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A subtype of white blood cells called lymphocytes is the source of chronic lymphocytic 
leukemia (CLL), a malignancy of the bone marrow and blood. A single lymphocyte can trans-
form into a cancer cell, proliferate over time, and finally displace normal lymphocytes in the 
lymph nodes and bone marrow. These cells can no longer fight infection, in contrast to nor-
mal lymphocytes. It has been demonstrated that lymphoid enhancer-binding factor-1 (LEF1), 
a member of the LEF/TCF transcription factor family, plays an essential role in regulating 
Wnt-pathway target genes. LEF1 plays a crucial role in many cancers. Recent studies have 
shown that LEF1 is overexpressed in CLL. LEF1 is specifically expressed at early stages of 
B-cell differentiation and is essential for survival and proliferation. In this review, the general 
course of the disease in CLL, the applied treatment strategies and the role of the LEF1 pro-
tein are analyzed in the light of current studies.
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INTRODUCTION

Adult patients with chronic lymphocytic leukemia (CLL) 
are typically older. CLL is the most prevalent adult 
leukemia in Western Countries due to its high incidence 
rate and extended survival rate, which generally starts as 
a relatively indolent illness. A single CD5+ B cell over-
growth that also expresses low levels of CD79b, CD20, 
and CD23, as well as surface membrane immunoglobulin 
(smIg) of a single IG light (L) chain type, causes the disor-
der. Clinical results for this clonal overgrowth vary greatly; 
some patients pass just 2-4 years after diagnosis, while 
others continue to survive for decades. This heterogeneity 
is caused by both extrinsic (such as inputs provided by dif-

ferent signaling pathways in the tissue microenvironment; 
TME) and intrinsic (such as genetic and epigenetic changes 
in coding and noncoding genes) factors in leukemic B cells.
[1] Following the introduction of targeted therapies, they 
have been shown to significantly improve overall survival 
in CLL patients.[2]

Lymphoid enhancer binding factor (LEF1) functions through 
the wingless-type mouse mammary tumor virus integra-
tion site (Wnt) signaling pathway and is an essential tran-
scription factor for the survival and proliferation of B and 
T cells.[3] Recent studies have shown that high LEF1 expres-
sion is a predictive marker for CLL diagnosis and prognosis.
[4-6] This review addresses the role of the LEF1 protein in 
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the development of CLL, as well as the environmental, ge-
netic, and epidemiologic factors that influence the disease, 
starting with clinical presentation, diagnosis and prognostic 
markers. Finally, it concludes with factors that contribute 
to disease progression or resistance to treatment, identify-
ing both current and novel treatment options.

Chronic Lymphocytic Leukemia Process 
Distribution by Age, Race and Gender
When we look at it, the average age of diagnosis of the 
disease is stated as 70. However, it is revealed that the 
number of cases is highest between the ages of 65-74.[2] In 
addition, since the incidence of this disease varies accord-
ing to races or ethnicity, the rates may also vary. When we 
look at the ratios, the order is as follows: White>Black-
>Hispanic>Asian>Pacific Islands. The incidence also varies 
according to gender. It is twice more common in men than 
in women.[7]

Environmental Factors
When we look at environmental factors, it has been seen 
that various poisons are associated with the development 
of CLL.[8] It was revealed that substances used in wars 
in the past years also triggered the disease. However, it 
cannot be said that these substances are a serious fac-
tor in the disease.[9] More research is needed for this. In 
addition, some diseases that weaken the immune system 
(respiratory tract infections, herpes zoster, etc.) may be a 
precursor to CLL. In addition, hypogammaglobulinemia is 
common in most CLL patients. This problem is thought to 
be helpful in the diagnosis of the disease.[10,11]

Genetic Factors
When we look at genetic factors in CLL, it has the high-
est incidence of familial association. Disease development 
rates of first-degree relatives increase approximately 8-9 
times. But in the Asian region, on the contrary, the in-
cidence of CLL remains low.[7] The nine most probable 
genes that are transcriptionally active in CLL cells and con-
trol human B-cell development, signaling, or immunologi-
cal function were selected from this group.[12,13] GWASs of 
myeloma and CLL patients verified this by identifying com-
mon risk loci impacted by variants in B-cell regulatory el-
ements that impact genes involved in B-cell development. 
In accordance with this, mutations in B-cell regulatory el-
ements that impact genes involved in B-cell development 
found to affect common risk loci in GWASs of CLL and 
myeloma patients.[13]

Chromosome anomalies in leukemic cells from patients 
with CLL were observed in another part. Additionally, 
leukemic clones of normal cells from CLL patients in the 
early phases of hematopoiesis include mutations. These 
mutations result in a pre-leukemic condition that is similar 
to monoclonal B lymphocytosis, but they are insufficient 
to cause the disease.[14] The somatic abnormalities del13q, 
tri12, del11q, and del17p are the most frequently ob-
served in mature CLL cells, in that order of frequency. At 

diagnosis, 13q and tri12 deletions are revealed. Typically, 
del11q and del17p are identified later in the disease.[15]

Lymphoid Enhancer-binding Factor 1
LEF1/TCF transcription factor family, which includes lym-
phoid enhancer-binding factor-1 (LEF1), has been demon-
strated to be important in controlling Wnt-pathway tar-
get genes.[16] The expression of LEF1 is restricted to the 
initial phases of B-cell differentiation and is essential for 
the survival and growth of these cells. Studies have shown 
that LEF1 is overexpressed in CLL. In addition, it has been 
shown that highly malignant acute leukemias express more 
LEF1 compared to low-grade chronic leukemias.[17]

Howe et al.[18] found that patients with CLL showed 
higher expression of LEF1. They discovered that CLL cells 
showed higher amounts of LEF1, which were almost ab-
sent in non-Hodgkin lymphoma cells, when they compared 
LEF1 expression in the two types of cancer. They con-
cluded that with the exception of CLL, LEF1 is not con-
sistently expressed in all lymphoproliferative malignancies 
with mature B-cell properties. Further studies into gene 
expression verified that CLL cells exhibited a substantial 
overexpression of LEF1 in contrast to typical B lympho-
cytes.[19,20]

Menter et al.[4] demonstrated the diagnostic utility of LEF1 
in CLL. LEF1 was expressed in 77 out of 80 CLL patients. 
The specificity and sensitivity of LEF1 for the diagnosis 
of CLL were 0.93 and 0.96, respectively. Walther et al.[21] 
observed that LEF1 is absent from mantle cell and mar-
ginal zone lymphomas but expressed and transcriptionally 
active in the majority of Burkitt lymphoma patients and 3% 
of DLBCL. According to Tandon et al.,[22] immunohisto-
chemistry revealed that LEF1 was expressed 100% in CLL; 
a small subset of high-grade Follicular Lymphoma and sev-
eral Diffuse Large B Cell Lymphoma (38%) also displayed 
LEF1 expression, although to a lower extent.

In a study of 197 CLL and 6 Monoclonal B-cell Lympho-
cytosis patients, the duration of treatment-free survival 
(TFS) and overall survival (OS) was much longer in CLL 
patients with low LEF1 expression than in those with high 
LEF1 levels.[6] Erdfelder et al.[23] showed that high LEF1 ex-
pression was associated with poor prognosis and disease 
progression in patients with CLL. Additionally, the mean 
LEF1 RER for patients in need of treatment was 85.61, 
while the mean for patients in the newly diagnosed Binet 
A stage was just 22.01 (p<0.001).

Clinical and Laboratory Parameters
In most Western Countries with developed healthcare 
systems, CLL is diagnosed by finding a high number of 
lymphocytes in a complete blood count obtained dur-
ing standard medical screenings. The diagnosis is estab-
lished by flow cytometric measurement of the quantity of 
CD5+CD19+ B cells if the lymphocyte count increases 
further. Physical examination alone is adequate because 
most of CLL patients are asymptomatic, since they lack 
symptoms like fever, sweats at night, weight loss.[24] 

Demir. LEF1 and Chronic Lymphocytic Leukemia 295



Prognostic Markers
Once CLL is diagnosed, a number of prognostic indica-
tions identify the disease’s stage and indicate the clinical 
path the disease will take in each individual. This is done 
by examining the physical examination and whole blood 
results together. These two conditions are still important 
in the diagnosis of CLL. Two risk classifications, Modified 
Rai and Binet, are used in CLL staging.[25,26] Together with 
these two laboratory-based and clinical categories, a new 
classification method incorporating genetic data has been 
introduced. The Chronic Lymphocytic Leukemia-Interna-
tional Prognostic Index (CLL-IPI) is a novel classification 
method that uses five independent prognostic criteria.[27] 

Table 1 displays the risk groups and survival percentages 
assessed in four distinct categories based on this system. 
Estimates of the clinical progression and result are deter-
mined by the analysis of several laboratory data. One of 
the most reliable methods among these analyzes is IGVH 
(immunoglobulin variable heavy-chain) mutation status. 
In other words, the number of somatic mutations in the 
IGVH gene or the absence of mutations are examined.[28,29]

Therapeutic Methods Applied in CLL
Taking a look back, we are making significant progress 
on understanding the nature of CLL. There is hope for a 
cure in the future due to the increased understanding of 
the disease and the development of new prognostic and 
treatment alternatives. Comprehensive treatment involves 
the use of multiple modalities such as immunotherapeutic 
methods monoclonal antibodies, chemotherapy, and other 
small molecule therapies.[29]

Treatment of CLL US Food and Drug Administra-
tion (FDA) Approved
The frontline settings of CLL include alkylating agents (such 
as bendamustine, chlorambucil, and cyclophosphamide), 

purine analogs (such as fludarabine and pentostatin), an-
ti-CD20 monoclonal antibodies (such as obinutuzumab, 
ofatumumab, and rituximab), and Bruton Tyrosine kinase 
inhibitors (such as ibrutinib). The US FDA approved cel-
lular therapies (allogenic hematopoetic stem cell trans-
plantation as a relapsed setting of CLL), ibrutinib, phos-
phatidylinositol-3-kinase inhibitor idelalisib + rituximab, 
duvelisib, BCL-2 inhibitor (venetoclax) +/− rituximab, and 
anti-CD20 monoclonal antibodies (Obinutuzumab, Ofatu-
mumab, Rituximab).[30]

Patients with advanced CLL are not cured with conven-
tional therapy. Treatment aims to improve overall quality 
of life and, particularly, to prolong overall survival by re-
versing cytopenias and relieving associated symptoms. Pre-
dicting overall survival with current treatments including 
novel agents has proved difficult due of the short follow-up 
of studies analyzing these combinations. Expected overall 
survival with new treatments varies from a few years to 
decades, dependent on the severity of the disease, the pa-
tient, and the selected strategy of treatment.[30]

When Del 17p or TP53 mutation positive; there are dif-
ferent options for targetted therapies. Ibrutinib, ibrutinib 
plus obinituzumab, acalabrutinib, venetoclax plus obinu-
tuzumab, venetoclax are options for del 17p or TP53 posi-
tivity. When IGVH unmutated; ibrutinib, ibrutinib plus obin-
utuzumab, acalabrutinib, venetoclax plus obinutuzumab are 
treatment options. If IGVH mutated and the patient is fit; 
ibrutinib, ibrutinib plus obinutuzumab, acalabrutinib with 
or without obinutuzumab, venetoclax plus obinutuzumab, 
FCR, BR are treatment options. If IGVH mutated and the 
patient is unfit; ibrutinib, acalabrutinib with or without 
obinutuzumab, venetoclax plus obinutuzumab, BR, chlo-
rambucil plus obinutuzumab are treatment options.[30]

Anti-CD 20 Monoclonal Antibodies
For the past ten years, patients with chronic lymphocytic 
leukemia (CLL), chemoimmunotherapy has been the ac-
cepted course of treatment. The development of a new 
generation of anti-CD20 antibodies with improved thera-
peutic efficacy is a result of advances in monoclonal anti-
body technology.[31]

Rituximab, ofatumumab, and obinutuzumab are the three 
monoclonal antibodies that have been approved for the 
treatment of CLL Survival rates of patients with CLL have 
been found to be significantly higher when anti-CD20 
monoclonal antibodies (mAbs) and chemotherapy are 
used together. In patients with CLL who have not received 
prior treatment, adding rituximab to ibrutinib does not 
increase PFS because of ibrutinib’s antagonistic effect on 
anti-CD20 antibodies. In patients with CLL who have not 
received prior treatment, adding rituximab to ibrutinib 
does not increase PFS because of ibrutinib’s antagonistic 
effect on anti-CD20 antibodies. On the other hand, PFS 
might be increased by combining a more selective BTKi, 
acalabrutinib, with a glycoengineered anti-CD20 mAbs, 
obinutuzumab. For patients with autoimmune cytopenia 
or rapidly progressive diseases, the combination of an an-

Table 1.	 CLL-International Prognostic Index (CLL-IPI)

Age 	 ≤65: 0 point
		  >65: 1 point	
Clinical stage	 Binet A/Rai 0: 0 point
		  Binet B, C/Rai I-IV: 1 point	
B2 mikroglobulin	 ≤3.5: 0 point
level (mg/L)	 >3.5: 2 point	
IGVH mutation	 Yes: 0 point
		  None: 2 point	
Del (17p) and/or p53	 None: 0 point
mutation	 Yes: 4 point	

CLL-IPI score	 Risk category	 5-year OS (%)
0-1		 Low risk	 93.2
2-3		 Intermediate risk	 79.3
4-6		 High risk	 63.3
7-10	 Very high risk	 23.3

IGHV: Immunoglobulin variable heavy-chain, OS: Overall survival
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isib approved at 2014 and duvelisib aproved 2018 in FDA. 
In 2019 umbralisib was approved for fast tract status for 
CLL. This tree agent was used for relapsed refractory CLL. 
It is well known that although many CLL patients show dis-
ease responsive to treatment with kinase inhibitors, they 
often discontinue treatment because of side effects.[42]

Chemoimmunotherapy
Immunochemotherapy is another form of treatment. Im-
munotoxins and monoclonal antibodies are becoming sig-
nificant agents in this therapeutic modality and are being 
investigated in clinical studies with patients with CLL. A 
chimeric human mouse monoclonal antibody that targets 
the CD20 antigen is called rituximab.[33,34] At every stage 
of B cell development, with the exception of stem cells 
and plasma cells, CD20 is expressed.[43] The antileukemia 
effects of rituximab include lysis that is dependent on 
complement, cytotoxicity that is mediated by antibodies 
on cells, and the direct activation of apoptosis. Never-
theless, studies showed that compared to other forms of 
lymphoma, higher doses of rituximab are successful for 
CLL.[44,45]

Alemtuzumab is another drug. It is a monoclonal antibody 
to the CD52 antigen that is recombinant and completely 
human.[38] Alemtuzumab significantly improves overall re-
sponse rates and survival rates in individuals with relaps-
ing CLL, according to several studies. Additionally, alem-
tuzumab has been shown to help CLL as well as other 
diseases with poor prognosis. Also, the combination of 
Rituximab with Fludarabine has been found to improve 
overall response rates in CLL.[46]

Allogeneic Hematopoietic Stem Cell Transplant
Upon reviewing the literature and publications, we find 
that the European Bone Marrow Transplantation Group 
has released a study. It is emphasized in this work that the 
required criteria for allogeneic hematopoietic stem cell 
transplantation for CLL are given.[47] The scientists who 
published the study emphasize that this method works 
well in patients with various abnormalities who are unre-
sponsive to chemotherapy or who relapse after achieving 
complete remission using a purine analogue. In addition 
to this study, it is stated that the mortality rate is high in 
most studies.[48]

Other Treatment Methods
In addition to immunotherapy and other treatments, ad-
ditional CLL treatment approaches are also reviewed. 
Oblimersen, an antisense phosphothioate oligonucleotide, 
is one of them. Oblimersen targets BCL-2, an anti-apop-
totic molecule’s messenger RNA.[43] This drug has a mod-
erate effect in patients with recurrent CLL in a single use. 
However, when combined with Fludarabine-Cyclophos-
phamide, the effect level increases.[45]

How I treat CLL?
As we mentioned, chronic lymphocytic leukemia (CLL) is 
a type of cancer that is usually seen in middle-aged and 

ti-CD20 mAb and a BTKi is recommended. Unlike BTKi, 
anti-CD20 mAbs combined with fixed-duration veneto-
clax can result in an elevated rate of undetectable minimal 
residual disease and profound remission; this combination 
has been linked to better survival rates for CLL patients in 
both first line and relapse/resistant.[32]

Purine Analogs
Some of the purine analogs that we’re looking at are: Flu-
darabine, pentostatin, and cladribine. In most reported 
CLL studies, patient survival was associated with response 
to chemotherapy and disease onset. Fludarabine can elicit 
a major cytoreductive response in a proportion of patients 
with previously untreated CLL.[33] Fludarabine is by far the 
most extensively studied analogue.[34] It provides complete 
remission. Specifically, older patients with advanced dis-
ease and those who have previously received treatment 
respond better to single agent fludarabine.

Fludarabine is the most comprehensive and widely eval-
uated of these nucleoside analogues and is typically the 
leading and widely used major drug in the FCR (fludara-
bine, cyclophosphamide, and rituximab) regimen. Because 
prolonged remissions have been reported in this setting, 
FCR remains the recommended first-line therapy for eligi-
ble young patients (<60 years) with IGVH.[35,36] 

Pentostatin has also been shown to have clinical activity 
in CLL and is less toxic than its fludarabine counterpart, 
which may provide some important advantages. Pento-
statin is used together with cyclophosphamide and ritux-
imab. When administered previously, it did not respond as 
fully as the more commonly used FCR regimen.[37]

In studies on cladribine, it was noted that it showed remis-
sion similar to fludarabine as a single agent or in combina-
tion treatments.[38]

Bruton Tyrosine Kinase Inhibitors
There are two types of BTKi. First generation BTKi is 
İbrutibib. FDA approved ibrutinib who had received at least 
one previous thereapy or with del 17p, mantle cell lym-
phoma with ≥ 1 prior therapy Waldenstrom’s macroglobu-
linemia. This indication supported with RESONATE Phase 
III clinical trial for CLL, Pivotal Phase II trial for mantle cell, 
Pivotal phase II for Waldenstrom’s Macroglobulinemia.[39,40]

Second generation BTK inhibitor is Acalabrutinib FDA ap-
proved in year 2019 for treatment of CLL. This indication 
supported with ELEVATE-TN and ASCEND trials. Obini-
tuzumab plus chlorambucil versus monotherapy acalabru-
tinib or obinituzumab plus acalabrutinib compared about 
progression free survival (PFS) therapy of untreated CLL 
patients in ELEVATE-TN trial PFS was sinificantly longer 
on the monotherapy acalabrutinib and combination with 
obinituzumab.[41]

Phosphoinositide 3-kinase (PI3K) inhibitors
There are different types of PI3K inhibitors named İdelal-
isib, Copanlisib, Alpelisib, Umbralisib, and Duvelisib. İdelal-



older people and has a slow course in the bone marrow 
and blood. It occurs when lymphocytes, one of our white 
blood cells, increase in an uncontrolled and abnormal num-
ber in the bone marrow, blood and lymph nodes. The pur-
pose of lymphocytes in the immune system of our body is 
to create a defense against the diseases that occur. When 
CLL occurs, lymphocytes become unable to function. As 
a result, the body’s defense system weakens and becomes 
weak against diseases. When it comes to adult cancer, CLL 
is often the second most frequent kind. There are sev-
eral components involved in this disease. One of these is 
overexpression of the LEF1 protein. Recently studies sup-
ported this situation. In addition, various mutations play a 
role in the emergence of the disease. In addition, the cause 
of the disease varies in gender, race and different ethnic 
origins. Looking at the studies, different parameters of the 
disease were examined and revealed. As a result of these 
parameters, different treatment methods have emerged. 

General chemotherapy applications and specialized biolog-
ical agents are used in the first and later advanced treat-
ment stages in the treatment of CLL. Generalized non-
chemotherapy regimens currently recommended for CLL 
include monotherapy and combination therapies with BTK 
inhibitors, monoclonal antibodies, PI3K inhibitors, lenalido-
mide and B-cell lymphoma inhibitors. Clinical develop-
ments focusing on individual CAR T cell monotherapy have 
been slowed by poor response levels and short periods of 
remission. Apart from various analogue and drug trials, it 
was concluded that bone marrow transplantation also gave 
successful results in some studies, but the mortality rate 
was high in most studies. It is emphasized that studies on 
bone marrow transplantation should still be continued. In 
addition, these treatment variations give the hematologists 
some great options, to choice the best treatment model.

Conclusion
CLL is still a disease that is challenging to cure and has 
a significant recurrence rate even with current treatment 
plans. Consequently, it is still essential to look for new 
drugs and make a thorough effort to comprehend the 
molecular processes underlying the disease’s pathogenesis. 
The LEF1 protein, which has a critical role in this disease, 
needs to be investigated in detail. New drug studies for 
this protein should be started.
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Kemik iliği ve lenf düğümlerinin bir malignitesi olan kronik lenfositik löseminin (KLL) kaynağı, beyaz kan hücrelerinin bir alt türü olan lenfo-
sitlerdir. Tek bir lenfosit kanser hücresine dönüşebilir, zamanla çoğalabilir ve sonunda lenf düğümlerinde ve kemik iliğinde normal lenfositlerin 
yerini alabilir. Bu hücreler artık normal lenfositlerin aksine enfeksiyonla savaşamaz. Lenfoid güçlendirici bağlama faktörü-1 (LEF1), Wnt yolu 
hedef genlerinin düzenlenmesinde önemli bir rol oynadığı gösterilen LEF/TCF transkripsiyon faktörü ailesinin bir parçasıdır. LEF1 birçok kan-
serde çok önemli bir rol oynar. Son yıllarda yapılan çalışmalar LEF1’in CLL’de aşırı eksprese edildiğini göstermiştir. LEF1, özellikle B hücresi 
farklılaşmasının erken aşamalarında eksprese edilir ve hayatta kalma ve çoğalma için gereklidir. Bu derlemede, KLL’de hastalığın genel seyri, 
uygulanan tedavi stratejileri ve LEF1 proteininin rolü güncel çalışmalar ışığında analiz edilmiştir.

Anahtar Sözcükler: İlaçlar; KLL; LEF-1; tedavi.
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