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OBJECTIVES

Discuss the clinical presentation and
diagnosis of acute leukemia

Discuss the impact of molecular features on
Drognosis and management

management of APL and
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32yo resident presents with sore throat and
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CASE 2

52yo man develops intermittent fevers x 2 weeks

Later, chest pain, dyspnea on exertion, followed
by marked fatigue.

No other B symptoms and no bruising or bleeding.

- No other PMHXx
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INITIAL TESTING
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INITIAL TESTING
CBC: 6.9>2.6<139 MCV 100

32% neutrophils, 6% bands, 2% lymphocytes, 1% monocytes, 1%
metamyelocytes, 1% myelocytes and 53% ‘other’ cells.
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CLINICAL SYMPTOMS OF AML

Bone Marrow Failure (Cytopenias)
Anemia - dyspnea, pallor, chest pain
Neutropenia - infections

rrombocytopenia - bleeding,
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TISSUE INVASION IN AML
(MYELOID SARCOMA = AML)

Associated with high WBC, monocytic
subtypes, CDS6+

Can Involve
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LEUKEMIA CUTIS/CHLOROMA
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HIGH CIRCULATING BLASTS

Mauro MJ NEJM 2003. 349:
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IncreGSing Age " v
Median age at dx = 68yo (34% of pts >75y0) &

b -y
K

Prior chemotherapy or radiation (5-10yr latency)

Topoisomerase Il inhibitors and alkylating agents

nematologic disorder such as MDS, MPN

mutations) slight predisposition



https://commons.wikimedia.org/wiki/User:Brackenheim

VALUATION OF PATIENT WITH AML
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EVALUATION OF PATIENT WITH AML

Initial triage
History and Physical
BC with differential (look at the peripheral smear)
id, ABO type and screen
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EVALUATION OF PATIENT WITH AML

Initial friage
History and Physical

CBC with differential (look at the peripheral smear)
BMP, LFTs, uric acid, ABO type and screen
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IMMEDIATE EMERGENCY?

Leukostasis

Pulmonary or neurological symptoms related to
INncreased serum Viscosity

- of the following patients is most likely
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IMMEDIATE EMERGENCY?

Leukostasis

Pulmonary or neurological symptoms related to
INncreased serum Viscosity

- of the following patients is most likely

AML with WBC of 120k
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IMMEDIATE EMERGENCY?

Leukostasis

Pulmonary or neurological symptoms related to
ed serum viscosity
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IMMEDIATE EMERGENCY?

Leukostasis

Pulmonary or neurological symptoms related to increased serum viscosity
Can occur
when myeloid blast count >50-100k
bhoid blast count >400k
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HOW SOON TO TREAT THE OTHERS?

Sekeres et al Blood 2009. 113:38

No increase in mortality when
freatment started within 5 days for
patients >60yo.
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DAY 1

Only day 0 in
transplant

! Irst
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7+3

Induction
Anthracycline (3 days)

Daunorubicin 60-20mg/m?2 better
than 45mg

Ma/m?2

Berman et al. Blood ¥991. 77:1666
>~ Banner Ohtake et al. Blogd 2011. 117:2358
MDAnderson Rowe et al. Blood 2004. 103:479
Cancer Center Wiernik et al. Blood 1992. 79:313
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S+1

Mitoxantrone/AraC (high dose) af
BMDACC

> oy-related mortality in
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Patient #

ECOG PS

0

11%

12%

1

5%

16%

2

18%

31%

3

29%

47%
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HYPOMETHYLATING AGENTS WITH
VENETOCLAX IN AML

Median follow-up, 20.5 mo (range, <0.1-30.7)
Hazard ratio, 0.66 (95% Cl, 0.52-0.85)
P<0.001

Azacitidine plus venetoclax

Azacitidine plus placebo
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6 9 12 15 18 21 24
Months

No. at Risk
Azacitidine plus 286 219 198 168 143 117 101 54

venetoclax
Azacitidine plus 145 109 92 74 59 38 30 14

DiNardo. et al. NEIM 2020: 383:617-629
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DAY 3-7

The pathology
results begin to
return

inv16 by FISH,
onfirmed by
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DAY 3-7

The pathology results
begin to return

|nv16 by FISH,
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TEGORIZATION

Acute myeloid leukemia (AML) and related neoplasms
ANL with recurmant genatic abnormalities
AML with H8;21)g22;q22.1);RUNXT -AUNXT T
AML with inv(16)(p13.1g22) or 1{16;16)(p13.1;922);CBFB-MYH11
APL with PML-RARA
AML with 89;11)(pa1. 3233 MLL T KM T2A
AML with HE,9)(p23:q934.1 ), DEK-NLIF2 14
AML with inw(3){g21.3926.2) or 1{3;3)ig21.3,926.2); GATAZ MECOM
AML (megakarpoblastic) with 11;22)(p13.3;913.3);ABM 15-MKLT
Prowisional entity: AML with BCR-ABL1
AML with mutatad NPT
AML with biallalic mutations of CEBFA
Frovisional entily: AML with muled RUNXT
ANL with myslodysplasia-ralaiad changes
Tharapy-related myalsid neoplazms
AML, NOS
AML with minimal differantiation
AN L without maturation
AML with maturation
Acute myslomonocytic leukamia
Acute monablastic/monocytic leukamia
Pura arythroid leukamia
Acute magakaryablastic lsukemia
Acute basophilic leukemia
Acute panmyelosis with myalofibrosis
Kyaloid sarcoma
Myaloid proliferations related to Down syndroma
Transiant abnormal myalopoiasis (T.AM)
Myaloid laukemia associaled with Down synd romea

Arber et al. Blood 2016. 127:2391-2405



Acute myeloid leukemia (AML) and related necplasms
AML with recurrent ganatic abnormalities
AML with 1(B:21){q22:q22.1);RUNXT-RUNX1T1
AML with inv(16)(p13.1g22) or 16;16)(p13.1:q22):CBFB-MYH11
APL with PAL-HARA

AML with 1(89;11)(p21.3;g23.3; MLL T3- KM T24

AML with 16:9)(p23:q34.1); DEK-NLUIFPZ 14

AML with inv(3)(q21.3q26.2) or t(3;3)(g21.3;926.2); GATAZ MECOM
AML | magakaryoblastic) with 1(1:22)(p13.3;q13.3): REM 15-MKL1
Provisional entity: AML with BCR-ABL1

AML with mutaled NPM1

AML with biallalic mutations of CEBPA

=R TRC

MO, M1, M2, M4, M5, M6, M7
MMMMEAN NOTHING!

Acute myelomonocytic leukemia

Acute manablastic/monocytic lsukamia
Pure arythroid leukemia

Acute megakaryablastic leukemia
Acute basophilic lbukamia

Acute panmyalosis with myalofibrosis

drmaa =

Myaloid sarcoma

Mysaloid proliferations related to Down syndromea
Transiant abnormal myalopoiasis (TAM)
Myeloid leukemia associated with Down syndroma

4

Arber et al. Blood 2016. 127:2391-2405



Clonal Cytogenetic Abnormalities in Adult AML
-
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Current targeted
medicines available:

FLT3 + = midostaurin,
gilteritinib

IDH2 + = enasidenib

2017 Aug 10;130(6):722-731. Enasidenib in mutant IDH2 relapséd or refractory acute

myeloid leukemia.
2017 Aug 3;377(5):454-464.
Midostaurin plus Chemotherapy for Acute Myeloid Leukemia with a FLT3 Mutation.


https://www.ncbi.nlm.nih.gov/pubmed/28588020
https://www.ncbi.nlm.nih.gov/pubmed/28644114

SO WHAT IS NEXT?

Need to achieve complete remission (CR)

<5% blasts by morphology AND PIt >100k and
ANC >1.0

« ells us some, but only part of
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AML IN CRI1

Consolidation with
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https://commons.wikimedia.org/wiki/Journal_officiel_de_la_R%C3%A9publique_Fran%C3%A7aise
https://commons.wikimedia.org/wiki/France

Trials = 23
Patients = 5,839

Overall OS benefit in AML-CR1 0.90 (0.82-0.98)

OS benefit for Good Risk AML-CR1 + 1.37(0.97-1.93)

0S5 benefit for Intermediate Risk AML-CR1 0.82 (0.73-0.93)

OS5 benefit for Poor Risk AML-CR1 0.74 (0.60-0.92)

| |
5 10

o~ Hazard Ratio of Death
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INDICATIONS FOR ALLOGENEIC SCT IN AML

Primary Induction Failure (Primary Refractory)
Second (CR2) or later remission
Relapsed disease

RT
<« diate risk

—~\>
aBanner

MDAnderson
CancerCenter

Making Cancer History”




OUR PATIENT

Enters a complete remission
after induction

Completes 3 additional
=s of consolidation

INn remission,
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44yo woman presents to the ED with bleeding
gums and a non-blanching erythematous rash.
Labs as follow:

CBC: WBC 1.9>7.2<5
T 48 Fibrinogen 93




44yo woman presents to the ED with bleeding
gums and a non-blanching erythematous rash.
Labs as follow:

CBC: WBC 1.9>7.2<5
PTT 48 Fibrinogen 93

B. ATRA (Tretinoin)
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AGGRESSIVE EARLY CARE FOR APL

Early mortality (within
c]j(c)J%/s of diagnosis) ~5-

Bleeding
Bleeding
ial bleeding

bleeding

<

—~\>
aBanner

MDAnderson
CancerCenter

Making Cancer History”



Clinical response

= Associated with
maturation of leukemic
clone

= Expression of PML/RAR-
o. decreased :

WBC increases

Reduced relapse




ATRA Toxicity

“APL Differentiation Syndrome”

»  Effusions, edema, i Wt., fever, lgp
»  Chemotherapy if WBC l]

»  Dexamethasone if symptoms

Consider prophylactic if WBC > 10

Pseudotumor Cerebri (venous thromboses)

N\

Dry Skin, Mucus Membranes

Hearing Loss




Peak age at diagnosis 7yo
(23% of all pediatric cancer diagnoses)

But diagnosis possible throughout life

NO major risk factors

ary ALL (such as from CML)
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Cytopenias from bone marrow involvement

> ing, fevers, weight loss, bone pain




1 also have the Philadelphia

American Board
of Internal Medicine



SURVIVAL BY CYTOGENETIC SUBGROUP:
MRC UKALL XII/ECOG 2993
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MRD assessed at week 6;
GRAALL 2003 protocol

MEASURABLE RESIDUAL DISEASE (MRD) AND
OF RELAPSE

PRESENCE OF MINIMAL RESIDUAL DISEASE (MRD) IS THE BEST CURRENT PROGNOSTIC FEATURE, GUIPING SCT VS NO SCT
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Beldjord Blood 2014 and Bruggemann Blood 2006. 107:1116



QUESTIONS AND THANKS

Matthew.ulrickson@bannerhealth.com

@MattUIlricksonMD
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mailto:Matthew.ulrickson@bannerhealth.com

APL: Sanz Prognostic Factors

Low WBC <10, Pit >40

Int WBC <10, PIt <40

High WBC 210

f‘/ Banner
MDAnderson




A Revised Risk Stratification

Cytogenetic Overall Risk A Effect of Mutational Profling
Classification Mutations Profile cﬁ?ﬁmmqk c:::;-l}me-d
tios
Favorable Any - Mutational Analysis e
Favorable Fi""';ﬂf’é:ﬁ:;‘;ﬁhm Joyr 05 B33 F“‘“‘;"ﬂ:: g?ﬂ;ﬁ"h‘m
FLT3ITD-negative [Mutant NPM1 and IDH1 or IDH2
. Wild-type ASXL1, MLL-PTD, . I
FLT3-ITD-negat ' " Intermediate; 63% of cahort i Intermediate: 33% of cohort
egative PHF6, and TET2 (3¢ O5: 365) Hyr OF: 4T%6-w {3-yr ©5: 42%)
Marmal ki nega;t:;:;r:;;im Mutant CEBPA Intermediate
type or inter- .
MECUBTIK | - rs1TD-positive | Wild-yps MLLPTD, TETZ, and e os i | s st
ctyogenetic P DNMT3A and trisomy 8—negative
lesions
FLT3-ITD-negative B TETi E:_I;:'__GP-I-D' el B Outcomes with High-Dose vs. Low-Dose Daunorubicin
Mutant DNMTIA or NPMI,
Mutﬂﬂt TET.:, ML‘-'FTD. MI.LT dﬂ:l“ﬂ MI 'DI:II-B GEﬂﬂt:
FLT3-ITD-positive | DNMT34, ar trisomy 8, without | Unfavorable « o " ' p==
mutant CEBPA High Dose 3yr 05 44% Sopr O5: 35%
Standard Dose 3yr O5: 25% 3oyr OF: 395
Unfavorable Any pr B

C Validation Cohort
10

L

0.3+

0.6

0.4+

Probability of Cverall Survival

0.2+

Intermediate cytogenetic sk with
favorable mutational risk prafile

P 0]

Fawarahle eytagenetic nisk profile

Irtermeadiate cytegenetic risk with
intermediate mutational risk profile

| pterrmediate {ﬂl}gtﬂ-ﬂlt-l o
rigk with unfawarable
mutational risk profile

Unfavarable
ic

Cylogentl
sk profile

Patel JP et al. N Engl J Med 2012;366:1079-1089.
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Marker
NPM1 (33%)
CEBPA (8%)
Ras

BRE

fav

fav
fav (HDAC)
fav (MLL)

Shen et al. J Clin Oncol 2011;118:5593-5603

Marker Effect
MLL unfav t(9;11)

FLT3 ITD (Not TKD) (25%)
EVI1

IDH1/2 (33%)

MN1

WT1 (10%)

FL1

BAALC

unfav
unfav
unfav
unfav
unfav
unfav
unfav

CKIT unfav (i16)

DNMT3A (18%)
ERG

unfav/fav

-
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Therapy of High Risk AML

100%—
] l__.__ Estimate (Cl)
P AtRisk Deaths At5 Years
80% -

14 —— Allogeneic BMT 18 10 44% (21-67%)
T Autclogous BMT 20 17  13% (0-29%)
—---Chemotherapy 20 17 15% (0-31%)

Years after Complete Response
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Integration of Cytogenetic &
Molecular Data in Younger Pts

EFS > 75% EFS 25-50%
t(15;17) Inv 16 , Kit +
Inv 16 , +22 Kit - T(8 ;21) with high WBC or Kit +

Normal karyotype FLT3-/NPM-

Normal karyotype FLT3+/NPM+
or —

Normal karyotype MLL1 PTD+

EFS 50-75%

Other inv 16, Kit -

T(8;21) with low WBC, Kit -
Normal karyotype, CEBPA +
Normal karyotype, FLT3-/NPM +

NN

EFS < 20%

- Others except -3/-7 as sole
abnormality w/o AHD
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Prognosis: European Leukemia Net

>
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1.0 - — Favorable (n = 324)
Intermiediate-l {m = 109)
E == |ntermediate-ll [m= 123)
= 0.8 = Adverse (n =390}
-
[
= ==
NE ;g-
@ -_E Il TN
T "o R oY
L o
b 2 04
Wy 3
o= —
a
w 0.2
=
P .00
1 I L) L
0 2 3 4 3

Time (years)

Table 1. European LeukemiaMet Standardized Reporting System for
Correlation of Cytogenetic and Maolecular Genetic Data in AML With
Clinical Data'?

Subsets

t18;210022;022); RUNXT-RUNXTT?

inv(1681p13.1022) or t116;16)(p13.1;g22); CBFEB-MYHTT
Mutated NPT without FLTEITD (normal karyotypal
Mutated CEBPA Inormal karyotypel

Mutated NPT and FLTHITD (normal karyotype)
Wild-typa NEAT and FLTZITD inormal karyotypea)
Wild-type NPMT without FLTFTD (normal karyotype)

Ganetic Group

Favorable

Intermediate-1

Intermediate-ll HE 1V IMp22;023); MLLT3-MLL
Cytogenetic abnormalities not classified as favorable
or adverse
Adverse irwi3N021926.20 or 133102 1.q26.2), RPNT-EVIT

t16;91p23;q34); DEK-NUFP2T4
v 11hvog23) MLL rearranged
-5 or delibg)

-7

abnl{17pl

Complex karyotype®

Abbroviations: ANL, acute rmyeloid leukemia; [TD, internal tandern duplication.
*Complex karyatype is defined as three or more chromaosome abnormal-
ities in the absence of one of the WHO designated recurring translocations
or inversions: t18;21), inv{16) or t1E;16l, 111517}, tiD;11), tlv;11)0w;q23],
T0E;9), iml 3l ar 13,31

MDAnderson
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Mrozek et al. JCO 2012




Favorable, n = 153

Intermediate, n = 627

Unknown, n =120

Unfavorable without MK, n = 264
Unfavorable with MK, n = 176

Log-rank p-value <0.01
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Time (years)

MK=2 or more monosomies or 1 monosomy with structural abnmi|

Medeiros et al. Blood 2010. 116:2224




Cytogenetic changes without clear prognostic
information

Standard-risk patients that respond in nonstandard
manner

Risk stratification in UK ALL XIl (adverse features)
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Figure 12-3 Classical hierarchal map of hematopoietic development
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AML VS ALL WITH FLOW CYTOMETRY
OR IHC)

Myeloid B-cell (lymphoid) T-cell (lymphoid)

CD13
CD33
MPO

CD10
CD19
CD20
CD22

CD2
CD3
CD4
CD5

Surface Ig CD7
CD8

CD34 marks these cells as immature blasts (rare exceptions of
CD34-negative blasts) The same marker as for HPC
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AML IN THE ELDERLY

Increased resistance to chemotherapy
MDR1 expression)

S A

favorable

>

>
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OUR PATIENT

Enters a complete remission

Completes 3 additional cycles of
consolidation

ently remains in remission, back
1 regular follow up
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First Salvage
(n = 206)

Second Salvage
(n =93)

Third Salvage
(n=40)

Fourth salvage
(n=17)

68% Conventional
32% investigational (topotecan,
2Cda, taxol)

CR rate 23%

43% conventional
57% investigational

CR rate 11%

CR rate 10%

CR rate 6%




DURATION OF CR1 AND LIKELIHOOD OF

Treatment Likelihood of CR

CR1 >2yrs, 1st salvage 73% (45-92%)
n=15
CR1 1-2yrs, 1st salvage 47% (28-66%)
n=30
CR1 <1yr or no CR, 14% (8-21%)
1st salvage
n=160
CR1 <1yr or no CR1 0% (0-4%)
2nd - 4th salvage
n= 58 (96 tx)
~
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