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Introduction

Since 1893, when William B. Coley published his work on 
using a streptococcus toxin to stimulate an immune response 
against a patient’s tumor, investigators have been seeking 
ways to utilize the immune system in the fight against 
cancer (1). Over 100 years later, engaging and activating the 
immune system has become a vital part of treating cancer. 
Monoclonal antibodies (MoAbs), immune checkpoint 
inhibitors, allogeneic stem cell transplantation, chimeric 
antigen receptor T-cells (CAR-T), bispecific antibodies and 
immunomodulatory agents, among others, are a growing 

part in the arsenal against hematologic malignancies. 
Chronic lymphocytic leukemia (CLL) is the most 

common leukemia in adults, and the treatment landscape 
has been changing rapidly. Therapeutics has evolved 
from steroids as the only known option in the 1950s, to 
chemoimmunotherapy combinations, to the kinase inhibitors, 
novel antibodies and cellular therapies of today. Alkylating 
agents, such as chlorambucil and cyclophosphamide, were 
added to treatment regimens in the 1970s, and in the 
1990s, fludarabine became part of the standard treatment  
regimens (2). The monoclonal antibody rituximab has been 
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a part of standard treatment regimens since 2005 (3,4), and 
second generation, glycoengineered MoAbs have now been 
approved (5). Novel agents such as idelalisib, ibrutinib, and 
venetoclax, which target the B-cell receptor (BCR) and B-cell 
lymphoma 2 (BCL2) pathways, were added to the therapeutic 
options in the past few years (6-9).

Despite all of the recent advances, the only potentially 
curative therapy available is an allogeneic stem cell 
transplant (SCT) (10). The current understanding is that 
the graft versus leukemia (GVL) effect can permanently 
eradicate the CLL clone (11).  Unfortunately,  the 
exceedingly high rates of morbidity and mortality associated 
with this procedure, in combination with an ever expanding 
list of available novel therapies, has limited the use of 
allogeneic SCT to a few, highly selected patients (12). 

Genetically engineered T-cells, harnessing the power of 
the T-cell vs. leukemia effect, have been tested successfully 
in a limited number of CLL patients (12-14). Additionally, 
other immunotherapies such as checkpoint blocking agents, 
are now being tested in CLL patients (15). This review will 
discuss immune directed therapies available, and in clinical 
trials, for CLL.

Biology and targets

CLL is a disease of both B and T-cell immune dysregulation 
(16-20). T-cells, while not malignant in CLL, are noted to 
be less responsive to mitogenic stimuli (16). This may be in 
part due to downregulation by the programmed death-1/
programmed death ligand-1 (PD-1/PD-L1) axis (16).  
Not only are the T-cells in the microenvironment 
unable to respond to the aberrant CLL cells, but there is 
evidence that through interleukin 21 (IL-21) and cluster 
differentiation 40 ligand (CD40L) signaling, certain T-cells 
may promote CLL proliferation (21). The pro-survival 
protein BCL2 is also highly expressed in CLL, due in part 
to the stimulation from CD40 (22). All combined, these 
lead to an incompetent immune system and immortal 
cancer cells. 

As with the associated T-cells, other aspects of the 
microenvironment are also an important part of the 
biology of the disease. Negative prognostic markers 
in CLL include T-cell receptor (TCR) zeta-chain 
associated protein kinase 70 kDa (ZAP-70) and cluster 
differentiation 38 (CD38) positivity. These are both 
involved in the signaling pathways regulating migration 
and survival of leukemic cells in the microenvironment 
(23,24). Deaglio et al. showed that CD38 and ZAP-70 

positivity is associated with increased migration in response 
to the stromal derived factor 1α (SDF-1α), also known 
as C-X-C motif chemokine ligand 12 (CXCL12) (25).  
SDF-1α is also the sole ligand for C-X-C chemokine 
receptor type 4 (CXCR4), which is highly expressed on 
malignant cells (26).

The CXCR4/CXCL12 chemokine system is, as noted, 
an important microenvironment adhesion and migration 
signal. Blocking the CXCR4/CXCL12 ligation has widely 
been used in peripheral blood stem cell collection (27), 
and has also been studied as a possible chemotherapy 
sensitizer (28,29). Idelalisib and ibrutinib, which are 
approved for use in CLL, have been found to down regulate  
CXCR4 (30), which may also make them chemotherapy and 
immunotherapy sensitizers (29-32).

With mounting evidence that the microenvironment is 
utilized by the CLL clone to avoid immune surveillance 
and cytotoxic therapies (33), agents directed at both the 
microenvironment and immune checkpoint blockade may 
be important therapeutic targets in CLL. 

Checkpoint inhibition in CLL

Immune checkpoint inhibition targeting cytotoxic 
T-lymphocyte-associated protein 4 (CTLA-4), PD-1 and 
PD-L1, have been successful in treating melanoma (34), 
non-small cell lung cancer (35), and other malignancies 
(36,37). The success in hematologic malignancies has been 
promising thus far as single agents in certain diseases (38,39). 
In CLL though, the data with PD-1/PD-L1 axis blockade is 
limited.

Ansell et al. showed an 87% overall response rate (ORR), 
and 17% complete response (CR) in patients with refractory 
Hodgkin’s disease treated with the anti PD-1 monoclonal 
antibody nivolumab (40). In multiple myeloma, on the 
other hand, early studies with single agent PD-1 blockade 
showed primarily stable disease (SD) (38). In a phase Ib 
study looking across multiple hematologic malignancies 
with 27 patients with multiple myeloma, there was 1 (4%) 
CR and 17 (63%) with SD (38). Early results in myeloma 
from the KEYNOTE-23 study and a phase II study by 
Badros et al., demonstrated that when combined with other 
immune modulating agents, there is a synergistic effect. 
The KEYNOTE-23 trial showed a 76% response rate 
when pembrolizumab was combined with lenalidomide in 
a population previously refractory to lenalidomide (41). 
Badros et al. reported a 50% objective response rate in a 
multiple refractory population when pembrolizumab was 
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combined with pomalidomide (42). 
In CLL, in vitro  and mouse model experiments 

indicate that the T-cells express PD-1 as a sign of “T-cell 
exhaustion” and immune dysfunction as mentioned 
above (18,43). This was found to be reversible with PD-1 
blockade (43). Despite this, there is very little in vivo data 
on checkpoint blockade in CLL. Ding et al. reported 
interim phase II data on 16 patients with relapsed/refractory 
CLL or Richter’s transformation who were treated with 
pembrolizumab monotherapy (15). Of the five patients with 
Richter’s transformation, four patients responded, including 
one CR, while the two patients with CLL had SD (15). 

There are several ongoing trials combining PD-1 
blockade with other agents. The Mayo Clinic and 
National Cancer Institute (NCI) are conducting a trial 
(ClinicalTrials.gov identifier NCT02332980) which 
combines pembrolizumab with either idelalisib or ibrutinib 
in patients with CLL. Bristol-Myers Squibb is sponsoring a 
phase I/II trial (ClinicalTrials.gov identifier NCT02061761) 
combining BMS-986016, an antibody to lymphocyte 
activation gene 3 (LAG3), with nivolumab in patients with 
advanced hematologic malignancies, including CLL. A 
phase I/II trial (ClinicalTrials.gov identifier NCT02535286) 
a t  t h e  U n i v e r s i t y  o f  P e n n s y l v a n i a  c o m b i n i n g 
pembrolizumab with ublituximab (a novel, glycoengineered 
anti-CD20 monoclonal antibody) and TGR-1202 [an oral, 
once a day phosphoinositide 3-kinase (PI3Kδ) inhibitor] 
is also ongoing. Other trials combining PD-1 and PD-L1 
with targeted agents are listed in Table 1.

Allogeneic stem cell transplantation in CLL

SCT is the forerunner of all immuno-cellular therapies, and 
has been utilized in the treatment of several hematologic 

malignancies (44,45). Because of the advanced age of 
most patients with CLL (median age at presentation is  
70 years old) (46), and the presence of comorbid conditions, 
donor derived stem cell transplantation has historically 
played a limited role in the management of patients with 
CLL (12). With the approvals of agents such as BCR 
signal transduction inhibitors and BCL2 inhibitory agents, 
the role of SCT is likely to be further diminished (12). 
However, the SCT literature stands as powerful proof that 
T-cell mediated therapies can be administered to patients 
with CLL with curative intent (47-50). 

The Society for European Bone Marrow Transplantation 
(EBMT) released consensus guidelines for allogeneic 
transplant in CLL in 2007 (51). The consensus opinion 
was that allogeneic SCT is a procedure with evidence-
based efficacy in poor-risk CLL. They indicated that it is 
a reasonable treatment option for younger patients with 
non-response or early relapse (within 12 months) after 
purine analogs, or relapse within 24 months after having 
achieved a response with purine-analog-based combination 
therapy or autologous transplantation, and in patients with 
p53 abnormalities requiring treatment. They went on to 
state, “…whenever possible, allo-SCT should be performed 
within disease-specific prospective clinical protocols 
in order to continuously refine transplant indications 
according to new developments in risk assessment and 
treatment of CLL” (51). 

In September of 2016, the Guidelines Committee of the 
American Society for Blood and Marrow Transplantation 
released updated recommendations for when to utilize 
allogeneic stem cell transplantation in CLL (10). The 
guidelines noted that there was a dearth of randomized 
clinical trials on which to base the recommendations (10). 
The 2016 guidelines recommended against HCT as front 

Table 1 Currently open clinical trials utilizing PD-1 or PD-L1 blockade in CLL

ClinicalTrials.gov ID Sponsors Agents Targets Phase

NCT02332980 Mayo clinic and the NCI Pembrolizumab + idelalisib or ibrutinib PD-1, BTK, PI3Kδ Phase II

NCT02535286 University of Pennsylvania Pembrolizumab + ublituximab + TGR-1202 PD-1, CD20, PI3Kδ Phase I/II

NCT02846623 M.D. Anderson Atezolizumab + ibrutinib + obinutuzumab PD-L1, CD20, BTK Phase I

NCT02420912 M.D. Anderson Nivolumab + ibrutinib PD-1, BTK Phase I

NCT02061761 Bristol-Myers sqibb BMS-986016 ± nivolumab LAG-3, PD-1 Phase I/II

NCT02684617 Merck sharp & dohme Pembrolizumab + dinaciclib PD-1, CDK Phase I

BTK, Bruton’s tyrosine kinase; LAG-3, lymphocyte-activation gene 3; PI3K, phosphoinositide 3-kinase; CD, cluster of differentiation; CDK, 
cyclin-dependent kinase; PD-1, programmed death-1; PD-L1, programmed death ligand-1; CLL, chronic lymphocytic leukemia; NCI, 
National Cancer Institute.



71Translational Cancer Research, Vol 6, No 1 February 2017

© Translational Cancer Research. All rights reserved. Transl Cancer Res 2017;6(1):68-77 tcr.amegroups.com

line consolidation, but did recommend transplantation 
in the setting of disease refractory to second line therapy, 
including BCR targeted therapy (10). If after BCR directed 
therapy, the disease responds to BCL-2 inhibition, 
transplant is still recommended (10). Transplant is also 
recommended in the setting of Richter’s transformation 
after response to anthracycline based therapy (10). 
Autologous transplantation is not considered an effective 
part of therapy in CLL and was not recommended (10,52).

For CLL, myeloablative conditioning (MAC) carries 
an unacceptably high mortality rate (11,53). Peres et al. 
reported a 100-day mortality of 27% with full intensity 
conditioning versus only 14% with reduced intensity 
conditioning (RIC) regimens (53). Also of note the relapse 
rate with a RIC regimen remains comparable to using a 
MAC regimen (11). Given this, the more common approach 
in the case of allogeneic transplantation for CLL is to use 
various RIC or non-myeloablative regimens (12). 

Further demonstrating the value of SCT, Dreger  
et al. reported on phase II data in which 90 CLL patients 
treated with allogeneic HCT were followed for a median of  
46 months. The 4-year non-relapse mortality (NRM), 
event-free survival (EFS), and overall survival (OS) 
were 23%, 42%, and 65%, respectively (48). At 1 year,  
52 patients were evaluable for minimal residual disease 
(MRD). Of these 27 (52%) were MRD negative, indicating 
that the immune response may be able to clear the  
disease (48). Dreger et al. also published 6-year follow-up 
for the study in 2013. In that analysis they noted a 60% OS 
that was independent of the disease as stratified by risk (54).

Autologous and allogeneic SCT in the setting of Richter’s 
transformation (RT) was recently reviewed by Ayers 
and Mato (55). Based on the available data (56-58), they 
concluded that stem cell transplantation was an efficacious 
option in this setting (55). The trials they cited showed 
promising results for both autologous and allogeneic 
transplant in the setting of RT, including improved  
survival (55). This is in contrast to CLL where autologous 
SCT is not considered standard practice (52,59). 

Tsimberidou et al. described 148 patients with biopsy 
proven RT, of which 20 underwent transplantation after a 
CR, CR unconfirmed, or partial response (PR) (58). The 
cumulative survival at 3 years was 75% among patients 
undergoing allogeneic SCT, compared with 27% among 
patients without SCT after therapy, and 21% for patients 
undergoing either autologous or allogeneic SCT as salvage 
therapy (58). 

Rozovski et al. looked at patients with CLL and Richter’s 

transformation who had been treated with allogeneic 
transplant. Sixteen of 52 patients (30%) transplanted for 
CLL developed RT after transplant. The opposite effect 
also occurred with 4 of 20 patients (20%) who had RT 
before transplantation then relapsed with CLL, but no 
signs of aggressive lymphoma (57). While this may indicate 
various sensitivities to chemotherapy, it was proposed to be 
a variable GVL effect between CLL and RT. 

Evidence of a GVL effect in CLL is also supported by 
the donor lymphocyte infusion (DLI) literature, where 
responses to DLI have been noted. As an example, Gribben 
et al. reported on seven CLL patients who relapsed after 
allogeneic transplantation, six patients responded when 
treated with DLI. Historically, the response rate to DLI in 
CLL is estimated to be 47% (11). Emerging data for the 
use of ibrutinib in the setting of progression post allogeneic 
SCT also looks promising for inducing the GVL effect (12), 
and may be used in conjunction with DLI or other cellular 
therapies in the future.

Thus far, no manipulation of the allogeneic graft has 
been able to completely separate the GVL effect from graft 
versus host disease (GVHD) or other treatment related 
toxicities. This quest has inspired a new field of autologous 
graft manipulations in the form of CAR-T cells and cytotoxic 
T-lymphocytes expanded against tumor antigens (60).

Adoptive cellular therapies (ACT)

ACT utilize techniques where populations of cells are 
collected, expanded, and then reinfused. ACT covers less 
specific therapies such as tumor infiltrating lymphocytes 
(TIL), which are expanded un-manipulated cells, as well as 
therapies in which the cells are specifically expanded against 
tumor antigens, or are genetically modified, as in the case of 
CAR T-cell therapies. 

Antigen specific T-cells

Hardy et al., in 2012, published a trial of 8 patients with 
CLL who had relapsed after allogeneic transplantation. 
Withdrawal of immune suppression and DLI had been done 
prior, without success. All patients had lesions harvested 
and TILs expanded with CD3/CD28 coated beads. Of the 
eight patients treated, there were two transient responses 
and two mixed responses (61). Despite prior allogeneic stem 
cell transplantation, GVHD was not observed with TIL  
therapy (61). The results are suggestive of a population of 
cells in the tumor microenvironment with specificity to 
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tumor antigens. 
Adoptive immunotherapy using autologous CD3/CD28-

costimulated T-cells (ACTC) expanded ex vivo was also used 
in a trial by Schuster et al. examining immune reconstitution 
following fludarabine-based therapy (62). In this trial,  
34 patients with CLL were enrolled; 18 previously untreated 
patients and 16 patients with relapsed or refractory disease. 
Ten patients did not receive ACTC infusion due to 
various complications prior to the infusion. Two patients 
had progressive disease less than 90 days after ACTC 
and one patient was lost to follow-up. For the remaining 
patients, CD4 and CD8 reconstitution was more rapid 
than in historical controls. ACTC production was found 
to be feasible, well tolerated, and resulted in acceleration 
of CD4+ and CD8+ cell recovery after fludarabine-based 
chemotherapy compared to historical controls. The data 
examining PFS compared to historical controls is not yet 
mature. The trial is ongoing (ClinicalTrials.gov identifier, 
NCT01013441) in long-term follow up. 

CAR T-cells

The quest for a transplant with maximal GVL without 
GVHD lead to development of autologous T-cells 
engineered to induce a GVL effect. CAR T-cells are 
genetically modified to target malignant cells. One process 
for creating CAR T-cells starts with collecting the cells by 
steady-state leukapheresis (12). The cells then may undergo 
subset selection. After this, the cells undergo gene transfer 
with the chimeric antigen receptor. The most common 
method for doing this is via a retroviral vector, such as a 
lentivirus, but other methods include electroporation and 
transposons (12). The cells are then expanded through 
short-term culture and, once completed, cells are reinfused 
into the host. Overall, the process takes 12–14 days (12).

In CLL, the most studied target utilizing CAR T-cell 
technologies is cluster of differentiation (CD) 19 (12,13). 
This CAR has a CD19 antibody antigen recognition domain 
and an intracellular domain with the CD3-zeta chain 
bound to CD137 (41BB) in single chimeric protein (63).  
The 41BB domain acts as a costimulatory signal when the 
CAR is engaged (63). Activation of this signal is thought to 
enhance the in vivo expansion of the T-cells (63). 

The CD19 antigen was selected as the ideal target in 
CLL because it is highly conserved on the CLL cancer cells 
and non-malignant B-cells throughout their development. 
It is not thought to be found on hematopoietic stem 
cells, or other cells in the body. While B-cell aplasia, 

which often is found after treatment with CD19 CAR 
T-cells,  leaves patients immunosuppressed due to 
hypogammaglobulinemia, this can for the most part be 
overcome with replacement of pooled antibodies, which is 
unique to this target and malignancy (13,63).

Successful use of the CART19 cells (CTL019) in 3 patients 
with CLL was first described in 2011 by Porter et al.  
at the University of Pennsylvania (63). In 2015, Porter et al. 
reported expanded results from the initial CLL trial using 
the CTL019 CAR-modified T-cells.(13) The ORR in these 
heavily pretreated, relapsed and/or refractory patients was 
8 of 14 (57%), with 4 complete remissions and four partial 
remissions (13). As noted previously, there was a correlation 
between the in vivo expansion of the CAR T-cells and 
clinical responses. In the first two patients achieving CR, 
the CAR T-cells persisted and remained functional beyond 
4 years. No patient who achieved a CR relapsed in that 
time period (13). As of July 2015, over 45 patients with 
CLL were treated at the University of Pennsylvania with 
CTL019 T- cells (12).

At the NCI, eight patients with CLL, across two trials, 
were reported receiving autologous CD19 CAR T-cells 
(64,65). Of these, seven responded; four of which were in 
CR at the last evaluation. The CAR used in these trials 
differed from CTL019 in that the NCI anti-CD19 CAR 
contained the variable regions of a murine anti–human 
CD19 antibody, a portion of the CD28 molecule as the 
costimulatory domain, and the signaling domain of the 
CD3 molecule. 

The group at the NCI also reported on 20 patients 
progressing after allogenic SCT who were treated with 
allogeneic CD19 CAR T-cells made from the original 
graft source. Five of the patients had CLL, and of these, 
there was one CR, one PR, one SD, and two PD (66). No 
patient in this series experienced GVHD related to CAR 
T infusion. The CAR T technologies developed at the 
NCI are now being further developed by Kite Pharma 
as KTE-C19 (67), and are in trials in combination with 
checkpoint inhibitors for aggressive NHL (ClinicalTrials.
gov identifier NCT02926833). There are plans to start 
trials with CLL in the near future (http://kitepharma.com/
pipeline/).

Brentjens et al. at Memorial Sloan Kettering (MSK) have 
reported on their experience in treating patients with CLL 
with CAR T-cells (68). They reported on 10 patients, 8 of 
which had CLL treated with 19-28z T-cells (CAR T-cells 
with CD19 antibody domain and an intracytoplasmic 
CD3 domain with a CD28 costimulatory domain) (68). Of 
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the eight patients with CLL, one was not evaluable, one 
had an objective response then SD, two had SD, one had 
progressive disease, three had no response. There were no 
CRs in this series (68).

One of the major issues encountered in patients treated 
with CAR T therapy is cytokine release syndrome (CRS) 
(13,63). Patients with this syndrome can experience fevers, 
cardiac dysfunction including stress cardiomyopathy, adult 
respiratory distress syndrome, neurologic toxicity including 
delirium and seizures, renal failure, hepatic failure, and 
disseminated intravascular coagulation (69). Macrophage 
activation syndrome/hemophagocytic lymphohistiocytosis 
has overlap with CRS symptomatology and has been 
reported in the setting of CRS (70). Management strategies 
include supportive care for low grade CRS to steroids and 
anti-IL6 antibody tocilizumab for higher grades of the 
syndrome (70). 

Given the pervasiveness and accessibility of the CD19 
target on the surface of the malignant cells made it an 
ideal target. CD19 is not however restricted to malignant 
B-cells, and thus successful patients may experience B-cell 
aplasia as long as the CAR T-cells persist. Patients become 
agammaglobulinemic and reliant on monthly infusions 
of intravenous immunoglobulin (IVIG) for immune 
protection (63).

Other targets such as the immunoglobulin M (IgM) 
Fc receptor (FcμR) are being studied (71). In vitro this 
appears to be more specific for the malignant B-cells, 
sparing many of the normal B cells (71). Another ongoing 
trial (ClinicalTrials.gov identifier, NCT02194374) being 
carried out at MD Anderson Cancer Center, uses CAR 
T-cells targeted towards receptor tyrosine kinase-like 
orphan receptor-1 (ROR1). This target is more specifically 
expressed on populations of malignant B-cells as compared 
to the normal immune system (72). 

Di Stasi et al. devised a CAR T “safety switch” for 
managing GVHD which could be applied to other CAR T 
therapies (73). In their study, they created an inducible T-cell 
safety switch that is based on the fusion of human caspase 9 
to a modified human FK-binding protein. When exposed to 
a synthetic dimerizing drug, the inducible caspase 9 (iCasp9) 
is activated and leads to the rapid death of cells expressing 
this construct (73). Five patients received the genetically 
modified T-cells and four were treated with the dimerizing 
drug for their GVHD. After a single dose, more than 90% 
of the modified T-cells were eliminated within 30 minutes, 
and the GVHD resolved without recurrence (73). 

Ma et al. described a method for controlling CARs with 

soluble intermediary “switch” molecules (74). In their study, 
they created an anti-fluorescein isothiocyanate (FITC) CAR 
T-cells and anti-CD19 AB-FITC, as well as an anti-CD22 
AB-FITC (74). The potential benefits of this approach 
are the ability to turn off or attenuate the effects of the 
CAR T-cell in the setting of toxicity, as well as to redirect 
CAR T-cells in the setting of immune escape, as can 
happen in B-ALL (74). This strategy also offers the ability 
to target multiple antigens at once by infusing multiple 
switch molecules, such as both an anti-CD19 AB-FITC 
and an anti-CD22 AB-FITC. With both intermediary 
switch molecules present the in vivo population of anti-
FITC CAR T-cells would be activated to both targets (74). 
This method is being further developed at the California 
Institute for Biomedical Research with different CAR-Ts 
and intermediary molecules (75).

The Bruton’s tyrosine kinase (BTK) inhibitor ibrutinib 
is now being studied following allogeneic stem cell 
transplantation and CAR T therapies. Ryan et al. reported 
successful treatment of five patients with ibrutinib following 
allogeneic transplantation. One of the patients discontinued 
therapy and remained MRD negative. The patient’s GVHD 
also resolved, indicating donor immune modulation towards 
GVL and away from GVHD (76). This may be due in part 
to the disruption of the bone marrow microenvironment, 
where CLL tends to be protected from cellular and 
cytotoxic therapies (13,31), and/or downregulation of PD-1 
expression on the T-cells (77). 

Fraietta et al. reported a similar effect in in vitro 
and murine model of CAR T-cells treated following 
administration of ibrutinib, where enhanced engraftment of 
the infused cells was observed (77). Five cycles of ibrutinib 
therapy improved the expansion of CD19-directed CAR 
T-cells and decreased the expression of PD-1 on T-cells 
and of membrane glycoprotein MRC OX-2 (also known 
as MOX2 or CD200), on B-CLL cells (77). High CD200 
expression has been associated with poor outcomes (78). 
A trial (ClinicalTrials.gov identifier NCT02640209) 
examining the combination of autologous anti-CD19 
CAR-T and ibrutinib in patients with relapsed or refractory 
CLL or small lymphocytic lymphoma (SLL) is ongoing.

Conclusions

Immunotherapy in CLL is rapidly expanding, and the 
landscape and guidelines are adjusting to the new landscape. 
Checkpoint inhibition will likely soon find its way into 
the algorithm for treatment as part of a combination with 
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immunomodulatory medications, and CART is making 
strides towards becoming more widely available. Each 
of these therapies has proven to be effective in certain 
populations of patients. 

The goal moving forward will entail being able to identify 
which patients will respond best to which agents, and in what 
sequence, as well has how best to combine the therapies. The 
intracellular signaling in the malignant cells through BCL2 and 
other pathways promotes growth and survival. Upregulation 
of these signals appears to primarily come from the tumor 
environment, including T-cells and other mononuclear 
cells. Being able to control these signals and disrupt the 
microenvironment may ultimately expose the malignant clone 
in immunological sanctuary sites to the immune system and 
enhance immune surveillance abilities to eradicate malignancy. 
Ultimately, targeting the microenvironment and pathways 
in the malignant cells will likely be combined with cellular 
therapies to enhance their effectiveness. With these advances, 
new treatment approaches for CLL and RT with curative 
intention may be on the horizon. 
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