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ABSTRACT
Background: Patients with chronic lymphocytic leukemia (CLL) have an increased risk of developing secondary malignancies due to 
disease-related immune dysregulation, treatment-associated immunosuppression, and advanced age. However, real-world data regarding 
the incidence and characteristics of secondary malignancies in CLL remain limited. This study aimed to evaluate the incidence, clinical 
characteristics, and distribution of secondary malignancies in patients with CLL.

Methods: This retrospective single-center study included 308 patients diagnosed with CLL between January 2010 and December 2024. 
CLL diagnosis was established by flow cytometric immunophenotyping, and all secondary malignancies were confirmed histopathologically 
by tissue biopsy. Demographic characteristics, disease stage, immunophenotypic findings, cytogenetic abnormalities, and secondary 
malignancy types were analyzed.

Results: Among 308 patients with CLL, 21 patients (6.8%) developed secondary malignancies during follow-up. The mean age of these 
patients was 71 years, and 16 (76.2%) were male. The most common secondary malignancies were skin cancer (n=6, 28.6%) and lung 
cancer (n=6, 28.6%), followed by bladder cancer (n=5, 23.8%), breast cancer (n=2, 9.5%), prostate cancer (n=1, 4.7%), and rectal cancer 
(n=1, 4.7%). Most patients (76.2%) were classified as Rai stage 1–2 at the time of CLL diagnosis. Although 17p deletion was detected in 
approximately 15% of the overall CLL cohort, it was identified in only one patient (4.7%) who developed a secondary malignancy.

Conclusion: Secondary malignancies represent a clinically significant complication in patients with CLL, occurring in approximately 
6.8% of cases in our cohort. Skin and lung cancers were the most frequently observed malignancies. The predominance of secondary 
malignancies among older patients and those with early-stage disease suggests that immune dysregulation associated with CLL may 
contribute to carcinogenesis independently of disease burden. Long-term surveillance and appropriate cancer screening strategies should be 
considered an integral component of CLL follow-up.
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INTRODUCTION
Chronic lymphocytic leukemia (CLL) is the most common 
leukemia in adults and is characterized by the accumulation of 
monoclonal, immunologically dysfunctional B lymphocytes 
in the peripheral blood, bone marrow, and lymphoid 
tissues. The clinical course of CLL is highly heterogeneous; 
while some patients experience an indolent disease course 
requiring no treatment for many years, others exhibit 
early disease progression necessitating prompt therapeutic 
intervention. Over the past decade, the introduction of 
Bruton tyrosine kinase (BTK) inhibitors, B-cell lymphoma-2 
(BCL-2) inhibitors, and anti-CD20 monoclonal antibodies 
has substantially improved survival outcomes, transforming 

CLL into a chronic and manageable malignancy. However, 
prolonged survival, persistent immune dysregulation, and 
treatment-related immune modulation have also increased 
the clinical significance of long-term complications, 
among which secondary malignancies have emerged as an 
increasingly important concern (1-3).

Patients with CLL have a significantly higher risk of 
developing secondary malignancies than the general 
population. Large cohort studies have demonstrated a two- 
to threefold increase in the incidence of second primary 
cancers, with non-melanoma skin cancers, lung cancer, 
and gastrointestinal malignancies representing the most 
frequently observed solid tumors (4-6). Furthermore, an 
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increased incidence of therapy-related myeloid neoplasms, 
particularly myelodysplastic syndrome (MDS) and acute 
myeloid leukemia (AML), has also been reported (7). The 
etiology of this increased risk is multifactorial, involving 
both disease-related biological mechanisms and treatment-
associated factors.

One of the principal pathophysiological mechanisms 
underlying secondary malignancy development in CLL is 
profound immune dysregulation. CLL is associated with a 
complex state of immune deficiency characterized by T-cell 
dysfunction, hypogammaglobulinemia, impaired natural 
killer (NK) cell activity, and defective dendritic cell function. 
These abnormalities compromise immune surveillance and 
facilitate oncogenic transformation (8,9). In addition, chronic 
antigenic stimulation, tumor microenvironment interactions, 
and constitutive activation of the nuclear factor-kappa B 
(NF-κB) and B-cell receptor (BCR) signaling pathways 
may create a biological milieu that promotes both neoplastic 
progression and the development of secondary malignancies 
(10).

Treatment-related factors also contribute substantially to the 
risk of secondary malignancies. Earlier therapeutic regimens 
containing alkylating agents and purine analogs have been 
associated with an increased incidence of therapy-related 
MDS and AML (7). Although targeted therapies, particularly 
BTK inhibitors and BCL-2 inhibitors, are expected to reduce 
this risk, long-term real-world evidence remains limited. 
Several studies have reported an increased incidence of 
non-melanoma skin cancers and certain solid tumors among 
patients receiving ibrutinib and other BTK inhibitors; 
however, it remains uncertain whether this association 
reflects direct drug-related toxicity or is primarily attributable 
to confounding factors such as advanced age, comorbidities, 
and prolonged disease duration (11,12).

An important clinical distinction when evaluating secondary 
malignancies in patients with CLL is the differentiation 
from Richter transformation. While Richter transformation 
refers to the evolution of CLL into an aggressive lymphoma, 
most commonly diffuse large B-cell lymphoma, secondary 
malignancies encompass second primary cancers that are 
biologically unrelated to the original CLL clone. These two 
entities differ substantially in their clinical presentation, 
biological characteristics, prognosis, and therapeutic 
management (11). Nevertheless, distinguishing between 
them may be challenging in patients with advanced or heavily 
treated disease, making histopathological confirmation 
essential.

As survival continues to improve, accompanied by prolonged 
immunosuppression and an aging CLL population, the 
burden of secondary malignancies is expected to become 
increasingly significant. Nevertheless, the patient subgroups 
at greatest risk, the relative contribution of different 
therapeutic modalities, and the optimal surveillance strategies 
remain incompletely defined. Therefore, real-world studies 
are essential to improve risk stratification, guide surveillance 
strategies, and support evidence-based clinical decision-
making in patients with CLL.

METHODS
Study Study Design and Patient Population
This study was designed as a single-center, retrospective 
observational cohort study. Patients diagnosed with CLL 
who were followed at the Department of Hematology, 
Dicle University Faculty of Medicine, and subsequently 
developed a second primary malignancy during follow-up 
were included. A total of 308 patients were included in the 
study, of whom 21 met the inclusion criteria.

Patients were retrospectively evaluated for the development 
of secondary malignancies following the diagnosis of CLL, 
and their clinical, laboratory, and pathological data were 
analyzed. The study was conducted in accordance with the 
principles of the Declaration of Helsinki and was approved by 
the Dicle University Faculty of Medicine Ethics Committee 
for Noninterventional Clinical Research (Decision No: 
73; Date: 26.11.2025). Owing to the retrospective study 
design, the requirement for informed consent was waived in 
accordance with the Ethics Committee’s regulations.

Diagnosis of Chronic Lymphocytic Leukemia
The diagnosis of CLL was established according to the 
World Health Organization (WHO) classification and the 
International Workshop on CLL (iwCLL) guidelines.

In all patients, the diagnosis was confirmed by flow cytometric 
immunophenotyping performed on peripheral blood and/or 
bone marrow specimens. The typical immunophenotypic 
profile of CLL was assessed by flow cytometry according to 
established diagnostic criteria. When necessary, the diagnosis 
was further supported by morphological examination 
together with clinicopathological correlation. Disease stage 
was determined using the Rai and/or Binet staging systems.

Diagnosis of Secondary Malignancies
Secondary malignancies were defined as newly diagnosed 
primary malignancies that developed independently of the 
original CLL clone. Cases of Richter transformation were 
excluded from the study.

The diagnosis of all secondary malignancies was confirmed 
by histopathological examination of tissue biopsy specimens; 
immunohistochemical analysis when clinically indicated; 
and histopathological classification according to the WHO 
2017/2022 Classification of Tumours.

Biopsy specimens were obtained from the involved organs, 
including lymph nodes, skin, gastrointestinal tract, lungs, 
or other affected tissues. All pathological evaluations were 
performed by experienced hematopathologists.

Data Collection and Clinical Variables
Clinical data were retrospectively collected from the hospital 
electronic medical record system and patients’ medical 
charts.

STATISTICAL ANALYSIS
All data were analyzed using descriptive statistical methods. 
Continuous variables are presented as mean ± standard 
deviation or median (minimum–maximum) according to 
their distribution, and categorical variables are expressed as 
frequencies and percentages. The proportion of secondary 
malignancies was calculated as the number of affected 
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patients divided by the total CLL cohort. Given the small 
number of patients who developed a secondary malignancy 
(n=21), no comparative or multivariate inferential testing 
was performed, and the findings are reported descriptively. 
Statistical analyses were carried out using SPSS version 25.0 
(IBM Corp., Armonk, NY, USA).

RESULTS
Corpus flow and inclusion
A total of 308 patients with CLL were included in the study. 
During the follow-up period, secondary malignancies were 
identified in 21 patients, corresponding to an observed 
proportion of 6.8%. Our patients consisted of those evaluated 
after receiving a CLL diagnosis and who developed only one 
secondary malignancy.

The demographic, clinical, and genetic characteristics of 
these patients are summarized in Table 1. Among patients 
who developed secondary malignancies, 16 (76.2%) were 
male and 5 (23.8%) were female, with a mean age of 71 
years. Secondary malignancies occurred predominantly in 
older individuals, with the majority of affected patients being 
over 65 years of age.

Distribution of Secondary Malignancies
The distribution of secondary malignancies according to 
tumor type was as follows: skin cancer, 6 patients (28.6%); 
lung cancer, 6 patients (28.6%); bladder cancer, 5 patients 
(23.8%); breast cancer, 2 patients (9.5%); prostate cancer, 
1 patient (4.7%); and rectal cancer, 1 patient (4.7%). 
Solid tumors constituted the vast majority of secondary 
malignancies, with skin and lung cancers representing the 
two most common malignancy subtypes.

Disease Stage and Clinical Characteristics
Analysis of disease stage revealed that 76.2% of patients 
who developed secondary malignancies had Rai stage I–
II disease. This finding suggests that the development of 
secondary malignancies is not confined to patients with 

advanced-stage CLL.

Genetic Characteristics
Genetic analysis was performed on all 21 patients, and a 
17p deletion was detected in one of them. Genetic analysis 
demonstrated that deletion 17p was present in approximately 
15% of the overall CLL population but was identified in only 
one patient (4.7%) who developed a secondary malignancy. 
Although this observation may suggest that the development 
of secondary malignancies is not directly associated with 
TP53 pathway abnormalities, the limited sample size 
precludes definitive conclusions, and larger studies are 
required to clarify this relationship.

DISCUSSION
This study provides real-world evidence regarding the clinical 
and biological characteristics of secondary malignancies 
in patients with CLL. Our findings suggest that the risk of 
secondary malignancies is associated not only with advanced 
disease but also with the intrinsic immune dysregulation of 
CLL and the effects of aging.

In the present study, the observed proportion of secondary 
malignancies was 6.8%, which is consistent with the 3–12% 
incidence reported in previous studies and further supports 
the substantially increased risk of second primary cancers 
in patients with CLL compared with the general population 
(1-3). Similarly, the large cohort reported by Tsimberidou 
et al. demonstrated that secondary malignancies represent 
a major cause of morbidity among patients with CLL/small 
lymphocytic lymphoma (SLL), with the cumulative risk 
increasing over time (5).

The mean age of patients who developed secondary 
malignancies was 71 years, emphasizing advanced age 
as one of the most important risk factors. Aging is closely 
associated with both immunosenescence and an increased 
susceptibility to carcinogenesis. Because CLL itself induces 
profound immune dysfunction, the coexistence of these two 
mechanisms may result in a “double-hit” state of immune 
deficiency, thereby facilitating the development of secondary 
malignancies (9).

Skin and lung cancers were the two most frequently observed 
secondary malignancies in our cohort. These findings suggest 
that impaired immune surveillance in patients with CLL may 
act synergistically with ultraviolet radiation exposure and 
tobacco-related carcinogenesis. Previous studies by Travis et 
al. similarly demonstrated a markedly increased risk of non-
melanoma skin cancer among patients with CLL and other 
lymphoproliferative disorders (6). Likewise, the increased 
incidence of lung cancer may be explained by the combined 
effects of chronic inflammation, cigarette smoking, and 
persistent immune dysfunction.

Bladder and gastrointestinal malignancies also represented a 
considerable proportion of secondary cancers in our cohort. 
This observation may be related to chronic inflammatory 
processes and the accumulation of age-associated DNA 
damage. In addition, recurrent infections and frequent 
antibiotic exposure, both common in patients with CLL, 
may contribute to carcinogenesis through alterations in 
the intestinal microbiota, although this hypothesis requires 

Characteristic n (%)
Demographics
Mean age, years 71
Male 16 (76.2)
Female 5 (23.8)
Type of secondary malignancy
Skin cancer 6 (28.6)
Lung cancer 6 (28.6)
Bladder cancer 5 (23.8)
Breast cancer 2 (9.5)
Prostate cancer 1 (4.7)
Rectal cancer 1 (4.7)
Disease stage at CLL diagnosis
Rai stage I–II 16 (76.2)
Rai stage III–IV 5 (23.8)
Cytogenetics
Deletion 17p 1 (4.7)

Table 1. Demographic, clinical, and genetic characteristics 
of CLL patients who developed a secondary malignancy 
(n=21).

CLL, chronic lymphocytic leukemia. Percentages are calculated within the 
subgroup of 21 patients who developed a secondary malignancy. Deletion 
17p was present in approximately 15% of the overall CLL cohort (n=308).
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further investigation (8).

An important finding of our study was that 76.2% of patients 
with secondary malignancies had early-stage disease 
(Rai stages I–II). This suggests that the development of 
secondary malignancies is not exclusively associated with 
advanced tumor burden and that immune dysregulation 
may be sufficient to increase cancer susceptibility even 
in patients with early-stage CLL. These findings further 
support the concept that CLL should be regarded not only 
as a malignant lymphoproliferative disorder but also as a 
disease characterized by profound immune dysfunction (10).

From a genetic perspective, deletion 17p was detected 
in only a small proportion of patients who developed 
secondary malignancies. Although TP53 abnormalities 
are well recognized as predictors of aggressive disease 
biology and treatment resistance, our findings suggest 
that they are unlikely to represent a major determinant of 
secondary malignancy development. Instead, these results 
support the hypothesis that environmental exposures and 
immune dysregulation may play a more prominent role than 
genetic instability alone in the pathogenesis of secondary 
malignancies (13).

Although treatment-related factors were not comprehensively 
evaluated in the present study, previous reports have 
demonstrated that alkylating agents and purine analogs 
increase the risk of therapy-related myeloid neoplasms. 
While targeted therapies appear to have a more favorable 
long-term safety profile, robust long-term real-world data 
remain limited, and their impact on secondary malignancy 
risk requires further investigation (12).

Overall, our findings indicate that the development 
of secondary malignancies in patients with CLL is a 
multifactorial process in which advanced age, immune 
dysfunction, and environmental carcinogenic exposures 
appear to be the principal contributing factors.

CONCLUSION
Secondary malignancies represent a clinically significant 
long-term complication in patients with CLL, occurring 
in approximately 6.8% of patients in our cohort. Skin and 
lung cancers were the most frequently observed secondary 
malignancies and predominantly affected elderly patients. 
The observation that most patients had early-stage CLL 
suggests that the risk of secondary malignancies is not 
restricted to advanced disease. These findings underscore 
the importance of lifelong surveillance for second primary 
malignancies in patients with CLL, in addition to routine 
hematologic follow-up. Incorporating appropriate cancer 
screening strategies, including regular dermatologic 
examinations, risk-based thoracic imaging, and guideline-
recommended screening for solid tumors, may facilitate 
earlier detection and improve long-term patient outcomes.

Future large-scale, prospective studies incorporating 
comprehensive molecular characterization are warranted 
to better define risk stratification and identify patients at 
greatest risk for developing secondary malignancies.
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