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KEY POINTS

® After a median follow-
up of 6 years, IR led to
superior PFS relative to
FCR in patients with
both IGHV muted and
IGHV unmutated CLL.

® Among ibrutinib-
treated patients who
discontinued treatment
for a reason other than
progression, median
PFS was 25 months.

Herein, we present the long-term follow-up of the randomized E1912 trial comparing the
long-term efficacy of ibrutinib-rituximab (IR) therapy to fludarabine, cyclophosphamide,
and rituximab (FCR) and describe the tolerability of continuous ibrutinib. The E1912 trial
enrolled 529 treatment-naive patients aged <70 years with chronic lymphocytic leukemia
(CLL). Patients were randomly assigned (2:1 ratio) to receive IR or 6 cycles of FCR. With a
median follow-up of 5.8 years, median progression-free survival (PFS) is superior for IR
(hazard ratio [HR], 0.37; P < .001). IR improved PFS relative to FCR in patients with both
immunoglobulin heavy chain variable region (IGHV) gene mutated CLL (HR: 0.27; P < .001)
and IGHV unmutated CLL (HR: 0.27; P < .001). Among the 354 patients randomized to IR,
214 (60.5%) currently remain on ibrutinib. Among the 138 IR-treated patients who
discontinued treatment, 37 (10.5% of patients who started IR) discontinued therapy due
to disease progression or death, 77 (21.9% of patients who started IR) discontinued
therapy for adverse events (AEs)/complications, and 24 (6.8% of patients who started IR)

withdrew for other reasons. Progression was uncommon among patients able to remain on ibrutinib. The median time
from ibrutinib discontinuation to disease progression or death among those who discontinued treatment for a reason
other than progression was 25 months. Sustained improvement in overall survival (OS) was observed for patients in
the IR arm (HR, 0.47; P = .018). In conclusion, IR therapy offers superior PFS relative to FCR in patients with IGHV
mutated or unmutated CLL, as well as superior OS. Continuous ibrutinib therapy is tolerated beyond 5 years in the
majority of CLL patients. This trial was registered at www.clinicaltrials.gov as #NCT02048813.

Introduction

were reported and led to a paradigm shift in first-line treat-
ment.>? Venetoclax in combination with obinutuzumab therapy

The last decade has been a time of incredible progress in the
treatment of patients with chronic lymphocytic leukemia (CLL).
During this interval, oral inhibitors of Bruton's tyrosine kinase
(BTKi) and the antiapoptotic protein BCL-2 were developed and
found to have robust efficacy in heavily pretreated relapsed or
refractory patients.? Ibrutinib was the first in class BTKi while
venetoclax was the first in class BCL2 inhibitor used in these
studies. After subsequent pilot testing as first-line therapies,®>
phase 3 trials comparing these agents alone or in combination
with  anti-CD20 monoclonal antibodies were conducted.
Between 2018 and 2020, 5 phase 3 trials comparing these
approaches to standard chemoimmunotherapy (CIT) approaches
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proved superior to chlorambucil in combination with obinutuzu-
mab’ while BTKi-based therapy proved superior to chlorambu-
cil,* chlorambucil-obinutuzumab,®'® bendamustine-rituximab,®
and the prior “gold standard” CIT approach, fludarabine, cyclo-
phosphamide, and rituximab (FCR)”

The E1912 trial was the first study to compare ibrutinib-based
therapy to FCR, the previous gold standard first-line therapy for
patients fit enough to tolerate this approach.”’ ' At the time of
the initial E1912 report, with a median follow-up of 34 months,
ibrutinib with rituximab (IR) demonstrated superior progression-
free survival (PFS) and overall survival (OS) relative to that seen

'.) Check for updates
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with FCR. Although statistically significant, the OS advantage
was small and appeared to primarily be due to early deaths in
the FCR arm. On subgroup analysis of PFS, ibrutinib-based ther-
apy appeared superior to FCR in all prognostic molecular and
biologic subgroups; however, its superiority over FCR in patients
with mutated immunoglobulin variable heavy chain (IGVH) did
not reach the threshold of statistical significance at the time of
the initial report.

The E1912 trial also provided information on the short-term tol-
erability profile of FCR and ibrutinib-based therapies. Although
the overall frequency of grade =3 adverse events (AEs) was sim-
ilar between treatment arms, the toxicity profiles were distinct.
More frequent cytopenias (anemia, neutropenia, thrombocyto-
penia) and infection events were observed in the FCR arm, while
hypertensive events and cardiac arrhythmia/atrial fibrillation
were more common in the IR arm.

Here, we present an updated report from the E1912 trial with
information on AEs, PFS, and OS after 3 additional years of follow-
up. We also present data on the long-term tolerability of single-
agent ibrutinib, the proportion of patients discontinuing treatment
for reasons other than progression, and analysis of pretreatment
factors that predict ibrutinib discontinuation. Finally, we provide
an updated analysis of clinical outcomes by prognostic characteris-
tics and CLL International Prognostic Index (CLL-IPI) subgroup.

Methods

The E1912 study was designed, led, and coordinated by the
Eastern Cooperative Oncology Group (ECOG) — American Col-
lege of Radiology Imaging Network (ACRIN) Cancer Research
Group in partnership with the other NCTN (National Clinical Trials
Network) cooperative groups. The trial eligibility has been previ-
ously reported.” Briefly, patients aged =70 years with previously
untreated CLL or small lymphocytic lymphoma and in need of
therapy according to the International Workshop on CLL (iwCLL)
criteria’ were eligible for participation. Patients with deletion
17p13 by fluorescent in situ hybridization (FISH) analysis were
excluded from participation due to the poor response of such
patients to FCR therapy.'® The National Cancer Institute (NCI)
Central Institutional Review Board, as well as a local institutional
review board, as required by treating institutions, approved the
study in accord with the principles of the Declaration of Helsinki.
Ibrutinio was provided by Pharmacyclics under a cooperative
research and development agreement with the NCI. Accrual
to the E1912 trial began in March 2014 and was completed in
June 2016.

Study participants provided written informed consent followed
by randomization in a 2:1 ratio to receive either IR or FCR CIT.
Age (<60 vs =60), disease stage (Rai O-II vs llI-IV), ECOG perfor-
mance status (0-1 vs =2), and the presence of chromosome
11922.3 deletion by FISH were used as stratification factors in
the randomization. The number and severity of coexistent health
conditions were assessed at enrollment using the Cumulative IlI-
ness Rating Scale,'® a well-established assessment of comorbid-
ity that has been used in previous trials of patients with CLL."
Functional status at enrollment was also assessed by the “Timed
Up and Go” test."®"? CLL-IPI risk category was determined for
each patient based on age, stage, serum B-2-microglobulin,
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TP53 mutation status by sequencing (research assay) and/or
FISH, and IGHV status (research assay).20

Patients assigned to FCR therapy received 6 cycles of treatment
using the standard schedule.”"'? Those assigned to IR received
ibrutinib 420 mg/d until disease progression or unacceptable
toxicity. Six cycles of concomitant rituximab were administered
during cycles 2 through 7, as detailed in the original publica-
tion.” Standard supportive care measures were allowed for all
patients independent of the treatment arm.

Toxicity was graded according to NCI Common Toxicity Criteria
Version 4.0 with dose modifications as described in the previous
publication.” All AEs of grade =3 throughout the entirety
of follow-up on both treatment arms (ie, even after patients
assigned to the FCR arm had completed therapy) were recorded
so that toxicity monitoring was equivalent between arms.
Response to therapy was assessed using the 2008 iwCLL Work-
ing Group criteria' in effect at the trial initiation along with the
modification to the criteria published in 2018,2" which added
the category of complete response with incomplete bone mar-
row recovery. The primary response evaluation occurred
12 months from the beginning of treatment and included
assessment of lymphadenopathy and organomegaly by physical
exam as well as bone marrow aspirate and biopsy. Computed
tomography imaging was also performed at 12 months.

Statistical analysis

The primary trial endpoint was PFS, defined as the time from
randomization to progression or death without documented
progression. Patients alive without documented progression
were censored at the time of last disease evaluation. OS was a
secondary endpoint, defined as the time from randomization to
death from any cause. Patients alive were censored at the date
of the last contact. As previously reported,” the primary study
results were released by the Data and Safety Monitoring Board
at the time of the first interim analysis (September 2018) due to
PFS and OS advantages favoring the IR treatment arm, which
met the protocol-specified criteria for immediate reporting.

The primary efficacy analysis was based on the intent-to-treat
population, which included all randomized patients regardless of
eligibility or treatment status. The toxicity analysis included all
treated patients. The Kaplan-Meier method was used to esti-
mate time-to-event distributions. Stratified log-rank tests were
used to compare PFS and OS between the 2 arms overall and
PFS within subgroups defined by IGHV mutation status. Corre-
sponding hazard ratios (HRs) were estimated using the stratified
Cox proportional hazard models. Unstratified versions were
used for the comparison of PFS and estimation of HRs within
CLL-IPI categories. Fisher's exact tests were used to compare
AE frequencies. P values are 2-sided and were not corrected for
multiple testing.

Results

Between 31 January 2014 and 9 June 2016, 529 patients (FCR:
175; IR: 354) were accrued to the E1912 trial, of which 498 were
eligible. The clinical and disease characteristics of patients have
been previously reported (supplemental Table 1). At the time of
the present analyses (? August 2021), the median follow-up
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among the 490 living patients is 70 months. Among the 354
patients randomized to IR, 214 (60.5%) continue ibrutinib, and
115 of 175 (65.7%) patients randomized to FCR remain on sur-
veillance at the time of this report.

AEs and treatment discontinuation

With extended follow-up, grade =3 treatment-related AEs were
observed in 73.0% of IR- and 83.5% of FCR-treated patients
(odds ratio [OR], 0.53; 95% ClI, 0.32-0.88; P = .0097). A summary
of grade 3 to 5 treatment-related AEs throughout the entire
study period is shown in Table 1. With respect to bleeding
sequelae, 4 patients (1.1%) on the IR arm have experienced
grade 3+ hemorrhage (2 upper gastrointestinal hemorrhage, 1
intraoperative hemorrhage, 1 renal hemorrhage). A summary of

Table 1. Grade 3 to 5 treatment-related AEs through-
out the entire study period

IR, % FCR, %

(n=352) (n=158) P value

Anemia 4.3 15.8 <.001

Arthralgia 5.4 0.6 .01

Diarrhea 2.6 0.6 .185

Fatigue 2.0 2.5 745

Hemolysis 0 2.5 .009

Hypertension 1.4 1.9 <.001

Leukocytosis 9.7 0.6 <.001

Lymphocyte count 6.8 65.2 <.001
decreased

Lymphocyte count 28.1 13.9 <.001
increased

Neutrophil count 28.4 45.6 <.001
decreased

Platelet count 3.4 16.5 <.001
decreased

Rash maculo-papular 2.6 1.9 762

White blood cell 6.5 40.5 <.001
decreased

Infection 1.4 19.6 .018
Lung infection 4.5 2.5 .333
Febrile neutropenia 2.3 15.8 <.001
Sepsis 1.1 3.2 144
Other infection 9.7 6.3 .237

Cardiac 7.7 0 <.001
Atrial fibrillation 4.5 0 .004
Other Cardiac* 4.3 0 .008

Any grade 3-5 73.0 83.5 .010
treatment related AEs

Includes grade 3 to 5 treatment-related AEs that occurred in =2% of the treated patients in
either arm. The worst grade is based on all grade 3 to 5 treatment-related AEs.

*Pericardial effusion, heart failure, chest pain-cardiac, sinus tachycardia, supraventricular
tachycardia, atrial flutter, ventricular tachycardia, cardiac arrest.
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all (ie, grade 1-5) AEs regardless of treatment attribution through-
out the entire study period is shown in supplemental Table 4.

To date, 3 patients on the FCR arm (1.7%) have developed a
myelodysplastic syndrome or acute myeloid leukemia (8 months,
31 months, and 25 months after randomization; no cases on the
IR arm). Three patients developed Richter's transformation
(1 [0.6%)] on the FCR arm at 29 months after randomization and
2 on the IR arm 27 and 43 months after randomization.

The proportion of patients developing a second primary cancer
was higher in patients on the IR arm relative to the FCR arm
(IR = 55 [15.6%], FCR = 17 [10.8%]; P = .17; OR = 0.65; 95%
Cl 0.34-1.19). The total number of second primary cancers (some
patients developed >1 second primary) other than nonmela-
noma skin cancer was reported in 15 of 158 (9.5%) patients on
the FCR arm and 47 of 352 (13.4%; P = .150) patients on the IR
arm (see details in supplemental Table 2). Melanoma was
observed in 1 of 158 (0.6%) patients on FCR and 9 of 352 (2.6%;
P = .185) patients on the IR arm. Nonmelanoma skin cancer was
reported in 6 of 158 (3.8%) patients on FCR and 26 of 352
(7.4%; P = .083) patients in the IR arm.

Among IR-treated patients, the median time of treatment was
58.9 months (range, 0.2-87.3). Among the 138 IR-treated
patients who discontinued treatment, 37 (10.5% of patients ran-
domized to and started IR) discontinued therapy due to disease
progression or death, and 77 (21.9% of patients randomized to
and started IR) discontinued therapy for AEs or complication.
The remaining 24 patients (6.8% of patients randomized to and
started IR) withdrew for other reasons (Table 2). Thus, among
the patients who discontinued ibrutinib treatment, 26.8% did so
due to disease progression/death, 55.8% did so due to an AE
or complication, and 17.4% withdrew for other reasons. Among
the 101 patients who discontinued ibrutinib for a reason other
than progression or death, the median time on ibrutinib was
25.9 months (range, 0.2-82.0 months). The median time from
ibrutinib discontinuation to disease progression or death in
these patients was 25 months (Figure 1). We next evaluated PFS
after ibrutinib discontinuation based on the duration of ibrutinib
exposure. Among patients receiving <12 months, 12 to 24
months, and >24 months of ibrutinib before discontinuation,
the median PFS after discontinuation of ibrutinib was 19.3, 30.3,
and 25.0 months, respectively; however, these differences were
not statistically significant (P = .47) (supplemental Figure 2).

We next conducted a multivariable analysis evaluating the rela-
tionship between baseline characteristics (age, gender, Timed
Up and Go test, Cumulative lliness Rating Scale [CIRS] score,
ECOG performance status, creatinine clearance, and baseline
anemia/thrombocytopenia) and discontinuation of ibrutinib for a
reason other than progression or death during follow-up. As
compared with those with a baseline ECOG performance status
0, ECOG performance status 1 (HR, 1.65; 95% Cl, 1.09-2.49;
P = .017) and ECOG performance status 2 (HR, 2.30; 95% ClI,
0.83-6.37; P = .109) were associated with future discontinuation
of ibrutinib for a reason other than progression or death.

Clinical outcomes
As of August 9, 2021, we have observed 158 PFS events and 39
deaths for both arms. Updated analysis of PFS between arms is
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shown in Figure 2A. Patients on the IR arm had superior PFS
among both patients with unmutated IGHV (HR, 0.27; P < .001)
(Figure 2B) and mutated IGHV CLL (HR = 0.27, P = .001)
(Figure 2C). PFS for patients remaining on ibrutinib (ie, censoring
patients who went off ibrutinib for AEs or other reasons) is
shown in Figure 2D.

We next evaluated PFS by CLL IPI risk category for the 384
patients with results for the variables needed to calculate the
CLL IPI score. CLL IPI risk category at baseline stratified PFS for
patients on the FCR arm (Figure 3A) with 5-year PFS of 80%,
56%, and 30% for those in the low-, intermediate-, and high-risk
categories (P = .018; too few patients in very high-risk category
to analyze). However, the CLL IPI risk category at baseline strati-
fied PFS more modestly for patients on the IR arm (Figure 3B)
with a 5-year PFS of 90%, 81%, 70%, and 65% for those in the
low-, intermediate-, high-, and very high-risk categories.

Among IR treated patients, PFS for patients in the very high-risk
category was lower than those in the low (P = .055) and inter-
mediate (P = .022) categories. A comparison of PFS between
arms within each CLL IPI risk category is shown in Figure 3C.
Although sample size limits power for comparison between
arms in some CLL IPI risk groups, IR demonstrated a statistically
significant advantage in PFS relative to FCR for patients in the
intermediate (HR, 0.31; P < .001) and high-risk IPl categories
(HR, 0.25; P < .001).

Updated analysis of OS for patients on both arms is shown in
Figure 4. A small but statistically significant improvement in OS
was observed for patients on the IR arm. Information on known
causes of death and salvage therapy is provided in supplemen-
tal Table 3A-B. A separate analysis of OS for patients with
IGHV mutated and unmutated CLL is shown in supplemental
Figure 1A-B. Although power for this secondary analysis is lim-
ited, a statistically significant advantage in OS was observed for
patients with unmutated IGHV (HR, 0.35; 95% ClI, 0.15-0.80; P =
.01) but not for patients with mutated IGHV (HR, 0.72; 95% ClI,
0.15-3.47; P = .68).

Discussion

We report here longer-term results of the E1912 trial after a
median of 70 months of follow-up. The initial results from this
phase 3 trial established that ibrutinib-based therapy offered
superior PFS and OS to FCR, the most effective CIT regimen for
CLL patients.”™'? With longer follow-up, IR therapy offers statisti-
cally superior PFS to FCR overall and in patients with IGHV
mutated or unmutated CLL. Some,’®?*?* although not all,®

Table 2. Reason for ibrutinib discontinuation

Number of patients

— IR (44 events/101 cases)

Median: 2.1

o
o~
1

o
»~
L

o
N
1

Probability

0.0 1

0 1 2 3 4 5 6

Years since discontinuation
Number at risk

— 101 48 26 14 4 2 0

Figure 1. PFS from discontinuation of ibrutinib. Includes patients who discon-
tinued ibrutinib for reasons other than progression or death and known to be
progression-free at the time of discontinuation.

studies of FCR-treated patients suggest there may be a plateau
in the PFS curve in patients with IGHV mutated CLL that occurs
8 to 10 years after therapy, and longer follow-up from E1912 will
continue to be illustrative for that subset of patients. Nonetheless,
IR therapy exhibits a markedly superior PFS to FCR in patients
with mutated IGHV (HR, 0.27; 95% CI, 0.11-0.62) with current
follow-up. The advantage in OS observed with IR therapy in the
initial report also persists with longer follow-up.

With approximately 6 years of median follow-up, 60% of
patients randomized to ibrutinib-based therapy have remained
on treatment. The most common reason for discontinuing ibruti-
nib was AEs. Approximately 1 in 5 patients randomized to the
ibrutinib arm have discontinued treatment due to an AE with
current follow-up. It should be noted that the median age of
patients enrolled in the E1912 trial was 58 years, where age may
influence tolerability and the ability to remain on long-term
treatment with ibrutinib-based therapy. Higher baseline ECOG
performance status were independent predictors of discontinua-
tion of ibrutinib for a reason other than progression or death.
The relationship between performance status and discontinua-
tion is consistent with the findings of reports in older patients
outside of clinical trials, which identified ECOG performance
status as a predictor of ibrutinib treatment feasibility and out-
come.?*?” |n contrast, the lack of an association between base-
line CIRS score and early discontinuation of ibrutinib is distinct
from prior reports in older patients which reported an increased

Percentage among all IR

Percentage among IR

patients who started IR, patients discontinuing

Reason for discontinuation who discontinued n = 352 treatment, n = 138
Progression or death 37 10.5 26.8
AE or complications 77 21.9 55.8
Withdrawal or other reason* 24 6.8 17.4

*Other reasons: lost insurance (n = 2), missed visits or noncompliance (n = 5), moved to a new location or site (n = 3).
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Figure 2. PFS. (A) PFS among all patients; (B) PFS among patients with unmutated IGHV; (C) PFS among patients with mutated IGHV; (D) PFS for patients remaining
on ibrutinib. Patients who went off ibrutinib for AEs or reasons other than progression are censored at the time of ibrutinib discontinuation.

likelihood of ibrutinib discontinuation among patients with CIRS
scores of =6.2%28 This difference is likely due to the younger
patient age and lower baseline CIRS scores of the patients in
E1912. These observations from E1912 may allow expanded
use of performance status to identify patients who will struggle
with long-term ibrutinib treatment and define a population
for participation in trials of alternative treatment approaches
designed for less fit individuals.

In late 2021, the initial results of a second randomized trial
comparing FCR to IR (ie, the FLAIR [Front-Line therapy in CLL:
Assessment of Ibrutinib-containing Regimens] trial) were reported
in abstract form.? After a median follow-up of 52.7 months, this
trial confirmed a PFS advantage for IR relative to FCR (HR, 0.44;
95% Cl, 0.32-0.6; P < .001)%° that was similar in magnitude to
that reported in the initial results of the E1912 trial (HR, 0.35;
95% Cl, 0.22-0.56; P < .001).” Unlike E1912, no difference in OS
has been observed in the FLAIR trial to date. Differences in sal-
vage therapy may be one explanation for this difference. It is
important to note that the E1912 trial began earlier than FLAIR
and before ibrutinib therapy for relapsed patients had fully
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penetrated routine clinical practice in the United States. Not all of
the 6 patients on the FCR arm of E1912 who died due to CLL
received BTKi therapy before death. Patient age and its relation-
ship to toxicity and ibrutinib-related cardiac events may also be
one factor that explains the difference in the OS results between
E1912 and FLAIR. The median age of the patients on E1912 was
58 years (7.9% >65 years) as compared with the median age of
63 years (24.2% >65 years) in FLAIR. Among the 386 ibrutinib-
treated patients in the FLAIR trial, 9 died of cardiac events as
compared with 1 cardiac death to date in E1912. Accordingly,
one hypothesis for the difference in the OS results between trials
is that the increased number of cardiac deaths in FLAIR, which
may relate to the older age of the patients treated, eliminates
the survival benefit for first-line ibrutinib in younger patients, as
observed in E1912.

The 7-year PFS is ~80% for patients who were able to remain
on ibrutinib therapy, suggesting that disease progression for
patients who remain on therapy is relatively uncommon. Among
those who discontinued ibrutinib for a reason other than pro-
gression (median time on ibrutinib before discontinuation, 25
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Figure 3. PFS by CLL IPI risk group. (A) PFS by CLL IPI risk group for FCR-treated patients; (B) PFS by CLL IPI risk group for IR-treated patients; (C) PFS by treatment

arm within each CLL IPI risk group.
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Figure 4. OS comparison for IR vs FCR arms.

months), the median time to progression exceeded 2 years.
These results suggest that many patients who have had a clinical
response and discontinued ibrutinib for unacceptable toxicity
have a protracted interval before requiring additional therapy.
Although the baseline CLL-IPI risk category did not predict PFS
as effectively in IR-treated patients as it did for FCR, a statisti-
cally shorter PFS was observed for patients in the very high CLL-
IPI risk category relative to patients in the IPI low- and
intermediate-risk categories. Thus, the CLL-IPI still has predictive
value in patients initiating ibrutinib-based therapy; however, new
predictive models that stratify PFS with this treatment approach
more precisely would be beneficial for patient counseling and
management.

The present update also provides more mature information
regarding longer-term toxicity in both treatment arms. Ibrutinib-
based therapy was associated with fewer grade 3+ AEs relative
to FCR across the full length of treatment and follow-up on both
arms. The difference in the prevalence of specific AEs remains
strongly consistent with the initial report. lbrutinib-based therapy
was associated with higher rates of hypertension, atrial fibrilla-
tion, and other cardiac complications, while FCR-based therapy
was associated with higher rates of cytopenias and infectious
complications. To date, few patients on either arm have devel-
oped myelodysplastic syndrome or AML or Richter's transforma-
tion. The latter may be due in part to the exclusion of patients
with deletion 17p from participating in the E1912 trial.

With current follow-up, the proportion of patients developing
a second primary malignancy is higher on the ibrutinib arm,
although this difference is not statistically significant. An increased
risk of second primary cancers has not been reported in other tri-
als of BTKi's. A recent single-center report from The Ohio State
University suggested a 2.2-fold increase in observed vs expected
second primary cancers among patients treated with a BTKi rela-
tive to the general population,® a rate similar to that reported in
previous trials of CLL patients treated with FCR.3"3? An increase
in second primary cancers was not observed on the ibrutinib arm
of the FLAIR trial after a median follow-up of 52.7 months.?” It is
uncertain why BTKi therapy would increase the risk of other can-
cers from a mechanistic standpoint. It has been hoped that first-
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line BTKi-based therapy may reduce second cancer risk in CLL
patients due to restoration of certain components of immune
function.*® Additional follow-up will be necessary to determine if
a difference in second primary malignancies exists between the
arms of E1912, and information on increased second cancer inci-
dence from other ibrutinib trials will also be of interest.

The updated results from E1912 continue to cement a treatment
paradigm favoring targeted therapy, including BTKi-based
therapy, rather than CIT as the preferred approach for previously
untreated CLL patients.®'® In the E1912 trial, this approach
appears to offer more favorable. The PFS, superior OS, as well
as better tolerability. PFS of 72.6% at 6 years for ibrutinib-
treated patients with current follow-up is superior not only to
the FCR arm of the E1912 trial but also that reported with nearly
all previous phase 3 trials of CIT.®"%" The é-year PFS of 43.3%
for the FCR-treated patients in E1912 is nearly identical to that
observed in both the CLL-8 and CLL-10 trials.""""

It should be noted that although patients on the ibrutinib arm of
the E1912 trial also received rituximab, the benefit of adding
anti-CD20 therapy with BTKi is unclear and remains an active
area of investigation. Two previous randomized trials have dem-
onstrated that while adding rituximab to ibrutinio may improve
the depth of remission, it does not improve PFS.4** Based on
this data, most experienced clinicians favor ibrutinib monother-
apy when using ibrutinib as first-line therapy in routine practice.
A more recent randomized trial comparing the BTKi acalabruti-
nib alone or in combination with the more efficient anti-CD20
monoclonal antibody obinutuzumab found a PFS advantage for
the obinutuzumab combination arm.'® Additional studies are
needed to determine the benefits of adding obinutuzumab or
other more effective anti-CD20 monoclonal antibodies to BTKi
therapy in previously untreated CLL patients.

Where do efforts to improve therapy for previously untreated
CLL patients go from here? It is important to emphasize that the
E1912 trial excluded patients with deletion 17p. These individu-
als typically represent 5% to 10% of previously untreated
patients in need of therapy. Although these individuals respond
to BTKi and BCL-2 inhibitor approaches, they typically have a
shorter duration of response. More efficacious approaches are
needed for that subset and are in development.***” For the
remaining 90% to 95% of patients starting first-line therapy,
appropriate goals may include durable remission, favorable tox-
icity profile, eliminating the need for continuous therapy, and an
economically viable approach that makes the most effective
therapies available to patients worldwide. Some progress has
already been made toward these goals. Second generation
BTKi's have been developed, and early results from phase 3 tri-
als of relapsed/refractory patients suggest these novel targeted
agents may have similar efficacy but lower rates of side effects,
including less hypertension, arthralgia, muscle spasms, diarrhea,
and atrial fibrillation (although they may have higher rates of
headache and cough).*® Multiple phase 3 trials are currently
comparing BTKi's to BCL2 inhibitors, comparing newer genera-
tion BTKi's to ibrutinib-based approaches, and evaluating com-
binations of BTK and BCL2 inhibitors in previously untreated
patients with the goal of improving tolerability, achieving unde-
tectable measurable residual disease, longer-lasting remissions,
and eliminating the need for continuous therapy.
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In conclusion, with a median follow-up of approximately 6 years,
the long-term results of the E1912 trial continue to demonstrate
superior PFS and OS for IR therapy relative to FCR in patients
with mutated or unmutated IGHV. First-line IR was generally well
tolerated, with a majority of patients randomized to the ibrutinib
arm continuing treatment as of the time of this report. CLL dis-
ease progression while on ibrutinib is an uncommon event.
Among patients on E1912 who discontinue ibrutinib for a reason
other than progression, the median PFS is 2 years. Additional
longer-term follow-up is necessary to provide further insights on
late toxicities and complications. These results reaffirm ibrutinib-
based treatment as an appropriate first-line therapy option for
the majority of CLL patients aged =70.

Acknowledgments

This study was conducted by the ECOG-ACRIN Cancer Research Group
(Peter J. O'Dwyer and Mitchell D. Schnall, Group Co-Chairs) and
supported by the National Cancer Institute of the National Institutes of
Health under the following award numbers: UT10CA180794, U10CA-
180821, UT0CA180820, UT0CA180888, UGT1CA189859, UGT1CA189863,
UG1CA190140, UG1CA232760, UG1CA233180, UGT1CA233230, UG1CA-
233253, UG1CA233290, and UG1CA233339. Correlative studies were
supported by CA193541. The study was also supported in part by Pharma-
cyclics, Inc. (a subsidiary of AbbVie).

The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of
Health.

Authorship

Contribution: T.D.S., XV.W., and N.EK. designed research; T.D.S.,
XV.w., CAH., EMP, SO, JB, DFJ., EB., JFL, CCZ, SEC,
P.M.B.,, AF.C.,, ARM,, AKS. MPM, RF.L, HE., RMS., ML, MT,,
and N.E.K. performed research; T.D.S., XV.W., CAH., EM.P, S.O.,, JB.,
D.FJ., EB., JF.L,CCZ,SEC, PMB, AF.C, ARM, AKS., M.P.M,,
RF.L, HE,RMS., M.L, M.T., and N.EK. contributed patients or analyti-
cal tools; X.V.W. analyzed data; T.D.S. and X.V.W. wrote the paper; and
N.E.K., CAH. EMP, SO, JB., DFJ., EB., JFL, CCZ, SEC,
P.M.B.,, AF.C.,, ARM, AKS., MPM,, RF.L, HE.,, RMS. ML, MT,,
and N.E.K. critically revised the paper.

Conflict-of-interest disclosure: T.D.S. reports receiving grant support from
Pharmacyclics, AbbVie, and Genentech; and holds a patent (US14/
292075) on green tea extract epigallocatechin gallate in combination
with chemotherapy for chronic lymphocytic leukemia. N.E.K. reports serv-
ing on the advisory board for AbbVie, AstraZeneca, Beigene, Behring,
Cytomx Therapy, Dava Oncology, Janssen, Juno Therapeutics, Onco-
tracker, Pharmacyclics, and Targeted Oncology; serves on the DSMC
(Data Safety Monitoring Committee) for Agios Pharm, AstraZeneca,
BMS-Celgene, Cytomx Therapeutics, Janssen, Morpho-sys, and Rigel;
and has received research funding from AbbVie, Acerta Pharma, Bristol
Myers Squibb, Celgene, Genentech, MEI Pharma, Pharmacyclics, Sunesis,
TG Therapeutics, and Tolero Pharmaceuticals. A.R.M. receives research
support from TG Therapeutics, Pharmacyclics, AbbVie, Johnson and
Johnson, Acerta, AZ, Regeneron, DTRM BioPharma, Sunesis, Loxo Oncol-
ogy Adaptive; and advisory/consultancy/DSMB for TG Therapeutics, Phar-
macyclics, AbbVie, Johnson and Johnson, Acerta, AZ, DTRM BioPharma,
Sunesis, and Adaptive. S.O. receives research support from Kite,
Regeneron, and Gilead; consultant and research support from Gilead,
Pharmacyclics, TG Therapeutics, Pfizer, and Sunesis; consultant for
Amgen, Astellas, Celgene, GSK, Janssen Oncology, Aptose Biosciences
Inc., Vaniam Group LLC, AbbVie, Alexion, Verstem, Eisai, Juno Therapeu-
tics, Vida Ventures, Autolus, Johnson and Johnson, and Merck. J.B.
receives research funding from Oncternal and Velosbio; consultant for

IBRUTINIB/RITUXIMAB VS FCR IN CLL

AbbVie, AstraZeneca, Pharmacyclics/AbbVie, and Kite/Gilead; grant
support and advisory board fees from Pharmacyclics-AbbVie; and lecture
fees and travel support from Janssen, Gilead Sciences, and Genentech.
E.B. reports consulting fees from DASA. S.E.C. receives funds as follows:
institutional research funding from AbbVie, Acerta, Gilead, Janssen, Phar-
macyclics, Takeda; Data Safety Monitoring Committee for Beigene; Clini-
cal Trial Steering Committee for Acerta; consultancy from AbbVie,
Adaptive, Astellas, AstraZeneca, Genentech, Gilead, Janssen, and Phar-
macyclics; honoraria from Janssen, Pharmacyclics, (CME accredited) Ime-
dex, and Medscape; travel expenses from AbbVie, Beigene, Genentech,
Janssen, and Pharmacyclics; and expert witness for Genentech. P.M.B.
consulted for Pharmacyclics, AbbVie, Genentech, Gilead, AstraZeneca,
Bayer, Merck, Celgene/BMS, Morphosys, TG Therapeutics, and Seattle
Genetics. A.F.C. reports serving on the advisory board for SecuraBio and
ADC Therapeutics and receiving research funding from SecuraBio. A.R.M.
receives grant support, consulting fees, fees for serving on a data and
safety monitoring board, and advisory board fees from TG Therapeutics;
grant support, consulting fees, and advisory board fees from Pharmacy-
clics, Johnson & Johnson, AbbVie, and AstraZeneca; grant support from
Regeneron; fees for serving on a data and safety monitoring board and
advisory board fees from Celgene; grant support and advisory board fees
from Sunesis Pharmaceuticals and Loxo Oncology; and lecture fees, fees
for continuing medical education events and other events from prIME
Oncology. H.E. receives research funding from AbbVie, Agios, Amgen,
Daiichi Sankyo, Forma, Forty Seven/Gilead, Glycomimetics, ImmunoGen,
Jazz, Macrogenics, and Novartis; member of advisory boards for AbbVie,
Agios, Astellas, Celgene/BMS, Daiichi Sankyo, Genentech, Glycomimet-
ics, Incyte, Jazz, Kura Oncology, Novartis, Takeda, and Trillium; speakers
bureau for AbbVie, Agios, Amgen Celgene/BMS, Incyte, Jazz, and Novar-
tis; financial or material support from AbbVie (Chair, Independent Review
Committee for VIALE A and VIALE C) and Celgene/BMS (Chair, AML
Repository Study). M.T. receives research funding from AbbVie, Cellerant,
Orsenix, ADC Therapeutics, Biosight, Glycomimetics, Rafael Pharmaceuti-
cals, and Amgen; member of advisory board for AbbVie, BioLineRx,
Daiichi-Sankyo, Orsenix, KAHR, Rigel, Nohla, A Fly Pharma, Tetraphase,
Oncolyze, Jazz Pharma, Roche, Biosight, and Novartis; and receives royal-
ties from UpToDate. RM.S. reports grants and personal fees from
AbbVie, Agios, and Novartis; grants from Arog; personal fees from Actin-
ium, Argenx, Astellas, AstraZeneca, Biolinerx, Celgene, Daiichi-Sankyo,
Elevate, Gemoab, Janssen, Jazz, Macrogenics, Otsuka, Pfizer, Hoffmann
La Roche, Stemline, Syndax, Syntrix, Syros, Takeda, and Trovagene out-
side the submitted work. M.L. receives grant support and consulting fees
from Amgen; grant support from Astellas Pharma, AbbVie, Actinium Phar-
maceuticals, Novartis, and Pluristem Therapeutics; and consulting fees
from Sanofi and NewLink Genetics. The remaining authors declare no
competing financial interests.

ORCID profiles: S.O'Brien, 0000-0002-2481-7504; E.B., 0000-0003-
3860-4830; P.M.B., 0000-0002-9733-401X; R.F.L., 0000-0002-4091-
1699; H.E., 0000-0003-1093-2189; M.L., 0000-0002-9816-6302; N.E.
K., 0000-0002-5951-5055.

Correspondence: Tait Shanafelt, Division of Hematology, Department
of Medicine, Stanford University School of Medicine, Stanford, CA
94305-5101; e-mail: tshana@stanford.edu.

Footnotes

Submitted 29 November 2021; accepted 25 March 2022; prepublished
online on Blood First Edition 16 April 2022. DOl 10.1182/
blood.2021014960.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article
is hereby marked "“advertisement” in accordance with 18 USC section
1734.

€ blood” 14 JULY 2022 | VOLUME 140, NUMBER 2 119

%20z AeIN 90 uo 3sanb Aq Jpd-096+10120ZPIGPO0IA/6899061/ZL L/2/0Y L /Pd-ajo1e/poojq/jausuonedligndyse//:diy woly papeojumoq


http://orcid.org/0000-0002-2481-7504
http://orcid.org/0000-0003-3860-4830
http://orcid.org/0000-0003-3860-4830
http://orcid.org/0000-0002-9733-401X
http://orcid.org/0000-0002-4091-1699
http://orcid.org/0000-0002-4091-1699
http://orcid.org/0000-0003-1093-2189
http://orcid.org/0000-0002-9816-6302
http://orcid.org/0000-0002-5951-5055
mailto:tshana@stanford.edu
http://www.bloodjournal.org/content/140/2/80

REFERENCES

1.

Byrd JC, O'Brien S, James DF. Ibrutinib in
relapsed chronic lymphocytic leukemia.
N Engl J Med. 2013;369(13):1278-1279.

Roberts AW, Davids MS, Pagel JM, et al.
Targeting BCL2 with venetoclax in relapsed
chronic lymphocytic leukemia. N Engl J
Med. 2016;374(4):311-322.

Farooqui MZ, Valdez J, Martyr S, et al.
Ibrutinib for previously untreated and relapsed
or refractory chronic lymphocytic leukaemia
with TP53 aberrations: a phase 2,

single-arm trial. Lancet Oncol. 2015;16(2):
169-176.

Burger JA, Tedeschi A, Barr PM, et al;
RESONATE-2 Investigators. Ibrutinib as
initial therapy for patients with chronic
lymphocytic leukemia. N Engl J Med. 2015;
373(25):2425-2437.

Flinn IW, Gribben JG, Dyer MJS, et al. Phase
1b study of venetoclax-obinutuzumab in pre-
viously untreated and relapsed/refractory
chronic lymphocytic leukemia. Blood. 2019;
133(26):2765-2775.

Woyach JA, Ruppert AS, Heerema NA, et al.
Ibrutinib regimens versus chemoimmunotherapy
in older patients with untreated CLL. N Engl J
Med. 2018;379(26):2517-2528.

Shanafelt TD, Wang XV, Kay NE, et al.
lbrutinib-rituximalb or chemoimmunotherapy
for chronic lymphocytic leukemia. N Engl J
Med. 2019;381(5):432-443.

Moreno C, Greil R, Demirkan F, et al.
lborutinib plus obinutuzumab versus
chlorambucil plus obinutuzumab in first-line
treatment of chronic lymphocytic leukaemia
(iILLUMINATE): a multicentre, randomised,
open-label, phase 3 trial. Lancet Oncol.
2019;20(1):43-56.

Fischer K, Al-Sawaf O, Bahlo J, et al.
Venetoclax and obinutuzumab in patients
with CLL and coexisting conditions. N Engl J
Med. 2019;380(23):2225-2236.

. Sharman JP, Egyed M, Jurczak W, et al.

Acalabrutinib with or without obinutuzumab
versus chlorambucil and obinutuzmab for
treatment-naive chronic lymphocytic leukaemia
(ELEVATE TN): a randomised, controlled, phase
3 trial. Lancet. 2020;395(10232):1278-1291.

. Hallek M, Fischer K, Fingerle-Rowson G, et al;

German Chronic Lymphocytic Leukaemia
Study Group. Addition of rituximab to
fludarabine and cyclophosphamide in patients
with chronic lymphocytic leukaemia: a
randomised, open-label, phase 3 trial. Lancet.
2010;376(9747):1164-1174.

. Eichhorst B, Fink AM, Bahlo J, et al; German

CLL Study Group (GCLLSG). First-line
chemoimmunotherapy with bendamustine
and rituximab versus fludarabine,
cyclophosphamide, and rituximab in patients
with advanced chronic lymphocytic
leukaemia (CLL10): an international, open-
label, randomised, phase 3, non-inferiority
trial. Lancet Oncol. 2016;17(7):928-942.

. Fischer K, Bahlo J, Fink AM, et al. Long-term

remissions after FCR chemoimmunotherapy
in previously untreated patients with CLL:

20.

21.

22.

23.

24.

25.

updated results of the CLL8 trial. Blood.
2016;127(2):208-215.

. Hallek M, Cheson BD, Catovsky D, et al;

International Workshop on Chronic
Lymphocytic Leukemia. Guidelines for the
diagnosis and treatment of chronic
lymphocytic leukemia: a report from the
International Workshop on Chronic
Lymphocytic Leukemia updating the National
Cancer Institute-Working Group 1996 guide-
lines. Blood. 2008;111(12):5446-5456.

. Stilgenbauer S, Schnaiter A, Paschka P, et al.

Gene mutations and treatment outcome in
chronic lymphocytic leukemia: results from the
CLLS8 trial. Blood. 2014;123(21):3247-3254.

. Salvi F, Miller MD, Grilli A, et al. A manual of

guidelines to score the modified cumulative
illness rating scale and its validation in acute
hospitalized elderly patients. J Am Geriatr
Soc. 2008;56(10):1926-1931.

. Goede V, Fischer K, Busch R, et al.

Obinutuzumab plus chlorambucil in patients
with CLL and coexisting conditions. N Engl J
Med. 2014;370(12):1101-1110.

. Podsiadlo D, Richardson S. The timed “Up &

Go": a test of basic functional mobility for
frail elderly persons. J Am Geriatr Soc. 1991;
39(2):142-148.

. Goede V, Bahlo J, Chataline V, et al.

Evaluation of geriatric assessment in patients
with chronic lymphocytic leukemia: results of
the CLL9 trial of the German CLL study

group. Leuk Lymphoma. 2016;57(4):789-796.

International CLL-IPI working group. An
international prognostic index for patients
with chronic lymphocytic leukaemia (CLL-IPI):
a meta-analysis of individual patient data.
Lancet Oncol. 2016;17(6):779-790.

Hallek M, Cheson BD, Catovsky D, et al.
iwCLL guidelines for diagnosis, indications
for treatment, response assessment, and
supportive management of CLL. Blood.
2018;131(25):2745-2760.

Kutsch N, Bahlo J, Robrecht S, et al. Long
term follow-up data and health-related qual-
ity of life in frontline therapy of fit patients
treated with FCR versus BR (CLL10 trial of
the GCLLSG). HemaSphere. 2020;4(1):e336.

Rossi D, Terzi-di-Bergamo L, De Paoli L, et al.
Molecular prediction of durable remission
after first-line fludarabine-cyclophosphamide-
rituximab in chronic lymphocytic leukemia.
Blood. 2015;126(16):1921-1924.

Lin KI, Tam CS, Keating MJ, et al. Relevance
of the immunoglobulin VH somatic mutation
status in patients with chronic lymphocytic
leukemia treated with fludarabine,
cyclophosphamide, and rituximab (FCR) or
related chemoimmunotherapy regimens.
Blood. 2009;113(14):3168-3171.

Jain P, Nogueras Gonzélez GM, Kanagal-
Shamanna R, et al. The absolute percent
deviation of IGHV mutation rather than a
98% cut-off predicts survival of chronic lym-
phocytic leukaemia patients treated with flu-
darabine, cyclophosphamide and rituximab.
Br J Haematol. 2018;180(1):33-40.

120 € blood® 14 JULY 2022 | VOLUME 140, NUMBER 2

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Tedeschi A, Frustaci AM, Mauro FR, et al.
Do age, fitness, and concomitant
medications influence management and
outcomes of patients with CLL treated with
ibrutinib? Blood Adv. 2021;5(24):5490-5500.

UK CLL Forum. lbrutinib for relapsed/refractory
chronic lymphocytic leukemia: a UK and
Ireland analysis of outcomes in 315 patients.
Haematologica. 2016;101(12):1563-1572.

Gordon MJ, Churnetski M, Algahtani H, et al.
Comorbidities predict inferior outcomes in
chronic lymphocytic leukemia treated with
ibrutinib. Cancer. 2018;124(15):3192-3200.

Hillmen P, Pitchford A, Bloor A, et al.
Ibrutinib plus rituximab is superior to FCR in
previously untreated CLL: results of the
phase Il NCRI FLAIR trial. Blood. 2021;
138(suppl 1):642. Abstract 642.

Bond DA, Huang Y, Fisher JL, et al. Second
cancer incidence in CLL patients receiving BTK
inhibitors. Leukemia. 2020;34(12):3197-3205.

Tsimberidou AM, Wen S, McLaughlin P, et al.
Other malignancies in chronic lymphocytic
leukemia/small lymphocytic lymphoma. J Clin
Oncol. 2009;27(6):904-910.

Benjamini O, Jain P, Trinh L, et al. Second
cancers in patients with chronic lymphocytic
leukemia who received frontline fludarabine,
cyclophosphamide and rituximab therapy:
distribution and clinical outcomes. Leuk
Lymphoma. 2015;56(6):1643-1650.

Burger JA, Sivina M, Jain N, et al. Randomized
trial of ibrutinib vs ibrutinib plus rituximab in
patients with chronic lymphocytic leukemia.
Blood. 2019;133(10):1011-1019.

Jain N, Keating M, Thompson P, et al.
Ibrutinib and venetoclax for first-line treat-
ment of CLL. N Engl J Med. 2019;380(22):
2095-2103.

Rogers KA, Huang Y, Ruppert AS, et al.
Phase Il study of combination
obinutuzumab, ibrutinib, and venetoclax in
treatment-naive and relapsed or refractory
chronic lymphocytic leukemia. J Clin Oncol.
2020;38(31):3626-3637.

Turtle CJ, Hay KA, Hanafi LA, et al. Durable
molecular remissions in chronic lymphocytic
leukemia treated with CD19-specific chime-
ric antigen receptor-modified T cells after
failure of ibrutinib. J Clin Oncol. 2017;
35(26):3010-3020.

Gauthier J, Hirayama AV, Purushe J, et al.
Feasibility and efficacy of CD19-targeted
CAR T cells with concurrent ibrutinib for CLL
after ibrutinib failure. Blood. 2020;135(19):
1650-1660.

Byrd JC, Hillmen P, Ghia P, et al.
Acalabrutinib versus ibrutinib in previously
treated chronic lymphocytic leukemia:
results of the first randomized phase Il trial.
J Clin Oncol. 2021;39(31):3441-3452.

© 2022 by The American Society of Hematology. Licensed

under Creative Commons Attribution-NonCommercial-
NoDerivatives 4.0 International (CC BY-NC-ND 4.0),
permitting only noncommercial, nonderivative use with

attribution. All other rights reserved.

SHANAFELT et al

%20z AeIN 90 uo 3sanb Aq Jpd-096+10120ZPIGPO0IA/6899061/ZL L/2/0Y L /Pd-ajo1e/poojq/jausuonedligndyse//:diy woly papeojumoq


https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

	TF1
	TF2
	TF3

