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Abstract

Long-term follow up of prospective studies has shown that continuous Bruton’s tyrosine kinase
inhibitor (BTK:i) therapy leads to durable remissions in previously untreated patients with 7P53-
altered chronic lymphocytic leukemia (CLL); however, it is unknown how variant allele frequency
(VAF) of TP53 mutation (7P53-m) or percentage of cells with deletion of chromosome 17p
[del(17p)] influences efficacy of firstline BTKi. We performed a retrospective analysis of 130
patients with CLL with baseline del(17p) and/or 7P53-m treated with BTKi with or without the
BCL2 inhibitor venetoclax (VEN) and with or without CD20 antibody in the firstline setting.

A total of 104/131 (79%) patients had del(17p). 7P53-m was noted in 89/110 (81%) patients
tested; there were 101 unique 7P53-m with an available VVAF. The 4-year progression-free survival
(PFS) and overall survival (OS) rates were 72.9% and 83.6%. No baseline characteristics including
/GHV mutation status and number of 7P53alterations were associated with significant differences
in PFS or OS, though a trend towards shorter PFS with increasing karyotypic complexity (hazard
ratio 1.08, p=0.066) was observed. Del(17p) was identified in <25% of cells in 26/104 (25%)

of patients, and 28/101 (28%) of 7P53-m were low-burden with a VAF of <10%; outcomes of
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these patients were similar to those with high-burden lesions. This study suggests that low-burden
TP53alterations should not be ignored when assessing genomic risk in CLL in the era of targeted
therapy.
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INTRODUCTION

TP53alterations, including 7P53 gene mutation ( 7P53-m) and deletion of chromosome
17p [del(17p)], have historically been the strongest predictors of poor outcomes in patients
with chronic lymphocytic leukemia (CLL) after first-line chemoimmunotherapy (CIT).1
The advent of targeted therapies such as Bruton’s tyrosine kinase inhibitors (BTKi) and
the BCL2 inhibitor venetoclax (VEN) that circumvent the p53 pathway has transformed
the therapeutic armamentarium for patients with 7/P53-altered CLL.>8 The prevalence

of baseline 7P53alteration ranges from 5-15% in patients with previously untreated
CLL.137-9 Unlike with CIT and time-limited VEN with obinutuzumab,1? these high-risk
patients can achieve durable remissions with continuous first-line BTKi therapy that
potentially approximate those experienced by patients with wild-type disease.l! Single-
arm prospective studies of 3412 and 2713 treatment-naive patients treated with the first-
generation BTK:i ibrutinib with or without CD20 antibody (CD20 mAb) and a pooled
analysis of 89 similarly-treated patients from several studies'# report 4-year progression-free
survival (PFS) rates of close to 80%. Zanubrutinib, a second generation BTKi, led to an
18-month PFS of 88.6% for 109 patients with del(17p) in the firstline setting.1®

The clinical impact of low-burden 7P53alterations in patients with CLL is an evolving

area of research. Next generation sequencing (NGS) allows for detection of low-burden
TP53 mutations with variant allele frequencies (VAF) as low as 0.1%, though the negative
impact of “subclonal” mutations not detected by conventional Sanger sequencing is not
clear, with heterogeneity in findings across studies.”-816-18 Conversely, increased percentage
of cells harboring del(17p) does appear more consistently associated with shorter time to
first treatment and overall survival (0S).%19 The aforementioned studies were limited to
patients who received CIT in the first-line setting and had received at times multiple lines of
treatment. Brieghel and colleagues performed a detailed analysis of 7P53alterations in 51
ibrutinib-treated patients and found that a VAF cutoff of 1% was an appropriate threshold

of 7P53-m “positivity” that maintained the predictive value of 7P53m, and that patients
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with a single 7P53alteration [del(17p) or single 7P53-m) enjoyed superior PFS and OS
compared to those with multiple 7P53alterations [del(17p) and 7P53m, or multiple 7P53-
m). However, they did not stratify patients by size of the 7P53-altered clone and included
patients treated with ibrutinib in both firstline and relapsed settings.2? Notably, Tam and
colleagues found that stratifying patients with del(17p) treated with firstline zanubrutinib

by del(17p) positivity of 20% by FISH did not lead to differences in overall response or
18-month PFS.15 7P53-m VAF also does not appear to influence OS in patients treated with
targeted therapies in the relapsed setting.18 As targeted therapies have supplanted CIT for
treatment-naive 7P53-altered CLL, an updated analysis of the size of the 7P53-altered clone
and its influence on first-line treatment outcomes is needed.

Several ongoing phase Il studies have reported on the outcomes of fixed-duration
combination targeted therapy with BTKi + VEN +/- CD20 mAb in the firstline setting with
high rates of undetectable measurable residual disease (U-MRD) and favorable PFS.21-26
Jain and colleagues report an 3-year PFS rate of 86% in 18 patients with 7P53alteration
treated with firstline ibrutinib and VEN.22 The CAPTIVATE study included 32 patients with
TP53 alteration treated with firstline ibrutinib and VEN and reported an overall 30-month
disease free survival rate of approximately 95%.28 The CLL2-GIVe study treated 41 patients
that uniformly harbored 7P53alteration with ibrutinib, VEN, and obinutuzumab, leading to
a 2-year PFS rate of 95.1%.2° Though these findings are encouraging, without randomized
data, it is not clear which treatment strategy (continuous BTKi versus fixed-duration
combination BTKi + VEN +/- CD20 mADb) is better for 7P53-altered CLL.

Here, we report on a single-institution retrospective analysis of the outcomes of patients
with CLL with baseline 7P53alteration who received firstline treatment with BTKi-based
therapy.

METHODS

Patients with a diagnosis of CLL or small lymphocytic lymphoma (SLL) with fluorescence
in situhybridization (FISH) and/or 7P53 gene sequencing testing performed at The
University of Texas MD Anderson Cancer Center (MDACC) between 1/1/2010 and
2/28/2021 demonstrating del(17p) and/or 7P53-m were identified. Patients who met iwCLL
indications for treatment2” who received a BTKi as part of their first CLL-directed
treatment, either on or outside of a clinical trial, were included in this study. Patients

could have received a CD20 mAb and/or VEN in combination with the BTKi. Nine patients
not meeting criteria for treatment who were enrolled on an early intervention study with
ibrutinib were excluded. Demographic information, pre-treatment disease characteristics,
and survival outcomes were abstracted from the electronic medical record. Rai stage

and beta 2-microglobulin (B2M) were recorded from time of diagnosis while all other
characteristics were captured immediately pretreatment.

FISH for common abnormalities associated with CLL was performed on cultured bone
marrow and/or peripheral blood cells using a multi-color probe panel designed to detect

the deletions of 11922.3 (ATM), 13914.3 (D135319), 13934 (LAMPI) and 17p13.1
(7P53), and trisomy 12 (12p11.1-g11) according to the manufacturer’s instructions (Abbott
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Molecular, Abbott Park, IL). A total of 200 interphases were analyzed, and the cut off for
detection del(17p) alone was 4.5% (independently validated). Conventional cytogenetics was
performed on unstimulated and pokeweed mitogen/phorbol ester/CpG oligodeoxynucleotide
stimulated cultures. Clonal cytogenetic abnormalities were enumerated by an expert
cytogeneticist (GT); single-cell abnormalities were included if they were consistent with
FISH results from the same sample or if consistent with a previously identified clone.

TP53sequencing (of exons 2 and 4-11) was performed by amplicon-based NGS assay in the
CLIA-certified Molecular Diagnostics Laboratory in 106 patients, and Sanger sequencing
(exons 5-9) in the remaining 4 patients who were excluded from VAF analysis. Using NGS,
the median coverage was at least 1500x with a limit of detection of 1%. A 7P53 mutation
was considered high-burden if the VAF was =210% and low-burden if <10%. 7P53 variants
of germline origin were excluded.

Patient characteristics were described using frequency (percentage) for categorical variables
and median (range) for continuous variables. Fisher’s exact tests and Wilcoxon rank sum
tests were performed to assess differences between groups. PFS was defined as the time
interval between initiation of firstline BTKi-based therapy and progression of CLL meeting
iwCLL 2018 criteria?’ or death or censored at last follow-up date for non-progressors. 0OS
was defined as time interval between initiation of BTKi and death (from any cause) or
censored at last follow-up date for patients who were still alive. Patients who received VEN
consolidation after initiation of BTKi therapy were censored with respect to time-to-event
outcomes at time of VEN consolidation. The Kaplan-Meier method was used to estimate
time-to-event outcomes. Cox proportional hazards regression models were fit to estimate
the hazard ratio (HR) and confidence intervals (Cl) for covariates and evaluate differences
in time to event outcomes stratified by covariates. Forest plots were used to depict the
association between each covariate and time-to-event outcome. Spearman rank correlation
was used to assess the correlation between covariates. Statistical software used include SAS
9.4 (SAS, Cary, NC) and R 4.1.0 (R Core Team, Vienna, Austria).

A total of 130 patients with 7P53alteration who received first-line BTKi-based treatment
for CLL/SLL were included. Pretreatment characteristics are summarized in Table 1. The
median follow-up was 4.0 years (range, 0.2 to 9.3).

A total of 104/130 (80%) patients had pretreatment del(17p). The median % of cells with
del(17p) was 58.5% (range, 3.5-99) (Fig 1A) and del(17p) was identified in <25% of cells
in 26/104 (25%) of patients. 7P53-m was noted in 89/110 (81%) patients tested. There
were 106 unique 7P53-m, of which 101 had an available VAF; the median VAF was

29.9% (range, 1-99.5), and 28/101 (28%) mutations were low-burden (Fig 1B-C, Table S1).
Among the 110 patients tested for both del(17p) and 7P53m, 63 (57%) patients harbored
both lesions, while 26 (24%) only had 7P53-m, and 21 (19%) only had del(17p) (Fig 1D).
A total of 42/110 (38%) patients had a single 7P53hit [del(17p) or single 7P53m] and 68
(62%) had multiple hits [both del(17p) and TP53-m (n=63) or multiple 7P53-m (n=5)]. A
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depiction of the 7P53m VAF dynamics for patients with multiple timepoints captured is
shown in Fig S1.

Overall, 37 (29%) patients experienced a progression event and 22 (17%) patients died. Six
(5%) experienced Richter transformation (RT) as their first event. The 4-year PFS rate was
72.9% (95% CI 64.4-82.5) and the median PFS was 6.6 years (95% CI 5.23-NA) (Fig 2A).
The 4-year OS rate was 83.6% (95% CI 76.3-91.5) and the median OS was not reached
(Fig 2B). A depiction of the cumulative risk of CLL progression and RT over time for

the entire cohort is depicted in Fig S2. By univariable analyses, no baseline characteristic
reached statistical significance for their association with PFS or OS (Fig S3-4), though there
was a trend towards shorter PFS for patients with 7P53-m versus wild type 7P53 (p=0.08,
HR 3.61 95% CI 0.86-15.18, Fig S5A) and with multiple 7P53 hits versus a single 7P53
hit (p=0.091, HR 2.07 95% CI 0.89-4.84, Fig S5B). There was no significant difference in
PFS when comparing patients with both del(17p) and 7P53-m, del(17p) only, and 7P53-m
only (p=0.15, Fig S5C). Patients with unmutated /GHV had similar PFS versus those with
mutated /GHV (p=0.41, HR 0.73 95% CI 0.34-1.56).

Patients with high-burden 7P53-m (VAF =10%) had a higher percentage of cells with
del(17p) compared to those with only low-burden 7P53-m (median 71% versus 34%,
p=0.018, Table S2). Patients with del(17p) affecting =25% of cells compared to those with
del(17p) affecting <25% of cells were more likely to have 7P53-m (85% versus 48%,
p=0.001) and harbored more cytogenetic abnormalities (median 3.5 versus 0.5, p=0.018)
(Table S3). Patients with multiple 7P53 hits compared to those with a single 7P53

hit harbored more cytogenetic abnormalities (median 3 versus 0, p=0.0004). Increasing
number of cytogenetic abnormalities was correlated with increasing percentage of cells
with del(17p) (Spearman’s rank p=0.41, p<0.0001, Figure S6A) but not increasing VAF of
T7P53m (p=0.19, p=0.079, Figure S6B).

PFS was not significantly different for 7P53-m patients stratified by a VAF threshold of
10% (p=0.99, HR 1.0 95% CI 0.34-2.88, Fig 3A) and patients with del(17p) based on a
threshold of 25% of cells affected (p=0.87, HR 1.07 95% CI 0.48-2.40, Fig 3B). Though
PFS was not shorter for patients with at least 3 (p=0.57, HR 1.25 95% CI 0.59-2.65,

Fig S7A) or 5 (p=0.13, HR 1.81 95% CI 0.84-3.90, Fig S7B) cytogenetic abnormalities,
karyotypic complexity as a continuous variable trended towards associated with PFS. For
each additional cytogenetic abnormality, the risk of a PFS event increased by 8% (HR 1.08,
95% CI 1.00-1.18, p=0.066).

A total of 38/130 (29%) patients were treated on a BTKi and VEN combination protocol
(with CD20 mAb, n=4; no CD20 mAb, n=34. A total of 92 (71%) patients received a
BTKi (with CD20 mAb, n=24; no CD20 mAb, n=68) without VEN; 13 of these 92
patients received VEN as a consolidation therapy after durable responses to ibrutinib and
were censored at the time of VEN consolidation. BTKi was ibrutinib for 114 (88%) and
acalabrutinib for 16 (12%) patients. A total of 26 (20%) patients discontinued BTKi because
of toxicities. There was no significant association between the addition of a CD20 mAb
(p=0.83, HR 0.92 95% CI 0.42-2.02, Fig S8) with PFS. Subsequent therapy choices after
CLL progression or RT for 26 patients are described in Table S4 and causes of death without
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disease progression for the remaining 11 patients are described in Table S5. A total of 6/26
(23%) patients who progressed went on to receive an allogeneic stem cell transplant and 2
patients received chimeric antigen receptor T-cell therapy.

PFS was significantly longer for patients who received BTKi + VEN (xCD20 mADb) versus
those who received BTKi without VEN (£CD20 mAb) (p=0.036, HR 0.28 95% CI 0.08-
0.92, Fig 4A) with a 4-year PFS rate of 90.5% (95% CI 80.8-100) versus 66.8% (95%

Cl 56.5-79.0) and median PFS not reached versus 6.0 years (95% CI 5.1-NA). OS was
numerically longer for BTKi + VEN (xCD20 mADb) treated patients versus BTKi (xCD20
mAD) treated patients (p=0.15, HR 0.34 95% CI 0.08-1.46, Fig 4B) with a 4-year OS rate of
93.7% (95% CI 8-100) versus 80.0% (95% CI 71.0-90.2), respectively. Median follow-up
was 3.3 years (range 0.2-4.8) for BTKi + VEN treated patients and 4.9 years (range 0.2-9.3)
for BTKi treated patients. Of the 39 patients who received BTKi + VEN (xCD20 mAb),

23 successfully completed their planned combination therapy (1-2 years depending on the
protocol); 13/23 stopped both BTKi and VEN and have been followed for a median of 1.8
years (range 0.3-2.4) after discontinuation without experiencing disease progression.

Patients who received BTKi + VEN (£CD20 mAb) were less likely to harbor 7P53-m

(68% vs. 88%, p=0.022) or multi-hit 7P53 (45% vs. 71%, p=0.013) compared to those who
received BTKi (xCD20 mAb), but no other characteristics were significantly different (Table
S6). Multivariable Cox regression incorporating 7P53-m or multi-hit 7253 with number of
cytogenetic abnormalities and VEN combination found that in both models, only number

of cytogenetic abnormalities and the addition of VEN were associated with differences in
PFS (Figure S9A-B). No baseline characteristics were associated with PFS by univariable
analysis when analyzing only the 92 patients who received BTKi without VEN (Figure S10).

DISCUSSION

Here, we describe a large single-institution retrospective analysis of patients with baseline
TP53alteration treated with firstline BTKi-based therapy for CLL, including patients who
received combination therapy with VEN. We report favorable 4-year PFS and OS rates of
72.9% and 83.6%, comparable to reported outcomes of smaller prospective studies.12-14
The clone size either by percentage of cells with del(17p) or by 7P53m VAF was not
associated with differences in PFS, though patients with high versus low-burden lesions
were more likely to harbor other markers of chromosomal instability. No baseline disease
characteristics including multi-hit 7P53and /GHV mutation were statistically associated
with difference in PFS by univariate analysis.

The lack of association between clonal burden of 7P53alteration and PFS may reflect

the relatively high efficacy of BTK:i in the studied patient population or conversely may
indicate that even low burden 7P53alterations confer a negative impact on outcomes.

We are unable to distinguish between these two possibilities with this study without a
comparator group of patients with wild-type 7P53. The A041202 trial did not demonstrate
a difference in outcomes between patients with 7P53-wild-type and 7P53-altered CLL
treated with firstline ibrutinib, but it was not powered to make this comparison.1! Mato

and colleagues performed a large retrospective analysis of patients with or without del(17p)
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treated with firstline ibrutinib and found that the former cohort experienced significantly
shorter time to next treatment and OS as well as more common discontinuation due to
progression.28 These results suggest that BTKi efficacy is affected by 7P53-alteration in
real-world-treated patients. Testing and documentation of 7P53alterations regardless of
clonal burden should still be performed for patients receiving first-line BTKi for CLL.

We did not find a significant association between multi-hit 7253 and PFS which differs
from the findings of other studies2%-2% which did report worse outcomes for patients with
multi-hit 7P53. This difference may be explained by the fact those studies analyzed patients
uniformly treated with ibrutinib monotherapy and Brieghel and colleagues?® analyzed a
significant number of patients treated in the relapsed setting.

We did note that increasing karyotypic complexity may have contributed to shorter PFS,
particularly by multivariate analysis when incorporating VEN combination as a treatment
variable. The contribution was much less significant compared to as reported by Kittai and
colleagues who found that increasing number of cytogenetic abnormalities was strongly
associated with both inferior PFS and OS in ibrutinib-treated patients.3? This may suggest
that 7P53-aberration remains the primary driver of progression in CLL when complex
karyotype is present, but nonetheless, conventional cytogenetics analysis must still be
performed in 7P53-aberrant CLL to fully characterize patients.

We observed a potential lower risk of progression for first-line combination therapy of BTKi
+ VEN (xCD20 mAb) compared to BTKi (xCD20 mAb) without VEN for patients with
TP53-altered CLL. The BTKi + VEN and BTKi without VEN cohorts were relatively well
balanced for baseline characteristics besides prevalence of 7P53-m and multi-hit 7253, but
those covariates were not associated with outcomes. While PFS appeared improved with
combination therapy, there was no significant difference in OS, so the question of whether
combination novel therapy with BTKi + VEN is preferable to sequential therapy with each
novel agent alone remains unanswered. Some patients were however able to enjoy time off
all CLL-directed therapy with the combination approach despite their high-risk disease and
maintain their durable remissions.

Some limitations of this study stem from its retrospective single-institution nature and from
the inclusion of patients treated on and off clinical trials over a decade-long time period.
Patients who received BTKi + VEN (xCD20 mAb) were all enrolled on more recent clinical
trials (multiple protocols with differing study designs) and had shorter follow-up while
BTKi (xCD20 mADb) patients were treated on and off protocol. The inclusion of “real-world”
patients who received BTKi without VEN could have contributed to a relatively inferior
4-year PFS rate of 67% and likely introduced differences between cohorts not captured

by baseline characteristic comparisons such as co-morbidities and differences in clinical
management or monitoring. Heterogeneity in patient follow-up and response assessment
schedules precluded us from describing response rates, MRD assessments, or adverse
events. The lower limit of detection of the NGS assays used at our institution is a VAF of
1%, higher than that of other studies,’17:18:20 which likely led to a difference of distribution
between high-burden and low-burden 7P53 mutations and an underestimation of low-burden
mutations. VAF values were missing for the several patients with 7P53-m detected by
Sanger sequencing in this study. Brieghel and colleagues?® did find that excluding 7P53-m
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with a VAF < 1% did not affect predictive performance for patients treated with ibrutinib.
We captured VAF dynamics of 7P53-m in a minority of patients only, though other studies
suggest that clonal expansion of 7P53-m during treatment with targeted therapy (unlike
CIT) is uncommon and not associated with inferior outcomes. 1831

Studies demonstrating the efficacy of the combination BTKi + VEN in treatment naive CLL
continue to be reported, but whether a fixed duration of combination therapy (that may be
associated with increased toxicity) has advantages over sequencing novel agents or over
continuous BTK:i is still unknown. This is particularly pertinent to patients with high-risk
genomics. Though multiple large phase 111 randomized studies comparing combination
novel therapy with single novel therapy are planned and/or enrolling, no studies are
specifically enrolling patients with 7P53alteration. Studies dedicated to enrolling such
high-risk patients are needed to clarify optimal treatment and should not exclude patients
with low-burden alterations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Molecular profiling of 7P53alterations. (A) Percentage of cells with del(17p) identified

by fluorescence in situ hybridization for each patient with del(17p), ordered by decreasing
percentage. Bars are colored red or blue by whether del(17p) was detected in at least or less
than 25% of cells, respectively. (B) Variant allele frequency of 108 unique 7P53 mutations
identified by next generation sequencing, ordered by decreasing allele frequency. Bars are
colored red or blue for high-burden (allele frequency at least 10%) or low-burden (allele
frequency less than 10%) mutations, respectively. (C) Venn diagram of the 110 patients
tested for both del(17p) and 7P53 mutation depicting whether they harbored one or both
alterations. (D) Diagram of the TP53 protein and position of 101 unique 7P53 mutations
along its functional domains. Shapes are colored red or blue for high or low-burden
mutations, respectively. Missense mutations involving the DNA binding domain were most
common regardless of clonal burden.
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Figure 2.
Progression free survival (A) and overall survival (B) for the entire 7P53-altered cohort

Am J Hematol. Author manuscript; available in PMC 2023 August 01.

5

29

—_
m
-

100%

75%

50%

Overall survival

25%

0%

4-year OS: 83.7%

Page 12

0

1

Number at risk

130

114

96

3

Time (years)

74

4

55

5

35

22



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cherng et al.

(A

Progression free survival =~

100%

75%

50%

25%

0%

Page 13
(B)
__100%
®©
2
E 75%
2]
®
Q
= 50%
kel
VAF of TP53 mutation %’ % cells with del(17p)
-+ <10% g 25%1 == <25%
=+ 210% o ——225%
o
p=0.99 0% p=0.87
0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
Time (years) Time (years)
Number at risk Number at risk
14 10 7 5 4 1 1 1 - 26 22 21 17 10 7 5 1
70 58 47 30 19 10 5 0 - 78 66 56 44 34 19 9 4
Figure 3.

Progression free survival for 7P53-mutated patients stratified by a variant allele frequency
threshold of 10% (A) and patients with del(17p) with a “cells affected” threshold of 25%

(B). In the case of a patient harboring multiple 7253 mutations, the mutation with the

highest variant allele frequency was used to stratify patients.
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Progression free survival (A) and overall survival (B) by receipt of Bruton’s tyrosine kinase

inhibitor and venetoclax (with or without CD20 antibody) combination therapy versus

Bruton’s tyrosine kinase inhibitor (with or without CD20 antibody) alone.
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Table 1.

Pre-treatment Characteristics (N = 130)

Characteristic

Number (%) or Median [range]

Age, years
Age = 65 years
Male sex
Rai stage at diagnosis
0
1-11
HI-1v
B2M at diagnosis, mg/L (n=124)
B2M >3.5 mg/L
IGHV unmutated (n=119)
TP53 mutated (n=110)
Median TP53 mutation VAF, %
Del(17p) present
Median cells with del(17p), %
Multi-hit TP53 alteration (n=110)
Other FISH abnormalities
Del(13q)
Trisomy 12
Del(11q)
Cytogenetic abnormalities (n=98)
>3
25
Additional mutations (n=75)
NOTCH1
SF3B1
BIRC3

63 [36-88]
63 (48)
88 (68)

38 (29)

78 (60)

14 (11)
2.8[0.1-14.3]
40 (32)

95 (80)

89 (81)

42.6 [1-99.5]
104 (80)
58.5 [3.5-99]
68 (62)

76 (58)
29 (22)
18 (14)
1[0-22]
41 (42)
33(34)

23 (31)
13 (17)
5(7)

Characteristics captured immediately pretreatment unless specified

B2M, beta 2-microglobulin; /GHV, immunoglobulin heavy chain variable region; VAF, variant allele frequency; del, deletion
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