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Abstract

Venetoclax (VEN), a small-molecule inhibitor of B cell leukemia/lymphoma-2, is now FDA approved (November 2018)
for use in acute myeloid leukemia (AML), specific to newly diagnosed elderly or unfit patients, in combination with a
hypomethylating agent (HMA; including azacitidine or decitabine) or low-dose cytarabine. A recent phase-3 study
compared VEN combined with either azacitidine or placebo, in the aforementioned study population; the complete
remission (CR) and CR with incomplete count recovery (CRi) rates were 28.3% and 66.4%, respectively, and an
improvement in overall survival was also demonstrated. VEN-based chemotherapy has also shown activity in relapsed/
refractory AML (CR/CRi rates of 33-46%), high-risk myelodysplastic syndromes (CR 39% in treatment naive, 5-14% in
HMA failure), and blast-phase myeloproliferative neoplasm (CR 25%); in all instances, an additional fraction of patients
met less stringent criteria for overall response. Regardless, venetoclax-induced remissions were often short-lived (less
than a year) but long enough to allow some patients transition to allogeneic stem cell transplant. Herein, we review
the current literature on the use of VEN-based combination therapy in both acute and chronic myeloid malignancies
and also provide an outline of procedures we follow at our institution for drug administration, monitoring of adverse

events and dose adjustments.

Introduction

Venetoclax (ABT-199) is a BH3-mimetic agent, a highly
selective inhibitor of the anti-apoptotic protein B cell
leukemia/lymphoma (BCL-2), which was discovered in
1984 as part of translocation t(14;18) in follicular lym-
phoma'™®, Since then several anti-apoptotic: BCLX,
MCL1, BCL-W and pro-apoptotic proteins: BAX, BAK,
and BOK, and the BH3-only proteins BIM, BAD, BID,
BIK, NOXA, and PUMA have been identified. Over-
expression of BCL-2, BCLX;, and MCL1 frequently
occurs in acute myeloid leukemia (AML) conferring
resistance to conventional chemotherapy®. Initial clinical
efforts with targeting anti-apoptotic proteins centered on
navitoclax (ABT-263), a BH3 mimetic that binds to BCL-
2, BCL-XL, and BCL-W°. As megakaryocytes are BCL-XL
dependent, navitoclax caused significant dose-limiting
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thrombocytopenia limiting its utility in AML and other
myeloid malignancies®. In additional preclinical work with
ABT-737, an agent with similar activity to navitoclax,
successful elimination of blasts in AML cell lines and
patient samples was accompanied by eradication of BCL-
2-dependent leukemia stem cells while sparing normal
hematopoietic stem cells which rely on MCL1 for survi-
val”. On the other hand, venetoclax, which is a modified
BH3-mimetic derivative of navitoclax, maintains specifi-
city for BCL-2 but lacks affinity for BCL-XL. Venitoclax
also exhibited potent anti-leukemic activity in AML cell
lines, patient samples, and xenograft murine models®.
Interestingly, AML cell lines with MLL-fusion and sam-
ples from acute promyelocytic leukemia patients were
particularly sensitive to venetoclax therapy’. Moreover, in
preclinical models, synergy with the hypomethylating
agent (HMA) azacitidine, which inhibits MCL1, was also
established'>'!. Together, these findings suggested pro-
mising activity of venetoclax in AML and laid the
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groundwork for clinical studies. In the current review, we
summarize retrospective observations and clinical trials
with venetoclax-based regimens in AML, including those
that led to its FDA approval in November 2018 for
treatment naive elderly or unfit AML. Additionally, we
share preliminary observations from ongoing studies in
myelodysplastic syndromes (MDS) and related chronic
myeloid malignancies. Furthermore, we expand upon
practice relevant issues that are frequently encountered
with use of venetoclax-based chemotherapy.

Venetoclax as upfront therapy in AML

Venetoclax in combination with HMA or low-dose
cytarabine has undergone extensive clinical evaluation in
AML, with Phase 1b/II clinical trial data forming the basis
of its FDA approval in November 2018 for treatment
naive, elderly >75 years old or unfit AML patients'*>?,
Please refer to Table 1 for a comprehensive summary of
results from all published clinical trials and retrospective
studies with venetoclax-based chemotherapy in treatment
naive AML. The initial Phase 1b study with venetoclax
plus HMA in untreated AML comprised of three patient
cohorts, namely venetoclax plus either (i) decitabine
(Group A), (ii) azacitidine (Group B), or (iii) decitabine in
addition to posaconazole (Group C), which established
the recommended phase 2 dose of venetoclax at 400 or
800 mg daily'”. In terms of responses, overall response
rates were 62% with complete remission (CR) achieved in
27% with venetoclax plus azacitidine or 35% with deci-
tabine'>. In a subsequent phase 1b/Il trial in AML
patients above 65 years of age that were unfit for intensive
chemotherapy, administration of venetoclax 400 or
800 mg with either azacitidine or decitabine resulted in a
composite response (complete remission (CR, 37%)/CR
with incomplete hematological recovery (CRi; 30%) rate of
67%)">. Notably, a rapid median time to first response at
1.2 months, with a median duration of response of
11.3 months, and superior median overall survival of
17.5 months were observed. Moreover, responses held
across the spectrum of unfavorable cytogenetic and
molecular genetic abnormalities such as TP53, FLT3,
IDH1/2 mutations. As expected, common adverse events
included febrile neutropenia in 43% followed by myelo-
suppression in a quarter, and mild-moderate gastro-
intestinal toxicity. Early 30-day mortality was low (<5%). It
should be emphasized that the study cohort comprised of
a substantial proportion of patients harboring adverse
cytogenetic anomalies (50%), with a quarter of patients
with TP53 or IDH1/2 mutations and secondary AML. In
order to elucidate the mechanism underlying response to
venetoclax-based therapy, Pollyea et al.'* studied 33
patients treated with azacitidine plus venetoclax, and
discovered treatment-induced disturbances in the tri-
carboxylic acid «cycle with reduction in alpha
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ketoglutarate, increase in succinate levels along with
inhibition of the electron transport chain, thereby eradi-
cating leukemia stem cells'*. The recently published
VIALE-A phase-3 randomized study included elderly >75
years or younger AML patients if comorbidities precluded
intensive therapy but was exclusive of patients with
favorable cytogenetics (t(8;21, inv 16, t(15;17)), prior
HMA exposure, or AML arising from myeloproliferative
neoplasms (MPN). The study not only confirmed a
superior response rate of 66% with combination of azac-
tidine plus venetoclax vs 28% with azacitidine alone but
also demonstrated an overall survival advantage of
5 months for venetoclax with azacitidine with a median
overall survival of 14.7 months vs 9.6 months with aza-
citidine alone'®. Moreover, superior responses occurred in
NPMI (67% vs 24%), FLT3 (72% vs 36%), IDH1/2 (75% vs
11%), and TP53 (55% vs 0%) mutated patients when
treated with a combination of azacitidine and venetoclax
as opposed to azacitidine alone'”.

Dinardo et al.'® shared phase 2 results with a 10-day
course of decitabine 20 mg/m” with venetoclax 400 mg
daily for induction followed by 5 days of decitabine with
venetoclax in consolidation in 70 treatment-naive elderly
AML patients over 60 years that were ineligible for
intensive therapy. Unsurprisingly, decitabine dose reduc-
tions were instituted in 13% with over 90% of patients
receiving 21 days or less of venetoclax with infectious
complications recorded in half of patients. CR/CRi was
achieved in 84%, with minimal residual disease (MRD)
negativity in 67%, with high responses across all ELN-risk
groups; CR/CRi rates of 90%, 100%, and 75% among
favorable, intermediate, and adverse risk groups, respec-
tively'®. Similarly, CR/CRi rates among NPM1, IDH1/2,
N/Kras, and TP53-mutated patients were 95%, 84%, 74%,
and 69%, respectively. Importantly, responses were less
durable and similar with a 5- vs 10-day course of decita-
bine plus venetoclax in TP53 mutated patients. In con-
trast, for all treatment-naive patients median duration of
response was not reached, with a median overall survival
of 18.1 months'®. Interestingly, among 14 newly diag-
nosed FLT3-mutated patients, ten received FLT3 inhibi-
tors in addition to decitabine and venetoclax, achieving
CR/CRi rates and MRD negativity by PCR in 86% with
three patients transitioning to allogeneic hematopoietic
stem cell transplant (AHSCT)'®.

Venetoclax is also administered in combination with
low-dose cytarabine in AML, particularly in patients
experiencing disease progression on HMA therapy'”®,
This regimen was studied in a phase 1b/II trial in which
venetoclax 600 mg orally daily was administered in com-
bination with low-dose cytarabine 20mg/m* sub-
cutaneously days 1-10 to elderly AML patients, half with
secondary AML, and one-third each with poor-risk
cytogenetics or prior HMA exposure'’. Among 82
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elderly AML patients (median age: 74 years) treated on
study, CR/CRi rates were 54% with CR rate of 21%. As
expected, higher responses were noted with de novo
AML, intermediate-risk cytogenetics, and in the absence
of prior HMA exposure. Once again, median time to CR/
CRi was rapid at 1.4 months with median duration of
response of 8 months. Median overall survival for the
entire cohort was 10.1 months, with distinct survival
differences appreciated based on prior HMA use (4.1 vs
13.5 months, respectively, with or without prior HMA).
The follow-up randomized phase-3 study, VIALE-C
which included AML patients >18 years of age ineligible
for intensive therapy, also confirmed superior CR/CRi rate
at 48% with venetoclax plus low-dose cytarabine com-
pared to 13% with cytarabine alone'®, Upon initial survival
analysis, an overall survival benefit with the combination
of venetoclax and low-dose cytarabine was not apparent;
however, with an additional 6-month follow-up, survival
distinctions emerged with a median overall survival of
8.4 months for venetoclax plus cytarabine vs 4.1 months
with cytarabine alone. Superior responses were recorded
with combination therapy among NPM1 (78% vs 57%),
IDH1/2 (57% vs 33%), and TP53 (18% vs 0%) mutated
patients with no difference noted in FLT3-mutated
patients (44% vs 45%).

Moving beyond clinical trials which are fraught with
issues of selection bias and vigilant monitoring, Winters
et al. shared their real-world experience with azacitidine
plus venetoclax in AML. Thirty-three patients treated
with azacitidine plus venetoclax off-trial (m = 33) at their
institution were compared with trial patients treated with
the same regimen. Not surprisingly, lower response rates
(63% vs 85%, p =0.08) with consequently shortened sur-
vival (381 vs 880 days, p = 0.04) were noted among off-
trial patients'”. Moreover, none of four patients with prior
HMA exposure responded with 19 of 26 (73.1%) patients
without prior HMA responding to therapy. On that note,
we have recently published our Mayo clinic experience
with off-trial use of HMA plus venetoclax among 44
treatment-naive AML patients of median age 73.5 years,
which were enriched with secondary, therapy related and
ELN adverse risk disease. We found encouraging
responses with CR/CRIi rate of 50%, albeit lower than that
of clinical trial reports®®. Remarkably, one-third of our
patients achieved response after three or fewer cycles of
therapy and four patients (9.1%) proceeded to AHSCT.
Prior HMA exposure did not impact response outcome
with three of five such patients achieving CR/CRIi.
Another noteworthy observation from our study was the
association of CEPBA biallelic mutations with a favorable
response, with all four patients harboring CEPBA biallelic
mutations responding to therapy vs 18 of 35 (51%) CEBPA
wild-type patients. Even though CR/CRIi rates in our series
were superior with HMA plus venetoclax in comparison

Blood Cancer Journal

Page 5 of 13

to a historical cohort of elderly AML patients treated with
HMA alone (50% vs 23%), a substantial improvement in
median overall survival was not detected; median overall
survival of 11 months with HMA plus venetoclax vs
9.5 months with HMA alone”**!,

Venetoclax as salvage therapy in AML

In the foremost Phase II study of venetoclax in AML,
the drug was administered as monotherapy at 800 mg
daily to 30 patients with relapsed/refractory disease,
exhibiting fairly limited activity with an overall response
rate of 19%>*. However, it was striking that one-third of
patients in CR/CRi, harbored IDHI1/2 mutations, con-
sistent with later reports of venetoclax combination
therapy in treatment-naive AML reaffirming the sensi-
tivity of IDHI/2 mutated patients to venetoclax-based
therapy”® %, A recent phase II study with a 10-day
induction course of decitabine along with venetoclax in 55
relapsed/refractory AML patients of which one-third were
relapsed post AHSCT showed reasonable efficacy®.
Remarkably, CR/CRi rates were 42% with half of patients
achieving MRD negativity with favorable responses in
NPM1, IDH1/2, and FLT3 mutated patients'®. Moreover,
median duration of response was 16.8 months with
median overall survival of 7.8 months. Among 12 patients
with previously treated FLT3 mutated AML, 8 with prior
FLT3 inhibitor exposure, all received FLT3 inhibitors
along with decitabine and venetoclax achieving a CR/CRi
rate of 42%, with MRD negativity by flow cytometry and
PCR in half and quarter of responding patients respec-
tively. Furthermore, four patients proceeded to AHSCT®.

Since approval of venetoclax in 2018 for upfront use in
AML, it has gained popularity as a salvage regimen with a
handful of published retrospective reports that are deli-
neated in Table 2 (refs. 2°2°73%). We recommend exer-
cising caution while interpreting findings from these
reports due to immense heterogeneity in patient popula-
tion studied (inclusion of relapsed MDS, other myeloid
malignancies, prior HMA exposure, post AHSCT), in
addition to variations in dose and schedule of treatment
regimens utilized either as monotherapy, combination
with HMA or low-dose cytarabine. As a result, reported
responses with venetoclax-based regimens in the relapsed
AML setting are highly variable. For instance in an MD
Anderson series (n = 43) which also included two patients
each with MDS and blastic plasmacytoid dendritic cell
neoplasm, 72% received HMA and the remainder low-
dose cytarabine, with overall response rate of 21% com-
prising of two patients in CR, three in CRi, and four in
morphological leukemia free state (MLFS)®. In contrast, a
study from City of Hope (n = 33), in which relapsed AML
patients were treated with venetoclax in conjunction with
HMA (decitabine, 5-day or 10- day course (n =15 and 16,
respectively), azacitidine (n = 2), an overall response rate



Page 6 of 13

122

Gangat and Tefferi Blood Cancer Journal (2020)10

3|qejieae JON

sI19puodsal Ul punoj Ssise|qojRAW Ul
uolssaidxe g Jo/pue z-109 YbiH

suoneinw [ XNNY 1oy
%S7S ‘(= U) suoneInw ¢oy/s Jo
(v =) CHAI %SL (6 = u) suoneinw
IXSY 10} %8/, 'suoiieinw

(c=u) 14v2n ‘(€ =U) IWdN (S =u)
745Y4S ‘(= U) QAL-E174 %001 44O
asuodsal pey pareinw

£5dL v/pue pareIinw ¢74 v/€
‘pa1eINW [ XNNY Ul sasuodsal /¢
‘quaied

pa1eINW ZHJ/ Ul asuodsas oN

14D panaiyde

uaied paeinw [WdN

4D YIM Pa1e[aliod A9SIaAul POO|q
|esayduad/moliewl auoq Ul 9 1se|g

14D/4D 191190 YlIM Palenosse
suopeInw /31 pue [IXsy
"142/9D p=onpai

UM Pa1eIDosse sk d1iausb N3
uoneInw

£5dL YIM 9%/9 pue (0yL 4o dll)
uoneINW £/74 104 %t ‘uoneINW
7/l Hal 10§ 9%/9 suoleinwi
J1e[nd3jow 10} d3es dsuodsay

‘uoneINW | XNNY
YUM |[e ‘SD139Usb01AD 3SISAPE YiIm
(%S 1) 07/€ Ul panalyde asuodsai
SAD3(O uoneINW [ XNNY
1Us4INdU0d YlM Yiog U&Ucoamg
pareInw €54/ (%09) 01/C

‘syuaiied paieInW [ XNNY

(9605) 8/ WeINW z/IHJ/ (%/7)

L 1/€ 's212uab0IAd Ys|-21elpauIdiul
UHM (9%2) L2/ Ul sasuodsay

SUIIOW g/ SO UeIpO

syiuow §'g
uonenIul NIA Wolf SO Uelpa

(skep 6t5-G1) shep 6§
I NJA Woly SO uelpaly

SUIUOW 99 SO UBIP3

SUUOW /£ SO UeIP3

SYIuow g0l 14D/4D Yim SO
Ueipaul ‘Syluow 9'G SO UrIpay
‘SYIuoW 9 18 %k/ SO

puodsai

10U pIp oym swuaned 1oy
SYIUOW |G SA 14D/4D Ul syuaned
JoJ syuow 99| ‘syiuowl g/
syuaiied ||e 10} SO UeIpaly

05€S s1uaned |je 1oy SO Jeak -|

(0'8-5'0 'abue)
SYIUOW (€ [eAIAINS URIPII

(SL=U) %S'LE 14D/dD

(%9'80) £/T ¥D

O=u) yd
(S=Uu) S4IN
(r="u) WD
(G=u)wd
%0S Y40

(¢=Uu) ud
(€=U) WD/D
%L 'SE WO

(01 =U) (%Ep) WD/dD

(%00) 81 =
U 1dD (%90) €2 =U ¥D
(L = U) %9 14D/4D

SN

©%cCL) ¥ pue 14D
(%12) £ '9D panaiyoe
syuaned (9%0€)

0L {(12=N) %9 Y40

SN ¥ D €D €
‘syuaned (9%1¢) 6 Ul 4O

€1 = ) suonedidwod snopdasju|

(
(L = U) 0BIIaA ‘(7 = U) Ssauyeam
‘(¢ = u) ‘suonesidwod ups (€ =

u) (sisojibisadse Areuownd | Buipnpur)

SUONDBYUI ‘(b = U) [BUIISSIUIONSED)

3|qe|ieAR JON

‘suond3YUI
Pa1USWINJ0P YIM (8] = U) %S
(/T = U) %G /9 JaA3) djuadonnaN

(9117 'S = u) abeyloway [elueIdRIU|

(9605 '/ = u) uondau|
¥/€ epelD

(%8,) elusdonnau 9|uga4

3|qe|ieAR JON

(¢

= U) ain|lej [eUal a1nde ‘(7 = u) uole||uqy

|eu1e ‘(€ = u) eayuelp pue siijod

‘(g =u) eluownaud ‘(1| = u) sisdss JyS

‘uondayul € < dpelb yum (%z/) LE

(6=Uu) Dva1+ NIA
(91 =Uu) YWH + N3A

TAY Y

(951) Adessyiouow NIA
(%S70)OVaT+ NIA
(%579 YWH + N3A

VWH 01 Aio1desal JAY Alepuodas
Ajiep bw 008 Adessyiouow NIA

TNV 9y

(1 =u) ov14 1o

‘(0L =u) Dva1 + (g = u) suipideze
+ N3A (8 = u) Adesayiouow NIA

TAY YY

(L=u) dval'(s=u)

aUIgelDap (8 = U) auIpiideze + NIA
VIANH 01 A101deal

/pasdejas syuaned Ay

(€ =u) DvQ1 10 (7 = U 'auIgeidap
‘91 = U 'auipnpeze) yum bui 00y NIA

(6= u) supny

(8y = U) skep 0L duIgeud3p | 3PAD
(18 = u) auigend3Qg + NIA

skep / 10y ,w/Buwi g/ (¢ =u)
aulppIeze-G (9| = U) shep 01 10 (51
= u) shep ¢ x ,w/Bui Oz auIgendad
‘(sj0ze

uo 41 Ajrep Bl 007) Ajtep but 00t NIA

(= Uu) NDAdg

‘(T ="U) SAW (6€ =) TAV 4/d
(Ova7) panedal (%61) b2

(s ‘L€ = u) Adesayr VIAH + NIA

lc=N
9AIIDads0l1aY

oF=N
9AIIDads0l1aY

L=N
9AI1Dads0l1aY

or =N
9AI1Dads0119Y

7L=N
9AIIDads0l1aY

€C=N
9AI1Dads01aY

06
= N 9AnDadsolaYy

€E=N
9AI1Dads01aY

=N
9AI1Dads011aY

(0202) Hrv
‘|e 19 2ulAg

(0z07) bWoydwAT Hna]
‘e 19 |9zuen

6100)

Jo1pWiabH I N3

‘e 1o JaWenH

(0202) forwweH “uuy
|e 19 Buepp

(0207) s2y >nai
‘e 39 Inen

(6107) [010WIRH UUYy
‘e 12 wey

(6100) HIvY
‘|e 13 ssopjy

(8107) a1bojoIDWADY
‘|e 19 Ssoply

(8100) Hrv
e 32 OpIeNIQ

skep gy
4D JO uoneINp UeIpay
%61 “4d elwa|eyodAH
%EL 14D ejuadonau a|uge4
%9 ¥ eaylielp (¢ = u) Adeioyy
%61 440 BUIIWOA  SAISUSIUL IO} IJUN 1O (0 = U) TAIY Yy
14D/4D pansiyde SYuow £ :SO Uelpay BLSIID DM easneN "Allep B 008 NIA E=N (910¢) 10251 422UpD
suoneinw ¢/1Hal Yum (%Ee) ¢L/v SYUoW €7 :S47 uelpay pasinal Aq asuodsay 3V v/eapieD wie 3|buis Il °Seyd ‘e 19 esjdouoy
S3IpNIS dANE[B1I0D |eAIAINS foeoyy3 Apixo) swue Juswieal) ubisag Apnis

(TWY) elwana| projeAw

ande Aiopeyai/pasdejas ul Adeiayjowayd paseq-xe|d013UaA Yiim salpnis [ediul)) ¢ d|qel

Blood Cancer Journal



Gangat and Tefferi Blood Cancer Journal (2020)10:122 Page 7 of 13

< ® 3
g gg £ g of 64% with ten patients in CR, seven in CRi, and four in
£R gé\O\A% a g? £ MLES were reported%. These two studies also differed in
= N R
=0 5358 2 5@ regard to predictors of response with high response rate of
5| & ggg‘ué ‘éé 5 32 50% in RUNXI-mutated patients in the MD Anderson
3 §§§§T§ g % g : g series®”; on the other hand 44% of FLT3-mutated patients
v | 25825855 & “g’w% responded in the latter study®®. However, both studies
S| xecen -0 2 =70 ..
= o%é ;g?ﬁ 26 ¢ S demonstrated similar responses among TP53-mutated
9| vSk RO © 2B . .
5|55 Eéé el Q%)T =3 52 patients of 50% and 67%, respectively. A follow-up
_ g3 updated analysis of 90 relapsed AML patients treated at
s} £ v = . . . .
S.% 3> §§ City of Hope, half with prior HMA use, and a third
285 5 ; : :
205 ) E g relapsed post-transplant yielded CR/CRi rates of 46%,
2 %E_ qf@ £ -§ with TET2 and ASXLI mutations associated with an
2E 5 E ) .
g&;;\; 33 ; & improved response®*. Moreover, one-third of responders
— o = ou .
3@5: =8 23 from this study proceeded to AHSCT>*,
s 2 528 °¢., § g In our Mayo clinic experience with venetoclax plus
2 < s 52 © . .
2 §<§ 88 ges g2 HMA as salvage therapy in relapsed AML exclusive of
@ =mEE =29 g £ post-transplant relapse (n=42), we observed CR/CRi
v KQ . . . .
- S rates of 33%, with similar responses across the mutational
s 2. e =% Y spectrum; FLT3 (50%), IDH2 (60%), RUNX1 (75%), and
3 g0 20 L= E 5 TP53 (40%) mutated patients. Furthermore, 8 of 42
=270 O\§§§ g8 §8 patients (19.1%) were successfully bridged to AHSCT?.
& gS02 i_r ~ o= gi £3 Similarly, a recent meta-analysis which included 224
| eubLube OUa §§ patients with relapsed AML treated with venetoclax
| e monotherapy or combination therapies demonstrated an
<5 O
sco S overall response rate of 34.7%3°.
298 g7 i
;a‘\ o .o In regard to venetoclax use as salvage therapy in post
© || © =] . . .
.g|5$ & 58 AHSCT patients, a recent review of 21 patients solely
©v o £ Q. .
55 ¢ ! ¢ § focused on relapsed AML following transplant performed
= o= —
Se = -t T8 for either AML (n=16) or chronic myeloid malignancy
S o -5 ) . . .
ESc g [ 8L § (n=2, MDS, n=1 each with chronic myelomonocytic
O® 9 ., 2LE & c . . .
. 2B g $g8es S%< leukemia (CMML) and primary myelofibrosis)*”>. The
s gl 5 g5% gE gg¢ majority of patients received venetoclax with HMA (1 = 16).
3 L2 2g=dg o952 . . .
[ ERE 2 CzZFEEZ o~ € Eight of 19 evaluable patients (42%) responded with CR
o
L gi‘é S (n=>5) and CRi (n = 3). It is to be noted that half of these
. £ = 25 patients had relapsed within 6 months of transplant with a
v A & = 99 1 . . .
03 5 2 §'§ 3 quarter within 100 days attesting to a population with
Rl = = S o . . . .
gc Ta85 | BE 4 dismal outcomes, despite which responses were sustained
22 = g =<h% £8% beyond 3 months in most patients with only one patient
n) < & Ne) Q2 =S on . . .
£ g E 3 : SES® 93 in CR/CRi progressing after 9 months of therapy. More-
L o ~UE=09 =q = . .
gt <5 < ]§ 2= ¢ g& 8 over, four of eight patients were subsequently salvaged
5 I _ Tz S =W . . . .
E| 23 ¥23 T3y 20| $25 with either donor lymphocyte infusion (1 = 2) or a second
$ 135 Txg EEEE3295| g5¢ transplant (n=2). Cont to f bl
|28 Ygo LYLYeEE| 235 plant (n . Contrary to favorable responses
o= . . : . .
%%g reported in P53 mutated patients®, all four patients with
" " W E S complex karyotype and TP53 mutation did not respond to
g g 2O E therapy.
9] o] ) .
g gl gl g ig Venetoclax in MDS and other chronic myeloid
22 malignancies
B < £ § Venetoclax is being investigated in clinical trials in both
= RS .
£ g ZE treatment naive high-risk MDS and MDS with progres-
= z ) . .
§ < tﬂg sion on HMA. Table 3 provides early observations from
= K e3= . o .
~ =S g9 gce ongoing studies in MDS. A phase 1b study in treatment
S g§ g8 i :g é naive MDS includes patients with intermediate 2 or high
el é 23 8 Yot International Prognostic Scoring System (IPSS) risk

Blood Cancer Journal



Page 8 of 13

Gangat and Tefferi Blood Cancer Journal (2020)10:122

suonenw [7xSy 7131 (%S) 4D (8 = u) aulpnezy 0C=N
‘€6d1L "IXNNY YHm asuodsal Jejiuis (%57) 940 (95€) 42n94 DluSdOANSN YWH + NIA OAD2ds0sY
asuodsal IH Inoyum (%€/) SAW
19944e 10U pIp 2Insodxd YAH HOW 93] aIN|ie} YINH PUB SAIBU JUSWIIel |
'3suodsal [|elano ain|ie} IH yum ‘(1 = U) umouyun pue ‘(f = u) IaAs) 'skep g
Ul 95ea109p JuedYIUBIS B Yum  YINH Yim sausiied Buowe ¥DW 9%/7  duedonnau ‘(¢ =u) elusdonnau ‘(L= X ,W/BW 0z SUIGeHI3p %6 pue
pR1eID0Sse $2112UsbH01Ad Y-SSd| SYuoW 1| ‘syuaned |je D %yl U) eluadorooquioIyl ‘(L = u) elwsue  sAep / X W/Bw G/ aulpnideze 919 =N (02027) Apy poojg
su-100d AI9A ‘sisAjeue a1eL_AIUN 1O} SYIUOW 6| SO UBIPIN %65 Y40 ‘960 Ul UONeNUNUODSIP YUM Jy VYINH + NIA 9AI1Dads0naYy ‘e 19 |jeg
1DSHY Joud papn(ox3
9% IH+YOW SAW Yy
%ST IH (%91) eluownaud 9PAd yoes jo
yow 7| (%91) eILIBUE (967) elusdonnau  sAep / 151y 3yl 10} ,w/bui G/ Je ezy
KBRS 91UG3) ‘(9%66¢€) elUadONN3| (96Tt) EER/S) (0200) YH7
%59 SO Yuow-| (SL=ewadoifd>oquioluy (90S) eluadonnay Aep-gz 4o 1 104 Ajtep bw 00y 8E=N 1D1ISqY
9|ge|leAe 10N SUIUOW |'6 S4d UBIPS  U) ¥DW +4D 3V /€ apesD  pue 00z ‘001 S3sOp uohejedss NIA  1epdn gl aseyd & 19 uepioz
(re/ol) %ly
95e3sIP 3|geIS SIeak §
How ul UIYIM SUIGRIDSP IO BZY JO SIDAD
(rT/6) %8E 7 15e9] 1e Jaye YIAH JO ainjied
4D Ul (77 924D Yoea JO sAep / 1siy
/€) %EL 93 1o ,W/Bwl G/ 18 ezy 's32Ad Aep
9%€E8 YIUOW-6 18 SO 91ewiisy (24 -87 40 1 104 Ajiep Bui 0oy pue ‘00z
%9/ S4d 91eWse YIUOW-9  /Z1) %05 Y40 ‘001 :N3A 4o sasop Bunejedss +ezy
‘PaYDeal 10U SO ‘S4d UBIpay ‘¢ HoYoD (FC=N) T MOYoD
‘T UoYod  (9L/Cl) %SL (%S1) elwsue ‘(shep 87)
9%/S SO 21PWINS? YIUOW-9  aseasip o|qeis pue ‘(%) elusadoyna) (960€) 324> Jad (g wly) bw 0og 1o
SYIUOW € S4d UBIPBA "(91/1) %/ YHO  eluadomhooquioiy (%Ly) elusdonnaN (v wily) Bw 0oy “Adessyiouow NIA o =N (6100) HSY 12015y
‘S|qejieAe 10N ‘L Hoyod ‘L Woyod SIV3L ¥ pue € speis (cz=N) | uoyod g 1 °seyd & 19 uepioz
(SL/L1) %€ 1ood AIsp (9%06) 95/8¢ IH
(€1/8) %C9 4004 61) £5/11 (0202) wH3F 10ASqY
Aw\mv %¢9 o1elIpaulialu] oSeosIP 9|gelS @CE_C‘_O> ‘SAW Asu \@r_@r_ oAU 1UsWwileal | ‘e 1o epJes
(8L/£1) %6 POOD (%6€) £S5 pue ‘esyuelp ‘easneu ‘uonedinsuo) '/ 01 | skep ,w/Buwi G/ ezy “Ajiep 6100) HSY
(2/0) %001 poob Alap /22 4D ¥4O ‘eluadoifooquuolyy ‘ejusdoiinau Bw 00y-001 SHOYOD yum 9240 65=N 0D0AISqY
:$2112USH0IAD Y-SSdI AQ ¥DW + 4D %t/ SO 21WASS Lluow-gL  Bw 00v-aLN  9|Hga) Buipnpul eluadoiinau ‘ejwauy  Aep-gz Uoes Jo SAep f| 10} [eJo NIA ql aseyd BERENEYV
S3IpN3s dANE[D1I0D) |eAIAINg £foedyy3 Adixo| swie Juawieal] ubiseg Apms

‘sapueubijew piopAw 1910 pue (SgiN) sswoapuds dnisejdsApopAw ui Adeisayjowayd paseq-xePo3dusA Yum saipnis [edulpd € s|qel

Blood Cancer Journal



Page 9 of 13

Gangat and Tefferi Blood Cancer Journal (2020)10:122

‘wisejdoau aaesdyjoidojpAw Ny ‘BIwRYNS| d11AD0UOWORAW DIUOIYD TN ‘D-BIe 9S0P-MO| JYJT ‘Uoissiwal [erued yd ‘QUuans
9s1aApe Jy quejdsuely [|92 wials dialodoleway dvuabole | ISHY ‘Ai1o1deiyai/pasdedl Yy ‘|eAIAINS |[BISAO SO ‘[BAIAINS 9314 UOISSa1601d S4d ‘YD MOLIBW YIW JUDAS 3SI9APE Juabiawa Juswieall Jy3; ‘quabe bunejAyiswodAy
VIWH ‘WdisAs Buliods d11soubold |euoneusdiu] pasiney Y-5Sdi ‘Yuswanoidwi [ed1bojojeway [H ‘Uoissiwal 319|dwod §D ‘91ed Isuodsal [|BISAO HHYO ‘9SOP Paieldjo} WNWIXew @) ‘dUIpiideze bzy ‘Xe[d0}3UdA NIA

(10000
> d 195¢) Adesayiowayd anisuiul (©/1) TL/T Yd

03 JoLdul Y1oq INq (870°0 = d ‘%%) (%52) TL/€ YD ssaud u|
3Uoe YH 01 paleduiod (957) (O6eh) TL NdW aseyd 1sejg TL=N (0200) Hrd
YWH + NIA Yum 1oybiy 21l y) S|qejieAe 10N /S 440 S|qejiene 10N YIAH + NIA 2AnDadsolsY ‘e 13 1ebuen

(0L = u) ainjie} YWH

(€=Uu) TWWD

(6=u) saw

(965°8) BIIOAN+1GE-XdD + NIA

(%5'8) quunijoxny

+auiquped + DAl + NIA

T=Uu) %z H "(95°8) BIRIOJAN

(= +auiquped + Dval+ NIA

U) %L 4ow (%5'8) DVAT+ NIA

(1 "(9699) YWH + N3IA

=U) %Ll YD ‘(Le—2 'sbuel)
(syuow ¥51-g'1 ‘D (s “0ys 21das Woy paIp (%S7) AP 1 JO UOKRIND UeIPSW Yum TL=N  (6100) HSY 0Isqy
o|ge|leAe 10N §m©v SYuow 9@ SO UelpalN = S %G5S 44O € pue suoidoul YliMm Aﬂxum@ ﬂcwﬁmq Ll AOE 00—001L ;wmcw\_v pw 00¢ N3IA w>_G®Qmobwm_ ‘e 19 S9l0)
SAW aanjre (0207) bwoydwAT
AQQOS Hd YINH pue oAleU Jusudleal | ynoj
(9609) YDW (¢1L =) suigeinaQ e 19 1zizy
Salpnis aAneaII0) |eAIAINS £foedyy3 fdixo) swe jusawiead] ubisaq Apms

panunuod € ajqeL

Blood Cancer Journal



Gangat and Tefferi Blood Cancer Journal (2020)10:122

categories or intermediate, high or very high Revised IPSS
(IPSS-R) categories with <20% bone marrow blasts®’. Of
note, the above study excluded therapy-related MDS,
myelodysplastic/myeloproliferative (MDS/MPN) overlap
entities, and prior chemotherapy or AHSCT. Updated
results were presented at the American society of hema-
tology (ASH) annual meeting in 2019; a total of 59
treatment naive MDS patients were treated with azaciti-
dine and venetoclax on the dose escalation phase (100,
200, 400 mg venetoclax daily, # = 25) establishing 400 mg
daily as the recommended dose for 14 days of a 28-day
cycle followed by an expansion cohort (n=22). Unlike
AML, no dose ramp up was performed. Common toxi-
cities consisted of myelosuppression and gastrointestinal
symptoms, with febrile neutropenia in one-third of
patients. Of the 57 patients evaluated for response, med-
ian time to response was 1 month (range: 0.7-3.5 months)
with 18 patients (32%) achieving CR, 22 patients (39%) in
marrow CR (mCR), and hematological improvement in 28
patients. Despite short follow-up, ten patients proceeded
to AHSCT and an 18-month survival estimate for the
cohort was 74%. Furthermore, when responses were
correlated with IPSS-R cytogenetic categories, CR/mCR
was achieved in almost all patients in the very good
(100%) and good (94%) risk groups vs 62% and 73% in the
poor and very poor-risk categories, respectively®®,

Venetoclax-based therapy is also under investigation in
MDS with disease progression after four cycles of HMA,
administered as monotherapy in 22 patients (400 mg vs
800 mg per 28-day cycle) and in conjunction with azaci-
tidine with escalating doses of venetoclax (100, 200, and
400 mg for 14 days) in 24 patients®”. With monotherapy,
overall responses were low occurring in only one of six-
teen patients with stable disease in the majority (12 of 16
patients). Improved overall responses were recorded in
half of patients treated with combination therapy, with
13% and 38% achieving CR, and mCR, respectively.
Moreover four patients proceeded to AHSCT. Updated
results of 37 evaluable patients with relapsed MDS
excluding CMML and post AHSCT, treatment with
combination therapy resulted in CR (n=3) plus mCR
(n=12) in a total of 15 patients (40%) with median time
to response of 1.2 months. An additional 25% of patients
experienced hematological improvement with red cell or
platelet transfusion independence noted in one-third of
patients. An encouraging median progression free survival
of 9 months with a 1 year overall survival estimate of 65%
was also reported®’.

A recent multi-institutional retrospective analysis of
forty-four treatment naive or relapsed MDS patients
(IPSS-R very high risk (41%), poor or very poor-risk
cytogenetics (43%), therapy-related MDS (34%), prior
treatment with HMA (73%), and >10% marrow blasts
(57%)) treated with a combination of venetoclax with
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either azacitidine or decitabine, yielded an overall
response rate of 59% with two-thirds of patients suc-
cessfully bridged to AHSCT*'. Response breakdown was
as follows: 14% CR, 27% mCR with hematologic
improvement, and 18% mCR without hematological
improvement. The vast majority of patients (79%)
received either 400 or 200 mg venetoclax which was
administered for 28 days in 77% of cases. Of note, one-
fifth of patients discontinued therapy due to myelosup-
pression. Patients with very poor-risk IPSS-R cytogenetic
abnormalities were less likely to respond with an overall
response of 30% whereas prior HMA exposure did not
impact response.

Two additional retrospective studies by Azizi et al (n = 20)
and Cortes et al. (#=12) that included both treatment
naive MDS and those with HMA failure reported CR plus
mCR rate of 65% and 33%. respectively*>*>. In the latter
study which was inclusive of three patients with CMML
and ten patients with HMA failure, venetoclax was
administered in combination with HMA in two-thirds of
the patients with the remainder receiving various com-
binations of venetoclax with low-dose cytarabine, cla-
dribine, mylotarg, CPX-351, or ruxolinitib.

In terms of other chronic myeloid malignancies, limited
data exist on venetoclax use in MPN and MDS/MPN
overlap syndromes such as CMML. In myelofibrosis,
clinical efforts are currently focused on a related drug,
navitoclax, in combination with ruxolitinib**, We recently
reported outcomes with venetoclax and HMA combina-
tion therapy in 12 patients with blast-phase MPN, with an
overall response rate of 42%, comprising of three patients
achieving CR (25%) and two with partial response (PR).
Impressively, three of five responding patients transi-
tioned to AHSCT?*. In comparison to historical controls
from the Mayo Clinic database of patients with blast-
phase-MPN treated with HMA alone (n = 26) or intensive
chemotherapy (n=69), CR rate of 25% with HMA plus
venetoclax was higher compared to those receiving HMA
alone (4%; p=0.048) and both were inferior to those
receiving intensive chemotherapy (35%; p < 0.0001); fur-
thermore, an additional 24% of patients receiving inten-
sive chemotherapy achieved CRi but none among patients
receiving HMA alone or HMA with venetoclax™.

Practice points with venetoclax use

Venetoclax at 400 mg orally daily is administered most
frequently in combination with hypomethylating agents
(azacitidine 75 mg/m* subcutaneously or intravenous x
7 days or decitabine 20 mg/m* intravenously days 1-5
every 28 days). The combination of venetoclax 600 mg
orally daily with low-dose cytarabine subcutaneously at
20 mg/m?> SC days 1-10 every 28 days is considered in
patients with prior HMA exposure. On the other hand,
venetoclax monotherapy is rarely used due to its limited
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activity. Concomitant use of medications that inhibit
CYP3A4 and P-glycoprotein, particularly azole anti-
fungals (i.e. fluconazole, voriconazole, and posaconazole)
mandate venetoclax dose adjustmentsw. In other words,
venetoclax dose with fluconazole is 200 mg (half dose) and
with voriconazole or posaconazole is 100mg daily
(quarter dose). At our institution, we routinely prescribe
antimicrobial prophylaxis for AML patients with acyclovir
and levofloxacin in addition to azole antifungal prophy-
laxis*®. Fluconazole is preferred in treatment naive elderly
patients while posaconazole is used in treatment naive
young AML patients or in the relapsed setting. Duration
of venetoclax therapy is typically 28 days for cycle 1 in
AML vs 14 days for MDS.

Newly diagnosed AML patients are hospitalized for
venetoclax dose ramp up over 3 days (100, 200, and
400 mg without azoles, 50, 100, and 200 with fluconazole,
or 20, 50, and 100 mg with posaconazole). Tumor lysis
prophylaxis with saline hydration and allopurinol is
instituted upon admission. We consider febuxostat in
instances of renal dysfunction*” while rasburicase 6 mg IV
fixed dose is reserved for high-risk patients presenting
with hyperleukocytosis and markedly elevated uric acid™.
In patients presenting with leukocytosis >25 x 10°/L,
cytoreduction with hydroxyurea is promptly initiated with
consideration of leukapharesis if symptomatic hyperleu-
kostasis. We administer venetoclax once leukocyte count
is below 25 x 10°/L. As a result, tumor lysis is extremely
infrequent in our practice.

Following venetoclax ramp up and completion of HMA
therapy, if medically stable, patients are discharged for
daily outpatient monitoring with supportive care at our
hospital based outpatient unit. The routine use of growth
factor support is not encouraged at our institution; how-
ever, it is reasonable to consider in case of a non-resolving
infection, or prolonged myelosuppression, if MLFS or CRi
is achieved. A bone marrow biopsy is performed for
response assessment after completion of cycle 1 (day 28)
regardless of peripheral blood counts®. Once CR is
achieved after cycle 1, we proceed with cycle 2 of therapy
without dose modifications if platelets >100 x 10°/L and
ANC > 1.0 x 10°/L. In the event of CRi post cycle 1, we
interrupt therapy for approximately 2 weeks to allow
hematological recovery. If the latter is achieved within the
2-week time frame, we proceed with cycle 2 without dose
modifications. If myelosuppression persists beyond two
weeks, we interrupt therapy until platelets > 50 x 10°/L
and ANC > 0.5 x 10°/L. with venetoclax administered for
21 days instead of 28 days during cycle 2. MRD assessment
is also recommended once CR/CRi is achieved.

In the situation of persistent/residual AML post cycle 1,
we proceed with cycle 2 of therapy noting that median
time to first and best response is 1.2 and 2.1 months,
respectively. If leukemia persists, without disease
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progression post cycle 2, it is reasonable to proceed with
cycle 3 if no alternative therapeutic options. In our
experience, one-third of patients experienced a delayed
response after >3 cycles of therapy®.

Prolonged myelosuppression and treatment interruptions
with subsequent cycles are a frequent occurrence®. Once
morphological remission is achieved, we recommend
delaying next cycle of therapy until platelets >50 x 10°/L
and ANC > 0.5 x 10°/L. Step wise dose modifications are
recommended with each cycle delay such as venetoclax
administration for 21 days, followed by 14-and 7 days along
with potential dose modifications of HMA; azacitidine
75 mg/m” for 5 days or decitabine 20 mg/m? for 3 days.

In frail elderly patients, we recommend a shortened
course of venetoclax for 14 days starting cycle 1. Once
CR/CRi/MLES is achieved in the above instance, treat-
ment cycles may be administered every 6—8 weeks with
low-dose HMA along with an abbreviated course of
venetoclax for 7 days.

Discussion

Over the last 2 years, the approval of venetoclax-based
therapy for upfront use in elderly or unfit AML patients
has led to a paradigm shift in our management approach
for AML, especially with recently reported phase-3 studies
(VIALE-A, and VIALE-C) demonstrating a clear survival
benefit with venetoclax combination therapies in treat-
ment-naive AML patients'>'®. Remarkably, venetoclax-
based therapy due to its minimal toxicity and high efficacy
has enabled a subset of elderly AML patients to proceed
to AHSCT. In regard to post-transplant outcomes fol-
lowing ventoclax-based therapy, a recent study highlights
favorable transplant outcomes in 32 AML patients, of
which 22 patients were transplanted in CR/CRi with 1
year overall survival of 77% and non-relapse mortality of
9.1%°2. With respect to MDS, we await mature trial
results documenting superior efficacy with venetoclax and
it remains to be seen whether its addition to HMA confers
a meaningful survival advantage.

An area of uncertainty with venetoclax-based therapy in
AML involves the routine use and choice of antifungal
prophylaxis. In clinical trials, azole antifungal prophylaxis
was prohibited due to CYP3A4 inhibition since venetoclax
is predominantly metabolized by CYP3A4. It remains
unclear whether a lower dose of venetoclax administered
with azoles compromises response outcomes. Fortunately,
in study patients treated with venetoclax plus azacitidine,
the incidence of grade 3/4 fungal infections was low at 8%
which was attributed to use of echinocandins in 46% of
patients’®. In a large retrospective series of 119 AML
patients treated at City of Hope with venetoclax plus
HMA, 38% of patients received micafungin, 41% azole,
and 21% no antifungal prophylaxis, with a low incidence
of fungal infection at 5% in treatment naive, vs 19% in
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relapsed AML, and 6% in responders vs 22% in non-
responders®, In our practice, we prescribe azole anti-
fungal prophylaxis, with posaconazole in relapsed or
treatment naive young AML patients while fluconazole is
preferred in elderly patients.

Another unsettled issue is regarding the optimal timing
and lack of uniformity of response assessment including
MRD assessment®>®, Significant variations exist within
terminology used to characterize responses other than CR
which is defined as <5% marrow blasts, platelets >100 x
10°/L. and ANC > 1.0 x 10°/L. On the contrary, the dis-
tinction between CRi (<5% marrow blasts, and either
platelets >100 x 10°/L. or ANC > 1.0 x 10°/L), CR with
incomplete platelet recovery, (CRp), CR with partial
hematologic recovery (CRh) (<5% blasts in the bone
marrow, and partial recovery of peripheral blood counts
(platelets > 50 x 10°/L and ANC > 0.5 x 10°/L), and MLFS,
(marrow blast < 5% with >200 cells or marrow cellularity
>10%, and no hematological recovery) is not well-defined.
The time frame at which response assessment is per-
formed is also variable based on goals of therapy with
some physicians obtaining a bone marrow biopsy after
completion of a minimum of two cycles of therapy.
Similarly, MRD assessment is inconsistent in terms of
timing and platform used; multicolor flow cytometry
(MEC), digital droplet polymerase chain reaction (PCR),
or emerging next generation sequencing technologies™*.
At our institution, multicolor flow cytometry based MRD
assessment” is routinely performed through the Uni-
versity of Washington, Seattle, for patients achieving CR/
CRi particularly if AHSCT is being considered. The
overall sensitivity of the assay is conservatively estimated
as 0.1%. In addition, we have developed an in-house
quantitative PCR assay for monitoring type A, B, and D
NPM 1 mutation types with forthcoming assays for CBFB/
MYHI11 and RUNXI/RUNXITI fusions.

In terms of therapeutic decision-making for elderly or
unfit AML patients with known FLT3 or IDH1/2 mutations,
we are often faced with the choice of venetoclax-based
therapy or targeted therapy with either IDH inhibitors
(enasidenib/ivosidenib) or FLT3 inhibitors (midostaurin/
gilteritinib). Preliminary results from an ongoing phase Ib/II
study on venetoclax plus ivosidenib with or without azaci-
tidine in IDHI mutated AML and high-risk MDS appear
promising™. A total of 19 patients were enrolled of which
17 were AML (9 relapsed, 5 treatment naive and 3 with
secondary AML following MDS with progression on HMA)
and 2 patients with high-risk MDS with composite CR rate
of 78% overall and 100% for treatment-naive patients. In
addition, half of patients who achieved CR also were MRD
negative. In a similar vein, preclinical studies confirm
synergistic activity with BCL-2 and FLT3 inhibition®” with a
phase 1b trial of venetoclax with gilteritinib in relapsed/
refractory AML in progress. Of 15 relapsed/refractory AML
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patients, 10 of which were FLT3 mutated (6 previously
treated with FLT3 inhibitors), half achieved composite CR,
and another 40% achieved MLFS®®, Furthermore, a recently
published Phase II study confirms the safety and efficacy of
combination therapy with addition of FLT3 inhibitors to
decitabine and venetoclax'®. Together, these findings sug-
gest that future therapies for AML are likely to incorporate
targeted agents (IDH/FLT3 inhibitors) into venetoclax-
based regimens.

Author contributions
N.G. and AT. reviewed the literature and co-wrote the paper.

Conflict of interest
The authors declare that they have no conflict of interest.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 6 October 2020 Revised: 24 October 2020 Accepted: 5 November
2020
Published online: 23 November 2020

References

1. Tsujimoto, Y, Finger, L. R, Yunis, J, Nowell, P. C. & Croce, C. M. Cloning of the
chromosome breakpoint of neoplastic B cells with the t(14;18) chromosome
translocation. Science. 226, 1097-1099 (1984).

2. Vaux, D. L, Cory, S. & Adams, J. M. Bcl-2 gene promotes haemopoietic cell
survival and cooperates with c-myc to immortalize pre-B cells. Nature. 335,
440-442 (1988).

3. Leverson, J. D. et al. Found in translation: how preclinical research is guiding
the clinical development of the BCL2-selective inhibitor Venetoclax. Cancer
Discov. 7, 1376-1393 (2017).

4. Andreeff, M. et al. Expression of Bcl-2-related genes in normal and AML
progenitors: changes induced by chemotherapy and retinoic acid. Leukemia
13, 1881-1892 (1999).

5. Tse, C. et al. ABT-263: a potent and orally bioavailable Bcl-2 family inhibitor.
Cancer Res. 68, 3421-3428 (2008).

6. Zhang, H. et al. Bcl-2 family proteins are essential for platelet survival. Cell
Death Differ. 14, 943-951 (2007).

7. Konopleva, M. et al. Mechanisms of apoptosis sensitivity and resistance to the
BH3 mimetic ABT-737 in acute myeloid leukemia. Cancer Cell 10, 375-388
(2006).

8. Pan, R et al. Selective BCL-2 inhibition by ABT-199 causes on-target cell death
in acute myeloid leukemia. Cancer Discov. 4, 362-375 (2014).

9. Niu, X. et al. Acute myeloid leukemia cells harboring MLL fusion genes or with
the acute promyelocytic leukemia phenotype are sensitive to the Bcl-2-
selective inhibitor ABT-199. Leukemia 28, 1557-1560 (2014).

10.  Bogenberger, J. M. et al. BCL-2 family proteins as 5-Azacytidine-sensitizing
targets and determinants of response in myeloid malignancies. Leukemia 28,
1657-1665 (2014).

11. Tsao, T. et al. Concomitant inhibition of DNA methyltransferase and BCL-2
protein function synergistically induce mitochondrial apoptosis in acute
myelogenous leukemia cells. Ann. Hematol. 91, 1861-1870 (2012).

12. DiNardo, C. D. et al. Safety and preliminary efficacy of venetoclax with deci-
tabine or azacitidine in elderly patients with previously untreated acute
myeloid leukaemia: a non-randomised, open-label, phase 1b study. Lancet
Oncol. 19, 216-228 (2018).

13. DiNardo, C. D. et al. Venetoclax combined with decitabine or azacitidine in
treatment-naive, elderly patients with acute myeloid leukemia. Blood 133,
7-17 (2019).

14. Pollyea, D. A. et al. Venetoclax with azacitidine disrupts energy metabolism
and targets leukemia stem cells in patients with acute myeloid leukemia. Nat.
Med. 24, 1859-1866 (2018).



Gangat and Tefferi Blood Cancer Journal (2020)10:122

20.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32

33

34.

35.

36.

37.

DiNardo, C. D. et al. Azacitidine and venetoclax in previously untreated acute
myeloid leukemia. N. Engl. J. Med. 383, 617-629 (2020).

DiNardo, C. D. et al. 10-day decitabine with venetoclax for newly diagnosed
intensive chemotherapy ineligible, and relapsed or refractory acute myeloid
leukaemia: a single-centre, phase 2 trial. Lancet Haematol. 7, €724—e736 (2020).
Wei, A. H. et al. Venetoclax combined with low-dose cytarabine for previously
untreated patients with acute myeloid leukemia: results from a Phase Ib/I
study. J. Clin. Oncol. 37, 1277-1284 (2019).

Wei, A. H. et al. Venetoclax plus LDAC for newly diagnosed AML ineligible for
intensive chemotherapy: a phase 3 randomized placebo-controlled trial. Blood
135, 2137-2145 (2020).

Winters, A. C. et al. Real-world experience of venetoclax with azacitidine for
untreated patients with acute myeloid leukemia. Blood Adv. 3, 2911-2919
(2019).

Morsia, E. et al. Venetoclax and hypomethylating agents in acute myeloid
leukemia: Mayo Clinic series on 86 patients. Am. J. Hematol. 95, 1511-1521
(2020).

Nanah, R. et al. Outcome of elderly patients after failure to hypomethylating
agents given as frontline therapy for acute myeloid leukemia: single institution
experience. Am. J. Hematol. 92, 866-871 (2017).

Konopleva, M. et al. Efficacy and biological correlates of response in a phase I
study of venetoclax monotherapy in patients with acute myelogenous leu-
kemia. Cancer Discov. 6, 1106-1117 (2016).

Chyla, B. et al. Genetic biomarkers of sensitivity and resistance to venetoclax
monotherapy in patients with relapsed acute myeloid leukemia. Am. J.
Hematol. 93, E202-E205 (2018).

DiNardo, C. D. et al. Molecular patterns of response and treatment failure after
frontline venetoclax combinations in older patients with AML. Blood 135,
791-803 (2020).

DiNardo, C. D. et al. Clinical experience with the BCL2-inhibitor venetoclax in
combination therapy for relapsed and refractory acute myeloid leukemia and
related myeloid malignancies. Am. J. Hematol. 93, 401-407 (2018).

Aldoss, I. et al. Efficacy of the combination of venetoclax and hypomethylating
agents in relapsed/refractory acute myeloid leukemia. Haematologica 103,
e404-e407 (2018).

Ram, R. et al. Venetoclax in patients with acute myeloid leukemia refractory to
hypomethylating agents-a multicenter historical prospective study. Ann.
Hematol. 98, 1927-1932 (2019).

Gaut, D. et al. Venetoclax combination therapy in relapsed/refractory acute
myeloid leukemia: a single institution experience. Leuk. Res. 90, 106314 (2020).
Wang, Y. W. et al. Cytogenetics and mutations could predict outcome in
relapsed and refractory acute myeloid leukemia patients receiving BCL-2
inhibitor venetoclax. Ann. Hematol. 99, 501-511 (2020).

Huemer, F. et al. Durable remissions with venetoclax monotherapy in sec-
ondary AML refractory to hypomethylating agents and high expression of
BCL-2 and/or BIM. Eur. J. Haematol. 102, 437-441 (2019).

Ganzel, C. et al. Venetoclax is safe and efficacious in relapsed/refractory AML.
Leuk. Lymphoma 61, 2221-2225 (2020).

Byrne, M. et al. The use of venetoclax-based salvage therapy for post-
hematopoietic cell transplantation relapse of acute myeloid leukemia. Am. J.
Hematol. 85, 1006-1014 (2020).

Aldoss, |. et al. Invasive fungal infections in acute myeloid leukemia treated
with venetoclax and hypomethylating agents. Blood Adv. 3, 4043-4049 (2019).
Aldoss, I. et al. Association of leukemia genetics with response to venetoclax
and hypomethylating agents in relapsed/refractory acute myeloid leukemia.
Am. J. Hematol. 94, E253-E255 (2019).

Bewersdorf, J. P. et al. Venetoclax as monotherapy and in combination with
hypomethylating agents or low dose cytarabine in relapsed and treatment
refractory acute myeloid leukemia: a systematic review and meta-analysis.
Haematologica 105, https//doi.org/103324/haematol.2019.242826 (2020).
Aldoss, . et al. Venetoclax and hypomethylating agents in TP53-mutated acute
myeloid leukaemia. Br. J. Haematol. 187, e45-e48 (2019).

Wei, A. H. et al. A phase 1b study evaluating the safety and efficacy of
venetoclax in combination with azacitidine in treatment-naive patients with
higher-risk myelodysplastic syndrome. Blood 134, 568 (2019).

Blood Cancer Journal

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

Page 13 of 13

Garcia, J. S. et al. The prognostic impact of cytogenetic scors in patients with
higher-risk myelodysplastic syndrome treated with venetoclax and azacitidine
in a phase 1 study. EHA Abstr. 294712 (2020).

Zeidan, A. M. et al. A phase 1b study evaluating the safety and efficacy of
venetoclax as monotherapy or in combination with azacitidine for the treat-
ment of relapsed/refractory myelodysplastic syndrome. Blood 134, 565 (2019).
Zeida, A. M. et al. A Phase 1B study evaluating the safety and efficacy of
venetoclax combination with azacitidine for the treatment of relapsed/
refractory myelodysplastic syndrome. EHA Abstr. 295008 (2020).

Ball, B. J. et al. Venetoclax and hypomethylating agents (HMAs) induce high
response rates in MDS, including patients after HMA therapy failure. Blood Adv.
4, 28662870 (2020).

Azizi, A. et al. Venetoclax and hypomethylating agent therapy in high risk
myelodysplastic syndromes: a retrospective evaluation of a real-world
experience. Leuk. Lymphoma 61, 2700-2707 (2020).

Cortes, J. et al. Activity of venetoclax-based therapy in myelodysplastic syn-
drome (MDS). Blood 134, 1726 (2019).

Harrison, C. N. et al. Results from a phase 2 study of navitoclax in combination
with ruxolitinib in patients with primary or secondary myelofibrosis. Blood 134,
671 (2019).

Gangat, N. et al. Venetoclax plus hypomethylating agent in blast phase
myeloproliferative neoplasm: preliminary experience with 12 patients. Br. J.
Haematol. https.//doiorg/10.1111/bjh.17084 (2020) (In press).

Tefferi, A. et al. Blast phase myeloproliferative neoplasm: Mayo-AGIMM study
of 410 patients from two separate cohorts. Leukemia 32, 1200-1210 (2018).

Agarwal, S. K. et al. Management of venetoclax-posaconazole interaction in
acute myeloid leukemia patients: evaluation of dose adjustments. Clin. Ther.
39, 359-367 (2017).

Taplitz, R A. et al. Antimicrobial prophylaxis for adult patients with cancer-
related immunosuppression: ASCO and IDSA clinical practice guideline
update. J. Clin. Oncol. 36, 3043-3054 (2018).

Tamura, K. et al. Efficacy and safety of febuxostat for prevention of tumor lysis
syndrome in patients with malignant tumors receiving chemotherapy: a
phase Ill, randomized, multi-center trial comparing febuxostat and allopurinol.
Int. J. Clin. Oncol. 21, 996-1003 (2016).

Vines, A. N, Shanholtz, C. B. & Thompson, J. L. Fixed-dose rasburicase 6 mg for
hyperuricemia and tumor lysis syndrome in high-risk cancer patients. Ann.
Pharmacother. 44, 1529-1537 (2010).

Dohner, H. et al. Diagnosis and management of AML in adults: 2017 ELN
recommendations from an international expert panel. Blood 129, 424-447
(2017).

Sandhu, K. S. et al. Outcome of allogeneic hematopoietic cell transplan-
tation after venetoclax and hypomethylating agent therapy for acute
myeloid leukemia. Biol. Blood Marrow Transplant https://doi.org/10.1016/j.
bbmt.2020.08.027 (2020) (In press).

Herold, T. et al. Validation and refinement of the revised 2017 European
LeukemiaNet genetic risk stratification of acute myeloid leukemia. Leukemia
https.//doi.org/10.1038/541375-020-0806-0 (2020).

Schuurhuis, G. J. et al. Minimal/measurable residual disease in AML: a con-
sensus document from the European LeukemiaNet MRD Working Party. Blood
131, 1275-1291 (2018).

Al-Mawali, A, Gillis, D. & Lewis, |. The role of multiparameter flow cytometry for
detection of minimal residual disease in acute myeloid leukemia. Am J Clin
Pathol 131, 16-26 (2009).

Lachowiez, C. A. et al. Phase Ib/Il study of the IDH1-mutant inhibitor ivosidenib
with the BCL2 inhibitor venetoclax +/- azacitidine in IDH1-mutated hema-
tologic malignancies. J. Clin. Oncol. 38, 7500 (2020).

Mali, R. S. et al. Venetoclax combines synergistically with FLT3 inhibition to
effectively target leukemic cells in FLT3-TD+ acute myeloid leukemia models.
Haematologica https//doi.org/10.3324/haematol.2019.244020 (2020).

Perl, A. E. et al. Venetoclax in combination with gilteritinib in patients with
relapsed/refractory acute myeloid leukemia: a phase 1b study. Blood 134, 3910
(2019).

Joshi, M. et al. Salvage use of venetoclax-based therapy for relapsed AML post
allogeneichematopoietic cell transplantation. BCJ (2020) (In press).


https://doi.org/10.3324/haematol.2019.242826
https://doi.org/10.1111/bjh.17084
https://doi.org/10.1016/j.bbmt.2020.08.027
https://doi.org/10.1016/j.bbmt.2020.08.027
https://doi.org/10.1038/s41375-020-0806-0
https://doi.org/10.3324/haematol.2019.244020

	Venetoclax-based chemotherapy in acute and�chronic myeloid neoplasms: literature survey�and practice points
	Introduction
	Venetoclax as upfront therapy in AML
	Venetoclax as salvage therapy in AML
	Venetoclax in MDS and other chronic myeloid malignancies
	Practice points with venetoclax use
	Discussion
	Acknowledgements




