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A B S T R A C T

Chronic lymphocytic leukemia, characterized by an accumulation of monoclonal B lym-

phocytes, is the most common adult leukemia. The disease predominantly affects older

adults, with a significant proportion being asymptomatic at diagnosis. This manuscript

provides a comprehensive review of chronic lymphocytic leukemia, including its epidemi-

ology, clinical presentation, diagnostic criteria, and treatment strategies. Prognostic factors,

particularly IGHV mutation status and chromosomal abnormalities, are discussed as criti-

cal determinants of disease behavior and treatment response. Recent advances in targeted

therapies, such as Bruton’s tyrosine kinase inhibitors (BTKi) and B-cell lymphoma 2 inhibi-

tors (BCL-2i), have changed the treatment landscape by demonstrating superior efficacy to

chemoimmunotherapy. However, disparities in access to care, particularly in low- and

middle-income countries such as Brazil, highlight the need for equitable treatment

approaches. The discussion of measurable residual disease (MRD) assessment for prognos-

tication and treatment planning is also highlighted. This review highlights the need for

continued research and integration of novel therapies to optimize patient outcomes in

chronic lymphocytic leukemia.

� 2025 Published by Elsevier España, S.L.U. on behalf of Associação Brasileira de Hematolo-

gia, Hemoterapia e Terapia Celular. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Chronic lymphocytic leukemia (CLL) is the most common

type of leukemia in adults, accounting for approximately 30 %

of all leukemias in this population. The median age at diagno-

sis is 71 years, with >95 % of patients over the age of 50. While

genetic and environmental factors may play a role in its

development, the etiology of CLL is still unknown. The lower

incidence of CLL in individuals of Eastern descent and its

higher incidence in family members (5−10 %) when compared

to other mature B-cell neoplasms reinforce possible genetic

components in the development of CLL.

A first version of the Recommendations of the Brazilian

Group of CLL was published in 2016.1 This updated second

edition incorporates the latest therapeutic advancements,

including novel targeted agents and combination regimens

that have profoundly transformed the management land-

scape of CLL.

Clinical presentation of CLL

The clinical presentation of CLL at diagnosis is highly vari-

able. Approximately 60 % of patients are asymptomatic, with

the disease often detected during routine blood work. When

symptomatic, patients often report vague symptoms such as

fatigue or weakness. Lymphadenopathy is observed in

approximately 80 % of cases during the course of the disease,

particularly in more advanced stages, often involving the cer-

vical, axillary and inguinal lymph nodes. Splenomegaly is

generally mild to moderate and occurs in about 50 % of cases,

while hepatomegaly is less common. Although uncommon at

diagnosis, B symptoms may be present as the disease pro-

gresses, defined as unintentional weight loss of 10 % or more

in the past six months, fever above 38 °C for two or more

weeks without other evidence of infection, and night sweats

for more than one month without infection.

Anemia and thrombocytopenia may be seen in 15−30 % of

patients, typically due to bone marrow (BM) infiltration. How-

ever, autoimmune cytopenias such as autoimmune hemo-

lytic anemia and autoimmune thrombocytopenia may be

present.2,3 Rarely, pure red cell aplasia and autoimmune gran-

ulocytopenia may be present. There is generally a good

response to corticosteroids, but some patients require CLL-

specific treatment for relapsed or refractory immune cytope-

nias. Other autoimmune manifestations are rarely seen in

CLL patients, and may include myasthenia gravis, acquired

von Willebrand disease and acquired angioedema The abso-

lute lymphocyte count is highly variable both at diagnosis

and over the course of the disease. Richter’s transformation,

formerly known as Richter’s syndrome, is a condition that

occurs when CLL transforms into an aggressive type of lym-

phoma, more commonly diffuse large B-cell lymphoma, or

Hodgkin’s lymphoma in a small subset of patients.4 Richter’s

transformation can be suspected by the appearance of B

symptoms, rapid enlargement of the lymph node group, and

marked elevation of lactate dehydrogenase.

Central nervous system involvement in CLL

Central nervous system (CNS) involvement in CLL is rare but

clinically significant, manifesting as confusion, cranial neu-

ropathies, optic neuropathy, or cerebellar dysfunction. It can

occur at any stage of the disease and may even be the first

sign of progression requiring systemic treatment. In a recent

analysis from the Brazilian Group of CLL, the most common

presentations of CNS involvement were highlighted and

relatively good outcomes were found, particularly with ibruti-

nib-based regimens.5,6 Given its potential impact, any neuro-

logical symptoms in CLL patients should prompt a thorough

CNS evaluation to guide timely intervention.
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Infection is the most common complication of CLL and the

leading cause of death over the course of the disease.7 Both

CLL itself and its treatment cause deficiencies in the cellular

and humoral immune systems. Hypogammaglobulinemia is

not uncommon and may worsen after CLL treatment. Bacte-

rial infections are common even before treatment begins,

with Streptococcus pneumoniae and Haemophilus influenzae being

the most common pathogens. Response to vaccination varies

and vaccination should be given early in the course of the dis-

ease for optimal results. Viral infections may also occur, with

particular attention to herpes zoster reactivation. Hepatitis B

and C virus reactivation may occur after treatment with

immunosuppressive agents, including anti-CD20 antibodies.

COVID-19 has also become an issue with a dismal clinical

course in CLL patients, mostly during treatment and 6−12

months after anti-CD20 antibodies. Patients should be

screened prior to initiation of therapy, and chronic hepatitis B

virus carriers should be started on prophylactic antiviral ther-

apy during CLL treatment, with entecavir being the drug of

choice. The use of immunosuppressive agents such as corti-

costeroids, chemoimmunotherapy, and BTKi significantly

increases the risk of opportunistic infections and invasive

fungal diseases such as aspergillosis. Given the complexity of

infection treatment and prevention in patients with CLL, it is

advisable for the center to have an infectious disease special-

ist with expertise in oncohematology on staff.

Analysis of population-based data shows that patients

with CLL have an increased risk of secondary cancers, with

melanoma and squamous cell carcinoma of particular con-

cern. They are also at higher risk for solid tumors, including

colorectal, lung, kidney, thyroid and soft tissue sarcomas,

than the general population. The occurrence of myeloid neo-

plasms was also elevated.

Diagnosis

CLL is diagnosed by the presence of monoclonal B lympho-

cytes with a specific immunophenotype (CD5+/CD23+) in the

peripheral blood (PB) at a count greater than 5 £ 10⁹/L for

more than 3 months.8 Below this threshold, it is considered

monoclonal B-cell lymphocytosis (MBL) with a CLL pheno-

type, which can be further classified as high-count MBL

(>0.5 £ 10⁹/L) or low-count MBL (<0.5 £ 10⁹/L). Despite its cor-

relation with CLL, MBL is considered a distinct entity due

to its extremely low progression rate and asymptomatic

nature, with clinical management consisting only of periodic

surveillance.9

Although the majority of high-count MBL cases have

favorable prognostic features (IGHV-mutated and low-risk

genomics), an estimated 1�2 % of individuals with high-count

MBL will develop CLL requiring treatment.10

Small lymphocytic lymphoma (SLL) differs from CLL in the

absence of leukemia, i.e., white blood cell count <5 £ 10⁹/L,

but requires lymphadenopathy and/or splenomegaly and

lymph node biopsy for diagnosis. CLL and SLL represent dif-

ferent clinical manifestations of the same disease, distin-

guished only by the primary site of involvement: CLL

predominantly affects the blood and BM, while SLL is charac-

terized by nodal involvement with limited or no circulating

disease. Despite these differences, both entities share

identical biological, genetic, and prognostic features and

should be managed identically.

In CLL, lymphocytes have a dense nucleus and lack visible

nucleoli. The presence of 15 % prolymphocytes indicates pro-

lymphocytic progression of CLL. Gumprecht shadows are

common. Typical immunophenotypic markers include

CD19+, CD5+, CD23+, CD200+, and CD43+, with weak expres-

sion of CD20, surface light chain (sIgk+ or sIgλ+), and surface

IgM, and weak or negative expression of CD79b, CD22+, and

CD11c+, and absence of FMC7, CD10, and CD103. Historically,

the Matutes scoring system based on five parameters (CD5+,

CD23+, FMC7-, weak CD22/CD79b, weak K/L) was widely used

for CLL diagnosis.11 Recently, standardized and internation-

ally validated multicolor panels, including automated analy-

sis, have gradually replaced its use.

Some cases of CLL exhibit atypical immunophenotypes,

leading to diagnostic uncertainty. For example, high CD20

and FMC7 expressions have been associated with del(11q)

and trisomy 12, while elevated IgM expression correlates with

unmutated IGHV status and potential resistance to ibrutinib.

However, despite this potential resistance mechanism, IgM

expression is not currently used to guide treatment decisions.

Nonetheless, monitoring IgM expression on CLL cells during

ibrutinib treatment may serve as a biomarker for identifying

the potential development of resistance.

Differential diagnosis

The main differential diagnosis is mantle cell lymphoma

(MCL): CD5+, but classically negative for CD23 and CD200

with strong expression of CD20 and immunoglobulins. The

diagnosis of MCL is confirmed by FISH for t(11;14) or by

immunohistochemistry for cyclin D1 or SOX11. Other B-cell

lymphoproliferative disorders (BCLPD) may express CD5+,

but usually at low intensity. In cases of uncertainty, diag-

nostic confirmation by cytogenetic, molecular or immuno-

histochemical methods is required, depending on the

clinical context.

Brazilian Group of CLL recommendations for diagnosis
(mandatory)

Morphological evaluation of PB smear.
PB immunophenotyping is essential for the diagnosis

of CLL, including differential diagnosis with other
BCLPDs, starting with a screening panel to determine
the nature of the disease. The recommended diagnostic
markers for CLL are CD19, CD20, CD5, CD23, CD200,
CD79b, and kappa and lambda light chains. Other
markers such as CD43, CD81, and ROR-1 and/or prognos-
tic markers such as CD38, CD49b, or CD305 may be
included. Depending on the flow cytometer available in
each laboratory, 4, 6, 8 or more color panel combinations
can be used, provided the protocol has been validated
between laboratories. The Euroflow panel is an interna-
tionally validated 8-color approach that adheres to these
recommendations and has been routinely used.

Cases with diagnostic uncertainty on immunopheno-
typing may benefit from additional diagnostic measures.
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BM biopsy and/or aspirate immunophenotyping are
NOT recommended for the routine diagnosis of CLL, but
may be considered in cases of cytopenias to rule out
myelodysplastic syndrome in clinical trials or in cases of
diagnostic uncertainty.

Imaging modalities (ultrasound, computed tomogra-
phy, magnetic resonance imaging, positron emission
tomography scan) are generally NOT indicated in the
diagnosis or initial assessment of CLL.

Prognosis

First reported in the 1970s, the clinical staging systems (Rai and

Binet, Table 1) are still widely used and are based on the assess-

ment of nodal, splenic, and hepatic involvement, as well as

cytopenias.12,13 Cytopenia in CLL predicts poor prognosis, though

its impact depends on etiology. In a Mayo Clinic cohort, autoim-

mune-related cytopenia showed significantly better survival (9.1

versus 4.4 years, p-value <0.001) compared to BM failure.14

Immunophenotypic markers such as CD38, CD49d, CD305,

CCR6, CXCR5, and ZAP-70 do not outweigh the impact of clini-

cal staging and assessment of IGHV mutational status and

abnormalities involving TP53 despite their association with

poor prognosis and chromosomal abnormalities.16,17 IGHV

mutational status plays a critical role in prognosis: mutated

IGHV is associated with a better prognosis and indolent

course, while unmutated IGHV correlates with a more aggres-

sive course.18 However, testing is not always accessible due to

its high cost. Beyond its prognostic value, immunogenetic

analysis has identified stereotyped B cell receptor immuno-

globulin subsets, which define distinct clinical and biological

CLL subgroups, refining risk stratification.19,20

Chromosomal aberrations, preferably detected through PB

cytogenetics, are also useful for prognosis, especially when

multiple abnormalities are present, as in complex karyo-

type.21 FISH detects aberrations in 80 % of cases, including del

(13q14.1) (»55 %), trisomy 12 (10−20 %), del(11q22−23) (10

−25 %), and del(17p) (5−10 %). Complex karyotype and del

(17p) are associated with unfavorable prognosis and may

influence the choice of treatment. Monoallelic TP53 muta-

tions detected by polymerase chain reaction (PCR) or next

generation sequencing indicate poor prognosis and resistance

to therapy.22 TP53 mutations and/or del(17p) are especially

common in relapsed CLL and are associated with reduced

overall survival.23−25 Other somatic genemutations, including

ATM, NOTCH1, SF3B1, and BIRC3, have been identified as prog-

nostic markers, but only TP53 is consistently associated with

therapy resistance and early relapse.

Finally, the CLL-IPI score26,27 integrates genetic factors

(IGHV mutation status, del(17p)/TP53mutation), clinical stage,

age, and beta-2 microglobulin for prognostic assessment

(Table 2). It is important to note that none of these factors

indicates the need to start treatment in asymptomatic

patients and that the prognosis associated with this staging

and scoring system is related to an era of immunochemother-

apy and has been modified with targeted therapies.

Table 1 – Clinical stages and survival.

(A) Binet clinical stage (Binet et al.13)

Stage Risk Characteristics (% of cases) Median survival

A Low < 3 areas of lymphadenopathy without anemia or thrombocytopenia (63 %) 15 years

B Intermediate ≥ 3 areas of lymphadenopathya without anemia or thrombocytopenia (30 %) 5 years

C High Presence of anemia or thrombocytopenia (7 %)b 2 years

(B) Rai clinical stage (Rai et al.12, Rai15)

Stage Risk Characteristics Median Survival (years) Median Survival (years)

0 Low Lymphocytosis 12.5 >13

I Intermediate Lymphocytosis + lymphadenopathy 8 7

II Intermediate Lymphocytosis + splenomegaly/hepatomegaly 6

III High Lymphocytosis + anemiac 1.5 2

IV High Lymphocytosis + thrombocytopeniac 1.5

a Bilateral cervical lymph nodes and Waldeyer’s ring (one area), bilateral axillary (one area), bilateral inguinal (one area), palpable spleen and liver (one area

each).
b Anemia: Hb <10 g/dL/Thrombocytopenia <100 £ 10⁹/L.
c Anemia: Hb <11 g/dL/Thrombocytopenia <100 £ 10⁹/L.

Table 2 – Risk groups in CLL according to the International
Prognostic Index (CLL-IPI) Criteria.

(A) Multivariate analysis of independent predictors for
survival in CLL-IPI

Variables Risk factor Relative risk Score

Clinical stage Binet B/C or

Rai I-IV

1.6 1

Age > 65 years 1.7 1

b2 microglobulin > 3.5 mg/L 2 2

IgHV Unmutated 2.6 2

Del17p and/or TP53

mutation

Deletion and/or

mutation

4.2 4

(B) CLL-IPI risk groups according to overall survival

Score (no. of unfavorable factors) 5-Year Survival (95 % CI)

Low (0−1) 93.2 % (90.5−96.0)

Intermediate (2−3) 79.3 % (75.5−83.2)

High (4−6) 63.3 % (57.9−68.8)

Very High (7−10) 23.3 % (12.5−34.1)
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Recommendations of the Brazilian Group of CLL for
prognostic stratification

In addition to clinical staging (Binet or Rai), the recom-
mendations are to assess IGHV mutation status, and test
for del(17p) by FISH, and TP53 mutation by PCR or next
generation sequencing before initiating first-line treat-
ment. If possible, detection of TP53 mutation and del
(17p) deletion by FISH should be performed before start-
ing each subsequent treatments because of the possibil-
ity of clonal selection after first-line treatment. There is
no indication to repeat IGHV mutational status over the
course of the disease.

Measurable residual disease assessment

Assessment of MRD has gained importance following evi-

dence that deeper remissions correlate with longer progres-

sion-free survival (PFS) and the ability of new regimens with

immunotherapy and targeted therapies to induce high rates

of undetectable MRD. MRD assessment after three and six

cycles of disease eradication regimens and three months

post-treatment appears to be an important predictor of CLL

treatment outcome.28 As such, MRD assessment is increas-

ingly being used in clinical trials in conjunction with tradi-

tional endpoints such as PFS and overall survival (OS).

MRD may also be an important predictor of outcome fol-

lowing hematopoietic stem cell transplantation. Both IgH-

PCR and flow cytometry can be used to assess MRD.29,30 It is

recommended that validated methods according to the proto-

cols of the European Research Initiative on CLL (ERIC) and the

European Study Group on MRD Detection (EuroMRD) be

used.31 For both methods, the minimum sensitivity threshold

of 1 £ 10−4 (“MRD4”) is a key endpoint in several studies due

to its reproducibility at this detection level and its prognostic

correlation. Higher sensitivity levels (i.e., 1 £ 10−5 to 1 £ 10−6)

can be achieved, but the clinical impact of lower thresholds is

still being evaluated.

Flow cytometry is a widely used technique. The ERIC

approach includes 6 or 8 markers (CD19/CD20/CD5/CD43/

CD79b/CD81, with CD3 and CD22 for 8 colors). Sensitivity of

0.001 % (1 £ 10−5) can be achieved with the detection of a higher

number of events (at least 2 £ 10−6 events). Other validated

panel options include the 10-color panel from MD Anderson

with automated analysis capability, the 12-color panel validated

by Euroflow, and the 14-color panel validated byMemorial Sloan

Kettering Cancer Center. These panels can be used according to

the infrastructure available in each laboratory.

PCR for IGH regions can be used according to validated pro-

tocols (see EuroMRD). Real time quantitative-PCR (RQ-PCR)

achieves MRD4 with good correlation to flow cytometry. How-

ever, challenges include the need for a specific laboratory

infrastructure and the necessity (and difficulty) of obtaining

the initial diagnostic sample to develop individualized pri-

mers. Newer, more sensitive techniques, such as next genera-

tion sequencing, are still under development, validation and

international standardization.

Both PB and BM can be used to assess MRD. BM is more

likely to be positive than PB. Therefore, if PB is negative, BM

assessment may be used depending on the treatment goals.

However, recent clinical studies are increasingly abandoning

BM MRD evaluation due to its lack of clinical relevance,

despite its slightly higher sensitivity compared to PB.

It should be noted that studies modifying subsequent ther-

apy after MRD+ detection are still ongoing. Thus, despite its

prognostic value, MRD assessment outside of clinical trials

has no universal practical application as it does not guide

treatment. The physician-patient relationship is critical to

the assessment and interpretation of MRD outside of research

contexts, as positive results may cause unnecessary distress.

Furthermore, as demonstrated in the CAPTIVATE and FLAIR

studies,32,33 MRD may be negative even in the context of par-

tial remission or complete remission with incomplete hema-

tologic recovery (CRi). MRD kinetics may vary depending on

the therapeutic strategy used and should be evaluated and

interpreted in the specific context of each treatment. There-

fore, MRD+ is not synonymous with refractoriness, as patients

may remain stable for years after treatment despite MRD+. In

some cases, MRD+ may even become negative over time after

treatment (e.g., the GLOW study).

Brazilian group of CLL recommendations for MRD
assessment

Currently, the use of MRD assessment is NOT recom-
mend in clinical practice. Routine MRD evaluation
should be performed only in the context of research and
clinical trials. In general, MRD assessment is conducted
three months after completing therapeutic regimens
aimed at eradicating leukemic clones (such as chemoim-
munotherapy or venetoclax) and/or 12 months after
hematopoietic stem cell transplantation.

The Brazilian Group of CLL recommends the use of
standardized and validated protocols for MRD assess-
ment, such as those established by ERIC and EuroMRD,
considering the limit of detection (sensitivity) of the test.

Treatment

The treatment of CLL/SLL has evolved significantly in recent

years with the introduction of novel agents with targeted

mechanisms of action.34 However, treatment indications

remain those established by the International Workshop on

CLL (iwCLL), mainly Binet C/Rai III/IV for patients with active

and symptomatic disease. It is important to note that these

recommendations have not changed with the introduction of

targeted therapies (Table 3).

The isolated value of the absolute lymphocyte count,

hypogammaglobulinemia, or monoclonal or oligoclonal para-

proteinemia, should be interpreted in the context of a com-

prehensive clinical evaluation, rather than used as the sole

indication to start treatment.

CLL and SLL should always be treated with the same thera-

peutic approach. SLL should not be treated as an indolent

lymphoma because its natural history, treatment indications,

hematol transfus cell ther. 2025;47(2):103822 5



and responses to targeted therapies are identical to those of

CLL. Consistent application of CLL treatment paradigms to

SLL will ensure optimal patient outcomes and prevent under-

treatment due to misclassification of disease behavior.

The Brazilian Group of CLL performed an analysis of 2511

patients from 41 centers. Of these, 1404 patients (56 %) met

the iwCLL indication criteria (liberal criteria), while only 788

patients (31 %) met the more restrictive Brazilian Group of

CLL criteria. These criteria establish different cut-offs for cyto-

penias (hemoglobin <9.5 g/dL and/or platelets <50,000/mm3)

and do not consider progressive lymphocytosis or disease-

related symptoms for treatment initiation in the absence of

cytopenias or symptomatic masses. Patients with liberal cri-

teria had a better OS than those with restrictive criteria (85 %

versus 68 %), suggesting that restrictive criteria are more pre-

dictive of prognosis than liberal criteria. Furthermore, among

patients with liberal criteria, OS was significantly worse in

treated patients (83 %) compared to untreated patients (97 %;

p-value <0.0001), suggesting a possible detrimental effect of

treatment in patients with borderline indications. The goal of

this analysis was to suggest that treatment indication should

only consider criteria that truly affect clinical outcomes and

patient quality of life, thereby avoiding unnecessary treat-

ments, costs, treatment-related toxicity, and potential inter-

ference with disease biology by selecting for more resistant

clones (Table 3).

Asymptomatic disease

To date, there is no evidence to support treatment of CLL at

the time of diagnosis in the absence of symptoms. For

patients with asymptomatic disease (Rai 0, Binet A) or asymp-

tomatic intermediate-risk disease (Rai I-II, Binet B), watchful

waiting with clinical assessments and blood counts every

three months, especially during the first year, is

recommended. Those with stable disease may be followed at

longer intervals, from six to even 12 months (Figure 1).

Symptomatic disease

Proper assessment of symptomatic disease is critical to select

the most appropriate treatment for each patient. In addition

to disease stage and cytogenetic risk, the patient’s physical

condition and comorbidities must be considered. A useful

tool in this context is the Cumulative Illness Rating Scale

(CIRS), which allows patients to be ranked in terms of treat-

ment suitability according to known comorbidities.35 In clini-

cal trials, patients with a CIRS score ≤6 and normal

glomerular filtration rate (creatinine clearance >70 mL/min)

are generally considered fit for more intensive treatments. It

is important to note that age should not be used as a stand-

alone marker of eligibility for CLL treatment, especially in the

context of targeted therapies.

Chemotherapy/Chemo-immunotherapy

Monotherapy with alkylating agents such as chlorambucil

has been a common choice for many decades and may still be

an option, especially for very elderly patients or those in poor

health and unsuitable for more aggressive treatments. Chlor-

ambucil offers notable advantages such as lower cost, low

toxicity and ease of oral administration. However, its main

disadvantages include very low complete remission (CR) rates

and the risk of long-term side effects such as myelodysplasia.

Nowadays, when available, chlorambucil monotherapy is

avoided in favor of its combination with anti-CD20 monoclo-

nal antibodies, which leads to improved response rates and

PFS probabilities.

Fludarabine, a purine analogue, has been extensively stud-

ied in CLL. In various studies, response rates to fludarabine

monotherapy range from 63 to 73 %, with 7−40 % of patients

Table 3 – Treatment indications according to IWCLL Criteria (2018) and the Brazilian Group of CLL treatment indications.

Criteria iwCLL treatment criteria (2018) Brazilian CLL group treatment indications

Bonemarrow failure Progressive bone marrow failure with anemia

(Hb < 10 g/dL) and/or thrombocytopenia

(platelets < 100,000/mm3)a

Progressive, symptomatic anemia and/or thrombo-

cytopenia, persistent, excluding other causes

Splenomegaly Massive (≥ 6 cm below the right costal margin),

progressive, or symptomatic

Symptomatic splenomegaly

Lymphadenopathy Lymph nodes ≥ 10 cm (longest diameter), progressive

or symptomatic

Massive and symptomatic lymphadenopathy

Progressive lymphocytosis Increase of ≥ 50 % in 2 months or lymphocyte

doubling time (LDT) < 6 monthsb,c
−

Autoimmune complications Anemia or thrombocytopenia with unsatisfactory

response to corticosteroids

Autoimmune disease (anemia and/or thrombocy-

topenia) with inadequate response to corticoste-

roids or other treatments

Extranodal involvement Symptomatic or functional extranodal involvement

(skin, kidneys, lungs, CNS)

−

Constitutional symptoms - Fever ≥ 38 °C for > 2 weeks without infection

- Night sweats ≥ 1 month without infection

- Weight loss ≥ 10 % in 6 months

- Intense fatigue (ECOG ≥ 2)

- Significant unintended weight loss

- Significant fatigue

- Fever > 38.0 °C

- Persistent night sweats (excluding other causes

such as infection or neoplasms)

a Platelet values <100 £ 10⁹/L may remain stable for long periods without requiring treatment.
b Exclude infection or corticosteroid use as a cause of lymphocytosis.
c Only consider LDT for lymphocytosis ≥ 30,000/mm3.
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achieving CR. Combinations of fludarabine with cyclophos-

phamide (FC) have demonstrated better overall response

rates (74−94 %) and CR rates (23−38 %) compared to other reg-

imens in the pre-rituximab era, which marked the beginning

of combination therapy.36

The introduction of chemoimmunotherapy further

improved outcomes in the frontline setting. Studies such as

CLL837 demonstrated the superiority of the fludarabine, cyclo-

phosphamide and rituximab (FCR) regimen over FC, providing

higher response rates and prolonged PFS without increasing

toxicity or the risk of infection. Long-term follow-up of the

FCR arm showed prolonged OS, and in IGHV-mutated patients

without del(17p), a survival plateau was observed, suggesting

the potential for cure. This finding has been corroborated by

other studies in FCR-treated patients.38,39 The FCR

combination became the treatment of choice for patients eli-

gible for intensive therapy. However, it is important to note

that FCR is associated with an increased risk of myelodysplas-

tic syndrome and acute myeloid leukemia compared to tar-

geted therapies. Given the high prevalence of CLL in elderly

patients, an FCR-Lite regimen was developed to reduce toxic-

ity while maintaining efficacy.40

The CLL11 trial also showed promising results with the

combination of obinutuzumab and chlorambucil, with a

response rate of 78.4 % and a CR rate of 20.7 % in patients inel-

igible for fludarabine-based treatment.41 Obinutuzumab

achieved better response rates than chlorambucil monother-

apy and the rituximab/chlorambucil combination. It is impor-

tant to note that obinutuzumab-related infusion reactions

occur in approximately 65 % of subjects during the first cycle,

Figure 1 –Treatment recommendations from the Brazilian CLL Group.
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with 21 % of these reactions being Grade 3 or 4, leading to dis-

continuation in 7 % of patients.

In a clinical trial, bendamustine, an alkylating agent with

purine analog properties, was compared to chlorambucil and

achieved better response rates (68 %) with a CR of 31 % and

PFS of 21.6 months.42 The CLL10 trial showed that rituximab

with a bendamustine dose of 90 mg/m2 in the first-line setting

resulted in response rates similar to FCR at 97 %, but with

fewer CRs (31 %).

Currently, FCR is an appropriate option for patients

≤65 years of age with creatinine clearance >70 mL/min,

mutated IGHV, and without TP53 alterations or complex kar-

yotypes, when targeted therapies with or without anti-CD20

antibodies are not available, mostly in limited access scenar-

ios. This fixed-duration therapy can produce durable remis-

sions, some lasting more than 10 years, justifying its

continued use as first-line therapy. Patients with mutant

IGHV aged >65 years or ≤65 years with comorbidities (CIRS >6

and <12) can receive the bendamustine/rituximab regimen

(BR) or chlorambucil with an anti-CD20 agent (obinutuzumab

is the most active).

Targeted therapies

Over the past decade, therapies targeting the B-cell receptor

(BCR) or the anti-apoptotic protein B-cell lymphoma 2 (BCL-2)

have profoundly transformed the treatment of CLL. These

therapies include both continuous and fixed-duration regi-

mens, all of which have demonstrated superiority over che-

moimmunotherapy. This shift follows the FDA approvals of

the covalent BTKi ibrutinib in 2014 and the BCL-2 inhibitor

(BCL-2i) venetoclax in 2016.

Two second-generation covalent BTKis, acalabrutinib and

zanubrutinib, have shown improved safety profiles compared

to ibrutinib, with potentially lower toxicity, and were

approved by the FDA in 2019 and 2023, respectively. With the

availability of these agents, it has become clear that, in addi-

tion to clinical and molecular characteristics, other factors,

such as specific comorbidities, concomitant medications, and

therapy-related risks, should be considered when selecting

the optimal first-line treatment for each patient.

For subsequent lines of treatment, it is crucial to assess the

response or lack of response to prior therapy, duration of

response, the development of resistance to a specific agent,

or the occurrence of toxicity that prevents continuation, as

well as the presence of TP53mutations or del(17p).

Covalent Bruton’s tyrosine kinase inhibitors

Through irreversibly binding to the cysteine residue (C481) in

Bruton’s tyrosine kinase (BTK) domain and inhibiting its

enzymatic activity, covalent BTKi interferes with B-cell recep-

tor signaling, affecting adhesion, migration, proliferation and

cell survival, resulting in redistribution of CLL cells from sec-

ondary lymphoid organs to the PB, reducing lymphadenopa-

thy and splenomegaly, with an expected transient increase in

PB lymphocytes over the first weeks or months of treatment.

Over time, lymphocytosis decreases due to deprivation of

survival signals from lymphoid tissues and a direct pro-apo-

ptotic effect. Despite favorable long-term outcomes, mono-

therapy with covalent BTKi does not induce deep molecular

responses, with low rates of undetectable MRD. Ibrutinib was

the first in this class to enter clinical trials and currently has

the most extensive data of any available BTKi, particularly in

high-risk patients. The pivotal phase 1b/2 study PCYC-1102/

1103 in heavily pretreated and treatment-naive patients aged

≥65 years compared two doses of ibrutinib (420 mg versus

840 mg) with identical overall response rates of 71 % in both

groups. This established 420 mg/day as the standard dose for

CLL/SLL. In patients with del(17p), the response rate was simi-

lar at 68 %, highlighting the efficacy of ibrutinib in this poor

prognostic group. These initial results have been confirmed in

three additional studies.

The RESONATE study (PCYC-1112) in relapsed/refractory

CLL/SLL [86 % high-risk alterations (del17p/TP53 mutation),

del(11q) and/or unmutated IGHV] showed significant

improvements in PFS and OS with ibrutinib compared to anti-

CD20 ofatumumab. With a median follow-up of 6 years, the

median PFS remained significantly longer in the ibrutinib arm

with continued OS benefit.43 The RESONATE-2 study (PCYC-

1115/1116) in treatment-naive patients ≥65 years of age with-

out del(17p) showed an OS benefit with a PFS rate of 70 % with

ibrutinib versus 12 % with chlorambucil.44 Recent data show

good tolerability of this agent, with 42 % of patients on contin-

uous ibrutinib after 7 years of follow-up.45 Finally, the RESO-

NATE-17 trial46 confirmed the efficacy of ibrutinib in

previously treated patients with a median age of 64 years and

del(17p). The 24-month PFS rate was 63 %, and 75 % of

patients were alive at 2 years. The most common reasons for

discontinuation were disease progression in 24 % of patients

and adverse events with unacceptable toxicity (mainly

arrythmias and infections) or death in 17 % of patients.

Themulticenter Phase 3 ILLUMINATE study47 in previously

untreated CLL/SLL patients aged >65 years or ≤65 years with

comorbidities randomized patients to continuous oral ibruti-

nib plus obinutuzumab (IO) or chlorambucil plus obinutuzu-

mab (CBL+O). At a median follow-up of 31.3 months, the

median PFS was not achieved in the IO arm and was 19.0

months in the CBL+O arm, with 30-month PFS estimates of

79 % with IO and 31 % with CBL+O. The most common Grade

3 or 4 adverse events in both arms were neutropenia and

thrombocytopenia. Serious adverse events occurred in 58 % of

patients treated with IO and 35 % of patients treated with CBL

+O.

The ALLIANCE 202 trial compared ibrutinib § rituximab

with BR in elderly patients with previously untreated CLL.48

PFS at 2 years was 74 % with BR and 87 % with ibrutinib mono-

therapy. No significant difference in PFS was observed

between the ibrutinib + R and ibrutinib monotherapy groups.

The PFS benefit of ibrutinib over BR was seen in all cytogenetic

subgroups, with del(17p) being the most prominent. PFS dif-

ferences were maintained at 4 years of follow up.

Two studies compared ibrutinib § rituximab with FCR. The

Phase 3 E1912 study enrolled treatment-naive patients

≤70 years of age without high-risk genetic alterations. Three-

year results showed that continuous ibrutinib plus rituximab
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was associated with improved PFS and OS versus FCR. How-

ever, the OS benefit is questioned by some experts because of

deaths unrelated to treatment or disease and because 31 % of

FCR patients did not complete all six treatment cycles. The

PFS benefit was more evident in patients with unmutated

IGVH, with a PFS at 5 years of 75 % in the IR group versus 33 %

in the FCR group. The incidence of Grade ≥3 adverse events

was similar in both groups, while Grade ≥3 cytopenias and

infectious complications were less common with IR than

with FCR.

The open-label, multicenter, Phase 3 FLAIR trial,32,33 in two

of its four arms, compared 6 years of ibrutinib plus rituximab

(IR) versus FCR as first-line treatment in patients with a

median age of 62 years without del(17p). IR showed higher 5-

year PFS rates compared to FCR, regardless of IGHV mutation

status. No OS benefit was observed. Median PFS was not

achieved in the IR arm and was 67 months in the FCR arm. In

addition, at 3 years, 58 % of patients in the ibrutinib-veneto-

clax arm discontinued therapy due to undetectable MRD.

After 5 years of ibrutinib-venetoclax therapy, 66 % of patients

had undetectable MRD in BM and 93 % had undetectable MRD

in PB.

In general, Grade 3 or greater adverse events were less

common in the ibrutinib arms compared to the chemother-

apy arms, and adverse events of any grade associated with

ibrutinib were consistent across studies. The most common

adverse events of any grade were diarrhea, hemorrhage,

fatigue, nausea, cough, pyrexia, anemia, rash, thrombocyto-

penia, and neutropenia. The most common Grade ≥3 events

were neutropenia, anemia, pneumonia, thrombocytopenia,

hypertension, and diarrhea. Atrial fibrillation occurred in

approximately 5−10 % of patients, and 3−8 % of patients

developed Grade ≥3 atrial fibrillation. All adverse events

should be managed according to institutional therapeutic

measures, and multidisciplinary follow-up with a cardio-

oncologist is recommended for cardiovascular events.

The introduction of the second-generation BTKis, acalab-

rutinib and zanubrutinib, provided additional treatment

options for CLL in both first line and relapsed/refractory set-

tings, demonstrating greater selectivity for BTK with fewer

off-target effects. Follow-up data suggest a lower risk of car-

diovascular events compared to ibrutinib.

Acalabrutinib monotherapy was evaluated in relapsed or

refractory CLL in the ASCEND trial, which demonstrated its

superiority over idelalisib-rituximab or BR, regardless of the

presence of TP53 alterations. The ELEVATE-TN study com-

pared acalabrutinib § obinutuzumab (Acala§O) with

chlorambucil + obinutuzumab (CBL+O) in previously

untreated CLL patients.49 Median follow-up was 28.3 months

with PFS rates of 93 %, 87 % and 47 % for Acala+O, Acala

monotherapy and CBL+O, respectively. Median PFS was 22.6

months in the CBL+O arm and was not achieved in the

Acala§O arms. There was no statistically significant differ-

ence in PFS between the Acala+O and Acala monotherapy

arms and were beneficial for patients with TP53 alterations.

At the 5-year update, the PFS rate was 71 % for the Acala§O

arm versus 18 % for CBL+O in patients with del(17p) and/or

mutated TP53.

The ELEVATE-RR trial50 compared acalabrutinib with ibru-

tinib in relapsed or refractory CLL patients with at least one

high-risk genetic alteration (mutation and/or del(17p/TP53) or

del(11q)). At a median follow-up of 40.9 months, acalabrutinib

demonstrated non-inferiority to ibrutinib in terms of efficacy

and was associated with lower rates of cardiovascular (hyper-

tension and atrial fibrillation) and non-cardiac events (diar-

rhea, myalgia/arthralgia and bleeding), suggesting that

greater BTK selectivity may reduce off-target effects, resulting

in an improved clinical safety profile. However, acalabrutinib

was associated with higher rates of headache and cough com-

pared to ibrutinib.

The Phase 3 SEQUOIA study evaluated zanubrutinib in pre-

viously untreated CLL/SLL patients aged ≥ 65 years who were

ineligible for FCR.51 The patients were divided into two

cohorts: Cohort A - patients without del(17p) randomized to

receive zanubrutinib or BR; Cohort B (non-randomized) -

patients with del(17) received zanubrutinib monotherapy. In

cohort A, with a median follow-up of 26.2 months, the 24-

month PFS rate was 85.5 % for zanubrutinib versus 69.5 % for

BR. PFS was also superior in the zanubrutinib arm irrespective

of IGHV status, with an acceptable safety profile. Zanubrutinib

was compared to ibrutinib in patients with relapsed or refrac-

tory CLL in the Phase 3 ALPINE study.52,53 Zanubrutinib was

superior to ibrutinib with 2-year PFS rates of 78.4 % versus

65.9 % (p-value = 0.002); OS was not achieved in either treat-

ment arm. The safety profile of zanubrutinib showed fewer

serious adverse events and treatment discontinuations com-

pared to ibrutinib. The incidence of Grade ≥3 hypertension

was higher with zanubrutinib compared to ibrutinib, but the

incidence of any grade atrial fibrillation was lower. Neutrope-

nia occurred in 29 % of patients treated with zanubrutinib. To

date, no clinical trial has directly compared acalabrutinib

with zanubrutinib. Real-world evaluations of the efficacy and

safety of second-generation covalent BTKi are ongoing, with

preliminary data currently supporting the results of Phase 3

trials.

A recent matching-adjusted indirect comparison (MAIC)

analysis54 found that acalabrutinib and zanubrutinib have

similar efficacy in relapsed or refractory CLL based on PFS.

While adverse event rates were generally comparable, acalab-

rutinib showed lower rates of serious adverse events, Grade

≥3 hypertension, hemorrhage, and dose reductions. The

strength of the study lies in its adherence to MAIC methodol-

ogy and the minimal impact of matching on acalabrutinib

outcomes, reflecting the similarity between ALPINE and

ASCEND trials.

Non-covalent Bruton’s tyrosine kinase inhibitors

Covalent BTKis have demonstrated high efficacy and, in

many cases, long-term disease control. Because inhibition

must bemaintained indefinitely to achieve andmaintain clin-

ical response, there is a prolonged exposure period during

which adverse events and the development of resistance to

these agents may occur. Several mechanisms of resistance

have been identified, many of which involve mutations in the

BTK gene or related genes. The mutation at the C481S residue
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of BTK is the most common and occurs at the site where the

covalent inhibitor binds to BTK, preventing this binding.

Another mutation, almost always synchronic with BTK muta-

tions, PLCG2, although less common, can activate alternative

signaling pathways that bypass the need for BTK. In addition

to BTKmutations, secondary mutations in other genes related

to the B cell receptor pathway or parallel pathways can con-

tribute to the emergence of resistance.

Third-generation non-covalent BTKis have been devel-

oped to overcome resistance to covalent BTKis while exhibit-

ing a favorable safety profile. Data show that the mutation at

the C481S residue was successfully overcome by non-cova-

lent BTKis, but others such as L528W (frequent after zanubru-

tinib) and T474I (frequent after acalabrutinib) are not.

Pirtobrutinib showed promising results in a Phase 1/2

study in 276 patients with previously treated CLL/SLL, with an

overall response rate of 74 % and a median PFS of 19.4

months. Pirtobrutinib is currently being evaluated in the

Phase 3 BRUIN CLL-321 study in populations with prior expo-

sure to BTKis compared to BR or R-idelalisib. A total of 338

patients with a median age of 66 years were equally random-

ized to two arms, 50 % of patients were also previously treated

with venetoclax, and high-risk features were ubiquitous in

both arms. At 18 months of follow up, pirtobrutinib demon-

strated superior median PFS with 14 months versus 8.7

months as assessed by an Independent Review Committee.

No OS survival difference was observed with 73.4 % OS in the

pirtobrutinib arm with a 76 % crossover rate from the Stan-

dard of care arm likely impacting these data. Although infec-

tions were more common in the pirtobrutinib arms, when

these data were adjusted for drug exposure time, similar

infection rates were documented in the pirtobrutinib arm.

Adverse events of interest for pirtobrutinib were consistent

with the BTKi class with fewer cases of atrial fibrillation and

hypertension compared to cBTKi, but also with a shorter

median exposure time.

Bruton’s tyrosine kinase degraders

While currently approved BTKis, such as ibrutinib, work by

reversibly or irreversibly binding to BTK to modulate its sig-

naling activity, they do not eliminate the protein itself.

Instead, they suppress BTK-mediated survival pathways in

malignant B cells, leading to apoptosis.

In contrast, BTK degraders represent an emerging class of

therapeutic agents that not only inhibit BTK function, but

also actively induce its degradation via the proteasome.

These agents use targeted protein degradation (TPD) technol-

ogy, such as proteolysis-targeting chimeras (PROTACs), to

recruit ubiquitin ligases that tag BTK for proteasomal degra-

dation. By eliminating the BTK protein rather than merely

inhibiting its activity, BTK degraders may overcome resis-

tance mechanisms associated with BTKis, particularly muta-

tions such as BTK C481S that confer resistance to covalent

BTKis. However, early data suggest that some non-covalent

BTKi resistant mutations, such as A428D, may also confer

resistance to BTK degraders, highlighting the need for further

investigation into their clinical utility.

Although BTK degraders are not yet approved for clinical

use, early phase studies suggest that they may provide deeper

and more sustained inhibition of BTK-driven signaling,

potentially expanding treatment options for patients with

relapsed or refractory CLL and other B-cell malignancies.

With the development of novel BTK-targeting strategies,

another critical pathway in B-cell malignancies is the BCL-2-

regulated apoptotic machinery, which is effectively targeted

by BCL-2is such as venetoclax.

B-cell lymphoma 2 inhibitors

The B-cell lymphoma 2 (Bcl-2) family of proteins are key regu-

lators of the apoptotic process. The Bcl-2 family includes pro-

apoptotic and pro-survival proteins. Shifting the balance

toward the latter is an established mechanism by which can-

cer cells evade apoptosis. Bcl-2, the founding member of this

protein family, is encoded by the BCL2 gene, first described in

follicular lymphoma as a result of translocations involving

chromosomes 14 and 18, leading to protein overexpression.

Venetoclax is a BH3 mimetic that inhibits Bcl-2, promoting

apoptosis by releasing pro-apoptotic proteins. It effectively

suppresses the growth of Bcl-2-dependent tumors in vivo

while sparing human platelets, unlike navitoclax, which was

previously tested but did not reach the market due to dose-

limiting thrombocytopenia. A single oral dose of venetoclax

in three patients with refractory CLL resulted in tumor lysis

within 24 h. To mitigate this risk, a stepwise dose escalation

regimen was introduced, increasing weekly from 20 mg to

50 mg, 100 mg, 200 mg, and finally to 400 mg over 4−5 weeks.

After completing the ramp-up phase, patients continued on

400 mg daily until disease progression or unacceptable toxic-

ity occurred. In the pivotal Phase 1/2 clinical trial, 56 patients

received venetoclax in one of eight dose groups ranging from

150 to 1200 mg per day.55 In an expansion cohort, an addi-

tional 60 patients received venetoclax with progressive

weekly dose escalation up to 400 mg per day. Most patients

had received multiple prior therapies and 89 % had poor prog-

nostic clinical or genetic features. Venetoclax was effective at

all dose levels. Clinical tumor lysis syndrome occurred in

three of 56 patients in the dose-escalation arm, with one

death. After adjustments to the dose-escalation schedule,

none of the 60 patients in the expansion cohort experienced

clinical tumor lysis syndrome. No maximum tolerated dose

was observed. Of the 116 patients who received venetoclax,

92 (79 %) responded. Response rates ranged from 71 to 79 % in

patients with poor prognosis, including those with fludara-

bine resistance or del(17p) or unmutated IGHV. Complete

remissions occurred in 20 % of patients, including 5 % of

remissions with MRD negativity. The 15-month PFS estimate

for the 400 mg dose group was 69 %. Another study was con-

ducted in 107 patients with relapsed or refractory del(17p)

CLL. At a median follow-up of 12.1 months, 85 patients

(79.4 %) achieved investigator-driven CR. The most common

Grade 3−4 adverse events were neutropenia (40 %), infection

(20 %), anemia (18 %) and thrombocytopenia (15 %). Serious

adverse events occurred in 55 % of patients, with the most

common (≥5 % of patients) being fever and autoimmune
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hemolytic anemia (7 % each), pneumonia (6 %), and febrile

neutropenia (5 %). Eleven patients in the study died within

30 days of the last dose of venetoclax, seven due to disease

progression and four due to adverse events (none considered

treatment-related). Together, the results of the two studies

demonstrate that venetoclax monotherapy is active and well

tolerated in patients with relapsed or refractory del(17p) CLL,

providing a new therapeutic option for this population with a

very poor prognosis.

The Phase 3 CLL14 trial, a multicenter, randomized, open-

label study conducted at 196 research centers in 21 coun-

tries,56 enrolled treatment-naïve CLL patients over 65 years of

age and/or with comorbidities (CIRS score greater than 6).

Patients were randomized to receive venetoclax (orally initi-

ated on Day 22 of Cycle 1 [28-day cycles] with a 5-week escala-

tion [20 mg, 50 mg, 100 mg, 200 mg, then 400 mg daily for 1

week], continuing at 400 mg daily until completion of cycle

12; combined with intravenous obinutuzumab for six cycles

starting with 100 mg on Day 1 and 900 mg on Day 2 [or

1000 mg on Day 1], 1000 mg on Days 8 and 15 of Cycle 1, and

then 1000 mg on Day 1 of Cycles 2 through 6) or chlorambucil

with obinutuzumab (oral chlorambucil at 0. 5 mg/kg body

weight on Days 1 and 15 of each cycle for 12 cycles in combi-

nation with the same obinutuzumab regimen). A total of 432

patients were randomized (venetoclax and obinutuzumab:

n = 216; chlorambucil and obinutuzumab: n = 216). At a

median follow-up of 76.4 months,57 PFS remained superior in

the venetoclax-obinutuzumab arm compared to the chloram-

bucil-obinutuzumab arm (median, 76.2 versus 36.4 months,

p-value <0.0001). Similarly, time to next treatment (TTNT)

was significantly longer (6-year TTNT: 65.2 % versus 37.1 %,

respectively; p-value <0.0001). The most common Grade 3 or 4

adverse event in both groups was neutropenia (53 % in the

venetoclax-obinutuzumab arm and 48 % in the chlorambucil-

obinutuzumab arm). In an update of the study 2 years after

completion of treatment, patients who received venetoclax-

obinutuzumab continued to show a significant PFS benefit

with no new evidence of associated adverse events, making it

an excellent finite therapy option for this elderly and/or

comorbid patient population.

In the Phase 3 GAIA (CLL13) clinical trial,58 patients with

CLL who were fit and had no TP53 gene abnormalities were

randomized in a 1:1:1 ratio to receive six cycles of chemother-

apy: one to six cycles of chemoimmunotherapy (fludarabine-

cyclophosphamide-rituximab or bendamustine-rituximab) or

12 cycles of venetoclax-rituximab, venetoclax-obinutuzumab

or venetoclax-obinutuzumab-ibrutinib. Of the 926 patients

randomized, 229 received chemoimmunotherapy, 237

received venetoclax-rituximab, 229 received venetoclax-obi-

nutuzumab and 231 received venetoclax-obinutuzumab-ibru-

tinib. At Month 15, the proportion of patients with

undetectable MRD was significantly higher in the venetoclax-

obinutuzumab (86.5 %) and venetoclax-obinutuzumab-ibruti-

nib (92.2 %) arms compared to the chemoimmunotherapy

(52 %) and venetoclax-rituximab (57 %) arms. The 3-year PFS

was higher in the venetoclax-obinutuzumab (87.7 %) and ven-

etoclax-obinutuzumab-ibrutinib (90.5 %) arms compared to

the chemoimmunotherapy (75.5 %) and venetoclax-rituximab

(80.8 %) arms. Grade 3 and 4 infections were more common

with chemoimmunotherapy (18.5 %) and venetoclax-obinutu-

zumab-ibrutinib (21.2 %) than with venetoclax-rituximab

(10.5 %) or venetoclax-obinutuzumab (13.2 %). The study sug-

gests that, as in elderly patients, the combination of veneto-

clax and obinutuzumab appears to be the most effective finite

therapy option, offering better response rates, survival, and

safety. However, longer follow-up is needed to confirm these

results.

The Phase 3 AMPLIFY trial (NCT03836261) evaluated aca-

labrutinib-venetoclax (AV) and acalabrutinib-venetoclax-obi-

nutuzumab (AVO) versus chemoimmunotherapy (FCR or BR)

in treatment-naive CLL patients without TP53 aberrations.53

At amedian follow-up of 41 months, both AV and AVO signifi-

cantly improved PFS compared to chemoimmunotherapy,

with median PFS not reached in either acalabrutinib-contain-

ing arm. The 36-month PFS rates were 76.5 % (AV), 83.1 %

(AVO) and 66.5 % (FCR/BR). Overall response rates were also

higher with AV (92.8 %) and AVO (92.7 %) versus FCR/BR

(75.2 %). Grade ≥3 neutropenia was themost common adverse

event, and serious adverse events were most common in

AVO-treated patients (38.4 %). These findings support acalab-

rutinib-based regimens as effective, chemotherapy-free alter-

natives in treatment-naive CLL, with AV offering a favorable

safety/efficacy balance and AVO achieving the highest PFS

but with more toxicity.

Comorbidities and patient preference

Selection of the optimal therapy for CLL continues to be

guided by a personalized approach that considers both dis-

ease biology and patient-specific factors. Comorbidities play a

critical role in treatment selection, as many patients with CLL

are elderly and have cardiovascular, renal, or autoimmune

diseases that may limit the use of certain therapies. For

example, patients with a history of atrial fibrillation or bleed-

ing disorders may not tolerate BTKis, particularly ibrutinib,

while patients with renal impairment may require dose

adjustments or alternative regimens to BCL-2is. In addition,

patient preferences have a significant impact on treatment

decisions, as considerations such as route of administration

(oral versus intravenous), treatment duration (fixed duration

versus continuous therapy) and side effect profiles affect

adherence and quality of life. The increasing use of MRD-

driven strategies also allows for more individualized treat-

ment durations, allowing for discontinuation of therapy in

patients who achieve deep remissions while maintaining

durable disease control.59

Infectious complications in CLL

Given the profound immune dysregulation associated with

CLL and the immunosuppressive effects of targeted therapies,

infection prevention remains a cornerstone of patient man-

agement. Vaccination strategies have gained prominence,

with strong recommendations for the administration of inac-

tivated vaccines, including influenza, pneumococcal, and

COVID-19 vaccines, to all patients with CLL, ideally prior to
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treatment initiation. While response rates to vaccines may be

suboptimal due to underlying immune dysfunction, newer

strategies such as booster doses and passive immunization

with monoclonal antibodies against SARS-CoV-2 have shown

promise in improving protection. In addition to vaccination,

prophylactic antimicrobials, including antiviral agents (e.g.,

acyclovir for herpesvirus reactivation) and Pneumocystis jirove-

cii pneumonia (PJP) prophylaxis in selected patients receiving

B-cell depleting therapies, remain essential to reduce infec-

tious complications. Regular immunoglobulin replacement

therapy is being considered for patients with recurrent infec-

tions and hypogammaglobulinemia, further highlighting the

importance of a proactive, individualized approach to infec-

tion management in CLL.

Treatment in public or private centers in Brazil and other less-

resourced countries

Due to systemic inequities, hematologists in Brazil face addi-

tional challenges in determining the best treatment regimen

for CLL patients. Access to novel therapies is highly inequita-

ble between public and private healthcare institutions, with

significant implications for the efficacy and tolerability of CLL

treatments.60

In the first published analysis of the Brazilian Group of

CLL,61 the median follow-up time of 1903 patients was 36

months (range: 3−155 months). Treatment-free survival at 3

and 5 years was 44 % and 32 %, respectively with advanced

Binet staging showing a strong correlation with inferior sur-

vival.

Patients from public and private institutions were com-

pared in an analysis of the Brazilian CLL Registry.62 Of

3326 patients, 81 % were in public hospitals and 19 % in

private hospitals. Public hospital patients were older

(median age 66 years versus 63 years in private hospitals),

had more advanced disease (44 % versus 33 % Binet B or

C), and more frequently had elevated creatinine levels

(18 % versus 10 %). Prognostic markers were evaluated

more frequently in private hospitals: FISH for del(17p)

(45 % versus 10 %), IGHV mutation (19 % versus 6 %), kar-

yotype (24 % versus 12.5 %), and beta-2 microglobulin

(47 % versus 32 %). The frequency of FISH-positive del(17p)

was similar (10.5 % versus 9 %), as was the frequency of

unmutated IGHV (50 % versus 56 %). Due to missing data,

only 432 patients (13 %) were stratified by CLL-IPI: 175

(40 %) with low/intermediate scores and 257 (60 %) with

high/very high scores.62 High-risk CLL-IPI patients were

more likely to be found in public hospitals (69 % versus

45 %).

Regarding treatment, chlorambucil or fludarabine was the

most commonly used first-line therapy (chlorambucil: 41 %;

fludarabine: 38 %). Anti-CD20 monoclonal antibodies were

used in only 36 % of cases (rituximab: 32 %; obinutuzumab:

4 %). New agents were used in only 5 % of cases. Public

hospitals were less likely to use fludarabine (36 % versus

48 %) and anti-CD20 monoclonal antibodies (26 % versus

75 %). Surprisingly, the majority of patients with del(17p)

or TP53 mutations (69 %) received chemoimmunotherapy

as first-line therapy. Median follow-up was 39 months,

and overall survival was 71 % at 5 years, which was worse

in public hospitals (68 % versus 82 %). These data show

significant differences between patients treated in public

and private hospitals likely due to a more advanced initial

presentation and lack of access to appropriate testing and

therapies.62

In 2025, the Brazilian Group of CLL established treatment

recommendations based on the accumulated evidence to

date, which are presented in Figure 1.

Conclusions

CLL remains the most common form of leukemia in adults

and presents complex clinical challenges due to its heteroge-

neous nature and variable response to treatment. Research

highlights several key points:

1. Epidemiology and diagnosis: CLL typically affects older

adults, with a significant proportion of patients asymp-

tomatic at diagnosis. Identification of monoclonal B lym-

phocytes with specific immunophenotypic markers is

critical for diagnosis, highlighting the importance of

advanced diagnostic techniques in differentiating CLL

from other B-cell malignancies.

2. Prognostic factors: Prognostic stratification remains criti-

cal, with IGHV mutation status and chromosomal abnor-

malities, mainly deletions involving TP53, serving as

significant indicators of disease aggressiveness and treat-

ment resistance. The integration of clinical staging sys-

tems with genetic profiling is essential to tailor treatment

strategies.

3. Treatment advances: The introduction of targeted thera-

pies, such as BTK inhibitors and BCL-2 inhibitors, has revo-

lutionized the treatment of CLL. These therapies show

superior efficacy compared to traditional chemotherapy,

especially in high-risk populations. However, the need for

careful patient selection and consideration of comorbid-

ities is paramount to optimize outcomes and minimize

treatment-related adverse effects.

4. Healthcare disparities: Analysis of access to care in Brazil

highlights the disparities between public and private

healthcare systems, revealing significant differences in

patient demographics, treatment modalities and prognos-

tic assessments. These disparities call for strategic inter-

ventions to improve access to effective therapies,

especially for vulnerable populations.

5. Future directions: Ongoing research into measurable resid-

ual disease (MRD) assessment and novel therapeutic

agents holds promise for further improving outcomes in

CLL. Further development of treatment protocols and

incorporation of MRD assessment into clinical practice

may improve long-term survival and quality of life for

patients.

In conclusion, a comprehensive understanding of the bio-

logical basis of CLL, coupled with advances in diagnostic and

12 hematol transfus cell ther. 2025;47(2):103822



therapeutic approaches, is critical to improving patient care.

Future efforts should focus on bridging gaps in care and opti-

mizing treatment protocols to ensure equitable access to

effective therapies for all CLL patients.

Conflicts of interest

The authors declare no conflicts of interest.

r e f e r enc e s

1. Rodrigues CA, Gonçalves MV, Ikoma MR, Lorand-Metze I, Per-
eira AD, Farias DL, et al. Diagnosis and treatment of chronic
lymphocytic leukemia: recommendations from the Brazilian
Group of Chronic Lymphocytic Leukemia. Rev Bras Hematol
Hemoter. 2016;38(4):346–57.

2. Diehl LF, Ketchum LH. Autoimmune disease and chronic
lymphocytic leukemia: autoimmune hemolytic anemia, pure
red cell aplasia, and autoimmune thrombocytopenia. Semin
Oncol. 1998;25(1):80–97.

3. Moreno C, Hodgson K, Ferrer G, Elena M, Filella X, Pereira A,
et al. Autoimmune cytopenia in chronic lymphocytic leuke-
mia: prevalence, clinical associations, and prognostic signifi-
cance. Blood. 2010;116(23):4771–6.

4. Robak T. Second malignancies and Richter’s syndrome in
patients with chronic lymphocytic leukemia. Hematology.
2004;9(5−6):387–400.

5. Strati P, Uhm JH, Kaufmann TJ, Nabhan C, Parikh SA, Hanson
CA, et al. Prevalence and characteristics of central nervous
system involvement by chronic lymphocytic leukemia. Hae-
matologica. 2016;101(4):458–65.

6. Hyppolito JE, Arcuri LJ, Vicente A, Farnese V, Santucci R, Pfister
V, et al. Central nervous system involvement in chronic lym-
phocytic leukemia: a case-series. Eur J Haematol. 2025;114
(4):704–6.

7. Guaraná M, Nucci M. Infections in patients with chronic lym-
phocytic leukemia. Hematol Transfus Cell Ther. 2023;45
(3):387–93.

8. Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, deOliveira
Araujo IB, Berti E, et al. The 5th edition of theWorld Health Orga-
nization Classification of haematolymphoid tumours: lymphoid
neoplasms. Leukemia. 2022;36(7):720–1748.

9. Landgren O, Albitar M, Ma W, Abbasi F, Hayes RB, Ghia P, et al.
B-cell clones as early markers for chronic lymphocytic leuke-
mia. N Engl J Med. 2009;360(7):659–67.

10. Rosenquist R. New signature predicts MBL-to-CLL progression.
Blood. 2024;143(17):1682–4.

11. Matutes E, Owusu-Ankomah K, Morilla R, Garcia Marco J,
Houlihan A, Que TH, et al. The immunological profile of
B-cell disorders and proposal of a scoring system for the
diagnosis of CLL. Leukemia. 1994;8(10):1640–5.

12. Rai KR, Sawitsky A, Cronkite EP, Chanana AD, Levy RN, Paster-
nack BS. Clinical staging of chronic lymphocytic leukemia.
Blood. 1975;46(2):219–34.

13. Binet JL, Auquier A, Dighiero G, Chastang C, Piguet H, Goas-
guen J, et al. A new prognostic classification of chronic lym-
phocytic leukemia derived from a multivariate survival
analysis. Cancer. 1981;48(1):198–206.

14. Zent CS, Ding W, Schwager SM, Reinalda MS, Hoyer JD, Jelinek
DF, et al. The prognostic significance of cytopenia in chronic

lymphocytic leukaemia/small lymphocytic lymphoma. Br J
Haematol. 2008;141(5):615–21.

15. Rai KR, Montserrat E. Prognostic factors in chronic lympho-
cytic leukemia. Semin Hematol. 1987;24(4):252–6.

16. Damle RN, Wasil T, Fais F, Ghiotto F, Valetto A, Allen SL, et al.
Ig V gene mutation status and CD38 expression as novel prog-
nostic indicators in chronic lymphocytic leukemia. Blood.
1999;94(6):1840–7.

17. Baumann T, Delgado J, Santacruz R, Martínez-Trillos A, Roz-
man M, Aymerich M, et al. CD49d (ITGA4) expression is a pre-
dictor of time to first treatment in patients with chronic
lymphocytic leukaemia and mutated IGHV status. Br J Haema-
tol. 2016;172(1):48–55.

18. Hamblin TJ, Davis Z, Gardiner A, Oscier DG, Stevenson FK.
Unmutated ig V(H) genes are associated with a more aggres-
sive form of chronic lymphocytic leukemia. Blood. 1999;94
(6):1848–54.

19. Stanganelli C, Torres DC, Ortega C, Sotelo N, Márquez ME,
Segges P, et al. Distinctive IGHV gene usage and stereotyped
receptors in South American patients with chronic lympho-
cytic leukemia. Hematol Oncol. 2019;37(5):644–8.

20. Agathangelidis A, Chatzidimitriou A, Chatzikonstantinou T,
Tresoldi C, Davis Z, Giudicelli V, et al. Immunoglobulin gene
sequence analysis in chronic lymphocytic leukemia: the 2022
update of the recommendations by ERIC, the European
Research Initiative on CLL. Leukemia. 2022;36(8):1961–8.

21. Döhner H, Stilgenbauer S, Benner A, Leupolt E, Kröber A, Bul-
linger L, et al. Genomic aberrations and survival in chronic
lymphocytic leukemia. N Engl J Med. 2000;343(26):1910–6.

22. Gonzalez D, Martinez P, Wade R, Hockley S, Oscier D, Matutes
E, et al. Mutational status of the TP53 gene as a predictor of
response and survival in patients with chronic lymphocytic
leukemia: results from the LRF CLL4 trial. J Clin Oncol. 2011;29
(16):2223–9.

23. Rossi D, Cerri M, Deambrogi C, Sozzi E, Cresta S, Rasi S, et al.
The prognostic value of TP53 mutations in chronic lympho-
cytic leukemia is independent of Del17p13: implications for
overall survival and chemorefractoriness. Clin Cancer Res.
2009;15(3):995–1004.

24. Zenz T, Habe S, Denzel T, Mohr J, Winkler D, Bühler A, et al.
Detailed analysis of p53 pathway defects in fludarabine-
refractory chronic lymphocytic leukemia (CLL): dissecting the
contribution of 17p deletion, TP53 mutation, p53-p21 dysfunc-
tion, and miR34a in a prospective clinical trial. Blood. 2009;114
(13):2589–97.

25. Zenz T, Eichhorst B, Busch R, Denzel T, Häbe S, Winkler D,
et al. TP53 mutation and survival in chronic lymphocytic leu-
kemia. J Clin Oncol. 2010;28(29):4473–9.

26. Kutsch N, Bahlo J, Byrd JC, Dohner H, Eichhorst B, Else M, et al.
The international prognostic index for patients with CLL (CLL-
IPI): an international meta-analysis. J Clin Oncol. 2015;33
(15):7002.

27. International CLL-IPI Working Group. An international prog-
nostic index for patients with chronic lymphocytic leukaemia
(CLL-IPI): a meta-analysis of individual patient data. Lancet
Oncol. 2016;17(6):779–90.

28. Raponi S, Della Starza I, De Propris MS, Del Giudice I, Mauro FR,
Marinelli M, et al. Minimal residual disease monitoring in
chronic lymphocytic leukaemia patients. A comparative anal-
ysis of flow cytometry and aso IgH RQ-PCR. Br J Haematol.
2014;166(3):360–8.

29. Böttcher S, Stilgenbauer S, Busch R, Brüggemann M, Raff T,
Pott C, et al. Standardized MRD flow and aso IgH RQ-PCR for
MRD quantification in CLL patients after rituximab-containing
immunochemotherapy: a comparative analysis. Leukemia.
2009;23(11):2007–17.

hematol transfus cell ther. 2025;47(2):103822 13

http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0001
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0001
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0001
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0001
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0001
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0002
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0002
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0002
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0002
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0003
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0003
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0003
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0003
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0004
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0004
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0004
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0005
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0005
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0005
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0005
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0006
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0006
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0006
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0006
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0007
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0007
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0007
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0008
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0008
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0008
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0008
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0009
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0009
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0009
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0010
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0010
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0011
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0011
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0011
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0011
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0012
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0012
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0012
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0013
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0013
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0013
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0013
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0014
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0014
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0014
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0014
http://refhub.elsevier.com/S2531-1379(25)00090-2/optPRTdlGN6sZ
http://refhub.elsevier.com/S2531-1379(25)00090-2/optPRTdlGN6sZ
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0015
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0015
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0015
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0015
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0016
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0016
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0016
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0016
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0016
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0017
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0017
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0017
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0017
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0018
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0018
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0018
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0018
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0019
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0019
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0019
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0019
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0019
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0020
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0020
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0020
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0021
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0021
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0021
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0021
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0021
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0022
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0022
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0022
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0022
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0022
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0023
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0024
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0024
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0024
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0025
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0025
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0025
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0025
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0026
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0026
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0026
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0026
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0027
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0027
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0027
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0027
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0027
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0028
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0028
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0028
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0028
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0028


30. van Dongen JJ, Lhermitte L, Bottcher S, Almeida J, van der Vel-
den VH, Flores-Montero J, et al. Euroflow antibody panels for
standardized n-dimensional flow cytometric immunopheno-
typing of normal, reactive and malignant leukocytes. Leuke-
mia. 2009;23(6):1106–17.

31. Rawstron AC, Fazi C, Agathangelidis A, Villamor N, Letestu R,
Nomdedeu J, et al. A complementary role of multiparameter
flow cytometry and high-throughput sequencing for minimal
residual disease detection in chronic lymphocytic leukemia:
an European research initiative on CLL study. Leukemia.
2016;30(4):929–36.

32. Hillmen P, Pitchford A, Bloor A, Broom A, Young M, Ken-
nedy B, et al. Ibrutinib and rituximab versus fludarabine,
cyclophosphamide, and rituximab for patients with previ-
ously untreated chronic lymphocytic leukaemia (FLAIR):
interim analysis of a multicentre, open-label, randomised,
phase 3 trial. Lancet Oncol. 2023;24:535–52.

33. Munir T, Cairns DA, Bloor A, Allsup D, Cwynarski K, Pettitt
A, et al. Chronic lymphocytic leukemia therapy guided by
measurable residual disease. N Engl J Med. 2024;390(4):326–
37.

34. Hallek M, Cheson BD, Catovsky D, Caligaris-Cappio F, Dighiero
G, Döhner H, et al. iwCLL guidelines for diagnosis, indications
for treatment, response assessment, and supportive manage-
ment of CLL. Blood. 2018;131(25):2745–60.

35. Parmelee PA, Thuras PD, Katz IR, Lawton MP. Validation of the
cumulative illness rating scale in a geriatric residential popu-
lation. J Am Geriatr Soc. 1995;43(2):130–7.

36. Rai KR, Peterson BL, Appelbaum FR, Kolitz J, Elias L, Shepherd
L, et al. Fludarabine compared with chlorambucil as primary
therapy for chronic lymphocytic leukemia. N Engl J Med.
2000;343(24):1750–7.

37. Hallek M, Fischer K, Fingerle-Rowson G, Fink AM, Busch R,
Mayer J, et al. Addition of rituximab to fludarabine and cyclo-
phosphamide in patients with chronic lymphocytic leukae-
mia: a randomised, open-label, phase 3 trial. Lancet. 2010;376
(9747):1164–74.

38. Robak T, Dmoszynska A, Solal-Celigny P, Warzocha K, Loscer-
tales J, Catalano J, et al. Rituximab plus fludarabine and cyclo-
phosphamide prolongs progression-free survival compared
with fludarabine and cyclophosphamide alone in previously
treated chronic lymphocytic leukemia. J Clin Oncol. 2010;28
(10):1756–65.

39. Thompson PA, Bazinet A, Wierda WG, Tam CS, O'Brien SM,
Saha S, et al. Sustained remissions in CLL after frontline FCR
treatment with very-long-term follow-up. Blood. 2023;142
(21):1784–8.

40. Foon KA, Boyiadzis M, Land SR, Marks S, Raptis A, Pietragallo
L, et al. Chemoimmunotherapy with low-dose fludarabine
and cyclophosphamide and high dose rituximab in previously
untreated patients with chronic lymphocytic leukemia. J Clin
Oncol. 2009;27(4):498–503.

41. Goede V, Fischer K, Busch R, Engelke A, Eichhorst B, Wendtner
CM, et al. Obinutuzumab plus chlorambucil in patients with
CLL and coexisting conditions. N Engl J Med. 2014;370(12):
1101–10.

42. Eichhorst B, Fink AM, Busch R, Kovacs G, Maurer C, Lange E,
et al. Frontline chemoimmunotherapy with fludarabine (F),
cyclophosphamide (C), and rituximab (R)(FCR) shows superior
efficacy in comparison to bendamustine (B) and rituximab
(BR) in previously untreated and physically fit patients (pts)
with advanced chronic lymphocytic leukemia (CLL): final
analysis of an international, randomized study of the
German CLL Study Group (GCLLSG)(CLL10 study). Blood.
2014;124(21):19.

43. Munir T, Brown JR, O'Brien S, Barrientos JC, Barr PM, Reddy NM,
et al. Final analysis fromRESONATE:up to six yearsof follow-up
on ibrutinib in patients with previously treated chronic lym-
phocytic leukemiaor small lymphocytic lymphoma.AmJHem-
atol. 2019;94(12):1353–63.

44. Burger JA, Barr PM, Robak T, Owen C, Ghia P, Tedeschi A, et al.
Long-term efficacy and safety of first-line ibrutinib treatment
for patients with CLL/SLL: 5 years of follow-up from the phase
3 RESONATE-2 study. Leukemia. 2020;34(3):787–98.

45. Barr PM, Owen C, Robak T, Tedeschi A, Bairey O, Andreas Bur-
ger J, et al. Up to seven years of follow-up in the RESONATE-2
study of first-line ibrutinib treatment for patients with chronic
lymphocytic leukemia. JCO. 2021;39:7523. https://doi.org/
10.1200/JCO.2021.39.15_suppl.7523.

46. O'Brien S, Jones JA, Coutre SE, Mato AR, Hillmen P, Tam C,
et al. Ibrutinib for patients with relapsed or refractory chronic
lymphocytic leukaemia with 17p deletion (RESONATE-17): a
phase 2, open-label, multicentre study. Lancet Oncol. 2016;17
(10):1409–18.

47. Moreno C, Greil R, Demirkan F, Tedeschi A, Anz B, Larratt L,
et al. Ibrutinib plus obinutuzumab versus chlorambucil plus
obinutuzumab in first-line treatment of chronic lymphocytic
leukaemia (iLLUMINATE): a multicentre, randomised, open-
label, phase 3 trial. Lancet Oncol. 2019;20:43–56.

48. Woyach JA, Ruppert AS, Heerema NA, Zhao W, Booth AM,
Ding W, et al. Ibrutinib regimens versus chemoimmunother-
apy in older patients with untreated CLL. N Engl J Med.
2018;379:2517–28.

49. Sharman JP, Egyed M, Jurczak W, Skarbnik AP, Pagel JM, Flinn
IW, et al. Acalabrutinib with or without obinutuzumab versus
chlorambucil and obinutuzumab for treatment-naive chronic
lymphocytic leukaemia (ELEVATE-TN): a randomised, con-
trolled, phase 3 trial. Lancet. 2020;395(10232):1278–91.

50. Byrd JC, Hillmen P, Ghia P, Kater AP, Chanan-Khan A, Furman
RR, et al. Acalabrutinib versus Ibrutinib in previously treated
chronic lymphocytic leukemia: results of the first randomized
phase III trial. J Clin Oncol. 2021;39(31):3441–52.

51. TamCS, Brown JR, Kahl BS, et al. Zanubrutinib versus bendamus-
tine and rituximab in untreated chronic lymphocytic leukaemia
and small lymphocytic lymphoma (SEQUOIA): a randomised,
controlled, phase 3 trial. Lancet Oncol. 2022;23:1031–43.

52. Hillmen P, Eichhorst B, Brown JR, Ghia P, Giannopoulos K,
Jurczak W, et al. Zanubrutinib versus ibrutinib in relapsed/
refractory chronic lymphocytic leukemia and small lympho-
cytic lymphoma: interim analysis of a randomized phase III
trial. J Clin Oncol. 2023;41(5):1035–45.

53. Brown JR, Seymour JF, JurczakW, Kipps TJ, Hillmen P, Ghia P, et al.
Fixed-duration acalabrutinib combinations in untreated chronic
lymphocytic leukemia. N Engl J Med. 2025;392(8):748–62.

54. Kittai AS, Skarbnik A, Miranda M, Yong ASM, Roos J, Hettle R,
et al. A matching-adjusted indirect comparison of acalabruti-
nib versus zanubrutinib in relapsed or refractory chronic lym-
phocytic leukemia. Am J Hematol. 2023;98(12):E387–90.

55. Roberts AW, Davids MS, Pagel JM, Kahl BS, Puvvada SD, Gereci-
tano JF, et al. Targeting BCL2 with venetoclax in relapsed chronic
lymphocytic leukemia. N Engl J Med. 2016;374(4):311–22.

56. Al-Sawaf O. Venetoclax plus obinutuzumab versus chlorambucil
plus obinutuzumab for previously untreated chronic lympho-
cytic leukaemia (CLL14): follow-up results from a multicentre,
open-label, randomised, phase 3 trial. Lancet Oncol. 2020;21
(9):1188–200. https://doi.org/10.1016/S1470-2045(20)30443-5.

57. Al-Sawaf O, Robrecht S, Zhang C, Olivieri S, Chang YM, Fink
AM, et al. Venetoclax-obinutuzumab for previously untreated
chronic lymphocytic leukemia: 6-year results of the random-
ized phase 3 CLL14 study. Blood. 2024;144(18):1924–35.

14 hematol transfus cell ther. 2025;47(2):103822

http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0029
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0029
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0029
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0029
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0029
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0030
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0031
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0032
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0032
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0032
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0032
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0033
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0033
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0033
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0033
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0034
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0034
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0034
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0035
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0035
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0035
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0035
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0036
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0036
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0036
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0036
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0036
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0037
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0038
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0038
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0038
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0038
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0039
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0039
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0039
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0039
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0039
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0040
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0040
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0040
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0040
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0041
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0042
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0042
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0042
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0042
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0042
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0043
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0043
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0043
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0043
https://doi.org/10.1200/JCO.2021.39.15_suppl.7523
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0045
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0045
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0045
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0045
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0045
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0046
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0046
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0046
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0046
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0046
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0047
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0047
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0047
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0047
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0048
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0048
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0048
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0048
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0048
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0049
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0049
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0049
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0049
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0050
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0050
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0050
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0050
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0051
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0051
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0051
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0051
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0051
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0052
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0052
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0052
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0053
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0053
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0053
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0053
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0054
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0054
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0054
https://doi.org/10.1016/S1470-2045(20)30443-5
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0056
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0056
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0056
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0056


58. Eichhorst B, Niemann CU, Kater AP, Fürstenau M, von
Tresckow J, Zhang C, et al. First-line venetoclax combinations
in chronic lymphocytic leukemia. N Engl J Med. 2023;388
(19):1739–54.

59. Thompson PA, Wierda WG. Eliminating minimal residual dis-
ease as a therapeutic end point: working toward cure for
patients with CLL. Blood. 2016;127(3):279–86.

60. Chiattone CS, Gabus R, Pavlovsky MA, Akinola NO, Varghese
AM, Arrais-Rodrigues C, et al. Management of chronic lym-
phocytic leukemia in less-resourced countries. Cancer J.
2021;27(4):314–9.

61. Gonçalves MV, Rodrigues CA, Lorand Metze IGH, Lacerda MP,
Chauffaille ML, Azevedo A, et al. Chronic lymphocytic leuke-
mia in Brazil: a retrospective analysis of 1903 cases. Am J
Hematol. 2017;92(8):E171–3.

62. Pfister V, Marques FM, Parra F, Yamamoto M, Gonçalves
MV, Perobelli L, et al. Lower access to risk stratification
tests and drugs, and worse survival of chronic lymphocytic
leukaemia patients treated in public as compared to pri-
vate hospitals in Brazil: a retrospective analysis of the Bra-
zilian registry of chronic lymphocytic leukaemia. EJHaem.
2022;3(3):698–706.

hematol transfus cell ther. 2025;47(2):103822 15

http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0057
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0057
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0057
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0057
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0058
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0058
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0058
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0059
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0059
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0059
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0059
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0060
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0060
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0060
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0060
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061
http://refhub.elsevier.com/S2531-1379(25)00090-2/sbref0061

	Diagnosis and treatment of chronic lymphocytic leukemia: 2025 recommendations of the Brazilian Group of Chronic Lymphocytic Leukemia of the Brazilian Association of Hematology and Hemotherapy (ABHH)
	Introduction
	Clinical presentation of CLL
	Central nervous system involvement in CLL
	Diagnosis
	Differential diagnosis
	Prognosis
	Measurable residual disease assessment
	Treatment
	Asymptomatic disease
	Symptomatic disease
	Chemotherapy/Chemo-immunotherapy
	Targeted therapies
	Covalent Bruton's tyrosine kinase inhibitors
	Non-covalent Bruton's tyrosine kinase inhibitors
	Bruton's tyrosine kinase degraders
	B-cell lymphoma 2 inhibitors
	Comorbidities and patient preference
	Infectious complications in CLL
	Treatment in public or private centers in Brazil and other less-resourced countries

	Conclusions
	Conflicts of interest
	References


