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Summary

TP53 aberrations [del(17p) or TP53 mutation] predict poor survival with

chemoimmunotherapy in patients with chronic lymphocytic leukaemia

(CLL). We evaluated long-term efficacy and safety of first-line ibrutinib-

based therapy in patients with CLL bearing TP53 aberrations in a pooled

analysis across four studies: PCYC-1122e, RESONATE-2 (PCYC-1115/16),

iLLUMINATE (PCYC-1130) and ECOG-ACRIN E1912. The pooled analy-

sis included 89 patients with TP53 aberrations receiving first-line treatment

with single-agent ibrutinib (n = 45) or ibrutinib in combination with an

anti-CD20 antibody (n = 44). All 89 patients had del(17p) (53% of 89

patients) and/or TP53 mutation (91% of 58 patients with TP53 sequencing

results available). With a median follow-up of 49�8 months (range, 0�1–
95�9), median progression-free survival was not reached. Progression-free

survival rate and overall survival rate estimates at four years were 79% and

88%, respectively. Overall response rate was 93%, including complete

response in 39% of patients. No new safety signals were identified in this

analysis. Forty-six percent of patients remained on ibrutinib treatment at

last follow-up. With median follow-up of four years (up to eight years),

results from this large, pooled, multi-study data set suggest promising

long-term outcomes of first-line ibrutinib-based therapy in patients with

TP53 aberrations.

Registered at ClinicalTrials.gov (NCT01500733, NCT01722487,

NCT02264574 and NCT02048813).

Keywords: chronic lymphocytic leukaemia, ibrutinib, TP53 mutation,

del(17p), first-line.

Introduction

Chronic lymphocytic leukaemia (CLL) is a heterogenous dis-

ease with a variable clinical course, influenced by the diver-

sity of genomic features inherent to the malignant CLL

clone.1,2 In particular, the presence of TP53 aberrations is a

strong prognosticator of progressive disease (PD),

progression-free survival (PFS) and overall survival (OS) in

patients with CLL.1,2 TP53 aberrations can arise through

deletion of the TP53 locus on chromosome 17 [del(17p)] or

via mutations in the TP53 gene, which encodes the tumour

suppressor protein p53.3 Loss of functional p53 results in

DNA repair disruption, inability of cell cycle arrest to occur

normally in response to DNA damage and failure of normal

apoptosis to take place in response to DNA damage.3

Patients with CLL/small lymphocytic lymphoma (SLL) and

TP53 aberrations experience inferior outcomes with

chemoimmunotherapy compared with patients without TP53

aberrations.4–7 Moreover, the prevalence of TP53 aberrations

is increased in the relapsed/refractory setting relative to

untreated patients as a result of selective expansion of

chemoimmunotherapy-refractory TP53-aberrant subclones,8,9

highlighting the need to re-analyse TP53 aberration status

before each line of therapy to guide treatment selection.

Ibrutinib, a once-daily Bruton’s tyrosine kinase (BTK) inhi-

bitor, is the only targeted therapy to demonstrate both a signif-

icant PFS benefit (RESONATE, RESONATE-2, iLLUMINATE,

Alliance A041202, ECOG-ACRIN E1912 and HELIOS) and OS

research paper

ª 2021 The Authors. British Journal of Haematology published by British Society for
Haematology and John Wiley & Sons Ltd. British Journal of Haematology, 2022, 196, 947–953
This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and

distribution in any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

First published online 5 December 2021
doi: 10.1111/bjh.17984

https://orcid.org/0000-0002-2088-0899
https://orcid.org/0000-0002-2088-0899
https://orcid.org/0000-0002-2088-0899
https://orcid.org/0000-0003-3275-0271
https://orcid.org/0000-0003-3275-0271
https://orcid.org/0000-0003-3275-0271
mailto:
http://creativecommons.org/licenses/by-nc-nd/4.0/


benefit (RESONATE, RESONATE-2, ECOG-ACRIN E1912

and HELIOS) in multiple randomised phase 3 studies in both

previously untreated and relapsed/refractory CLL/SLL.10–15

Previous reports of single-agent ibrutinib or ibrutinib-based

combination therapy have demonstrated favourable PFS bene-

fit in patients with TP53 aberrations in both the first-line and

relapsed/refractory settings.10,14–17

Given the poor outcomes in patients with TP53 aberra-

tions who receive chemoimmunotherapy as first-line treat-

ment, this predictive biomarker should be assessed before

making treatment decisions in CLL.1,3,18,19 Although ibruti-

nib has demonstrated efficacy in study-specific subgroup

analyses, there are limited data on long-term outcomes in

patients with TP53 aberrations treated with first-line ibruti-

nib.20 Therefore, we performed a pooled analysis across four

phase 2 and 3 studies to evaluate the long-term efficacy and

safety of first-line ibrutinib-based therapy in patients with

CLL bearing TP53 aberrations.

Materials and methods

Pooled analysis

The pooled analysis included patients with TP53 aberrations

who received single-agent ibrutinib in PCYC-1122e

(NCT01500733)21 or RESONATE-2 (PCYC-1115/16;

NCT01722487)22 or an ibrutinib-based combination therapy

with an anti-CD20 antibody in iLLUMINATE (PCYC-1130;

NCT02264574)14 or ECOG-ACRIN E1912 (NCT02048813).12

Detailed methods for each study were previously reported

and baseline characteristics from each study are shown in

Table SI. Briefly, in PCYC-1122e, patients with previously

untreated CLL/SLL with TP53 aberrations received single-

agent oral ibrutinib (420 mg once daily) until PD or unac-

ceptable toxicity.21 In RESONATE-2, patients aged ≥65 years

with previously untreated CLL/SLL without del(17p) were

randomised in a 1:1 ratio to receive single-agent oral ibruti-

nib (420 mg once daily) until PD or unacceptable toxicity,

or up to 12 cycles of chlorambucil (0�5 mg/kg, increased up

to 0�8 mg/kg as tolerated, on days 1 and 15 of each 28-day

cycle).22 In iLLUMINATE, patients with previously untreated

CLL/SLL aged ≥65 years or <65 years with either co-existing

conditions or del(17p)/TP53 mutation were randomised 1:1

to receive ibrutinib (420 mg once daily) until PD or unac-

ceptable toxicity plus six cycles of obinutuzumab (100 mg on

day 1, 900 mg on day 2 and 1 000 mg on days 8 and 15 in

cycle 1, then 1 000 mg on day 1 of each 28-day cycle) or six

cycles of chlorambucil (0�5 mg/kg on days 1 and 15 of each

28-day cycle) plus obinutuzumab (as described for the ibruti-

nib plus obinutuzumab arm).14 In ECOG-ACRIN E1912,

patients with previously untreated CLL/SLL aged ≤70 years

without del(17p) were randomised 2:1 to receive ibrutinib

(420 mg once daily) until PD or unacceptable toxicity plus

rituximab (50 mg/m2 on day 1 of cycle 2, 325 mg/m2 on day

2 of cycle 2 and 500 mg/m2 on day 1 of cycles 3 through 7)

or to six cycles of fludarabine (25 mg/m2 on days 1-3) plus

cyclophosphamide (250 mg/m2 on days 1–3) plus rituximab

(50 mg/m2 on day 1 of cycle 1, 325 mg/m2 on day 2 of cycle

1 and 500 mg/m2 on day 1 of cycles 2 through 6).12

Each study protocol was approved by institutional review

boards or independent ethics committees at participating

institutions. Each study was conducted according to the

principles of the Declaration of Helsinki and the Good Clini-

cal Practice guidelines from the International Conference on

Harmonisation. All patients provided written informed con-

sent prior to screening.

Assessment of TP53 aberrations

In the PCYC-1122e, RESONATE-2 and iLLUMINATE studies,

fluorescence in situ hybridisation (FISH) testing for del(17p)

was performed using a standard panel of probes for CLL.

Testing was performed locally for PCYC-1122e and

RESONATE-2 (or centrally in cases for which local results

were unavailable) and centrally in iLLUMINATE. In the

ECOG-ACRIN E1912 study, FISH testing was performed

locally in accordance with each institute’s standards. For

PCYC-1122e, RESONATE-2 and iLLUMINATE, assessment of

TP53 mutations was performed centrally per European

Research Initiative on Chronic Lymphocytic Leukemia (ERIC)

guidelines.23 For ECOG-ACRIN E1912, TP53 mutation assess-

ment was performed centrally at the Mayo Clinic, and muta-

tions were identified per Mayo Clinic standard methods.

Outcomes

Clinical outcomes evaluated were PFS by investigator assess-

ment, OS, overall response rate (ORR), complete response

(CR) rate and safety. PFS and OS were estimated using the

Kaplan–Meier method. ORR was assessed by investigators

per 2008 International Workshop on Chronic Lymphocytic

Leukemia guidelines24 in all four studies, and included CR,

CR with incomplete haematological recovery, and partial

response. Time on study was calculated based on the follow-

up time of OS using reverse Kaplan–Meier estimates.

Data sharing statement

Requests for access to individual participant data from clini-

cal studies conducted by Pharmacyclics LLC, an AbbVie

Company, can be submitted through Yale Open Data Access

(YODA) Project site at http://yoda.yale.edu.

Results

Patients

The pooled analysis included 89 patients with TP53 aberra-

tions receiving first-line treatment with single-agent ibrutinib

(n = 45) or ibrutinib in combination with an anti-CD20
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antibody (n = 44). Median age was 65 years (range, 33–87)
and 69% of patients were male (Table I). All patients had

del(17p) and/or TP53 mutation. Of 89 patients, 47 (53%)

had del(17p); of the 58 patients with TP53 sequencing results

available, 53 (91%) had a TP53 mutation. Among 16 patients

with del(17p) who had TP53 sequencing results available, 11

had both del(17p) and TP53 mutations.

Median follow-up for all patients in the pooled analysis

was 49�8 months (range, 0�1–95�9). At the time of analysis,

46% of patients (n = 41) continued to receive ibrutinib

treatment, 35% (n = 31) of patients received ibrutinib for

more than five years and 22% (n = 20) received ibrutinib for

more than six years.

Efficacy

With a median follow-up of 49�8 months (up to

95�9 months), median PFS was not reached [95% CI:

67�3 months to not estimable (NE)] in the overall pooled

population. The estimated four-year PFS rate was 79% (95%

CI: 68–87; Figure 1A). For the 47 patients who had del(17p)

only or TP53 mutation only, median PFS was not reached

(95% CI: 60�0 months to NE). For the 11 patients who had

both del(17p) and TP53 mutations, median PFS was

42�8 months (95% CI: 7�2 months to NE). For the 31

patients who had del(17p) and unknown TP53 mutation sta-

tus, median PFS was not reached (95% CI: 66�8 months to

NE). In the overall pooled population, the four-year OS rate

was 88% (95% CI: 78–93) (Figure 1B). Most patients (83/89)

achieved a response, resulting in an ORR of 93% (95% CI:

86–98), including 39% who achieved a CR (Table II).

Safety

At the time of analysis, the median duration of ibrutinib

treatment was 45�9 months (range, 0�1–95�5; Table III). In

the overall pooled population (n = 89), the prevalence of

most grade ≥3 adverse events (AEs) of clinical interest was

highest during the first year of ibrutinib treatment and gen-

erally decreased thereafter (Figure 2). Similarly, the preva-

lence of any-grade AEs of clinical interest, including

hypertension, atrial fibrillation, infection and bleeding, gener-

ally declined over time; for example, hypertension occurred

in 26/89 (29%), 24/81 (30%), 16/76 (21%), 10/57 (17%) and

5/41 (12%) patients in years 0–1, >1–2, >2–3, >3–4 and >4,
respectively. Eighteen patients (20%) had a secondary malig-

nancy, most commonly non-melanoma skin cancer (n = 12;

13%). Other secondary malignancies included melanoma

(n = 2), prostate cancer (n = 2), plasma cell myeloma

(n = 1) and unknown/neoplasm type not specified (n = 4).

Ibrutinib discontinuation and subsequent therapy

The most common primary reason for ibrutinib discontinua-

tion was PD (Table III), with a total of 18 patients (20%).

Three of the 18 patients had both del(17p) and TP53 muta-

tions and four of the 18 patients had TP53 mutations in the

absence of del(17p); the remaining 11 patients had del(17p),

but TP53 mutation data were not available. AEs were the pri-

mary reason for ibrutinib discontinuation in nine patients

(10%), including three deaths (septic shock, sepsis without

neutropenia and sudden death; Table III). Median duration

of ibrutinib treatment for patients who discontinued because

of an AE was 30�9 months (range, 0�2–71). Atrial fibrillation
led to ibrutinib discontinuation in two patients. AEs leading

to ibrutinib discontinuation in one patient each were anae-

mia, haemoptysis, platelet count decrease, pneumonia, rash,

septic shock and death (cause unknown).

In the three studies (63 patients) that collected data for

Richter’s transformation, two transformations were noted as

the PD event; time to transformation for these two patients

was 0�4 months and 15�2 months.

The most common subsequent therapies initiated after

discontinuing ibrutinib due to PD were novel agents

(venetoclax-based regimens, n = 11; phosphoinositide 3

kinase inhibitor, n = 1; acalabrutinib, n = 1), chemoim-

munotherapy (n = 9) and other (n = 5).

Discussion

Results from this large, pooled, multi-study dataset suggest a

promising long-term outcome of first-line ibrutinib-based

therapy in patients with CLL bearing TP53 aberrations, with

high estimated PFS (79%) and OS (88%) rates at four years

and a median PFS that was not reached at the time of analy-

sis. These results in the pooled population of patients with

TP53 aberrations are broadly consistent with long-term PFS

Table I. Baseline characteristics.

Characteristic

All patients

n = 89

Median age (range), years 65 (33–87)

Age ≥65 years, n (%) 46 (52)

Male, n (%) 61 (69)

Rai stage, n (%)

0–II 42 (47)

III/IV 47 (53)

Bulky disease (≥5 cm),* n (%) 33 (38)

Median lactate dehydrogenase level (range),† U/l 233 (52–2 568)

Unmutated IGHV,‡ n (%) 60 (69)

Del(17p), n (%) 47 (53)

TP53 mutation,§ n (%) 53 (91)

Del(17p) and TP53 mutation,¶ n (%) 11 (69)

*Data available for 88 patients.

†Data available for 63 patients.

‡Data available for 87 patients.

§TP53 sequencing results available for 58 patients.

¶Data available for 16 patients with del(17p) and TP53 sequencing

results.
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and OS rates reported with ibrutinib-based therapy in the

overall CLL patient populations in each of the included stud-

ies.10,12,14,17 The outcomes observed with first-line ibrutinib

in this study are substantially better than those reported for

patients with CLL bearing TP53 aberrations treated with

first-line chemoimmunotherapy, with three-year PFS and OS

rates of only 18% and 38%, respectively, with fludarabine,

cyclophosphamide and rituximab (FCR).7 With a median

follow-up of more than five years, median PFS and OS with

FCR were 11 months and 33 months respectively.25 In the

randomised Alliance study for patients with del(17p) treated

with ibrutinib with or without rituximab, the median PFS

was not reached compared to seven months for patients

treated with bendamustine and rituximab (P < 0�001).15 In

addition, there were more grade ≥3 haematological AEs with

bendamustine and rituximab compared to the ibrutinib regi-

mens.15 Despite the poor prognosis of patients with TP53

aberrations treated with chemoimmunotherapy, data from

the prospective, observational informCLLTM registry

(n = 840) showed that chemotherapy and chemoim-

munotherapy continue to be commonly used as first-line

treatment in these patients, including 34% of those with

(A)

(B)

Fig 1. Kaplan–Meier estimates of (A) progression-free survival and (B) overall survivala in patients with TP53 aberrations receiving first-line

ibrutinib-based therapy. aThe patient who had the longest follow-up died at 96 months, resulting in an artefact for estimating median OS; this

patient’s data were suppressed from the plot to correctly represent the population for which the median OS is not estimable.

Table II. Investigator-assessed overall response rate.

All patients

n = 89

ORR, n (%) [95% CI] 83 (93) [86–98]

CR, n (%) [95% CI] 35 (39) [29–50]

Best overall response, n (%)

CR 35 (39)

PR 48 (54)

PR-L 1 (1)

Stable disease 2 (2)

Not available 3 (3)

CI, confidence interval; CR, complete response; ORR, overall

response rate; PR, partial response; PR-L, partial response with lym-

phocytosis.
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del(17p) and 36% with TP53 mutations.26 Given the favour-

able long-term survival data observed with ibrutinib-based

therapy in our study, ibrutinib should be considered over

chemoimmunotherapy as first-line therapy for patients with

TP53 aberrations. While four-year PFS rates with ibrutinib

are higher than those reported after four years of follow-up

with venetoclax and obinutuzumab (53%) in previously

untreated patients with CLL and TP53 aberrations,27 it is dif-

ficult to make direct comparisons because of differences in

the treatment schedules (continuous and fixed duration).

Nonetheless, data from this analysis support guideline rec-

ommendations to use ibrutinib as first-line treatment for this

group of high-risk patients.19

It remains unclear whether the presence of both del(17p)

and TP53 mutations (i.e. biallelic TP53 disruption) is associ-

ated with poorer clinical outcomes than the presence of

del(17p) or TP53 mutation alone in patients with CLL.

Genomic profiling of 277 patients with CLL suggested that

patients with biallelic TP53 disruption had poorer OS than

those with monoallelic disruption or wildtype TP53.28 In the

RESONATE study of single-agent ibrutinib in patients with

relapsed/refractory CLL, patients with both del(17p) and

TP53 mutations trended toward shorter PFS compared with

those who had neither del(17p) nor TP53 mutations.10

Although only 11 patients with both del(17p) and TP53

mutations were identified in the current pooled analysis,

median PFS with first-line ibrutinib-based therapy appeared

to be shorter for these patients than for patients with

del(17p) only or TP53 mutation only. These findings are

similar to a previous study of patients with CLL and TP53

aberrations.29 Nonetheless, median PFS with first-line ibruti-

nib in this subgroup was still substantially longer than what

has been reported with chemoimmunotherapy (43 months vs

11 months).25 The BTK inhibitor zanubrutinib has also been

evaluated in patients with CLL and a del(17p) mutation in a

non-randomized cohort (n = 109 patients) of an open-label,

multicentre, phase 3 study. The 18-month PFS rate with

zanubrutinib was 88�6%30,31; however, the long-term efficacy

of zanubrutinib in del(17p) patients remains to be assessed.

Long-term outcomes in patients with del(17p) mutation are

important to inform expectations for treatment with BTK

inhibitors.

Although our study has limitations inherent to pooled

analyses, it represents a relatively large population of patients

with CLL and TP53 aberrations treated with a BTK inhibitor

in the first-line setting. In addition, our analysis has the

longest treatment follow-up for BTK inhibitors in such

patients to date. Future studies with uniform, centralised

testing of both del(17p) and TP53 mutations may further aid

in optimising the treatment and management of patients

with CLL and TP53 aberrations.

With a median follow-up of four years, first-line

ibrutinib-based treatment resulted in sustained efficacy with

Table III. Patient disposition and treatment exposure.

All patients

n = 89

Treatment regimen, n (%)

Single-agent ibrutinib 45 (51)

Ibrutinib plus anti-CD20 antibody 44 (49)

Median duration of ibrutinib therapy (range),

months

45�9 (0�1–95�5)

Reason for ibrutinib discontinuation, n (%)

Progressive disease 18 (20)

Study termination by sponsor 10 (11)

Adverse event 9 (10)

Withdrawal by patient 6 (7)

Death 3 (3)*

Investigator decision 2 (2)†

Remaining on ibrutinib at time of analysis, n (%) 41 (46)

*Causes of death were septic shock, sepsis without neutropenia and

sudden death (presumed cardiac cause).

†One patient discontinued due to scheduled surgery.

Fig 2. Prevalence of grade ≥3 adverse events of clinical interest by yearly interval. aCombined terms. Infection was identified using the Medical

Dictionary for Regulatory Activities (MedDRA) System Organ Class term for Infections and infestations. Bleeding was identified using the Stan-

dardised MedDRA Query for Haemorrhage, excluding laboratory terms. [Colour figure can be viewed at wileyonlinelibrary.com]
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high PFS and OS rates in patients with CLL and TP53 aber-

rations, a population with historically poor outcomes. No

new safety signals were identified in this analysis. Although

patients with TP53 aberrations remain at risk for disease pro-

gression, first-line treatment with ibrutinib has meaningfully

improved the poor prognosis in this high-risk population.
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