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Summary

The™ degree of somatic hypermutation, determined as percent deviation of
immunoglobulin heavy chain gene variable region sequence from the gen@Giiié%),

is an important prognostic factor in chrotyenphocytic leukaemia (CLL). Currently, a
cut-off .of 2% deviation or 98% sequence identity to germlindGiHV sequence is
routinely'used to dichotomize CLL patients into mutated and unmutated growpsisBe
dissimilariGHV% cutoffs of 1% to 5% were identified in different studies, we wondered
whether_no_cubff should be appliednd IGHV% treated as continuous variable. We
analysed_the significance ofGHV% in 203 CLL patients enrolled on the original
frontline~fludarabine, cyclophosphamide and ritmab (FCR) trial with a median of 10
yearsfollow=up. Using the Cox Proportional Hazard mod&HV% was identified as
continueus variable that is significantly associated with progre$ssen(PFS) and
overallssurvival (OS) (P<0.001). Furthermore, we validated this finding in 323 patients
treated with FCR ofprotocol and inthe total cohort (n§35). Multivariate analysis
revealed a continuous trend. Hign&HV% levels were incrementally associated with
favorable™PFS and OS in both F@Rated cohort§P<0.001,both cohorts Taken
togethermour data suggest th&HV% is a continuous variable in CLL patients treated
with FCR.

Introduction

The mutation status of the immunoglobulin heavy chain variable region ¢&h&/j is
an established prognostic fax in patients withchronic lymphocytic lekaema (CLL).
Fais etal(1998)identified the presence of somatic hypermutat{&HM) in CLL cells
and the prognostisignificanceof the percentof SHM deviation from the germline
sequencél GHV%) in patients withCLL was described the following ye@amle, et al
1999, Hamblin, et al 1999)In recent years cutoff value of 2% deviation from the
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germline sequence diGHV (i.e. B% identity) has beenrcommonly usedn clinical
practice and, according to the current dogm@&LL patientswith > 2% deviation, or
otherwise< 98% identity, areconsideredmutated (M-CLL), whereas CLLpatientswith
<2% IGHV% deviation or >98% identity are considered ‘unmutated’ (U-
CLL).(Chierazzi 2012)The use of a2% cutoff to classify patients intM-CLL and U
CLL was basedma handful ofstudiestHamblin, et al 2008, Oseer, et al 2010, Tobin
et al"2005)Although othednGHV% cut-offs, such as<1% vs 13% vs >3%Dauvis, et al
2016) 3% (Krober, et al 2002)and 5%Lin, et al 2002) have been studied,2% cutoff
has been regularly used in clinical practisk of the above studies that aimed to identify
an|GHV%reutoff, except ongDavis, et al 2016)analysedarelatively smallnumber of
patientswho were not uniformly treated and/or hadetatively short follow-up.Using a
maximally selected logank statistical analysiKrober et al (2002) another study
demonstrate@ 3% cutoff, andTobin, et al (2005)usedthe Youden index methotb
identifysa_similar cut-off. ConverselyLin et al (2002) suggested that a5% cut-off is
most appropriate becausermal CD5+ B cellfiave <594 GHV% deviation compared to
the germlind GHV sequencgFais, et al 1998)0therreportspointed outthatassessment
of IGHV% levels could be affectely polymorphismsthat mimic SHM(Davis, et al
2003,«Matsuda, et al 1993)the choice of SHM assessment technique andcti@ce
polymerase chain reaction (PCR) pris{&hia, et al 2007, Xochelli, et al 2015)

Because different gups established a variety @HV% cut-off points, ranging
from 1%10:5%, we wondered whethehereis nouniversal cuisff and thelGHV% is a
continueus*prognostigariable. Furthermore, it is important that in a chronic disease
such as CLL, the prognostic impact of any marker should be based on an analysis with a
very long follow-up and large number of patients rather than a deddw-up and
limited_number of patients. Therefore, testour hypothesiswe analyseda large cohort
of patientswith a long follow-up who were treated with the same regimen and whose
IGHV _mutation status was assessed using the same methodweggnalsed the
prognostic.impact ofGHV% in 203patients treated otme originalfrontline fludarabine,
cyclophosphamide and rituximab (FCR) protoftble FCR300 trial{Thompson, et al
2016) in whom themedian followup was10 years, anth 332patients treated with FCR
off protoco[Chihara, et al 2016)

This article is protected by copyright. All rights reserved



Patients and Methods

We analsed thedataof 203 patientsenrolled orthe FCR300clinical trial (n=300). Only
patients.whainderwent SHMestingat initial diagnosisvere included irthis analysisin
addition, we‘anayseddataof 332 off-protocolpatientswho weretreated withFCR-based
regimengChihara, et al 2016) Treatmentsaadministered in theff-protocol groupwere
FCR (n=223), FCRwith high dose rituximab (n=47CRwith granulocyte-macrophage
colonystimulating factor (GM-CSF n=50) and FCR with granulocyte colony-
stimulatingfactor (n=22). AlthoughlGHV mutation statuss now consideredelevantin
patients*withl GHV3-21 mutatian with stereotypy subset(Baliakas, et al 2015),we did
not have information on the stereotypy status for our cpltweteforeall patients with
IGHV3-21 were excludedTobin, et al 2003) The standard laboratory workup of the
patiens.enrolledin theseclinical trialsprecededhe currently acceptegutine karyotype
analysisiyfluorescencean situ hybridisation FISH) analysis CD38 assessment, ZAP70
protein“expressiomext generation sequencirgnd stereotypystatus Therefore these
important data could not be included irour analysis.All patients provided written
informed consent, all of which have been approved by the institutional review board.
The SHM testing methd was as followsstored lone marrow or peripheral blood
samplesfrom patients whichcontaired at least 10% CD19+/CD5+ CLL cellas
estimated*by flow cytometrywere analsed RNA extraction was followed by cDNA
synthesis:using random hexamers. MultigR&R amplification waperformedusing the
VH leader forward primers and two sets of reverse primers: CH and JH. The primer
sequences were:
Forward Primers (VH Leader Primers):
VH1 leader{VH1F) 5 CCA TGG ACT GSA YYT GGA GVR TC 3’
VH2 leader (VH2F) 5 ATG GAC ACA CTT TGC TMC ACR CTC 3’
VH3 leader (VH3F) 5 CCA TGG AGT TKG GRC TBH GCT GG 3’
VH4 leader (VH4F) 5 ACA TGA AAC AYC TGT GGT TCT TCC 3’
VH5 leader (VH5F) 5 ATG GGG TCA ACC GCC ATCCT 3
VHG6 leader (VHB6F) 5 ATG TCT GTC TCC TTC CTC ATC 3’
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Reverse Primers:
CH 5-TTG GGG CGG ATG CAC T3
JH 5 -AAC TGA GGA GAC GGT GAC C3

PCR_amplification conditions were as follows: incubation at 96°C for 1 min,
followed.by. cDNA amplification for 25 cyclest 96°C for 10 s, 50°C for 5 s, and 60°C
for 4 min. PCR products were purified and sequenced. Giverotiiaassay IRNA-
based!only“productive rearrangementgere expected to be amplifiedlhe degree of
SHM was quantified bycomparing the resultingGHV sequence with the consensus
germline sequence in the IMGTHQUEST databaséhttp://www.imgt.org) and the
percent: change of base paisas calculated For the calculation, the entirdGHV
sequence that includése complementarity determining regionGOR3) was compared
with germline sequence. Sequences less than 150 basdanpbéngth or withoutthe
authentic CDR3 sequenaeere regarded inadequate for assessmigtgally, ~300 Ip.
sequence is expectedndwas achieved in majority of the casés these cases were
tested asrarpart of clinical assay, we have minimum reporting critenahseh, included
150 b.p:

Qverall survival (OS) was calculated as the number of years from the date of
diagnesis to the date of death astifollow-up, and progressiefiee survival (PFSyvas
calculated as the number of yetimsn the date of start of treatment to date of last follow
up or disease progressiorhe KaplanMeier product limit method was used to estimate
the mediamsurvival (OS and PFS). Cox proportional hazard regressiats were used
to identify-any association between covariates and survival (OS and PFS). €zlagaifi
and regression tree (CART) analysis using the martingale residuals of theddeis m
were used .to deteiine the functional form ofGHV% that was includedn the
multivariate .analysesto validatethe significance ofl GHV% as acontinuous variable
we also.analsedthe IGHV% after combining the two grougsombined group; n=535)
Statistical"analysis wasegformed usingthe StatdSE version 14 statistical software
(Stata Corp. LP, College Station, TX).

Results
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Theclinical characteristics ®203patients treated witthe originalFCR-300 protocol and
of 332 patients treated with FCR off protoc@CR-control group are summarizedn
Table I. The median followup of patients wa$0.7years(0.1-15.5) in theoriginal FCR
300 trial and 5.6 years (0.22.1) inthe FCR control group There were no significant
differences. in the baseline clinical featurestlué patients in the two cohortsMean
number. of treatment cycles was 6 (rang® in both cohorts.

Cox proportional hazard models were usedédterminethe association between
IGHV%, ‘asa continuous variabland survival PFS and Opin theFCR-300 tial cohort
(Figure 1A, B). The IGHV% deviationwas significantly associated with PRRBazard
ratio (HR)#95% confidence interval@l): 0.81 (076-0.87) P<0.001)and with OS(HR:
95%; CI:0:84 (0.78-0.91)P<0.001), suggesting thatsthe percent deviation ofGHV
from the germline sequenciecreases the risk of disease progression or death
significantly decreasesthe Cl of 0.81 epresents a decreasethe rate of progression of
19% for everyl% increase in thEGHV% (Figure 1A, B). In order to furthevalidate this
observatiopnwe analsed the survivabf patients treated witRCR off-protocol (n=332)
(Figure"1CyD). Smilar to patients treated on tHe&CR-300 study there was a significant
association betweeRFS (HR: 0.84 CI: (0.79-0.90) P<0.001)ard OS (HR: 95% CI:
0.90 _(0:820.99); P<0.039) andIGHV% deviationin the FCR control grougSimilarly,
when weevaluatedall 535 patiens of the two groups and performed sg@me analysis
(Figure, 1E, F) we found that asustainedcontinuumincrease inlGHV% deviation
significantlycorrelatedvith PFS and OS.

We-then performed univariatand multivariateanalysedor PFS and O&sing the
IGHV% deviationvalue as a continuous variable rather than the conventionallycused
off value of 2%(Tables Il and Il , respectively) The variables that werggnificantly
associated._witha better PFS and OS in the univariate analysis were Id¥@er
microglobuln levels, younger age, lowdactate dehydrogenadevels, undetectable
minimalsresidual diseases assessed by flow cytometahigher number oFCR cycles
and a lower._white blood cell counfWBC). Multivariate analysisdentified IGHV% as
beingsignificantly associated with PFS. Other factors significantly associated with longer
PFS were number of treatment cydléss) andWBC <200x 10%I (Table II ). Similarly,

multivariate analysigdentified IGHV% as being significantly associated wiDS. Other
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factors significantly associated with long@® werethe number of treatment cycles-¢}
andage <65 yeargTable 111 ).

Because there wassgnificant difference in the median follewp and the overall
survival curvsin the original FCR anthe off-protocolFCR groupgFigure 1 B, D), we
assessethe causes of death and the first salvage treasmentinistered tahe patients
of the twogroups.One hundred and foutleathsvere recorde@mong the 203 patients of
the "original FCR300 cohort 46 patients died of disease progression, 14f
transformation, 13rom complications of stem cell transplantation (SCT),frbin solid
tumaurs, 9 from an infection while in remission, 8from infection during disease
progression,and Bom haemattogical neoplasmsAmong the332 patients of th&CR
control“group which had amedian followup of 5.6years 64 deathsvere recorded21
patients died from other neoplasms (9 solid tumars and 12 haemattogical
malignancies) 15 from disease progression, fiom disease transformation, ffom
variousinfections, 4from pre-existing comorbidities4 from complications of SCT and 5
patientsdied ofunknown causes.

In the original FCR300trial, 124relapsedatientsreceivedsalvage treatmenof
which=32 received FCR, 23 miscellaneoushemotherapyegimens, 19 alemtuzumab
based.regimens 16 rituximab with GMCSF, 10 ibrutinibased regimens 10
lenalidomide basedegimens 4 received R-CHOP (rituximab + cyclophosphamide,
doxorubicin, vincristine and prednisolone), 4 hyp@VAD (hyperfractionated
cyclophoesphamide, doxorubicin, vincristine and dexamethasone + methotrexate and
cytarabine)’and @vere treated witmadioimmunotherapyin the FCR control groydl23
patients receivedsalvage treatmentForty-two patients redeed an ibrutinib-based
regimen, 15 ofatumumalbased regimens, 14 lenalidomide with rituximab, 10 with
bendamustine with rituximab and 10 witituximab and high dose steroids§ received
FCR and3 hyper CVAD, 7were treatedavith OFAR (oxaliplatin, fludarkine, cytarabine
and rituximab), 3with alemtuzumab, 3received FBR (fludarabine, bendamustine,
rituximab);,2 venetoclagxandone patientwas treated withdelalisib. Overall, the FCR

off-protocol patients had access to newer, more effective salvage megime

Discussion
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In this analysiswe assessedhe prognosticsignificanceof IGHV mutation status by
analsing the absolutevalue of IGHV% on PFS and OSn a large cohort of patients
treated with _frontline FCRwndfollowed for up to 16 years. Oanalysisrevealedthata
sustained.increase mbsolutel GHV% deviationis significantly associated wittonger
PFS and OSThe higher theGHV% deviation the bettethe PFS and OS whereas the
lower thelTGHV%, the higher therisk of disease progressi@nd death Similar results
were obtainedn a separate cohort of 3Z3_L patientstreated with FCR or FClRased
regimens.However, he overall survivalratesof patients withlower IGHV% in this
cohort meregreater(Figure 1D) thanthose of patients enrolled the original FCR trial
(Figure1B): These differencesould be attributed to ahorter followup in the off-
protocol cohortand -thata higher proportion ofhe off-protocol relapsegatientswere
treated_withmore effectivenovel salvageaegimens These salvage therapies were not
available at that time for most relapgeakients enrolledni the original FCR300 trial,
most ofwhich were treated witbss effective salvagegimens

Ourdata suggest théthe absolutdevel of IGHV% deviationrather than 2% cut
off or«98% cut off for sequence identitg a better and more reliable predictor of
treatment outcome. Given that the PFS of patients with liggV/% deviation followed
for up to 16 years might be as high as 70%, the absi&hiit®% rather than the 2%ut-
off should betaken into considerationvhen considering frontlineFCR treatment
Nevertheless, ldnough analyss of the two different cohorts yielded similar resylts
confirmation from large cohatof FCRtreated CLL patientrom otherinstitutiors is
needed Furthermorepecause of lack of data on routine karyotypenalysis FISH
analysis, nexgeneration sequencirggudiesand stereotypy status for these patiewes
could notperforma correlative analysiso compare our data with other stud#mwing
that cytogenetic aberratisndelllq and dell7p}ignificantly correlated withGHV
mutationsstatusn CLL patients(Gladstone et al 2012) On the same note, one study
reported-thatatients with unmutatetiGHV and sole dell3q abnormality (n=13) had
significantly shorter cumulative probability of treatment as compared to mutakéd
and sole dell3q abnormality (n=34), however @8 was not significantly different
(Gladstone et al 2011)
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One should keep in mind th#te 2%IGHV% deviationcut-off dichotomizing
CLL patients intoM-CLL (good) and UCLL (bad) previously reported in patients
receiving chemotherapynightfail to predictsurvival outcomesn patients teated with
novel _nonthaenotoxic agents. For example, initial results from the ibrutinib
trial(O'Brien, et al 2016)showed thatichotomizng patients into MCLL and UCLL is
probablyirrelevantin patients treated with this ageiVhether assessmentI@HV% as
a continuousvariable might becomea useful prognostiéndicator in ibrutinib- or in
venetoclaxireatedpatientsremains to be determineldn et al(2002)suggestedhat CLL
shouldbe regarded as diseasewith a continuous variable phenotyp®ur findings
support: this, hypothesisecausehey suggesthat as the percent deviation HV%
increase, CLL cells becomemoresusceptible to DNA damaging agents.

Another potentialexplanation for our resdtcould be derived from previous
repors demonstrating eobust correlation between the birth saté CLL cells IGHV%
and disease courg®lurphy, et al 2017, van Gent et al 2008) In addition,antigen-
driven Cleles i.e., thee with significantly higher mutation % deviatjidmad a better
survival thenantigennaive nossignificantly mutatediGHV and unmutated GHV%
(Degan.et al 2004) Furthermorepecausehe telomere length is longer in patients with
highersIGHV% deviation from the germlinesequence, these patients have lower
proliferation rates and hence a longer survival. In one stGdgbowski, et al 2005)
patients with mutatetGHV with shorter telomere lengthgere found to have survival
similar e patients with unmutatde@HV. Within the mutated subgroup, patients who
responded toCpG-oligodeoxynucleotide (Cp®DN) stimulation had an inferior
outcome compared to those who did not peodife i.e., those with a highetGHV%
(Tarnani, et al 2010) Overall, these findingsuggest thathe higher thel GHV%
deviation,the more the cells are anergicttee B-cell receptor BCR) trigger, have longer
telomere_ lengthsareless responsive to CpGDN stimulation,havelower proliferative
rates andtherefore exhibit longer patient survival.

Insummary, wedemonstratedhat CLL patiens’ survival is impacted by
continuousncrement ol GHV% deviation.The hgher the percent deviatiothe betteris

treatmentoutcomein patients treated witkCR Theefore the prognosticelevanceof
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IGHV% as a continaus, rather thana dichotomized, variable should be further
investigated
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Table I."Baseline characteristics of patients with CLL treated with frontline FCR
FCR-300 clinical trial and FCR-based therapies ¢ff-protocol)

FCR-300clinical FCR-based therapy

Characteristic Measure/Category ]
trial (n=203) (control group) (n=332)
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Age, years Median (range) 57 (1785) 58 (2884)
Age 65 years) n (%) 49 (24) 68 (21)
Gender Male/Female (n) 151/52 220/112

Rai stage (0, 1, 2/3, 4) n (%) 134 (66)/69 (34) 217 (65)/115 (35)
WBC, x10° Median (range) 81.5 @.1-407.8) 84.2 (L.4-541)
Hb, g/l Median (range) 125 (61187) 125 (23165)

Platelet.eount,
x107/

Median (range)

156 (34406)

147 (10420)

B2M (mg/l) (<=4 mg/l) n (%) 116 (57)/85 (42) 220 (67)/111 (33)
1-3 22 77
Number.of cycles| 4-5 30 84
6 159 232
Progressed n (%) 132 (65) 158 (48)
Died n (%) 105 (52) 64 (20)
Follow=up, years | Median (range) 10.7 (0.315.5) 5.6 (0.212.1)

B2M; B2 microglobulin; CLL: chronic lymphocytic leukaemia; FCR: fludarabine, cyclophosphamide and

rituximab;,Hb:.haemoglobin concentration; WBC: whiteod cell count.

Table II-"Univariate and multivariate analyses of PFS of CLL patients treated with
frontline FCR

01

FER-300 Original Univariate Multi\./ariate
(continuous)
N Events | HR 95% Cl P-value HR 95% Cl P-value

IGHV% 203 148 0.81 (0.76-0.87) <0.001 0.80 (0.75-0.86) <0.0
B2M (mg/l) 201 146 117 | (1.09-1.27) <0.001
WBC x107 203 148 1.00 | (1.00-1.01) 0.002
Cycles(n) 203 148 | 0.71 | (0.62-0.80) <0.001
Age >65 years

No 154 106

Yes 49 42 1.69 (1.18-2.42) 0.004
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p2M =>4 mg/|

No 116 74

Yes 85 72 2.02 (1.46-2.80) <0.001
WBC > 200 x10°/1

No 190 132

Yes 21 19 2.45 (1.50-3.98) <0.001 2.30 (1.40-3.77) 0.001
Cycles

1-3 22 21

4-5 27 19 0.36 (0.19-0.68) <0.001 0.28 (0.15-0.52) <0.001

6 154 108 0.29 (0.18-0.47) <0.001 0.24 (0.15-0.39) <0.0p1

Other variables that wesggnificantly associated with increased risk ofgrassion events in the univariate
analysis but not irthe multivariate modelgand therefore not included in thigble) were increasedge,
high B2 mieroglobin, elevated lactate dehydrogenase levels, and detectable minimal residual disease (not

shown)

95% CI:195% confidence interval; f2M; B2 microglobulin; CLL: chronic lymphocytic leukaemia; FCR:
fludarabine;.eyclophosphamide and ritugiopy HR: Hazard ratio; PFS: progressioge survival; WBC:
white blood cell count.

Tabledll==ldnivariate and multivariate analyses of OS of CLL patients treated with
frontline FCR

FCR ‘on clinical trial — FCR-300 Univariate Multivariate
(continuous)
N Events HR 95% ClI P-value HR 95% ClI P-value

IGHV% 203 105 0.84 (0.78-0.91) <0.001 0.82 (0.76-0.90) <0.001
B2M (mg/l) 201 103 124 | (1.15-1.34) | <0.001
Cycles(n) 203 105 0.66 | (0.58-0.75) | <0.001
Ag e>65 years

No 154 66

Yes 49 39 2.92 (1.96-4.35) <0.001 1.92 (2.23-3.01) 0.004
B2M >4 mg/|

No 116 45

Yes 85 58 251 (1.70-3.71) <0.001
Cycles

1-3 22 19

4-5 27 18 0.52 (0. 270.99) 0.04 0.48 (0.25-0.94) 0.03

6 154 68 0.23 (0.14-0.38) <0.001 | 0.27 | (0.15-0.48) <0.001
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Other variableshatwere significantly associated with increased riski@dith in univariate analysis but not
in multivariate models were age >G®ars high p2M, elevatedlactate dehydrogenadevels, ZAP70

positivity and undetectable minimal residual disease (not shown)

95% CI:95%neonfidence interval; f2M; B2 microglobulin; CLL: chronic lymphocytic leukaemia; FCR:

fludarabine, cyclophosphamide antliximab; HR: Hazard ratio; OS: overall survival.

Figure Legend

Figure/1. A sustained increase in the percentage deviation b6HV mutations is
significantly associated with a lower risk of PFS and OSThe number of patients and
the events.in each cohorteadepicted in the figureUnivariate analysis identified a
significant statistically association betweksHV mutation from the germline sequence
and survival (progressieinee and overall survival(A-B) Survival functiors were
determined after the unikiate Cox proportional hazard model was fitted using the
continuouslGHV% deviationas a continuous variabk®) PFS in patients treated on the
original FCR-300 clinical trial (FCR-original, n=203; mediarfollow-up 10.7 years). The
estimatedive-year survival was 44%, 45%, 40%, 50%, 83%, 82%, 90%, 86%, 83% and
84% at 041, 2, 3, 4, 5, 6, 7, 8a9d of IGHV% deviation,corresponding to various
cutoff points forIGHV mutation% deviation (€0.9, £1.9, 22.9, 33.9 and>4% and so

on) orgotherwise called g40099.1, 9998.1, 9897.1, 9796.1 and 96%) percentage
identity, respectively (HR: 95%; CI: 0.81 (0-1687); P <0.001)(B) OS in patients
treated,on the originddCR-300clinical trial . The estimatefive-year survival was 87%,
70%, 60%;,°67%, 92%, 100%, 90%, 100%, 83% and 80% at 0O, 1, 2, 3, 4, 5, 6,7, 8 and
9% ofIGHV9%, respectively (HR: 95%; CI: 0.84 (0-1891); P < 0.001). Similar analyses
of PFS and OS in patients treated with F@Rprotocol FCR Control,n=332; median
follow up of 5.6 years) is depicted @ andD. (C) PFS in patients treated with FER
based regimenaff-protocol. The estimatefilve-year survival was 43%, 42%, 84%, 77%,
809%0,"78%, 88%, 83%, 71% and 70% at O, 1, 2, 3, 4, 5, 62 92%8dnd |IGHV%,
respectively (HR: 95%; Cl0.84 (0.790.90); P<0.001)(D) OS in patients treated with
FCR-based regimensff-protocol. Estimatedive-year survival was 81%, 83%, 96%,
85%, 80%, 93%, 100%, 93%, 82% and 87% at O, 1, 2, 3, 4, 5>8%,08 and
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IGHV%, respectively (HR: 95%; CD.90 (0.820.99); P=0.039(E) PFS inthe combined
cohorts (i.e., patientseatedon theFCR-300 clinical trialandpatients treated witRCR-
based regimensff-protocol) The estimatedive-year survival was 43%, 44%, 71%,
65%, 82%, 79%, 89%, 84%, 76% and 74% at 0, 1, 2, 3, 4, 5, 6, 7 >8&hdf IGHV%,
respectively HR: 95%; CI 0.81 (0.4891); P<0.001)F) OS inthe combined cohorts
(i.e., patients treated on the FGRO clinical trial and patients treated wHCR-based
regimens off protocdl The estimatedfive-year survival was 82%, 75%, 86%, 76%, 86%,
96%, 96%,795%, 82% and 88% at 0, 1, 2, 3, 4, 52 8%/ 08 and IGHV%,
respectively (HR: 95%; CI: 0.84 (0.72-0.97); P =0.015).

95% CI: 95% confidence interval; FCR: fludarabine, cyclophosphamide and rituximab;

HR: Hazard ratio; OS: overall survival; PFS: progress$iea survival
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