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OLCULEBILIR KALINTI

HASTALIK

Morfolojik inceleme ile saptanamayan, yiiksek
.. duyarlilikta testlerle saptanabilen kalinti hiicrelerin

varhgi




OLCULEBILIR KALINTI HASTALIK

e Hastaya, hastaliga 6zgu planlama gerektiriyor
* Tani verilerini saklamayi, karsilastirmali calismayi gerektiriyor

* Akan hucre oOlcer ile immunfenotipik, molekller yontemlerle genotipik
bilgiler elde ediliyor, birlikte kullanilmalari yararl

* Kilavuzlarda risk planlamasi icin mutlak gerekli oldugu bildiriliyor. EMA
(European Medicine Agency), LeukemiaNet, NCCN (National
Comprehensive Cancer Network) vb kurumlarin kilavuzlarinda

zorunluluk olarak yer aliyor

* Hem standart hem de glincel yontemlerle analizleri yorumlayabilecek
bilgili ve deneyimli kisiler gerekli
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Abstract

In a prospective multicenter study, 368 acute lymphoblastic leukemia (ALL) patients aged 15 to 65 years were freated with an intensified
induction and reinduction regimen; 272 (73.9%) achieved complete remission (CR). The median remission duration (MRD) is 24.3 months,
and the probability of being in continuous CR (CCR) at greater than 5 years [ 3? The median sur\flval for all 368 patients is 27.5 months,
and the probability of being alive at 5y =~ = 77 Tt TTT oot e et s S e s s Bt TR S et o2 e ability of
being alive at 5 years is .49. A lower C H O@IZe r D Vd U | m, A| ma nya 1988 sgaly. The
prognostic factors unfavorable for rem 4 zater than
35 years v less than 35 years (P = .0008), leukocyte count greater than 30,000/microL v less than 30,000/microL (P = .0112), and null ALL v
common ALL (c-ALL)T cell ALL (T-ALL) (P = .03). The remission duration correlated strongly (F = .0001) with the number of these
independent prognostic factors. In patients with none of these adverse factors the MRD has not yet been reached, with one adverse factor
the MRD is 21.9 months, and with two or three adverse factors the MRD is only 9.6 months. For the immunalogic subtype T-ALL, the
probability of being in CCR at greater than 5 years is .55; for c-ALL, .34; and for null ALL, .24. According to these results, patients were
stratified into a low-risk group with a CCR rate of .62 and a high-risk group with a CCR rate of .28, with the latter now allocated to either
further chemotherapy or bone marrow transplantation in first remission.

PMID: 3422030
[Indexed for MEDLINE]
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Association of Minimal Residual Disease With Clinical Outcome
in Pediatric and Adult Acute Lymphoblastic Leukemia

A Meta-analysis

Donald A. Berry, PhD:; Shouhao Zhou, PhD; Howard Higley, PhD: Lata Mukundan, PhD: Shuangshuang Fu. MS:
Gregory H. Reaman, MD; Brent L. Wood, MD; Gary J. Kelloff, MD: J. Milburn Jessup, MD: Jerald P. Radich, MD

IMPORTANCE Minimal residual disease (MRD) refers to the presence of disease in cases
deemed to be in complete remission by conventional pathologic analysis. Assessing the
association of MRD status following induction therapy in patients with acute lymphoblastic
leukemia (ALL) with relapse and mortality may improve the efficiency of clinical trials and
accelerate drug development.

OBJECTIVE To quantify the relationships between event-free survival (EFS) and overall
survival (OS) with MRD status in pediatric and adult ALL using publications of clinical trials
and other databases.

DATA SOURCES Clinical studies in ALL identified via searches of PubMed, MEDLINE, and
clinicaltrials.gov.

STUDY SELECTION Oursearch and study screening process adhered to the PRISMA
Guidelines. Studies that addressed EFS or OS by MRD status in patients with ALL were
included: reviews, abstracts, and studies with fewer than 30 patients or insufficient MRD
description were excluded.

DATA EXTRACTION AND SYNTHESIS Study sample size, patient age, follow-up time, timing of
MRD assessment (postinduction or consolidation), MRD detection method,
phenotype/genotype (B cell, T cell, Philadelphia chromosome), and EFS and OS. Searches of
PubMed and MEDLINE identified 566 articles. A parallel search on clinicaltrials.gov found 67
closed trials and 62 open trials as of 2014. Merging results of 2 independent searches and
applying exclusions gave 39 publications in 3 arms of patient populations (adult, pediatric,
and mixed). We performed separate meta-analyses for each of these 3 subpopulations.

RESULTS The 39 publications comprised 13 637 patients: 16 adult studies (2076 patients), 20
pediatric (11249 patients), and 3 mixed (312 patients). The EFS hazard ratio (HR) for achieving
MRD negativity is 0.23 (95% Bayesian credible interval [BCI] 0.18-0.28) for pediatric patients
and 0.28 (95% BCI, 0.24-0.33) for adults. The respective HRs in OS are 0.28 (95% BCl,
0.19-0.41) and 0.28 (95% BCl, 0.20-0.39). The effect was similar across all subgroups and
covariates.

CONCLUSIONS AND RELEVANCE The value of having achieved MRD negativity is substantial in
both pediatric and adult patients with ALL. These results are consistent across therapies,
methods of and times of MRD assessment, cutoff levels, and disease subtypes. Minimal
residual disease status warrants consideration as an early measure of disease response for
evaluating new therapies, improving the efficiency of clinical trials, accelerating drug
development, and for regulatory approval. A caveat is that an accelerated approval of a
particular new drug using an intermediate end point, such as MRD, would require
confirmation using traditional efficacy end points.

JAMA Oncol. 2017:3(7):e170580. doi:10.1001/jamacncel. 20170580
Published enline May 11, 2017.
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Background: PCR of rearranged antigen receptor genes is the method of choice for MRD quantification in ALL. Although FCM-MRD is faster and biologically more
informative than PCR, the analysis requires a high level of training. The only larger published studies using FCM-MRD based stratification (Borowitz, Blood, 2008
and 2015) showed a clear association with clinical outcome in BCP-ALL. However, MRD analyses were centralized and these studies included only one MRD-based
stratification (MRD levels at the end of induction). Patients and methods: We examined FCM-MRD as stratification tool in BCP-ALL at various timepoints in a large-
scale multicenter (18 MRD centers) study. A total of 1487 patients with BCP-ALL (1298 children (younger than 18 years) and 189 adults (18-45 years) are included
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6.1, p=0.0006) (multivariate cause-specific Cox regression, n=1328). Patients with a day 79 FCM-MRD >=10-4 and <10-3 had a significantly higher CIR (22.1%, CI
10.8-33.5%, n=68) compared to FCM-MRD <10-4 (7.5%, CI 2.1-12.8%, n=110) or undetectable (6.3%, Cl 4.5-8.2%, n=999, p=0.0087 for FCM-MRD >=10-4 and
<10-3vs <10-4 or undetectable). After adjusting for WBC, age, and the day 29 FCM-MRD level, a day 79 FCM-MRD >=10-4 and <10-3 was still significantly
associated with a worse 5y CIR for non-transplanted patients (HR 2.3, CI 1.19-4.36, p=0.012 compared to undetectable FCM-MRD, n=1171). Patients with day 15
FCM-MRD <10-3 had a significantly better 5y EFS (92.0%, Cl 89.2-95.0%) and CIR (3.9%, Cl 1.7-6.1%, n=432) than patients with FCM-MRD >=10-3 and <2.5x10-
1, who had a 5y EFS of 85 5% (CI 82.7-88.3%, p=0. 0016 n= 837) and a 3 fold hlgher 5y CIR (11. O% Cl 8.4-13. 5% p<O. 0001 n= 432) Among patlents with day 15

p=0.83, n=432). Conclu5|on. FCM-MRD performed in a multl-center settlng is a cllnlcally useful method for dlsease monitoring and MRD-based treatment

stratification in BCP-ALL. Moreover, FCM-MRD is a reliable indicator of outcome in BCP-ALL independently of other key risk factors. Residual disease >=10-4 and
<10-3 at day 79 in SR/IR patients not allocated to HSCT further identifies patients with a high risk of relapse. Disclosures No relevant conflicts of interest to declare.
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Pigneux et al. BMC Cancer (2018) 18:1100

https://doi.org/10.1186/512885-018-5002-5 BMC Cancer

RESEARCH ARTICLE Open Access

Testing for minimal residual disease in @
adults with acute lymphoblastic leukemia
in Europe: a clinician survey

Amaud Pigneux’”, Pau Montesinos™, Ze Cong®, Xinke Zhang®, Anja K. Pownell’, Heather Wieffer®,
Jan McKendrick®® and Monika Briggemann’

Abstract

Background: In acute lymphoblastic leukemia (ALL), the presence of minimal residual disease (MRD) after induction/
consolidation chemotherapy is a strong prognostic factor for subsequent relapse and mortality. Accordingly, European
clinical guidelines and protocols recommend testing patients who achieve a complete hematological remission (CR)
for MRD for the purpose of risk stratification. The aim of this study was to provide quantitative information regarding
real-world clinical practice for MRD testing in five European countries.

Methods: A web-based survey was conducted in March/April 2017 in France, Germany, Italy, Spain, and the UK The
survey was developed after consultation with specialist clinicians and a review of published literature. Eligible clinicians
(20 per country; 23 in Spain) were board-certified in hemato-oncology or hematology, had at least five years' experience
in their current role after training, had treated at least two patients with B-cell precursor ALL in the 12 months before the
survey or at least five patients in the last five years, and had experience of testing for MRD in clinical practice.

Results: MRD testing is now standard practice in the treatment of adult ALL across the five European countries, with
ommon use of recent treatment protocols which specify testing. Respondents estimated that, among clinicians in their
ountry who conduct MRD testing, 73% of patients in first CR (CR1) and 63% of patients in second or later CR (CR2+) are

and to determine a treatment plan was four weeks after the start of induction therapy. The timing and frequency of tests
is similar across countries. An average of four or five post-CR1 tests per patient in the 12 months after the first MRD test
were reported across countries.

Conclusions: This comprehensive study of MRD testing patterns shows consistent practice across France, Germany, Italy,
Spain, and the UK with respect to the timing and frequency of MRD testing, aligning with use of national protocols. MRD
testing is used in clinical practice also in patients who reach CR2 +.
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yeniden
diizenlenmeleri

Ig/TR gen
yeniden
diizenlenmeleri

>%95

%90 - 95

>%95

Hiicre siispansiyonu
(cevre kani, kemik
iligi aspirasyon
ornegi, igne
aspirasyon ornekleri)

Nukleik asit (DNA)

Niikleik asit (DNA)

Absolut

Absolut

Absolut

104/10¢

104/10°

104/10°
(Analizi
yapilan DNA
miktarina
bagh)

Yiiksek duyarlihk
Uygulanabilirlik

Hizlh ve dogru

Dogru nicelleme
Otomatik isaretleme ile
yiiksek oranda
standardizasyon
Subklonal analiz

Yiiksek duyarlilik

lyi uygulanabilme
Standart egriye gerek
yok, kolay

Yiiksek duyarhihk
potansiyeli var
Uygulanabilirlik
Klonal degisimi
gorebilme

Egitim ve uygulama
gerekli

istenilen duyarhhga
ulagsmak igin ¢cok sayida
hiicre saymak gerekli
Taze 6rnek/hemen
¢alisma

Maliyetli?

ASO-primer’e bagimli
Standardizasyon heniiz
yok

Az sayida labda var
Yorum??

Gorece maliyetli

Standardizasyon yok,
Yorum??

Az sayida labda var
Normal klonaliteden
ayrim zorlugu,
Biyoinformatik analiz
gerekli,

Maliyetli

Starza ID ve ark. Front. Oncol. 9:726; 2019.
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AKAN HUCRE OLCER ILE YAKLASIM
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Automated population separation

LiiF = LOSEMI iLiSKiLi IMMUNOFENOTIP

ALL cells

normal :
BCP cells

Automated population separation

CD34*
BCP cells

ALL cells

Automated population separation

DfN = NORMALDEN FARKLI OLANI AYIRT EDEBILME

van Dongen ve ark. Blood 125:3996-4009, 2015



MOLEKULER YONTEMLER
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ddPCR = «Digital Droplet PCR»



MOLEKULER TESTLERLE YAKLASIM — AML Ornegi

RUNXT-
RUNX1T1T1

CBFB-
MYH1T11

MLL
BCR-ABL
NPMT
FLT3
Mono 7

BCR-ABL
NPMT
FLT3
Mono 7
M7

Under Normal

CD300a/c

Coustan-Smith E. JCl Insight. 2018;3(9):e98561



RELAPS ve OLGULEBILIR KALINTI HASTALIK
ILISKISi — AML drnegi
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Abstract

Outeome in patients with acute myeloid leukemia (AML) ranges from death within a few days of
beginning treatment (treatment related mortality, TRM) to likely cure. The major reason patients
are not cured is resistance to treatment, often manifested as relapse from remission, rather than,
even in older patients, TRM, whose incidence is decreasing. Knowledge of the pre-treatment
mutation status of various genes has improved our ability to assign initial treatment and, of par-
ticular importance, knowledge of whether patients ostensibly in remission have measurable
residual disease should influence subsequent management. Several new drugs have been
approved by the FDA and we discuss their role in treatment.
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Estey EH. Am J Hematol, 2018



AKAN HUCRE OLCER RAPORUNDA NE
GORULMELIDIR?

Sonug Bilgileri
 Sayilan hiicre sayisi : 500,000 - 1,000,000
hiicre (CD45neg hiicreler ve debris disinda)
* LIiF pozitif hiicrelerin mutlak sayisi, yiizdesi
 Tanida ayni LiiF ile saptanan blast yiizdesi,
absolut sayisi

« OKH pezitiffnegatif/OKH saptanmadi/yeniden

goruldii/tam remisyon ibareleri
* Genel kabul goren esik deger %0.1
* Varsa tanida olmayan, yeni ortaya cikan LIiF bilgileri i

Ek bilgiler o
 Ornek kalitesi ile ilgili bilgiler
e Saptandi ise rejenerasyon ile ilgili bilgiler
* Cevre kani bulasi
* Notlar

Semple Queley & Adommte ! Borderice | necdetpars

MFC MRD

Diagroatic LA

European LeukemiaNet NRD Working Party AML Schuurhuis GJ vd. Blood 2018



MOLEKULER OLCUM RAPORLARINDA NE GORULMELIDIR?
boamete  |omeker

OKH Hedefi/hedefleri Ornegin; RUNX

Ol¢iim Teknigi Ornegin; RT-PZR

Analiz yapilan doku Kemik iligi Aspirasyon drnegi ya da cevre kani
Tedavinin hangi asamasinda 6rnek alindigi Ornegin iki kiir indiiksiyon kemoterapisi

OKH belirlenmesine uygun olup olmadig

Ornek/analiz kalitesi o
Ornegin; kopya sayisi

Hedef genein nicelik 6zelligi Mutasyona ugramis NPM1 CT degeri

Kontrol geni Ornegin; ABL

Kontrol geninin nicel 6l¢iim sonuglar Ornegin; ABL ve CT degeri

Nitel OKH sonucu Pozitif ya da negatif MRD sonucu

OKH negatif ise LOD Testin duyarhihgini belirtmek igin

Tam Ornegin; tam remisyon, diisiik kopya sayisi ile molekiiler

kalinti, molekiiler «progression», molekiiler relaps vb.

Bir sonraki 6l¢iim zamani Ornegin; son drnekten en az dort hafta sonra yeniden 6l¢iim vb

European LeukemiaNet MRD Working Party, AML Report, Schuurhuis GJ vd. Blood 2018



LOSEMI ALT TIPLERINE GORE OKH OLCUMLERI
L S L g

Kan sayimlariile tam Kemik iligi Aspirasyon  OKH belirtecinin saptanmasi LiiF ile yapilir, klonalite
remisyon Ornegi Olgculemeyebilir.
Molekiiler yontemler %30 — 50 hastada kullanilabilir

ALL Kan sayimlari ile tam Kemik iligi Aspirasyon - ilk ya da ikinci remisyonda olan ALL hastalarinda
remisyon Ornegi >%0.1 OKH diizeyi relaps i¢in yiiksek risk
gostergesidir
- Relaps ya da direngi ALL olgularinda siirekli tam
remisyon saglayabilen yeni ilaglar icin <%0.01 OKH
diizeyi kabul edilmektedir.

APL Kan sayimlariile tam Kemik iligi Aspirasyon  Arsenik/tretinoin ya da idarubicin/tretinoin ile
remisyon Ornegi indiiksiyon tedavisi kullanilan olgularda <0.01 OKH
diizeyi negatif kabul edilmektedir.
Farkh tedavi ajanlari kullaniliyorsa, konsolidasyonun
sonunda OKH belirlenmesi 6neriliyor.

*FDA Guidance: Hematologic Malignancies: Regulatory Considerations for Use of Minimal Residual Disease.. Ekim, 2018
Pediatrik olqulara yaklasim farklidir.




FDA ve EMA OKH YAKLASIMLARI

OKH él¢iimlerinin valide
edilmis bir sonlanim
noktasi olarak kabul
edilmesi

Uzun donemde klinik
ciktilar: Sagkalim
sonuglari

Yontem Onerileri

OKH Olgiimleri

Zamanlama Onerileri

Yanitin kalicihgi

Heniiz tam kabul almamis durumda, meta-
analizlerin sayisinin artmasi, klinik arastirmalara
OKH verilerinin eklenmesini talep ediyor

Ozellikle belirtiimemis

Validasyonu yapilmis analitik sistemlerin
kullanilmasi

Esik deger belirtiimemis

Sadece tam remisyonda hastalara
uygulanabilir

Acikca belirtiimemis

Olgu bazinda OKH &l¢iimleri yapilmasini
destekliyor, ancak yayinlanan kilavuzun ilag
arastirmalarinda kullanimini talep etmiyorlar

«PFS — Progress free survival» ile giiclendirilip
Toplam sagkalimla takip edilmesi dneriliyor

Validasyonu yapilmis analitik sistemlerin
kullanilmasi

Kemik iligindeki malin hiicreler icinde <10-5 ise
MRD saptanamamigtir

OKH élgiimleri her tedavi asamasi
sonrasinda ve yanittan siiphelenilen
durumlarda gergeklestirilmelidir

En az 1 yil suire ile hastalik beirtileri
saptanmayan hastalr MRD saptanmayan
hastalar olarak gruplandiriliyor

FDA : Federal Drug Agency; EMA : European Medicine Agency



Comparison of Acute Myeloid Leukemia Measurable Residual Disease Detection By Flow
Cytometry in Peripheral Blood and Bone Marrow

TABLE 1. Comparison of Acute Myeloid Leukemia Measurable Residual Disease
Detection by Flow Cytometry in Peripheral Blood and Bone Marrow

PEB flow positive PB flow negative

All sample pairs (N = T24)

BMLA flow positive 306 22

BMA flow negative 9 387
First pair for each patient (N = 482)

BMA flow positive 235 19

BMLA flow negative S 223
Pairs between remission and relapse (N = 149)

BMA flow positive 32 8

BMLA flow negative 3 106
Pairs with BMA flow blast <5% (N = 365)

BMA flow positive 63 14

BMLA flow negative rd 281
Pairs before HCT (N = 32)

BMA flow positive 9 1

BMA flow negative O oo

Abbreviations: BMA, bone marrow aspirate; PB, peripheral blood; HCT, hematopoietic cell
transplant.

Colin D. Godwin, MDMPAhiIl,Yi Zhou, MD PhD,Megan Othus, PhD,Carole M. Shaw, BA ,Kelda M.
Gardner, PA-C,Brent L Wood, MD PhD,Roland B. Walter, MD PhD MS,Elihu H. Estey, MD,

Comparison of Acute Myeloid Leukemia Measurable Residual Disease Detection By Flow
Cytometry in Peripheral Blood and Bone Marrow, Blood, 2019,

American Society o« Hematology
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NEREDE ?



MRD kavrami hakkinda bilgi birikimi olan laboratuvarda
Yeni sistemler, yontemler kullanan laboratuvarda
Hematoloji uzmani ile iletisimi olan laboratuvarda
Analiz/Yorumlama deneyimi olan laboratuvarda

Mimkunse bolgesel yetkin laboratuvarda

[B] CD45 KO / SS INT

10'
CD45 KO



ZAMAN?



SUREC ICINDE OKH

4
* Hastaliga 6zgu bir -
zamanlama/takvim 3
. 1 e
* Eriskin ve ¢cocukta farklhi -
protokoller var CR (MRD)

CMR (Cure)

Induction Consolidation Maintenance Preemptive

T 1 T 1 T =

Olciilebilir Kalinti Hastalik Saptanmasi

Mauhel vd. Swiss Medical Weekly, 2014




AML ORNEGI

TANI INDUKSIYON SONRASI KONSOLIDASYON TRANSPLANTASYON
Z’ SONRASI* SONRASI
E Cok renkli Tedavi bitimi
2 immi?nfenotiplerrfe. (L ir sonrasm.da enaz2 Enaz2 YI! sure ile 3
E qPPISIIE III;A *I;Zd:ﬁt;l)\(ﬂlm indiiksiyon tedavisi yil siire ile 3 ayda ayda bir KIA’dan, 4-6
i Nx1- . YHil ErEET bir KIA’dan, 4-6 haftada bir ¢cevre
m | RUNXITY, CBF-M g haftada bir ¢evre kanindan OKH
() NPM1, WT1 ¥
- kanindan OKH
4
:0
INDUKSIYON TEDAViSI KONSOLIDASYON TRANSPLANTASYON RELAPS/ILERLEMEDE
PREEMPTIF TEDAVI
‘»
w
= CRi OKH >%0.1
Z Tani dncesi Risk Faktorleri * Kemikiliginde 3 log RUNX1- * Molekiiler
_g *  Yiiksek riskli LiiF RUII\|XlT1, CBF-MYH11 ilerleme * Molekiler ilerleme
= | * Yiksek riskli sitogenetik azaimasi o s . T
'5' ¢ Mutasyonlar * Cevre kaninda 4 log NPM1 Molekiiler M.OlekUI?r relaps
2 |+ Hastaya bzgii riskler azalmasi relaps * LIIF varhg
o *  PML-RARA kopya sayisi e LIiF varhg
=
o *Transplant éncesi dénemde transplanttan en az dért hafta énce 6l¢iim yapilmasi 6nerilmektedir.






* Hematoloji hekimleri
*Yetkin klinik laboratuvarlar
(akan hiicre olger ve molekiiler genetik lab.)
* lyi egitimli, yetkin teknik personel
*Bilgi ve deneyimi olan degerlendiriciler
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