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Abstract

Chronic lymphocytic leukemia (CLL) presents unique challenges in the context of HIV infection,
where the interplay between immune dysfunction and oncogenesis complicates disease
management. Body Mass Index (BMI) has emerged as a potential prognostic factor in CLL,
reflecting the intricate relationship between metabolic health, immune function, and disease
progression. This review explores the association between BMI and the risk of leukemic
transformation in HIV-positive patients with CLL, examining underlying mechanisms, clinical
implications, and future research directions. In the context of HIV infection, BMI may serve as a
surrogate marker of immune function and nutritional status, which are critical determinants of CLL
pathogenesis and progression. Additionally, HIV-associated inflammation and dysregulation of
adipokines may further contribute to the risk of CLL development, highlighting the complex
interplay between metabolic and immune factors in CLL etiology. Leukemic transformation,
defined as the progression of CLL to aggressive lymphoma, represents a significant clinical
challenge in HIV-positive patients. Emerging evidence suggests that BMI may influence the risk
of leukemic transformation, with obesity being associated with an increased risk of Richter
transformation, a particularly aggressive subtype of CLL. Understanding the underlying
mechanisms linking BMI to leukemic transformation is crucial for developing targeted
interventions aimed at mitigating this risk and improving treatment outcomes in this vulnerable
patient population.
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Chronic lymphocytic leukemia (CLL) is the most prevalent adult leukemia characterized by the
clonal proliferation of mature B lymphocytes, affecting primarily older adults. In the context of
Human Immunodeficiency Virus (HIV) infection, CLL presents unique challenges due to the
interplay between immune dysfunction and oncogenesis. The coexistence of CLL and HIV can
lead to complex clinical scenarios, where the management of both conditions requires careful
consideration of their individual and combined effects. While advances in antiretroviral therapy
(ART) have significantly improved outcomes for HIV-infected individuals, the impact of HIV
infection on the natural history and treatment of CLL remains incompletely understood.!® Body
Mass Index (BMI), a measure of body fat based on height and weight, has garnered increasing
attention as a potential prognostic factor in CLL. Studies in the general population have suggested
associations between BMI and CLL risk, with both obesity and underweight status being linked to
increased disease incidence. However, the specific mechanisms underlying these associations and
their relevance in HIV-positive patients with CLL remain unclear. Understanding the role of BMI
in CLL pathogenesis and progression is crucial for optimizing patient care, treatment outcomes,
and prognostic predictions in this vulnerable population.®° The relationship between BMI and
CLL risk in HIV-positive patients is complex and multifaceted. HIV infection is characterized by
chronic immune activation, dysregulation of cytokine signaling, and alterations in adipose tissue
metabolism, all of which may influence CLL development and progression. Moreover, HIV-
associated comorbidities such as opportunistic infections, chronic inflammation, and metabolic
disturbances can further complicate the clinical course of CLL. Therefore, elucidating the
relationship between BMI and CLL risk in the context of HIV infection requires a comprehensive
understanding of the underlying mechanisms and their interactions with HIV-related factors.*1°

BMI serves as a surrogate marker of immune function, nutritional status, and metabolic health, all
of which play critical roles in CLL pathogenesis and progression. Obesity, characterized by
elevated BMI, is associated with chronic inflammation, dysregulation of adipokines, and
alterations in immune cell function, which may promote CLL development and progression.
Conversely, underweight status, indicative of malnutrition and immune compromise, may impair
immune surveillance and increase susceptibility to CLL and other infections. In the context of HIV
infection, BMI may reflect the cumulative effects of HIV-related immune dysfunction, ART-
mediated metabolic changes, and CLL-related complications, making it a valuable parameter for
assessing disease risk and prognosis.'®-?° Despite the potential implications of BMI in CLL risk
and prognosis, the specific mechanisms underlying these associations remain poorly understood,
particularly in the context of HIV infection. Therefore, this review aims to provide a
comprehensive overview of the current literature on the relationship between BMI and CLL risk
in HIV-positive patients, highlighting key findings, unresolved questions, and future research
directions. By elucidating the role of BMI in CLL pathogenesis and progression, we can better
inform clinical decision-making, risk stratification, and treatment strategies for HIV-positive
patients with CLL, ultimately improving outcomes and quality of life in this vulnerable
population.?-2°

BMI and CLL Risk
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The relationship between Body Mass Index (BMI) and Chronic Lymphocytic Leukemia (CLL)
risk has emerged as a topic of interest in recent years, with studies suggesting potential associations
between BMI categories and CLL incidence in the general population. Obesity, characterized by
elevated BMI, has been linked to an increased risk of developing CLL, while underweight status
has also been associated with higher disease incidence. These observations raise intriguing
questions about the underlying mechanisms driving these associations and their relevance in the
context of HIV infection, where immune dysfunction and metabolic alterations may further
modulate CLL risk.26-% Obesity, defined as a BMI > 30 kg/m”2, has been consistently associated
with an elevated risk of CLL in epidemiological studies. Adipose tissue serves as an active
endocrine organ, secreting adipokines, cytokines, and growth factors that regulate immune
function, inflammation, and cell proliferation. Chronic inflammation and dysregulated adipokine
signaling in obese individuals may create a pro-tumorigenic microenvironment conducive to CLL
development and progression. Moreover, obesity-related metabolic alterations, such as insulin
resistance and dyslipidemia, may further promote CLL pathogenesis through mechanisms
involving insulin-like growth factor-1 (IGF-1) signaling and lipid metabolism.3-

Conversely, underweight status, defined as a BMI < 18.5 kg/m”2, has also been associated with
an increased risk of CLL, albeit to a lesser extent than obesity. Malnutrition and immune
compromise in underweight individuals may impair immune surveillance and increase
susceptibility to CLL and other hematologic malignancies. Additionally, chronic infections,
inflammatory conditions, and autoimmune disorders associated with underweight status may
contribute to CLL risk through mechanisms involving chronic immune activation and
dysregulation. However, the specific pathways linking underweight status to CLL risk require
further elucidation, particularly in the context of HIV infection, where malnutrition and immune
dysfunction are prevalent.®4% In the context of HIV infection, the relationship between BMI and
CLL risk becomes even more complex. HIV-associated immune dysfunction, characterized by
CDA4+ T cell depletion, chronic immune activation, and dysregulation of cytokine signaling, may
directly influence CLL pathogenesis and progression. Moreover, metabolic alterations associated
with HIV infection, such as lipodystrophy, insulin resistance, and dyslipidemia, may further
modulate CLL risk through mechanisms involving adipose tissue dysfunction and altered immune
cell metabolism. Therefore, understanding the interplay between BMI, HIV infection, and CLL
risk requires a multidimensional approach that integrates immunological, metabolic, and
epidemiological perspectives.*:°

BMI and Leukemic Transformation

The relationship between Body Mass Index (BMI) and leukemic transformation in HIV-positive
patients with Chronic Lymphocytic Leukemia (CLL) presents a complex interplay between
metabolic factors, immune dysfunction, and oncogenesis. Leukemic transformation, defined as the
progression of CLL to aggressive lymphoma, represents a significant clinical challenge in HIV-
positive individuals, where the risk of transformation may be influenced by various factors,
including BMI status.*®*” Obesity, characterized by elevated BMI, has been associated with an
increased risk of Richter transformation, a particularly aggressive subtype of CLL characterized
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by the development of diffuse large B-cell lymphoma (DLBCL). The underlying mechanisms
linking obesity to Richter transformation remain incompletely understood but may involve adipose
tissue-derived cytokines, such as leptin and adiponectin, which regulate immune function,
inflammation, and cell proliferation. Additionally, obesity-related metabolic alterations, including
insulin resistance and dyslipidemia, may promote leukemic transformation through mechanisms
involving insulin-like growth factor-1 (IGF-1) signaling, dysregulated lipid metabolism, and
alterations in the tumor microenvironment.*®° Conversely, the impact of underweight status,
defined as a BMI < 18.5 kg/m”2, on leukemic transformation in HIV-positive patients with CLL
remains less well-defined. Malnutrition and immune compromise associated with underweight
status may impair immune surveillance and increase susceptibility to leukemic transformation.
Moreover, chronic infections, inflammatory conditions, and autoimmune disorders prevalent in
underweight individuals may further contribute to the risk of transformation through mechanisms
involving chronic immune activation and dysregulation.®" The complex relationship between
BMI and leukemic transformation in HIV-positive patients with CLL underscores the need for a
multidimensional approach to risk stratification and treatment planning. Comprehensive
assessment of BMI, along with other clinical, immunological, and molecular parameters, is
essential for identifying patients at higher risk of transformation and implementing timely
interventions to mitigate this risk. Furthermore, targeted interventions aimed at optimizing BMI,
such as dietary counseling, physical activity programs, and weight management strategies, may
help reduce the risk of leukemic transformation and improve treatment outcomes in this vulnerable
patient population.>¢->7

Clinical Implications

The association between Body Mass Index (BMI) and leukemic transformation in HIV-positive
patients with Chronic Lymphocytic Leukemia (CLL) carries significant clinical implications for
risk assessment, treatment planning, and patient management. Firstly, healthcare providers should
recognize the potential impact of BMI on the risk of leukemic transformation and incorporate BMI
assessment into routine CLL management protocols. Comprehensive evaluation of BMI, along
with other clinical, immunological, and molecular parameters, can help identify patients at higher
risk of transformation and guide treatment decision-making. Regular monitoring of BMI
throughout the course of CLL treatment is essential for detecting changes in nutritional status,
metabolic health, and disease progression, allowing for timely interventions to mitigate the risk of
transformation.®8-%°

Secondly, targeted interventions aimed at optimizing BMI may help reduce the risk of leukemic
transformation and improve treatment outcomes in HIV-positive patients with CLL. Dietary
counseling, physical activity programs, and weight management strategies tailored to individual
patient needs can help maintain or achieve a healthy BMI, thereby reducing the metabolic burden
and potential pro-tumorigenic effects associated with obesity. Conversely, interventions aimed at
addressing malnutrition and underweight status, such as nutritional supplementation and
supportive care measures, may help improve immune function and reduce the risk of
transformation in underweight individuals. Furthermore, interdisciplinary collaboration between
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hematologists, oncologists, HIV specialists, and nutritionists is essential for developing
comprehensive care plans that address the complex interplay between BMI, HIV infection, CLL,
and leukemic transformation. Integrated approaches that consider both medical and psychosocial
factors are necessary to optimize treatment outcomes and improve quality of life in this vulnerable
patient population. Additionally, patient education and counseling on the importance of
maintaining a healthy BMI and adopting lifestyle modifications may empower patients to actively
participate in their care and reduce their risk of leukemic transformation.%-62

Conclusion

The relationship between Body Mass Index (BMI) and leukemic transformation in HIV-positive
patients with Chronic Lymphocytic Leukemia (CLL) highlights the intricate interplay between
metabolic factors, immune dysfunction, and oncogenesis. Leukemic transformation, characterized
by the progression of CLL to aggressive lymphoma, represents a significant clinical challenge in
this vulnerable population, where the risk of transformation may be influenced by BMI status.
Recognizing the clinical implications of BMI on the risk of leukemic transformation is paramount
for optimizing patient care and treatment outcomes. Comprehensive assessment of BMI, along
with other clinical, immunological, and molecular parameters, can help identify patients at higher
risk of transformation and guide treatment decision-making. Targeted interventions aimed at
optimizing BMI, such as dietary counseling, physical activity programs, and weight management
strategies, may help reduce the risk of leukemic transformation and improve treatment outcomes
in HIV-positive patients with CLL.
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