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Diagnosztika (2001)
Orszagos onkohematologiai kozpont, évente ~5000 beteg
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Bevezetés- Hematoldgiai daganatok
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Onkohematoldgiai betegségek komplex diagnosztikaja

Morfolégia Flow citometria Citogenetika
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= Diagnazis

= Prognozis

= Terdpias hatas felmérése
Mi a cél ??

= Terdpias célpont



Alkalmazott metodikak

konvencionalis PCR

allélspecifikus PCR

multiplex PCR

RQ-PCR

Sanger szekvenalas

NGS




Polimeraz lancreakcio (PCR)

= 1983, Kary Mullis: PCR
= 1993, Nobel dij

= Tetsz6leges DNS szakasz ,felsokszorozasa”

= Denaturacid, Anellacid, Extenzid
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Polimeraz lancreakcio (PCR)

= 1983, Kary Mullis: PCR
= 1993, Nobel dij

= Tetsz6leges DNS szakasz ,felsokszorozasa”

= Denaturacid, Anellacid, Extenzid

Exponencialis amplifikacio !

(2"



Polimeraz lancreakcio (PCR) — A kezdetek

94°C
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PCR- termékek detektalasa

Klasszikus gél-elektroforézis Lab-on-Chip rendszer

Kapillaris elektroforézis ST RS IS TS




Alléelspecifikus PCR

Allélspecifikus PCR
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A JAK2 story (PV, ET, MF)

2005: Parizs, Basel, Cambridge, Boston

Aktivalé JAK2 V617F mutacio PV-ben, ET-ben és MF-ben
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Levine R, et al, Cancer Cell 2005, 7: 387.
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Baxter EJ, et al. Lancet. 2005; 365: 1054.
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Janus-2 kinaz V617F mutacioja

[ ]
FERM SH2 Pszeudokinaz

Kinaz -C

v ee

Konstitutiv aktivacio
James C, Nature 2005; 434: 1144-1148.

A unique clonal JAK2 mutation leading to constitutive signaling causes polycythaemia vera



Multiplex PCR — Klonalitas meghatarozasa

» Klonalitas meghatarozas (B-sejtes, T-sejtes daganatok)

V1 V2 vn D 1-12 J1-4 Cu
5 » 3 germline Ig gén

» Minden B-sejt egyedi génkonfiguraciét hordoz
= Oriasi variabilitas (2x106), antigénfelismeré készlet, +
» Monoklonalitas: minden sejt ugyanazt hodozza !



Multiplex PCR — Klonalitas meghatarozasa

* Immunglobulin génatrendezodés vizsgalata (IgH)

Vi V2 Vn D 1-12 J11-4 CH

5’ » 3" germline Ig gén
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= Multiplex PCR amplifikacid

B-sejtes; IgV,,

[bp]

Marker Minta + - NTC



Multiplex PCR — Klonalitas meghatarozasa

* Immunglobulin (IgH) génatrendez6dés vizsgalat

C.B.(19477, tube A)
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C.B. (19557, tube A)
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Multiplex PCR — Klonalitas meghatarozasa

= T-sejt receptor (TCR) génatrendez6dés vizsgalat

-t KA, 18129, TCR B
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Multiplex PCR — Klonalitas meghatarozasa

= ... Valdjaban sokkal bonyolultabb a helyzet ...

VH DH JH
VH-FR1 primers VH-FR2 primers VH-FR3 primers JH primer
VH family primers ol
/ S~
IGH tube A 5 “/ g 3 ‘,{Htubes A,B,and C
VH1-FR1 (1-2) (-252) GGCCTCAGTGAAGGTCTCCTGCAAG CCAGTGGCAGAGGAGTCCATTC  (+57) JH consensus
VH2-FR1 (2-5) (-284) GTCTGGTCCTACGCTGGTGAAACCC
VK3-FR1 (3-7) (-256) CTGGGGGGTCCCTGAGACTCTCCTG
VH4-FR1 (4-4) (-256) CTTCGGAGACCCTGTCCCTCACCTG
VH5-FR1 (5-51)(-255) CGGGGAGTCTCTGAAGATCTCCTGT
VH6-FR1 (6-1) (-263) TCGCAGACCCTCTCACTCACCTGTG
IGH tube B
VH1-FR2 (1-2) (-192) CTGGGTGCGACAGGCCCCTGGACAA g Frad 4
VH2-FR2 (2-5) (-190) TGGATCCGTCAGCCCCCAGGGAAGG Erzékenység
VH3-FR2 (3-7) (-189) GGTCCGCCAGGCTCCAGGGAA
VH4-FR2 (4-4) (-188) TGGATCCGCCAGCCCCCAGGGAAGG
VH5-FR2 (5-51)(-190) GGGTGCGCCAGATGCCCGGGAAAGG - ’ ,
VHB-FR2 (6-1) (-194) TGGATCAGGCAGTCCCCATCGAGAG Negatlv eredmeny
VH7-FR2 (7) (-192) TTGGGTGCGACAGGCCCCTGGACAA
IGH tube C
VK1-FR3 (1-2) (-55) TGGAGCTGAGCAGCCTGAGATCTGA = Pozitiv eredmeny
VH2-FR3 (2-5) (-54) CAATGACCAACATGGACCCTGTGGA
VH3-FR3 (3-7) (-57) TCTGCAAATGAACAGCCTGAGAGCC
VH4-FR3 (4-4) (48) GAGCTCTGTGACCGCCGCGGACACG
VH5-FR3 (5-51)(69) CAGCACCGCCTACCTGCAGTGGAGC ] S AcAH
VH6-FR3 (6-1) (63) GTTCTCCCTGCAGCTGAACTCTGTG RePrOdUkalhatosag
VH7-FR3 (7) (69) CAGCACGGCATATCTGCAGATCAG .

van Dongen et al., Leukemia, 2003, 17, 2257



Valods-idejl (real-time PCR) megjelenése

= Konvencionalis PCR

= 1996: TagMan alapu Valos ideji PCR

Klasszikus PCR Real-Time PCR

= EI6nyok: kvantitativ, szenzitivitas, specificitas, reprodukalhatosag
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Valos-ideju PCR alkalmazasa

» Fuzioés transzkriptumok mennyiségi kimutatasa

Kronikus myeloid leukémia Akut lymphoid leukémia

- BCR-ABL, 1(9;22) « MLL-AF4, t(4;11)
« TEL-AMLL, t(12;21)

. E2A-PBX-1, t(1;19)

Akut myeloid leukémia

- PML-RARa, t(15;17)

Gyerekkori T-ALL

« AML-ETOL1, t(8;21)
« SIL-TALZL, microdel 1p32
« CBFB-MYH11 inv(16)




PML-RARa« fazios transzkriptum - t(15;17)(g22;21)

tipus PML (15q22) RARa (17921)
ber 1 3 4 5 6 3 55%
) [ 1<—
ber 2 3 4| 5 6 3 5%
) 1<
ber 3 3 3 40%
) 1<

» APL tobbségében (M3 AML)

» Kedvezd prognodzis

= ATRA kezelés




KROMOSZOMAK VIZSGALATA
(Citogenetika)




Kariotipizalas ("savozas”)

= Giemsa festés (G sdvozas)
= Specifikus mintazat
= Kariotipus




Citogenetika — A kromoszomak felepitése

= 2n=46, (46, XX; 46, XY)
= Centromer, telomerek

= Karok, réegiok
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Kromoszoma eltéeresek

= Szambeli valtozasok
- Poliploidia

- Aneuploidia (monoszémia, triszomia)

=  Szerkezeti valtozasok

Transzlokacio

Delécid

Amplifikacio

Inverzid

lzokromoszoma

Gy(rilikromoszéma



Szambeli kromoszoma elteréesek

= POLIPLOIDIA (3n, 4n, ...)
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= ANEUPLOIDIA (Monoszémia, Triszomia)
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46,XY, +8, t(9;22), iso(17q)




46,XX,t(9;15;22)
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Citogenetika — FISH

FISH (fluoreszcens in situ hibridizacid)
Specifikus probak
Nem szlikséges osztddo sejt

Chromosome prepare

Normal Transzlokacié




1(15:17), PML-RARA fiiziés gén

FISH - péeldak
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FISH - példak

-MLL- ? Fiziés gén
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Acute myeloid leukaemia



Krénikus Myeloid Leukémia - Torténeti Attekintés
Philadelphia t(9;22) BCR-ABL1 B. Druker Imatinib
kromoszéma transzlokacio fuzios gén STI 517 (Glivec)

THERE IS NEW AMMUNITION
IN THE WAR AGAINST

CANGER.

THESE ARE THE BULLETS.

ABL1 KD Dasatinib Nilotinib 3. generacios 2G-TKI
mutaciok (Sprycel) (Tasigna) szerek elsévonalban

* Kbvetés

* Citogenetika

* Génexpresszio
* Mutaciok

* TKI kezelés
elhagyasa

* NGS diagnosztika




A CML MOLEKULARIS MONITOROZASA

Fuzids gén Fuzids transzkriptum

Philadelphia
kromoszoma
t(9;22) ] | : /1/1

Citogenetika FISH BCR-ABL1 RQ-PCR
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A MOLEKULARIS MONITOROZAS EVOLUCIOJA (2006-13)

CITOGENETIKA BCR-ABL1 RQ-PCR




A MOLEKULARIS MONITOROZAS EVOLUCIOJA (2006-13)

CITOGENETIKA BCR-ABL1 RQ-PCR
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A MOLEKULARIS MONITOROZAS EVOLUCIOJA (2006-13)

CITOGENETIKA BCR-ABL1 RQ-PCR
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ELNET 2013 AJANLAS

=RQ-PCR elterjedése/ 2G-TKI els6vonalbeli alkalmazasa,

= Molekularis valasz egyenrangu szerepe

= Valasz kategoriak BCR-ABL1" (IS: nemzetkozi skala) alapjan
= Kemplett-molekularis valasz helyett MR4.0, MR4.5, MR5.0

= Mérfoldkovek a masodvonalbeli terapia értékelésére

Review Article

European LeukemiaNet recommendations for the management of
chronic myeloid leukemia: 2013

Michele Baccarani,' Michael W. Deininger,? Gianantonio Rosti,®> Andreas Hochhaus,* Simona Soverini,® Jane F. Apperley,®

Baccarani et al, Blood 2013.



CML: UJ ELNET AJANLAS (2013)

Table 5. Definition of the response to TKis (any TKI) as first-line
treatment
Optimal Warning Failure
Baseline NA High risk NA
Or
CCA/Ph+, major
route
3 mo BCR-ABL1 =10% | BCR-ABL1 >10% Non-CHR
and/or and/or and/or
Ph+ =35% Ph+ 36-95% Ph+ >95%
6 mo BCR-ABL1 <1% BCR-ABL1 1-10% BCR-ABL1 >109
and/or and/or and/or
Ph+ 0 Ph+ 1-35% Ph+ >35%
12 mo BCR-ABL1 =0.1% BCR-ABL1 >0.1-1% BCR-ABL1 >1%
and/or
Ph+ >0
Then, and BCR-ABL1 =0.1%  CCA/Ph- (-7, or 7q-) Loss of CHR
at any time Loss of CCyR
Confirmed loss of
MMR*
Mutations
CCA/Ph+

Baccarani et al, Blood 2013.




MOLEKULARIS MONITOROZAS - Mit, mikor?

= RQ-PCR: 3 havonta

= MMR utan 6 havonta

¥

1 1
T 1 1
Diagnézis 3. 6. 9. 12.

RQ-PCR analizis

Table 9. Recommendations for cytogenetic and molecular
monitoring

At diagnosis Chromosome banding analysis (CBA) of marrow
cell metaphases

FISH in case of Ph negativity to identify variant,
cryptic translocations

Qualitative PCR (identification of transcript type)

Quantitative real-time PCR (RQ-PCR) for the

determination of BCR-ABL1 transcripts level on

During treatment

the international scale, to be performed every
3 months until an MMR (BCR-ABL =0.1%, or
MR>?) has been achieved, then every 3 to
6 months

and/or

CBA of marrow cell metaphases (at least 20
banded metaphases), to be performed at 3, 6,
and 12 months until a CCyR has been
achieved, then every 12 months. Once a CCyR
is achieved, FISH on blood cells can be done. If
adequate molecular monitoring can be ensured,
cytogenetics can be spared.

RQ-PCR, mutational analysis, and CBA of marrow
cell metaphases. Immunophenotyping in BP.

Molecular and cytogenetic tests to be performed

Failure, progression

Warning
more frequently. CBA of marrow cell
metaphases recommended in case of
myelodysplasia or CCA/Ph— with chromosome
7 involvement.




Terapias hatas felmérése
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Optimalis Molekularis Valasz

MOLEKULARIS VALASZOK DEFINICIOI
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Kezelés megkezdése 6ta eltelt honapok

= RQ-PCR: 3 havonta
= MMR utan 6 havonta



Rezisztencia mutaciok az ABL kinaz doménben

= ,Gatekeeper” (Kapud6rzo) mutacio : T 3151 (315 Thr > lle)

Aminosav 3 betiis kod 1 bettis kéd
Alanine Ala A
Arginine Arg R
Asparagine Asn N
Aspartic acid Asp D
Cysteine Cys C
Glutamic Acid Glu E
Glutamine Gln Q
Glycine Gly G
Histidine His H
Isoleucine lle I
Leucine Leu L
Lysine Lys K
Methionine Met M
Phenylalanine Phe F
Proline Pro P
Serine Ser S
Threonine Thr T
Tryptophan Trp w
Tyrosine Tyr Y
Valine Val Vv

i
H—(|3—OH
oy (O
|
H

Threonin (T)

Izoleucin (I)



MOLEKULARIS MONITOROZAS: ELNET 2013

BCR-ABL1 BCR-ABL1 BCR-ABL1
<10% <1% <0.1%
| [ | i ! >
3. honap 6. honap 12. hénap

.z JOURNAL OF CLINICAL. ONCOLOGY
BCR-ABL1 expresszido
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MOLEKULARIS MONITOROZAS: ELNET 2013

BCR-ABL1 BCR-ABL1 BCR-ABL1
<10% <1% <0.1%
| [ | i : >
3. honap 6. honap 12. hénap

BCR-ABL1 expresszio

1000 -
100

10 -
,better outcome,

deeper response”

BCR-ABL1/ABL1 %
[y

0,1

0,01 -

DMR (MR4.0...)

0,001 - - . Hanfstein, Leukemia 2012;
0 3 6 9 12 Marin, Blood 2012;
Honapok Jain, Blood 2013;
Hughes, Blood 2014;
EMR : early molecular response Jabbour, Blood 2014

DMR : deep molecular response
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The price of drugs for chronic myeloid leukemia (CML) is a reflection of
the unsustainable prices of cancer drugs: from the perspective of a large

group of CML experts

Experts in Chronic Myeloid Leukemia

As a group of more than 100 experts in
chronic myeloid leukemia (CML), we draw
attention to the high prices of cancer
drugs, with the particular focus on the
prices of approved tyrosine kinase in-

hibitors for the treatment of CML. This
editorial addresses the multiple factors
involved in cancer drug pricing and their
impact on individual patients and health
care policies, and argues for the need to

(1) lower the prices of cancer drugs to
allow more patients to afford them and (2)
maintain sound long-term health care
policies. (Blood. 2013;121(22):4439-4442)
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Molekularis Diagnosztika — Onkohematoldgia

Molekularis vizsgalatok (2009-2014, SE I. Patoldgia)
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