potentially
altering the risk factors for the occurrence of OMs, also
through periodic screening.

Of note, we chose to include all patients in the OS
analysis regardless of the reason of death for two main
reasons. Firstly, some patients may have died due to
other causes that nonetheless were associated with their
OM (e.g., infections, treatment toxicity, and limited
treatment options due to concurrent OM treatment).
Secondly, detailed information about the reason of
death may be unknown since different physicians usu-
ally treat these patients after the diagnosis of OM.

The development of MDS or AML was associated
with certain biological features and treatment for CLL.
However, the only risk factor in the MVA was treatment
with the FC ± R regimen. In keeping with the literature,
in our cohort, 2.6% of patients treated with FC ± R
developed AML or MDS within 5 years after treat-
ment.17,20 This finding, combined with the dismal out-
comes of these patients, poses essential questions about
the role of CIT in CLL in the era of chemo-free treat-
ment, when this is available. Relevant to mention in that
regard, even in the most updated recommendations by
several organizations (e.g., NCCN, ESMO), CIT is
www.thelancet.com Vol 65 November, 2023
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Fig. 3: Overall survival from the time of CLL diagnosis. Comparison between patients without a second malignancy after CLL diagnosis or only
non-melanoma skin cancers versus patients diagnosed with MDS or AML after CLL diagnosis, versus patients diagnosed with a hematological
malignancy (excluding Richter transformation, B cell prolymphocytic leukemia, AML, and MDS) after CLL diagnosis versus patients diagnosed
with a non-hematological malignancy (excluding non-melanoma skin cancers) after CLL diagnosis. Hem, hematological malignancy; AML, acute
myeloid leukemia; MDS, myelodysplastic syndrome; skin, non-melanoma skin cancers.
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proposed as a valid option for young patients with
mutated IGHV genes without other adverse prognostic
features on the grounds that such patients may enjoy
prolonged responses when treated with FCR.33,41 This is
particularly relevant as young patients are those who
more likely will live long enough to develop such tu-
mors. Furthermore, FCR should be particularly avoided
in patients with clonal hematopoiesis of indeterminate
potential (CHIP), as they have an even higher risk of
developing myeloid malignancies.42 In the current era,
patients without adverse prognostic features could
experience an excellent prognosis also with novel agents
without the risk of a treatment-related myeloid malig-
nancy.41,43 Our findings indicate that we could reduce the
incidence of treatment-related myeloid malignancies by
simply omitting FCR from CLL treatment options.
Intriguingly, the need for this approach is further sup-
ported by a SEER Cancer registry study reporting an
improvement in the incidence of treatment-related MDS
and AML in patients treated with CIT for many com-
mon lymphoid malignancies but not for CLL.39
www.thelancet.com Vol 65 November, 2023
Of note, none of the patients treated with only novel
agents developed a myeloid malignancy. However, larger
series and longer follow-up are imperative before defini-
tive conclusions can be drawn. That said, interestingly,
studies on novel agents report treatment-related myeloid
malignancies only in patients previously exposed to
cytotoxic drugs.44

Hematological malignancies, excluding AML, MDS,
and RT, appeared unaffected by CLL-directed treatment.
Only 13q deletions were associated with their occur-
rence, albeit without reaching statistical significance.
Patients with 13q deletions -especially if lacking adverse
prognostic features-experienced a prolonged survival,
conceivably allowing for more hematological OMs to
occur.45

The types of solid tumors diagnosed more frequently
in our cohort mirror other studies in patients with
CLL.1,3,4,27 Unsurprisingly, most solid tumors were
diagnosed after CLL, except for breast and thyroid can-
cers, which typically affect younger patients. Similar to
the general population, males had an increased risk of
11
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solid tumors.27 The only CLL-related risk factor associ-
ated with solid tumors was the presence of unmutated
IGHV genes, although with the caveat that for a sig-
nificant proportion of the patients the IGHV gene so-
matic hypermutation status was not available. That
notwithstanding, the precise links and causality, if any,
of this association currently remain elusive.

The effect of CLL-directed treatment on solid tumors
differed depending on the type of malignancy. Inter-
estingly, previous studies also reported that NMSCs
were more frequent in chemotherapy-treated pa-
tients.1,21,22 The closer follow-up of treated patients may
have led to prompt dermatology referrals, while the ef-
fects of chemotherapy on the skin could render it sus-
ceptible to ultraviolet radiation. Prostate cancers were
also more frequent in treated patients in a population of
long-term CLL survivors.21 While chemotherapy is not a
traditional risk factor for prostate cancer, however,
treated patients are followed closely and, thus, are more
likely to be screened for prostate cancer.9 In addition,
both the prevalence of prostate cancer and the likelihood
of treatment for CLL increase in parallel with age.27

Finally, in the univariable analyses, melanoma and
lung cancers were more frequent in patients with
unmutated IGHV genes and were associated with
FC ± R and CLL treatment, respectively. Nonetheless, it
is relevant to mention that the majority of treated pa-
tients carry unmutated IGHV genes, which may influ-
ence these findings.1

Chemotherapy for CLL exerted a protective effect on
breast cancer. Theoretically, chemotherapy could eradi-
cate the cancer cells of a chemosensitive tumor.46

Similar results in the Dutch study and in our uni-
variable analysis on colon cancer, another chemo-
sensitive tumor, appear in support of this concept.22

Although this finding poses interesting questions, only
further research could reveal its actual relevance and
implicated mechanisms.

Among the merits of our study stands that, unlike
any previous study, we collected detailed information
about CLL treatment and biomarkers that led to unique
findings. That notwithstanding, we acknowledge certain
limitations. Firstly, we did not collect data on some
known environmental/lifestyle risk factors for certain
malignancies (e.g., occupational and smoking habits)
that may have confounded our results. Secondly, ma-
lignancies with an indolent course (e.g., NMSC, prostate
cancer, CLL) may run for quite some time (even years)
before establishing a formal diagnosis,9,47 reducing the
validity of comparisons about their timing. Further-
more, we included patients from different continents
with different predispositions for specific cancer types.27

Finally, missing information, sampling and attrition
bias-inherent problems of retrospective studies-could
also apply to our study. Somehow mitigating the latter
two limitations, we (i) collected data on consecutively
diagnosed patients with CLL in each participating
center, (ii) used curation mechanisms that minimized
missing information and ensured data quality, and (iii)
applied Mixture Cure models considering differences in
follow-up times.

Most participating centers in our study are tertiary
referral centers for CLL. Thus, our cohort may also
suffer from selection bias towards younger treated
patients. On the contrary, the short follow-up of some
cases led to an imbalance in the expected ratio be-
tween treated and untreated patients. Acknowledging
this, we performed subanalyses to confirm major
findings within the treated population (e.g., FC ± R
association with AML or MDS). Finally, we did not
collect information on the progression of MBL cases
to CLL and the clonal relationship of RT cases with
CLL. Thus, we avoided comparing the OMs risk be-
tween CLL and MBL cases and exploring the risk
factors for RT.

Taken together, our findings illustrate the burden of
OMs and their impact on OS in a large collection of non-
registry patients with CLL. In addition, the strong as-
sociation between FCR and AML or MDS is a crucial
point to discuss when counseling young patients
needing treatment, considering that FCR is still
mentioned as an option for certain subgroups of pa-
tients with CLL.
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