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IMPORTANCE Chronic lymphocytic leukemia (CLL), defined by a minimum of 5 × 109/L
monoclonal B cells in the blood, affects more than 200 000 people and is associated
with approximately 4410 deaths in the US annually. CLL is associated with an
immunocompromised state and an increased rate of complications from infections.

OBSERVATIONS At the time of diagnosis, the median age of patients with CLL is 70 years, and
an estimated 95% of patients have at least 1 medical comorbidity. Approximately 70% to
80% of patients with CLL are asymptomatic at the time of diagnosis, and one-third will never
require treatment for CLL. Prognostic models have been developed to estimate the time to
first treatment and the overall survival, but for patients who are asymptomatic, irrespective
of disease risk category, clinical observation is the standard of care. Patients with
symptomatic disease who have bulky or progressive lymphadenopathy or
hepatosplenomegaly and those with a low neutrophil count, anemia, or thrombocytopenia
and/or symptoms of fever, drenching night sweats, and weight loss (B symptoms) should be
offered treatment. For these patients, first-line treatment consists of a regimen containing
either a covalent Bruton tyrosine kinase (BTK) inhibitor (acalabrutinib, zanubrutinib, or
ibrutinib) or a B-cell leukemia/lymphoma 2 (BCL2) inhibitor (venetoclax). There is no
evidence that starting either class before the other improves outcomes. The covalent BTK
inhibitors are typically used indefinitely. Survival rates are approximately 88% at 4 years for
acalabrutinib, 94% at 2 years for zanubrutinib, and 78% at 7 years for ibrutinib. Venetoclax is
prescribed in combination with obinutuzumab, a monoclonal anti-CD20 antibody, in first-line
treatment for 1 year (overall survival, 82% at 5-year follow-up). A noncovalent BTK inhibitor,
pitobrutinib, has shown an overall response rate of more than 70% after failure of covalent
BTK inhibitors and venetoclax. Phosphoinositide 3′-kinase (PI3K) inhibitors (idelalisib and
duvelisib) can be prescribed for disease that progresses with BTK inhibitors and venetoclax,
but patients require close monitoring for adverse events such as autoimmune conditions and
infections. In patients with multiple relapses, chimeric antigen receptor T-cell (CAR-T) therapy
with lisocabtagene maraleucel was associated with a 45% complete response rate. The only
potential cure for CLL is allogeneic hematopoietic cell transplant, which remains an option
after use of targeted agents.

CONCLUSIONS AND RELEVANCE More than 200 000 people in the US are living with a CLL
diagnosis, and CLL causes approximately 4410 deaths each year in the US. Approximately
two-thirds of patients eventually need treatment. Highly effective novel targeted agents
include BTK inhibitors such as acalabrutinib, zanubrutinib, ibrutinib, and pirtobrutinib or BCL2
inhibitors such as venetoclax.
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C hronic lymphocytic leukemia (CLL) is the most common
type of leukemia, affects approximately 200 000 people
in the US, and represents 1.1% of all new cancers diag-

nosed in the US. The median age at diagnosis is 70 years, with a slight
male predominance (1.7:1).1 In 2022, it was estimated that approxi-
mately 20 160 people would be newly diagnosed with CLL and that
approximately 4410 patients with a CLL diagnosis would die in the
US.2 Approximately 90% of patients with CLL will be alive 5 years
after diagnosis, and approximately 82% will be alive 10 years after
diagnosis.1 Most patients (70%-80%) do not require anti-CLL treat-
ment at the time of diagnosis, and the time to first treatment ranges
from months to decades, depending on the clinical and molecular
features of the disease.3,4 This review summarizes current evi-
dence regarding the diagnosis and treatment of CLL.

Methods
A PubMed search was performed for articles published between
January 2014 and January 2023 on the diagnosis and treatment of
CLL. The start of the search was selected because it coincided with
the availability of targeted therapy agents such as ibrutinib. Larger
randomized clinical trials were prioritized for inclusion. Clinical trials
for the approved medications, or those with expected approvals,
were included. Of 654 identified articles, 89 were included, con-
sisting of 28 randomized trials, 9 single-group trials, and 14 longi-
tudinal studies.

Discussion
Pathophysiology
CLL is characterized by accumulation of immunologically dysfunc-
tional mature B lymphocytes with a typical immunophenotype that
includes expression of CD5, CD23, and CD19 and dim surface ex-
pression of immunoglobulin, CD20, CD22, and CD79b.5 Impaired
apoptosis (programmed cell death) due to overexpression of pro-
teins such as B-cell leukemia/lymphoma 2 (BCL2) and increased pro-
liferation of lymphocytes via antigen-independent and constitu-
tional activation of the B-cell receptor (BCR) pathway are important
components of CLL pathobiology.6 These biological pathways led
to drugs targeting BCL2 and the downstream enzymes in the BCR
pathway.7,8 An important factor in the pathophysiology of CLL is the
mutation status of the immunoglobulin heavy chain variable re-
gion gene (IGHV). Approximately one-half of patients with CLL have
an unmutated-IGHV status (<2% deviation from the germline se-
quence). These patients typically have a shorter interval between
diagnosis and progression of disease and more adverse clinical out-
comes. In contrast, patients who have CLL with a mutated-IGHV sta-
tus (�2% deviation) experience a more indolent clinical course.9-11

Patients with CLL have abnormal humoral and cellular immune re-
sponses to infections or vaccination.12

Clinical Presentation and Diagnosis
Approximately 70% of patients with CLL are diagnosed based on
an unexplained lymphocytosis discovered incidentally and have no
symptoms at the time of diagnosis (Box 1).13 Among symptomatic
patients, approximately 50% present with symptoms due to lymph-

adenopathy, about 20% to 50% present with symptoms from hepa-
tosplenomegaly, and approximately 5% to 10% present with unin-
tentional weight loss of 10% or more body weight within a 6-month
period, fever, drenching night sweats, or extreme fatigue (B symp-
toms). Patients can also present with cytopenia, either as a result
of bone marrow involvement by CLL cells or because of an immune-
mediated complication like autoimmune hemolytic anemia (<10%)
or immune thrombocytopenia (<2%).14,15 A flow cytometry test of
the peripheral blood is necessary and often adequate for making a
CLL diagnosis.16 In asymptomatic patients, additional imaging and
bone marrow biopsy are not necessary, and further assessments can
be delayed until treatment.16,17 CLL is defined by a minimum num-
ber of monoclonal B cells of 5 × 109/L. Patients with a monoclonal
B-cell count less than 5 × 109/L who have a CLL immunopheno-
type with evidence of lymphadenopathy or extranodal involve-
ment are diagnosed with small lymphocytic lymphoma. Monoclo-
nal B lymphocytosis (MBL) refers to fewer than 5 × 109/L monoclonal
B cells and no evidence of lymphadenopathy or extranodal involve-
ment; patients with MBL do not meet the diagnostic criteria for CLL.
In patients with MBL, the rate of transformation to CLL is 1% to 2%
per year.16,18,19 The biology and therapies for CLL and small lympho-
cytic lymphoma are identical, and the term CLL will be used in this
review for both conditions.

Staging and Risk Categories
CLL staging is performed using the Rai and Binet systems, which rely
on clinical variables including the presence and degree of cytope-
nia and the presence of large lymph nodes, splenomegaly, or hepa-
tomegaly (Table 1).15,20 Molecular information is increasingly used
for prognostic purposes. The most commonly defined cytogenetic
abnormalities in CLL are del(13q14), trisomy 12, del(17p12), and del
(11q22). The presence of aberrations (deletion or sequence varia-
tion) in the tumor-suppressor gene TP53 (tumor protein p53), lo-
cated in the short arm of chromosome 17, is the most important
adverse prognostic marker in CLL.21 Cytogenetic abnormalities can
change with treatments. For example, while del(17) is detected in
less than 10% of untreated patients, the incidence is up to 23% to
50% in patients with disease that has relapsed, highlighting the im-
portance of repeating the test before each line of treatment.22,23 A
useful clinical tool to estimate the time to first treatment for newly
diagnosed asymptomatic patients is the International Prognostic

Box 1. Presenting Signs and Symptoms of Chronic Lymphocytic
Leukemia

Asymptomatic at diagnosis with incidental finding of lymphocytosis
(70%)

Symptomatic (30%)
Enlarged lymph nodes (≈50%)

Enlarged spleen or liver (≈20%-50%)

Constitutional(orB)symptoms:drenchingnightsweats,unintentional
weight loss (�10% body weight within 6 months), fever (5%-10%)

Autoimmune cytopenia: hemolytic anemia (up to 10%) or
immune thrombocytopenia (up to 2%)

Hypogammaglobinemia leading to frequent infections
(particularly sinus or lung) (up to 10%)
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Score (range, 0-3; higher scores are worse) for Asymptomatic Early-
stage Disease (IPS-E) (Table 2). This model assigns a score to un-
mutated IGHV,1 an absolute lymphocyte count of 15 × 109/L or
greater,1 and lymphadenopathy.1 Using this model, the 5-year rates
for requiring treatment were 8.4% in patients with low risk (score
0), 28.4% in those with intermediate risk (score 1), and 61.2% in those
with high risk (scores 2-3).3

Management of Newly Diagnosed CLL
Questions commonly asked about the approach to CLL are provided
in Box 2; information related to preventive care for patients with CLL
is provided in Box 3. Approximately 30% to 50% of newly diagnosed
and asymptomatic patients with CLL have low-risk disease by IPS-E
score. Of these patients, only approximately 8% require treatment
in the first 5 years after diagnosis.13 Therefore, given the median age
ofCLLdiagnosis(70years),manypatients(approximately30%)never
require treatment. Patients with CLL should be advised that they have
an increased risk of infection due to impaired cellular and humoral im-
mune function. While live vaccines such as live attenuated influenza
vaccine (nasal influenza vaccine) should be avoided, all patients with
CLLshouldreceivetherecombinantzostervaccine,theCOVID-19vac-
cine, and inactivated (killed) influenza vaccine, delivered intramus-
cularly, annually.24,25 Pneumococcal vaccination is recommended for
all patients with CLL. The 20-valent pneumococcal conjugate vac-
cine (PCV20) is recommended in previously unvaccinated patients or
thosewhohadreceiveda23-valentpneumococcalpolysaccharidevac-
cine (PPSV23), at least 1 year after the PPSV23 dose. For patients with
no prior PPSV23 vaccine, some expert guidelines recommend the ad-
ministration of PPSV23 at least 8 weeks after PCV20.26-28 Patients
shouldbeinformedthattheirimmuneresponsetovaccinationsislower
than that of the general population, and protective measures such as

masks and avoiding exposure should be continued in high-risk con-
ditions like viral pandemics.12,29 Patients with frequent sinus or lung
infectionswhohavehypogammaglobulinemia(IgGlevel<500mg/dL)
benefitfromintravenousimmunoglobulininfusionsevery6to8weeks
if the levels remain low. Patients with CLL have a higher risk for recur-
rence of basal cell carcinoma (hazard ratio, 14 [95% CI, 1.6-115.1]; ab-
solute rates not provided) and squamous cell carcinoma (hazard ra-
tio, 7 [95% CI, 2.0-25.3]; absolute rates not provided) of the skin
compared with those without CLL.30,31

Indications for Treatment
Observation without treatment is the standard of care for asymp-
tomatic patients without anemia, neutropenia, or thrombocytope-
nia; therefore, most patients do not require treatment at the time
of diagnosis. There is no evidence that treating patients with asymp-
tomatic CLL improves survival. For example, a clinical trial of 201 pa-
tients with asymptomatic CLL showed no benefit from treatment
with fludarabine, cyclophosphamide, and rituximab, compared with
observation without treatment at 5 years (82.9% vs 79.9%; P = .86).
In another clinical trial, 363 asymptomatic patients were random-
ized to ibrutinib or placebo. At 31 months of follow-up, ibrutinib was
associated with improved event-free survival (event defined as pro-
gression, starting new CLL therapy, or death), compared with pla-
cebo (3-year event-free survival, 87.3% vs 60.4%; P < .001). How-
ever, unless overall survival is improved with longer follow-up, that
study did not provide evidence to support treating asymptomatic
patients.24,25 Patients require treatment if they experience CLL-
related complications, including significant anemia or cytopenia (he-
moglobin level <10 g/dL or platelet count <100 000/μL), massive
progressive or symptomatic lymphadenopathy or hepatospleno-
megaly (�10 cm for lymph nodes and �6 cm below the left costal

Table 1. Clinical Staging Systems in Chronic Lymphocytic Leukemia

Rai staging Binet staging

Stage Risk category Findings Stage Findings
0 Low Lymphocytosisa A No cytopenia and ≤2 lymphoid area involvement

1 Intermediate Lymphadenopathyb B No cytopenia and >3 lymphoid area involvement

2 Intermediate Hepatosplenomegalyb C Presence of anemia or thrombocytopenia

3 High Anemiac

4 High Thrombocytopeniad

a Lymphocyte count greater than
5 × 109/L.

b On physical examination.
c Hemoglobin level less than 11 g/dL.
d Platelet count less than 100 000/μL

Table 2. Prognostic Scoring Systems in Chronic Lymphocytic Leukemia

Variable Points
Risk group (total
points)

5-y cumulative risk of
treatment start, %

International Prognostic Score for
Asymptomatic Early-stage Disease
(IPS-E)

Unmutated IGHV 1 Low (0) 8.4

ALC ≥15 × 109/L 1 Intermediate (1) 28.4

Palpable lymphadenopathy 1 High (2-3) 61.2

CLL International Prognostic Index
(CLL-IPI)

5-y overall survival, % 10-y overall
survival, %

Del(17p12) or TP53 variant 4 Low (0-1) 93 79

β2 microglobulin >3.5 mg/L 2 Intermediate (2-3) 79 39

Unaltered IGVH 2 High (4-6) 63 22

Rai stage 1-4 1 Very high (7-10) 23 4

Age >65 y 1

Abbreviations: ALC, absolute
lymphocyte count; CLL, chronic
lymphocytic leukemia;
IGHV, immunoglobulin heavy
chain gene.
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margin for spleen), recurrent infections, or refractory autoimmune
thrombocytopenia/anemia related to CLL.16,17

Treatment
Remission refers to a decrease or disappearance of CLL after treat-
ment, and cure refers to a permanent resolution of disease. Du-
rable remissions are attainable in CLL, and approximately 80% of
patients were reported to be in remission at 5 years in 1 study
(N = 529).32 However, CLL is not curable except after an allogeneic
hematopoietic cell transplant, and repeat treatments are often
necessary.33 Standard treatment options for CLL include the follow-
ing 5 classes (Table 3 and Table 4; Box 4).

Inhibitors of the BCR Pathway
The BCR signaling pathway is involved in the pathogenesis of CLL, and
drugs that inhibit the enzymes involved in the BCR pathway, specifi-
cally Bruton tyrosine kinase (BTK) and phosphoinositide 3′-kinase
(PI3K), are standard of care to treat CLL.51 BTK inhibitors, such as ibru-
tinib, acalabrutunib, and zanubrutinib, are used indefinitely as mono-
therapy because continuous inhibition of the target enzyme is essen-
tial for their antiproliferative effect. Covalent BTK inhibitors such as
ibrutinib, acalabrutunib, and zanubrutinib irreversibly inhibit the BTK
enzyme, and more than 90% of patients respond to these
treatments.33 Approximately66%to80%ofpatientswithdiseasepro-
gression taking ibrutinib had sequence variations in the BTK binding
site(C481S)orgain-of-functionvariationinthedownstreamgenephos-

pholipase C gamma 2 (PLCG2).52,53 The noncovalent BTK inhibitor,
pirtobrutinib,reversibly inactivatesBTK.Resistancetopirtobrutiniboc-
curs due to sequence variations in non-C481S kinase domains of BTK
and PLCG2.54 Ibrutinib was the first BTK inhibitor identified and was
associated with 60% PFS at 7 years when used as first-line therapy and
40% PFS at 5 years when used in patients who had relapse (Table 2
and Table 3), but adverse events such as arthralgia (42%), atrial fibril-
lation (25%), and rash (16.7%) are common and may lead to drug dis-
continuation. This is a limiting factor in approximately 23% of pa-
tientsandleadstodosediscontinuation.33,43,55 Second-generationBTK
inhibitors, such as acalabrutinib or zanubrutinib, selectively target the
BTK enzyme. In clinical trials that directly compared these drugs with
ibrutinib, lower incidences of grade 3 or greater adverse events have
been observed with both acalabrutinib (68.8% vs 74.9%) and zanu-
brutinib (67.3% vs 70.4%) compared with ibrutinib.46,47

All BTK inhibitors are associated with increased rates of atrial
fibrillation. Randomized clinical trials have demonstrated a higher
incidence with ibrutinib compared with acalabrutinib (15.6% vs 9%
with 41 months of follow-up) or zanubrutinib (3.7% vs 1.9% with 29
months of follow-up). Ventricular arrhythmias have been reported
with BTK inhibitors, and clinicians should consider a cardiology evalu-
ation in patients with signs or symptoms suggesting a possible
arrhythmia.56,57 Patients receiving treatment with a BTK inhibitor
who require a surgical procedure should not take the drug for 3 to 7
days before and after the procedure because of increased bleeding
risk due to an association of these drugs with platelet dysfunction.58

PI3K inhibitors inhibit the δ isoform of PI3K, an effective treat-
ment strategy for patients with indolent B-cell lymphomas. Idelalisib

Box 2. Commonly Asked Questions

• Should all patients with lymphocytosis, defined by a minimum of
5 × 109/L, be referred to a hematologist for further workup?

• Reactive causes like infections (such as viral etiologies like
cytomegalovirus, Epstein-Barr virus, mumps, rubella,
measles, HIV, and influenza or nonviral infections like
pertussis, toxoplasmosis, rickettsiosis, and cat scratch
disease), drugs (phenytoin as an example), and autoimmune
disorders (rheumatoid arthritis) should be ruled out. A flow
cytometry test of peripheral blood confirms a clonal
lymphocytosis (CLL or non-CLL) and should prompt referral
to a hematologist

• In patients with CLL who are being followed up without therapy,
which findings during history taking, physical examination, or
blood tests should prompt an appointment with a hematologist?

• Report of fever or unintentional weight loss (10% of body
weight or more in 6 months)

• A rapidly enlarging lymph node or palpable spleen or liver
on physical examination

• Any new finding of neutropenia, anemia, or
thrombocytopenia should be investigated, but an increasing
lymphocyte count in the absence of cytopenia should not
be a reason for referral

• Are patients with CLL at increased risk of infection even if they
are not receiving active therapy for CLL?

• Patients with CLL should be regarded as moderately or severely
immunocompromised regardless of their current treatment
status. For example, recommendations for the
“immunocompromised” group applies to all CLL patients during
pandemics. All patients should be vaccinated against influenza,
pneumococcal pneumonia, COVID-19, and varicella zoster.

Abbreviation: CLL, chronic lymphocytic leukemia.

Box 3. Preventive Medicine Considerations
and Chronic Lymphocytic Leukemia

Avoid live vaccines

Patients should receive annual influenza vaccine and recombinant
zoster vaccine

The 20-valent pneumococcal conjugate vaccine (PCV20) is
recommended in previously unvaccinated patients or those with
prior receipt of 23-valent pneumococcal polysaccharide vaccine
(PPSV23), 1 year apart

Patients should be informed that their immune response to
vaccinations is lower than that of the general population

For COVID-19 vaccination, follow the Centers for Disease Control and
Prevention recommendations for patients with moderate and severe
immunocompromised state, and protective measures should be
continued in high-risk conditions such as viral pandemics

Patients with frequent sinus or lung infections who have
hypogammaglobulinemia (IgG level <500 mg/dL) benefit from
intravenous immunoglobulin infusions every 6 to 8 weeks if the
levels remain low

Age-specific cancer screening guidelines should be followed in
patients with CLL

Patients with CLL have a higher risk for recurrence of basal cell
carcinoma and squamous cell carcinoma of skin compared with
those without CLL; routine examinations and skin protection
measures are recommended

There is no indication for screening or genetic testing in family
members

Abbreviation: CLL, chronic lymphocytic leukemia.
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(a δ isoform inhibitor) and duvelisib (a δ and γ isoform inhibitor) are
approvedforthetreatmentofCLL.59 PI3Kinhibitorsareassociatedwith
higher rates of all infections and several immune-mediated adverse

events. Patients taking idelalisib should be monitored every month for
elevated liver enzyme levels (39%), pneumonitis (cough, dyspnea, and
hypoxemia)(5.5%),diarrhea(29%),andcolitis(4.5%).60 Routinemoni-
toring for cytomegalovirus activation (0.9%) using a blood poly-
merase chain reaction test and prophylactic use of antibiotics such as
sulfamethoxazole/trimethoprim for Pneumocystis jirovecii pneumo-
nia (3.6%) is recommended for patients taking a PI3K inhibitor.

Inhibitor of B-Cell Leukemia/Lymphoma 2
BCL2 proteins inhibit the mitochondrial pathway of apoptosis. Over-
expression of the BCL2 family proteins is an essential component
of the pathophysiology of CLL.61 Limited duration treatment with
venetoclax, the only clinically available BCL2 inhibitor, induces com-
plete responses without detectable, measurable disease in the blood
or marrow of approximately 70% of patients with CLL, an effect that
is durable in more than 60% of patients after the drug is discontin-
ued. The initiation of venetoclax requires a weekly dose increase
over 5 weeks because of the potential for tumor lysis syndrome.
While receiving treatment, patients should be monitored for cyto-
penia, because they may require supportive treatment such as granu-
locyte colony–stimulating factor. Venetoclax is a substrate of CYP3A4
and P-glycoprotein, and consultation with a clinical pharmacist
before starting any new medication (eg, moderate and strong
CYP3A4 inducers and inhibitors such as phenytoin, carbamaze-
pine, voriconazole, posaconazole) is necessary to avoid adverse drug-
drug interactions.

Monoclonal anti-CD20 antibodies, including chimeric (ritux-
imab) and humanized (obinutuzumab and ofatumumab), bind to the
extracellular portion of the CD20 antigen and result in cell death via
a direct effect, complement-dependent cell toxicity, or antibody-
dependent cell toxicity. Monoclonal antibodies are combined with
novel agents such as venetoclax.62 Infusion reactions (ie, fever, chills,
flushing, changes in blood pressure or heart rate) occur in up to 67%
of patients, especially with the initial doses. Given the risk for reac-
tivation of viral hepatitis, testing for B surface antigen and core an-
tibody should be performed before starting treatment. If a patient
is a chronic carrier of hepatitis B, concurrent antiviral therapy should
be initiated after consultation with a hepatologist.28

Chemoimmunotherapy was the mainstay of therapy before the
introduction of novel agents. Purine analogues (fludarabine, pento-
statin) and alkylating agents (cyclophosphamide, bendamustine chlor-
ambucil) were used in combination with monoclonal anti-CD20
antibodies. Itshouldbenotedthatthefludarabine-cyclophosphamide-
rituximab (FCR) regimen is associated with an approximately 7% risk
of a secondary myeloid malignancy over a median follow-up of 58
months.63 Currently, chemoimmunotherapy has a limited, if any, role
in the treatment of CLL, because this class of drugs is inferior to BTK
inhibitors and venetoclax-based regimens in different clinical set-
tings (Table 2 and Table 3).

Choice of Treatment
Figure 1 shows the approach to treatment for CLL; Figure 2 shows
the mechanisms of action of several CLL treatments.

First-Line Treatment
Chemoimmunotherapy consisting of FCR, (bendamustine-rituximab
(BR), and chlorambucil-obinutuzumab (Chl-O) was previously the
first-line therapy for CLL. FCR was used for young (<65 years) and fit

Box 4. Practical Points for General Practitioners
About Commonly Used CLL Drugs

BTK inhibitors (ibrutinib, acalabrutinib, zanubrutinib, pirtobrutinib)
Atrial fibrillation/flutter

Low threshold for an ECG with concerning signs or symptoms

Patients with controlled atrial fibrillation are often able to
continue BTK inhibitors

Hypertension
Multiple antihypertensive drugs may be needed for
management of BTK inhibitor–induced hypertension

No specific class of antihypertensives is preferred for BTK
inhibitor–induced hypertension, and general guidelines for
management of blood pressure should be followed

Bleeding
Hold the drug 3 to 7 days before and after procedures

Consult with hematologist before starting anticoagulants.
Patients taking warfarin or vitamin K antagonists were excluded
from most BTK inhibitor trials

Infections
Consult the hematologist about holding the BTK inhibitors
during the infection episodes

Concurrent use with corticosteroids may lead to an increased
risk for fungal infections

BCL2 inhibitor (venetoclax)
Tumor lysis syndrome

Venetoclax should only be initiated under the direct supervision of
a hematologist as it requires a slow dose increase and close monitor-
ing at the beginning because of risk for tumor lysis syndrome

If the drug is held more than 1 week, consult the hematologist
before restarting as there may be a need for a slow dose
increase depending on the disease burden (lymphocyte count
or size of the lymph nodes)

Infections
Consult the hematologist about holding venetoclax during the
infection episodes

PI3K inhibitors (idelalisib, duvelisib)
Pneumonitis

The drug should be discontinued in the setting of cough,
hypoxia, or shortness of breath; notify a hematologist and refer
to a pulmonologist.

Diarrhea/colitis
The drug should be discontinued. A hematologist should be
notified and the patient referred to a gastroenterologist.

Can occur as a direct adverse event or as a presentation of
cytomegalovirus infection

Transaminitis
Hold the drug and contact a hematologist

Infections
Patients are at risk of Pneumocystis jirovecii infections and
cytomegalovirus reactivation, and P jirovecii prophylaxis is
recommended

Abbreviations: BCL2, B-cell leukemia/lymphoma 2; BTK, Bruton tyrosine
kinase; ECG, electrocardiogram; PI3K, phosphoinositide 3′-kinase.
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(Cumulative Illness Rating Scale [CIRS] score <6)]) patients.64 Patients
older than 65 years or those with CIRS scores greater than 6 were can-
didates for BR or Chl-O.65,66

In the US E1912 clinical trial of 529 previously patients with un-
treated CLL, FCR was less effective than the combination of ibruti-
nib (indefinite) and rituximab (6 months) for the outcome of PFS at
45 months follow-up, irrespective of the IGHV status (5-year PFS,
78% for ibrutinib-rituximab group, compared with 51% for the FCR
group; P < .001). Ibrutinib-rituximab regimen was also associated
with a superior 3-year overall survival compared with FCR (98.8%
vs 91.5%; P < .001).32,37 In the A041202 clinical trial of 364 pa-
tients randomized to ibrutinib, ibrutinib-rituximab, or BR, PFS was
associated with better outcomes, with the indefinite use of ibruti-
nib (2-year PFS, 87% vs 74%; P < .001) and ibrutinib-rituximab
(2-year PFS, 88% vs 74%; P < .001) compared with BR. In that study,
there was no improvement in the PFS by adding rituximab to ibru-
tinib (P = .49).38 In the SEQUOIA study of 590 participants, mono-
therapy with zanubrutinib (indefinite) was associated with a better
PFS compared with BR (2-year PFS, 85.5% vs 69.5%; P < .001).40

Chl-O has been used as the standard-treatment group in sev-
eral clinical trials that enrolled patients with high CIRS scores (>6)
or older age (>65 years). In the randomized iLLUMINATE trial that
included 229 patients, ibrutinib-obinutuzumab use was associated
with improved PFS compared with Chl-O (42-month PFS, 74% vs
33%; P < .001) and in the 3-group randomized ELEVATE TN trial
(n = 535), patients who received acalabrutinib-obinutuzumab or
acalabrutinib had a better PFS compared with the patients treated
with Chl-O (4-year PFS, 87% vs 78% vs 25%; P < .001).35,39 To-
gether, these studies led to the approval of ibrutinib, acalabrutinib,
and zanubrutinib for first-line treatment of CLL.

The CLL-14 study randomized 423 patients to either venetoclax-
obinutuzumab or Chl-O for 12 months and showed a significant im-
provement in 3-year PFS (81.9% vs 49.5%; P < .001). Among 216 pa-
tients treated with venetoclax-obinutuzumab, there was no evidence
of detectable CLL cells in the blood samples of 75.5% using allele-
specific oligonucleotide polymerase chain reaction. Also, with more
than 4 years of follow-up after finishing treatment, 63% of patients
treated with venetoclax-obinutuzumab remained in remission.41 The
CLL-14 study established a time-limited and chemotherapy-free regi-
men (venetoclax for 12 months and obinutuzumab for 6 months) as a
first-line therapy.

Combining antiproliferative agents, such as BTK inhibitors, and
proapoptotic drugs, such as venetoclax, is biologically reasonable
because of the distinct mechanism of action and toxicities of the 2
classes. In the GLOW randomized trial, 211 patients (aged >65 years
or with impaired organ function determined by CIRS score) were
randomized to receive ibrutinib-venetoclax (12 cycles) or Chl-O
(6 cycles); the 2-year PFS rate was better with ibrutinib-venetoclax
compared with Chl-O (84.4% vs 44.1%; P < .001). There was no de-
tectable disease by next-generation sequencing at the end of treat-
ment in 54.7% of patients treated with ibrutinib-venetoclax.42

Patients With Aberrant TP53
Details of studies enrolling patients with aberrant (deleted or altered)
TP53 are reported in Table 5; common features of approved BTK in-
hibitors compared with venetoclax are reported in Table 6. TP53 is a
proapoptotic gene located in the short arm of chromosome 17. Aber-
rancies, either in form of deletion—del(17p)—or sequence variation of
the gene (present in 10% of patients with untreated CLL), resulted in
a short remission after chemotherapy with a median PFS of only 11
months after treatment with the fludarabine, cyclophosphamide, and

Figure 1. The Treatment Approach to Chronic Lymphocytic Leukemia

3

Treatment protocol for chronic lymphocytic leukemia

First-line treatment

Subsequent treatment

If disease progression or intolerance to first-line treatment

1

Aberrant TP53
Indefinite treatment:
• Covalent BTK inhibitors (preferred)b

   acalabrutiniba or zanubrutiniba or ibrutinib
Fixed-duration treatmentc:
• Venetoclax + obinutuzumab; consider
   continuation of venetoclax in patient
   with abnormal TP53, especially in
   patients with evidence of detectable
   disease at 12 mo

Normal TP53
Fixed-duration treatment:
• Venetoclax + obinutuzumab
Indefinite treatment:
• Covalent BTK inhibitors
   acalabrutiniba or
   zanubrutiniba or ibrutinib

Second-line treatment2

Patient previously treated with 
venetoclax
Progression while receiving treatment or 
early after discontinuation of venetoclax: 
• Acalabrutinibf or zanubrutinibf or ibrutinib
• Noncovalent BTK inhibitor (pirtobrutinib)
   when available
Progression late after discontinuation of 
venetoclaxg:
• Acalabrutinibf or zanubrutinibf or ibrutinib
• Consider retreatment with venetoclax
• Noncovalent BTK inhibitor (pirtobrutinib)
   when available

Patient previously treated 
with covalent BTK inhibitor
Intoleranced:
• Switch to other BTK inhibitor 
• Venetoclax + rituximabe

Progression:
• Venetoclax + rituximabe

• Noncovalent BTK inhibitor
   (pirtobrutinib) when available

Prior failure of covalent BTK inhibitors and venetoclax:
• Noncovalent BTK inhibitor (pitobrutinib) when available (preferred)h

• PI3K inhibitors: idelalisib + rituximab or duvelisib
Consideration for cellular immunotherapy:
• Consider CAR-T therapy when/if available in patients with a controlled diseasei

• Allo-HCT if no access to CAR-T or after CAR-T

If disease progression after BTK inhibitors or venetoclax

Allo-HCT indicates allogeneic hematopoietic cell transplant; BTK, Bruton
tyrosine kinase; CAR-T, chimeric antigen receptor T cell; PI3K, phosphoinositide
3′-kinase; TP53, tumor protein p53.
a Second-generation BTK inhibitors (acalabrutinib, zanubrutinib) preferred,

given improved safety extrapolating from head-to-head trials in patients with
relapse. Zanubrutinib had superior efficacy compared with ibrutinib.

b BTK inhibitors are preferred based on data using cross-trial comparisons.
c Some experts consider the continuation of venetoclax in patients with

aberrant TP53, especially in those with evidence of detectable measurable
residual disease at the end of 12 months.

d In patients with controlled disease who are intolerant to ibrutinib, watch and
wait can be considered until there is an indication for treatment.

e In patients with rapidly progressive disease, consider inpatient care with rapid
dose escalation.

f Second-generation covalent BTK inhibitors (acalabrutinib, zanubrutinib)
preferred, given improved safety based on randomized clinical trials.
Zanubrutinib had superior efficacy compared with ibrutinib.

g Two years is generally accepted as the cutoff, although confirmatory studies
are needed.

h Pirtobrutinib is preferred over PI3K inhibitors, as its efficacy has been shown in
a clinical trial, including after receipt of BTK inhibitor and venetoclax.

i Referral for CART-T therapy is recommended while patients are responsive to
treatment.
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rituximab, compared with 9.1 months with fludarabine and cyclophos-
phamide (P = .03).69 In a pooled analysis of randomized and nonran-
domized clinical trials that used ibrutinib in 89 patients with aberrant
TP53, a 4-year PFS rate of 79% was reported.67 The SEQUOIA trial in-
cluded 109 previously untreated patients with del(17p), and treat-
ment with zanubrutinib in these patients was associated with a 2-year
PFS rate of 89%.68 Forty-eight patients with aberrant TP53 were
treated with acalabrutinib (with or without obinutuzumab) in the

ELEVATE TN study and had a 4-year PFS of 76%.39 In the CLL-14 study,
49 patients had an aberrant TP53 and were treated with venetoclax-
obinutuzumab for 12 months. For these patients, the 3-year PFS was
60.4%.41 Based on these studies and in the absence of head-to-head
clinical trials comparing BTK inhibitors with venetoclax, BTK inhibi-
tors are preferred for patients with TP53 aberrancy, but venetoclax-
obinutuzumab remains a reasonable option if BTK inhibitors cannot
be used due to potential for adverse events (eg, major cardiac or bleed-
ing disorders). If venetoclax is used in patients with an aberrant TP53,
indefinite therapy can be considered.70

Figure 2. Mechanisms of Action: Chimeric Antigen Receptors, PI3K Inhibitors, BTK Inhibitors, Bispecific Antibodies, BCL2 Inhibitors,
and Anti-CD20 Antibodies

Induce cell death

Inhibit the BCR signaling pathway
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Ibrutinib      
Acalabrutinib
Zanubrutinib

Inhibit the BCR signaling pathway
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on mature B lymphocytes

CD3 antigens are 
selectively expressed
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B  LY M P H O C Y T E

CD19
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CD19 antigens are 
selectively expressed
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T  C E L L

T  C E L L Idelalisib Duvelisib

Lisocabtagene maraleucel
(liso-cel; investigational)

Promote apoptosis

BCL2 inhibitors

Venetoclax

Rituximab
Obinutuzumab
Ofatumomab

Therapies under investigation

BCL2

BAK indicates BCL2 antagonist/killer 1; BAX, BCL2-associated X-protein; BCL2, B-cell leukemia/lymphoma 2; BTK, Bruton tyrosine kinase; LYN, Lyn tyrosine kinase;
PI3K, phosphoinositide 3′-kinase; SYK, Syk kinase.

Table 5. Efficacy of BTK Inhibitors and Venetoclax-Based Regimens for Patients With CLL and TP53 Aberrancy—Data From Prospective Clinical Trials

Source Drug No.
Median
follow-up, mo

%

PFS

Concurrent use of
anti-CD20
antibody

TP53 aberrancy
del(17p) or TP53
altered del(17p) TP53 altered

Pooled analysis
of 4 prospective
clinical trials67

Ibrutinib 89 49.8 49 100 53 59 48 mo: 79%
Median: NR

ELEVATE TN39 Acalabrutinib 48 46.9 48 100 68-69 83-84 48 mo: 76%
Median: NR

SEQUOIA68 Zanubrutinib 109 35 0 100 100 Not reported 24 mo: 88.9%
Median: NR

CLL1441 Venetoclax-
obinutuzimab

25 39.6 100 100 68 76 36 mo: 60.4%
Median: NR

Abbreviations: BTK, Bruton tyrosine kinase; CLL, chronic lymphocytic leukemia; NR, not reached; PFS, progression-free survival.

Clinical Review & Education Review Diagnosis and Treatment of Chronic Lymphocytic Leukemia

928 JAMA March 21, 2023 Volume 329, Number 11 (Reprinted) jama.com

© 2023 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ by a Universidad de Costa Rica User  on 04/18/2023

http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2023.1946


In summary, for first-line treatment, both BTK inhibitors (acala-
brutinib, zanubrutinib and ibrutinib) or the combination of veneto-
clax-obinutuzumab are acceptable choices. Treatment with vene-
toclax-obinutuzumab provides the opportunity for a fixed duration
of treatment (for 1 year) in contrast with indefinite therapy until pro-
gression or intolerance with the BTK inhibitors. Patients with mul-
tiple comorbidities can still be candidates for treatment with these
agents, but medical comorbidities may influence the choice of treat-
ment. For example, BTK inhibitors can be associated with adverse
outcomes in patients with an increased risk of bleeding or poorly con-
trolled cardiac arrhythmias. When there is access to BTK inhibitors
or venetoclax, chemoimmunotherapy regimens should be avoided
due to inferior efficacy (Table 3).

Previously Treated Patients
Patients with a progression of disease after a response for at least 6
months are considered to have relapsed CLL. Patients who have not
responded to treatment or who relapse within 6 months of the last
dose of therapy are considered to have refractory CLL. For both pa-
tients with relapse and those with refractory disease, and depend-
ing on the previous treatment that they received, either venetoclax-
rituximab (if they previously received chemoimmunotherapy or BTK
inhibitors) or BTK inhibitors (if they previously received chemoim-
munotherapy or venetoclax) are preferred treatments.71,72 In the
ASCEND trial, 398 patients with relapsed or refractory CLL were ran-
domized to receive acalabrutinib or investigator’s choice of agent
(BR or idelalisib and rituximab), and acalabrutinib treatment was as-
sociated with a better 1-year PFS (88% vs 75%; P < .001).45 In the
MURANO trial, 389 patients with relapsed CLL were randomized to
fixed-duration therapy with venetoclax (24 months) in combina-
tion with rituximab (6 months) or BR. Venetoclax-rituximab regi-
men was associated with superior PFS (median, 53.6 vs 17 months;
P < .001) and overall survival (82.1% vs 62.2% at 5 years) com-
pared with BR.50,73 Treatment should be started promptly in pa-
tients who progress with a BTK inhibitor, and patients may require
rapid increases in venetoclax dose in the inpatient setting and con-
tinuation of BTK inhibitor until or after a therapeutic target dose of
venetoclax is achieved.71,74

For patients with disease progression after first-line venetoclax-
based therapy, the timing of progression is important to consider
when selecting subsequent treatment. Progressive disease while tak-
ing venetoclax indicates the need to switch to BTK inhibitors as an
alternative class, whereas patients who relapse after finishing the
planned treatment duration may benefit from the reintroduction of
venetoclax.75 In patients with relapse, PI3K inhibitors, idelalisib
(in combination with rituximab), and duvelisib are approved for CLL.
Close monitoring for immune-mediated events and infections is
recommended.76 These drugs should not be used as first-line treat-
ments because of the higher incidence of idelalisib-induced grade
3 or greater elevations in liver enzyme levels in patients receiving
first-line treatment (54%) compared with previously treated pa-
tients (13%).77 Noncovalent (reversible) inhibitors of BTK, such as
pirtobrutinib, represent a new class of effective drugs for CLL. Pirto-
brutinib has demonstrated efficacy in patients with CLL relapse who
had prior treatment with covalent BTK inhibitors (100%) and vene-
toclax (41%) and has demonstrated efficacy irrespective of prior
treatment history, including in patients with mutant C481S gene with
overall responses in 50% to 70% of patients.78

Selecting a Covalent BTK Inhibitor
Zanubrutinib and acalabrutinib are newer covalent BTK inhibitors
that are more selective for BTK (with less effect on non-BTK en-
zymes) than ibrutinib and were originally expected to have a better
safety profile. Two clinical trials tested this hypothesis by compar-
ing acalabrutinib with ibrutinib (ELEVATE R/R study) and zanubru-
tinib with ibrutinib (ALPINE study) in patients with relapse. In the
ELEVATE R/R study, 533 patients with previously treated high-risk
CLL—del(17p) or del(11q)—were randomized to either acalabrutinib
or ibrutinib; acalabrutinib was noninferior to ibrutinib with regard
to PFS (median, 38.4 months in both groups) but showed lower rates
of atrial fibrillation/flutter (9.4% vs 16%; P = .02) and hypertension
(9.4% vs 23.2%) and a higher incidence of headache (34.6% vs 20%)
than treatment with ibrutinib. Discontinuation rates due to ad-
verse events were 14.7% with acalabrutinib and 21.3% with ibruti-
nib. In the ALPINE study, 652 patients with previously treated CLL
were randomized to zanubrutinib or ibrutinib. Treatment with za-
nubrutinib was associated with an improved overall response (86.2%
vs 75.7%; P < .001) and PFS (24-month PFS, 78.4% vs 65.9%;
P = .002) compared with ibrutinib. The improved efficacy also oc-
curred in patients with aberrant TP53 (24-month PFS, 72.6% vs
54.6%; P = .01). Zanubrutinib was associated with a lower cumula-
tive incidence of atrial fibrillation/flutter (5.2% vs 13.3%), but there
was an increased rate of neutropenia (29.3% vs 24.4%) without an
increased rate of infection (71.3% vs 73.1%). Events leading to treat-
ment discontinuation were less common with zanubrutinib vs ibru-
tinib (14.5% vs 22.2%).47 The mechanism of resistance is similar
among the covalent BTK inhibitors. Switching between drugs in this
category (acalabrutinib, zanubrutinib, or ibrutinib) after disease pro-
gression should be avoided.53,79 When BTK inhibitors are discon-
tinued because of intolerance due to adverse effects, treatment in-
dications should be assessed before additional treatments are
initiated, particularly in patients who have taken BTK inhibitors for

Table 6. Common Features of Approved BTK Inhibitors
Compared With Venetoclax

Class
BTK inhibitors (acalabrutinib,
zanubrutinib, and ibrutinib) BCL2 inhibitor (venetoclax)

Mechanism
of action

Inhibit BTK, a critical enzyme
in the B-cell receptor pathway

Inhibit BCL2, antiapoptotic
protein

Duration of
treatment

Indefinite therapy until
progression or intolerance

Fixed duration (12 or 24 mo in
first and released setting)

Efficacy

Feasibility No need for initial intense
monitoring

Requires frequent monitoring
and visits at the start of
treatment (first 4-8 wk)

Adverse
events

Cardiovascular (cardiac
arrhythmias, hypertension),
musculoskeletal symptoms,
infections, hematologic
events
Less common with
acalabrutinib and
zanubrutinib

Tumor lysis syndrome,
gastrointestinal symptoms,
hematologic events
Tumor lysis syndrome risk is
minimized with ramp-up and
debulking with anti-CD20
antibodies

Effect on
other
treatment
options

Venetoclax can be used
subsequently after
progression
Can be used peri
(before or after) CAR-T

BTK inhibitors can be used
subsequently after progression
No data on possible effect of
venetoclax on safety/efficacy
of CAR-T

Abbreviations: BCL2, B-cell leukemia/lymphoma 2; BTK, Bruton tyrosine kinase;
CAR-T, chimeric antigen receptor T cell.
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2 years or more. Data from the E1912 study indicated that the me-
dian time between stopping ibrutinib due to adverse effects and the
time to initiating new therapy was 25 months.32 If treatment is in-
dicated, clinical trials have shown that acalabrutinib or zanubruti-
nib can be used effectively in ibrutinib-intolerant patients, and za-
nubrutinib can be used in ibrutinib- or acalabrutinib-intolerant
patients.80-82 Based on the results of these studies, zanubrutinib and
acalabrutinib are preferred over ibrutinib because of their favor-
able safety profile and the superior efficacy of zanubrutinib com-
pared with ibrutinib.

Cellular Immunotherapy
Allogeneic Hematopoietic Cell Transplant
Allogeneic hematopoietic cell transplant is the only potentially cu-
rative treatment for CLL, with an approximate 5-year PFS rate of
40%. In this procedure, healthy hematopoietic donor cells geneti-
cally matched to the patient are infused after a conditioning regi-
men that includes a combination of chemotherapy, total body irra-
diation, or both. Despite the efficacy, approximately 30% to 50%
of patients experience complications such as graft-vs-host-
disease, which is associated with mortality in approximately 10% to
20% of patients.83,84 Allogeneic transplants should be discussed
with patients after progression with BTK inhibitors, venetoclax, or
both, while CLL is in complete or partial remission (Figure 1).

Chimeric Antigen Receptor T-Cell Therapy
Chimeric antigen receptor T-cell (CAR-T) therapy is considered the
standard of care for several B-cell lymphoid malignancies but re-
mains investigational for CLL.85 In the phase 1 portion of the
TRANSCEND study, 23 patients with high-risk CLL who progressed
after BTK inhibitors (91%), venetoclax (65%), or both (48%) all re-
ceived lisocabtagene maraleucel, an autologous CD19-directed CAR-T
therapy, with or without ibrutinib. The response rate was 82% by
the International Workshop on CLL criteria, and there was no de-
tectable disease by flow cytometry in the peripheral blood (75%)
or the bone marrow (64%) of most patients at 24-month follow-
up. CAR-T therapy is associated with cytokine release syndrome,
which is an acute systemic inflammatory syndrome characterized
by fever and multiple organ dysfunction. In the TRANSCED study,
74% of patients developed cytokine release syndrome (9% grade
3). Neurologic events are also associated with CAR-T therapy, and

39% of patients in this study experienced temporary neurologic
events (21% grade 3 or 4). These adverse effects may limit the clini-
cal utility of CAR-T therapy for some patients, but if approved, it will
be an important option for patients who experience disease pro-
gression after BTK inhibitors or venetoclax.86

Richter Transformation
Richter transformation, which is CLL transformation to high-grade
lymphoma (large B-cell lymphoma [90%] and Hodgkin lymphoma
[10%]), occurs in up to 10% of patients with CLL, at a rate of about
0.5% to 1% per year. Median overall survival is about 3 to 4 months
in patients with CLL and Richter transformation.87 For this reason,
these patients should be referred for clinical trials using investiga-
tional treatments. Less than 15% of patients achieve a complete re-
sponse to initial chemotherapy regimens like the standard-of-care
R-CHOP (rituximab, cyclophosphamide, hydroxydaunorubicin hy-
drochloride, vincristine, and prednisone), and consolidation with
allogeneic or autologous stem cell transplant should be considered
for these patients. Patients with Richter transformation to Hodg-
kin lymphoma have a 2-year overall survival of approximately 72%
with standard chemotherapy regimens, and consolidation with a
transplant is reserved for patients with relapsed disease who are not
in the first remission.88

Limitations
This review has several limitations. First, it is not a systematic re-
view, and the quality of evidence was not evaluated. Second, some
relevant publications may not have been included. Third, some im-
portant but still investigational drugs, combinations, and proce-
dures were not included. Fourth, some cited studies did not in-
clude long-term follow-up data.

Conclusions
More than 200 000 people in the US are living with a CLL diagno-
sis, and CLL causes approximately 4410 deaths each year in the US.
Approximately two-thirds of patients eventually need treatment.
Highly effective novel targeted agents include BTK inhibitors such
as acalabrutinib, zanubrutinib, ibrutinib, and pirtobrutinib or BCL2
inhibitors such as venetoclax.
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