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Abstract
Fludarabine, cyclophosphamide and rituximab (FCR) was compared to bendamustine and rituximab (BR) in an international,
randomized, open label, phase 3 trial in 561 previously untreated, fit patients with chronic lymphocytic leukemia (CLL) without del
(17p). Primary endpoint was progression free survival (PFS). The final primary endpoint analysis after 37.1 months median follow up
failed to show the non-inferiority of BR as compared with FCR. With extended median follow up of 58.2months, median PFS was
42.3months in BR-treated patients versus 57.6months for FCR-treated patients (Hazard Ratio [HR] 1.593; 95%CI 1.271–1.996; p<
0.0001). For patients>65years, median PFS was 48.5months with BR versus 57.9months with FCR without reaching statistical
significance (HR 1.352; 95%CI 0.912–2.006; p=0.134). Median OSwas not reached for both armswith 5-year OS rates of 80.1% vs
80.9%, respectively (HR 1.108; 95% CI 0.755–1.627; p=0.599). No statistically significant difference was found in the time to
secondary malignancy between the 2 groups (at 5years, 86.6% free from secondary malignancies in the BR group vs 83.8% in the
FCR group [HR 0.801; 95% CI 0.507–1.267; p=0.344]). In patients >65years secondary neoplasia occurred more frequently after
FCR treatment [28 of 86 (32.6%) patients] as compared with BR [18 of 107 (16.8%) patients; p=0.011]. Health-related quality of life
was similar in both treatments. Despite the improved PFS for FCR, OS did not differ. These results also suggest an increase in
secondary neoplasia associated with FCR in elderly fit CLL patients.
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Introduction
 CLL without del (17p). The study was performed according to
In physically fit patients, chemoimmunotherapy is still a good
choice as first line treatment of chronic lymphocytic leukemia
(CLL) despite the approval of targeted drugs like ibrutinib, which
has shown promising results alone or in combination in
treatment-naive patients with respect to progression-free survival
(PFS),1–3 but not with regard to overall survival (OS) when
compared to bendamustine and rituximab (BR).2 Recently, data
on improved PFS and OS were reported for ibrutinib in
combination with rituximab compared to fludarabine, cyclo-
phosphamide and rituximab (FCR) in younger CLL patients with
good health status.3 However, it should be noted that the number
of events remains small and median follow up is short.
Furthermore, no significant difference in PFS between both arms
was detected in the IGVH mutated subgroup in this trial.3

The combination of FCR has already demonstrated a prolonged
survival and disease control in treatment naïve CLL, in young, fit
untreated patients without del17p and with mutated IGHV.4–6

However, the preliminary data has shown that the combination of
the alkylating agent bendamustine in combination with the CD20-
antibody rituximab may have similar efficacy and less toxicity in
this patient population.7 The CLL10 study of the German CLL
study group (GCLLSG) was designed as an international phase 3
non-inferiority trial, comparing FCR to BR in patients with normal
creatinine clearance and low comorbidity score and without del
(17p). The final primary endpoint analysis of this trial after 37.1
months median observation time showed a longer PFS in the FCR
treated patient group with median 55.2months as compared to
41.7 in the BR arm and failed to show non-inferiority of BR as
compared with FCR with a corresponding non-inferiority margin
of 1.388. Of note, toxicity was higher after FCR, particularly in
patientsolder than65years.6Therefore, long-termfollowupdata is
of interest in order to evaluate late toxicities of FCR in comparison
to BR. Importantly, patient reported outcomes have gained
increasing interest by clinical researchers especially in chronic
diseases like CLL. Here we present the extended follow up data of
the studywith amedian observation timeof 58.2months, including
long-term safety data, as well as health-related quality of life data.

Subjects and methods

Study design and patients

The study design of the CLL10 trial has been reported
previously.6 In summary, we conducted a randomized, open label
phase 3 trial in previously untreated, fit patients with advanced
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the Declaration of Helsinki and each patient provided written
informed consent before central screening. Six hundred eighty-
eight patients were recruited by 158 sites (Supplemental Data
Table S1, http://links.lww.com/HS/A60) between October 2008
and July 2011, 561 were included after central screening. Within
the 2-group, parallel design, the standard treatment consisted of
six 28-day cycles of either intravenous FCR or BR. According to
the protocol, there was no primary prophylaxis neither with
antibiotics nor growth factors prescribed. In cases of severe
neutropenia lasting more than 7days, prophylaxis with cotri-
moxazole against Pneumocystis jirovecii infection was recom-
mended. G-CSF was only administered in case of severe
neutropenia with fever ≥38.5°C or hypothermia, either with or
without suspected or documented infection. After final restaging,
patients were followed-up every 3 months during the first 2years
and every 6months during the next 3years unless the patient
terminated the close follow up earlier due to progression, new
CLL treatment or death. Patients whose disease progressed or
who received new treatment were followed-up annually within
the study protocol until 5years after final restaging. Patients were
followed up within the registry of the GCLLSG, if the patient was
included by a center participating in the GCLLSG registry and the
patient signed the agreement for the registry. All patients who
received at least one dose of any study drug were included in the
safety analysis on secondary malignancies (N=557).

Study procedures and end points

Comprehensive assessment at baseline including confirmation
of diagnosis by immunophenotyping, as well as central
fluorescence in situ hybridization (FISH) and IGHV mutational
status were previously described.6 Responses and disease
progression were assessed according to the IWCLL response
criteria8 by the study investigators and afterwards confirmed by a
central, investigator-independent medical review. The primary
objective of this study was the non-inferiority of BR compared to
the standard treatment of FCR concerning the primary endpoint
progression-free survival. Beyond already reported secondary
endpoints, such as safety results, MRD rates, response in
biologically defined subgroups, event-free survival and OS,
health-related quality of life (HRQOL) according to the EORTC-
C30 questionnaire including the fatigue scale were also analyzed.
These questionnaires were sent to all patients at baseline and after
3 months at interim staging, at initial response assessment (1
month after beginning of the last cycle of treatment) and at final
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restaging (2months after initial response assessment), then 6, 12,
24, 36, 48, and 60months after final restaging and then annually,
until the end of the study. This report presents the updated
primary efficacy analysis, PFS and the main secondary endpoint
OS, long-term safety results including secondary malignancies
(including Richter’s transformation, solid tumors, hematological
neoplasia, and skin tumors) as well as HRQOL analyses.
Additionally, collected data on subsequent treatments for CLL
and the time to next CLL treatment (TTNT) were analyzed.
Statistical analysis

Time-to-event efficacy endpoints were analyzed using both
Kaplan–Meier methodology. Hazard ratios (HRs) including
95% confidence intervals (CI) were calculated using proportion-
al-hazards Cox regressions and tested using the likelihood ratio
test. PFS was calculated from randomization to disease
progression or death from any cause and OS from the date of
randomization to death from any cause. TTNTwas defined as the
time between randomization and the start of the first subsequent
treatment for CLL. Time to secondary malignancy referred to the
time between randomization and date of first diagnosis of
secondary malignancy. For sensitivity, a competing risk analysis
was performed considering death without documented secondary
malignancy as competing event. Independent prognostic factors
for PFS and OS were identified by multivariable analyses using
Cox proportional hazards regression models with forward
stepwise selection and confirmed by using backward selection.
All variables with significant association to PFS or OS in
Figure 1. (A)PrimaryendpointPFS(B)PFSaccording to treatmentandage (C)PF
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univariable analyses were included in the Cox models. As a pre-
specified subgroup analysis, the interaction with study treatment
was explored for the factors: age at baseline, IGHV mutational
status and CLL-IPI risk group. A term for the interaction was
included between the respective factor and the study treatment in
a Cox regression model. HRQOL was evaluated using the
EORTC C30 questionnaire. The global health status, functional
and single item scales were calculated according to the standard
procedure as given by the EORTC-QLQ-C30 manual. Age- and
sex-matched scores of the general population were calculated
according to Schwarz et al.9 The global health status as well as the
fatigue scale were selected in advance as primary domains for
detailed analyses due to their relevance at baseline. Significance
was defined as p<0.05 without adjustments for multiple testing.
Reported p-values have an exploratory character. Analyses were
performed using Statistical Package for the Social Sciences (SPSS)
for Windows version 23 (SPSS, Chicago, IL).
Results

Five hundred sixty-one patients were randomized between
October 2008 and July 2011. Two hundred eighty-two of these
patientswere allocated to the FCRarmand279 to the BRarm.The
results of the extended follow up data presented here comprise
study data with a median observation time of 58.2 months for all
patients being alive. Regarding the PFS analysis, 27 of 282 FCR
patients (9.6%) diedwithout disease progression,while theCLL of
106 (37.6%) progressed. Among the 279 patients in the BR arm,
18died (6.5%) and in 159 (57.0%)patients, the disease progressed
Saccordingto IGHVstatus (D)PFSaccordingto IGHVstatus inpatients�65.
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Figure 1. (Continued).
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(Supplemental data, Fig. S1, http://links.lww.com/HS/A60). As
described previously,6 more patients in the BR arm exhibited an
unmutated IGHVstatus (67.8%vs 55.3%) andwere older than70
years (18.3% vs. 9.9%). The CLL-IPI10 could be determined for
525 patients with all factors available except for TP53 mutational
status.Considering theCLL-IPI risk groups, 22.7%were in the low
CLL-IPI risk group, 41.5% in the intermediate risk group, 35.8%
in the high-risk group, and 0.0% in the very high-risk group
(because 17p was an exclusion criterion). Comparing the CLL-IPI
in the two treatment arms, more low risk patients and fewer high-
risk patients were distributed onto the FCR arm (low: FCR28.7%
vs BR 16.5%, intermediate FCR 43.0% vs BR 40.0%, high FCR
28.3% vs BR 43.5%; very high FCR 0.0% vs BR 0.0%).
Progression-free survival

Efficacy results of the long-term follow up confirmed
previously published results.6 PFS was significantly shorter for
BR-treated patients with amedian of 42.3months vs 57.6months
in FCR treated patients (HR 1.593; 95% CI 1.271–1.996; p<
0.0001) (Fig. 1A). In a second step, PFS was evaluated according
to treatment arm and age at study entry. There was no significant
interaction between study treatment and age regarding PFS (p=
0.261) (Fig. 2A). Younger patients up to 65 years of age had a
median PFS of 38.2 months in the BR arm whereas FCR-treated
patients�65 years had a median PFS of 57.6 months (HR 1.771;
5

95% CI 1.344–2.335; p<0.0001) (Fig. 1B). Older patients over
65 years had a median PFS of 48.5 months in the BR treated
population and 57.9 months in the FCR treated group (HR
1.352, 95% CI 0.912–2.006; p=0.134) (Fig. 1B). There was no
statistical significant difference for PFS within the BR arm
between both age groups [�65: median PFS 38.2 months vs>65:
median PFS 48.5 months (HR 0.767; 95% CI 0.562–1.046; p=
0.094)]. Similarly, no statistical difference for PFS in the FCR arm
between both age groups was detected [�65: median PFS 57.6 vs
>65: median PFS 57.9 (HR 1.018; 95% CI 0.707–1.464; p=
0.925)]. Furthermore, no significant interaction between study
treatment and IGHV mutational status (p=0.627) was observed
concerning PFS (Fig. 2A). As for patients with an unmutated
IGHV status, BR treated patients had a significantly shorter PFS
(median PFS 33.9 vs 43.0 months in FCR treated patients [HR
1.545; 95% CI 1.181–2.022; p=0.0015]). The shorter PFS
observed with BR in patients with mutated IGHV did not reach
statistical significance in comparison to the FCR treated group
(68.9 months vs not reached; HR 1.356; 95% CI 0.872–2.137;
p=0.173) (Fig. 1C). Differences within each treatment arm
between the IGHV mutated and IGHV unmutated subgroups
were significant for BR [median PFS 68.9 months for IGHV
mutated vs 33.9 months for IGHV unmutated (HR 2.860; 95%
CI 1.971–4.148; p<0.0001)] as well as for FCR [median PFS not
reached for IGHV mutated and 43.0 months for IGHV
unmutated (HR 2.431; 95% CI 1.674–3.530; p<0.0001)].
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In the subgroup of patients �65 years, BR patients with an
unmutated IGHV status had a significant shorter median PFS
than patients treated with FCR (median PFS 30.6 vs 43.1 months
[HR 1.706; 95%CI 1.222–2.383; p=0.002]), while the apparent
difference between patients with a mutated IGHV status did not
reach statistical significance (BR: 59.1 months vs FCR: not
reached [HR 1.513; 95% CI 0.898–2.549; p=0.120]) (Fig. 1D).
In patients older than 65 years, PFS according to different IGHV
mutational status resulted in no significant difference between the
single arms (Supplemental Data, Fig. S2a, http://links.lww.com/
HS/A60).
In patients with del11q, median PFS was prolonged after FCR

with 39.9 months compared to 26.6 months after BR [HR 2.335;
95% CI 1.553–3.510; p<0.001] (Supplemental Data, Fig. S2b,
http://links.lww.com/HS/A60).
There was a significant interaction between CLL-IPI risk

groups and study treatment (p<0.001). The hazard ratio was
more strongly in favor of FCR in the high-risk group compared
with the other 2 risk groups (Fig. 2A). In a multivariate analysis,
variables that were independently associated with shorter PFS
were elevated serum thymidine kinase level >10U/L (vs �10.0;
HR 1.402; 95% CI 1.047–1.876; p=0.023), unmutated IGHV
status (vs mutated, HR 1.916; 95%CI 1.436–2.556; p=0.0001),
deletion 11q (vs no, HR 1.825; 95% CI 1.406–2.370; p<
0.0001) and BR treatment (vs FCR; HR 1.634; 95% 1.291–
2.069; p<0.0001).
Overall survival

Median overall survival (OS) was not reached for either group.
Five-yearOS in all patientswas80.1%in the BRarmand80.9% in
Figure 2. Forrest plot showing (A) progression-free survival of subgrou
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the FCR arm (HR 1.108; 95% CI 0.755–1.627; p=0.599)
(Fig. 3A). No significant interaction between study treatment and
the different age groups could be shown for OS (p=0.050)
(Fig. 2B). According to the age subgroups, 5-year OS for patients
�65 yearswas81.1%for BR-treated patients and 85.6%for FCR-
treated patients (HR 1.516; 95% CI 0.894–2.581; p=0.122). In
patients above 65 years 5-year OS was 78.8% for BR, but 70.9%
for FCR (HR 0.712; 95% CI 0.403–1.256; p=0.241) (Fig. 3B).
Also, no significant interactionbetween study treatment and IGHV
mutational status (p=0.171) was found for OS (Fig. 2B). OS
according to IGHV status showed no statistically significant
differences between both arms (unmutated IGHV: BR: 5-year OS
72.9% vs FCR 75.5% [HR 1.203; 95% CI 0.767–1.887; p=
0.420]; mutated IGHV: BR 93.3% vs FCR 87.6% [HR 0.573;
95% CI 0.236–1.393; p=0.219]) (Fig. 3C). Regarding OS
according to IGHV status in the different age groups �65
(unmutated IGHV: BR: 5-year OS 72.9% vs FCR 81.2% [HR
1.691; 95% CI 0.897–3.185; p=0.104]; mutated IGHV: BR
93.4% vs FCR 89.4% [HR 0.808; 95% CI 0.271–2.414; p=
0.703]) (Fig. 3D) and >65 years (Supplemental data Fig. S3a,
http://links.lww.com/HS/A60), no significant difference could be
seen.
There was no significant interaction between study treatment

and CLL-IPI risk group regardingOS (p=0.806) (Fig. 2B). The 5-
year OS in the different CLL-IPI risk groups10 was 91.7% for the
low risk group, 80.6% for the intermediate risk group and 72.5%
for the high risk group (Supplemental data Fig. S3b, http://links.
lww.com/HS/A60). Five-year OS for BR (Supplemental data
Fig. S3c, http://links.lww.com/HS/A60) in the low risk group was
92.3%, in the intermediate risk group 83.4% and in the high
risk group 70.7%, whereas in the FCR arm (Supplemental data
ps for FCR vs BR (B) overall survival of subgroups for FCR vs BR.

http://links.lww.com/HS/A60
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Figure 3. (A)OS forall patients (B)OSaccording to treatment andage (C)OSaccording to IGHVstatus (D)OSaccording to IGHVstatus inpatients�65.
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Table 1

Patients With Documented Death Cases and Documented Death Cases.

Total FCR BR

Patients, N (%) Cases, N (%) Patients, N (%) Cases, N (%) Patients, N (%) Cases, N (%)

�65 >65 �65 >65 �65 >65 �65 >65 �65 >65 �65 >65

All patients [ITT] 367 194 196 86 171 108
Total 56 (15.3) 49 (25.3) 56 49 24 (12.2) 27 (31.4) 24 27 32 (18.7) 22 (20.4) 32 22
CLL 12 (3.3) 6 (3.1) 12 (21.4) 6 (12.2) 6 (3.1) 3 (3.5) 6 (25.0) 3 (11.1) 6 (3.5) 3 (2.8) 6 (18.8) 3 (13.6)
Richter syndrome 6 (1.6) 2 (1.0) 6 (10.7) 2 (4.1) 0 (0.0) 2 (2.3) 0 (0.0) 2 (7.4) 6 (3.5) 0 (0.0) 6 (18.8) 0 (0.0)
Adverse event of FCR/BR therapy 1 (0.3) 2 (1.0) 1 (1.8) 2 (4.1) 1 (0.5) 1 (1.2) 1 (4.2) 1 (3.7) 0 (0.0) 1 (0.9) 0 (0.0) 1 (4.5)
Adverse event of subsequent therapy 6 (1.6) 1 (0.5) 6 (10.7) 1 (2.0) 3 (1.5) 1 (1.2) 3 (12.5) 1 (3.7) 3 (1.8) 0 (0.0) 3 (9.4) 0 (0.0)
Infection 9 (2.5) 10 (5.2) 9 (16.1) 10 (20.4) 1 (0.5) 6 (7.0) 1 (4.3) 6 (22.2) 8 (4.7) 4 (3.7) 8 (25.0) 4 (18.2)
Concomitant disease 5 (1.4) 11 (5.7) 5 (8.9) 11 (22.4) 3 (1.5) 3 (3.5) 3 (12.5) 3 (11.1) 2 (1.2) 8 (7.4) 2 (6.3) 8 (36.4)
Secondary malignancy 11 (3.0) 13 (6.7) 11 (19.6) 13 (26.5) 6 (3.1) 8 (9.3) 6 (25.0) 8 (29.6) 5 (2.9) 5 (4.6) 5 (15.6) 5 (22.7)
Unknown 5 (1.4) 4 (2.1) 5 (8.9) 4 (8.2) 3 (1.5) 3 (3.5) 3 (12.5) 3 (11.1) 2 (1.2) 1 (0.9) 2 (6.3) 1 (4.5)
Other 1 (0.3) 0 (0.0) 1 (1.8) 0 (0.0) 1 (0.5) 0 (0.0) 1 (4.2) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Table 2

Second-line Therapies; Antibody Alone Subsumes Rituximab,
Alemtuzumab, Obinutuzumab, Ofatumumab; Ibrutinib or Idelalisib
Subsume Ibrutinib, BRI vs BR + Placebo, CLL2BIG Study, Idelalisib
and Idelalisib + Rituximab; Lenalidomide Subsumes Lenalidomide
and BRL

Total FCR BR
N=184 (32.8% of
561 patients)

N=76 (27.0% of
282 Patients)

N=108 (38.7% of
279 Patients)

(2020) 4:1 www.hemaspherejournal.com
Fig. S3d, http://links.lww.com/HS/A60), 5-year OS was 91.4% in
the low risk group, 78.0% in the intermediate risk group and
74.7% in the high risk group.
In the multivariate analysis, factors significantly associated

with OS were serum-TK>10.0U/l (vs �10.0; HR 2.446, 95%
CI 1.347–4.441, p=0.003) and unmutated IGHV mutational
status (vs mutated; HR 2.144, 95% CI 1.330–3.457, p=0.002).
In total, 56 (15.3%) deaths occurred in the younger age group

�65 years (Table 1).More patients younger than 65 died after BR
(N=32, 57.1% [18.7% of younger patients treated with BR])
than after FCR (N=24, 42.1% [12.2% of all younger patients
treated with FCR]). Only 4 (7.1%) of the death cases happened
on or shortly after therapy (within 6 months after end of study
treatment), 12 (21.4%) occurred in remission and 40 (71.4%)
after relapse. Causes of death were mainly CLL (N=12; 3.3% of
all patients and 21.4% of all death cases; [6 in the FCR and 6 in
the BR arm]), secondary malignancies (N=11; 3.0% and 19.6%,
respectively [6 in the FCR and 5 in the BR arm]) and infections
(N=9; 2.5% and 16.1%, respectively [1 in the FCR and 8 in the
BR arm]) including 5 patients dying of sepsis and 2 patients dying
of pneumonia. A total of 49 (25.3%) death cases happened in the
group of elderly patients >65 years. Here, deaths were less
observed after BR (N=22, 44.9% [20.4% of all elderly patients
treatedwith BR]) compared to FCR (N=27, 45.1% [31.4%of all
elderly patients treated with FCR]). Ten (20.4%) deaths occurred
during or shortly after therapy, 18 (36.7%) in remission and
21 (42.9%) after relapse. In this age group, the most common
causes of death were secondary malignancies (N=13, 6.7% of all
patients and 26.5% of all death cases [8 in the FCR and 5 in the
BR arm]), concomitant diseases (N=11, 5.7% and 22.44%,
respectively [3 in the FCR and 8 in the BR arm]) and infections
(N=10; 5.2% and 20.4%, respectively [6 in the FCR and 4 in the
BR arm]) including 4 cases with sepsis and 2 cases with
pneumonia, followed by CLL (N=6; 3,1% and 12.2%,
respectively [3 in the FCR and 3 in the BR arm]) (Table 1).
FCR 39 (21.2%) 6 (7.9%) 33 (30.6%)
BR 73 (39.7%) 42 (55.3%) 31 (28.7%)
R-CHOP 8 (4.3%) 3 (3.9%) 5 (4.6%)
Antibody alone 15 (8.2%) 7 (9.2%) 8 (7.4%)
Ibrutinib or Idelalisib 9 (4.9%) 3 (3.9%) 6 (5.6%)
Venetoclax 2 (1.1%) 2 (2.6%) 0 (0.0%)
Lenalidomide 3 (1.6%) 0 (0.0%) 3 (2.8%)
Other 35 (19.0%) 13 (17.1%) 22 (20.4%)
Subsequent treatments

A total of 185 patients received between February 2009 and
June 2016 at least one subsequent regimen, 108 (38.7%) in the
BR arm and 77 (27.3%) in the FCR arm (one patient did not
receive the study treatment; therefore, first line therapy was the
subsequent therapy). The median number of subsequent treat-
ments was one ranging from 1 to 4 after FCR and 1 to 6 after BR.
9

Only one subsequent therapy was administered to 16.7% of the
patients in the FCR arm and to 24.0% in the BR arm, and 7.4%
respectively 7.5% received two subsequent therapies.
An overview on the most frequently used second line therapies

is given in Table 2, showing that after FCR treatment a smaller
number of patients were retreated (6; 7.9%) and more patients
changed to BR (42; 55.3%), while after BR an equal number of
patients either changed to FCR (33; 30.6%) or were re-exposed
to BR (31; 28.7%). Novel agents (ibrutinib, idelalisib, veneto-
clax) were only used in a minority of patients (in 5 patients
(6.6%) after FCR and in 6 (5.6%) after BR).
Time to next CLL treatment (TTNT) was significantly shorter

for patients treated with BR as compared to FCR (median TTNT
71.7 months versus not reached, HR 1.536; 95% CI 1.146–
2.058; p=0.004) (Supplemental data Fig. S4a, http://links.lww.
com/HS/A60). This difference was statistically significant in
younger patients (median 60.4 months in BR vs not reached in
FCR; HR 1.790; 95% CI 1.269–2.525; p=0.0009) (Supplemen-
tal data Fig. S4b, http://links.lww.com/HS/A60), whereas in
patients >65 years, the median was not reached for both arms
(HR 1.122; 95% CI 0.642–1.963; p=0.686) (Supplemental data
Fig. S4c, http://links.lww.com/HS/A60). There was no significant
interaction between study treatment and age regarding TTNT
(p=0.178).
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Table 3

Number of Patients with Various Categories of Secondary Malignancies and Percent of the Safety Population Within the Age/Treatment
Group.

All Patients N (%) FCR N (%) BR N (%)

Long-term safety �65 >65 �65 >65 �65 >65

All patients (safety population) 364 193 193 86 171 107
Patients with at least one (any type) secondary neoplasia 49 (13.5) 46 (23.8) 25 (13.0) 28 (32.6) 24 (14.0) 18 (16.8)
Secondary neoplasia:
Richter’s transformation 8 (2.2) 5 (2.6) 2 (1.0) 3 (3.5) 6 (3.5) 2 (1.9)
Solid tumors 26 (7.1) 20 (10.4) 12 (6.2) 14 (16.3) 14 (8.2) 6 (5.6)
Prostate 5 (1.4) 5 (2.6) 3 (1.6) 3 (3.5) 2 (1.2) 2 (1.9)
Lung 5 (1.4) 2 (1.0) 1 (0.5) 0 (0.0) 4 (2.3) 2 (1.9)
Melanoma 1 (0.3) 2 (1.0) 1 (0.5) 1 (1.2) 0 (0.0) 1 (0.9)
Renal and bladder 3 (0.8) 2 (1.0) 1 (0.5) 2 (2.3) 2 (1.2) 0 (0.0)
Breast 1 (0.3) 3 (1.6) 0 (0.0) 3 (3.5) 1 (0.6) 0 (0.0)
Colorectal 5 (1.4) 3 (1.6) 2 (1.0) 2 (2.3) 3 (1.8) 1 (0.9)
Other 2 (0.5) 0 (0.0) 2 (1.0) 0 (0.0) 0 (0.0) 0 (0.0)
Liver and gallbladder 0 (0.0) 1 (0.5) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)
Stomach and esophagus 2 (0.5) 0 (0.0) 2 (1.0) 0 (0.0) 0 (0.0) 0 (0.0)
Thyroid 1 (0.3) 1 (0.5) 0 (0.0) 1 (1.2) 1 (0.6) 0 (0.0)
Pharynx and larynx 1 (0.3) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)
Cerebral 1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.6) 0 (0.0)
Unknown 0 (0.0) 1 (0.5) 0 (0.0) 1 (1.2) 0 (0.0) 0 (0.0)

Hematological neoplasia 7 (1.9) 7 (3.6) 6 (3.1) 6 (7.0) 1 (0.6) 1 (0.9)
AML/MDS 4 (1.1) 7 (3.6) 3 (1.6) 6 (7.0) 1 (0.6) 1 (0.9)
Aggressive B-NHL 1 (0.3) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)
Indolent B-NHL 1 (0.3) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)
Other 1 (0.3) 0 (0.0) 1 (0.5) 0 (0.0) 0 (0.0) 0 (0.0)

NMSC 11 (3.0) 19 (9.8) 7 (3.6) 9 (10.5) 4 (2.3) 10 (9.3)

N. Kutsch et al Extended Follow up Data and Quality of Life in FCR Versus BR
Secondary neoplasia
Altogether, 109 cases of secondary malignancies were

observed in 95 patients. The maximum number of neoplasia
reached from one to three in the FCR population (43 patients
with one neoplasia (81.1%), 9 with 2 neoplasia (17.0%), 1 with 3
neoplasia (1.9%)), and from 1 to 2 in the BR arm (39 patients
with 1 neoplasia (92.9%) and 3 with 2 neoplasia (7.1%)). In total
46 solid tumors including malignant melanomas, 14 hematologi-
cal neoplasia and 13 Richter’s transformations were reported.
Numbers of patients with secondary malignancies were 53 of 279
(19.0%) after FCR and 42 of 278 (15.1%, p=0.222) after BR.
Solid tumors were 26 (9.3% of all treated patients) in the FCR
arm and 20 (7.2%) in the BR arm (p=0.389), non-melanoma
skin cancer (NMSC) occurred in 16 patients in the FCR arm
(5.7%) and 14 patients in the BR arm (5.0%; p=0.706).
Hematological neoplasia was more frequently reported in the
FCR arm (12, 4.3%vs 2, 0.7%; p=0.007) with AML/MDS being
the most common entity [FCR: 9 patients (3.2%) vs BR 2 (0.7%)
p=0.034)]. Richter’s transformations were found in 5 FCR
treated (1.8%) and 8 (2.9%) BR treated patients (p=0.396)
(Table 3). For patients �65 years, the occurrence of secondary
neoplasia did not differ (FCR: 25 of 193 patients, 13.0% vs BR:
24 of 171 patients, 14.0%; p=0.763). Patients >65 years
developed secondary neoplasia more frequently during or after
FCR therapy (28 of 86 patients >65, 32.6%) vs during or after
BR (18 of 107 patients >65, 16.8%; p=0.011). Among them,
particularly hematological neoplasia were increased after FCR (6
of 86 patients, 7.0%) in contrast to BR (1 of 107 patients, 0.9%;
p=0.046) including myelodysplastic syndromes (MDS) and
secondary AML in six elderly patients receiving FCR (7.0%)
compared to one receiving BR (0.9%; p=0.046). A statistically
significant difference was also observed for the incidence of solid
tumors in elderly after FCR (14 of 86 patients, 16.3%) compared
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to BR (6 of 107 patients, 5.6%; p=0.024). The time to secondary
malignancy did not differ significantly between the 2 treatment
arms. At 5 years, 86.6% of the BR treated patients were free of
secondary malignancies versus 83.8% in the FCR arm (HR
0.801; 95% CI 0.507–1.267; p=0.344). Median time to
secondary malignancy was not reached for both treatment arms.
This finding was confirmed by performing a competing risk
analysis considering death without experiencing secondary
malignancies as competing event.
Health related quality of life (HRQOL)

Overall 540 (96.3%) of 561 patients completed at least one
questionnaire including 272 (50.4%) patients from the FCR arm
and 268 (49.6%) patients from the BR arm. Baseline character-
istics are depicted in Table 4. A baseline questionnaire was
available from 240 (44.4%) patients who were evaluable for
HRQOL (123 (45.2%) from the FCR arm; 117 (43.7%) from the
BR arm). The highest number of completed questionnaires was
received at month 12, when 460 of 540 (85.2%) patients
completed the questionnaire (FCR, 232 patients (85.3%); BR,
228 patients (85.1%)). In contrast, at follow up visits beyond
60 months, questionnaires were completed only by 105 (61.0%)
of 172 patients who were still under observation (60 (63.2%)
from the FCR arm and 45 (58.4%) from the BR arm)
(Supplemental data, Fig. S5a, http://links.lww.com/HS/A60
and S5b, http://links.lww.com/HS/A60).
Baseline characteristics for patients with, versus without filled

in questionnaires as well as patients with baseline and at least one
later questionnaire, versus patients without both baseline and a
later questionnaire are depicted in Table 4.
In comparison to age and sex-matched healthy controls of the

general population, CLL patients had a significantly inferior
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Table 4

Characteristics and Treatment Outcome of PatientsWith orWithout HRQOLQuestionnaires andWith Baseline and Later Questionnaire or
Just Baseline or Later Questionnaire.

Patients Who
Completed At Least
One Questionnaire

Patients Who Did
Not Complete

Any Questionnaire

Patients Who Completed
Baseline and At Least One

Later Questionnaire

Patients Who Did Not
Complete Both Baseline
and a Later Questionnaire

Total FCR BR Total FCR BR Total FCR BR Total FCR BR

All patients, N (%) 540 272 (50.4) 268 (49.6) 21 10 (47.6) 11 (52.4) 227 115 (50.7) 112 (49.3) 334 167 (50) 167 (50)
Median age at study entry (yrs) 61 61 62 59 57 62 61 61 61.5 61 60 63
Age group >65N (%) 188 (34.8) 85 (31.3) 103 (38.4) 6 (28.6) 1 (10.0) 5 (45.5) 72 (31.7) 32 (27.8) 40 (35.7) 122 (36.5) 54 (32.3) 68 (40.7)
Male gender, N (%) 389 (72.0) 192 (70.6) 197 (73.5) 19 (90.5) 9 (90.0) 10 (90.9) 170 (74.9) 85 (73.9) 85 (75.9) 238 (71.3) 116 (69.5) 122 (76.1)
Binet stage, N (%)
A 121 (22.4) 60 (22.1) 61 (22.8) 4 (19.0) 3 (30.0) 1 (9.1) 56 (24.7) 27 (23.5) 29 (25.9) 69 (20.7) 36 (21.6) 33 (19.8)
B 207 (38.3) 103 (37.9) 104 (38.8) 5 (23.8) 2 (20.0) 3 (27.3) 86 (37.9) 42 (36.5) 44 (39.3) 126 (37.7) 63 (37.7) 63 (37.7)
C 212 (39.3) 109 (40.1) 103 (38.4) 12 (57.1) 5 (50.0) 7 (63.6) 85 (37.4) 46 (40.0) 39 (34.8) 139 (41.6) 68 (40.7) 71 (42.5)

Median Hemoglobin (g/dL) 12.6 12.6 12.7 12.8 12.1 12.9 12.7 12.5 12.9 12.6 12.9 12.4
B-symptoms, N (%) 225 (41.7) 113 (41.5) 112 (41.8) 4 (19.0) 3 (30.0) 1 (9.1) 100 (44.1) 51 (44.3) 49 (43.8) 129 (38.6) 65 (38.9) 64 (38.3)
Median / Mean treatment cycles 6 / 5.4 6 / 5.4 6 / 5.5 5 / 3.6 4.5 / 3.4 5 / 3.7 6 / 5.5 6 / 5.4 6 / 5.6 6 / 5.2 6 / 5.2 6 / 5.3
ECOG status of 0, N (%) 343 (64.0) 173 (63.8) 170 (64.2) 14 (66.7) 7 (70.0) 7 (63.6) 163 (71.8) 80 (69.6) 83 (74.1) 194 (58.8) 100 (80.2) 94 (57.3)
CLL-IPI risk group, N (%)
Low 115 (22.7) 74 (28.9) 41 (16.4) 4 (21.1) 2 (22.2) 2 (20.0) 60 (28.3) 41 (37.3) 19 (18.6) 59 (18.8) 35 (22.6) 24 (15.2)
Intermediate 214 (42.3) 112 (43.8) 102 (40.8) 4 (21.1) 2 (22.2) 2 (20.0) 87 (41.0) 40 (36.4) 47 (46.1) 131 (41.9) 74 (47.7) 57 (36.1)
High 177 (35.0) 70 (27.3) 107 (42.8) 11 (57.9) 5 (55.6) 6 (60.0) 65 (30.7) 29 (26.4) 36 (35.3) 123 (39.3) 46 (29.7) 77 (48.7)

Response, N (%)
CR/CRi 197 (36.5) 111 (40.8) 86 (32.1) 80 (35.2) 44 (38.3) 36 (32.1) 118 (35.3) 68 (40.7) 50 (29.9)
PR 324 (60.0) 151 (55.5) 173 (64.6) 142 (62.6) 69 (60.0) 73 (65.2) 196 (58.7) 88 (52.7) 108 (64.7)

Median PFS (months) 49.9 57.9 41.7 44.8 36.2 44.8 56.7 NR 44.6 45.3 53.0 38.7
Infection CTC grade 3/4N (%) 175 (32.4) 107 (39.3) 68 (25.4) 72 (31.7) 47 (40.9) 25 (22.3) 106 (32.1) 62 (37.8) 44 (26.5)

FU = Follow up at month; med = median; mo = month; NMSC = non-melanoma skin cancer; NR = not reached; yr = year.
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outcome in physical functioning, pain, nausea/vomiting,
appetite loss, constipation, diarrhea, and financial difficulties
at all time points during treatment and follow up. Role
functioning, emotional functioning, cognitive functioning,
social functioning and insomnia were inferior only during the
treatment phase. Global health status (Fig. 4A) was decreased
during the treatment phase but recovered even to superior
grades compared to healthy controls. The symptom fatigue
(Fig. 4B) remained higher in CLL patients until 24 months after
therapy and then converged towards healthy controls. There
were no significant differences in all HRQOL scales between
both treatment arms. Particularly with regards to global health
status and fatigue, all patients benefited from treatment
intervention (Fig. 4C and D).
Based on patients who completed the baseline as well as at least

one later questionnaire we furthermore conducted a subgroup
analysis in patients with severely impaired global health status
(�50) and very high fatigue scores (≥50) at baseline. Patients with
low global health status as well as patients with severe fatigue
were more likely to have a higher CIRS and ECOG and a lower
hemoglobin level as well as B-symptoms. Within the subgroup of
patients with a global health status of 50 and lower we found that
the severely impaired patients converged towards the healthy
controls during follow up (Fig. 5A). Patients with severe fatigue
≥50 had an improvement of their fatigue after treatment, but did
not reach the levels of healthy controls (Fig. 5B). These effects
were independent of the treatment arm.

Discussion

After an extended follow up of nearly 5 years FCR continues to
show an excellent progression-free survival in line with the
previously published data of this trial.6 Median PFS was 15.3
months longer with FCR therapy; in younger patients up to 65
years the PFS difference was even 19.4 months. This finding is
11
consistent with the median PFS after FCR by long-term follow
up.4,5 Because the PFS curve in IGVHmutated patients is at 12.8-
years still at 53.9%,5 a curative potential of this regimen in the
genetically favorable subgroups has been suggested.5,11 A trend
to improved PFS with FCR has been observed in this trial in both
subgroups, mutated and unmutated IGHV. The longer PFS
within the BR arm for patients older than 65 compared with
younger patients �65 might be misleading as it did not reach
statistical difference and might be a fluctuation by chance. When
contemplating survival curves of PFS according to age and IGHV
status, younger patients �65 years seem to benefit from FCR
treatment regardless of their IGHV status. However, even with
longer follow up of almost five years, OS showed no statistical
differences between the 2 treatment arms. In the subgroup of
patients with mutated IGHV, there was a non-significant trend
towards lower OS-rates with FCR. However, as there is no
significant interaction, the different treatment effects between the
2 age groups could be due to chance. Considering the increasing
use of novel agents for treatment of relapse, it is unlikely that an
OS difference will be observed even with longer follow up.
Applying the CLL-IPI10 on the study population, most patients

were in the intermediate and high-risk group. Remarkably, the
high-risk group is clearly separated from the other risk groups
although there were no 17p deleted patients included in the
analysis. However, patients in the high-risk group seem to profit
most from FCR.
The shorter OS of the high-risk group of patients identifies

those patients whomight be treated with novel agents or might be
eligible for comparative trials because Shanafelt at al3 have
recently reported that only IGHV unmutated but not IGHV
mutated patients had an increased PFS with ibrutinib and
rituximab when compared to FCR.
Among the older patients>65 years of age the number of deaths

was higher in the FCRarm in comparison to the BR arm. Themain
reason for the higher mortality of elderly in the FCR arm is the
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Figure 4. (A) Global health status in all patients vs healthy controls (B) fatigue in all patients vs healthy controls (C) global health status in both
treatment arms and different age groups (D) fatigue in both treatment arms and different age groups.
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higher rate secondary neoplasia, in particular solid tumors and
hematologic malignancies with AML/MDS being the most
common entity. Age12 as well as CLL itself13–16 have already
been identified as risk factor for developing a second primary
malignancy. There are no consistent data on the incidence ofMDS
or AML after different types of treatment.12,17–19 Previously it has
been found that the risk of developing anMDSafter BRexposure is
low,20 while FCR has been shown to be associated with an
increased incidence of secondaryMDS andAML.21 These findings
are confirmed by our updated study analysis in patients above the
age of 65, therefore BR should be the preferred chemoimmuno-
therapy for this patient group.
The proportion of deaths due to CLL was slightly higher for

younger patients as compared to older patients (12 of 56 [21.4%]
vs 6 of 49 cases [12.21%]) which reflects a high rate of medical
need in this patient group. With regard to infections, there were
more patients younger than 65 years of age dying of infections in
the BR arm than in the FCR arm and vice versa in the elderly
patients. This also underlines the advantage of BR in the age
group over 65 and of FCR in the younger patient group. A strict
12
G-CSF prophylaxis in patients developing neutropenia CTC
grade III-IV during treatment is meanwhile recommended.22 G-
CSF use seems not to be associated with a higher risk of
developing an AML/MDS because only 2 out of the 11 patients
with AML/MDS received G-CSF.
Regarding HRQOL no difference was observed between the 2

treatment arms at any time point. The clinical benefit of therapy
translated into an improved global health status even in patients
with severely impaired global health status at baseline. A similar
observation has been made in the CLL8 study where global
health status converged towards healthy controls after the end of
therapy.23 Patients with fatigue converged towards the fatigue
level of healthy controls and even patients with severe fatigue
improved after the course of treatment and follow up. The
treatment benefit particularly for patients with low global health
status or with severe fatigue indicates that patients with
symptomatic disease profit from therapy, which has been
previously shown in the GCLLSG CLL8 trial, the UK CLL4
trial and the GIBB study.23–25 It should be noted that the rate of
questionnaires filled in at baseline and during follow up was low



Figure 4. (Continued).
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so that the results have to be interpreted cautiously given the
incompleteness of the data and the danger of bias due to selective
loss to follow up (eg, deaths, progressions, new treatments).
Thus, formal statistical analysis for longitudinal data was also
not possible.
Quality of life data on the new oral drugs for CLL are limited so

far. Ibrutinib showed more clinically meaningful improvement in
global health status and fatigue compared to ofatumumab in the
RESONATE trial.26,27 When compared to chlorambucil within
the RESONATE-2 trial, ibrutinib had significantly greater score
improvement over time in fatigue measured with the FACIT score
and also in global health status.28,29 Furthermore, ibrutinib in
combination with BR improved severe fatigue within the
HELIOS trial better than BR, and HRQOL improvement seemed
to correlate with improvements in the hemoglobin level.30
13
t
FCR continues to be an effective first line therapy in younger, fi
patients without del17p andwith other favorable genetic markers
like mutated IGHV status. Due to lower toxicity rates, including
infections and secondary myeloid neoplasm as well as the smaller
difference in median PFS between FCR and BR as well as no
difference in OS, BR can be considered as a suitable alternative
for older fit patients with mutated IGHV status. Furthermore, BR
can be considered if there are contraindications to the BTK
inhibitor ibrutinib. Although ibrutinib-based therapy has lately
shown superiority to chemoimmunotherapy in previously
untreated patients with respect to PFS,1–3 no difference in OS
was observed in comparison to BR in patients of 65 years and
older.2 In a subgroup of young patients with excellent health
status, ibrutinib in combination with rituximab achieved also an
OS benefit when compared with FCR,3 but the number of events
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Figure 5. Subgroup analysis of (A) patients with severe impaired global health status vs healthy controls (B) patients with severe fatigue vs healthy
controls.
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is small and follow up still short. Furthermore, the superior
PFS shown for ibrutinib and rituximab in this trial did not
apply to the IGHV mutated subgroup.3 Notably, ibrutinib is so
far given as indefinite treatment, resulting in high rates of
treatment interruption outside clinical trials.31 Hence definite
chemoimmunotherapy with FCR or BR remains a treatment
alternative for low and intermediate risk CLL in fit patients,
particularly when there is no access to frontline therapy with
targeted agents.
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