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ABSTRACT

Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma
(SLL) are essentially different manifestations of the same disease that are
similarly managed. A number of molecular and cytogenetic variables
with prognostic implications have been identified. Undetectable mini-
mal residual disease at the end of treatment with chemoimmunotherapy
or venetoclax-based combination regimens is an independent predictor
of improved survival among patients with previously untreated or
relapsed/refractory CLL/SLL. The selection of treatment is based on the
disease stage, presence or absence of del(17p) or TP53mutation, immu-
noglobulin heavy chain variable regionmutation status, patient age, per-
formance status, comorbid conditions, and the agent’s toxicity profile.
This manuscript discusses the recommendations outlined in the NCCN
Guidelines for the diagnosis andmanagement of patients with CLL/SLL.
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NCCN CATEGORIES OF EVIDENCE AND CONSENSUS

Category 1: Based upon high-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2A: Based upon lower-level evidence, there is uniform
NCCN consensus that the intervention is appropriate.

Category 2B: Based upon lower-level evidence, there is
NCCN consensus that the intervention is appropriate.

Category 3: Based upon any level of evidence, there is major
NCCN disagreement that the intervention is appropriate.

All recommendations are category 2A unless otherwise noted.

Clinical trials: NCCN believes that the best management of
any patient with cancer is in a clinical trial. Participation in
clinical trials is especially encouraged.

PLEASE NOTE

The NCCN Clinical Practice Guidelines in Oncology (NCCN
Guidelines®) are a statement of evidence and consensus of the
authors regarding their views of currently accepted approaches
to treatment. Any clinician seeking to apply or consult the NCCN
Guidelines is expected to use independent medical judgment in
the context of individual clinical circumstances to determine any
patient’s care or treatment. The National Comprehensive Cancer
Network® (NCCN®) makes no representations or warranties of
any kind regarding their content, use, or application anddisclaims
any responsibility for their application or use in anyway.

The complete NCCN Guidelines for Chronic Lymphocytic
Leukemia/Small Lymphocytic Lymphoma are not printed in
this issue of JNCCNbut can be accessed online atNCCN.org.

© 2024, National Comprehensive Cancer Network® (NCCN®).
All rights reserved. The NCCN Guidelines and the illustrations
herein may not be reproduced in any form without the express
written permission of NCCN.
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At the beginning of each NCCN Guidelines Panel meeting,
panel members review all potential conflicts of interest.
NCCN, in keeping with its commitment to public transparency,
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Individual disclosures for theNCCNChronic Lymphocytic Leuke-
mia/Small Lymphocytic LymphomaPanelmembers can be found
on page 204. (Themost recent version of these guidelines and
accompanying disclosures are available atNCCN.org.)

The complete and most recent version of these guidelines is
available free of charge at NCCN.org.
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Overview
Chronic lymphocytic leukemia (CLL) and small lympho-
cytic lymphoma (SLL) are characterized by progressive ac-
cumulation of leukemic cells in the peripheral blood, bone
marrow, and lymphoid tissues.1 Morphologically, these leu-
kemic cells appear as small, mature lymphocytes that can
be found admixed with occasional larger or atypical cells, or
prolymphocytes. CLL remains the most prevalent adult leu-
kemia in Western countries. In 2024, an estimated 20,700
people will be diagnosed with CLL in the United States, and
an estimated 4,440 people will die of the disease.2

CLL and SLL are essentially different manifestations
of the same disease that are similarly managed.1 The ma-
jor difference is that in CLL, a significant number of the
abnormal lymphocytes are found circulating in blood in
addition to being resident in bone marrow and lymphoid
tissue, while in SLL, the bulk of disease is in lymph nodes,
bone marrow, and other lymphoid tissues and there are
few (if any) abnormal lymphocytes circulating in blood.

Staging
The Rai and Binet systems are the 2 staging systems cur-
rently used for the evaluation of patients with CLL, both in
routine practice and clinical trial settings.3,4 Both staging
systems rely on physical assessments (ie, presence of lymph

node involvement, enlarged spleen and/or liver) and blood
parameters (presence of anemia or thrombocytopenia) to
evaluate the degree of tumor burden.

The modified Rai classification stratifies patients into
3 risk groups: low-risk disease (Rai stage 0), intermediate-
risk disease (Rai stage I–II), and high-risk disease (Rai stage
III–IV) with historic median survival times of 150 months,
71 to 101 months, and 19 months, respectively, in the
era of chemotherapy- and chemoimmunotherapy-based
treatment.3 Survival times in the current era of targeted
therapy will most assuredly be improved and will become
available with longer follow-up for patients who received
targeted therapies.

The Binet staging system stratifies patients into 3
prognostic groups based on the number of involved areas
and the level of hemoglobin and platelets and, like the
Rai staging system, provides meaningful correlation with
clinical outcome.4

The Lugano Modification of the Ann Arbor Staging
System is used for patients with SLL.5

Prognostic Factors
The prognostic significance of molecular and cytogenetic
variables may vary depending on the patient population,
treatment regimens, and clinical outcomes being evaluated
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(See CSLL-A, page 183). The impact of these variables on
the clinical outcome are discussed subsequently.

Immunoglobulin Heavy Chain Variable Region
Gene Mutation
A cut-off level of 2% or less deviation from germline immu-
noglobulin heavy chain variable region (IGHV) sequence is
routinely used in clinical practice to differentiate patients
with IGHV-unmutated CLL from those with IGHV-mutated
CLL.6–8 Percent deviation from the germline sequence was
studied and higher levels were incrementally associated
with favorable progression-free survival (PFS) and overall
survival (OS) in patients treated with the FCR regimen (flu-
darabine, cyclophosphamide, and rituximab), suggesting
that IGHVmutation percentage is a continuous variable.9

IGHV gene mutation status correlated with time-to-
first treatment (TTFT), response rates, PFS, and OS in pa-
tients treated with FCR.10–12 In the CLL10 study, the PFS
benefit of FCR was significant in physically fit patients ,65
years and in patients withmutated IGHV.11 Among patients
with mutated IGHV gene, the median PFS was not reached
with FCR compared with 55 months for bendamustine/
rituximab (BR; P5.089). In a phase II study of 300 patients
with previously untreated CLL, IGHV-mutated CLL (.2%
mutation or,98%homology with germline gene sequence)

was associated with long-term PFS, with a plateau on the
PFS curve beyond 10 years after treatment with FCR (after a
median follow-up of 19 years, the median PFS for patients
with IGHV-mutated CLL was 15 years vs 4 years for patients
with IGHV-unmutated CLL).12 In a multivariable analysis,
IGHV-unmutated status and del(17p) were independently
associated with significantly shorter PFS.

Unmutated IGHV (#2% of mutation or $98% ho-
mology with germline gene sequence) is associated with
unfavorable prognosis and significantly shorter survival
compared with mutated IGHV in patients treated with
chemoimmunotherapy-based regimens, independent of
the stage of the disease.13,14 In addition, VH3-21 gene us-
age is associated with poor outcomes regardless of the
IGHV mutation status (as defined by percent homology
with germline sequence).15 Unmutated IGHV and/or the
VH3-21 gene usage was shown to be an independent
predictor of shorter treatment-free interval and/or sur-
vival outcomes in patients treated with fixed-duration
chemoimmunotherapy- and venetoclax-based regimens,
even when high-risk genetic abnormalities were included
in the multivariable regression models.16,17 PFS and OS
were not correlated with IGHV mutation status in patients
treated with continuous Bruton’s tyrosine kinase (BTK)-
inhibitor (BTKi)–based regimens.18–20
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Continuous treatment with a covalent BTKi (ibrutinib,
acalabrutinib, or zanubrutinib) results in high response
rate and survival independent of the IGHV mutation
status.18,19,21–23 The ELEVATE-TN trial showed that
acalabrutinib 6 obinutuzumab resulted in greater PFS
benefit compared with obinutuzumab 1 chlorambucil
both in IGHV-unmutated and IGHV-mutated CLL; how-
ever, in patients with IGHV-mutated CLL, the PFS benefit
was significant only for combined acalabrutinib1 obinu-
tuzumab.19 In the ECOG-ACRIN cancer research group
(E1912) study, ibrutinib 1 rituximab resulted in superior
PFS compared with FCR in patients with IGHV-unmutated
CLL (hazard ratio [HR], 0.27; P,.001) and IGHV-mutated
CLL (HR, 0.27; P,.001).21 The biomarker subgroup
analysis of the SEQUOIA study confirmed that PFS was
significantly better for zanubrutinib (compared with BR)
in patients with IGHV-unmutated and IGHV-mutated
CLL.22 In the FLAIR study, the PFS was significantly better
for ibrutinib1 rituximab (compared with FCR) in patients
with IGHV-unmutated CLL; however, PFS was not sig-
nificantly different between the treatment arms among
patients with IGHV-mutated CLL.23

IGHV-unmutated status remains a prognostic fac-
tor for shorter PFS after fixed-duration treatment with
venetoclax 1 obinutuzumab (VenO).24–27 The extended

follow-up data from the CLL14 study showed that VenO
resulted in longer PFS for patients with IGHV-mutated
CLL compared with those with IGHV-unmutated CLL
(after a median follow-up of 52 months, the median
PFS was not reached for patients in the IGHV-mutated
group compared with 57 months for those in the IGHV-
unmutated group).24 In the phase III randomized GAIA-
CLL13 trial, VenO with or without ibrutinib resulted in
significant PFS benefit among patients with IGHV-
unmutated CLL compared with IGHV-mutated CLL.26

In the multivariable model, IGHV-unmutated status was
an independent predictor of shorter PFS in the pooled
VenO and VenO1 ibrutinib arms.27 Among patients with
IGHV-unmutated CLL, the PFS was longer for patients
randomized to VenO1 ibrutinib compared with VenO.

Cytogenetic Abnormalities
Cytogenetic abnormalities detected by fluorescence in
situ hybridization (FISH) are present in more than 80%
of patients with CLL.28

Del(13q) (55%), del(11q) (18%), trisomy 12 (16%),
del(17p) (7%), and del(6q) (7%) are the most common
abnormalities at the time of diagnosis. Del(13q) as a
sole abnormality was associated with favorable progno-
sis and the longest median survival (133 months) after
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chemoimmunotherapy. Del(11q) is often associated with
extensive lymphadenopathy, disease progression, and shorter
median survival (79months) after chemoimmunotherapy.

Del(17p) reflects the loss of the TP53 gene and is fre-
quently associated with mutation in the remaining TP53
allele. Del(17p) is more frequently observed in patients
with previously treated CLL [suggesting that acquisition
and/or expansion of CLL clones with del(17p) may occur
through treatment]. The prognostic significance of del(17p)
may be dependent on the proportion of malignant cells
with this abnormality, and the prognosis is more favorable
when the percentage of cells with del(17p) is low.29,30

TP53 Aberrations
TP53 aberrations [del(17p) or TP53mutation] are predictors
of poor outcomes with chemoimmunotherapy. Del(17p) is
associated with poor response to chemoimmunotherapy,
short treatment-free interval, and inferior survival.12,28,31

TP53 mutations are predictors of poor survival (indepen-
dent of 17p chromosome status) to chemoimmunotherapy
with fludarabine- or bendamustine-based regimens.32–36

TP53 aberrations also remain an independent predic-
tor of inferior PFS and OS for fixed-duration treatment with
venetoclax-based regimens.25,37 Del(17p) and TP53 muta-
tion are independent predictors of PFS and OS whereas

del(17p) and/or TP53 mutation with IGHV-unmutated
status is associated with the shortest PFS.25,37 Continuous
treatment with a covalent BTKi also results in shorter PFS
and OS in patients with del(17p) or TP53-mutated CLL.
The survival outcomes for CLL in patients with TP53 aber-
rations treated with either a BTKi-based regimen or a ven-
etoclax-based regimen are much better than the survival
outcomes in patients treated with chemoimmunotherapy.

Recurrent Gene Mutations
In addition to TP53 mutation, recurrent mutations with
prognostic implications were identified in ATM, NOTCH1,
SF3B1, and BIRC3 genes. The incidence of these mutations
is approximately 4%–15% in patients with newly diagnosed
CLL, and the incidences are much higher (15%–25%) in
patients with fludarabine-refractory CLL.38–42 ATM, SF3B1
and NOTCH1 mutations were predictors of shorter TTFT
independent of IGHV mutation status, whereas TP53
and NOTCH1 mutations along with IGHV-unmutated
status were predictors of shorter OS.41 In the CLL14 study,
BIRC3 and SF3B1mutations were independent predictors
of inferior PFS after chemoimmunotherapy with chloram-
bucil 1 obinutuzumab, but these mutations had no im-
pact on the clinical outcome after VenO; however, the
follow-upwas short.37
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An integrated prognostic model including NOTCH1,
SF3B1, and BIRC3 mutations along with the cytogenetic
abnormalities detected by FISH was proposed to classify
patients with newly diagnosed or previously untreated
CLL who received rituximab-based chemoimmunotherapy
or fludarabine or alkylating agent-based chemotherapy
into 4 distinct prognostic subgroups: high-risk (TP53
and/or BIRC3 abnormalities); intermediate-risk (NOTCH1
and/or SF3B1 mutations and/or del(11q)); low-risk (tri-
somy 12 and wild-type for all genetic lesions); and very
low-risk [del(13q) only].43 The 10-year survival rates for
the 4 subgroups were 29%, 37%, 57%, and 69%, respec-
tively. This prognostic model may have limited utility
because it excludes the IGHVmutation status.

Complex Karyotype
Complex karyotype (CK;$3 unrelated chromosomal abnor-
malities in .1 cell on CpG-stimulated karyotype of CLL
cells) is associated with inferior clinical outcomes. A retro-
spective analysis of greater than 5,000 patients with avail-
able cytogenetic data indicated that CK was associated with
variable clinical behavior.44 High CK ($5 unrelated chromo-
somal abnormalities) emerged as an adverse prognostic fac-
tor independent of clinical stage, IGHVmutation status, and
TP53 aberrations [del(17p) and/or TP53mutation], whereas

low CK (3 unrelated chromosomal abnormalities) and inter-
mediate CK (4 unrelated chromosomal abnormalities) were
clinically relevant only if coexisting with TP53 aberrations.

CK may be a stronger predictor of poor clinical out-
comes than del(17p) or TP53 mutation in patients with
CLL treated with ibrutinib-based regimens.45–48 It should
be noted that in these studies, del(17p) often correlated
with the presence of CK. Among patients with relapsed/
refractory CLL treated with ibrutinib-based regimens, in a
multivariable analysis, only CK was significantly associated
with shorter event-free survival (EFS; P5.006), whereas CK
(P5.008) and fludarabine-refractory CLL (P5.005) were
independently associated with shorter OS.45 In an analysis
of 308 patients treated with ibrutinib on 4 sequential clini-
cal trials, in a multivariable analysis, CK at baseline, pres-
ence of del(17p), and age,65 years were all independently
associated with shorter time to CLL progression.48 In pa-
tients $65 years without CK or del(17p), the estimated cu-
mulative incidence of CLL progression at 4 years was 2%
compared with 44% in patients ,65 years with CK and
del(17p). CK was not associated with worse PFS in patients
with treatment-naïve CLL treated with zanubrutinib in the
SEQUOIA study.22

High CK was an adverse prognostic factor in patients
with CLL treated with venetoclax-based combination
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regimens.49 In a prospective analysis of the GAIA–CLL13
trial, CK ($3 unrelated chromosomal abnormalities) was
associated with shorter PFS (HR, 2.6; P,.001) and OS (HR,
3.25; P5.044) among patients treated with chemoimmu-
notherapy, whereas only high CK ($5 unrelated chro-
mosomal abnormalities) was an independent adverse
prognosticator for PFS in the pooled venetoclax arms.49

Chemoimmunotherapy resulted in the acquisition of addi-
tional chromosomal abnormalities whereas CK remained
stable after treatment with venetoclax-based regimens.

Beta-2 Microglobulin
Beta-2 microglobulin is readily measured by standard labo-
ratory evaluation of blood samples, and an elevated level of
serum beta-2microglobulin was shown to be a strong inde-
pendent prognostic indicator for treatment-free interval,
response to treatment, and OS in patients treated with first-
line chemoimmunotherapy.50,51 Beta-2 microglobulin was
incorporated in prognostic models for the risk stratification
of patients with CLL.52–55 However, it is influenced in a CLL
disease-independentmanner by renal dysfunction.

Prognostic Models
Several scoring systems and prognostic models incor-
porating traditional and newer prognostic markers were

developed to more accurately predict the clinical course
of disease and outcomes to treatment in patients
with CLL/SLL.

A prognostic nomogram and a more simplified prog-
nostic index (based on age, beta-2 microglobulin, abso-
lute lymphocyte count, sex, Rai stage, and number of
involved lymph nodes) is useful in estimating TTFT in
patients with untreated CLL, including those with early-
stage disease, and the utility of this prognostic index was
confirmed in several studies.53,56,57 The simplified prog-
nostic index is also useful in estimating survival probabil-
ity and stratifies patients with untreated CLL into 3
different risk groups (low, intermediate, and high) with
different survival outcomes.53 The 5-year survival rates
were 97% for low-risk, 80% for intermediate-risk, and
55% for high-risk groups; the 10-year survival rates were
80%, 52%, and 26%, respectively.

In another prognostic model, increased size of cervical
lymph nodes, 3 involved nodal sites, del(17p) or del(11q),
unmutated IGHV status, and elevated serum lactate dehy-
drogenase levels were identified as independent predictors
of shorter TTFT.58 This model may help to identify patients
with newly diagnosed CLL at high risk for disease progres-
sion who may be candidates for clinical trials of interven-
tions to delay TTFT with chemoimmunotherapy.
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The Integrated CLL Scoring System (ICSS) is based
on the cytogenetic abnormalities detected by FISH, IGHV
mutation status, and CD38 expression.59 ICSS stratified
patients into 3 risk groups (low, intermediate, and high)
with different TTFT and OS. ICSS is also helpful to iden-
tify patients with a high likelihood of early progression
who would be candidates for clinical trials evaluating
early interventions.

The International Prognostic Index for CLL (CLL-IPI)
is based on TP53 and IGHV mutation status, serum beta-2
microglobulin concentration, clinical stage, and age.52 The
CLL-IPI was validated in an independent cohort of patients
with newly diagnosed CLL and is useful for predicting
TTFT and risk of progression in patients receiving first-line
chemoimmunotherapy.60 CLL-IPI stratifies patients into 4
risk groups (low, intermediate, high, and very high) with
significantly different OS. The 5-year OS rates were 93%,
79%, 63%, and 23%, respectively for the 4 risk groups.

The International Prognostic Score for Early-Stage
CLL (IPS-E) predicts the likelihood of disease progression
to need treatment in patients with early-stage CLL and
stratifies patients with early-stage CLL into 3 risk groups
with significantly different TTFT.61 The cumulative risk
for the need of treatment after 1 and 5 years of obser-
vation was 14% and 61%, respectively, for patients with

high-risk IPS-E compared with 2% and 28% for patients
with intermediate-risk IPS-E and ,0.1% and 8% for pa-
tients with low-risk IPS-E. These findings need to be vali-
dated in a prospective clinical trial.

Targeted therapies with small molecule inhibitors
have significantly improved survival outcomes and prog-
nostic models were developed to predict the outcome of
patients treated with targeted therapies.54,55 The first
prognostic model is predictive of survival in patients
treated with ibrutinib and stratified patients into 3 risk
groups (high [3–4 points]; intermediate [2 points]; and
low [0 points]) based on TP53 aberrations, prior treat-
ment, elevated serum beta-2 microglobulin and lactate
dehydrogenase.54 The 3-year PFS rates were 47%, 74%,
and 87% for the high-, intermediate-, and low-risk groups,
respectively (P,.0001). The corresponding 3-year OS
rates were 63%, 83%, and 93%, respectively (P,.0001).
This model remained significant in the stratification of
patients with treatment-naïve and relapsed/refractory
CLL. The second prognostic model identified patients
with high-risk previously treated CLL who do not achieve
a good outcome with available targeted therapies (ibruti-
nib, idelalisib, and venetoclax).55 This prognostic model
stratified patients into 3 risk groups based on elevated
serum beta-2 microglobulin and lactate dehydrogenase,
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hemoglobin, and time from initiation of last therapy
(,24 months): low (score 0–1); intermediate (score 2–3);
and high risk (score 4).

Response Criteria
The response criteria developed by the International
Workshop on Chronic Lymphocytic Leukemia (iwCLL)
are outlined in the algorithm on CSLL-E (page 188). In
the clinical practice setting, response assessment involves
both physical examination and evaluation of blood pa-
rameters. The iwCLL guidelines provide further recom-
mendations for the evaluations and response assessments
appropriate for the general clinical practice setting versus
for clinical trials.62

Treatment with both covalent BTKi (ibrutinib, aca-
labrutinib, zanubrutinib) and noncovalent BTKi (pirtobru-
tinib) and phosphatidylinositol 3-kinase inhibitors (PI3Ki;
idelalisib and duvelisib) cause mobilization of lymphocytes
into blood early during treatment initiation, resulting in a
transient lymphocytosis in most patients, which does not
signify disease progression. Prolonged lymphocytosis fol-
lowing ibrutinib treatment was reported to represent the
persistence of a quiescent clone, and slow or incomplete
resolution of lymphocytosis does not appear to impact
outcome as measured by PFS.63

Considering these findings, the iwCLL response crite-
ria were revised to more precisely predict the outcome of
patients with CLL treated with BTKi and PI3Ki.64 The re-
vised iwCLL response criteria allow for the response cate-
gory, partial response (PR) with lymphocytosis (PR-L). In
patients receiving BTKi (ibrutinib, acalabrutinib, zanubru-
tinib, or pirtobrutinib) or PI3Ki (idelalisib or duvelisib),
this response category includes clinical response (reduc-
tion in lymph nodes and splenomegaly with persistent
lymphocytosis, in the absence of other indicators of pro-
gressive disease). Isolated progressive lymphocytosis in
the setting of reduced lymph node size or organomegaly
or improvement in hemoglobin/platelets will not be con-
sidered progressive disease.

Minimal Residual Disease
Assessment of measurable residual disease (MRD; also
referred to as minimal residual disease ) is a highly sensi-
tive indicator of disease burden in patients with CLL and
MRD assessment because part of response evaluation is
incorporated into some clinical trials. Consensus recom-
mendations for the methodology for MRD determina-
tion, assay requirements and tissue selection (blood vs
bone marrow), and the use of MRD in clinical practice
versus clinical trials were published.65,66
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MRD detection can be performed by several methods
with different sensitivities using either blood or bonemar-
row. A commercial next-generation sequencing (NGS)–
based assay was reported to be more sensitive allowing
for the detection of MRD at the level of 1026 (MRD6) and
is the only assay currently available in the United States
that is cleared by the FDA.67–70 NGS-based assays require
collection of a pretreatment sample. Multicolor ($4) flow
cytometry and allele-specific oligonucleotide IGHV real-
time quantitative polymerase chain reaction (ASO-PCR)
are the 2 other methods used for the detection of MRD at
the level of 1024 (MRD4) to 1025 (MRD5) with signifi-
cantly more supporting data from clinical trials. MRD
flow is the most widely used method owing to the exten-
sive availability and reliable detection at the level of
,1024.71 ASO-PCR detects MRD at the level of ,1025;
however, it is less widely used since it is expensive and
more labor intensive.72

BTKi monotherapy does not typically result in unde-
tectable MRD (uMRD) but the use of covalent BTKi in
combination with anti-CD20 monoclonal antibody (mAb)
results in higher rates of uMRD compared with mono-
therapy.19,35,73 In the E1912 phase III randomized trial
that compared FCR versus ibrutinib 1 rituximab, among
patients randomized to ibrutinib 1 rituximab there was

no significant difference in PFS rates based on uMRD
status.74 PFS was significantly longer in patients with
MRD levels of 1021 and continuous treatment with
ibrutinib was necessary to maintain treatment efficacy.
The prognostic value of uMRD has not been confirmed
in the context of BTKi monotherapy or in combination
with anti-CD20 mAb.

uMRD4 at the end of treatment (EOT) with chemo-
immunotherapy or venetoclax-based combination regi-
mens is an independent predictor of improved survival
among patients with previously untreated as well as
relapsed/refractory CLL. Several randomized clinical trials
showed that venetoclax-based combination regimens re-
sult in higher rates of undetectable MRD (uMRD; ,1024,
uMRD4 or ,1026, uMRD6 in blood or bone marrow)
than chemoimmunotherapy. uMRD4 rates at the EOT
with venetoclax-based combination regimens from se-
lected trials are summarized in Table S1 in the Supple-
mentary material (available online with this article).

The association between uMRD status at EOT and
PFS are discussed subsequently. However, it should be
noted that none of the trials studied the use of MRD to
direct treatment. MRD assessment may be useful in clini-
cal practice to provide insight into anticipated PFS dura-
tion, but not to reliably recommend treatment duration
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or treatment decisions for patients on targeted therapy at
the present time. At the present time, MRD assessment
is not recommended (outside of clinical trials) as part
of response evaluation.

Previously Untreated CLL/SLL

Chemoimmunotherapy
In the combined analysis of 2 randomized phase III studies
(CLL8 and CLL10), MRD status at the EOT with chemoim-
munotherapy correlated with better survival in a multivari-
able analysis.75 Among patients who experienced complete
response (CR) and PR, PFS was longer for those with
uMRD4 CR and uMRD4 PR (61 and 54 months, respec-
tively) than those withMRD-positive CR andMRD-positive
PR (35 and 21 months, respectively).75 The persistence of
posttreatment splenomegaly as a sole abnormality in pa-
tients with uMRD4 did not have a negative impact on PFS.

In a prospective study of 289 patients with previously
untreated CLL, uMRD4 at the EOT with FCR correlated
with longer PFS.76 The median PFS was not reached for
patients with uMRD compared with 38 months for those
with detectable MRD (P,.001). MRD level (#1% vs.1%)
after 3 courses of FCR predicted greater likelihood of
achieving uMRD by the EOT (64% vs 9%; P,.001). PFS

was significantly longer for patients with MRD #1% ver-
sus.1% after 3 courses of FCR (median 73 vs 41months,
P,.001), but similar for,0.01% versus 0.01%–1%.

Venetoclax1Obinutuzumab (With or Without Ibrutinib)
In the CLL14 study, uMRD4 status at the EOT correlated
with improved survival in both treatment arms.25 Deeper
uMRD remissions (uMRD5 and uMRD6) were more fre-
quent with VenO and PFS was longer in patients with
uMRD6 compared with those with detectable MRD4 at
EOT. The 4-year PFS rates were 77% for patients with
uMRD6 and 36% for those with detectable MRD4. The
4-year OS rate was 89% for patients with uMRD4 and
64% for those with detectable MRD4.

In the phase III randomized GAIA–CLL13 trial, VenO
(with or without ibrutinib) resulted in significantly higher
uMRD4 rates (P,.001) compared with chemoimmuno-
therapy, but the uMRD4 rate was not significantly higher
with venetoclax1 rituximab (VenR; P5.32).26 At 15months
after EOT, more patients experienced uMRD6 with VenO
(60%) and VenO1 ibrutinib (66%) than with chemoimmu-
notherapy (23%).27 After a median follow-up of 51 months,
uMRD6 was associated with longer PFS compared with de-
tectable MRD6 in patients randomized to VenO with or
without ibrutinib.27
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Ibrutinib1 Venetoclax
The results of the phase II randomized CAPTIVATE study
showed that fixed-duration treatment with ibrutinib 1

venetoclax resulted in high rates of uMRD4 in all sub-
groups [del(17p) and/or mutated TP53, del(11q), and
IGHV-unmutated CLL]. In the fixed-duration cohort,
uMRD4 rates were 81% (blood) and 41% (bone marrow)
for patients with del(17p) and/or mutated TP53; uMRD4
rates were higher in patients with IGHV-unmutated CLL
(84% in blood; 64% in bone marrow) compared with
IGHV-mutated CLL (67% in blood; 53% in bone mar-
row).77 In the MRD cohort, patients were assigned to sub-
sequent treatment based on the uMRD4 status at EOT.78,79

Patients without confirmed uMRD4 were randomized to
receive ibrutinib 1 venetoclax (n532) or ibrutinib (n531);
postrandomization uMRD4 rates were higher with ibruti-
nib 1 venetoclax than with ibrutinib.78 The estimated
3-year PFS rates were 97% for patients in both treatment
arms. Patients with confirmed uMRD4 (n586) were ran-
domized to receive placebo or ibrutinib. The estimated
4-year PFS rates were 95% for those assigned to ibrutinib
and 88% for those assigned to placebo. The 4-year OS rates
were not significantly different for the 2 treatment arms
(100% and 98%, respectively).79

In the phase III randomized GLOW study, a higher rate
of uMRD4 at 3 months after EOT (EOT13) was observed

with fixed-duration ibrutinib 1 venetoclax across all sub-
groups, including del(11q) and IGHV-unmutated CLL.80,81

The estimated PFS rate for patients with uMRD4 in the
bone marrow at 12 months after EOT (EOT112) was 96%
for ibrutinib 1 venetoclax compared with 83% for chlor-
ambucil 1 obinutuzumab.81 The rate of uMRD5 was also
higher with ibrutinib 1 venetoclax (45% in blood; 40% in
bonemarrow) compared with chlorambucil1 obinutuzu-
mab (22% in blood and 6% in bone marrow). After a me-
dian follow-up of 55 months, PFS benefit was observed,
particularly in patients with IGHV-unmutated CLL, who
experienced uMRD4 at EOT13; PFS rates at 3 years after
EOT were also higher with ibrutinib 1 venetoclax among
patients with IGHV-mutated CLL independent of the
MRD status at EOT13.82

Treatment with ibrutinib 1 venetoclax for 2 years re-
sulted in high uMRD4 rates in patients with previously
untreated CLL/SLL.83,84 In the interim analysis of the
FLAIR study (274 patients randomized between ibrutinib
and ibrutinib 1 venetoclax), the uMRD4 response rates
were higher in patients with IGHV-unmutated CLL (83%
in blood; 80% in bone marrow) compared with IGHV-
mutated CLL (64% in blood; 56% in bone marrow) within
2 years of treatment with ibrutinib 1 venetoclax.83 Large
ongoing clinical trials will help to clarify the optimal du-
ration of first-line treatment with combined targeted
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therapy and the importance of the difference in uMRD
rates between IGHV-mutated and IGHV-unmutated CLL
with different regimens.

Relapsed/Refractory CLL/SLL
In the MURANO study comparing VenR vs BR, uMRD as
best MRD response at any time during the study was
higher with VenR (83% vs 23%) and the 5-year follow-up
data showed that uMRD at the EOT with VenR was asso-
ciated with improved PFS and OS.85,86 The 3-year PFS
rates after EOT were 61% for those with uMRD4 com-
pared with 41% for those with low-MRD-positive disease
(1024 to ,1022). The 3-year OS rates after EOT were 95%
and 73%, respectively, for those with uMRD4 and low-
MRD-positive disease (1024 to ,1022) or high-MRD-
positive disease (.1022).86 Unmutated IGHV, del(17p),
and genomic complexity ($3 copy number variations)
were associated with higher rates of conversion to detect-
able MRD4 and subsequent progressive disease after at-
taining uMRD4 at EOT.86 Pre-existing TP53, NOTCH1, and
BIRC3mutations were associated with lower rates of initial
attainment of uMRD4 among patients treated with VenR.87

The results of the phase II single-arm CLARITY study
showed that treatment with ibrutinib 1 venetoclax also
resulted in high rates of uMRD4 in patients with relapsed/
refractory CLL/SLL.88,89 The duration of treatment was

based on the time to achieve uMRD4 in both blood and
bone marrow (14 months for patients with uMRD4 at 8
months; 26 months for those with uMRD4 at 14 months
and/or at 26-month follow-up; venetoclax was discontin-
ued and ibrutinib was given until disease progression in
patients with detectable MRD at 26months). In an explor-
atory analysis, the achievement of uMRD4 after 6 months
or a 2-log reduction in MRD levels after 2 months of treat-
ment with ibrutinib 1 venetoclax resulted in sustained
uMRD4 status and ability to discontinue treatment.89

These findings confirm that uMRD4 after EOT with
venetoclax-based combination regimens is an indepen-
dent predictor of longer PFS.

Diagnosis
The diagnosis of CLL requires the presence of at least
53 109/L monoclonal B-lymphocytes in the peripheral
blood and the clonality of B cells should be confirmed by
flow cytometry (CSLL-1).62 The diagnosis of SLL requires
the presence of lymphadenopathy and/or splenomegaly
with less than 53 109/L monoclonal B lymphocytes in
the peripheral blood.62 B cells with a CLL/SLL phenotype
may be found in samples from patients with reactive
lymph nodes; however, a diagnosis of SLL should only be
made when there is effacement of the lymph node archi-
tecture by histology.
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Immunophenotype by flow cytometry (blood) is ade-
quate for the diagnosis of CLL; bone marrow biopsy is
generally not required. A diagnosis of SLL should ideally
be confirmed by lymph node biopsy. Evaluation of cyclin
D1 (flow cytometry or IHC) or FISH analysis for t(11;14),
flow cytometry evaluation of CD200, IHC for LEF1 and
SOX11 may be helpful in the differential diagnosis of
CLL, especially be helpful in suspected cases of mantle
cell lymphoma that are cyclin D1-negative.90–93

FISH for the detection of del(11q), del(13q), trisomy
12, del(17p), CpG-stimulated metaphase karyotype, TP53
sequencing, and molecular genetic analysis for IGHV
mutation status can provide useful prognostic informa-
tion and may guide selection of therapy.

Interphase FISH is the standard method to detect spe-
cific chromosomal abnormalities that may have prognostic
significance. Conventional metaphase karyotype is difficult
in CLL due to the very low in vitro proliferative activity of
the leukemic cells. CpG oligonucleotide stimulation can be
used to enhancemetaphase cytogenetics.94,95

Molecular analysis for IGHV mutation status is pre-
ferred over flow cytometry. IGHV mutation testing is rec-
ommended based on reproducibility and ready availability.
IGHVmutation status is necessary when considering treat-
ment with chemoimmunotherapy.

Monoclonal B-Cell Lymphocytosis
Monoclonal B-cell lymphocytosis (MBL) is a condition in
which an abnormal monoclonal B-cell population with
the immunophenotype of CLL is present but does not
meet the diagnostic criteria for CLL (see CSLL-1, page
176).96,97 An absolute monoclonal B-lymphocyte count of
,53 109/L that is stable over a 3-month period in the ab-
sence of palpable lymphadenopathy or other clinical fea-
tures characteristic of a lymphoproliferative disorder (ie,
anemia, thrombocytopenia, constitutional symptoms, or-
ganomegaly) is defined as MBL.98

MBL is further categorized into low-count MBL
(,0.53 109/L) that rarely progresses to CLL and high-
count MBL (0.5–4.93 109/L) that can progress to CLL
requiring therapy at a rate of 1%–2% per year.99,100 High-
count MBL is distinguished from Rai 0 CLL based on
whether the monoclonal B-cell count is above or below
53 109/L.101 A nodal variant characterized by nodal infil-
tration of CLL-line cells without apparent proliferation
centers and absence of lymphadenopathy was also de-
scribed in a subset of patients with MBL.102

MBL is associated with favorable molecular charac-
teristics, including mutated IGHV and del(13q), lower
prevalence of del(11q)/del(17p) and wild-type TP53, slower
lymphocyte doubling time, longer treatment-free survival,
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and very low rate of progression to CLL.97 Observation is
recommended for all individuals withMBL.

Workup
The workup for CLL/SLL is outlined in CSLL-2 (page 178).
Quantitative immunoglobulin levels may be informative in
patients with recurrent infections. Measurement of beta-2
microglobulin may provide useful prognostic informa-
tion.53 Reticulocyte count and a direct Coombs test should
be performed to evaluate for the possibility of hemolysis
and pure red cell aplasia in patients with anemia.

Bone marrow involvement (diffuse vs nodular) is no
longer a prognostic factor with the availability of more re-
liable prognostic markers that can be analyzed using pe-
ripheral blood (eg, IGHV mutation status and cytogenetic
abnormalities detected by FISH). Thus, bone marrow
biopsy 6 aspirate is no longer considered essential for
the diagnostic or prognostic evaluation of patients with
suspected CLL, but it may be informative to confirm the
presence of immune-mediated or disease-related cytope-
nias before the start of treatment.

CT scans are not generally recommended for routine
monitoring of treatment response or disease progression
in asymptomatic patients. CT scans may be useful for
the evaluation of symptoms of bulky disease, or for the

assessment of risk for tumor lysis syndrome (TLS) before
the start of venetoclax and for treatment response assess-
ment in patients with SLL. PET scan is generally not use-
ful in CLL but can assist in directing nodal biopsy if
Richter’s transformation is suspected.103,104

Assessment of Functional Status and
Comorbidity
CLL/SLL is diagnosed mainly in older adults, with a me-
dian age of 72 years at diagnosis. The age cutoff of 65
years is used inmost of the chemoimmunotherapy-based
clinical trials, including the studies conducted by the Ger-
man CLL Study Group (GCLLSG).105 Comorbidities are
frequently present in older patients and the presence of
multiple comorbidities ($2 comorbidities) was an inde-
pendent predictor of clinical outcome, independent of
patients’ age or disease stage.106

Cumulative Illness Rating Scale (CIRS), Charlson Co-
morbidity Index, and the NCI Comorbidity Index are
some of the scoring systems that can be used to assess
comorbidities in patients with CLL. CIRS in combination
with creatinine clearance (CrCl) was used by the GCLLSG
to assess the overall fitness of patients enrolled in clinical
trials.106,107 In the CLL14 study, CIRS score .6 or an esti-
mated CrCl ,70 mL/min was used as the eligibility crite-
ria for patients with significant comorbidities.108,109
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First-Line Therapy

Localized SLL (Lugano stage I)
Locoregional radiation therapy (RT) is an appropriate in-
duction therapy for patients with symptomatic localized
disease (CSLL-3). In rare patients, RT may be contraindi-
cated or may be a suboptimal therapy due to the pres-
ence of comorbidities or the potential for long-term
toxicity. Patients with localized SLL that progressed after
initial RT should be treated as described in the subse-
quent section for patients with SLL (Lugano stage II–IV).

SLL (Lugano Stage II–IV) or CLL (Rai Stages 0–IV)
Early-stage disease in some patients may have an indolent
course and in others may progress rapidly to advanced
disease requiring immediate treatment. In a randomized
prospective phase III study of patients with early-stage
high-risk CLL, although FCR resulted in high overall re-
sponse rate (ORR) (93%) and significantly prolonged EFS
(median not reached vs 19 months; P,.001) compared
with watch and wait, there was no significant OS benefit
(5-year OS rate was 83% with FCR compared with 80% for
watch and wait).110 The results of the CLL12 trial did not
demonstrate survival benefit for early treatment with
ibrutinib in patients with early-stage, high-risk CLL (high-
risk defined according to the GCLLSG index).111

These results confirm that a “watch andwait” approach
remains the appropriate management strategy for all pa-
tients, in the absence of disease symptoms. Treatment will
be beneficial if patients become symptomatic or show evi-
dence of progressive disease.62 Selected patients with mild,
stable cytopenia may continue to be observed and other
causes of anemia or thrombocytopenia should be excluded.

Indications for initiating treatment include severe fa-
tigue, weight loss, night sweats, and fever without infec-
tion; threatened end-organ function; progressive bulky
disease (enlarged spleen or lymph nodes); progressive
anemia or thrombocytopenia; or steroid-refractory auto-
immune cytopenia (CSLL-3).62 Absolute lymphocyte count
alone is not an indication for treatment in the absence of
leukostasis, which is rarely seen in patients with CLL.

In patients with indications for initiating treatment,
age, functional status, comorbidities, and the presence or
absence of del(17p) or TP53 mutation should help to di-
rect treatment options as outlined in CSLL-4A, CSLL-4B
and CSLL-5 (pages 180, 181, and 182). Re-evaluation for
TP53 mutation status and del(17p) by FISH, and IGHV
mutation status (if not previously done) are recom-
mended before starting treatment. IGHV mutation status
is important for the selection of initial treatment when
considering chemoimmunotherapy and is helpful in
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discussing the anticipated remission duration with fixed-
duration targeted therapy. CpG-stimulated karyotyping is
useful to identify patients with high-risk CLL, particularly
for treatment with targeted agents and developing a long-
term treatment strategy.

In addition to the aforementioned disease- and pa-
tient-specific factors, agents’ toxicity profile and duration
of treatment (continuous vs fixed duration) should also
be considered for the selection of first-line therapy. Cova-
lent BTKis (acalabrutinib, ibrutinib, and zanubrutinib)
are given continuously until disease progression, whereas
venetoclax-based combination regimens offer a fixed-
duration treatment with a treatment-free remission pe-
riod. As discussed previously, fixed-duration treatment
with venetoclax-based combination regimens also re-
sults in higher rates of uMRD, which is an independent
predictor of improved survival.

The NCCN CLL Panel stratified all the regimens into
3 categories (based on the evidence, efficacy, toxicity, pre-
existing comorbidities, and in some cases access to cer-
tain agents): preferred regimens, other recommended reg-
imens, and useful in certain circumstances.

CLL/SLL Without del(17p) or TP53Mutation

Preferred Regimens
Covalent BTKi (acalabrutinib 6 obinutuzumab, zanubru-
tinib) and VenO are included as preferred treatment op-
tions, based on the results of the phase III randomized
studies (ELEVATE-TN, SEQUOIA, and CLL14).19,20,109

The efficacy data are discussed subsequently and are
summarized in Supplementary Table 2.

Acalabrutinib 6 Obinutuzumab
In the phase III ELEVATE-TN trial, acalabrutinib 6 obi-
nutuzumab resulted in superior PFS compared with
chlorambucil 1 obinutuzumab in patients with previ-
ously untreated CLL.19 Acalabrutinib 1 obinutuzumab
was associated with a PFS benefit in patients with IGHV-
unmutated CLL as well as IGHV-mutated CLL compared
with chlorambucil 1 obinutuzumab. At a median follow-
up of 75 months, 72-month PFS rate was longer with aca-
labrutinib1 obinutuzumab compared with acalabrutinib
(78% vs 62%). There was also a trend toward improved
OS for acalabrutinib1 obinutuzumab (72-month OS rate
was 84% compared with 76% for acalabrutinib mono-
therapy), although the study was not powered to com-
pare the PFS benefit between the 2 acalabrutinib arms.112

Acalabrutinib was granted broad FDA approval for
the treatment of patients with untreated and relapsed/re-
fractory CLL based on the results of the ELEVATE-TN
and ELEVATE-RR trials.19,113 Acalabrutinib 6 obinutuzu-
mab is included with a category 1 recommendation for
all patients with CLL without del(17p) or TP53 mutation
(see CSLL-D, 1 of 6, page 184).

Venetoclax 1 Obinutuzumab
The CLL14 study established VenO as an effective fixed-
duration chemotherapy-free first-line treatment option
with significantly improved PFS compared with chloram-
bucil 1 obinutuzumab in patients $65 years or younger
patients with comorbidities (CIRS score .6 or an esti-
mated CrCl ,70 mL/min).108,109 The uMRD4 rate at the
EOT was significantly higher with VenO (74% vs 34%;
P,.0001), and this combination was also associated with
lower rate of conversion to MRD-positive status 1 year
after treatment.24

VenO was granted broad FDA approval for the
treatment of patients with CLL and is included with a cat-
egory 1 recommendation for patients $65 years or youn-
ger patients with significant comorbidities (see CSLL-D,
1 of 6, page 184).

The efficacy of VenO in patients ,65 years of age
without significant comorbidities was established in the
phase III randomized GAIA–CLL13 trial.26 The 4-year
follow-up data confirmed that VenO with or without ibru-
tinib was associated with superior PFS compared with
chemoimmunotherapy (FCR or BR).27 The panel members
agreed that VenO is also an appropriate fixed-duration
chemotherapy-free treatment option for younger patients
without comorbidities and the panel consensus was to
include VenO with a category 1 recommendation for pa-
tients ,65 years of age without significant comorbidities
(CSLL-D, 1 of 6, page 184).

Zanubrutinib
Zanubrutinib is a highly selective/specific covalent BTKi
that is FDA-approved for the treatment of CLL. In the
phase III SEQUOIA study, zanubrutinib resulted in
higher ORR and statistically significant improvement in
PFS compared with BR in patients with untreated CLL
without del(17p)/TP53 mutation (HR, 0.42; P,.0001).20

The biomarker subgroup analysis from the SEQUOIA
study confirmed that PFS benefit with zanubrutinib was
observed in all subgroups including patients with del(11q)
(P,.001), unmutated IGHV (P,.0001) and mutated
IGHV (P,.01).22

Based on the results of the SEQUOIA study, zanubru-
tinib is included with a category 1 recommendation (see
CSLL-D, 1 of 6, page 184).

Other Recommended Regimens

Ibrutinib
In the RESONATE-2 study, after a median follow-up of
5 years, ibrutinib resulted in a significantly higher ORR
(P,.0001) and significantly longer PFS rate (P,.0001)
compared with chlorambucil in patients$65 years without
del(17p).114 With 57% of patients switching to ibrutinib after
disease progression on chlorambucil, the estimated 5-year
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OS rate was also higher with ibrutinib (without censoring
for crossover from chlorambucil). Ibrutinib also improved
PFS compared with chlorambucil in patients with high-risk
CLL and the estimated 5-year PFS rates were 79% and
67%, respectively, for patients with del(11q) and unmutated
IGHV. Extended long-term data confirmed the sustained
PFS benefit of ibrutinib as first-line therapy for patients
with CLL, including those with high-risk genomic features
of unmutated IGHV (HR, 0.109) or del(11q) (HR, 0.033).18

The Alliance North American Intergroup Study
(A041202) showed primary benefit for ibrutinib and ibru-
tinib 1 rituximab in patients with unmutated IGHV (61%
of patients had unmutated IGHV) rather than mutated
IGHV.35,36 The presence of CK did not have an impact on
PFS among patients treated with ibrutinib. The estimated
2-year PFS rates were 91% and 87%, respectively, for ibru-
tinib and ibrutinib1 rituximab among patients with CK.

Ibrutinibmonotherapy was approved for first-line ther-
apy for all patients based on the results of the RESONATE-2
study that established the efficacy of ibrutinibmonotherapy
as first-line therapy only in patients $65 years without
del(17p).18,114 The ECOG-ACRIN cancer research group
(E1912) study and the FLAIR study (median age: 62 years;
patients.75 years and.20% del(17p) cells were excluded)
showed that ibrutinib 1 rituximab was more effective than
FCR for patients #70 years without del(17p)/TP53 muta-
tion, especially for those with unmutated IGHV, indicating
that ibrutinib may also be an appropriate option for
younger patients with IGHV unmutated CLL.21,23,115

Ibrutinib is included with a category 1 recommenda-
tion for patients $65 years or younger patients with sig-
nificant comorbidities as well as for patients ,65 years
without del(17p) or TP53 mutation (CSLL-D, 1 of 6, page
184). The panel consensus to list ibrutinib under other
recommended regimens is based on the toxicity profile.
Randomized clinical trials demonstrated a more favor-
able toxicity profile for acalabrutinib and zanubrutinib
(compared with ibrutinib).113,116

Ibrutinib 1 Obinutuzumab or Rituximab
Ibrutinib 1 obinutuzumab was approved by the FDA for
first-line therapy based on the results of the iLLUMINATE
study and there are no randomized clinical trials that
compare ibrutinib versus ibrutinib1 obinutuzumab.73

The E1912 and FLAIR studies showed that ibrutinib 1

rituximab was more effective than FCR for patients #70
years without del(17p)/TP53 mutation, especially for those
with unmutated IGHV, indicating that ibrutinib may also be
an appropriate option for younger patients with IGHV un-
mutated CLL.21,23 The results of 2 other randomized phase
III trials confirmed that ibrutinib 1 rituximab is more
effective than chemoimmunotherapy for previously un-
treated CLL without del(17p) or TP53mutation in patients
$65 years or younger patients with comorbidities.35,36,73,117

However, the addition of rituximab to ibrutinib did not re-
sult in improved clinical outcomes comparedwith ibrutinib
monotherapy in these 2 randomized studies. In the Alliance
North American Intergroup Study (A041202), the estimated
48-month PFS rates were 76% for both ibrutinib 1

rituximab and ibrutinibmonotherapy.36 In a single-center
randomized study of 208 patients with high-risk CLL
(27 patients with untreated CLL), at a median follow-up of
36months, the estimated PFS rates were 86% and 87%, re-
spectively, for ibrutinib and ibrutinib1 rituximab.117

In all of the previously mentioned randomized clini-
cal trials that evaluated ibrutinib 1 rituximab or obinutu-
zumab, ibrutinib was given continuously until disease
progression or intolerance and obinutuzumab or rituxi-
mab was added to the combination arm only for the first
6 cycles. Therefore, the consensus was that the longer PFS
was more the result of continuous and indefinite treat-
ment with ibrutinib, rather than due to the contribution
of an anti-CD20 mAb (rituximab or obinutuzumab) dur-
ing the first 6 months of treatment. Improved outcomes
with addition of an anti-CD20 mAb may more likely be
seen with fixed-duration treatment with this regimen.

Ibrutinib 1 rituximab (for patients ,65 years with-
out significant comorbidities) and ibrutinib 1 obinutu-
zumab are included with a category 2B recommendation
(see CSLL-D, 1 of 6, page 184).

Ibrutinib 1 Venetoclax
The results of the CAPTIVATE study showed that fixed-
duration treatment with ibrutinib 1 venetoclax results in
improved PFS with high rates of durable response and
uMRD4 across all patient subgroups.77–79 In the fixed-
duration cohort, with a median follow-up of 28 months,
the estimated 24-month PFS rate was 95% for the overall
study population [96% for patients without del(17p)/
TP53 mutation; 93% and 97%, respectively, for those with
unmutated IGHV and mutated IGHV].77 The estimated
24-month OS rates were 98% for the overall study popu-
lation patients and also for patients without del(17p).

PFS was also significantly longer for ibrutinib1 vene-
toclax compared with chlorambucil 1 obinutuzumab in
the GLOW trial.80,81 The 55-month follow-up data showed
that ibrutinib 1 venetoclax was also associated with im-
proved OS compared with chlorambucil 1 obinutuzu-
mab.82 The FLAIR study demonstrated that ibrutinib 1

venetoclax is also superior to FCR in terms of PFS in pa-
tients without del(17p)/TP53mutation.84

In the GLOW trial, ibrutinib1 venetoclax was associ-
ated with significant toxicity (grade $3 adverse events
occurred in 76% of patients and atrial fibrillation [any
grade] was reported in 14% of patients) and treatment-
related deaths were reported in 7% of patients.80 Cardiac
or sudden deaths during treatment occurred in patients
with a CIRS score of $10 or an Eastern Cooperative
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Oncology Group performance-status score (ECOG PS)
of 2 and with a history of hypertension, cardiovascular
disease, and/or diabetes. This increase in toxicity may
be related to the advanced age of patients enrolled in
the study.

The combination of ibrutinib 1 venetoclax is not
FDA approved for the treatment of CLL/SLL in the United
States. Based on the safety profile and the absence of
data from randomized studies comparing this combina-
tion with other approved targeted therapies, the panel
consensus was to include ibrutinib1 venetoclax as a cat-
egory 2B recommendation under other recommended
regimens (see CSLL-D, 1 of 6, page 184).

Useful in Certain Circumstances

Chemoimmunotherapy
With multiple randomized trials showing the superior effi-
cacy of covalent BTKi- and venetoclax-based combination
regimens over chemoimmunotherapy, the panel acknowl-
edges that chemoimmunotherapy should no longer be the
preferred first-line treatment option for the vast majority
of patients. However, most panel members acknowledge
that chemoimmunotherapy (discussed subsequently) may
be an acceptable treatment option in selected circumstan-
ces: fit patients with IGHV-mutated CLL, in instances
when rapid disease debulking is needed or in a small frac-
tion of patients in whom BTKi and venetoclax-based regi-
mens are contraindicated (CSLL-D, 1 of 6, page 184).

Fludarabine, Cyclophosphamide, and Rituximab
The FCR regimen results in high response rates and im-
proved PFS and OS in specific subgroups of fit patients
with previously untreated CLL, especially in those with
mutated IGHV.10,12,21,118

FCR could be considered as a first-line therapy option
for IGHV-mutated CLL in patients ,65 years without sig-
nificant comorbidities because the FCR regimen results in
high response rates and improved PFS and OS in this spe-
cific subgroup of patients with previously untreated CLL,
with a plateau on the PFS curve beyond 10 years.10,12,118

Bendamustine 1 Anti-CD20 Monoclonal Antibody
In the CLL10 study, although the PFS benefit of FCRwas sig-
nificant in physically fit patients,65 years, therewas no sig-
nificant difference in PFS between BR and FCR as first-line
therapy for CLL without del(17p) in patients .65 years.118

The incidence of severe neutropenia and infections was
significantly more frequent in the FCR arm, especially
among patients .65 years, and the incidences of second-
ary acute myeloid leukemia or myelodysplastic syndrome
were also significantly higher in the FCR arm.118

Bendamustine 1 anti-CD20 mAb (rituximab or obi-
nutuzumab) may be a reasonable alternative for patients

$65 years or younger patients with significant com-
orbidities.118–120

Obinutuzumab 6 Chlorambucil
Given the favorable tolerability profile, obinutuzumab
monotherapy or in combination with chlorambucil might
be an acceptable treatment option for a small fraction
of patients for whom more intensive regimens are not
appropriate.121–123

Obinutuzumab 6 chlorambucil is included with a
category 2A recommendation for patients $65 years or
younger patients with significant comorbidities (CrCl
,70 mL/min).

High-Dose Methylprednisolone 1 Rituximab or
Obinutuzumab
High-dose methylprednisolone (HDMP)1 rituximab was
associated with a lower risk of myelosuppression and
lower incidences of infectious complications (attributed
to treatment in the frontline setting, good performance
status of the patients, use of anti-infective prophylaxis
during treatment, and the administration of intrave-
nous immunoglobulin to patients with infections and
hypogammaglobulinemia).124,125

HDMP1 rituximab or obinutuzumab is included with
a category 2B recommendation for patients $65 years or
younger patients with significant comorbidities and a
category 3 recommendation for patients ,65 years
without significant comorbidities.

CLL/SLL With del(17p) or TP53Mutation
Limited data are available from prospective clinical studies
on the efficacy of covalent BTKis or BCL2 inhibitors as
first-line therapy for patients with del(17p)/TP53 mutated
CLL. Patients with del(17p) CLL were not eligible for enroll-
ment in the RESONATE-2 study, the E1912 study, the
GLOW study, the FLAIR study, and the GAIA–CLL13
study.18,21,23,26,80 Chemoimmunotherapy is contraindicated
for del(17p)/TP53mutated CLL due to low response rates.

In the RESONATE-2 study, the OS benefit with ibruti-
nib was observed in patients with TP53mutation, del(11q),
and/or unmutated IGHV, and the estimated 5-year PFS
rate was 56% for the group of 12 patients with TP53 muta-
tion.18 However, comparison between ibrutinib and chlor-
ambucil could not be made because only 3 patients in the
chlorambucil group had TP53mutation.

In a phase II trial that included 34 treatment-naïve
patients with TP53 aberrations [32 patients with del(17p);
2 patients with TP53 mutation without del(17p); median
age 62 years], ibrutinib resulted in an ORR of 97% (30%
CR; 64% PR; 3% PR-L) and the estimated 6-year PFS and
OS were 61% and 79%, respectively.126

Results from the pooled analysis of clinical trials
(PCYC-1122e, E1912, RESONATE-2, and iLLUMINATE)
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also confirmed the long-term safety and efficacy of ibruti-
nib as first-line therapy in patients with TP53 aberrations.127

With a median follow-up of 50 months, the estimated
4-year PFS and OS rates were 79% and 88%, respectively.
The ORR was 93% (CR in 39% of patients). As mentioned
previously, the RESONATE-2 study, and the E1912 study
excluded patients with del(17p) CLL and TP53 mutation
was identified retrospectively. Additionally, there are also
data suggesting that TP53 mutation in the absence of
del(17p) also confers increased risk. However, it may not
be as notable as that associated with the concurrent pres-
ence of TP53mutation and del(17p).33

In the CAPTIVATE study (n5159; 27 patients had del
(17p) and/or TP53mutation), the estimated 24-month PFS
and OS rates for ibrutinib 1 venetoclax were 84% and
96%, respectively, for those with del(17p)/TP53mutation.77

In the ELEVATE-TN study, the PFS benefit for acalab-
rutinib 6 obinutuzumab was seen across all patient sub-
groups including those with del(17p) or TP53 mutation
but only 14% of patients had del(17p) CLL.19 In patients
with del(17p) and/or TP53 mutation, the estimated
72-month PFS rate was 56% for both acalabrutinib1 obinu-
tuzumab and acalabrutinib monotherapy, indicating no
benefit with the addition of obinutuzumab to acalabruti-
nib. The estimated 72-month OS rates were 68%, 72%,
and 53% for acalabrutinib, acalabrutinib 1 obinutuzu-
mab, and chemoimmunotherapy, respectively.112

In the phase III SEQUOIA study, patients with del(17p)
were not part of the randomized cohort but were enrolled
only to single-agent zanubrutinib or, subsequently, to the
combination of zanubrutinib and venetoclax.20 In the pro-
spectively enrolled nonrandomized cohort [111 patients
with del(17p)/TP53 mutated CLL], single-agent zanubruti-
nib resulted in a higher ORR and statistically significant im-
provement in PFS compared with BR. The best ORR and
18-month PFS rates were 98% and 89%, respectively, for pa-
tients with high del(17p) ($20%), and 92% and 88%, respec-
tively, for patients with low del(17p) (.7% to,20%).128

In the CLL14 study, the PFS benefit for VenO was also
seen across all patient subgroups including those with
del(17p) or TP53mutation [del(17p) or mutated TP53 were
seen in only 8% and 12% of patients, respectively].109

Enrollment in an appropriate clinical trial is rec-
ommended for patients with untreated del(17p) CLL.
Given currently available data (as discussed previously),
acalabrutinib 6 anubrutinib, anubrutinib, and VenO are
included as preferred treatment options for first-line
therapy with a category 2A recommendation (see CSLL-D,
3 of 6, page 186).19,20,109

Ibrutinib (category 1) and ibrutinib 1 venetoclax
(category 2B) are included as options under other recom-
mended regimens (CSLL-D, 3 of 6, page 186). The panel
consensus to list ibrutinib under other recommended
regimens is based on the toxicity profile.

The panel emphasizes that the efficacy of BTKi-based
regimens in del(17p) CLL/SLL exceeds that of the other
regimens and BTKi-based regimens should be considered
as the best choice in the absence of a contraindication to
covalent BTKi. HDMP1 rituximab or obinutuzumab124,125

or obinutuzumab121 can be considered in selected circum-
stances when rapid disease debulking is needed or in a
small fraction of patients in whom covalent BTKi and ven-
etoclax-based regimens are contraindicated (see CSLL-D,
3 of 6, page 186).

Second-Line and Subsequent Therapy
In patients with disease responding to covalent BTKi, treat-
ment should be continued until progression and/or intol-
erance. If treated with fixed-duration venetoclax-based
treatment or chemoimmunotherapy, observation is recom-
mended until relapse with indications for retreatment.

In patients with relapsed/refractory disease requiring
treatment, the selection of second-line therapy should be
based on the type of first-line therapy, duration of remis-
sion, and acquired resistance to treatment. Recommen-
dations for the selection of second-line therapy based on
outcomes after first-line therapy are outlined on CSLL-4A,
CSLL-4B, and CSLL-5 (pages 180, 181, and 182).

The efficacy data from randomized clinical trials that
evaluated small-molecule inhibitors for relapsed/refrac-
tory CLL/SLL are discussed subsequently and are sum-
marized in Supplementary Table S3.

BTK Inhibitors

Covalent BTK Inhibitors
Acalabrutinib, ibrutinib, and zanubrutinib are also ap-
proved for treatment of relapsed/refractory CLL/SLL based
on the results of phase III randomized studies (ASCEND,
ELEVATE-RR, RESONATE, and ALPINE trials).113,116,129,130

The PFS benefit compared with chemoimmunotherapy
was seen across all patient subgroups including those with
del(17p) or TP53mutation.

In the ASCEND study, at a median follow-up of 47
months, themedian PFS was 46months and the 42-month
PFS rate was 62% for patients with del(17p)/TP53mutation
assigned to acalabrutinib.129 The phase III ELEVATE-RR
trial demonstrated that acalabrutinib is noninferior to ibru-
tinib in terms of PFS and was also associated with a more
favorable safety profile in patients with relapsed/refractory
del(17p) or del(11q) CLL.113

The final analysis of the RESONATE study showed
that the presence of del(17p)/TP53 mutation or CK was
not associated with inferior PFS outcomes to ibrutinib.130

In an exploratory analysis that combined data from pa-
tients with del(17p) and TP53 mutation, the median PFS
was 41 months for patients with del(17p) and/or TP53
mutation versus 57 months for those without del(17p) or
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TP53mutation. Similarly, the median PFS was 41months
for patients with CK compared with 45 months for those
without CK. The phase II RESONATE-17 study estab-
lished the efficacy and safety of ibrutinib in patients with
relapsed or refractory del(17p) CLL (n5145), demon-
strating an ORR of 83% (as assessed by the independent
review committee).131

The randomized phase III study (ALPINE) showed
that zanubrutinib resulted in a significantly higher
ORR and significantly longer PFS in patients with re-
lapsed/refractory CLL/SLL.116 Zanubrutinib also resulted
in a higher ORR and longer PFS across the major sub-
groups of patients, including those with a del(17p) and/or
TP53 mutation. Among patients with del(17p) and/or
TP53 mutation, the 36-month PFS rate was 60% for zanu-
brutinib and 44% for ibrutinib. The 3-year follow-up data
also confirmed the superior efficacy and tolerability of
zanubrutinib over ibrutinib.132

Covalent BTKi (acalabrutinib, ibrutinib, or zanu-
brutinib) are recommended options for second-line
and subsequent therapy with a category 1 recommenda-
tion, irrespective of the del(17p)/TP53 mutation status
(CSLL-D, 2 of 6, page 185; CSLL-D 3 of 6, page 186). Acalab-
rutinib and zanubrutinib are listed as options for preferred
regimens. Ibrutinib is included as an option under other
recommended regimens based on the toxicity profile.

Non-Covalent BTK Inhibitor
Pirtobrutinib was approved for the treatment of patients
with relapsed/refractory CLL/SLL who received at least 2
prior lines of therapy, including a BTKi and BCL-2 inhibi-
tor, based on the results from the BRUIN study.133,134

In this phase I–II study, among the patients previously
treated with a BTKi (n5247), pirtobrutinib resulted in an
ORR of 73% (82% including PR-L) and themedian PFS was
20 months.133 At a median follow-up of 23 months, the
estimated 18-month OS rate was 81% for patients pre-
viously treated with a BTKi. In the subgroup of patients
previously treated with the BTKi and venetoclax-based
regimen (n5100), the ORR was 70% (79% including PR-L)
and the median PFS was 17 months.133 The estimated
median PFS was 17 months and 19 months, respectively,
for patients with del(17p) or TP53 mutation and those
with unmutated IGHV.

The ORR (including PR-L) was higher irrespective of
the status of prior therapy with BCL-2 inhibitors (83% for
BCL-2 inhibitor naïve and 80% for BCL-2 inhibitor ex-
posed); however, PFS was longer in the BCL-2 inhibitor-
naïve group than in the BCL-2 inhibitor-exposed group
(23 and 16 months, respectively).134 The 24-month OS
rates were 83% and 61%, respectively.

Pirtobrutinib is included as an option [useful in certain
circumstances; irrespective of del(17p)/TP53 mutation] for
patients with intolerance to prior covalent BTKi therapy or

for those with disease that is resistant to covalent BTKi
(CSLL-D, 2 of 6, page 185; CSLL-D 3 of 6, page 186).133,134 It
is also an option [if not previously used; irrespective of
del(17p)/TP53 mutation] for relapsed/refractory disease af-
ter prior therapywith BTKi- and venetoclax-based regimens.

BCL-2 Inhibitor
VenR is approved for the treatment of relapsed/refractory
CLL/SLL based on the results of the phase III randomized
MURANO trial.86,135 VenR was superior to BR with longer
PFS across all subgroups of patients, including those with
del(17p) or TP53 mutation [HR, 0.21 for del(17p); HR,
0.25 for TP53 mutation], and uMRD at the EOT was also
higher for VenR (62% vs 13% for BR).86

Venetoclax monotherapy resulted in an ORR of 77%
(63% in patients who received prior therapy with a BTKi
(ibrutinib) or PI3Ki (idelalisib) in patients with relapsed
or refractory del(17p) CLL.136 The estimated 24-month
PFS and OS rates were 54% and 73%, respectively, for the
overall study population (50% and 55%, respectively, for
patients who had received prior BTKi or PI3Ki).

Venetoclax is also effective for relapsed/refractory
CLL after prior treatment with ibrutinib or idelalisib,137–140

although the results of a pooled analysis from four clinical
trials showed that CLL refractory of BTKi or PI3Ki was
significantly associated with lower CR rate and shorter
duration of response.141 Results from other retrospec-
tive analyses suggest that the use of venetoclax is asso-
ciated with higher ORR and improved PFS following
disease progression on ibrutinib (compared with dis-
ease progression on idelalisib) and also in patients who
had received only one BTKi or PI3Ki (compared with
those who had received.1 BTKi or PI3Ki).142,143

An international retrospective study showed that re-
treatment with the venetoclax-based regimen (Ven2) is
feasible and effective for patients with CLL previously
treated with a venetoclax-based regimen (Ven1) in any
line of therapy.144 Among 46 patients with CLL retreated
with the venetoclax-based regimen (response data were
available for 39 patients; a median of 16 months between
the completion of Ven1 and initiation of Ven2), Ven2 re-
sulted in an ORR of 80% (33% CR). At a median follow-up
of 10 months, the median PFS was 25 months.

VenR is included as a preferred treatment option for
second-line and subsequent therapy with a category 1
recommendation, irrespective of the del(17p)/TP53 mu-
tation status (CSLL-D, 2 of 6, page 185; CSLL-D 3 of 6,
page 186). Venetoclax monotherapy is an option with a
category 2A recommendation (a preferred regimen for
CLL with del(17p)/TP53 mutation; CSLL-D 3 of 6).

Retreatment with venetoclax 6 anti CD20 mAb
(VenO is preferred) is an option for disease relapse after
a period of remission (if previously used as first-line
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therapy), irrespective of del(17p)/TP53 mutation (CSLL-
D, 2 of 6; CSLL-D 3 of 6).145

Ibrutinib1 Venetoclax
The results of the phase II CLARITY study (n553) showed
that treatment with combined ibrutinib and venetoclax
was effective for relapsed/refractory CLL resulting in an
ORR of 89% (51% CR), and this combination also resulted
in higher rates of uMRD4.88 This study included patients
with relapsed/refractory CLL/SLL after prior chemoim-
munotherapy or idelalisib and patients treated with prior
BTKi or venetoclax were excluded.

The panel consensus was to include ibrutinib 1 ven-
etoclax as an option [other recommended regimens; irre-
spective of del(17p)/TP53 mutation] with a category 2B
recommendation based on the results of the CLARITY
study (CSLL-D, 2 of 6; CSLL-D 3 of 6; pages 185 and
186).88 This combination is also an option (category 2B)
for relapsed/refractory disease after prior therapy with
BTKi- and venetoclax-based regimens [if not previously
used; irrespective of del(17p)/TP53mutation].

PI3K Inhibitors
Idelalisib 6 rituximab (IdR) and duvelisib also demon-
strated efficacy (in terms of median PFS) in randomized
phase III studies for patients with relapsed/refractory
CLL/SLL.146–151

In a phase III randomized trial (220 patients; CIRS
.6, decreased renal function, or cumulative marrow toxic-
ity from prior therapy; randomized to receive IdR or rituxi-
mab 1 placebo), IdR demonstrated efficacy in patients
relapsed/refractory CLL/SLL with and without del(17p).
IdR significantly prolonged survival in patients with
del(17p) or TP53 mutation compared with those treated
with rituximab 1 placebo but there was no difference in
survival benefit compared with those without del(17p).147

The median OS was 29 months for patients treated with
IdR compared with 15 months for those treated with
rituximab 1 placebo. IdR is FDA approved for relapsed/
refractory CLL based on the results of this study and is avail-
able for clinical use with a black box warning regarding the
risks of fatal and serious toxicities including hepatotoxicity,
diarrhea, colitis, pneumonitis, and intestinal perforation.

Idelalisib monotherapy also demonstrated activity in
relapsed/refractory SLL.148 The indication for idelalisib
monotherapy in relapsed/refractory SLL was withdrawn by
the manufacturer as they are unable to complete the re-
quired confirmatory studies following the FDA accelerated
approval. Although the panel acknowledged the change in
the regulatory status of idelalisib, the panel consensus was
to continue listing idelalisib monotherapy as an option for
relapsed/refractory SLL, given demonstrated efficacy.148

Duvelisib also significantly extended median PFS (17
vs 9 months) compared with ofatumumab in the subgroup

of patients with del(17p).149 In the DUO crossover exten-
sion study (that evaluated the efficacy and safety of duveli-
sib monotherapy in patients with disease progression
while receiving ofatumumab in the DUO trial), the ORR
was 77% (61% PR) for the subset of 26 patients with
del(17p) and/or TP53mutations.151

Duvelisib and idelalisib 6 rituximab are included as
options for relapsed/refractory disease after prior therapy
with BTKi- and venetoclax-based regimens [irrespective
of del(17p)/TP53 mutation status; CSLL-D, 2 of 6, page
185; CSLL-D 3 of 6, page 186].

Other Systemic Therapy Regimens
Chemoimmunotherapy regimens including FCR and
BR demonstrated activity in patients with relapsed/
refractory disease.152–154

HDMP 1 rituximab was effective in patients with
heavily pretreated CLL (including fludarabine refractory
disease), although it was associated with infectious com-
plications (including opportunistic fungal infections) in
about 30% of patients, which may necessitate adequate
anti-infective prophylaxis and close monitoring for early
signs of infections.155,156

Lenalidomide 6 rituximab also demonstrated activity
in patients with relapsed/refractory disease.157–159 However,
the ORR was lower for lenalidomide 1 rituximab in the
subgroup of patients with fludarabine-refractory CLL com-
pared with those with fludarabine-sensitive CLL. Growth
factors and/or dose adjustment may be needed to address
cytopenias, without necessitating holding treatment.

Alemtuzumab 1 rituximab results in a higher ORR
than that observed with alemtuzumab monotherapy.160,161

Myelosuppression and infections were the most common
grade 3–4 toxicities. However, it should be noted that bulky
lymphadenopathy does not typically respond well to alem-
tuzumab monotherapy in patients with refractory CLL.162

Obinutuzumab (as monotherapy) also demonstrated activ-
ity in patients with relapsed/refractory CLL/SLL.122

CLL /SLL Without del(17p) or TP53 Mutation
FCR, lenalidomide 6 rituximab, obinutuzumab, benda-
mustine 1 rituximab (category 2B for patients $65 years
or patients ,65 years with significant comorbidities),
and HDMP 1 anti-CD20 mAb (category 2B) are included
as options for relapsed/refractory disease after prior ther-
apy with BTKi- and venetoclax-based regimens (CSLL-D,
2 of 6). However, these regimens are not recommended
for patients who received these as first-line therapy.

CLL /SLL With del(17p) or TP53 Mutation
Alemtuzumab 6 rituximab, HDMP 1 anti-CD20 mAb,
and lenalidomide 6 rituximab are included as options
for relapsed/refractory disease after prior therapy with
BTKi- and venetoclax-based regimens (CSLL-D 3 of 6,
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page 186). These recommendations are based on results
from retrospective analyses or subgroup analyses from
prospective clinical trials that had included patients with
del(17p) or TP53 mutation. However, it should be noted
that these studies were not sufficiently powered to evalu-
ate the efficacy and safety of regimens in patients with
del(17p) or TP53mutation.

Special Considerations for the Use of
Small-Molecule Inhibitors

Management of Resistance to
Small-Molecule Inhibitors

Covalent BTK Inhibitors
Acquired resistance to covalent BTKis is predominantly
mediated by BTK and PLCG2mutations.48,163 BTK and/or
PLCG2 mutations were detected at an estimated median
of 9 months before progression in patients treated with
ibrutinib, and these mutations were also detected in pa-
tients with progressive CLL during ibrutinib therapy up to
15 months before the manifestation of clinical progres-
sion.48,164 BTK C481 mutations were also detected in 69%
patients with disease relapse at an estimated median of
12 months before progression in patients treated with aca-
labrutinib.163 Long-term follow-up is needed to confirm if
BTK C481 mutations will emerge in patients treated with
zanubrutinib. Venetoclax is effective for the management
of relapsed/refractory CLL after prior treatment with ibru-
tinib or idelalisib.137–143

Testing for BTK mutations may be helpful to con-
firm resistance to BTKis. The reported VAF are variable,
with low VAF often associated with disease progression
on ibrutinib, leading to speculation that these mutations
do not fully explain clinical resistance.48,164 Testing for
BTK or BCL2 mutations as screening for resistance to
BTKi or venetoclax is not currently recommended. Test-
ing for BTK and PLCG2 mutations may be useful in pa-
tients with disease progression or no response while on
BTKi therapy, including if poor treatment adherence is
considered as a possible cause. BTK and PLCG2 muta-
tion status alone is not an indication to change treatment
in absence of disease progression.

Alternative covalent BTKi (acalabrutinib or zanubru-
tinib) is not a reasonable treatment option for patients
with a mutation in either BTK or PLCG2. Pirtobrutinib is
an effective option for the management of resistance to
covalent BTKi, including in patients with BTK C481 mu-
tations.133,134 In the BRUIN study, mutations in BTK,
TP53, and PLCG2 were detected at baseline in 53%, 48%,
and 14% of patients, respectively. Among the patients
with BTK C481 mutation, decrease in BTK C481 VAF or
complete clearance of BTK C481 clone was observed in
86% and 55% of patients, respectively.165

BCL-2 Inhibitors
Acquisition of BCL2 mutations (G101V and D103Y) were
implicated in resistance to venetoclax.166,167 BCL2 G101V
mutation (low VAF) was identified in patients with progres-
sive CLL during venetoclax therapy up to 25months before
clinical progression.166 BCL2 mutations are uncommonly
associated with clinical resistance to venetoclax; therefore,
other resistance mechanismsmust be important.

Limited available data suggest that subsequent BTKi
therapy or retreatment with venetoclax-based regimens
is effective in patients with relapsed CLL after treatment
with venetoclax, whereas PI3Ki after fixed-duration treat-
ment with venetoclax does not appear to result in dura-
ble remissions.144,168–170

Management of Adverse Events

BTK Inhibitors
Diarrhea, fatigue, arthralgia, infections, cytopenias, bleed-
ing, and cardiovascular toxicities (including atrial fi-
brillation, ventricular arrhythmias, and hypertension)
are adverse events (AEs) associated with BTKis.

AEs associated with BTKi are discussed subsequently
and are summarized in Supplementary Table S4.

Acalabrutinib and zanubrutinib both have a more fa-
vorable toxicity profile than ibrutinib due to the more selec-
tive/specific inhibition of BTK. In the ELEVATE-RR head-
to-head trial of acalabrutinib versus ibrutinib, treatment dis-
continuation due to AEs was lower with acalabrutinib (15%
vs 21% for ibrutinib).113,171 The incidences of AEs of special
interest were also lower with acalabrutinib compared with
ibrutinib: atrial fibrillation (9% vs 16%), hypertension (9% vs
23%), and bleeding (38% vs 51%).113,171 Acalabrutinib was
associated with a higher rate of headache (35% vs 20% for
ibrutinib), with only 2% of patients experiencing grade $3
headache.113 Headache is commonly observed with acalab-
rutinib early in the treatment course and can generally be
managed with analgesics (eg, acetaminophen) and caffeine
supplements and typically subsides with time on treatment.

Zanubrutinib was also associated with a lower rate of
atrial fibrillation (grade $3; 2% vs 4%) compared with
ibrutinib in the ALPINE trial.116 In contrast, neutropenia
of any grade was more frequent with zanubrutinib (29%
vs 24% for ibrutinib); however, this did not translate into
a higher rate of infection (71% with zanubrutinib vs 73%
for ibrutinib). The incidences of grade$3 infections were
27% and 28%, respectively.

Pirtobrutinib has a favorable toxicity profile (low inci-
dencesof atrialfibrillation,major hemorrhage, andhyperten-
sion) due tomore selective inhibition of BTK and the relative
absence of off-target inhibition.133,134 Longer-term follow-up
data are needed to assess the incidence of theseAEs.

The benefit and risk of BTKis should be evaluated in
patients requiring antiplatelet or anticoagulant therapies.
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Patients requiring the use of anticoagulants including
warfarin were excluded from clinical trials evaluating
acalabrutinib and ibrutinib while the use of anticoagu-
lants including warfarin was not restricted in clinical tri-
als evaluating zanubrutinib (except in the ALPINE trial).
Zanubrutinib can be coadministered with anticoagulants
including warfarin. Concomitant administration of ibru-
tinib or acalabrutinib with warfarin should be avoided.

A baseline assessment of cardiac function should be
done before start of covalent BTKi. Hypertension should be
managed with antihypertensives as appropriate. Monitor-
ing for signs of bleeding, atrial fibrillation, and hyperten-
sion along with appropriate management is recommended
for patients receiving BTKis.

Acalabrutinib (tablets) and zanubrutinib can be co-
administered with gastric acid-reducing agents (eg, ant-
acids, proton pump inhibitors, H2-receptor antagonists).
Acalabrutinib tablets are the primary formulation and
distribution of acalabrutinib capsules was discontinued.

Switching to alternate covalent BTKi therapy can be
considered in the setting of nonadherence or intolerance
to therapy in the absence of disease progression, espe-
cially in patients with atrial fibrillation or hypertension
that is not medically controllable. Acalabrutinib and zanu-
brutinib were shown to be effective for the management
of disease in patients with ibrutinib intolerance.116,172,173

Pirtobrutinib is also an acceptable option for the manage-
ment of intolerance to covalent BTKi.133,134 Limited data
from real-world studies suggest that dose modification of
ibrutinib may resolve intolerance without compromising
efficacy.174–177 In patients with no intolerance, ibrutinib
can be continued until disease progression while follow-
ing recommended dose modification guidance as needed.
However, the efficacy of dose modification of ibrutinib
was not confirmed in prospective studies.

BCL2 Inhibitor
TLS was an important side effect of venetoclax in early clin-
ical trials. Initiation at lower dose (20 mg for 1 week) and
gradual step-wise ramp-up over 5 weeks to target dose
(400mg daily) along with TLS prophylaxis is recommended
to mitigate the risk and frequency of TLS.178 Initiation and
accelerated dose escalation (20–400 mg over 3 weeks) with
close inpatient monitoring for TLS can be done in patients
with high tumor burden and concern for rapid disease pro-
gression on or after BTKi therapy.137,179,180 Recommenda-
tions for TLS prophylaxis based on tumor burden are
outlined in the algorithm on CSLL-F (page 190).

Other AEs associated with venetoclax6mAb are sum-
marized in Supplementary Table S5. Growth factor sup-
port should be considered for patients with neutropenia.
Dose reduction may be necessary for patients with persis-
tent neutropenia and limited bonemarrow involvement.

PI3K Inhibitors
Hepatotoxicity (transaminase elevations), severe diarrhea
or colitis, pneumonitis, opportunistic infections, and fe-
brile neutropenia were observed in patients treated with
idelalisib or duvelisib.

Hepatotoxicity is a major concern in younger patients
treated with idelalisib as first-line therapy.181 Close moni-
toring of transaminase levels is essential, and concurrent
administration of idelalisib or duvelisib with other hepa-
totoxic drugs should be avoided.

The addition of anti-CD20 mAb or chemoimmuno-
therapy to idelalisib increases the risk of febrile neutrope-
nia.182 Anti-infective prophylaxis for herpes simplex virus
and Pneumocystis jirovecii pneumonia (PJP), and moni-
toring for cytomegalovirus reactivation are recommended
for patients receiving idelalisib or duvelisib.

Allogeneic Hematopoietic Cell Transplant
Long-term results from several prospective studies showed
that allogeneic hematopoietic cell transplant (HCT) can
provide long-term disease control and also overcome the
poor prognosis associated with del(17p) and TP53 muta-
tions.38,183–189 Available data suggest that CK ($5 abnor-
malities) is associated with inferior OS and EFS after
allogeneic HCT with reduced-intensity conditioning in pa-
tients with high-risk interphase cytogenetics.190,191

It is understood that studies involving allogeneic HCT
are subject to significant selection biases. Nonetheless, at
the present time, given the favorable outcome of patients
with del(17p) or TP53 mutation treated with ibrutinib as
first-line therapy and the availability of venetoclax as an
effective treatment option for relapsed or refractory CLL,
allogeneic HCT is not considered as a reasonable treat-
ment option for relapsed/refractory CLL after initial pu-
rine analog-based therapy.192

Allogeneic HCT can be considered for relapsed/
refractory disease after prior therapy with BTKi- and ven-
etoclax-based regimens in patients without significant
comorbidities. HCT-specific comorbidity index could be
used for the assessment of comorbidities prior to HCT
and to predict the risks of nonrelapse mortality and the
probabilities of survival after HCT.193,194

Supportive Care
Careful monitoring of AEs after initiation of treatment
and supportive care for the treatment related complica-
tions (eg, infections, autoimmune cytopenias and viral
reactivations) should be an integral part of CLL/SLL man-
agement. Patients with bulky lymph nodes, progressive
disease after small-molecule inhibitor therapy, and receiv-
ing chemoimmunotherapy, venetoclax, lenalidomide, and
obinutuzumab are considered to be at high risk for TLS.
Treatment-related adverse events should be managed as
outlined in the Supportive Care section of the guidelines.
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AbbVie, Inc.; Genentech, Inc.; Pharmacyclics None Hematology/Hematology oncology

Jennifer Brown, MD, PhD Acerta Pharma; BeiGene; Catapult; Celgene Corporation; Eli Lilly and Company;
Gilead Sciences, Inc.; iOnctura; Janssen Pharmaceutica Products, LP;
MEI Pharma Inc.; SecuraBio; TG Therapeutics

AbbVie, Inc.; Acerta Pharma; Alloplex; BeiGene; Eli Lilly and Company;
Genentech, Inc.; Grifols; Kite Pharma; Merck & Co., Inc.; Pharmacyclics

None Hematology/Hematology oncology

Matthew Cortese, MD, MPH Adicet Bio; AstraZeneca Pharmaceuticals LP; Ipsen; Merck & Co., Inc.;
Synthekine, Inc.

AbbVie, Inc.; ADC Therapeutics; AstraZeneca Pharmaceuticals LP; Cellectar
Biosciences; SeaGen; Secura Bio; Synthekine; Targeted Oncology/MJH Events

Precision Oncology/MJH Events;
Secura Bio

Medical oncology; Hematology/
Hematology oncology; Internal
medicine

Larry Cripe, MD None None None Hematology/Hematology oncology

Randall S. Davis, MD None None Biolegend Hematology/Hematology oncology

Herbert Eradat, MD, MS AbbVie, Inc.; Acerta Pharma; ADC Therapeutics; Amgen Inc.; Astex
Pharmaceuticals; AstraZeneca Pharmaceuticals LP; ATARA; BeiGene; Celator
Pharmaceuticals; Celgene Corporation; Genentech, Inc.; Gilead Sciences, Inc.;
Incyte Corporation; Infinity Pharmaceuticals, Inc; Juno Therapeutics, Inc.;
Kite Pharma; MorphoSys AG; Novartis Pharmaceuticals Corporation;
Regeneron Pharmaceuticals, Inc.; Roche Laboratories, Inc.

AbbVie, Inc.; ADC Therapeutics; AstraZeneca Pharmaceuticals LP; BeiGene;
Genentech, Inc.; Incyte Corporation; MorphoSys AG

None Medical oncology; Hematology/
Hematology oncology

Bita Fakhri, MD Bristol Myers Squibb; Eli Lilly and Company; Genentech, Inc. AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Eli Lilly and Company;
Genentech, Inc.; Pharmacyclics

Eli Lilly and Company Medical oncology; Hematology/
Hematology oncology

Christopher D. Fletcher, MD None None None Hematology/Hematology oncology

Sameh Gaballa, MD Adaptive biotechnologies; Epizyme; Teneobio AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; Genentech, Inc.; Kite Pharma ADC Therapeutics; Eli Lilly and
Company

Hematology/Hematology oncology

Muhammad Saad Hamid, MD None None None Medical oncology

Brian Hill, MD, PhD None AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Bristol Myers Squibb;
Epizyme; Genentech, Inc.; Incyte Corporation; Kite Pharma; MEI Pharma Inc.;
Merck & Co., Inc.; MorphoSys AG; Novartis Pharmaceuticals Corporation;
Pharmacyclics

None Hematology/Hematology oncology

Paul Kaesberg, MD None None BeiGene; Incyte Corporation;
Janssen Pharmaceutica Products, LP

Hematology/Hematology
oncology; Internal medicine

Brad Kahl, MD BeiGene; Bristol Myers Squibb; Roche Laboratories, Inc. AbbVie, Inc.; ADCT; AstraZeneca Pharmaceuticals LP; BeiGene; Bristol Myers
Squibb; Eli Lilly and Company; Genentech, Inc.; Janssen Pharmaceutica
Products, LP; Kite Pharma; Merck & Co., Inc.; Novartis Pharmaceuticals
Corporation; SeaGen

None Hematology/Hematology oncology

Manali Kamdar, MD Celgene Corporation; Genentech, Inc.; Novartis Pharmaceuticals Corporation None AbbVie, Inc.; AstraZeneca
Pharmaceuticals LP; BeiGene; Bristol
Myers Squibb; SeaGen

Hematology/Hematology oncology

Thomas J. Kipps, MD, PhD AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; Janssen Pharmaceutica Products,
LP; Merck & Co., Inc.; Pharmacyclics

AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; Dava Oncology; Genentech, Inc.;
Janssen Pharmaceutica Products, LP; Pharmacyclics

None Hematology/Hematology oncology

Shuo Ma, MD, PhD AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Juno Therapeutics, Inc.;
Loxo; TG Therapeutics

AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Bristol Myers Squibb;
Janssen Pharmaceutica Products, LP

AstraZeneca Pharmaceuticals LP;
BeiGene; Eli Lilly and Company

Medical oncology

Claudio Mosse, MD, PhD None None None Pathology/Hematopathology

Shazia Nakhoda, MD AstraZeneca Pharmaceuticals LP; Boston Scientific Corporation; Bristol Myers
Squibb; Genentech, Inc.

ADC Therapeutics; BeiGene; Bristol Myers Squibb; SERB/BTG None Hematology/Hematology oncology

Sameer Parikh, MBBS AstraZeneca Pharmaceuticals LP; Genentech, Inc.; Merck & Co., Inc.; Roche
Laboratories, Inc.

AbbVie, Inc.; Amgen Inc.; Ascentage Pharmaceuticals; AstraZeneca
Pharmaceuticals LP; BeiGene; Eli Lilly and Company; Genentech, Inc.;
Janssen Pharmaceutica Products, LP; Kite Pharma; Merck & Co., Inc.;
MingSight Pharmaceuticals Ltd.; Pharmacyclics

None Hematology/Hematology oncology

Andrew Schorr, MS GSK; Janssen Pharmaceutica Products, LP; Karyopharm Therapeutics; MorphoSys
AG

AbbVie, Inc. GSK Patient advocacy

Stephen Schuster, MD AbbVie, Inc.; Acerta Pharma; Adaptive Biotech; Celgene Corporation; Genentech,
Inc.; Genmab; Juno Therapeutics, Inc.; Loxo Oncology; Novartis Pharmaceuticals
Corporation; Portola Pharmaceuticals, Inc.; TG Therapeutics; Zhejiang DTRM
Biopharma

AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Caribou Biosciences;
Genentech, Inc.; Genmab; Incyte Corporation; Kite Pharma; Legend Biotech;
MorphoSys AG; Novartis Pharmaceuticals Corporation; Takeda Pharmaceuticals
North America, Inc.

None Medical oncology; Hematology/
Hematology oncology

Madhav Seshadri, MD Eli Lilly and Company; Genentech, Inc. BeiGene; Kite Pharma None Hematology/Hematology oncology

Tanya Siddiqi, MD BeiGene AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Bristol Myers Squibb;
Celgene Corporation; Gilead Sciences, Inc.; Juno Therapeutics, Inc.

AstraZeneca Pharmaceuticals LP;
BeiGene; Bristol Myers Squibb; Dava
Oncology

Hematology/Hematology oncology

Deborah M. Stephens, DO Acerta Pharma; Arqule; Juno Therapeutics, Inc.; Karyopharm Therapeutics;
MingSight; neWave; Novartis Pharmaceuticals

AbbVie, Inc.; AstraZeneca LP; BeiGene; Bristol Myers Squibb; Celgene
Corporation, Eli Lilly and Company, Genentech, Inc.

None Hematology/Hematology oncology

Meghan Thompson, MD AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Genentech, Inc.;
Genmab; Nurix Therapeutics

AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; Beigene; Dava Oncology;
Eli Lilly and Company; Janssen Pharmaceutica Products, LP; Pharmacyclics

None Medical oncology; Hematology/
Hematology oncology

Chaitra Ujjani, MD AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; Kite Pharma; LOXO; Pharmacyclics AbbVie, Inc.; Allogene; Ascentage; AstraZeneca Pharmaceuticals LP; Atara;
BeiGene; Bristol Myers Squibb; Genentech, Inc.; Janssen Pharmaceutica
Products, LP; Pharmacyclics

None Hematology/Hematology oncology

Riccardo Valdez, MD None None None Pathology/Hematopathology

Nina Wagner-Johnston, MD AstraZeneca Pharmaceuticals LP; Eli Lilly and Company; Genentech, Inc.; Merck & Co., Inc. None None Medical oncology

William G. Wierda, MD, PhD AbbVie, Inc.; Acerta Pharma; AstraZeneca Pharmaceuticals LP; Bristol Myers
Squibb; Cyclacel; Genentech, Inc.; Gilead Sciences, Inc.; GSK; Janssen
Pharmaceutica Products, LP; Juno Therapeutics, Inc.; Kite Pharma; Loxo Oncology,
Inc./Lilly; MDACC Cancer Center; Miragen; Novartis Pharmaceuticals Corporation;
Numab Therapeutics; Nurix; Oncternal Therapeutics; Pharmacyclics; Xencor

None None Medical oncology; Hematology/
Hematology oncology

Jennifer A. Woyach, MD AbbVie, Inc.; AstraZeneca Pharmaceuticals LP; BeiGene; Eli Lilly and Company;
Genentech, Inc.; Gilead Sciences, Inc.; Janssen Pharmaceutica Products, LP; Merck
& Co., Inc.; MorphoSys AG; neWave; Pharmacyclics; Schrodinger Ing REG SHS

neWave None Hematology/Hematology oncology
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