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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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1 Introduction

2 Chronic lymphocytic leukemia (CLL) is the most common

3 type of leukemia in adults, accounting for approximately 30%

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

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

6 genetic and environmental factors may play a role in its

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

8 incidence of CLL in individuals of Eastern descent and its

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

10 to other mature B-cell neoplasms reinforce possible genetic

11 components in the development of CLL.

12 A first version of the Recommendations of the Brazilian

13 Group of CLL was published in 2016.1 This updated second

14 edition incorporates the latest therapeutic advancements,

15 including novel targeted agents and combination regimens

16 that have profoundly transformed the management land-

17 scape of CLL.

18 Clinical presentation of CLL

19 The clinical presentation of CLL at diagnosis is highly vari-

20 able. Approximately 60% of patients are asymptomatic, with

21 the disease often detected during routine blood work. When

22 symptomatic, patients often report vague symptoms such as

23 fatigue or weakness. Lymphadenopathy is observed in

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

25 particularly in more advanced stages, often involving the cer-

26 vical, axillary and inguinal lymph nodes. Splenomegaly is

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

28 while hepatomegaly is less common. Although uncommon at

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

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

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

32weeks without other evidence of infection, and night sweats

33for more than one month without infection.

34Anemia and thrombocytopenia may be seen in 15−30% of

35patients, typically due to bone marrow (BM) infiltration. How-

36ever, autoimmune cytopenias such as autoimmune hemo-

37lytic anemia and autoimmune thrombocytopenia may be

38present.2,3 Rarely, pure red cell aplasia and autoimmune gran-

39ulocytopenia may be present. There is generally a good

40response to corticosteroids, but some patients require CLL-

41specific treatment for relapsed or refractory immune cytope-

42nias. Other autoimmune manifestations are rarely seen in

43CLL patients, and may include myasthenia gravis, acquired

44von Willebrand disease and acquired angioedema The abso-

45lute lymphocyte count is highly variable both at diagnosis

46and over the course of the disease. Richter’s transformation,

47formerly known as Richter’s syndrome, is a condition that

48occurs when CLL transforms into an aggressive type of lym-

49phoma, more commonly diffuse large B-cell lymphoma, or

50Hodgkin’s lymphoma in a small subset of patients.4 Richter’s

51transformation can be suspected by the appearance of B

52symptoms, rapid enlargement of the lymph node group, and

53marked elevation of lactate dehydrogenase.

54Central nervous system involvement in CLL

55Central nervous system (CNS) involvement in CLL is rare but

56clinically significant, manifesting as confusion, cranial neu-

57ropathies, optic neuropathy, or cerebellar dysfunction. It can

58occur at any stage of the disease and may even be the first

59sign of progression requiring systemic treatment. In a recent

60analysis from the Brazilian Group of CLL, the most common

61presentations of CNS involvement were highlighted and

62relatively good outcomes were found, particularly with ibruti-

63nib-based regimens.5,6 Given its potential impact, any neuro-

64logical symptoms in CLL patients should prompt a thorough

65CNS evaluation to guide timely intervention.
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66 Infection is the most common complication of CLL and the

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

68 CLL itself and its treatment cause deficiencies in the cellular

69 and humoral immune systems. Hypogammaglobulinemia is

70 not uncommon and may worsen after CLL treatment. Bacte-

71 rial infections are common even before treatment begins,

72 with Streptococcus pneumoniae and Haemophilus influenzae being

73 the most common pathogens. Response to vaccination varies

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

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

76 particular attention to herpes zoster reactivation. Hepatitis B

77 and C virus reactivation may occur after treatment with

78 immunosuppressive agents, including anti-CD20 antibodies.

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

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

81 months after anti-CD20 antibodies. Patients should be

82 screened prior to initiation of therapy, and chronic hepatitis B

83 virus carriers should be started on prophylactic antiviral ther-

84 apy during CLL treatment, with entecavir being the drug of

85 choice. The use of immunosuppressive agents such as corti-

86 costeroids, chemoimmunotherapy, and BTKi significantly

87 increases the risk of opportunistic infections and invasive

88 fungal diseases such as aspergillosis. Given the complexity of

89 infection treatment and prevention in patients with CLL, it is

90 advisable for the center to have an infectious disease special-

91 ist with expertise in oncohematology on staff.

92 Analysis of population-based data shows that patients

93 with CLL have an increased risk of secondary cancers, with

94 melanoma and squamous cell carcinoma of particular con-

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

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

97 than the general population. The occurrence of myeloid neo-

98 plasms was also elevated.

99 Diagnosis

100 CLL is diagnosed by the presence of monoclonal B lympho-

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

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

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

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

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

106 (>0.5£ 10⁹/L) or low-count MBL (<0.5£ 10⁹/L). Despite its cor-

107 relation with CLL, MBL is considered a distinct entity due

108 to its extremely low progression rate and asymptomatic

109 nature, with clinical management consisting only of periodic

110 surveillance.9

111 Although the majority of high-count MBL cases have

112 favorable prognostic features (IGHV-mutated and low-risk

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

114 MBL will develop CLL requiring treatment.10

115 Small lymphocytic lymphoma (SLL) differs from CLL in the

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

117 but requires lymphadenopathy and/or splenomegaly and

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

119 ferent clinical manifestations of the same disease, distin-

120 guished only by the primary site of involvement: CLL

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

122 terized by nodal involvement with limited or no circulating

123 disease. Despite these differences, both entities share

124identical biological, genetic, and prognostic features and

125should be managed identically.

126In CLL, lymphocytes have a dense nucleus and lack visible

127nucleoli. The presence of 15% prolymphocytes indicates pro-

128lymphocytic progression of CLL. Gumprecht shadows are

129common. Typical immunophenotypic markers include

130CD19+, CD5+, CD23+, CD200+, and CD43+, with weak expres-

131sion of CD20, surface light chain (sIgk+ or sIgλ+), and surface

132IgM, and weak or negative expression of CD79b, CD22+, and

133CD11c+, and absence of FMC7, CD10, and CD103. Historically,

134the Matutes scoring system based on five parameters (CD5+,

135CD23+, FMC7-, weak CD22/CD79b, weak K/L) was widely used

136for CLL diagnosis.11 Recently, standardized and internation-

137ally validated multicolor panels, including automated analy-

138sis, have gradually replaced its use.

139Some cases of CLL exhibit atypical immunophenotypes,

140leading to diagnostic uncertainty. For example, high CD20

141and FMC7 expressions have been associated with del(11q)

142and trisomy 12, while elevated IgM expression correlates with

143unmutated IGHV status and potential resistance to ibrutinib.

144However, despite this potential resistance mechanism, IgM

145expression is not currently used to guide treatment decisions.

146Nonetheless, monitoring IgM expression on CLL cells during

147ibrutinib treatment may serve as a biomarker for identifying

148the potential development of resistance.

149Differential diagnosis

150The main differential diagnosis is mantle cell lymphoma

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

152with strong expression of CD20 and immunoglobulins. The

153diagnosis of MCL is confirmed by FISH for t(11;14) or by

154immunohistochemistry for cyclin D1 or SOX11. Other B-cell

155lymphoproliferative disorders (BCLPD) may express CD5+,

156but usually at low intensity. In cases of uncertainty, diag-

157nostic confirmation by cytogenetic, molecular or immuno-

158histochemical methods is required, depending on the

159clinical context.

160

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.

161 Prognosis

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

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

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

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

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

167 mune-related cytopenia showed significantly better survival (9.1

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

169 Immunophenotypic markers such as CD38, CD49d, CD305,

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

171 cal staging and assessment of IGHV mutational status and

172 abnormalities involving TP53 despite their association with

173 poor prognosis and chromosomal abnormalities.15,16 IGHV

174 mutational status plays a critical role in prognosis: mutated

175 IGHV is associated with a better prognosis and indolent

176 course, while unmutated IGHV correlates with a more aggres-

177 sive course.17 However, testing is not always accessible due to

178 its high cost. Beyond its prognostic value, immunogenetic

179 analysis has identified stereotyped B cell receptor immuno-

180 globulin subsets, which define distinct clinical and biological

181 CLL subgroups, refining risk stratification.18,19

182 Chromosomal aberrations, preferably detected through PB

183 cytogenetics, are also useful for prognosis, especially when

184 multiple abnormalities are present, as in complex karyo-

185 type.20 FISH detects aberrations in 80% of cases, including del

186 (13q14.1) (»55%), trisomy 12 (10−20%), del(11q22−23) (10

187−25%), and del(17p) (5−10%). Complex karyotype and del

188(17p) are associated with unfavorable prognosis and may

189influence the choice of treatment. Monoallelic TP53 muta-

190tions detected by polymerase chain reaction (PCR) or next

191generation sequencing indicate poor prognosis and resistance

192to therapy.21 TP53 mutations and/or del(17p) are especially

193common in relapsed CLL and are associated with reduced

194overall survival.22−24 Other somatic genemutations, including

195ATM, NOTCH1, SF3B1, and BIRC3, have been identified as prog-

196nostic markers, but only TP53 is consistently associated with

197therapy resistance and early relapse.

198Finally, the CLL-IPI score25,26 integrates genetic factors

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

200age, and beta-2 microglobulin for prognostic assessment

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

202indicates the need to start treatment in asymptomatic

203patients and that the prognosis associated with this staging

204and scoring system is related to an era of immunochemother-

205apy and has been modified with targeted therapies. 206

Table 1 – Clinical stages and survival.Q6 X X

(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, Rai KR, 1987)

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 > 3.5mg/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.

207 Measurable residual disease assessment

208 Assessment of MRD has gained importance following evi-

209 dence that deeper remissions correlate with longer progres-

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

211 immunotherapy and targeted therapies to induce high rates

212 of undetectable MRD. MRD assessment after three and six

213 cycles of disease eradication regimens and three months

214 post-treatment appears to be an important predictor of CLL

215 treatment outcome.27 As such, MRD assessment is increas-

216 ingly being used in clinical trials in conjunction with tradi-

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

218 MRD may also be an important predictor of outcome fol-

219 lowing hematopoietic stem cell transplantation. Both IgH-

220 PCR and flow cytometry can be used to assess MRD.28,29 It is

221 recommended that validated methods according to the proto-

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

223 European Study Group on MRD Detection (EuroMRD) be

224 used.30 For both methods, the minimum sensitivity threshold

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

226 to its reproducibility at this detection level and its prognostic

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

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

229 still being evaluated.

230 Flow cytometry is a widely used technique. The ERIC

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

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

233 0.001% (1£ 10−5) can be achieved with the detection of a higher

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

235 panel options include the 10-color panel from MD Anderson

236 with automated analysis capability, the 12-color panel validated

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

238 Kettering Cancer Center. These panels can be used according to

239 the infrastructure available in each laboratory.

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

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

242 achieves MRD4 with good correlation to flow cytometry. How-

243 ever, challenges include the need for a specific laboratory

244 infrastructure and the necessity (and difficulty) of obtaining

245 the initial diagnostic sample to develop individualized pri-

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

247 tion sequencing, are still under development, validation and

248 international standardization.

249Both PB and BM can be used to assess MRD. BM is more

250likely to be positive than PB. Therefore, if PB is negative, BM

251assessment may be used depending on the treatment goals.

252However, recent clinical studies are increasingly abandoning

253BM MRD evaluation due to its lack of clinical relevance,

254despite its slightly higher sensitivity compared to PB.

255It should be noted that studies modifying subsequent ther-

256apy after MRD+ detection are still ongoing. Thus, despite its

257prognostic value, MRD assessment outside of clinical trials

258has no universal practical application as it does not guide

259treatment. The physician-patient relationship is critical to

260the assessment and interpretation of MRD outside of research

261contexts, as positive results may cause unnecessary distress.

262Furthermore, as demonstrated in the CAPTIVATE and FLAIR

263studies,31,32 MRD may be negative even in the context of par-

264tial remission or complete remission with incomplete hema-

265tologic recovery (CRi). MRD kinetics may vary depending on

266the therapeutic strategy used and should be evaluated and

267interpreted in the specific context of each treatment. There-

268fore, MRD+ is not synonymous with refractoriness, as patients

269may remain stable for years after treatment despite MRD+. In

270some cases, MRD+ may even become negative over time after

271treatment (e.g., the GLOW study). 272

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.

273
274Treatment

275The treatment of CLL/SLL has evolved significantly in recent

276years with the introduction of novel agents with targeted

277mechanisms of action.33 However, treatment indications

278remain those established by the International Workshop on

279CLL (iwCLL), mainly Binet C/Rai III/IV for patients with active

280and symptomatic disease. It is important to note that these

281recommendations have not changed with the introduction of

282targeted therapies (Table 3).

283The isolated value of the absolute lymphocyte count,

284hypogammaglobulinemia, or monoclonal or oligoclonal para-

285proteinemia, should be interpreted in the context of a com-

286prehensive clinical evaluation, rather than used as the sole

287indication to start treatment.

288CLL and SLL should always be treated with the same thera-

289peutic approach. SLL should not be treated as an indolent

290lymphoma because its natural history, treatment indications,
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291 and responses to targeted therapies are identical to those of

292 CLL. Consistent application of CLL treatment paradigms to

293 SLL will ensure optimal patient outcomes and prevent under-

294 treatment due to misclassification of disease behavior.

295 The Brazilian Group of CLL performed an analysis of 2511

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

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

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

299 criteria. These criteria establish different cut-offs for cytope-

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

301 and do not consider progressive lymphocytosis or disease-

302 related symptoms for treatment initiation in the absence of

303 cytopenias or symptomatic masses. Patients with liberal cri-

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

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

306 dictive of prognosis than liberal criteria. Furthermore, among

307 patients with liberal criteria, OS was significantly worse in

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

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

310 treatment in patients with borderline indications. The goal of

311 this analysis was to suggest that treatment indication should

312 only consider criteria that truly affect clinical outcomes and

313 patient quality of life, thereby avoiding unnecessary treat-

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

315 ference with disease biology by selecting for more resistant

316 clones (Table 3).

317 Asymptomatic disease

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

319 the time of diagnosis in the absence of symptoms. For

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

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

322 waiting with clinical assessments and blood counts every

323 three months, especially during the first year, is

324recommended. Those with stable disease may be followed at

325longer intervals, from six to even 12 months (Table 4).

326Symptomatic disease

327Proper assessment of symptomatic disease is critical to select

328the most appropriate treatment for each patient. In addition

329to disease stage and cytogenetic risk, the patient’s physical

330condition and comorbidities must be considered. A useful

331tool in this context is the Cumulative Illness Rating Scale

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

333ment suitability according to known comorbidities.34 In clini-

334cal trials, patients with a CIRS score ≤6 and normal

335glomerular filtration rate (creatinine clearance >70mL/min)

336are generally considered fit for more intensive treatments. It

337is important to note that age should not be used as a stand-

338alone marker of eligibility for CLL treatment, especially in the

339context of targeted therapies.

340Chemotherapy/Chemo-immunotherapy

341Monotherapy with alkylating agents such as chlorambucil

342has been a common choice for many decades and may still be

343an option, especially for very elderly patients or those in poor

344health and unsuitable for more aggressive treatments. Chlor-

345ambucil offers notable advantages such as lower cost, low

346toxicity and ease of oral administration. However, its main

347disadvantages include very low complete remission (CR) rates

348and the risk of long-term side effects such as myelodysplasia.

349Nowadays, when available, chlorambucil monotherapy is

350avoided in favor of its combination with anti-CD20 monoclo-

351nal antibodies, which leads to improved response rates and

352PFS probabilities.

353Fludarabine, a purine analogue, has been extensively stud-

354ied in CLL. In various studies, response rates to fludarabine

355monotherapy 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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356 achieving CR. Combinations of fludarabine with cyclophos-

357 phamide (FC) have demonstrated better overall response

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

359 mens in the pre-rituximab era, which marked the beginning

360 of combination therapy.35

361 The introduction of chemoimmunotherapy further

362 improved outcomes in the frontline setting. Studies such as

363 CLL836 demonstrated the superiority of the fludarabine, cyclo-

364 phosphamide and rituximab (FCR) regimen over FC, providing

365 higher response rates and prolonged PFS without increasing

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

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

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

369 the potential for cure. This finding has been corroborated by

370other studies in FCR-treated patients.37,38 The FCR combina-

371tion became the treatment of choice for patients eligible for

372intensive therapy. However, it is important to note that FCR is

373associated with an increased risk of myelodysplastic syn-

374drome and acute myeloid leukemia compared to targeted

375therapies. Given the high prevalence of CLL in elderly

376patients, an FCR-Lite regimen was developed to reduce toxic-

377ity while maintaining efficacy.39

378The CLL11 trial also showed promising results with the

379combination of obinutuzumab and chlorambucil, with a

380response rate of 78.4 % and a CR rate of 20.7 % in patients inel-

381igible for fludarabine-based treatment.40 Obinutuzumab

382achieved better response rates than chlorambucil monother-

383apy and the rituximab/chlorambucil combination. It is

Table 4 – Treatment recommendations from the Brazilian CLL Group.
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384 important to note that obinutuzumab-related infusion reac-

385 tions occur in approximately 65% of subjects during the first

386 cycle, with 21% of these reactions being Grade 3 or 4, leading

387 to discontinuation in 7% of patients.

388 In a clinical trial, bendamustine, an alkylating agent with

389 purine analog properties, was compared to chlorambucil and

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

391 PFS of 21.6 months.41 The CLL10 trial showed that rituximab

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

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

394 fewer CRs (31%).

395 Currently, FCR is an appropriate option for patients

396 ≤65 years of age with creatinine clearance >70mL/min,

397 mutated IGHV, and without TP53 alterations or complex kar-

398 yotypes, when targeted therapies with or without anti-CD20

399 antibodies are not available, mostly in limited access scenar-

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

401 sions, some lasting more than 10 years, justifying its

402 continued use as first-line therapy. Patients with mutant

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

404 and <12) can receive the bendamustine/rituximab regimen

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

406 is the most active).

407 Targeted therapies

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

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

410 have profoundly transformed the treatment of CLL. These

411 therapies include both continuous and fixed-duration regi-

412 mens, all of which have demonstrated superiority over che-

413 moimmunotherapy. This shift follows the FDA approvals of

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

415 (BCL-2i) venetoclax in 2016.

416 Two second-generation covalent BTKis, acalabrutinib and

417 zanubrutinib, have shown improved safety profiles compared

418 to ibrutinib, with potentially lower toxicity, and were

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

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

421 tion to clinical and molecular characteristics, other factors,

422 such as specific comorbidities, concomitant medications, and

423 therapy-related risks, should be considered when selecting

424 the optimal first-line treatment for each patient.

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

426 response or lack of response to prior therapy, duration of

427 response, the development of resistance to a specific agent,

428 or the occurrence of toxicity that prevents continuation, as

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

430 Covalent Bruton’s tyrosine kinase inhibitors

431 Through irreversibly binding to the cysteine residue (C481) in

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

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

434 tor signaling, affecting adhesion, migration, proliferation and

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

436 ondary lymphoid organs to the PB, reducing lymphadenopa-

437 thy and splenomegaly, with an expected transient increase in

438 PB lymphocytes over the first weeks or months of treatment.

439 Over time, lymphocytosis decreases due to deprivation of

440survival signals from lymphoid tissues and a direct pro-apo-

441ptotic effect. Despite favorable long-term outcomes, mono-

442therapy with covalent BTKi does not induce deep molecular

443responses, with low rates of undetectable MRD. Ibrutinib was

444the first in this class to enter clinical trials and currently has

445the most extensive data of any available BTKi, particularly in

446high-risk patients. The pivotal phase 1b/2 study PCYC-1102/

4471103 in heavily pretreated and treatment-naive patients aged

448≥65 years compared two doses of ibrutinib (420mg versus

449840mg) with identical overall response rates of 71% in both

450groups. This established 420mg/day as the standard dose for

451CLL/SLL. In patients with del(17p), the response rate was simi-

452lar at 68%, highlighting the efficacy of ibrutinib in this poor

453prognostic group. These initial results have been confirmed in

454three additional studies.

455The RESONATE study (PCYC-1112) in relapsed/refractory

456CLL/SLL [86% high-risk alterations (del17p/TP53 mutation),

457del(11q) and/or unmutated IGHV] showed significant

458improvements in PFS and OS with ibrutinib compared to anti-

459CD20 ofatumumab. With a median follow-up of 6 years, the

460median PFS remained significantly longer in the ibrutinib arm

461with continued OS benefit.42 The RESONATE-2 study (PCYC-

4621115/1116) in treatment-naive patients ≥65 years of age with-

463out del(17p) showed an OS benefit with a PFS rate of 70% with

464ibrutinib versus 12% with chlorambucil.43 Recent data show

465good tolerability of this agent, with 42% of patients on contin-

466uous ibrutinib after 7 years of follow-up.44 Finally, the RESO-

467NATE-17 trial45 confirmed the efficacy of ibrutinib in

468previously treated patients with a median age of 64 years and

469del(17p). The 24-month PFS rate was 63%, and 75% of patients

470were alive at 2 years. The most common reasons for discon-

471tinuation were disease progression in 24% of patients and

472adverse events with unacceptable toxicity (mainly arrythmias

473and infections) or death in 17% of patients.

474Themulticenter Phase 3 ILLUMINATE study46 in previously

475untreated CLL/SLL patients aged >65 years or ≤65 years with

476comorbidities randomized patients to continuous oral ibruti-

477nib plus obinutuzumab (IO) or chlorambucil plus obinutuzu-

478mab (CBL+O). At a median follow-up of 31.3 months, the

479median PFS was not achieved in the IO arm and was 19.0

480months in the CBL+O arm, with 30-month PFS estimates of

48179% with IO and 31% with CBL+O. The most common Grade 3

482or 4 adverse events in both arms were neutropenia and

483thrombocytopenia. Serious adverse events occurred in 58% of

484patients treated with IO and 35% of patients treated with CBL

485+O.

486The ALLIANCE 202 trial compared ibrutinib § rituximab

487with BR in elderly patients with previously untreated CLL.47

488PFS at 2 years was 74% with BR and 87% with ibrutinib mono-

489therapy. No significant difference in PFS was observed

490between the ibrutinib + R and ibrutinib monotherapy groups.

491The PFS benefit of ibrutinib over BR was seen in all cytogenetic

492subgroups, with del(17p) being the most prominent. PFS dif-

493ferences were maintained at 4 years of follow up.

494Two studies compared ibrutinib § rituximab with FCR. The

495Phase 3 E1912 study enrolled treatment-naive patients

496≤70 years of age without high-risk genetic alterations. Three-

497year results showed that continuous ibrutinib plus rituximab

498was associated with improved PFS and OS versus FCR. How-

499ever, the OS benefit is questioned by some experts because of
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500 deaths unrelated to treatment or disease and because 31% of

501 FCR patients did not complete all six treatment cycles. The

502 PFS benefit was more evident in patients with unmutated

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

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

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

506 infectious complications were less common with IR than

507 with FCR.

508 The open-label, multicenter, Phase 3 FLAIR trial,31,32 in two

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

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

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

512 year PFS rates compared to FCR, regardless of IGHV mutation

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

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

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

516 clax arm discontinued therapy due to undetectable MRD.

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

518 had undetectable MRD in BM and 93% had undetectable MRD

519 in PB.

520 In general, Grade 3 or greater adverse events were less

521 common in the ibrutinib arms compared to the chemother-

522 apy arms, and adverse events of any grade associated with

523 ibrutinib were consistent across studies. The most common

524 adverse events of any grade were diarrhea, hemorrhage,

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

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

527 were neutropenia, anemia, pneumonia, thrombocytopenia,

528 hypertension, and diarrhea. Atrial fibrillation occurred in

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

530 developed Grade ≥3 atrial fibrillation. All adverse events

531 should be managed according to institutional therapeutic

532 measures, and multidisciplinary follow-up with a cardio-

533 oncologist is recommended for cardiovascular events.

534 The introduction of the second-generation BTKis, acalab-

535 rutinib and zanubrutinib, provided additional treatment

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

537 tings, demonstrating greater selectivity for BTK with fewer

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

539 diovascular events compared to ibrutinib.

540 Acalabrutinib monotherapy was evaluated in relapsed or

541 refractory CLL in the ASCEND trial, which demonstrated its

542 superiority over idelalisib-rituximab or BR, regardless of the

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

544 pared acalabrutinib § obinutuzumab (Acala§O) with chlor-

545 ambucil + obinutuzumab (CBL+O) in previously untreated CLL

546 patients.48 Median follow-up was 28.3 months with PFS rates

547 of 93%, 87% and 47% for Acala+O, Acala monotherapy and

548 CBL+O, respectively. Median PFS was 22.6 months in the CBL

549 +O arm and was not achieved in the Acala§O arms. There

550 was no statistically significant difference in PFS between the

551 Acala+O and Acala monotherapy arms and were beneficial for

552 patients with TP53 alterations. At the 5-year update, the PFS

553 rate was 71% for the Acala§O arm versus 18% for CBL+O in

554 patients with del(17p) and/or mutated TP53.

555 The ELEVATE-RR trial49 compared acalabrutinib with ibru-

556 tinib in relapsed or refractory CLL patients with at least one

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

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

559 demonstrated non-inferiority to ibrutinib in terms of efficacy

560and was associated with lower rates of cardiovascular (hyper-

561tension and atrial fibrillation) and non-cardiac events (diar-

562rhea, myalgia/arthralgia and bleeding), suggesting that

563greater BTK selectivity may reduce off-target effects, resulting

564in an improved clinical safety profile. However, acalabrutinib

565was associated with higher rates of headache and cough com-

566pared to ibrutinib.

567The Phase 3 SEQUOIA study evaluated zanubrutinib in pre-

568viously untreated CLL/SLL patients aged ≥ 65 years who were

569ineligible for FCR.50 The patients were divided into two

570cohorts: Cohort A - patients without del(17p) randomized to

571receive zanubrutinib or BR; Cohort B (non-randomized) -

572patients with del(17) received zanubrutinib monotherapy. In

573cohort A, with a median follow-up of 26.2 months, the 24-

574month PFS rate was 85.5% for zanubrutinib versus 69.5 % for

575BR. PFS was also superior in the zanubrutinib arm irrespective

576of IGHV status, with an acceptable safety profile. Zanubrutinib

577was compared to ibrutinib in patients with relapsed or refrac-

578tory CLL in the Phase 3 ALPINE study.51,52 Zanubrutinib was

579superior to ibrutinib with 2-year PFS rates of 78.4 % versus

58065.9 % (p-value = 0.002); OS was not achieved in either treat-

581ment arm. The safety profile of zanubrutinib showed fewer

582serious adverse events and treatment discontinuations com-

583pared to ibrutinib. The incidence of Grade ≥3 hypertension

584was higher with zanubrutinib compared to ibrutinib, but the

585incidence of any grade atrial fibrillation was lower. Neutrope-

586nia occurred in 29% of patients treated with zanubrutinib. To

587date, no clinical trial has directly compared acalabrutinib

588with zanubrutinib. Real-world evaluations of the efficacy and

589safety of second-generation covalent BTKi are ongoing, with

590preliminary data currently supporting the results of Phase 3

591trials.

592A recent matching-adjusted indirect comparison (MAIC)

593analysis53 found that acalabrutinib and zanubrutinib have

594similar efficacy in relapsed or refractory CLL based on PFS.

595While adverse event rates were generally comparable, acalab-

596rutinib showed lower rates of serious adverse events, Grade

597≥3 hypertension, hemorrhage, and dose reductions. The

598strength of the study lies in its adherence to MAIC methodol-

599ogy and the minimal impact of matching on acalabrutinib

600outcomes, reflecting the similarity between ALPINE and

601ASCEND trials.

602Non-covalent Bruton’s tyrosine kinase inhibitors

603Covalent BTKis have demonstrated high efficacy and, in

604many cases, long-term disease control. Because inhibition

605must bemaintained indefinitely to achieve andmaintain clin-

606ical response, there is a prolonged exposure period during

607which adverse events and the development of resistance to

608these agents may occur. Several mechanisms of resistance

609have been identified, many of which involve mutations in the

610BTK gene or related genes. The mutation at the C481S residue

611of BTK is the most common and occurs at the site where the

612covalent inhibitor binds to BTK, preventing this binding.

613Another mutation, almost always synchronic with BTK muta-

614tions, PLCG2, although less common, can activate alternative

615signaling pathways that bypass the need for BTK. In addition

616to BTKmutations, secondary mutations in other genes related
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617 to the B cell receptor pathway or parallel pathways can con-

618 tribute to the emergence of resistance.

619 Third-generation non-covalent BTKis have been devel-

620 oped to overcome resistance to covalent BTKis while exhibit-

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

622 the C481S residue was successfully overcome by non-cova-

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

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

625 Pirtobrutinib showed promising results in a Phase 1/2

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

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

628 months. Pirtobrutinib is currently being evaluated in the

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

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

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

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

633 with venetoclax, and high-risk features were ubiquitous in

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

635 strated superior median PFS with 14 months versus 8.7

636 months as assessed by an Independent Review Committee.

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

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

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

640 tions were more common in the pirtobrutinib arms, when

641 these data were adjusted for drug exposure time, similar

642 infection rates were documented in the pirtobrutinib arm.

643 Adverse events of interest for pirtobrutinib were consistent

644 with the BTKi class with fewer cases of atrial fibrillation and

645 hypertension compared to cBTKi, but also with a shorter

646 median exposure time.

647 Bruton’s tyrosine kinase degraders

648 While currently approved BTKis, such as ibrutinib, work by

649 reversibly or irreversibly binding to BTK to modulate its sig-

650 naling activity, they do not eliminate the protein itself.

651 Instead, they suppress BTK-mediated survival pathways in

652 malignant B cells, leading to apoptosis.

653 In contrast, BTK degraders represent an emerging class of

654 therapeutic agents that not only inhibit BTK function, but

655 also actively induce its degradation via the proteasome.

656 These agents use targeted protein degradation (TPD) technol-

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

658 recruit ubiquitin ligases that tag BTK for proteasomal degra-

659 dation. By eliminating the BTK protein rather than merely

660 inhibiting its activity, BTK degraders may overcome resis-

661 tance mechanisms associated with BTKis, particularly muta-

662 tions such as BTK C481S that confer resistance to covalent

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

664 BTKi resistant mutations, such as A428D, may also confer

665 resistance to BTK degraders, highlighting the need for further

666 investigation into their clinical utility.

667 Although BTK degraders are not yet approved for clinical

668 use, early phase studies suggest that they may provide deeper

669 and more sustained inhibition of BTK-driven signaling,

670 potentially expanding treatment options for patients with

671 relapsed or refractory CLL and other B-cell malignancies.

672 With the development of novel BTK-targeting strategies,

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

674regulated apoptotic machinery, which is effectively targeted

675by BCL-2is such as venetoclax.

676B-cell lymphoma 2 inhibitors

677The B-cell lymphoma 2 (Bcl-2) family of proteins are key regu-

678lators of the apoptotic process. The Bcl-2 family includes pro-

679apoptotic and pro-survival proteins. Shifting the balance

680toward the latter is an established mechanism by which can-

681cer cells evade apoptosis. Bcl-2, the founding member of this

682protein family, is encoded by the BCL2 gene, first described in

683follicular lymphoma as a result of translocations involving

684chromosomes 14 and 18, leading to protein overexpression.

685Venetoclax is a BH3 mimetic that inhibits Bcl-2, promoting

686apoptosis by releasing pro-apoptotic proteins. It effectively

687suppresses the growth of Bcl-2-dependent tumors in vivo

688while sparing human platelets, unlike navitoclax, which was

689previously tested but did not reach the market due to dose-

690limiting thrombocytopenia. A single oral dose of venetoclax

691in three patients with refractory CLL resulted in tumor lysis

692within 24 h. To mitigate this risk, a stepwise dose escalation

693regimen was introduced, increasing weekly from 20mg to

69450mg, 100mg, 200mg, and finally to 400mg over 4−5 weeks.

695After completing the ramp-up phase, patients continued on

696400mg daily until disease progression or unacceptable toxic-

697ity occurred. In the pivotal Phase 1/2 clinical trial, 56 patients

698received venetoclax in one of eight dose groups ranging from

699150 to 1200mg per day.54 In an expansion cohort, an addi-

700tional 60 patients received venetoclax with progressive

701weekly dose escalation up to 400mg per day. Most patients

702had received multiple prior therapies and 89% had poor prog-

703nostic clinical or genetic features. Venetoclax was effective at

704all dose levels. Clinical tumor lysis syndrome occurred in

705three of 56 patients in the dose-escalation arm, with one

706death. After adjustments to the dose-escalation schedule,

707none of the 60 patients in the expansion cohort experienced

708clinical tumor lysis syndrome. No maximum tolerated dose

709was observed. Of the 116 patients who received venetoclax,

71092 (79%) responded. Response rates ranged from 71 to 79% in

711patients with poor prognosis, including those with fludara-

712bine resistance or del(17p) or unmutated IGHV. Complete

713remissions occurred in 20% of patients, including 5% of

714remissions with MRD negativity. The 15-month PFS estimate

715for the 400mg dose group was 69%. Another study was con-

716ducted in 107 patients with relapsed or refractory del(17p)

717CLL. At a median follow-up of 12.1 months, 85 patients

718(79.4 %) achieved investigator-driven CR. The most common

719Grade 3−4 adverse events were neutropenia (40%), infection

720(20 %), anemia (18%) and thrombocytopenia (15%). Serious

721adverse events occurred in 55% of patients, with the most

722common (≥5% of patients) being fever and autoimmune

723hemolytic anemia (7% each), pneumonia (6%), and febrile

724neutropenia (5%). Eleven patients in the study died within

72530 days of the last dose of venetoclax, seven due to disease

726progression and four due to adverse events (none considered

727treatment-related). Together, the results of the two studies

728demonstrate that venetoclax monotherapy is active and well

729tolerated in patients with relapsed or refractory del(17p) CLL,

730providing a new therapeutic option for this population with a

731very poor prognosis.
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732 The Phase 3 CLL14 trial, a multicenter, randomized, open-

733 label study conducted at 196 research centers in 21 coun-

734 tries,55 enrolled treatment-naïve CLL patients over 65 years of

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

736 Patients were randomized to receive venetoclax (orally initi-

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

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

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

740 12; combined with intravenous obinutuzumab for six cycles

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

742 1000mg on Day 1], 1000mg on Days 8 and 15 of Cycle 1, and

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

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

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

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

747 patients were randomized (venetoclax and obinutuzumab:

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

749 median follow-up of 76.4 months,56 PFS remained superior in

750 the venetoclax-obinutuzumab arm compared to the chloram-

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

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

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

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

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

756 venetoclax-obinutuzumab arm and 48% in the chlorambucil-

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

758 completion of treatment, patients who received venetoclax-

759 obinutuzumab continued to show a significant PFS benefit

760 with no new evidence of associated adverse events, making it

761 an excellent finite therapy option for this elderly and/or

762 comorbid patient population.

763 In the Phase 3 GAIA (CLL13) clinical trial,57 patients with

764 CLL who were fit and had no TP53 gene abnormalities were

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

766 apy: one to six cycles of chemoimmunotherapy (fludarabine-

767 cyclophosphamide-rituximab or bendamustine-rituximab) or

768 12 cycles of venetoclax-rituximab, venetoclax-obinutuzumab

769 or venetoclax-obinutuzumab-ibrutinib. Of the 926 patients

770 randomized, 229 received chemoimmunotherapy, 237

771 received venetoclax-rituximab, 229 received venetoclax-obi-

772 nutuzumab and 231 received venetoclax-obinutuzumab-ibru-

773 tinib. At Month 15, the proportion of patients with

774 undetectable MRD was significantly higher in the venetoclax-

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

776 nib (92.2 %) arms compared to the chemoimmunotherapy

777 (52 %) and venetoclax-rituximab (57%) arms. The 3-year PFS

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

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

780 the chemoimmunotherapy (75.5 %) and venetoclax-rituximab

781 (80.8 %) arms. Grade 3 and 4 infections were more common

782 with chemoimmunotherapy (18.5 %) and venetoclax-obinutu-

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

784 (10.5 %) or venetoclax-obinutuzumab (13.2 %). The study sug-

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

786 clax and obinutuzumab appears to be the most effective finite

787 therapy option, offering better response rates, survival, and

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

789 results.

790 The Phase 3 AMPLIFY trial (NCT03836261) evaluated aca-

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

792obinutuzumab (AVO) versus chemoimmunotherapy (FCR or

793BR) in treatment-naive CLL patients without TP53 aberra-

794tions.52 At a median follow-up of 41 months, both AV and

795AVO significantly improved PFS compared to chemoimmuno-

796therapy, with median PFS not reached in either acalabrutinib-

797containing arm. The 36-month PFS rates were 76.5 % (AV),

79883.1 % (AVO) and 66.5 % (FCR/BR). Overall response rates were

799also higher with AV (92.8%) and AVO (92.7 %) versus FCR/BR

800(75.2 %). Grade ≥3 neutropenia was themost common adverse

801event, and serious adverse events were most common in

802AVO-treated patients (38.4 %). These findings support acalab-

803rutinib-based regimens as effective, chemotherapy-free alter-

804natives in treatment-naive CLL, with AV offering a favorable

805safety/efficacy balance and AVO achieving the highest PFS

806but with more toxicity.

807Comorbidities and patient preference

808Selection of the optimal therapy for CLL continues to be

809guided by a personalized approach that considers both dis-

810ease biology and patient-specific factors. Comorbidities play a

811critical role in treatment selection, as many patients with CLL

812are elderly and have cardiovascular, renal, or autoimmune

813diseases that may limit the use of certain therapies. For

814example, patients with a history of atrial fibrillation or bleed-

815ing disorders may not tolerate BTKis, particularly ibrutinib,

816while patients with renal impairment may require dose

817adjustments or alternative regimens to BCL-2is. In addition,

818patient preferences have a significant impact on treatment

819decisions, as considerations such as route of administration

820(oral versus intravenous), treatment duration (fixed duration

821versus continuous therapy) and side effect profiles affect

822adherence and quality of life. The increasing use of MRD-

823driven strategies also allows for more individualized treat-

824ment durations, allowing for discontinuation of therapy in

825patients who achieve deep remissions while maintaining

826durable disease control.58

827Infectious complications in CLL

828Given the profound immune dysregulation associated with

829CLL and the immunosuppressive effects of targeted therapies,

830infection prevention remains a cornerstone of patient man-

831agement. Vaccination strategies have gained prominence,

832with strong recommendations for the administration of inac-

833tivated vaccines, including influenza, pneumococcal, and

834COVID-19 vaccines, to all patients with CLL, ideally prior to

835treatment initiation. While response rates to vaccines may be

836suboptimal due to underlying immune dysfunction, newer

837strategies such as booster doses and passive immunization

838with monoclonal antibodies against SARS-CoV-2 have shown

839promise in improving protection. In addition to vaccination,

840prophylactic antimicrobials, including antiviral agents (e.g.,

841acyclovir for herpesvirus reactivation) and Pneumocystis jirove-

842cii pneumonia (PJP) prophylaxis in selected patients receiving

843B-cell depleting therapies, remain essential to reduce infec-

844tious complications. Regular immunoglobulin replacement

845therapy is being considered for patients with recurrent infec-

846tions and hypogammaglobulinemia, further highlighting the
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847 importance of a proactive, individualized approach to infec-

848 tion management in CLL.

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

850 resourced countries

851 Due to systemic inequities, hematologists in Brazil face addi-

852 tional challenges in determining the best treatment regimen

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

854 ble between public and private healthcare institutions, with

855 significant implications for the efficacy and tolerability of CLL

856 treatments.59

857 In the first published analysis of the Brazilian Group of

858 CLL,60 the median follow-up time of 1903 patients was 36

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

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

861 Binet staging showing a strong correlation with inferior sur-

862 vival.

863 Patients from public and private institutions were com-

864 pared in an analysis of the Brazilian CLL Registry.61 Of 3326

865 patients, 81% were in public hospitals and 19% in private

866 hospitals. Public hospital patients were older (median age

867 66 years versus 63 years in private hospitals), had more

868 advanced disease (44% versus 33% Binet B or C), and more

869 frequently had elevated creatinine levels (18% versus 10%).

870 Prognostic markers were evaluatedmore frequently in private

871 hospitals: FISH for del(17p) (45% versus 10%), IGHV mutation

872 (19 % versus 6%), karyotype (24% versus 12.5%), and beta-2

873 microglobulin (47% versus 32%). The frequency of FISH-posi-

874 tive del(17p) was similar (10.5 % versus 9%), as was the fre-

875 quency of unmutated IGHV (50 % versus 56%). Due to missing

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

877 (40 %) with low/intermediate scores and 257 (60%) with high/

878 very high scores.61 High-risk CLL-IPI patients were more likely

879 to be found in public hospitals (69% versus 45%).

880Regarding treatment, chlorambucil or fludarabine was the

881most commonly used first-line therapy (chlorambucil: 41 %;

882fludarabine: 38%). Anti-CD20 monoclonal antibodies were

883used in only 36% of cases (rituximab: 32%; obinutuzumab:

8844%). New agents were used in only 5% of cases. Public hospi-

885tals were less likely to use fludarabine (36% versus 48%) and

886anti-CD20 monoclonal antibodies (26% versus 75%). Surpris-

887ingly, the majority of patients with del(17p) or TP53mutations

888(69 %) received chemoimmunotherapy as first-line therapy.

889Median follow-up was 39 months, and overall survival was

89071% at 5 years, which was worse in public hospitals (68% ver-

891sus 82%). These data show significant differences between

892patients treated in public and private hospitals likely due to a

893more advanced initial presentation and lack of access to

894appropriate testing and therapies.61

895In 2025, the Brazilian Group of CLL established treatment

896recommendations based on the accumulated evidence to

897date, which are presented in Figure 1.

898Conclusions

899CLL remains the most common form of leukemia in adults

900and presents complex clinical challenges due to its heteroge-

901neous nature and variable response to treatment. Research

902highlights several key points:

9031. Epidemiology and diagnosis: CLL typically affects older

904adults, with a significant proportion of patients asymp-

905tomatic at diagnosis. Identification of monoclonal B lym-

906phocytes with specific immunophenotypic markers is

907critical for diagnosis, highlighting the importance of

908advanced diagnostic techniques in differentiating CLL

909from other B-cell malignancies.

9102. Prognostic factors: Prognostic stratification remains criti-

911cal, with IGHV mutation status and chromosomal

Figure 1 –Brazilian Group of CLL established treatment recommendations.
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912 abnormalities, mainly deletions involving TP53, serving as

913 significant indicators of disease aggressiveness and treat-

914 ment resistance. The integration of clinical staging sys-

915 tems with genetic profiling is essential to tailor treatment

916 strategies.

917 3. Treatment advances: The introduction of targeted thera-

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

919 lutionized the treatment of CLL. These therapies show

920 superior efficacy compared to traditional chemotherapy,

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

922 careful patient selection and consideration of comorbid-

923 ities is paramount to optimize outcomes and minimize

924 treatment-related adverse effects.

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

926 highlights the disparities between public and private

927 healthcare systems, revealing significant differences in

928 patient demographics, treatment modalities and prognos-

929 tic assessments. These disparities call for strategic inter-

930 ventions to improve access to effective therapies,

931 especially for vulnerable populations.

932 5. Future directions: Ongoing research into measurable resid-

933 ual disease (MRD) assessment and novel therapeutic

934 agents holds promise for further improving outcomes in

935 CLL. Further development of treatment protocols and

936 incorporation of MRD assessment into clinical practice

937 may improve long-term survival and quality of life for

938 patients.

939 In conclusion, a comprehensive understanding of the bio-

940 logical basis of CLL, coupled with advances in diagnostic and

941 therapeutic approaches, is critical to improving patient care.

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

943 mizing treatment protocols to ensure equitable access to

944 effective therapies for all CLL patients.
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