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Making a Meal of Multiple Mutations
(and other Morphologic and
Molecular Maladies) in Myeloid

Malignancies: Myeloproliferative
neoplasms (and MDS/MPN,
Mastocytosis and MALNAWEAROPPFPCM1JAK2)




Major flavors of myeloid neoplasms
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Myeloproliferative -vs- Myelodysplastic
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Flavors of myeloproliferative neoplasms
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— / Mastocytosis
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Classical MPNs (things in common)

e true stem cell disorders

- N0 maturation arrest
- cells increase in number due to:

t proliferation
| cell death

- cells mature and maturing
e multilineage differentiation

e splenomegaly

o extramedullary hematopoiesis

e basophilia

e mmpe Jcute leukaemia (variable)
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Chronic myelo QID leukaemia




bone marrow helpful (but PB better!)

CML -
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Molecular testing in CML

< Diagnosis >

Resistance



CML diagnosis: t(9;22) and BCR-ABL1
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CML diagnosis: t(9;22) and BCR-ABL1

A
cytogenetics —=> RRVCHYA
¢ ? CMML

v CML

v CML

t

~95% +

? aCML
~5% - T
molecular Avoid term
genetics “Ph-neg” CML
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CML diagnosis: t(9;22) and BCR-ABL1

v CML ? molecular

1‘ /y genetics
~95% + ‘1’
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CML diagnosis: t(9;22) and BCR-ABL1

v CML ? molecular
1‘ /y genetics
~95% + M ACAs in Ph'- cells

~3-10% pts

_ 1‘ YES! on TKls
cytogenetics —> RPN molecular target for:
‘1' 1] Rx monosomy 7

v CML

2] MRD complex
~5% - \l' - bad
\1: > ovt . trisomy 8
molecular ? cytogenetics > neutral
genetics \1'
‘L YES!
«— ~2.5% + <— N0 F ;N - clonal “evolution” (ACA)

[Ph+; Ph- with imatinib]




CML metamorphosis: accelerated (and blast) phase

Cytogenetics
* +Ph’
* iso(17q)
« +8
« +19
* recurrent AML

Molecular
AML
« RUNX1 (~40%)
« TP53(~25%)
ALL
« IKZF1 (~55%)
« CDKNZA (~50%)




CML accelerated phase: cytogenetics

at presentation emerging

* may not be associated with
adverse prognosis with TKI Rx

all others

** 3026.2, i(17q), -7/7q- particularly high
risk with short AP and rapid progression to BP

<>
<«<I»
P
| i(170) 2
| complex g
| 3026.2




What's going on at the DNA level ...

*el and el9:

BCR (22q11) worse than el13/el4
e|1 b% ?3 c? 34
1 2 34 5 6 78 910 111213141516 1718 19 20 212223
BpLI11EI 110 111
) u
- m- bcr M-bcr u-ber - ili
CML-monocytosis el @ i gl C'-retrophila
oML S oL
ALL
e ~100% CMLs involve M-bcr ...
: : :  Nol I
e ~60% adult ALLs involve m-bcr, but ~40% involve M-bcr N oongertrue

e ~90% pediatric ALLs involve m-bcr, ~10% involve M-bcr




Mutations other than ABL1

- - poor prognosis/
at diagnosis A rick of BP

blast phase

BCOR1

* seen in —10% adults, —~30% of children and young adults




Molecular testing in CML

<Monitoring>

Resistance




CML monitoring

CBC

conventional cytogenetics

D-FISH

RT-PCR [quantitative]
RQ-PCR [qualitative]



CML monitoring

Two major forms of therapy ... Rx goal

9 BCR-ABL1
reduction

© BCR-ABLI
negativity




CML monitoring: definitions of response

_complete hematologic_>

< cytogenetic # Ph+ >




log imatinib
reduction responses

reSponses

complete hematologic remission ~98%

complete cytogenetic remission ~85%
>3

major molecular response ~75%

<> |

13 . - ” >4.5
complete molecular remission ~30-40%

undetectable transcript
MR4.5

... yet overall survival ~95%




Beyond MMR in CML

early molecular response
o 1-log reduction (<10%) at 3 months L

neficial

o 2-log reduction (<1%) at 6 months beneficia

o VEMR: decrease 50% in 11 days (!)

deep molecular response
o currently >4.5-log reduction :
o attained in ~30-40% benefit
- both 15t and 2nd generation TKIs | controversial
- latter faster and deeper
o gateway to TFR

treatment free remission
o after being in DMR for 2 years
o sustained in 2 of patients (~15-20% overall)
o do better with shorter time to and longer time in DMR




Molecular testing in CML

< Resistance >




Resistance to imatinib (and other TKIs ...)

primary

secondary




Mechanisms of resistance to imatinib

BCR-ABL1
dependent

BCR-ABL1
independent




Mechanisms of resistance to imatinib

a,-Acidic glycoprotein
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Kinase domain mutations

P = P loop

| these 6 account - ATP-binding site
for > ~65% of . _
all mutations - 7 worst mutations

B = Binding domain

- where imatinib binds

C = Catalytic domain

A = Activation loop

- conformation altered
- affects imatinib binding

> 100 different mutations Sl 2-10% of patients - closed: inactive




M237V
M244V
L248R
G250E/R
Q252R/H
Y253F/H
E255K/V
E258D

L273M
E275K/Q
D276G
T277A
E279K
V2B0A/I
V289A
V299L

Kinase domain mutations

First
generation

imatinib

F311L
T3151
F317L/V/I/C
F359V/I/C
¥Y342H
M343T
A344V
M351T

E355D/G
F359V/I/C
D363Y
L364
A365V
L370P
V371A
E373K

Second " Third
generation generation

nilotinib dasatinib bosutinib ponatinib

V379l A397P Y253F/H V2991 E255K ?
A380T S417F/Y  E255K/V T315l V299L

F382L 14185/V T315I T315A T3151

L384M S438C  F359v/I/c  F317LV/I/C ?
L387M/F E453G/K

M388L E459K/V

Y393C P480L
H396R/P FA86S

Soverini S et al. Clin Lymphoma Myeloma Leuk. 2015;15 Suppl:S120-8.



Kinase domain mutations

e driver vs passenger mutations
- may switch roles

e any mutatic

e beware of (
- at least 6

- novel mut




Methods of mutation testing

Technology

Direct sequencing

Subcloning and sequencing
D-HPLC

Pyrosequencing

Double-gradient denat. electroph.
Fluorescence PCR — PNA clamping
ASO-PCR

High resolution melting Small clones (<20%) may not be clinically significant
Nanofluidics - direct sequencing (current) method of choice

Next generation sequencing ERN GV o= Reie o «-XCILL)!




Indication for mutation testing

treatment failure/
suboptimal response

anyone in AP or BP



Survival in newly-diagnosed CP CML by year of Rx

Modified from Kantarjian H et al.
Blood 2012;119:1981-1987

approximates
age-matched
controls
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Genetic testing in CML: summary

Diagnosis

Resistance

CC ?? PB FISH instead (no)

RT-PCR qualitative vs quantitative
with characterization

CC BM | 3-6 monthly until CCR
6-12 monthly thereafter

FISH ﬂ ?? before achieve CCR (no)

RQ-PCR ﬂ 3 monthly

direct

PB v | Rx failure, loss of response,
el aelell BM | accelerated & blast phase




Beyond (RT) RQ-PCR in CML (and other neoplasms)

o Patient-specific primers
o 1-2 logs more sensitive

DNA PCR

o dilution and partitioning
o up to 10,000,000 partitions
o 2-3 logs more sensitive

isothermal amplification

digital PCR

flow based assays

o hot new

o LAMP
quantum dots o NASBA




Flavors of myeloproliferative neoplasms
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Molecular and other testing in non-CML MPNs

pre-2005 ...

karyotype genes PRV1 EEC ~ mpl VGATA1 A circ
megas megas CD34+

PV e ees | 2 [ e e

----
0 R
RS




Molecular and other testing in non-CML MPNs

post-2005 ...

karyotype genes PRV1 EEC ~ mpl VGATA1 A circ
megas megas CD34+

JAK2 V61/F mutation (etc)




JAK2 is out of the box ...

e Just Another Kinase
- one of many cloned at the time (1989)
e Janus Kinase
- two-headed Roman god of gates and
passages

e non-receptor tyrosine kinase (TK)
e has 2 TK domains (hence the name)
- most TKs have only 1

e 4 members of JAK family
- JAK1, JAK2, JAK3 and TYK2




JAK-STAT pathway

Cytokine
Ligand

Unbound Receptor

Steensma 2005

EXTRACELLULAR SPACE
Ligand-Bound
Receptor MPL W5 1 5

o s i A e e i e i &, I

e et
e e

ald R T R . e S e S PR

S Ete e Phospholipid bilayer
Active

JaK2

Dimerized,
‘““ ". Activated
g & STATS

CYTOPLASM

JAKZ2V61/F

Nuclear Translocation




JAK structure, function, mutation

Psaeudo-kKinase
cdomain
JdHZ

JAK N5 ]

mediates binding autoinhibitory
to receptor activity

~50% ET phosphorylated

~60% PMF  *Mutation* Aier ligene
~95% PV binding




But wait, there’s more ...

o JAKZ exon 12 mutations
- only in PV (thus ~100% PV have a JAKZ mutation)

o CALR mutations s
- calreticulin protein normally located in ER, cytosol, cell surface
- functions:

* protein folding - frameshift -- >80% are either:

* chaperone *type 1 52bp del (predominates in PMF)

* cell adhesion / *type 2 5bp ins (predominates in ET)
MPL activation

loss of ER retention signal evasion from phagocytosis
no longer bind Ca acquired MPO deficiency




Mutations in Ph-negative MPNs

Ioglcal ~] 00% NO% NO%
testing PMF ~60% ~20-25% ~5-10%
Sequence ~50% ~20-25% ~5-10%
> _ ¢
epigenetic 7@@ @ test for
modifiers Pr‘;gh?;’s‘s
N

otrers 2 w@@®@



PMF: driver mutations are prognostic

CALR mutant
JAKZ2/MPL mutant

Triple negative

O
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3
7
5
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8
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S
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2
™
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Rumi E et al. Blood 2014:124; 1062



Flavor of MPN affects survival: need to distinguish

Survival

Expected survival

=
=
@
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—
(7]
=
©
2
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e
5
Wl

ET vs Expeciled p < 0.001

Median survival = 19.8 yrs \

L

Tefferi A et al. Blood 2014; 124:2507 ~ Median survival =5.9 yrs ORIy = BT

ET vs PV vs PMF p < 0.001

I I I
10 20 30




Non-CML myeloproliferative neoplasms: histology matters!

Bone Marrow Bone Marrow
Paripheral Blood {hemataxylin and eosin) (reticulin stain)

cellular/
prefibrotic phase

Essential
Thrombocythemia







Eosinophilic neoplasms and mastocytosis

e myeloid & lymphoid neoplasms with eosinophilia & abnormalities of:
** PDGFRA (4q12):

% - most often cryptic FIP1LI-PDGFRA fusion on 4q12 [ CHIC2 deletion]

- increased marrow mast cells and elevated serum tryptase
*x PDGFRB (5q31~33):

& - most often t(5;12), fused to £7V6

- monocytosis, mimics CMML
** FGFR1 (8pll): ' :
& T L R R R o2t Systemic mastocytosis

- often presents with T-ALL or AML - ~959%, K77 mutation

*x JAK2 (9q14): - D816V

- (8- - - i ini i bad mutations
SIAKDI t(8;9), fusing PCM1-JAKZ imatinib resistant Stk
" - rarely presents with T-LBL or B-ALL )
sensitive ASXL1

- left-shifted erythroid predominance and lymphoid aggregates =81\l




What's new in WHO for MPNs in 2016/7

e mastocytosis no longer a subgroup
e CML: chronic myelogenous - chronic myeloid

e CML AP: failed responses to TKIs, =2 mutations

e CML AP: any lymphoblastic expansion

e CALR mutations added

e CSF3R mutations for CNL



What's new in WHO for MPNs in 2016/7

e lower HGB and HCT levels for PV with pos histology
HGB > 16.5 in men (previously 18.5)
HGB > 16 in women (previously 16.5)
HCT > 49 in men (previously 55.5)
HCT > 48 in women (previously 49.5)

e CMML: added CMML-0 (<2% PB blasts, <5% BM blasts)

e RARS-T no longer provisional > MDS/MPN with RS +T
® t(8,9)(p22,q24), PCM1-JAKZ2 now added to wmwawesrorprowrcmisace



Hematopoiesis

Pluripotent
Stem Cell =
-

-~
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- - Stem Cell
* - o <+ multiplication
-7 v
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\ L
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Any questions ...




