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Currently, there are no targeted agents that can cure chronic lym-
phocytic leukemia/small lymphocytic lymphoma (CLL/SLL), which is
the most common leukemia among older adults.1 In the absence of a
curative regimen, the therapeutic goal is to maximize patients' life
span while effectively managing disease symptoms.

Ibrutinib, a covalent, once‐daily Bruton's tyrosine kinase inhibitor,
has been shown to have survival superiority to chemotherapy (CT)
and chemoimmunotherapy (CIT) in the first‐line setting, including
older adults and those with high‐risk characteristics, and has de-
monstrated overall survival (OS) improvements in multiple pivotal
trials.2–4 In a long‐term follow‐up from RESONATE‐2 of up to 8 years,
first‐line treatment with ibrutinib was associated with superior
progression‐free survival and OS compared with standard‐of‐care CT.
Based on the results from the same study, adverse events (AEs) as-
sociated with ibrutinib can be managed effectively with dose reduc-
tions or dose holds, which results in AE resolution in most patients
(85% and 90%, respectively), allowing them to remain on treatment
and continue benefiting from ibrutinib.5 The relatively long survival of
patients with CLL/SLL treated with ibrutinib raises the question of
whether the initiation of first‐line ibrutinib could remove the survival
hazard associated with CLL/SLL compared with the general popula-
tion. The aims of this pooled analysis were to compare OS estimates
of previously untreated patients with CLL/SLL who received ibrutinib
or CT/CIT across three phase 3 studies with the OS estimates for an
age‐matched general population.

This post hoc analysis included data pooled from three randomized
(1:1) controlled studies in patients with previously untreated CLL/SLL:

RESONATE‐2 (NCT01722487),2 iLLUMINATE (NCT02264574),4 and
ECOG‐ACRIN E1912 (NCT02048813).3 Patients were separated into two
groups: ibrutinib cohort (patients treated with ibrutinib, ibrutinib with ri-
tuximab, or ibrutinib with obinutuzumab); and CT/CIT cohort (patients
receiving rituximab plus fludarabine plus cyclophosphamide, chlorambucil
plus obinutuzumab, or single‐agent chlorambucil). Details of the treat-
ments and populations have been previously published for each study,
and brief descriptions are included in the Supporting Information.

OS data from the time of initial CLL/SLL diagnosis for the
ibrutinib‐treated cohort or CT/CIT‐treated cohort were compared
with survival estimates for an age‐matched US population in 2019
published by the Centers for Disease Control and Prevention (CDC).6

Age‐matched (1:1 match) simulated databases were generated based
on the age distribution of patients treated with ibrutinib or CT/CIT
from the three phase 3 clinical studies. OS probabilities were esti-
mated using the Kaplan–Meier methodology. Safety data were eval-
uated for ibrutinib‐based therapy from a pooled safety population
consisting of patients from RESONATE‐2 and iLLUMINATE. Partici-
pants in the ECOG‐ACRIN E1912 study were excluded from safety
assessments due to limitations in the details of AE data collection.
Additional information about the study design and methods is in-
cluded in the Supporting Information.

In the pooled sample from the three trials, 603 patients received first‐
line ibrutinib treatment and 424 received CT/CIT treatment (Table 1). The
median age of patients in the ibrutinib‐treated cohort at the time of
randomization was 63 years. Most patients were men (65%), had an
Eastern Cooperative Oncology Group (ECOG) performance status score
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of 0 (57%), and had a Cumulative Illness Rating Scale (CIRS) score of ≤6
(80%). In the CT/CIT cohort, baseline characteristics were similar (median
age at randomization, 67 years; men, 66%; ECOG performance status
score of 0, 50%; CIRS score of ≤6, 76%). Other baseline clinical char-
acteristics, including genetic testing results, are presented in Table 1.

In the ibrutinib‐treated cohort, median treatment duration and
median follow‐up from the time of randomization were 39months and 41
months, respectively; these times were 5 months and 40 months in the
CT/CIT‐treated cohort (Table S1). The median follow‐up from the initial
CLL/SLL diagnosis in the ibrutinib‐treated cohort was 5.9 years.

OS for the full ibrutinib‐treated cohort, calculated from the time of
initial CLL/SLL diagnosis, was comparable to the OS estimate for the age‐
matched general population (hazard ratio [HR]; 95% confidence interval
[CI] = 0.87 [0.63–1.19]). Twelve‐year OS estimates (95% CI) were also
similar between the full ibrutinib‐treated cohort (82% [76–87]) and the
age‐matched general population (80% [76–83]) (Figure 1A). Similar OS
estimates were observed between the ibrutinib cohort and the general
population over a 12‐year horizon in individuals aged <65 years and ≥65
years (Table S2 and Figure S1).

Conversely, OS was significantly lower (p=0.05) for the CT/CIT
cohort than for an aged‐matched general population (HR [95% CI] = 1.35
[1.00–1.82]), with 12‐year OS (95% CI) estimates of 69% (61–76) and
76% (72–80), respectively (Figure 1B).

Of the 248 evaluable patients from the RESONATE‐2 and iLLUMI-
NATE studies, 48 (19%) had dose reductions from a starting dose of
420mg per day to manage AEs (Table S3). The median duration of
ibrutinib treatment at a reduced dose was 31 months (range, 0–84+).
Following ibrutinib dose reduction, 44 of 48 patients (92%) had resolution
of the initial AE, and for 32 of 48 patients (67%), AEs either did not recur
or recurred at a lower grade.

After experiencing AEs for which a dose reduction is re-
commended in the recently updated US Prescribing Information, 21
of 248 patients (9%) had dose reductions (Table S4).7 Of those, 20 of
21 patients (95%) had resolution of the initial AE, and for 16 of 21
patients (76%), AEs either did not recur or recurred at a lower grade.

Ibrutinib dose holds of ≥7 days was used for AE management in 143
of 248 patients (58%) (Table S5). Ibrutinib was restarted at 420mg in 118
of 248 patients (48%), at 280mg in 35 of 248 patients (14%), and at
140mg in 15 of 248 patients (6%) after a dose hold of ≥7 days. The
occurrence of AEs leading to dose reductions and dose holds of ≥7 days
was the highest in the first 2 years following ibrutinib initiation and
subsided in subsequent years (Figures S2A and S2B).

Since the introduction of targeted CLL/SLL therapies, ibrutinib
has had significantly improved outcomes across a broad range of
patients with CLL/SLL compared with the previous standard of care,
which has been demonstrated in several randomized clinical
trials.2,3,8–11 Ibrutinib has the longest follow‐up data available for
Bruton's tyrosine kinase inhibitor therapies, which uniquely allows for
the assessment of long‐term efficacy and safety.

Maintaining patients on therapy appears to be critical for
maximizing clinical outcomes, including prolonged survival, with
some patients receiving therapy for up to 8 years. For most pa-
tients in the RESONATE‐2 study, long‐term continuous ibrutinib
treatment was possible while managing associated side effects
through active dose management.5 In the same study, survival
outcomes were similar between patients treated with ibrutinib
with and without dose reduction.12 Similarly, in this pooled ana-
lysis, most patients experienced AE resolution after dose reduc-
tion, enabling them to stay on ibrutinib treatment.

Treatment discontinuation due to AEs occurred at similar
rates across the phase 3 trials of first‐line ibrutinib in this pooled

TABLE 1 Baseline characteristics of ibrutinib and CT/CIT cohorts.

Characteristic

Pooled ibrutinib or
ibrutinib‐ combination
treatmenta N = 603

Pooled CT/CIT
treatmenta

N = 424

Median age at initial diagnosis
(range), years

60 (30–87) 63 (28–90)

Median age at randomization
(range), years

63 (31–89) 67 (28–90)

Median time from initial diagnosis
to randomization (range),
months

24 (0–342) 28 (0–480)

Sex, n (%)

Men 391 (65) 280 (66)

Women 212 (35) 144 (34)

Age group at randomization,
n (%), years

<65 333 (55) 179 (42)

65–75 191 (32) 156 (37)

≥75 79 (13) 89 (21)

Ibrutinib treatment, n (%)

Ibrutinib + rituximab 354 (59) NA

Ibrutinib 136 (23) NA

Ibrutinib + obinutuzumab 113 (19) NA

CT/CIT treatment drug, n (%)

Rituximab + fludarabine +
cyclophosphamide

NA 175 (41)

Chlorambucil NA 133 (31)

Chlorambucil + obinutuzumab NA 116 (27)

Baseline ECOG performance
status, n (%)

0 344 (57) 213 (50)

1 233 (39) 189 (45)

2 26 (4) 22 (5)

CIRS score category, n (%)

≤6 481 (80) 320 (76)

>6 93 (15) 85 (20)

Rai stage, n (%)

0–II 319 (53) 229 (54)

III/IV 284 (47) 195 (46)

del(11q), n (%)

No 474 (79) 320 (76)

Yes 121 (20) 92 (22)

IGHV, n (%)

Mutated 150 (25) 135 (32)

Unmutated 334 (55) 188 (44)

del(17p) or TP53 mutation, n (%)

No 482 (80) 308 (73)

Yes 56 (9) 31 (7)

Abbreviations: CIRS, Cumulative Illness Rating Scale; CIT, chemoimmunotherapy;
CT, chemotherapy; ECOG, Eastern Cooperative Oncology Group; NA, not applicable.
aPercentage totals more than/less than 100% due to rounding.
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analysis: in RESONATE‐2, 24%5 of patients discontinued ibrutinib
due to AEs; in iLLUMINATE, 16%13; and ECOG1912, 22%.14

Overall, the safety findings from this analysis are aligned with
the previously described safety profile of first‐line ibrutinib and
are consistent with the data from individual phase 3 trials.3,4,15

The strengths of this study include a relatively large number of pa-
tients and the length of follow‐up across the three pooled studies. One
key limitation was that, because of data availability, pooled ibrutinib data
and general population survival estimates were matched only for age and

not for other individual patient characteristics. In addition, we did not
separate patients treated with CT from those treated with CIT to maintain
the original analysis approach from these trials.

In conclusion, this post hoc analysis suggests that unlike first‐
line CT/CIT treatment, first‐line ibrutinib is associated with sur-
vival rates that are similar to those seen in the age‐matched
general population. First‐line ibrutinib treatment could eliminate
excess mortality risk associated with CLL/SLL diagnosis in both
younger and older adult patients.

F IGURE 1 OS estimates for pooled patients treated with (A) ibrutinib or (B) CT/CIT versus age‐matched general population. Data after 144 months are not

represented in the Kaplan‐Meier curve. CIT, chemoimmunotherapy; CT, chemotherapy; HR, hazard ratio; OS, overall survival.
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