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Abstract
Chronic lymphocytic leukemia (CLL) is the most prevalent leukemia in 
adults in the Western hemisphere, and in 2017, it is expected to be di-
agnosed in 20,110 people, with 4,660 dying of this disease. The median 
age at diagnosis of CLL is 72; 70% are aged 65 and older and 40% are 
aged 75 and older. Chronic lymphocytic leukemia is a heterogeneous 
disease, as some patients never require therapy and are kept under 
surveillance, whereas others progress through several lines of treat-
ment, never achieving remission, and die within 2 to 3 years of diag-
nosis. Treatment for CLL has progressed from an era where traditional 
cytotoxic agents were the mainstay of treatment to an era where tar-
geted therapies including monoclonal antibodies and small-molecule 
inhibitors play a key role in treatment, in addition to a new emerging 
role for immunotherapy. Although targeted therapies have demon-
strated efficacy in CLL, some patients cannot tolerate treatment due 
to advanced age or significant comorbidities. Poor prognostic factors 
include high serum beta2-microglobulin level, 2% or less mutation in 
the immunoglobulin heavy-chain variable region, 30% or greater CD38 
expression on flow cytometry, 20% or greater zeta-chain–associated 
protein 70 (ZAP-70) somatic mutation, deletion 11q, deletion 17p, lym-
phocyte doubling time of less than 6 months, and Rai stage III and 
IV disease. Despite the advances made in diagnosis and treatment, 
CLL still remains essentially an incurable malignancy (Masood et al., 
2011). Patients with CLL also are at risk of developing Richter’s trans-
formation (about 2%–10%), which is a histologic transformation to a 
more aggressive type of lymphoma (diffuse large B-cell lymphoma or 
Hodgkin lymphoma. The risk of transformation increases with the more 
lines of therapy a patient receives. The development of agents with 
improved outcomes and the potential for cure are needed to minimize 
the amount of therapy a patient receives. 
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The treatment landscape 
for chronic lymphocytic 
leukemia (CLL) has been 
evolving, especially over 

the past decade. Between 2008 and 
2016, the US Food and Drug Admin-
istration (FDA) approved six new 
therapies for CLL: bendamustine, 
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ofatumumab, ibrutinib, obinutuzumab, idelalisib, 
and venetoclax (CenterWatch, 2017). The agents 
approved thus far have made great improvements 
in outcomes for patients with CLL and are dis-
playing efficacy as single agents and in combina-
tion with different regimens. Cutting-edge thera-
peutic research combined with a broadening basic 
science knowledge base is leading to a burgeon-
ing era of expedited drug approval targeting new 
pathways and abrogating the progression of CLL, 
with many drugs still in the pipeline. This article 
will discuss some of the emerging therapies in the 
management of CLL. Several targets for excit-
ing emerging therapies that will be reviewed are 
highlighted in Figure 1 (Zenz, Mertens, Kuppers, 
Dohner, & Stilgenbauer, 2010).

CHIMERIC ANTIGEN  
RECEPTOR T CELLS
The American Society of Clinical Oncology 
(ASCO) has named immunotherapy the clinical 
cancer advancement of the year for 2 years in a 
row (Burstein et al., 2017). It has taken more than 
a century of research to determine how to harness 
the immune system to fight cancer. A number of 
strategies have been tried with some success, and 
they continue to be refined. Chimeric antigen re-
ceptor (CAR) T-cell therapy is an exciting area of 
ongoing research in immunotherapies for hema-
tologic malignancies, with 2 products approved by 
the FDA; 1 approved for advanced leukemia and 
the other for advanced large B-cell lymphomas 
(National Cancer Institute, 2017a). Improvements 

Figure 1. Treatment targets in CLL. Illustration by © Molecule Medical Arts. BLNK = B-cell linker protein; 
BTK = Bruton’s tyrosine kinase; CDK = cyclin-dependent kinase; CXCR4 = C-X-C chemokine receptor 4; 
HDAC = histone deacetylase; IL-4 = interleukin 4; NF-κB = nuclear factor-κB; NFAT = nuclear factor of 
activated T cells; PLC-γ = phospholipase C-γ; SDF1 = stromal cell–derived factor 1; VEGF= vascular endo-
thelial growth factor.
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are needed in the area of treatment of patients 
with relapsed or refractory disease, and this is 
where CAR T cells play a key role. Chimeric anti-
gen receptors are synthetic molecules engineered 
to redirect T-cell specificity to an antigen in a hu-
man leukocyte antigen (HLA)-independent man-
ner and overcome obstacles related to T-cell toler-
ance (Kudchodkar & Maus, 2014).

In CLL, CD19 is the most-studied antigen, as it 
is expressed on normal B cells and most B-cell ma-
lignancies and non-Hodgkin lymphomas (NHLs) 
but not on normal hematopoietic stem cells (HSCs; 
Brentjens & Curran, 2012). By reprogramming a 
patient’s T cells, it is possible to give the T cells a 
new specificity that is independent of HLA restric-

tion, allowing CD19-directed CAR T cells to elicit 
an independent response (Davila, Brentjens, Wang, 
Riviere, & Sadelain, 2012). These engineered T 
cells have the ability to target CD19-expressing 
CLL cells and eliminate them and reactivate other 
immune cytokines that have been damped by the 
cancer’s inhibitory signals. The development of 
CAR T cells requires several steps, which are high-
lighted in Figure 2 (Davila et al., 2012). 

Chimeric antigen receptors are engineered 
to have two main components: an extracellular 
antigen-recognition domain and an intracellular 
signaling domain linked by a hinge/transmem-
brane domain to anchor the CAR into the T cell 
(Jackson, Rafiq, & Brentjens, 2016; Kudchodkar 

Figure 2. Overview of CAR T-cell therapy process. Several steps are required in the development of CAR 
T cells. The inner circle represents steps in patient preparation and T-cell manufacturing. The outer circle 
highlights differences in the process among clinical trials targeting CD19-positive malignancies. 
CAR = chimeric antigen receptor; CTX = cyclophosphamide; BENDA = bendamustine; PENT = pentostatin; 
FLU = fludarabine; PBL = peripheral blood lymphocytes. From Davila et al. (2012). 
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& Maus, 2014). First-generation CARs most com-
monly utilize a CD3 zeta-signaling chain, resulting 
in an activation signal called signal 1 (Jackson et 
al., 2016). In clinical trials, first-generation CARs 
experienced limited success, likely due to acti-
vation-induced cell death of the transplanted T 
cells, or deficiency in long-term T-cell expansion. 
Disappointing results remained despite the use of 
lymphodepleting therapy to reduce T-regulatory 
cell–mediated inhibition and favor homeostatic 
expansion of the infused cells (Dotti, Gottschalk, 
Savoldo, & Brenner, 2014).

Second-generation CARs improved on first-
generation technology and added an additional 
costimulatory signaling domain called signal 2. 
This additional domain allowed the same recep-
tor to deliver signal 1 and signal 2 to optimally 
activate the T cell, resulting in T-cell persistence. 
The improvement of an additional costimulatory 
signaling domain (CD28) was confirmed in six 
patients with relapsed or refractory NHL who 
were infused with a first- and second- generation 
CAR T-cell therapy against CD19 (Savoldo et al., 
2011). The second-generation therapy produced 
enhanced expansion and persistence of T cells. 
Second-generation CAR T cells specific for CD19 
have included a CD3 zeta domain with a CD28 or 
4-1BB (CD137) costimulatory signaling domain.

In attempts to further improve CARs, third-
generation CARs have been developed with a 
CD3 zeta domain and two costimulatory domains 
(CD28, and 4-1BB, or OX40 [CD134]). There are 
no published data in humans comparing third-
generation CARs with second-generation CARs. 

To introduce the CAR transgene to the T 
cell, genetic manipulation must occur typically 
through the use of a retrovirus or lentivirus vec-
tor. Higher gene-transfer efficiency is seen with 
the gamma-retroviral vectors (4%–71%) than 
with lentiviral vectors (4.7%–23%; Davila et al., 
2012). The variation in gene-transfer efficiency 
does not appear to influence CAR-modified T-cell 
function. This variation in transduction efficiency 
highlights the large variability seen in individual 
patient products. The variability in T-cell dose 
can be minimized by infusion of the same amount 
of CAR-positive T cells within a study. The long-
term impact of using different gene-transfer 
methods has yet to be elucidated (Hosing et al., 

2013). Controlled studies comparing manufactur-
ing processes are needed to determine their im-
pact on clinical outcomes. 

CLINICAL TRIALS WITH  
CAR T CELLS IN CHRONIC 
LYMPHOCYTIC LEUKEMIA
The initial studies utilizing CAR T cells direct-
ed at CD19 have had mixed results in CLL. Out-
comes have ranged from no objective response 
to a complete response (CR). A study conducted 
at the National Cancer Institute (NCI) by Ko-
chenderfer et al. (2012) included eight adult pa-
tients with advanced B-cell malignancies, four of 
whom had CLL. Patients were given a lymphode-
pleting chemotherapy regimen of cyclophospha-
mide and fludarabine, followed by reinfusion of 
anti–CD19-CAR-transduced T cells engineered 
with a retroviral vector and CD28 costimulatory 
domain (Kochenderfer et al., 2012). The number 
of infused CAR-positive cells/kg ranged from 0.3 
to 3.0 × 107.

Of the patients with CLL included, one pa-
tient experienced a CR (15+ months), two patients 
had a partial response (PR; each 7+ months), and 
one patient had stable disease (SD; 6 months; Ko-
chenderfer et al., 2012). Grade 3 and 4 toxicities 
seen in at least 25% of patients include hypoten-
sion (50%), capillary leak syndrome (50%), acute 
renal failure (37.5%), fatigue (37.5%), hypoxemia 
(25%), elevated liver enzymes (25%), hyperbili-
rubinemia (25%), and electrolyte abnormalities 
(25%; Kochenderfer et al., 2012). 

A study by Brentjens et al. (2011) conducted at 
Memorial Sloan Kettering Cancer Center includ-
ed patients with relapsed purine-analog refracto-
ry CLL. In this phase I dose-escalation study, eight 
patients with CLL were included and received 
second-generation retroviral vector, CD3/CD28 
anti-CD19 CAR T cells. Patients in step 1 received 
CAR-positive T-cell doses between 1.2 and 3.0 × 
107 T cells/kg without cyclophosphamide pre-
treatment. All three patients treated in step 1 did 
not have a response and required additional sal-
vage treatment. In step 2, patients received dose-
escalating cyclophosphamide followed by infu-
sion of 0.4 to 10.0 × 107 CAR-positive T cells/kg. In 
step 2, only four out of five patients were evaluable 
for response. Two patients experienced SD (last-
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ing 4 months and longer than 8 weeks), one pa-
tient had a marked reduction in lymphadenopathy 
at 3 months with SD for 6 months, and one patient 
experienced progressive disease. Adverse events 
of any grade seen in at least two patients included 
fever (75%), rigors (62.5%), chills (62.5%), febrile 
neutropenia (37.5%), and hypotension (25%). 

A clinical trial from the University of Penn-
sylvania evaluated CAR T cells in three patients 
with CLL (Kalos et al., 2011; Porter, Levine, Kalos, 
Bagg, & June, 2011). This study utilized a self-
inactivating lentiviral vector and included the 
CD137 (4-1BB) signaling domain. Patients were 
given pentostatin and cyclophosphamide as lym-
phodepleting pretreatment followed by CAR T-
cell infusions in doses from 1.0 to 1.6 × 107 cells/
kg. Two patients experienced a CR (10+ months, 
11+ months), and one patient experienced a PR for 
7 months. One patient experienced grade 3 tumor 
lysis syndrome. Grade 1 and 2 adverse events seen 
include fevers, chills, diaphoresis, myalgias, head-
ache, and fatigue. 

The NCI published results on an additional 
study that included four patients with CLL who 
received CD19-targeted T cells after allogeneic 
hematopoietic stem cell transplantation and at 
least one standard donor lymphocyte infusion 
(Kochenderfer et al., 2013). No lymphodepleting 
chemotherapy was used prior to CAR T-cell ther-
apy. The CD28 costimulatory molecule was used 
to engineer these anti-CD19 CAR T cells with a 
gamma-retroviral vector. Patients received CAR-
positive T-cell doses of 0.4 to 2.4 × 106 cells/kg. 
One patient achieved a CR (9+ months), one pa-
tient experienced SD (3 months), and two patients 
experienced progressive disease. Treatment- 
related grade 3 or 4 toxicities seen in patients with 
CLL include fever (50%), tumor lysis syndrome 
(25%), fatigue (25%), cardiac ventricular func-
tion (25%), tachycardia (25%), troponin increase 
(25%), anemia (25%), neutropenia (25%), pneu-
monitis (25%), hypoxia (25%), dyspnea (25%), hy-
pophosphatemia (25%), and hypotension (25%). 

An abstract presented at the 2016 American 
Society of Hematology Annual Meeting & Exposi-
tion presented data on 18 patients with CLL previ-
ously treated with ibrutinib therapy and infused 
with 3 dose levels of CD19 CAR T cells after lym-
phodepleting chemotherapy: cyclophosphamide 

alone, fludarabine alone, or cyclophosphamide 
and fludarabine (Turtle et al., 2016). The overall 
response rate (ORR) was 78%, with eight PRs and 
five CRs. In the patients with ibrutinib-refractory 
(10) or -intolerant disease (3), the ORR was 77% 
(seven PRs and three CRs). Only two of the four 
venetoclax-refractory patients responded with 
PRs. Cytokine release syndrome (CRS) of any 
grade was seen in all 17 evaluable patients (eight 
grade 0–1, five grade 2, three grade 3, one grade 
4). Three patients received tocilizumab and dexa-
methasone to treat CRS and/or neurotoxicity.

There are currently areas of ongoing debate 
and research to design the optimal CAR T-cell 
agent. The best method for T-cell manufactur-
ing, gene transfer, and T-cell infusion are yet to be 
determined. It is also unknown what the optimal 
T-cell dose, lymphodepleting chemotherapy regi-
men, or place in therapy is for CAR T cells. Studies 
are also bringing to light new challenges to over-
come. Antigen escape, or loss of CD19 expression 
on the tumor cells, renders CAR T-cell therapy 
ineffective (Jackson & Brentjens, 2015). This chal-
lenge has emerged in clinical trials with CD19 
agents in CLL (Wang, Wu, Liu, & Han, 2017)

This exciting immunotherapy continues to 
be evaluated in CLL with the hopes of answering 
some of these questions; Table 1 lists select clinical 
trials in the United States. 

MONOCLONAL ANTIBODIES
History of Monoclonal Antibodies in Chronic 
Lymphocytic Leukemia
In addition to the aforementioned therapies, 
monoclonal antibodies (mAbs) have also shown 
efficacy in treating CLL, and new mAbs are be-
ing developed. Monoclonal antibodies utilize 
antibody-dependent cell-mediated cytotoxicity 
leading to an effector immune cell lysing a tar-
get malignant cell whose surface antigen binds 
the mAb (Weiner, 2015). Monoclonal antibodies 
utilizing the immune system to attack malignant 
cells are being evaluated for their potential role in 
CLL management. 

Rituximab is a chimeric monoclonal anti-
CD20 antibody that consists of murine variable 
regions of the parent 2B8 murine that have been 
grafted to a human immunoglobulin G1 (IgG1)-
constant region (Reff et al., 1994). CD20 is an 
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excellent target in CLL, as it is expressed in ma-
lignant mature B cells and not in other B-cell 
precursors, nor is this antigen internalized, shed, 
or modulated after attaching to an antibody (An-
derson et al., 1984). This characteristic served as 
a pretext for studying this drug not only in B-cell 
lymphomas, but also in CLL.

A landmark phase II study conducted at MD 
Anderson Cancer Center that evaluated the com-
bination of fludarabine, cyclophosphamide, and 
rituximab (FCR) indicated excellent results and 
tolerability to the combination (Wierda et al., 
2005). This phase II trial enrolled 177 patients 
with refractory CLL who were treated with ritux-
imab at 375 mg/m2 on day 1 of course 1 and subse-
quently at 500 mg/m2 on day 1 of courses 2 to 6; 
fludarabine at 25 mg/m2 on days 2 to 4 of course 1 
and subsequently days 1 to 3 of courses 2 to 6; and 
cyclophosphamide at 250 mg/m2 on days 2 to 4 of 
course 1 and subsequently days 1 to 3 of courses 2 
to 6 (Wierda et al., 2005). Interim results revealed 
25% of the 177 patients achieved a CR and 48% of 
patients achieved a PR, for an ORR of 73%. When 
published, this regimen showed the highest rate 
of CR compared with previous trials in patients 
with refractory or relapsed CLL. The final results 

after completion of the study and accruing 284 pa-
tients (280 patients were evaluable for response) 
revealed an ORR of 74% (Badoux et al., 2011).

However, more impressive was a single-arm 
study as first-line therapy with FCR, with re-
sults showing an ORR of 95% (95% confidence 
interval [CI] = 92%–98%), with 70% of patients 
achieving a CR (Keating et al., 2005). A phase III 
randomized trial subsequently established ef-
ficacy with FCR, as 65% of patients in the FCR 
arm were in remission after 3 years of treatment 
compared with 45% in the fludarabine and cyclo-
phosphamide arm (Hallek et al., 2010; Keating et 
al., 2005). This result has established a role for 
rituximab not only in relapsed disease but also in 
front-line therapy.

Ofatumumab is another mAb that binds a dis-
tinct epitope of small and large loops of the CD20 
molecule (Teeling et al., 2006). Like rituximab, 
ofatumumab kills malignant B cells by antibody-
dependent complement activation culminating 
to cell-mediated cytotoxicity. This drug has been 
studied in multiple combinations that included 
chemotherapy and targeted drugs; however, a sin-
gle-arm study that enrolled 138 patients with re-
fractory disease showed an ORR of 58% in patients 

Table 1. CAR T-Cell Clinical Trials for Chronic Lymphocytic Leukemia in the United States 

ClinicalTrials.gov 
identifier Center

Patient 
population Age

Lymphodepleting 
chemotherapy Intervention

Gene-transfer 
method

NCT01853631 BCM Advanced B-cell 
NHL, ALL, and 
CLL

≤ 75 years ± Flu/Cy CD19.CAR/28 and 
CD19.CAR/28.137 
T cells

Retrovirus

NCT01865617 FHCRC R/R CLL, NHL, or 
ALL

≥ 18 years ± Flu/Cy Autologous anti-
CD19.CAR-4-1BB-
CD3zeta-EGFRt-
expressing  
T lymphocytes

Lentivirus

NCT02050347 BCM Relapsed CD19+ 
malignancies 
post-alloHSCT

No 
restriction

± Flu/Cy CD19.CAR-CD28Z 
T cells

Retrovirus

NCT00881920 BCM CLL, B-cell 
lymphoma, or MM

≥ 18 years ± Flu/Cy Kappa CD28 T cells Retrovirus

NCT00466531a MSKCC R/R CLL or 
indolent B cell 
lymphoma

≥ 18 years ± Cy CD28 (19-28z) 
and 4-1BB (CART-
19:CD3z-4-1BB)

Retrovirus vs. 
lentivirus

Note. CAR = chimeric antigen receptor; CLL = chronic lymphocytic leukemia; BCM = Baylor College of Medicine; 
NHL = non-Hodgkin lymphoma; ALL = acute lymphoblastic leukemia; Flu = fludarabine; Cy = cyclophosphamide; 
FHCRC = Fred Hutchinson Cancer Research Center; R/R = relapsed or refractory; alloHSCT = allogeneic hematopoietic 
stem cell transplant; MM = multiple myeloma; MSKCC = Memorial Sloan Kettering Cancer Center. Information from 
ClinicalTrials.gov. 
aActive trial, but not recruiting.
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with alemtuzumab-refractory disease and an ORR 
of 47% in patients with fludarabine-refractory 
disease (Wierda et al., 2010). This trial was among 
the first studies that led to larger trials with the 
drug and eventual approval.

Alemtuzumab is a humanized IgG1 mAb that 
targets the CD52 antigen, which is overexpressed 
in a variety of lymphoid neoplasms and hence CLL 
(Alinari et al., 2007). Early trials of alemtuzumab 
showed an ORR of 35% in heavily pretreated pa-
tients and an ORR of 80% in previously untreated 
patients (Alinari et al., 2007).

Obinutuzumab is a humanized glycoengi-
neered type 2 antibody also targeted against CD20, 
which in preclinical studies showed superiority 
compared with rituximab by inducing direct cell 
death and enhanced antibody-dependent cellular 
cytotoxicity (Mössner et al., 2010). A randomized 
trial that compared chlorambucil, obinutuzumab 
and chlorambucil (OC), and rituximab and chlo-
rambucil (RC) revealed a higher progression-free 
survival, CR, and molecular response favoring OC 
over RC in patients with untreated CLL (Goede et 
al., 2014).

New Monoclonal Antibodies
Several mAbs are under development for the man-
agement of refractory or relapsed CLL, most of 
which are administered intravenously (Table 2). 
Two active studies are evaluating anti-CD37 mAbs 
(NCT02759016 and NCT01644253). CD37 is a 
tetraspanin antigen expressed on mature B cells 
and minimally on T cells, monocytes, and mac-
rophages (Schwartz-Albiez, Dörken, Hofmann, & 
Moldenhauer, 1988). It is highly expressed among 
all subtypes of B-cell NHL, including CLL.

Based on in vitro studies with TRU-16 (otler-
tuzumab), one of the anti-CD37 mAbs, important 
differences in the mechanisms of action were seen 
compared with anti-CD20 mAbs (Robak, Robak, 
& Smolewski, 2009). This includes CD37 signal-
ing–induced apoptosis, which was found to be 
caspase independent, and involved tyrosine phos-
phorylation (Finn, 2011; Gopal et al., 2014). It also 
appears to have a greater binding affinity, result-
ing in improved antibody-dependent cellular cy-
totoxicity. A phase IB trial that evaluated TRU-16 
in combination with rituximab in patients with 
relapsed indolent lymphoma—including patients 

with small lymphocytic lymphoma—revealed an 
ORR of 83% (Gopal et al., 2014).

Another target is the receptor tyrosine ki-
nase–like orphan receptor 1 (ROR1)—an excit-
ing new target being pursued in CLL (Cui et al., 
2016). ROR1 is an oncoembryonic antigen that 
is expressed on the cell surface of CLL cells 
but not normal B cells or other postpartum tis-
sue (Borcherding, Kusner, Liu, & Zhang, 2014). 
ROR1 downstream effects include the activation 
of the phosphoinositide 3-kinase/protein kinase  
B/mammalian target of rapamycin pathway, and it 
may also be a substrate for other signaling mole-
cules such as Met proto-oncogene (also called he-
patocyte growth factor). UC-961 (cirmtuzumab) is 
a first-in-class mAb targeting ROR1 currently be-
ing evaluated in patients with relapsed or refrac-
tory disease (NCT02222688; Choi et al., 2015; Yu 
et al., 2017). 

Lirilumab is an anti–killer-cell immunoglobu-
lin-like receptor (KIR) mAb being investigated for 
its activity in CLL when utilized in combination 
with rituximab (NCT02481297). By administering 
the KIR mAb in combination with rituximab, nat-
ural killer (NK) cell–mediated, rituximab-depen-
dent cytotoxicity is boosted to enhance lympho-
ma cell kill in vitro and in vivo in murine models 
(Kohrt et al., 2014; Sola et al., 2014).

Another approach to harnessing the immune 
system is through targeting the programmed cell 
death protein 1 (PD-1)/programmed cell death 
ligand 1 (PD-L1) pathway. Targeting this path-
way has been effective in solid tumors as well as 
Hodgkin lymphoma (HL) and NHL and is being 
explored in CLL, as these cells have been shown 
to express PD-1 and PD-L1 (Freeman & Gribben, 
2016). Drugs targeting PD-1/PD-L1 stimulate an 
antitumor effect by utilizing cytotoxic T cells from 
the host’s immune system to attack cancer cells 
(Chen & Han, 2015). In CLL, this therapy may also 
affect the B-cell receptor (BCR) signaling path-
way, directly influencing cancer growth and pro-
liferation (Kater & van der Windt, 2015). 

Durvalumab is an anti–PD-L1 mAb being stud-
ied as monotherapy and in combination with vari-
ous FDA-approved agents for the management of 
CLL (NCT02733042). Also utilizing the immune 
system is monalizumab (IPH2201), a novel mAb 
targeting the immune checkpoint receptor natu-
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Table 2. Selected Clinical Trials in CLL With Monoclonal Antibodies
ClinicalTrials.gov 
identifier

Study 
phase Age Patient population Intervention

Mechanism of 
experimental agent(s)

Primary 
outcome(s)

NCT02005289a II 18–80 
years

R/R or older untreated 
patients with CLL, 
SLL, or PLL

MOR00208 + 
lenalidomide

MOR00208: anti-CD19 
mAb

Response

NCT02759016 I 18–99 
years

Patients with R/R CLL 
who have received at 
least one prior systemic 
therapy and are eligible 
for treatment with 
ibrutinib

Ibrutinib + BI 
836826

BI 836826: anti-CD37 
mAb

MTD; DLTs

NCT01644253 I ≥ 18 years CLL TRU-016 and 
rituximab, 
obinutuzumab, 
idelalisib, or ibrutinib

TRU-016: anti-CD37 mAb OR

NCT02222688 I 18–70 
years

R/R CLL UC-961 UC-961 (cirmtuzumab): 
ROR1 mAb

MTD; DLTs

NCT02481297b II ≥ 18 years R/R or high-risk 
untreated CLL

Rituximab + 
lirilumab

Lirilumab: anti-KIR mAb OR

NCT02733042 I/II ≥ 18 years Lymphoma or CLL Durvalumab 
monotherapy or 
combination with 
lenalidomide + 
rituximab, ibrutinib, 
or bendamustine + 
rituximab 

Durvalumab: anti–PD-L1 
antibody

AEs; DLT; 
NTD; MTD; 
OR

NCT02557516 I/II ≥ 18 years R/R or previously 
untreated CLL

IPH2201 + ibrutinib IPH2201 (monalizumab): 
NKG2A checkpoint 
inhibitor

DLTs

NCT02924402 I ≥ 18 years CD20-expressing 
hematologic 
malignancies

XmAb13676 XmAb13676: anti-CD20 
and CD3-bispecific mAb

MTD; DLTs

NCT02500407 I ≥ 18 years NHL, CLL BTCT4465A BTCT4465A: anti-CD20 
and CD3-bispecific mAb

DLTs; AEs

NCT02290951 I ≥ 18 years CD20+ B-cell 
malignancies

REGN1979 REGN1979: anti-CD20 
and CD3-bispecific mAb

AEs

NCT02454270 I ≥ 18 years R/R B-cell 
malignancies

Duvortuxizumab Duvortuxizumab: CD19 
× CD3 dual-affinity 
retargeting protein

RP2D; OR

NCT02669017 I ≥ 18 years R/R B-cell lineage 
NHL

ADCT-402 ADCT-402: anti-CD19 
ADC; PBD dimer 
cytotoxin

DLTs; MTD

NCT02175433a I ≥ 18 years R/R lymphoid 
malignancies

AGS67E AGS67E: anti-CD37 ADC; 
MMAE

AEs

NCT02361346 I ≥ 18 years Relapsed NHL and 
CLL

MT-3724 MT-3724: CD20-
internalizing immunotoxin

AEs; DLTs

Note. CLL = chronic lymphocytic leukemia; R/R = relapsed/refractory; SLL = small lymphocytic lymphoma; 
PLL = prolymphocytic leukemia; mAb = monoclonal antibody; MTD = maximum tolerated dose; DLTs = dose-limiting toxicities; 
CR = complete response; OR = overall response; ROR1 = receptor tyrosine kinase–like orphan receptor 1; KIR = killer-cell 
immunoglobulin-like receptor; PD-L1 = programmed cell death ligand 1; AEs = adverse events; NTD = not tolerated dose; 
NKG2A = natural killer group 2A; NHL = non-Hodgkin lymphoma; RP2D = recommended phase II dose; ADC = antibody-drug 
conjugate; PBD = pyrrolobenzodiazepine; MMAE = monomethyl auristatin E. Information from ClinicalTrials.gov. 
aSuspended recruitment.
bActive trial, but not recruiting.
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ral killer group 2A (NKG2A), which is expressed 
as a heterodimer with CD94 on some cytotoxic 
lymphocytes (McWilliams et al., 2016). When a 
ligand binds to this complex, inhibitory signaling 
results in mitigated NK and CD8-positive T-cell 
responses. By blocking the binding of the CD94-
NKG2A complex, NK and cytotoxic T-cell re-
sponses are boosted to attack malignant cells (Sola 
et al., 2016). This pathway is being evaluated as a 
potential target with the use of monalizumab in 
combination with ibrutinib in patients with CLL 
(NCT02557516). 

Strategies to treat CLL with mAbs also in-
clude the use of bispecific antibodies (Peters & 
Brown, 2015). Bispecific antibodies being evalu-
ated include anti-CD3/CD19 or CD20 agents 
(NCT02924402, NCT02500407, NCT02290951, 
and NCT02454270). Blinatumomab (CD3/CD19) 
is the only FDA-approved agent of this kind, and 
it is approved only for use in B-cell acute lympho-
blastic leukemia at this time (Broderick, 2016). Bi-
specific antibodies presenting both CD3 and CD19 
or CD20 can bring T cells in close proximity to 
the CD19- or CD20-expressing B cells to induce 
killing of the cancerous B cells (Hoffman & Gore, 
2014; Naddafi & Davami, 2015). In fact, the advan-
tage of blinatumomab includes its ability to draw 
malignant B cells in close proximity to CD3-pos-
itive T cells without regard to the specificity and 
the reliance on major histocompatibility complex 
(MHC)-I molecules on the surface of antigen-
presenting cells for activation (Hoffman & Gore, 
2014). This, therefore, allows the recruitment of 
polyclonal T cells, which circumvents resistance 
to T-cell–based therapy through the downregula-
tion of MHC molecules.

Finally, another class of molecules with prom-
ise includes antibody-drug conjugates (ADCs), 
which exhibit their effect by a different mecha-
nism. They contain an antibody linked to a cy-
totoxic agent and, when attached to a specific 
antigen expressed on cancer cells, lead to inter-
nalization of the cytotoxic agent, culminating in 
malignant cell death (Sassoon & Blanc, 2013). This 
unique mechanism leads to improved efficacy and 
minimizes off-target and systemic toxicities when 
the ADC is internalized after binding (Naddafi & 
Davami, 2015). The antibody targets being evalu-
ated in CLL include CD19, CD20, and CD37 linked 

to monomethyl auristatin E (brentuximab vedo-
tin) or pyrrolobenzodiazepine dimer cytotoxin 
(such as vadastuximab talirine; NCT02669017, 
NCT02175433, and NCT02361346).

Targeted Therapies
Many molecules targeting the BCR pathway in 
CLL are currently being developed, some of which 
have established exceptional efficacy in mature 
randomized clinical trials in first- and second-line 
therapies such as ibrutinib (Burger et al., 2015; 
O’Brien et al., 2014a; Zhang, Sanchez, Liu, Chang, 
& Goldberg, 2016). The BCR pathway has been 
a target of many of the recently FDA-approved 
agents for the management of CLL (Stevenson, 
Krysov, Davies, Steele, & Packham, 2011). This 
pathway is important to CLL biology, as it is asso-
ciated with many downstream signaling pathways 
needed for cell growth. Signaling in this pathway 
is mediated by phosphorylation of the Src family 
kinases Lyn and spleen tyrosine kinase (Syk) re-
sulting in recruitment of the signalosome (Contri 
et al., 2005). This process involves several kinases 
(Syk, Bruton’s tyrosine kinase [BTK], and Lyn) and 
adaptor proteins (Grb2 and B-cell linker). Three 
main downstream pathways are activated by the 
signalosome: BTK, phospholipase C-γ (PLC-γ2), 
and phosphatidylinositol 3-kinase (PI3K; Woy-
ach, Johnson, & Byrd, 2012). Table 3 shows several 
agents being investigated that target components 
(PI3K, BTK, and Syk) of the BCR pathway. There-
fore, the most advanced BCR-signaling targets in-
clude Syk, BTK, PI3K, and PLC-γ2.

Considering the SYK pathway, the only target-
ing molecule in clinical use/study includes R788 
(fostamatinib disodium [FosD]). FosD is a prodrug 
that is converted in vivo to R406, a bioactive form 
(Weinblatt et al., 2008). This drug has shown ef-
ficacy and tolerability in B-cell CLL in a phase I/
II trial (Friedberg et al., 2010). However, this mol-
ecule has been developed in rheumatoid arthritis, 
and no SYK inhibitors are currently being used in 
the treatment of patients with B-cell CLL.

Moreover, BTK is a nonreceptor kinase of the 
TEC family and plays a key role in the differentia-
tion and proliferation of B cells (Wang et al., 2012; 
Zhang et al., 2016). Bruton’s tyrosine kinase signal-
ing is downstream to CXCR4 and CXCR5 chemo-
kine receptors and integrins, which are central to 
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Table 3. Selected Clinical Trials in CLL With Targeted Agents 
ClinicalTrials.
gov identifier

Study 
phase Age Patient population Intervention

Mechanism of 
experimental agent(s)

Primary 
outcome(s)

NCT02914938 I ≥ 18 years R/R CLL/SLL or FL ME-401 ME-401: PI3Kδ inhibitor mBED; 
MTD; DLTs

NCT02742090 II ≥ 18 years CLL who are intolerant 
to prior therapy

TGR-1202 TGR-1202 (RP5264): 
PI3Kδ inhibitor

PFS

NCT02656303 II ≥ 18 years Patients previously 
enrolled on protocol 
UTX-TGR-304

Ublituximab + 
TGR-1202

TGR-1202 (RP5264): 
PI3Kδ inhibitor
TG-1101 (ublituximab): 
anti-CD20 mAb

OR

NCT02268851 I ≥ 18 years CLL, MCL TGR-1202 + 
ibrutinib

TGR-1202 (RP5264): 
PI3Kδ inhibitor

MTD

NCT02535286 I/II ≥ 18 years R/R CLL Pembrolizumab + 
TGR-1202 + TG-1101

TGR-1202 (RP5264): 
PI3Kδ inhibitor
TG-1101 (ublituximab): 
anti-CD20 mAb

AEs

NCT02006485 I ≥ 18 years B-cell malignancies Ublituximab + 
TGR-1202 ± 
ibrutinib or 
bendamustine

TGR-1202 (RP5264): 
PI3Kδ inhibitor
TG-1101 (ublituximab): 
anti-CD20 mAb

MTD

NCT02717611a II ≥ 18 years R/R CLL and 
intolerant of ibrutinib 
therapy

Acalabrutinib Acalabrutinib (ACP-196): 
BTK inhibitor

OR

NCT02362035a I/II ≥ 18 years Hematologic 
malignancies

Acalabrutinib + 
pembrolizumab

Acalabrutinib (ACP-196): 
BTK inhibitor

AEs

NCT02337829 II ≥ 18 years R/R and treatment-
naive deletion 17p 
CLL/SLL

Acalabrutinib Acalabrutinib (ACP-196): 
BTK inhibitor

OR

NCT02328014 I/II ≥ 18 years B-cell malignancies Acalabrutinib + 
ACP-319

Acalabrutinib (ACP-196): 
BTK inhibitor
ACP-319: PI3K inhibitor

AEs

NCT02900716 I ≥ 18 years CLL and B-cell 
lymphomas

DTRMWXHS-12 
+ everolimus or 
everolimus + 
pomalidomide

DTRMWXHS-12: 
BTK inhibitor

AEs

NCT02457598 I ≥ 18 years B-cell malignancies ONO/GS-4059 
monotherapy, 
or + idelalisib, 
entospletinib, 
idelalisib + 
obinutuzumab, 
or entospletinib + 
obinutuzumab

ONO/GS-4059:  
BTK inhibitor

DLTs; OR

NCT02000934 I ≥ 18 years Advanced solid 
tumor and lymphoma 
malignancies

TAK-659 TAK-659: SYK inhibitor DLTs

NCT01799889a II ≥ 18 years R/R hematologic 
malignancies

Entospletinib Entospletinib (GS-9973): 
SYK inhibitor

PFS

NCT01994382 I/II ≥ 18 years CLL, SLL, or NHL PRT062070 ± 
rituximab

PRT062070 
(cerdulatinib): dual SYK-
JAK inhibitor

MTD

NCT02684617 I ≥ 18 years Hematologic 
malignancies

Dinaciclib + 
pembrolizumab

Dinaciclib (MK-7965): 
CDK inhibitor

DLTs; AEs; 
OR

NCT01003769 I/II ≥ 18 years Relapsed B-cell CLL Lenalidomide + 
AT-101

AT-101 (gossypol): 
BCL2 inhibitor

MTD; OR
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B-cell trafficking (Spaargaren et al., 2003). It is spe-
cifically inhibited by PCI32765 (ibrutinib) through 
BTK phosphorylation, leading to abrogation of its 
enzymatic activity. It also inhibits chemokine recep-
tor–mediated signaling pathways and secretion of 
CCL3 and CCL4 chemokines (Ponader et al., 2012). 
This molecule has shown efficacy in both first- and 
second-line treatments of CLL, including for high-
risk patients with 17p deletions as indicated previ-
ously (Burger et al., 2015; O’Brien et al., 2014b).

Idelalisib (CAL-101) is a potent and highly 
selective inhibitor of the delta isoform of PI3K, 
which plays a critical role in B-cell function medi-
cated through BCR signaling. This drug also in-
hibits many other signaling pathways including 
CXCR4 and CXCR5, which are involved in the 
trafficking and homing of B cells to lymph nodes 
and the bone marrow. Inhibition of this isoform 
induces apoptosis and prevents proliferation of B-
cell malignant cell lines (Brown et al., 2014). This 
drug demonstrated efficacy in mature random-
ized trials, including a phase III randomized trial 
that showed the efficacy of idelalisib when added 
to rituximab in the treatment of patients with re-
lapsed CLL unable to undergo treatment with 
chemotherapy (Furman et al., 2014).

Moreover, numerous other targets, besides 
those involved in the BCR pathway, are being 
evaluated for their potential role in the manage-
ment in CLL. Cyclin-dependent kinases (CDKs) 
regulate various steps in the cell cycle. Cyclin-
dependent kinases are a family of protein kinases 
that regulate the cell-cycle through regulation of 

transcription, mRNA processing, and differen-
tiation of cells (Crosby, 2007). Several different 
CDKs bind to various different cyclins to form 
cyclin-dependent kinases complexes (CDKCs), 
regulatory proteins that regulate progression 
through the cell cycle (Casimiro, Crosariol, Loro, 
Li, & Pestell, 2012). The inhibition of transcription 
by CDK7 and CDK9 is one potential target in CLL 
(Larochelle et al., 2012).

Dinaciclib is a CDK1, 2, 5, and 9 inhibitor cur-
rently being evaluated (NCT02684617; Danilov, 
2013). A phase III study that compared dinaciclib 
with ofatumumab demonstrated the antitumor 
activity and tolerability of dinaciclib in refractory 
or relapsed CLL, with median survivals of 21.2 and 
16.7 months, respectively (Ghia et al., 2015). 

Targeting Bcl-2 is another option in the man-
agement of CLL, as it is associated with increased 
Bcl-2 expression (Rogalinska & Kilianska, 2012). 
Bcl-2 is localized in the outer membrane of the 
mitochondria and plays an important role in cell 
survival and inhibition of the action of proapop-
totic proteins (Tsujimoto, 1998). The Bcl-2 family 
is made up of antiapoptotic proteins (Bcl-2, Bcl-x1) 
and proapoptotic proteins (Bax, Bak, and BH3), 
which are important for the regulation of apoptosis.

Venetoclax is a selective BCL2 inhibitor that 
has already been approved for the treatment of 
CLL (FDA, 2016). A phase I trial with venetoclax 
that enrolled patients with relapsed or refractory 
CLL and poor prognosis reached the maximum tol-
erated dose and revealed a response in 79% of pa-
tients (Roberts et al., 2016). Ongoing trials evaluat-

Table 3. Selected Clinical Trials in CLL With Targeted Agents 
ClinicalTrials.
gov identifier

Study 
phase Age Patient population Intervention

Mechanism of 
experimental agent(s)

Primary 
outcome(s)

NCT02787369a I ≥ 18 years Relapsed CLL ACY-1215 + ibrutinib 
or idelalisib

ACY-1215 (ricolinostat): 
HDAC inhibitor 

MTD

NCT01943851 I ≥ 18 years R/R hematologic 
malignancies

GSK525762 GSK525762: BET inhibitor AEs; DLTs; 
OR

NCT02303392 I ≥ 18 years R/R CLL or aggressive 
NHL

Ibrutinib + selinexor Selinexor (KPT-330): 
selective inhibitor of 
nuclear export

DLTs

Note. CLL = chronic lymphocytic leukemia; R/R = relapsed or refractory; SLL = small lymphocytic lymphoma; FL = follicular 
lymphoma; PI3K = phosphatidylinositol 3-kinase; mBED = minimum biologically effective dose; MTD = maximum tolerated 
dose; DLTs = dose-limiting toxicities; PFS = progression-free survival; mAb = monoclonal antibody; OR = overall response; 
MCL = mantle cell lymphoma; AEs = adverse events; BTK = Bruton’s tyrosine kinase; SYK = spleen tyrosine kinase; NHL = non-
Hodgkin lymphoma; JAK = Janus kinase; CDK = cyclin-dependent kinase; HDAC = histone deacetylase; BET = bromodomain 
and extra-terminal. Information from ClinicalTrials.gov. 
aActive trial, but not recruiting.

(cont.)
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ing the optimal drug combination with venetoclax 
and treatment sequencing is being studied in CLL.

AT-101 is a BH3 mimetic with the ability to 
induce CLL cell apoptosis in vitro (Masood et al., 
2011) and is currently being studied in combina-
tion with lenalidomide in patients with relapsed 
disease (NCT01003769). The BH3 mimetics are 
small-molecule antagonists of the antiapoptotic 
Bcl-2 members that function as competitive in-
hibitors by binding to the hydrophobic cleft and 
therefore abrogating cancer cell survival (Chong-
haile & Letai, 2009). 

Histone deacetylase (HDAC) inhibitors con-
tinue to be evaluated for their potential role as a 
therapy in cancer. Elevated levels of HDAC en-
zymes are linked with the development of can-
cer, including CLL (Wang et al., 2011). Inhibit-
ing HDAC can hinder the heat shock protein 90 
(Hsp90) protein chaperone system through hy-
peracetylation of Hsp90. This prevents protein 
degradation, which may eventually induce apop-
tosis of the CLL cell (NCI, 2017b). Ricolinostat 
(ACY-1215) is a HDAC inhibitor that is being stud-
ied in combination with ibrutinib or idelalisib in 
patients with relapsed CLL (NCT02787369).

The bromodomain and extraterminal (BET) 
family proteins are a new therapeutic target be-
ing evaluated in CLL that also impacts histones. 
The BET proteins are responsible for recognizing 
acetylated chromatin on the tails of histones and 
regulating gene expression (Larsson et al., 2013). 
By inhibiting BET, protein expression can be regu-
lated and potentially halt cancer cell growth (Pad-
manabhan, Mathur, Manjula, & Tripathi, 2016). 
GSK525762 is a bromodomain-containing pro-
tein-4 (BRD4) inhibitor currently being evaluated 
in clinical trials (NCT01943851; Maxmen, 2012). 
Bromodomain-containing protein 3 (BRD3) and 
BRD4 are associated with the regulation of the 
proto-oncogene Myc, which plays a role in the de-
velopment of CLL (Padmanabhan et al., 2016), and 
inhibiting this protein may lead to CLL cell death. 

Selective inhibition of nuclear export (SINE) 
is another unique target for CLL therapy. Cancer 
cells are capable of exporting key nuclear proteins 
that impact survival and proliferation signaling. 
Chromosome region maintenance 1/exportin-1 
(CRM1, XPO1) is an exporter of cargo-proteins 
such as p53, p73, CDKN1A, Rb, BRCA1, and IκBα, 

which are involved in cancer cell growth and 
apoptosis (Parikh, Cang, Sekhri, & Liu, 2014). High 
levels of CRM1 can increase the removal of tumor-
suppressor genes from the nucleus and support 
cancer cell survival (Sun et al., 2014). Selinexor 
(KPT-330) is a SINE inhibitor, specifically CRM1, 
which is being evaluated in patients with relapsed 
or refractory CLL (NCT02303392). 

CONCLUSION
We are certainly witnessing a burgeoning era 
in drug development with the rapid approval of 
many drugs targeting hematologic malignancies 
and specifically CLL. The treatment of CLL is a 
continually evolving area, with much excitement 
regarding the emerging therapies under investi-
gation highlighted in this article. The improved 
understanding of disease biology and rigorous 
basic science research have allowed for contin-
ued progress and the development of novel tar-
gets in CLL.

The use of CAR T cells has shown promise in 
early clinical trials in CLL, but many questions re-
main regarding the optimal strategy for cell prepa-
ration and the ideal patient and time to implement 
this therapy, in addition to safety. Monoclonal anti-
bodies with alterations to the binding structure and 
new antigen targets are being explored, as well as 
the use of bispecific mAbs and ADCs in CLL, which 
are very interesting modalities. The BCR pathway 
continues to be an area of growth for targeted ther-
apies, with improvements being made to current-
ly FDA-approved agents targeting this pathway. 
There is also progress in the area of targeted thera-
pies to include other pathways such as the use of 
CDK, PI3K, and BCL2 inhibitors. Novel therapies 
continue to emerge from the pipeline, altering the 
treatment landscape and improving patient out-
comes in the management of this disease. l

Disclosure
The authors have no potential conflicts of interest 
to disclose. 

References
Alinari, L., Lapalombella, R., Andritsos, L., Baiocchi, R. A., 

Lin, T. S., & Byrd, J. C. (2007). Alemtuzumab (Campath-
1H) in the treatment of chronic lymphocytic leukemia. 
Oncogene, 26, 3644–3653. http://dx.doi.org/10.1038/
sj.onc.1210380



83AdvancedPractitioner.com Vol 8  Suppl 7  Dec 2017

EMERGING THERAPIES REVIEW

Anderson, K. C., Bates, M. P., Slaughenhoupt, B. L., Pinkus, 
G. S., Schlossman, S. F., & Nadler, L. M. (1984). Expres-
sion of human B cell-associated antigens on leukemias 
and lymphomas: A model of human B cell differentiation. 
Blood, 63(6), 1424–1433. 

Badoux, X. C., Keating, M. J., Wang, X., O’Brien, S. M., Fer-
rajoli, A., Faderl, S.,…Wierda, W. G. (2011). Fludarabine, 
cyclophosphamide, and rituximab chemoimmuno-
therapy is highly effective treatment for relapsed pa-
tients with CLL. Blood, 117(11), 3016–3024. http://dx.doi.
org/10.1182/blood-2010-08-304683

Borcherding, N., Kusner, D., Liu, G. H., & Zhang, W. (2014). 
ROR1, an embryonic protein with an emerging role in 
cancer biology. Protein Cell, 5(7), 496–502. http://dx.doi.
org/10.1007/s13238-014-0059-7

Brentjens, R. J., & Curran, K. J. (2012). Novel cellular thera-
pies for leukemia: CAR-modified T cells targeted to the 
CD19 antigen. Hematology, 2012, 143–151. http://dx.doi.
org/10.1182/asheducation-2012.1.143

Brentjens, R. J., Riviere, I., Park, J. H., Davila, M. L., Wang, X., 
Stefanski, J.,…Sadelain M. (2011). Safety and persistence 
of adoptively transferred autologous CD19-targeted T 
cells in patients with relapsed or chemotherapy refracto-
ry B-cell leukemias. Blood, 118, 4817–4828. http://dx.doi.
org/10.1182/blood-2011-04-348540

Broderick, J. M. (2016). FDA approves blinatumomab for pedi-
atric acute lymphoblastic leukemia. Retrieved from http://
www.onclive.com/web-exclusives/fda-approves-blinatu-
momab-for-pediatric-acute-lymphoblastic-leukemia 

Brown, J. R., Byrd, J. C., Coutre, S. E., Benson, D. M., Flinn, 
I. W., Wagner-Johnston, N. D.,…Furman, R. R. (2014). 
Idelalisib, an inhibitor of phosphatidylinositol 3-ki-
nase p110δ, for relapsed/refractory chronic lympho-
cytic leukemia. Blood, 123(22), 3390–3397. http://dx.doi.
org/10.1182/blood-2013-11-535047

Burger, J. A., Tedeschi, A., Barr, P. M., Robak, T., Owen, C., 
Ghia. P.,…RESONATE-2 Investigators. (2015). Ibrutinib 
as initial therapy for patients with chronic lymphocyt-
ic leukemia. New England Journal of Medicine, 373(25), 
2425–2437. http://dx.doi.org/10.1056/NEJMoa1509388

Burstein, H. J., Krilov, L., Aragon-Ching, J. B., Baxter, N. 
N., Chiorean, G., Allen, W.,…Dizon, D. S. (2017). Clini-
cal Cancer Advances 2017: Annual Report on Progress 
Against Cancer From the American Society of Clinical 
Oncology. Journal of Clinical Oncology, 35(12), 1341–1367. 
http://dx.doi.org/10.1200/JCO.2016.71.5292

Casimiro, M. C., Crosariol, M., Loro, E., Li, Z., & Pestell, R. G. 
(2012). Cyclins and cell cycle control in cancer and dis-
ease. Genes and Cancer, 3(11–12), 649–657. http://dx.doi.
org/10.1177/1947601913479022

CenterWatch. (2017). FDA approved drugs for oncology. Re-
trieved from https://www.centerwatch.com/drug-informa-
tion/fda-approved-drugs/therapeutic-area/12/oncology 

Chen, L., & Han, X. (2015). Anti–PD-1/PD-L1 therapy of 
human cancer: Past, present, and future. Journal of 
Clinical Investigation, 125(9), 3384–3391. http://dx.doi.
org/10.1172/JCI80011

Choi, M. Y., Widhopf, G. F., Wu, C. C. N., Cui, B., Lao, F., 
Sadarangani, A.,…Kipps, T. J. (2015). Pre-clinical speci-
ficity and safety of UC-961, a first-in-class monoclonal 
antibody targeting ROR1. Clinical Lymphoma, Myeloma, 
and Leukemia, 15, S167–S169. http://dx.doi.org/10.1016/j.
clml.2015.02.010

Chonghaile, T. N., & Letai, A. (2009). Mimicking the BH3 
domain to kill cancer cells. Oncogene, 27(S1), S149–S157. 
http://dx.doi.org/10.1038/onc.2009.52

Contri, A., Brunati, A. M., Trentin, L., Cabrelle, A., Miorin, M., 
Cesaro, L.,…Donella-Deana, A. (2005). Chronic lympho-
cytic leukemia B cells contain anomalous Lyn tyrosine 
kinase, a putative contribution to defective apoptosis. 
Journal of Clinical Investigation, 115(2), 369–378. http://
dx.doi.org/10.1172/JCI22094

Crosby, M. E. (2007). Cell cycle: Principles of control. Yale 
Journal of Biology and Medicine, 80(3), 141–142. 

Cui, B., Ghia, E. M., Chen, L., Rassenti, L. Z., DeBoever, C., 
Widhopf, G. F., 2nd,…Kipps, T. J. (2016). High-level 
ROR1 associates with accelerated disease progression 
in chronic lymphocytic leukemia. Blood, 128(25), 2931–
2940. http://doi.org/10.1182/blood-2016-04-712562

Danilov, A. V. (2013). Targeted therapy in chronic lym-
phocytic leukemia: Past, present, and future. Clinical 
Therapeutics, 35, 1258–1270. http://dx.doi.org/10.1016/j.
clinthera.2013.08.004

Davila, M. L., Brentjens, R., Wang, X., Riviere, I., & Sadelain, 
M. (2012). How do CARs work? Early insights for re-
cent clinical studies targeting CD19. OncoImmunology, 1, 
1577–1583. http://dx.doi.org/10.4161/onci.22524

Dotti, G., Gottschalk, S., Savoldo, B., & Brenner, M. K. (2014). 
Design and development of therapies using chimeric 
antigen receptor-expressing T cells. Immunological Re-
views, 257(1), 107–126. http://dx.doi.org/10.1111/imr.12131

Finn, I. W. (2011). CD37: The comeback kid. Blood, 118, 4007–
4008. http://dx.doi.org/10.1182/blood-2011-08-372268 

Freeman, C. L., & Gribben, J. G. (2016). Immunotherapy in 
chronic lymphocytic leukaemia (CLL). Current He-
matologic Malignancy Report, 11, 29–36. http://dx.doi.
org/10.1007/s11899-015-0295-9

Friedberg, J. W., Sharman, J., Sweetenham, J., Johnston, P. 
B., Vose, J. M., Lacasce, A.,…Shipp, M. A. (2010). Inhibi-
tion of Syk with fostamatinib disodium has significant 
clinical activity in non-Hodgkin lymphoma and chronic 
lymphocytic leukemia. Blood, 115(13), 2578–2585. http://
dx.doi.org/10.1182/blood-2009-08-236471

Furman, R. R., Sharman, J. P., Coutre, S. E., Cheson, B. D., Pa-
gel, J. M., Hillmen, P.,…O’Brien, S. M. (2014). Idelalisib 
and rituximab in relapsed chronic lymphocytic leuke-
mia. New England Journal of Medicine, 370(11), 997–1007. 
http://dx.doi.org/10.1056/NEJMoa1315226

Ghia, P., Scarfo, L., Pathiraja, K., Derosier, M., Small, K., & Pat-
ton, N. (2015). A phase 3 study to evaluate the efficacy and 
safety of dinaciclib compared to ofatumumab in patients 
with refractory chronic lymphocytic leukemia [Abstract 
4171]. Blood (ASH Annual Meeting Abstracts), 126. 

Goede, V., Fischer, K., Busch, R., Engelke, A., Eichhorst, B., 
Wendtner, C. M.,…Hallek, M. (2014). Obinutuzumab plus 
chlorambucil in patients with CLL and coexisting con-
ditions. New England Journal of Medicine, 370(12), 1101–
1110. http://dx.doi.org/10.1056/NEJMoa1313984

Gopal, A. K., Tarantolo, S. R., Bellam, N., Green, D. J., Griffin, 
M., Feldman, T.,…Gov, A. (2014). Phase 1b study of otler-
tuzumab (TRU-016), an anti-CD37 monospecific ADAP-
TIR therapeutic protein, in combination with ritux-
imab and bendamustine in relapsed indolent lymphoma 
patients. Investigational New Drugs, 32(6), 1213–1225. 
http://dx.doi.org/10.1007/s10637-014-0125-2

Hallek, M., Fischer, K., Fingerle-Rowson, G., Fink, A. M., 



84J Adv Pract Oncol AdvancedPractitioner.com

GLODE and BABIKERREVIEW

Busch, R., Mayer, J.,…Stilgenbauer, S. (2010). Addi-
tion of rituximab to fludarabine and cyclophospha-
mide in patients with chronic lymphocytic leukae-
mia: A randomised, open-label, phase 3 trial. Lancet, 
376(9747), 1164–1174. http://dx.doi.org/10.1016/S0140-
6736(10)61381-5

Hoffman, L. M., & Gore, L. (2014). Blinatumomab, a bi-spe-
cific anti-CD19/CD3 BiTE antibody for the treatment 
of acute lymphoblastic leukemia: Perspectives and cur-
rent pediatric applications. Frontiers in Oncology, 4, 63. 
http://dx.doi.org/10.3389/fonc.2014.00063

Hosing, C., Kebriaei, P., Wierda, W., Jena, B., Cooper, L. J. N., 
& Shpall, E. (2013). CARs in chronic lymphocytic leuke-
mia: Ready to drive. Current Hematologic Malignancy Re-
port, 8, 1–17. http://dx.doi.org/10.1007/s11899-012-0145-y 

Jackson, H. J., & Brentjens, R. J. (2015). Overcoming antigen 
escape with CAR T-cell therapy. Cancer Discovery, 5(12), 
1238–1240. https://doi.org/10.1158/2159-8290.CD-15-
1275 

Jackson, H. J., Rafiq, S., & Brentjens, R. J. (2016). Driving CAR 
T-cells forward. Nature Reviews Clinical Oncology, 13, 
370–383. http://dx.doi.org/10.1038/nrclinonc.2016.36

Kalos, M., Levine, B. L., Porter, D. L., Katz, S., Grupp, S. A., 
& June, C. H. (2011). T cells with chimeric antigen re-
ceptors have potent antitumor effects and can estab-
lish memory in patients with advanced leukemias. Sci-
ence Translational Medicine, 3(95), 1–21. http://dx.doi.
org/10.1126/scitranslmed.3002842

Kater, A. P., & van der Windt, G. J. W. (2015). PD-L1 blockade: 
Rejuvenating T cells in CLL. Blood, 126, 126–128. http://
doi.org/10.1182/blood-2015-05-638338

Keating, M. J., O’Brien, S., Albitar, M., Lerner, S., Plunkett, 
W., Giles, F.,…Kantarjian, H. (2005). Early results of 
a chemoimmunotherapy regimen of fludarabine, cy-
clophosphamide, and rituximab as initial therapy for 
chronic lymphocytic leukemia. Journal of Clinical On-
cology, 23(18), 4079–4088. http://dx.doi.org/10.1200/
JCO.2005.12.051

Kochenderfer, J. N., Dudley, M. E., Carpenter, R. O., Kassim, 
S. H., Rose, J. J., Telford, W. G.,…Rosenberg, S. A. (2013). 
Donor-derived CD19-targeted T cells cause regression 
of malignancy persisting after allogeneic hematopoietic 
stem cell transplantation. Blood, 112, 4129–4139. http://
dx.doi.org/10.1182/blood-2013-08-519413

Kochenderfer, J. N., Dudley, M. E., Feldman, S. A., Wilson, W. 
H., Spaner, D. E., Maric, I.,…Rosenberg, S. A. (2012). B-
cell depletion and remission of malignancy along with 
cytokine-associated toxicity in a clinical trial of anti-
CD19 chimeric-antigen-receptor-transduced T cells. 
Blood, 119(12), 2709–2720. http://dx.doi.org/10.1182/
blood-2011-10-384388

Kohrt, H. E., Thielens, A., Marabelle, A., Sagiv-Barfi, I., Sola, 
C., Chanuc, F.,…Andre, P. (2014). Anti-KIR antibody en-
hancement of anti-lymphoma activity of natural killer 
cells as monotherapy and in combination with anti-
CD20 antibodies. Blood, 123(5), 678–686. http://dx.doi.
org/10.1182/blood-2013-08-519199 

Kudchodkar, S. B., & Maus, M. V. (2014). Chimeric antigen 
receptor (CAR) T-cell immunotherapy for leukemia and 
beyond. Retrieved from http://www.onclive.com/pub-
lications/contemporary-oncology/2014/august-2014/
chimeric-antigen-receptor-car-t-cell-immunotherapy-
for-leukemia-and-beyond 

Larochelle, S., Amat, R., Glover-Cutter, K., Sanso, M., Zhang, 
C., Allen, J. J.,…Fisher, R. P. (2012). Cyclin-dependent ki-
nase control of the initiation-to-elongation switch of RNA 
polymerase II. Nature Structural and Molecular Biology, 
19(11), 1108–1115. http://dx.doi.org/10.1038/nsmb.2399

Larsson, C. A., Kojima, K., Wang, Y., Navin, N., Gallardo, M., 
Primo, D.,…Quintas-Cardama, A. (2013). BET bromo-
domain inhibition reduces leukemic burden and pro-
longs survival in the eμ-TCL1 transgenic mouse model 
of chronic lymphocytic leukemia (CLL) independent of 
TP53 mutation status. Blood, 122(21), 876–876. 

Masood, A., Sher, T., Paulus, A., Miller, K. C., Chitta, K. S., & 
Chanan-Khan, A. (2011). Targeted treatment for chronic 
lymphocytic leukemia. OncoTargets and Therapy, 4, 169–
183. http://doi.org/10.2147/OTT.S7173 

Maxmen, A. (2012). Open ambition. Nature, 488, 148–150. 
http://doi.org/10.1038/488148a

McWilliams, E. M., Mele, J. M., Cheney, C., Timmerman, 
E. A., Fiazuddin, F., Strattan, E. J.,…Awan, F. T. (2016). 
Therapeutic CD94/NKG2A blockade improves natural 
killer cell dysfunction in chronic lymphocytic leukemia. 
OncoImmunology, 5(10), e1226720. http://dx.doi.org/10.1
080/2162402X.2016.1226720

Mössner, E., Brünker, P., Moser, S., Puntener, U., Schmidt, C., 
Herter, S.,…Umana, P. (2010). Increasing the efficacy of 
CD20 antibody therapy through the engineering of a 
new type II anti-CD20 antibody with enhanced direct 
and immune effector cell-mediated B-cell cytotoxic-
ity. Blood, 115(22), 4393–4402. http://dx.doi.org/10.1182/
blood-2009-06-225979

Naddafi, F., & Davami, F. (2015). Anti-CD19 monoclonal antibod-
ies: A new approach to lymphoma therapy. International 
Journal of Molecular and Cellular Medicine, 4, 143–151. 

National Cancer Institute. (2017b). NCI Drug Dictionary. Re-
trieved from https://www.cancer.gov/publications/dic-
tionaries/cancer-drug

National Cancer Institute. (2017a). With FDA approval for 
advanced lymphoma, second CAR T-Cell therapy moves 
to the clinic. Retrieved from https://www.cancer.gov/
news-events/cancer-currents-blog/2017/yescarta-fda-
lymphoma

National Comprehensive Cancer Network. (2017). NCCN 
Clinical Practice Guidelines in Oncology: Chronic 
lymphocytic leukemia/small lymphocytic lymphoma, 
v2.2018. Retrieved from https://www.nccn.org/profes-
sionals/physician_gls/pdf/cll.pdf

O’Brien, S., Furman, R. R., Coutre, S. E., Sharman, J. P., Burger, 
J. A., Blum, K. A.,…Byrd, J. C. (2014a). Ibrutinib as initial 
therapy for elderly patients with chronic lymphocytic 
leukaemia or small lymphocytic lymphoma: An open-la-
bel, multicentre, phase 1b/2 trial. Lancet Oncology, 15(1), 
48–58. http://dx.doi.org/10.1016/S1470-2045(13)70513-8

O’Brien, S., Jones, J. A., Coutre, S., Mato, A. R., Hilmen, P., 
Tam, C.,…Stilgenbauer, S. (2014b). Efficacy and safety of 
ibrutinib in patients with relapsed or refractory chronic 
lymphocytic leukemia or small lymphocytic leukemia 
with 17p deletion: Results from the phase II RESO-
NATE-17 trial [Abstract 327]. Blood (ASH Annual Meet-
ing Abstracts), 124. 

Padmanabhan, B., Mathur, S., Manjula, R., & Tripathi, S. 
(2016). Bromodomain and extra-terminal (BET) fam-
ily proteins: New therapeutic targets in major dis-
eases. Journal of Biosciences, 41, 295–311. http://dx.doi.



85AdvancedPractitioner.com Vol 8  Suppl 7  Dec 2017

EMERGING THERAPIES REVIEW

org/10.1007/s12038-016-9600-6
Parikh, K., Cang, S., Sekhri, A., & Liu, D. (2014). Selective in-

hibitors of nuclear export (SINE): A novel class of anti-
cancer agents. Journal of Hematology and Oncology, 7, 78. 
http://dx.doi.org/10.1186/s13045-014-0078-0

Peters, C., & Brown, S. (2015). Antibody–drug conjugates as 
novel anti-cancer chemotherapeutics. Bioscience Reports, 
35(4), e00225. http://dx.doi.org/10.1042/BSR20150089

Ponader, S., Chen, S.-S., Buggy, J. J., Balakrishnan, K., Gan-
dhi, V., Wierda, W. G.,…Burger, J. A. (2012). The Bruton 
tyrosine kinase inhibitor PCI-32765 thwarts chronic 
lymphocytic leukemia cell survival and tissue homing in 
vitro and in vivo. Blood, 119(5), 1182–1189. http://dx.doi.
org/10.1182/blood-2011-10-386417

Porter, D. L., Levine, B. L., Kalos, M., Bagg, A., & June, C. H. 
(2011). Chimeric antigen receptor-modified T cells in 
chronic lymphoid leukemia. New England Journal of 
Medicine, 365, 725–733. http://dx.doi.org/10.1056/NEJ-
Moa1103849

Reff, M. E., Carner, K., Chambers, K. S., Chinn, P. C., Leon-
ard, J. E., Raab, R.,…Anderson, D. R. (1994). Depletion of 
B cells in vivo by a chimeric mouse human monoclonal 
antibody to CD20. Blood, 83(2), 435–445. 

Robak, T., Robak, P., & Smolewski, P. (2009). TRU-016, a hu-
manized anti-CD37 IgG fusion protein for the potential 
treatment of B-cell malignancies. Current Opinion in In-
vestigational Drugs, 10(12), 1383–1390. 

Roberts, A. W., Davids, M. S., Pagel, J. M., Kahl, B. S., Puvvada, 
S. D., Gerecitano, J. F.,…Seymour, J. F. (2016). Targeting 
BCL2 with venetoclax in relapsed chronic lymphocytic 
leukemia. New England of Journal Medicine, 374(4), 311–
322. http://dx.doi.org/10.1056/NEJMoa1513257

Rogalinska, M., & Kilianska, Z. M. (2012). Targeting Bcl-2 in 
CLL. Current Medicinal Chemistry, 19(30), 5109–5115. 
http://doi.org/10.2174/092986712803530566

Sassoon, I., & Blanc, V. (2013). Antibody-drug conjugate 
(ADC) clinical pipeline: A review. Methods in Molecu-
lar Biology, 1045, 1–27. http://dx.doi.org/10.1007/978-1-
62703-541-5_1

Savoldo, B., Ramos, C. A., Lie, E., Mims, M. P., Keating, M. J., 
Carrumm, G.,...Dotti, G. (2011). CD28 costimulation im-
proves expansion and persistence of chimeric antigen 
receptor-modified T cells in lymphoma patients. Journal 
of Clinical Investigation, 121(5), 1822–1866. http://dx.doi.
org/10.1172/JCI46110

Schwartz-Albiez, R., Dörken, B., Hofmann, W., & Moldenhau-
er, G. (1988). The B cell-associated CD37 antigen (gp40-
52): Structure and subcellular expression of an exten-
sively glycosylated glycoprotein. Journal of Immunology, 
140(3), 905–914. 

Sola, C., Amoux, T., Chanuc, F., Fuseri, N., Joly, R., Rossi, B.,…
Andre, P. (2016). NKG2A immune checkpoint blockade 
enhances the anti-tumor efficacy of PD-1/PD-L1 inhibi-
tors in a preclinical model. Presented at 2016 American 
Association for Cancer Research Annual Meeting; Mar-
seille, France.

Sola, C., Blery, M., Bonnafous, C., Bonnet, E., Fuseri, N., Gra-
ziano, R. F.,…Andre, P. (2014). Lirilumab enhances anti-
tumor efficacy of elotuzumab [Abstract 4711]. Blood 
(ASH Annual Meeting Abstracts), 124. 

Spaargaren, M., Beuling, E. A., Rurup, M. L., Meijer, H. P., 
Klok, M. D., Middendorp, S.,…Pals, S. T. (2003). The B 
cell antigen receptor controls integrin activity through 

Btk and PLCgamma2. Journal of Experimental Medi-
cine, 198(10), 1539–1550. http://dx.doi.org/10.1084/
jem.20011866

Stevenson, F. K., Krysov, S., Davies, A. J., Steele, A. J., & Pack-
ham, G. (2011). B-cell receptor signaling in chronic lym-
phocytic leukemia. Blood, 118(16), 4313–4320. http://doi.
org/10.1182/blood-2011-06-338855

Sun, H., Hattori, N., Chien, W., Sun, Q., Sudo, M., E-Ling, G. 
L.,…Koeffler, H. P. (2014). KPT-330 has antitumour ac-
tivity against non-small cell lung cancer. British Jour-
nal of Cancer, 111(2), 281–291. http://dx.doi.org/10.1038/
bjc.2014.260

Teeling, J. L., Mackus, W. J. M., Wiegman, L. J. J. M., van 
den Brakel, J. H. N., Beers, S. A., French, R. R.,… van de 
Winkel, J. G. J. (2006). The biological activity of human 
CD20 monoclonal antibodies is linked to unique epit-
opes on CD20. Journal of Immunology, 177(1), 362–371. 
http://doi.org/10.4049/jimmunol.177.1.362

Tsujimoto, Y. (1998). Role of Bcl-2 family proteins in apoptosis: 
Apoptosomes or mitochondria? Genes to Cells, 3(11), 697–
707. http://dx.doi.org/10.1046/j.1365-2443.1998.00223.x

Turtle, C. J., Hanafi, L.-A., Li, D., Chaney, C., Heimfeld, S., 
Riddell, S. R., & Maloney, D. G. (2016). CD19 CAR–T 
cells are highly effective in ibrutinib-refractory chronic 
lymphocytic leukemia [Abstract 56]. Blood (ASH Annual 
Meeting), 128(22)

US Food and Drug Administration. (2016). FDA approves new 
drug for chronic lymphocytic leukemia in patients with 
a specific chromosomal abnormality. Retrieved from 
https://www.fda.gov/newsevents/newsroom/pressan-
nouncements/ucm495253.htm

Wang, J. C., Kafeel, M. I., Avezbakiyev, B., Chen, C., Sun, Y., 
Rathnasabapathy, C.,…Lichter, S. (2011). Histone deacet-
ylase in chronic lymphocytic leukemia. Oncology, 81(5-
6), 325–329. http://doi.org/10.1159/000334577

Wang, Y. L., Cheng, S., Ma, J., Guo, A., Lu, P., Leonard, J. P.,…
Furman, R. R. (2012). BTK inhibition targets in vivo CLL 
proliferation through its effects on B-cell receptor sig-
naling activity [Abstract 2903]. Blood (ASH Annual Meet-
ing Abstracts), 120.

Wang, Z., Wu, Z., Liu, Y., & Han, W. (2017). New development 
in CAR-T cell therapy. Journal of Hematology and Oncol-
ogy, 10(1), 53. http://dx.doi.org/10.1186/s13045-017-0423-1

Weinblatt, M. E., Kavanaugh, A., Burgos-Vargas, R., Dikra-
nian, A. H., Medrano-Ramirez, G., Morales-Torres, J. 
L.,…Grossbard, E. (2008). Treatment of rheumatoid ar-
thritis with a Syk kinase inhibitor: A twelve-week, ran-
domized, placebo-controlled trial. Arthritis and Rheu-
matology, 58(11), 3309–3318. http://dx.doi.org/10.1002/
art.23992

Weiner, G. J. (2015). Building better monoclonal antibody-
based therapeutics. Nature Reviews Cancer, 15(6), 361–
370. http://dx.doi.org/10.1038/nrc3930

Wierda, W., O’Brien, S., Wen, S., Faderl, S., Garcia-Manero, G., 
Thomas, D.,…Keating, M. (2005). Chemoimmunotherapy 
with fludarabine, cyclophosphamide, and rituximab for 
relapsed and refractory chronic lymphocytic leukemia. 
Journal of Clinical Oncology, 23(18), 4070–4078. http://
dx.doi.org/10.1200/JCO.2005.12.516

Wierda, W. G., Kipps, T. J., Mayer, J., Stilgenbauer, S., Wil-
liams, C. D., Hellman, A.,…Osterborg, A. (2010). Ofa-
tumumab as single-agent CD20 immunotherapy in 
fludarabine-refractory chronic lymphocytic leukemia. 



86J Adv Pract Oncol AdvancedPractitioner.com

GLODE and BABIKERREVIEW

Journal of Clinical Oncology, 28(10), 1749–1755. http://
dx.doi.org/10.1200/JCO.2009.25.3187

Woyach, J. A., Johnson, A. J., & Byrd, J. C. (2012). The B-cell 
receptor signaling pathway as a therapeutic target in 
CLL. Blood, 120(6), 1175–1184. http://dx.doi.org/10.1182/
blood-2012-02-362624

Yu, J., Chen, L., Cui, B., Wu, C., Choi, M. Y., Chen, Y.,…Kipps, 
T. J. (2017). Cirmtuzumab inhibits Wnt5a-induced Rac1 
activation in chronic lymphocytic leukemia treated 
with ibrutinib. Leukemia, 31(6), 1333–1339. http://dx.doi.

org/10.1038/leu.2016.368
Zenz, T., Mertens, D., Kuppers, R., Dohner, H., & Stilgenbau-

er, S. (2010). From pathogenesis to treatment of chronic 
lymphocytic leukaemia. Nature Reviews, 10(1), 37–50. 
http://dx.doi.org/10.1038/nrc2764

Zhang, S., Sanchez, L., Liu, J., Chang, V., & Goldberg, S. L. 
(2016). Ibrutinib for patients with chronic lymphocytic 
leukemia or small lymphocytic lymphoma: A meta-
analysis of randomized controlled trials [Abstract 5596]. 
Blood (ASH Annual Meeting Abstracts), 128.


