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Abstract

We aim to review the use of molecular markers for risk stratification and to describe the current standard and new
targeted treatment options for the subgroup of patients with 17p deletion chronic lymphocytic leukemia (CLL) with
an accompanying TP53 mutation, known as “double hit” CLL. Chromosome 17p deletion is seen in 5-9% of patients
with newly diagnosed CLL; however, it represents the most common genetic aberration (=50%) in patients with
refractory/relapsed CLL. Identification of genomic and molecular markers allows risk stratification and has
prognostic value. Chromosome 17p deletion has been strongly correlated with poor response to standard therapy as
well as shorter overall survival. Accompanying TP53 mutation confers an even poorer response to standard therapy
than 17p deletion alone. A review of current treatment options reveals the ongoing debate as to the appropriate
timing of treatment initiation in this patient subpopulation. Moreover, standard treatment options still confer
suboptimal benefit. Small molecule inhibitors targeting intracellular B-cell receptor signaling components such as
Bruton’s tyrosine kinase (BTK), phosphatidylinositol 3-kinase (PI3K), anti BCL-2 molecules, and more recently
CD19-targeted CAR T-cell therapy, have shown significant progression-free survival and overall survival
advantages in patients with 17p deletion and/or TP53 mutation, while allogeneic hematopoietic cell transplant has

proven clinical benefit in selected patients.
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1. Introduction

Chronic lymphocytic leukemia (CLL) is a lymphoproliferative disorder with the resultant clonal proliferation of
mature B-lymphocytes expressing CD19, CD5 and CD23 [1]. It is the most common adult leukemia in western
countries accounting for approximately 30% of all leukemias, and is associated with a highly variable clinical course
[2]. An estimated 20,720 new cases of CLL will be diagnosed in the United States in 2019 [3]. Disease progression
is variable as some patients may not require treatment for years and have similar survival to that of age-matched
controls, while others progress rapidly with a poor prognosis despite aggressive treatment [4-6]. This variability in
the progression and treatment requirement results from chromosomal abnormalities present in more than 75% of
patients with CLL, including deletion (13q14), trisomy 12, deletion (11q23), and deletion (17p13), at frequencies of
45.7%, 20.8%, 18.3% and 11.9% [7]. Recent studies have shown that patients with 17p deletion have the worst
clinical outcomes, and the shortest progression-free and overall survival (OS). Deletions, isochromosome formation,
and unbalanced translocation have been implicated in the loss of the short arm of chromosome 17. These aberrations
often result in the loss of one copy of the TP53 gene, while leaving the remaining allele mutated, resulting in
resistance to DNA-damaging agents such as fludarabine and cyclophosphamide. Newer drugs targeting the B-cell
receptor signaling pathway (ibrutinib, idelalisib) and BCL2 pathway (venetoclax) have shown efficacy in CLL with
17p deletion and/or TP53 mutation, with a better treatment response and longer progression-free survival; however,
relapses are being reported [8]. Although still in an investigative stage, the use of chimeric antigen receptor (CAR) T
cell therapy in CLL patients with 17p deletion and/or TP53 mutation has been reported to confer excellent
progression free survival and overall survival benefits, even in heavily pretreated and relapsed/refractory subgroups
[9]. Despite these important advances in chemotherapeutics, cure for these patients remains elusive outside of

allogeneic hematopoietic cell transplant (allo-HCT).

2. Risk Stratification in CLL Using Genomic and Molecular Markers

The molecular alterations of CLL are the main reason for the heterogeneity in clinical course observed in patients
with the disease. Based on recent advances, both genetic and molecular markers that aid prognostication have been
established and are routinely utilized in clinical practice. For instance, the mutation status of the immunoglobulin
heavy chain (IGHV) locus has been shown to have important prognostic value, with unmutated IGHV genes
associated with poorer outcomes [10]. Zeta chain-associated protein (ZAP-70), commonly used as a surrogate
marker for IGHV mutational status, also has prognostic implications with higher expression (>20%) associated with
unfavorable clinical outcomes [11]. Furthermore, cell surface expression of CD38 characterizes an unfavorable
clinical course with a more advanced disease stage, suboptimal responsiveness to chemotherapy, shorter time to
initiation of the first treatment and inferior overall survival. Patients with a sole 13q deletion often express the B cell
receptor (BCR) with a mutated IGHV gene, both of which have strong correlation with favorable clinical outcomes

[12].

Conversely, deletions in chromosomes 11q and 17p, confirmed via conventional cytogenetics or interphase
fluorescent in situ hybridization (FISH), have been categorized as high-risk markers, indicative of early disease

progression [11]. Patients with trisomy 12 are categorized as intermediate risk since their clinical outcome is better
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than those with the 11q or 17p deletion, but worse than those without aberrations or 13q as the sole defect [11, 13].
The median survival for patients with 11q and 17p deletions usually ranges between 32-79 months, compared to
those with trisomy 12q, normal karyotype, or del(13q) as the sole abnormality, with 114, 111, and 133 months
median survival respectively [13]. The poor clinical outcome observed in patients with 17p deletions has been
attributed in part to the loss of the tumor suppressor TP53, which is crucial for disease progression and response to
chemotherapy [14]. A subset of patients with 17p deletion and complex cytogenetics (defined as more than 3
separate chromosomal abnormalities) exhibit a worse prognosis and lack of responsiveness to aggressive therapy

than patients with 17p deletion alone [14].

Another chromosomal abnormality involving chromosome 17 is that of the dicentric chromosome dic(17;18)
(p11.2;p11.2) resulting from an unbalanced translocation between the short (p) arms of chromosomes 17 and 18.15
Woyach et al [16], showed that dic(17;18) (p11.2;p11.2) in CLL patients is associated with early age at diagnosis,
faster disease progression and tendency toward refractory disease, similar to patients with del(17p) or loss of TP53.
This abnormality is also frequently associated with unmutated IGHV [17]. It has yet to be determined whether the
prognosis and response to treatment of patients with dic (17;18) (p11.2;p11.2) differs from that of patients with
del(17p) alone.

3. Prognostic and Predictive Value of 17p Deletion and/or TP53 Mutation in CLL

TP53 gene is involved with encoding a tumor suppressor protein containing transcriptional activation, DNA binding,
and oligomerization domains. The encoded protein is responsible for a variety of functions including but not limited
to the induction of cell cycle arrest, apoptosis, senescence, DNA repair, or changes in metabolism. Mutations in this
gene are associated with a variety of human cancers, including hereditary cancers such as Li-Fraumeni syndrome.
Also noted that across most cancers, mutation in TP53 portends to a poorer clinical outcome. Studies have shown
that more than 90% of patients with del(17p) have concurrent TP53 mutations while only 40% of those with TP53
mutations have a concurrent del(17p) [18]. Approximately 5-10% of patients with CLL have TP53 mutation in the
absence of del(17p), and have been shown to have clinical outcome compared to del(17p) alone [18]. Despite the
fact that presence of del(17p) is correlated with inferior outcome, only 50% of those patients will become
symptomatic requiring treatment within 3 years [19]. Multiple studies have shown that when these patients become
symptomatic, progression-free survival achieved with first line treatment is short with both chemoimmunotherapy
(CIT) and p53- independent treatment options (e.g. monoclonal antibodies and immunomodulatory agents) [18-20].
For instance, in a retrospective study involving a large cohort of patients with CLL, Strati et al. reported complete
remission (CR) and nodular partial remission (nPR) of 33% and 63% of patients, respectively, following treatment
with first-line therapy, however none of the patients with del(17p) achieved CR [14]. In this study a higher CR/nPR
rate was associated with “lower burden” del(17p) as determined by FISH. Some investigators have contended that
not all del(17p) patients have a similar response to therapy and that the number of cells with positive del(17p) by
FISH may give an indirect measure of preserved p53 function; thus, patients with a lower number of cells with

del(17p) may be more sensitive to therapy.
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4. Management of CLL Patients with 17p Deletion and/or Aberrant TP 53 Mutation

Although CIT forms the basis for the treatment of most CLL patients, it fails to demonstrate a significant OS benefit
among patients with 17p deletion and/or TP53 mutation. Fludarabine as a monotherapy or when combined with
cyclophosphamide (FC) has failed to show significant efficacy among CLL patients with del(17p) and/or aberrant
TP53.21,22 Furthermore, the addition of Rituximab to FC (FCR) was ineffective in same subgroup of patients; in
one study, only 1 of 22 (5%) patients with del(17p) treated with FCR achieved CR, with a median progression-free
survival (PFS) of 11.3 months compared with 51.8 months in the non-del(17p) cohort [21, 22].

Other CIT single agents or drug combinations have been explored in the treatment of CLL in an effort to improve
outcomes in patients with del(17p) and/or aberrant TP53, with all demonstrating inferior efficacy among this
subgroup of patients. Recently, promising data has been reported among patients with del(17p) and/or aberrant TP53
mutation utilizing targeted therapy agents via the B-cell receptor (BCR) signaling pathway, utilizing the Bruton’s
tyrosine kinase (BTK) inhibitor ibrutinib, the Bcl-2 inhibitor venclexta/ABT-199, and the phosphatidylinositol 3-
kinase (PI3K) inhibitor idelalisib (Table 1) [23]. Most recently, the most favorable use of adoptive cell transfer
utilizing anti CD19-targeted CAR T cell therapy has been reported in this patient subgroup [9, 24].

5. Targeted Therapy Via BCR-Signaling Pathway

5.1 Ibrutinib

BCR signaling plays an important role in CLL, with activation leading to the promotion of B cell survival and
proliferation [25]. Ibrutinib (Imbruvica) was approved in 2014 by the FDA as first line treatment for patients with
del(17p) due to its efficacy compared to CIT treatments [23]. It is an irreversible inhibitor of BTK, a non-receptor
tyrosine kinase involved in BCR downstream signaling pathways (Figure 1) [25]. Ibrutinib has demonstrated
favorable responses in relapsed or refractory CLL compared with ofatumumab [26]. In untreated CLL patients with
(del)17p or mutated TP53 who received ibrutinib, an ORR of 97% was noted, with 12% attaining CR. Furthermore,
the 2-year PFS was 91% [23]. This compares favorably to CIT treatment of patients with del(17p) as discussed
above. In addition, the median PFS for del(17p) patients in the relapsed setting with ibrutinib monotherapy is ~28
months; these data in the relapsed setting are much superior to those seen with CIT, even in the first-line setting.
Ibrutinib also showed durable response in elderly patients (>65 yrs) with the high risk cytogenetics including
(del)17p, with an overall response rate of 84% after a median follow-up of Syears [23]. Thus, ibrutinib demonstrates

great potential for improving outcomes for CLL patients with (del)17p and/or TP53 mutation.
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Study Phase | No. of N del(17p) and/or | Regimen ORR (%) PFS (%) OS (%)
Patients | TP 53 mutation
IBRUTINIB
Burger et al. [36] 2 40 20 (R/R =16) Ibrutinib vs. chlorambucil 86 vs. 35 NR vs. 18.9 98 vs. 85
(p<0.001)
Byrd [26] 3 391 127 Ibrutinib vs. ofatumumab 62.6 vs. 41 Ibrutinib: Median PFS not | -
reached with del(17p)
Ofatumumab: median PFS:
5.8 months
O’Brien et al. [37] 2 31 2 Ibrutinib 71 96.3 96.6 (1 patient with
del(17p) progressed after 9
months and died)
O’Brien et al. [38] 2 144 144 Ibrutinib 83 63 75
IDELALISIB
Furman et al.[31] 3 220 42 Idelalisib + rituximab vs. 81 vs. 13 93 vs. 46 92 vs. 80
placebo + rituximab
Gopal et al. [39] 2 125 - Idelalisib 57 47 -
Venetoclax/ABT-199
Stilgenbauer et al. [40] | 2 107 60 Venetoclax 79.4 72 86.7
Jones et al. [41] 2 54 19 Arm A: venetoclax after prior | 67 vs 57 72 90
ibrutinib
Arm B: venetoclax after prior
idelalisib
Seymour et al. [42] 2 49 10 Venetoclax + rituximab 86 82 89

Note: ORR = overall response rate; OS = overall survival; PFS = progression free survival; R/R=relapsed/refractory; TN = treatment naive
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Table 1: Major Studies of Ibrutinib, Idelalisib and Venetoclax/ABT-199 in Chronic Lymphocytic Leukemia.
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Figure 1: Pictorial representation of the B cell signaling pathway and mechanism of action of the Bruton’s tyrosine
kinase (BTK) inhibitor (ibrutinib), phosphatidylinositol 3-kinase (PI3K) inhibitor (idelalisib) and BCL-2 inhibitor
(venetoclax).These three novel agents inhibit different key molecules of cell activation thus interfering with BCR

signaling and B cell proliferation.

In most of the studies with (del)17p patients, it was found that those with complex karyotypes as well as del(17p)
performed worse than those without complex karyotypes. Patients with 17p deletions and complex cytogenetics had
a shorter PFS and higher chance of developing Richter’s transformation compared to patients without complex
karyotypes [14]. This crucial point was elaborated in a retrospective study using Ibrutinib-based regimens in
relapsed or refractory CLL patients [27]. The study by Thomson et al. [27], showed that complex cytogenetics may
be more responsible for poor response to treatment than (del)17p. Patients with 17p deletions without complex
cytogenetics demonstrated favorable outcomes with ibrutinib-based therapy with a low rate of Richter
transformation; those with both del(17p) and complex cytogenetics showed lower response rates and poorer
outcomes. In addition, a significant association was found between the presence of complex cytogenetics and
inferior event-free survival and OS in relapsed/refractory CLL patients treated with ibrutinib [27]. No similar
association with del(17p) alone was found, suggesting that the presence of complex cytogenetics is an important
independent prognostic indicator. Patients with del(17p) and complex cytogenetics also demonstrated poorer
outcomes after allogenic stem cell transplantation than those without complex cytogenetics [28]. Farooqui et al.
showed that ibrutinib is effective even in high risk patients with 17p deletion and TP53 mutation. They reported that
response to ibrutinib was rapid and increased with time, and at least a 50% reduction in tumor burden was observed
in the bone marrow, spleen, and lymph nodes in the majority of patients. The estimated progression-free survival for
all patients at 24 months was 82%, and overall survival at 24 months was 80% [29]. In a more recent study, patients
older than 65 years with untreated CLL will randomly assigned to receive bendamustine with rituximab or Ibrutinib

or Ibrutinib plus Rituximab, estimated percentage of patients with progression-free survival at 2 years was 74% with
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bendamustine plus rituximab and was higher with ibrutinib alone (87%; hazard ratio for disease progression or
death, 0.39; 95% confidence interval [CI], 0.26 to 0.58; P<0.001) and with ibrutinib plus rituximab (88%; hazard
ratio, 0.38; 95% CI, 0.25 to 0.59; P<0.001). Furthermore, there was no significant difference between the ibrutinib-
plus-rituximab group and the ibrutinib group with regard to progression-free survival (hazard ratio, 1.00; 95% CI,
0.62 to 1.62; P=0.49). With a median follow-up of 38 months, there was no significant difference among the three

treatment groups with regard to overall survival [30].

Recently, there has been a report of resistance to ibrutinib attributed to acquired mutations in BTK and the
phospholipid C-gamma 2 gene (PLCG2) [8]. Evidently, further study of more aggressive treatments in CLL patients
with complex cytogenetics is warranted. Some of the recent studies on this novel therapy are summarized in Table 1.
Although ibrutinib has shown great potential among patients with poor risk cytogenetics, grade >3 neutropenia,
anemia and thrombocytopenia have been reported. Other drug-related adverse events include, but are not limited to
hypertension and atrial fibrillation (Table 2). It is important to note that most patients will develop lymphocytosis
after initiating ibrutinib. This is an expected finding with ibrutinib and other BCR inhibitors, and generally resolves
over the course of 6 to 9 months with continued ibrutinib treatment. Development of lymphocytosis does not appear

to be detrimental to long-term clinical outcomes.

Ibrutinib Idelalisib Venetoclax
Hematologic adverse events % (any grade) % (any grade) % (any grade)
Neutropenia 22-53 53 45
Anemia 13-43 28 29
Thrombocytopenia 43-69 26 22
Hepatotoxicity X 11-18 X
Tumor lysis syndrome X X 12
Non- Hematologic Adverse events
Infection 4-26 21-36 22
Bleeding (mostly GI) 44-69 X X
Pneumonitis X 1-4 X
Diarrhea/Colitis 42-61 14-19 X
Intestinal perforation X <1 X
Nausea 6-26 29 X
Fatigue 5-30 30 21
Hypertension 14-23 X X
Atrial fibrillation 6-16 X X

Abbreviations: x= not reported, any grade = grades 1-5

Table 2: Most common treatment-related adverse events in CLL patients treated with ibrutinib, idelalisib or
venetoclax monotherapy (Any grade).
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5.2 Idelalisib

Idelalisib (Zydelig), a PI3K-9 inhibitor (Figure 1), has also shown significantly improved PFS and overall survival
in relapsed, refractory CLL, including subgroups with 17p deletions and/or TP 53 mutation [31]. In a randomized
phase III study utilizing idelalisib plus rituximab in patients who have progressed with prior treatments,
improvements in PFS were shown, including in those with 17p deletion and/or TP53 mutation [31]. Patients treated
with idelalisib versus those receiving placebo had improved rates of overall response (81% vs. 13%; odds ratio,
29.92; P<0.001) and overall survival at 12 months (92% vs. 80%; hazard ratio for death, 0.28; P=0.02) [31].
Furthermore, a phase II study of idelalisib plus rituximab in treatment-naive CLL revealed an 100% objective
response (CR=33.3%, PR= 66.7%) [32]. However, despite impressive reports of the efficacy of idelalisib-based
regimens, significant toxicities have been reported (Table 2). The observed toxicities have been associated with
lymphocyte infiltration of tissues via an immune-mediated mechanism. The majority of the adverse drug events
were noted to resolve with withdrawal of treatment and/or initiation of immunosuppression. Although not yet
approved for first line treatment of patients with del(17p), the FDA has approved idelalisib for patients with
relapsed/refractory CLL in combination with rituximab. A study of idelalisib in combination with rituximab as first
line treatment for CLL suggested efficacy for patients with del(17p) and/or TP 53 mutation. However, increased risk
for infections was also reported in this study [32]; thus, infection prophylaxis for herpes simplex virus and routine

monitoring for cytomegalovirus reactivation is recommended for patients on idelalisib.

5.3 Venetoclax

The FDA in 2016 approved venetoclax (Venclexta, Venclyxto), a BCL2 inhibitor, for treatment of CLL patients
with 17p deletions who had received at least one prior therapy. Constitutive elevation of BCL2 is an important
mechanism by which CLL cells evade apoptosis, as resistance to apoptosis allows the accumulation of clonal
lymphocytes [33]. Venetoclax is very selective for BCL2 and has demonstrated favorable results in a clinical trial
with relapsed or refractory CLL, where the 15-month PFS was 69% [34]. Combinations of venetoclax with other
agents are currently under pre-clinical and clinical exploration. BCL2 overexpression and BCR signaling pathways
have shown to be intimately connected. In fact, a recent phase III trial showed that a combination of venetoclax and
Rituximab had a progression free survival rate of about 85% versus 36.3% for bendamustine with rituximab (HR,
0.17; 95% CI, 0.11-0.25; P <0.0001) among patients with relapsed/refractory chronic lymphocytic leukemia
following at least 1 prior therapy [35]. The overall response rate was 92% versus 72%, respectively. The PFS benefit
extended across patients subgroups, including high- and low-risk groups. The 2-year PFS rate among patients with
chromosome 17p deletion was 81.5% in the venetoclax arm versus 27.8% with bendamustine and Rituxan. The
venetoclax combination is now approved for this indication in all 28 member states of the EU, as well as Iceland,
Liechtenstein and Norway. An in vitro study demonstrated synergistic effects during treatment of CLL cells in
peripheral blood with venetoclax and idelalisib [33]. Preclinical data have also provided evidence of synergistic
activity between venetoclax and ibrutinib. Currently, a number of trials studying these novel therapies either alone

or in combination are underway (Table 3).
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Study Phase Population Regimen Status
NCT02337829 Phase 2 Untreated or R/R del(17p) CLL Acalabrutinib Recruiting
NCT01589302 Phase 2 R/R CLL (includes B-PLL) Ibrutinib Active, not recruiting
NCT01889186 Phase 2 Untreated or R/R del(17p) CLL Venetoclax Active, not recruiting
NCT01465334 Phase 2 Untreated or R/R del(17p) CLL Ofatumumab-high dose methylprednisolone followed by Active, not recruiting
ofatumumab and alemtuzumab
NCT02966756 Phase 2 R/R del(17p) CLL Venetoclax Recruiting
NCT02756611 Phase 3 R/R including del(17p) or TP53 mutation or prior B Venetoclax Recruiting
cell receptor inhibitor therapy
NCT01392079 Phase 2 Untreated or R/R del(17p) or fludarabine refractory Subcutaneous alemtuzumab combined with oral dexamethasone, Active, not recruiting
followed by alemtuzumab maintenance or allogeneic hematopoietic
stem cell transplantation
NCT02980731 Phase 3 R/R CLL including del(17p) or TP53 Mutation or Venetoclax Recruiting
prior B cell receptor Inhibitor therapy
NCT01500733 Phase 2 CLL in need of treatment and are older than 65 years | Ibrutinib Active, not recruiting
with del(17p)
NCT02758665 Phase 2 Physically fit, untreated CLL with del(17p)/TP53 Ibrutinib plus venetoclax plus obinutuzumab Recruiting
mutations
NCT02846623 Phase 2 R/R or high-risk untreated CLL Atezolizumab (PD-L1 mAb) plus obinutuzumab and ibrutinib Recruiting
NCT01659021 Phase 3 R/R CLL Idelalisib (GS-1101) plus ofatumumab Active, not recruiting
NCT01675102 Phase 3 Allogeneic HCT in 17p-/p53-mutated CLL in first or | Allogeneic hematopoietic stem cell transplantation Recruiting
second remission
NCT02044822 Phase 3 Untreated del(17p) Idelalisib plus rituximab Terminated,has
results
NCT02950051 Phase 3 Fit patients with previously untreated CLL without (FCR/BR) versus Rituximab + venetoclax (RVe) versus Recruiting
del(17p) or TP53 mutation obinutuzumab (GA101) + venetoclax (GVe) versus obinutuzumab
+ ibrutinib + venetoclax (GIVe)
Note: CLL = Chronic lymphocytic leukemia; NCT = National Clinical Trial; R/R = relapsed/refractory; B-PLL = B cell prolymphocytic leukemia
Table 3: Ongoing clinical trials of CLL with 17p deletion and/or aberrant TP-53 mutation.
Journal of Cancer Science and Clinical Therapeutics 62




J Cancer Sci Clin Ther 2019; 3 (2): 054-069 DOI: 10.26502/jcsct.5079019

5.4 Stem cell transplantation

Despite new advances in CLL treatments, no therapies have demonstrated curative properties. Allogeneic stem cell
transplantation is an alternative for patients who are refractory to CIT and has been shown to provide long-term
survival in high-risk patients including those with 17p deletions [42]. Recently, Schetelig et al. reported a 57%
event-free survival in high risk CLL patients with an average follow up of 9.3 years [43]. Stem cell transplantation
(SCT) has been proposed for many years as the only curative option for CLL patients due to the induction of a graft-
versus-leukemic effect. However, the increased risk of morbidity and mortality, the older age of patients with CLL
and the difficulty of achieving a minimal disease state before transplantation have limited the use of stem cell
therapies. In light of these challenges, myeloablative treatments have emerged as potential curative options,
especially for those healthy enough to tolerate toxicities and respond to induction therapy. Younger patients under
age 60, who make up to 40% of patients with CLL, and those with earlier disease states with higher rates of
chemosensitvity appear to be most ideal for stem cell transplantation [44]. Based on the 2008 International
Workshop on Chronic Lymphocytic Leukemia (IWCLL) guidelines [45], allogeneic stem cell transplantation is
indicated for patients with a short time to progression, those refractory to standard treatments (e.g. purine analog-

based therapy) and those considered high-risk, including 17p deletion.

One of the first early trials of high-dose myeloablative therapy and bone marrow transplantation (BMT) for CLL
patients was reported in a multicenter European study using allogeneic bone marrow stem cell transplantation (allo-
BMT) from HLA-matched siblings in 17 resistant cases of CLL in young individuals. Engraftment was
accomplished in 15 patients, however 4 toxic deaths were reported, attributed to graft versus host disease (GVHD);

2 patients relapsed following BMT, leaving 9 patients alive in complete remission at 25.6 months [46].

The first report of autologous BMT (auto-BMT) for poor risk CLL involved a pilot study reported by Rabinowe et
al. [44], from the Dana Faber Cancer Center, studying both auto- and allo-BMT. All patients receiving auto-BMT
achieved hematologic engraftment with similar toxicity rates to those receiving allo-BMT, including infectious
(bacteremia/sepsis) and non-infectious (hemolytic uremic syndrome) sequelae. One toxic death occurred in auto-
BMT due to diffuse alveolar hemorrhage syndrome. Six of the nine patients who received auto-BMT were assessed
for residual disease and showed no evidence of residual CLL cells at 3 months post-transplant [44]. No significant
differences in treatment outcomes between auto- and allo-BMT were observed, demonstrating the utility of auto-

BMT as an option for patients, particularly those with no HLA-matched donor.

Long term follow-up of 137 patients who underwent auto-BMT and 25 who underwent allo-BMT was conducted at
the Dana Faber Cancer Center [47]. PFS was significantly longer with auto-SCT compared to allo-, with a 6-year
PFS at 30% versus 24% respectively. However, no significant difference in OS was observed at 6.5 years of follow-
up. Additionally, the 4-year time to retreatment of autologous hematopoietic cell transplant (HCT) patients was
shown to be similar to patients treated with FCR in a later trial by CLL3 German CLL Study Group [48],
demonstrating the limitations of this treatment. Toxicities due to infectious (fungal) and non-infectious causes
(GVHD) were similar between the two groups. Secondary malignancies occurred in 19% of patients and included
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basal cell carcinoma, B- and T-cell non-Hodgkin’s lymphoma and myelodysplastic syndrome (MDS). MDS was the
most common secondary malignancy, all occurring in those with autologous SCT [47], making MDS an important

factor to consider in treatment selection.

Non-myeloabaltive or reduced intensity transplantation has been shown to be well tolerated in older patients (over
60 years) with multiple comorbidities, while maintaining long-term remission [49, 50]. A retrospective analysis of
stem cell transplantation in del(17p) patients in the European Group for Blood and Marrow Transplantation (EBMT)
database, the majority of whom had reduced-intensity conditioning, demonstrated the potential for long term
survival in these patients [45]. The three-year OS and PFS rates were 44% and 37%, respectively. A 42% CR rate
was observed in these patients, suggesting the presence of a graft-versus-leukemic effect. Additionally, nine patients
followed for over 4 years remained in remission following allo-HCT. However, acute grade 2 to 4 GVHD was seen
in 48% of patients, while extensive chronic GVHD was seen in 68% [43]. The German CLL Study Group CLL3X
multicenter phase II trial investigating reduced-intensity allo-SCT in poor risk patients demonstrated similar results,
with 7 of 13 patients with 17p deletion surviving in CR, with a median follow up of 43 months [51]. These results

demonstrate the potential of allo-HCT to overcome the poor prognosis of those patients with 17p deletion.

5.5 CD19 Chimeric antigen receptor T-Cell Therapy for del(17p) and/or TP 53 mutated CLL patients

The use of adoptive cell transfer (Figure 2) in managing advanced blood disease has garnered a lot of attention
resulting in recent approvals by the FDA of CAR T cell therapy in B cell precursor-acute lymphoblastic leukemia,
relapsed/refractory large B cell lymphoma, and T cell-induced severe cytokine release syndrome. In addition,
several ongoing clinical trials are evaluating the efficacy of this treatment approach in other disease conditions.
Recently a small, single arm phase I/II study utilizing CD19-targeted CAR T cell therapy in patients with
relapsed/refractory B cell malignancies showed significant response among high-risk CLL patients including in
those who were ibrutinib-refractory [9]. For the 24 CLL patients in the study, the median age was 61, with a median
of 5 prior lines of therapies for CLL. Four patients had undergone stem cell transplantation. There were 19 patients
who were ibrutinib-refractory and 6 venetoclax-refractory who achieved excellent overall survival and progression-
free survival of 100% after a median follow-up of 6.6 months [9] Recently reported study of 26 patients with
relapsed/refractory CLL who were treated with CTLO19 following lymphodepleting chemotherapy achieved
approximately 40% objective response rate including among patients with high risk features such as 17p deletion
and/or TP53 mutation [52]. Furthermore, among those who achieved CR, non-relapsed with a median duration of
response of 40 months. Preclinical studies have supported a possible synergistic effect between the CAR T cell and
ibrutinib; thus, on-going studies are evaluating response rates in CLL patients treated with ibrutinib prior to and
followed by concurrent anti-CD19 CAR T cell immunotherapy [53]. This remains an area of increased interest

especially for high risk CLL patients with del(17p) and/or TP53 mutation.

5.6 Minimal residual disease quantification and long-term outcomes
Recent studies have shown that minimal residual disease (MRD) negativity is independently associated with

significantly longer progression free survival and overall survival. In a multivariate model, mutated IGHV gene and
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trisomy 12 were independently associated with achievement of minimal residual disease-negative status. Using flow
cytometry, Bottcher et al. evaluated MRD in patients enrolled in the GCLLSG CLLS trial. MRD levels were
characterized as low (<10—4), intermediate (>10—4 to <10-2), or high (>10-2), where the low-level MRD equals
“MRD negativity” according to the IWCLL criteria [54]. At approximately 3 months following treatment, they
reported a significantly higher proportion of patients with low-level MRD in the FCR arm compared with the FC
arm (peripheral blood: 63% vs 35%, p < 0.0001; bone marrow: 44% vs 28%, p=0.0007). Their study revealed a
strong correlation between low-level MRD and longer PFS, irrespective of sample type, sample timing, or therapy
received. In a multivariate model, MRD was predictive for PFS and OS. Similar to the results of the CLLS trial, the
MDACC group analyzed MRD in the bone marrow of 237 patients following first line FCR therapy [55]. After
course 3 and at final response assessment, they reported MRD negativity (<10—4 by 4-color flow cytometry) in 17%
and 43% of patients, respectively.
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Figure 2: Pictorial representation of adoptive T cell transfer.

6. Conclusion

CLL is a chronic disease that often presents asymptomatically. Prognostic tests using FISH is recommended during
management of patients with CLL [16], although the results should not be used as an indicator to initiate treatment
especially in asymptomatic patients. Repeated testing may also be beneficial to help direct subsequent treatments as
genetic abnormalities may change as the disease progresses. Determination of complex cytogenetics status may be
helpful in determining the choice of treatment and response to treatment, as these patients tend to have very poor
outcomes. Such patients may require more aggressive treatment and may possibly benefit from early stem cell
transplantation [14]. Although standard therapies for CLL are not effective in patients with 17p deletions, well-
tolerated therapies with TP53-independent mechanisms are available. Despite treatment-related adverse events
associated with these novel agents, ibrutinib, idelalisib and venclexta have shown efficacy in the subgroup of
patients with del(17p). Ongoing clinical trials are studying the use of these targeted therapies in combination with
other therapies to further optimize their benefits, especially in patients with high risk features such as del(17p). It
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must be noted that clinical trials tend to enroll younger, low disease burden patients, whereas, in clinical practice,
the average age at the time of treatment initiation is 76/77 [23], with higher comorbidity rates complicating the
management of disease. As such, responses in clinical trials may not be fully representative of clinical practice.
Large prospective registries like that of the Connect Chronic Lymphocytic Leukemia Disease Registry, with a
heterogeneous patient population in different clinical settings, may be helpful to reference during treatment
planning. Finally, the use of adoptive cell therapy has proven clinical benefit, thus a massive amount of research

resources are being allocated to this area of immunotherapy design and delivery.
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