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ABSTRACT 

Although valuable advances have been made in the hematological field over the past 
years, most of the B-cell malignancies remain incurable, as malignant B cells retain the 
ability to respond to a variety of microenvironment signals, providing additional 
opportunities in the development of therapeutic interactions. The role that the 
microenvironment has in the natural history of malignant B cell of chronic lymphocytic 
leukemia (CLL) appears to favor the development of new treatment modalities aimed at 
interrupting the interaction between malignant B cells and microenvironment. At this 
moment, the therapeutic approaches whose target is the CLL microenvironment or the 
signaling pathways associated with CLL microenvironment are one of the most 
important therapeutic strategies. Interactions taking place within the tumor 
microenvironment are targeted by multiple clinical trials, and preliminary results are 
favorable. Chronic Lymphocytic Leukemia (CLL) is a size of complexity because 
leukemic cells are grown and protected by anti-cancer therapies by the components 
constituting the tumor microenvironment in lymphoid organs (e.g., endothelial cells, 
dendritic cells (CD), T cells, myeloid-derived suppressor cells (MDSCs), monocyte-
derived nurse-like cells (NLC)). Current standard therapy in CLL combines 
chemotherapy with an anti-CD20 monoclonal antibody. This combination induces 
substantial toxicity and is not curative, as most patients relapse. Recent advances using 
kinase inhibitors, such as ibrutinib and idelalisib or BCL2 signaling inhibitors e.g. 
Venetoclax, indicate a major change promising to treat chronic lymphocytic leukemia 
without chemotherapy. At present, these therapeutic agents do not provide complete 
responses and should be administered continuously by the patient in order to avoid 
recurrence/relapse of the disease. Resistance to ibrutinib has already been detected in 
patients with high genetic risk. This problem requires the identification of therapies that 
combine agents with distinct mechanisms of action. 

KEYWORDS: chronic lymphocytic leukemia, microenvironment, malignant B cell, 
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INTRODUCTION 
 

At the current moment the standard of 
treatment for young patients with CLL is still 

chemotherapy, the most commonly used scheme 
being R-FC (rituximab, fludarabine and 
cyclophosphamide). However, chemotherapy 
results are often unfavorable, particularly in 
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some subgroups of patients, for instance with 
increased cytogenetic risk (e.g. 17p deletion) or 
in elderly patients (over 70 years) with low 
tolerability to treatment. 

Lower scores due to chemotherapy have 
favored the introduction of new therapeutic 
agents (e.g. ofatumumab, bendamustine, 
alemtuzumab), and have led to the development 
of alternative therapeutic regimens targeting 
interactions between CLL cells and 
microenvironment (e.g. lenalidomide, 
chemokine receptors and BCR or BCL2 
signaling inhibitors) [3]. When engaged in 
adherence to stromal cells, CLL cells are 
resistant to the cytotoxic effects of drugs 
commonly used in the treatment of patients with 
CLL, for example corticosteroids and 
fludarabine [4]. This adhesion-mediated drug 
resistance mechanism may be an explanation for 
the relapse of the disease and the presence of 
residual minimal disease (MRD) in bone 
marrow of patients with CLL [4,5]. 

The CLL microenvironment has gained 
a lot of attention in recent years, due to the 
introduction into the therapeutic regimens of 
small molecule inhibitors targeting inter-
microenvironment [6]. These investigators 
target BCR associated kinases (the most 
obvious examples being ibrutinib and idelalisib) 
and BCL2 (venetoclax) have changed the fate of 
patients with CLL in terms of survival and 
quality of life, as they have led to sustained 
remissions in refractory patients or disease in 
progression, including those who show genetic 
changes with unfavorable prognosis (e.g., del 
17p or del 11q).  
 
THE ROLE OF TUMOR 
MICROENVIROMNENT  IN CURRENT 
THERAPEUTIC STRATEGIES 
 
 Hematological cancers arise from the 
specialized microenvironments and appropriate 
their development, such as bone marrow (B.M) 
and secondary lymphoid organs. Both B.M and 
secondary lymphoid organs are distinct 
microenvironments, each regulate different 
stages of maturation and differentiation of 
lymphocytes. At the B.M level, hematopoietic 
stem cells and mature B cells develop from 
common progenitors. Mature B cells migrate 
into the secondary lymphoid organs where they 

are exposed to antigen (Ag) in germinal centers 
of secondary lymphoid follicles [7]. 
 The tumor microenvironment is made up 
of a variety of factors, such as auxiliary stromal 
cells, T cells that promote tumor expansion and 
its resistance to treatment and malignant blood 
cells that are in a relationship of 
interdependence with the signals from the 
microenvironment. Another major factor in the 
microenvironment of B cell lymphomas is 
angiogenesis that acts by at least two 
mechanisms: autocrine stimulation and 
paracrine. Another aspect is the mechanisms of 
immune escape of malignant B cells that 
includes altered expression of surface molecules 
involved in recognition of immune cells, defects 
in formation of immunological synapses and co-
opting the network of immune control points by 
the tumor microenvironment [8]. 
 Targeting specific intracellular pathways 
involved in interactions with CLL cells / tumor 
microenvironment may represent a new and 
attractive option to increase the therapeutic 
weapons used in CLL [9]. An overview of 
medicines which can be or are used to target 
specific molecules involved in interactions 
between CLL cells and the tumor 
microenvironment is proposed in this article. 
 However, the immune and stromal cells 
of the tumor microenvironment (TM) are 
genetically stable compared to neoplastic cells, 
thus being less susceptible to classical 
therapeutic resistance mechanisms, and 
targeting TM has become a mandatory 
therapeutic strategy. Due to the paradoxical 
capacity of TM to promote and block tumor 
growth, the therapeutic approach explored was 
the development of treatment strategies that 
restore the TM balance rather than simply 
destroy its components [8]. A revolutionary 
breakthrough in cancer therapy has been the use 
of immunotherapy, which targets the evasion 
mechanisms of T-cell by tumors [1]. In addition, 
studying molecular bases which mediates the 
interactions of CLL cells with the various 
components of TM may be useful in 
understanding mechanisms of neoplastic 
development and progression and identification 
therapeutic targets to be achieved with the help 
of specific drugs in combination with 
conventional chemical immunotherapeutic 
agents in selected CLL subsets [9]. 
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 Another important aspect is that 
microenvironmental niches may provide a safe 
haven from cytotoxic drugs, favoring relapse. 
Therefore, it is crucial to identify molecular 
interactions that bind malignant B cells to the 
microenvironment, and it is also important to 
investigate whether neoplastic clone responses 
to microenvironmental signals define 
abnormalities associated with malignancy 
compared to normal B cells. 
 Although at first, approaches to 
modulate microenvironmental elements and 
their orientation to CLL cells may have 
therapeutic potential, the condition is that we 
can exploit and fully understand the complex 
interactions that occur in vivo [10]. The 
interactive dynamic established between CLL 
cells and the microenvironment apparently 
promotes the growth and survival of CLL cells 
in vivo. Targeting this dynamics is therefore an 
attractive way for therapy, the goal being to 
induce apoptosis of CLL cells and / or to 
increase the sensitivity of CLL cells to current 
therapies [11]. These approaches could be 
divided into two basic categories, namely: 

1. strategies that block the interaction of 
survival / growth factors with receptors 

2. strategies that disrupt signaling 
pathways in CLL cells that are activated 
by survival / growth factors [11] 

 CXCR4 antagonists are included in the 
first category because they block the CXCL12 
interaction with its receptor. AMD3100 
(Plerixafor) or T140 may diminish the survival 
support provided by the CXCR4 to 
microenvironment and may increase the 
sensitivity of CLL cells to the cytotoxic effects 
of leukemia drugs such as fludarabine 
monophosphate [11,12]. The second category 
includes components that target the survival or 
growth pathways of leukemic cells promoted by 
microenvironmental factors. This category 
includes inhibitors of: 

 phosphatidylinositol-3-kinase (PI3K) 
(CAL-101) 

 spleen tyrosine kinase 
(SYK)(fostamatinib disodium/R406) 

 tyrosine kinase Bruton (BTK) 
(PCYC-1103-CA) 

 BCL-2 (venetoclax, obatoclax/ GX15-
070 and ABT-263) [11] 

 

SIGNALING PATHWAYS ASSOCIATED 
WITH  CLL MICROENVIRONMENT 
THAT ARE FREQUENTLY TARGETED 
BY THERAPEUTIC STRATEGIES 
 
           BCR signaling pathway 
 In the last decade, studies on the 
structure and function of the B cell antigen 
receptor (BCR) have redesigned the nature of 
the chronic lymphocytic leukemia [13]. BCR 
signaling pathway is important in the 
pathogenesis of CLL and there is evidence to 
support this, but the precise mechanism that 
triggers the activation of BCR remains 
controversial. BCR activation in MT has 
emerged as a central oncogenic pathway, 
essential for the survival and proliferation of 
CLL [14]. BCR and MT tissue signals converge 
on several intracellular signaling pathways, 
including the PI3K-AKT axis [14]. 
  The BCR stimulation signal plays a 
significant role in the development and 
prognosis of CLL as disease progression is 
closely linked to variable BCR area mutations 
and CLL cells express the IGHV sequence 
restrictively and no mutation of Ig and / or ZAP-
70+ has a priority response  to BCR stimulation 
[4]. 
 BCR pathway is an engine of CLL 
progression and BCR stimulation signals plays a 
significant role in the development and 
prognosis of CLL, so targeting BCR signaling 
pathway is an important therapeutic strategy. 
 It has been demonstrated that inhibitors 
of BCR signaling pathways (Figure 1) have low 
molecular weight, show a great clinical activity 
and target BTK kinases, PI3K and SYK.[15] 
BTK is a tyrosine kinase non-receptor member 
of the Tec family kinases, which is activated by 
LYN and SYK kinases, which play a role in the 
proliferation and differentiation of B cells and 
which lead to activation of the NF-κB signaling 
pathway and protein kinase activated by 
mitogen (MAPK) [3]. By inhibiting Bruton 
tyrosine kinase (BTK), which is an essential 
molecule in BCR signaling transduction, inhibit 
survival and proliferation depend on CLL 
microenvironment, including those that feature 
BCR and CD40 [16]. By inhibiting SYK and 
PI3K, the interaction between CLL cells and the 
microenvironment is blocked, and pro-apoptotic 
signals are promoted by inhibiting BTK, PI3K 
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and SYK [4]. Inhibitors of SYK (fostamatinib 
disodium), BTK (ibrutinib) and PI3K (GS-
1101) have common characteristics in the 
treatment of chronic lymphocytic leukemia, due 
to the fact that these drugs can cause a transient 
increase in lymphocytes during the first week of 
treatment due to the mobilization of CLL cells 
in the peripheral blood from tissue, lymph nodes 
act on reducing their size, and bone marrow 
suppression is reasonable [4,17 to 19]. 
 Ibrutinib is an oral inhibitor that blocks 
the phosphorylation and activity of BTK kinase, 
which was approved in 2014 for the treatment 
of mantle lymphoma and chronic lymphocytic 
leukemia. Ibrutinib block B cell receptor in a 
number of microenvironments: lymph nodes, 
bone marrow and peripheral blood. Early 
lymphocytosis and gradual reduction of 
organomegaly followed by lymphocyte 
normalization are typical effects of ibrutinib 
therapy, linked to inhibition of CLL cell 
proliferation and induction of cell death in vivo. 
Changes that occur in the tumor 
microenvironment of chronic lymphocytic 
leukemia include: 

i. blocks BTK kinase activity 
ii. blocks pro-survival signals derived 

from CLL microenvironment in 
vitro, such as those arising from 
contact with nurse-like cells and 
CD40 ligand, BAFF, fibronectin 
(FN), IL-6, IL-4, TNFα 

iii. inhibits CLL cell proliferation 
iv. inhibits chemotaxis toward CXCL12 

and CXCL13 
v. inhibits integrin-mediated adhesion 
vi. inhibits the release of CCL3 and 

CCL4 chemokines in vitro [6] 
It also induces sustained remission in patients 
with refractory / recurrent disease, including in 
patients with high-risk genetic lesions (e.g. 
del17p and del11q), as well as in previously 
untreated elderly patients (> 65 years).[6] 
Ibrutinib is currently being explored in various 
combinations of chemotherapy or associated 
with monoclonal antibodies in order to increase 
the overall remission rate. In theory, Ibrutinib 
can reduce the risk of new molecular aberrations 
and clonal evolution [20] 
 The PI3K / AKT signaling pathway 
 It has a central role in regulating cellular 
events that support the survival of B CLL cells. 

PI3K regulates several cellular functions 
including survival, migration and cell growth 
following BCR activation, chemokine receptor 
and activation of integrin signaling. The 
predominant form expressed by hematopoietic 
cells is PI3Kδ, which plays a critical role in 
homeostasis and B cell function [3]. 
 Idelalisib (encoded GS-1101 or CAL-
101) is a specific inhibitor of PI3Kδ, which 
promotes apoptosis, CLL cell migration. 
Idelalisib was also approved in 2014 for 
treatment of patients with CLL who had 
previously been treated and can be used as 
monotherapy or in combination with rituximab 
and / or bendamustine. Idelalisib induces the 
same as ibrutinib early lymphocytosis followed 
by normalization of lymphocyte count. His 
action on CLL microenvironment consists of: 

 antagonizing survival signals such as 
contact with nurse-like cells and CD40 
ligand 

 stimulates BCR, TNFα, fibronectin 
 reduces CLL cell chemotaxis in order to 

release CXCL12 and CXCL13, CCL3 
and CCL4 in vitro by CLL cells 

 reduction of CLL adhesion to VCAM-1 
(vascular cell adhesion molecule-1) and 
fibronectin [6] 

 OSU-T315 is a novel PI3K / AKT 
pathway inhibitor with a unique mechanism that 
directly cancels AKT signaling and induces 
apoptosis in CLL cells by suppressing AKT-
mediated activation by the BCR receptor, 
CD49d, CD40 and Toll-like receptor [21]. Liu 
et al conducted a study which compared the 
OSU-T315I activity in CLL-derived cell lines 
and in primary CLL cells operating in normal 
lymphocytes [21]. Although Ibrutinib and 
Idelalisib show a clinically remarkable response 
in CLL patients, recent studies have identified 
refractory patients on these agents such as 
Ibrutinib by developing a BTK mutation 
(BTKC481S).Therefore, OSU-T315 may prove 
to be very useful in the treatment of patients 
with high risk CLL, such as del 17p, non-mutant 
IGVH status or those who develop resistance to 
Ibrutinib [21]. 
 Other therapeutic goals targeted are 
SYK kinases, adhesion molecules VLA-445 or 
CD44. SYK that belongs to the non-receptor 
kinase family SYK / ZAP70 is a key component 
of BCR signaling with a role in activating it. 
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SYK signaling is required for B cell growth, 
their proliferation, and survival. Clinical trials 
conducted on murine models have shown that 
mice deficient in SYK has a prohibition 
regarding the transition from pro-B to pre-B 
stage [4,22]. Fostamatinib (FosD, R788) is an 
oral inhibitor available for SYK, which induced 
partial responses in patients with refractory 
CLL, but the drug is still in the test phase.[6] 
R406 (the active metabolite of Fostamatinib) is 
a competitive ATP kinase inhibitor a key role in 
signaling Fc receptor activators and B cell 
receptor. R406 demonstrates its efficacy in CLL 

and other B cell malignancies by disrupting 
BCR signals and interactions with 
microenvironment [4,23]. Studies conducted by 
Herman et al. [24] concluded that the expression 
of NfkB and MYC genes decreases under the 
action of fostamatinib [4,24]. Expression of the 
markers CD69, CD86 and the percentage of 
Ki67-expressing CLL cells are reduced by the 
action of fostamatinib [4]. The cytotoxic effects 
of the SYK inhibitor are associated with SYK 
protein expression and are more pronounced in 
cases of CLL ZAP70+ or with non-mutant 
IGVH status [4]. 

 

 
Figure 1 – The image sketches the kinase inhibitors that are already approved or with therapeutic 
potential in CLL, the BCR signaling pathway and their biological targets [21]. 
Abbreviations: BLNK=B cell linker; CDK=Cyclin-dependent kinase; DAG=diacilglycerol; Lyn=a member 
of the Src family of tyrosine kinase proteins; NF-kB=nuclear factor kB; PIP2=phosphatidylinositol 4,5-
bisphosphate; PIP3= phosphatidylinositol (3,4,5) -trisphosphate; PKC=protein kinase C; PLC=phospholipase 
C; mTOR=the mammalian target of rapamycin. 
 
 Signaling axis CXCR4 / CXCL12 
 This axis represents a therapeutic target 
in CLL more intensively studied. The 
therapeutic target of CXCR4 inhibits CLL cell 
migration, making the malignant cell more 
susceptible to drug-induced apoptosis in 
peripheral blood.[16] CXCR4 antagonists have 
been developed which include peptide CXCR4 
antagonists (BKT140), small molecule CXCR4 
antagonist (AMD3100, now called plerixafor) 
and CXCR4 antibodies (MDX-
1338/93656BMS).[6,25] CXCR4 antagonists 
inhibit CXCL12-mediated signaling, 

chemotaxis and drug resistance induced by 
stromal cells, and they can also block the CLL-
stromal interactions after which they can  
mobilize CLL cells from their blood-protecting 
microenvironments, making them accessible to 
conventional drugs [4]. 
 In CLL, plerixafor not only inhibits the 
activation of signaling mediated by CXCL12 
but also disturbs interactions between CLL and 
nurse-like cells as well as CLL interactions and 
stromal bone marrow cells, blocks survival 
stimuli and interferes with the survival signal 
provided by CXCL12 [6,26]. In chronic 
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lymphocytic leukemia, mobilization and 
sensitization of leukemic cells could be 
achieved by combining a CXCR4 antagonist 
with conventional cytotoxic agents (fludarabine, 
cyclophosphamide), monoclonal antibodies 
(rituximab, alemtuzumab) or immune 
chemotherapy [4]. Andritsos et al. [27] 
conducted a study on the association between 
AMD3100 and Rituximab, and the results were 
promising. From the data obtained, it seems that 
this combination could represent a new 
therapeutic pathway for patients with relapsed 
CLL [4,27]. 
 
DRUGS THAT TARGET THE CLL 
MICROENVIRONMENT 
 

The immunosuppressive nature of the 
MT proves to be a major barrier for the 
treatment of malignant B cell diseases. For 
example, monotherapy with drugs that target 
molecules in the immune blockade control, such 
as PD-1 (pidilizumab), had promising results in 
a subset of patients and highlighted tumor 
immune evasion [8,28]. Therefore, in order to 
combat immune evasion, it will most likely be 
necessary to use combinations of drugs with 
multiple therapeutic targets that have potential 
synergistic anti-tumor effects. A notable 
preclinical success was obtained when the PD-
L1 antibody was combined with the kinase 
inhibitor (Ibrutinib) [29]. This combination 
showed synergistic activity in preclinical 
models of lymphoma, with a cure rate of about 
50% and delayed tumor growth in mice which 
were previously insensitive to treatment with 
Ibrutinib [8]. Ibrutinib targets both CLL cells by 
inhibiting BCR signaling and the survival of 
Th2-type T cells by inhibiting IL-2 inducible 
cellular T cell kinase, a vital protein in the 
survival of Th2-type T cells [30]. 

Studies have recently found that 
immunomodulatory drugs (IMiDs), such as 
thalidomide, lenalidomide and pomalidomide, 
bind a target protein called cereblon (CRBN). 
The ability of immunomodulators to target 
cereblon and the ubiquitin proteasome system 
modulates the expression of critical 
transcription factors that co-stimulate T cells, 
simultaneously degrading B cell function [8]. In 
addition, IMiDs stimulates the expansion and 
activation of CD8+ T cells while reducing the 

activity of cytokines derived from CD4+ T 
cells, promotes differentiation of Th1-type T 
cells and polarization of Th2-type T cells into a 
Th1 phenotype (IFN-γ, TNF-α) [2,31]. 
Furthermore, inhibition of CXCL12 by IMiDs 
may interfere with the CXCR4-CXCL12 axis in 
the tumor microenvironment of chronic 
lymphocytic leukemia [2]. 

Lenalidomide has several mechanisms 
of action that can be simplified by organizing 
them as mechanisms of action in vitro and in 
vivo [32]. In vitro, lenalidomide has three main 
activities: direct anti-tumor effect, inhibition of 
angiogenesis and immunomodulation. In vivo, 
lenalidomide acts directly by inducing apoptosis 
of tumor cells, but also has actions with indirect 
effect such as: inhibition of osteoclast 
formation, inhibition of bone marrow stromal 
cell support, anti-angiogenic effects and 
immunomodulatory activity. Lenalidomide 
interfere with several components of CLL 
microenvironment and has a wide range of 
activities that can be exploited, for example: 

 increases the proliferation and activity of 
the antigen mediated by the CD4+ T cell 
[6,31,33] 

 enhances the antitumoral immune 
response mediated by NK (natural killer) 
cells and CD4+ T cells [6,34] 

 restores the functional formation of 
immune synapses between T and CLL 
cells [6,35] 

 regulates the PD-1 / PD-L1 
immunosuppressive axis [6,35] 

 improves T cell motility [6,36] 
 activates B cells [6,37] 
 interferes with the activity and 

proliferation of  T-regulatory cells [6,38] 
Due to the multiple mechanisms of 

action Lenalidomide can be used as 
monotherapy in patients with chronic 
lymphocytic leukemia refractory or relapsing, in 
combination with new therapies Rituximab or 
Ibrutinib or may be administered as initial 
therapy in elderly patients with CLL who cannot 
tolerate regimens more aggressive [6]. 

Lenalidomide is an oral 
immunomodulatory drug that repairs T-cell anti-
tumor function and is efficacious in CLL 
clinical trials, particularly in patients with 
recurrent chronic lymphocytic leukemia [1]. It 
has been demonstrated that lenalidomide 
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treatment of patients with CLL reduces the 
proportion of regulatory T cells (CD4 + CD25hi 
FOXP3 +) and increases the proportion of  T 
helper cells (Th17). In addition, a change in 
CD8+ T cell activation status, namely the 
transition, from a proliferative phenotype to a 
cytotoxic one, was reported [11,39]. 
Lenalidomide also inhibits the bi-directional 
pro-survival course between endothelial cells 
and tumor cells, including pro-angiogenic 
signals [40]. In vitro, Lenalidomide is not 
directly cytotoxic for CLL cells, but changes the 
CLL-MT pro-tumor signals. Direct anti-CLL 
effects include inhibition of MT-induced 
proliferation. In CLL, combining lenalidomide 
with anti-PD-L1 can improve T-cell anti-tumor 
immunity because both agents block 
immunosuppressive signaling [41]. Also, 
Ibrutinib through ITK-mediated inhibition of 
Th2-type CD4 + T cells may have the additional 
immunomodulatory potential of IMiDs 
improving the immunity of Th1 type CD4+ T 
cells and CD8+. However, such clinical trials 
following the combination of lenalidomide / 
IMiDs with ibrutinib or other novel agents, are 
of great interest and need careful monitoring of 
the potential reactions [8]. Studies provides 
evidence supporting lenalidomide combination 
with PI3K inhibitors, and other potential 
inhibitors of BCR, and this is seen as a new 
chemo-immunotherapy in the future [4]. 

The combination of conventional agents 
such as IMiDs with immunotherapy or blocking 
immune checkpoints, should contribute to an 
immune tumor microenvironment to subsequent 
clinical benefits for patients. An example used 
in targeting tumor associated macrophages in B-
cell neoplasms is illustrated by anti-CD47 
antibodies. Macrophages are essential in many 
therapies. Phagocytic cells represented by 
macrophages and dendritic cells express SIRPα 
that binds to CD47. SIRPα CD47-mediated 
activation initiates a cascade of signal 
transduction pathways that result in the 
inhibition of phagocytosis [8]. This immune 
escape mechanism can be therapeutically 
targeted in hematological neoplasms with an 
anti-CD47 antibody that restores phagocytosis 
and eliminates tumor cells [8,42,43]. 

Immunotherapies that block immune 
checkpoints and IMiDs offered CLL patients 
new therapies with sustained disease control, 

but for the benefit of these patients is essential 
that research efforts should continue and be 
extended to find a therapeutic combination that 
release immune antitumor responses. Also, 
regulation of tumor microenvironment pathways 
will need to be targeted by combined therapies 
to provide survival benefits for as many patients 
as possible [8]. 

The widespread availability of BCR 
signaling antagonists has altered the nature of 
CLL therapy. CLL control in the era of chemo-
immunotherapy was strongly correlated with the 
quality and depth of remission. Failure to 
achieve at least a partial response after treatment 
with R-FC has a disastrous prognosis among 
patients, particularly those who have a high 
genetic risk [44]. On the other hand, the 
majority of patients treated with BCR signaling 
antagonists, eventually reaching durable 
remissions, but no better than a partial response, 
and achieving a complete response was rarely 
observed following monotherapy. 

Idelalisib described above is a selective 
oral inhibitor for PI3Kδ, and in terms of 
preclinical activity, it has been demonstrated 
that this molecule inhibits both intrinsic and 
external survival signals, including those 
generated by BCR signaling in CLL [2]. 
Inhibition of PI3K interfere with the retention of 
CLL cells in lymphoid tissues, reducing the 
ability of CLL cells to remain sequestered in the 
microenvironment. Another PI3K-targeted 
agent still in clinical development is IPI-145. 

The first BTK inhibitor that came into 
clinical experience was Ibrutinib. The 
preclinical experience with Ibrutinib activity in 
CLL has demonstrated inhibition of both 
intrinsic survival and BTK-mediated survival 
signals [2]. In addition, since treatment with 
Ibrutinib results in the migration of CLL cells 
from the lymph node, inhibition of the 
chemokine that attracts CLL cells, could avoid 
the reformation or formation of a tumor-friendly 
micromedium and would increase the 
effectiveness of cytotoxic therapies [45]. 

Sorafenib is another promising 
therapeutic agent for chronic lymphocytic 
leukemia. In CLL cells ZAP-70+ sorafenib 
blocks CXCL12-induced phosphorylation of 
ERK and MEK pathways. ZAP-70+ CLL cells 
are more sensitive to the cytotoxic effects of 
sorafenib compared to ZAP-70- CLL cells 
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[4,46]. The strength of this agent is to overcome 
the protective barrier of the CLL micromedium, 
in terms of chemokine signaling and pro-
survival signals [4]. 

Dasatinib was recently approved for use 
in CLL and is a new chemotherapeutic agent 
without a protective microenvironment. Due to 
the fact that dasatinib inhibits all Src family 
tyrosine kinases, research has shown that 
dasatinib can inhibit BCR signal transduction 
and, additionally, block BCR-mediated survival 
of CLL cells [47]. Also, dasatinib interferes 
with the migration of CLL cells to CXCL12 by 
inhibiting the CXCR4 signaling pathway [4]. 
Amrein et al. [48] conducted a phase II study of 
dasatinib in relapsed and refractory CLL, and 
from the data obtained it was found that 
dasatinib exhibited intense activity in patients 
diagnosed with high risk CLL presenting del 
(11q) and the same time toxicity of 
myelosuppression is common [4,48]. Dasatinib 
has been used as monotherapy, combination 
with other drugs has not been studied. 

Molecular pathways involving molecular 
structures associated with a poor prognosis in 
CLL and which are activated by CLL / 
micromedium interactions may be targeted 
either by CLL or blocking receptors specifically 
expressed by the microenvironmental cell 
populations, which in turn interact with CLL 
cells [9]. In this regard, a selective inhibitor of 
SYK R788 (Fostamatinib) is able to block BCR 
signaling in vivo, resulting in reduced 
proliferation and survival of malignant B cells 
[9,49,50]. Treatment with R406, the active form 
of R788, abrogates the pro-survival effects 
promoted by IgM stimulation and nurse-like cell 
co-culture in vitro [9,49,50]. Clinical trials have 
shown significant activity of R788 in CLL and 
non-Hodgkin's lymphoma [9,51]. 

Similarly, it has been demonstrated that 
selective inhibitor PI3K-CAL101 promote 
apoptosis in CLL primary cells ex vivo by 
interfering with signaling from the outside-
inside BCR-mediated triggering [9,52,53]. Also 
have been reported to have therapeutic role 
molecules that interact with TLR7 and / or 
TLR9, that enter the BCR using cell and induce 
a long-term apoptotic cascade in CLL [9,54]. In 
addition, other drugs that use the BCR pathway 
by inhibiting Hsp90 protein (e.g. geldanamycin) 
may play a role in ZAP-70+ CLL cells, given 

the Hsp90 activity in ZAP-70 stabilization 
[9,55]. 

In addition to the molecular pathway 
associated with the BCR signaling cascade, 
other therapeutic agents that act by blocking 
specific receptors involved in interactions 
between CLL cells and the micromedium may 
be: 

a) anti-CD38 antibodies (e.g. 
Daratumumab and SAR650984) which 
have been tested in multiple myeloma 
[9,56] 

b) anti-CD49d antibody, Natalizumab 
c) CXCR4 antagonists (e.g. T140 analogs, 

plerixafor (AMD100)) that can destroy 
the adhesive relationship between the 
stromal cells and CLL and can mobilize  
CLL cells from their protective 
microenvironments [5,9,57] 
Clinical trials have evaluated the use of 

plerixafor in combination with rituximab in the 
treatment of patients with recurrent / refractory 
CLL [11,27]. Preliminary data showed that 
treatment with plerixafor induced mobilization 
of CLL cells in the blood, dose-dependent and 
that this is a promising approach regarding the 
release of CLL cells from the microenvironment 
[11]. Similarly, a soluble form of TACI, called 
Atacicept, was developed as a bait receptor to 
neutralize APRIL and BAFF [11]. In a Phase 1b 
study involving patients with refractory and / or 
recurrent CLL, Atacicept promoted disease 
stabilization, which suggested that it could 
interfere with the proliferation or survival of 
CLL cells in vivo [11,58]. 

Venetoclax is the first drug approved 
that targets the BCL2 protein. BCL2 
overexpression in CLL is associated with drug 
resistance and tumor cell survival. Venetoclax 
was effective among patients with poor  
prognosis, especially those whose tumors do not 
respond to fludarabine. 

Obatoclax or GX15-070 is a pan-BCL2 
inhibitor that has been shown in vitro to induce 
apoptosis of CLL cells and, in vivo a phase I 
study was conducted in patients with advanced 
CLL, which revealed that Obatoclax showed 
modest clinical and biological activity 
suggesting its use in a combination therapy 
approach [11,59-60]. Navitoclax (formerly 
ABT-263) is an experimental oral drug that has 
a similar activity as Obatoclax, except that do 
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not target only BCL-2, but also BCL-XL and 
BCL-x [11,61]. In vitro, Navitoclax has been 
shown to rapidly induce apoptosis in various 
cell lines as well as in primary CLL cells, and a 
phase I clinical trial reported that this compound 
is safe and active in patients with relapsed CLL 
[11,61-63]. 

Another topical therapeutic strategy is 
targeting receptors expressed by normal 
microenvironmental cells or soluble factors that 
transmit signals in the combination of CLL cells 
and neighboring cells [9]. In this regard, the 
UCB35625 molecule, as selective CCR1 or anti 
CCR5 antibody PRO140 may be relevant given 
their role in CLL cell interactions with CD68+ 
macrophages or T cells [9,64-67]. Also, other 
drugs that can acquire interest in the treatment 
of chronic lymphocytic leukemia, could be anti-
TNF antibodies, such as adalimumab or 
certolizumab [9,68-70]. 

Regarding CLL, some data suggest that 
Survivin (BIRC5) would be a potentially useful 
target for immunotherapy and for drugs capable 
of interfering with critical molecules [10,71]. 

Therefore, new strategies that disrupt 
interactions between CLL cells and cells in the 
tumor microenvironment are in constant 
evaluation. In addition, they are recognized as a 
major contributor to pathogenesis as well as a 
potential objective in the development of new 
therapies. So they can prove their effectiveness 
alone or used in combination with standard 
therapies that improve the outcome of CLL 
patients. In conclusion, future perspectives on 
the dynamics of cellular interactions and the 
effects of existing therapies on these dynamics 
would help substantially in developing optimal 
treatment strategies [45]. A schematic of all the 
alleged interactions and the drugs described in 
this paper is shown in Figure 2. 

 

 
Figure 2 – A schematic of the interactions taking place in the microenvironment between CLL cells, 
CD68 + macrophages, T cells and stromal/endothelial cells are described in the present paper together 
with available drugs and antibodies that block specific receptor / ligands pairs [9]. 

 
CONCLUSIONS 
  
 Currently still being tested and 
compared new drugs. The focus is on 
optimizing treatment strategies (using them as 
monotherapy or in combination with standard 
chemotherapy regimens or monoclonal 
antibodies), drug resistance mechanisms, and 
defining treatment failure. 

 At this point BCR associated kinase 
inhibitors (SYK, BTK, PI3Kδ) are the most 
advanced therapeutic solutions aimed CLL 
microenvironment and showing the highest 
clinical activity in CLL. The current enthusiasm 
for these new agents is justified by clinical 
activity and the lack of major side effects (e.g. 
myelosuppression), but the precise mechanism 
of action, the potential benefit of combinations 
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with conventional agents, the usefulness of 
biomarkers such as CCL3, the durability of 
responses and the potential mechanism 
resistance must be explored [7]. 
 New information about these drugs 
supports their application as monotherapy, but 
also for their use as a combination therapy (their 
association with rituximab, bendamustine, 
ofatumumab) using the dependence of CLL 
microenvironment. Potential mechanisms of 
resistance to BCR inhibitory drugs are not yet 
known, but causes are investigated and 
analyzed, and their discovery will become an 
innovative path in the future [4]. 
 The therapeutic agents described above 
provide a broad basis for developing additional 
strategies to improve treatment efficacy in 
patients with CLL, especially in those at high 
risk. The development of these specific 
treatments, whether it be a single agent or in 
combination with conventional therapies, should 
improve the quality of life of patients with CLL. 
Close monitoring of the duration of the response 
to treatment, the risk of disease progression, 
secondary effects and minimal residual disease 
is also required [4]. 
 In the following years, a stronger 
emphasis will be placed on those mysteries that 
are not fully understood as well as on the CLL 
microenvironment, which will most likely lead 
to a paradigm shift towards kinase inhibitor 
treatment in CLL which will set a new standard 
in patient care with CLL and which will benefit 
in the near future a large number of patients 
with chronic lymphocytic leukemia. 
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