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Key Points

• Long-term remissions after
FCR chemoimmunotherapy in
previously untreated patients
with CLL.

• Updated results on safety and
efficacy of the CLL8 trial.

Despite promising results with targeted drugs, chemoimmunotherapy with fludarabine,

cyclophosphamide (FC), and rituximab (R) remains the standard therapy for fit patients

with untreated chronic lymphocytic leukemia (CLL). Herein, we present the long-term

follow-up of the randomized CLL8 trial reporting safety and efficacy of FC and FCR

treatmentof817 treatment-naı̈vepatientswithCLL.Theprimaryendpointwasprogression-

free survival (PFS). With a median follow-up of 5.9 years, median PFS were 56.8 and 32.9

months for theFCRandFCgroup (hazard ratio [HR],0.59; 95%confidence interval [CI], 0.50-

0.69,P< .001).Medianoverall survival (OS)wasnot reached for theFCRgroupandwas86.0

months for the FC group (HR, 0.68; 95% CI, 0.54-0.89, P 5 .001). In patients with mutated

IGHV(IGHVMUT),FCRimprovedPFSandOScomparedwithFC(PFS:HR,0.47;95%CI,0.33-0.68,P< .001;OS:HR,0.62;95%CI,0.34-1.11,

P5 .1). This improvement remainedapplicable for all cytogenetic subgroupsother thandel(17p). Long-termsafetyanalysesshowed that

FCR had a higher rate of prolonged neutropenia during the first year after treatment (16.6% vs 8.8%; P5 .007). Secondarymalignancies

includingRichter’s transformationoccurred in13.1%intheFCRgroupand in17.4%intheFCgroup(P5 .1).First-linechemoimmunotherapy

with FCR induces long-term remissions and highly relevant improvement inOS in specific genetic subgroups of fit patientswith CLL,

in particular those with IGHVMUT. This trial was registered at www.clinicaltrials.gov as #NCT00281918. (Blood. 2016;127(2):208-215)

Introduction

Currently, there remains a general consensus that no curative treatment
of chronic lymphocytic leukemia (CLL) exists with the exception of
allogeneic stem cell transplantation.1 Chemoimmunotherapy achieves
disease control and survival prolongation and is therefore the current
standard treatment in patients with previously untreated CLL.2-5 In the
last 5 years, 2 new drugs, ibrutinib and idelalisib, targeting B-cell
receptor (BCR) signaling, have been studied and approved. They are
less toxic in the short term than chemotherapeutic agents and yielded
promising responses in patientswith relapsed/refractoryCLL including
those with a TP53 aberration.6-11 Furthermore, the selective BCL-2
inhibitor venetoclax is currently being investigated in ongoing clinical
trials.12 Given these results, it is likely that the place of first-line
chemoimmunotherapy may be challenged in the future. Importantly,

the experience with these new drugs remains limited, and the
current treatment model requires continuous indefinite treatment.
Moreover, there is a lack of prospective, controlled trials with these
agents in the first-line setting.13 Additionally, although the out-
come following chemoimmunotherapy may be highly variable,
important subgroups of patients show an excellent outcome, cor-
roborating its use as standard first-line therapy. On the other hand,
secondary malignancies are one of the most concerning unwanted
effects following chemoimmunotherapy, and the true long-term
incidence needs to be better defined.

We have previously shown that the addition of the anti-CD20
monoclonal antibody rituximab (R) to fludarabine and cyclophospha-
mide (FC), improved both the progression-free survival (PFS) and the
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overall survival (OS) of physically fit patients with previously un-
treated, symptomatic CLL.2 On the basis of these findings, FCR has
become the standard therapy for physically fit patients with previously
untreated CLL. In this report, we present the results of an extended
observation time with a median follow-up of 5.9 years of the
randomized phase 3 CLL8 trial of the German CLL Study Group
(GCLLSG), with particular emphasis on long-term follow-up for
survival and adverse events.

Methods

Study design

The study design has been reported previously.2 In short, the CLL8 trial was a
prospective, randomized, open-label, phase 3 study conducted at 190 centers
across 11 countries. The Institutional Review Board and/or ethics committee of
each institution approved the study protocol. Each patient provided written
informed consent prior to enrollment. Study treatment consisted of 6 courses
(28 days/course) of intravenousF (25mg/m2per day) andC (250mg/m2per day)
for the first 3 days of each treatment course, with or without the addition of
rituximab. Rituximab (Mabthera/Rituxan; F. Hoffmann-La Roche Ltd.) was
administered at a dose of 375 mg/m2 on day 0 of course 1 and 500 mg/m2 on
day 1 of courses 2 to 6. Neither antiviral prophylaxis nor prophylactic use of
granulocyte-colony stimulating factor was recommended in this study (sup-
plemental Information available on the Blood Web site). Pharmacologic
prophylaxis of Pneumocystis carinii (Pneumocystis jiroveci) pneumonia was
recommended in case of prolonged severe leukocytopenia (.7 days). An initial
response assessment after completionof therapywasperformed1month67days
after the start of the last course of therapy. The results obtained were confirmed
at the final assessment, performed$2 months later. Subsequently, patients
completed follow-up examinations every 3 months for the ensuing years 1 to 3,
every 6 months for years 4 and 5, and annually up to year 8.

Role of the funding source

This trial was planned and initiated in 2003 as an investigator-initiated trial by the
GCLLSG. From 2004, Hoffmann-La Roche Ltd. assumed sponsorship for this
trial.

Patients

Between 2003 and 2006, the study enrolled treatment-naı̈ve patients with im-
munophenotypically confirmed CLL with Binet stage C,14 or Binet stages A
and B with confirmed active disease.15 Additional inclusion criteria were an
Eastern Cooperative Oncology Group (ECOG) performance status of 0 to 1, a
low comorbidity as defined by a cumulative illness rating scale (CIRS)16 of up
to 6, and a creatinine clearance $70 mL/min (see supplemental Data). Major
exclusion criteria were the absence of active disease in patients with Binet stage
A or B and the presence of clinically apparent autoimmune cytopenia or active
second malignancy.

Study procedures and end points

Comprehensive assessments, including confirmation of diagnosis by flow cyto-
metry, tumor assessments, and CIRS and ECOG performance status, were
completed at baseline. The central reference laboratory (Ulm, Germany)
analyzed genomic aberrations by fluorescent in situ hybridization (FISH)17 and
IGHV mutational status18,19 by DNA sequencing. Response to treatment and
disease progression was classified according to the National Cancer Institute
working group criteria.15 Responses and disease progression were assessed by
the study investigators andverifiedbyacentral, independentmedical review.The
primary end point of this study was PFS. Secondary end points of the study
included OS, safety including rates of treatment-related adverse effects, and
survival times in biological subgroups. This report will present the final primary
efficacy analysis (PFS), long-term safety results including the incidence of
secondary malignancies, and results of major secondary end points such as OS.

Statistical analysis

Time to event end points were analyzed using the Kaplan-Meier method, and
comparisons of survival curves were performed with the log-rank test. Hazard
ratios (HRs) including 95% confidence intervals (CI) were calculated using
proportional-hazards Cox regressions. OS was calculated from the date of ran-
domization to death from any cause and PFS from randomization to disease
progression or death. Time to second primary malignancy (SPM) was defined as
the timebetween start of study treatment to date offirst diagnosis of SPM. Patients
who died without a SPM were censored at date of death and patients without
documented event were censored at date of last information. The median obser-
vation timewascalculated forpatients alive fromrandomization.Thestandardized
mortality ratio (SMR) was calculated by comparing the mortality of the male and
female patients to the corresponding German male and female population. Ex-
pectedmortality was estimated considering calendar year- (1998-2013), sex-, and
agegroup-specific rates from themortality table2009/2011of theGermanFederal
Office of Statistics. Person-years at risk were calculated for each patient from
randomization until the end of observation, which was defined as date of death or
last date of last information. Standardized incidence ratios were similarly calcu-
lated based on the incidence table 2012 of theGermanSociety ofEpidemiological
Cancer Registry. In terms of prognostic factors, univariate and multivariate
proportional-hazards Cox regression analyses were applied to PFS and OS.

Table 1. Patient demographics and baseline characteristics

Characteristic FC FCR P value

All patients (ITT), N 409 408

Age N 5 409 N 5 408

Median, years 61 61

Range, years 36-81 30-80

$65 years, no. (%) 119 (29) 126 (31)

$75 years, no. (%) 37 (9) 44 (11)

Sex, no. (%) N 5 409 N 5 408

Male 304 (74) 303 (74)

Binet stage, no. (%) N 5 407 N 5 407

A 22 (5) 18 (4)

B 259 (64) 263 (64)

C 126 (31) 126 (31)

Presence of B symptoms, no. (%) N 5 406 N 5 407

Yes 197 (49) 167 (41)

Cumulative illness rating scale N 5 409 N 5 408

Median 1 1

Range 0-8 0-7

ECOG performance status, no. (%) N 5 390 N 5 395

0 226 (58) 221 (56)

Cytogenetic abnormalities, no. (%) N 5 305 N 5 311

17p deletion 29 (10) 22 (7)

11q deletion 62 (20) 80 (26)

Trisomy 12 37 (12) 24 (8)

Normal 58 (19) 80 (26)

13q deletion 119 (39) 105 (34)

IGHV mutational status, no. (%) N 5 312 N 5 310

UNM 195 (63) 197 (64)

MUT 117 (37) 113 (37)

NOTCH1 mutation, no. (%) N 5 312 N 5 310

Mutated 32 (10) 30 (10)

Wild type 280 (90) 280 (90)

SF3B1 mutation, no. (%) N 5 312 N 5 310

Mutated 59 (19) 55 (18)

Wild type 253 (91) 254 (82)

Serum thymidine kinase level, no. (%) N 5 288 N 5 303

$10.0 U/L 225 (78) 222 (73)

Serum b2- microglobulin level, no. (%) N 5 288 N 5 303

$3.5 mg/L 95 (33) 102 (34)

Response to treatment, no. (%)

Complete response 88 (22) 180 (44) ,.001

Overall response 328 (80) 369 (90) ,.001

Missing response 38 (9) 20 (5)
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To determine the frequency of prolonged grade 3 or 4 neutropenia, absolute
neutrophils counts collected after end of treatment were analyzed. Values sub-
sequent to a new treatment of CLL were excluded. Neutrophil counts between
0.5 and 1.0 3 109/L were classified as grade 3 and those ,0.5 3 109/L were
classified as grade 4.

Patients were considered as having prolonged grade 3 to 4 neutropenia
during thefirst year after the endof treatment if$1grade3orgrade4neutropenia
according to absolute neutrophils occurred between 2 and 12 months after the
end of treatment. Patient groups were compared by x2, Fisher’s exact, or
nonparametric rank-sum tests as appropriate. All statistical tests were 2 sided,
and statistical significance was defined as P , .05. Adjustments for multiple
comparisonswerenot applied.TheanalysiswasperformedwithSPSSV21.0and
SAS 9.2. The analyses are based on a data cutoff in 2012.

Results

Patient demographics and baseline characteristics

The study included 817 patients randomlyassigned to receive 6 courses
of either FC or FCR. Results are now reported after a median ob-
servation time of 5.9 years (compared with 3.1 years in the first
publication). Patients had a median age of 61 years, 31% had Binet
stageC disease, 63%had an unmutated IGHV status (UNM), and 8.2%
had a del(17p) (Table 1). Treatment arms were well balanced with
regard to age, sex, disease stage, physical fitness, creatinine clearance,
serum b2-microglobulin levels, genomic aberrations, and IGHV mu-
tational status (Table 1). Centrally assessed genomic profiling data
(FISH, IGHVmutational status, and genemutations) were available for
635 (78%) patients (Table 1). This cohort was representative of the full
trial population with respect to demographics and other baseline prog-
nostic factors.

Treatment efficacy

Updated analyses of time to event end points confirmed the superiority
of chemoimmunotherapy. Median PFS was longer in the FCR group

(56.8 months) than in the FC group (32.9 months; HR, 0.59; 95% CI,
0.50-0.69; P , .001; Figure 1). Patients with Binet stages A, B,
and C disease each showed a similar median PFS of 34.1, 32.9, and
33.1 months, respectively, when treated with FC (supplemental Data).
Treatmentwith FCR improved themedian PFS to 58.2months inBinet
stage B (HR, 0.55; 95%CI, 0.45-0.68;P, .001) and to 42.5months in
Binet stage C (HR, 0.71; 95% CI, 0.53-0.95; P5 .022). Median PFS
was not reached in patients at Binet stage A treated with FCR. FCR
therapy also resulted in a significant benefit with regard to OS. The
median OS was 86.0 months for patients treated with FC, whereas
median OS was not reached for patients treated with FCR (HR, 0.68;
95%CI, 0.54-0.89;P5 .001; Figure 1) includingmore deaths after FC
(154 of 409, 37.7%) than after FCR treatment (125 of 408, 30.6%). The
most common causes of death were infections (sepsis and pulmonary
infection being the most frequent events in both arms; FC 60 of 154,
median time of 39 months to onset after last dose of study treatment;
FCR 53 of 125, median time of 46 months to onset after last dose of
study treatment) followed by progressive disease (FC 36 of 154, FCR
31 of 125) and secondary malignancies (solid tumor and lymphoma
being the most frequent fatal events in the FC group and lymphoma
being the most frequent event in the FCR group; FC 34 of 154,
median time of 33 months to onset after last dose of study treatment;
FCR 22 of 125, median time of 27 months to onset after last dose of
study treatment). Other causes of death included myocardial infarction
(FC10 of 154, FCR7of 125) and renal and cerebrovascular events (FC
2 of 154, FCR 0 of 125). SMR was 5.4, indicating an increased risk of
death in the study population compared with an age- and sex-matched
general German population. Moreover, the SMRwas higher in the FC
than in the FCR group (FCR: SMR, 4.5; 95% CI, 3.7-5.3; FC: SMR,
6.5; 95% CI, 5.5-7.6).

Prognostic indicators of time to progression and survival

The benefit of FCR was observed especially in young individuals
assessed by a statistically significant longer overall survival (FCR age
,65 years: median OS not reached; FCR age$65 years: median OS,

Figure 1. PFS and OS in both treatment arms. (A) PFS in both treatment arms (FCR vs FC, all patients evaluable for PFS, N 5 817); (B) OS in both treatment arms

(FCR vs FC, all patients evaluable for OS: N 5 817).
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80.8 months; HR, 0.62; 95%CI, 0.43-0.88; P5 .009). This difference
was not observed for PFS (FCR age ,65 years: median PFS,
58.3months; FCRage$65years:medianPFS, 55.4months;HR, 0.89;
95% CI, 0.69-1.12; P 5 .41). No survival or PFS differences were
observed for treatment with FC (FC age ,65 years: median PFS,
33.0 months; FC age$65 years: median PFS, 32.9 months; HR, 1.02;
95% CI, 0.79-1.31; P 5 .896; FC age ,65 years: median OS,
89.5 months; FC age$65 years: median OS, 78.9 months; HR, 0.79;
95% CI, 0.56-1.10; P 5 .166). FCR therapy resulted in significantly
higher PFS and OS in most genetic subgroups, including del(17p),
del(11q), del(13q), and trisomy 12 (data not shown). The del(17p)
subgroup showed the shortest median PFS but still had treatment
benefit from FCR (FCR, 11.2 months; FC, 9.1 months; HR, 0.49; 95%
CI, 0.25-0.93; P5 .03). Median OS for del(17p) patients treated with
FCR was 33.1 and 23.0 months for those treated with FC (HR, 0.66;

95%CI, 0.33-1.31;P5 .2). Subgroup analysis data on 5-year PFS and
OS are shown in Table 2. For patients with normal karyotype, no
statistically significant difference between FC and FCR for PFS and
OSwas observed (median PFS: FCR, 50.4months; FC, 35.8months;
HR, 0.89; 95%CI, 0.20-0.81;P5 .364;medianOS:FCR, 11.2months;
FC, 9.1 months; HR, 1.31; 95% CI, 0.73-2.35; P5 .37).

This updated analysis showed that FC therapy, del(17p), IGHV
UNM status, serum thymidine kinase (s-TK) $ 10 U/L, del(11q),
mutated (MUT) TP53, and MUT SF3B1 were independently
associated with shorter PFS in Cox regression analysis (Table 3).
Similarly, FC therapy, TK $ 10 U/L, s-b2m $ 3.5 mg/L, del(17p),
ECOGperformance status. 0, age$65 years, IGHVUNM, andMUT
TP53 status were independent adverse prognostic factors for OS
(Table 3). The presence of MUT TP53, del(17p), and IGHV UNM
showed the strongest prognostic impact on both PFS and OS as
reflected by the HR.

PFS in patients with IGHVMUT/UNMgenes showed a significant
difference in favor of the IGHVMUTsubgroup.The IGHVMUTgroup
treated with FCR had a significantly longer PFS than those treated with
FC (median PFS FCR, not reached; FC, 41.9 months, HR, 0.47; 95%
CI, 0.33-0.68;P, .001; Figure 2). ThemedianOS for IGHVMUTand
UNM CLL was not reached (HR, 0.62; 95% CI, 0.34-1.11; P 5 .1;
Figure 2). The OS analysis showed that the OS rate of the IGHVMUT
patients treated with FCR was 86.3% after 5 years compared with
79.8% treated with FC. The analysis of cytogenetic subgroups within
IGHVMUT patients treated with FCR confirmed this good long-term
outcome for most cytogenetic subgroups, except for patients with a
del(17p) or patientswithout FISHabnormalities (Figure 3).MedianOS
for IGHV MUT CLL with a del(11q), a trisomy 12, del(13q), or a
normal karyotype was not reached. Median OS was 14.3 months for
IGHVMUT CLL patients with a del(17p).

Results of MRD assessments in peripheral blood assessed by
4-color flow cytometry at final restaging (3 months after start of last
treatment course) were available in 37% (85 of 230) of IGHVMUT
patients. Of these, 68%obtained aMRDnegative remission (,1024)
with FCR treatment at final restaging compared with 38% with FC
(P 5 .006).

Table 2. PFS and OS in prognostic subgroups

Characteristics

FCR
5-year
rate, %

FC
5-year
rate, % HR (95% CI) P value

PFS

All patients (N 5 817) 46.8 25.5 0.59 (0.50-0.69) ,.001

Age

,65 years (N 5 572) 48.3 25.2 0.57 (0.47-0.70) ,.001

$65 years (N 5 245) 43.2 26.1 0.63 (0.47-0.85) .003

Binet stage

A (N 5 40) 60.2 28.9 0.44 (0.18-1.12) .084

B (N 5 522) 47.7 25.4 0.55 (0.46-0.68) ,.001

C (N 5 252) 43.0 25.3 0.71 (0.53-0.95) .023

Sex

Female (N 5 210) 58.8 33.1 0.58 (0.40-0.83) .003

Male (N 5 607) 42.6 23.0 0.59 (0.49-0.72) ,.001

Cytogenetic abnormalities

17p deletion (N 5 51) 15.3 0.0 0.47 (0.25-0.90) .023

11q deletion (N 5 142) 31.4 11.4 0.47 (0.32-0.68) ,.001

Trisomy 12 (N 5 61) 61.6 23.7 0.41 (0.20-0.81) .01

Normal (N 5 138) 42.8 37.6 0.83 (0.54-1.26) .365

13q deletion (N 5 224) 63.3 31.0 0.44 (0.31-0.62) ,.001

IGHV mutational status

UNM (N 5 392) 33.1 19.4 0.65 (0.52-0.82) ,.001

MUT (N 5 230) 66.6 36.2 0.47 (0.33-0.68) ,.001

NOTCH1 mutation

Wild type (N 5 560) 48.0 25.3 0.55 (0.45-0.68) ,.001

Mutated (N 5 62) 26.7 25.8 1.01 (0.57-1.78) .974

SF3B1 mutation

Wild-type (N 5 507) 49.1 27.8 0.60 (0.48-0.74) ,.001

Mutated (N 5 114) 31.3 14.9 0.53 (0.35-0.80) .003

OS

All patients (N 5 817) 78.7 66.9 0.68 (0.54-0.89) .001

Age

,65 years (N 5 572) 80.9 69.2 0.63 (0.47-0.84) .002

$65 years (N 5 245) 73.9 61.6 0.81 (0.54-1.20) .288

Binet stage

A (N 5 40) 94.4 66.0 0.11 (0.01-0.84) .034

B (N 5 522) 82.1 66.8 0.59 (0.44-0.80) .001

C (N 5 252) 69.0 67.3 1.02 (0.68-1.53) .918

Sex

Female (N 5 210) 81.3 64.5 0.56 (0.34-0.93) .003

Male (N 5 607) 77.8 67.8 0.71 (0.55-0.93) ,.001

Cytogenetic abnormalities

17p deletion (N 5 51) 36.0 18.2 0.64 (0.32-1.25) .19

11q deletion (N 5 142) 85.8 55.1 0.35 (0.20-0.61) ,.001

Trisomy 12 (N 5 61) 91.5 77.4 0.54 (0.19-1.55) .251

Normal (N 5 138) 74.0 81.2 1.31 (0.73-2.35) .370

13q deletion (N 5 224) 87.1 73.1 0.49 (0.28-0.84) .01

Table 3. Final multivariate analysis of the effects of various
prognostic factors on PFS and OS

Characteristic
Adverse
factor HR 95% CI P value

PFS (N 5 500; 348 [42.6%] events)

Study treatment FC 1.976 1.59-2.45 ,.001

Serum thymidine kinase level $10 U/L 1.362 1.10-1.77 .020

IGHV mutational status UNM 1.719 1.33-2.23 ,.001

Cytogenetic subgroup Del(11q) 1.546 1.22-1.97 ,.001

Cytogenetic subgroup Del(17p) 2.916 1.78-4.78 ,.001

TP53 mutational status Mutated 2.123 1.40-3.22 ,.001

SF3B1 mutational status Mutated 1.346 1.04-1.75 .026

OS (N 5 500; 173 [21.2%] events)

Study treatment FC 1.538 1.14-2.08 .006

Age $65 y 1.423 1.04-1.20 .018

ECOG .0 1.622 1.20-2.21 .002

Serum b2- microglobulin level $3.5 mg/L 1.473 1.07-2.03 .014

Serum thymidine kinase level $10 U/L 1.864 1.20-2.90 .003

IGHV mutational status UNM 2.059 1.39-3.05 ,.001

Cytogenetic subgroup Del(17p) 2.715 1.60-4.60 ,.001

TP53 mutational status Mutated 3.014 1.89-4.80 ,.001

Variables included in the model applying backward selection (complete case

analysis): type of therapy (FC/FCR), age, sex, disease stage, ECOG performance

status, B symptoms, white blood cell count, s-TK, s-b2m, del(11q), trisomy 12, del(13q),

del(17p), IGHV mutation status, TP53 mutation status [irrespective del(17p)], NOTCH1

mutation status, and SF3B1 mutation status (N 5 507).
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Figure 2. PFS and OS in both treatment arms and

IGHV MUT/UNM patients. (A) PFS in both treatment

arms and IGHV MUT/UNM patients (FCR vs FC, all

patients, N 5 622); (B) OS in both treatment arms

and IGHVMUT/UNM patients (FCR vs FC, all patients,

N 5 622).
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Long-Term Safety

All patients who received$1 dose of any study drug were included
in the safety analysis (N 5 800; Table 4). FCR treatment was
associatedwith a higher rate of prolonged grades 3 and 4 neutropenia
within 1 year after the end of treatment (67 of FCR treated patients
[16.8%] vs 34 FC patients [8.8%]; P5 .007). At 12 months or more
after treatment, rates of prolonged neutropenia were not different in the
2 treatment arms (FCR 16 [4.0%]; FC 14 [3.5%]; P5 .75; Table 4).

To determine the frequency of secondary malignancies, we retro-
spectively analyzed the data of the full safety population (N 5 800).
At a median observation time of 5.9 years, 136 cases of secondary
malignancies were observed in 122 (15.3%) patients including 40.4%
solid tumors (including melanoma; 55 cases), 27.9% Richter’s
transformation (38 cases), 17.6% hematologic neoplasias (24 cases),
and 14% other skin cancers like squamous cell basalioma (19 cases;
Table 4).Of thehematologic neoplasias, 14 cases ofMDSorAMLwere
observed in 13 patients (6 [1.5%] for FCR and 7 [1.8%] for FC; P5 .8)
with a median time to onset of 39 and 40 months after last dose of
study treatment with FC and FCR, respectively. Of these 13 patients,
6 (46.2%) had prolonged neutropenia at 12 months after treatment or
thereafter (1 after FCRand 4 after FC treatment;P5 .27). Further, there
was no significant difference of the time to development ofMDS/AML
between both treatment arms (P 5 .98). Secondary malignancies in-
cluding Richter’s transformation occurred in 53 (13.1%) patients after
FCR and 69 (17.4%) patients after FC therapy (P5 .1), with a median
time to onset of,2 years after the start of treatment. The time to SPM
did not differ significantly between the treatment arms. At 5 years after
the start of treatment, 89.1% vs 83.2% of FCR- vs FC-treated patients
were free of SPM (HR, 0.69; 95% CI, 0.47-1.00; P5 .052). Richter’s
transformations were observed twice as often in the FC arm (13 [3.2%]
for FCR and 25 [6.3%] for FC; P 5 .046; Table 4). The standardized
incidence ratio (SIR) for solid tumorsof 1.02 (95%CI, 0.75-1.36) for the
whole safety population showed no increased incidence in comparison
with an age-matched general German population. The incidence of solid
tumors was slightly increased in patients treated with FC (SIR, 1.14;
95% CI, 0.73-1.69), whereas patients treated with FCR experienced
fewer solid tumors than expected (SIR, 0.91; 95% CI, 0.58-1.39),
although neither of these achieved conventional statistical significance.

Figure 3. OS in genetic subgroups of IGHV MUT FCR patients (N 5 107).

Table 4. Long-term safety including prolonged neutropenia and secondary malignancies

Long-term safety

Total FC FCR

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

Total patients (safety population), N 800 396 404

Total cases [N (%)] and patients [N (%)]

with $1 SPM

136 (100) 122 (15) 77 (57) 69 (17) 59 (43) 53 (13)

Secondary malignancies

Richter’s transformation 38 (28) 38 (5) 25 (33) 25 (6) 13 (22) 13 (3)

Solid tumors 55 (40) 52 (7) 29 (38) 28 (7) 26 (44) 24 (6)

Lung 18/55 (33) 18 (2) 13/29 (45) 13 (3) 5/26 (20) 5 (1)

Prostate 8/55 (15) 8 (1) 2/29 (7) 2 (1) 6/26 (23) 6 (2)

Renal/bladder 7/55 (13) 6 (1) 3/29 (10) 3 (1) 4/26 (15) 3 (1)

Colorectal 2/55 (4) 2 (,1) 0/29 (0) 0 (0) 2/26 (8) 2 (,1)

Melanoma 8/55 (15) 8 (1) 3/29 (10) 3 (1) 5/26 (20) 5 (1)

Breast 3/55 (6) 3 (,1) 1/29 (3) 1 (,1) 2/26 (8) 2 (,1)

Pancreatic 2/55 (4) 2 (,1) 1/29 (3) 1 (,1) 1/26 (4) 1 (,1)

Ovarian/uterine/cervical 1/55 (2) 1 (,1) 0/29 (0) 0 (0) 1/26 (4) 1 (,1)

Liver/gall bladder 1/55 (2) 1 (,1) 1/29 (3) 1 (,1) 0/26 (0) 0 (0)

Thyroid 2/55 (4) 2 (,1) 2/29 (7) 2 (1) 0/26 (0) 0 (0)

Pharyngeal/laryngeal 1/55 (2) 1 (,1) 1/29 (3) 1 (,1) 0/26 (0) 0 (0)

Other 2/55 (4) 2 (,1) 2/29 (7) 2 (1) 0/26 (0) 0 (0)

Hematologic neoplasia 24 (18) 23 (3) 11 (14) 11 (3) 13 (22) 12 (3)

AML/MDS 14/24 (58) 13 (2) 7/11 (64) 7 (2) 7/13 (54) 6 (2)

Indolent B-non-Hodgkin lymphoma 3/24 (13) 3 (,1) 1/11 (9) 1 (,1) 2/13 (16) 2 (,1)

Aggressive B-non-Hodgkin lymphoma 2/24 (8) 2 (,1) 1/11 (9) 1 (,1) 1/13 (8) 1 (,1)

ALL 1/24 (4) 1 (,1) 0/11 (0) 0 (0) 1/13 (8) 1 (,1)

CML 1/24 (4) 1 (,1) 0/11 (0) 0 (0) 1/13 (8) 1 (,1)

Other 3/24 (13) 3 (,1) 2/11 (18) 2 (,1) 1/13 (8) 1 (,1)

Basalioma, squamous cell 19 (14) 17 (2) 12 (16) 11 (3) 7 (12) 6 (2)

Prolonged neutropenia

2 months after end of treatment 101 (13) 34 (9) 67 (17)

12 months after end of treatment 30 (4) 14 (4) 16 (4)
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Discussion

With an extended observation time of almost 6 years, the CLL8 study
continues to demonstrate a significant improvement in PFS and OS in
physicallyfit patients treatedwithFCRcomparedwith FC. Patientswith
del(17p) showed a significantly shorter OS than those in all the other
cytogenetic subgroups. Conversely, of the patients with del(11q),
considered an adverse prognostic group,17 patients with IGHV MUT
responded very well to FCR and as a consequence showed an outcome
similar to other [non-del(17p)] patients. Although the benefit of FCR
was observed especially inOS of young individuals, it needs to be noted
that the studywas not designed to differentiate betweenCLL-related and
CLL-unrelated deaths. Therefore, the competing risk was not analyzed.

FCR induced a higher rate of prolonged neutropenia during the first
year after the end of treatment. To date, this prolonged neutropenia
following FCR was not associated with an increased rate of MDS/
AML.20,21The frequencyof secondarymalignancieswas similar in both
arms. An increased frequency of Richter’s transformations was noted in
the FC arm. These data are in line with the current literature.22,23 In
addition, achievement of a response seemed tobe correlatedwith a lower
incidence of secondary malignancies and Richter’s transformations.24

In multivariate analyses including the most commonly used
clinical and biological factors, several prognostic factors predicted
OS. Each of these factors was shown to correlate with OS in previous
publications.11,17,25-30 Because we observed a particularly good
outcome of patients with IGHVMUT, we performed further analyses
on the IGHV mutational status. The PFS in patients with IGHV
MUT/UNM disease showed a significant difference in favor of
the IGHV MUT subgroup. Most importantly, the IGHV MUT
subgroup treated with FCR showed a significantly longer PFS and
OS than those treated with FC. The median OS for patients with
IGHV MUT CLL was not reached. More than 83% of the patients
with IGHV MUT treated with FCR were still alive after almost 6
years of observation time. Notably, cytogenetic subgroup analysis
of IGHV MUT patients treated with FCR confirmed this excellent
outcome for all cytogenetic subgroups including del(11q), except
for patientswith del(17p) and normal karyotype. These patients also had
a better prognostic index.26 Interestingly, IGHV mutational status did
not impact on ORR, complete response, and MRD negativity.31

We therefore conclude that most patients with IGHV MUT CLL
benefit substantially from FCR chemoimmunotherapy resulting in
long-term control of the disease. This observed benefit of FCR for the
majority of IGHVMUT patients should be considered in the design of
future clinical trials. First, thisfindingmayannounce the emergenceof a
therapeutic approach that is guided by the IGHV mutational status.
Second, the long-lasting PFS of a specific subgroup following first-line
FCR therapy may render it more difficult to replace first-line
chemoimmunotherapy by novel agents in this subset of patients with
CLL. As a consequence, we need to test the value of new targeted
therapies such as ibrutinib, idelalisib, obinutuzumab, and venetoclax
against FCR in previously untreated, fit patients with CLL. For this
purpose, many academic study groups have started phase 3 trials that
systematically compare the potential of chemotherapy-free treatment
strategies to FCR or other chemoimmunotherapies.32
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Strasse 62, 50924Köln,Germany; e-mail: kirsten.fischer@uk-koeln.de.

References

1. Dreger P. Allotransplantation for chronic
lymphocytic leukemia. Hematology Am Soc
Hematol Educ Program. 2009;2009:602-609.

2. Hallek M, Fischer K, Fingerle-Rowson G, et al;
International Group of Investigators; 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.

3. Fischer K, Cramer P, Busch R, et al.
Bendamustine in combination with rituximab
for previously untreated patients with chronic
lymphocytic leukemia: a multicenter phase II trial
of the German Chronic Lymphocytic Leukemia
Study Group. J Clin Oncol. 2012;30(26):
3209-3216.

4. 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.

5. Foon KA, Boyiadzis M, Land SR, et al.
Chemoimmunotherapy with low-dose fludarabine
and cyclophosphamide and high dose rituximab
in previously untreated patients with chronic
lymphocytic leukemia. J Clin Oncol. 2009;27(4):
498-503.

6. Byrd JC, Brown JR, O’Brien S, et al; RESONATE
Investigators. Ibrutinib versus ofatumumab in
previously treated chronic lymphoid leukemia.
N Engl J Med. 2014;371(3):213-223.

7. 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.

8. Furman RR, Sharman JP, Coutre SE, et al.
Idelalisib and rituximab in relapsed chronic
lymphocytic leukemia. N Engl J Med. 2014;
370(11):997-1007.

9. Brown JR, Byrd JC, Coutre SE, et al. Idelalisib, an
inhibitor of phosphatidylinositol 3-kinase p110d,
for relapsed/refractory chronic lymphocytic
leukemia. Blood. 2014;123(22):3390-3397.

10. Burger JA, Keating MJ, Wierda WG, et al. Safety
and activity of ibrutinib plus rituximab for patients
with high-risk chronic lymphocytic leukaemia: a
single-arm, phase 2 study. Lancet Oncol. 2014;
15(10):1090-1099.

11. Zenz T, Eichhorst B, Busch R, et al. TP53
mutation and survival in chronic lymphocytic
leukemia. J Clin Oncol. 2010;28(29):4473-4479.

12. Souers AJ, Leverson JD, Boghaert ER, et al.
ABT-199, a potent and selective BCL-2 inhibitor,
achieves antitumor activity while sparing platelets.
Nat Med. 2013;19(2):202-208.

13. O’Brien S, Furman RR, Coutre SE, et al. Ibrutinib
as initial therapy for elderly patients with chronic
lymphocytic leukaemia or small lymphocytic
lymphoma: an open-label, multicentre, phase 1b/2
trial. Lancet Oncol. 2014;15(1):48-58.

14. Binet JL, Auquier A, Dighiero G, et al. A new
prognostic classification of chronic lymphocytic
leukemia derived from a multivariate survival
analysis. Cancer. 1981;48(1):198-206.

15. Cheson BD, Bennett JM, Grever M, et al. National
Cancer Institute-sponsored Working Group
guidelines for chronic lymphocytic leukemia:
revised guidelines for diagnosis and treatment.
Blood. 1996;87(12):4990-4997.

16. Extermann M, Overcash J, Lyman GH, Parr J,
Balducci L. Comorbidity and functional status
are independent in older cancer patients. J Clin
Oncol. 1998;16(4):1582-1587.
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