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Abstract

Background The treatment landscape for chronic lymphocytic leukemia (CLL) continues to undergo considerable
evolution. Optimal selection of initial therapy from multiple effective options provides a major challenge for clinicians,
who need to consider both disease and patient factors in conjunction with a view to sequencing available therapies
in event of disease relapse.

Review We explore the most topical clinically relevant unresolved questions through discussion of important
available pertinent literature and propose expert opinion based on these data. (1) Shrinking role of chemoimmuno-
therapy (CIT); while novel therapies are generally superior, we highlight the utility of FCR for IGHV-mutated CLL. (2)
Choosing between inhibitors of Bruton’s tyrosine kinase (BTKi); while efficacy between agents is likely similar there
are important differences in toxicity profiles, including the incidence of cardiac arrhythmia and hypertension. (3)
BTKi with or without anti-CD20 monoclonal antibodies (mAb); while obinutuzumab-acalabrutinib (AO) may confer
superior progression-free survival to acalabrutinib (Acala), this is not true of rituximab (Ritux) to ibrutinib (Ib)—we
highlight that potential for increased side effects should be carefully considered. (4) Continuous BTKi versus time-
limited venetoclax-obinutuzumab (VenO); we propose that venetoclax (Ven)-based therapy is generally preferable
to BTKi with exception of TP53 aberrant disease. (5) BTKi-Ven versus VenO as preferred time-limited therapy; we
discuss comparable efficacies and the concerns about simultaneous 1L exposure to both BTKi and Ven drug classes.
(6) Utility of triplet therapy (BTKi-Ven-antiCD20 mAb) versus VenO; similar rates of complete response are observed
yet with greater potential for adverse events. (7) Optimal therapy for TP53 aberrant CLL; while limited data are availa-
ble, there are likely effective novel therapy combinations for TP53 aberrant disease including BTKi, BTKi-Ven +antiCD20
mAD.

Conclusion Frontline therapy for CLL should be selected based on efficacy considering the patient specific biologic
profile of their disease and potential toxicities, considering patient comorbidities and preferences. With the present
paradigm of sequencing effective agents, 1L combinations of novel therapies should be used with caution in view

of potential adverse events and theoretical resistance mechanism concerns in the absence of compelling randomized
data to support augmented efficacy.
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Background
Preferred first-line (1L) therapy for chronic lymphocytic
leukemia (CLL) has evolved considerably over the last
decade. Targeted inhibitors of Bruton tyrosine kinase
(BTKi) and the anti-apoptotic protein B-cell lymphoma
2 (BCL2i—the most advanced example in development
being venetoclax [Ven]) are highly effective first-line
strategies for treatment of CLL with significant activity
demonstrated across all genomic risk subgroups. Both
continuous BTKi [1-6] and fixed-duration Ven in com-
bination with obinutuzumab (Obi), (VenO) [7—10] dem-
onstrate superior progression-free survival (PFS) and/or
overall survival (OS) compared with chemoimmunother-
apy (CIT) as initial therapies, regardless of patient fitness.
Treatment guidelines from the National Comprehensive
Cancer Network (NCCN, updated 2023) [11] and Euro-
pean Society of Medical Oncology (ESMO, 2021) [12] for
treatment-naive CLL endorse-targeted therapy as first
therapy for both high-risk and non-high-risk patients,
while the role of CIT continues to shrink.

Despite these advances, several key questions remain
unanswered including:

1. Considering the role, if any, for CIT in 1L treatment
of CLL,

2. How best to combine and utilize targeted agents in
1L therapy, and

3. The impact of genomic profile on choice of targeted
agent

While recommended thresholds for treatment initia-
tion per iwCLL were established in the CIT-era, no data
support earlier treatment with either CIT or novel agents
[13, 14]. Selection of initial therapy for individual patients
must consider efficacy, toxicities, long-term impacts
on subsequent therapy options and patient preference
while ensuring equity of access with increasingly costly
treatments. Although selection of 1L therapy should be
individualized, patient fitness must be considered. The
majority of patients with CLL are considered to be ‘unfit’
due to advanced age or pre-existing comorbidities. While
patient frailty may be identified across multiple domains
by geriatric assessment tools [15, 16], contemporaneous
studies of novel agents have generally defined an ‘unfit’
patient as those > 65 years of age, or with Cumulative Ill-
ness Rating Scale (CIRS) > 6, and/or creatinine clearance
of <70 ml/min.

While the utility of drug classes such as ROR1 anti-
bodies, MCL1 inhibitors, BTK protein degraders, and
immunotherapies (bispecific antibodies, chimeric anti-
gen receptor [CAR] T-cell therapy) are being explored
in relapsed/refractory (R/R) CLL, none are expected to
imminently impact 1L therapeutic selection [17].
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In this review, we explore a number of unresolved ques-
tions regarding optimal 1L therapy for CLL. A graphical
summary is provided, see Fig. 1.

Is there still a role for chemoimmunotherapy
as first therapy?
While CIT is unsuitable for the majority of patients, it
may be considered for carefully selected individuals with-
out genomic adverse-risk disease.
Fludarabine-cyclophosphamide-rituximab (FCR) and
bendamustine-rituximab (BR) are previously established
standards of care CIT combinations for fit and unfit
patients, respectively, with an indication for treatment,
without del(17p) and/or TP53 mutation (TP53 aber-
rancy) [18, 19]. In the German CLL8 study, FCR dem-
onstrated superior PFS and OS compared with FC after
median follow-up of 5.9 years, see Table 1 [18, 20]. In the
CLL10 trial from the same study group, FCR displayed
superior PFS compared with BR for young patients
(<65 years); however, in post-hoc analysis no significant
difference was observed for patients>65 years (median
57.9 vs. 48.5 months, HR 1.352 [95% CI 0.912-2.006],
p=0.134) for whom incidence of adverse events was
higher, including hematological toxicities [19, 21].
However, outcomes for patients with high-risk genomic
lesions, especially those with TP53 aberrancy, are well
recognized to be inferior following CIT irrespective of
regimen intensity or patient fitness. The presence of
del(17p) and/or TP53 mutations were strongly associated
with inferior PFS (median PFS of 11.2 months) following
FCR in CLL8 [18]. As such, patients with TP53 aberrant
CLL were appropriately excluded from the CLL10 study.
Patients with unmutated IGHV (umIGHV) CLL com-
pared with IGHV-mutated disease demonstrated inferior
PES following FCR (CLLS, 5-year PFS rates of 33.1% vs.
66.6%) [18, 22], BR (CLL10, mPES 33.9 vs. 68.9 months,
HR 2.431 (95% CI 1.674-3.530), p<0.0001) [19, 21], and
chlorambucil (Chl) regimens (CLL11, HR 1.97 (95% CI
1.52-2.55), p<0.001) [23]. While the adverse prognostic
impact of TP53 aberrancy and umIGHYV are also retained
following VenO as first therapy [24], VenO achieves
superior PFS compared with CIT for both subgroups in
CLL14 [7] and CLL13/GAIA [9, 25]. Similarly, patients
with umIGHV CLL treated with ibrutinib-rituximab
(IbR) in E1912 [1, 26] and FLAIR studies [27] observed
improved PFS compared with CIT. While no studies
comparing BTKi and CIT have included significant num-
bers of patients with TP53 aberrant disease, pooled PFS
outcomes of such patients treated with ibrutinib (Ib) are
superior to those reported in CLL8 following FCR [28].
However, although representing the minority, FCR may
still be justifiably offered as an alternative to novel thera-
pies for young, fit patients with mIGHV CLL and absence
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Unresolved question in first therapies for CLL

Is continuous BTKi or
preferable?

Treatment selection should be individualized, however, we generally
support time-limited VenO as first therapy, with the potential for re-

treatment.

time-limited venetoclax-based therapy

Is there still a role for CIT?

While the role of CIT has diminished significantly, time-limited CIT may
be considered for younger patients with CLL with mutated IGHV
(without TP53 aberrancy) after careful counselling.

If pursuing time-limited therapy, is VenO or Ven-BTKi preferred?

There are no compelling data to support BTKi-Ven over VenO. Particular
concerns with this approach include theoretical acquisition of resistance
to both classes, and cardiac adverse events in the elderly.

When using a BTKi, which is the preferred agent?
Acalabrutinib or zanubrutinib are preferred over ibrutinib due to to at
least equivalent efficacy with reduced toxicities overall.

Is BTKi-BCL2i-antiCD20 triplet preferable to Ven-0?

Despite higher uMRD rates, CR rates and PFS in short-follow-up are not
clearly superior to VenO. Use of triplet therapy is associated with
greater hematological toxicity.

When using a BTKi, should you add an anti-CD20 mAb?

While addition of obinutuzumab to acalabrutinib may potentially
improve PFS with potential for increased hematological and infection
adverse events, rituximab should not be routinely added to BTKi.

Which are optimal therapies for patients with CLL exhibiting TP53
aberrancy?

There are data supporting efficacy for BTKi and IbVen +/- O. Although
TP53 aberrancy associates with inferior PFS following VenO, this
remains an effective option. Clinical trials should be considered.

Fig. 1 Graphical summary of unresolved questions in first therapies for CLL. BTKi—Bruton's tyrosine kinase inhibitor; BTKi-Ven—
Bruton's tyrosine kinase inhibitor-venetoclax combination; CIT—chemoimmunotherapy; CR—complete response; Ib-Ven (+) O—
ibrutinib-venetoclax + obinutuzumab; mAb—monoclonal antibody; PFS—progression-free survival; uMRD—undetectable measurable residual

disease; VenO—venetoclax-obinutuzumab

of TP53 aberrancy with the aim of achieving long-term
disease control. Most may be successfully transitioned
to novel therapies following relapse [29, 30]. In a Phase
II study of FCR, although no differences were observed
in CR rates, patients with mIGHV CLL achieved supe-
rior rates of bone marrow (BM) undetectable measurable
residual disease (uMRD) by polymerase chain reaction
(PCR) compared with umIGHYV, 50.7% versus 33% [31].
Long-term follow-up of the mIGHV group demon-
strated sustained PFS of 53.9% at 12.8 years; no relapses
observed in 42 patients beyond 10.4 years follow-up with
plateaued Kaplan—Meier estimates. Although no associa-
tion between IGHV mutational status and rates of com-
plete response, uMRD, or OS were observed in CLLS,
significant difference in PFS following FCR was dem-
onstrated in favor of mIGHV compared with umIGHY,
with apparent plateau in PFS estimate (median PFS not
reached) after 7 years of follow-up [18]. These data pro-
voke the question as to whether FCR as first therapy may
cure a significant portion of patients with mIGHV CLL.
Whether long-term PES outcomes for mIGHV CLL
may be similar following FCR or novel therapies is
uncertain. The E1912 and FLAIR studies demonstrated
discordant PFS outcomes for mIGHV patients when
comparing Ib (+rituximab [Ritux]) to FCR [9, 27]. In

E1912, 5-year PFS for mIGHYV patients favored Ib (83%
vs 68%; HR=0.27, p=0.001); however, no difference was
observed in FLAIR (HR 0.64 [0.35-1.16], p=0.15) after
median 52.7-month follow-up. It is important to high-
light the shorter follow-up periods for these studies at
which point any potential plateau in Kaplan—Meier PFS
estimates for mIGHV patients were yet to be observed
in the MD Anderson cohort and CLL8. PFS outcomes
by IGHV mutational status following IbVen have not yet
been reported by either GLOW or FLAIR studies; how-
ever, patients with umIGHV CLL appear to achieve supe-
rior rates of uMRD [32, 33].

Novel therapies consistently demonstrate superior PFS
compared with less intensive CIT (obinutuzumab-chlo-
rambucil [ChlO]/BR) for unselected unfit/older patients
[4, 7, 34, 35]. However, older patients may express differ-
ing goals of therapy including prioritization of time-lim-
ited treatment exposure. Where BTKi and/or VenO are
not readily available, ChlO may still be offered with rea-
sonable efficacy for patients without TP53 aberrant CLL,
particularly for the minority of patients with mIGHV
CLL. After median 42.4-month follow-up, median time
to next treatment (TTNT) was 51.1 months following six
cycles of ChlO for all older patients in CLL11 [36]. Mean-
ingful PFS (median not reached) was achieved for elderly/



Page 4 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

(956:0=4)
101 YH ‘SO UBIpSaW Ul 95UIa4Ip OU
SyIuoW /7S dn-moj|oj uelpaly

(49)
%96 'SA (Z) %E V6 159181 SO YuoW-i¢

(O1YD) %8

(V) %+8 (OV) %06 :S2381 SO YIuow-09
(66¥00=0)

'SS°0 YH ‘OIYD SA OV ‘(Swie [[e) YN SO
uelpaw ‘SYuow 7'gG dn-moj|o uelpay

(€6£0=9)"(L6'1-09°0 1D %S6) 80'L YH
YN SA YN ‘SYIUOW G dN-MO)||0) UBIPIIA

(491) %98
(A1) %58 '(49) %8 :S91e1 SO YIUOoUI-8f

(€¥/°0-9/C0)
€570 YH (YD) W 68 SA (91) YN SO
UeIpaW ‘Ssyruoul /'8 dn-moj|oj UeIpalA

(6650=0) (£T9'1-552°0 1D %56) 80L'L
4H ‘(4D4) %6'08 'S (Hg) %108 s=1el
SO ‘SYIUOW 785 dn-moj|o4 UeIp

(C100=0) '(D4) %ES 'SA%/8
$3181 GO 's1eak 65 dn-mo| |04 UBIPS

(1000>d) 0 YH
‘(YD) W £9'SA (4q1) YN S4d ueipaw
‘SYIUOW /7S dn-moj|oj uelpaly

(10000>d)
"(€9°0-82°0 1D %56) T gH "IN "SA
YN ‘SYuow z'9z dn-moj|o} Uelipay

OIYD) %LT (V)

%¢/ '(OV) %¥8 s31J S4d Yuow-09
(10000>d)

"LT0 YH OIYD 'sA Y (L0000 > d)
L1'0 YH 0IYD SA OV "(01YD) W /T
(V) YN "(OV) YN S4d ueipaw
SYIuOW 7' dn-moj|oj uelpaly

@]'®)]

%EE SA (O) %¥L 52184 S4d YIUoW-74
(10000>d) (8€°0-91°0 1D %S6)

S0 4H (O1YD) W Zz sA (Odl) N S4d
UeIpaW ‘SYIUoOW S dn-moj|of uelpalp

(491) %9/ ‘(A1)

%9/ (49) %/t :5918J S4d LpUOW-gty
(960=9) ‘(871990

1D %S6) 660 4H ‘Gl SA ¥al *(4q1)

4N “(@l) YN ‘(99) W bt S4d ueipaw
um%coc_ qq Qj\>>o__0w uelpa|

(14D) %6 'SA (1) %6S 59181 S4d 1edh-£
(02T0-8010 1D %S6) #S1°0

YH (YD) W GL 'SA (Q1) YN S4d ueipaw
‘syruou /78 dn-moj|oj ueIpaly

(10000>0)

(966'L-1£T 1 1D %S6) €651 4H '(MD4)
W 9'/G 'SA (4g) W €Tt S4d uelpsw
SyIuoW 7'8G dn-moj|oj uelpaly

(L000>a) (690050 1D %56) 650

dH '(D4) W 6'CE "SA (4D4) W 89S S4d
uBIPaW ‘sIe3K 6'G dN-MOj|0) URIPSIA

d/N

d/N

(19oue))

(O1UD) %19 (V) %L '(OV) %6¥ [9d]
AUo 14D/4D buirsiyse syusired

(€€00=4d)
"(01UD) %S "sA (Og1) %8¢ [Ng 10 gd]
‘SYIUOW Gfy dN-MO||04 UBIPSN

d/N

d/N

(dD4) %185 'SA (49) %9 L€ [Nd]
(424) %L 2 *SA (49) %629 [9d]
:Buibeis-ai jeuly

(10000>d)

‘(D) %€ SA (YD) %¢9 [9d]
:buibeis-a1 [eul4

d/N

LZ0Z Yse—(4g) %1'S L/%E 'S8
SA (Z) %99/%9 %6

(e]’®))

%t L/%T8 (V) %t 1/06 '(OV) %TE/%96
:dnyy aeak-g

(OIUD) %S/%6L (V)

%1/%98 (OV) %t L /%6 1odal [eniu|

(OI4D) %L 1/%18
(09D %Cr/%L6

(49) %9¢/%18
(491) %< L /%6
Q1) %L/%¢<6

(142)

NN/%LE SA (1) %rE/%T6 :dn/l 13
(142)

%T/%SE "SA (Ql) %1/%98 11odal [eniu|

(dD4)
%L 0/%8°L6 SN (H9) %S LE/%8 L6

(O4) %TT/%08 A (4D4) %irt/%06

S9|2AD XIS PapURIUI—YD4

(9-12) 9x X 1Y snd s1eak g o1 dn—yq|
‘(jetn dnolb jajjesed) YqIyd4 Ll
UoI2eJ |19 J30URd 907 < (d/1)|9p ou
‘'s/ >s1uaned ‘||| aseyd

[ divid

S3|2AD XIS papuULIUI—Yg

'92URID|OIUI IO Od [MUN—7Z ‘YFZ Li1
(d/1)[3p INOYUM 'S3IIPIGIOWOD Yim
69> 10 AG9 Z syualied ||| aseyq

[671 '¥] VIOND3S

$92AD XIS PapuUAUI—O|YD

'9-1D O snyd 'y J1ad se:Qy ‘aduel
-|01Ul IO dd [MUN—Y ‘OIYDV:OV L:L:L
(9<SyID 4o ulw

/IW 69-0€ [D4D) SOIUPIGIOUWOD LM
69> 10 AG9 Z syualied ||| aseyd

[8G /S O] N1-31VAT 13

31240 XIS PIPURIUI—OIYD ‘9-1D

O snjd aduelajoul 10 Od [N g—Od|
ad uodn

PaMO[B J9A0-5S01D QYD 'SA O]
SUOIIPUOD BunsIxa-aid Yum

69> 10 AG9 Z syuaired ||| aseyd

[S€ "€l LYNINNTTI

S92 XIS papu1ul

—4g '9-7D X14 snjd ‘q| 4od se

:¥q| '@dueIzjOIUl JO Od [AUN—q|
dgdqrql Lol

KG9 Z syualied ‘||| 9seyd

[€G 'S 20T IDNYITV

S9pAd 71 o)

dn—jyD ‘@durI|0IUI IO Od |MUN—(q]
Qd uodn pamoj|e 19A0-5501D |y SA g
(dz1)epno

-Yum A5g 2 sauaped ‘||| aseyd

[8Z1 'S¥] -31¥YNOS3Y

DB3 $39|2AD XIS PIPUSIUI—YD - SA Yg
(dz1)1ep Inoyum syuaned 1y || seyd
[lz'glloLTmD

283 S9J2AD XIS PIPUSIUI—I) - 'SA YD
(18-0¢ pabe) sruaned 1y | 3seyd
[£z1'0Z 811 8TD

SO

Sdd

paiers
as1mIay30 Jutodawiy/gyNn 3sag

14D +4d/4d0

S91pN1S 1) dUIj3U0.y [RIOAId

7D paeaun uj sjely (eIl [e30AId JO saUI02IN0 ADRDYD Ulely | dqel



Page 5 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

4/N

(Aouellage
£6d1 YIM) 996 '([d/ L][BP INOYUM) 986
‘(po183.11-|B) 9686 :S91RI SO YIUOW-HT

(c1'0=9)
601870 1D %56) 2270 gH ‘(01YD)
9%0°LL SN (QUSA) %618 158181 SO Je2A-G

sulle
1USW1eSJ] || SSOIDe Je|iwls, $91el SO
!SYIUOW '8¢ dUII} UOIIRAISSCO URIPIIN

(8L00=0) (68'0-5T'0 1D %56) L0 YH
‘(YD) %68 SA (4]1) %56 S1e) SO 1e9k-G

(U=AQ) %26

'SA (Ql) %S56—,PIWIYUOD 10N QHIAN,
(A1) %001

'SA (0g@2e|d) 9656 =,PaWILUOD QYAN,
153181 G4d YIUOW-0E

(Aouellage £64/
UNM) %8 ‘([dZ L][2P INOYIM) %96
(p1213-|[B) 9656 1S91RI S4d YIOW-1¢

(OIUD) %0'£T

‘SA (QUBA) %9°79 159181 G4d SIeak-G

(1000°0>d) ‘(9%'0-97°0 1D %56) SE0
YH 'SUIUOW H'9¢ SA YN S4d Uelpaw
SYIUOW $'G9 dN-MO||0} UBIPIIN

(1)

%S'GL '(OUSAQ) %S 06 (OUSA) %L L8
Am_cm>v %808 ‘Soiel S4d me-wmtﬁ.
(€81'0=4a)"(8L'L-€50 1D %S L6)

62°0 gH 11D 'SAYUSA (10000 >d) (89°0
=970 1D %S'£6) '¢¥'0 YH LD SA QUA
"(10000>d) (#S'0-61°0 1D %S L6)

"TE€°0 YH "LID 'SA QUSAJ] 'syiuow g'g¢
o Co_pm?_wmo_o CEU@.Z

(10000>0)
"(1S0-£T0 1D %S6) LE0 YH ‘(4D
9%1G 'SA (HO) %8/ 153181 S4d 1eRA-G

1989 [INg]
%S [9d]
103

%09 [We]

%Z,L [9d)

103

(1000>4d)

(01YD) %L°LL 'SA (OUBA) %695 (W)
(1000>4d)

"(OIYD) %T'SE "SA (OUSA) %S/ [9d]
4G 1 yuow

LL€0=d"11D SAYUSA'10000>d 1D
"SA QU3AGI 'L000°0 > d 11D SA OUIA
(LID) %07 ‘(OUaAG) %7 76

(OUBA) %598 '(USA) %0°/S [4d]

51 LUOW

(424) %65 *SA (491) %<8 [9d]
‘JUSWISSISSe YIuow-7 |

%9¥/%L6

%55/%96

(o1)
%E1T/€ 1L SN (OUSA) %S 67/%L 78

%01 £/%8 08 D4
9%6'19/%+ 76 }0USA]
98'95/% 1'96 *OUIA
%17 617/%E €6 YU
S| JIuopy

(BE)
%E0E/%1°18 'SA (491) %C L1/%8 56

9DUBRJS|0IUI JO g4 [IIUN (XB|D0IUSA IOy
UOIIRINP ||BIDAO SIBIA 7 WNUIIXeW)
UdAQ[] O} |:] :paUIYUOD) 10N 4NN
asdeja) QYN PaWILUOD [13uUn
qrogadeld |:] (pawiyuod) gygnn
'passasse

95u0dsal pue PaWLYuod SN1els
QYIN—USACI JO 3242 [euonippe auQ
2OYOI-gYIN

USAQ| Ylm pareanal

2Q PINO>—Syuow ¢ <dd J! ‘ql
SAI9I3J PINOI—SYIUOW 7 > Ad JI
:40y02 74

UsAQ| 40

S9|2AD 7| ‘q) $912KD € papuaiu|
A0/-81 swusned ‘|| aseyq

(€01 'TS1 AIVAILDYD

P3MO|[B JSA0-SS0ID OU ‘UYDea $3|AD
Z1—0IYD puB QUSA'OIYD'OUSA LiL
(UIw/|w O£ >7D1D 40 9 <SHID)
S91IPIGIOWOD YuMm siualied ‘|j| aseyd
Pz'8'1v171D

+QYIN 1 9€ 9PAd nun

pPaNUIUOD ‘Z1-1D g| snid QuaA Jad
se—QUuaAd| '(9-1D) 8 x O shid

USA SYIUOW ¢ | —CQUaA (9-1D)
9X X 1Y SN|d USA SYIUOW 7 | —YUIA
LID:OUSAGFOQUSAYUSA LiL:1:L

Aouel

-19GR €64/ INOYUM (UIW/|W 0L Z [DID
‘95 SYID) sauaned 1y ‘|| 9seyd

[OL'6l €LT1D

$3]2A2 XIS papu3Ul

—YD4(9-12) 9x X14 snd ‘@ouess
-|03U1 10 dd [11UN ql—4ql "dD4dal LT
(dzDPpno

-yum Ao/ s sauaped ‘||| aseyd
[9z'l]zl6l3

SO

Sdd

paieis
as1mIaY30 Jutodawny/gyNn 1sag

14D +4d/4d0

S3IPNIS 1D AUIjIUOLY [RIOAI]

(panunuod) L ajqey



Page 6 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

Buiduanbas uonesauab-ixau Aq passasse alaym , A paiedipul aSIMIBYIO Ss3|un (,_0L > p|oysaiy) A118woifd
Moy dipwesedinw Ag painseaw QY ‘PaledIpul 3sImIay1o ssajun dn-dwes asop Jaiye O bw 00t 18 PaISISIUIWLPE (USA) XB[D01UDA ‘Pa1R]S SIMIBLIO0 ssajun bulobuo Ajiep 951m1 bw 09| (Z) qunnignuez pue ‘buiobuo

Ajiep 921m1 bw 00 | 1e passisiuiwpe () qluinigelede ‘buiobuo Ajiep aouo bw ozt 18 paIslsIuIWPEe (g]) qIuiInIg] “[IPNGWEIOIYD [y ‘GeWIXNl ¢ ‘Gewnzninuigo O ‘9seasip [eNpIsal 9|qeINSeaw Gy ‘|eAIAINS ||BISAO SO
‘|eAIAINS 931J-U0ISSaIB01d S44 ‘A19n0D31 |ed160j0leWRY 313|dWodUl YIM sasuodsal 319|dwod snid asuodsal 919|dwod/a1es asuodsal ||eI9A0 LD +YD/440 ‘UoleINp Paxy g4 ‘Pa1iodal 10U Y/N ‘Paydeal 10U YN ‘UMouNun Y

(6l¥'T-¥S0

1D 9%56) 870" L 4H isuie usamisq
|BAIAINS |[RISAC Ul @dUaIajIp OU,—SO
uelpaw ‘Syuow / /g dn-moj|o ueipay

(OIYD) %l v

'SA (USAQ]]) %8 'S91el S4d IUOW-#¢
(1000>d) (£SE0-LEL0 1D %S6)
917’0 4H OlYD SA USAQ| S4d uelpaw
‘syauow 7/ dn-mojjoy ueipay

(O1UD) %0° LT "SA (UaAQ) %£SS [INg]

S92AD XIS papuaUI—OIYD

'UI-pea)| g S3|2AD 931y} Jaiye S92AD
C1 PapusIUI—USAQ ‘OlYDUSA]] LiL
AdURLISQR £G4 | UMOUY INOYIIM
‘UlW/|W O£ >[D4D 10 9 SYID Yam
KG9 > 10 AG9 Z syualied ‘||| aseyd

[¥€ TEl MOTD

(o)) (014D)
%Y L1/%8 78 "SA (USACI) %£'8E/%898

SO

Sdd

palels
9sIMIaY30 Jutodawi/gynn ¥sag

14D +YD/4d0 S9Ipnis T Suljjuoly [ejonld

(Panunuod) 1 3jqey



Bennett et al. Journal of Hematology & Oncology (2023) 16:72

comorbid patients with mIGHV CLL treated with either
ChlO or ibrutinib-obinutuzumab (IbO) in iLLUMINATE
after 45-month follow-up [3]. A retrospective analysis of
patients treated with Ib or ChlO demonstrated significant
PES and TTNT differences favoring Ib after propensity
matching; however, no difference in PFS or TTNT was
observed between the two therapies for mIGHYV patients
[37]. However, higher rates of hematological toxicity have
been observed with ChlO as compared with Ib or VenO
in older patients [3, 7].

When selecting CIT, particularly FCR, as initial ther-
apy, it is paramount to counsel the patient about poten-
tial short- and long-term toxicities. Discussion about
risks must include high rates of hematological toxicity
and infection, but must importantly extend to increased
risk of secondary myeloid malignancies [18]. Incidence of
myeloid malignancies was comparatively higher in long-
term follow-up of CLL10 for FCR compared with BR
(2.2% vs. 0.4%). Furthermore, CIT (particularly fludara-
bine-containing) is associated with adverse lymphoid
clonal evolution, e.g., complex karyotype, CLL-associated
mutations compared with VenO [38], and hence may
conceptually increase future risk of Richter transforma-
tion [39]. The risks must also be balanced against those
risks associated novel therapies including the incidence
of non-hematological malignancies, fatal and non-fatal
arrhythmias with Ib, cumulative hypertension with BTKi,
and tumor lysis syndrome with Ven. Notwithstanding,
these risks may be deemed acceptable given the possibil-
ity of durable remission with time-limited therapy which
may appeal to younger, active patients. Given significant
costs associated with novel therapies which may result in
out-of-pocket charges for patients in some jurisdictions
[40], irrespective of traditional toxicities CIT may retain
also relative appeal when financial toxicity is considered.

When using a BTKi, which is the preferred agent?

Bruton’s tyrosine kinase is important for normal B-cell
receptor signaling culminating in upregulation of path-
ways supporting B-cell survival and proliferation [41,
42]. The covalent BTKi Ib which binds irreversibly to the
C481 residue of the ATP-binding domain of BTK was
the first approved BTKi. Following high overall response
rates and superiority to ofatumumab in the relapsed/
refractory setting [43, 44], Ib was associated with signifi-
cantly superior PFS and OS compared with Chl as first
therapy for CLL in the phase III study RESONATE-2,
establishing it as a standard of care first therapy [45]. Sig-
nificant PFS differences favoring Ib have been retained in
more recent studies as compared with CIT combinations
regardless of patient fitness, namely ChlO in iLLUMI-
NATE [3], BR in ALLIANCE 202 [5], and FCR in E1912
[26] and FLAIR studies [2]. Of these studies, only E1912
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has demonstrated OS benefit favoring Ib; however, lack
of apparent benefit in the other studies may be attributed
to study cross-over design and/or improved subsequent
lines of therapy compared with historical norms.

Ib and other BTKis are administered as continu-
ous therapy until disease progression or intolerance.
High rates of treatment discontinuation are observed
with long-term Ib follow-up, see Table 1 [45]. Rates of
discontinuation are significantly higher in real-world
series—65.2% of patients treated with Ib (n=11,870)
had discontinued therapy after median 25.2 months [46]
and estimated 41% of 546 patients had discontinued
therapy after median 17 months in a second large cohort
[47]. The majority of discontinuations were early and
attributed to adverse events/intolerance in both studies.
Increased incidence of adverse events such as bleeding,
diarrhea, rash, and arthralgias are directly attributable to
inhibition of specific off-target kinases, e.g., EGFR, TEC
[48]. Cardiovascular complications are important BTKi-
related adverse events, including hypertension, atrial
fibrillation (AF)/flutter, and importantly both ventricular
arrhythmias and risk of sudden death, see Table 2. Most
afflicted patients have baseline risk factors or AF, pre-
existing hypertension, or related disorders [44, 49]. Sig-
nificantly increased (approximately eightfold compared
with age-matched population) [50] but low absolute
incidence (approximately 1/100-300) [49, 51] of sudden
death, presumed largely from ventricular arrhythmia, are
common features of studies using Ib [2, 34, 44, 45, 52, 53].
Although one retrospective single-center study suggested
that acalabrutinib is similarly associated with increased
incidence of ventricular arrythmias compared with the
general population, the significance of the arrythmias
(largely PVCs) described is unclear and no clear asso-
ciation with sudden cardiac death was established from
these data [54].

Next-generation covalent BTKi Acala and zanubruti-
nib (Zanu) also demonstrate superiority with respect to
PES compared with CIT. Both were developed to act with
greater selectivity and less off-target kinase inhibition
with the aim of reducing associated toxicity burden. Both
agents exhibit stable and near-complete BTK occupancy
with recommended dosing [55, 56]. The 5-year follow-
up of ELEVATE-TN confirmed a significant PFS benefit
favoring AO or A over ChlO and OS advantage for AO
over ChlO, see Table 1 [57]. With shorter follow-up, the
SEQUOIA study demonstrated superior PFS (24-month
rate 86% vs. 70%, p <0.0001) but not OS following Zanu
compared with BR in treatment-naive patients with CLL
without del(17p) [4]. While rates of treatment discontin-
uation with next-generation BTKi appear improved com-
pared with Ib, they remain significant in 1L studies, see
Table 1 [4, 58].



Page 8 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

(01YD) %59
(V) %9°€ (OV) %C'C
‘yresQ

(O1UD) %0/%C L (V)
%C/%6E '(OV) %T/%EY

(O14D) %8/5N (V)
%t L/MN (OV) %LZAN

(O1YD) %L (V) Buipsoig :uondayu|
%91 '(OV) %/ L :dn/j1x3 (OIUD) %8'LL/%C YL (OIYD) %t Lir/%SY
(OIuD) (OIUD) %8 L/%E LT (V) %8T/%€E L (V) %56/%901 (OIUD) %8'69/%8 86
%t L (V) %6 '(OV) %L L (OIUD) %E/MN (V) OlUD) MN/%L (V) (V) %90/%9 ¢ "(OV) %t8/%6°CL "(OV) %8'62/%S L€ (V) % 6%/%0°56
:uonenupuossig %C/MN (OV) %EMN MN/%Y (OV) MN/%E "(OV) %S 1/%8'8¢ ‘pluadoifd>oquioiy ‘eluadonna (OV) %C0L/%1°96 (85 '£S 9] NI-31VAIT3
(e]l'®)
%9°C A (O9) %L (©1YD) ¥NMN sA(Oqr) 4/N
‘Yiead (oan (ole]) ©g)  dN/%Y:0gl buipss|g “uondeyul
(0q) %cc—dny} 1x3 %¥/%61—dn/ 13 9%9/%5 L —dn/4 1x3 9%E/%SE—dn/y 13 (O1UD) %01/%5C (O1UD) %97/%€9
(O1UD) %6 'S (O91) %91 (O1UD) %E/%t (e]l'®) (OIUD) %0/%01L 'SA(O91) %61/%SE SA (OQI) %LE/%YY (OIYD) %0L/%S6
:uoenuiuodsia 'SA(OA) %7/%€E L %0/%0 SA (OA1) %S/%L SA(OA) %E/%t e ‘eluadolfdoquioly | ‘ejusdonnan 'SA (O91) %89/%06 [SE €1 ALYNINNTTI
(49) (49) (49) (49) %€9/N “(@I)
%1 '(4a1) % Q1) %t 90N (A1) %r/MN - %SLAN (A1) %0T/MN % Z/MN (A1) %rL/MN
SYiesp usppns (A1) %z//N Buipaslg  (ql) %81/MN Uod3u| 160j01eWwSeY-UON
‘Yiead (49) %S LHXN "(4a1) (49) %0r/HN (d9) %19/XN (a1
d/N (49) %S LN "(4a) (d49) 9€/%¢ '(4al) %S/MN ‘(@Q1) %L/MN ‘anoelzMN’@)  %6EMN (@) %LEAN
‘uonenunuodsIq %EEMN (A1) %6ZMN  %9/%v L ‘(A1) %6/%LL d/N ‘eluadolkooquiolyl %S LN ‘elusdonnan 1bojorewseH [€G] 2O IDNVITIV
@n (@) %N dnygax3
SIUSAD DBIPIED [B1R) 04€ (YD)
4/N %Z/MN SA (1) %rHN
y1eaq :Buipas|g
@) %re—dngx3 () %elMN—dng X3 (D) %oMN—dn/ X3 @Qn d/N uondau|
(I4D) %ET SA (A1) %6 (42) (yd)»n (4D) %0/%LL  %T/MNSA @D %ZAMN (YD) %8 L/%EC 'SA Q)
“uonenuRUOdSIg  9%0/MN SA (A1) %i/% L /%1 "SA (T1) %S 1/%9 'SA (A1) %v/%C ‘ejuadoifdoquoIyl  %01/9%91 reruadonan d4/N - [8¢1 'S¥] Z-1¥VNOSTY
(424) %0v/%LL
'SA (49) %97/%£9
4D4) %G SA (49) %C 4/N :Buipas|g :uondau|
‘Yiesd (dD4) %LT/%vT (dD4) %95 L/%9L
(dD4) %EC S (H9) %eL 'SA (49) %P1 /%8 L:elu SA (49) %65/%09 D) MN
:uonenuiuodsiq d/N d/N d/N -adorhdoquuiony ‘eluSdonnNaN /%86 'SA (d48) MN/%T6 [8L10LT1D
(424) 9% "SA (O4) %€ Y/N :buipaalg (4D4) %STHIN SA
‘yiesd (dD4) (D) %LeHN -uondsyu|
[[BI9AO 9%/ L/MN %LMNSADA) %LLAN  ({DH) %kEMN SA (D) ((4D4) %ELMIN
:uoenuiuodsiq d/N d/N d/N ‘eluadolfooquiolyl  %Lz/HN elusdonnan 'SA (D4) %EIMN [0Z'8118T1D
syjeap
paleja1 Jusweal] buipas|q uond3jul
3y 03 € < apeib/apeib-Aue ¢ <apeib/apeib SJUIAD
anp uonenunuodsIp uoisusuadAy uone||qy |euye esoyuelp  ‘ejusadorfd>oquiosyy -Aue ‘ejuadosinau 9sIaApe ¢ < apelb
juswieal] ¢<apesb/opelb-Auy g <Iapeib/opeib-Auy g <apeib/opeib-Auy g<Iapeib/apeib-Auy €< apeib/apeib-Auy /opeab-Aue ||y $31pNJS |R1OAId

7D pa1eaaun uj sjely [ed1uUld [eIoAld Jo sawodIno Aajes Juenoduwl| g ajqel



Page 9 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

(OIUD) %0°SLAMN

d/N 'SA (QUSA) %S°LLAMN
4/N :Buipaslg HUleIBETN]]
‘Yiesd (O1YD) %0'SLAN (OlYD) % L'8v/MN
4/N (O14D) %S 0N 'SA (OUSA) %L €LMN SA (OUSA) %8TSAIN %9°9//MN 04D
:uopenuRuodsiqg 4/N 4/N 'SA (QUSA) % #/MN eiusdomhdoquoy ] ‘ejusdolinaN %8'8L/MN ‘U [v111D
(1ID) 9%S50/%09 (LD) %6'61/%909
"(OU=AQI) %/ L/%L LT '(OUSAQI) 9% 1°TT/%E S L
‘(OUSA) %¥0/%L 0L ‘(OU=A) %¥1/9%89
‘(JUaA) %¥0/%1°S "(YUSA) %L L /%S 65
:Buipas|g HUleIABETIN]]
(11D) %C01/%0°61 (LID) %ETS/%9'SS
d4/N (1ID) %S5°0/%6'L ‘(OU=AQI) %091/%6'6C  '(OUSATI) %S'8Y/%L9S (LID) %/°'8//%1°86
Yiead ‘(OU=AQI) %9°C/%8 £ ‘(OU=A) %¥'8L/%T €T "(OUA) %£°G5/%8'8S  (OUSATI) % T8/%L 86
d4/N ‘(OU=7) 9%0°0/%6°0 "(JUSA) %C¥/% L 0L "(HUDA) %0 9%/%T €S "(OU=N) %L ¥8/%L°86
“:uonenunuodsiq d/N ‘(dUs)) +'0/%8°0 d/N ‘elusdoifooquioly ‘elusdonnan "(dUSA) %E L L/%996 oL
(4a1)
%t LLMN—dNn/}1x3
(424) %6'8/MN
ule SA (Ha1) %L 6N
gql ul yiesp usppns | (d24) %0/N “uondeyu
‘Yiesd SA (A1) %L LN (darn
(ce0o) (d24) %0/5N *SA (4ql) ‘Buipas)g %t 8¢/MN—dn/} 1x3
(491 %6'Lc—dn/ X3 %S ¥/MN—dn/4 1x3 (dD4) %89e/MN (dD4) %6 7N
d4/N (4D4) %8 ({@D4)Mn (dD4) % LMN 'SA (HG1) 9%E7EMN 'SA (HA1) %9°SZ/MN (dD4) %L 64N
‘uonenunuodsiq AN 'SA (WA1) %8 8LMN /% € SA (WA1) MN/%t L SA (HA1) %E TN ‘ejusdorfdoquioly] ‘eluadonnan 'SA (4a1) %1°08/5N [oz 1l z1613
(d24) %50 "SA (49) (491 ¥N/%9 €€
9%1'¢—SYieap usppns SA (YD) MN/%L LT
y1eaQ (491 %€E8 :uonoayu|
/N SA(4D4) %L1 [SIUSAS 4/N
“:uonenunuossiqg 9SI9Ape DeIpied ||y d/N d/N :ejuadonnaN d/N [cl IV
(d9) %81 /%1 L (49) %6'8LAIN
SA(2) %v/%SY SN (Z) %EILMIN
(49) %€ SN (2) %9 :Buipss)g uondeyul
yieag (d9) 9%£/%¢€ | (49) %15/%£S
(49) %P1 SA (7) %8 (49) %8 /%901 (49) 9%€'1/%9°C (49) SA(Z) % 1L/%Y—¢€ SA(2) (49) %08/%696
:uofenuiuodsia 'SA(2) %E9/%T YL SA(Z) %t 0/%EE %L/%EL SN (Z2) %L/%VL BIU2doIKO0qUIOIYL  %T1/%91 *elusdonnaN ‘SN (Z) %ES/%Y6 [¥] YIONO3S
syjeap
pajeja1 Juaweal) Buipas|q uonajul
Jy 01 € < opeib/apeib-Aue € < opeib/opeib SJUDAD
anp uonenunRuodSIp uoisuapadAy uone||qy |elye eaoyuelp  ‘ejuadoif>oquoliy) -Aue ‘ejuadosinau asianpe g < apeib
juswieas] ¢ <apesbopeib-Auy g Iapeib/opeib-Auy g Iapeib/opeib-Auy gIapeib/opeib-Auy €< apeib/opeib-Auy /opeib-Aue ||y S31pNIS [R10AId

(panunuod) g ajqey



Page 10 of 22

(2023) 16:72

Bennett et al. Journal of Hematology & Oncology

| 9|qe[ Ul Se pash suoleIARIGge dwes

(OI4D) %S LLAN

(e]l'®) d/N 'SA (USAG) 9%0°ZL/MN
%6'L "SA (USAQI) %99 ‘Buipas)g “uondeyul
-yiesd (OI4D) %0'0T/%L 9T (OIUD) %S 67/%1 85
d/N (O1UD) %6'L/%8 ¥ (OI1UD) %0°0/%6'L  (OIUD) %0°L/%F'TL 'SA "SA (USAG) %2'G/%E LL SA (USAT) %67E/%S L
“uoneNUUOISIJ  SA (USAQ) %G £/%C €L SA(USAGI) %99/%C 1 (USAQ) %101/%6'0S ‘elusdoifooquioly eluadonnaN %S 695N SA %S'SLAIN [PEl MO1D
d/N %1/%C %8/9%.9
‘yiesaQ :Buipas)q Jofey HUleIiBETIV]]
d/N %€ 1/%6S %EE/%CY [¢S] (oyod> a4)
-uoReNURUODSIg %9/9%91 %L /%t %E/%C9 ‘elusdoifdoquioly ‘eluadonnaN d/N JIVAILAYD
syjeap
pajejal Jusweal] buipas|q uond3jul
3y 03 € < opeib/apeib-Aue ¢ <apeib/apeib SJUIAD
anp uonenunuodsIp uoisusyadAy uonejjuqy |ele eaoyselp  ‘ejuadoifdoquoiy -Aue ‘ejuadosinau as1anpe € < apeb
juswieal] ¢<apesb/opelb-Auy g <apeib/apeib-Auy g <apeib/opeib-Auy g<Iapeib/apeib-Auy €< apeib/apeib-Auy /apesb-Aue ||y $31pNJS |R1OAId

(panunuod) zajqel



Bennett et al. Journal of Hematology & Oncology (2023) 16:72

Head-to-head comparisons of Acala versus Ib (ELE-
VATE RR) [59] and Zanu versus Ib (ALPINE) [60] in R/R
CLL, and Zanu versus Ib for patients with Waldenstrom
macroglobulinaemia (ASPEN) [61], give insights into
comparative efficacy and toxicity profiles of approved
BTKi. Acalabrutinib demonstrated non-inferior PFS to
Ib after median follow-up of 40.9 months (HR 1.00 [95%
CI 0.79-1.27]) [59], however with comparatively lower
rates of treatment discontinuation (14.7% vs. 21.3%) and
lower frequencies of common adverse events and cardiac
events overall, see Tables 1 and 2. This included a 48%
lower cumulative incidence of atrial fibrillation/flutter,
and lower cumulative incidence of diarrhea and arthral-
gias, and fewer hypertension events [59]. A post-hoc
analysis of these data evaluated the burden of adverse
events by incorporating the duration and weighted sever-
ity of events observed confirmed the differences reported
[62].

In ALPINE, overall response rates were higher with
Zanu versus Ib, including in patients with TP53 aber-
rant CLL (80.5% vs. 50.0%), see Table 1 [63]. Investiga-
tor-assessed PFS favored Zanu after median follow-up
of 29.6 months; [60] superiority in PFS was sustained in
all major patient subgroups (according to age, previous
lines of therapy, stage, IGHV mutational status) including
those with TP53 aberrancy, HR 0.53 (95% CI 0.31-0.88).
Overall, events leading to treatment discontinuation and
numbers of cardiac events leading to treatment discon-
tinuation or death were lower with Zanu, see Table 2.
Incidence of any grade atrial fibrillation/flutter was lower
with Zanu (5.2% vs 13.3%) [60], consistent with obser-
vations in ASPEN [61]. Six deaths due to cardiac events
were reported in the Ib group (none with Zanu), all of
whom had pre-existing cardiac issues, four of which
occurred within four months of initiating Ib. No differ-
ence in hypertension of any grade including grade>3
events was observed (Table 2) [60], in contrast to the
twofold increase in all hypertension events demonstrated
with Ib compared with Zanu (p=0.16) following expo-
sure adjustment in ASPEN [61].

Overall, while there are data supporting efficacy all
three covalent BTKi in the treatment-naive setting, Zanu
and Acala are the preferred BTKi due to at least similar
efficacy and reduction in important toxicities compared
with Ib in the R/R setting. There are specific situations in
which these preferences may be stronger such as those
with pre-existing cardiac comorbidities and/or those
receiving concomitant anticoagulant or antiplatelet ther-
apy. Fewer any-grade cardiac events resulting in treat-
ment discontinuation or death were observed with both
Acala and Zanu compared with Ib. Ib should be avoided
with use of Vitamin K antagonists such as warfarin due
to interference with CYP3A4 metabolism and the fatal
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hemorrhages reported for warfarin-treated patients in
early Ib trials [43, 64]. Fewer bleeding events, although
similar frequency of major bleeding, were observed with
Acala versus Ib in ELEVATE-RR [59]. While incompletely
understood, it is postulated that the reduction in cardio-
vascular adverse events derives from reduced SRC kinase
inhibition with Zanu [56, 65].

It is important to recognize the ‘dead-kinase’ muta-
tions at codon L528 of BTK which have been observed
with disease progression on Zanu and pirtobrutinib
(Pirto) [66—68]. These have been described at lower fre-
quency with Ib or Acala. They may have important impli-
cations for double class-refractory disease for whom
effective treatment options are limited. One emerging
class of agents for double-refractory is the non-covalent
BTKi (e.g., Pirto), which demonstrate efficacy in cova-
lent-BTKi-resistant CLL harboring secondary C481 BTK
mutations [69-71]. Dead-kinase L528 mutations follow-
ing Zanu may induce cross-resistance to Pirto [66]. How-
ever, the precise incidence of L528 BTK mutations arising
following Zanu therapy is presently undefined and should
not currently influence selection of initial BTKi until
more data are available.

When using a BTKi, should you add an anti-CD20
monoclonal antibody?

While Ven-anti-CD20 monoclonal antibody (mAb) com-
binations are established standards of care for both TN
and R/R CLL, less is known about the merits of adding an
anti-CD20 monoclonal antibody to BTKi as first therapy.

The addition of Ritux and Obi to Ven has facilitated
fixed-duration Ven therapy, evolving from continuous
Ven therapy first evaluated in R/R CLL [72, 73]. Achiev-
ing uMRD with Ven therapy is associated with superior
duration of response and PFS. The addition of Ritux to
Ven appears to augment rates of complete response and
uMRD achieved [30, 72, 74-76]. In a phase 1b study of
VenR, 5-year estimates of ongoing response for deep
responders (CR/CRi or uMRD) were similar following
continuous or fixed-duration Ven (median treatment
duration 1.4 years) after six cycles of VenR [77]. For TN
and R/R CLL, fixed-duration VenO and VenR demon-
strated superior PFS to CIT in the CLL14 and MURANO
studies [7, 30].

Whether the addition of anti-CD20 monoclonal anti-
body to BTKi may deepen responses to allow for time-
limited therapy [78] or augment duration of responses
observed with continuous therapy are uncertain. In con-
trast to Ven, uMRD rates are low following BTKi and
achieving uMRD is not associated with superior dura-
tion of response or PFS [79]. A phase II study of Ib dem-
onstrated 4-year PB uMRD rates of 10.2%, with 57% of
patients remaining on treatment [80]. Although median
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BM MRD was lower in another phase II study for patients
treated with IbR versus Ib (19.8% vs 12.2%, p=0.0180),
no significant difference in rates of CR (p=0.32) nor dif-
ference in 36-month PFS rates (86.9% vs. 86%, p=0.912)
were observed [81].

Combinations of BTKi-R/O have been recently evalu-
ated in several 1L clinical studies in both fit and unfit
patients with CLL. The iLLUMINATE and E1912 studies
demonstrate that IbO and IbR, respectively, are superior
to CIT with respect to PFS. While uMRD rates remained
low with IbR in E1912, higher rates were observed with
IbO in iLLUMINATE see Table 1 [3]. However, in both
studies, achieving uMRD did not associate clearly with
improved PFS outcomes [1, 3]. Continuous Ib monother-
apy was compared with IbR (continuous Ib with six cycles
of Ritux) in ALLTANCE 202 (A41702); after median fol-
low-up of 55 months, PFS was identical between the two
arms (HR 0.99, p=0.96) [5]. The lack of benefit with the
addition of Ritux was observed in all high-risk subgroups
examined including those with TP53 abnormalities [5].

In ELEVATE-TN, the addition of Obi to Acala (AO)
appeared to improve rates of CR/CRi at 4-year follow-
up (AO [30.7%] vs. A [11.2%]), including CR/CRi rates
of 32.0% vs. 13.0% for TP53 aberrant CLL and 28.2% ver-
sus 12.6% for umIGHYV [6]. In an underpowered post-hoc
analysis, prolonged PFS was observed with AO versus
A (p=0.0296) including greater 48-month PFS benefit
when individually compared with PES following ChlO
(HR 0.1 vs HR 0.19). Although not compared directly,
superior PFS rates were sustained at 60-month follow-up
(AO [84%] vs. A [72%]) [57]. However, no specific sub-
group of patients was observed to have statistically signif-
icant benefit with AO compared with A monotherapy [6].

While there are no compelling data to suggest the
addition of Ritux to Ib improves efficacy, AO may prove
superior to Acala monotherapy. There are no available
randomized data to inform the combination of IbO vs Ib,
and there are limitations to cross-comparison data com-
parison due to differences in monitoring and assessment
between studies published. There is preclinical prem-
ise for the differential uMRD rates and PFS benefit seen
between the two BTKi-antiCD20 combinations. Rituxi-
mab exhibits anti-CLL activity through complement-
dependent cytotoxicity (CDC), antibody-dependent
cellular cytotoxicity (ADCC), and direct induction of
programmed cell death (PCD) [82]. By comparison, Obi
induces greater potent ADCC and PCD, but lesser CDC
[83]. Ib may impair rituximab-induced ADCC due to
inhibition of ITK, which may explain lack of PFS benefit
with the combination. However, Obi may provide added
benefit to Acala due to baseline superior ADCC potency
and/or reduced ITK inhibition through improved on-
target specificity. Obinutuzumab was associated with
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greater cell death compared with Ritux in MCL cell lines
co-cultured with Ib [84].

However, the potential benefits of AO versus A cur-
rently appear marginal and must be balanced against the
increase in adverse effects observed with the combina-
tion, the inability to identify any subgroups with greater
likelihood of benefit, as well as the added logistic bur-
dens of the IV infusions. Although no difference in treat-
ment continuation due to adverse events was observed at
4-year follow-up, more frequent grade >3 adverse events
were observed with AO vs A at primary analysis [6, 58].
Greater incidence of hematological adverse events was
observed following AO versus A, including all-grade neu-
tropenia and thrombocytopenia. Incidence of grade>3
infection and contusion, but not grade>3 bleeding
events was increased following AO versus A, see Table 2.
Of those who received AO, 13.5% experienced and infu-
sion-related reaction [58].

We suggest that on current evidence Ritux should not
be routinely added to BTKi monotherapy. Although Obi
has a possible role in combination with Acala, the lack of
demonstrable PES benefit for key subgroups raises uncer-
tainty as to whether the greater potential for hematologi-
cal and infectious adverse events can be justified.

Is continuous BTKi or time-limited Ven-based
therapy preferred?
Both BTKi and VenO are associated with superior PFS
when compared with CIT as first therapy for patients
with CLL; the observed PFS benefit is sustained for
all high-risk genetic subgroups for both therapies. For
patients with mIGHV CLL, similar PFS is demonstrated
between VenR (but not VenO) and CIT (FCR/BR) [9],
and there is discordance between possible PFS benefit
seen following IbO compared with FCR between the
E1912 and FLAIR studies [1, 2]. The presence of TP53
aberrancy [24] and umIGHV [9, 24] is associated with
inferior PFS following VenO. The presence of high-risk
genetic features does not clearly influence survival out-
comes following BTKi [3, 5, 6]. However, to date there
are no published 1L head-to-head studies which have
compared the efficacy or safety of these agents directly
in unselected patients or any high-risk subgroups. No
data are yet available from CLL17 study (NCT04608318)
which importantly seeks to compare efficacy (primary
endpoint PFS) of three regimens; Ib continuous mono-
therapy vs fixed-duration VenO vs fixed-duration IbVen.
While perceived efficacy of therapy is a key driver of
therapeutic decisions for CLL, more immediate patient-
specific factors may be equally, if not more, important
when selecting between novel first therapies. It is impor-
tant to consider general fitness and specific comor-
bidities, adverse event profiles described, and perceived
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tolerability, acknowledging discontinuation rates due to
adverse events in pivotal studies. Further factors to con-
sider include the logistics of treatment administration,
frequency of safety monitoring by venipuncture and/or
clinic attendances, and potential burden placed on the
patient and their carers. More broadly, it is also impor-
tant to appreciate the ability to bidirectionally sequence
novel therapies (i.e., Ven—BTK or BTK— Ven), appre-
ciating the longitudinal context of the patient’s age and
fitness.

Ven-antiCD20 combinations are appealing due to time-
limited administration, high rates of uMRD predictive
of durable remissions, and acceptable toxicity profile in
older/unfit patients [7, 9, 30]. Time-limited therapy may
be desirable due to perception of more transient impact
on life commitments. The more immediate logistical
burden of Ven ramp-up is well-established with respect
to rigorous therapeutic monitoring including the poten-
tial for inpatient admission, and prophylactic strategies
to mitigate risk of tumor lysis syndrome (TLS), particu-
larly for those patients with higher tumor burden. Abil-
ity to receive Ven may therefore be restricted by patient
transport or social factors, or resource limitations of the
treating healthcare institution. While the frequency of
TLS events is low in recent phase III studies of VenO and
VenR [7, 9, 30], real-world data report greater incidence
in the context of variable adherence to recommended
TLS prophylactic measures [47, 85, 86]. However, beyond
completion of ramp-up and attendance for intravenous
anti-CD20 monoclonal antibody, the intensity of moni-
toring throughout remaining treatment is relatively unin-
trusive. Neutropenia may be successfully managed with
dose interruptions, intermittent use of colony stimulat-
ing factor and eventually dose reduction if required, and
reported rates of grade>3 febrile neutropenia are low
following VenO (CLL14 5.2%; CLL13/GAIA 3.1%).

There are recent data and current studies evaluat-
ing the potential for Ven re-treatment after previous
time-limited Ven-combination therapy. If selecting
VenO as first therapy, ‘time to continuous therapy’ with
subsequent BTKi may potentially be extended by this
approach. Small numbers of patients treated with VenR
in a phase 1b study and MURANO were re-treated
with uMRD remissions achieved for the second time
[77, 87]. An ORR of 79.5% was observed following sec-
ond Ven therapy in a retrospective series of 39 evalu-
able patients compared with 95.7% ORR to the first
Ven treatment [88]. Acquisition of resistance mutations
impacting the binding groove of the BCL2 protein, e.g.,
Gly101Val and others are an established mechanism of
secondary resistance to continuous Ven therapy [89,
90], however are not presently described following
12-24 months of fixed-duration therapy. These data
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beg the question whether reported time to next treat-
ment following time-limited Ven-combinations should
encompass clinical benefit derived following attempt at
retreatment in the future.

In comparison, logistics of BTKi initiation are agnos-
tic to pre-treatment disease burden and do not require
up-titration of dosing. However, the continuous BTKi
treatment paradigm is associated with significant cost,
continual exposure to potential toxicities, and ongoing
selection pressure likely impacting disease clonal evolu-
tion. The economic burden of BTKi for CLL may be espe-
cially high for younger patients who may be at reduced
risk of all-cause mortality and eventually discontinue
BTKi due to disease progression rather than adverse
event. This cost burden is likely not restricted to health-
care systems and likely creates cumulative out-of-pocket
cost to patients themselves [40].

The comparatively longer follow-up of pivotal tri-
als of continuous BTKi demonstrates their cumulative
toxicities and high rates of treatment discontinuation
as previously discussed in “When using a BTKi, which
is the preferred agent?” section. For example, 30—40%
of patients will experience diarrhea with Ib or Acala [6,
45]. Although potentially tolerable during fixed-duration
therapy, any burden of ongoing toxicity without a clear
end-point is understandably challenging for patients.
The drug-class associated adverse events supraventricu-
lar arrhythmias and hypertension are associated with
increased mortality [91]. Patients with risk factors of
older age, male sex, pre-existing hypertension, and val-
vular heart disease are at higher baseline risk of devel-
oping atrial arrhythmias [92]. Additionally, those with
structurally abnormal hearts, e.g., following myocardial
infarction, with cardiomyopathy or cardiac hypertrophy,
congenital heart abnormalities, or with valvular disease
are at heightened risk of ventricular tachyarrhythmias
[93]. Concomitant use of dual antiplatelet therapy, anti-
coagulants, or pre-existing history of hemorrhage/bleed-
ing diathesis should be carefully reviewed. The presence
of significant cardiac comorbidities requires specific
patient risk counselling and should prompt consideration
of alternative first therapies for CLL.

The continuous BTKi treatment paradigm provides
ongoing selection pressure from which clonal diversity
arises. Growth of clones harboring resistance mecha-
nisms such mutations within the genes coding the target
protein (e.g., C481 BTK variants) or downstream pathway
proteins, e.g., PLCG2 herald treatment failure. Marked
clonal shifts were noted to occur in nearly one-third of
high-risk CLL treated with Ib; greater chance of second-
ary resistance mutations acquisition through greater
clonal diversity is thought to be associated with TP53
mutation-related genomic instability [94, 95].
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For these reasons, we generally support the use of time-
limited VenO over BTKi monotherapy as first therapy,
particularly for younger patients. Comparable efficacy
with lower cost, lower potential for adverse events, and
the potential for retreatment are compelling reasons for
selection in most cases.

If pursuing time-limited therapy, is VenO

or Ven-BTKi preferred?

The combination of Ven with either anti-CD20 mAb or
BTKi affords deeper responses and delivery of fixed-
duration treatment. While anti-CD20 monoclonal
antibodies have relatively modest efficacy against CLL
[82] as monotherapy as compared with other lymphoid
malignancies like follicular lymphoma, VenO or VenR
are highly effective combinations as discussed in previ-
ous sections. The combination of the two most effective
classes of therapy available (BCL2i and BTKi), or even
triplet therapy as discussed in "Is BTKi-BCL2i-antiCD20
triplet preferable to VenO?" section, seek to achieve supe-
rior depth and durability of responses seen with BTKi
monotherapy or Ven-antiCD20 alone.

BTKi and BCL2i exhibit marked synergism in pre-clin-
ical CLL models [96, 97], in addition to exhibiting inde-
pendent mechanisms of anti-CLL activity. BTKi increase
CLL dependence on BCL2 by downregulating the other
key anti-apoptotic proteins MCL1 and BCL-X; which are
known to contribute to primary sensitivity to Ven and
secondary resistance [98]. Potential efficacy with fixed-
duration Ven-BTKi must, however, be balanced against
the potential for augmented adverse events and the, at
least theoretical, risk of resistance against one or both
classes of therapy. The efficacy of BCL2i or BTKi as sec-
ond novel therapy after initial use of the alternate class
is well described [30, 99, 100]; however, there are uncer-
tainties about the ability to salvage disease exposed to
both classes as first therapy. Studies of 1L BTKi-BCL2i
build upon data reporting efficacy in the R/R setting [101,
102].

However, limited available studies of 12-month IbVen
combination have demonstrated similar rates of CR/
CRi and EOT uMRD to those observed following VenO
in CLL14. The phase II CAPTIVATE included young
patients <70 with untreated CLL, most of whom har-
bored adverse genetic features, pre-allocated to either
fixed-duration [52] or EOT MRD-guided therapy
cohorts [103] with similar rates of CR/CRi and best PB/
BM uMRD rates observed. While not compared for sig-
nificance, 24-month PFS rates appeared slightly lower
for TP53 aberrant versus not 7P53 aberrant CLL in the
fixed-duration cohort, 84% [95% CI 63—-94] versus 96%
[95% CI 91-98] [52]. Use of Ib for EOT uMRD patients
in MRD-cohort did not improve 12- or 30-month
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event-free survival rates over double-blinded placebo,
and 30-month PFS rates were not superior following
IbVen versus Ib for patients without EOT uMRD, see
Table 1 [103]. The phase III GLOW study included older
patients and/or those with comorbidities with untreated
CLL comparing IbVen to CIT. Patients with CLL with
known TP53 aberrancy were excluded [34]. Higher rates
of CR/CRi and best-response BM uMRD were observed
following IbVen versus ChlO, with significantly longer
median PFS and superior estimated 24-month PES rates,
see Table 1.

A phase II study of 1L 24-month IbVen for patients with
CLL with adverse genetic factors (92%) or older age dem-
onstrated comparatively higher rates of CR/CRi at com-
pletion of induction (88%) [104], although BM uMRD
remained similar (75% at any timepoint) [105]. Patients
continued either Ib monotherapy, or more latterly IbVen,
for a further 12 months if uMRD was not achieved at end
of induction. For 120 patients (including 40 patients from
expansion cohort), rates of 4-year PFS were and OS were
94.5% (95% CI 90.3-98.9) and 96.6% (95% CI 93.3-99.9),
respectively. Rates of 4-year PFS for TP53 aberrant CLL
were 90.9% (n=27) versus 95.5% (n=93) [106]. It is prob-
able that the rate of CR/CRi and PFS observed is influ-
enced by the longer treatment duration compared with
the 12-month combination in the other phase II studies.

Survival and clinical response data from the IbVen
arm of the FLAIR study are awaited; however, reported
MRD outcomes revealing unique differences in out-
come according to IGHV mutational status corrobo-
rate with those from CAPTIVATE. Rates of BM uMRD
within 24 months of treatment initiation were higher for
patients with umIGHV versus mIGHV CLL (79.7% vs.
56.4%), with higher 24-month probability of uMRD, OR
3.6 (95% CI 1.59-8.15), p=0.0022 [33]. Rates of both
PB and BM uMRD were also higher for umIGHYV versus
mIGHV CLL in CAPTIVATE ED. In the latter study, no
clear difference in 24-month PFS was observed by IGHV
mutational status, umIGHV 93% (95% CI (93-97) ver-
sus mIGHV 97% (95% CI 88-99) [52]. The postulated
mechanism is greater dependence on BCR signaling for
umIGHYV CLL, however as yet no differences in survival
outcomes have been demonstrated.

Safety data following IbVen reported in the GLOW
and CAPTIVATE studies demonstrate similar key hema-
tological toxicities to VenO. Incidence of grade >3 neu-
tropenia and thrombocytopenia following IbVen were
lower compared with ChlO, however rates of grade>3
infection and grade > 3 febrile neutropenia remained low,
see Table 2 [34]. Fatal infections were seen in both arms
(1.9% IbVen vs 1.0% ChlO). Similar incidence of grade >3
neutropenia (33%), with low rates of grade>3 infec-
tion (8%) and febrile neutropenia (0.6%) were observed
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in CAPTIVATE fixed-duration cohort [52]. Noting the
limits of comparison, the incidence of grade 3—4 neu-
tropenia, febrile neutropenia, and thrombocytopenia
appear similar if not marginally higher in the comorbid
population treated with VenO in CLL14, see Table 2 [7].
Incidence of any-grade diarrhea were similar between
GLOW and CAPTIVATE (50.9% and 62%, respectively);
the vast majority of diarrhea reported in GLOW were
low-grade single events.

However, as anticipated by pre-existing safety data
from trials of BTKi, there have been significant incidence
of cardiac adverse events reported with 12-months IbVen
in both younger and older patients. While there were
similarities in incidence of hypertension between GLOW
(older patients) and CAPTIVATE (young patients)
studies, incidence of atrial fibrillation and sudden car-
diac death appear significantly higher in older patients.
Despite high rates of pre-existing hypertension in GLOW
IbVen-treated patients, incidence of grade>3 hyperten-
sion was 7.5% compared with 6% in CAPTIVATE. How-
ever, reported incidences of any-grade (14.2% vs. 4%) and
grade >3 (6.6% vs. 1%) atrial fibrillation appear consider-
ably higher in GLOW compared with CAPTIVATE. In
GLOW, seven (6.6%) treatment-emergent deaths, includ-
ing four sudden cardiac deaths, occurred during IbVen
treatment [34]. All patients who suffered sudden cardiac
death had CIRS>10 and/or ECOG performance status
score of 2. In CAPTIVATE approximately half of patient
withdrawals/deaths during treatment in fixed-duration
cohort occurred during the Ib lead-in including one
sudden death (0.6%) [52]. A further cardiac death was
reported during cycle 32 of Ib monotherapy in the MRD-
guided cohort [103].

A theoretical concern with use of upfront BTKi-BCL2i
combination therapy is acquisition of resistance mecha-
nisms to one or both agents. Although most patients are
likely to achieve deep remissions with BTKi-BCL2i, those
who do not will have few effective treatment options
available. Treatment options for double-refractory dis-
ease are presently limited, and overall survival is poor
[107-109]. Mechanisms driving resistance to novel
therapies include mutations within genes coding for tar-
get protein drug-binding sites, e.g., BTK and BCL2 or
down-stream proteins, e.g., PLCy2. There are limited
data describing incidence of resistance mutations follow-
ing time-limited combination therapy. Thirteen patients
in CAPTIVATE fixed-duration cohort were assessed
by NGS at baseline and completion of therapy without
dynamic BTK, BCL2, nor PLCy2 mutations observed
[52]. Secondary resistance mechanisms occurring within
cell signaling pathways and by metabolic changes are less
easily assessed in the clinic. With sequential selection
pressure, subclonal changes by class-specific mutations
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may occur [110]. However, even time-limited simulta-
neous exposure to BTKi and BCL2i may theoretically
incur acquisition of dynamic resistance mechanisms to
both classes within the same subclone. Longer combined
treatment or re-treatment with the same combination
would theoretically increase this risk. However, these
hypotheses are yet to be substantiated by pre-clinical
work or clinical studies.

In the absence of long-term survival follow-up, there
are no compelling efficacy data to support routine use of
BTKi-BCL2i over VenO as first time-limited therapy for
CLL. While response rates may be augmented by longer
combination therapy, the theoretical risk of acquisition
of resistance to both effective classes of therapy increases
with cumulative exposure, and is concerning given the
lack of data describing effective salvage therapy post-
BTKi-BCL2i combination relapse. Early survival follow-
up suggests that BTKi-BCL2i retains efficacy for TP53
aberrant (and possibly umIGHV) CLL; the major utility
of upfront BTKi-BCL2i combination may be for younger
patients with high-risk disease, accepting heightened
risks of hypertension and low but not insignificant car-
diac arrhythmia. This combination should be used with
caution in elderly patients due to significant incidence of
cardiac adverse events including sudden cardiac death.
Importantly, further studies and long-term follow-up of
BTKi-BCL2i will enhance of our understanding of poten-
tial utility. Given the longer median-time to atrial fibril-
lation with Acala as continuous monotherapy [59], Acala
(or Zanu) may be preferred partner to BCL2i for time-
limited therapies.

Is BTKi-BCL2i-antiCD20 triplet preferable to Ven-0?
As extension of the rationale for fixed-duration upfront
BTKi-BCL2i, combining all effective agents as first ther-
apy may conceptually result in deeper remissions with
potentially improved survival outcomes. Triplet BTKi-
BCL2i-antiCD20 therapy is under evaluation in several
phase II, and III (ACE-CL-311), studies. While the CLL2-
GIVe study evaluated the IVenO combination in patients
with untreated CLL exhibiting TP53 aberrancy only, this
combination has also been studied for younger patients
without TP53-aberrant disease (GAIA/CLL13) [25, 111].

Short follow-up of phase II studies of BTKi-BCL2i-
antiCD20 triplets demonstrate impressive survival out-
comes with trends to higher rates of uMRD yet similar
rates of CR/CRi compared with VenO. IbVenO demon-
strated 28% rate of CR with PB and BM EOT (post-C12
of triplet therapy) uMRD for patients with TN (n=25)
and R/R (#=25) CLL (median age 59 years) as primary
endpoint [112], with CR/CRIi rates irrespective of MRD
of 32%. The 3-year estimated PFS was similar at 95% (95%
CI 72-99) for TN patients and 95% (95% CI 65-99) for
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R/R patients [113]. For patients with TN CLL (median
age 63 years, n=68), AvenO demonstrated 43% (24/59
evaluable) uMRD CR rate triplet discontinuation (C16
or C26) [114, 115] with uMRD achieved for 86% at C16
(in both PB and BM). Of patients with TP53-aberrant
CLL (n=31) [115], 45% achieved (13/29) uMRD CR rate
at C16, and 86% PB and 83% BM uMRD. After median
35 months follow-up, 93% of patients have not experi-
enced relapse/progression. Peripheral blood and BM
uMRD were achieved by 89% of patients (33/37) after a
median 25.8 months with CR/CRi rates of 49% follow-
ing ZVenO (n =309, five with TP53 aberrancy, median age
62 years) [116, 117].

These studies demonstrate also demonstrate a trend
to greater hematological toxicity with triplets than
observed with VenO. Hematological AEs were similar for
both TN and R/R patients following IbVenO, tending to
occur early; any-grade/grade 3—4 neutropenia occurred
for 94%/66% patients although one event (2%) of febrile
neutropenia only was noted. Any-grade/grade 3-4
thrombocytopenia occurred for 90%/34% of patients. In
addition, high incidence of any-grade/grade 3—4 hyper-
tension were reported, 82%/38%, respectively, and 10% of
patients experienced atrial fibrillation [112, 113]. Similar
rates of any-grade/grade 3—4 neutropenia (75%/37%) and
any-grade/grade 3—4 thrombocytopenia (73%/28%) were
observed following AvenO [114], however with com-
paratively lower all-grade hypertension (27%) and atrial
fibrillation (2.9%) observed despite longer fixed-duration
therapy. The incidence of any-grade/grade >3 neutrope-
nia and any-grade thrombocytopenia were 51%/18% and
59%, respectively, following ZVenO [116].

Both phase III trials with triplet combinations have
excluded patients with TP53 aberrancy [9, 118]. In
GAIA/CLL13, venetoclax combinations VenO (n=229)
and IbVenO (n=231) demonstrated similarly high rates
of best PB uMRD (86.5% [VenO] vs. 92.2% [IbVenO])
[9] and 3-year PES (87.7% vs. 90.5%) [25]. Although not
compared for significance, three-year PES rates following
IbVenO were similar by IGHV mutation status (umIGHV
86.6% vs. mIGHV 96.0%) [10]. The authors concluded
that no important differences in hematological adverse
events were observed between all four arms of the study
(VenO, IbVenO, VenR, CIT), with exception of incidence
of grade 3—4 infections occurring for 21.2% of IbVenO
treated patients compared with 13.2% in VenO arm [10].
Data from the combination arms of ACE-CL-311 (CLL-
092) for CLL are yet to be reported [118].

Overall, all evaluated BTKi-BCL2-antiCD20 triplets
demonstrate efficacy in short follow-up for unselected
patients with CLL and those with TP53 aberrancy.
Despite augmented rates of uMRD compared with VenO,
rates of CR/CRi remain <50%. The signal for significant
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hematological toxicity is notable; G-CSF was required for
11% and 23% of patients receiving AVenO and ZVenO,
respectively. Within limits of comparison, AVenO had
similar hematological toxicity profile to IbVenO but
improved cardiac toxicity, while ZVenO appeared to
have slightly better hematological toxicity. Phase III data
suggest seemingly minimal difference in hematological
toxicity between IbVenO as compared with VenO, but
greater incidence of grade 3—4 infection. While not for-
mally compared for statistical significance, with short
follow-up no clinically meaningful difference in PFS was
observed between IbVenO and VenO arms.

The role of combination triplet therapy beyond pre-
clinical rationale is currently uncertain in view of availa-
ble data. Further phase III data is required to understand
relative safety and efficacy of these combinations com-
pared with sequenced standard of care novel therapies.
Use of triplet combinations raises the same concerns
about acquisition of resistance as for doublets in “If pur-
suing time-limited therapy, is VenO or Ven-BTKi pre-
ferred?” section, although no available data address these
concerns. We suggest that it is currently difficult to jus-
tify routine use of triplet combinations over VenO given
the equivalent efficacy of IbVenO in available compara-
tive data and due to potential for significant hematologi-
cal toxicity.

Which are optimal therapies for patients with CLL
exhibiting TP53 aberrancy?
The survival outcomes for patients with CLL harbor-
ing either del(17p), TP53 mutations, or commonly both,
have traditionally been poor. Due to poor outcomes fol-
lowing CIT regimens which have been frequently used
as comparator arms in studies, patients with any features
of TP53 aberrancy or those with known high (e.g.,>20%)
tumor fractions harboring del(17p) and/or TP53 muta-
tions have often been excluded from key head-to-head
studies using novel therapies. Recommendations for
novel therapies for patients with 7TP53 aberrant CLL
therefore largely derive from studies including limited
numbers of such patients or non-comparative data.
Enrolment of patients with TP53 aberrant CLL in clini-
cal trials is extremely important for both patient access to
potentially effective novel small molecules and increasing
understanding of outcomes for this key subgroup.
Although early studies of Ib for R/R CLL suggested
that TP53 aberrancy may still portend inferior survival
[119-121], in contemporaneous 1L studies outcomes
for patients with TP53-aberrant CLL following BTKi are
similar to those for patients with TP53 wild type disease
at least with available follow-up. Two phase II studies
confirm meaningful disease responses in TP53 aberrant
CLL following 1L Ib; estimated 6-year PFS 60-61% [122,
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123]. A pooled analysis of TP53 aberrant CLL in key 1L Ib
studies demonstrated 4-year PFS rates of 79% [28]. Final
analysis of the iLLUMINATE study demonstrated no sig-
nificant difference in PFS observed between patients with
(n=18) and without TP53 aberrancy; HR 0.93 (95% CI
0.32-2.69), p=0.895 [3]. These results are corroborated
by those of ALLIANCE where no difference in PFS by
TP53 mutation status was observed in Ib-therapy arms;
HR 0.99 (95% CI1 0.51-1.91), p=0.98 [5].

No direct comparisons of 1L Acala or Zanu by the pres-
ence or absence of TP53 aberrancy have been reported,
however both agents demonstrate efficacy irrespective
of TP53 function. Frontline Acala+Obi demonstrated
similar 4-year PFS for both patients with TP53-aberrant
CLL compared with all unselected patients; 87.0% [AQO]
and 77.9% [A] overall, and 74.8% [AO] and 76.2% [A] for
TP53 aberrancy [6], and was shown to be as efficacious
for TP53 aberrant CLL in the R/R setting (ELEVATE RR)
[59]. For patients with CLL exhibiting del(17p), continu-
ous zanubrutinib monotherapy demonstrated ORR of
94.5% with 18-month PFS rate of 88.6% (95% CI 79.0—
94.0) in the non-randomized arm of SEQUOIA [124].
Interim analyses of ALPINE study demonstrated the
PES superiority of zanubrutinib versus Ib for unselected
patients with R/R CLL, which was sustained in all major
sub-groups including those with TP53 aberrancy, HR
0.53 (95% CI 0.31-0.88) [63].

Fewer phase III data describing the efficacy of BCL2i
combinations as first treatment for TP53-aberrant CLL
are available, however VenO demonstrates efficacy in this
subgroup. In CLL14, high rates of uMRD and superior
PES and TTNT following VenO compared with ChlO
seen overall were retained for patients with TP53 aber-
rant CLL [7, 125]. While estimated 48-month PFS rates
for VenO-treated TP53 aberrant CLL were 54.2%, the
presence of del(17p), along with high disease burden,
were associated with inferior PFS on multivariate analy-
sis [8]. These findings corroborate those observed for
patients with R/R TP53 aberrant CLL in MURANO at
5-year follow-up; both TP53 disruption and/or genomic
complexity were associated with lower EOT uMRD rates,
inferior PFS, and OS following 24-month VenR [126].
The CLL13/GAIA study assessing the efficacy of three
combinations of Ven against CIT (VenO, VenR, IbVenO)
excluded TP53 aberrant patients [9].

The efficacy of BTKi-BCL2i combinations are reported
in short follow-up of phase II studies only, however dem-
onstrate impressive CR and uMRD rates in TP53 aber-
rant CLL. CLL2-GIVe evaluated the triplet combination
IbVenO (IbVenO for 6 cycles, IbVen for further six cycles
then MRD-guided duration of Ib monotherapy) for 41
patients with 7P53 aberrant CLL; ORR/CR+CRi and
PB uMRD rates were 100%/58.5% and 78% respectively,
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and PFS and OS rates were both 95.1% at 24-month fol-
low-up [111]. CAPTIVATE fixed-duration cohort evalu-
ated 12 months of IbVen after 3 months of Ib lead-in in
younger patients with CLL. Rates of CR (56% vs. 56%)
and PB uMRD (81% vs. 75%) were similar for patients
with CLL with (#=27) or without (n=129) TP53 aber-
rancy, although 24-month PFS rates appeared slightly
inferior (84% [95% CI 63-94] vs. 96% [95% CI 91-98])
[52]. Without comparison for significance, similarly
slightly lower 3-year PES rates for T'P53 aberrant CLL
(93% vs. 86%) in another phase II study evaluating
12-months of IbVen. While the GLOW study which com-
pared the efficacy of IbVen to ChlO excluded CLL with
known TP53 aberrancy, five of seven unfit/older patients
with CLL exhibiting centrally-tested TP53 aberrancy
treated with IbVen remained MRD negative at month 18
following completion of treatment [34].

Overall, although small numbers of patients with TP53
aberrant CLL are included in pivotal studies of novel
therapies, there are likely several effective options for
this high-risk group. While the presence of TP53 aber-
rancy retains adverse prognostic impact following VenO,
within the limitations of available comparisons, survival
outcomes are similar following BTKi and IbVen + Obi,
agnostic of TP53 function. Zanubrutinib demonstrates
superior efficacy to Ib for TP53 aberrant CLL in the
R/R setting. Broader considerations concerning selec-
tion of therapy are identical to those for patients with-
out TP53 aberrancy and are discussed in other sections
of this review. Inclusion and enrolment of patients with
TP53 aberrant CLL patients in appropriate clinical trials
remains essential for optimal drug access and growth of
pre-existing data.

Conclusions
We as physicians, and our patients with CLL, are now
fortunate to have numerous established and emerging
therapies for 1L treatment. With multiple options, we
face challenges in optimal selection of first therapy for
each patient. Clinicians need to consider treatment effi-
cacy and tolerance in the context of disease genetic risk,
patient comorbidities, and treatment goals. It is also
important to consider available data supporting optimal
treatment sequencing in the event of therapeutic failure.
For unselected patients of any age, we generally rec-
ommend VenO as first therapy. For those patients at
considerable risk of tumor lysis or those with TP53
aberrant disease, a BTKi may be preferred. Caution
with BTKi should be exercised for older patients and/
or those with pre-existing cardiac comorbidities in view
of cardiac adverse events observed including sudden
death, however the relative risks are likely reduced with
Acala or Zanu. The merits of combination BTKi-based
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combination therapy, either with anti-CD20 mAb or
Ven or both, have been partly evaluated; it is important
to consider the potential for increase in important tox-
icities and acquisition of resistance mechanisms. The
addition of Ritux to Ib does not confer PES benefit, while
adding Obi to Acala may improve PFS. While BTKi-
BCL2i combinations may be principally considered for
young patients with TP53 aberrant disease, it is not clear
whether doublets or triplets (BTKi-BCL2i+ anti-CD20
mAb) are superior to BTKi monotherapy. The role of
CIT has diminished significantly, although FCR may be
offered to fit patients with mutated IGHV CLL who seek
long-term remission.
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